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ABSTRACT 

The problem of absolute stability and transient response 
of a D ub3y Exoitsd Synchronous  nerator, connected to an 
infinite bus -bar through luaped .LMC, parameters has been 
investigated in this dissection. The 8- snd q axis machine 
fie ids are seeumed to be regulated by AVRS responding to 
deviations in the machine terminal voltage, current aM load 
angle nd their first We time derivattveo. The prime mover 
governor is of a 3 Sexy ter, sensing the variations in the 
machine load angle # wed and acre larat on, 

The effects of certain parameters  owl` reactive mens 
load angle, transmission line capacitive reactance,  A time  
constants$  product of governor time constant and proportionate 
gain constant at current regulator on the stability region In 
the parameter plane have been studied*  

The d.- dsoompooit on technique to used to obtain the 
stability regions In the following planes i 

too#  first and second derivative gain constants of .meat 

voltage and angle regulator. 

This will to a great extent overcome the often encounte-
red  difficulty of setting the regulator gains at Commissioning 
stage to ensure the system stability with a prescribed qui' r 
of the system transient response, 

A mimber of simplifying assumptions have been made so that 
this problem can be conveniently solved making use of the depart 
mental computer TDC 312 only. 



ThfLntte Bilobar Voltage. 
V,t * Terminal voltage 
ed a DireotaxiB Component of Terminal Voltage. 
aq 

 
@adratureazi8 Component of Terminal Voles. 

V ~ s Direct is Field Voltage (retfered to stator) 
V5q w adxature-azia Field Voltage (reffered to stator). 
B a Voltage Behind SteadyState Beetle, 
Ed w Voltage Proportional to q- .e Field Current. 
Eq a Voltage Proportional 	d-axis Field Current. 

d + Flux Line of des Stator Cl uite 
4~ q * Flux Linkage of l 	e Stator (irouit.  
I a Load Current, 
Id * 'Direo' ►e a Component onen of oa4 C r. +eat 

I * 	atu3?GiaxiB Camponent of Load tent 
I fa * Directsxi.s Field Current, 

ISq * tZuA1'atureeZi8 Field Current* 
X'md * Direotiazis Meg tieing Reactance. 

q " Qu at re►- axLe Megnetiei.ng Reactance 
Cd • Diraot.mzia Synchronous Reactance. 

Rq a drat o ,e Synchronous Reactance, 
X~a - Total Reev e of d axis PLeld Winding, 
Xfq 0 Total Reactance of q-sxis Field Winding. 
' f w 

 

Direct.azie Transient Open irci ►t Time Constant. 

T' q, = Quadrature axLe Transient Open quit Time Constant. 

Td * Direol axis Transient Short-Circuit Time Constant* 



Tq  a Quadrattre"eie transient short-circuit time constant. 
XL = Tie-awe inductive reaotance,  
X0  - fteline capacitive re cce . 
r * Tie -line reciotance. 
r 	I4njftijnei 	ajet ce w 

t a tjm so  
p 	d/dt operator. 
M a Inertia constant* 
b 	load angle 
'd * Damping coefficient. 
Pe  a Electrical power developed 
PM  a Mechanical power input., 

'the 1"3MIgg Sc ems 

K - Rotor-displacement gain constant. 
Xg  a  Speed gain constant. 
x a Acceleration gain constant. 
Tgi's 	-tine .00natanta,  

The Voltage Rgu3atp 

lo, , a Gain oonatwzt for voltage deviation. 
is Gain constant for first time derivative of voltage.  

K * Gain Qon Cant for second time de ivative of voltage. 

respective gain conatante for 
current and load angle. 

Bi' 2 - Time oonatanta of d and q azia Y.R. circuits 
respectively. , 
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CHAPTRR *►"t 

n'odut4bon 

In future, higher voltage transmission and distribution 
and the increasing use of h,x .cables will cause a rapid rise 
of surplus reactive power which can not be aoonoml.cally fully 

compensated for by parallel ;rta tore, the most economic turb 
ogenerator designs must uses the highest practicable steam 
temperate and preesuree for maxims efficiency and mini 

Oise of the turbine, making the problems of the absorption of 
surplus, reactive power more difficult to solve, The most 
economic genera Ore are designed with the lowest short circuit 

ratios. 

These economic advantages carry with them reactive and 
transient performance penalties because of the reduced reaottve 

absorbing capabilities of the generator and the lower inertia 
of the net*  J.A. Soper and A.R . ?agg1, experimenting with a 

5 LVA machine, showed the feasibility of a new form of turbo- 
generator using a rotor winding of two sections in "X" format' 
ion. CorttrolUng the torque and reactive requirement, separately. 

The tali feature of the l ,wrrs oontrol is that the torque 
Minding has a clo®ed 	,00p rotor angle control, so that the 



"active winding ,gam, nerate s no torque tde ally, This is 
essential part of the scheme and all the other f•atures depend 
on it* The .reactivawir ing axis is thus in lire with the 
generator flux and can operate Oontimouely with negative 
excitation, without causing a po3.e slip. 

They used acceesfuily the same mathematical model in 

modified form to represent the divided-winding-rotor t bo- 
generator which had produced aoourate results, when compared 
with actual system tests on a conventions. 30 M.W. turbogene-
rator  involving 3-phase faults on the h,v, buebar for their 
simulation.  

The d.w.r generator range of reactive absorption at 
full load was found,*  in their simulation to extend beyond  
-.2.3 pia,. (leading) without instability, whereas the canyon-. 
tion ly wound rotor turbogenerator simulation showed the 
C , W «r to be unstable at -0.9 p u. 

The 3 phase fault duration that the d..wer. was shown to 

withstand when absorbing any mount of reaative power at full 
load,, up to the max.. mum absorption simulated (-2.3) was shown 
to be not lose than 0*4 e. for maximum plant-load-conditions  
or 0#32 for minimum plant-load-conditions comparable c w.r 



-'-p 

performance at the practicable stability limit was shown to 

be - 0-225 reactive absorption, which withstood a fault duration 
of 0.32 a with maxi s plant conditions, or 0.25 a with minimum 
plant condition e. 

The simulation showed that the recovery rate of generator 
terminal voltage to step falls in Infinite bus-bar voltage for 
the d,.w,r,, was approximately twice that of the r , w r. 

To deal with a divided winding rotor (d.w.r,) synchronous 
machine in which the two field windings are not located on the 
rotor axes and may not have equal numbers of turns, an equivalent 
machine is introduced with field windings on the direct and 
quadrature axe $ by B .0. Harley and B. Adkins2 .. They have shown 
that the use of a torque-,fie .d winding controlled by a load 
angle feedback is an effective war of extending the range of 
stable operation of a synchronous generator. Their results indi-
cate that the angle teed-back c tabilisee the voltage feedback 
and permits the use of extremely high values of a.v.r. gain that 
would cause instability if the angle regulator feedback were removed. 
They used nyquist criterion to determine the stability limits of 
a multi feedback System. 

As opposed to the very detailed sinnilation results presented 
by Soper and Fagg1  , the brief paper by R, B. Robinson' shows that 
the machine is noaoal .ent for transient changes and may be 
represented by a constant voltage behind a transient reactance 
This gives a simple understanding of its performance compared with 



a conventional mao  machine which shows a large degr+re of 
transient ealienxoy. Thus, whatever the initial conditions 
of loading d.w.r. will give greater transient power transfer 
than a conventional turboalternator, and should exhibit 
better transient-stability performanoe. The difference 
will be most marked under initial leading power -factor 
loading, where the voltage behind transient reactances 
(X" „ X) of the conventional turboalternator teema l 
owing to its transient a ,ie c. 

No Ramamurthi and LW, Hagg' e4  analysis shows how the 
positional change of the resultant m.m f. due to the 
induced currents, gives an inherent advantage to the 
doubly-excited machine over a con entional synchronous 
machine # for the tnprovexnent of transient stability. When 
excitation controls are employed#, there is further tmpr- 
ovement in the transient stability limit„ with a greater 
,contribution coming from the voltage regulator. This ?a- 
ntege is greatest when the machine Is absorbing leading 
reactive power, or is under heavy loads. 

Stability studies of d.w,r«  synchronous machine, 
equipped with common types of voltage and angle regulators 
and speed governor are made exploring the Routh-Uurwits 
criterion by P. Subrazaanium and 0.?. Ma11 `. The speed 
governor is found to increase the stability limits. 
Employing feedback stabilisation in the voltage and 
angle regulators in found to improve the stability limits, 

.4m* 



and also it permits the use of oompartively large qaa i ee 
of angle regulator gain for a given negative reactive 
power absorption. Further, Using the D partition method#  
they have determined the stability boundaries is the plane 
of two parameters of the angle regulator#  and the dependence 
of those boundaries on other system parameters is Lnveati 
gated in detail. 

The roots of the obaracterietic emotion of a divided 
winding rotor synchronous machine equipped With regulators 
for controlling volt # torque angle and speed are evaluated 
bJ P. 8ubramaeium and OP. I4aUk6, Under different operating 
conditions* sensitivity of the critical root of the system for 
small variations Lu Various control par torn an determined. 
From these results : the effect of the parameters on the root 
locations*  and hence on system performance can be rice 
tamed. Using this approach, it is shown bow the parameters 
of the control eirctdto of the d.w r, synchronous machine 
may be chosen for better etas .state and transient perfor' 
mama. he critical root of the Characteristic equation 
describing the system is highly sensitive to the variatLons  
In the re ,lator end stabiliser  gains * and the exciter 
time constant of the angle regulator. Bj properly choosing 
these parameters a system with better performance mer a 
given set of conditions *an be designed, 

Analogue and digit ccoinpuh r studies of a sync hror oue 



machine with varioue 2-swats excitation control system 
have been made by M. Ramamurthi, D. William► and :BCW. Hogg 
The steady«-state and transient performances of the same 
machine ore a al eed, aemAming different control schemes# 
such as rotarangle control and aeynchronised operation, 
and are compared with a conventional machine. The effects 
of damper windings, regulator time const #s and stsbtUs .ng 
circuits on the steamy-state performance are shown by 

regulation curves Xt is cmc irwd that the voltage-regulator 
loop gain has vtrta ..y no effect on steady-statestability$  
provided the winding with * .r. control is aligned with the 
flux axis by an angle regulator. The improved transient-
stability limits obtained with high gains are shown. the 
fundamentally different transient  behaviour of urn,egulated 
doubly-exited and oouvontional synchronous machi s is 
explained, and coniirme4 using aecura Ana=thematioal models 
of the macbLase, TO r ►shod of smiU oscillationsis 
applied to determine the speed stability of an aeynohroniaed 
synobron►uo machine, and the transient performances of 
'three different control schemes are compared in teams of 
swing o wns and switchingtime curves,  

The theoretic t treatment by S.O« Zapoor, S.S. Zalsi 
and Be  Adkjne8  consists of two parts* Fire , some general 
results are deduoed from simplified +e quatione, particularly 
relating to the 3.baitationa of a direct axis regulator 
and the ben,tit of using an angle signal with the gaedra 



regulator. More complete computations are then made to 
obtain stability limit curves for many alternative schemes. 
Their work in concerned with the steady state stability of 
a 1« hine system„ in which a generator in connected to 
an infinite bus through a reactance o The alternative s' dies 
included simple proportionate regulators and more elaborate 
schemes using first and second derivative elemen t#  and 
the angle signal was taken alternatively from the nt1nite  
bus and generator terminals. 

An investigation into the behaviour of a divided 
winding-rotor synchronous generator, equipped w ,th regulators 
for controlling the terminal soltege # torque angle and 
speed#  when aubaected  to unbalanced short circuits at its 
terminal is made by P. Subrarnanium, and O*P. MaUic9, The 
performance of the machine has been compared with that of 
conventional would rotor arrangement.. It has been observed 
that the d w+r. arrangement exhibits exceptionally superior 
transient performance characteristics compared with the 
c.w.r. machine, even under unbala sed-fault conditions, 
which the whine has to az ounter more often in praattoe 
than bald faults. The angle and voltage regulators 
are affective in enabling the d.w.r. urachi to withstand 
larger fault durations#  providing the versatility of the 
new machin' , 

Some transient-stability' studies have been made by 
P. Subramanium and O.P. Malik 4  Of a dIM ded-winding rotor 

r7. 
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synchronous generator eq ipped with regulators for controll- 

iztg the voltage,: tori ue angle and speed. It has been observed 
that the machine to quits capable of withstanding severe 
forms of load sheddi # and that the angle regulator is 
quite effective in checking the megnitudee of roto-angle 
awing, Other abnormalities*  such as . opening of excitation 
circuits, with and without external faults, have also been 
studied, The reversal of reactive field +current,#  following 
a three-phare short a rouit, has been found to be not abeolu- 
tely essential for maintaining the stability of the machine 
The torque field excitation has been observed to be a ma or 
stabilising factor specially under leading power factor 
conditions. 

The comparison made by ), P, Sen Gupta#  B,W. Hogg and 
LTau12  of the total aynohronising and damping torque in 
conventional and douhly xcited synchronous machines has 
shown that, within the normal operating limits of the machine, 
the synchronizing torque is ire aced by the inclusion of 
an additional field windi # whereas the damping torque 
is rreduc:ed#  thus making the machi.ne more prone to hunting* 
Although the doubly excited machine to Inherently less 
damped than a coriventiowA machines  the presence of an 
additional .o 	control system on the second field winding can 
more than compensate fore def .o enoyl 

A state space model of a turbogenerator with direct 
and quadrature axis excitation system is formulated by 
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S. Raman. and S.C. Eapoor13  for the study of the stability 
of,f, and the interaction between$  various regulators,, The 
direct and quadrature sxoitations are controlled by the 
signals taken from the terminal voltage and the rotor 
angle, respective . tt is shown that this model can be 
extended to the case where the excitation windings ore not 
at right angles The stab ltty limit plots and transient 
responses of the system are determined w .th the help of a 
digital computer„ The effects of damper windings, the time 
delay in regulator and the initial position of the quedrw. 
tune axis with respect to the infinite bulbar on the atabii 
lity-►limit plot and on the transient response for email per 
turbattons. The zadratizre-axie regulator increases the 
reactive absorption and Is aimnt independent of the act .vie 
power level*  An increase In the regulator time delay decreases 
the msim value O the negative power upto which the system 
Is stable# while the regulator gain-'range Is increased, The 
effects of damper windings and the interaction between 
regulators are mag i, A change in the equilibrium position 
of the quadrature axis with respect to the infinite bus bar 
voltage Increases the interaction between the direct and 
quadrature axis regulators. The speed governor increases 
the integral square error of the transient response due to 
elall perturbations in any of the states,* For the system 
with direct and quadreture ie exottations dire ct-axis regulator 
decreases the integral square error. 



The method of D-deoomposition technique is used by 
J. Nanda15  for the analysis of steady-state stability of 

a two machine system with the machine provided with a 
fast acting electronic-excitation voltage regulator using 
proportional signals of voltage and current, and the 
first and second derivatives of current signals. Voltage 
regulator gains for maxi.mum alternator stability are deter- 
mined. This would, to a great extent, overcome the often 
encountered difficulty of setting the regulator gains at 
commission stage by trial and error, until a good step 
response under open-circuit condition is achieved. The 
effect of several parameters also the electro -mechanical 
transient process of the receiving and system represented 

by an equivalent machine offinite capacity on steady state 
stability of the system is investigated for properly desi.g-
ning the parameters of the voltage regulator. 

The method of D-decomposition technique, for 
optimizing the derivative gain settings of the excitation 

voltage regulators for beat steady-state stability condi-
tion, i.e, for maximum alternator stability and best tran-
sient response for smal1, perturbations, is also considered 

by J. Nanda16. 

The transient-stability problem of the doubly excited 
machine has been attacked through Liapunov' a direct method 
by T.S. Mukherjeo, B. Bhattaoharya and A.K. Choudhury17 . They 



have considered a neoo order mathematical model of this 
machine connoted to an Infinite buebar„ without any regu-
lator, and generated a Linpunoy function# The region of 
asymptotic stability in the state space is oo*pared for the 
doubly and singly excised synchronous machines and it is 
verified that there is en improvement in this region for 
the doubly-excited case. 

V.g. Vermaig has included regulators also for the 
firansient~etability study through Liapunov' a direct method. 
He has drawn following deductions - 

(1) The critical fault* leasing time is higher for 
the u.p.f. oonditiono compared to the ' leading 
p,f. conditions for the same power transfer and 
parameters. 

(ii) Critical clearing time To improves'very slowly 
with increase in Ion, and 6 sensitive gains 
(ratio g 1 K16 fixed),  

(iii) ZitO*ease of K1 , other parameters fixed, improves 
To 

 
for lower range of Z. At higher values of 

$. , 1 ò is almost constant. 

(iv) Higher values of 20 are sohieved with doubly-
excited whine compared to a singly xoited 
machine. This improvement is remarkable for the 
leading p. f. conditions 

1i. 



Author' Contribution ion 

The present work in concerned with a Study of the 
effects of various parameters of the control loop using 
forced regulators on the e' ad 'state stab lity of a 
power system* The system considered is a doubly"exoted  
alternator caaneated to an infinite lone through tie line. 
The tie. line Is represented by lumped resistance, inductive 
and capacitive reactances. 

The 	eoompoeiton technique has been used to 
investigate the effects of various parameters on the 
regions of absolute s ility, and a given degree of stub' 
i .ity in the plane of first and second derivative gains 
of voltages current and angle-regulators. 

The objective of this study is to obtain coordinated 
values of the regulator parameters to result in a ratable 

stem with the given quality settling time property of the 
system transient response, 



CHAP R w 2 

~' . the ,.Problem. 

The scheme stadied is u, doubly exceed single machine 
system with automatic voltage and current regulators (sensing 
terminal voltage and. line rent +evict .one, and their first 
two time derivatives) on the direct axis field# and an angle 
regulator (sensing load-angle deflation and its first two 
derivatives) on the quadrature axis field and a 33term gover-
ning scheme with two time lags . F g * 2 .1 gives a schematic 
layouts of the system with regulators, 

2.1 	Path . 	ctuat ou 

For a macbins which has field coil on each axis. 
The stator d*► and q. sole flux linkages are 

a "' 'Zdia +X I d 
	 2.1 

and 	q 	10 Xgiq + Zad X 	 2.2 
t 

It should be notd that the Hamper circuits have been 
ignored hoe and they have been taken care of later by a 
damping coefficientt P a 

The d- axis field 'voltage  

Vtd 'a R j d ltd + P (- id Xaa + Zed X) 

From which 



q- axis 
FIELD 	 AA R 	RaF 

Cr 	 INFINITE 

MECHANICAL, 	I I 	 ` 

INPUT PM 	I j XL 
RL XC 

d- gxIs 
field 

Efd 

Av R 

Tr 
Ref 

F»r 2-1 SYSTEM MODEL OF A DOU 
EXCITED     	 ~ ~Y 

SyNGHRO KGuS 
MACHINE 



.44. 

VmãP 

R fd  + xtdp 

Substituting this in (2.1) 

'-VdddmI + V fd + g d  

R fa + XNp 

xd 	ifld ! d  + _ Ind 
Rid + fd p 	R fd  +, Xfd  P 

2 
a 	)p 

'd  

Rrd 

P 
R 'd 

+ 	d 	"d . 

R 4  i 
Rfd  

Td0P 
do' 

which can be written in the fora 

wd 0  a*Xd(P)l,+Gd(P) Vtd 	 2.5 

s ms1ar 	4, q  'm - X q(P) q  + Gq(P)Ytd 
	 2.4 



-15,0 

Where xd{P)  X. * P)  c (P) 

(1 + Twp) 	 C I + T o 

VI 	Tf q 0 	T 
Afd 	 R q 

c~(P3 	 , z(p)* x(I +T'►) 
+ 	Pel 	 ? 

The d» ata q' axis eomponeate of machine terminal vol' es 
are gi n by 

0d - .• Yr pO -` id 
	 2.5 

0q a WdP8 *► 	q 	 2,6 

After neglecting the tranE former voltage terma, whtob are 
very small compared to the speed voltages. 

Linearization of 2.5 and 2.6 arOIILM initial operating 
condition then gives 

A ;d ► 4)gOP Q 6 - M 	d 	 2.7q 

and b` eq a 	'Pdop A 6 . Z` y, d - •~c4 q 	 2.g 

It may be noted that (pe)0 if unity in p t. cyst m* 

Substituting 2.3 and 2.4 in 2.7 and 2.0 gives 

Q +~ * - tVgoPA6 . yid + xq(P) A ,q 0& Gq(P) A V'Vq 

As 0 WP  t6 	q *- 14(p)A &d +  



NOW A 1tq 	G6(p)L6 

- GG(P)A-Vt + 

where 06 (p) 	'►6 + Ki bl? ` Kp2 
1 .22p 

G(p) : hof +  
'# + Telp 

also since Y a 2 + 	". 

I2 a i2 * '2 

hone A Yt to 	 + t Tto d yto  

Sd ~aed #Sq A q 

and   	r  

°a'¼ + Cq A .q, 

Thur L. 'Vta can be expressed as 

Vfd *."` G(p) I$6L Od + 8gIaeQt + t1(P) I ad' 'd 	q I 

8ubvtLttztig tbszpreaeions for L V and f V~q 1► the 



exprasaLons of A 5d and A 54 gives the toUowing expressions 

for 1-\ 04 and Are q 

A eg a .m (POP /r6 + X4(p) A iq 	td d44(P) 06(p) 6 	2.9 

I eq a 0pL 6 X (p) A id 	I , (p) J s A ed + $iqZ eq} + 

Gl PL[CdAid + Cq Aii 2,x10 

Expressions# for 	a 	and e4 can aleo be derived from tie'- 
line equations as follows. Por phase a (The system is UrAOr 
balanced operation) 

Vb i bI + ,F +X0) is 
P 

Xn 'terms of Park's components of voltages and current 
it can be written as 

4o 8 osine V~CosB 	8tnO + ( L +)v + X+ 

• idCoae '* iqS lte 

0 VdCO$e V4Sine + L(idp*80 - J.46 ne) 

+ (. &~stnepe+coaePid -1$COBep0 - nePLq) 

10- ( iCosO 
p 

tip ing throughout by p 



.48.' 

P (*aa080"gS' e) - p (vdcoae - VgSifO) +-i :LP (idcoee 4qSL" ) 

tip . 	+ i1coso)Pe+ Goeepia$Lnoplq. 
+ X0 (i rose — £qS ) 

Performing the iMtcatea operations 

(-redSim -egCOSO )p8 + coeeped *-S nO q s 

C. U sinePe- trq oeOPe + Co8OpUd SiflOPTYq ) 

+ ~ 	Baine + , Cooe)pe • CoeOp , - Sine Pi 1 

l (idS e +icjCoo8)p - 	QOope r gsin$Pe 

s nepid + COBOL ) 

p -Sins n -Pxq(oOG8Pe)+Cooe; 2'd- Sinep21 I. 

+_ xo itcooe   Leine 

Equates SOPDX/ate1y Cooff1Oieita of tam nvoi tng Coo8 and 
Sin 84 

d '* + qP$ * ugPe + PUd  

I -J►gp2 PO (PO#Pi ) PigP8 +P2&8 1 + , 

and ,e$PO. pe * U pO-pU9 + "'` 3 P@ ► 

i,_,a##e-pa( qPe+Pid) P dp9. P2 gI'wX0 q 



As Park's oomponente of voltages and Donate are more or less 
ooneta4t or if at all they change the rate s e. ,,. Taking 
this into consideration the term having derivatives of park's 
volfi Ve and tents *an be net3.eoted. This simplifies the 
above expressions as 

* gpOaVPooLiqP8+. i pts. d(pe)2 .X0i 

-e4pe dVID a ~L 	pID — 	t p2O + 	ig(pe)9 .Xoi 

Liriaariing these equations 

qOP A 6 ► A Oq a**AVqU 0p L 6 ( ,(L iq+igop L 6)—XLigop24 6 

* X(2.lop4.6 +ti 4) + XOo'd 

1, V8in60 = YOOe&oP ► ' Z qop — XT iqQP2 '"2 'gip qop t.A I 

'I X04 1A Id + (.."()4 iq 	 2.91 

and 
dop A . A e4 n .V5inh0p Q 6 	L (.dop A 6+ Q Jd) 

Xlj ~Ldop,A 6 
J. 

+X2 i21go . 8 + 'q 40A ,q 

•`, ►T *d a I' T5tn 6p ,LOV e60- ,~ j,' dOP'Ltdop2 + L p 	pI2\ 6 

+14I '( L11.1.4L + #acs ** XO IA sq 	 2.12 

Prom 2.92*12 



$ qo øGq(p)06(p) 1J 6 -YA Id 4 Zq P) A ,q 

" I LidoP + Xip2 - 2X L p + TSi OP + '0oe6o 40P J A a 

* ~ L Aid -~ (:xL -1 ) .'Q 

$Xi P2 +( Ltdo IqO +YS nb*-*d , + y~ )P + V00 0 

q(r) Ga(P) I-A6 + ('+"<) AL&ii Zq(P) + cXLuIXo)I.-A q 

a 0 
	 2.13 

B ttol 21O aftsr aubtLtt*tLng the expreeaioA for ►$ arid+ , 

from 2#11 and •2.12 an 	errangLng gives 

I fid , A 6$ + 	 , (p) + +a40, + p)01 ~Cp3 1 A'd +i•' 	q%d (P)G (P) I /L 1q , 

+I1S4o 	c c 	VSjii60p + VCOeAO'.dOP+ -~ , ,~Xid0P2 ' 

*i qod (P)G? (P )a !  'OVS1 , VCOS60p + L .q*V + 

$ ,&ap 4$ d(P)OV(p) t1(p) + f2(p) - S d(po (p)*1 1 L 6 

i 14 j+o o (p)G1(p) +-c i ~ 	+(¼.x0) 



+ I+ ' (+QedwGx (P) + (X iX0) 8 Gd(p)Gy(P) + ,. 

•X L -sgGd (P)G1(p) .i} -A q * 0 	2.14 

where 

tj (b) * YSi oP • VCOe6-P O P + 	Q()P 21LtqOP +( rs P 
and 

f2 (P) 	YS 0 + YCo.6P + ig0P + ,qoo + 2 ) P ••egQP 

Linearization of maobine owing equation gives 

20 6 + +dpA 6 +AP *Q '. 

or (Mp2 + PdP)6 + / P$ a " G (P) a r 8 

where 	 " 	Z~1P •+ %2P2 

(l+TgjP) ( l+Tg2p ) 

Ps 	(T pe) * Te0P A 6 + 

a T oP z 6 + A diq 

A r 	 5 P L 6 + i,p ~+~, 'ido q ' ~' do 4 q 	qo A .d 

o Pe 	* T50P A  

Id. - Q e,d '► 'V q.P 
 



£ pe a I T op"'(yJdotgo 'qo da)pl'6 6 r I«m q'qo* N'ttoI A 'Q 

A P• « 	 qO +'Y do) /'ter + ( ~'AO + N'tgO) Z'"4 

+ .~;~ ~f2 (P) A 6 + 	O) A Id +' A 

+ j40 fi p) A 6 +N 	 10,)A 

0. 1 l ►2 + P4P + Gg(P) + ', f {p) +  

+ 	. `p qo + Yi ) + qp (X XX) • iZ.1 I A Id 

`~`` d + q— o) 	'q YL40 `ddo ( "` a) IA g • 0 	2.15 

Let f+ 	2 + ? , p + Gg(P) + igaf (P) + 'doff (P) 

and f3t1)) a t)) + pqpp 

Thus three hoaogezrous equations 2,13 to 2,15 Involving three 
unlargowne 6, 	and A tq have been derive. 

NOV nontrivial solution the determinant of the coeffWW ent 
matrix at be zero 

Lii '12 
► + 	 2,16  



123.. 
where Lii is t3(p) 4 g(P)G6(P) 

Ai 2 	+ ~ 

A,3 _ *IZq(P) + (XL -x0)i 

£21 	doP' 2(P) +g C 	(P) 	i ►! 	t ~ 

A22 0 .X(p) -(x Wig,) d(P)0v(P) ~-y , +(x, -%)S 

3 "` .t' +YL) • 004(p)G,(p) ~ G , .~ o)8d L6q 

is 

£32 0 'Pqp + (v + ( L do + qo L  ( *x) 

3 aW
do + t( +1t L) iq0 - 'do( 	" 

Eq uo. 2,16 gives 

411 . A22A3y - £2,L,2 I - 12  2I& - £23A,I 

+ A 13 - A21 A32 £22't i} ` 0 

For 	eoompo itioit in the plane oof Z16 -w126.. 

The above ezpreaeion can be wr1ttea in the form 

I '3 (P) + G (p)G (P) I 	(P) + K2 (P) is 0 

where 	 p 	'A'22A,, ► "23A32 



and K2(p) 'A13  £21A,2".A22A31 	j:2 AA33 A23A31  

or (P) q  F3  K06 6p7 6p2  
1+ 2p) 

gi (P)Gq(P) 	 Z1  (p )G (F) K06 
IX18p+6p f+ 

(1  # Tz2p) 	 (1  + ' 2F)  

+ f3(p)K(p) to 0 
	 2*17 

S lar1y for D ampoeition in the Flsnee of I » 	and 

XII  - x  rearm the determinant - .16 in the convenient 

form 

A23  

0 

A21 2 

Al I £12 

A31 2 

or 	131 £2282 + "A23 	0 

where sl 	Al2A 	2  

AIIA33 -Al3`3' 

and 8, *8 Al `I 2 ." 

Bquat on 2.18 Capt be written an 

2.18 



-I-X4(p) e(, uu X0) d(P)Gv >P1 + CaG (p)Gx (p) I S2 

+ 	+') + Gd(P)Gy(P)P2 + Cgod(P)GI(P) ! 83 	- 0 

where P1(p) * S i (P) + 

PI iø,~ LSd + (IL •* lo) 8q 

or 04(p) G ,(P) I X171(P) + P182 + P8 

+ Gd(P) G1(p) I- 0 02 + o 3 I 

+ 14) dop 0- 2̀ Cp) I Sl + I Xd )) + (fit, Xaa) 182 

,w( ►-Y?$ 	* 0 

or K1 p}Qd(P)QV(p) +K2(p)G(P)G1(P) + (p) 	0 

£, (p)o4(p) 	 (P)o (P} or 	 I K1v' + za 1~ + 	 T P +K2p2]  

+ 	* 0 
(1 + dip} 	(0 + 1p) 

KSI  

where E1 (P) a 40 $IFT + pi 82 + '2S3 



+ 0q3 

(P) * I 	,dop - 	I + I x4Cp) +'1L .x0) 1 82 

+~i? 33 

0 
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Criterion . 	_ 

The method of DdeoompoBition is used for the present 
study, This technique also awn as the Domain separation,  
or D-partitioning technique first presented by Neimerk in 
1948, is an extreme powerful method for the study of 
seMtotic stability in linearieed mr It p rameter - autonomous 
systems. The method is particularly valuable for determining 
the controlling parameters required to meet a given rform ' 
anoa requirement. This method has been used in the present 
work to determine the appropriate values of atabiltaing gains 
if the fast acting voltage current and angle regulators to 
ensure steady state atabthity with a desired quality of the 
transient response. 

The importance and epLtoation of the -decomposition 
technique is widely reflected in Russian literature ae$  for 
example,# in the translated texts of Meerov22  and Aiaermnan23' 
The D-deoompaaition technique is faster than root- locus 
technique and ooinparieione with Routh 	Hurwitz method she's the 
technique to be greately superior,, 

D« iegOs poaLti.+an Tach .t e  ' 

The technique lies in determining the characteristic 
equation  of a linearized system In the form 



a PA + s1p 1 + .... + a 4p+e; so 0 	3.1 

where p a d/dt and regrouping it in such a way that the 
whole of the parameter space can be dsooioeed Into domains. 
The domains, corresponding to stable conditions, are r qu - 
enti r Identified* It it to now required to an 4yse steady*- 
state stability of an alternator and to determine suitable  
value of the gains for the first and second ; derivative food- 
bask signals of the eoeociated reg .at .on, then the technique  
eerches for contours in the gain plane whish determines the 
domino of stability 

In equation 3.1 some of the coefficients soy, 	wn 

will be independent of the first and second derivative gains 
ZI and K2. The rest of the ooef 'icients are assumed to be 
linear functions of 8j and Z2, Lot the equation (3.1) be now 
regrouped in the form 

2Q(P)  + Zi Ep) • R(p) a 0 	 3.2 

where, Q(p), W(0), R(P) are polynomials In p» 

For the absolute stebtlity stud iee substituting p a 3w in the 
above equation and separating the real and imaginary parts 
one Bete 

	

a 0 	 3#3 

	

(~►) + Kl N2 w) + (w) *A 0 	 3 *4 

where Qj (w) , N1 (w) and R1 (v) are ' e real parts 	t2 (w), 

12(e) , a2 (w) are the imaginary  pasts of the polo .aa.e. 



Solving equations 3.3 and 3." 

Q1  (w)  

q.  (w)  3.5 

(^) 	"2 W) 

Q1(w)  
(w  ) 

By assigning suitable values to w from 0 to 	in equations 
(3.5) and (3.6) It is possible to transform the 	p = 3w 	axis 
of the p plane . onto the 	- K1  parameter plane. 	The contour 
in the parameter plane divided the parameter plane is to a no 
of regio 	(domains). 	HatChing rules are available to .Identify 
which of the domains in the gain plane corresponds to a stable 
operating condition, 

The exiatance of a region of stability indicates that 
it to possible to obtain stabii#t in a given system by approp-
riate  Wiles of the derivative gains* A large region of stabi-
lity requires lose efforts in setting the regulator parameters 
places lose stringent demand on the stability of the regulator 
characteristic and is accompanied by more reliable operation. 
Bach stability .ity region gives a conclusive anarer to 	problem 



for only one operating point in the power system. 'Therefore, 
in this approach it is necessary to plot regions for all 
typical operating points and. for all possible changes in 
system quantities that may arise. Xf an area In the region 
is co neon to all points of erodible operation, system stables► 
lity can be secured by a single regulator setting for all 
changes in the operating conditions and power system quantities1 

If the denominator of equation (3.6) to called o then 
hatching ropes are as follows.. 

is If  )b then shade #wide the bounder on the left as 
V increases. 

.i) If e ( 0 then shade twice the right as w Increases* 
iii) A straight line Dpartion boundary may occure at a 

particular value of w( w ! W) It the equations (3.3) 
and (3.4) becomelinearly dependent for this we • A 
matching shading is dons for this special line. Noting 
the shading on the eons obtained for values of w 
just greater and smaller than woo  the 	 tial line Inc 

shaded once only, 

Crossing of D partition boundary from twice shaded to 
uneh ailed aide results in 206e of two roots to the right hand 
side in p -plane. 

Crossing of the singular line in the pardon plane 



from ehaded to unshaded side results in loon of One root 
to the right hand side is the p-p1ana.  

Once the region of mximwn number of roots In the 
left ba aide of p lane is eked,, then question of aeeerta- , 
iziing whether, the region merited is rea27 a stable region 
arises.. To answer this question one of the point In this 
region is selected and after putting the values of the param 
stere in the original. characteristic equation it is tested 
whether all the roots tie in the negative halt or not. If 
the after is positive thea it to confirmed that all the  
points in the region will correspond to stable system. 

To check this the author has made use Of i tchatloy' e 

stability eritsrion,, 

MI,khqi2ye abUIb Orilriqq23  

The essence of the :lthailov.  . óriterion lies in the 
following, proposition. 

A system is stable,, provided its characteristic 
equation 

f(p) -0  *0P"  * + p "4  + .a*.' + 	1p + an * 0  
satisfies the following conditions. 

1, t( ) T` Oat w 	 0 

2„ The locus of the end points of the vector t (jw'), when w 
van ce from 0 to co, traverses in suooeesion (without gaps) 



.0442.. 

by it quwtrante In aittic3.00kwiee manner an 	e ►tions of 
t ; n' h order (with a~ > 0) This condition can be replaced by 
;. the following three conditions# 

(a) If in t(jw), the real and imaginary parts are so 
separated that 1(3w) • g(w) + jh(w) then g(w) a 0 
and h(v) a 0 met have real roots. 

(b) The value of g(w) and the rate of change of h(w) at  
the point w a 0, in the other words, the value of 
g(o) and jw(o) zzivat be of equal similar sign. 

(a) The points, where g(w) and h(w) traverse zero# must 
alternate so that when w increases starting from zero 
the points at which g(w) and t(w) pass through zero, 
alternate In turn. 

Lot 1(p) a ( 	,) ( 	2) ••..a►•.• 
11 Sw is substituted for p we obtain 
1(3w) a (3w . Z1) l jw- z2) .. 0..... ( ' -»ZA) 

P(3w) constitutes a vector whose i dulUe is equal to 
the product of the moduli of all the vectorial factors and 
whose srg' nt is equal to the sum of the arguments of an 
the vectorial factors.. At w a 0 the vector 1(w) has a 
purely real value (o) whose argumerttt Is equal to Zero beca 
use in an equation with real Coefficients the roots can be 
either real or occurs in conjugate pair. The argument of real 
root is zero and sum of the  arguments of conjugate roots pairs 
is also Sero. 'ht reference line from which the argument is 

measured is the negative real halt axis when w varies from 0 to 



*o the angle for each real root change  by '2 and for 
each pair of conjugate roots by u s Consequently for en 
n#b order equation, it all roots lie on one side of ima ins 
axis, the total angle t (jw) changes by the gnitude y/2 no 

It is apparent from this that. for a stable system, the 
vector f (3w) must traverse it quadrant in a, definite seance. 

Thus to determine whether the system is stable, it iS 
necessary to adapt: the following procedure 

1, Find the characteristic equation  f(p) 
2»  Substitute jar for p in this equation 
3. Separate the real part of S(w) from the imaginary„ 
49 Construct t(jw)  with w varying from 0 to *a* 

If the number of successive quadrants through which 
the vector (w) passes is equal to the order of the oharac-
terietio equation, then the analysed system is sable. 
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eThroble.  o 	StbIUt . 

For determiningg the regions of absolute stabill tyt
►
n
v\  
the 

planes of first and second derivative gain constants of 
current„ voltage and angle regulators the a quatioa (2,17) 
and (2.19) have been used. Theexpresaton for first and 
second derivati ► constants anactio of angular frequency 
(w) will be found. 

First in all terms expressed  an function of p earlier 
in Chapter 2, p a jw will be substituted and then these will 
be split#  into real and Imaginary terms. 

4.1 	rtitioni.g in 	1f3ne 

odt (jw) *► Gdc + wGdX  
I jTdo!w 

• "I + JTZ.*' r 	I + d4' 2  

Gq(jw) "GR + jwGqX * 
1+jT 3w) 

I • Tqo$ 2  

4.1 

4.2 



IROv. 2(K2V . T 1 iv) ! + jw!K1V.Te1(g *►2K2V) I 

I + ►2T.,1 2 
4,4 	4.3 

GI(jw) a aIR + JWOI 

„ Z 	.'w2 ( X e1 I)1 + ~► X Bei ( X «uw2g2z ) 
1+To 

»*0 	4*4 

t j (sW) 0 Z1R + jwttI 

0 00086o = w2Lav) + jr(V Snbo -medo +Y L do 2 iqo) 

♦i. 	4.5 

( t o -iqo XLw) + jw(V Coebo -eqo +'( qO +2Ldo ) 
4*6 

f3QW3 a t + X31 

+ jwtl l) + 	qo 
	 4.7 

Gg( ) a + + 	8 

I (Kgo + Z 	) (1 gI rg 2 ) + w2 1(T, + T ) j • 

w 	s ' 	) (TgI g2) (Ego -Ks2w2) I 

1-'Tgl Tg2 w2)2 +(g1 + Tg2)2w2 I 

040 4.8 

A31(,jW) a A 3IR + 4WA31I a ,f4 (;W 



a (GR + ,i qo f2R . l of l l t w 4) 

jw( Pd + G + i got2I + i$of i l ) 	4,9 

Xd (3w) a XdR + jwldl a  

I j do' 

xd l (1 +w2Tdo' Td') » jet ('ado' Td') 

I + t~t2Tdo t 

XJ (jr) a XqR + jwigi 

(1 + w2Tga'2) 

0t (3w) GV(w) • GdVR + jwGdVI  

a (odR OR — w2OdZ G ) + jw(GdaGVI + odzov'R) 

0 0 0 	4.12 

Od (jw)GI (jw) - QdIR + jfE dtX. 

$ (OaG -~►2 ..1 GIl). + dam( .GII + O4IGIR) 
.0. 	4,13 

Gd(3w)GV(3w)fl(3w) * A R .+ jwAX  

a OdVIR + jw. O4V1X.. 

0 (edyluiR - w2G4 fi X) t 

+ jw (Qd`f Rf IX . GdVIf IR) 	4.14 



	

04(p) GV(p)2(p) a Gd 	+ j04 1 a BR + 3wB1 

c4v 2R . w2OdyZt2t ) 

#3w (04VRf2 + GdVIM) 	 4.15 

121(jw) w 1R + jw l  

	

SdAR + B 	+ Z2R I + jw I y' 4o aSdAX- S qBX- I I 
! * M 	4.16 

£22 (jw) at A22R + JwA22X 

ala a 	s 	a L +( Xa x0) sq' O4VR -(1L 

r •Xdi • cdOdII a 'YL +(haX) qI OdVI $ 4,17 

3(jw) as A 	+ 4WA I 

y Y * Cg04XR +<su(x -x) ~.~r ysq Gc WR 

w$ CgOdUU + . MdCXL --le) -► "Y1Sq \ 0491 $ 	4918 

III (j  v) a. A11R + v ll a A22A33 - A23A32 

; ( 33i22ft a» A32 	) + jw ( 	2Z - A32A23x) 	4.19 

A13(jw) «x MM3R + JwA'3I 

• a 0. 1 XojL + (XL aX)j a jwXql 	 4.20 

LÀ + jw a (Al2 A23 -- L13 2) 



Al 	2R # W2  A131 A221) + 

	

. jw (Al2A23Z - Al 31A2 - AI3RA22Z) 	4.21 

(w) a AK2R + jWA 2l 

(A .A31a - W2B , 31X ) . Al2.A33 AMMM 

+ A32 (A13RA2I R - w2  3 , 11 ),I • 

•iwl (.A 31i + 	•A 4R) a. ,Al2A33, A21x 	+ 

	

+ A 2 (ki 5R, A21 + A131 A21R ) 1 	 4.22 

11(jw) Gq(w) 	• 	 4.2, 
(1 + T2) 

* 1 (A RGgR - w2A ZahZ) + jw(A1fGgl + AI(ltGgR) I x 

X . 	( RGgR 	KljogT) + v2Te2(A 1 G X + AR1ZGtR) + 

+jwl (AK1RGX + 1  G ) 02 (A RaqR r2.AK1XG ) .1 

f3(w) Ki (jw) _ f R + wf KX  

* (f3R R -r223ZA I) + jw(f3RAai I + t3ZAZ ) 

••I 	 4.24 



44,19"" 

R1(p)Gq(p) 2 ZI (p)Gq(P) 

00  e2(F) 

• K2 (p) +t3(p)Ii(p)  a . 0 

may be written In the orm. 

(X + ,3X) (JwK16 i» w2K 26) + (Z + jwl l XD6 + AK2A + 3wA82I + 

+f'Ka+ w' 

or 
► 't i - w2R b + ZKO6 + Ate: + fER 	0 

X1C16 w E2& + 1!K06 + wAZ21 + wflI a 0 

TEEN 	a W2( X2  +W 2  ) 

	

KI i 	
R + w`Y"` 

And 
Y (YED + A 	+ 	) + ( (J t B * A 	+ fKR)fw2  

Now by varying the values of w from 0 to co different 
values of 116 and 126 are obtained and graphs are plotted to 
see the effects of different parameters, The oomputer progr- 
anme for carrying out this calculation is given in the Appen- 

dix 1.1 The phaeor diagrazn for obtaining initial values In 
given in the fig. 4,1. 
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4,62 	 pI1 ► 

The expressions not defined in this section are the frame 

as per section 4,91 

P1(jar) a APM + jw I 

(9dflR + Sqf2R) + jw (SdV I + Sc '2) 	4.25 

S1(jw) 0 SIR + jw5 X 

a A1 2A33 33 - A13A32 

*4 A' 2J 33 -w A32A13R - 3wA2Ai3X. 

• (+) 3 - A32k13R) + ( 32A13X) 	 4.26 

82(jw) • S2R + jwS2I 

* A33 (Al 1R + jw,A l 1) « (A13R L3 R- w2  A 131A311) 

+jw(A13RA311 + .&131A31R) 	 4.27 

83 (w) • S • jwS3I 

0 £32 AIIR + awA11x 	Y• + ? 	IR 4 A3lI) 

• 	A32 II - ('Y+')(A31R) + , w(A W1X 4- 

«io 	4.28 
( w) s AIR + jWA I 

I  (P1R$lR•w2P1tall) + PI 	+ sac1 

+jwI -PlRsiZ - 11181R + P1821 + P283! 	4.29 



aO 0AM#SWAMI 

a 1 	+ C gS3R I + jet ( dS21 + 0q;831 ) 	4.30 

13(3w) a AK3R • 3wAZ31 

4s2R8m. 2 4'do- s~ SIX .-~UR+ 1L ..x0) SR- 
- 2 1XdI ( +i,) s? 

w l ' 1 'do -Z2I J + SIX ~~* 9RJ + S2RX4X + 821 

4 0 	4.31 

(ice + 	) (i*jw 1) 
1+jFOj(w) 	 2 

(odR"" w2 tj{ ) + 3w( 	" T.1 
Tel 

11I (3w)Gd(w 

(SIR + 3w; 1) (G + SWMI ) 

.a (iKIRodR . w2, I a4BI) + 

3w (jKIRG 1 + 	X 	) 



w42'. 

12(JW)Gd ') . GKR2 + 3wG 2 	 4.33 
(1+ 3TejW) 

a (AK2ROdER » w2AK2IG X) + Jw(Ax2RGdEI + 

INNER ) 

K2 (jw) od (jw) 	
w2Z21 Vol) 

Zi 
(3w) G̀ (jw)  Fav + K3 (p) 
+IWTOI 

4.34 

1 G 2 ( X -w2  I) -+w2  (G8`Z2, K1 ) + KCYGKRX + AK3R 

+3w(Gft2, X + O '2 (01-w2Z2X) +KOVGF 1 + AR<X I 

(GXiii + 3wGKI1) (jw KIV w2Z2V) + B i, + 3w  i 	* 0 
	4.35 

0• . , w2(G i) xlv .0 w9(G Rl) y + s 

w (GRA!) S ' -. w3  (GUI) 92V + wBKX 

wG l 	*WBKX  
Y 	_ 

(t) (c) • 	a 
w 

N 

a 0 

a 0 



-►8$R 	-+t2tI8t1 

v 

(Ba) (4xil) +w (GXRI) (BXX) 

N a (GERI )2 + w2 (G '1) 2 

Computer programme for calculating K1V » V for different 
value of w in given in Appendix 1,7 

4.3 U- t 	# 

Up to equation (4.33) the derivation is sa for Kit 
X21 also 

Ki ►_ _  ~ KOt 

( jw) * $HR # 3W SKI 

GERI (KOY 2 v) q. W2 (on I) (ZI V) + KZG2 + a3 

# (OPi)( v) + (GUI) 	►" 2 v3 + KOIGKX2 + K31 I 

~ • * (GER2 • jwGxZ2) (jwK1 x .w2K2X) + B + jwB 	a 0 

1 a GHt22 + w2 x OK!22 
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(BU) (°!) .. (BKX )(GKR2) 

AND 
121 	is (BKI) (Gx12) + (_ ,)(arc 

x 
The pro amens for calculating KI I » X21 for different  va ues 
of w is given in Appendix 1.3 

4.4 	a 	h 	! 8 bP1Lt C tter - 

Us* is made of the equation (2,19) for this *took. It 
will be noted that the characteristic equation (2.19) contains 
terms which are ttos of two sores sionno in p. In order to 
develop $ :o=#  suitable for this chock, the equation (2.19) 
Is first watiplted by a term D(p) containing , , thettime 
constants. D(p) Is given by 

D(p) a  (0  + Tdo'p) (I + 1p) (1 # Tgo'p) (0 + T52s) 

(1 + TglP) (1 + Tg2p) 

Equations(4.35) can be written in expaMed tort as follow 

(GKRI + ►G1(I1) (3wK1V. w K V) + Bat + 3WBU 

! . 	2(x2vozR + 	I) + B11 
+ 3w B + Z1VGI1 - w2  G i1  

Uf3V 
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D ( w) - t1 r2  Tdo'TjO'). w do' + Tg ') j x 

I (1 o Tel Te t) + w (Tel + Te2 ) I x 

I (1..Tgl Tg2 ) + 3w  (Tel + Tg2) I 

aI  + jwD1) (C2) (03 * iw 1)3) 

• t (C1C2 - w2DID2) + 3w (C1 + Dl*2) 1 (C + 3VM3) 

a 1 (cc .. w2  DID2) C3 .w A)3 (Ol • D102) I 

+ 3w 05(CID2 + D102) + D3(C102 - w iD,) I 

*DR + jw DI 

,SRR + 3wAII - ( U + jwy) (Ut + 3141) 

a (UDR - w2VDI) + jw(tTDI + VUt) 	 4.3 

By varying w from 0 to as the locus of Characteristic vector 
SRR + jw1II is atuli,ed. The system obsraoteritic eqzation ie 
of eighth order. For any point selected from within the region 
(containing maximum number of roots to the left of 3w axis in 
the p plane) obtained by DpartttiOning it the ohs vector 

Ixoases des through eight tuadrants in succession the point selected 
will belong to the stable tone. 

The computer programming for gettingAIR-AIX for different 
values of w is given in Appendix 1.4. 



A 

kit 



`,o xzv 

0 

50 

EFFECT OF Q 
	

40 

30 

UN STPi E STAgL~ 	
oQ\ 

4 	3 	 z 	3 	A- 
	

5 K1v 

Fx c, 4.2► 



-25 
Ked 

A 

20 
-EFFECT OF Q 

UNSTAaLE 

F14 4.3 



I15 &2J 

A 
II 
0. 



1 5 	 _1v 

Kzv 

EF FF C -r Or cd 
	 bb 

Q - 1 1i 

V 

UNSTABLE p STAgi 1= 

;40\ 

C, 

J 

V 

'~5 	F: 	~►5 	3 

Fie 4 



10 

C 

£ FF£CT OF 6  

RG46 



c.-1 0 c )(C 

6 	9 	12 K1v 

SL. 



0 

.£FF.EGT OF KGi 

Q=-1.4  

60 8o KU 

Kfi 





G 

KOI 

X00  Kid 



civ 





46 

ai.cuiatigne and Re sulfa rrr~lrl~~lr~rwl/~IIA rrI11~I~~Mr~A~ 

All the computational work to carried on the dept 
ental ooaruter TDC-312, The ieffeot of 	is lon in Q, 1c, 6, 
3 , WI, KGZ parameters on the stable region in the parameter 
plane is studied* Graphs of the computer results are given 
in Fig* 4*1, 4.29 4.3 «,, eta, 

1ieouaeioa 

Study has been mad* for selection of six gain Cenetante 
ua aely Kilt K21, KIT 	T, and K16 • K26 for absolute atat►" 
Ilia by using D-Partitioning teahuique The effects of 
varying Q, 6, X • # Tg1 	I are being partoulariy studied. 

Discussions for Absolute Stability 

1) Ef egt _af Q (leading reactive power at infinite bus) 

Increase , iii Q is found to reduce the stability region 

obtained in the planes of R V »S2V, Kit &21 and K16 ml26 ,,. 
The rate of reduction being fastest in the plane of XIX K21 
and least in the plane of Ki6 -- K26 

Above interenae has been drawn from the figures 4,61 to 4030 

it) af, tect I (Initial ie ed etas load angle) ) 

Pig. 4.4 and 4.5 show the effect of varying 6 on the 

stability region in the plan of III - 121 and KIT - $2V. It 
is noted that . there exists u Critical angle 6 whist gives 



Is at area of •etabili and the angles above and below this 
angle give greater stable sone. Appsrant2y 6 a 0 case gives 
largest area but the second derivatives gain constants has to 
be greater than a certain minimum value. PLg. 4.6 shows that 
increase in 6 gives larger stab lite area in the plane of 
K16 « X26 

iii) EftGOt of 	( Series oaaøitance in the tie line) 

The increase of Xo increases the stability zone in the 
planes of KI «►Z2X and g16 - Z26 but this in mcree La remark- 
able in the K16 - K26 pipe (Fig. 4.9 and 4. i ) . 

Pig. 4.9 above that the Increasein X0 reduces the stab- 
ility area in the plane of ZIP' - 'K2V. 

IT) Effect of ( ?,R,, Circuit time constants 
TEl "`  

The increase in TE gives reduction in the stability 
areas in the planes of KIT- K2V and K16 -. X26 while it 
increases the stability area. in the plane of III - E21 plane. 
But it may be noted that the atability area in Kit - g21 
plane is very small compared to other two planes ( fig, 4,12, 
4,14, 4.15). 

v) 	t~;o ; H@ (Propertionate gain constant of 
$At regulator . 

Pig. 4.13 show's that increase of KOX causes insignificant 
decrease ► the stability region obtained,, Almost whole of 
'#he first quadrant happens to be stable sons. Pig 4.16  shows 



that inorsase of 01 does not chi the stability regions  
obtained in the plan of XIX » K21 plane, The stability 
region is very much United compared to other two oases*  

Vigo 4.11 shows agradual reduction In the stability 
zone In the glans of V *- , 

vi) Et eatofXj,. (speed gain oonetant of the Governor) 

Ino ease In 	reduces the etabllity area obtained in 
the plans of XIX -* IC2Z at a very slow rate, the overall area 
is very small in size (f g 4 8) . 

Increase of 1I produoss insignificant decrease in the 
stability area obtained in the plane of KI6 -» 926 est 
complete first quadrant is a stable region (Pig 4,1O).. 

.48 



In an earlier chapter the problem of parameter co 
ordinatio to ensure system stability .ity has been discussed 
The aim of study in this chapter is to ensure a deal.tired 
relative stability (degree of stability of the system i.e.  
to ensure a certain settling time for the transient  response 
of the aye  em. The settling time of the system is related 
to the location of poles of the system characteristic equat-
ion  on the left hand side of 3w axis in the p lane For 
stable system ell the roots of characteristic equation be 
real. negative yrs or complex number with negative real 
parts The rate of decay of each component in the transient 
response i.e detex 	d by the absolute value of the real 
part of the co spondi ng root, The larger the absolute value of 
the zeal Pert of the root the more fapid Is the process of 
decay of the tent response. Zviden9 y It is the com- 
ponent of the transient process with'. the ,Vilest value of 
the real part of the -coot (only the abeolute value is relevant) 
whiob will. decay more slowly Than other do ►onente * U the 
duration of dying out of the component with the emeUeet 
damping exponent ( i.e. largest time constant ) is equal to 
or smaller than the period of settling dawn oonitant with 
the technical requirement, than the actual d lration of transient 



process Will certainly' not be larger. It can be assumed 

that the transient process to completed after 3 to 4 time 
constants* This time constant is the reoprocal Of the 
veal part of the smallest root, ThUs to carr prescribed 
value of settling tints of transient process of the system 

a line parallel to jw axis 4̀  .~ytn the p, plene but -shifted 
wards the loft hand side by an iiount (reciprocal of the 
desired maximum settling ice) will be transformed on to 
the desired coordinating parameter pests„ Such a process 
is effected ming use of d portioning technique which has  
been described in the earlier chapter. 

06(p) a 	1 ... 
1 + Tdo' ) 

emplacing p by 6" 

ted (6- +3w 	!! dR + $ dl 	 1 
+ Tdp; (6s +Jw) 

'! + Tdo' 6) + jwTho 

.0 	 ( +Tdo G) - 	o' if BR + jWOdI  
(1 +'ado''o ) 2 + Tdp''2w2 

+ TdOc 	1 wi'do'. 

Li 	Al 

/o 9L 
LfITRAI t MARY UNIYEREt1T OF ROOrYrr 



where 	l * 	(1 + Td wll 	)2  • 'adot 2w2  

8l ms].arly Gq(p) a 	G 	+ 3w G+ 

where 	 - (I + Tqo' 6 )2 + Tqo'  2w2 

Gv (p) * 	KPY + KjTV  + 	2 
GV ( 6- + 3w) 	Get, + jwGfl * 	v+ V # 	* 	6 +LS4 

#+TO  (6+  ) 

(ov. RIs' +2 V's Yw2 )+jw(EY+2 Z2V) 

(I+Toy ) + 

A + 1 `OY + 6- XIV` + 	" - Z2Vw2  

B ,a  

" + ,VI 
1 +•,. -)2+T 2'2 

A(1  + r 1 s) + y 	w 	i 	e 

'3 

where 	* C I + T+ ' )1  + of., 2W2  

Similarly 01(p) - 	? _ _ ' _► 121p_ 

9 + Tel  p) 
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A * S +1I + 6 92i  

Bw  XIX +26-121 

+OXR + jwGIl a GX(6' +"jw) 	A(1 "6TOS + W2 T.iB 	# 

A3 

il 3 * VCoe6o 4 p N-,' ljLd► M. 04LO + YSt 6o 2 iqo ) + idop2 

* w 	VOo. 6o + (s'+jet) ( )do do .V$ineo go 2 iqo) + 

6' +JW)2 ido 

A so ' L1 - edo + VSjnbo ao 2i qo 

Bis 
	

do 

fIR + wt's1 	VcoeAo +6'A 

t2 (p) s - VS . o + p (TO® o +\ Lqp + 2ido 	qo + Xiqop2 

A as vcoe6o +r rltgo + 2L4OXL qo 

B * 

a f2R jw X a . .vs . o +A + (G 2.. w2) B ? 

+ jw(A#2'B) 

f3(6?+jw) a f3R + jwf3I a f (-+ ) +'V gofr + SW) 

(fia + 6-~ qo) + Sw(ZII +' qo) 



psi 	_ 	+ 2P2 ,'  
(1 + Tgip) ti g ) 	1+(Tgl + T2)p giTg2 

mOO a TgI + Tg2 , 	TGT a Tgl Tg2  

Gs (c + + _ KgO +i1 + { 2~.w2 )Fg2 + jw (991 + 2 Kg2)  6-- 
1+ Tgo +(62 )TOT + ja(TGO + 2 ' G ) 

0 * I + c Tgo + (6- v2 ) TGT 

1) a TGO + G gR + 3 X a 	__ 
0+ WD 

£0 + w2BD  

C •D` 
+ 	wB 	,:,► 

X12 +D2 

(p) 	 + fdp + og(p) + qoS2(p) + idofI(p) 

1 (6- + ) a (c + w)2M + Pad +jw) + G + jWOgX + 

iqo(f2R a Sw 2X) + Ldo(tIR + j I1) 

£31R + w31Z a M( 	w)r if + F, + 1gof2R + idoflit  

jw (2a- fl + Pd + Ogl + 1 gpt2I + idotl I 

+ Tdo'p 
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r~lllliYli rN--iy -gllYlqrii}AlM1~71iifi~MlIr+YIIliIIiN•Il-!• 

I+(643w) Tdo' 

	

c 	(1 - + Td1) + 3W'dM} 

(1 + o') + 3wTdO' 

{1 + %1 ) (1 +6T  do') t w2Td''ado' 

(I +GT&o')2 + W2 ' 0i2 

jwXd~TdI(I+6 Tdo') " t(1 # T f) +  
(I • <; N'dO 1 ) 2 + 1 2 Tdo' 2 

Xq(6' + ) a Xq + jwiql 

	

Xq 	Tq#) 	 • w2 q Tqo' 

+~ TqO' )2 t w2 Ti qo2 

Xq 'T'q (1 +ç>Tqo') ".qo' (0 •c iqo') 

(1 +a Tgot )2 • w2 Tqc w2 

04 C r +3w) Gy (cam +3w) a G4VR + 3% .' 

a (GdRGVR «w2odx GVI) + jet (OdRGV.Z + GaXGVR ) 

o. (dsc +jar) GI (c + r) * Gd 	+ jwO# U 

(OdRGZR_w20d oIx)+ jw(Gdaoz + OdIGIR) 

G4 (t .3w) GV( +3w)t (G +3w) w AR + 3wAZ  

to (Gd IR .w2 	1) 
(od r11 dVxslR) 



G4(G'+ 3w) GV(G-+3w) t2(6 +3) s» At + OWSI 

	

(QVRt2R- w2GO 	) ,jw (Gd '2X + Gdflf2R) 

*21 (p) as1Y4cp - S2(P) - (P)OV(P).j81(p) + S 2(p) 

£21(o +3*) - 1R + 3w *211 

+SW . ' lu 	S"I 3qB : 

	

122(p) a 	( 	) a 	4 	pd. 	-X0) Sq 

da(e) GI(p) 

pI a -f , d + (x X) Sq 

A22c + 3*) a A22R + jwA22Z  

w -wUR * 141. -P (z e) wP, VR -►jwP1 

	

+ 	tdt II 

  + 04 .18 - Pi E i, 	+ XOI 

+3*1 *1dl + CdGd1Z «• P1Q6TZ I 

	

3 (P) a 	+'() + 06(p) ov(p)~( 	' 10) S6 . 

• 0q06(p)0Z•(p) 

P2 10 	$4 ** 	:q 

A23 (6,+ 3*) do A2 • 3, 12X 

st I w (N - # y1 + 	 2 + OgO4XR I 

.3wl Cg0ddX + P2G4VX I 
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g1(p) ' £22&33 ""'A2YA2 

i ( 6 	) Ix t + ► i" I 

n (A33h2 -+ £22R)    + jw (A33A  21  £32A231) 

A13(p) * 	Xq(p) • t x 	X0) 

£13( - ++W) No £1 i + 	131 

0 4» 1 	+ ( -*X0) I 	 jwXgi 

LA + jwBB _ (A12,23 - £9122 

0 1 Al2A2R A4 , 	• w2A1 X 2I 

+jWI £1212X - A13XA2 - A13R122X I 

6+3W) a AM + ; AX  

*$ 	- £31R - W210 4311) ► £12 133 121R + 

+A32 (A13RA21R . Al 	1 x) 

+3wI (ALA3II + BBA3IR) A1203A211 + 2 tA1 	11 

+A13j 121k) $ 

(6 +jw) Gq(s + jw) 
$ + 

(WRGgR-w 2AZupIGq)(i*icT02) ►2  (A RGgX + 119► IG ) 	I 

fiwl (&RGq + AKIXG c) (1+6' T 2)sot (AIR r2 cIGgX) I 
• .. 

(1 + cT,2) 2  + w2  Te22 
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t3(6' 	) El (6-,+3w) a f` , + 3wtI X 

• (t3Rb.EIR rt+► w2f3X AKIX) + '(f3RAK1I + S3IAK1R) 

1(p) q(p) 	 (P)Gq(p) b 
"16p * 	► I + 	 + 

(l+422) 	 00 + Te2P) 

( + t3 (p) (F) - '0 	XaV be written an 

tx + w!) I f r. j) 6 +f6 . w)2 126 1 + CX + 3rd) X06 

R+ 3WAK2Z+ i( 4, $fit 	0 

or CX + ') V16 6 + jwKl6 • ( 2 	) E26 + 32WPK26 I 

a 0 

6 • $WU + (64t2) R2ÔX + 32w6K26 x+j 	c'. 	6 .w 	U'16 

rAY { 	r Z26 	2s 	` ' X26 + (I + 	w) 	+ - 0 

or 	(cc 	2r) E16 + 	( 2 2)X ►2w 	- J E26 + XZ0b + AE2R 

( X '+ 'I G') 6 '+ 2w 6-1 + 'w ({'' 	) } 26 ' 	i + 

WPI + wt '0 

Na.I (~' * 	) 	+ 	(G-2 * 	) I 

*1 (WZ + w!6)4 (6 	z.2w2T 
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A. - r~ido — 2Xio • 'VSL 6o *. odo + 

B • XLLdo 

Ali (s+ jw) a ARII+ jwA l i 

+ 	' io86O • (a2 t2)B +cY'A + GqDR) tjw(2G B+A+Ggdt ) 

P1(p) a 8d1(p) + SQr2 (p) 

P1 (s' +jw) a SdFIR + SgZ2R + 3w(Sdf1I + Sfl2I) 

S1(p) +- Al2A33 -- A13A32 

S1(+  3w) a SIR + wS1I 

a (Al2A33 - A32A13R) -► jwi32AI 3I 

80 1 (r + rL )A33 - A32A13R) I + ► ( -AY2AI 3I ) 

52(p) 	0 A1 1A33 — A13A32 

S2 (d' + jw) * S2R + jwS2I 

- 	a A33A1 IR - (Ai 31A31R — ' 2 A311A13T) + 

+ jw( AY3AI 1 X -► ,A1 ° RAY' I + A1 	3IR ) 

S3 ( +jw) * 83R + jwS3I 

• A32A1IR - ( r + x' )A31R + jw A32A1IX - (r + rL)A31I 

11 (p) =- SIF! +P1S2 +?2S? 

K1 fr +Jw) a I—( PR1S1S. — W2011SI ) • P1S 	• P2S3R I 

tiwl -AFR1 SI I • API1 SIA + P1821 + P2S3I 1 
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.+ °(6 2 -w2) X 2w 	.ZA6 " ' WAR21 + wf ]Ml 

DEQ` 

6 t 	+ w,& X + Wf ) + 

+(WX + 6) (ZZoÔ + &ic2i + LKR) 

DEN 

5.L DPtflttoi4 ►1V--• 

Rob + Op 	p2 
+,1.2P 

A* o&+ -s-K16 + A 6-- I6 w2 

Be K16+2626 

06 (- +jw) so R + jw G 

,(I +- T01) * w2TeiB +jw B(+ Tej) -T.iA 

where Ae (1 + Tel c' )2 + TSI2w ,Tel 0 T.02 0 T, 

'Gqf r* w) O6+jw) as GQtt • jwG DI 

" (Gq, GR * w2GgIDGZ) +jw(GaJtDGX 44qX R ) 

£l1(p) a V+oe6o + p2 	+ F (~ l .d r 4W2xLo + 'Sin 6o .do + qo) 



12(c~ d`Jw) ' AMR + JW ' 1 

It 1,i*0Q$ . + CqS l + SWI-W821 + CgS3I 1 

( r+w) 	+,wA 1 

( 1R'v *sW 8iX) - PS1R — w2 t21 wI + 

	

.'R r* w` X XS2X + (x."X0)S2a 	( + )s 

.jwj '1do (SIR + s S1z) ►(2As1z + f2zslR) + 

+ Xt' 2I + Z6.XS2R + t 	Z0)$21 	+ 1J )S31 I 
0 

Gd fr + jw) a G R + jwGd X 

(i +6 r) 2(jajTq 

3 

Ki (2+ ) Gd( 6'+ ) 	
tKX1 

00 + 0(2+j ) 

a 	RGDER " W2AEIXGdEX) 

+ JW C tRGdE x + AKI IGdEx 

$ (A2RG - W2AZ2I43ZJ) + 	 p 



(1 + Tei?) 	 (I"TOP) 

B +3wB 

A w NOI + "' II + (5' + w2) K2X 

2aII.+26, 2X 

BKR + 	a ( GZR2 + 3wGU ) (A + j ) + (G I + jwG I) COY 

+ E3 (gyp) 

• I GRR2A - GIX2B + G I 	+ AK3R I 

+ v+$ AGEX2 + GSR + GUI ZOY + AK31 

(GERI + 3t UI) (K1 + 22Vp2) + Bla + jWB C a 0 

or (GKRI + j ri) S (-c+jar)ZIV + (c + )2xzv~ +sat +jwB t a 0 

(G 4 6 	w iii iy + '{ .02 r2)GIM192V - v2(;KZI 2s-, $' !V' + 

+HB •0 
Or (Q GRR# .. G)rj) v~ + kt (- 2 )Q .1 .. w2GU12 6'? K2V 

+BEE a0 

and ( KX j c +WG .j) KuV + 	6 ,t )W G ; + 2 (~ wG 1 	 V 

+wX  0 

A * (~, 2 2) xogi1 + 2 c wG j 



«► wGXZ1 T + w GKRi 

1'q  .r  -AZB$R +W$ X0 	 iBxwBBI+BKRxD 
1m'y 0   AB ,wtD 	 AB -► CD 

5.3  

+ xis► + Z2VP2
) + X2(p)Gd(p) 	+ (p ) 

+T 	 I 

B(+.jwBXI  

A = I KOV +6,  1T + (r2 2) 2V I 

B + SSI • I G R1.A » w2GKXjB + GKR21 I + ABR I 

+ jwl A.G I + GKR jB + GKI2 OI + AK31 

.". (G 2 + jwG ?) (1' IP + 1p2) + $KR.  + 31 KI o 0 

{ 	t 	+ 26-WGKR2 

B « 5-* 2 . w2GU2 

C - ( ? ..w )GXt2 W2GZX2 2 c 

6' wGZt2  + 
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.• • r 1I 	'A.B$ + WBBR + w BBi x C 
AB -OB 

X21 ac "'B x wBKT + B x.23 
AB-0D 

Thus the expressions of first and second derivatives 
gain constants are fund in term of o and w. Now mak . ng o-  

constant and varying w from 0 to c different values of 
derivatives gain constant are obtained*  By varying the 
parameters ( Q, Xo, 6, TB  and 	) whose effect are sought 
to be studied in the plane of first and second derivative 
gain constant, different graphs have been plotted. 

Calculation and Results 

Calculation are carried out in the computer (TDC -312) 
and the results are plotted In fig. 5.1, 2. • eta. The compo. 
ter programmes are given in the Appendix 2. 

ieouee.ian 

i) Bzfeot of _Q 

In general the effect of increase of Q is found to reduce 
the relative stability area obtained in the planes of XII - X21, 
K1V K2V and X16 -- X260, meaning thereby that the quality of 
the transient response deteriorates with increase in Q (pig.5.1 r  
5.3, 5*12). 



ii) f tO C't+ D _ 

Pig. 52 shows that increase in initial load angle 6 

continuously reduces the relative stability area in the plans 
of XIV 	V Pig* P.3 shows that increase in 6 to a certain 
critical value reduces the stability area to a minimum in the 
plane of KII -X2. Than better transient performance can be 
obtained by setting the initial load gangle a small valae 

(00  order) in general. 

iii.).  Lffeat of Xe  

Pig#5.+6 and Pig.5.9 indicate an increase in the relative 
stability area with increase in Xc in the planes of XII -- X2I, 
and XIV - UV#  The region being smaller in the plane  of XII 
X2I. This indicates imp vement in the system transient 
performance with increase in 	In other wards there Is 
greater flexibility in selection of R1 » K2Z and K1V' 82V 
In care larger value of $O  is used. 

Pig. , 5.13 shows a reverse trend with increasen 10  in 
the plans of XI +6 - K26. Thus adjustment Z16 X26 parameters 
within a limited area, Per higher 10  selection of 116 - K26 
parameters will pose a tedious problem to ensure a satisfactory 
transient response a 

IT) Bffeot of „ 

Increase In reduces the relative stability ares 



obtained in the planes of EII -P K2J and18 *. 826 (Pig. 5.5 
and 5.11). The reduction being tae r in the latter parameters 
plane Effeot of variation in produces negligible change 
in the relative stability region obtained In the plane of ZIT +~ 
1(2V (Fig. 5.8), Thus if 1(16 - X26 are selected as flexible 
parameter then greater difficulty will be faced in thetr  
selection with increase in TE so as to ensure a desired tran-
sient performance. e 

V) fleo of .Z 

Pig. 5.7 shows that there is reduction In the relative 
stability 3 regiongLen in the plane of KIV ► 1(2V with Inorease in 
1(31 whereas Pig*5,1Q show in significant effect of variation 
of 1(01 in the region in the plane of 1(11 - X2X. Thus greater 
flexibility  in parameter selection to ensure a prescribed 
transient response is possible in the case of 1(11 - X21 
parameters.  
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coNcLusxonS  

The problem ca per'snater coordination of a " doubly 
excited synchronous machine" is studied by using Dbeooa 
position technique. The study is made in the following 

planes 

I 	I-921 
II Z V - K2V 

The firstand øecond derivative gain constants of 
voltage int and angle regulators are the Parameters  of 
interest. 

The system studied is a doubly excited Synchronous 
machine connected to infinite but bar through transmission 
line,*  The Jumped parameter1L, 	and Xe  represent the &str.- 
ibuted resistance inductive reactance and +capacitive react-
ance of the transmission line. The machine is fitted with 

YR on the 6 axis sensing the deviation In terminal voltage 
line current and their first and second time derivatives. The 
q axis rotor field is ted by an ala•.r! which senses the rotor 
angle 6 and its first two time derivatives. Only one time 
leg each in the regulator circuits on the d- , and q axis 
field circuits its is incorporated, The Governor is of the 'tern 
type with two effective time lags*. 

T r* separate studies have been done 
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I. Study for absolute eteaq-stats stability 
ZI« Study for relative stability to ensure a desired 

quantity (se tUing time) of the transient response 

The Graphs have been plotted for these two cases 
separately. 

Following conclusions can be drw from the study of 

the graphs. 

In order to eerily operate the system at bidbed iiad* 
ing VAR, with a certain specified settling time of the tran  
:etant response larger flexibility in parameter 000rdinsti on 
can be obained by adueting the first Wo derLvative derivative angle 
regulator gain constants i#*r X16 -X26. The least .e ble 
parameters appear to be KuI ; 2l. 

A bier initial load angle 6, (aseri r equal to zero 
deme) may be selected to ensure stable operation with a deal- 
red transient response. 

In order to operate the system with larger series 
capacitance 10 better performance can be obtained by, cooed ,«- 
nation of XII -► VI parameters of the £' 

r satisfactory operation with higher , value of voltage 
regulator time oonataflte greater flexibility eppCar to exist 
in selecting KIT - 12V as coordinating parameters. Sorer 
the stability point of VOW is concerned proportio fid+ gain 
constant of current regulator (ZOX) and speed gain constant of 



6 

the governor  do not play sxr igrhiieant role. 

1 # 	In the present et%tdy the angle between the two field 
windings has been tan as 900  whereas it can be Won asy 
general angle a and then this angle *an 	d.,. 

2. • The relative effeotiven se of the regulators can be 
etudi.d by comparing the in ` 4ype psrormsnoe index to 
•nom+ better tdent response. 

3. 	More ,rigorous aysie can be darts without makes 
certain eimpUtying assumptions such as, neglect of trs efor- 
mer voltage terar,  , der o3 dt Bros and considering 
d stributed transmission line paranetere inetsad oi lid 
parameters 
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$mbo1e used LaiCmutev ProRram.  

6 MDL, 	d ► XD„ zq ' XQ, zd,' 	$q' '" XQD 
Td' * TDD, Tdo' a T O„ 'Tq' a TQD, Tqo' a TQO, SOY a M  
81V . VO, E2V a VT, Te . ' , ,ZOI a , KII a CO, 
X21 a CT, X06 a DZ, K16 a DO, K26 * DT, Ego a QZ 9  
ggi " GO $ Kg2  a OT, Tgl + Tg2 a TOO, TgI • Tg2 + TOT, 
I a El 	dotoBED, goaSNQ, M - AL 

lumert4 vaiea oLtkecgnetantB of tflYBt  

RI a 0.05, X* 0 3, 10 o 	DL a. 0»523, R a 0#01, 
xd a 1 *20  xq a 0.,8, t' a 0.29, xq' a 0.47, Td' a 0.17, 
Tdo' . a 3.2, Tq' a 1.9 Tqo' a 3.2, KOY a 10.0#  KIV a 1 #0, 
X2V • 0.5 Tel a Tet a0.5r KOla0.0,XIIa0.0, E2I•0.0, 
$06 a 5.0, R16 w 0.5, X26 a Q.05 # Ego * 0,0, Kgl • 0.05, 
Kg2 _ 0.05 0 Tgl a 0.5, TO w 0.1, N. 0,0192,, Pd w 0.0052, 
P a 1000 



APP.~ N t)Ix 3 

D*'pARI ITiONING IN PLANE OF KIV-UV 	 • v 
CLsO.523$RL•Q.O3$XL*G,3$QsNZ.4$Roto41$XD01.28XQ O.8SXDD+~D,Z9$XQDoQ.47$1D.o.7'? 
tDoe3*2STQ•1.9$T00*3.2$VZR1O.Q$V4.O.DSVTOO.O$XCaO.1&CZ O*O$DZ 5.O$Dono*S 
DT■Oi.D3$C®■U.O$CT*4.D 
GZ.O.O$GOsO.O 5$GTIO,O5$TGOaO.8$ TGT,4.O3$AMSD.4192$PD*O.0032$P.1sO 
READ TE 
WRITE 9tTD.TOQ*T4sTOO9VZ, E,CZ,CO,CT,D1.DO.DT.GZ.6O,GTPTGO,TGT,AM*PD,P 
DeFORMAT(/,E.E,E.CeE) $ A*SINFIDLI 8 8*COSF(DL) $ EIDsP'A+Q*8 $ EI.Q■P*8«Q'A 
EI*SQTF(E1DOEID+EIQ*EIQI S VT,Isj.+(EID*RL-EIQ*tXL-XC) )'*A+I IG*RL+EID*(XL-XC) t'''8 
VTO.(EZO4 (XLH-XC)-EID*RL)*B+(Etp*RL+EID*(XL'XC)I*A S VT.SQTF(VTI*VTI+V1Q*VTO) 
I~tTB■ATNF(VTO/VTI) S VTD=VT*SINFt6,L-DLTB! 8 VTQ*VT*CO F(DL' OLTS) 3 SID5VTQ+R* to 
81Q•-VTD-R*EiD $ $D=VTD/VT S Sit*VTQ/VT $ CDsEIO/EI S CD'EI4/EI 
P1aRL*SD+ (XL-XC) *SQ $ P2■ t XL XC I *SD-RL'SQ 
A3i■EIQ*tXL-XC1'-SI©+EID*(R+RL) $ A33.SID+(R+RL)*.EIQ-EIO*(XL-XC! 5: aeR AD W 
WS *W 8 A11i+WS*TDO*TDO $ A2.Z.,W$*TQO*TQQ $ A3*ls+WS*TE*TE $ A4a1.-w5*TGT 
A5.WS*TGO*TGO $ A5sA4*A4+A8 $ A6*GI"GT*WS $ GDR•1.O/Al S GAI'■-GDR*TDQ 
GQRa1.O/A2$ GQI.-GQR*TQO $ DGR. (D&-WS*(DT-TE*DO))/A3 $ DGIstDO TE*(DZ-WS*DT))/A3 
GQDRIIGQR*DGR-WS*GQI*DG1 8 GODI.GQR*DGI+GQI*DGR 8 AR11*8-W5*XL* ID+GQDR 
XDR.XD*C 1.+W *TD*TDO) /A1 s XDIu-XD*(TDG'TD)VAL 
XOR*XQ*t1.+WS*TQ*TOQ1/A2 $ X©Is-XQ*CTQ4-TD)/A2 
AII.1*RL*EII 2.*XL*EIQ+A-VTO+SIO+GGDI 8 AR13* ►XQR-XL+XC 8 AI1.3.-'XQI 
FRZ*-A-EIQ*XL*WS $ FIZ#B-VTQ+RL*ESD+Z.*EID*XL $ FRI*S-EID*XL*WS 
FI1#A-VTD#RL*EID-2.*XL*EI4 $ Ai'R1sSD*FR ,+Std*FR2 $ AFI 1#SD*FI1+SQ*FI2 
%46Rs(A4*A6+WS*GO*TGO)/A5 $ Gial*tGf *A4-TGO*A8)JA38 AR31'GGR+EIQ'FRZ+EID*FRl-AM*WS 
At31sPD+GSGI+EIO*FI2+EID*F11 $ $R1%(R+RL)*A33-A32*AR13 8 Sil.*A32*AI13 
$R2aA,33*AR11"(AR13*AR9I-WS*AI13*AI31) 8 SIZsA33+~AI13.~AR13*AI31'AI13*AR31 
SR3.A32+AR11- (R+RL )'AR 31 8 5I 3*A32*A I 1 w. R+RL) *A I31 
AICR 1*'AFRI*SSR 1+WS*AF 11*S 11+P1*SR2+P2*SR.3 
AX I ,I*"AFRI*S I 1-AFI 1*SR 1+PI*S I2+P2*S I3 $ AXR2s 'CD*SR2+CQ*$R3 
AAI?&~`CD*SI2.CD*SI3 $ AKR3*-FRZ*SRI-WS*5X1*(SID.-FI22)+(XDR+XL-XC)*SR2 
AX.R8+rA1CR3+(-WS'SI2*XD1)-(R+RL)*SR3 $ AKI3*$R1*(SIR-FI2) "SI1*FR +5R2*XDI 
Al l3r~AKI3+SI2*(XDR+XL-XC)-IR+RLI*SI3 8 GOER*(GDR-WS*T *GDI)/A9 
6D I (GDI"TE*GEAR)/A3 s 6Vit1sAKR1 `GDER-WS*AKI1*GDEI 6 CXI1oAi Ft1 aEI+AKI1*GDE 
,kf 2~.A+~R2' GDER' M+S+ AKI2 ' 	I X GKIZ*AXRZ*6D I+AKI2*GDER 

+$~C~i.oKR2+►tC1-WS*C'II-wS*GX,te,*C ?+VZOGI R1+Ai R3 $ 8KI.GKRZ*CO+GKI2*(CZ 'WS*CT) 
IKI■BV4+VZ*GKII+AXI3 s D *GKR1*GXR1+WS*GKIi*GKII 8 iF(D N)1,Z. 
#V0w(6KR*GKtl-81I*GKRl)/DEN 8 VT,t6KI*GKI1+t8KR*GXR]1/WSI/DEN 

WRITE 3,W',DEN+VO,VT $ .3*FORMAT(fi , ,E.E) S GO TO 2 $ STOP $ END 



D'PART1TiORIRG IN PLANE OF UI-K21 
in,so.X23+ARL*OoO5 i L*O,3SQ%-1*4$ROO#01 9021#2$XQOO#BSXDDOO*29$XQDOOo4l$TDoOO7 ' 
cZsO.Q 
1DO*3,2$TQ$1.9$T tO*3p2'$VZ$1OaOSVOLO.OSVTOO,O$XC*O.1$TE+~O.5 rDZOS«O$DO*O.5 
DT.O.QSS6Z*O,O$GO*0*05$GTsO,Q ST .0O.6ST6TsO.O5$AM*terOI9ZSPD*O.0032$PsJ.0 
RITE',DL#RL+XL,XC,R,XD,XQrXDD,XQD,TD,TDO,TQ TQp,VZ,VO,VTsTE,CZ 
WRITES,D+Z,D0,DT:GL.G0,GT,TGOPTGT,AMsPD,P,Q 	6 5IFORMAT(/,E,E,,E,E,E 

AtSINF(DL) $ BlCOSF(UL) $ IWsP*A+Q*U $ £IQ P*B'Q*A 
EI*sQTF(EID*EID+EiQ' T0) i VTI*1.+(EI1*RL-EIQ*(XL,-XC) )*A+(EIQ*RL+EIQ*(XL-XC) )*e 
VTO*(EI +~t~CL-XC)*EIfl*RL)*B+IEIQ+RL+ ID`4~KL-XCI)*A S VT'SQTFIVTI*VTI+VTO'VTQI 
DLTB%ATNF(VTO/VTI) 6 VTD'VT*SIMP (0L-DLTB) $ VTnwVT*C0$ff (OL-►DLTa) S SIDuVTQ+R*EIQ 
$1QU»VTOI R*EID $ SAsVTD/VT $ Sal*VTQ/VT $ CD*€1DIEI $ CQ«~EIQ/EI 
P1'RL'SD+1XL-XC)'SQ $ Paw t L-XCI*LD-RL*$Q 
~t32uEIQ*(XL-'XC)' 5IQ+EI'D*4R+R) $► A33•5ID+(R+RL1* IQ 1Do(XL XC) $ MEAD W 
WSEW*W $ Alsl.+WS*TDO,TDO 6 A2*1.+WS*TQO*TQO S A3a1.+WS*T *TE S A4*1,^ WS*TGT 
A5*WS*TGO*TGO $ Aa0A4*A4+A5 $ A6*GL1 GT*W5 $ G R.i.0/,Ai 6 GD1+~-G0R*TDO 
GQRx 1.O/A S 601 *-GQROTQO $D6R* (D~ -►WS* f 0 `-x *t~1 )) /A $i DG3 (D T 'I12"WS'DT ) I /A3 
CQDR*GQR*DGR*WS*GQI*DG $ 60010 IR*D I+GQI*DGR $ ARI►t*&-W *XL*EID+GQDR 
XOR.XD*( I.sWS'TD*TDQ),Al $ XDi*-XO* (TQO-TD) /A 
XQRsXQ*( 1 •+W5+TQ*TQQ) /AZ $ XQ.I *-XQ* (TQt*TO) /A2 
A111,aRL*EI412.*XL*EIQ+A* VTD+SIQ+GQDi $ AR 3*'XQR-XL+XC 6 AI.USs*XO1 
FRZ.-..A-EIQ*XL*WS S FI2*8-VTQ+RL*EIQ+2.*UE9+ AL $ :R1*B-EIO'XL4WS 
FI].A—Y1'i3+ 1«''FID,►*XL'Elt $ AFRLSD'*FR,J+$Q'FR, $ API1*S~1 'FII+5O FI2 
6GR.(A4*A6+WS*GO*TGO),A$ $ GGxw( 1*A4-TGO*A6)/A5$ AR3lvGGR+EIQ*FR2+ ID*FRx-ASI*WS 
A13i«Pp+GGI+ IQ*FI2+ ID* U $ ►Rj*(R+RL)*A33"A)2*AR13 $ SI s''Af2 'AI13 
:R2vA33*ARIa-MART$*ARSI-W$*All,*Al ) $ Sl2oA 3*AI1I-AR13*Ai31—AIIS*AR31 
SR3sA32*AR11'(R+RL)*AR 1 $ SI3 A3 *AiZY-IR+RL)*'A1 1 
AKRI.r'AFRi#SRl+W$*AF,I1,*SI 1+P.I*RZ+PZ*SR3 
AKIl«"AFR1*'SI1-AFIi* R1+P$*SIZ+P2*$I  $ AXR2*—CD*5R2+CQ*SAS 
AKI2a CD''5I2+CQ'SI3 $ AKR3*-FRZ*SRl-WS*S *(SID-FIZ)+(XDR+ZL-XC)*QRZ 
AKR3sAKR3+frWS*SI2*XD1) (R+RL)*SR3 	AKI3*SR1 ►t$ID*PIU) SI1*PR2+SRZ*XDI 
AKI I*A 13+5231*IXD +XL• tC) `t R+ LI*SIS $ GD Rs(GDR»W$*TE* 1)/A3 

f .I•(GDI-TE'GDR)/A3 3 GKR1*AKRl*GD R*SPS*AKI1* D 1$ GKI1uAKRi*GD I+AKU*GDER 
GKR2eAKRZ*6DER-WS*AKI2*GDEI $ GK12*AKR2*60EI+AKIZ*GDER 
IiKRa8KR1* I VZ-WS'VT i 'W$*GKi I*VO+CZ* KR2+AKR3 $ Br I &6K.R1*VO+GK U U* i VZ WS*VT I 
B I*8KI+CZ*G.IZ+A1~t3 $ DEN$GKR2*GKR2+WS*6YUU*GKIZ $ IF(D NUU.2,1 
ISCo.(SKR'GKI2 BKI*GKR22)/DEN $ CT*t8 i*6KIZ+fSKR*6KRZ/WSIIr0 N 
WRITE 3,W,DEN.CO.CT 	3$FORMAT(/,Er r , .) $ 64 TO Z $ STOP $ END 



D PARTIT1ONG IJ' PLANE OF K1D-K2D 
DL*D.523$RL*O,O5$XL*O,3$QR-1.4$R*4.D1$XDs1.2SXQ*Q.8$XDD*Q.29$kQb*b.47$TDsD.77 
Tea*3,2STQ.1•9$TQQsi3.2$VZ*1O,Q$XC*Q.i 
VQ*1.usVTSO.5$  COuOsO$CTaO.o 
DZ*5.4$GZ O.O$G4*D.Q5$GT$Q.Q5$TGOOO*6$TGTRO.O5$AMs0.O 9 Z$PD.0.4Q32$Psi,Q 
READ TE 
A•S1NF(DL) $ 8*CQ8F1D() $ tID*P*A*Q*B $ EIQsP*B Q*A $ £Ift5QTF(E1D* ID+EII*1Q 
VTjaj.+(E1D*RL- IQ*(XL-XC))*A+(Ei *RL+E!D*(XL-XCFF*B 
VToaEI (XL XC)-EID*RLI*8+(EIQ*RL+EJD*(XL1XCI)*A $ VT*SQTF(VTI*VTI+VTQ*VTD) 
sL$s_R*EID-VTD $ SD*VTD/VT $ SG*VTQ/VT $ CD*E!D/Ei $ CQ*E1Q/EI 
A32.EIQ*(XL-XC)-$IQ+E.ID*(R+RL) $ A33*5iD+(R+RL)*EIQ-!D*(XLXC) $ IGR AD W 
DLTBwATNF(VTO/VT1) $ VTD*VT* INF(DLIDLTBI $ VTQ VT*C4$F(DLIDLTa) $ SIDsVTQ+R*l 
WS*WSW $ Al*I.+WS*TDa*TDD $ A2ai.+W$*TQO*TQQ $ A301.+WS*TE*TE$A4s1.,W$*TGT 
A5aWS*TGO*TGO $ A5*A4*A4+A5 $ GDR 1.0/Ai $ GDI*-GDR*TDO $ GQR 1,Q/AZ 
GQia'GQR*TQD $ GVRa4VZ WS*(VT-TE*VO))/A3 $ GVIi,(VO TE*(V -WS*VT))/A3 
GIRa(CZ WS*(CT-TE*CO)I/A3 $ GII=(CO-TE*(CLuWS*CT))/A3 $ FIR*B-XL* ID*W$ 
FiI•AkVTD+RL* ID-2s*XL*EIQ $ F3Re lR $ F3t*F1i+sjo $ FZRu-A-EIQ*XL*w$ 
F2Ia8hVTQ+RL*E1Q4Z•*XL*EID $ A6sGZ GT*W$ $ GGR (A6*A4+WS*G00TDD)/A 

(G1*(GO*A44'TGO*MM)/A5 $ A31R*GGR+F2R* IQ+F]R*EiD-AM*Ws 
A3XI■PQ+GGI+EIQ*F2)+EID*F1I $ XDReXD*(1..+W$*TD+TDO)/AI •$ ADI*-XD*(TDD-TDI/Al 
XQRwXO*( 1.+WS*TQ*TQO/A2 $ XQI*-XQ* TQO-TQ)/A2 $ DVROGDR*GVR-WS*GDI,GVI 
GDVI■GDR*GVI+GDJ*GVR $ GDIRa6DR*GIR-WS*GOI*GLi $ GDII*GDR*GII+GDI*GIR 
AR.GDVR*FIR1W$*GDVZ*F1I $ AI*GDVR*FI1+GDVI*FIR $ BR*GDVR*F2R-W5*GDVI*FZI 
B!*GDVR*F21+GDVI*F2R $ A2lRws(SD*AR+$Q*BR+F2R) $ AZ I*SlD-$D*AI- Q*SIff i 
P1uRL* D+$Q*(XL-XC) $ P2 SD*(XL-XC)-RL*SQ $ A22Ia-XDI+CD*GDI21P]*GDVI 
A22Rs-XDR+"D*GDIR-.P *GDVR-(XLLXC) $ A23R*CQ+GDZ RR-RL+P2*GDVR  • 
A23I•CQ*GD1I+P2*GDVI $ AKiR■A33*A22R-A32*A23R $ AKlI•A33*A22I-A3Z*AZ3I 
AZUR*-XOR-XL+XC $ A13gauXQI $ AA* R+RL)*AZ3R-AI3R*A22R+W$*A13I*A22I 
BBs(R+RL)*A23Y-A13I*A22R"Ai3R*A22I $ AK2R*AA*A31RiW$*B8*A3II-(R+Rt4 *A33*AZ1R 
AK2RuAKZR+A32*(Al3R*A21R-W$*A131*A21I) $ A121*AA*A3 t+ *A31R1CR+RL)*A33*A21I 
AK21*AK2I+A32*(A13R*A2 U+A13i*A21R) $ X*AK1R*GQR-WS*AK1I*GQI 
Xi(X+W5*TE*(AK1R*GQI+AKII* QR))/A3 $ YaAKIR*GQI+AK11*1QR-TE*(AKIR*GQR) 
Yn(Y+TE*W$eAKII*GQf)/A3 $ FKR%F3R*AK1R-W5*F3I*AK1I 
FKI•F3R*AKI1+F3I*AK1R $ DAN*)(*X+Y*Y*WS $ IF(DEN)2.3.2 $ 2eADQ*DL*X+AKZR+FKR 
AQTlY*DZ+AK2I+FKI $ Dps(Y*ADO-X*ADT)/DEN $ DT*(Y*ADT+(X*ADO)/WS)/DEN 
WRITE 3,W,QEN,D4,DT 	. 3IFQRNAT( /,E.E.E.C) $ GO TO 1 $ STOP $ END 



TABILITY CHECK ...MIKHAILQV CRITERION 
DL.O,5Z3$RL4D.09$XL.O.3sXC.O.1sR$0*D1$XD*1.2$XQsfl,$$XDD.D.29$XQD.Q.47$TD O.77 
T00a3.2$TQ'l.9$TQQ.3.2$TC.D.5$DZ*C,O$GO O*O$$GTeO.O5$TQQ*O.b$TGTaO,Q5$AMsQ,GP92 
PQ*Q.0032$P*3.0 
READ VZ,V0,VT,Cx,C©rCYspZrDd,DTi(6 
WRITE5+DL,RL,XL,XC*R,XD,X0,XPbXOD,TD,TDOsTQ,TOOPVZ,VQ#VT,TE 
JR1TE3+CZ,CO,CT$DZrDO,DT,GZ,GO,GT,T6O,TQT,AM,PD,P,Q S $#FORMAT(/,E,@, ,E,E) 

AsSINPIDL.} $ B'CO$FCDU S £IQsP*A+Q'B S £1QsP'8 Q*A 
£YASQTR(EID'EID*EIQ*EIQ) I VTIs1.+IEID*RL-IKIQ*(XL-KCI)*'A+(EI RLt tp*IXL-XC1t*1 
VTQ.►tEIQ*{XL-KCI-EID*RL)*b+#EIQ `R1►#EID*IX ,-XCI1~►A X VTs$QTF(VTZ*VTI+VTO*YTO) 
DLTB•ATNF(VTO/VTI) 5 V'TD*VT*S1NFtDL»DLTB1 $ VTQ.VT+COSI~tDt DLTS) $ S1D+ VTQ+R*E1 
$IQ«..VTD-R*E1D S SD.VTD/VT $ $QaVTQ/VT 6 CDaEUU/II $ CQ*E Q/ I 
F1sRL*SD+(XL~►XC)'S0 $ P2.(XL•XC)*$D-RL*5 
A32■EZQ*(L-XC)_SjQ.EID'(R+RL1 $ 4JJ3sSID+(R.R1~)*EIQ-EID*t*L-X I $ 2READ W 
ISS*W*W S A1a1.+WStTD0*TD0 $ A2*2.+W$*TQ0*TQO $ A3.1.4W r*T *TE $ A4*j.-W$*TGT 
A5iW$*TGO*TGO $ A5•A4.A4+A5 $ A6.GZ-CST*WS S GOR*1,O/A3 1601*-GOR*TDO 
GQks1.0/A2$ GQt*'.GQR*TQO S DGR+ (DZ-W *(DT1TE*DO)I/A3 $ I3GI*C 	TE*IDZ5*DT)y/A: 
6QDRsGQR*DGR-WS*GQI*DGI $ GQDIi6QI *DGi+QQi DGR S AR11s8-W *XL*EID+GQDR 
X rRi+XD* 11.+W5* TD*TDO 1 IA 1 S XDI s-XD* (TDO-TD.1 /A! i 
XQR*XQ*(2.+WS.TQ.T001/A2 S )QLw*X+Q*(TQ0-TQ1/AZ 
AI11.RL*EID-2.*XL*E!Q+A-VTD+$ Q+GQD.I $ AR13. XQ.R XL+XC S AZI3s XQ1 
PR2.-A-EIQ+XL*W$ $ F'I2*8 VT0+R ,*EIO+Z.*E1D*XL $ FR3«B' ID+XL*W5 
FIlwA-VTD+tt»*EID-2**XL* I1 $ AFRI*5D*FR3+6Q*FR $ AFII*~SD+~FIl+.r t' 1<'tz 
GGR,s(A4*A6+WS*GO*T6O) A$ $ GGI*(GQ*A4-TQO*A6)/ASX Af 1*G4R+Zl 6' 'RZ+EID* 'Rl-AN 'W: 
Ot13j.PD4GGI+E1Q*Fi2+EID*FZI $ $R3* IR+ .)*A33-A32*AR33 	&i3o' A *A*13 

R2*A33*ARIp'(AR33*AR3I"WS*AlZ; *AISII $ I2 A33'A 1' ARi3*A)3.3-ALi3*AR3I 
R3*A32*ARLI"IR.+RL)*IRS). 6 I3aA3it*AiL3.4R+RL1*.AI33 

AKR3N-A RI*SR 1+WS*AFZ I*St 1+P *SR +PZ*$R3 
AKII¢'AFR1*SI1-AFI3*5R1+P1*SI2+P *5I3 $ AX$Z* C SR2+CQ*:R$ 
AX12w CP*SI *CQ*5I3 $ AKR3.- 'R2.sR1-Midi*s23.kD*piz)+(XOR+XL-xC1*$Rz 
AKR,*AXR3+1 W5*SI2*XDI)-(R+RL)*SR S AK13* Rl*i i 1'-1~I2)-a1I ►F t2+S# 2*Xt I. 
AXI3.AKI3*$I2*(XDR+X .•XCI-(R+RL)*5I3 5 GD R,(GDR»w5*T * D1)/A3 
00EI.(GDI-TE*GDR)IA3 $ GKR1aAXR *GOER"'W *AKUU*GDEI $ GKJlxAXRI+~GD 1+AXIl*sDER 
G R2.AKR2*GOER- W6*AK12*GD .1 $ s,K12aAKR2*GD I+AK1Z*c~DER 
bKR•GKR2'(CZ-W$*CTI -ws*GK1 Z*CQ+Vx*GKR3+A R3 
bKL.G2'CO+I2*(CZ"W5*CT)+VZ*GKIZfAKt3  
U*S(R-Id5*(VT*GKR1+VO*GKI11 $ V*8XI+VO*GKR1-ti SS*VT*QXI3 $ Ci.1.-W5*TDO*TQfl 
C2*1.Mw5*TE*TE $ Q1•TDQ.TQO $ D2o2.'T $ 03'TGQ $ ACI*C1*C2"W$*D1'DZ 
AC aC3'DZ+DI'CZ $ DR•AC1*A4 W5*D3*AC2 $ U *A4*AC2+D30AC1$ ARR.0*DR«W *V*D1 

AYIain*(U*DI+V*DRI $ WRITE 5,W.ARR.A1I 	$ GO TO 2 $ STOP $ END 



APREND) x 2, 

QSARTITIONING IN PLANE OF K1V-k2V 
DL.O,523SRL.Q.g5$XL*O,3$$w-.5 $R•O,Q1$XD*1.2$XQap.S$XQDsQ.&9$XQDaO*47$TD*0077 
DOx3*.2'ST 91*9STCOa3*2SVZaIO,o $COsOoOSCT*O*OSXC»0.l$CZ*OoOSDZo5*OSDO*0«S 

DT$O.OSSG1*O.0$+GQ,*O.O GTZO.O5STGQ$O.b$TGT*OoOSSAM*O+Ql9Z$PD*O.On32$P*1.OSQq•1«Q 
READ TE$5$*$*S 

A'51tlZDL) S 8*CO$P(DL) $ EID.P*A+0*8 $ EIQ*P*B'.Q*A 
Ci1*SQTFIEID*EID+E1G*E!Q) S VTI=I,,+IEID*R .-EIQ*IXL-XC))*A+(EIQ*RL+EZD*(-XL4-XC) )*B 
VT+ .rtEIQ*(XL-X )-EID*Rt.)+ B+IEIQ*RL+EIQ*fXLr-X+ I,f*A $ VT*SQTP(VTI*VTI+VTQ*VTO) 
OLTBsAThF(VTQ/VTI) S VTD.VT*SINF(DL-04T8i $ VTQuVT*CQSF#0L-OURZ $ S1D~!VTQ+RTIC 
SID...VTDiR*EID S SQ*SVID/'VT $ $Q*VTQ/VT $ CDs IQ/E.1 S CQ* 1Q/E1 
P1*RL*$D+(XL-XC)*S0 S PZ*tXI.-XCIOSD-R .+ SQ 
A32*EIQ*(XLLXC)-SIQ+ETD*(R+R1J $ A33*SID+tR+Rte I*EIQ-EID*(XL-XC) $ 2eREAO W 
W$*W*W$A1wt 1,+TDD*5)$AI*A1*Al+W5*TDO*TDOIA2X1.+T0O*$ 
GQ1*--TDO/A $A3 1.+TE*$$A3uA3*A3+WS*TE*TE 
A23A2*A2+WS*TQ0*TQ0SGDR*(1.♦TOO*S)/A1$Gi X* TQ0/A $GQR01]a+TGQ*$)/A2 
CaaZ+S*D0+55*DT-WS* T$D*D0+ ,*$*DT 
DGt+~IC (i•+S*TE)+WS*TE* /ASSDG3*{D*(1.+5*TE)44E*C)/A9 
6 DRsGQRfDGR-W$*GQI*DGI$GQDI*GDR*DGI+GQI*DGR 
CsRL*EID-2.*XL*E IQ+AWTD+5ZQ$D*XL*EID 
ARSI AM*($S-fitS)+Pp*$+ GR+E1Q*FR2+Elid*FR1$AI3i*2+*S*AM+PQ+G61+E1Q*FI2+ ID*F11. 
AR11s8+(SS-WS) *D+S*C+GQDR$X0R*XD* ((1.+S*TQ) * 1.+S*TDO)+WS*TD*TDQ ► /Al 
XD1sXD*(TD*(1.+S*TDO)-TD0+(1.+$*TDU #/A1 
XGRX*( 	t 1.+$*TQ0)+W$a*T(i*T00) /A2 
XQI*XQ*(TQ*41s+$.Tt !-TDO*I o+S*TQ) )/A $A.I ]* . 	G++GQt3X 
AR13*vXQR-XIS+XCSAII$u XQI 
C*E+RL* I0+2• ID*XL-VTQSD*KL*EiQ 
F'R2* A+S*G+ t SS.WS I*DSF 12*C+Z. *S.D 
C*R *EID-VT ►+A-2#*XL*EIQSD*XL*ElolFRI*B+S*C+I33-W$I*DSFII*C+2•*S*D 
AR 1*St * R1+SQ*FR2$AF11aSD*F'I 1+SQ*F t 
A6oGZ+S*GQ+(SS..WS).GTSBG:GO+2.*$,6T$C*t.+S*TG0+($-WS)*TGTS0aTG0+2.*S*TGT 
GSGR~s(AG+C+W*BG*D)/tC*C+O*D)$GGI*(GG*C D*AGl/t *(;+f *Dt 
R1*(R,+RL)*A33-A32*AR13$813w-A32*AI13 

SR2gA33*AR11-( ARi3*AR3I;«WS*AI .34A131)SSI2*A3.3*AI 11,'AR1.3*AI31*A.113*AR31 
5R3 A32 ARI1--tR+RLI*AR31$$I3•A32*Ai12a-IR+RL)*A131 
AKRie-A 'R *SRI,+WS*AFII*Sl$+PI*SR, +~P2*SR3$AKII= AFRI 'Sll-AFII*SRI+Pl*SIZ+P2* 13 

.R2,-Cts*5RZ+C[i*5R3SAK 12■-CD*512+CQ'513 
aAKR3=$ID*($R2.*$ WS*5111-tFR2*SRI-WS*FI2*SI11 
AKR3wAKR3+(XDR*$R2.4SjXDl*SZ2+(XLi'XC)*$R2'tR+RL)*$R3  
AKI 3=SID* I$R1+$*$12,) -t FR2'511+fi I2+°•SR.). ) 
AKt3oAK.X3+(XDR*SI2+XDj*SRZ+(XL-»XC)*$I2)(R+RL)*SI3 
O Rw(GDR*(1.+$*TE)+WS*G.Q1*TE)/A3SGOEI*(I1.+S*T )*GOIMTE*GDR) /A3 
GKRI*AKR1*GtER-W$*AKI1*GD .1$GKIZaAKRI*GD 1+AKI1 DER 
GaKR2=AKR2*GDER-W$*AKI2*GDEZ 1GKI2aAKR2 GDEI+AK 12*GDLR 
AG.CZ+ *ICD+I SS-WS}*CT$8G.CQ+Z.*$*CT 

KR* R2*A W5*GKR*SG+GKkf*VZ+AKR9SBKI*AG*GKI2+GKRZ*BG+GKZ3,*VZ+AKIS 
AG*(SS-►i )*W*GKI1+2**S*W*GKR1SBG*S*GKR2WS*GKI1 
C.. ($S-WS) *GKR 1-WS*GK I,1*2. *S$D S*fit*GKI 1+W*GKRIS EN.AG*I3GC*i) 
K(DEN)1~2,1$ 1,VO eI*AG*BKR+W*F KIOC)/DE,RSVT*( BG*W*SKI+SK *D)/DEN 
#RITC3.W.0EN,V0.VT5 9 ff0RMAT(/sE,L, ,E)5G1 T02SSTOPSEND 



D PARTITIONING IN PLANE AF K1I-K2I  
DL=4.523$RL*O.05SXLsd43$5*  $R*O*OISXQ*102$XGRO*S$XQQ=09Z9$Xflp=0o473TQXO*7T 
TQQ*3r2$TO*1*9$TQO*3#2$VZ=TOoQSVQ=Q*p$VT*p#QSXC*fl*ISCZNO*OSDZa5oOSDQ*Q#g 
DT$OIO5$GZ OoOSGO*O.O $GT=Q.©5$TGQ=Q.6STGT*O.O5$AM=O.Q192SPD*0*Qg3Z$P*l.O$,*-L O 
READ TES$$aS*5 

A=$INF(QL) $ S*CQSE(DL) S ID=P*A+Q*6 $ EIQsP*8.Q*A 
EI=SQTP(EIQ*EIQ+EIQ*EIQ) $ VTI=1#+(EIQ*RL.EIQ*(XL»XC))*A+(EIQ*RL+EIa*(XL-XC))*8 
VTQotEIQ*IXL-XC)-EIQ*RL)*B+IEIQ*RL+.EIo*IXL-KC))#A $ VT*SQTF(VTU*VTI+VTQ*VTQ) 
OLTB=ATN (VTQ/VTt) $ VTQ.VT*SINF DL—DLTB) $ VTQ=VT*CQSF(QL-DLTS) $ SID•VTQ+R*EIQ 
$1G*-VTD—R*EZD $ SO%VTD/VT $ SQ*VTQ/VT $ CD*EID/ Y,$ CQ=EIQ/EI 
PIaRL*SQ+(XL•XC)* Q $ P2.(XL-XC)*$D RL* Q 
A32sEIQ*(XL-XC)s$IQ+ Ip*(R+RL) $ A33*$IO+4R+RL)*EIQ. ID*(ALwXC) $ 2#READ w 
WS■W*W$AI*(1.+TQQ*S)$A1=A1*A1+W$*TDO*TDQ$A2',1s+1QO* 
A2=A2*A2+W$*TQa*TQO$GQRail*+TDD*5!/AISGBI=µTDO/AI$GQR*ll#+TQ4*S)/A2 
GQI= 3Qa/A2$A3=1,+TE*S$A3=A3*A3+W$*IE*TE 
C=Oz+S*DO+$$*DT'WS*DTsDNDQ+z.*5*Di 
DGR (C*,i1.+S*T )+WS*TE*D)/A3$QGI*iD*(1.+$*TE)UT *C),A3 
GQDR.GQR*DGR-WS*GQI*DGI$GQQia QR*IGj+GgI*DGR 
C*RL*EIp"2#*XL*EIQ+A*VTI)#SIQSpXL*tQ 
ARI1«b+(S5*WSI*Q+S*C+GQQ.R$XQRaXD*i{1.+$*TD)*II«* *TDOI+WS*T *TDA)/AI 
XDI•XD*(TQ*t1.+S*TDO~.TQQ*tl.+S*TD)I/AI 
XQR*XQ*((i.+$*TQ)*(t.+$*TQQ)+w5*TC#*TQO)/A2 
XQI=XQ*( TQ*(1.+$*TQQ14TQQ*(j.+5*TQ))/AZ$AIIIOZ** *D+C+GQQI 
AR13 XQR XL+XC$AI13*.XQI 
C*a+RL*EIQ+2.* .ID*XL-VtQ$Q$XL*CIQ 
FR2*uA+S*C+ CS$-W$)*D$. I2*C+2w*$*D 
C=RL*EIQ-VTD+A-2*+XL*EIQ$D*XL* IDSFR1#B+5*C+t6 -w$)*D$FllxC+2•*$*D 
APR1*5D*FR1+ Q*VR2$AI;1I=SQ*FII+SQ*pI2 
AG=GZ+S*GO+#$ -W$I*GTs8GR6Q+2.*&*GTSC=I*+$*TG4t1S -WSf*TGTSQ*TGO+2«*$*TGT 
GGR*(AG*C+W*8G*Q)/.(C* +Q*Q)$GGI*(BG*C *A6)/(C*C+Q*Q) 
AR S*A *t -W ?+pQ + GR+E Ii FR2+EID*FRI$AIS1*2#*$*AM+PQ+00T+EIQ*FI2+EIO*FII 
R1*(R+RL)*A 3 A32*ARj35511s A32*AI13 

SRZ*A33*ARI1S(AR1 *AR91_WS*At13*At31)ASI2=A33*AI11 AR13*AI31-AI13*AR9x 
R3=A32*ARI1O(R+RL)*AR3I$SI3=A32*AI11—(R+RL)*AIfl 
AXR1*-AFRI*SRI+W *A'FI3*SII+PI*SR24P2*SR3$AKIIO-AFRI*5X1-AFII*SRI+PI*312+P2*SI3 
AXR2=-CQ*5R2+(Q*$R3$AKI2•-CQ*512+I:Q*SI3 
AXR3*S[Q*( R1* .W *SI$)•(PR2*$R1-kS*FI2*Stl) 
AKR3=AKRR3+IXDR* R2 WS*XQI*512+(XL-XC)*5RZ)-iR+RL)*5R3 
AKI3*SID*(SRI+5*SI11—(fRZ*SII+FI2*SRI) 
AXI3*AK13+(XDR*5I2+XDT*SR2+(XL-XC)*SY2) (R+RL)*6I3 
GOER*( GDR*C1r+S*TE)+W5*GDI*TE)/A3$GDEI$((1.+ *T€-)*GDIU*T *GDR),A3 
GKRI=AKRI*GD R-W$*AXII* DLISGXI3=AKRI*GDEI+AX$I* 0ER 
GXR2*AKR2*GDR-W5*AK12*GI?EISGKI2*AXR2*6I3 I+AXi2*GDER 
AG*VZ+ *VO+($S'WS)*VT$BGsVQ+2.*$*VT 
OKR=GKRI*AG-W$*GKII*8G+6KR2*CZ+AKR36SKI=AG*6XT1*4XRI*66+GKI20CZ+AKi3 
AG=(s$-W$)*W*GKI2+2r*5*W*GKR2$BGOL*G(RZ-WS*GK12 
C*($ W5)*GKR2 W$*GXI2*2,*5$D*$*W*GKt2+W*GKR2$DENsAG*8G-C*Q 
IFIDEN)lf2ol$ IVCO=(-AG*BXR+W*BKI*C)/I) NSCT*1-86*W*.BKI+OKR*p)/ EN 

WRITE3#WtDENe OoCT$3#FORMAT(/:E#Eof#E)$GQT0 SSTQP$ENQ 



D PARTITZQNG IN PLANE OF K1D K20 
D -i.O$ RLwO*O$SXL*Oi3S  R*0e*1$XD*1.2$XQ*Q.B$XDD*O,29SxQDsp.47$TD*os77 
TDO*3.2$TQ*1.9STQQ*3.2SVZ*1O.QSXC*O.i 
DZ*5.o$GluoeoS64*0*0$$GT*Qs05ST Q*0#6$1'GTaO#OSSAM*ON4182SPD*040032SP*ls0 
VO*l,OSVT*Q.5S 5O.5  $TE*fl*S 
READ DL $ SS*$ 
A•SINf(Dl) $ @* Q$F(DL) A EID*P*A#Q*8 $ £IQ*P*8-Q*A $ EI*SQTF MID* 1D+EIQ*ElQ) 
VT! =ls+(ETD*RL—EIQ*(XL XC))*A+(EIQ*RL+EiD*(XL XCII*B 
VTC*iEtQ*(XL—XC) EID*RLJ*B+(EIQ*RL+EID*(XL-XC)I+A S VT*SQTF(VTI*VTI+VTO*VTO) 
SIi•..R+EID-VTD $ SD*VTQ/VT $ SQ*VTQ/VT $ CA*EIQ/EI $ CQ*EIQ/EI 
P1=RL*SO+(XL—XC)*$Q $ P2* XL-XC *$DMRL*SQ 
A32*EIQ*(XL—XC) SIQ+EID* R+RL) $ A 3wSaa+(A+RL?*EtQ-EJD*tX4-XCl $ 1 READ W 
DL18*A1RF1VTQ/VTI) $ VTD*VT*SINF(D1—DLT$) S VTQ*VT*COSF(DL.ALTS) $ SID*VTQ+R*E1Q 

1.+TpQ*$)$A1*AJ*A1+WS*TOG*TDO$A2*1.#TOO*S $A *1.+TQO* 
A2*A2+A2+W TQO*TQQSGDR*(1.+TQQ*SI/A1SGDI*TDO/A1$GQR*l1,+TQO*5)/AZ 
GO! *-TQO/AB$A3■1.+TE*SSA3aA$*A3+W *TE*TE 
C,VZ+S*VO+ $* VT W$*V7$D*V4+2,*S*VT 
GVk•tC*iI.+TE* S)+W$*D*TEJ/A3$GVi*tQ*I1**T *SI-7 *CI/A3 
C*RL*EID-VTD+A-2.+XL*ELQS Q*XL-EID 
PR1*8+S*C+ISS-WS)*DS FI1*C+2•*S*D 
FR3.FR14S*SIQSFI3*FI1.SI0 
C%O+RL*EIQ+z.*E1D*XL—VTQ$p*XL* 10  
FR23PA+$*C+(SS—W$)*A$FI2*C+2.*SOD 
AG=GZ+5*GQ*CSS-W5)*GTSBG*GQ+2.*S*GT$C*1.+S*TGO+tSS.WS)*TGT$D*TGO+2*4S*TGT 
GGR*(AG*C+W*BG*D)/(C*C+O*Q)$GGI*IBG+C-D+AG)/(c*C+D*D) 
AR31*AA*(SSMWS)+PD*S+GGR+EIQ*FR2+E1D*FR1SAI31*2.+S*AM+RD+GG1+EIQ*Fi2+E1D*Fll 

XDR*XD*1(1«+SOTD)Rt1«+S*TOO)+WS+TD*TDOI/A1 
XDIuXD*(Tp*(1.+S*TDO)*TDQ*(1«+ *TDJ)/A1 
XQR*XQ*(I1.+5*TQ)* U.+S*TQO)+t$*TQ*TQOI/AZ 
XQi*XQ* TQ*I1r+S*TQo TQO.(1.+$*TQfI/A2 
GOVRmGOR'GVR—WS*GD!*GVISGOVI*GDR*GVUGD1*GVR 
AR*GDVR*pRI-WS*GQVi*p!1sAlnGDVR*F11+GoVI*rR1 
BR*GDVR*FR2-R5*GDVI*FI2SBI*GDVR*FI2+GDVI*FR2 
AR12~4S*StA~~R2~5QwAR~SQ~BR1SAt12*Si~~~~~AI~~t2-SQ~81 
AR22*—XDR  —P1*GDVR-XL+XCSAI22*—XDI  -A&+GDV! 
AR23*  —R—RL+P2*GDVR$AI235 	#P2'GQVI 
AKR1*A33*AR22-Aix*AR23$AKI1*A33*A1.22-A32*AI23 
AR13r-XQR*XL+XC$AI13*.XQ1 
AAs(R+RL)*AR23-AR13*AR22+W *A113*AIUZ 
88*IR+RL)*AI23 AI13*AR22-AR13*AI22 
AKR2*AA*AR3iaW5*B *A!$1-lR+RU *A33*AR21 
AKR2*AKR2+A32*(AR13*AR21-hS*AI13*A121) 
AK! 2*AA*AI3 +8B*AR$1-(R+RL)*A333*A121 
AKI2•AKI2+A$2*(AR1$*AI21+AI13*AR2.1) 
X*(AKR1*GQR-WS*AKII*GQII*(I.+S*TE) 
x*(X+WS*TE*(AKR1+GQI+AKII*60R))/A 
7*(AKR1*6QI+AXtj*GQR)*l1.+S+TEI 
Y*(YuTE+(AKR1*GQR.W$*AKII*tQI))/A3 
FKA*FR$*AXRI-WS+FI3+AKI1$FKI*FR3*AKt1+FI3*AKR1. 
AG=S+X-WS*VSBQ*(t6S-RS)*X-2.+WS*V* .aIsC* *X+W*Y*S$D*2.*W*S*X+W*Y*15$-WS) 
DENsAG*0-C*SGS IFI DEN) 2w1,2 
20 ADO*DZ*X+AKR2+FKRSADT*(Y*DZ4AKi2+FKI)+W 

DO. IBG*ADT-ADO*D)/n£NsDT* (C*ADO-AG*AQTI/DEN 
WRITE3,W,DEN,D0,QTS 38 FORMAT(f,EsE.E,E $GOTOISSTOP$END 
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