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LIST OF $ M)3OLa s 
P Active power of Synchronous Generators 
Q?~ . Reactive power of Synchronous Generator. 
Rao Generator E.M.F. 
V= Load terminal voltage. 
X= Load reactance. 
s = Torque angle of the machine. 
5 = . % slip of Induction motor* 
R2= Reeistanoe of the rotor circuit of the inductions m 
X2= Reactance of the rotor circuit of the induction mot 
r2= Resistance rotor circuit referred to primary, 
x2= Resistance rotor circuit referred to primary 
T. . Torque developed by Induction motor. 
Qtr Reactive magnetising power of Inductor motor* 

P Induction motor reactive power associated with 
the .stator and rotor loal age0 

Scr= Critical slip. 
Tor= Critical terminal voltage# of induction motor. 

'i! Angular velocity frequency of . the. system. 
En= Generator R.1d.F.e whereli n=1,2,3,4,5. 
Pn= Generator power n=1,2,3,4. 
Hn= Inertia constant of each Generator unit n=1,2,3,4. 
Vm= Load terminal voltage at Muradnegar. 
Ym= Load. Admitance at.Muradnagar.- 
Q Q. Phase angle of Vm. 
Ot= Time interval for swing curve = 0.01 sec. 

or* 



ASSUMP.TIONt 
1. E.M.P a of generators behind the' transient reactano 

to remain constant during the transient period. 
2. Voltage regulator and governor effect not consi,- 

deredr  
3«  Line charging currents. and trans.ormer no load 

currents are neglected. 
4. Effect of D—anper windings not considered, 
5. The effect of change in frequency on the line 

adnitances has been neglected. 
6. The effect of instantaneous frequency has been 

considered on the load* 



No.. 	Is 

The importance of Power System load char ao. 
terietics under transient conditions has been 
stressed in the literature, but little . information 
is available particularly regarding frequency 
dipendence; general c-onditions regarding the 
behaviour of active and reactive lots components 
with frequency have been cor sidered and stability 
studies have been carried out on the Western U.P. 
Grid. An efforts has been made to c mpare the 
stability considering the loads to be constant 
impedence and considering them to be grequency 
and voltage dependence. A detailed procedure is. 
developed from considering the voltage dependence 
and frequency dependence of the loads in trane-
ient stability studies of the system. 





AP 4• 

11 	The Bower development in India is of vital 
Importance to do the continuous progress. 
Electric power is required in Increasing 
mounts for the operation of wills and 
factories, for transportation, for 	u- 
nioationo and for domestic use. It has 
been said that nation's pragess can be 
largely measured in terms of kilowatt bouts 
consumed per capita; for as the electric-
energy consuaption is large, so the ineffI-
oiont human labour energy will be ema3.l. 

pother power is generated near the place 
where It is utiltsed or whether it is being 
tranasitted, it is essential that the r.lia~► 
btlitj of the power supplyr' should be high. 
Major Interruptions can no longer be toles 
rated. The ejatans, t erefore, must be so 
designed and operated th t maziwus rail 
bility is obtained, and so that consumers as 
infrequent ,y as possible, preferably never, 
are aepriied of the electric energy to which 
thy subscribe. 

I• ii 9RIN O1 XROBi 
Defining stability in a booed sense, it 

uay be said that the, stability t of a power 
systas to in general the ability of the system 
to opiate Intact in the steady state, as well 
as during disturbances. 

The question of stability is, strictly, 
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, 	, not a new one. As long ss alter- 
nating current circuits have been in operation, 
it has been definit]y known that there is s Ii-' 
slit to the mount of power which can be tron8st-
slit over a given line to a given load centre. 
it has also been known that,, with several synobronc 

ssg sschine tried to the $we circuit, , syn-
chronis* ew.ong these machines can not slw8W6 
be sainteiled. So long as the alternating ours 
,ant systems were small and it*ple, the problas 
of stability and asiotenance of synvhrontsa was 
nether particularly pertinent  nor a difficult 
one. the loads carried by these sash 1 systems 
were usual ► so low that normal operation hardly 
ever took place at loadings Close to the critic -aL 

conditions. 
the question of system stability has sprung  

to the foreground when super power trsnisissi°A 
is being considered seriously. At the 8=s time 
inter st is increase in the already known fact 
that savings night be obtained by tnteroouneo ► 
tions of independent systwas, and this'  coupled 
with the desire on the port of *act► oaspanies to 
merge and carry through such intsoonnrottcfs, 
added still further to the Interest in bulk power 
transmission systems. Those problems first bsce 
am *auto in the United Otatss, and Mertoen ale' 
otriosi sngtnesrs have been Pioneers in diroovs-
ring the essential factors which contribute to 
tnrtabiut7 and in devising s•thods of improving 
the stable operation of Power Rystsss. 

for economic reasons the loads which must be 



carried by loft distance tranasission lines today 
are large, and margin between normal, or maximum 
load, and critical load limiting conditions is of" 
ten comparatively s mall. In designing such lines 
therefore, It is essential that due consideration 
be given to the question of stability. Such lines 
must be able to carry successfully the anus m- 
ounts of •load In the steady state" they must also, 
and this is just an laport+nt, be able to ssrvive 
disturbances of a severe nature. 

The nossnslaturs in connection with stability 
is covered ' by the following definitions t» 
1. AU Zs Stability to the ability of a po- 

war sprats; to rsasin in synchronous equilibri-
a under steady operating conditions, and to 
regain a state of equilibrium after a distur-
bance has taken plans. 

2. ~ A 9TJ1' 	TT $ 
(a) SAD' STATE ftABIZ.ITT WI HOUT 	(I ,TI i 

Steady State stability without autossr-
tic devices (Statie StabiiLty) exist in a power 
system shen it operates to synchronous squi-
llbrium under steady load conditions and with 
strictly constant era sturs and field currents 
in all synchronous machines without the aid 
of sutoaatio deviooe. ( The tars autosatlo 
devices usually rotor** to regulators and ox- 
ci ter. used to very the field currents auto-
'stioslly. ) 

(b) 
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at.aiy state stability with autawat o d-
vices (dynasio stability) exists in a power 
system  ien It operates In synchronous equt. 
librium under etsai$y load conditions withth 
std utosatic dances. 

3. 
 

Cs) z2' vLiq 
c ~ 

Transient stability without autaeatto do- 
aes +axiata in a Power B►stem when it raga.. 

inns a state at aqu.ilibriva, without the aid 
of automatic devices,* after a disturbance 
(Such as a sudden application of load or the 
dropping of a line section ato.) has taken 
place. 

(b) ¶3ATstzwarr ff 1USX T A WATXC a 

Transient stability with automatic d.v 
SON exists In a Power ketem when it regain 
a state of equilibrium, with, the aid of out 
antic devices after a disturbance has taken 
place. 

4. -MJlp MI LI)I , 
A stability itait (Power Unit) is a 

of maximum power which a power system will 
carry with stability. It applies in general 
to Bass System link* and aqy be specified at 
any Point such as at a generator or wotor„ 
shafts at the terminals of a machine# or at 
aces point on * traoa mission line. In every 
case, however a stability limit is influnasd 
by the characteristic of all elements which 
make up the system. 



5. 	AD 8 TE s 4JIZLIT l4jiITs 

The steady state stability limit of a 
link in power system is the waxfsus 

power which can be carried by that link w 
tUi the systew operating under conditions I 
steady state stability i.e. load to appl,i+ 
gradually.  

6• 'BRANS JN'' STAB T+l►t►' r at r~ 

The transient stability limit of a link 
in a power ayntes is the iax.laua power whi-
ch x q be carried by that link with the. eye 
t+m Operating Under conditions of transient 
stability. The transient stability licit is 
dspsnd,nt upon the kind and duration of die 
turbanoe as coil as upon the previous etoa+ 
operating conditions of the eyet!! . The dies 
turbano• must be c+*pl:tZy described aa, 
for instano*, the addit,ioq of a given load 
at a speoUYied point, the tripping out of 
a link section, a fault of a given type at 
sole point with its subsequent point its 
subsequent j clearing after the lopes of a 
definite time rto. 

1.3  Q) li `J 	rxoi C)'' 7. A An I►2i Ate 1 n 0P'a ?  

For power syatw planning and operation 
wader normal and emergency conditions, vol-
tage dependent and frequency dependent be. 
beviour of system loads should be studied, 
because voltage and frequency are powerful 
parmeters available for control. The 
composition of various systat loads is usu- 
all ► known to the planning Engineer, as well 



(6) 

Me , to the Power Controller for load flow 
and etdbility studies under stead state a 
disturbed conditions. 

The sore usual loads not in practice in-
duds Induction motors# filement limps, ale-
went beaters # discharge lips, arc furnaces, 
electric welders and mercury are rectifiers, 
all of which are voltage dependent and esoep 
for filagot limps and element heaters, are 
also frequency dependent. 

Owing to lack of adequate information , 
sgste: loads have usually been represented 
is system studies In various ways, such esby 
(A) ®onst.nt shunt Impedance et system fom1 
Mal frequency, giving active and reactive 
powers directly proportional to the square 
of the terminal voltage. 

(b) Constant current *inks giving active 
and reactive powers directly proportional to 
the terminal voltage. 

(o) on l .near bade! I j„l. i■I~w■+rl■~1 i uwl 1 ■ n ip#r w■r•■■■I■■ 

All the loads mentioned here# except fill 
went Imps and element heaters„ vary ell 
systemfrequency, but little infomttion 
is availabl♦ on the frequency dependence 
Active and reactive power variations 

with Instantaneous frequency influence the 
b*hsyiour of the system under transient con.. 
ditions. Reactive power governs the voltage 
drops in the tranimissioa nett work and in-. 
fluences indirectly the out of balance active 
power for the synchronous machines. The 
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ovog oil load cccpoo-ition co obtained by a Yoca 
ourvoy oc be uoc4 in otsbii.ity studios for otocdy 
ototo and diotu.rbod oonditionoo Daring dioturboncoo 

° _____ a 	on the po er oyot+QA' tho 
vartouo oyncbronnuo m ochinoo are oub j octod to olootr 
mo he ical oscillations iich onaurso tho frequency In 
vortouo portn of the cyotu to very tuatcmtncoun y 
In differing do rooc. Such froq'ioony va riat.tono 
cause choargen in inc-totstr oouo valuoo of pnvor DyR- 
tc. P 	otoa a, which nro not nn ;a11y taken account 
of in peer nyotam otudtea. o the froquonci dopond© 
noo of induction motor loads on a porior oyotc ,t can 
bo oigntftoant4  and thin prevent atudyohot a a oimi.-
ior iitportonoo far fre uoney dopondenoo of various 
bade, ad ho a to oyatct stability in affected on 
account of the ago. 

1• 4 	.' 	'' 't 	I $Xs  m"a• 	, toI 	o 
Ohio the io undormtokao the problem of occ000in6 

the QN20t affoot of to volt co and froq# onoy 
+iarnotorintica of a canpooito load on tho trcnoiont 
otobility iimjto of a tnultimaohino oyotc. The 
E7ootern +:.P.Ortd hon boon talon a ttxo powor nystcm 
hovtn( major Generating otationo of Ycmuna and 
Uc iip nga Iiydo1 $ohcnoo and 1 arduegauj Btoc Station 
rrith loads at 1 urodnejor for the study purpooco. 
The atng: o line di re• of tho eyotem in ohoi in 
1.1 cad the vcirtouo data of trancmianion lince 
Goneratorro cad trcnof ozoro ore choral in 20b13 1 0  
2 P cnd 3 roopootivoly. Curr,. nt;or to n big load 
Centro to the t:ootorn U.I,Or t which r000ivoo 
Poaor fray Ycmooap Dolhip I1arduccj 
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end than distributes to Ohauisb.d, Meerut, 
Modiueger, Muradaegar, 8apur, the places 
r tioh are Most industrialised an 	contain 
the Meals= induotioR Motor loci. The 2209 
line between Roorkos and Uuradna ar has 
been considered as the f 	lted line as In 
normal condition this line Is supposed to 
oars, 	most of the power to Muradnegar a+ 
seen from the load flow di ggrrpo of the eho 
U.P. Syeti 	shown fig. 1.2 (taken from the 
nett work analyser report of the TT.P.Orid 
September,1967) and as such its intruption 
should cause the aedaua dteturbance to 
the syetam. 	sr 

LIB _INFO RZWESs llp7.I:~ i 
aRe a 	- he line. l .er. o 	 cuit rat rcuit Y 	ue on 

R 
200 IYi beese 

+ X 	Zero eque 
I iiN Si. LJ i 

1. YamuneIVdDehredun. 
hk,ak 7.728 19.706 	0.089 0.226 	0.791 2. Dshr$du 	Riehjkeeh 8.240 21.012 	0.095 0.241 	0.844 3. Rishikaah-J-ewaiapur 4.64 	11.832 	0.053 0.136 	0.476 4. Js al.pur'-aoorkee 5.152 13.138 	0.059 0.151 	0.529 5. Ye•uns X-Behredu n 6.720 17.1% 	0.077 0.197 	0.690 

6• Muredn 	ar doradd.ebad19.84 	50.592 	0.228 0.581 	2.034 7. Roork-ee- $heenpur 4.915 12.534 	0.056 0.144 	0.504 8. Rtmg engarliebt our 6.440 15.738 	0.037 0.090 	0.450 9• 	ehteuri ioradabad 13.760 25.469 	0.,079 0.146 	0.730 10.Roorkee..Nehtevr 17.716 32.791 	0.102 0.188 	0.940 11.1 	unaXI-8him11. 11.850 61.500 	0.049 0.254 	0.889 12. Shal1-xuredneger 7.663 39.770 	0.032 0.164 	0.574 13.Ya~una II-Roorkee 7.631 39.606 	0.032 0.164 	0.574 14.HarduegenJ_1ore4sbed11.060 57.400 	0*046 0.237 	0.830 15.Roorkee**uradnegnr 13.035 67.650 	0.054 0.280 	0.98 16.RarduqSi n3 Murodnegar8.?77 43.218 	0.018 0.089 	0.445 17.Hardueden3. sinpuri 10.554 51.970 	0.022 0.107 	0.535 

. 

0 
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Aii acc-wino ; o.or ,hoot, ;1)7.roor, 	rirocro -vo.oqu. morn ,An;or-- 
Ao.' tokon, G+orit-'h~oAhi- ;oin ;namic falp 	I rpnotc- ,aqu. :tio 

I iYI,Q. 	in o. jo 	. :c-snub- to noo 'reec4 Conde 
roaot-;icnt ;trc, . $ )C4 • xo 4 ; 	H. 
tanoo ,ror~o- ;roan-  
jX4j a I1tc oo ~t'►rmoo t t 

1.  Rm c~ a 	'ao. 99 55.20 25.30 25.85 9.91 2.260 
(3i66.67 !Vi) 

2.  Yciuon I 	Goo. 207.30 65.83 43.50 42.39 24.08 1.713 
(: 19♦ 312.5) 

3.  Ycauno II 	88tloo. 47.94 16.00 12.68 13.03 5.32 5.828 
(4 6344n31) 

4.  Ycrunr IV 	6Uoo.197.59 98.95 65,67 61.22 24.2 1.272 
(311,9+3t14.5) :. 

5.  Ycruna IcIV 	l2Uoa. 101.17 38.74 26.10 25.05 12.07 2.829 
(Coopl,otod) 

6, ncrdu e.ao,~ L iZ, 
IV,V 	G31oo, 96.56 10.68 7.46 8.20 3,34 3.394 
(2n62.5+4z63.2) 
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814 Out:n ntiod 1 a aie , 	, 'oo e'Iotod vol.- ;Connooti- Unit voluon on 
of oeob. ,tu.o rt 10 	ono. 	1 	200 !WA Dcao. 

• j 
; 

r 
 	i "  : _n0.  Z'oz'o 

auto 	QQu. r oquo. 
r 	Tor ;or ouch of ofoao z 

MLV 2oolff ;U1, I Vtiarf rcno1 occh; Ao 
• f 10 ! 1 4 • 1 	I 	t' 	i 	• Y 	I  

I.II~aruu c*3 ro3 63 	6 10.5 242 Gk \k 	0.55 0.058 0.049 

2.nurcdnccr 100 2 13.2 220 L' ►~ ° 0.160 0.8O 0.058 
S.RoorTm o 100 2 152 220 )6 	'~ i 0.160 oast 0.068' 
4.Ynun o I 12.50 3 11 132 • ~5 2000 0.61 0.567 

20.00 3 11 132 1.25 0.411 0.354 
0.257 0.213 

5.Yc iuno IX 69.3 4 11 25D a X 0.576 0.094 0.0t 0 
54.1 4 11 2 L, 0.760.191 0.191 0.16 

0.252 0.063 0.054 
6.Yc uno IV 2 t i 1.O+ 

2214+ 
2z14.45 

7.!ciuna ItIV.312.5+ 
3 3z11.0 

S. R ](j nn'n 69.3 	3 11 
9. iorc obnfl 100 	P 132 

0.476 0.405 

0.188 0.160 

152 	0,361 0.361 0.307 
220 	► 1 ° 0.16 0.16 0,136 
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x 4 D CHARCTMZpT 108 Qr ~aADss 
2.1 I BAD E1 AVXOU t t 

Load flow, stability studies and load eur-. 
r3rs are periodically carried out, and load 
trends are considered at various points in pop. 
war system at intervals by system planners so 
that future power demands can be net couvenien 
tlyfor the worst practicable conditions. At 
the detailed load levels of planning. of coast 
daring various sspeote, such an da*wd factor, 
diversity factors, effiaien#Cy and power factor 
of equipment the active and reactive power 
demands can be ascertained for a particular 
time and for the worst conditions. awing to 
lack of adequate information and 000vienient 
aethods of assessment Induction motor loads 
have previously been represented for power sy 
t*n transient and dyn sic stability studies in 
various were such as by /I/• 
(a) Constant shunt impedance at system nominal 

frequency# giving active and reactive pow 
re directly proportional to the square of 
the terminal voltage, 

(b) Constant current sinks, giving active and 
reactive powers directly proportional to 
the terminal"Itsge. 

(o) Son linear loads. 
All of these representations treat the 

loads 	static and independent of. frequency, 
but they are, in fact, dynamic and frequency 
dependent, 
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Induction wotore contribute significantly to 
power eyete loads, their input active and reacts 
vs power depending upon the instantaneous iegnttu 
doe of the termtnsl voltage and operating frequeo 
In the pat,, the change in instantaneous speed of 
of synobronoue a/c under disturbed conditions has 
been neglected, as It b8V been considered insigni-~ 
fiemt. , Rowsverj during electro 10e©haoioal osoi-
lintion• on power systsms, the Instantaneous frs-
quency does changes and changes in syeten loads 
have been previously taken into account, for sra-
ple= by a system da*piog coefficient of 2,/2/• 
Yurtbsr* the system frequency i e a very powerful 
psru oter available for adjustment by the power 
system controller, but information regarding load 
variations with instantaneous frequency is not 
readily available, 

In t e kind of disturbance with which most 
stability studies are concerned, loads are subjeo 
ted to two kinds of voltage change I 
i) Abrupt changae caused by switching# Chiefly 

by the application and removal of a short 
circuit, ski and Ii) glow changes caused by 
angular er~o`aags. For slow ohnagee of voltage, 
loads can be considered to be in steady state, 
Varying with the voltage. For feet changes in 
voltage there are transients and these are dil 
i+cult to represent soouratly. 

.2 LUA§ OP hPAIR _ $t 
An Electrical power system supplies a la 

number of oonsuwers, whose demands s*e up a 
ocspltoated system of load.. The load of an alt 
noting current system a in general be olsssit 

r• 
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into followinj types s-- 
(i) Lighting and hooting lords-! P13ciont 

lcpo and ole tent honors. 
• (it) Ztnchronoua motor loc . 

(iii)  %?nchronouo convertor load. 
(iv)  Induction notor loch. 

• (v) Diochargo l tpae 
(vi)  florcury arc rectifiers. 

(vii)  Are Turn coca. 
• (viii) Electric toldors. 

2.21  
• Ybo cotivo potar oonouizod by th© ltghtin3 

locd to independent of froquoncy and vorioo with 
• voltcjoopprozicato],, co V"6. such iced oonatcioa 

no rocetivo porior. Por tho onol,yaia of tronciont 
fondittone the tronolont chorcotorlotico of thin 

typo of Icedccn be taken to be identical with 
Ito otocd,y—Stato c harcoterioHca. The lighting 
loco 0ti therefore be ropr000ntod by a cinQlo 
oharcctoriotic Pof(V) 	shorn in figs (2.1) vhicb 
also ohowo the corroopondipa change of the offoo 
tivo roototcnco, Pig. (2.2) chow the variation 
of P ion the voltco 	ropidly, 

2, 22 	C11Alia i3Qi7 T'I +QR 	1►1►33 # 
curl # 0 constant ohaft loci tad nogloctin 

the locoeom the pot or input to a oynchronouo not )fl 
rcziaino fizod¢ indcpondont of the volt c o. The 
rocotlVo porora on tho other hondo will change 
Orion the voltego chongco depending upon the ouoi 
taboo. Uout i1y it will be found that the rocoti 
pow= will changjo the voltage drops, In oc o oc~ 
a McMIMuw Point on the coo oc ' be roochodo rho 
after the roaotivo power will begin to chentjo In 
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a lcjin j direction. Mother or not thin ai].1 
boppon deponcta upon the count of the voltage dro 
upon tho d.:oian of the motor and the oiicitation 
at hich it oporatoc. rho exact reactive poaor 
choractoriotic to then obtoinod from a porforneac 
chart r3g by roc try off vai.cJoa of reactive poor 
at conotant field current end at conot t povor- 
over the doafrod r'cntjo of to S]tnol voltosjoo• it 
many of courooe ulco bo calculated from the pzropor 
oniculationo. 

14 d' ring a neon aolion t •polo c/c end noglOotii 
roniotanco and other looaoo, the poor and rocs 
tivo potor are afvon by 

~--a- min 
z 

QL .. (aces - Q } 

The Value of cons needed for the calculation 
of roactivo power to obtained from oqu. 

Coat j i-.ui 	4i.. 	2 
.1a 

b & 	 2  

Thic oqucioo givoo, en acono the reactive 
poor In tormo of the conotant motive pot~or, tho 
to stnal voltcSo and the cynchronouo r000t8ivc . Th 
oharactoriotico of as oynchronoua motor operating 
at oonotcrit ohaft load aro c Indicated In fig(2., 

2.23 MUJQH8t3120` 222.1 l 'I~t ]C ,AAL 
'rho lord on tho convertor zc bo oithor diroot 

curront lighting or direct current potr. IT®gloct-
ing locooa, the input to the convertor In the 
foior ocao vortoo as the 4th. poor of the voltc.j 
while in the latter a o It m(y bo eouitcd conot on 



Honce the relative n gitudo of the to typos of 
Locc toot be 3mon. Knowing the povor Input,, the 
rocotivo povor is obtained from the perfor enco 
ohm calculated, 

If the convertor oupplloo direct currant porgy 
ori1 ito Input charactariotia varouo voltetjo 
becozoe c9 th000 of the aynchronouo Motor diorou. 
seed above. If on the othor ,ht d it alto carries 
direct current lighting, it to evident that the 
pot or input till drop off cone chat anon the 
valtcjo di«apos In fi(2.5 ) are indicated Ohara 
ctorictic of a oynchronouo convertor for vortouD 
typaa of locair on the d.000tao. 

2.Q4 	Jcrnlpqpu2  
Tho otocflq at ate and tronoiont ohorc toriott 

of coynchronouo bade Oro different. ; ho Qtffom 
ronco truce 'b000uoo tbo so are inducooJ currcnto 
c hon the olip ohnnaoo ropidly. Pik#. (20 6) ohov o 
a throe di noaoionol di r= of the tcrguo chrrc 
toriotico0  and fia.(2.7)- ohovJa a fcmi1.y of cure+ 
vhich ore aoro convioiont for prcoticc l dcoign. 

If the time rata of change of olip to not 
too laro0  tho transient chorcotori©tico of an 
induction motor for changing oonditiono of opor 
tion aog. for a arioblo cupply Vobtc oD  can be 
d0X4VO4 from a fanily of its otocdy ototo chore 
tortoticoo 

When conoidertng the otocay oteto ohorcotori. 
otico of an induction notor0  tho problca to otn" 
p ftad if tho ototor loocoo are not includcd , 
but are oithor lumped .itth the line b0000r or 
o Dinod ttth theca of the rotor (pith r2aR2/S). 
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if the ocfjnottoiny loocoo aro alco nog1octod9 
the induction motor nc be ropr000nted by the 
olcplif iod oquivollont circuit oboan in fig( 2.8) 

The active poror t oiren by the motor end the 
tor;uo developed ore determined under thou 
condition by the riechenicol tá uo dcraanded by 
the driven nochc icn,, t,eby ito c c3rectrioo 
T noch.csf(s). ThO cbanaeo of P t T depend upon 
the chorcctortotto of the oupply and of the 
driven noohcnicmo. 

TO ©ti plify tnottoru it to oaouned that the 
nochonicol torruo T ucob. to tn4*ondont of 
the cUp. An the oquotiono care honco forth 
o roe od In per unit quont ittoo. fence for 
otoc&y oonditionop noglocting ioo0o0 

P ~2o 1̀ , 	coohe end 
Palo saah.='U" -N=om Conott. 
}3oneo sa`, a2orsaI2 

The oquivobont circuit of fi .(2.8) ahoc:o 
thot the reactive po it Q taken by the Qotor 
concioto Or to e tponentap 	he nenattotfl 
poror oocOOI ated with the tjnotioint3 ourront 
Iu and 	oococ3:nted with the ototor cod rotor 
look op -fence rlith the zbovo cocunptiono a 

M Q Qn e 3I2 cnd  

Q/ (A+ +Qo 
trhon octurotton occuro the voluo of ii/u 

doorocooc CM the relation botczoof Qu end V 
Qoparto approoiab7,q from m oquoro 1c. 

The robctioc botticon the oupply volts o e~ 
the clip to roefli]y obtatuod from the oqulvc- 
lout circuit of fie. (296 ) 
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2 	 v 
Fp', I 	a 	 a it'd► , 	2 

Via, (2.9) Given a YCi23 of +curveD ohoriiog thil 
rolation for vorio io voouoa of the voit000 V. 
ho relation butt oeo $ and V 0 for a tvon vcluo 

PO is aloo ahovm in fig. 3inco Q 3X mu end 
l2 S for a constant Dochcftcal torguo0 

the roiatioo Q f(V) has the oc o obopo co the 
rolthtio* e=t(v) en chova in £iG* (22,10) , 

The ourvoo ahoy that D for any givon value 
of the aechautoat load P nech, the motor hoe a 
critical slip ocrand critical volt;jo Vora The 
D QXT.imur power P aoz. rich the motor can dovolo 
la - than ozactly equal to the nochantoal pot oz 
dc~and -Op and operation at a lovor vo]ltc o to 
not p000lblo0 boc uoo the electrical porxor soul 
thou be ioao than the t oohenical poor, 

'rho critical oUp and critical poc r are 
d torQincd nothctotioal)y by ditforontioting th 
onpr000ton for P In equation vrith respect to 0 
oquating to aoroe 

d 	~2 
t 1t2 
	 {i 

2$ 

lc cc 

~~J 

]?i.(2, 1O) Oho, the curve of Q, =f(V'), tho 
curve of QB=f(V) and the curve of total rocett 
poor QQu+Q (f(V) . 'rho point Qcr VoVar0 
at rich dq/dV '. o 9 or dV/d@0, aorroopondo tc 
oporation at the point 4 on fiG. (2.9) o 

It nCJ be noted that,, If the slip to boo 



than the critical valuo,, dP/dS to cilr io pooitivo 
and the motor oporotionio stobA".o. ink► Occidental 
change of the clip, or of the rotor ongle,bringe 
about cn inbolonce botiOn the eIOQtriCe3l ocoa-
lerating torque and the noahr final b:o ing 
torque oouo .ng the rotor to return to Abe origi-
naor ooadit . n of operation, it can bo eaaily 
eoen that thin occuro et point 1p2D  3 of fig(2.9) 

on tho) other hand, at points 5,6,7, tha 
value of IP/dS In noentivo and the operation to 
unstable ta1.noo a rzall ohcgo of Q11D inaro coo 
the lcboI cnoo betuoun the electrical and nochor-
nioal, torquoa and leeda to a furthor increase in 
clip* The point 4 to of particular int©root, 
beocuoo it lion at the boundary botuoof eta 
mmd unstable operation. 

2.24.1 	T h—OAR to X AG" S 	1C& 1 

o total load ohcxooteriattoo for both 
active end rocativo poor can be obtoinod by 
addittnr together the lighting lord, the motor 
lord and the pot or 1+ooeD In the cabboo end 
tren©foruorao Typical ohoracteristico for ar! 
induction motor are ohoun in fi,g.(2.'x'4) a) rid 
for a co poaito lord in ft .(2• i' ) ( ►) Th000 
uhou that for typical loaio at aoio1 ooltc o, 
the obopo 41'/4V varioo bocuoof 0.5 and 0.75 
end the crape dQ/&V vcrloa botaoeil 1.5 cnd 2.3. 

The cotipowito load oupplioa by a ponar oyot 
,ono  for calculation purp0000 be represented 
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either by an equivalent circuit *Lch includes 
lighting and induction rotor 1osds or by abaroo-
ter2stics derived from an equivalent ctrouit. 
The oheracterietics cso then be further eiapW' 
Pied, as shown in t ig. (2.12 ) . It is used R  
that active power P and the reactive poaorTa*-
leted to the voltage. Zn £ig.(2.12)(b), both 
P & (1 ar. ass"ed to vary as the . squaxo of the 
voltaagei  With the letter assumption the equine ► 
lent Larpvdance ZL of the total load may be 
represented either by a parallel or a series 
equivalent circuit.. For the parallel 

S 

or the series circuit 22 

pbers S is the total co aplex power supplied to 
the lout and 6 to its sodulue. 

These simplifications have • oert ►l range 
of Practical 5ppltcstt©n. The ntx pleat sssu*tta 
that the power is Independent of the voltage$ I 
appropriate for etea y stets conditions. $uoh 
Calculations start by ass rting the power derive 
at various points in the Cott work to be end*- 
p*ndent of the voltage. The sest*ptton is ,gust' 

fib If t'he voltage at the customers texainalr 
is maintained constant; tndc-ps ad*fltly of any 
variation of the voltag,  of the high voltage 
trap tsston line. The customer's voltage woul' 
be held constant by a o► s$ in trace-
former tape or by using static or s' Pnohroflous 
cond a ns eors. 
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it to obvtou that the OhOrOctOEiottCO ')=00 f]t. 

E yQ a Conott• ore not oppltc tlo to tronciont con„ 

ditionc. 'rho uco of zppro1x3atO otoc2y state cb►a- 
rootors©ticQl taking the tooaox3to ( 	V) cd 
(_A .i 2V) co in fij.(2.11)!  (c) givoc good 
roaulto for trinotoot oonditiono only If the 
volte o variattofla arc cnnl1. 0thor7tao the error 
to 'liltoly to be co toidoaru' 	ee 

The poor, token by a o0apoOito loci oleo 
narioo xwith froucnoy. Aa alrocdy nontionod cn or-
dinory lighting to to indopoodOnt of frequency Q 
although this to not true for gco diochcrao lc poo 
for vhich porter conov and daorecooa by 0.5-0,8 
percent o if the frequency inoror300 by 1. otiz-► 
over, `in gonoral the toner of variation of power 
i th fra uoOoy for a conpooito load to dotorDinod 
olnoot entirely by Ito induction motor aonponout. 

if the output torauo T noch at the rotor aloft 
to Qonott. the Qottvo poor P tc ton by tho Rotor 

to proportional to the froqucncY PtG, fia. (2.13) 
For cry induction motor vtth norpol dooig~r 

conat Cato a drop in frequency oLUaoo ztt a drop 
in clip # Go oho c a in ttg, (2.14) acoording to 

8xO)2 3 1 

or vary cpprozimttOl3. So f, if x to Constant. 
The relative poor tnzcn by the motor 0100 variao 
rith the froquonoy. The doto=ino tho tcrnor of 
vorintion it to 0ococodry to conoidor coporatoly 
the froqta000y ohoroatoriottco of ita to o oopo- 
canto Q3 an+ +4. 2 Trkina &' r and 8 51 r o 



It ti .om t, at 	rya and  
This Ua c oorecsoo, vhon the frequency folio 

and increases v7ith frequency roe. 

The other aaiponont of the roaótivo pooar 
inaroaeea with decree ing frequency, ainco 

1". 

Qu 	 'If 
 

V 

Por a norr of induction motor the variation a 
tho total roaotjvo poor Q Q&Qu 10 dotora .nod 

1 ain by the firot QcMpanont lhon the ehcxujo of 
froquency i a otiall, but tho second component to 
ixipoz,tt then there to a conoi.derablo vice of 
frequency (f'l,g.2,15 ). 

fig. (2. i6 itvoo froquoncy chorcetoriot iao for 
0 typical boaa. They abou that at noz tnal volts o 
(Val) and at nominal frequency the voluo of tho 
Slope dQ/df to about r»O.8 to 1.2, t itlo that of 
the elope 6P/dpi 10 about 1.7 to 2,5. 

olithorto it hoc boon oocumoQ that the varier- 
tiono of voTta o c34 frequency are 1ndopondont of 
each othcr. In aroat.ico, hotovor, frequency than&& 
era often coo =parried by volta o chnngeo. A vori-
otion of frarivaney to ueualiy cauood by on inbo-
lanae bottoan t o electrical output of the prime 
o ►arc. :iio c1 ai a Of f 'uquonoy, + a chop above, 

ohrngoa reactive Doter .talon by the locU and the 
active and reactive poor locooc in the oott 
vortc, aid hence causes a change of volt o. A 
dobrorae of 2requoncy Gonor,all r oouece a doe oc co 
of Voltojo. .rho acrvoa in ff{~. (2.17) Cohen hoc the 
eotivo and rooative pover aotlpononto change than 
the frequency and voltcco vary otoultcnoouoly. 
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Aoouoing a ( tven voluo of the ohoft torgpuo 
T rcoch.4 the curv'oo abet' tct, for a frequency 
bolos norm., the no scum oloctrtaol to uo and 
the critical clip increaaen, %,bile the Operating 
olip doorocoo• 2huo a daoreef3o of frequency atfoe-
to the notox operation izn a ainilor Dennor to on 
incr000e of voltacO. Oonaoquently, If the froquonq 
to below normal, a larger drop of volte o con bo 
tolerated without dengor of losing stability. In 
other orda,p the critical voltage to lower, if the 
frOquonOJ to below normai. 

Tbto affect to illuotrated in fig,( (b) tic 
ehowa the diopl000Cont of the •ahoreotortottem 
tIf(V) due to a ob sge of frequency and the oorroc 
ponding shift ottho point at + soh dQ/dV 	.2hio 
the lowering of the frequency and the conooquont 
decroeoeo of power demand (flj. 2.16) and of the 
otttiOt 1 volt o oen be rogord-d co deairablo 
proportion* whit 	tend to mprono the otobil1 
ty of. a heavily lam(-:4 oyatc operating below nor 
mob volto O. l4wover, thin kind of operation 10 ni 
aaceptab'Le, except in quito abnormal canditiofa• 

b000 h o hii or colour tonporaturo, high 
lminouO zi& per watt rind longer life the,Si3 
scat 1copo, and accordingly haVO become inorecoini 
b.y popular. 111 diochorgo papa, require a atabl 
ltoint bcllt t which nay be a reciotanoo,n induc,  
tome or oapocitanoo, but the Moat so on to the 
inductive balleot. The bolicoto brro oorO bocce 
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tch depend on the inotcntcnooua frequency end 
f uz donetty t ion the voltego to hold conotant, 
en incr000 In inet ontcnooun frequencygives a row► 
duation in c ognotic flux d..noity in the iron corco 
to Chia way the in cro aoo in core l00000 duo to 
frequency choragoc clone to aoppro aotoly off coot 
by raductien in *ore Joscoo due to flux done i ty 
chcngoo. 

Pig. (2.98) ehowo an oquivolont circuit for a 
d,iochorgo lcip. The offectivo resiatoncc of the 
lopaircuit upon the oiantcneouo currant. Pig.(2, 1 
Indicates the active and reactive paver inputs to 
a typical coibinotion of diochargo to po O3ainot 
£roquoncy; the ranulta Indicate 1.O2 reduction in 
active paver and 1.15; reduction In reactive povor 
c on the operating frequoneW ri000 by i>S in the 
abocnco of chuntcoponootion. Operating povor fco- 
for vcrioo ,frog 0.5 to 0.55; conooquon4ty count 
copocitoro arc uouol y ccployod to improve th000 
valuaa to botroon 0.8 to 0.91 oithar individually 
or in groupo.In the proconco of ohunt of ecitoro 
the octivo povor rcioino unaffected, but the rota 
of foil of rooctivo povor with frequency to tnoroo 
ood as thova in Sig. (2.20)/1/• 

In the let doca6e, the aorouryora roctiftar 
hoc been uood ortonoivoly for 4.c.trrnoaiooion 
links, end, tnvoctigating thoco oyotcio for of obi-
lity undor dioturbod condittone, it hoc boon repro 
contod in detail. In otudioa on inductri©l appli-
oonono, bovovor, nuroury arc roctif Toro have, boon 
rcprocontod otinply by ok n `' irpodonco independent 
of froquoncW g it is necocoery hero to conoidor fro 



quoncy d' pondant ropr000nt otton. P . (2.21) indt-
catoo an equivalent circuit of a curcury»o ra rooti.. 
ticr in which the plauiio rootatonao 'to a very ono12 
port of the total roo1atanoo of the circuit and tho 
total effective .root atanaa of the circuit a. n bo 
treated cc conotant. The inductive roc etcnao io 
frequency  dopondont and ito variation vith inaton-
tanoouo frequency will effect the active and rear 
ttvo poe.r in puto. 

By controlling tho ft ing cmgloa the murcury 
arc rectifier can: be operated either for oonotant 
voltage out:. put or. coo conotont current putput (na 
In olectro rhooiaal proaooa000). PLg. (2.22) indt-

c atop. active and reactive povor in puts to a euraurr 
are rectifier won oupp r'.ing a c000tcnt direct lord 
current, The active poor roduotton vith rice in 
frequency is oaall for thin conotant roototoica in-
duativo lord cmd to of the order of O.5 for 1pI 
morocco in frequency, reactive povor roduction to 
10 for 4S incronoo in froquoncy /1li; 

2.27 1+ tG LU..RIl1~QLAi 8 
Tho are hsa a falling volto3o/ourront aharaoto-

riotic, c oho a to fig.(2#23) and to aonooquontly 
inouitablo for a conatnt volts o supply. Per ratio-  

o factory oporation, a otobilit bortoo roatotaneo or 
r000t ac̀ ipf' 0000ntial and in gonoral0 t 
no7.tc3o vith high lec rgo roactcaao usually ouppio-. 
montod by oorieo rooatoro, ore employed. Long of o -
trio aroo in air hcvo aloo boon oboorvod vith 
61tght1,y rioing volts .e/aurront rbarootoriotiao, bu 
uouo11 the choroatoriotto to falling., 'ho total 
roaatlLa in the circuit dopondo upon the inatantc-
noouc frequency. pig.(2.24) indicotoo on oquivolont 
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circuit for cn ore Lurn0co. The ore roatatonCO to 
current 6opou# °nt end. Cello 'ohan the current ri000, 
roaultina in a reduced arc voltC5O, c eh un in 
fig. (2.23). 

Concidoring the voltage drop eocroaa the totol 
effecttvo ro©iote ao of the circuitt 4 	33 the 
fall in arc voitece duo to r. foe in current to cppro- 

atel3 componcatO4 for by thc iacrocood voltcco 
dropo due to the roc iat encca of tho rioin tronof or-
more buffer roncto'. furnace trcnoformer, loco 
cad electrode. In thia VCW p the volt5a drop ocoro-
oo the ofCootivo rooiat nco of the circuit bocomoo 
cppr+ riZOtolY conotrtp 1ndioatif that ftaf x. 00 
tha input ac ivo Amcor to dirootly proportional to 
the furnaco curront. Pros the ohheraotoriat ic3 o of 
arc furacco, it to oboorvod that the totol in put 
active pot o2' to en are furnace to directly proper" 
tional to the ore current ovo* the vorkinC raCQ. 

An are furnace 1.ocd varies 	talont34f durtna 
the til.Of ito oporationo cocopt during rofinina, 
she violent ehcIO in active cod reactive parr dr+c 
Eton a pov or oyotc oau000 violent volt co tluctucr► 
tioaa *cnd roDulto in lc p flic1or. In or&r to tnvox 
tigoto the offooto of are Curnoeco In a power cyatC 
a copra onstVC ourvoy of era Curnaca inot011 tans 
at oc riod out rrit~i the ob3oot of roducint ob joct-
ioncblo buffer reactors end oynobronouo aaipofaa$or 
end lotora coriao ocpooitora• The inoluoion of buff 
roc oto ro to ample end cheep, but t foots the oac 
011 ponor footora. Aa the inducttvo rocota0Q to 
frequency dopondont, the input active and roactivc 

poor are iovorolyr proportional to the toot cmtca00% 
frioquoncy. ]7t j. (2.25) tndicot 'active t rocattVO 

n 

9 

4 
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pot or inputo to a 45 ton are ft co rrith and 
without buffer reactor. The oynohronouo ao pone 
tort if inotcUed,, Will provide the entire raa 
Gtvo pour for the are furnace at full locil and 
rouGhly 50 of that aboorbod, in the buffer 
reactor. In thin oituotion, the synchronous co 
ponootoro oboul4 be treated 4yncAcolly for 
at ability ofudioo of the power cyoto an a c ol 

2.20 	9iL?j)LD1BSs  
for both ore wz 1dinn and roelotanco rolling, 

tho oloctrodoo cr# cuppliod by opocial high 
lochrjo roactenco tr,onofos aoro and touchy opore c 
at 0.2.0.3 power factor. In %hie one the powor 
drew by a weldor rill be either full on or off D 
and thic ean000 violent fluctuations in active 
end reactive power inputo cnd ccu000 leap flictto ; 
Per this purp000, canoe ocpccitora era ucod 
owing to their inotontcnoouc rooponco. ''ho proco 
co of carton copacitoro in weldor ciroult© 
c grcvatoc the variation in ootiv© and roaotivo 
power inputo rbon the inotcntcnooua oporatina 
f roquonoy chengoo fig. (2.26) indicatco the aotiv 
and rooctivo power inputo to a 200 KVI woldor 
with and without capacitoro. 

2.3 APLlJC T10J P_ rPoI3LIis 
The feotar© which bravo boon diocusaod cc r bo 

inportmt in aenecaina power oyotcc otobilitya 
i~oc000crily information t o rocuirod on the compo-
ottion and typo of power oyotct 1oc 1a„ 

The lactic uau ally rocoivo their power over 
the diotnibution nott work throujh dictnibution 
tranciQorooro. She diot,ributioxi nott cork to 
oonnootod to tho cubototione which In turn are 
oupplicd from the Gonoratin ototiono over over 
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bead or under ground transmission lines or 
feeders. In stability inveetigatioos, each aye-
tes load can be devided with the aid of load 
survey into four parts t 
(a)Murcury—aro rectifiers#  are furnace,  and electric welders. 
(b) Resistance loads. 
(o) Znduation wotor loads. 
Cd) Idghting loads. 

Murc*u7 arc rectifiers used for •leotro- 
chemical purposes can be adequately represented 
by constant our cant sinks as for as the bus 
voltage is concerned, and by constant resietana 
inductive circuits for fr•quency-4epsn6ent 
considerations„ 

The resistance load can be represented by 
fixed shunt conductance, whereas the induction 
motor toads can be handled dynamically and 
frequenq dependently, 

Prim above it is observed that the effective 
instantaneous neous resistance of disebsrg..4p load 
and arc furnace load, varies inversely with the 
instantaneous value of current. Such load$ are 
predc naat,1,r affected by voltage, particularly 
for reactive power dsm de. 

The usual operating power factor for diach 
ge ianp loads is 0.5.0.55 lagging when the bus 
Voltage fall* to 50 or below uM.r disturbed 
conditions, the imp will extinguish and conas-
%uantlyr the inductive port of the load will 
disappear, leering only the capacitive part. 
etas larly are furnace loads,, which nozmany 
operate at 0.707-0.9 power factor$  will turn of 



if the bus voltage fslhs below 75% of noraal, 
under disturbed conditions, owing to inadiqualte 
voltage available to seintain the arc. 

lighting loado consists mainly of diaoharge 
tps, as pointed out Above.. The discharge-

lap loads and arc furnace loads need special 
attention in stability studies beoauee of possi-
ble inadequate voltage. They can be represented 
by on Andu of ive of reu it having current dependent 
reaistmwce and instantaneous frequency dependent 
react en ca. 

In stability torestigatione it is inpraottaa Is 
to include s11 individual loads properly in the 
analysis and still it is important to introduce 
at least the approximate offset of the load 
action. 

2.4 

An already mentioned that its we have chosen 
the Western U.P.Orid as our working systas with 
Muradnager load. Voltage and frequonay dependent 
and all other loads considered as aoa tsnt 
iepedfnce. 

The total load tad from Murednagar is of the 
order of 184 'XW at 0.9 p.P. as has been considers 
in the load flow studies on nett work aeshw 
analyser at B agl ore carried out by U.P.St.ts 
Lisotricity Board in geptember,1967. There are 
four major Generating Stations ni_sly#  Rsegeaga. 
Tun• Stage I Tuns Stage II and HarduaganJ 
in the Grid. The Eastern U.P.Grid has been 
truncated at Yatnpuri,, taking it to be as infi-
nite bus for our systas. 
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The various loads, for the purpose of 
analysis have been taken into following prod' 
portions; 

% Active MW. 9 Reactive 	p.P. 
. 

1. Light load 10% 18.4 100% 
2.Diacharge 

pe. 15% 27.6 15% 7.$ 
3.Purzace load 100 18.4 10% 5.2 
4. fleotrie 

welders 5 9.2 50 2.6 
5. Induction 

motor. 60% 110.4 70% 36.4 

184.0 52.0 

2.42 

As is alre*d said, the loads in the aystai 
are frequency dependent also, except for the 
light loads. 'This effect is Tory such a irked 
in cane of induction actor. Pull load slip 
of induction motors noz*a13y varies from 
5.5 to 1%; inertia factor varies from 0.1 to 
0.3 mod* and mognotieing current varies 
from 50 to 20 % of the full load current, 
for general purpose induction motors,, bum 
over a rage of I to 1000 U. P. 

It her been verified in practice that the 
inertia factor ooniributioo of loads such as 
drillings  grinding, milling and spinning 
machines, Lana„ lathes,#  paps, compressor. 
etc. to quite significant, and at least equal 
to that of the driving motor. Installations 
with the axoeptionaii.y high Inertia factor 
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such s ward leon ved- I1lgnsr speed control 
large waters falls under the category of is—
portent Induction a a►tors and should be oonst-
dared separately. 
• Co paratively little Ie known about the 
behsvious of lords for changing frequenoy 
8oas work has been done by Mr.LT«dkbter 
end the characteristics of various loads with 
reference to frequency have boon plotted and 
Published )'1,i2/.  To study the dynwic and 
frequency dependent behaviour of induction 
motors and other loadet a frequency range of 
50 t 2.5 0/S has been selected. The 2.5 c/a 
chance has been distributed over 18 intervals 
each of 0.05 Secs. an shown In Sig. (2.27) 
below; the l .of variation closely correepo-
ndo to the .1nig curves of synchronous n/c 
under disturbed conditions, Z 	m 

The curves plotted by Sri Akhtar have 
been mad# use of to plot the oaspoeite load 
characteristic of our system; as noted in the 
table below and shown in flg. (2.28). 

48 142.75 54.18 
49 187.98 52.98 
50 184.00 52.00 
51 186.21 51.70 
52 186.98 51.46 
As will be seen from the characteristics, 

the active powor first decreases as the fre•-
quen ,► increases upto 50 and then it again 
starts increasing while the reactive power 
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400roc000. For oiopUfying the further r ia9 
the oh cractorioij co are boina c c lod to cy 
nimoto otoi„jht lino. /to Qo oo from the chc 
torioti co 

(2.1 ) 
48 F~ 50 	. P. ate. 4, 575 
i. a 	o EE31 a -4.375 
48 `f c 50 
+mod 	J4t2 	1.49 
50 41-52 
1~0+Di m- 	~r X32 = 1.49 	- (2.2) 
50 'f 52 

48 G ' L 52 	-08 68 	(2.33) 

2.43 LtQ2Mc  
The rooponco of uo r all 1oc o to volt co 

chcagoo can be rroparooco tcl by oo o ca3binction 
of oouat nt L.Opo600ao ©ndtnt current c d 
oonotont UVA dovicoc. /tOtuolly,, the conotont 
currant nod el i.e urm000000ry ca it to noori 
oquivalont to 50 porrcont C=Otcmt inpodo ro 
Iced conbinod pith 50 percent eonotaut LIVA loc . 

Tho conotont INNA typo Iced ropr000ntatiou 
froti tho oyotcrn otabilitj point of vioci b000uoo 
of ito effect in mpltfyina volts o oa ,llottono 
o drop in volte c vili ocueo en iuoroo o in load 
current moulting In a furthor volt co drop, 
Qonvoroly e constant iri,cdcnoo AocOo hove a doai. 
dad dciping offoot on voltjo 000i1Untiono. 
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Individual .load$ mvV be viewed as being 
deviled Into two classes, static and rotating„ 
the etntio class consists of 4zatlng and light-
ing equipment uI ll generally exhibit n conet sat 
near unity power factor. The different ohmsow 
terietioo of static load* tend to or pensate 
e soh other, resulting in * oomposie effect of 
constant ;tapedence load. 

The rotating class of loads consists of 
synchronous motors and toduotion motors driving 
equipment with a variety of torque speed oha rso 
teristtoe. Motors will normally be constant MYA 
devices for moderate voltage changes, although 
the power :"actor m.q grey widely. 

Recognisingthe need for 9 feetnal basis for 
load r prsaeatation, the southern oalifornis 
Edison oonpaiy orgenised a field testing progr~w. 
in 1965 end 1966 /W/. The selected teats consist' 
of gradual end rapid voltage changes on 66 LV 
buses in three 220/66 ITV stations; each herring 
more than one half the aonneoted substation load 
in a single oi'aGcr7. 

Tents were carried out at selected hours and 
d s of the week during the general periods of 
susinor peak, winter perk end spring nialaum to 
enable evaluation of load response for the usual 
conditl0n6 weaned., in stability studies. 

To ses.surs the load and voltage changes s 
portable test instrumentation board was construe 
and moved to each test site, voltage and current 
aignsle from stations metering traaoformers were 
fed into a metering unit to establish initial. on 
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ditions and to veryfy test connections. A phase 
shifting transformer was used to eeperate watt 
and 'vex reading.Promthe metering unit, curreni 
and volt age were fed into a Hall affect tour 
channel transducer equipped with suppressed 
Zero ' capability. DC a goals fromthe transducer 
were , plified to drive a light be= osoillogra. 
ph recorder and these oeo ilogropha from the tel 
recorder war* replotted an esdted paper for 

According to .A.Petereon, University of Wiacon 
sin#  &tadinon, the experimental results are tnte 
pereted in terms of the three often used ways 
of load sing► .Mon , constant M'V'A, constant 
currant#  and constant iap.d*nce/4J. Any one of 
three three in particularcoo* of the more gene 
rob per unit relation ship I •'P. Pox esaple, i 
nutO q  the load Is one of constant current, and i 
nut, the load it one of constant itpedenoe. 4th 
Assn integer values of n, including values 
greater than 29, could be used if experimental 
results, so dictate. It bee further bean given 
in the paper that any caspoeite load can be 
represented by a single V torn where 

sit  42 , &3 being the fractional load., to an 
g1,12,N3 are the corresponding exponents; the 
value of th.tch, being given as 
Ni •1.36 for pure residential loads. 
112 -0.264 for ooaesrcial industrial loads. 
$3.0.353 for egricularal type loads. 

Iu our case we have only 2 tyspes of ai)or 
loads i.e. residential and industrial being 
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opoctivo1y. tokon can 25 	r Thud vo v411 havo 
n=0.25 Z(1.36 ) + 0.75 X ( 0.26 ) 
1=0.34 + ($ 0195 
x.435 

tie till thta h avo 
P nornol 	Vn 

Q= Q norno :  

;0.92 't 04 435 	in POO ) 

,fin 435 	( in P.us) 
0.26  .a 5 

giving thereby 
-a~ 	n-1 n .435 
or&P=nK 1V 	V (2.4) 10.92 
and 1s Q=n12VD- s, V 	(2. 5) 12=0.26 

` uO With the help of equation (2.1),(2.2),(2.3)9 
(2.4) end (2.5) give the chmge in pouor duo to 
ohongo in froquonoy and voltec in on interval, t~ 
can have the potaor oguntlon as, at any lnotont 

P n~-Or=nK 1V., 'V+K31 o f+P old 	( 2.6 ) 
46cff5O 	 ) 

~R52C`ni 1Vn'" 1Ao V+K3af~r P old 

n f O"12VU-141 V+Z4 +q old 	(2.7 ). 

dope in upon tho change In voltage and 
froquonoy range tiro value of peter at regular 
time inte rvolo car be for od cut tith the help 
of equ. (20 6) and (2.C) . Thoeo oquctiona shell be 
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astis use of at the tine of plotting the sing 
+r ayes in chapter 3, when the system ig oonride 
as dynaaic and frequency dep®nden-#.. to u 
The values of n# K1,K3 32, 92 and [4 will have 
the values as worked out in th.i ® section. 



... ' 	` t 
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rlifli 

3.1 

In the first phase of Our std of the stabili 
V of the  syetsra,, all the loads including that at 

• Noradnegar have been treated as constant is p deno 
.oads 

 
wt the effect Of change in 'frequency on th 

load has not been -oonoidsred. In the following 
section detailed procedure of the stability study 

• t e Sutlined. 

Waring to the single line diras shor+ai fig.. 
ti 

(1.1) of the syotei•  a 3 phase fault is considered 
to occur on the line between doorkee and Kursd-
nagor. though a 3 phase fault is not as coUon", 
as a single line to ground fault, it creates a_ 
severer disturbance so that the results of the 
study are conservative. The procedure given need 
only minor modifications to deal with unbalanced 
faults. 

3.11  ,A NJTANS *ATfI7C, F01MA11211 

The system is shown in tig:.( i.4). The various 
adattancee between the modes have been worked out 
based on the data shown in table 1,  of chapter I 
and the power flow details shown in fig.{ 1.8). 

The generators e represented by the voltage 
behind transient reactance in series with the 
transient reactance. 

a representation though not strictly 
Correct is sufficiently accurate for'ultiasohine 
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otabiltt7 otudioce 

!o gonorotor E.n,P,hovo oleo boon ohot * in 
tho div a. 

2ho In 'inito buc volt o hco bocn food en th 
rofor nco phaaor and tho ro3etivo cij10 v .uo of 
tho Other generator L.L1.P.v ,11. thorofore bo cc 
follot,os 
1) g.' ciuo o Stage 1 L IV. 01 * 09 3 

(it)  .7cuno Stc3o 11 	=1.102 ( 50 
1 	'!1 I.Rcr cla0718 ( 330 
IV) 11cwduc 3. c j c, 90 9 	( 27.50 
(v) . 1g.L1oiopurL =1.025 (00 

¶ho inortlo foctor pot7or dolivorod b + ooh 
gonorcttn ototlon to +horn in ftQ. ('!.1). 

to will bo oven fraz the fin. (1.1), ttuXIo 
15 nodoo1 tho drtvtnrj point and trcz cfor c bt 
t anco of nodoc hoc been toncc . out,$ conoidorinp 
0 3 Yrialt on the 220 KV floorkoourc&nagcc lino 
and ore hated in Appondin-10 Mon tho foult to 
olloarcd, it to evident that only the driving 
point and trcncfor cd it anoo vohuco of buo 
6 and 10 will oh trgo and thoco voluoc will be cc 
f of lorjo 
(1) One o3.oczina tho f c It 

Y6,,6 r 1.737.329.80 
T14$ 9tt?.136•-j 14.992 
T60 1Oi10,6=O j0 

(11) On rocloclwj tbo brocr.ob at, both o os 
Y6, 6+ 2.4O 3-j 33.26 
Ybt~p 107. 2« 19.452 
YG, lOtY1O,6c0.666ij 3.46 

^ho obovo valuoo bcvo boon tnhon into account 
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CO the proper place of omlouioting the arm 
Qur'io pointoo 

T3ov +3 CD Novo the nods ourront oquetioneby 
!izoboV n firot lc oe s 

Coro In in the current going out from any 
no6o 0 of the oyntcmp RI .~ eat the nodeb 
voltrgoo at toy inotcnt td 'n-, J,Tnpg Tnn being 
the trc1ofor and driving point caitanco of the 
nth 1 Dodo* 

SQuotion ( ) to Q oci$l+ y oucition end of be 
floritton aopc satyr for Ito rool and i►ncinary 
ocraponDto oa fo of s 
if 	I 166 In rIn lZ'n and T j i j abi j 
than 

Snt jn, i 	~, b2 9 1+gn 2 i 4t ,2 4-r.rjn n bo~tal a 
cnd 1 bn. %31+gn ti,12'-' ba, 2 S2+Gn v 2r2 bn,~ n234 CM A 

(3.3) 
4th the help of oq,*otton (3.2) and (3.3) to 

cnn into the uctrin ocpactton for the oyoton 

II a,#.1 Moil 	tj12v b102—gl,n blen 	 81 	1 
r 1 it I Q10 4 	b1,2 gl,2—bl,n glen I 	S9 

12 _ 02.1 b201 	~2g 2 b2 2-•-~2~n b 0n 	lEa • 
1 ''b20 9 0291 'b202 

1r 

g2g8-.•bo 2a g2pn 	2 	i 
 - • 

r 

• 
r • r 

1 

w to $ i no 4 bno 9 Qn02 'bra0 2 	noes bn,rI 	j I%  
'rte In * -bn l Gn 4••bn 2 ,gn, 22-b n,n n gn 4 	r r 

.£a hove jot 15 c4c, In our oyotc 	oo by . ► 

10SS9 
f!TP1l U 'ARy UAIIVFRSII' OF ROORKFM- 

(3.2) 
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resolving real and imeginaa y part of the curran4e,  
we shall have a 30x3C) satiis as above. 

3010 no. 1,2,3,4,5 and 6 are of inportAnc, to 
u.O as we have to plot the ewiqg Curves for 
generating units at We ' ,2r3,r4;Sih..beln, the 
infinite bus and 6th the lo ed bum„ We shall 
therefore first reduce our nett works of 	. (4. eonfinusd to theme 6 nodes end all, others being 
a law insted, 

3 

3011,11 MQD LXN TXoAB M.AVU 

Tba Codes at which current does not Satre or 
lei TO the sett work can be elesinsted. The Stan.. 
dard nod• equations in matrix notation are 
apres s , as 

Where Z and V are col* sstrio. and Y is a 
•,YvWetkl0al square matrix. The colyam Metriee& 
Must be so arran  d that at sieA.nts associated  
with nodm to be e]minotsd are to the lower row 
of the metric®e., Slent, of the square slaitanc. 
matrix are located oarrespondingly. T.he colusn 
ant, ,o.e are partitioned so that the elements 
oesooistod, with nodes to be eissin stud are sspa 
rated from the other elaeni+ . The omitenae 
aatrfr is partitioned so that element* idsntl,_fied 
only with nodes to be eliminated are separated 
from the other elsm*nte by horizontal and T*rttos  
liner, When  psriitionod according to these rules, 
the equati (3.5) be000es 

Iw # '* f KL f 	yr, 



Where XX is the Sub-matrix composed of the 
aurrento entering the nodes to be alenioeted 

d VI is the eubmsetriz ooapoaed of the voltaa 
of these nodes. Of course, every s,leme rt in U 
is Zero* for the Modes could not be eleminated 
otherwise. The aelf and mutual afattaoceu ccm-
po*iog K are those Identified only with nodes 
to be retained. M to composed of self end mutue 
admi ten*ee identified only with nodes* to be 
elesin ated. L and its transpose Lt are compose 
only those mutual adaitenoe common to a node to 
be retained and to one to be Geminated. 

1`erfo~siog the mutliplicatton indiaatd In 
uqustio 123.69 gives 
IA a KVA+LVx' 	Oka (p.7 ) 

and Ira• LtVA + v 	- 	(3.8) 

5iaa. all elements of Tx are Zero, subtract 
Lt.VA from both aids of equation ja (3.8) and 
Multiplying both aided by Kul jaild 

iii-'LtVA a Vz 
This expression 

3.7) gives 

'--F (3.9) 
for Vs substituted in equ.,j 

(3.10) 

Which Is a node equation haring the wire 
matrix 

1►*'t'. ~'! 	.... (3.11) 
' Thu 	*itane+~r catrix enables us to construct 

the circuit with the unwanted Modes elemin.ted# 
sad some principle will now be made use of to 
our problem to reduce the system by ele mating 
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the unwanted nodes as seotioned kerein above. 
3.11.2 U xO O Sa 	ITANOEMRXXI 

As has been mentioned above# t we have 15 
nodes in our s atea,, giving a 3 )z3O aa1twcs 
Matrix. We shell first ole inst• oi'l the nodes 
except for .1*2,3,4,5 a od 6. The nitance, aetn , 
based on the principle described In section 3.11. 
can be written and devided as followal 

II 

I 
I 

I 
I 

I 
I 

I 

I 
I 
I r 

I 

S 
S 

t  i 
► ►  t  .► 

t  Ct  I  $ 

i5, 1"...... ► ; G X75,1  

Where 1, $1201, -~- X6 tea, the current entering 
or leaving nodes to be retained std 17508 I15 
are currents listing or entering the nodes to 
be .leainated which are *Zero. The =1032•'g3 1g 
are the node voltages, VU being the Voltage, of 
bus no. 6 at the lied tee als; the altwoe 
wetrix has been arranged on the some principle. 

With the nsso given to various partitioned 
wetness as shown above, we will have the 	,— 
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tancs matrix for the retained nodes as _I  t 

"1 ~ 4s 1211 18x18 12 x2 	18x12 

Based on equ ationn (3.12) we can write the aki, 
tano._matrix_for Tho_6 node as 

2 I 
3 	i *~ 

I 	' 
Y ' 

I2` 
1 	3; 	-- 	( 3.13 ) 114: I ;4I 

L¼J j 'J' 
Since we know the value of load aitaice at 

bus no.. 6, the above can further be sisplifisd 
for the generator voltage and currents so folio 

I 	1T 1 12 rqq 
! , 	"*., 	x 	0 , 	1 	, .~- (3.14 ) 

• 

Vh..w I and 3 are the generator currents and 
E.Lfl S 'and` Y11T2 13 v2t are the a itwnoo 
matrixes obtained from partitioning the Y Katri3 
on the principle as described in section 3. 11.1 
above. 

'erforming the multiplication indicated in 
aqu. 3.14 giv.i 
I•?I8*Y2Ye. 	( 5.13 ) 
I6w YIN f '3''~'I~rw► ►ihw ~— 	( 3.16) 

Fran . fqu. o(3.16) , w9 have 

Substituting the value of Vs from oqu.n(3.171 

a. 
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to equ.a(3.;15), . %s *get 
I=Yll T2 " Ta-T -i y2t 

_ 1 "Y21,&# 	t , l 	3  

i.e. Xma 
Whom R*T -T j"$a+Y3 j ~t ..,,. (3.18 ) 

Thus equation (3.18) gives a satris It ioh 
relates only the generator voltage* and ourrenta 
gn d way be used to obtain the swing Curves of 
the generating Units. A detailed digital ocmpute 
progra+sm. to obtain the L m stria from the origin 
30*30 matrix and to plot the eying Curve there 
frc has been developed in the following section 
and discussed further. 

3.12 'JQflXNo 0? 3WZHG C . Y s 
Pox the purpose of plotting the owing Curves 

of the a/o of four generating units, the 3)6 fsal 
has been considered on the 220 oEoork.. ursd-
oager line. The sya tae, in the initial Condit ion, 
has been considered to be stable and the m/'o 
torque angle deviations have been calculated by 
the stop by step method taking the time interval 
of 0.01 sso. t The fault has been allowed to 
persist frovn 0.0 to 0.1 asc. and then it is 
cleared after 0.1 sea. slowing the line to 
remain open upto 0.6 ate., when it Is desired 
to reoloeer the breakers at both the ends. The 
time angle xalations have been shoym in table 
4 and the swing curves hays been plotted and sh-
own in tig. (3.1). The detallea coaputor programme 
starting from the reduction of eitsnc5 matrix, 
upto getting the torque angles for each machine, 
slougwith the Corresponding data and results as 

1 
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obtained fron the ooaputor are given on sppi 
I1 and III for tine interval from 4.0 to 0.1 
sea. end 0.1 to 0.6 seo. respeottve]y. 

. g2.1 	R$ LAJ Q U 	UUi 

The following epproe h for framing the 
ors~putor programs ss be used. 

• t. The initial value of Bit%D Og,~N 21*1'2""30. 
P4,g1,D2*g3,$4#D1.D2.D3.D4.D5 are knoe. 

2. Frame the gat 	itenoe matrix in the 
manner se discussed in section 3.11.1 for 
fault on condition. 

3. Solve equation (3.12) to get (1) matrix. 
4. Simplify further to solve equ. (3.18) to got 

I a 4 matrix. 
5, Oslouia€te driving point and trsnsfsr 	it+c 

and edi tanoe angle of the r*stniog $ nodsi 
6. Find the relative torque angles of various 

units as D1 D1•.D2 ,D13..D1-D3 Ito. 

7. '. nd the load torque TA ,TA2,TA3 on 1A40 
8, Find change in torque angle DD1*DD2„DD, end 

DD4. 9. Find the now values of torque angle of eeoh 
unit as 
1 	a D1 +DD1 
Dg • D2 # 2 D3 	- D3 +DD15 
D4 

10. Bunch the values of D1,D29D3 ad D4 
11„ Test for time of period. 
12,E 8o to step (6) and repeat with time interval 

at.0.01 upto 4.1 reo* rdi.n the fault is 
cleared. 
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1% After the computations have 000ured upto 
0.1 s*a#  modify the s&Ltonce Matrix of 
the system at stop (*) for fault cleared 
condition, by changing the respective ole-
ments and repeat upto step (10) for the 
period from 0.1 to 0.6 ago. With a tao.o 1 
S.C.. 

14. With the values of D1,D2 D3  and #evallab; 
at the and of each interval#  o t*Q.O 1 goo. 
upto 0.6 .eao. , the swing curve for each 
rn/c group can be plotted. 

-! Q A %LT  As ah wn in g. (3.2), 

An is observed from the swing curves yiott 
in fig. (3.1) , the a r et.m hOPpone to be unatat 
if the fault is allowed to parsi%t for a 
period of 0.1 sea. i.e. for 3 rohs. 

'phie sugg, to the use of faster operating 
br Akers i.e. op*rating within 2.5 to 3 cycle 
should be employed. However here it m be . 
mentioned that the affect of voltage regule 
tori,, grouading,Dsper windings and sp ad 
govorners has not been taken into account 
while oarrying out the above studios. Firstly 
because of the lack of information about the 
system and seoondby, these detailed studies 
are beyond the scope of this thisos. Those 
fiotoke should invariably be considered 
while designing a system from transient etar► 
bility point of view as they have their 
definite effect on this sterility limit of the 
system. 

3.2 	7 	 x tTy 8V1I?x 	1111 .. 



which is detrimental to stability as it promotes acc, 
tion of the genralersx 

It is further necessa y to consider the system 
tO be dynomic and frequency +' ,; 'As for example 
system is so designed to remain stable under steady 
tx. isient conditions, considering the system loads a~ 
constant imped2nce lards, the system would work out 
instable when the loads are considered to be dynomic 
frequency dependent, as given above.. 

The'~e is lack of information available for he 
composite load charactristics of the system. Althoug: 
power system Engineer 5n have been concerned with th 
effects 	lead charactristics, on system stability 
at least 40 years and many studies have been made on 
subject, few electric utilities have made adequate t 
to dc'termine their own load characteristcs. Under—st 
the lectric utilities are reluctant to subject thei 
customers to very many planned distrubances for the 
of anslysing transient behaviour and not. utilities w 
make such tests. However instrumentation and automat 
recorders are now available which may make it feasib 
for utilities to obtain load characteristics without 
tests. By installing such equipment at imppaNaot bus 
whenevera system disturbance occures, pertinent data 
be recorded, In time, sufficient load data might be 
ed to detemine the load characteristcs, although sep 
of voltage and frequ ?ncy effects may be often diffic 
If such attempts to record the actual lead character 
are made, adY considered in stability studies, it wi 
d to more accurate and conservative results, without 
the present studies may be said to be optimiStic. The 
system designed with all such considerations taken i 
accou:it shall be more reliable. 
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13. After the o*putationa have 000ured_ upto 
0.1 eeo, modify the s3miteocs matrix of 
the system at step (*) for fault o ,eas d 
condition by changing the respective sle-
nenta and repeat upto step (10) for the 
period from 0.1 to 0.6 moo, with o tu3.o 1 
ane. 

14. With the values of DI,pD21 3 and A at ab; 
at the end of each interval, o t'0.O1 sea. 
upto 0.6 moo., the awing curve for each 
s/o group can be plotted. 

710W t ARC'& As *boon in PIg. (3.2), 
3.13 

An to obeerved from the wring curves plott  
in ft 3. 	the a stem b 8 ~ 	~ 	Y 	~►p•ne  to be unstab 
If the tilt is allowed to p.reist for a 
period of 0.1 cco, i.e. for 3 p►cl.e. 

This augge8to the use of tooter operating 
brooks I.e. operating within 2.5 to 3 cyote 
should be waplc ►ed. How.rer here it may be 
mentioned that the affect of voltage r guia-
tori, groundiog,Dàper windings and app d 
governors has not been taken into account 
while oarryina out the above studios. Firstly 
because of the lack of information about the 
syatea and seoondky, these detailed studies 
are beyond the scope of this t .teR. These 
factor. should invariably be considered 
while designing a syst+N from transient ataa- 
bility point of view a# they have their 
definite offset on the stability listt of the 

3.2 	Ft p 	UDJs71t 
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AR4qTU1XO  OP JOAD13 
Por power eyet planning and operation under 

nova al and emergency condi tione, voltage depen- 
dent and frequency dependent behaviour of loads 
should be studied#  because voltage and frequency 
are the powerful parowetera available for control 
/e/. An effort has been mad to develop the proca 
dose for studeing the tranoient stability of a 
iubtiwac hln* nyater taking the load at Mura6nsger  
to be dynata and fraqusn t dependent. The load 
characteristic with asst. to amid frequency and 

• voltage of the composite load bee ' alro 4y been 
• developed in - section 2.42 en3 2.43 of chapter II. 

It is now proposed to develop the procedure for 
obtaining the owing curve in the following aeo•. 
tlonn with load being d1ynisio and frequency deper 
dent,uttliaing o+aposit load characteristic as 
shown by equation 2.6 end 2.7 in chapter II. 

The detailed procedure for plotting the swing 
curve under steady state i.e.takInd the load as 
constant Impedancehas already been given In ■eo-
tion 3.12.1. above. For the purpose of present 
study the effect of change in voltage and frequ.-
nay has further boon considered to evaluate the 
value of load edaitanàe ra in each interval of 
001 sea. and then by using this now value of 11 
the R Matrix nqr be worked out each time and then 
the calculations for obtaining the owing curve in 
the similar method -can be perfoxsed. The follow-
ing ap oroach I • proposed s 
i) The initial value of load adrtiten or y e is kno 



ii) The generator E.KiS., 1, .E3,E4  and S 	r 
known and are said to be constant during and 
after the fault. The Initial values  
p4,D1,D2r 030D4ud ID5of each 0/o group are 

known. 
iii) The s aitauoe matrix With fault on condition 

may be written for the *"plate srsb,  r 
tai as to done In section .3.12.1.. The am#  
caab, modified for fault cleared conditions 
by changing the respective element. 

IT) Reduce the s1lsita ce matrix to 6x6 by Matrix  
oiler ion as suggested by. equ. (3.12) of 
section 3.11.2. 

,) Equ etou (3.17) of section 3.11.2. maw be 
Written as 	=, 

Vrn_Yrn+Y, T2tE 

asX 

Thin giives the Value of V* lamedistely after 
the Fault. 

Ti} Consfder the frequency to remain constant in 
the first Interval of qt• o.p 1 see. 

''mil With due consideration of •t.p(v'it) above and 
with the help of equation ( ) and ) of 
section 2.43 of chapter ii, we can got the 
change in active and reactive power taken by 
the load due to the change in voltage Y„in 
the first interval i.e.. 

L P 	Vt u`" 1xc Ta 
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A Q* nK2' mn~` 1 VM 
IC4d I' 

Where 'values as defined in the above section and 
A Via= Yap before fault -Va after fault. 
ix) We can now have the now values of active and 

reactive power taken by the load just after 
the fault, the before fault values of power 
being known. 	- 

x) Prom the now vo ufs o,f P and Q we can find 
respective value of Ym as follows: 
aa(t9!.4L_. 	i:1 

Va  o- 

Where 4 being the phase eagle of Va. 
xi) Got to step (vi) and iterate and test until 

Tm converges within a predetermined index 
SAW 1 part in 1000.,, If test is satisfied 
proceed as tollowes 

Iii) Proceed to reduce the (6x6) matrix to 5z5 by 
in atria operation. an suggested by equation 
(.i8) of seoton• p.11.2. 

xiii) Calculate driving point and transfer adsitent 
and erimitsnoe angles of the remaining 5 nodes 

x.r) Had the relative. torque angle of various 
units DD1,DD2 etc. 

xv) Find the load torque TA1,TA2tTA3 and TA4 of 
each unit. 

mil) Pind change in torque angle DD1,DD2,m)3and 
DD4s 

xvii) Find the new values of torque angle of the 
Esx.F.of each unit as 

a 
D2 a IDg+ 2 
D3 a X15. 3 
T~ is D 11D4 
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xviii) Punch the 'al'ee of D~9 D29D3 end D4. 
xix) Test for time period. 
xx) Go to step (,€v) and calculate the new value 

of V'm with changed values of the phase angles 
of E.MJ. S. ,B1.32 % and 34. 

xxi) At the end of (xx) tht stop we know the value 
Vm end phase angle 4 at the end of previous 
interval. 

—j o .d radius. 
giving there by change in frequency an 

to 0.01 sea. A 
ii) 'fie can now got the now value of frequency as 

' news? old +4 t  
iii) Usiculate the new values Of active and reeoti 

power with thl. help of equ ati on (2.6) and (2.7 
of chapter 2.43 i.e. 
P nit n C 1V n a. V +K31'- f+P old. 
48 -f'-50 

P new x Va v~ i►~~+ 3.2j+P old 
50t42 i 
Q, nowan i24a 	U+IC 4f+ 4 old. 
43<f~32 

xxiv) Go to step (X) mad calculate the value of 
To. 

xxv) Repeat the calculations from step (xii) with 
time Interval A u0.©1 sea. 

xxvi) After the computations have ocoured upto 
0.01 sea. modify the admitnnoe matrix of 
the system at step (iii) for fault cleared 
condition by changing the respective oleme--
nts and repeat tupto stop (xxv) fow the 
period from 0.01 to 0.6 eec. with 

4 
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at p 0.01 aco. 
j t 

"YYY

1 

o c +a of occ! 	to 	c . °.t X0.0 coo 

upto 0,6 coop, the co t + uu 	o for cat rho 
oup cc bo P 	ttc i 

,22 ta cbor.n in Ste. 3.3 

f M170 0t VR O1 0' + . A M., C I1  

Tine interval 	TC0.01 coo. :ho fault' clocrc 3 
of 0.1 0CC„ 

3l. i a$n0 in 	Torquo cn to in rc icuo at the bo int1 
T700 

* 
co a. . 	I„ ntua ~ 	al 	 ..,_.. 

nQ Otcjo 	Yc iuno Ota o 	c jc 	a fl3rIuC3cflJ  

1, 0.0 0.682 0,652 0.576 0.48 

2e 0.01 006555 068553 0.4913 0.5016 

5. 0.02 097365 1.0042 0,3377 0.5166 
4.  0.05 0.9511 0,9532 0.4856 0.4842 

5.  0.04 1.0015 1.1295 0.7609 0.4711 
Ge 0005 1.0995 1.3951 0.9631 005252 

7. 0.06 103"0 1,4241 0.9776 0.5659 

De 0.0? 1.% 106501 0.9749 0.5133 

9.  0.08 1,6274 1.9416 1,10T 0.4525 

10.  0.09 1,7606 1.0789 1.5099 0.4920 

110 0.10 108290 108595 1.4496 005740 

12. 0.1 1.6994 2.1044 1.7583 0®5241 

150 0.12 290455 2*0027 1.9111 0.4072 

14, 0,13 2.0024 1.6922 1.9192 0.4158 

15.  0.14 2.5407 2,6799 2,2317 0.5335 

16.  0.45 2.4947 2,3414 2.7426 0.9422 

I 



t W, 

17.  0.16 3.0710 3.1016 2.8793 0.4023 
18.  0.17 3.1701 2.0926 301748 0.3460 
190 0.13 3..65582 307386 3.8004 0.4653 
20• 0.19 3.8793 3.5404 4.3388 0.4889 
21.  0.20 4.5700 4.5953 4.6843 0.3573 
22.  0.21 5.1021 5.5710 5.4468 0.3437 
23.  0o22 5.8752 6.1045 6.2791 0.5207 
24.  0.23 6.9313 7.0000 6.7579 0.6399 
25.  0.24 7.0834 8.3195 7.8225 0.4764 
26.  0.25 9.2011 9.0873 009902 0.3260 
27.  0.26 10.1191 10.7200 10.3375 ' 0.4054 
23,, 0.27 11.5721 11.2623 12.0183 0.5088 
29, 0.28 12.6504 13.1867 13.0184 0.5141 
50. 0.29 14,3844 1.4.4719 13,7137 0.4952 
910 0.30 15.7562 15.9213 19.4778 0.4142 
32.  0.31 16.9742 17.3777 17.7778 0.4116 
33.  0.32 16, 719 2 18.5913 19.265 0.4116 
34.  0.39 20,4619 2009950 19.6294 0.6007 
33. 0.34 22.1c90 22.2588 21.4670 0.4960 
3, 0.33 23.3940 23.9740 '24.5566 0.3604 
37. • 0.36 27.9364 23.2916 29.9299 0,3499 
W. , 0.37 .27.11172 27.1108 25,5677 0.6912 
39. 0. 20.4770 29,0426 26.9386 0.5771 
CO. 0.39 29.4410 29.5498 29.5300 0.3253 
41.-  0.40 30,2080 50.2249 525311 0.3205 
420 0.41 30.0709 31.5599 32.8861 0.7833 
43.  0.42 32.2370 32.3294 30..2227 0.9446 
44.  0.43 32.6313 3209644 29,1849 0.2057 
45.  0.44 33.4786 34.0875 26,5006 0.2343 
46, 0.49 3,4976 5307943 24.6361 0.5514 
47. 0.46 33.9239 34.4591 22.3796 0.9422 
49. 0.47 4,6009 34.7513 10.5380 0.4897 
49.  0.40 59.2539 3503987 12.5426 - 0.2093 
50.  0.49 55.+169 5304011 4.5702 0.3347 



91.  0.S0 36.7160 56.4071 2.7442 1.0583 
92.  0.51 36.1649 36.9352 - 0.4029 0.9648 
93.  0.92 39.7190 35.6042 -► 12.4589 0.0120 
54. 0.53 35.1325 33.2016 - 19.0336 - 0.0469 
5. 0.94 34.5109 55.3524 w 26.9935 0.7338  

56.  0.55 54.6479 33.eGcO 37.0671 1.0094 
57.  0.96 33.1225 33.8471 « 45.6563 0.2409 
58.  4.57 51.9944 33.0322 95.6902 r 4.3832 
99. 0.5+ 51.7562 50.24 - 65.953,  0,4431 
60.  0.59 29.8320 28.9771 - 77.2579 1.4197 
61.  0.60  26, 5444 30.0583 - 83.1763 0.9909 
62.  0.61 21.3783 31.950 98.2039 m 0.4145 

V 
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ft Vil.i be oboorvod frees #i.{3.#) that tho 
Oyotc hop as to to uontablo for a 3 phcoo 
f cult on Roorkootjurcnar itno. Prof tho otu- 
dtoa oorriod out on froc ucq dopendent pzcoivo 
lot a ucual3.y not in prcotico1 tho rocuito tndi» 
onto tho prononoo Of nOg0tivo dciptng duo to tho 
rioo in activo povvor than tho tootc3tcnooua fro'. 
quangj f o o undo r dioturbod conditiou.l'/ 

"moo froquoncy dopondont load icrp0000 cmtso 
load o r in to zodunod ovoiicbio va1tc o cud 
roduced opc cting froquonoy, thorn by pr+ otin, 
docoioratioo of noobinoc and oonooc ont incrocood 
inotob lity, 

in acnorol in tho prcoanoo of ohunt cnd ao-
rioo oc ponootion (wood to inprovo poor fcotorg 
ro6.uco 1c p fiict or, cnct to itprovo voltcjo 
ro 1ati on) the Oct ivo pot,or to ,r footoO mainly 
by tho aoriaa comp0000tion rid folio at cn incroc 
0o0 rota than agoratina froquoncy rioor3, thoroby 
offorinC aoro nc3otivwo dcpina* 2ho bchc jot of 
the rooctivo potor to doto incd oa3,nly by tho 
ccponoaji,on0 In tho cc .o of oo1 .00 pc~pciootioo* 
tho n cturo of bohctriour of tho rocOtivo ovior 
tuith ifCtC~tcnoouC froquoncy do o not cbcrjo 
boo oo tho ©orioo oc:ipCuoation to flavor noro 
t!.aa 100$1, but the a} xnt coipcnactioo by ronotoro 
cy rc atoo tho oituation booc3aao tho rato of 
ohcnao of racativo pottor boccoo pooit rp tukt+i 
rou coo the Oyatco Voltcjoa, thuo tncrocain tho 
aoCativo dr pinj offoro1 by tho cotivo po'ior. 
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Por you or oyotc atudtaa, 1icltto 04 r 
furococ loodo can be roprocc cod by o curont 
dcpcndc t roaiotwoo cnd Sroquonc dcpondct roeo- 

tetoo oirouito,nurc rl arc ottftoro o u be 
ropaoaontod. by 0 oonotant ourrout aiuk for va1.tc o 
Gepot38 Oo and by a oc atont roQio%oUcO inductive 
circuit for froquc ncy dopondaaco in otabilit t 
otudioo. 

If Chic io dono, a Wore accurate c.~czociont 
of the u, rotc io ganaiblo, cnd tho ac3nttudo of 
the o "oo'to co 1uoludo6 oc be p cctivOl OlMi- 
ftocnb. 

2ho trciotont otcbilit otud of the Coatorn 
UJ.GriG hcc bocn ac iod out with loc2 to be 

CO .-5 	k j..... ri~Jw to 
iin firat inctonco cd ,d'nc3tc cd f'roqucnoy .opQfl 
dent to the 2nd. inobcnoo. 

tith 2 ouladjo of locL oc ipooition obtained 
from loci CUM0,7o0 cccli lord in t.bo povor o, atco 
on be dooited c pro cOtO y into c o poocraO ouch 
co 
1) Luc. t o 1oc o tnvolviu induction aotoro. 

Iii rcoaiva tre uonc& io oudcnt locdo. 
iii) 1?uro rooiotc oo &oada. 

Xu pc tou1cir0 the cboscctortOtica of Voltcj0 
cnd fro tuoncV Qopcndont 10 	c `loui4 be CIP10ICCl. 
in ca0000irl the z'oquiro4 porror c otam nortc,ifloa o 
otcbilitr I n loL otocfl~x ototo and dloturbad oGnd$-
tion©g CO voU co f& a rori3c. off► c t'o1g c d ot3 
givo o1niftCct1t1I different ocu o fzo , thoao 
obtained ton froquouo1 cad u01tC30 dopcud+cCcO 10 
Scaorode 
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Tho Canoidoratlon of offoat o, ` obc,jo in 
volte,o. on tho ioc for doo i n orotcj Sro i 
otability point of vion to of vox y ouch ioport 'd 
i dip in volt a ncy cc zoo oboddip of Zorn ouch 

acs dia CCh 	icpo0 curcury ore ,roctifioro, ote. 
iab Oro proviaoi r4tb Hadar Volt o a Ioeoe 

Wtthjo dotritnonto]. to otobility e it pro otoo 
eQcoia ration of tho aonorotox . It lot thoroforo, 
of lntoroot to as pi nor tht.o docigning .a oyotc 
for optitzum ofobiU ► undor,otocay ofato es voi1 
c undor tronojent ototo that tho offoot of 
• voIte o di vetoing thorob the paaotblo 10 
ohot2dinC obould bo oonoidorod ,cad talton into 
account, 

It to furtboa n00000 ry to oa*oidor tho oyotc3 
1ocdtt pcirtii,1 ifduotjo t3GOOM# Enduotricl 
cd t rioulturat 10c5o to bo dyncaic cd froquo or 
dopondcr,t. J10 for ozcpIo, if a oyotcj io co 
Gooiguod to rcnain atoblo unGor otocdy or t.rc3oic.~ 
oonditionoo, oonoidorirn the oyotc .oclo c cono. 
teat thpcdonoo oa& the oyotc3 ou1d ork out 
to be uootcjo thou tho fordo arc oonojaorc to bo 
d1nc310 +raid froctuoncp dcpozdont. 

2horo i o 1a of 11)fos ation craijcblo for the 
pooito 1oc o catoriotj+s of i o gyot+cm. Al.s 

i hot 	► 
 

poor rjot fbtjinooro hcvo been concorncj 
'4t t$e o2footo of 10 1 charootorjjtjca on oyotc 
otcb1U1q for at 1oc. t 40 room cud aciy otudioo 
ba7a baci mcdo on the oubjoot, fotY olootrio ut$ag,ut 
tAco hc?o r c o r oquoto tooto to dotozino thoir 
orM loal cborcotoriotiod'.' Undor-ctQb.tbo l loot is 
Utilitlao ern ro1uotcj to nub foot thoir cnoto c 
to vary Mor,  , pX ano,j diturbcjooa for tho purpoao 
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of c oigoio, trcmotoat bobcroioUr Cnd not oli uttl 
tiov v iii ucto ouob tooto. Ilov,oaor inotu3cntc1ti 
cud cato~latio rcoordoro are nov avatlubia vidcb 
zcr r co it focib10 for utilitioo to obtain 1Or 
cb raotoriotiao r ithout toato. By inotoUtnt; cue  
equipment at tt3pertoflt buooc, tcnovor a Oto on 
4ttOtUrbCflOQ Ocouro, pertinent a ata ccn be 'r000rd p 
in tine, aufflatent loci +dots ti ht bo obtoinod 
to aotarntno tbo food araotorlotiao, n thO 
oopration of roltczjo cad Zroc uot2cy offooOo cci be 
often difficult. If ouch attcmpto to record tho 
actual IoCd charectori0ti00 are cCdoa cud conri-
Acred in otabiiit i otudic , It c U lod to Dore 
occurato std conoorvativo ro3 Soo without tcicb 
the pr0000t otudic o Qay be ocild to be opttnLCtic. 
The oyctca r oo nod with all ouch ao didorotion© 
taton into account oho .l be core reliable, 
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?z' }. IA - 2 

Ya, 9 a 0-3 6.25 
12,2 a 0-3 2.58 
T 3 3 a 0- j 2.84 
Y4s 4 0j 9.42 
Y505 a 3o79 	17.99 
Y6,e6 a 3.069-»3 36.72 
Y7,7 a 1.704-, 	15.02 
T8,8 a 1.949-3  8.94485 
19,9 a 3.16-j 	17.11 
110,10  + 8.468-3 22.912 
111,11 1 3.923-3 	9.769 
112,12 a18.03553 37.652 
113,13 a 7.77-j 21.69 
114,14 a 7.953-3 15.425 
115,15 Q 5.48853 47.465 

~~ ~I ■ q IrI~1111i11 IIII 

11,7 o T7,1 a 00 10.21 
12,9 a 19,2 a O'3 	5.36 
Y3p13 a 113,3 a 03 	5.61 

140 15 a 119,4 a 0.4 12.28 
15,15 0 115,5 a 3.79-rj 17.95 
16,15 a 115,6  rs 0-3 22.4 
16,10 a 110,6 00 -30 
Y608 a 180,6 0 1.15.3 5.9 
16,14 a Y1496 a 0.587.3 1.5 
17,10 a Y1097 a 1.15.3 .509 
17,8 a 18,7 a 0.054-3 2,87 
17,9 a 19,7 a 016,25 
19,11 a 111o9 a 3.16j 0.03 
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sta, rt I 	a Yi 1,10 	= a.642_ 
~tQ 12 	 j '~+X35 '~ • - Y 12, 74 	• 4-49-j 8.22 Y`12.13 	- T13,12 	a 7.77j18.92 T12,14 ' 	• Y14,12 	a 5.66j 10.58 Y14* 15 	• Y15,14 	a 0»746... 

.All other Valuge at tre. rtex a it gyres 
beibg Zero, and he not been written above. 
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ticUivi L'qH Jb 

CC, 	WL ADIT.I ''Y 8'3!UDY or VJSSTMW U. p.81tID AY * .4,B41JBAL 
DnlBRSX j3 ,A(12,12) DC(12,18), (18i,12),8(18,18),Y(1~ 
DMizzou 'a00t 2} OY2T(29 lo) Iyl( lot' 10),-rt (,2o 2j VY3(; 
D' BI0j 01(18, 12),02( 12o 12) ,Y2 (2,10) R1( 10 10) 

tt A 'i1,uc o;17000L 
ADD1,18XzJ 
Rite!1,fYLR0,,UYit34 
i 'L1D1t,ea1, I2,35,flt,Z5,P1Ip29 '3aP4AH1,H3,H4,t2pD1i,J D3,D4on5,1?,, •J 

HHAD2, ((a(x,J),d1,1, ICOL), =1,LlmOt7) 
~~~~12 a ((H~, I o+~') ~~ra 1 ~,~'14"►Ct~7~} ~,'~ ~ ~AE~t?i7} 

fl 2,(( (I,J),jai. zva),ra18 rrYti]ia} 

2 PvT A'T(GVIO,3} 
10 P(? 1AT V10f 4} 
21 I'( *7 ; ( 37R AG 1s fr ' ''t 3i D 4 ;IIJ'IUUC OF 3A t:rtVI1 , ii/5F 

41,12) 
DDIO. 
DD2=0, 
DDS}. 
DD4O0. 
d0 f 
I1 

1~.i i 180. *I o(D2002)/ii1 
4U=183 'OF 0( #o2)/B2 
13 180, OPo( '00) 3 

180.OVOU *'02)/H4 
105 031=19 UQOOL 

DOM I,TTCiZO7 
£ 	zIr28poL3I2xo.0 OP C AS 0  

40 



3 c9(!.i)e30(J.t) 
CALL IU t T(B,18,18) 

0  t t1'IRIp CATIiu or xuiit'T AND CT 
CA16L t xl'ATC'(18,18,12,D,18,01,1s) 

0  fUIiiIPI .CATIOO OF 0 mm 01 
CALL UD2ATC (12,18,12,o,12,01,18,02,12 

0 	DIFREU0I OP A AID 02 
DO8Z1,flAROP 
DOW 1,l ACOL 

PUUCH2,((Y(I,J), 1o,' 2),1x 1,12) 

C 
DO9Ie1,10 

DO9Ja I I t  12 

9 Y2(X,J.1O)aY(Z,J) 

DOI7D1,10 

DO I 1J 1,10 

D0121á11,12 

D012J=11,12 

12 -Y3(I-9O,,J-X10) '(I,J) 

D013Ic1,2 

D01 3J1,10 

13 Y22(I,J)rT2CJ,Z) 

0  ADDITIOU OP UA2RU t 'YZ WD Y3 

D014I= I„flTtlfla 

DO14J 1,I CO 

14 YUZ,flc'(a,)(;,+) 
0 	Ii7V sxo OF r u YU 

CALL IUV R ('Y1, 2, 2) 
0 	U UL IP CU101 01? YI IIV T All 1) Y2 ' 

CALL t1 Z'ATO(2,2,1O,TC ,2,Y2T,,2,Y22T,2) 
0 	tMaXPLtCL I0I7 OP Y2 AtTD T2s'T' 



( 65 ) 

CALL IlI&A C(10929 1O,Y2* 10*" '! 'ti 29f1p lo) 
0 	OBVfl IUQUflUD VALUE 01? R 

►191a1010 
019tTo1010 

PU10B2,((R(I,J) e*Tc.1t "its) o Ic2Iv 14) 
Iel 

yI18QR R(R(IoZ) *02+R(IoJ) 002} 
A '11 #.57~-ATAVP(-R(Imp)/R(I0I)) 
IaI+2 

Zct+ I 

Y22=SW1P(R(I,I) *a2+R(IDJ) 002) 

Y5 	TP(R(I,I)* sa(X,J)002) 

AIe33IO57 ATtMP(- (1OJ)/u(1ol) 
ICI+2 
J,z+I 

T12 D AV(R(IDJ)002cR(IVR) 0+ ) 

Jas 

Y'93G$RT'(R( Ian') ao2+It(I*Z) 0' ) 

jc7 
1tcJ 
Y14=. A.PR(Iv ') *O2. j (Ivlt) 002) 

0ont t. • 



( 66 ) 

J X 14 I .5' .A 1 P(—li( $l)/L (I,J) ) 
J=9 

ALP1 +1.57 TMP{- (Io )/k'(X J)) 

JOS 

Y23 	' P{B( X,J) *o22aa(Io n) 062) 
AZM =1.97.tlL {— ( IC)l (Io, ) ) 
Jo7 
ItJ, I 
Y24c 2P(R(I,J) O!2.tt(IeK)O*2) 
4LP24z i.37~t1'1 { i(IoI~)/ (IJ) ) 
J3 
S~J~9 
T25r3$QRW(R(x,J) 'a.n(zpi) 002) 

29.57—t 11P{—R(ItTC)/R(YoJ)) 

x`67 
TrsJ41 
Y34r 	TP(R(IoJ)**2+j (I,ty002) 

Jc9 

'- I 
Y35 ►TP{R(I0J)* a~24R(I,I )0 ) 
~1~'3'S~~x.57--t~~.t~'{—~.(Io9I~,►~,{boat ~ 

jr 9 

Itx'jc i 

T45m8Qn{li{ I ,J ) oo2*zt(a~,m) oo2) 
X451» 57-I uP{-.$( I0K)/a(I J) ) 

25 DI2eDI~D2 	
Vo RNdlo tl O b. 



( 67 ) 

D ►D 1* D3 
Di4 D1.-D4 

D2 'D2-*D3 
D24D2-.D4 
D25esD2-D'3 

4+4 
D35=3 -DS 
D45rD4 D5 
r "=B1c'$2' Y12*83M '(D12~ ALP123 E1t>B3*Yi3o$IITP 

~JC'2~~1 ~'1~4~'~"14~`5;~~} 94-►hI~ 94)~~9 ~~~Y" 95 asl~}? 
15- ,4415? 

(D23aLPay) 
r"'2=B2oB4*y24'*s~( 324-1 	 *5Y25   °srnnw 

TA2=P2-(82.01 2210=1'(A 22)+Z= +~Y2) 
~' 'I+ -1 1*930Y1308 `(DI3,i iALP 93)-B20,USCY23' 1517l' (D230 AI! 23) 
~22E3 4*Y34c3IW(D34-dLp34) oE5*Y55*$X fl? (D35—ALP 5) 
T,A3P3.( 13 3*Z33 b$Url( X33)+D 1+ ix2) 
JX=I B4 i1 OY14'0 W(D14o-A PW- B2084o 24osIT3p 
(D24* t' P24) 

C`2=- E30124*Y3B*2 (D X34)+B4c 5°Y45O$ ' 
(D45i- 45) 
`a4=?4-f B4''D4O '44 `lE (x'44)+]i'1+DY2) 

P111101110, 	q `A3g T 

IP(TT-.o 1)22,22023 
22 Xl=(rnt1c?A1)fc0 

X2 ( 	'b2)/2e 
X3 (AZ34 T3)/2,   
~~ta~4~n431a~ 

Conta.., 



( 68) 

G02024 

23 XIIn AK 1 *TAI . 
Z2 *2+~TA2 
X3*4K24T4  

24 DDIIDtDi+Z1 
DD2* 2+Z2 
►D3 DD3 Z3 

DD4DD4*X4  
D1sD1+DDI 
D2aiD2+DD2 
D31D3+DD3 
D4 D4+DD4 
P '$t 21,D1,D2$D3,D41?i'#~1 
11.1+1 
(?? .1)25,25,26 

26 	OP 



(69) 

D/1 A POR XSL PROGRIM 1 SIT APNDU-Ijt  

1212 
1218 
18 
0202 
1.102 1.093 1.0718 1.1 
1.0255 1.15 0.43 .35 
1.425 5.029 2.899 2.26 
3.394 .682 .652 .576 
.48 0. 50. .01 

0. 6.25 0. 0. 00  0. 
0. 0. 0. 0. 0. 0.. 

-6.25 0. 0. 0. 0. 0. 
0. ©. 0. 0. 0. 0. 
0. o. 0. 2.58 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. -2.58 O. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 2.84 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. -2.84 0. 
0. 0. o, 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 9.42 0. 0. 0, 0. 
0. 0. 0. 0. 0. 0. 

-9.42 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0• 9. 3.79 17.95 0. 0, 
0. 0. 0. 0. 0. 0. 
0. 0. -17.95 3.79 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 3.069 36.72 
0• 0. 0. 0. 0. 0. 



0. 0. 0 0. .36.72 3.062 
0. 10.21 0. 0. 0. 00 

0. 0. 0. 0. 0. 0  • 

0. 0. 0• 0. 0. 0. 
«W 10.21 0. 0. 0. 0.- 0. 
0. 0. 0. 0. 0. 0• 
0. 0. 0. 0. 0. 0s 
0. 0. 0. 0. 0. 5.36 
0, 0•  0• 0. 0. 0• 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. -5.36 0 • 

0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 5.61 0.. 0. 0. 0. 
0. 0. 0, 0. 0. 0 • 	• 

0. 0. 0. 0. 0. 0. 
-5.61 0s 0. 0. 0. 0. 
0. 0. 0. 0. 0• 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 12.28 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. -12.28 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0• 
0. 0. 0. 0. 3.79 17.95 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0• 
0. 0. 0. 0. -17.95 3.79 
0. 0. 1.15 5.9 0. 0. 

0. 0. 0. 0. 0. 0. 
0. 0. .587 1.5 0. 22.4 



(71) 

04 0. -5.9 1.15 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0♦ -1.15 0587 -22.4 0. 
1.704 15.02 .554 2.37 0. 6.25 
1.15 509 0. 0• 0. 0. 
0. 0. 00 00 0. 00 
-15.02 1.7704 -2.8? .554 x.6.25 0. 

1.15 0. 0. 0. 0. 
0e 0. 0. 0. 0. 0• 

.554 2.87 1.949 8.948 0. 0. 
0. 0. 0. 0.0. 0. 
0. 0. 0. 0. 0. 0. 
-2.87 .554 -8,940 0.949 O. 0. 
0. 0. {D. 0. 0. 0. 
0, o.• 0. 00 0. 0. 
0. . 6.25 0. 0. 3,16 17.11 
0. 	- 0. 3.16 8.08 0. 0. 

'• 0. 0, •0. 	 0. 0. 0. 
-6.25 0. _0. 0. -17.11 3.16 
0, 0. -8.08 3.16 0. 0. 
0. 0• 0• 0. 0. 0. 
1.15 5.9 0. 0. 0. 0. 
8.468 22.962 .642 1.635 4.49 8.22 
0. 0. 0. 0. 0. 0. 
-5.9 1.15 0. 0. 0. 0. 
-22.962 8.468 -p1.635 0.642 -8.22 4.49 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 3.16 8.08 
.642 1.635 3.923 9.789 0. 0. 

0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. -8.08 3.16 
-1.635 .642 -9,789 3.923 0. 0. 
0. 0e 0. 0. 00 00 

0. 0. 0. 0e 0. 0. 
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4.49 8.22 0. 
7.77 18.92 5.66 
©. 0. 0• 
'" 3•as 4.49 0• 
•18.92 7.77 10.58 
0• 0. 0, 
0. 0. 0,, 
7,77 21.69 0. 
0. 0. Q 
0. 0• 0. .21.69 7.77 0 
0. 0•  0.  
0, 0• 0 
0. ©. ?.95y 0, 0. 0. 
0. 0. 0. 
0.  0• 	-15.425 
0• 0• 
0. 0. 0,  

0.  0. . 94 
0•  0• 0. 
0. 0, 0• 
0• o, 14.©8 
9.15 2.57 	-2.57 

0. 18.083 37.852 
10.58 0. ,0•  
0• 0. • 
0• -37.852 18.0a 
5.66 0• #• 
0. 0. 0. 
0• 7.77 18.92 
0•  0* 0•  
0•  0• 0. 
0  • ' 18.92  7.77 

0̀  a 0. 
0.  ©• 0„ 
0  • 5.66 10,58 

15.425 .794 4.08 
0. , t}. 0. 
0. -10.5e 5.66 
7.953 .4.08 .794 
0  • 0. 0. 
0. 0. 0. 
4.08 5.488 	.47.464 
0.  ,Q• 0. 
0• 0• 0. 

.794 -X17.464 5.488 
9.15 
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CC 	GT«d8X 	' S UD OP WE t -N U.P -GRID BY R. A.B & 
DMETSI4fl 	12,1 ,+O(12,10),0T(18,12),B( 98,E 18) s 

Y 12,12 
DIflKIISXOU T'2( 9O,2),Y2 `(2 10),t1( lO 10)' I(2,2)o T3(22) ,R,10# 10) 
iXU18IoN Ci(i8.,12)102( 120.12),T2~T(20 1O)R1(1o,90) 
R! AD I a t'AB0C10i" 0L 
ni, a,ug o,toc0L 

-R3 Bt,,flY'; IRO,B C0 
R1ADlO,B'1;~B2t oB4sB5sP1oP2tP3,pP4o{3;,o82$83oo H4vD'8 B2aD3 D4,D5,ip 

rRi D2q f ( ( I¢J) ,J '1 	C#) i=' UL1R£J) 
RB lOv D1DDD2,,DD3eDD40TI,o ~'?'t 
BBADI,U 

I BOR A (212) 
2 POMA (O1o.5) 

10 ?OBt !2( 410.4) 
21 POB 4 T (37B A17018 AT '8U B IIUh1I i OP I3IT;cRV, 	'f/ 

W10444412) 
DD tc0.O6M 

'i0.87► 

T30-0 a 4396 
40-013441 



AKl 1800 *(DT+002)Aji 
A :-2 s181a O"*(DT002)J4x2 

1804  
AiC4et g8O. *P *( *c2) 4 

105 D 31 a,r7CCOL 

C 	TRAUSPOOITIO ` OP 0 AS 02 
3 Oi (i,J)rC(J0  a) 

CALL ,IUVERT(AQ  18q 18) 
0 	T1UIIIPLICATION 0]? BI"MT AID CT 

CALL UIGATC(188 18,12,,1),18,C?, 18,01,18) 
0 	UUII PLICATIOU OP C AUD 01 

CALL CIX/ ATC(92,18,12,C,12,01,18,02,12) 
C 	DIP RER 1Cr 01? A AM 02 

DO8II9,1LARO t 
DO3Jv 1,17AC0L 

2v((j1'(IoJ)gJ=lvl2)fl=lg92) 	 I C 	RY 9-12 O(Yt1+13) I17V R2 *122 
D091=19 10 
D09Jr 910 12 

9 T2(Ipa-1©)z Y(XpJ) 
D011I1,10 
Do1Sac1s lo 

11 Y1(I, ')zT(I,J) 
D0121f511,12 
D012Jt11,12  

12 13(I-10,,J M i0)sT(I,T) 
DO13Ip1,2 
DO1 5=1,10 

13 Y'22(IpJ)cY2(J,I) 
C 	AI DI2IOfl OF fATRIX T1 AWD 13 
C 	L Yt+!3 

D014Ixi9nx.180 



(7 5 ) 

14 Y 	')~YT3( $d)+ } I,J' 
Q 	tumao'T OP LJ&RXX T1 

O!LL XtWtt2 ( D2,2) 
0 	flUtPIaIOJI0t3 OP " ZUV3 LT AITD Y2T 

CALL ri LTC(2#2t It ~,YMt 29Y2To2,~x Toe) 

C 	L1tJI 'L+1CL Toil 01 Y2 cnd T22 	 } 
CALL I AiC(10, 2,~ 10,12,10,12 o 20 

C 	0BV tU RnqUX1UD V AWI 01? . R 
1)0191010 10 
DO19jo1610 

19 
pC1 ,((R(I J)0J i,10)vllt,10) 
It*' 
JcZ+ i 
T11 $ 3t(R(IVI) * 'R(X,J) 002) 

1LP1 I=1.57—aT 31?(- R(I, T) /t(I, I) ) 
12 
jai+ I 

ICI)"`' R(I,d)*02) 
1 "22a1.5' -AT ► J?('R(Ifly')/R(101)) 
iI+2 

Y33 A,T?(R(T„7:) c 32c R(X,J) *02) 
!L P33 1.57-AT=(-R( I,d)/a( I, I) ) 
1t4+2 
aaaol 
Y44= ' V(R(X DI) 0 R(X,J) *02) 
1T?4@1 a 57.AT ,A. (..a(t M /a(I x) ) 
SC3 9 

Y12SoT (a(XoJ) +R(TvIC) 0'x2) 

jag 
ice+ I 



(76) 

T1308QHTP(R(I,J) 'R2tR(I K) *'2) 
,A 13'i1.57«-AANF(-R(I.K)/R(I J)) 
1«7 
R='}1 
!I4atS TP(R(I,J) * 2+g(1,,X)'!2) 

'141.57.AT (—R(r,K) AL(1,J) ) 
Jug 
KimJ+ I 

TI5• TP(R(1,J) * R(I,K) 0'2) 
ALPl5=l o57..AT, ?(--$( r )I ( rJ)} 
I-, 
J=5 

JO 
T23• T?(H(I,J) **. R(I,K)0'2) 
ALP231.57-AT XP(.R(I,Z) (X,J) ) 
J=7 

T24 MRTF(R(1 J) * R(yr gj, eø) 
,A i 4aI.5? AT 	(u.R`I,K)/ ( 1,J)) 
Z09 
K-J+ l 
Y25.8QR"1F(R(I tJ) **2+R(1gK)  **2►) 
ALP25-I.57ummP(i4( ItK)/t(x,J)  ) 
15 
J67 
K=J+ l 

ALP 1.57-ATMP(-R(jOX)/R(j#J)? 

Y35w$QRTP(a( I,J) + ,R(X,K) *,►2) 
11 '35.. l.57—ATANP(.R(I,K)/(1,J) ) 
1.7 



J*9 
K*J#I 
145* TP(a(I, J) "2.R(I,S) "2) 

P1JN0f2,,TI 1,Y22,Y33,T44,r'12,7~ 13*X14,y'15,T23,r24• T25,Y34,35.y45 
P NCH2, AZP11, AiP22, x'33, ADP44, ALPI2,, ALP13, ALPI ,ALP15 
PU1tCll2, ALP23 ALP24, ALP25, ALP34► ALP35, *LP45 

25 D 12s•D i-D2 
DI3.Di..D 
D 1 1.D4 
DI5 D1. D5 
D23D2-D3 

D242-D4 
D.25.D2-bD5 
D34D3.iD4 
D35aD3 D5 
D45-D4..D5 
Dl~il i=El*z2'+X12*azNjp( i'~2-AI.P12)+8'f+►B3 	 "slip (D13-ADP13) 
lKXy2*sBl*B4 •14"531 (DT4-,ALP14)+Bl*B5*r15*SINP (D15.A1aP15) 
TA1*P1-(z'*Ei.r1 I*SM( ALPI 1)+D 1+ZW2) 
UMIn . E1 *32*TI2'8ThP(D12tAL'12)+Z2+B3i*Y23+SImo' 

C D23 -ALP23) 
DW21NB2*14+ '24+S '(D24-ADP24)+ 	 '125+SINY 

t D25-ALP25) 
TA2wP2-(B2*E2 *T22 *S (ALP22)+1 	.a y2) 
D in `►3*1±3*Y13*SnP(D13#A I3)--92*E3"Y`23*$ P 

(D23+ALP23) 
D CY2 r$3.14.Y34*Sl"(D34-ALP34).E3*P5'Y35*SINP 

(D35iALP35) 
TA3mP3-CT3*33*y33*SUP(ALP33}#,nt tY'NT~1ot~i•2) 

1T1 Z4 E t *Y 14*8IiP(D14+ALP14)-E2*E4*y24*SIXF (Dl24M ALP24) 
11T2.- B3*E4°x'34'BINP(D34rADP34)+E4ME5.Y45*SIN? 

(D45.ALP45) 



z44=P4-(r4*B4*~'44*SUP(A 44)+ y'I Do ) 
PUNCt 'lOoTAI#Tat,Td3,TA4 

107 TT*TT..©1 
(TT*-.11)1©8 ,108,23 

106  
Z2.AK2*(T2+T, 2)/2. 
X3wA'3*(T A3)/2• 
X4"'L4*(T4+T44)/2. 
GO TO 24 

23 X?=, 1*T~A 
X2'=AC2*TA2 
XJ=AK9TA3 	 ' 

24 DD1D .X1 

D3DX3 

D3wD3+DI)3 
D 4+DD4 
PUNCH21, 'f*3i2s►D3q 4#T2# 

`(TT., 6) 23, 25, 26 
26 STOP 
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ATAF0RZtn. PROGRA=M AT APPENDIX •• 

1212 
1218 is  

0202 
1.102 1.093 1,0710 1.1 
1.025 1.15 .43 .35 
19425 5,020 2.029 2.26 
3.394 1.829 1.8395  1.4496 
.5740 0• 50, •01 

0• 6.25 0• 0• 0• 0• 
0. 4• 0• 0. 0. 0. 
"16.25 0. 0.. 0! 0• 	. 0. 
0. 0, 0. 0. 0. 	, 0. 
0. 0. 0. 2.58. 0. 0. 
0« 0.. 0. 00 .0. 0. 
0. 0. -2.58 0. 0. 0. 
0. 0. 00 0. 	. 0. 0. 
0. 0. 	- 0. 	,. 0. .0. 2.84 
0. 0.. 0.. 0. 0. 0. 
0. 0. 0. 0. -2.04 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0» 0. 	, 0. 00 

0. 9.42 0. 	. 0. 0. 0. 
0. 0. 0. 0, 0. 0. 
-9.42 0. 0. 0. 00 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 3.79 17«95 0. 0. 
0. 0. 0. '0. 	. 0. 0. 
0. 0. 	. -17.95 3.79 0. 	. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 1.737 29.8 . 

0• 0! 0. 0. 	. 0. 0• 
0. 0 • 0. 0 • '-29.8 1.737 



80 ) 

0. 10.21 0. 0, 0. 0. 
0. 0. 0. 0. 0. 0, 
0. 0. 0. 0. 0. 0. 
--10.21 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
V. V. 0. 0. 47. 0. 

0. 0. 0. 0. 0. 5.36 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. -5.36 0. 
0. ©. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 

0. 0. J. 0. 0. 0. 
0. 5.61 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0• 
0. 0. 0. .0. 0. 0. 
-5.61 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0, 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 12.28 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0.  0. 0. 
0. 0. 0. 0. "12.28 0. 
0. 0. 0. 0. 0. 0. 
0. V. 0. 0. 0. 0. 
0. 0. 0. 0. 3.79 17.95 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. »17.95 3.79 
0. 0. 1.15 5.9 0. 0. 
0. 0. 0. 0. 0. 0. 
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0. 0. .507 165 0. 22e4 0, 0. -5.9 1.15 0. 0. 
oa 0. 0. 0. 0. 0, 
0. 0. '4.15 .587 -22.4 0. 

1.704 15002 •J54 2.87 00 6,25 
1.15 5.9 0, 0. 0. 0e 
00 0. „0. 0. 00 V. 

-~ 15502 1.704 -82,87 .554 -6.25 0. 
-3.9 1.15 10. 0e 0. 0e 
4e 0. 0. 0.. 0. 0. 
.554 2087 1*949 6.948 09 0e 

0. 0. •O.. 0. UO 00 
0. Ca •.0. 0. , 0. 06 
402087 ®55554 R.948 1.949 Oe 0e 
G• 0. 0. 0. 0q, ©e 

0. 0. 0. 00 QO 0¢ 
0. 6.25 0. 0. 3.16 17,11 
0* 0. 3.16 8.48 0. ©e 
4. 0. 0. 0. 0. 0. 
-6.25 0. 0. 0, -17e 11 3.16 
oe 0. •-8.os 3.16 0. 0. 
0, of 0. 0O 00 tie 
1.15  5O 9 00 00 oO of 

7.136 14.992 .642 1.635 4.49 8.22 
0. 0. 0. 0. 0* 0• 
-'509 1.15 QO 0, .0O ©O 

-14.992 7,136 10635 .642 -8.22 4.49 
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