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LIST OF SYMBOLS 3

P= Active power of Synchronous Generetor,
Q=. Reactive power of Synchronous Generator.
Eg= Generator E.M.F,

V= lLoad termimal voltsge,

X= Toad reactance,

$= Torque angle of the machine.

s=. % slip of Induction motor.

st Resistance of the rotor circuit of the induotion, m
x2= Reactance of the rotor cirouit of the inductiion moto
ry= Resistance rotor ocircuit referred to primary.
X o= Resietance rotor oircuit referred to primary,
2= Torque dsveloped by Induction motor. .
Q.= Reactive magnetising power of Inductor motore

= P Induotion motor reactive power associated with
the stator and rotor lcakage,

Scr= Critical slip,

VYor= Critical terminal voltage, of 1nduction notor. -
famx W= Anguler veloclity frequency of the. systems

En= Generator E.M.Fes wherein n=1,2,3,4,5.

Pp= Generator power n=1,2,3,4.

Hn= Inertia constant of each Generator unit n=1,2,3,4,
Vm= Ioad terminal voltage at Muradnggar,

Yu= Load Admitance at Muradnagare

Q=  Phase angle of Vm, :

At= Time interval for swing ocurve = 0,01 sec.

3 2 WK

Wt

tOI.‘.
r,




Luh

~
[

1s

S

4.
5e

6o

ASSUMPTION ¢

R T e e S S

EMJ.F's of generators bdbehind the transient reactancd
to remain constant during the transient pericd.

Voltege regulator and governor effect not 6onsi~
dered, _

Line charging currents. and trensformer no load
currents ars neglected. .

Effect of D-amper windings not considered.

The eifect of change in frequency on the line .
admitances has been neglected.

The effect of in-stantaneous frequency has been
considered on the loads '
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SYNOPSIS

The importence of Power System load charace
teristics under transient conditions has been
strassed in the literature, but little infomation
is available particularly regarding frequency
dipendence) general c-onditions regarding the
behaviour of active and reactive lozd components
with freguency have been considered znd stablility
studles have been carried out on the Western U.P,
Grid, An efferts has been made to cimpare the |
stebility considering the loads to be constant
impedence and considering them to be €requency
and voltage dependence, A detuiled procedure is.
‘developed from considering the voltage dependence
and frequency dependence of the loads in trans—
ient stability studies of the systeum.
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CHAPTER [,
NTRODE L OXN

1.1 The Power development in India is of vital
importance to do the continuous progress,
Bleotric power is required in increasing
snounts for the operation of mills and
fectories, for trensportation, for conmue
nication, and for domestic use, It has
been said that nation's progees oan bde
largely meanured in terms of kilowatt houfs
consumed per capita; for a8 the cleotric-
energy oconsumption is large, sc the ineffi-
cient human labour energy will bo samall.

Whothor power is generated near the plece
where it is utiliged or whether it is being
tranemitted, it is essentlal that the relie-
bility of the power supply should be high.
Major interruptions can no longer be tolee
rated. The systens, therefore, must be so
designed and operated that meximum relig-
bility ie obtained, and so thet consumers ss
infrequently es possible, preferably never,
are deprived of the electric energy to which
thay subscride.

1o 11 GIN THE ' OB (]
~ Defining stedility in a bwoed sense, it
nay be sald that the stability of a power
system 10 in general tho ability of the aystem
to opvste inteot in the stoady state, ss well
a8 during disturbances.

The question of stability is, strictly,
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ts, st=iodky, not & new one. As long eo alter-
nating current circuits have been in operation,
41t hes been definitly known thet there is a 1i-
pit to the mount of power which csn be tranmmi~
tted over a given line to a given loasd ocentre,
It hes also been known that, with several synchronous|
smzang machine tried to the same circuit, syn-
chronism smong these machines can not slways

be maintained. So long ss the alternating ocurr-
snt syatems were small and simple, the probles

of stability end maintenance of synchronisn was
neigher particulerly pertinent nor a difficult
one, The loads carried by these saall systeus

were usually so low that normal operstion hardly
ever took place at loadings cloes to the critic-aL
conditions,

The question of system stability hes sprung
to the foreground when super power tranmmission
1s being considered seriously. At the sme tine
{nterest is incremse in the slresdy known fact
that savings might be obtained by interconnec-
tions of independent systems, end this, coupled
with the desire on the port of many ocompanies to
merge and csrry through such interconneoctions,
added still further to the interest in bulk powsr
trausmission systems, These problems £ixrst became
gss soute in the United States, md Ameriocsn Wle~
ctrical Engineers have been Ploneers in discove-
ring the essential factors wvhich contridbute to
instedility snd in devieing methods of improving
the steble operation of Power Cystems.

Yor soonomic reasons the loads which must be
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" 1.2

carried by long distance transmission lines today
are large, and margin botween normal, or maximum
load, and critical load limiting conditions ig of-
ten comperatively smell., In designing such lines
therefore, it isc esasntial that due consideration
be given to the question of atability. Such lines
nust be able to carzy successfully the maximum mm~
ounts of load in the steady atate. They must also,
and this i Just es important, be eble to survive
disturbances of a severe nature,

DEPINITIONS OF STABILITY TERMS 3
The nomenelaturs in connegtion with utabuity

is covered by the following definitionsi-

1. STABILITY: Stability is the ability of a po-

" wer system to remsin in synchronous equilibri-

um under steady operating conditions, and to
regain a state of equilibriuvm after a distur-
bance has taken place,

2, BADY STAT ILITYs

(8) BTEADY STATE $MABILITY WITHOUT AUTOMATIC
| M‘ . .

3teady State stability without sutoma-
tic devioes (Static Stability) exist in a power
systaa when 1t operstes in synchronous equi=-
1Lidvrium under steady losd conditions md with
strictly constent armature and field ourrents
in sall synchronous machines without the aid
of mtomatioc devices, ( The term mtmatio
devices usually referes to resgulstors and ex~-
citers used to very tho field ocurrents suto-
natically.)
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4.

Stosdy state stability with sutomatio de-~
vices (dynmic stability) exists in a power
systen when it operates in eynchronous equi-
1ivrius under steedy losd conditions withthe
aid rsutomatic devices,

Transient stability without autometic de-
vices exists in & Power Systen when it rege-
ins a etate of equilidrium, without the aid
of mtomatic davices, after a disturbance
(such @8 o sudden application of loed or the
dropping of a line section etc.) has taken
place, '

(%) IRATSIENT STABX ATIC DEVI-
GBS |

Transient stability with sutomatic devi
oes exists in s Power Systom when it regains
a state of equilibrium, with the ald of muto:
mnatic devices after a disturdbance has taken
place.

STABILITY LIMI® o
A stability limit (Power limit) is s valug

0f maximum power which a powexr system will
carry with etability. It epplies in genoral
to some system link, and may be specified at
any point such as at a generator or motor,
shaft, at the terminals of & machine, or at
some point on a transmission line, In every
case, however a stability limit is influnced
by the charecteristio of all elements which
mgite up the syeten,
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6.

STEADY STATE STABILITY LIMITG

The astoady state stability limit of
Hmit 1link in power system 15 the naximum
power which can be carried by that link wie
th the system opersting under conditions oj :
ateady state stability fi.e. load is applie
gradually. .

AMIBIBNT {23

The transient stebility limit of a link
in e power system 1s the meximum power whi-
ch mgy be carried by that link with the sys:
ten operating under conditions of transient
8taebility, The transient stability limit is
dependent upon the kind and durstion of die
turbance a3 well as upon the previous steady
operating conditions of the system, The 4ise
turbance must be completly desoribed as,
for instance, the addition of a given load
ot a specified polnt, the tripping out of
@ link scction, & fault of a 8iven type at
SoRe point with its subsequent point ite
subsequent 3 olearing after the lspsee of &
definite time ete.

Por power system plenning and operation
under normal and mergency conditions, vole
tage depandent and frequency dependent be-
haviour of system loasds should be studied,
because voltege and frequency are powergful
parmmeters agvailsdble for aontrol. The
aomposition of various system loads is usu-
ally known to the Plenning Sngineer, as well
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a8 , to the Power Controller for losd flow
and stgbility etudies under steady state and
disturbed conditions.

The more usual losds met in practice ine
clude induetion motors, filament lamps, sle-
ment heaters, discharge lmpse, arc furnaces,
electrio weldors and mercury are rectifiers,
all of which ere voltage dependent and exaep!
for filemont lamps and element heaters, are
also frequency dependent,

Owing to lack of adequete information ,
system loads have ususlly besn represanted
in syetem studies in various ways, such asby
(a) Conetant shunt impedence at syatem nomi
nal frequenoy, giving active snd resctive
powers directly proportional to the square
of the terminal voltaege.

—zb

(v) conofnnt current sinks giving active
and reactive powers directly proportional to
the terminal voltaege.

(e) Non linesx losis I 3 I.
All the loads mentioned here, except f£il
mont lsaps and element heaters, vary wiih
systen frequency, but little information
is available on the frequency dependence

Aotive and resctive power variations
with instantaneous frequency influence the
bebaviour of the system under transient cone

- ditions. Hescotive power governs the voltage

drops in the trasnmission nett work and ine.

fluences indirectly the out of balence active
power for the synchronous mechines. Tho
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1.4

over 0ll locd coapoo=ition co obtalnod by a locd
ourvoy ocn bae uced in otadbility studios for stocdy
ototo ond dicturbdod conditiono, During dioturbancoo
R rernEbispdn® o tho power oyotcan, tho
variouoc oynchxonouo machinoo aro cubjeoeted to clootrop
mechcnieal osellleoticns vhich esuso tho froquency in
vorious pertn of the oyotem to vary instmtencously
in aiffering dezrecs. Such froquoony vaoristions
caunc chamgen in lno~tontoneous valucs of pover oya-
tca Parrmotorn, which ara not nomoally tdten socount
of in powsr aystaon otudies. Av the froquency daponde:
noo of induetion notor losiin on o power oystcm ean
be oigonifioent, and thin proscnt otudychows a oimi-
lor ilnportonec far frequoney dopendence of varioue
locdo, amd how tho system etesbility is affocted on
cccount of the sxac,

ST ATEM BN
2hiec theosis underetokes the prohlom of aceooaing
the exact offoot of the voltege end frogponaoy
chearacteriotics of o eaiposito loed on tho tranoiont
otobility lirito of o multinachino oysteom. Fho
Uootern (.P.Grid hoo boen takon oz tho power mystcn
hoving mejor UGenersting ctations of Yemuna ond
Rcugenge Hydel Sohcaco ond Harduegenj Stoca Station
with loeds ot Durcdnegor for the ctudy purposen,
The oingiec line dlagrc of tac oysctomw is showa in
1.1 ond tho various dota of trancmiosion lince,
Gonerotors cad trcnoformers ore chown in Rabls 9,
2,end 3 roopootively. Hurainesor 1o a big lood
Centre in tho Testern U.D,Grid which roocoiveon
Povor frea Ycwna, Delhi, Herduogen)

> 0P THE Pi 21 AND ATTH "PROACH 3
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. @nd then distributes to Ghasiadad, Meerut,
Modinagar, Muradnagar, Hspur, the places
whioch are most industrialised and contain
the maximus induotion moter losd. The 220KV
line betwsen Roorkee end Muradnsgar hae
been considered as the feoulted line as in
normal condition this line is supposed to
carzy most of the power to Muradnsger as
seen from theo load flow disgrsm of the whol
U.P.System shown fig. 1.2 (taken from the
nstt work analyser report of the U.P.0rid
September, 1967) aod o8 such its intruption
should cause the maximum disturbance to

the systen,

LINE IMPEDENCES¢

RERS
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2.1

CHAPTER 2.

10AD GHARACTBRISTICS AXD TYPES OF LOADSS

LOAD BETIAVIOUR s
Load flow, stability studies and losd sur-

veys asre periodically carried out, and losd

trends are considered at various pointe in poe
wer syatem at intervals by system plenners so
that future powsr demands can be met convenien
tlyfor the worst practicable conditions. At

the detalled losd levels of planning. By conei
dering various espects, such ss demend factor,
diversity faotors, efficienly end power factors
of equipment the active and resotive power

demands can be ascertained for a particular
time and for the worat conditions. Owing to
lack of edequate information and convienient
methods of assessuent induction motor loads
liave previously been represented for powsr sys-
ten trmsient and dynamic otability studies in

various weys such as by /1/.

(s) Constant shunt impedence st syatem nominal
frequency, giving active and resctive pows-
rs directly proportional to the square of
the toerminal voltege.

(b) Constant current sinks, giving sctive and
resctive powers directly proportional to
the terminal voltage.

(o} ¥on linear loade,

411 of these reprosentations treat the
loads as static and independent of frsquenay,
but they are, in fact, dynmmic and frequency
dependant.

L]

£}
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Induction motors contridute significantly to
power eyctem loads, their input active and rescti-
ve power Gepending upon the instantancous rneagnitue
des of the teminal voltage end operating Lrequency.
In the paset, the change in instantaneous apoed of
of symchronous m/c under disturbed conditions hes
been neglected, as it has been considered ineigni-
ficent. Howevery during electro mochanical osci~
11stions on power systems, the instantaneouse fre-
quency does change, and changes in aysten loads
have boen previously taken into account, for exsm-
ple, by a system demping coefficlent of 2,/2/.
Purther, the system frequency 1e a very powerful
psrimoter avallable for edjustaent by the power
systen controller, But {nformation regarding load
varistions with instantaneous frequency is not
readily svailsble.

" In the kind of disturbance with which most
stebility studies are concerned, loads are subjeo;
ted to two kxinds of voltage change ¢
1) Abrupt changes ceaused by switching, chlefly

by the spplication and removal of & short

circuit, mt end ii) Blow changes caused by
enguler sungs. For slow chnages of voltage,

lopds can be considered to be in steady state,
varying with the voltsge. For fast changes in
voltage there are trensionts and these are aiff-
jcult to represent scouratly.

2.2 ZYREG OF LOAUS
An Eleotrical power system supplies a large

nunber of consumers, whose denands meko up a
complicated systes of losds. The load of an altor-
nating current systez may in general bYe clmniti.Td

+




( 12)

2.21

2.22

(141)  &ynchronouo convortor load.

(viy) Are furnoeeo.
(vi1i) EBlootrie nnlders.‘

" charcetoriotic Pog(V), shown in £ig.(2.1) vhieh

into folloving typeos—
(1) Lighting end hogting locds~ Pilcuont
leopos end clemont hoeaters.
(11)  Synchronoun motor loct.

(iv) Induction niotor locd.
{v) Diochorge Lcaps. )
(vi)  Moreury are rectifioro.

LIGHFING AUD HRARING LOAD

Zho cotive povor conoumod by the lighting
-locd 4o indopondent of froquoncy and vorioo with
voltogorpproxinatoly oo V1‘6. 8uch locd conouvaen
ne rocetivo povor. Por tho snolyoic of tranciont
vonditiono the tronsient charcotoriotieo of thio
typo of 1locd ecn bo talkon to bo idontical with
itos otoedy~B8toto charcetorictien. The lighting
locd ocn thoroforo be roprooentod by o oinglo

oloo chowo tho eorrcoponding change of tho offcof
tivo rooiotoneo. Pig.(2.2) chovo tho veriotion
of P vhon tho voltcgo n%%ﬁ% ropidly,

Aacuning o conatont shoft locd cnd noglectin

the loopeo, the powor inpuat to o osynchronouo nott

zcaolno £ixod, indcpondont of tho voltejo. Eho
rocetivo power, on tho othcr hoad, will ehongo
vhon tho voltcge changeo doponding upon tho oned:
tation, Uouplly it will bo found thet tho roceti
poror will cheagoe tho voltogo dropo. In peao eco
a nczinu point on tho eurve moy bo roochod, vhc
aftor tho rogetivo powor will degin o chango in

¥

L)




.7

CLCT K T

e,

[ 4

i

“

2
T4

e

1

1

¥

A4

—

‘

s

s TH

LSO AV /- 7 (1 PO»’Vép

F-/Tl

s

s

£
A

L
A owis A
FAEe Rt
)‘f
S R NS
n 7
r ) [4
Lo

S Frty s

*
tn

N AL

fit

S

e
4.

N RV

R AR

ity . ) 4‘4 B

.

t

AA LI

JOEN CHAN o f

AN CHRONID

7R

t



20,23

of rocetive powor i obtaincd fron oqu.

(15)

o legging diroction. Uhothor or not thio vill

hcppon depondo upon the caount of the voltego dro{;n

upon tho d.oign of tho motor and tho onecitation
ot vhich 4t oporntes, The oxact reaetive pouvor
charcotoriotic 1o then obtained fron a porformancd
chart R by rocding off valtlon of recetivo povor
ot conotant £icld curront cnd ot constent powore
ovor tho dooired ronge of teminal voltegoo. It
nay of coursce, alco bo calculated from tho propor
coleulationo,

Mcuking o ncen ooliont pole m/e cnd nogloeting

rooiotoneo ond other loosos, tho power and rocce
tivo powor aro given by

BanEn cins

Qs - ( Oeo s - & )
The value of con® ncoded for tho enleulotion

Con g a/1=8inZ¢ =V A 1~(.15‘35_ )2

.2 @gm : el ;2

Thic equetion giveo, o8 ocen, tho roagtivoe
povor in toms of tho conotont cetive povor, tho
torminal voltcgo and tho pynchronous repetdves. Tho
charactorioticn of o oynchronous notor oporating

ot conotent choft locd oxo ¢9 indicotod in £13(2.4)

STHCHROIOUS GONVERTER LOADs

Zho locd on the convorter ngy dbo oithor diroet
curront lighting or dirocet curront powvor., Hegloet-
ing loooca, tho input to the convortor in tho
fomor ccoo varion as tho 4th. powor of tho voltes

o

thilc in tho lattor ocoo 4t noy Yo csouncd conotent

4



2,84

a
g

Bonee tho rolutlva=neggituao of tho tvo typos od
locd must bo knowm. Knowing the powor imput, tho
rocotivo powor 1o odtoined froa tho performanco
chortior caloulatod.

I£ the converter supplioo dircet curront pover
only, 1ts input choractorictic varcuo voltego
beconos o3 those of the oynchronous motor 4icocu-
aped sgbove. If on the othor hend, it onloo corrich
airoct curront lighting, it 4o ovidont that ¢tho
powor iaput will dérop off como vhat vhon tho
voltego dropo. In £15.(2.5 ) cro indicoted chare
etoriotie of n oynechronous eonvertor for varioun
tprn of locling on tho d.g.nido.

JCHRONOUS OR _IANUeTION 110% A t

Tho otocly otobo cnd tranoioant chorcetoriotieo
of coynchronouo locflo orc difforont. Tho Aiffo-
ranco orioces boosuno thoso oro induecod eurrcnto
thon tho olip chongoo ropily. Pig.{2.6) ohowo
o throo Ginonsieonel 84f3rca of the $arguo chorced
torioticn, ond £13.(2.7) chows a £caily of curven
vhich coro more couviniont for preotical dooign.

If the timo rato of chongo of olip 1o not
too lorge, tho tronoient charcotorictico of o
induction notor for chinging conditions of oporos
tion e.g. for o varichle cupply voltéogo, ocm bo
dervived from o f£onily of ite otacdy ototo chorooe-
Boeto%icpo

Uhon eonoidering tho otocdy ototo chorcotoris
otico of cn induction notor, tho problca 1o ofne
plificé Af tho otator loscoo arc mot inecluded,
but cro oither lunped vith tho linc looocor or
coabpinod with thooo of the gator (with zZana/s).
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If tho nognotioing loocoo oro oloo neglectod,
tho induction motor ncy bo roproscnted by tho
oinplificd oquivollont circult showm in £1g(2.8)

Tho motive powvor talten by tho nmotor end tho
torguo dovelopod ore dotormined undexr theso
condition by tho nmechenicsl to@ua dcnonded by
¢ho drivon nochenicn, i.8.by itoc chorcetrios
P pnoche=f(s). Rhd chenges of P & 7 depond upon
the cheroecteriotic of the supply and of the
drivon nechoniono,

20 pinplAfy nattoro it 4o ooowmed that tho
nechanical torguc T mech. io ind:pondont of
the plip. All the oquotions oro hence forth
oxproosod An per unit guentitieo. Honeo for
ptecdy conditionn, neglocting 100600

P Noche = § noch. ond
Pel= F mech.aPu‘itz-gg-zn Conott.
Heneo S = 3%—2-32 ox SnIa

The oquivolont circuit of £ig.(2.8) ochows
thot tho roacctive powor Q tokon by the notor
conointo of two eoaponents, g?p«the negnatioing
povor essociated vith tho negnotieing ocurront
Tu end QF ausociated vith tho otator cnd rotor
loakeqo. Hence with the abovo coounptionos

Qﬂ“éo Qe o 512::9:.@&
e=QA4 ¢ Qo

Thop caturstion ooccurs the voluo of I/m
docrecoce gnd tho rolation botuwoom Qu ond V
dopaorto opprocindly from o oQuOro 1o

?ho relotion dotweon the oupply voltozo encjl
tho olip 1o roecdily obbtainod fron tho oquivo~
lont eircuit of £ig. (2.8 )




( 8)

Vf%K} —

252 .Y R, _ a% 5& Dl L )
w3t (ﬁﬁg % )2 (Kykgb

Pig. (2.9) given o £caily of curvoo choving thip
reletion for vorioyo veluoo of the voltozo V.
Tho rolotion botuecen 8 and V, for o givon veluo
P, is oloo chowm in £ig. 8inco &= 31"z end
frermalt 12 S for a constant nechcnical torguo,
the rolation QS=£(V) hap tho scao chopo co tho
rolrtiop ©£{V) e> rhotm 4n £ig.(2,10).

The eurven chow that, for ony givon valuo
of the mecheniccl loed P mech, the notor hoo o
critienl elip cerond eritiocol voltcso VOr. Tho
nepinun power P nox. vhich tko motor c¢en dovelop
io then oncetly equol to the nochenicel pover
dcnend 4, and opezrotion at o lowor voltego 1o
not poopidlo, beoocuoe the oloeteienl powor woull
thon bo looo thon tho nochonienl povor.

Zho eoritical olip md criticol povor ore
d-tornincd nothemotionlly by difforontioting thp
onproooion £or P 4n oquation with reepoot to O
oquoting %o oroam

a 2
EP vE a(Ra ¢(9m)23§_ =0
Heneo 8@:& gﬁ’

P Dm.em

F15.(2,10) choro the curvo of Q4-£(¥), tho
curve of Q8=£{(V) ond tho ocurvo of totol rocetivip
povor Q=QurGe=(£(V)., Tho point (=Qox, VoVor,
ot vhich 4Q/8Vew o , o2 4V/60-0, corroopondo to
oporation ot the point 4 on £43.(2.9).

It mgy bo notod that, 4f the olip 1o looo

o
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2.24, 1 SEBAD TR LOAD CHARACRURISTICE ¢

then the criticel valuo, dP/dS is clwoye pooitivo
on8 the motor operationic stadic. Any gooidental
chongo of the olip, or of the xotor ongle,bringe
ghout cn inbolonce betweon tho elogtricsl acce~
lerating torque end tho mochanical brocking
torquo couoing the rotor fo roturn to the origi-
nesl condition of operation. IC een bo eosily
peen thot thic occurs at point 102,3,0f £45(2.9),

On ths other haend, ot points 5,6,7, the
valuo of AP/4S ip necgative and the oporation 1o
unstable 9ince ¢ cmall chongo of ollp incrocoon
tho inmbaleneo betwoen the electrical end mooho-
nicol torquos and lecda %o o furthor incrogso in
glip. The point 4 ic of particular interost,
bhooeuoo it lice ot tho boundary betweon stable
gnd unetsblo oporstion.

Tuo totsl loed ohcrooteristics for both
active end rocetive power con bo obtoinod by
sfdixing togother tho lighting loed, tho moter
locd and tho powvor loscos in the ceblop ond
trenofornorn. Typlool chorcoteristico for on
induction moior are shown in fig.(2.11)(a) cnd
for o compocito locd 4n 2ig. (2. 11)(b) . Theoo
ghov that for typical loaic ot nomol volte3o,
tho olopo 4P/4V vorien botweon 0.5 and 0.75
2@ tho slopo 4Q/4Y varieo botwoen 1.5 cnd 2.9

Fhe sonporito lord oupplics by o powor oynt&m
aon, for ccleulation purposcs bo roprosented
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either by an equivalent circuit shich includes
1ighting snd induction motor loeds or by charao-
teristics dcrived from an equivalent ocirouit.
The characteristiocs can then be further simpli-
£ied, ss shown in £1g.(2.12 )o It 1o ssaumed v
that active power P and the resctive power [ re=
1ated to the voltege. In £ig.(2.12)(), both
P& Q are escumed to vary as {he square of the
voltage. With the leatter sesumption the equive-
lent impedence ZL of ¥he total losd may be
represented aither by & parallel or a series
equivalent circuit. gor the parallel

Ry = Yé ’ xzu %i

Tor the series clreuil
. ve y2 4
Z=Ry & =k y =5 * { Cos.g #=eing )

 Where § te¢ the total otmplex power supplied to
the load snd 8 1le 1ts modulus.

Thepe simplifications have & cortiain range
of Practicsl applicstion. The sinplest sssuntio:
that the power im independent of the voltage, 1ip
appropriste for steady siate conditions. Such
caleulations start by sasuning the powsr deriveg
at verious points in tho nett work to be inde~
pindent of the voltage. The sssumption is justi
gieé 1f the voltege &t the customers terminals
is maintained constant) i{ndcpendently of any
veriation of the voltage of the high voltege
txsnsmission line. %he custoner's voltsge would
be held constont by memapkap changes in trane-
former teps or by uoing static or epnchronous
cond enssors.

r~J

|

| q
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I¢ 4o obvious that tho charnetorioties P=Conot.
eaG ©> Conott, are not cpplicoblo to trenclont con-
diciono. Tho uce of cpproxinate octocdy ototo che-
roctopioticns tsking the tongonto (Afaa ¥v) cod
(-a ISid V) oo in £1g.(2.11)62 (o}, givoo good
roaul@e gor trenciont conditiono only Af tho
voltcge veriptions oro tmolle Otherwice tho exror
10 likely to bo eonoidordbl%{i,

fhe power takon by 8 conponito 10&3 aloo
voriop with froguency. Ao alrocdy nontionod £ Ox=
dinory lighting locd io indopendent of froquoney o
although this is not true for gecd dipehcrgo lopoo
for vhich pover eonpunod deorecios by 0.5-0.8
poroent, if tho froquency imerocsos by 5. How=
over, ‘in gonoral the mcaner of variotion of pover
wvith froéquonecy for o composito losd 1o doteminod
olnoot ontiroly by ito induction notor oonponont,

I¢ tho output torguo 7 moch ot tho potor choft
16 aonott. tho oetive power P tchon by tho notor
1o proportioncl to the froquency Pe\d fia.(2.13).

Por cn induction motor vith normaol 4coign
conctento, o drop in froquency elusen ot o drop
in olip, oo chowd in £18.(2.14) occording %o

y2R,S
W . (L sx)?) ™

or vory cpproximutoly, g f, if T ip constent.

7?ho rolativo pover taten by tho pnotor aloo varics
vith tho froquonoy. The dotormine 4+ho ncaner of
varietion it ip noecopory %o conoidor scporatoly
the frogquoncy choroetoriotien of ite tuo compo=
nonto Q3 ond Qg

Poring 8-3h %~  ond QE3IP-(g-
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It follown thot 12°<U8 oad Qs-*-ﬂaa“-Fua'
T™hio Wo Goerecson vhon the freoquoncy follo
and increames with froquency rioce,

The other componont of the roacetive povor Qu

ineoroesen fith doerocoing fraoquoncgy, oince
“

O
v

L

Por a nomel induoction motor tho variotion of
the total roactive powor @=Q56Qu ic dctorminog
painly by tho firot conponent thon tho chengo of
froqueney 1o omaell, but the aocond coaponont io
inportant wvhen thowo iv o eonolderodlo gice of
froquency (£1g.2.15 ).

£i6.(2. 16 givon froquoney charcetorioties for
8 typilcel locd. They chow that ot noninal voliego
{(V=1) ond ot neainel froquency tho voluo of ¢ho
slope AQ/Af ie chout -0.8 to 1.2, vhilo thot of
the elopo 4P/48 10 obout 1.7 to 2.5,

fHithorto it heo bYocn nocumed that tho vario-
tionc of voltpgo ornd frequoncy are indepondont of|
each othcr. In nrootico, howover, frequoncy changds
ero often cocampnuied by volteze changeo., 4 vari-i
otion of froquency is usuclly caoused by an inboe |
lance botwoon the elootrical oulput of the prine
novoro. Sho clicnge of froquoncy, eo chotm cbovao,
chogos rosetive pover takon by the losd ond tho
ootive ond reactivo power loscos in the vote
vork, &nd honcc ecauces g chongo of volteogo. A
dcozocne of frequoney gonoxrnlly oousco o docpocoe |
of voltozo. Tho carves in £1g.{2.17) shou how the

activo ond roactive pover ecaponcnte change vhon
the froquonoy ond voltcso vary cioultcnoously,
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fAoocuning o given voluc of the ohagt torgamo
2 noch., the ourves chou thot, for a frequoncy
balow normal, the panimum clootrical targuc end
tho critical £1ip lncreeves, vhile the operating
61ip Gocrocsobe Zhus @ dooreenc of froquency affoc-
%o the motor operstion in o cinilar nomner $o cn
inoreooe of voltcace Oonsequently, if tho frequoncy
15 bolow normal, & largor drop of voltege con be
tolorated vithout dahger of losing etebility. In
othor vords, the critical voltege io lower, if tho
froguoncy is below normals

Thio effoct ic illuctroted in .ﬁg.&)’f (b) chieh
ghovue the displaccmont of the choraecteriotico
asf(V) due to a chenge of frequoncy ond tho coxXrron;
ponding chift oftho point at wvhich 4¢/ave L Bhio
the lowering of the frequenoy end tho concoquon®
decrccoeo of povor Gememé (83 2.16) aond of tho
ofritioal voltego cen be rogordd eo deolroble
properties, which &=m tond to improvo the otablili-
ty of 8 hoevily loed«d pyotcn oporating bolot NOr«
pmol voltege. liowover, thio kind of oporation ic ngt
pecopteblo, oxeopt in quitc abnorual conditiono,

DISCHARGE LIPS s

7hono hayo highor colour temperaturo, high
luninouc %‘ per watt cnd longer 1ifo thengile~
aent 1capo, and sccordingly have beconc inerecoing-
ly popular. A1l diochargo 1capo, roquirc a otable
lieging bolleot vhich nay be @ regiotonco, induc—
topce or copoeitanco, but the moct cocmon ig tho
induetive bolleot. The baollente heve coro losgoo
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which dopend on the instentencouc frequoncy end
fhux donoity vhon the voltaege ie hold conectant,

¢n increase in instantencouc froquoncgy giveo a roe-
duction in nagnetic flux 4.neity in tho iron coroes}
in thio way the incroaso in core loopen duc to
frequonoy chemgoeo nlone ie opproxinstoly off aot
by roduction in core loseco duc to flux donaity
chengos, - :

Pig.(2.18) shove an cquivaolont cirecuit for o
diocharge leap. The offective reslotonco of tho
‘lempotreuit upon the stentcneous curront. Fig.(2.19)
indicaten the active end rooctive pover inpute to
& typieal conbinotion of diochérgo leapo ogoinot
froquoncys the rosultc indicote 1,027 reduction in
active powor cnd 1. 155 roduction in roactivo powvor
vhen the oporsting froquoncy risos by 130 in tho
ohoenca of ehuntcomponsation, Oporeting powor fco=
tor verien from 0.5 to 0.553 conooquon(fly chunt
copocitors are ucually caployod to iumprove thooo
volueo to botwoon 0.8 to 0,93 cithor individuolly
or in pgroups.in the proconee of shunt eaopecitoro
tho petivo powor remoino uncffootod, but the rato
of . £0ll of rooctive povor with froquency ic inoroo
ocd ao chowm in £1g.(2.20)/1/.

2,26 NURCURY ARG RECTIPIES 3

In tho loot docode, tho norouryore roctificr
hao boen upod oxtonoivoly for d.o.troncnicoion
links, cnd, invectigating thooo cyctcao for otobi-
11ty unfior dioturbod conditiono, it haoo baen ropro
oontod 4n dotoil. In otudies on inductrisl oppli-
ootiono, howovor, nurcury oro roctifiopo haovo been
roprooentod oimply by ohmnt inpc@oneco indepondont
of froquonay) it io necocoery hero to concider fre

¥
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' voltago out. put or eor comotant curront putpud (oo

2.27 [RC _PURITACES 8

quency G:.pondent roprosontation. Fige{(2.21) indi-
caton an oquivalent circuit of & nurcuzry-ore rootie-
fior in vhich the plasmo rosistonce 4o o very cnall
port of tho totel reoiotonce of the oircuit gnd the
totel effoetivo ropintonco of the eircuit ezn Yo
troated eo conntent, Tho inductivo reactenco is
froquenoy’ Gopondent end 4to voristion with inoton-
tancous froquoncy will effoot tho active and reae-
tivo power in puto.

By controlling‘ths fiving cnaglo, tho murcury
arc rootifier cen bo oporastod cither for constcat

in ocleetro chonicsl prooesoesc). Plg.(2,22) indi-

catoo active and rocetive povor in putoc to o nurcury

are rectifior vhon oupplying a constant diroet locg
current. The activo power reduetion with rice in
froquoncy 1o caall for thic conotant rooiotencc in-
ductivo loefl, ™4 Lo of the ordor of 0.5 for 15
inerccono in froquonegy, rocetive power reduetion 1o
15 for 15 inerocoo in fLrequoncy /4¢

Tho cre hes e £olling voltczo/curront charsotow
riotie, oo chown in £1g.(2.23) and ic comcoquontly
inouitchblo for o conotnt voltcgo cupply. For netic-
faotoxy Opoxntzoa, o] stabtliﬁﬁﬂborioa rosiotenco ox
rooet ive 1p oosontiol and in gonoral, (Sroncaiooion
voltezo with high lechtege roactmceo uouelly oupplo=-
neontod dy ocoriep roootoro, oro cuploycd. Long cloow-
¢ric ares in olr hovo aloo boon oboorved with

8lightly rioing voltoge/current chorcoteriotico, but

ucual%{ tho charoctorintie 1o £olling. “ho total
ronotico in the eoiroult doponde upon thoe instonto-
noouo froquoney. Fig.(2.24) indicoton on oquivelont




oircuit for cm ore Lurnoeo. $ho oro rooictaonco 1o
curzent dopond-v% end folle vhen the current riood,
rosulting in @ roduced nte‘vpltagc, e3 showm in
£1g.(2.25) 4

Considoring the voltago drop gcocrops the total
effactive rooiotcnco of tho eireuit (atB), the
£011 in ore voltese duo to riee in current 4o cppro-
ximatoly eonpenoatod for by the inoroepcd voltc3o
dropo due to tho roolotencen of tho nein tronofor=
nor, buffor robeter, gurneec trcnoformer, locfo
end oloctrodn. In thic v tho voltoge 4epop CCOrO~
oo the offootive rosiotmeo of the oirecuit booonoo
cpproxinatoly conotcat, indioating thet R<'/I, on
tho input cetiva pover 10 Giroctly proportioncl %o
the furnoeco curront. Froa tho charaotorioties, of
ore furnoco, it ie oboervod'that ¢he totol 4in put
gctive pover to on are furnoeco io dircetly propor=
¢ionol to tho ore curront ovor tho working 2onCo.

n ore furnoco locd varioo feed volently during
the vaolo of ito oporotiony czcopt during rofining.
fho violont chcago im ocetivo cnd rocctive povar agcxin
gron o powor cyotcn ecusco violont voltgjo fluctuo~
tionc ‘cnd rogculto im 1lcap ¢1ickor. In ord.x to invog-
t1goto tho offocto of ore furmacch in a power oyotcl,
o coaprofonoivo curvoy of ore furnoeo 1notollotiono
oo eceriod out with tho objoct of xodueing objoot-
sonchble buffer rovctoro end pynchronous conponcotorg,
cad lotor, 0orico ocpooitors. $ho inoclucion of buffpr
rooctors is oimple end cholp, but offoeto tho oveX
oll powor faotorp. 4o tho induetivo rocetonce 1o

froquency depondent, tho input ootivo ond rooctiveo
povor aro iavoroly proportional to tho inot catcacous
groquoncy. 113.(2.25) indicotls getivo & rooctivoe
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1

povor inputo to @ 45 tom ore furnaco with cnd
without buffor rooctor. The oynchronous ouapenoép
tor, 1f installed, will provide tho ontire roaod
tive powor for the arc furnoce ot full locd amd
roughly 505 of that oboorbed in the buffor

roootor. In thic situction, the synchronous come
ponoctoro chould be trootod dyncaicaolly for
otcbility studlor of the powor systes oo o uholcr

. 2,20 ELEQTIRIC VWRLDERS:
For both arc wolding ond rosistoneo wolding,

tho oloetro@oo ar( oupplicd by opooiol high
lockege roaeteoneo troncfomors ond uoually oporafe
at 0.2-0.3 pover feector. In thic oagh, tho powor
dromm by @ voldor will bo eithor full on or off,
md thio ecuoeo violont fluctuotions in petivo
cnéd rocetive powor inputo oné ccmoos lep £iickors
Por this purpoco, corioo oapoeitoro arc uccd
oving to thoir inptontcncous reopenso. Tho prooo?-
ac of cories copoeitoro in voldeor olircuite
oggravotoe thoe varietion in potive end ronetivo
povox imputs vhon the inotentcnoous oporoting
froquoney chengoo £ig.(2.26) indicates tho aotive
ond rooetivo powor imputo to e 200 KVA voldor
wvith onéd vithout capceitoro.

2.3 APPLICATION X0 _STABILIZY PROBLI ¢

Zho feotors cvhich have boon diocussod noy bo
inportcmt in cscocoing pover oyotca otobility,
locoooorily informaetion io roguircd on the conpo<
cition cn@ typo of powor oyoton locdn,

“he locdo uoually rocoivo their povor ovor
the diotribution nott work through dictridution
tromoformero, Tho dietridution nott vork io
conncotod to tho cubntationc which in turn ore
oupplicd fron the gonoroting ctations over over




(28)

head or under ground transmission lines or
fesders. In otability investigations, each sys~-
tem losd omn be devided with the gid of loea
survey into four partet

(#)Murcury-sro rectifiers, aro mmmn and
electric welders, .

(b) Resiaotance loads.
(o) Induection-motor losds.
-{4) I4ghting loais,

¥urcury arc rectifiers used for electro-
chemiocal purposes can be udcquitcly represonted
. by constant current sinks as far as the bus
voltage i concerned, end by constant ruutanoé
1nducttn, oircuits for frequency-dependent
coneiderations,

Zhe resistance load can be repreaented by
fixsd shunt conductance, wheress tho induction
motor loads can de handled dynmically and
frequency depsndently.,

From sbove 1t is observed that the effective
instantaneous resistace of discharge~lanp loadé
ad arc furnace loalds veries inversely with the
instentaneous value of current. Such loads are
predominately affected by voltege, paxrticularly
for resctive power demands,

The usual operating power factor for dischar-
8¢ lemp loads is 0,5-0.55 legging when the dus
voltage falls to 50#% or below under disturbed
conditions, the laap will extinguish snd conge-
tuently the inductive port of the losd will
disappesr, leaving only the oapacitive part.
Sintlarly arc furnace losds, which normally
opsrate at 0,707-0.9 power faotor, will turn off
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if the dus voltage falls bolow 75% of noraal,
under disturbed conditions, owing to inediguate
voltege available to maintain the ave.

Lighting losds consiets mainly of diachsrge
lampe, o8 pointed out above. The diecharge-
ianp loads and arc furnace loads need epecisl |
attention in otability studies because of possie
bie inadegquate voltage. They can be represented
by an &nductive oirouit having current dependent
reaietonce and instantanecus frequency dependent
resctence.

In atability investigations 4t is inpracticadle
to inciude all individusl loads properly in the
' snalysis and etill 4t ie important to introduce
at lesst the approximate effect of the load
sotion, '

As alrealdy mentioned that Xku we have chosen
the Western U.P,0rid as cur working system with
Mursinager load. Voltasge and frequenqy depsndent
and all other losds considered as constant
impedence.

The total load fed from Murednager ie of the
order of 184 N¥ at 0.9 P.F.a9 hae been considered
in the load flow studies on nett work mmlipwins |
analyser at Banglore carried out by U,P.State
Electricity Board in September, 1967, There are
four mejor Genersting Gtations nemely, Ramgenge, .
Ymmuna Stage I, Yemuna Stage 1I and Hexrdusgen)
in the Orid. The Eastern U.P.Grid heas bdeen
truncated at Matnpuri, teking it to be as infi-
nite bus for our system.
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portionn;

' % Aotive MW, & Reactive P.P.
t.light loed 0% ' 18.4 - - 100%
2.Discharge '

lmpl!. ’5’ 27.6 ‘5“ T8
3.Purnace load 10% 18.4 104 5.2
4.Blectric

weldors %% 9,2 5% 2.6
%« Induction :

motor. 60%  110.4 70% 3644

‘l‘otalt ‘8‘00 5200

2,42 IC_AYD FREQUEN ERIERCE CHARACTER] G-

The various loads, for the purpose of
analyeis have been tgken into following proe

As 1o alresiy said, the losds in the systen
are frequenoy dependent also, except for the
light loads, Thia effect is very much marked
in cane of induction motor. Pull load slip
of induction motors normally varies from
5.5 t0 1%; inertis factor veries from 0,1 to
Oo3 mtndenxinx and megnetising current varies
from 50 to 20 % of the full lomd current,
for general purpose induction motors, wkkme
over a ramnge of 1 to 1000 H.»P,

It hes boen verified in practice that the
inertia factor consxribution of losds such as
¢rilling, grinding, milling and spinning
machines, fans, lathes, pumps, comMpressors
etc. 18 quite significant, sand at least equal
to that of the driving motor. Inatallstions
with the excoeptionally high inertia factor
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such o~2 ward leonerd~ Illgner epeed control
large motors falls under the category of ime
portmt induction motors aend should be consi-
~dered seporately.

, Comparstively 1ittle is known adout the
behavious of loads for chenging froquency:
Some work has been done by Mr.M.Y.Akhtar

end the characteristics of verious losds with
reforence to frequency have boen plotted and
Published 71/72/. To study the dynmic snd
frequency dependent hehaviour of induction
motors and othor loeds, a frequency renge of
50 & 2.5 0/S has been selected. The 2.5 (/8

" chmge hes beon distributed over 18 intervals
esach of 0,05 secs. a8 shown in 2ig.(2.27)
belows the law.of varistion closaly correspo-
nds to the é&@& curves of synchronous m/c -
under disturbed conditions, Rwmgumuwy

The curves ploited by Sri Akhtar have
bean made use of to plot the composite load
characteristic of our systemj as noted in the
tadble below and shown in fig.(2.28),

2 8
48 192,75 54418
49 187,98 52,98
50 184.00 52,00
51 186,21 51.70
52 186,98 51.46

48 will Dbe soen from the characteristics,
the active powor firet decrocstes as the fre-
quencay incresses upto 50 and then 1t egain
etarts inoreasing while the reactive power
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¢a424 50 3'12 a= 4,375
1c0¢~§ o {31 o 4,375

® <2< % -
cnd F §g§g§~1§5=g g%%g‘u 1449
50 <¢ < 92

Le0u,=p= = K32 = 1,49 = (2.2)

20 <2< 52

Stnﬁlarky

2:43

|

doercamoo, Por oimplifying tho further caelyois
the chorootoriotien are boing cooumod to COPRO=
mimate otoight linc. A8 we 0co from the chorcew
%eristicag

18§=o~132.1§_~ (2.1 )

i“% o @4 "2%55662& - 2. 72
BLEe G2 o «0.68 (2.32)

voix I ARACTERISZICS 8

Tho roogonco of moch.v all logdo %o voltcgo
chcagos een be roproncated by cooe eocabination
of oonotent iopefoneo, coastent ocurrcnt cad
constont IIVA @ovieao. Aotuolly,; tho conctont
curront model io unpocosoory o3 4t 4o noorly
ogquivolent to 50 por-cont conchant inpcdonso
locd conbinod with S0 porecnt eonotont LIVA locd,

%ho oconotont IIVA typo loed roproocntation
£zon tho syotcn otebility poimt of viou boocuco
of ito effoct in coplifying voltcose oooillationoy
o drop in voltazo vill couse cn imerocso in lood
curront rosulting in o furthor voltono 4zope
Convorsly, conotant immedoneo loodo hove o Qoole
dcd Qcaping offoot on volteno onoillotiono,
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Individusl losis mey be viewed s8 being
devided into two classes, static and rotating,
%he statioc oloms consists of desting and light-
ing oquipment will generally exhibit a constent
near unity power factor. The #ifZerent charao=~
teristics of static losds tend to compensate
cech other, roculting in & composite effect of
constant impedence load.

The rotating clsass of losde consimts of
synchronous motors and tnduotion motors driving
equipment with a variety of torgue speed charsc~
teristicn, Motors will normally be consetant NVA
devices for mcderate voltags chsnges, although
the power faotor mey vary widely.

Recognising the need for a fastusl basis for
losd reprsseatstion, the southern califoraia
Edison compsny ocganised a field testing progrmm

in 1965 md 1966 /3/. The selectel tests con-utcp

of gradusl end repid voltage changes on 66 KV
buses in three 220/66 KV stationsj each having
more than ¢ne half the eonneated substation losd
in & single calagory.

Teots were carried out at selected hours and
days of the weck Quring the general periocds of
summer pesk, winter peek and spring minioum to
ensble evaluation of load rewponse for the usual
conditions assumed in stadbility etudiens,

To messure the losd and voltage changes s
porteble test instrumentation bosrd wae construct
a1d moved to esch teat site, voltege and ourrent
signale from stations metering trzansformers #ere

fed into a metering unit to establish initial coT-

jed
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ditions and to veryfy test connections. A phese
shifting trensformer was uned to seperate watt
and var reading, From the metering unit, current
and voltage were fed into & Hall effect four '
channel transduoer equipped with suppressed
Zero capebility. DC oignals from the trameducer
were wuplified to drive a light beam osoillogra+t
ph recorder and these oscillographs from the test
recorder vare replotted on sesled paper for
malyals,

According to H.A.Peterson, University of Wiacons
sin, Madison, tho experimental results are inter-
pereted in terms of tho three often used ways
of losd simulhion , conmtaent MVA, constmt
current, end conetant impedence/4/. Any one of
these three is partioular case of the more gen
ral per unit relation ship PV, Por exemple, if
m0, the 1oad is ona of constent current, @d i
2, the load is one of constant impedence. Other
nesn integer values of n, including vaelues
grester then 2, oould be uead if experimental
results, s0 dictate. It hes further been given
in the paper that sy composite loadl can be
represented by s single V° term where
eyl s R s ey
&,y G , &y boing the fractional loads, to md
H1,82,83 are the corresponding exponentss the
value of vhich bdeing given as

N1 =1,3% for pure residentisl loads.
N2 =0,264 for commercial industrial loads.
K3 =0.353 for sgriculmrsl type loads,

In our case we hsve only 2 tyepes of major
loads 1.e. residential and industrial being

¥
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757,
takon an 25 roépootivelyo Thuo we vill havo

n=0,25 3(1.36 ) 4 0,75 X ( 0.26 )
=0,54 ¢ G, 195

=0.435

we will thun have

P= P normmal ~ V°

Q= Q normol 'l
1.0, e %%3 y0+435
20,92 V04435 { in P.U,)
v 23 %0 Vaf435 ( in POU.)
giving thoreby
ompanmv"" AV (2.4 ) £1=0.92

and x Qenk2¥™lv (2.5 ) Ke=0.26

Thug with the help of equation (2.1),(2.2),(2.3),
(2,4) end (2.5) give the chenge in power duo to

chengo in frequonay and voltegze in an interval. Vo
ean heve the powvor eqyatxon e8, at any instont

R n«-amnxwu'}s 7+K314£¢P old } ( 2.6 )
48<£<50 )
)

gogggs enk V" LvsKanareP 014
%gggsagnzzv"‘”% Vo4 o£4Q 028 (2,7 )

depending upou tho change in voliege ond
froguoncy range the voluc of power at rogular
time intervale eou be workod cut with the help
of oqu.(2.,6) a4 (2.8). Thoss oquations shall be
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mede use of at the time of plotting the siing
ocurves in chapter 3, when the system is considerdd
8% dynmmic end frequency dependen- . ts considere,
The values of n,K1,K3:,K32, K2 end K4 will have
the values a3 worked out in this section.
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*/IRITIAL 3.11

‘to ocour on the line between Boorkee and Mursd-

| severer dietnrbanne 80 that the results of tho

In the firoct phame of our study of the stabilid
ty of the syeten, all the losis including that at
NMuradnzgor have been treated as oonstant impedenc
loads ed the effeot of change in frequeney on th
load hes not bdeen connidered. In the following
ssotion detailed procedure of the etability study
te eutlined,

Refering to the oingle line d:lagru ohown tig.
(1.1) of the cyuteu. a 3 phase tault io condidaud

negoxr. Though a 3 phm- fault is not as connn,
as a single line to ground fsult, it creates s

study are conservative. The procedure given need
only minor modifications to deal with unbalanced

faults.
TANCE MATRIX FORMAT

~ The system is shown in £4g.(1.1). The various
sdmitances between the modes have been worked out
based on the data shown in table 1 of chapter I
and the powsr flow dctails shown in fig.{1.2).

The generators are represented by the voltege
btehind transient reactance in series with the
tramient reactance,

% & reprepentation though not striotly
correct ia suffficiently accurate for multimschine
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otability otudioo,

$ho gonorator E.l.F.havo qloo boon chova &n
tho dicgrco.

The inginito buo voltrgo hoo boca tokon oo the
roforcnco phedor sud tho relative caglo voluo of
tho other gonerotor D.ll.P.will theroforc bo oo
£ollowos '

(L) BgeYcoune Stego I & IV, ©9,00% (3’?.90

(41) Ez.Ycung Steo XX =1, 102 ( 3¢9

(114) Bg.Rogongo 51,0718 (35°
(4v) Bg.Horducseng o101 ( 27,50
(v) Ln.loinpuri 21,025 (t)0

%ho inortia Leotor, powor dolivorod by oogh
gonorating ototion 4o chowm in £i3.(1.1).

43 Uil bo oecn froo ho £ig.(1.9), thédo ane
15 nodcop tho Ariving point cnd troaofor céade
tonco of nodos hoo been worked oug, conoidoring
o 5% £ouls on tho 220 KV Rooritoo-{lurcdnczcr 1ino
and oro Mnpted in Appondin-X. Uhon tho foulf io
cloarcd, 4t 4o ovidont thot oaly the driving
point cné trcnofor cfnitconco voluoo of bup |
6 ond 10 wAll cacago end thoco voluoo vill be oo |
£ollouos _ :
(1) Ono cloaring tho fcult

Y6,6 = 1.737-329.80

Y10, 1007, 136=3 14,992

Y6, 10oY 90, 6=0-30
(41) On roeleoing tho brockeh ot both ondos

Y6602, 40 3= 335.26

Y10, 9007.,802«3 19,452

Y6, 100Y1046c0,666=3 3,46

Yho obove values have boon tclon into cecount
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m‘.- BB SW B EORPR RS .0‘1

Dot Od Do B4
NN e

g5 1
*Zecon soav ¢ sevalea

% tho propor ploco of oalculating tho suing
Qurve pointo,

Hov ©0 eca havo the nodo ourront oguetion,by
kirchof'c £irot lev oo |
I0=¥n, 1 Blo¥ng Byteeo Yaon En (3.1)

caore In 1s tho curromt going out fron ony
Bodo n of the pystcn, ByligyBy~~In ore tho nodol
wltegoo at any Snotent ocméd Yn”,Yn,au-Ynn boing
the tzcnofor and Oriving point cénitenco of tho
nth nodoe

Squotion (1) 1c o oocmplex oquation ead ecz bo
Ro=-ritton coporotly for ito rool ond inczingry
ecponcato oo follovoad
if EncEneiBn, In oImjI'n ond ¥43o714~-3b13
thea :

/ /

Inogn,1 B1eb2, 15§egn,2 D2obn, 2620 mmgn,n b ,nm
cnd X=bn, 1B%eg0, 15 '=bny 2 B2¢gn, 2050bn,nE20 000

En' - (So 5)

vith tho holp of oquation (5.2) ond (3.3) wo
cen write the notrizx oquation for the nyasvg_m co

d

i- -
Fia IR h‘,‘ 51320 b1,2-5’1,n b‘lpni B?
b1, gl 1 "'b102 51,2—-—\31,!) ghnl El
62,1 2,1 2,2 b2,2==g2,n b2,n§ ! B2

L4

=b2:1 (2,1 =b2,2 g2,2==b,2n 52,n§ ' B2

Sy

-

el
-Qm“.m.‘quQ-«‘m.r.

O I
I
U S
G151 Doyl gne2  bn,2—=gnon bo,d | En
! «bn, 1 gm, Y=bn,2 Ehp2e-bn,n gnuil_s in*
&40 hovo ot 15 m in our oyotca, £0LDY

(3.2)

165932 E
GTNTRA! [rPARY YNIVERSITY OF ROORKEE:

T ma
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resolving real mmd insginary port of the currente,
we shall have a 0x30 matiix ae above,

Bus no. 1,2,3,4,5 snd 6 are of importance fox
Us¢ a8 we have to plot the ewing ocurves for
genorating units st bus 1,2.3,4;§th.betug the
infinite dus and 6th the load bue. We shall
therefore first roduce our nett works of glg.(1./1)
confinned to these 6 nodes ang all others being
eleminated, |

3+1%. 1 NODE ELSUINATION BY MADRIX AIGERR Au/1/,

The nodes &t which current does not sntre or
leave the mett work oan be oleminated. The stan=-
dard node equations in matrix notation are

expressed e
a7 ~TTT
k3 ' | S
- H (3.5 )

Where I end V are column matrics and Y 1s o
Symnettical squere matrix. The colymn matrices
must be 20 arranged that elenents associated |
with nodss to de eleminsted are in the lower row }
of the motrices. Blements of the square mttmo:]g
matrix are located correspondingly, Ihe column |
natrices are partitioned so that the olements ,
associated with nodes to be sleninated are sepg~ |
rated from the other slament «» The admitance
motrix is partitioned 80 that elements ld.nti‘ﬂod{
only with nodes to be elminated are separsted
from the other elements vy horizontal and vertioal
lines, When partitioned aceording to thess rules, |
the equation (3,5) becomes '

gz IA ; =) KL ; éVA s ( 6)
. : (3 Dk e
{ Ix § ! e ! v 4 _
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Where IX 1is the Sub-matrix composed of the
currents entering the nodes to be elemineted
and VX is the sub-matrix oomposed of the volt:gLa
of these nodes, Of course, every eleament in IX
1e Zero, for the nodes could not be eleminated
otherwise. The sslf and mutual odmitances com-
posing K are those identified enly with nodes
to be retained. M is composed of self end autual
admitences identified only with nodes' to be
oleminated. L and its transposs It are composed
only those mutual admitsnce common to & node to
be retained and to one to be sleminated.

Performing the mutliplication indicatd in
gquation n,.G' gives

IA » KVAeLVx - (3.7 )
nd Ixw ILVA + NVx - (3.8 )

Since all elements of Ix are Zero, subtractidg
It.V, from both 814 & of equation g (3.8) and
multiplying both sides by M~1 yeild

AV, - vx - (3.9)

This expression for Vx substituted in equ.n

(3.7) gives

TAmKVy- 18" 4y, (3.10)
Which 1s a node squation baving the eadmitance|
matrix
!'x"m"m s 0 o (3011)

'This eimitancematrix enadles us to construct
the oirouit with the unwanted nodes eleninated, ;
ond seme principle will now be made use of to
our problem to reduce the systes by eleminating
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the unwanted nodes o8 mentioned herein above,
3¢ 11,2 REBUCTION OF SYSTIM AIMITANCE MATRIX &

' As has been mentioned above, #km we have 15
nodes in our system, giving s x30 aimitence
matrix. We shall first eleminate all the nodes

- except for 1,2,3,4,5 and 6, The sdmitance matrim,
based on the principle desorided in section 3.11.1
can be written and devided ss followg?

A . 2
5*';1 P Y === Yy6 Tyqoo=Yy 4] 18y
2 b S R

clo I
I A
4 15 § : . . . ¢ ' ] :" )
"' P Y, enmaYr Yoo mme X {vg {
i %6 i | Y,1" " "= Te,6 Yo, 6,15 | 1™ |
H = M '
SLI : -t : '] :
gla A A A A N
(R Cor -
.- i * ¢ $ : s - :
EESE B I A A TR S S I A
' ‘ ' | H M
i s, | Tas, 1= = = Y56 T15,7 = = V15,15 | ! Bysy
L4 | BN R

r

Where I',IZ.I5 - 16 are the current entering
or legsving nodes to be rotained emd I.’.Iemlm
ars currents leaving or entering the nodes to
be eleminated which sre Zero. The 11.32,25—5‘5
are the node voltages, Va being the voltage of
bus no, 6 at the ldad terminals; the admitance
matrix has been arrmmged on the ssme principle,

With the nemee given to various partitioned
matrices ss shown sbove, we will have the admi-
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tance natrix for the rct:x‘ned nodes as

v - + .
FY} = ditcl s ?0'3 — (3,12 )
- 412812 dydon 2 1ozi8 18348 18x12

Based on equation? (3.12) we can write the sdnie
tance matyix_for the_ 6 noliss as

ol T .
1,1 Pl iR
1, . + § B
I T B ,
313 !'i! ggsr ot (3013)
P ™
S N A A e 1
!..16.3 o4 3:’..1'

Since we know the value of load seimitance et
bus noe. 6, the sbove oan further be simplified
for the generator voltage and currents ss followp

"~ - -
il _inon B )
- " { Dt ]
e LTer Tai 10

’
o

L 22
¢

Yhere I and E are the generator currents and
EM, 28 and Y‘I'YZ’YB V,, 8re the sdmitence
matrizes obtained from partitioning the Y Matrix
on the principle as described 4in section 3, 11,1
above.

Perfoming the multiplicaetion indicated in
oqu.B 3,14 gives

I=TYIEs Y,Vn, o ( 3.15 )

rgs + Yy Tnm-Tal¥p - { 3.16 )
From equ.n( 3.16)."__\50 have
ﬂu—t— Ta-7,] AR - (3,17 )

Substituting the value of Vm Zrom equ.n(3.17)
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3¢ 12

to equ.n( Sz_its)._m.}gﬁt .

- +
" .

i. - I=RE ) . -
Whers ReY,.-Y, grurﬁ ‘!2‘ we (3,18 )

Thus equation (3,18) gives a matrix & wich
relates only the generator voltages and ocurrents
and mgy be used to odtain the swing curves of
the genorating units. A detsiled degitsl computer
progrenme to obtain the R matrix from the originkl
20x30 matrix snd to plot the swing curve there
from has been developed in the following secotion
and disousped further.

TING OF G VE 3

For the purpose of plotting the swing curves

of the m/c of four generating units, the 3% tml]

has been considered on the 220 KSRoorkee-Murad-
negar line. The system, in the initial condition
hes been considered to be stable and the /o
torque sngle devistions have been caloulated by
the step by step method taking thé time intervael
of 0.01 seo., The foult hes been allowed to
persist from 0.0 to 0.1 sec, and then it ia
cleared after 0.1 sec. alowing the 1ine %o
remain open upto 0.6 sec., when it is desired

to reclose the dreskers st both the ends, The
tine engle relations heve bsen shown in tadble

4 and the swing ourves have been plotted and she
own 1n fig.(5.1). The dcteiled computor programne
starting from the reduction of sdmitance matrix,
upto getting the torque angles for esch machine,
alongwith the correspending data and results as
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|

obtained from the computor sre given on appsndix
ITI and IXIX for time interval from 0.0 to O.1
sec. end 0.1 t0 0.6 mec. respsctively.

The following epproach for freming the
eomputor programe may be used,
"1« The initial value of E,,Ez.xs.n‘,nsnvne.r,.
F‘,H‘.Ha.ﬁggﬂvl?”DQ,DS.D‘.DS are known,.

2, Pramo the system afmitance metrix in the
wanner a8 discuesed in section 3. 11.1 for
£ault on condition,

3, Solve equation (5. 12) to get (Y) matrix.

4. Bimplify further to molve equ.(3.18) to get
IR & nmatrix.

5. Onlculote driving point and transfer oimitences
and adnitance angle of the remalning § nodes.

6. Find the reletive torgue mngles of various

units as l)1.‘_,--1:01--»17‘,2,.31)1.3-1)"«--I:v5 eto,
7. Pind the losd torque m,.uz.n, ond n‘.
8, Pind chenge in torque sngle DD,.DDz.D% ;nd
D:D‘., :
9. Mnd the new values of torque angle of easoch
unit =
D1 - 91 +DD‘
De - D2 +m>2
D, - l)5 Q*DDS
D4 - D‘ #Im‘
10. Runch the values of DyyDoeDy ad D,
11, Test for tine ef perilod.
12, Go to mtep (6) and repsst with time interval

5¢e0,01 upto O.1 sec, when the fault is
oleared,
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13 After the computations have occured upto
0.1 s00, modify the sdmitance metrix of
the system at step (3) for fault cleared
condition by chenging the respective ole-
ments .and repeat upto atep (10) for the
period from 0.1 to 0.6 sec. with S 0,01
sec,

4. ¥ith the values of D,,D,,Dy and D, availsble

‘ @t the end of each interval, 2 t=0,01 seo,
upto 0.6 sec., the ewing ocurve for sach
n/¢ group cen be plotted.

ZIOW _CHARTS As ahown in Pig.(3.2).
3.13 COMUNIG 4

A8 1s observed from the swing ocurves plottj:
in £18.(3.1), the syetem heppene to be unstad
if the fault is allowsd to persist for a
period of 0.1 @ec, i.e. for 3 gycles.

This suggeasts the use of faster opexating
breskers 1.e, operating within 2.5 to 5 cycles
should bde employed. However hero it mey be
mentioned that the effect of voltage regule~
tors, grounding,Dsmper windings snd spged

" governers has not been taken into account
while carrying out the above studies., Firstly
because of the lack of information about the
system and secondly, thess detailed studies
are dbeyond the scope of this thises. Thoss
factors should invarisbly be considered
while designing & system from trensient sta~
bility point of view ss they heve their
definits effect on thé stadlility limit of the
lyutﬂ.

3.2 IR LITY grupr AMIC~
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which is detrimental to stability as it promotes acc
tion of the generalers,

It is further necessaxy to consider the system
t6 be dynomic and frequenoyaﬁﬁﬁaéﬁéﬁi Ag for example
gsystem is so designed to remain stable under steady «
tr . asient conditions, considering the system loads a
congtant impeacnce loeds, the system would work out
instable when the loads are considered to be dynomic
frequency dependent, as given above,

TheYe is lack of information available for .he
composite load charactristics of the system. Althoug
povier system Engineer#$ng have been concerned with th
effects load charactristics, on system stability
at least 40 years and many studies have been made on
subject, few electric utilities have made adequate %
to determine their own load characteristcs., Under-st
the Blectric utilities are reluctant tc subject thei
cugtomers to very many planned distrubances for the
of anslysing transient behaviour and no% utilities w
meke such tests, However instrumentation and automat
recorders are now available which may meke it feasib
for utilities to obtain load characteristics without
tests. By installing such equipment at imppﬁ%awt 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 sttempts to record the actual lcad character
are made, 214 congidered in stability studies, it wi
d to more accurate and conservative results, without
the present studies may be said to be optimBtic. The
gy stem designed with all such con51derot10ns taken 1
account shall be more reliable,
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3.13

3.2

- governers has not been taken into asccount

‘

13. After the computations have occured upto
0.1 seo, modify the sdmitence matrix of
the system at step (3) for fmult cleared
condition by chenging the respective sle-
nente and repeat upto atep (10) for the
period from 0.1 to 0.6 sec. with & tx0,01
sec, ,

14. With the values of Di.Da,ﬁb and D‘uv.uablt
at the end of each interval, 2 t«0.01 sec,
upto 0.6 @sec., the swing curve for esch
/o group can be plotted.

Z&w Qﬂ‘ﬁ!! As shown in !13.(5.2).

QoMUNTS s . |
A8 1» observed from the swing curves plott
in £1g8.(3.1), the syetem happene to be un-enbm
1f the fault is allowed to persist for a

period of 0.1 8ec. 1.e. for 5 gycles.

This suggests the use of faoter operating
breskers 1.e, opersting within 2.5 to 3 oycles
should be employed. However hero it may be
nentioned that the effeoct of voltage regule~
tors, grounding,Damper windings snd sppsd

while oarrying out the above studies, Pirstly
because of the lack of information about the
system snd secondly, thess detailed studies
are beyond the scope 0f this thises. Thoss
factors should invariadly be oonsidered
while designing & system from trensient sta-
bility point of view es they have their
definite effect on the stadbllity limit of the
system.

RANS Il UD! i ARICw
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SHARJOTERIGIIC OF LOADGS

Por power system planning end operation under
normal and emergency condi tions, voltsge depen=
dent and trcquoney dependent behaviour of loads
should be studied, becmu voltago end frequency

ars the powerful pmehrs svauabh for control
/8/. An effort has been nadc to develop the proce-
duse for studeing the tranocient stability of e
multinachine system teking the load at Muradn asar
to be aynmio and frequency dspendent. The load
characterietic with ref. to asd freguency and

~ voltage of the composite losi hoe alresdy been

- developed in eeotion 2.42 anmd 2.43 of chapter I1I.

It is now proposed to develop the procedure for

obtaining the swing curve in the following seo-

tion with load being dynmio and frequenay depen~-

dent,utilising composit load characteristio as

shown by oquation 2.6 el 2.7 ln oh-ptor II.

il

3.21

The detalled procedure for plotting the swing
curve under stealdy state i.e.taking the load as
constant impedance has already been given in seo-
tion 3.12.1. above. Por the purpose of present
study the effect of change in voltage snd frsque-
noy has further been considorsd to avaluate the
value of losd edmitance Y 4in each interval of
0.01 sec, md then by using this now value of Ya
the R Matrix may be worked out osch time snd then
the calculations for obtaining the swing curve in
the sintlar method can be perfomed, The follow
ing npﬁronch is proposeds
i) The initiel value of load admitance Ym is kann.
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11) The generator B.l(fs.,E"E.‘,.Bs.B‘ and BS are
known snd are seid to be constant during ana
after the fault. The initial values Pvl’a,l”.\
r‘.D,,ne,n,.»“ma Dgof sach m/c group are

. known,

111) The simitence matrix with faalt on condition
nay de written for the complete RARNENER 8y S
tem a0 is done in seotion 3.12.1.. The sene
ocanbe modified for fault clesred conditions
by changing the respsctive element.

iv) Reduce the simitance matrix to 6x6 by matrix
operation as suggested by equen (3.12) of
seotion 3.11.2,

v) Equation (3.17) of section 3.11,2, may de
written ity

o Fon e vl ot

YAt )
: . ] 1

-

Thie gives the value of Va immodiately after

vi) Consider the frequancy to remsin constant in
the first interval of 4 t=0.01 see.

vii) With due consideration of step(Vii) above and

- with the help of equation &4) snd €5) of

section 2,43 of chapter II, we osn get the
change in active end reactive power taken by
the load due %o the change in voltage V,in
the first interval 1.e..

4 Penk 1?1;”" xo v
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Ic/,/f-;,)-wc—.v_*"“'e‘“"" &

Where valuca as dofined in the adove section an
A Ymm Vu before fault -Vm after fault.

1x)

x)

xi)

x11)

xiit)
xiv)
xv)

xvi)

Wo can now have the new values ef active and
reactivo power taken by the load just after
the fault, the before fault values of power
being known, )

Irom the new valuds of P and Q we can find the

roapootivc value of Ym a8 followm:

Yw-( -u-g—--%..- L...:l_

Where Q being the phwo' aggle of Vnm,

Goz to step (vi) and iterate mmd test until
Vo converges within a predetermined index
gay 1 part in 1000, If test is satisfied
proceed as followes

Proceed to reduce the (6x6) matrix to 5x5 by
mabrix operation ss suggested by equation
{3.18) of mecton 3.,11.2,

Calculate driving point and transfer sdmitan

and adnitance angles of the remaining 5 node

PAnd the relative torque angle of various
un‘i.te-nn,,.nna eoto.

Pind the load torque m,,u‘,,m, snd M4 of
each unit,

Find chenge in torque angle DD,,DD,, D and
DD4.

" xvii) Find the new values of torque angle of the

EM.P,0f sach unit a8
D.‘ - D‘.‘*DD,‘
D, = D +ID,

.
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xviit)
xix)

and D,

Punch the valyes of 16)1.1)2,1)3 4

Test for time pericd.

xx) Go to step (&v) and caloulate the new value

xxi)

xxii)

xx111)

xxiv)
xxv)

xxvi)

of Vm with changed velues of the phase angles
Of E.M.PoS0,ByyBy, 8y and Byy

it the end of (xx) th¢ step we know the value
Vo end phase aengle @ at the ond of previous
interval, .

o4 Quiy new -} 0ld rsdiuse,

‘@iving there by change in frequency ss
WS ¢

a
A

¥2 ocmn now get the new value of fraquency as

P neas P old 402

Caleculote the new values of amctive and reacti
powexr with the help ofequation (2.5) and (2.7
of chapter 2:43 4,.e.

2 pewent -1 Tty A% o2
48 ~£<5) '

P nmnK,h“"zl Tmeg 50T+ ¥ 01d
50<£52

Q_newsnk Va2 Vaek, af+ § old.
43<2<52

Go to step (X) and calculate the value of
Tm,.

Repeat the caloulations from step {xii) with
time Interval 4 £20,01 sac.

After the computations have occured upto
0,01 esc, modify the aémitance matrix of
the ayutem at step (111) for fault cleared
condition by changing the reaspective oleme-
nte and repeat upto step (xxv) for the
period from G.01 to 0.6 #a0. with

O t8=0,01 sec,

;le
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.22 RIOLGAMRL 20 chora in £ge(3.3)

qovid) Gith tho voluco of DgeDDge cad ‘Daavoucm

AG o 0001 00CQe ' :

ot tho cad of oceh sntopvel ot =0.01 coo
upto 0e6 00C., tho OUANZ CUXVO for occh c{a
geoup oca bo plottci.

aUInG QURve o sdo b
YOI TS GO ISR '

?4no intorval ©c0.01 coc. Sho foult cloarcd

ot 0.1 Oce.

Sl.gvﬁino Ln% Torquo engle 4n rciicao ot tho bogining
Uo.: OCQs ¢ of In%gggal - —

H Yrouna gtoo ! Yoouna ntato Roagengo Hlorducycond

: ' _IX } In X 2 —
1. 0.0 0.682 0.652 0576 0448
2. 0.01% 000533 0.8533 0.4913 0.5016
% 0,02 0,7363 1.0042 0.3377 0.5166
4o 06,03 0.93%1 0.9932 0.4856 0.4842
5¢ 0004 1,0015 10 9295 07609 0.4711
6e 0.,0% 1.0993 1. 9951 0.963% 0,5252
7. 0,00 1. 3770 04241 0,977C¢ 0.50639
Bs 0,07 105085 1.03581 09749 0.5130
0. 0,08 Q6274 10416 901027 044525
0. 0,09 1, 7606 16769 $.3099 004920
11 0,10 168290 1.8999 1.4496 045740
12. 0.11 1.6994 2. 1044 1.7583 065241
3. 0.12 2.0455 2,0027 19111  0.6072
Be 0013 2,0024 1.8922 - 1.9192 0.4158
15. 0.14 2,5407 2,079 2.2317 065335
16. 0019 20,4947 2.3414 2.,7026 0.9422
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7.
18,
2.
200
21.
220
23
24.
2%
26,

238,
29,
e
9%
92
" 93

"84,

956
30

5T.
' 0037

3%
0.

41e

42,
450
44,
45-
46,
47,
48,
2.
50

00 16
0017
0.0
0. 19
0.20
0.2%
0022
0.23
0.24

0.25

0.26
0.27
0.28
0.29
0.30
0e31%

" 0052

0.353
0.3¢
0.3
0.356

0.38
0.39
0.40
0.4%
0.42
0.43
0.44
0409
0.46
047
Oaw
0.49

: 3‘0710

3. 1781
3.6582
3.8793
4.5700
5.1021

5.8752

6.9313
7.8834
9,20 11
10.1191
11,5724
12.6504
4. 3844
15.7562
16,9742
18,7192
20.46 19
22, 195
23,3340

- 27,9364
- 27 1172
- 2844770

29.4410
. 502080
. 30.0788

32,2370
32,8313
53,4766
3644976
53.9239
94,6009
29.8559
930269

3. 1016
2.8926
3.7386
3,5404
4,5953
56 3770
6.1049
7.0008
B.3195
9.0873
10,7260
11,2623
93, 98567
144719
15.9213
173777

- 18,5913

20,9930

- 22,2588

23,5740

2542916

27,1908
29,0426
29.5498
30.2249
315399
9203294

3209545'

34,0875
93,7948
7404591
547513
35,3987
304011

2.8733 0.4025
3. 1748 0. 3460
 3.8004 0.4653
4.9338 0,4889
4.6843 04,3573
5.4468  0.3437
6.2791  0.5207
6.7579 0,6599
7.8225  0.4764
909802 005260
10,3373 0.4034
12,0183 0.5088
15,0184 0.5141
93,7157  0,4952
18.4778 0.4142
17.7778 044116
10,2655 044116
19.6294  0.6087
29.4678 044920
24,5566 043604
25,9295 0.9499
25.5677 = 0.6912
26,9336 0.5779%
29,3300 0, 32539
32,5311 0,3205
32,8861 0.7853

" 302227 009046
- 29,1849  0,2057
" 2605006 = 0.2345
24,6561 0,554

© 22,3796  0.9422
. 18,5580  0.4897
12.5426 = 0.2095
545782 0.9347
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St
52
93
54,
95.
56,
57.
58,
5%
60,
61,
62,

0.50
0.51
0.52
0.53
054
0.55
0.95
0.57
0.958
0459
0.60
0.61

5607160
36 1649
357199
35 1325
5445109
3446479
93. 1225
31,9904
31,7962
20.8320
26,5444
21,3783

566 4070
36,0852
95.C002
552016
35« 5524
35.8680
53,8471
93.09%22
So L 4 26%

- 28,9771

30.0583
31.9560

60

——————

-

2.7442
8.4029
12,4561

1.0563
0.9648
0.0720

19503% - 000459
« 26,9935 0.7338
« 37,0671  1.0004
e 45.0566
- 55.6902 - 0,3932
- 65,9531
- 17.2675
- B84 1706
= 98,2089 = 0.4143

0.2409

0e4431

14197
0.9209




-

HAPTERf

DISOUISION D QORGLUSION.




( 56)

4s 1

Ainotobility.

C1RB ~ XY

DIECUSSION ». .

It vill Yo obsorved fren Oig.(S.1) that the
oyotca happone to bo umntoblo for o 3 pheno
fcult on Roorkoec-tlurc@nesor linc, Pren tho otuw-
dios corricd out on froquonay dopendent poooivo
locdn unuullg oot 10 proctice, tho rooultso indt-
catc the prosonco of mogativo ﬂc:pina duo to tho
rioo in ootive povor whon tho inctmtencous Lroe
Quoncy £0llc undor dioturbod condition.)!/

Tho £roquopcy Gopondont locd ionooco ontra
locd ow ing to rofuecd oveileblo voltezo cad
roduced oporoting frogquoncy, thoro by pronoting
@secolorotion of neohinon and conooquont incrocooed

In geaoral, in tho prcooneo of chunt cnd po-
¥ioo ccapencotion (ucod to improvo power fcotor,
roduco 1cap £lieltor, cnd to ioprove voltcao
regulation), the activo powor ip offoetod noinly
by the cories conponootion 38 £0ll0 of o incroce
oed rote vhen oporating froquoncy rioon, thoroby
offoring nore negativo dcping. $ho bchoviour of
tho roootivo povor ic dotomincd noinly by tho
ecapcucotion, In tho ers30 of porion ¢oapenootion,
tho ncturc of bohaviour of tho rocotive povop
vith Anotcatcacous froquongy do:o pot ehcago
bdoecuoo tho oorioo esapenoation 40 nevor poro
thon 1003, but tho shunt cemponontion by roootoxo
C3eravotoo tho pituation boocuso tho roto of
ehmge of rocotivo powor Loedion peoitfvo, tvhaich
roéucon the oyotca voltczes, thuo incrocaing tho
nogative dcaping offorod by tho cetivo powor.




(57)

4.2

Por pou or oyotca otudico, lighting cad oro-
fupnces locdo ean bo roproocatedl by o curzont
dcpondcat ropjotoaco cnd Lroguoncy dcpondcnt roco=
f¥w— tenec oircuitog,nurcury oro footificro e bo
ropropontod by o conotcnt curront oink for volteno
depondcaco ond by o eonctant resictonco inductivo
clroult for froquency dopondonco in otobillty
ctudioco.

I¢ thic io dono, o norc cocuroto cocooeaont
of tho oyotcn 4o poooible, tnd tho neznitudo of
tho offoetc 0o inclwdod oca bo prostivally oigui-
€icmt,

coloIARCNaL -
?he tecaoiont otcbility otudy of tho Tootorn
cﬁiﬁggfiﬂ—hfﬂ bocn oczricd out with locd to bo

edfia—e 2
1in £irot inctonco cad dynciic cnd froqucney 4opon=
doat 4n tho 2nd. inctoneoo.

Uith knovlclgo of lord soapooition obtolncd
fron locd ourvoyo, coch locd inm Sho povor oyotc
ora bo dovided coproninatoly into conponcato ouch
o
1) Dyncoie locdo involving induction nmotorO.

114) Peooivo £roquoncy denondcat 10cA0.
244) Puro rooiotcacoe loodo.

o portteulcor, tho chorcetoriotics of volicso
cad £roquoney dopondont locdo should bo caploycd
in coooooing the roguircd powor cyoica norginos of
otchildty unfor otocly ototo ocad Gioturbcd ocadi-
tiono, 0 woll ep Lor cChorgcaoy control, md o
givo oignificmtly diZforont zooulllc £ron thono
obtoinct thon Zroquoncy cad veltc3e dopcadcaee o

ignorode.
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Tho conoidoration of offoct of ehicago 1o
volteso on tho locd for deoioning o oyotca grom
0%tobility point of viow 1o of vory ouch fnportcacs
A aip in volteogo ney ecuso chodding of locds cueh
3 discharxgo lenpo, nurcury are reotifioro, ote.
talch oro providod vith undor voltcze rolosse,
W¥nich 1o dotrimentnl to otobility e 1t prooten
- eecclarntion of tho gonopatoro, Xt 4p, thorofore,
of intoroot to o plcanor vhile dosigning o oyotcs
for optinum otobillty undor otocly otato cs woll
¢ mndor trenciont otote that tho offoot of
‘volteso dip ocusing thoreby the poooidlo 1oca
choQding ohould bo contidorod cad tokon into
cocount.

e

It 4o furthor noccorary to coanidor tho gyptcn
loclo, poarticculorly 4nduotion notoro, Induntrinl
mdé lAgricultursl locds to bo dyncile cnd £roquency
Gopondente Ao for cRCaplo, 4€ o oyoten 4o co
Gooignod to rcacin ntoblo unfox otoedy or trcacicnd
condl tiono, conoldoring tho oyoten locdo o CONO=
tent Ampcloneo locdo, tho oyotcy vould work oug
to bo waothlo vhop tho locdo are oonotdorcd to bo
&yncado ocnd £zoquoncy dcpendont, '

horo 10 loghk of pfomotion wailledlo for tho
Scporito locd charcotorioticn of tho Cystca, Al
Shotem poworp gyotca Eaginoors hovo boen concorncd
vith tho offoots of loca chareotorintics on oyotca
Otchidty for ot 1ot 40 gooro cm@ ncay otudieo
Beve boca nede on tho oubjoaet, £cv olootric utilde
Y4¢Co hevo acdo cdoounto ¢ooto to aogommo tholy
03 locd charcotorintios, Undoz-otably, tho tlootrio
utilitioo aro roluetcont to pubjoot thoir cuatenocrn
to vory mony plcanod aioturbeacoo for tho purposo
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of caclyoing tecaoiont bohoviour cnd not oll udiig
%ico ©u i1l oo ocuch tooto. Rovover inotsuicntotid
md cutenatic roeordoro ore mou aveilcblo vhich
ney ncso it focsiblo for utilitioo to0 obtain loed
cherootoriotiens w Athout tooto. Dy instolling oueh
oquipment ot inpprtost bucos, vhonevor o gyeten
dioturbcnes oceurc, portinont dota em bo rocordcd
In tino, ocufficiont locd daota might bo obtoinod
to Gotoxmino tho locd chorcovorioticn, althowsh
nopration of voltoso cad frequoncy offoeto ney bo
often difficult. If ouch ottcapto to reecord tho
actunl locd charesctoriotieo aro ncioy tad conoie
dorell in otchility octudics, 1t will locl to morze
coouratc emd concorvative roouldo, without chich
tho preoont otudics ooy bo oodd to bo optinigtic.
The oyotcs deoignod with o)l ouch conoidorotiono
tcron into nccount oholl bo noro rolioblo.

|

3

]
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Y1,9
¥2,2
¥3,3
Y4,4
Y5,5
Y6,6
Y1.7
Y8,8
¥9,9
Y10, 10
Y1, 11
Y12,12
¥13,13
Y14,14
Y15, 15

AREFIRLE - X

BHIVING ROXUR ADIERAUQ) 3

o 0=] 6,25

© 0=] 2,56

= 0=} 2.84

= 0= 9442

& 3,79=3 1795
10704~ 15,02
1.949?3 8094485
3, 16=] 17+ 11
8.468-] 22,912
3.923~§ 9.769
=18,0835-3 37.852
L/ 7077"‘1 2"3069
& 7.953=] 15.425
o 5,4885-§ 47,465

g o 0o 0 o

SRANSPER ARIIRANOR

Y1,7
Y2,9
Y3,13
Y54
Y4,15
Y5, 19
6,15
¥6,10
Y6,8
Y6, 14
Y7, 10
- Y7,8
Y7,9
Y9, 11

o YT, 1 o Oe) 10,21

= Y9,2 s 0"3 '5056

@ Y93,3  © 0=) 5.69

5 Y575 0e3<0

= ¥15,4 e O~§ 12,28

o Y!S.S = 3079“'3 17.95
o Y15,6 o 0=§ 22.4

= ¥10,6 e 0-3 O

-] YB,G o 1, 15"3 509
o Y14,6 2 0e58T=i 165
e Y10,7 o 1.15=3 5.9
= ¥Y8,7 e 0,054=§ 2.87
o Y9,7 5 0=§6,25

= ¥11,9 e 3,16~J 8,08




( 62)

Y10, 11
Y10, 12
Y12,13
Y12, 14
Y14, 15

= Y11, 10
= Y12, 10
= Y13, 12
= Y14,12
= Y15,14

w.Ail other values of tr

beibg Zero,

= 0&642"3 1.655
- 4-49""3 8,22
= 7.77=§18,92
= 5.66-3 10,58
= 0,746~] 4.08

ancfer asimitances
and hes not been written above,
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GRABILITY STUDY OF URSIERRD U.P.GRID BY Re A BARSAL

PIIEISION A(12,12),0( 12, 18) 0C7( 18, 12) ,8( 18, 18) , ¥( 14, 12)
DIMERSION ¥2(10,2),Y22(2, 10) »¥1(10,10) ,¥11( 2, 2) v¥3(2,2) ,R( %

DILBISION ©1(18,12),02( 12, 12) »Y222(2,10) ,R1( 10, 10)

READ1,T AROW, TACOL

READ1, RCROV, ICCOL

READ1,1 8125

RBAD1,ITYIIR0, TYI100

IIEAD?O.1?-1.EQ,BB,M,35.91.1’2.EB,PQ,H‘!,HB,H4.HZ’.D1,D2,
D3,D4,05,0, B2

RBADZ, ( (A(I,J).Ja!,UAGOL),Ru‘i,HAROU)

mmnz,((o(r,.r),Jm.nccoz.).laa,ﬁcaom

READ2, ((B(12,11) e 1,16X 2T) ,flee 1,08L23)

mumz,((m(I,J),Jnt,nmco).xat,nmno)

PORIAR(212)

POX142(67 10, 3)

PORIST( 4P 10, 4)

FORIAT(57TH AIOLE A THL BEGINING OF INLZ4VAL 5/5P 10 4

4%, 12)
DDi=0,

DD2=0,

DD3=0,

DDQEOO

£2=0,

=9

LT%=180, PP e(DEo0) /i1 §
d12:380, “Po( D7 002) /H2
3180, oF o(DF e 02) M3
484=180, o o( DT #92) /H4
3031=1, 150001
BO3Je: 1, ITCROY
TRATSPOSITION OF € A8 OF




ﬂ'\
[
»

Q

3

1t

12

L)

14

02(1.3)=C(J3,1)

OALL INVERT(B, 18, 18)
HULRIPIICAZION OF BINNERT AID CE
CALL LIIR ATC( 18, 18, 12,8, 18,C1, 18)
MUIZIPLICATION OF € AD O4

CALL $112A87C (12, 18, 12,0, 12,01, 18,02,12 )
DIFPEKENCE OF A AUD 02
D081=1,TAROU

D08J=1,RACOL
Y(1,3)aA(1,d)-C2(1,d)

PUTION2, ((Y(I,3) pd=1, 92) 5 129, 12)
B=Y 1=¥29( Y1+ YD) INVERE #727
DO%I=1, 10

D09J=11,12

Y2(1,d-10)=¥(1,3)

D011=1, 10

DO11J=1,10

Y1{I,d)=Y( I,J)

DO12I=11, 12

D0123:11, 12
Y3(I=10,d-10)=¥(X,dJ)

DO13I=1,2

DO15Je1, 10

Y22(1,3)=¥2(3,1)

ADDISION OF LIATRIX Y3 AUD Y3
LE? Y=WeYS

DO 14X=1,IT¥1IR0

D014J=1, 171100
YU(EQJ)Bm('InY)@YB(IoJ)

- IUVERAT03 OF LATRIE Y

CALL INVER? (¥11,2,2)
HULTIPLICATION OF Y1 INVERE AN D Y28
CALL NL2AT0(2,2, 10,Y11,2,Y22,2,Y2%T,2)

LULRIPLICLARION OF Y2 AUD Y27%
conﬁaco'oi
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| OALL NIRARC( 30,2, 10,¥2, 10,¥25%,2,R 1, 10)
OPRAIN REQUIRED VALUE OF R
2019121, 10
0019321, 10
B(X,8)=Y1(X,d)=R1(I,d)

PUNCH2, ((R(X,3) o321, 10) p I=1, 10)
I

Je e 9

Y 19=8CR2E(R( 3, 1) ©22¢R(1,J) c0R)
ALP 1101, 5742 ASP(~R(X,d)/R(1,X))
Jule2 . .

Julo 1

Y22=80RFP(R{T,X) 2026R(X,J) 002)
ALP22:9,5T= AR MIF(=-R( X, )/R(X,3))
Iole2

Jdols1

Y93=8QRFP(R( I, ) ©026R(X,J) #02)

ALD3301,5T=ATMIP(=R(X,5)/R(X,X)
1302
Jolsd
Y44s80REP(R( X, 1) 202¢R(1,d) 0°2)
AI24459,5T= 22 BIP(=R( 1,5 )/R(I, X))
Io1 .

J=3B
Re=do §
Y 12-DORTP(R{ L3 ) #020R( I K) #02)

ALP 120 1, 5T= 20 8T (~R( L, K)/R(X,3))
J=%

Rode

¥ 13-80REF(R(X,d) 002¢R(I,K) 002)
ALP §351.5T=22 M (wR( I,K) /R(X,d))
-y

Redo 1

¥ 14=807TP(R(X,3) ©020R(I,K) 002)

OontQeoces
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AP 14= 1 o 5T=AR MNP (=R(X,K)/R(2,3))
Je9 - |
. Kedo '
Y 150 80RIP(R( L, ) 092¢R(I,K) #02)
ALP 1501, 57~48 AP(=R(1,K)/R(1,3))
I=3 | o
J=9
E=d¢ |
Y2328QRIF(R(X,d ) 002¢R(I,K) 002)
AXR23= 1, 9742 MP(-R(I,K)/R(I,3))
de7
Exde 1
¥24=80R2P(R(1,d) 0026 R(I,K) 002)
ALP24= 1,97 17 MNP ~R(1,K)/R(1,T) )
J=9
Kede 1
Y25=8QRTP(R(I,d) 902¢R(I,K) ©02)
442295 1,57-42 F(-R( L, K)/R(1,3))
1=9 ‘
JeT7
K=do 1
Y34=ERTP(R( X,d ) 2026R(I,KK) 002)
ALP3451, 5752 ATP(~R( T, K)/B(X,d))
d=9 -
K= J4 4 |
Y35 SRIP(R( I,4) ©020R(1, 1K) 002)
ALPI50 1, 5748 AF(=R(I,K)/R(X,3))
1a7
Jod
Ke=de 1
Y45o80RTP(R(I,d) 0020R(I,1) ©02)
ALP4521,5T=A2 MIP(=B( I, K)/R{X,T))

25 B12:Di=D2 Contloeso
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a2

D13=D1=D3
D1£=D1-D4

D15:D2-13

D23=D2=D3

D24eD2-D4

D25:D2«D5

D34=D3-D4
D35=D3=D5

D450D4=DS

ILTTY 1=B10E2¢Y 12 eSINP( D12~ ALP12) ¢ B10E30Y 1308 11T
(D13-ALP1S)

Y2045 9984 0Y 14 e SINP(D 94~ ALP 14) ¢ BI OE5 OY 15 08100
(D15=-41215)

5 A1=P L B1951 ¥ 1198I0P( ALP 11) e LTIY $ INT1Y2)

ILAIY 1oeb 1982 oY 1298I0P( 2124 A“P 12) ¢ B2°030Y 230 8THD
(D23-~ALP23) ’

IIY 252 054 °Y24 ©810P(D24-ALP24) 6 B2 55 ©Y25 0 INT
{D25-aLP25) . |

P52:P2-( B29L2°Y 22 o8IID( ALD22)+ LTIY 1 I0TIY2)

TIIY t==E 19830713 08I07( D15 ALP 13) » 32 0R50Y 2 308I0p
(D23 A1223)

L IY26B3924 °Y 34 cSINF( D34~ ALP34) ¢ B3 0E50Y 55 05 LN
(D35-4LP35) |

243=P3~( E3OL3Y 3398 LIP{ ALP53)+ ILIIY 1 1011Y2)

I B4 °B10Y 14¢8INP (D 140 ALP 14) »E20B4 5Y 24 S INF
(D245 ALP24)

1Y 2053 0B4 Y SR OSINP( D34+ ALY 34) ¢ B4 OBS 5Y 45 0SIND
(D45=-ALP4S)

284oP = B4PDLY L4 OBIFP( ALPGS Y+ ILTIY 10 2ETIY2)
PULICH0, 201,742,545, 704

PToTT 4,0 1

IP(57=.01)22,22,23

Xto( M 1cPA1) /2,
X2=( MI2¢342) /2,
X3=( X3°243)/2.

X4o(AR4C244) /2,
ContQeee
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GOT024

23 XmAC1%TAY
X2w AK2 9T A2
X3= K247 AP
XdmAK4#T Ay
24 DD1=DDWX1
DD2udD2+X2
DD3=DD3+X3
DD4=DD4+X4
D1»D1+DD1
D2=D24DD2
D3«D%+DD3
Da=DasDD4
PUNCH21,D1,D2,D3,D4,21,8
Rule 1
IF( 21, 1)2%5,25,26

26 S0P END




1212
1218
18
0202
1. 102 1.093  1.0718 1.1
1,025 .15  0.43 .35
10425 5.829 2,869 2.26
3. 394 682 652 <576
[ J 48 00 509 001
0. 6.25 0, 0. O 0.
0. 0. 0. O 0. 0.
«6,2% 0. 0. 0. 0. 0.
R 0. 0. 0. 0. 0.
O 0. 0. 2.58 0. R
0. 0. - 0. 0. 0. 0
0. 0. -2.58 0. 0. 0.
0. 0. R 0. R 0.
R 0. 0. R 0. 2.84
0. 0. 0. 0. 0. e
0. 0. 0. 0. -2,84 0.
0. 0. R 0. 0. 0.
0. 0. 0. 0. (VR 0.
0. - 9.42 0. 0. 0. 0.
R 0. 0. 0. 0. 0.
-9, 42 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. O
0. 9. 3,79 17.95 0. 0,
0. 0. 0. 0. 0. 0.
0. 0.  =17.95 379 0. O
O 0. 0. Oe 0. 0.
0. 0. 0. 0. 3,069 36,72

0. 0. 0. 0. 0. 0.




Q. 0. 0. 0. "'36072 30062

0. 0.2 0. 0. 0. 0,

O 0. 0. 0. 0. 0.

O 0. 0. 0. 0. 0.
w0421 0. 0. 0o 0. 0.

0. 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. R 0. Oe

0. 0. 0. 0. -5, 36 0.

0. 0. 0. 0. 00 ' 00

0. 0. 0. 0. 0. O

0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0.

0. 5.61 - 0. 0. 0. 0.

0. 0. ° O, 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. O, 12.28

0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. O

0. 0. 0. 0.,  =12.28 0.

0. 0. 0. 0. O 0.

0. 0. 0. 0. 0. 0. -

0. 0. (N 0. 379 17.95

0. 0. 0. 0. 0. 0. -

0. 0. 0. 0. O 0s

0. 0. 0. 0.  =17.95 3.79

OQ 0. 10 ’5 5.9 00 0.

0. 0. 0. 0. 0. 0.

0. 0. «587 1.5 0. 22.4
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0:
c.
O.
1,704
1.15
O.
- 15,02
«5.9
0.
«554
0.
0.
«2,87
0.
0.
0.
0.
0.
6,25
0.
0.
1. 15
8.468
0.
“5¢9
«22.962
0.
0.
«642
0.
0.
~1,635
Q.
0.

0.

0.

.0"
15,02

5.9 -

0.

1.704

1. 15
¢

0
a.

o554

0.
0.

. 6425

0.
0,
0.

0.
0.
5.9

22,962

0.

1415

8,468

OO

0.

1,635

0.

O.
«642

0.

0.

2,87 -

-509
0.
“'10 15

0.
0o

0.

0.
0.

0.
0.
3. 16
0.

© De

-8.08

'Oo
- Qe

+642

C.

0.
~$,635

0.

0.

3.925

0.

0.
-9.789
0.

o.

»9354

=287
. O .
1949

«8.940
. 0. :

.15 0.
0. 0.
587 ~22.4
2,87 0.
0. - ' 0.
0. 0.
554’ =6.25
0. 0.
0. 0.
Blgw 0.
0. 0.
0. 0.
0,949 O,
0. O
0, O
0.  9.16
8,08 ' 0.
0. " 0.
0. ~17.11
3,96 0.
0. 0.
0, " 0,
1,635 ~ 4.49
0. " 0.
0. 0.
0,642 -8,22
0. o.
0. " 5,16
90189 0.
0. 0.
0. ~-8,08
5.923 0.
0. 0.
0. 0.

0.
0.

6.25
0.
0.
0.
0.
0.
0.
0.
0.
o.
o.
0.
7. 11
0.
0.
Je 16
0.
00
0.
8.22
00
O.
4.49
0.
8.08
00
0.
3. 16

Q.

0.
0.
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4.49
TT7
0.
-8,33
~-18,92
0.

0.
777
0.

0.
~21.69
0.

0.

0.
o. .
0.

0,

0.

O.

0.

0.

0.

0.
9.15

8.22
18.92
00
4.49
177

0.

O«

21,69
. 0.

0.
TeT?

o,

0.

o
0.

0.
0.

0.

0.
0.

0.

0.
0.
2.57

0.
5.66
O.
0.
~10.58
0.
O
0.
) o.
. 00
0.
0.
o.
7.953
0.
.o.
“150"25
‘.0.
0'
794
0.
Q.
-4.08
-2.57

0. 18,083
10.58 o,

0. 0.

0. -37.852
5066 o.

0. 0.

O. 777
0. 0.

0. 0.

0. =18,92
0 o

0. 0.

0. 566
15.425 «794
0. 0.

O. ~10.58
7.953 ~4,08
0. 0.

0. 0.
4.08 5.488
0. 0,

0. C.

794 =47,464
9. 15

37.852
0.

0,

18,083

- Qe

a.

' 18.92

0.

- 0.

177

0.

0,
10.58

. 4408

0.

5.66
«794

0.

O.

47.464

0.

. O
5.488




co GIABILITY SZUDY OF GEBIER-N U.P GRID BY R.A.BAU~8AL.
DILIEN SION a,i 12, 1’2;.6( 12, 18) , 02( 18, 12) , B( 18, 18) ,
(12,12 |

DIUBSION ¥2(10,2),Y29(2, 10,Y1( 10, 10)M1(2,2),
!322,5) R(10,10) ? el

~ DIMEHEION C1(18,12),02(12,12) ,¥207(2, 10)R1( 10, 10)
READ 1, WAROY, W AQOL |
READ1,HGROV,HCC0L
READ1,0SIZE
‘READ Y, BYNRO, TYTICO

RBAD10, 51,82, B3, B4, 55, P1,P2,P3, P4, 139, H2, 13, H4, D1
032:33:1}4:”5:?’5& pX ek 9 hyligelicd,llD R4, D1,

ABAD2, ((A(1,3) ,d= 1, L005) , 11,1 ABOV)
RED2, ({¢{X,d) 432 1,110C0L) , Im 9, LOROT)
READZ, ( (B(11,5) ,H=1,1812E) 1= 9(0S12R)
READZ, ( (W1( 1,d) 4= 1,HNCO)  I= 13HYHRO)
READ10,DD1,DD2, D3, DD4, 71,22, £3, 24,25
READ1, I

PURMAT(212)

PLRIST(6710.9)

10 PORUAT( 4710, 4)

2% DPORIAD(3TR ANCIN AT THED BEGINING OF INTERVAL 9%/
51710 4, 4X,; 12)

L T Y




Q

105

11

12

13

~h

AR 1=180, *P (DT or2) M1
K2 180, P (DT 0o2) /12
MK 3180, “Po(DRo2) M3
4= 180, P D 202) M4
DO3%=3:1,110C0L

- DO3J= 1, 0ROV

TRAUSPOSITION OF G A8 COF
02(1,d)=0(J,I)

CALL IOVERT(B, 18, 18)
MULTIPLICATION OPF BINVERT ATD CF
CALL LIIRATO( 18, 18, 12, B, 18,0%, 18,0 1, 18)
IUIRIPLICATION OF C AUD 09

QALL L1122 47C( 12, 18, 12,0, 12,C1, 18,02, 12)
DIPFEREICE 0P A AlD €2

DO8I=1,11 AROV

DOBJe 1,11ACOL |
Y(I,3)=4(1,3)=-02(1,d)

PUNCH2, ((V(X,3) o d= 1, 12) , I 1, 12)
ReY 1-Y20( Yile Y3) INVERT Y27
D0%I=1, 10

DO2I=11, 12

Y2(X,3-10)=Y(1,3)

D011I=1, %0

DPO11Je1, 10

Y¥H(X,d)=¥(X,d)
DO121=11, 12

DO123=91,12
Y3(I«10,d=10)=Y(1,J)

D0951e1,2

DO133=1, 10

Y22(1,d)c¥2(d,1)

ADDITION OF UATRIX YII AWD Y3
LE? MieYY3

DO 941o1,ITYIIRO

DO 14Jo 1, IV1CO

np?




(75 )

38 WI(1,3)=Mi(1,8)0X3(Iod)
IVERSION OF DATRIX Y
CALL INVERE (Y11,2,2)
RMUIZIPLICATION OF Wi INVERT AUD Y22
CALL MIRIC(2,2, 10,111, 2, Y2T4 2, Y2770 2)
MUIRIPLICATION OF Y2 cnd Y2%%
peid CALD NILATO( 10,2, 10,¥2 10,Y27%,2,81, 10)
0BT ALIl ROQUIRED VAIUB OF R :
019114, 10
D019J=1, 10

19 R(I,3)=Y1{I,3)=RI(T,3) _
PUNCH2,, ((R(L,3) ¢I=1,0) o I= %, 10)
Iy
Jeled
¥91=80RFF(R( I, I) *02eR(I,4) ©92)
ALP1 1 1 5722 MP( =R{ 1,3) /R( 1, 1))
I=1e2
Jale ¢
¥22-80RTR (R( I, 1) #o26R(2,J) ©°2)
ALP22 10 §7=A7 SIP(=R(1,3) /R(I,1))
I=I+v2
Juleq
¥353-80RTP(R(I,X) eo2eR($,d) 9°2)
m’sw.m-xﬁm(mxga)/n(:‘:.,x))
IsXs2
Julod
Y44=CARTP(R( 1, 1) 002¢R(1,d) 9°2)
AIPA4s1.5T=A28 BR(~B(1,3)/R(L,I))
Inq
dag
Keds 1
¥12-80RFF(R( I,9) ©02¢R(I,K) ©=2)
ALP125157=2200D( =R(X,K)/R(1,J))
d=5
Rede i




(76)

Y13=5QRIP(R(I,J) #**2¢R(I,K) #2)
ALP13=1,5T=-ATANP(~R(I,K)/R(1,J))
Ju?
KeJ+1
Y14=SQRTF (R(X1,J) #*2¢R(I,K) #92)
ALP 4= 1, 57=-AT AP(=R(I,K) /R(1,3))
d=g
Kwde 1 |
Y15=QETP(R(L,J) **2¢R( I,K) ##2)
ALP15m1,57-A2ANP(«R(1,K)/R(1,d))
I=3
Jub
KmJe 1 . :
Y23=EQRTF(R(I,J) *#2eR(1,K)**2)
ALP23w1, 5T~ ATANP(-R(I,K) /R(1,J))
InT
Knd+1 \ .
Y242 QRTP(R(I,J) #*2+R(I,K) ##2)
ALP24=1,5T~AT ANP(-R(I,K) /R(1,d))
Ju9
KmJ4 1 , _
Y25=QRTP(R(I,J) #92¢R(I,K) ##2)
ALP25m1,57=ATANP(~R(1,K)/R(I,d))
I=$
Iu7
KuJe 1 .
Y34=3QRTP(R(I,J) »*24R( I,K) ##2)
ALP34=1,57~ATARP(=R( I,K)/R(1,J))
9 ,
Kmd+ 1
Y35«SQRTP(R(I,J) *#24R( I,K) ##2)
ALP 350 1,57-AT ANP(=R(I,K) /R(X,d))
I=7
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- 29

J=9

KnJe1

Y45=SqRIF(R(I,J) #22¢R(I,K) #2)
ALPAS=1,57=AT ASP(~R(I,K) /R(1,3))

PURCH2,Y11,Y22,Y53,744,Y12,Y 13,Y14,Y15,Y23%,Y24,
Y25,Y34,Y35,Y45 '

mcnz.:g:;,ama. ALP33, ALP44,ALP12, ALP1S, ALP14)

PUNCH2, ALP23, ALP24, ALP25, ALDS4, ALP35  ALP4S
D12=D1=D2 '
D13%=D1-D3

D 14=D1=D4
D15=D 1-D5
D23=D2-D3
D24=B2~D4
D25=D2-D5
D34=D3-D4
D35=D3%=DS
DA5=D4~D3 :

DNXY 1=E 1 %E2 #Y 12 0SINF(D 12 ALP12) ¢ B19E3#Y 4 J*SINF
(D13-ALP13)

TMMY 2B 1954 #Y 14 %5 INF(D 14~ ALP 14 )+ E 1965 47 15 3 INP
(D15« 4LP15)

TA1=P1-( B1#E1 %7 11 4SINF( ALP1 1)+ DUOMY 1+ DMMY2)

DUNY t=«E1#E20Y 1265INP( D12+ ALP12) 4+ E2 4B 54723 43 INF
(D25-ALP23) :

DUMY2=E2 6134 #Y24 %3 INF (D24~ ALP24 ) + E2 *ES 4725 4G INP
(D25-ALP25)

TA2=P2-( E29E2 Y22 *SINP( ALP22)+ DMMY 1+ IMMY2)

DMMY twaB 1 4E39Y 159 SINP(D 13§ ALP13) ~E29E38Y2 343 INF
(D23 ALP23)

MYZ-EB'BMYMOSINF(DWAL?%)+ES*E5 *Y35 «5 INP
(D35~ ALP35)

us-rs-(Ea*ssﬁssosmumszbmxmmm)

DMMY 1m=E4 ¥E1 #Y 14 8BINP(D 144 ALP 14) «E2 9E4 724 SSINP
(D244 ALP24)

DUMY2unBS4E4 SY 3495 INP(D 34+ ALPS4) $E4 %B5 4T 45 #SINP
(D45~ALP4S) :

»




VL, 7, W, VN
]

\
(4= |

107

108

23

24

%

TA4=P4~( B4 SE4*Y 44 *5INP( ALy
PUNCH10,T41,T42,TA3, A4

TT=T7+,01

n(”"o 1 1) 108' ’089 23

X1=AK1%(T14741) /2,

2w AR2%(224TA2) /2,

3K 323467 AS) /2,

XduAK4%(T4+T ML) /2,

GO %0 24

X1=AK 19749

2= AX2 %D 42

X3=AXST AS

X4=AK 4T A4

DD1=DD2+ X 1

DD2wDD24 X2

DD3=DD3+ X3

DD4=DD4eX4

D1=D 4DD1

D2«D2¢DD2

D3=D3sDD3

D4=D4+DD4

PUNCH21,D1,D2,D3,D4, 22, §

Nals 1

n‘ IT-QG) 25. 250 26

Srop
END

4)+MY1+MY2)
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1212
1218
18

0202
1,102
1.025
1. 425
3.394
05740

0.

0-

“6025

0O,

0.

0.

0.

0.

0.

0.

0'

0.

OO

0.

Q.

«9,42

O

0.

0.

0.

OO

0.

0.

0.

LS

5.828
1.829

0.

'1.093

15

6.25

0.
0.
0.
0.
0.
OQ
0.
O.
00
0.
0.
Q.
9.
0.
O.
00
0.
0.
0’
O.
0.
0‘
0.

42

N

1.0718

4>

2,829
1.8395

50.
0.
0.

0. .

0.
0.
0.

“'20 58\

0.
O.
0.
0.
0.
0.
0.
0.
Q.
0.
3.79
O.
'17095
0.
0.
0.
0.

PROGRAMME AT APPERDIX -

1.1

»35
2426

" 1.4496

01
0.
0.
0.
0.

2.58

0.
0.

- 0.

Ce

0.

0.
0.
0.
0.
0.
0.
0.

17.95
Qe

379
0.
0.
0.
0.

DATA FORTIng, QZA.

0. 0.
0. 0.
0. O.

- 0. 0.
0. 0.

0. Q.
0. 0.
0. 0.

. O 2.84
0. O.

-2.84 0.
0. 0.
0. 0.
0‘ O.
o. 0.
O. L o.
0. 0.
o. 0'
0. 0.
0. 0.
o. 0.
1. 737 29.8
0. 0.

-29.8 1737




O.
0.
O. :
-10.21
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
O.
0.
O.
‘506'
O.
0. -
0.
O.
O.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.

10.21
O.
0.
0.
OI
0.
Oe
0.
00
0.
0.
0.
0.
0.

Oo
0.
0.
Oo
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
Oo

5.61

0.
0.
O,
0.
0.
2.
O.
0.
0.

0.
0.
Oo
O.
0.
0.
90
0.
00
Oe
0.
0.
* Y
e
0.
O,
o.
0,
0.
0.
0.
115
Q.

0.
0-
0.
0‘
‘o.
0.
0.
O
0.
0.
0.
Ou
0.
0.
0.
0..

Do

o.
0.
O.
0.
0.
o.
0.
O.
0.
0.
0.
0.
0.
0.
S.9
0.

0.
0.
Q.
0.
0.
O,
0.
0.
2.
“5036
0.
D.
0.
0.
0.
O
0.
0.
O.
0.
Q.
0.
D
.
-12,28
Q.
0.
3.79
0.
D.
-17.95
0.
0.

( 80 )

0.
O.
0.
0.
0.
0.
5436
0.
0.
Q.
0.
0.
0.
0.
O
0.
0.
0.
O.
0.
O.
12,28
Oe
0.
O.
0.
0.
17.95
Oe
0.
279
0.
0.




(81)

(¢ 19
O.

P
14704
T 15

O

= 15,02

=59

0.
«554

Co

0.

2,87

Ge

00

o.

O,

00

=fo 25

00

o@
.15

T« 136

g.

«5e9

~14.992

0.

0.
0842

0.

0.

~1.6355

0.

0.

00

0.

0.
15.02
5.9
OQ

1.704
115
[

- 2487
. 0“

Co
0554
C.
0.
6425
0‘
Q.
0.
OG
0.
5.9

14.992

Qo
15

70135’

06

0.

1635

0.

0o
0642

0o

=5.9
0.
-1 18
+554
0,
D
‘2»87
Qs
'0.
- 1949
Qe
Q.
=Be948
Do
Y
O'
e 16
0.
Qe
-=8,08
0.
0.

0o

0.
=1.635

O

0.

3.923.

0.
0.

O.

642

“90799

145 0. 22.4
.95 0, (o
0 0. 0.
o587 =22.4 0.
2.87 Q. . 6625
0. 0o 0.
o. Qo 0.
.55@ ?6025 0,
00 00 o.
0. 0. 0,
8.948 0, 0,
0. 0o 0.
Ce ‘01 ) 0o
1949 0, 0.
0 0. o0,
0. ) 0. 00
0. 3,16 17.11
8,08 O. ' Oe
0. 0. 0.
0e  =17.91 3,16
5.16  O. Oc
0o - Oo O.
0. 0. 0.
‘0655 4.49 8022
00 00 0._
0. 0, Oe
0602 «8,22 8049
0. 0o 0.
Oo 3. 16 8008
9.789 0. 0.
0, 0, Oe
Oo ~8.03 3616
3,923 0O, 0o

OQ Oe . Oo




(82)

O.

4. 49
TeTT
Q.
-8,22
*18092
0.

0.
7.77
O.

O.

"21.69 .

0.

0.

0.

0.

0.

0.

00

0.

0.

0.

0.

0.

9415

..0684
48720

.10

N

Qe 0.
8,22 0.
18.92 5466
0. . 0’ M
4.49 0. .
7«77 =10.58
0. 0.

0. 0. .
21,69 0. .
O. O. .
0. 0.
T.77 C.

O 0. .
Q. 0.
Qe . 7953
0. 0.
00 O. :
0. -19.425
O. 0.

0. 0.

0. «794
0. 0. -
0. Oe

0. ‘.'."Q_oa
205? "2057
«.0334 L1297

«TT5% “0‘386 .

0. 0.

Q. 18.083

10.98 0.

0w . 0.

0. . “‘370852

5.66 0‘ *

0. 0. -

0. . TeT7

00 ‘ o. ’

0. . 0. .

O . ’18092

Q. Qe

0. . 0.

0. - 5.66

15.42 «794

0. . 0.

0. ~10.58

7.953 «4.08

0. 0.

0. - 0.
4.08 5.488

0. 0.

‘Ol .00
079-5 "47.464

94 15

.+0820

-o 3441

0.
37.852

Q.

0.
18.083

O.

O.
18.92

O.

0.

T.77

Q.

0.
10.58
4,08

O
566
794
Q.
O.
47.464
0.
0.
5+488




1o

20

Je

4.

5e

6.

Te

8,

9.

\EPERENCES s

AHT AR M,Y, "Proquency dependent power system statio
load characteristio® Proceedings I.E.E,September, 1968
PP21%07 '

AKHT AR ,M,Y.* Frequency dependant dynamic representstio)
of induction motor loads"™ Prooeedings I.E.E.June,1968
PP1802 St s
MAURICE,H.KENT Member I.E.E.E., Wayner R.Sc.H.M.U.S.,
Member I.E.E.,E,. Mnd LUTHER,M,WEBLER,Senior Member
I.E.E.BE. " Dynmmic Modeling of losds in stability
studies®,

Pranssotions I.8,5.E.May, 1969 PP:1756

PETEROO0N,H, A.* Oomments on /3/ Trans. I.E.E.E.May, 1969
m?ws761

VENIKOV,V.A." Transient phenomina in Electrical power
system®,

DAHL,0,G,0.," Electrical Power Citouit theory snd
application®™ Vol.II Power systea stadility,

WILLIM,D, STEVENSON,Jr.® Elements of Power system
mll’li':o

COMLY,J.M,KELLEY,C. BJMECROM AC,J,E, Philips, H.W.md
Sc. BROEDER T.W.” Emergency Control of system losds"
Trane, AMER, Imst. Eleoctrioal Enginecers 1948,67 pp
1474-1483 |

BILLS,G.W,* Couments on /3/ Treneaction I.E.BE.E,
May, 1969 FPs 762,

=>4




	WRDM105592.pdf
	Title
	Synopsis
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Appendices
	References


