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ABSTRACT

An algorithm has been developed to compute the transient
stability ljimitof Inter-~grid power transfer as a function
of ClEariné time. The integrated grid systeﬁ of Baﬁgladesh.
Eowef Development Board(BPDB) has been taken as the model
for this study. The BPDB Powser network is divided into two
major zones— The East Zone and The West Zone and the -two
zonés are connected by an overhead 3-phase double circuit
transmission line called the East~West interconnector s The
interconnector is designed for 230KU and presently ener—-
gized at 132KV, A system study for the integrated BPDB
grid syétem was done by Acres International(ﬁaﬁada) Ltd. in
1968 in which they studied.the operation of the Eést—West
Interconnector both at 132KV and 230KV levels. By plotting
swing curves they determined the transient stability limit

for inter—grid power transfer at both voltage levels.

In this algorithm developed the inter-grid powsr transfer

is directly computed as a function of clearing time. In order
to be able to chpare.the results Qith that of Acres Interna-
tiognal the sysfem models used for 132KV and 230KV operation
are exactlf séme as that used by Acres International, The
network for 132KV operation is slightly different from the
pfesent network, The network for 230 KV operation is expected

to exist_afound 1987,
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The intérconnected notwork has been converted to a two-
machine system. All machines of the Eastern Zone are gro-
uped together to a single  eguivalent machine and similarly
all machines of the Western.ane are grouped together to |
another single équivalent machine. The networks of  the
Eastern Zone and fhe Western Zone are reduced separately

by star-mesh conversion principle. The transient stability
limit for inter~grid power transfer is coﬁputed for instan-
taneous clearing, for sustained Faﬁlt énd for various inter=-

m=diate clearing times.

The swing equafion has been converted to a universal swing
equation ingependent of iﬁertia constant with respect to a
machine time 7. The cleéring time hzs been calculated from
the'cléaring angle by solving the swing equation by Runge=-

Kutta method of fourth order approximation.

Three phase fault at (i) middle point and (ii) near bus end of
one of the lines of the interconnector have been studied;The
reference bus voltages at the tuwo ends of thg interconnector;
are equal to the nominal system voltage. Alsb the actual bus
voltagesat the two ends .of the interconnector. have been used

" from various load flow studies of Acres International.

A Computer program has been developed to compute and plot'
inter~grid power transfer as a Functionvof clearing time and

the BUET Computer 1BM=370 has been uéed for various studies.
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Thers are five sub-programs used with the main program,
to solve the boundary conditions, to calculate clearing

angle and corresponding clearing time. &

The result obtained using this algorithm are compared
with those of BAcres International in order to prove the

validity of the algorithm,
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NOMENCLATURE

Symbol -
.E g Cenerator Voltags .
E'q,E' Machine voltage behind transient reactance.
Ed,E'd Direct-axis steady state and transient excitation
voltage.
I Line current, Armature current ,
Id,Iq Direct-axis and Uuadratu;e—axis armature current .
IF Field current. |
Ig Quadrature—axis bF field current. —
P Real Pouwer.
P, Initial Power or Shaft Power,
pm Maximum Electrical Power,
Pu : Electrical output Pouwer.,
Q ' Reactive Power,
 r1 Ratio of dur;ng fault curve to pre=-fault curve,
T,  Ratio of post-fault curve to pre-fault curve.
tyt, Clearing time, critical clearing time,
v . Bus Voltage.:
X12 Mutual reactance,
xd’x'd Direct=axis synchfonous &lTransient reactance.
-X%;X’q QUaQrature—axis synchronous and transient reactance.
Y11,Y12‘ Driving point and Mutual Bus admittance.
Yoq°Y12 Line admittance,
ZF ' | Fault Shunt Impedan;e.
2 o Zero sequence impedance ,
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N
N

g o
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ix

Negative Sequence Impedance «-

Torque angle.

Initial torque angle. T
Critical clearing angle.

Maximum torqQue angle .

Impedance angle ,

Angle .

Modified clearing and critical clearing time.

Modified clearing and critical clearing time.
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Definition and Type of Stgbility:

In general, there are three types of stability associated

with the systam!1)

(a) Steady state stability
(b) Transient stability

(c) Dynamic stability

This work is concerned only with the transient stability

limit of a power system.

Suddenly large disturbance ocburs'wheﬁ a large block of
generation or load is lost or a fault occurs on a trans-
mission line. In such cases the system must be able to
withstand the disturbance. Trénsient stability is the ability
of the system to_rémain in synchronism following a sudden
,s&stem diéturbance. This ability depends to a great extent om
how guickly the fault is isolated from the system and the
time in which the fault must be cleard in order te main-

tain system stability is called critical clearing time. The

" maximum transferable power is a function of this critical

clearing timee For a circuit breaker, the clearing time is the

~sum of the relay sensing time and the circuit breaker opera-

ting time. If the fault on the system is cleared within
"it's critical clearing time, the system will be stable

otherwise it will go out-of-step and -loose synchronism.



The transient stability limit refers to the maximum
possible flow of power through a point without loss of
stability when a’_sudden large disturbance occurs(2’16’172
This power limit'is a Function of fault clearing time.The

~Power limit increases as the fault clearing time decreases.

Since the transient stability limit is a Function of fault
clearing timse, the purpose‘of this research is to develop an
algorithm to compute inter~grid transient stability pouwer

limit as a function of fault clearing time,

Method of Determination:

The curve for power transfer through an inter-grid circuit gas
a function of fault clearing time can be achieved by two diffe-

rent methods:

Method ~ I:

The poﬁerfflow through anlinter-grid circuit can be obtainaed

by the method of load flou study. For each value of power-Fluﬁ
through the grid a number of transient stability analysis are
performed at different ctlearing times to determine the critical
clearing time for that partlcular Power flow by using step—by-step
method or Runge-Kutta method for solution of swing equation. The
brocess'is repeated for a number of power flou and the inter-grid

Power limit is then plotted as a function of clearing time.

L



Method - I1I

In this method the multimachine sysfem is converted into a
two-machine system. The group of machines of which the intgr=~
nal angular swings are similar, are réplaced by an equivalent,
machine. The equivalent transient reactance will be the para-
llel combinatinp of the transieﬁt reactances of the individual
machines of the éroup. The whole network is reduced, by star-
mésh conversion principle, to a tmo-mabhine system being co-
nnected by the power line whose power transfer is to be studied.
THe inértia constant of the equivalent machines will be_the sum

of the inertia constants of the individual machine of the gQroup.

Practicelly instantaneous clsaring or zeré clearing time is
never possible. But it may be regarded as the limit approached
as the clearing time is reduced. Instantaneous Clearing is ob-
tainable uniy byAdisconnecting a faulted line when there is no
fault on it. THE initial Power transfer through this line will
be cglled the maximum power flow at zero clearing time if the
system remains stable. The infinite clearing time(z’s) may be
regarded as the time when the faulted line will not be clearad
at all and the power flow for this condition will be the maximum
power at sustained fault or at infinite clearing time if the

BN

éystem remains stable.

The initial voltage behind transient reactances of the tuwo
machines and their initial operating angles are found out at

"
N

%



sustained fault, at instantansous clearing and at a number
of intermediate load values. Singbis Plotted as a function

f . s
G f ri and Tn

X12(beF0re fault )
Where r, = X,, Cduring fault)

X12(bef0re Fault)

d T2
and, . X12(aFter fault Cleared)

The initial maximum amplitude of power,
_5E
12 ‘ ' ' -
and mechanical input powser,
Pi = Pm sinéo are calculated and tabulated as

function of siné%.

whare, E1 = Voltage behind transient reactance of

equivalent machine-~1,

E2 = Voltage behind transient reactancs of
equikalent maching=2, ' '

X12= mutual reactance between machine-1 & machiné-z.

and '30 = relative rotor angle between the two machines. -

For instantansous clearing, singo is determined from the graph -,
for r, then from the value of sinéo the value of Pi isg calculatea
by trialling with various current values. Then this P; will be
the maximum possible pouwer flow at zero cléaring. For intermediate
~pPointsfor different values of sinéxgs the corresponding values of

Pi are found from the earlier calculated.table., The critical s



- clearing angle for corresponding value of Pi is Calculated
from the values of ébo, bmax, r, and r, using egqual area

criterion. The crifical clearing time corresponding to tha
critical clearing angle is’then computed by solving awing

equation using Runge-Kutta method.

For sustained fault condition,'SinBo is determined from the
“graph for T, then from the value of sinbo the value of Pi

is calculated by trialling with various current values., Then
this Pi will be the maximum possible power flow at infinite
clearing time or while there is no clearing. Thén iﬁfer-grid
power transfer limit is plotted as a f'UnE:tion of clearing time.
This second method is adapted ih this research undertaken here,

\

Teb Utility and Objectives:

For stable qperatioh ﬁf a power system, the maximum powsr: flow
through any grid should be pre-determined so that proper breaker
arrahgement Can be made auailable. The western zong and Eaétern
zone of BPDB network system have been connected by an interenhnec-
tor over Jamuna river. The pouwer crisis of Western zone is

met by supplfing gasFFired chcap power from the- Eastern zone
through this inter—connector. Therefore a study is essential to
find out the maximum power flow of the line so that the inteqra-
téd system can function smoothly and remain stable eveo if thers

is a fault on the interconnector,



Earlier, this stability limit was studied with the help of
EQUal-area—criieriun method in conjunction with a set of pfe-
:calculated swing curves and the curves for determining cri4' 
tical clearing timgg’%;th fhe knowledge of thie research,
it is possible to calculate the maximum power transfer thfough

the interconnector after any cthange in the layout of the system.

" For futurs gxpansion of the system this étudy will help to
salect proper circuit breaker and relay arrangement required

for the maximum expected power flouw.



CHAPTER - 11

REPRESENTATION OF DEVICES IN THE NET WORK SYSTEM

!

A power system with genarators, transformers, static and/or
syncheonous condansars and loéds, can be represented by one-linse

diagram showing all the machines and elements as shown in .Fig, 2-1

11KV/132KV 132KV 132K U/ 33KV 3%;U/11KU
. ’ ' as é—-—-‘:} Gen.-3
1= (:>"“‘“§§ - 16 ¢ 3 76
20 10 - 9 12
' 16 3 %,____4::)5 nche.-
1e=2 GE} }% - j%~f__—#_§ 58 Mo tore

0
29 11KVU/132KV 132KV/33KV 33KV/11KV

Fig. 2.

One 1line diagram

One line impedence or reactance diagram can be drawn from
Fig, 2-1 with proper reactance values on a systam base voltage
and hase MVA,The ona line reactance diagram for the circuit in

Fige2—1 is shown in Figs2-2.



Fige 2.2

Reactance diggram

. In stability jimit. study, various Ckt. elements are represen-

. ted as follouws:

1.

The generators or other synchronous motors are represented
by its direct axis transiant reactance in series with a

constant voltage source.Armature resistances are normally

neglected,

Transformers:

fwo winding transformers are represented by saries impedence
Z ejuivalent to short-Ckt. impedences and the exciting impe-
dences are neglécted. Also the resistance part is neglected
for large transformers . | | |

Three-winding transformers are repressnted by Y -circuits.
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réuch that the sum of the reactances of each pair of branches
equals the short-circuit reactance between the corresponding

pair of windings with the remaining winding open.
2. Transmission lines and cables.

These are represented by their nominal or egquivalent W

circuitse.

4a Loads:
The loads on a pouwer system vary with time of day- and
from one year .to another year. for example annual peak
load'and the minimum load may be taken for the study.
L0ad$ are assumed to be lﬁmped on the buses of major stations
and substations. They should be expressed as vector power
P+id, where‘jp represents the active pomér-énd U represents
the reactive powsr. Each lDad'is'thenrerresentgd by a
shunt admittance Y=_P =il hhare_U is the voltage across

- iz
the load. '

Se Representation of faults:

A three-phasé short circuit is represented by éonnecting
‘the point of fault to the neutral bus . Other faults are
represented by connecting the point of fault to the neutral
bus through z fault-shunt combining negative and/br zero

seduence impedence depending on the type of fault. .
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The type of faults and the fault shunts are given belou:

Type of fault Impedence of Fault shunt

ZF
a. Line to ground 26 + 22_
be Line to line 22
cC. Two-line to_ground 2022/(26+22)
d. Three phasse -0

Miscelleneous equipment:

Closed C.B. and switches, current transformers and busses havs
negligible impedence on high voltage Syétems_and, therefors,
are disregarded. Similarly;fpoténtial.transformers, lighting
arrestors and coupliﬁg cépécitofs have impedencas so high

thét they are considered as open circuits,
Representation of the remote portion of the syétem:

In studies of part of a large .interconnected system it is
neither necessary nor feasible to represent all the stations
and lines of the entire gystems» The out-lying portions can be

represented by equivalent circuits.

A remote part connected at only one point of system being
studied can be replaced by its equivalent THéuenihfSi circuit
consisting of an impedence in series with a constant voltage

source, lhe impedence is found by network reduction or by =a
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knowledge of the short-circuit kilo-volt amperes level at
the pqint of connection. A remote part of ths network connec-
ted to the system at two points can be represented by a pomef

source and a Y- circuit,

The inertia constant assigned to the generator of each of
these equivalent circuits shoﬁld be equal to the sum of the

. intertia constants of all the machines therein and , in‘the
absence of more definite information, may be calculated from
an average value of H and the known aggregate generating ca-
par;ity.(Z) If the total inertia is large compared to that

of the portion of the . network being  studied, it may be

considered infinite with little error.

i



CHAPTER = III

DEVELOPMENT OF NETWORK REDUCTION PROCESS

A network system may have several nodess and terminal points.
For system stability study, 6nly the terminal sélf=- and mutual .
admittances are required. Therefore, the extra nodes in the
network may be eliminated by a process known as network reduc-

tion.

Let us take a network consisting of five nodes, of which one

node is to be eliminated. The nodal equations are written as:

= + + +
I ViqB Y goBo T Vst Youk,

= Y, E + Y22E2+ Y, Eo*tY,, E 3¢

I 2151 23-3 To4"y

I3 = Vg Bat Yob® YosBs¥ 5.8,

[P NPV WIS NN, L N N

Supposey node 4 is to be eliminated. It can be eliminzted only
if it has no external connection, i.e. the terminal &4 is consi-

dersd to be open circuited;

= = . +
Hence, 1, =0 =Y, By + ¥, o0,% Yu3tE5% Y3k,

Spolving for E4 and substituting the expression in place of

E4 give,



Y., Y Y., Y Y, Y
11=(Y11_ _1$_ﬂl*)51+(y12__l$_£2) E, +(Yﬁ}ﬁ¢_l$ﬁﬁl) £5 stc. (3.2)
which may be written in standard form;
= ] + I S ]
Ly = YigaEy ¥ Y058 7 V585
. Y / + v’ .
Similarly, 12 = Y214 * Y22E2 Y22E3 etc 7 | (3.3)
In which Y5 are the new terminal admittances and related to
, .
the old one by Y11 = Y11 -Y14Y14 ,
: Y )
44 . )
’- —
Yoo = Yoo £ You V4o )
P Yflll ;
T =Y. Y - ' g
Y 2= Y927 Yai Yap )
Yie
So in general form thls may be quJ.tten as? '
Y: Ya ' .
Y. =y, - _\14_Y.£_ where J = 142,33 : : : (3.5)
Jk Jk : 44 - . .
k = 2-’2’3
-Rssume - that both 0ld and new netmurk ar':e of stendarc'i't)?pe
haulng one and only one element between each pair of termJ.nals
and having no coupling with each other.
The relations betwesn elements of old and new networks can be
derived as followst
+ +
Y., =Y0o1 T Y127 Y3 T Yy %
11 -, . e ; (3.6)
Y, =7Y04 + Y14  Yo4 T Y34 BVCe-- :
44 3
Yaz Y92 = Y2q ;
=Yz =Y )
Y34 34 43 etc. /

14

-4 .



Similarly,

Vige 7 Vo Fy ety g tY s

Y's3 =y'os *Y' 3t ¥y y5  ste.

= Y-t = 1
Y'12 Y 21 Y 12

[§ = Y1 - o v !
Vi =Y's5, Y 23

Substituting equations 3.7 and 3.6 into equation

we get,
gl =y Yia Y24
12 712 You "4t Y24 34
Yig Y34
Y'az = Yao7
13 13
You™ 14™Y 24 34
V'o1 =yo + 0t at

In general form these may be written as;

- Yig Yy
= yjk + g —
4=1"

2_vYi4
v

i =

]
b 4 3k

e T L N N I, I P

e .
Yoa™ 14 20 V34

3,

e

(3.7)

(3.3)

(3.9)

i.ae. every element of the new or reduced network is the result

15

of paralleling tﬁe corresponding element of the old network with

an element arising from star-mesh conversion.

B
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The network reduction process is summarised as below:

(1) Seriss and/or parallel combinations of impedence elements

" "are made where necessary.
(2; The impedenbes are convarted to admittances.

(3) Nodes are eliminated by star-mesh conversion, giving

.preference to node having léast number of elements,

(4) The new elements resulting from the conversion are made

parallel with old elements.

(5) The process (3) and (4) are repeated until all

desired -nodes are eliminated.

(6) The tertminal admittances are computed from the element

admittance for stability study.

If the star contains n. pointsy similar formula holds, but
the expressionxzy should have n. terms. We have Y -4
conversion only'iﬁ n' =3, If n =2 we have alsimplé series

combinzation. *

In general, the conversion from mesh to staf for N> 3 is

not possible.

AW
‘:".—



CHAPTER ~ IV

- METHODOLOGY OF DETERMINATION OF STABILITY LIMIT

421 Development of Powsr-angle equation and Swing Equation:

%)

® @

—
L
L

T

A B,
G b

b

12

M-,

O
=
®

o8

Fig, 441

One Lins Diagram

- Consider a power system network shawn in Figure Ge1a
The stability limit Fﬁr'power tranéfer between bus (1) and
bus(2) is to be detsrmined. The network of the whaole powér-
system. reduced to a series circuit in serias with bus{(1)
and bus {2) . The machines in each side which swing together
are grouped in a single equivalent madhine and are.replaced
by a voltage behind the transient reactance in series with an

-equivalent transient reactance shown in Fig. 4.2
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Fig, 442

Reactance diagram

;

Thus a- multlmachlne system can- be replaced by a two machlne
system, From ‘the- transFer 1mpedances betwaen the machine
termlnals, the ratlo, r1 For faulted condltlon can be Found

out as r, = Xq2 (Prefault)

1 54.10‘and the ratio --z.. for

xq2 (during fault) 2
post fault condition can be found out as
x12 (prefault)

v _ (4.2)
12 (post—Fault)

I‘2‘—

r, may be zero or a Fractlon dependlng on the location .of the

Fault. If the fault occurs near the bus point 1 or 2 the trans-

fer reactance at faulted condition becomes infinitely large

and the.ratio r, will be zero.
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Again, a system having two finite machines may be replaced by

an squivalent system having one machine and an infinite bus

so that the swing equations and swing curves of angula} dis=—

placement between the two machines are same for both the - -
_ ok

systems. The eguivalent ineetia constant, equivalent input

_and eQuiyaIent output are calculated for eguivalent finite

machine. The equivalent inertia constant is a function of the
inertia constants of the two eguivalent- machines and the egui-
valent input and output are functions of the inputs and outputs

of -the two equivalent machines.

The swing QQUatioh of the two finite machines are;

2 - | -
: P X p
- i-__%’_.ﬂ_._. I plq_- ul ' (4.3)
ar2 . .M G
o - o b )
28 L Pay T TipTuz
& _ 2. g =l TR - (a4.8).
o 2 2 o ) 2 : :
dt - ,
The relative angle is é) = éﬁ-- 52 - ' ' (4.5)

Therefore, the swing equation of the equivalent machine isj;

2 21 2 : :
Q_Cé = d_gi_ d éz‘.f,. - Pay (6.6)
dt dt dt?2 ___1er? . M-j; .
R

Multiplying each side of the equation (4.6) by

H1M2/(M1+M2), gives ,



. o
"M 826 M a; = MPa,
2
+
Wyl dt™ - M,
MoPi, - M p1 M P = MyPuz
= 1 122 _ T2y, .

The equation (4.7) may be written as

2 .
M d—é = P =P, =P
dt a i u
where M = M,K
marar,
M ! 2 M
- - P -
: 2p11 _ MZ plz 2 u, M1pu2
Py = T and P = which
U
1 2 M1+M2

are called the squivalent inertia constant and weighted

average of the inputs and outputs of the two finite machines.

‘The law of combination of the inertia constant is similar to
that for the parallel combination of impedances. Since the
inerfia constant is the accelerating power diuided.by the acce-
leration, this law will appear quite reascnable in case of tuwo
machine systam because the accelerating dower of the gsenerator
is nearly egual (except.in sign) to that of the motor while the
relative acceleration is the sum of the ' acceleration of the
generator and the retardation of the motnfa This is in contrast
to the equivalent inertia censtant of a machine equivalent to

a group of machines that Swing togethsr. There, the accelerating



21

powér of the group is the sum of the accelerating power of the
individual machines and the accelerations of all machines are
equal. In that cass, the insrtia constants combine liks im~-

"pedences in series.

The power—-angle equations of a two-machine system are-

— 2 - '. < . N ) )

Puy =03 ¥, Cos @ +/E E ¥ cos(o =040, ) (4.8)-

and, Pu2 - E2E1Y21C08(021—EE+EH)+ E2 Y22 Cosé : (4 9)
22 .

substituting these values of Pu1 and Puz and the relative

angle é é> 5 lnto the expression of equivalent output gives,

2 M E_2Y EqEpY.
25 Y11[:"8911 1627V L0585, EqE2¥az[ Los(0-8, ), C°3(é’*e1%%
Py = : S - oy
u T M1+M‘2.' ‘ M1+Mz"
= Pg + Pm Cos(é-'§“=}= Pc+Pm sin(&—{) (4.10)
. 2 , 2 ¥
shere Po M2E1 Y”cns(e_”) M,E5 Y,, Cos 8,,
M_,lw:z

l!

and, Pp = E B M

I.I

" '=\/M§ + M2 - 2MM Cos 20

1.2 12
+
o 2
, S w =1 ,Ma+ M '
dy -©®= tan (12~
and, : a (M1- Mo tan 6 12)

“Ty o

and 4= 8"~ g0

Then the swing equation becomes

2 . .
M g_& = Pi -R- Pm sin(é"‘:f ) = Pi_Pm sin¥ (4.11)
dt '

#



. /
where, Pi =Pi—Pl?__ & S: é)—‘( .

The equation (a-—n) is dependent on squivalent maximum power,
Pm and equivalent inertia constant of the machins. This egua=-
tion can be made dimentionless by dividing it by Pm and intro-

ducing =z new Quantity~~, defined by

T = t)/ 7T Pm =}|/T7Pn_
. Pm = £ Pm
780 - M GH ' (4.12)

Then the swing -equation becomes ;

s e { (1.1

! -
where, é is in electrical degrees,

2 / _
or, 6 P-sin &’ E ' - (4.14)
d‘T

where é’is in electrical radians.
For faulted condition prefault power Pm is replaced by during

fault pouwsr r, Pm

If the resistance part of the network is neglected then the

. . - o - o
impedence angle 311 = 922 = 90~ and 912 50,

. . Pc = 0 and ' = 1 and Pm = E1E2Y12 and (S, (4.15)

becomes 67 the relztive torque anglse betwé_en ‘the.machines. Then the
equation 4-11 for during fault condition, becomes:

= Pj=r_ Pm sing (4.164)
dt2 1 | _
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Dividing by r
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1Pm and introducingT,the equation 4.16A becomes

Qié_ = P-sind | | (4.16B)

dv?

as in equation 4.14. Where é is in electrical radian.

4,168 -
The equation 4.13,"4,14and/are the differential equationswhich
are independent of the inertia constant of the machine and of
the constants of the network. The solution of the equations depend

on the ratio of input to the amplitude of the power angle curve

and on the initial angle &, and initial angular speed We

The amount of ﬁower that can be transmitted from one machi;e to
the other in a tﬁo-machiné system without loss of synchronism,
when the system is subjected to a fault; depends on fhe duration
of ﬁhe fault. The_power limit can be determined as a function
of clearing angle by equal area. criterion, and the relation |
between clearing angle’ and cieéring time can be found by solving

the differential equation(4.13) or (4.14) . of the above .

Determination of initial operating voltage, }owar and angles

a)-Power.at instantanéous.glearing of the faults

" Practically, instantaneous clearing is never possible. Theoretically

the zero or-instantaneous clearing time can be assumed by switching
out the faulted line from the existing system when there is no
fault 'on that lipe, Frem the prefuult and post-Fault power ancle

1

eduztion , we can drow the pre-Teult end pest-fault power angle

. curves as in fig., 4,3,



Power—~Angle Curve for Instantaneaué clearing

Curve.. 1— pre-fault curve,. Pnm sins

Curﬁg"g—B Post fault Cur\,res‘a;i?zr-’r1 sin(g

AQplyiﬁg the equal area ceiterion method in fFig. 4.3 area

of rectangle = pi(ém-éb) = Pm(ém—éo) Sinéo i

24

(4.178)

Area under the PDgBI‘ angle curve for post fault condition

o

.Equating the two areas, we get;

(ém -éo) Sinéo = r2(coséo— cos é)m)
Al singo)

where é)m = A =gin
2

Flfom the relation of T, andél__l as in eguation

the value of é)o ‘can be achieved by ilgrative method which

7gj_né dé = rZPm(E_oé éD—Eascgm) (4,178

(4.18)

(4.15)
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determines the initial power flow at pre-fault condition as

in Pi = Pm sinéo .
(b) Poyer—-flow at sustained fsult condition:.

If a fault occurs.on - 'a powsr system and is ﬁever cleared

at all then it will be called sustained fault condition and
it is assumed that the fault is cleared after infinite time.
Asithere is no clearing of the fault, there is no clearing
angle. F rom the pre-fsult and during fault power-angle egua-

tions we can draw the pfe—Fault and during fault power angle

curves as in fig. 4.4.

P .
" i
pl.l
in p.u.
r.P —7 T =
1pT .
| i
P . i

>
i’:} in  rad

Fig, 4.4
Power-Angle Curve for Sustained Fault.
Curve -~ 1 — Prefault cﬁrve, Pm Siné

Curve -~ 27 — Ffault curve, ETpm sin é
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Then applying the equal area criterion method in Fig. 4.4
the area of the recfanglé = pi(cgm-gu) = pm(cgm_éu‘) Sinéjo (4-194)

the area undeg the power angle curve for faulted condition
m

51néc¥8 = r1pm( cos éo—cos 6m) ( 4.%98)

= r.Pn

Equating the two areas, we get,

( &nx é ) sin éD = r1(cos 50— cos 8m) . (4.20)
where, é -sinﬂ (Si? éo
T,

From the relation. of r, and é)o as in egquation (4.2?) the value
of éc: can be datérmined py iterative method which determines
the initial pouwer flow between the two mechines.This power will
be the maximum powerflow between the machines for sustained fault

condition.

If P1 = o0, for the adverse location of fault, the transfer
impedence betwsen the two machines will be such that there is no
connection between them and virtually no power will be trans—

ferred from one machine to another.

Intermediate clearing angle and clearing time:

It is apparant that if the internal voltages E, & £, should

vary, the amplitudes of all three pouwer angle ‘curves would

change proportionately, but the ratios T, and r, would not be.

affected, The three power~angle curves and the input line Pi are

drawn in Fig, 4,5, Then applying the equal-ares criterion method,

*t

the rectangular area under the input llne,

= Pi( (S (S ) = Py ((S éo) Slné (4.21)



A

;ré'in réd

Fig, _4,5

poﬁar—Angle Curve for Intermediate Clearing

Curve - 1 Pre~fault curve, Pm sin g
Curve -2 Fault—cUrue,_ :r1pm sin 8

Curve =3 Post-fault curve, rzﬂa:éin é

The area under the,fault pomer-angle curve from angle

80. to éc = -i\-] Pm Jé sin éd—& _—I‘ pm(cgsé - ctos 50) | (4-22A)
o .

The._area undesr. the post-fault. power—angle curve From angle &c

to 8ml= 1‘2 m

Equating the GQUationa ﬁ.21 with 4.228A and 4.22B , we get,

27

jéslnédé o cosdm = coscs ) (4.22B)
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.

Pm( ‘Sm- bo) sin é)o'—’ —r1pm(coséc- cos éo)-rzpm(cosé)m-coséi:)

,(ém-bo ) s.=.in'§)0-r1 cg§~§30+r2coé%)m (4.23)

which yields, cosé)c-_-—'_

=Ty
wvhere, sjm=7T-sin -1(2;—“'80)

' T2

This angle, éc, will be the clearing angle for which the system
will be stable for its output power equal to the input power Pi,
The corresponding clearing time can be obtained by putting the
value ,OFéc in equation (4.14) and by solving it by Range~kutta
method with several iterations. Then the clearing time in seconds
can be achieved by putting the vslue of Y, obtained from Range-

kutta method, in equation 4-12y

t =a\/_GH (4,24)
. T mr e, | | .

w‘h.ere, G = fé;ting of the machine
H = Inertia c_o“nstant
F = System frequency
Pm= maximum amplitu-de of prefault power angle curvae.

Again, by setting a new value of initial angle (50 in the power-
angle curve, we can set a new value of input power Pi and g neu:l
value of clearing angle bc can be-obtained. Similarly, for

this new power Pi, the new value af clearing time can be cbtained
for this new clearing angle,éc;. Thus a set of input power and
the corresponding clearing timé can be obtzined by the method as

stated above.
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If the fault location is near any bus poiht 1 or 2 , the
transfer reactance during fault is infinity and the ratio

r, becomes zero, i.e. the power ttansfer botween the machines
during fault period will be zéro.-In that case, the clearing
time calculation as stated earlier will fail . Fﬁr r1pm= 0y
T, will be zero for any value of t.. In this Case a new

-medified time‘ﬁ;is introduced and related to the actual

time by the equationg
te =fy GH__. | - |

This modified time fiis differing from earlier modified time
"Tc, in equation 4.24, in that Pm, the amptitude of pre-fault

pnmerq;angle curve, is used instead of r1pm, the amplitude of

during Fault-power—angle curve. Since ry is zero, the negative

part of the Tright hand side of 'equation 4.16A is zero . We .

may reurite the equation 4.168 as,

4%

a5 = Pn Sihf% | | (4.26)

Now dividing the equation 4-26 by Pm and 1ntr0du01ng P as in

equation 4.25, the equatlon 4- 26 becomes ’

EE.‘.S__= sin 8o | | (4.27)

df? | '

‘where %) is in electrical radians.
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-Solving equation 4-27 , we get,

| ’f? “k/55§§§§57 | | : | (4.28)

If é is squal to gc clearing angle, then £ will be Fe and
and tc5 the clearing time, will be calculated by substituting
the_ value of Pr- in equation ‘ 4,25, Thus a set of input pouwer

and its corresponding Clearing'time can be calculatéd for

"various values of sinét's

Then a curve can be drawn with the input powsr Pi as a
function of clearing time t & this curve is the stabdlity

limit curves.



CHAPTER - y

ASSUMPTIONS AND APPROXIMATIONS

Throughout this research, a number of assumptions and appro-

ximations have been made as follouws:

B

Transient Saliency Neglected:

Because of the many factors involved in the stability

limit study, it is not desirable to include those factors
which would unduly complicate the study and have only
secondary effect. An approximate method has been developed
to eétablish a practical procedure. Ons of the approxima-
tions assumes that under'tfansient conaitions a synchrouous
machine Can be represented by a single transient reatctance

and a single voltage source behind the transient reactance.

During transient swing the voltage behind the transient

rééctanca is assumed to represent an equiualent.constant
field flux linkages. This approximation is reasonable within

the normal operating range of the machine.

Dampiné Torque Neglected:

In Transient - stability study the damping tofque has the
secondary influence on it during first and subseguent swing
which occurs within one second. But in dynamicT étability,
the damping torques due to p:imarmouer, generafor, and

system do exist and have a significant influence. S0, the
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damping torque is totally neglected in this study.
Constant Input Bower During Swing:

The mechanical input is initially equal to the electrical
outputeWhen disturbance occurs, the output power is
decreased suddenly but tﬁe input power remains unchanged
The input to a generating unit is cqntrolled by the gewernor
of its primemober. Tﬁe governor will not act wntil the
speed(chaﬁge)axcaeds a certain amount(USually 1% of normal
sPeed)???}?T.z-; depending on the adjustment of the governor
and even then thers is a time lag before the governor
changes the input. During swings of the sncﬁronous machines
the percentage change in speed is uéry small until after
synchronism is actually lost. Therafore, fhe governor action

as well as effect of voltage regulator are neglected during

transient condition and the input power is kept constant

.during the entire period of the swing curve.

Resistance Neglected:

Since‘the resistances are very small in cohparison with
the reactances, its effect are of secondary nature in
transient stability study.

So, the rééistances are neglecfad to simplify the

calculations.



Saturation Approximated:

Because of saturation during transient condition, the
equivalent transient reactance of a synchronous machine
is slightly louwer than the unssturated velue., The reac=—

tance representing a machine under a transient disturbance

" has a value of approximately 90 percént of that at rated

(4,9,18)
current value .. .

in transient reactance has a minor effect on transient

'« However, this small wvariation

stability limits and use of rated current value gives a

slightly conservative result.

Generator saturation alsd increases the steady-state pull-

out power pver that which would exist &f there uwere no
saturation. &n eqw;valentsynchrnnous reactance egual to

the reciprocal of short-circuit ratio has been assumed

to approximate saturation effect under steady—-state condi-
tion.:In the over excited regiony'éhis gives very conserva-
tive results, Howeuaf, this has no signiFiCance, since tran-

sient stahility is limiting in the oversxcited region,

f. Pouwsr Trnasfer During Fault Negleétéd:

For most fault there will be some power transfer during

Fault.?nr all faults there will be resistance losses which is

supplied by the generator. Both power transfer-and losses
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will have the effect of providing some decelerating
power during the fault. So. the machine will not swing
ahead quite as far as the calculations indicate. The 

result of losses and power transfer during fault will be

to make the machine more stable than calculated.

g. Simultaneous Upefation of Circuit Breaker:

All the circuit breakers, which. may open at different
loEatibns to interrupt the short circuit current due
to any fault at any location ,are assumed to operate si-
multaneously to clear the fault, Auto reclosure is not

included herea.
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CHAPTER = VI

SYSTEM STUDY AND  RESULTS ' tk'

Bangladesh nat@qhal grid system for upefation at 132KV and - &
230KV levels ﬁés been considaredlas the model of this study.

The Bast -West Interconnector is presently energized at 132KV

and is expected to operate at 230KV level by 1987. Therefore

this study has considered both the voltage iBUElS to determine

the transient stability limite In existing network system,

there are twelve number of different power stations delivering

the load at the time of peak load period. In the expansion

scheme, some new power stations are added mith the Ulq ones.

For 'example, power stations at'Halishéhar, Ghorasal 230KV, }/
Siddirganj 230KV , Bogra and Goalpara are added in the new

écheme. The syétem configurationé are given in drawing E-1

and drawing E=2 according to Acres International(Caéada) L td.

The line datas are given in resistance, inductive ;eaétance and
distributed‘caﬁacitiue sueceptance in the drawings E=1 and .':7
E-2 . The generator rating in Mﬁ-anq in MVA , engine type,

direct axis transient reactance and inertia constant are

given in Table Siéﬁ.sfﬁe transformer rating in MVA, uoltagé

ratios and impédanca in per unit are given in .Table No. 6-2. & 6.5.
The tap positions of all the transformers are assumed to be

unity. The data, for the planned generators and transformers,

which are not available, are assumed standard values.

AI:



TABLE No- 6.1

Generator data for 132KV System

Name of the Total No.of - Generator Rated Rated Engine  Direct axis Inertia
Power Station  Generators No. MW M YA Type transient Constant
‘ : - - reactance in (M) an
% aon M/c. M/c base
base
Kaptai 3 GysG, 40 50,0 Hy dro 30.0 3.861
' | 8 50 62.5 . Hydro 30,0 4.00
Halishahar : 1 G, 10 12.5 G.T. 20,0  7.00
Ashugon j 5 G1 64 - 90.0 S.T. 2040 4.90
GymGy 20 25,0 G. T, 26,0 6.00
Ghorasal 4 G1,G2 55 68.7 S-To 2002 . 4.5125
Gy 250 . 31245 SeTo 20,2 2,25
G, 72 90,0 ~5.T, 21.5 5.10
Siddirgon 4 c, ' 50 6245 5., 29.0 4.60
. Gz— GZI- . 8 11.6 S-To 22.0 Q.&O
Shaji bazar 10 o G,! ;--‘-G3 9 18.5 Ga T, 18.0 6.50
' G, = Gg 9 20,0 G.T. 1645 6450
G,y Gy 10 1245 G.T. - 1840 6450
Gg’ G']O 50 62.5 29.0 4460

::::::j- hd ‘ | | contd=---p



Tabie Ne. 6.1 (contd)
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Name of the Total No..of  Generator Rated Rated Engine Direct axis Inertia
Power station Generators No. M MyA Type transient Constant
: : reactance (M) on
in % eon M/c. base
M/p. base .
Goalpara G1 ‘ 60 - 75.0 S, T. 21.9 5.5
6,155 28 35,0  BMGT 22.0 5.0
Ge.r Gg 10 15,9 G.T. 23.5 | BS
Bheramara G1-53 20 25 G.T. ‘ 21-5 4.5
Bogra Gﬁ 5 B.9 RMGT 20.6 . 740
Saidpur 51753 3.5 4.7 Diesel 30,55 . 3.85
Thakurgaon G‘I 1040 12.5 Diessl 2042 6e5
Serajgonj G1 4.3 Sl Digsel 224 8.0
Rajshahi G 4,2 5425 Diesel 224 . B.O

Contd=-=-P



Table 6.1 (contd)
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Condensor data for 132 KV Systam
Location No, of Rated Direct axis Inertia
conden~- MVUA transient constant
ser reactance (H)
in %
Madan hat 1 50.0 15.7 5.0
Ishurdi 1 70.0 15.5 6.5
Goalpera 1 50.0 15.7 5.0
Saidpur 1 50.0 15,7 5.0




TABLE

Ng.

6.2

Transformer data for 13ZKUSystem

41

Lacation Transformer No. MVA Voltage Impedence

Number Rating Raging Voltage in
Kaptai Tie 2 43.2/57.6 11KV/132KV 9.6
Kaptai T, 1 62.5 11KY/ 132KV 11.6
Halishahar Tis 1 25/33.3/4147

_ 11K/ 132KV 7e1

Ashugon j T1o 2 B8O 11K/ 132KV 12,0
sHahji bazar L 2 45/60 11KV/ 132KV 11.9
Shaﬁji bazap T11 1 15 711KU/132KU 10.5
Shahji bazar T19' 2 6245 11KV/ 132KV 8. 75
Ghorasal T18 2 69 11KV/ 132KV 12.0
Ghorasal To0 1 .90;0 11KY/ 132KV 10.0
Ghorasal s 2 156.5 11K/ 132KV 1245
Siddirgon] Tis 2 25/333 11KV/ 132KV 9.2
Siddirgonj L 1 36/48/60 11K/ 132KV 11.5
Poalpara T1 1 72 11KV/132KV 10.5
Goalpara T2 4 15 | 10.5
Goalpara - Tq4 2 37.5 11KV/132KY 10.5
Bheramara T, 2  37.5 11KV/132KV 10.5
Ishurdi Ts 2 12.5/16.7 10.6
Bogra T, 2 10/13.3 7.5
Seidpur Ts 1 10/13.3 9.0
Thakurgaon Te 2 10/13.3 11KV/ 132KV 7.3
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Table ND. 6.3__

Transiant ;rsactahcs and dnertiae conatant of

Generdtors & Condensors on System base .
For 132 KV System

Loczation ’ - Transient reactance ‘ Inertis Constant,H
: including trensformer

Kaptai | j0.27243 &.361
Halishahar ' j0.77026 % 0,875
Ashugon j | j0.19745 - - 9,920
Ghorasel - j0.05976 | | 46.295
Siddirgonj - jO.34788 44410
Shahjibazar . j0.11928 14.883
Goalpara -~ j0.19044 o 9.692
Bheramara - o j0.42667 | 3;380A
8ogra . j2.59656 | | 0.623
Sgiqpur J . §2.864336 0. 543
Thakurgaon ‘ j1.89044 o 0.813
Sirajgonj - 55.16700 0,430
Rajshahi  j5.26700 - 0.420
) Condensers
Madznhat ' © j0.5700 | 2.500
Ishurdi j0.3643 o 4. 550
Goalpzra. | | j0.5700 H 2.500

Saidpur : j0.5700 - . 2,500




Table No, 6.4

Generator data for 230KV System
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Name of ths

Total no.of

Generator

Rated

.Rated

Engine

Direct axis

Tnertia canstant

Powsr Station Generators . Numbar MW MVA Type Transient (H)
: . : Reactance on Machine base
in % on m/c
basg
'Kaptai 5 G1'G2 40 50-0 Hydro 30-0 30861
Gy=Gsg 50 62.5 Hydro 30,0 4,000
Halishahar 1 G, 10 12.5  C.T, 20.0 7.000
Ashugorj 5 G, 64 9.0 5.T. 20.0 4,900
G,~Gs 20 25.0 G.T. 24,0 6,000
Chorasal=132KV 3 G456, 55 6847 5.T. 20,20 4,425
Gy 250  312.5 S. T, 20.2 2.250
shorasal=-230KV 1 G, 250  312.5 5.T. 20.2 2.250
Shahjibazar '8 G,~G3 9  18.5 G.T. 18.0 6.500
G, =G . 9 20.0 G.T. 1645 64500
Go=GCg 10 12450 G.T.  18.0 6.500
3iddirgonj=132KV 4 G, 50  62.50  S.T. 29,0 4.600
Gz“Ga 8 11.60 S.T. 22.0 4.&00 .
Contd==-=F

133



Table No, 6.4{Contd)

Name of the Total No.of "Generator Rated Ratsad Engine- Direct axis Inertia constar’
Powsr station Generators Numbaer MW MYa . Type Transient (H
' : Reactance on Machina bg=-
in % on m/c '
base
Goalpara | 6 G, 60 75,0 5.T. 21,9 5,500
G,1G 28 35.0 BMGT 22,0 5,000
GQ’GS 10 15-9 GCT. . 23.5 6.500
G, 110 137.5 5. T, 20,2 5,000
Bheramara- 3 G1-'G3 20 . . 32.0 ScTo 21-50 14.500
. Bogra 2 G, 5 8.9 RMGT 20,60 7,000
G, 100 125,0 S.T. 20,20 4,500
Saidpur | 3 6=y 3.5 4.7 Diesel 30.55 3,850
Thakurgaan 1 . G, : 10.0 1245 Diesel 20,20 6.500
Sirajgon 1 G{ | 443 5,375 Diessl 22,40 8,000
Rajshahi B G, | 4.2  5.45 Dissal . 22,40 8.000

W
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" Table No. 6.4 {(contd)
Condensor data for 230KV System

Location No. of ' Rated Direct axls Inertiaz cons=-
condenser MVAR transient tant (H
reagtance
in %
Ishurdi 1 200, 00 10,0 2.22
GOalpaI‘Fj : 1 1OO- 00 14.5 4. 50
Saidpur 1 70. 00 15.5 . 6450
RS



Table ND. GeS

Transformer data for 230KV system
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Jaipurhat

Locétion TransFor? No. MUA Udltage Impedance Vol-
- mer No. Ratiﬂg';g Rating tage in S
Kaptai T16 2 - 43.2/57.6 11KV/132KV 9.6
Kaptai T17 3 62.5 11KV/ 132KV, 1146
Halishzhar T15 1 25/33.3/41.7 11KV/132KY 741
Ashugon j T12 2 .80 11KV/ 132KV 12.0
Shajibazar 710 2 45/60 11KV/132KY 1149
Shahjibzaar . T11 1 15 C11KV/132KV 10.5
shofasal-qszkv T18 2 69 . 11KV/132KV 12.0
Ghorasal-132KV T25 2 156.5 11KV/132KY 12.5
Ghorasal-230KV T26 4 156.5 11KV/ 230KV 1245
Siddirgonj-132KV T13 2  25/33,3 11KV/132KY 9.2
Siddirgonj=132KV T14 1 36/48/60 11KV/132KV 11.5
Siddirgonj-230KV T27 2 . 156.5 11KV/250KY 12.5
Goalpara T1 1 72.0 11KV/ 132KV 10.5
Goalpara T2 4 15.0 10.5
Goalpara T8 2 37.5 11KV/132KV 1045
Gozlpara T9 1 125 11KU/{32KU 8.0
Bheramara T7 2 37.5 11KV/ 132Ky 10.5
Ishurdi 132KV T3 2 12.5/16.7 66KV/132KY 10.6
Bogra T4 2 10/1343 7.5
1 125.0 11KV/132KY 9.0

- Bogrx T28 1 10 10.

Saidpur 75 1 10/1343 9.0
Thekurgaon T6 2 10/13.3 11KV/132KY 7.3
T29 1 10 10.0




Table No, 645 (contd)
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Transformer

Location " No. VA .Uoltégs impedance
Number Rating Reting Voltage in %
Madanhat T24 100 132KV/230KV 10.0
Siddirgenj T23 100 132/V/230KV 10.0
Ghorésa.l T22 100 132KV/230KY 10.0
Ishurdi " T21 250 132KV/ 230KV '10.0




Table No- 6.6

Transient reactance and inertia constant of
generators and condensers on system bass.

For 230KV System.

Location Transient reactance Inertia constant
including transformer on system basae
on syspem base

1N PD.Ue

1« Kaptai j0.14810 11436100

2. Halishahar j1.62481 0.87500

3. Ashugonj jo. 18205 9.92000

4. Ghorasal-132KV §0.07227 13,02188

5. Ghorasal=-230KV j0.09502 6.9375p

6. Siddirgonj=132KV j0.34785 4.41000

7.. Siddirgonj=230KV j0.10458 - 6+93750

8. Shahji bazar §0.21020 8. 20625

9. Goalpara .j0, 09450 15.69200

.10, Bheramara jO.42667 3.38000
11. Bogra j0,20007 5.62300
12. Saidpur  j2.84336 0.54285
13. Thakurgaon ji1.82444 0.81250
14, Sirajgonj §5416700 0.43000
15. Rajshahi j5.26700 0.42000

Condensers:
1. Madanhat j0.57000 2.50000
2. Ishurdi=132KV j0. 09000 4.44000
. Goalpara j0.28500 4,50000
« Saidpur jO.36450 4,55000
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The generators operating in a powsr station are combined
tofether and replaced by a singlé equivalent unit and re-
presented by the voltage behind transient reactance in series
with an equivalent transient réactaﬁce, X'd, which is the
parallel combination of all the individual tranéi%nt reactnaces
of the machine and ths reactances of its connecting transformar

in a power station., shown in Table No=6.3 & 6.6.

For example in Ghorasal 132KV power station there are two
generators and two transFormers\connecting the generators with

the system network as in figure 6.1

§.23387

Bus |

Fig. 6. 1

Equivalent Generator connection diagram
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The reactance on the system hase MVA is obtained by the

X'd machine base
m/c rating in MVA

formula X'd (system base) = X System base MVA

In Fig. 641 reactances of generators and transformers are

Kid, = 2x23275 X 100 + L‘%%gégg = j.23387 . p.u.
and X', = 2208 w100 + £1Z2— x100 = j.10658 p.u.

Then the equivalent reactance will be the parallel combina-

tion of the two and equal to j.07227.0.u.

The inertia constants of each of the generators in a pouwer
station are combined to a single squivalent inertia constant

on the same system base MVA. For example, in Ghorasal 132KV

—.4.425 x 68.75 2,22%x250"
100 100x .B

equivalent inertia constant of the machine in a group is the

station, Hs 2+ = 13,02188. The
summation of inertia constants of all the'indiuiduai machines

in the group.

Since resistance and distributed capacitance of transmission
lines have little effect on transient stability studies,thess
,twO'quanﬁities have been omitted for simplification of .calcula-

tions.

At normal operation, the torque angle between two machines

and the voltages behind their transient feactances.depend on the
load flouw betﬁeen them, At different load énnd;tions} the
torque angle between the machines and the voltages behind

transient reactnace are obtained from the reference voltage



at bus 1 and bus 2 of the.inter-grid system with the
help of trigonometriczl rslations zs in Fig. 6.2, The
reference voltage at the two ends are taken either '

nominal voltages or from actual load flow studies.

Fig, _652

.:ﬁeactance aﬁd‘Ubltagé Vector Diagram

From the relation of trigonometry; the angle, @ " and

are calculated as in eqQuation;

Los A = ( b2+c2—a2)/2bc

(6.1)
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Whereas a, b & ¢ are known values

and the 'machine voltages behind’
transient reactance E1 & E2 are

calculated ‘as in eguation

a = \/_&2+02—2bc CosA (6 2) .‘ﬁFig. 6.3
. ' Trigonometrical Rela-

tion of a Triangle

according to Fige 6.3 4 where, b, € and A are known values.

The boundary value (i.e. the value at the two extreme ~ mzment

at instantenous clearing ‘and sustained fault condition) of the

internal angular differences are calculated by liééféfiﬁé method

and the corresponding voltages behind transient reactance and

power transfer are calculated as in equations 6.1, 6.2_%;114.15 and

'4.16 . The system is simulated with a three phase fault at the

middle point and near bus point 1 or 2 on the East-West inter-

connector. for both of the fault conditions the system is studied

for different clearing time from instantaneous clearing condition

to sustained fTault condition.

The swing equation for each of the fault conditfun From'ihitial
anglg,é)or to the clearing, anagle, %Cgis sloved by Runge-Kutta
. 22, 23) - :

fourth order approximation ™/ | 7
A computer programm has been developed to solue all the

equations required for obtaining the maximum power trsnsfer

for different clearing time of the breaker and ' plot power transfer



53

as a function of clearing time. There are five subroutine

brograms for solving the boundary values of.initial;angular
difference between machines, for ﬁalculating the value of
clearing angle,0C and for calculating clearing t;me etc.
The iﬁput datas giuén to the program ‘are (i) various load
values{2) reference valtages of the two buses (3) inertia
constants of the'machines-and (5) the transfer reactances

of the machines,

The final results obtzined from the computer are the curves of
input maximum power Pi, Vs, clearing time t¢ along with the

" values of Pi in p.u. and tc in seconds.

The results obtained from the output curves are tabulated in

Table No. 6.7 and Table Noe 6.8

In the‘power system study dpne by Acres internationalf,they
found the safe limit of power transfer to be 180 MW at 132KV
level operation and 500MW at 230KV level operation. Results
-obtained by this aigorithm are in agreement and this proves

the accuracy of the algorithm.

T LS
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Table No, 6.7

Interconnector eneféized with 132KV

Reference bus voltage Clearing time Maximum Power

Fault Location - S
in pe.Ue. _ in cycles transfer in MW

186
178
. 160

180
171
156

1.043 - 0,950

Near the Bus- 1

or Bus-= 2

of one line. 181

172
157

1.048 0,953

_ 187
o 179
18245

0.972 1.030

o owlo w»mow o oo my W

190
186
178

182
179.5
171

F : 1,043 0,950
Middle Point of

one line.
183

180
172

1. 048 0.953

190
185
179

0,972 1.030 i

O W\ WD VoW mn W@ ;e
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Table No, 6.8

Interconnector energized with 230KV

Fault location Reference Bus voltages Clearing time =~ Maximum Power
in psu, in cycles transfer in
ERy ER M

523

502
471

5.5
535
499
490
474
439

1.0 1.0

Middle point
of one lines . ' ‘
e tine 1.002 1,059

1.065 0,952

550
537.5
494
508
472
411
540
508

439
480

447
390

1.081 - 1.024

1,07 1.0

Near the Bus-9 " : 4 .
or Bus=2 of
one line,

\

1.065 | 0.952

543
503
435

1.081 1. 024

O VM wlow wo mwlo nmwewm oo owmowlo v ow e owm oW




CHAPTER ~ VII

FACTORG AFFECTING TRANSIENT STABILITY LIMIT

From the knéﬁledge of the methods of analyziﬁg the transient
stability of a system, we can draw a number of general conclu=-

' sions regarding the effect on stability limit of certain Featﬁres
of apparatus design, system layout and operation. The effect of
eacH feature must be considered under all three qonditions vize
before fault, during fault and aFtép fault is cleared. Some fea-
tures of layout or design promote stability during all conditions,
whereas otﬁer are beneficial during one condition but detrimental
during another. ihe factors mhiéh generally affect transient sta=-

" bility limit are listed below and described elaborately.

1) Inprtia constant of synchroﬁous machine .

2) M;tUal reac tance.

3) No. of parallel tpansmission lines and location of fault.
4) System voltage aﬁd effect of excitation,

5).  Clearing time.

6) MNumber of intermediate high tension buses .

7) 'Breaking resistor ,

8)  Short circuit ratio ( SCR) .

9) Satufation .

10) Saliency .
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1. Inertia Constant:

The power angle curves for éach of the thres coﬁditions are
used in_,éQUal—area—criterioh method of stability study. The
relative sizes of the areas A;& Ay (Fig. 4.5) are dependent
on (1) the clerlng. angle &)c, (2) the amplitudes of the

1 2

pdwer ﬁi. Stability may be improved by decreasing the area Ay ang/

three power angle curves Pm, r.Pm and r, Pm and (3) the input

or by increasing the area Az. qu a gigen input powef Pi, this
may be accomplished chiefly by deéreasing the clearing aﬁgle

and increasing the amptitudes of the auring fault and poste~
fault power-angle curves rﬁ Pm ang I, Pm. The critical cleafing
time tc rBQUired'tQ clear thf fault depends on the clearing
angle. Higher the critical clearing angle, éc, larger mill be the
time tC required to clear the éystem. Now for a particular
cléaring angle él:, the modified clearing time Tc is constant
irresbectiue of the inertia constant . But the actqal clearing

timeskin second is dependent on inertia constant and it will

be higher if the inertia constant is higher as in equation

te = A/ G%ﬂ_ or - So , for higher inertia constant of

the machlne, a system rEQuires more time to‘:reach critical
clearing angle. We can explain it in another way that for a
particular accelerating power the angular displacement will

be lower for higher value of inertia constant and vice-versa.
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'2)  Mutual reactance:

.The'critical-clearing angle 8c may be increased (1) if the
ampfitude pFlfhe output power—ahgle curve for fault condition
r,Pm  increases, or (i) if the amptitudes of the output |
pomer;angle lcufues for dur;ng fault r1pm and post-fault

T, Pm ;ncréase simulﬁaneously or (iii) if the amplitudes of
prefault, during fault and post-fault pouwer angle curves inc-
rease éimultaneﬁusly.‘But due to incrgase of amplitude of only
prefault and post-fault power angle curves the initial angle
éo decrease; and the maximum angle bmax increases. So for

a particular initial power Pi, én increase in émplitudes of
prefault and post-fault power angle curbes; the critical cleg-
fing angle gc may or may not increase. But still the effect will
be beneficial to the system because of the increased difference
between 80 and bd due to a iﬁwer value of E)é and the system

will take a larger time to change its torque angle Fromé)o toéc.

- The amplutide of all the power-angle curves may be iﬁcreased

by decreasing the ﬁutuél reactance. Thisﬁhtualﬂ reactahpe
consists principally of theltgactancas of the éynchronous
machines, transformer reacténces, and line reactances. The

large part of it is in the machines. 'he transient reactance of
each class .of large synchronous habhinés’has a pharacterisﬁics
value and does not vary much in normal design. A lower value .

of reactance may be obtained by building a larger machine and
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under-rating it. The reactances of trénsfnrmefs also have,

for a given size and voltage, normal values. Only the péactance

of an oyérhead tfansmissinn line may slightly be Laried by chan-
ging the spacing and size of the conductors. Also the reactance
of the transmission line can be reduced by reducigg the system
frequencye. R frequency of 25 cps. is preferable to 50 of 60 cps.
from the stand point of stability. Nevertheless, because of other
aduantages, 56 or 60 cpse. has become the sﬁandard.power system

fregquencye. ' o -

The most important means of reduﬁing the'line_rgactnace are

{(a) to increase the transmission woltage and (b) to connect

more lines in parallel, Higher transmiésion lineluoltage reduced
the line current and the flux is reduced proportionately. Since
the reactance is the effect of flux-linkage of the line, reactancs

of the line reduced by increasing the transmission voltage.

3) No. of parallel transmission lihes and location of fault:

The ratio, r, of the amplitude of the during fault power-angle

1
éurue to the amplitude of tHe_pre—Fault power-angle curve,depends
upon the type and location of the fault and number of parallel
lines . Here the effect of thellocation of fault andrthe number
parallel lines will be discussed. A fzult on a bus or on a line
close to a bus is more seyerérthan a fault of thé same type

near the middle of the line. Most severe of all is a three phase
/

short circuit on 2 bus, where it entirely blocks the power trans-—

" fer between the points: i.e. in that case r1= o and r2=0 '
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Although the fault on z line close to the bus snd on the
middle of a line are equally probable, the morTe severe case is

N

usuélly assumed in stability studies for conservative results.

The ratioy r, of the amplutude of the post-~fault power-angle

2
curve to the smplitude of the pre-fault power angle curve also
-ﬁepends on the number and location of the lines which are opened
to clear the fault, i.e. it depends upon the Fault-lDQation and
the relaying scheme. Ss the number of linss will be more the
value of T, will approach 1. In practice, the value of r, may
be 1 only if a fault occurs on an unleaded radial feeder and
is cleared by disconnection of that feeder. It may also be
attained with quick-reclosing schemes which restores the

faulted line in service. Again the value of r, may be zero

if a Fault- DCCUP; on a bus.Although a Fauit on a bus is
electriCaily eQUiuaIent, before clearing, to a fault on a line
adjacent to a bus, it is more severe in its.eFFect after clearing

as because more lines are to be opened to clear the fault.

H large number of lines, having same equan;ent reactance, are
preferable to a small number of lines Froﬁ_the-stand-point of
stability..To clear the fault reguires the opening of dne line
in either casey, but one l}ne is a.small fraction of the entire
number of lines when this total number will be a largé and
r, will be large.

4) System voltage and .effect of ex&itatian{

'The.powerfangle curves can also be increased if the system

voltage is increased . In case of two-machine system, the
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amplatude of the power-angle curve is Pm = E1E2/X12. An
increase in E1 & E2 do not increase the initial power flow.
The initial power flow rather is -determined by the factor sinéo,

the initial torgue angle between the two machines,

o
> d i nad .
Fige 7.1 ‘

Power . Angle Curves Showing the
Effect of Excitation,

Curve = 1 Pre-fault power angle curve

Curqe - 2 Fault power angle curve _

Curve = 3 Post-fault, powser~angle curve without e;citation
Curve - 4 . Post-fault power angle curve with excitation.
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IFf a synchronous generator has an automatic voltage regulator

and excitation control system with very short time delay, the
generator voltage 5ehind transiaent reactance increases . thus .
stability 1imit is-improved as explained—in Fig. 7.1, -where -the - - -
pre-fault,during fault and tuwo post-fzult curves are drawn. Con=-
sider a twoﬂmachihe—system with automatic voltage requlator and
excitation control system. The area A1 is eﬁual to area AZ for
critical.clearing-angleé)c when tbe generators are without AVR and
excitation control system, In this case, the power , pi1; can be

'transferréd if ‘the clearing @ngle'liES'withinﬁbc. o Since the AVR

and excitation coﬁtrol giﬁes higher geheratnr.uultage behind __tran-
sieﬁf" reactance, the post-fault power—angles curve will be_h;gherm.w_
than that without excitation and the arsa ﬂzmill be larger. Then

for same cléaring_ang;e'bc:' the‘pqwég transfer can ba increased td

ac higher valug 'bié --?b-make the a;ea~ﬂﬁ-equl to area ﬂz. Thgs;-~_
the stability"limit,céﬁ;beiimprauedr.;i£ﬁ the. help of. AVR and

excitation control provided . the time_delay of AVR and excitation

systems are short.

In 1956 , C. Concordia (13) has shown fhat the exciter response- -
required to give the same stability limit as that obtained. with
canstant flux-linkage is not constant but increases with increa-
sing switching time. In other words, the reguired exciter time
constant decreases with,K the increase of switching time. A result

{(13)

calculated for a 200-mile transmission system is.liéted below .
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Tabla ND! 7.1

Switching time ' Excitér time constant
(_in sec,) ' | __{(in sec. )
0.02 . 2e7
0,06 0.7
0,10 ' S 0.3

This results indicate that the effect of fault-clearing time
is even more important than is indicated by the wusual tran-
sient stability studies in which constant 'flux linkages are

" assumed.

5} Clearing timeyt, 3

In the ejual area criterion method of stability study, it is
obserued that tﬁe compared area R2 can be made larger than
~area A, by reducing the clearing angle 5. This clearing énéle
é depends on the clearing time of the relaying scheme and cir-
'cuit—breake: arrangement of the faulted lines ?be clearing time
includes the relay sensing and operating ti&é:blug circuit
breaker operating time 7; So the stability limit is increased
as the clearing-time is reduced i.e. if for a 5 cycle breaker,
the power transfrer iimit is sayy 0.8 p.us then for a 3-cycle-

breaker the power transfer limit will be highér than that .
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6e Number of intermediate high tension buses.
Low High High Llow
tension Tension 16 Tgnsion 2 Tension
© " |bus bus bus . bus
34 §
t

H=s,0 O— . P2y =
. it — i !

16
12 - ‘ . -12
Fiq, 7,2

One line Diagram Showing High Tension Buses

When two or more parallel high tension-lines are used, the
number of intermediate bus affects the stability limit.Some

. Ctime it may be beneficiél or detrimental to étability. In |
Figs 7.2 , if the high voltage bus énd'circuit breakers are
Provided, a line fault can be cleared by switching out one
”lihe leaving all the transformers in sérvice, whereas ,without
high uoltagé buses, the transformers would be switched out with

the line. Thus the high voltage buses increase the value of T,

Sy
»



On the other hand, during the fasult the value of r, is

decreased. Therefore, the high tension buses help system

"stability after clearing the fault but as detrimental
‘during the fault period i.e. we may conclude that system

stability can be improved by increasing the number of

buses provided fast acting circuit breakers are used.,

Braking . resisters:

Anothaer method of improving the stability is to connect a

‘resistive load, called breaking resistor at or near the

generating bus. This breaking resistor may be in séries

or in shunt with the bus(7f162 It is connacted ‘generally:

in line after fault occurs and switched off at some definite

time in its back swing so that a severe oscillation will ndt
rpsult. The use dF'brakiﬁg resistors increase the synchrnous
machihs'joqtput“power'and.thﬁé thE'acceIeraﬁion'a?‘tha mac-
hine becomes ldwar:and mak es fhe‘sysfem more stablé' for
sven a delayed clearing. In the_otherhand; we may conclude
théf the system may be stabie for an increased power flouw
and the stability limit increases. Present-day quick opera-
ting circuit breakers and relays leave little gain to be

realized by braking resistors.

Short circuit ratie {SCR):
The short circuit ratio of a synchronous machine may be

defined as the rstio of the field current,1?1.required to
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generate rated voltage at no-load and at rated speed to the
field current, If2 required to produce rated armature current
under a sustained three phase short circuit at the terminal;

i.ee GSCR = If1/ IFZ as in Fige 7.3 shown belows

1 - By 'I
’ o
WA | o
< | 15 @
H | =
) |- o
> 5 . .
e 1 F-———=hok-
x ’ f %)
z ; | ~45 &
& | | €
o t 5
- i [ ] )] N
0 S Iy %, 15 2

—— Field CUrrant If

— R

Fige 7+3

Open Circuit Uoltage and Short-Circuit
Current Characteristics Curve,

-y i

The direct axis synchronous-reactance (xd) as well as

direct-axis transient reactance (x! ) are inversely pro=—.
d

98
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portionel to SCR if therse is no saturation in the
synchronous maching, Higher the SCR , lower is the
fréhsient.;}reactahce. It is also seen from the Fig.7.3.

that the SCR will be highgp: for a machine running with

_saturatéa;wfiéld cu:renﬁy'lf fﬁaré is_nb saturation ,the
éCR is lowser and a greater change in field current 1is
requiraed to.maintainié cohslant tafminal voltage for a.
given load change. So a machine with lower SCR requires

an axcitar‘control:system with quick response and provi-
ding . large changes in field current. The 5CR of a machine
is also‘dinec@ly:prngr;%gﬁ@; to tHe machine cost and
weight, Higher the SCR, higher the cost and weight of

the machine. A too bﬁi'ky.rr;éé'hine.is also restricted for

. .higher speed. Hence, as~ @ result o f improvemen ts inm the_o———

excitation system, .there-has-been a trend .£0wards the

cost. T e T e 3

- m mr——a b ——

-

The range of short—ci}cuiigratio for steam—turb?ne—

driven génerators ara‘ 0.5 £0-1.1. Most modern generators

of this type have ratio.in the range of 0.8 to 1.0, but

it appears likely that‘0.7-mill become more generally

usad. Watég-wheel-driuen generators usually have higher =~ -~
SCR upto 2.0 whereas synchronous condensers may have SCR

as low as 0.4

UL T A TR L—pa bl Vh e LU o ) (k-] AT T S T T SO L ST SA S T U AT Y =
-

lower excitation the reactance will be higher. The rated
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Saturations

The effsct of Saturation has an impnrtant role in the
analysis of staady-state‘stability. fhbﬁghthe saturation
has a little eFFecF dn transient stability, still it is
necessary to include Saturafion for more accurate result
during transient disturbance. During any fault or tran-
sien£ {disturbancé, the current flouwing througﬁ the arma=-
ture is much more higher than thé normal rated value.

This current, during disturbance increases the saturation

in the leakage paths asvwell as in the main flux paths. The.

increased saturation in the leakage paths decreases the
effective leakage reactance while the increased saturation
in the main flux paths increases the effective fictitioos

reac tancsa. The net 8ffect 'is a lower ualQe of transient

100

reactance than would occur if there is no saturation. Usually

two values of transient reactances are available in machine=-

spascification: namely (1) reactance at rated current value

and (2) reactance af rated voltage value. The reactance at

rated current value is offered by the machine at reduced
excitation and with rated short~circuit armature current.

The reactance at rated voltage value is offered by the

‘machine during short-circuit with an excitation required

to produce rated no-load voltagse. The difference in the
two reactances results from the differences in excitation.
For higher extitation the reactance will be lower and for

lower excitation the reactance will be higher. The rated
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voltage value of transient reactnce of a salient pole
synchronous machine is 85 to 90% of that of ‘rated current
value.-Nevértheless, this difference is little for the
range of -currents-Bncountered during unorma;.operatiun_and

usually the rated current value of transient. reactance is

used in stability study.

Saliency:

The inclusion of the effect of synchronous machine saliency
increases the complexity in stability analysis, but it is
necessary. to include 1t for obtalnlng more accurate result

when excitation response and saturatlon are con51dered.

In ai:salient—pole machine the Field-windihg—in each pale

:iéjponcentrated_:at the;throat of:the‘PDle-and it has no

guadrature axis field circuit, i.e..the field current in

101

the quadrature axis, Ig is—zeroﬁand the exciting voltags._ ..

in'difect-~axis,uEd =.0. Sp .'the only direct .axis fiela
current produ&ing the Ex;itatién voltags E = qu’ aluways
lies on the quédratyre axis in the t:ansient state as
well as in steady'state as does-Eqd, fhe voltage héhind
xg as shown in Fig. 7.4 . Furthermore

since xa; ® Xge E'd= Ed = 0, = the wvoltage behind

direct axis transient reactance, -

E' = jEiq,J lies on the guadrature . axis,
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Vector Diagram of Salisnt~Pole Synchronous Machine:

The electric pouwer output of a salient bole.synchronous
machine at steady-state‘may be expressed interms of the

terminal voltage v, the -excitation voltage EQ, the angle-

% between the two voltagas and xd and Xq 35(9'18)'
U ) - ] R -
= Eﬂ"ﬁf§£55+ vZ{xg=xp)  sin 28 : (7.1)
P = xg 2% Xq |

a combination of fundamental freguency and its 2nd harmonic,

where - X4 is direct axis synchronous rsactance & Xq is
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quédrature axis synchronous reactance. The powef equation
at transient éondition can be achieved from that of the
steady-state cDﬁditibn.by simply replacing EY for Eg,
Xid" for x4 and x'qyfor X q and”b is same Fof both the
Eondition i.8. at transieﬁﬁ condition the powsr equation
tbecomes;

E' v sin 20 1, o xt o
p = Fqg- ¢ ¥ {x'dr = X7g) g4q 23 (7.2)-

d 2X'd X'qq

But since at transient condition'x'a<:gki » the equation

may be written as

' .
Eq v . 20 oxt ) _
p = x'g SlnE’)"' v= (x 9. d: sin25 (7.3)
. . 2% X! :
q- d
= P_~P :
p1 2 VY
1 LI :
p . E'qg v siné and P, = U2(x q X'd
where, = gt 2 i b
1 d , UL sin2
. . q” d

From the pomar—éngle curves shbwn in fige 7.5a and
Fig.'i.Sb it is observed that the smooth sine wave is
deviated due to its 2nd harmonic térm and attains a peak
valus befofe the anagle é reacheé 90° ﬂof steady-state
condition but - attains a peak value after the angle é

]

exceeds 90 for transieht condition;



Fiq- 7. 5_&.8. - Fl(]- 7- 5b¢ b-
For steady-state condition . . For Transieent Condition

- . Péwer-Angle Cirves ~indiuding- ‘Saliency~ Effect.

‘It is rather very much difficult to carry out the analytical
calculations mﬁere a number of salieht;pole_machines exist,.
Therefore for the simplicity of calculation the 2nd harmonic
term‘iﬁ powef equation is omittea due to ats very small aﬁp-

E?'d" sin o, which

litude and the power squation becomes p =
is equivalent to the power equation computed for in case of

non=~salienet pole machine.
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CEHAPTER —~ VIII

CONCLUSION~, SUGGESTION FOR IMPROVING SYSTEM STABILIT&
AND.. SUGGESTION FOR FURTHER‘WQRK
8.1 Conclusion:
The study of stability limit is essential for any grid for
the selection of prupef circuit b;eaker arrangement on it,
The ﬁethnd has besn applied here for determinafion of Tran=-

sient stability limit of the East-West Interconnector.’

This method of stability limit study is fast and efficient., .
Fof\gpy fault location, when the syétem becomes unstable, the
multimach;ne system'can be split in to two groups of machines
which gb out Dfs*nchronism with each ther,\while the machine
within each group stgy_in synchronism ﬁif=?{ This grouping may °
differ with the fault location, But still , for a given fault
location the behabiour of the multi-machine systemv-ié similar
to that of a two-machine system. It could be analyzed as a
two=-machine system except that the machines within a group

may swing so far with respect to each other, without going

out of step, as to have a marked effect on the relations be-

tween the two groups.

At normal oberatiﬁg condition the two machine voltages
behind transient reactance and their relatiﬁe rétor angle
depend > on the load transfer between the machines. The
relétiue rotor angle betwsen thé machines and their voltages

are found out by trigonometrical relations for different leoading
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Coﬁditioné, keeping the two inter=-grid bus uoltages' as the

constant reference valuee related to the system base valus.

o

Earlier, the transient stability limit was studied with the
help of (i) equal areé-criterion method in conjunction ﬁith-
(2) Pre=-calculated swing curve and(3) fhe cufua-determining
critical clearing time and an analog computer was used as the

(?’3), In this study all equations, required

computing device
for determination of stability limit, have been solved by digi=-
tal comﬁuter IBM-B?Og The main program alonguwith five sub=-

_programs are used to solve all the equations without any manual

intervention.

The multimachine_systam is reduced to a two-machine system by
stat-mesh conversion principle; The equivalent tranéFarrreac-
‘tance of the twé.machines For’pré-fault condition is used as

the inpuf dats.in the analysis. Therefrom, the transfer reac-
"tances for during-faﬁlt and post=fault conditions are calculated
by the Computer Program. The time taken for all calculations by

the Computer for one complets run is about 200 seconds.

Two types of Ffault locations are assumed one at the

middle point  and another nsar -ﬁha bus terhinal of one of

the doubie circuit line oF‘the intarconhacto:. For tﬁn types

of fault locations one computer run is sufficient, i.s8. wi th

one Computer run we can have two number of stability limit curves.
The results obtained for the tuwo difFBren£ fault locations are

different, It is found thai the fault near the bus is more res-
L} . .
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trictive and the transient stability limit is lower than that

for the fault at the middle of the .interconnector. for the

East-West interconnector, the safe limit of power transfer,

- from the view point of transient stability limit, is 180 MW at

132 KV operation and about 500 MW at 230 KV operation. This
result agrees with the results of * ACRES" study of the inter-

connector.
Suggestions for improving system stability:

The transient_stabilify lihit is the maximum éllomable pouwer
flow through any point under transiantly_stable condition of

a power system while it undergoes larga-qistunbanca or any.fault.
This stability limit is a function of (1) clearing time{2) FMachine,
transformer & line reactances; (3) governor and AVR and
excitatibn control system of the machine and (4) Damper winding

of the machine.

(1) The power limit can be made larger if the clearing time of
the relay and circuit breaker .are reduced i.e. if a 3=cycle

beeaker is used in place of a 5-cycle breaker, the pomer‘limit

~will increase. Further improvement of power limit may be possible

by using circuit breaker- with auto~reclosing ‘arrangement,

(2) The power flow of the machines will be highsr if the
prefault and pdst-Fault swing curves become larger. The ampti-
tudes of the'pre-Fault and post=fault swing curues;

(Pm = S12/x_;(pre-fault) & ¥, £ Ep/X p(Post fault)

depend on the reactances of prefault and post~fault conditions.

P =
m
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The pre-fault reactance comprises of the direct axis transient
reactance of synChroﬁous machines, transformer reactance and
‘line reactance. The machine reactance can be reduced by using
larger machineé and under-rating it. The transformer reactance
can be reduced by using larger autotransformer. 'he line reac=-
tance can be réduced by either energiéing with higher voltage
or by paralleling it or by changing the system frequenmcy. A
system fregquency of fégpsﬂgs_preferapre ﬁo*50cp5'prf6Q\cpa;!in:;
stability poinf of view. But 50 cps or 60 cps are éuitable
considering other :aspects.'I? the lines are pafallel , the pre-

fault reactance as well as post fault reactance becomes louwer

r. X42(prefault)

52 X12(post Fault)

for any fault on a line at any location. The ratio,

will be higher.
The pouer transfer will be higher if initial Dperafing angle bo
be higher. This initial operatingzhgle %D also repends on: the
ratio Tge Higher the ratio, Tos Higher will'be the operating
ahjle at instanﬁaneou; clearing and largér will be the amplitude of
post-fault power angle curve. If the ;iﬁtarconnector could be |
paralleled by énother double=-circuit line or one sub-station could

be arranged in between Tongi and Ishurdi, the fatio-fzh.mould be

increased resulting in a higher pouwer transfere.

3) USUally turbines are provided with governor and generators
are provided with AVR and field excitation control systeme In

this study, governor action of the turbine and AVR and field
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excitatioT of generator are neglected as their corrective

action in: the first ons second is negligible because of their slow. re-
Spgnse.If the gouarnor has aquick response both of acceleration

and retardation of the machine will be slower which makes the

machine more stable. Similarly the excitation control system and

- AVR, if included in calculation of power-angle eguation, can help

to make a further improvement in stability limit.

4) Damper windings are used on éach of the generator poles.-This
damper wihding‘ produces some staﬁilizing torque at the time of
acceleration and/or—retafdation of the machine and makes it to
run in synchronous speed in a~shoft time. The effectiveness of
the damper'winding depends on its winding resistance which may

be reduced to make the machine more stable.

Suggestion For‘Furthér Qo:k:

Further research in this field caﬁ be done with the following

topics included;-

2) The line resistance can be included in the calculation of
transfer impedances. The necessary-changes ére to be made to

solve the complex gquantities.
a .

20 The governor action and excitation control system can be

incorporated in future study. The input power CalCUlatan and

electrical output power calculatlon can be done by two more

seParate subroutine programs.
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3) Equation for damping effect can be added in the swing

equation for Furthef work.

4) The calculation of network reduction can be done by

adding one more sub-routine program,.
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COMPUTER PROGRAMME
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711 '[O 125 K=1,129

———r LRRAY{KI=8LAKNK

I125 (ONYINJE

ARRAYIL 11=00T

J=0
0 139 1=1sh
IF{laZSuUati} TC{L)I=15
h‘lNTlPl(Il*SCALE +(45)

126 IF(J—L (133 12B,127s1L0
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FORMAT [21 3. FSe2s 141
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FORMAT{/43H RTFZHRANCE NOLTAGEZ Y
FORMAT [ {32 XsF10a5/7) )
FORMAT (o0& ¥l L ¥4 YN Y
+ YAaF il 2723
A3 FORMAT (/¢ dX e TF 10t/ 7}
21 FUFMAT(/IDX:'Al':QXo'Ll':IOXs'Ed'|8X.'D:LTA'.5X.'SIN(DELTA3'.6X;
o + TEI*,8Xs"PM S/
22 FORMATL1ICX oF lU aSecXaF Jlab s eXaF 1 et 2 XaFLl0WEs 1XF10 o g LA g Fllafs 21Xy
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23 FOARMAT(// /77 /715X, "Al "o 46Xy "CLEARING ANGLE® 4% *TCWC ySX4 *CLEARINGTT
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24 FORMAT (1L X F L0 50l XaF lL o5 s ZXsF 100535 X aF 105 45X 3 FI05/)
29 FORMA[(IDX.FIO-:),#X,'.E.U:STND'.?X.'INFINI'-QJ."II\FINT'..GX.FIC-.S//)
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FORMATI(1 =}

FORMAT (LE.1 )
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FORMAT{F1lu .5 nFIU1a.T¢C.12( il
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FORMAT (T 40, *FAULT AT MIODLE PulNT OGN UNE LINE'/)
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FORMAT (TS0 s "GCRAPH NLA "/ /TS0 14" KV 3IYSTEN )
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END
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The network reduction of BPDB Poyer System For_Formafion\ of
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equivalent generator is detailed heréuhder,
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Western Grid (Continued)

128

.Hlf-39‘33

In.gdrittance Form .
_ . _ Ishurdi
-) 7143 -7 3°€C5¢8 132 KV
)55
7YY
=) 155 -jireg7
() o AR )35l
S 14¢ YV
-~ TV
—2 IL'54
7YYV LYYV KV
T T EE e
—r— ’)-5~’5.!
&— '
-} 1L 54
o
)?'-':.Zé 18929 .‘. Ishurdi
© B e T
— I 53084 "
O—
‘ =) 1654
@ A
U Ishurdi’ Ishurdi
, 132KV \ 230 KV
~y20 | - 750 I
@ Y | Y |
w _Is_hurd;U tshurdi
~) I | 23R IR
S 05'8 .
' K|



Eastern grid (contd)
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" Interconnector enérgized with 230KV
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‘Western Grid (continued)
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Eastern Grid (continued) . -
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