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,ABSTRACT

The ,implementation of modern electronic and micro-proce-

ssor based control system has made the response of speed gov- '

ernors very fast. In this study we have shown the effect of

this type of governors on transient stability of a power sys-
tern.

The interconnected grid system of Bangladesh Power Develop-

ment Board is taken as a model for this study. The steady state

conditions prior to the fault are taken from the drawing no.

3754 N-7013 TO 03' studied by Lahmeyer International, GMBH. Lum-

ping all the generators operating in a power station to a sin-

gle unit, the set of swing equations for each equivalent.unit

are deduced consdering the effect of damper winding and speed

governors. In solving the swing equations, the variation of

shaft power with rotor speed is calculated from the equations

derived for speed control mechanism ,(governor). This derived

differential equations are represented in the form of a block
diagram.

To obtaine the power transfer between different pairs of

machines, the driving point and transfer admittances between

hypothetical machine internal-voltage-buses were calculated eli-

minating all other nodes by matrix node elimination method. All

the loads were replaced by constant shunt addmittance between
!
the corresponding bus ill1dground. Swing equations were solved by

Runge -Kutta fourth order approximation method.

Three-phase short circuit of four different types covering
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major disturbances, such as generation rejection, load reject-

ion and loss of transmission facilities at four different

points were studied considering governor action and also neg-

lecting governor action. Each fault was studied with three dif-

ferent modes of CB operations; (a) without autorecloser, (b) un-
sustained fault and use of autorecloser and (c) sustained fault

and use of autorecloser. Taking Ghorasal-132 equivalent machines

as the reference the relative rotor angles of all the equival-

ent machines were plotted by the computer.

The fOllowing facilities are available in the generalized

computer program developed for the proposed work:

(1) Determination of driving point and transfer admittance at

pre-fault, during fault and post-fault conditions.

(2) Determination of driving point and transfer impedances at

pre-fault, during fault and post fault conditions.

(3) Solution of the swing equations by Rungee-Kutta fourth

order approximation with or without governor action.

(4) Plotting of the swing curves.

This program can be used for any number of buses, generat-

ors, and CB/Autorecloser time setting.
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1.•1 INTRODUCTION: Electrical energy plays an important role

in industrial development and civilization as a whole. Elect-

ric systems were initiallyoperated' as individual units but the

increased necessity of electrical power and increased reliabi-

lity suggested the interconnection of a number of isolated

and relatively smaller power networks. Interconnection is adv-

antageous from the point of both economy and reliability, beca-

use fewer machines are required as reserve for operation at

peak load and fewer machines are running as spinning reserve

to take care of sudden, unexpected jumps in loads and the power

failure at one part of the system can be compensated by supply-

ing (or feeding) power from. other parts of the system. Interco-

nnection of systems brought many new problems, most of which

have been solved satisfactortly. The disturbance caused in one

system may spread to interconnected system unless proper relays

and circuit breakers are used at the point of interconnection.

The intrrconnected system must have the same nominal .frequency.

The synchronous machines of one system must remain in step with

the interconnected system. Again the location of power station

which is determined by the environmental condition and economic

reasons are often away

fuel centres requiring

from: the load and are likely to be neaJl:"
i

the construction of long transmission

lines to transfer energy from source to load centres. This mak-

es the power system network larger and more and more complex.

However if the tie lines connecting the different isolated pow~r
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system are such that the amount of synchronizing power',that.

the lines are able to transfer at the time of faults at any

part ~f the system is not enough and the CB are not properly

designed, SOme of the machines may loose synchronism. There
is also considerable danger of steady state pull-out if the

power on the tie line is not carefully controlled. So stabili-

ty study becomes very important to ensure more stable supply

with increased service of reliability demanded by consumers

specially with automatic industries and vital installations.

This.study of a large power system provides its present perfor-

mance and the possibilities of its future expansions.

The problem of system stability has its begining when syn-

chronous machines were first operated in parallel and it is ,.

defined4 as the tendency of a power system or its component

parts to develope forces to maintain synchronism and equili-

brium. Maintaining synchroni'sm between various parts of a

power system becomffiincreasingly difficult as the power system
continues to grow.

Depending on the type and magni tude:.of disturbances,

power system stability may be classified as steady state sta-

bility, dynamic stability and transient stability.

The steady state stability techniques are used when the

power transfer changes gradually. The maximum power flow possi-
I

ble under this condition through a particul1ar point is called
I

the steady state stability limit.

Dynamic stability is the ability of a power system to main-

tain stability for small disturbances and to prevent growth of "'..

i
;J:,
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oscillations. Dynamic instability occurs generally due to lack
of damping torque.

A system is said to be transiently stable if the system

remains in synchronism during a sudden disturbance. The maximum

power flow possible under this condition through a particular

point is called the transient stability limit. Transient stabi-

lity study provides informations related to the capability of

a power system to remain in synchronism during major disturban-

ces resulting from either the loss of generating or transmiss-

ion facilities, sudden or sustained load changes, or mementary

faults. Specially transient stability study provides the change~

in the powers, speeds and torques of the machines of the power

system during and immediately following a disturbance. In order

to provide the reliability required by the dependance on

co~tinous electric service, it is very important to design the
I

po~er system to remain stable under any reasonable. distur-
I

bances.

Most of the early transient stability studies were limited

in scope because of the small capacity of the punch card calcu-

lators generally used in that time. The availability of. large

scale digital computers in the middle 1950s provided equipment

of sufficient capacity and speed to requirements of major power
system problems.

Transient stability study may be done by various methods.

All the methods need to solve the swing equations of the synch-

ronous machines in the system along with the impedance or admi-

ttance matrix and with other system dynamics. The number of
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differential equations required for a machine depends on the

detail needed to represent accurately the machine performance.

Two1,7 fir~t order differential equations are needed for the

simplest representation and ranges as many as ten or more when

governor, excitation effects as well as detailed modelling of

the synchronous machines are taken into account. The 'step by

step' method solution of swing equations requires a large num-

ber of approximation ,andassumption on system behaviours. The

method of equal area criterion may successfully be applied for

a pair of machines. The differential equations in transient sta-

bility study can also be solved by using numerical solution.

"Runge~Kutta fourth order approximation" method is used here

for the solution of the swing equations.

The power system of Bangladesh is divided into two zones,

namely Eastern and Western gri~s. The whole area of Eastern

zone is covered by Eastern grid whereas Western zone is covered

by the Western grid. The installed capacity is 1316 MW in East-

ern grid and 421.5 MW in Western grid. For relaiable supply of

electrical power at steady state, peak demand must be equal to

or less than installed capacity minus reserve generating capa-

city. The reserve generating capacity of a grid system is gen-

erally considered as the total capacity of the two largest

units. The shortage of generation in the Western grid can be
Icompensated either by constructing new stations in that region

or transfering the excess power from the Eastern grid through

interconnector. The later is used in Bangladesh because all
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the nattlral resources are located in the Eastern zone. The in-

terconnector ensures the industrial development in the Western

zone at reduced generation cost.

The modern view of stability problem dates from the 1924

winter convention of the American Institute of Electrical Engi-

neers when the results of the first Laboratory tests on mini a-

ture systems proportioned to simulate a power system having

long transmission line was presented. Since then a lot of work

has been done on it. In Bangladesh University of Engineering

and Technology, several theses nave alreauy been completed".Qyi'x. ,Eiia-'nul

Haq in 1977, Mr. Raisuddin in 1977, Mr. Hamidul Haq in 1983 and
• , i

by some others. Since governor action is slow in resporise, 'and

damping torque is negligible compared to accelarating torque

all the workers neglect: ,':the effect of these factors. However

adv~nt of fast electroriic and microprocessor circuits used in

the modern generating stations are much faster. So it has become

important to consider the effect of governor in transient stabi-

lity studies ,for more realistic results.

In the present work, an attempt has been made to study

transient stability of Bangladesh Power Development Board with

governor and damping effects':taken into consideration.
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6CHAPTER - 2

POWER SYSTEM REPRESENTATION

.<

2.1 INTRODUCTION

In this section we discuss. ern brief the modelling of

some of the components of a power system as it is pertinent

to our studies. The cemponents are:

(a) Transmission network consisting of

i) Transmission lines

ii) Transformers

iii) Static capacitors and reactors

(b) Loads

(c) Shynchronous machines and the associated controls

such as excitation system, governors, etc.

The complexi ty7; of the.:model.depends toa great extent

on the type .of study undertaken ..and the accuracy desior'ed.-In

the stability study, the transmission network .can be assumed

to be ~n steadystate7 since the-time constants associated

with it are much smaller compared-to the time constant of

the_synchronous machine. There are standard notations-or sym-

bols for representation of the various elements like genera-

tors, transformers, reactor, transmission lines, loads-etc.

American standard assciation .(ASA)-has-.assigned a set of stan-

dard symbOls and device numbers to all components found in

an electric system. The network diagrams of power systems used

in this study are drawn with the help of these symbols.
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2.2 TRANSMISSION LINE~REPRESENTATION

I+d] I

Vs V+dV v

x= I dx x = 0

Fig. 2.1
From the fig. 2.1, where, on a per line to neutral basis, a

small element of length dx at a distance x from the receiving

end is considered, we have

dv
dx = zI

where,
dIand CG{= yV z = series impedance per phase per

unit length
y = shunt admittance per phase per

unit length

From the above -two equations we get

d2V = dI zyV2 .z dxdx

d2I dV zyI2 y CG{ =
dx

upon .soiving .-the.two equa tions'.;-weget

( 2)

(1)

...sinhyxI (x)

V(x) = VRcoshyx + IRZC sinhyx

VR
Zc

.,"'.
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where y = IZY= Propagation cOBs~ant

/z/y= Characteristic impedance of the
line

From equations (1) and (2) we can draw the j;-equivalent

circuit as in fig. 2,2. IS Zit lR- ----+

Vs YIl YI(
VR

we can writeFrom fig.2.2. and equations (1) and

Fig. 2.2
i
(2)
i

Z = Zc sinhyt
1T

z{ sinh y.{'.
=

Y{

(
2

'" z£(l + y,f) )
6

and. :Y1T
= .:..YL'

2
tanh Yl/2
y-[/2

(Y () 2 }
12

A further approximation will involve assuming y(t< < 1 which

is true for line upto 200 miles.
i
I .series inpleBance)

. I(total shunt admittance)
I

zL..= z (total
y

=-2-y =...:::t..i-
1T 2

The 1T -equivalent circuit obtained under such approximation

.f
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is called a nominal n -circuit and can be drawn as in Fig.2.3.
Z

Fig. 2.3

2.3 REPRESENTATION OF TRANSFOfu~ERS

i) Two winding transformers: The equivalent circuit of

a transformer is shown in the fig.where all the quantities are

referred to the side 1. In power transformers, the shunt .bran-

ch current is negligible as compared to the load current and

hence can be omitted from the circuit. Under this circumstance

the equivalant circuit reduces to a simple circuit as shown in.

fig.2.4(b}.
R, X,

~

v,
v,

X
00061'

and the

the short-

Fig.2.4(a} Fig •.2.4(b}

ii} Three winding transformers: Three winding transform-

ers are represented, by Y-circui ts such that :t11e impedance of

each branCh is the impedance of corresponding winding

SQ~ oflthe impedances of each pair of branches equals

circuit impedance between the corresponding pair of windings

with the remaining windingsopen.Magnetizing current is neglected.



ci~cuited and secondary open.

10

The following relations are in 4,20use

Zl
_1

(Z12 + Z13 Z23)= 72 -

Z2 = 1 (Z12 + Z23 - Z13)-2-

Z3 = 1 (Z13 + Z23- Z12)-2-

where,
Z = R + jX

Z12= Leakage impedance of primary with secondary short-
circuited and tertiary open.

Z23= leakage impedance of secondary with tertiary,short-
circuited and primary open.

leakage impedance of primary with tertiary short-
!

2 ~

3-

Fig. 2.5

3

2.4 LOAD REPRESENTATION

In representation of load for load flow and stability

studies, it is important to know the variation of real and
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reactive power with variation of voltage. At a typical bus,

load may consist. of

1. Induction motors 50% - 70%

2. Heating and lighting 20% - 30%

3. Synchronous motors 5% - 10%

Although it would be accurate to consider the PV andQV char a-

cteristics of each of these loads for simulation, the analytic
•treatment would be very complicated. For analytic purpose

there are mainly three7ways of representating the loads:

i) Constant power representation: here both the speci-

fied MW and.MVR are assumed constant. This type of represen-

tation is used in load. flow studies.

ii) Constant current representation: in this scheme the
load current I is computed as

I = P - jQ

V*
= I I I le- <P ..•..•, .

where

and
v

e =

V~

-1 Qtan (-p-) is the power factor angle.

The magnitude of I is held constant.

iii) Constant impedance representation: this is the

most.frequently used representation 7,2 of loads;::instability

studies. If the load MW andMVA are assumed kno~n and is to

z =
I

remain constant, then
V v2

= P-jQ

Iequivalent impedance is computed as
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or, 1Y = -Z- =

2.5 REPRESENTATION OF FAULTS:

A 3 ~ short cricuit is represented by connecting the poi-

nt of fault to the neutral bus. If there is a 3~ to ground

fault at the ith bus as shown in the fig. 2.6(a), during fault,

the ith bus can be treated as a ground bus or reference bus

'0'. The line impedances connected between the faulted bus and

lol lo l bf

o
Fig.2.6 (a)

o

o
CBl

e d

lio. lib lie lid

Fig.2.6 (b)

Zai

b

Zbf

Fig. 2.7(b)

b

from

other buses can be treated as an impedance between correspond-
ing bus and ground as shown in fig. 2.6(b).

If the fault occurs at any point of a transmission .line

between the buses 'a' and 'b' as shown in fig ..2.7(a) and the

impedance from bus 'a' to faul ted point and from bus 0' b' to

faulted point are Zaf and Zbf respectively then during fault

condition the impedances Zaf and Zbf act as impedances

bus .,a' to ground and from bus 'b" to ground respectively as

shown in fig 2.7(b). If the circuit breaker eBl opens first



13

and circuit breaker CB2 still remains closed then only Zbf

acts as an impedance between bus 'b' and ground.
< -

2.6 SYNCHNONOUS--MACHINE REPRESENTATION
•

In transient stability study, involving short period of

time in the order of second or less, a synchnonous machine
can be represented13,23,24,26 by a voltage source which is

constant in magnitude but continously changing in angle,in

back of direct axis transient _reactance. The voltage behihd;. .• .••.~ •.•..

the -direct axis transient reactance _can be determined from

E' = V + I R + jI xd't a e a
(3)

where, E' =
Vt =
I =a
R =e
X' =d

voltage behind direct axis transient

terminal voltage

armature current

effective-armature resistance

direct axis transient reactance

\.Teactance
I

The representation ofa synchnonous machine -for our analysis

E'

~'o'" VI

~ loRe
Fig.2.8

~-~o-oo~o-o-- ••
E'O -_ Re Xc!' Vt

J -

shown in fig. 2.8.

I,

This -representation neglects the sal iency, satura tion lof -flux
Ipath and assumes constant flux linkage and a small accelera-
I

is

tion or retar-dation.
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2.7 MISCELLANEOUS EQUIPMENT

In stability analysis of a power system, equipment

like2 buses, current-transformers, switches, circuit-breakers

etc. are considered as having negligible impedance and shunt

elements like potential-transformers, lightning arresters

and coupling capacitors are considered open-circuited.
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CHAPTER 3

DETERMINATION OF TRANSFER AND DRIVING POINT ADMITTANCES

3.1 INTRODUCTION

.There are many power system problems, specially the tran-

sient stabiiity study,7,11,12 in which the method of driving

point and transfer admittances are the convenient means of so-

lving power system networks consisting of several number of

generators or loads where power enters or leaves the network.

In the past, network analysers have.,been used widely to determine

these admittances which is incorrvenientand inaccurate. Presen-

tly digital computers are widely used to determine the impeda-

nces or admittances.

3.2 DEFINITION AND DETERMINATION OF DRIVING POINT AND TRANSFER

ADMITTANCES

A schematicrepresantation of a general'.n-machine network

as it presents itself in most power-system network problems

is shown in fig. 3.1. The rectangle represents a passive (impe-

dance) .linear network of any form, to which there are applied

n-external voltages.o£ the synchronous.machines._One side.of

each voltage source is cann-

ected to a common or neutral

terminal '0'; the other side .

.is connected to various poi-

nts of the network, numbered

from 1 to n. The voltages E1
through E commonly representn

3
2NETWORK

-0

Fig.3.1

n

voltages behind transient reactances, in which case the transient
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reactances are to be regarded as parts of the network inside

the rectangle. Let the currents flowing into the network at

the terminals 1,2,3 •..••..•. n be call~d II' 12, .•..•In.

Since the network has been assumed linear the currents supp-

lied by the various machines may be written as a linear fun-

ction2of the applied voltages as

II = Y11E1 + Yi2EL + .............. + 'lnEn
D

= z:..Ylk Ekk=l

12 = Y21 E1 + Y22E2+ ..'.•....•.......... +Y2n%

n
= L Y2k Ek

k=l

n
= ~ Yk=l nk

+ Yn2E2 + •••.••••..•.••••.• + Y E
nn n

In general, we can write,

n

Ii = L Yik Ek
k=l

where Y's are complex

i

Ii = I, 2, 31 n

numbers known as the terminal
I

self and
mutual admittances2• Y is a self or driving point admittances

when k = i and mutual or transfer admittances when i fk.
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3.3 EXPERIMENTAL MEASUREMENT OF Y's

By letting all voltages except EI become zero, we obt-
ain

=

=

..
In =

Permits us to define the y's as follows
- IIIElwhen ,allYll = except EI are zero

,

Y21 = I2/Elwhen all except EI are zero

-
Ynl = InlEI when all except EI are zero

We can simillarly define all the uther Y's. So the~general

relation between Y, I and E.can.be~written .as

= I./E. where i and j varies from I to n.J 1

By using the above definat~on of Y's we can experimentally,
determkne all values of Y's using the relations given above.

3.4 DETERMINATION OF 'BUS ADMITTANCE MATRIX' BY CALCULATION

The network matrix obtained from the posi.tive sequance admi- ''I
.~
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ttances between the buses of a power system is called a bus

admittance matrix20• The bus admittance matrix gives the

mathematical representation of the layout of a power system.

The bus admittance matrix is a two dimensional array of the

self and mutual admittance of the buses. The number of rows

and columns of this matrix is equal to the number of the

buses in the system. All the diagonal elements of this sys-

ternmatrix are the self admittances of the buses and off.dia-

gonal elements of this matrix are the mutual admittances. The

elements of the bus admittance matrix are often complex.

A clue to a method of determining bus admittances matrix

is found by considering an n-terminal passive linear network

having no nodes 1Junctions) except the terminals. Such a net-

work has, in general, an impedance element connected between

each pair of terminals (including the neutral) as shown in :

fig. 3.2. for a network of four terminals, including neutral

(a 3 machine system). In this retwork there are six impedance

elements. For a network of m terminals (or n=(m-l) machines,

if there are no loadsor other shunt branches in the network,

then m=n) there are, in . 2general, m(m-l)/2 = n(n+l)/2 elements.

If any of these elements are lacking, they may be considered

to be present as elements of zero self-admittance (i.e. infi-

nite impedance or open circuit). If two or more elements are

parallel, they may be replaced by an equivalent single eleme-

nt having an admittance equal to the sum of the admittances
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of the sevaral paralled elements. From this view point any

network may be reduced to a network having one and only one

element connected between each pair uf nodes and having

m(m-l) /2 elements. This _form of network is called a mesh cir-

cuit.

Fig. 3.2

Let In
be the currents supPlied by

the buses of an n bus system, their voltages being j:\, .E2,.

If the a&nittance between the pair of buses

(say p and q) iSY' them '-from.'k-irchoff current law' we canpq ". .

write considering the system-~simillar-asfig 3.2as.-

ti~(
;

"
= + ~13 (E1 E3) + ......•..

.... +y In(E1-En) +Y01 E1

- -where Y11= y12+y13+ ............•.. + YIn + YIO

n

+ is the self admittance or driving
point admittance.
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and YI2 =-YI2' YI3 = - YI3 and so on. These admittances

are called transfer or mutual admittances. The transfer or

mutual admittances_can be written in general form as

= where i = 2 to n.

Similla.ry we have,

+ ••......•••.••• + Y Enn n

The above equations can be written in matrix:form as
-- - ,

II Yll YI2 . . . . . . . . .. . . .'Yln EI
12 Y2I Y Y", E2_"22 .. . . . . . . . . . . . •. 2ri

.-:. r;', I

. .
I Ynl Yn2 . . .. . . . ... . ...Y En nn n

or I = -YBUS V

be written in general form as
n

Y, , = z::: y, ' + Yoj11 i=1 1J

j = I if j

The matrix YBUS is termed as 'BUS ADMITTANCE MATRIX' The

diagonal elements are the self admittance and the off diago-

nal"elements_are,:the.mutual admittances. SElf admittances can
i
I

I
I
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and mutual admittances as

Y ..
1J = i = l,n

j = l,n i f j

3.s JU,GOR:r7:HM)FOF DE'I'ERMIl'jI,~(U.lACjtriqE..:'tU1AtHlNElAi5.MitTAl1.GE.S

ANDNETWORKREDUC'I'f.O~

In stability studies the transfer admittances between

the different pairs of generators are required. For this

purpose, it becomes convenient to assume a hypothetical .inter-

nal voltage bus for each generator. To obtain the admittance

between the gener.ators,all the.,system buses excepting the as,..

sumed internal voltage buses are to be eliminated. Since we

require the transfer admittance between the pair of different

generators,both for faulted and post fault conditions the'~

bus matrix' must.be reduced depending upon the fault condition

which will be discussed at the end of this section.

There are different methods of node elimination. For

example nodes may be eliminated by eliminating one bus at a

time, -i.e •.the matrix 'coefficients are reduced by one column'

and one row at a time. This is continued until the required

no. of nodes are left. Computation time in thass case.":.ishigh.

This computation time may be appreciably reduced by performi-

ng the method of matix node eliminatioA as described below.,
All the buses of the system including the internal voltage

buses are numbered serially4. For convenience numbering starts
from the buses to be retained,in this case the internal voltage_1 ~.

buses.
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To obtain the required bus admittance matrix:

Let us consider a transmission systembaving n buses (excau-

ding ground bus) withm generator buses (m<,n) hav.ing a mul-

tiport representation as shown in fig 3.3 In order to obtain

YBUS
(inclu es

n load
imped nces)•v,

•

follow the following steps,

between different pairs

the transfer admittances

of generators, we have to

sequantially: n

o

Step 1:
Fig. 3.3

Determine the bus admittance matrix YBUS as described pre-

viously. Without loss of generality the first m buses are des-

ignated as generator buses.

step 2:

Replace ..all. the..bus ,loads:c,by.a constant shunt:,.admittance'

YLi between ith bus and ground bus as

'0,
i 1,2 ..........• n.

If there is no load at a particular bus J, YLj = O. Modify

YBUS by using

Note that only the diagona~ elements of YBUS are modified.

Fig.3.4 shows the n-port representation with modified YBUS'



23

/ Step 3:
/

This modified YBUS is augmented -by the impedances of the

synchronous machines corresponding to the direct axis transi-

ent reactances.? Let the voltages of the new buses be denoted
~E2 ••••••••••• E and admittances of the machines- m be

Y1, Y2 ••••.• Ym' These voltages are obtained by converting
7 8 16 23 -the sheduled generation at the generator" , buses lnto

equivalent voltage sources which are constant in) magnitude but

continously change in angle, in bac.k of direct'_axis transient

2

m

,, JXd,

2' JXd2

m' JXdm

:

n JXdn

Fig.3.4

m)

Pai-jQGi
V'!

l

(i = 1,2

reactances as follows: (Fig.3.4)._E,

where Xdi = direct axis transient reactances of ith machine

Ei = vol tage .behind the transient reactance' :of the
ith machine.

Since there are m numbers of machine, mnew internal buses

are thus created and the overall bus admittance matrix is ob-

tained as follows (for the purpose of clarity internal buses

are denoted by l~, 2', •.•.•.•••• m' ) •

Let modified YBUS (after inclusion of load impedances) be

partitioned as:
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m n-m

'fl ;;;m rom

y +1 1 ••..Y.+lm, m,m

Ynn

y .l,m+l

Y n, in+ 1" .

I
I
I
I
I
I Ym,m+l .......•. Ymn1 . _
I y .. Y
I m+l,m+l m+l,n
I
I
I
j
I

Yn,my .....n,l

n-m

m n-m

,
where Y1 of dimension mxm corresponds to the'buses where i
generators are connected. Y2, Y3, Y4 are the other submatriceS

Let the.machine admittance matrix be denoted by

Y = diag (yl'............ ¥m)

"
Then the new YBUS of dimension (n+m) X (n+m) is symbOlically
represented as

m m n-m

.. _._-~ ~:.--'-.-.~ •.= m

m

n-m .

Y

-y
o

-Y o
(1)

Setp 4:

The bus admittance at the interval nodes is obtained by

applying the network reduction method. Before applying the net-
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work reduction formula, the fault condition must be app-

ropriately re'flected in the matrix. Thu's if a symmetrical

3~ to groufid fault at bus p is to be simulated, the row

and column corresponding to the pth bus is deleted?:dur-

ing faulted condition,;and the diagonal elements of the

above matrix must be reduced by YBUSip(i=1, •.•...• m+n)

because of the CB actions for the post fault condition.

Setp 5:
In the final stage of obtaining the machine to machine

admi ttances, the modif ied bus admi ttance matrix (1):"can:J::le

grouped as shown below:

Y -Y o
.......................

o

The partioned bus admittance matrix is written in

terms of four submatrices as shown below

K L
.'YBUS =

-TL M

where K is a submatri){ of self and mutual admittances
Ifor the bus to be retained (mxm)

M lis the submatix of self and mutual admittances
Ifor the bus to be eliminated (nxn)

Land ET are submatrices consisting of mutual

admittances between the buses to be retained and
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From equation (2) ,

I = K Va + L Va x

I -T V + M V= Lx a x

Since Ix is the vector composed of the currents entering the

nodes to be eliminated, it should be zero. Therefore,

V -1 -T V= M Lx a

and I K L -1 -T-= V - M L Va a a

K L -1 LT) Va= - M

= Y Va

where y K L -1 LT (3 )= M J • • •

whi-ch -is t-he-bus admittance -matrix for-the network ,consist -

of only the fictitious nodes at which E's of the machines,

are connected. Since E's are constant in magnitude so it is un-

necessaary to develoPU a load flow program ..to calculate the

electrical output power of the generators (and-hence the bus

voltages) in each step in solving the swing equations. The

absence of load flow program.c_in solving the swing equations

of multi-machines system reduces the

time appreciably.

3.6 COMPUTER PROGRAM

computeit:'
I
I

I
I

computational

A computer program has been developed to calculate vol-

tage back of transient reactances of machines and internal
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voltage angle employing equation (1) and to calculate the

driving point and transfer admitt.ances'of machines using net-

work reduction for a) prefault b) during fault and c) post
fault conditions.

The input data required for this program are number of

machines, terminal voltages of machines (magnitude and angles),

transient reactances of machines, real and imaginary powers

of machines, number of buses, impedances of transmission lin-

es of the network, line charging admittances, .and ~oadson
different buses.

With all these inputs, the canputer first calculatesthe magni-_

tudes and angles of vol tages back of transient reactances. Depe-

nding upon the fault, the program forms the modified YBUS
matrices. The machine to machine admittance matrix is th~n

obtained"by using equation (3} £or faulted condition, post

faultlcondition and prefault condition. The program is very

simple and the detail program is given in the appendix. The.

detail flowchart for the above calculation is given below in
fig.3.5.
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CHAPTER 4

SWING EQUATION

4.1 INTRODUCTION

In this section we develop the swing equation for multi-

machine system to study the transient behaviour of a power

system resulting from major disturbances such as fault~,swi-

tching operation, sudden rejection of DO.allor generation, etc.

A major disturbance upsets the balance between mechanical

input and electrical output of the generators with the result

that some generators may accelerate while others may deceler-

ate. The rotor angles of the 'different machines will undergo

wide variation and if 'the swing of a machineis too large it:

may not be able to comeback to stable position and thus it may

loose synchronism. The unstable generator will be disconnec-

ted from the system thus causing another disturbance which.-
may lead to worse consequences. Synchronism must be maintain-

ed by timely operation of the circuit braker(CB}; otherwise

both voltages and frequencies may deviate so widely .from the

normal values that cascading outages and system separation._

may occur. Transient .stability simulation studiescare carried

out to study these phe'nomena and the results enable the engi-

neer to plan ;and coordinate his protection scheme efficiently.

Critical cl~aring time of the CB can be computed and protect-,,
ion zones of distance relays during transient $wings can be-

I -;

adjusted tolvalues from short circuit and load flow studies.,
Transient stability studies are more complex since they invo-

lve the electro-mechanical dynamics of the synchronous machi-
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nes and its associated controls such as excitation and govern-

or system.

4.2 POWER ANGLE EQUATION FOR n-BUS SYSTEM

Let us consider an n-machine system to derive the elect-

rical output power interms of driving point and transfer admi-

ttances. For simplici;;ty,a 4-generator system is shown in

fig.4.1.The current flow from the generators to the system can

be written as

'I
n = + El~nl + E2 Yn2 + + En Ynn

1 2

Fig.4.1

In general form the above equations can be written as

n

= Z. Ej Vij /OJ + 9ij
j=l
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where Ii is the current from ith generator to the system and

i varies from 1 to n.
. , .

The neal power flow from a generator to the system_can

be written as

P = E.I

= E I cos8 J~
Real power from ith generator to the system is

n

= EiLEj Y. Cos ( ,\ o. 8ij)lj J

j=l where i = 1, 2, n ••••• a •••

,Since j is the only variable within sumation, so the above

equation can .:be.written as.

n
Pl' = ~E ...E. Y .. cos (8

1
.
J
: - O. + 0')L- L J lJ 1 J

j=l
where i

E. and E.
1 J

Y ..lJ

= internal voltage magnitude of
theith and jth.bus. respectively

I
= driving point admittknce when,

i = j ~nd.transfer afmittance
when i ~ j I

= internal voltage angle or power
angle
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W weight in lb. of the rotating parts of the
machine

g

T

= Radius of gyration in ft.

= moment of inertia, Ib~ft2

= acceleration due to gravity, ft/sec2

= mechanical angular acceleration, radian/sec2

= algebric sum of all torques, ft-Ib.

The electrical angle ae equals P
2

cal angle a .m
Thus ae = ....l2.... am2

times the mechani~

(2)

where P = Number of poles of the machine

The frequencyf in cycles per seconds is

P
f = -2-. ~60 (3)

Then from equation (2) and equation (3), the electrical angle
in radian is

60f
RPM a

m ... (4)

The electrical angular position 0 of the rator in radian

with respect to the synchronously rotating armaturemmf wave
is given by

0 = a - w t.e 0

where W = rated synchronous speed, rad/sec0

t = time, sec.
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60f (8)
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It is desirable to express the torque. T in; per unit (PU) ..

which is the ratio of the actual torque to ,the base .torque.

The base torque TB is defined4 as the torque required to de-

velop rated power at rated speed. Thus, base torque 13 is

Base KVA X (550/0.746)
2TI (RPM/60)

where the base torque is inft-lbs •

•~'. From equation (8), T i!2,'PU is

T= TB

WR
2
• ( ~~M) 2 ( 2 TI If)

g=
Base __ KVA _.

(0.746/550)
••• (9)

The .ine.rtia..cons tan t H
4 ..of a.machine .is defined as ,

H = (1/2) (WR
2
/g) (2
Base

TI)' (RPM/60) 2 (0.746/550)
KVA

Putting in equa ti'on (9),
H d26
ti dt2

mechanical. 'torque' called 'acce-l'arating ',torque'.Tai.-£.the_~net
!

acting ion

Tl :=
!

the rotor of a generator is

H
mf (10)

The torque acting on the rotor of a generator include

the mechanical input torque from the prime mover, torques
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due to rotational losses (friction, windage, core lOss),

electrical output torques and damping torque due to prime-

mover, generator and power system. The electrical and mecha-

nical torques acting on the rotor of a motor are of opposite

sign.

4.4 EFFECT OF DAMPER WINDING ON SWING EQUATION

During hunting or swing of a machine, a difference will

exist between the rotor speed of tJlegenerator and the speed

of the armature mmf wave. This relative speed induces a vol-

tage in the.damper winding thus causing a current to flow thro,"

ugh' it. This current produces a torque so as to oppose the

very cause and help to restore the synchronous speed of the

( rotor. The torque or power developed in the damper winding
, -

is proportional to the rate of change <?f rotor speed. wi th :.

respect to the synchronously rotating armature mmf wave. Mat-
23hematically.damping torque or power can be written as

or =

where D constant depending on the type of damper winding,
mainly on the resistance of the damper-winding.'

The difference between the input and output power of a

generator is - equal to the change of KE plus the torque

or power developed in damper winding._So if

rotational losses, the accelarlting torque

we neglect the_

T - Tm e
p . - Pg1 go (ll)



where T = mechanical torquem
T = electrical torquee
Td = damping torque

From (11) I P ,-"P = Td + Tg~ go a

D d,/).+ __H_ d2 /)= dt dt2nf
..

},
.

.{d2 /) TIf P - P - D d/) (12)or = --' gi go dt
dt2 H ,.

This is a homogeneous higher order non-linear diffe'rential

equation. Practically, the accelerating power or the differ-

ence between the input and output power is much higher than

the damping torque or power.

4.5 SWING EQUATION WITH SPEED GOVERNOR CHARACTERISTICS

The effect of speed governor is not normally considered

in .mos,t'~_transient :s.tabili.ty..studies .as_the.speed .gov.ernor'is'

slow..in .response ..and.can .not .come..into e,ffect in .the.short

time 'interval of.transient'stability~.study. However; with mo-

dern control cuircui~s','using microprocessor, electronic' con-

trol device etc. the speed governors are very fast and comes

into effect within the study time of the transient stability.

So it becomes important to include the effect of speed govern-

ors.in.transient stability study in orderi to get more accurate

and realistic results. I
The governor characteristic10 for a! large steam turbo-al-

ternator is shown in fig 4.2 and it is seen that there is a

4% drop in speed between no load and full load on the turbine.
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first consider the problem of controlling the real power out.,,;.:

put of electric generators within the prescribed area in res-

ponse to change in system speed ( AW) and tie line loading or

the relation of these to each other, so as to maintain the sche-

duled system speed and the established interchange with other

area within predetermined limits. The term 'automatic load

frequency control (ALFc)' is often used to identify this pro-

blem area.

4.6 FUNDAMENTAL CHARACTERISTICS OF THE POWER CONTROL MECHA-
NISM OF AN INDIVIDUAL GENERATOR

The real power in a power system is being controlled by

controlling the driving torques of the individual turbines

(steam or hydro) of the system. Fig 4.4 shows in a highly sche-

matical fashion, the operating features of such a speed govern-

ing system.

Point 1

changer
L).nkage

IXc
t rD

Lower
i
I

Raise
A

~ Speed

B c D

arm

E

Close

I Open

Pilot
Valve

High _~
Pressure
Oil

, Main piston
Hydraulic amplifier
.(speed control mechanism)

11))111/1
Speed governor

Fig. 4.4 ;
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By controlling the position XE, of the governor-control-

led valves ~or gates, in the case of hydroturbine), we can ex-

ert control over the :low of high-pressure steam (Qr water)

through the .turbine, and thus the turbine torque,.:which, via

the electromechanical mechanism determines"cthe generator real

power output Pg•

Very large mechanical forces, needed to position the

main valve (or gate) against the ...high steam (or hydro) pre-

ssure, are obtained via several stages of hydro amplifiers.

In our simplified version we show only one stage. The input

to this amplifier is the position Xc of the pilot valve. The

output is the position XE of the main piston. Because the high

pressure .hydra~lic:fluid exerts only a slight differential force

on the pilot valve, the force amplificat~on is very large. The
I '

position of the pilot val~e can be affected via the linkage

system in three ways:

(1) Directly, by moving the linkage point A by "raise"

On "lower" commands of the speed changer.

(2) Indirectly, via feed back, due to position changes
of the main piston.

(3) Indirectly, via feedback,. due to position changes

be explained as follows:

changer the link point

The working

of linkage point B resulting from speed changer.,,
iOf the mechanism can

command to the speed
i

if we give a rise
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...A moves downward. At this time no speed changes have taken

place, which means that point B is fixed and since linkage

arm 1 and 2 are stiffly coupled and so on arms 3 and 4, points

e and D therefore move upward. The pilot valve opens point 1

as it moves upward with point D. High pressure oil flows thro-

ugh the open point 1 and causes the main piston to move down-

ward. As a result of this downward movement of main piston,

more steam flow into the turbine which means an increase in

generator output. It can be shown similarly that a speed drop

will give the same effect.

4.7 ~ffiTHEMATIeAL MODEL OF SPEED-GOVERNING SYSTEM:

To obtain a mathematical model of speed-governing system,

let us assume all the incremental movements /1Xj;:,•••••. /1XE
causedb~ the speed-changer command power /1Pe or movement of

linkage point B due to/1W are positive in the directions in-

dicated.

Since all liilkage..,.movements are small , we .have the linear
,~" ' ,"'

-"'- :::.*!..

fiXe ",/1f when /1Pe = 0

= K1 !1f

/1Xe ac- /1Pe when /1f = 0
-

= = K2 /1Pe

when both /1Pe and /1f exist, then

(14(a»
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where K1 and K2 are positive constant and depends upon the

lengths of the linkage arms 1 and 2 and upon the proportional

constants of the speed changer and the speed governor.

Simillarly we can write
(14 (b) )

where the positive constants K3 and K4 depend upon the

lengths of the linkage arms 3 and 4.

If we assume that the oil flow into the hydraulic

motor cis proportional .to'position llXD of .the Pilot valve,

we obtain the following relationship for the position of the

(15)• •• !

main piston: f.
llXE = KS (-llXb) dt

wher.e the ..posi tive constant .KS depends. upon orif.ice and cyli-

nder-.:geometrics and .._fluid pressure •.

By taking the :Lapl'aceof .equations ..(14) .and.:(.1S)we get

llx (S) = -E

K111F(S) - K2 llPC(S)

- K3 llXc(S) + K4 llXE(S)
llXD(S)

S KS

From the above equations we can write,

.K4 llXE(S) = llXD(S) - K llXc(S).3
= IIXD ("5) K3 :K1 llF(S) + K3K2 llrC(S)

S llXE(S) K1K3 IIF (S) I llPc(S)= - + KiZK3KS I

=
- K1K3 II F (S)

S/KS
(16)
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where we introduce, /',F (S) = .. L{/',f}

/',XE (S) = L{/',XF}

'-'Pc (S) = L{/',Pd

we can rewrite the equation (16) as -follows.

= 1
R /',F (S)}

speed regulation due to governor action

= time constant of speed-governing mechanism

= Static gain of speed governing mechanism

(17)-
.l

- ~ /',F(S)}

= transfer function of speed-governing
mechanism.

=

where, R
K2 =- Kl

K =
K2K3

G K4

T = _1_
G KilKs

GG (S) =
KG

1+STG

TG i~ a measure of the reaction speed of the mechanism. Nor-

mal:values _are -less._than._.100:ms.S _

4.8. TURBINE MODEL

We are not primarily interested in turbine valve position

rather in the resulting generator power increase -/',P• The eha-
g

nge in valve position, /',XE'causes an incremental increase

in turbi.ne power, i!',PT' which, via the electromechanical in-
I

teractionswi thin _tbe generator, will resul t ..in an increased
Igenerator power /',P~.

This overall mechanism is relatively complicated, parti-

cularly if the generator voltage simultaneously undergoes wild
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swings due to major network disturbances. If we assume that

the voltage level is constant and the torque variations are

of small size, then an incremental analysis gives a relative-

lysimple dynamic relationship between 6XE and 6Pg" Such an'

analysis reveals considerable differences', not only between

steam turbines and hydroturbines, but also between various

types (reheat and nonreheat) of steam turbines. In the cru-

dest5 model representation we can characterize a non-reheat

turbine generator with a single gain factor KT and a single

time constant TT and thus write,

= (18)

Typical time constant TT lies in the range 0.2 to 2 513sec. f

The second order. differe.ntial equation (12) can be written

as two.first order differential equations

and

do .
dt-.-

dw
dt

=

= -lLL.H (Pgi P - Dgo
do
dt

(19) ..

= ..1!.L
H {p .- P - D(W - Wo)}g1. go (20)

Taking laplace of equation (20) we have

SW(S) = TIf
H

.W
{ P .(S)-P (S)-D(W(S)- ~)}g1. go S

or { H_S + D } W(S) =TIf Pgi(S) P (S) +go
DWo
S

W(S) =
Pgd,~! - !'go(~)

- '-, .
D (1 + ST)

where T =

Wo+ --,,----,-S (l+ST)
H

TIfD

(21)
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In standard block diagram symbols equations (17), (18) and
(21) .can be represented as in fig. 4.5

1

5(H- ST)

1
2 J( R ..

+4Pc :,(5)

LI~(S) ~. W(s)

+
+ + 1

0(1 + ST)

KT
1+STT.

Pgi
GEN

Speed-control
mechanism
(governor)

Fig. 4.5

Turbine

i
. IThis;diagram represents the linearlized mO~l of a

non-reheat tU~bine controller, ~ncluding the sp~ed governor.
I I' I

I ! !
It is very practical to arrange 'so that the proportionality

constants KG X KT is unity, and we then have,
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From the block diagram in fig 4.5 we directly obtain the

fOllowing relationsh~ps:

"'JoYS) =
Pgi(S) =

1
1+ STG

1 +
1
ST 4.4S);

T

(S) -

(where .R

fM(S) }

is in PU)

By taking inverse transformation of the above equations, we

get the following two differential equations:

d 1 {Pmo
1 XJ wheredt (~~ = - I1W -TG RWo i,

= X~+ tlXEX
d 1 (X P .Jdt (Pgil = - 0TT g:L

Pmo =PC+ to Pc

59 if we want to take the effect of speed governor control

during transient periods, we must solve the equations given

below for the jth machine of a n machines system somultane-

ously.

d21i . 1If
{ Pgj,

d Ii . }J = - P -D. J
Clt2 H. goj J dt

J

dX.
....L

W.-W
J (P . J 0 X. )= -dt TGj moj RWo J

d P ..q:LJ
dt = X.

J
P .. )
g:LJ

It is quite possible that the turbine command sigqal

during a transient: swing would be of such a magnitude as

to command a turbihe power beyond the capability of the turb-

ine. The valve position X must lie within limits

O<X <P max
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and we must make sure, in our.computer program, that X never

can exceed these limits.

Similarly we get 3 X n higher order differential equ-

atiori'.s',for n-machines which 'are to be solved simultaneous ly

for obtaining swing curves.

4.9 REDUCTION OF GENERATORS TO A SINGLE UNIT
When 12, 19,20, 27 ~wo or more generators are connected

to a common bus or a number of generating units are operating

in a generating station on different busbars, then the gener-

ators or generating stations can be. replaced by a single

generator

given by
having equivalent inertia constant H which ise

+ ••..••• + H
n

where. Sl' S2' ',•.•••.••.•.•• , ,S ."are the',MVA,ratings"of. the,. n .

generator,

•• 10 10 10 • 10 •• 10 •••• , H .are the inertia constants ofn

the ..genera tors and

Sb is the base MVA.

The above equation can be obtained as follows:
Let the power delivered by a machine having inertia constant

Fi -v
H,
Pz -H~

-

Bus.

Fig.4.6
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H and rating S be P. Then the total current supplied by the

generator is
-
I = .... -•.................... + I

n =
n.

~.
L-
i=l

1._
1

where subscripts I, 2, ..... , n are denoted as machine numb-

ers. Since the toal power delivered by the system of genera-

tors is the sum of the delivered power outputs, we get

P = •.......... +
n

=~
i=l"

P.
1

Since n machines are connected in parallel, the system can

be replaced by simply one machine whose equivalent reactance

(or impedance) will be the parallel combination of the armat-

ure reactances,or:the.,equivalent reactance Xd can be expressed
as

1. X
d
'- = 1X .~ +

dl.
+ -............ +

1 .
-X-.~

dn

or y - =
d Ydi .+ Yd2 -+ ..••..•.•.•••.•• T

n

LY~i
i=1

In per unit values total power

sides byMultiplying both

.... i .. . •. . . . ..+ ..pnlSb

Iwhere--Sb =IBaseMVA

tim~ of operation t, the above

equation can be written as



'..•. =:f"

+ ......... "... +
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If p':S are in MW i t .in seconds and S'sare in MVAithen.

all these terms have the unit MJ/MVA, which is the recornrnen-

ded unit for interia constant H's of the generators, thus
"

H + + + Hn
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CHAPTER 5

SOLUTION OF SWING EQUATIONS

5.1 TECHNIQUE OF SOLVING3n-HIGHER ORDER DIFFERENTIAL,
EQUATIONS:

Ther€ are 3 X nhigher order differential equations for

n-machine system which are to be solved for swing curves.

The electrical output power P _ of the ith generator is a~, el .
nonlinear function of the dependent variables O. which make

. l.

the differ€ntial equations non-linear. In general, no analy-

tical solutions exist for non-linear differential equations

and therefore, these system differential equations must be'. ,
Isolved numerirnlly. There are several numerical methods of ~,,
I i

solving differential €quations. In this analysis equationsi

are solved by Runge-Kutta method.

o=-P ..
al.

d2 .-0-. l.

dt2
Hi '"

+ ---:;;-r'"

The. equations "to be solved .for-.the.,.ith.machi.ne.are.
I
I

(p -moi -X.
l.

(l(b»

dP .
Sl.

dt
= (x .. - P ..

l. Sl. (1 (c»

The second order equation l(a)

accelerating power=P .- - P -Sl. el.P . =
al.

I

I
can be written14,23,25 as I

Itwo simulataneous first order differential equation by putting

where
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d16.
l W. W (2(a»= -dt l 0

So equation 1(a) becomes -.

H. dW.
l l + Di (Wi W ) P 0iif - - =dt 0 ai

."
dWi TIfD. TIf { n

l I W. Wo) + P -:L E.E .Y ..or dt H. H. sil l J lJ
l ----. l j=l

cos (e. .-6 .+ 0 .)} (2(b)
lJ l J

and other two of equation (1) are

dX. { Wi - Wo
Xi}

l 1 P (2(c»= - • io •dt TGi moi W R
0

dPsi 1 { X. P .} (2(d))-= !l Sldt TTi'
,

So .for.a single machine, we ..can write .the second .order.differ-

ential. equation' into.,two first .order differential' equations.

and we have ..to .solve .four first order .differential equations

in order to take the effect of speed-governor into account.

Simillaryly, for n-machines system we need to solve 4 X n

first order differential equations to obtain the swing curves.

-.

To solve the equationsiweused
I

approximation in which the rrder of

where (f:, T) is the time interval.
I

Runge-Kuttafourth order

the error is (f:, T)5,
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From equations (2)

and

d O.
l.

dt

dP .
Sl.

dt

=

=

=

=

f2(:O.,P .)
l. Sl.

/

f4 (X., P.)
.l. Sl..

If W. (0) and
l.

O. (0), X. (0) and P :(0) are the velocity of the
l. l. Sl.

rotor, angle of the Totor,. intermediate variable and the shaft

or turbine output power respectively of the ith machine at

t=o, then, their corresponding values at t = 0 +n t can be

obtained from the fOllowing expressions

W~
l.

= nw~
l.

I 0 MiDO. = -0. +
l. l. " l.

X~ 0 nx~= Xi +
l. l.

and P' = pO. + npo
si Sl. Sl.

where o 0 nx~nwi,noi, and
l.

(3) - -

npo. are the rotor velocity incre-
Sl.

ment, rotor angle increment, intermediate variable increment

and shaf.tpower .increment --respec.tively'of the -ith -machine dur-
oing the time interval of t=o and t=o + nt. The values of nW.,
l.

o 0 0noi, nxi, nPsi can be obtained from the following relations

".-.,
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MO = lit (mli +2m2i +2m3i + m4i)/6 (4 (a) )J.

lIWC: = lit (n1i + 2n2i + 2n3i + n4i)/6 ... (4 (b) )J. "

0 (Lli + 2L3, L4i) /6 (4(c»lIX, = lit .,+ 2L2i +J. . J.

lIpo, = lit (Kli + 2K2i + 2K3i + K4i) /6 (4 (d) )SJ.

These m's, n's L'S and K',s .are the changes in the 0i' Wi

X" and P , respectively obtained using derivatives evaluated
J. Sl .

at predetermined points (t=to). The first set of estimation

of changes are obtained from

mli = Wi(t) - W
0

nli = .JLL {Psi(t)Hi

i = 1,2, , n

where Wi,('t") ' .. P . (t) .and.P, (t) ,are dth JUachine 'sp~ed, shaft ....s J. . ". e J.. I

and output. electrical. powec.-.respect'ively at time ,t~. The ':second:.

set 'of changes -in. ° i and, Wi are .obtained from',

= {(Wi(t) + 'nl'i:,
) Wo}

m2i' 2 -
Tlf P (1) nl,n2i = { Psi (t) - Di(Wi(t)+

' J. ) ,- WH. eI 2 o}J.

i = 1,2, ,n

where p:(l) arethe.machine .powers .pow<;>.rswhen the
.'eJ.

tage angles.are 0i(t) + (mli/2).

The third set of estimation are obtained from

,interhal vol-
I
I
I
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= {

n2i
2

psi(t) -

- W }o '
p{2)
ei (t)
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i - 1,2, •.•..••....•. , n,

When P(2) 'are obtained from 'a second '-501ution .of the .:networkel
equations with voltage angles equal;'.to

/

0i (t) + (m2i/2)

The forth estimates are obtained from

m4i = {(Wi(t) +n3i) Wo}

,n f (3) n2i
Wo)}n4i = { p - pei (t) - Di(Wi(t)+ -H. si (t) 2

1

i = 1,2:, , n

(3) Iwhere ~ei (t): are obtained from a third solution of the net-

work equatio'ns with internal voltage angles equal to
:
i

i 0i(t) ': +m3i.,

The .fi.nal': .est'imates ,'Of the' :in terna'l--: vo l.tage ang l'e'S::0-:"and',--:'-
1

machine speeds at time (t+ lit) .areobtai.ned -by 'substi.tuti.ng

the m's and n'si.nto'equati.ons '4(a) and 4C(b) respectively.

By using -thi.s ,new, values 'Of '0. and. W. 'we-fi.nd _the _est,i.mati.ons
1 1

of L's and K's as follows:

Wi.(t) - W: 1 0
Xi.(t)}Lli. = ,-_:{,P .

I TGi. mOl WoR

I Wi.(t)- W
L2i. = L!- {PmOi.

0
(Xi.(t) + Lli./2) }- -I TGi. WoR



56

1 Wi(t) -W
L3i = { Pmoi

0
- (Xi (t) + L2i/2 }TGi RW

0

L4i
1 {P

Wi(t)-Wo
(Si (t) + L3i}= -TGi . moi RW

0

and Kli
1 P= TTi { Xi (t) - }si (t)

K2i
1

{Xi'(t) -(Psi(t) Kli/2) }= +
TTi

K3i = 1
{Xi(t) (Psi (t) + K2i/2) }-

TTi

K4i
1

{ Xi (t) (Psi (t) + K3i) }= -
TTi

The final estimates of intermadiate variable (Xi) and shaft

or turbine output power (P.) at time (t + /':,t) are obtainedSl

by substi tutingthe L's and .:RI s:::into .equations 4 (c)and".4 (d) ..

respectively. :'Then .the ..time ,is .-advanced' by .../':,t and:.:the- process

is repeated until. ,t equals the maximum-time Tmax

5.2 'COMPUTER'PROGRAM:

A subroutine has been developed to solve the swing equati., ..

ons for m number of generators by using Rung-Kutta forth order

approximation. For this program the input data required are the

machine .to machine transfer-and, driv.ingpoint :'admittances'

during fault,post fault and pre fault conditions, the internal

voltage magnitude with angles. These datas are obtained by

.,
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using the flow chart given in the previous chapter. The

other datas required are: inertia constants, time constants

for governors and turbines, real power out'?ut of ,the mach-
ines.

This subroutine in turn calls two bther subroutines (1)

_to calculate the accelerating power, (2) to calculate the

turbine output power ~onsidering the effect of speed governor.

The detail computer programmes are given in the appendix and

the flow chart for Runge-Kutta solution is given in Fig.5.1.
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59CHAPTER 6

SYSTEM MODEL AND RESULTS

6.1 INTRODUCTION:

The national grid system of Bangladesh Power Development

Board (BPDB) with East-West interconnector and expec.ted peak ..

demand of 1380 MW in 1987 is considered as a model for this

study. There are a total number of 51 buses 85 transmission

lines with 46 generators operating in 13 different power stat-

ions to deliver the peak load as shown in Drawing-I. The gene-

rator data i.e. the rated MW, rated MVA, Engine type, direct-

axis transient reactance and inertia constant are given in Ta-

ble-l. The transformer data connected to generator and the

interbus transformer data are given in Table-2 and Table-3

respectively. All the technical data necessary for transient

stability study, specially for the governor mechanism, are not

available •.Standard .values are, assumed£6r~.this .._study-as .shown

in Table-4. To reduce the computational time,. all- .the.radial

load lines are replaced by a single loadconnected ..at the. radi-

ating bus. After replacing the radial load linesi there are.

only 36 buses having 69 transmission lines connected between

them. The _bus number, bus name, bus voltage magnitude in PU

with angle in degree and bus loads in MW and MVAR are given

in Table-5. The line parameters i.e. different conected buses,

line impedances in PU and charging admittances in PU is given

in Table-6. The equivalent inertia constants, equivalent rea-

ctances, total generating real and reactive powers in PU along

with calculated internal bus voltages in PU and angle in degree
is given in Table-7.

•••• aull

. ,
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TABLE - 1

Name of the .. Total Generator Rated Rated Engine Directo axis Inertia
power station number of number' MW MVA type transient constant

generators reactance (H)
in %

G1,G2 40 50 Hydro 30.0 3.861
Kaptai 5 G -G' 50 62.5 Hydro 30.0 4.03 5

Sika1baha 1 G1 60 75 Steam 24.0 4.85

Ha1ishahar. 1 G1 10 12.5 Gas 20.0 7.0

G1,G2 64 90 Steam 20.0 7.0
Ashuganj-132 8 G-G 20 25 Gas 24.0 6.03 8

G1-G3 9 18.5 Gas 18.0 6.5
G-G' - ----9 -20,0 Gas 16.5 6.5

,
Shahjibazar 8 4 6

G7,G8 10 12.5 Gas 18.0 6:5

--------
Ashuganj-230 2 G1,Gr 150 190 Steam 24.0 3.2

•
Ghorasal-230 1 .G1 210 233.3 Steam 24.7 2.22

G1 50 62.5 Steam 29.0 4.6
'" Siddi.rgonj 4 G-G 8 11.6 Steam 22.0 4.42 4

.. '"~--.,.' .' 0

." "•. f- "{.~':I
~'."_" ,..
:. ~- .
•.•. r., .

.: .~ •
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TABLE_~_~ontd;
.Name of the Total Generator Rated Rated Engine Direct 'axis Inertia

power station number of number MW MVA Type transient constant
generators ,: .' reactance (H)

in %

Ghorasal-132 2 G1",G2" 55 68.7 Steam 20.2 "4.425

G 60 75 Steam 21.9 5.51
Goalpara 6 G2 110 150 Steam 18.0 4.0

G3,G4 ." 28 35 BMGT 22.0 5.0
G5,G6 10 15;9 Gas 23.5 6.5
--

Bheramara 3 G -G' 20 32 Gas 21.5 4.51 3""

Bogra 2 G 100 125 Steam 17.0 4.01
G2 5 8.9 RMGT 20.6 7.0

Saidpur 3 G1-G3 "" 3.5 4.7 Diesel 30.55 3.85

Total 46 1,737.5 2,264.3

~. ~ "JI....,

'"I-'



TABLE - 2

~Name of the Total Transformer MVA Voltage Impedance
power station number humber rating rating voltage

of in %
trans-
former

Kaptai 5 T1,T2 57.5 132 KV/l1 KV 12.9
T3-T5 75 132 KV/l1 KV 16.0

Sikalbaha T1 72 132 KV/11 KV 10.5

Halishahar T1 12.5 132 KV/11 KV 10.0

Ashuganj-132 3 T1,T2 90. 132 KV/l1 KV 12.0
T3 150 132 KV/l1 KV 12.0

Shahjibazar 4 T l'T2 60 132 KV/11 KV 11.85
T3'T4 12.5 132 KV/11 KV 10.0

Asuhuganj-230 2 T l' T2 190 246 KV/l1 KV 14.0
Ghorasal-230 2 T1,T2 125 230 KV/15.75 KV 15.0

Siddirgonj 3 T 60 132 KV/11 KV 19.2
1

T2,T3 33.3 132 KV/H KV 12.2
Ghorasal-132 2 T1,T2 70 132 KV/10.5 KV 13.0

T1 72 132 KV/l1 KV 10.7
12 125 132 KV/11 KV 9.0

Goalpara 8 T3 70 132KV/11KV 9.0
T4-T6 16.7 132 KV/22 KY 10.2
T7,T8 15 33 KV/11 KV 7.05

Bheramara 3 T1-T3 27 132/11 KV 11.3
T1 125 132 KV/11 KV 12.0

Bogra 4 T2,T3 13.3 132 KV/33 KV 9.0
T4 8 33 KV/11 KV 9.0

•1
Saidpur T1 13.3 132 KV/11 KV 12.0

,



Locat ion

Ashuganj

GhorasaL

MVA rating

150

150

TABLE - 3

VoL'tage rating .

230 KV/132 KV

230 KV/132 KV

Impedance
voLtage in %

9.0

9.0

63

.,



TABLE - 4
64

Name of the Time constant Time constant Speed. Maximum
power station of speed gov- of Turbine5,13 regulat..,..power

• ernor mecha-:. TT . 1,5,13 output
. 5,13 lon Pgmaxnlsm TG second R

second PU MW

Kaptai .'.0~05 0.75 0.048 230

Sikalbaha 0.05 0.75 0.048 60

Halishahar 0.07 0.75 0.048 10

Ashuganj-132 0.07 0.75 0.048 248

Shahjibazar 0.07 0.75 0.048 74

Ashuganj-230 0.05 0.75 0.048 300

Ghbrasal-230 0.07 0.50 0.048 210,
I

siddirgonj 0.05 0.75 0.048 74,

GhorElsal-132, . 0.07 0.70 0.048 .....110 .

GOalpara 0.05 0.75 0.050 246

Bherainara 0.07 0.70 0.048 60 ..

Bogra'o. 0.05 0.70 0.048 105

Saidpur 0.05 0.75 0.050 10.5
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,
6.2 'FAULT SIMULATION

Three different modes of CB/Autorecloser operations are

considered in this study for each type of faults. The three dif-

ferent modes of operations are:

MODE A (Sustained faults)

Fault occurs at t=O.O second and cleared at t=O.l6 second

(i.e 8 cycles) by the simultaneous operation of the CB at each

end of the faulted line or near the faulted bus.

MODE B (unsusteained faults and use of Autorecloser)

Fault occurs at t=O;O second and cleared at t=O.16 second

(Le. 8 cycles) by the simultaneous operation of the CB at each

end of the faulted line or near the faulted bus.

-Successfully reclose the CB simul taneous:ly at both ends of
!

the faulted lines or near the faulted bus at t=O.5Sseconds (i.e~
,28 cycles).

MODE C : (Sustained faul ts and use of autorec'loser)

Fault occurs at t=O.O second and cleared at t=Q.16 second

(i.e. 8 cycles) by the simultaneous operation of the CB at each

end of the faulted line or near the faulted bus.

Successfully reclose theCB simultaneously at both ends of the

faulted lines or near the faulted bus at t=O.56 second (i.e.

28 cycles).
I

CB of the faulted line or near the faulted bul opens

lockout simultaneously at t=O.72 second (i.e. 36 cycles).
I

and

Faults of four different types are simulted by using Runge-

Kutta method of fourth order approximation considering.~t=O.02
second.
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Fault-l

Three-phase short circuit on one of the 230 KV transmi~

ssion lines between Tongi-230 and Ishurdi-230 near the substa-

tion at Tongi-230.

Fault-2

Three-phase short circuit at Siddirganj-l32 KV main bus.

Fault-3

Three-phase fault on one of the 230 KV transmission lines

between Tongi-230 and Ghorasal-230 near the middle point ..

Fault-4

Three-phase short circuit at (l05.2Tj 78.9) MVA load ter-

minal near the substation Ishurdi-l32.

6.3 RESULTS

Fauit-l (Fault on line near bus)

From the plotted swing curves (Fig.6.l to Fig. 6.3) it is

seen that when speed governor action neglected, Ghorasal-230

generator is stable in MODE A and MODE B operation but unstabie

in MODE C operation. However when speed governor action consi-

dered (Fig.6.4 to Fig.6.6) Ghorasal-230 generator is stable in

all three modes of operation. All other generators are stable

in the above. cases, .however., .the swings of ..the.generators. are

found wider when governor action is not considered.

Fault-2 (Fault at bus)

From the plotted swing curves (Fig.6.9 to Fig.6.ll) it is

seen that when speed governor action neglected Bogra-l32
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and Saidpur-132 generators are unstable with MODE B operations.
However when speed governor action considered these two

generators (Fig .6:.,12:to.Fig.6:14) are stable with MODE.'B opera-
tion,•.

Fault-3 and Fault-4 (Fault at the middle point and load rejection)

Fault-3 and Fa~lt=4 were simulated both with the governor

action considered and not considered. In both cases allthe gen-

erators in the system were found to be stable. But with governor

action taken into consideration it is .found that the relative

swings of all the generators are much smaller than the swings:df

the generators when governor action is neglected ((1'9:.6.'19'torFt.g~6,'30)

The above results obtained by this study with three diff-

erent modes of circuitbreaker/autorecloser operations are sem-
merized in Table-g.

The set of differential 'equations

dx, W. - Wl. 1 (P . l. 0 Xi)= - -dt TGi mol. RW
0

dPsi 1and = (X, - Psi)dt TTi l.

have been solved to find the dependence of shaft power P on the
s15,16value of speed W. The results. are plotted in Fig .6.•7,--It is fou-

nd that the shaft power output is dependent not only on speed

W but also on theratejof speed with respect to time i.e. ~~_.
• IFor the same time l.nterval 6t = .02, dW was assumed equal to

2.5, 1.0 and 0.5 and it is found from the plots that change of
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shaft power is higher for larger value of

Also to find how the shaft power Ps and speed W varies
"with time, the values of P and W corresponding to Fault-I,s ----

MODE C, Fault-2 MODE B have been plotted in Fig. 6.8,

Fig. 6.17 and Fig. '6.18 with and without considering governor

action. When governor action is not considered speed W varies

with time but shaft power P in constant. But when governors
is considered shaft power varies inversely to speed W as

related by the differential equations~ It is found that for

the same value of W the shaft power P is different becauses

the shaft powerPs is also dependent on how fast:W has reac-

hed that value. Aslo it is observed that shaft power P moves
I :S

in the opposite direction of speed W i.e. when W is in~reasing

Ps is decreasing and when W is decreasing, Ps is, incr~asing.

..........:'
f' ..•....••••.'.', . \\. ,

.~~\,~.
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FIG. 6.7 CURVE FOR SHAFT POWER VS. ROTOR SPEED OF GHORASAL- 230
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0.560 31 .69 31.23 29.56 37.13 41.48 21. U 32.5C> 22.57 27.b8 3B.65 It5.90 132.70 16.14
0.58\) 33.40 33.01 3l. 6.3 36.04 41.75 22.07 37.20 22.61$ 34.13 40.49 1~.35 142.46 16.7;'
o. 6l C 3lJ .97 34.74 33.54 34.86 41.63 23.18 41.73 23.19 39.88 42.25 21.49 152.55 18.15
0.620 36al 36.38 35.36 33.67 4) • 13 25.14 45.83 24.2b 44.8(, "3.93 23.34 163.00 20.5(1
0.!-40 37.69 37.94 37.09 32.56 40~29 27.'92 49.28 25.87 4B.76 45.55 24.91 17:3.84 23.68
0.660 38.83 39.38 38.7C 31.6r 39016 ..:31.45 51.0;1 28.C) 51.7C' 0\7. 12 26.23 185.11 27.63
0.680 39.B3 4t1.72 40.18 30.90 37.80 :=.5.62 53.67 30.5;1 53.57 46.63 27.31 196.84 .32. 2r
0.7CJO 4t .69 41.93 4.1.52 3C.52 36.28 40.27 54.55 33.57 51$.36 50. 1a 26.19 209.08 37.23
0.720 41.43 43.01 42.72 30.5lJ 34 .•69 45 • .21 54.63 36.81 . 54.1:; 5 I. 53 28.87 221.8B 42.54
0.74(1 42.:'6 43.96 43.76 31.02' . '-33.11 ~_. 50.25 54.07 40.20 52.B4 52.91 29.35 235.27 .47.93
0•.760 42.59 44.79 44.64 31.99 31.63 55.15 53.07 43.60 5:).67 54.23 29.63 249.31 53.19
0.7BC" 43.05 45.49 45.38 33.47 30.33 59.72 51.86 46.86 47.73 55.49 29.70 264.('4 58.12
O. BOO 43 ~0\6 46.09 45.96 35.0\6 29.31 63.77 50.72 49.87 44.13 56.68 29.55 279.50 !-2.55
0.820 43.84 46.58 46.1$ 2 37.94 28.63 !-7.)3 49.87 52.52 4:).06 57.78 29.18 295 •.69 66.32
0.84(1 44.20 47.00 46~75 40.86 28.36 69.69 49.53 54.7") 35.68 58.77 28.56 312.62 69.32
~.8bO 44.57 47.34 4-6, 9 7 44. 17 2B. 55 71.35 49.80\ 56.37 31.19 59.64 27.71 33(1.29 71.44
0.880 40\.96 47.64 47. I I 47.79 29.25 72.09 50.88 57.5:l 26.7E 60.38 26.66 ::;Ill.8.62 72..64
0.9" 0 45.38 4-7.91 4-7; 1.8 51.E3 30.47 71. 92 52.65 58. II 22.58 (,0.97 25.46 ~67.59 72.. B9
0.92(- 45.B6 48.17 47.22 55.59 32.25 70.90 55.08 58. 2~ 18.81 61.40 24. Ie ~87.1(l 72.21
0.940 46.4() 45.44- 47.23 59. Sf: 34.56 f:9.14 58.02 57.90 J5.f:l 61.66 22.92 4-("7.07 70.65
0.960 47.00 4B.75 0\7.26 63.43 37.38 6tl.79 6l.26 57.37 13.08 61.75 21.78 427.42 68.30
0.980 47.b7 4-9. I 1 47.32 67.)1 4').69 64. ('4 64.58 56. t;,) 11 .34 61.67 20 .81 40\8.1 (I 65.29
I •.( to 48 .4 2 49.55 47.1$ 5 70.49 4-4.4l 61. 1~ 67.73 55.77 10.44 61.42 2(1.28 469.05 61 .77
1.020 49.24 50.0tS- 47.65 73.49 4B.4~ 58. ZC< 71).46 55.(1) I Co. 41 6 1. t' 1 20.08 490.28 57.92
1.040 50.13 50.68 47.96 76.02 52.82 55.56 72.58 54.41 11.26 6t.4-4 2) .31 51 I. 8e- 53.96
I. ( 6e 51.r;.r 51.39 48.41 .• 78.("4- 57.3. 53.39 73.91 54. I:> 12.97 59.72 20.95 533.67 50."9
1.080 52.07 52.21 48.96 79.49 61.B7 51. BE 74.3B 54.11$ 15.47 58.88 2l.99 555.95 46.53
1.1('0 53.1 1 53. 14 49. (;;7 80.37 66.37 51. 1(1 73.96 54.57 19.59 57.91 23.36 578.74 _3.50

1.120 54.1 e 54.17 5;).53 80.6t:. 70.71 51. 1e 72.7e, 55.4' 22.54 56.84 24.96 602.12 4-1 .18
1. 140 55.27 55.29 51 ••5 3 eO.39 74.7B 52.14 70.73 56. fll 26.S8 55.68 26.72 626.17 39.72
1. 160 56.38 56.50 52.69 79.58 78.49 53.94- 68.23 58.16 3l .58 54.46 28.52 650 ••93 39 ••23
I. 180 57.50 57.78 53.98 78.29 8 l. 73 56.51 65.46 59.98 35.49 53.21 3r, .3C 676.43 39.78
I.ZOC 58.62 59. 12 55.39 76.58 84.43 59.73 62.71 61.97 4l.45 5 I- 95 3) .99 7(\2.65 41.4C>
10 220 S9.73 60.5C .56.92 74.55, 86.53 t3.43 6'.31 64.0~ 45.30 5t-.72 33.57 729.53 4-'.('15
1.24(. 60.83 61.9l 58.53 72.29 87.96 ~7.43 58.58 66.(19 5(1.89 49.54 35.06 756.97 47.67
1.260 61.92 63.31 fiP. 2 2 69.92 88.71 71.52 57.77 68. C2 55.07 48.47 36.50 784.87 52 ••12

\0
-.J



GR~PH FO~ UNSUSTAl~EO FAULT WITHOUT AUTO~ECLOSER
REFFERENCE MACHINE 9 IS GHOPASAL-132

3-PHASE FA,ULT 4,T SIDD[RGA,NG. ! : FAULr TY"'E = 3
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Fig. 6.9 (Without Governor)
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9=GHOf'oA.S 4.L-132

2=5 (KALE)AHA.
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Oo&.To&. Fon SPEED VS. POWER:PIJI FOR GOV ERNOP ACTION--------------------------------------------------
TJ Ml..: KAPTA.I S IKA.L- HAL1- ASUC,ANI:> SrlAHJ 1- A,SUGA,I>lG GH~RASAL 5IDDIR- GHORA,- GOAL- BHEf;;A,- 8 OGRA S"ID:l1.P

BA.HA SAHAR -132- BA.ZAR -230- -23(- GA,NG SAL-132 PARA MAPA

O. ( SPEED 314. I C, ~ 14.16 314016 314. 1~ 314.1~ 314016 314.Il. 314.1 ~ :314. 16 314.16 314.1t 314.16 31 A.I!:
PU.EJ< ) .55 (.0 • be.. 0.10 2.36 0.49 3. ('10 2.1 { C • 7~ 1 .C'9 r .93 C.3f C.8t r • 1~

(I. f 2 SPEED 314.18 314.21 314019 314.33 314. '2' ::!I4.52 314.84 31A.A.2 313.A6 314.43 31:3.90 :314.~6 ~1-4 .•9f;
PO,",E'" 1 • 5 5 0.60 o • 10 2.3b C.lI,? 3. '(1 2.lt r.74 1.('9 r .93 C .30 0.80 CI'OlC

o. (/4 SPEED :314. 2D 314.26 314.22 314.51 314.25 314.87 315.50 314.53 312.78 314.70 313.66 314.96 315.73
POIIoEM 1.55 tI .bO 0.10 2.36 (:.4 '; 3. r,,~ 2.1C C.7/l. 1 .~. 9 :- .li3 t'>.3C O.8C1 C. I 0

(:.r6 SPEED :314.22 314.31 314.26 314.60 314.30 ::15.22 316.10 314.93 312.15 314.97 313.43 315.3(: 31(:.44
PU'wEF: I .55 o .6e iJ • 1(1 2.3{J t,. 4 9 J. 'JC' 2. I C C'.74 1 • r 9 C.9.J 0.3(' 0.80 O.lr

O. ( 8 5PEL:D 314.24 314.37 :314.29 314.85 3t~.'35 315.55 :! Ib .65 315.18 311 .57 315.22 313.23 315.75 317.( &
POwER 1.55 0.60 r•• 1C' 2.36 (".49 3. ao 2.1 {' 0.70 1.09 0.9;;1 0.30 0.80 0.1 e,.

o. 10 SPEED 314.28 314.42 ;;114.33 315.03 314.42 31S.ElC> .317. I I 31 ~ .42 311.07 315.4E: 313.07 316.14 317. ~8
POWE~ 1.55 o .6C, 0.1 D 2.36 r. 4 c; 3.~O 2 • I (. ('.74 I • C9 C .93 D.30 0.80 C• 1C

O. I 2 SPEED 314.32 314.48 314.37 315.21 314 .5' 31 b. 16 317.4e 315.55 31l1.67 315.69 312.95 316.51 317.9!"
POltoEf'- 1.55 O. bO O. 1(l 2.36 0.49 3.00 2.1 C. C'.74 1.09 0.93 [1.30 O.8C1 r • 1r

0.14 5PEE 0 314.37 314.54 314.42 315.39 314.50 316.43 317.T~ 31~.89 31('.38 315.89 312.88 316.88 318.24
FOWE f;. 1.55 0.60 o • 10 2.36 L. 4 <;I 3.ni' 2.IC r .74 I. ~.9 !"'.93 ~ .3::' !).8,:" ,. • I (.

0.16 5PEED 314.4.3 314.6l' 314.48 315.57 314.70 316.69 317.93 31(HID 310.21 316.03 312.86 317.23 31 8. ~f:
POW[R 1.55 0.6(: (" • I =' 2.36 (.• 49 3. f)(. 2.1 C to.74 1.09 C.93 0.3C' 0.80 C.l r

0.18 SPEeD 314.51 314.67 314.54 315.75 314.83 31 b. 91 318.02 316.32 3D.Hi 316.24 312.90 317.58 31 fI.34
FOWEF\ 1.55 C".6(; :> • I :l 2.36 C .49 3.t.C 2 ol t. r .74 I. C9 C.93 () .3C' . 0.80 0.10

0.20 SPEED 314.59 314.70 314.59 315.81 315.0'2 31 b. 60 316.82 31 t:-. 14 31D.44 316.39 313.25 317.9(" 31 ~.C9
POWER 1.55 0.60 O. 10 2.36 (.49 3.C'0 2.10 r .74 1.09 r.93 0.30 0.80 0.1 r-

0.22 SPEED 3 14.7 C. 314.75 314.66 315.86 315.23 316.26 315.5~ 315.96 3H.•B8 316.52 313.67 318.22 317.7r
PO.'EF' 1.55 C.60 O. It' 2.36 0.49 3.00 2. I 0 ( .74 1.09 D.93 0.30 a.BO 0.1\'

0.24 5PEED 314.82 314.82 314.75 315.92 315.46 :::'15.<;1('1 314.3-2 315.76 311.45 31t'.f:2 314.13 318.52 311.2r
POIIIER 1.55 0.60 CO.lo. 2.36 ('.49 3.00 2.1 n t .74 1.09 0.93 0.30 0.80 C.I!'

0.26 SPEED 314.96 314.89 314.84 315.95 315.69 315.51 313.17 315.55 312014 ,316.70 314.63 318.81 316.61
PUItER 1.55 0.6(\ 0.10 2.36 0.0.9 3.or.. 2 • I (> ( .74- 1.09 CO.93 (".3" O.8~ (I. IC

0.28 SPEE D 315.10 314.98 3 (4. 95 315.97 315.92 315. 10 312018 315.32 312.92 316.76 315.13 319.10 315. Qf

PClt.ER 1.55 0.6('1 0.1(1 2.36 C'. 4 9 3.(10 2. J C' r.:.74 l.r9 :. .C;:3 0.30 0.80 r • IC
O.3C SPEED 315.25 315.(.7 315.06 315.95 31(,.12 .314.68 311.39 315.05 313.76 316.79 315.63 319.37 315.27

POwER 1.55 0.6(1 o • 10 2.36 0.49 3.00 2.10 (.• 74 1. C'9 0.93 0.30 0.80 o. n
0.32 SPEED 315.39 315.1 6 315017 315.91 316.3t :=14.25 310.86 314.82 314.65 316.79 316.1(1 319.63 314.58

PO•.ER 1.55 0.6'": (' • 1': 2.36 {'l.49 3. iC. 2.1 ( r .74 I • t 9 0.93 0.30 O.sO C.le'
0.~4 SPEED 315.53 315.26 315.29 315.8'2 316.44 :=13.82 310.62 314.55 315.56 316.76 316.52 319.89 313.91

POillEF; 1.55 0.60 o • I ~ 2.3f, C,.49 3. f)C 2.10 r.• 74 1. ~9 \' .93 C.30 O.BO Dolt
0.36 SPEED 315.65 315.36 315.4C' 315.69 31t>.5:=: 313.41 :31:;.5'; 314.28 31&.48 316.75 3\6.89 32r'.I. 313.2~

PO'WIER 1.55 0.6(' O. 10 2.35 0.49 3.00 2.1 C 0.74 1.09 (1.93 0.30 (1. e" O.H
0.38 SPEE 0 3\5.76 315.45 315.51 315.52 31 f, .57 3l3.('14 311.0 e 31 e.:; I 317.3~ 316.fil 317.19 32('1.3B 312.7~

P(JIWEJ< 1.55 C'.60 o • 10 2.3f, 0.49 3.:10 2.1 a C.74 1.09 0.93 o '03~ 0.8("1 C'. t :
0.40 SPEED 315.85 315.53 3 15.6 t 315.31 316.55 312.72 311.71 31:3.75 31 B. 20 316.62 317.40 320.62 31£. ~3

PO",EP 1.55 0.60 0.10 2 .35 0.49 3. )0 2.1C 0.74- 1.09 0.93 0.30 0.81') r.l!'"
0.42 SPEC 0 3 15.91 315.61 :315. 70 315.06 31f;o47 312.47 312.57 313.54 318.95 316.54 317.52 32C1.85 312.(14

PO.EF< 1.55 0.6(1 0.10 2.36 0.49 3. (lr: 2 • I f. t .74 1 • C'9 (:.93 ~ .3(') ".8l'" r.lC'
(..44 SPEED 315.95 315.67 3 15 ~77 314.79 316.33 312.33 313.58 313.37 319.59 316.44 317.~6 321.0B 311. B9

PO",[J;; 1 .55 C'.60 0.10 2.3f ('1.49 3. )0 2. I 0 (".74 1 • r 9 ~'093 0.30 0.80 o • I 0
C'.46 SPEED 315.97 315.72 315.84 314.51 316014 312.29 314.6€ 313.27 32() • It> 316.33 317.51 321.31 311.91

FOwE'" 1 • 55 0.6,1 J • lJ 2.36 f.49 3. (,,,,, 2.1(1 0.74 I. l'9 0.93 0.30 o. flO 0.1 [.I

0.48 SP""EE"~15.96 315.76 31S.8e 314.22 315.89 312.38 315.72 313.24- 32D.45 316.22 317.39 321.55 :3t 2. I C
POwEF< 1.55 0.60 o .10 2.36 0.4<; 3.')0 2.1 (l r .7" 1.09 (.• 93 o .30 0.80 0010

C.50 SPEE 0 315.93 315.78 315.91 313.9"3 315.6(' 312.61 316.67 31 ~'0:3:' 32:' .63 3115.1) 317.2( 321.78 31 z. 0 e.
PC••••EF< l.5S 0.60 0.10 2..36 0.49 3.00 2.1 (.0 C'.74 1.09 ('.93 0.30 O.BO C • 1 r

0.52 SPEED 315.87 315.78 "315.92 313.67 315.28 312.98 317.44 313.45 32'" • 61 "316.(') 3 If: .97 322.Cl2 312.';4
POWEl-l 1.55 0.6li 0.1 to 2.36 0.49 3.00 2.1 (.0 C.74 1 • (>9 0.93 O.3C 0.6("' C • I ~

0.54 SPEE 0 ~IS.79 315.77 315.92 313.45 314.94 313.48 317.98 313.69 3 2C'. 42 315.9~ 316.71 322.28 313.55
PDYo'ER 1.55 0.60 0.1(" 2.36 ,0.49 3 • .)(" 2.1 C C,.74 I • (19 0.93 o .3C 0.80 r .11"

0.56 SPEED 315.7<,) 315.74 3 15. 89 313.27 314.58 314.08 318.24 31 4 .02 32C .('4 315.Bl 316.43 322.54 314.2[,
PO\liiEf;, 1.55 U.6C o • It:' 2.3(, 0.49 3 •. ')0 2 • 1C ~ .74- I • (19 CI.93 n .3',) r;..8e rl. I C-

0.58 SPEED 315.59 315.69 315.85 3l 3.16 314.22 314.77 318.23 31 4 .41 319.51 315.73 316.15 322.82 315.C2
powt:::F: 1.55 - 0.60 o • 1C' 2.36 '('.49 3.')0 2.1 c. [,.'07~ 1.(19 0.93 0.30 0.6') o 'Ole

0.60 SPEE 0 315.5) 315.66 ~315.Bl 313016 313.92 315.60 318.27 314.78 319.45 315.4& 316.54 322.26 315.6.2
POlriE'" 1.55 D.b\i D. lC 2.36 (.49 3.0(' 2.IC 0.70 1.09 0.93 0.30 (l.SO 0.1(,

0.1.>2 SPE.ED ~ 15.42 315.f:3 3J5.76 31.::'1.25 313.65 31~.44 318 .•C9 31 !",.I 9 319.22 315. 2~ 316.89 321.78 315.22
POWE R- 1.55 0.60 0.10 2.3(- 0.49 3.00 2.10 ( .74 I. C.9 0.93 0.30 c.ec C' .tc

0.64 5P fED 315.34 315.59 :315. 71 313.4.2 313.43 ::17.25 317.74 31 5.63 31B.84 314.95 317.19 321.38 316.81
FUlt.'EF< 1.55 0.60 0.10 2.3& (,.49 3.00 2.10 ( .74 1.09 0.93 0.30 0.80 o. I C

O.f;l: SPECD 315.27 315.54 315.(,4 313.68 313.2t. 317.99 317.2t' 316.07 31B.32 314.7;) 317.43 321.06 317.61 \0
FOW!::R 1.55 0.60 O. 1(' 2.36 ,(1.49 3.0'1 2.10 0.74 1 • ( 9 ( .93 r.• 3(' t.8~

31~:n\Oo. c:s SPEED 315.2:' 315.5n 315.57 314. ':II 313. I t' ~18.62 316.70 31f,.52 317.72 314.47 317.eo 320.B2
PO'WIEF< I .55 0.6(1 o. 10 2.36 (I .4 9 3.00 2.1 0 0.74 1.09 r .93 0.30 O.8e l". 1r

(1.70 SPEED :315.14' 315.45 3 15. 5~, 314.41 313.12 319. I I 316. I I 316.~5 317.t4 314.26 317.69 32D.66 31B.f.~
PC.EF< 1.55 (•• br: I) • I ~ 2.36 Ir,. 4 <; 3 •. )(, 2.1 0 0.74 1. ('9 0.93 0.20 0.80 C. I ('

C.72 5f' EED :: 150lC 315.40 315.4.2 :: 1 c.• 87 313.1t. 319.45 315.56 317.35 316.33 314.07 317.72 320.57 319.19
PowEh 1.55 (, .60 O. I (l 2.36 (1.'"4 <; 3. ')0 2. I r (>.74 1.09 0.93 0.30 0.60 0.11

(;.74 SPEED 315.07 315.36 315.35 315.36 31::.28 319.6(. 315.~'8 31 7.71 315.62 31~.9) 317.{'6 3<'(1.57 31 Q. 79
PO\lo'Ei'. 1.5S 0.60 O. It:' 2.36 0.49 3.0("1 2.1 C e,.74 I • ('9 0.93 o .3(1 0.8(' 0.1 (
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0.7t SPEED 315.( (: 315.32 315.20 31 S. 91 313.48 319.58 314.72 310. :H 314.93 313.75 317.53 32D.64 32(1.38
PUlrrER 1.55 0.60 O. IC 2.36 0.49 3. )~ 2 at 0 C_.74 I .09 0.93 ::..3r:' C.• S" t'I.1C

C'.78 SPEED 3 15.~ 6 3 J 5.28 :3 15. 21 316.45 313.75 ::!1'?38 314.50 31 B. 24 314.29 313.f..2 317.32 320.81 320.9A
P(JW[ R 1.55 0.60 " • 1 " 2.3t 0.49 .3.0(- 2.1(1 (' .7 tl- 1.09 0.93 o .30 0.80 C. I [\D.e" SPEED 315.:' 8 315.26 315016 316.9A 314.09 319.01 314.45 31 B. 4:> 313.73 313.52 317.(3 321.06 321.57
PO"£F 1.55 (, .60 O. E: 2.3b C.49 3.1:;!' 12 • I ( ('.74 1• :wJ 9 C'.93 C .30 0.80 0.1 C

0.82 SPEED 315012 315.24 3 15. I I ::!I7.48 314.49 :!:IB.50 314.55 31 B.4!; 313.28 313.44 316.f8 321.41 322.17PDw-E R 1.55 .0.60 O. 10 2.3(, ('.4.9 .3.JO 2. I (. 0.71\ 1.09 C'.93 C' .3C 0.80 o.lrC. 84 SPEED 315017 315.24 315.08 31 7.94 314.94 317.87 314.80 31 S.llS 312.95 313.37 316.27 321.87 322.76
FC""'E j:; 1.55 0 ••f>(. iJ • I~ 2.36 C.49 3.00 2.10 C'.74 1.09 0.93 0.30 0.80 0.1 C.

C.86 SPEED 315.24 315. 25 315';07 31 6~ 33 315.43 317.15 315.17 318.311- 312.76 313.33 315.8( 322.43 323.35
POlt'E:.f.; 1.55 C'.6(' o. to 2.3{, 0~49 3. )0 2. I ('. Cl.7Q 1.09 0.93 0 • .30 0.80 C. It

0.88 SPEED 315.32 315.27 315.07 31 B. 65 315.94 316.313 315.6 J 31 f'.• J 5 312.72 313.30 315.29 32:3.11 323.95
PO"'EF:.. 1.55 0.60 C. 10 2.36 0.49 3.00 2.1 C (',.7' 1.09 0.93 0.30 O.BO 0.1 C'

0.90 SPEE D 315.4 I 315.30 315.09 31 6.89 316.48 315.58 31 (";;.I)e 317.68 312.83 313.28 314.74 323.91 324.54
I=OwE~ 1••!:.5 c,. bO 'G.lO 12.36 (, .49 3.00 2 • 1C ( .7 II I.Co9 :1.;3 ;) .3t:" t.8f" .•.••1(C'.92 SPEE D 315.51 315.36 315013 319. 01 317.01 314.80 316.54 31 7.54 313.09 .313.28 314.17 324.83 325.14
POIil'E.F. 1••5"5 0.60 o • 1~ ; 2.36 0.49 3.JCl 2.1C" (, .74 1.09 0.93 " .31) 0.90 0.1 r.0.94 SPEED o315.!: .3 315.42 31Sol9. 3) 9. t:14 317.54 314.(""6 316.93 31 7.15 313.49 313.29 313.58 325.85 325.73
POWER 1.55 li.60 O. 1(: .2.36 .J~.49 .3. 'J') 2.1 Co r.7ll 1.09 0.93 0.30 O. flO 0.1 C.

0.9(: SPEED 315.74 315.51 315.27 318.96 318.04 313.4("' 317.22 316.71 '314.01 313.32 312.99 326.95 32th ~3
PO.••••EF. 1.55 0.60 o • 10 12.36 0.49 3. Ol~ 2. I C 'C' .7ll 1.09 ~.93 0.30 0.80 C. H'

0.98 SPEED 315.8(, 315.60 315.37 318.79 318.5:'- 312.85 317.36 316.23 314.62 313.36 312.43 328.1".: 326.~2
POIiliEF< 1.55 C .6C O. 10 .2.3r, 0.49 3.0(1 2.10 Ci.7ll 1.1)9 ('1.93 0.30 O.eo o.lr

J. C' 0 SPEED 3 t 5.98 315.71 315.49 318.51 318.9':1 312.45 317.34 315.7ll 315.29 313.43 311.92 329.22 327.52
POwER 1.55 0.6(, 0.10 2.36 , (.!. 4 9 3. iJO 2. 1r, 0.74 1.09 0.93 0.30 O.Br t'l.Ir'

1.02 SPEED 316. I 1 315.83 315.62 318.15 319.24 :;!J 2. 22 317015 315.24 315.99 313.51 31J.51 330.26 328.11
POllE" 1.55 0.60 0.10 ; 2.3E> '0.49 3.00 2.1 ( C.74 I • (' 9 C .93 '0.3('1 0.8('1 t'l. I rI. ('4 SPEED 31(;.• 22 315.9f. 315.77 317.71 319.49 212.18 316.81 31 II-.76 316.69 313.62 311 .23 331. 1Z 328.71
PO\liE F< ' 1.55 0.60 o • 10 - 2.36 .'1;.49 3.:"lt 2.1( r. .74 1• r. '; r.93 ['I.3t:'l t:.sc r.l~1. ('b SPEeD 31b.34 3]6.09 315.93 31 7.22 319.65 312.34 316.33 314.31 . 317.36 313.76 311.13 33J.72 329.:?t'
POwEF. 1.55 C•• M) 0.1(, 2.3f. 1('.49 3. ')0 2 .1 C: 0.74 I. C9 0.93 0.30 c.so o • 1(j

I. t8 SPEED 31(. .44 316.22 316.09 316.68 319.71 312.7r> .315.78 313.91 317.95 313.93 311.23 332.:: 1 329.<;:1PO ft'EI; J .55 0.60 u. 1C 2.35 Ie. 49 3.0Cl 2. 1r) C.74 1.09 0.93 0.30 O.BO 0.1 I)
I. 10 SPEED 316.54 316.36 .316.27 316.13 319.67 313.24 315.2(" 313.58 318.45 314.13 31(.55 331.99 3::C.4c;POft'E~ 1.55 0.6(- 0.10 2.36 'P.4.9 3.e" 2 .1 0 (' .74 1.09 0.93 o.~o 0.80 0.1t"
I. 12 SPEED .3U5.t. 3 3L6.49 .3lb. 44 3}5.57 319.53 313.93 314.65 313.34 318.84 314.35 312.[' B 331 • 7(' 331. t 9

POWEf.\ 1.55 0.60 o • I (l 2.35 0.49 3.00 2. LC' 0.74- 1.09 0.93 0.30 0.8e 0.1(;1.14 SPEED .31(";;.71 .316.62 316.61 315.03 319.29 314.74 314.1 8 3l 3.2:" 319.09 314.58 312.77 331.19 3~ l.(";;8PO""ER I. S5 0.60 D • t t' 2.35 0.49 3.CC 2.10 (',.74 I. ~9 ~.93 0.30 C.8~ c. 1';1.16 SPEED 316.77 3J6.74 316.77 314.54 318.96 315.61 313.85 31::1.15 319.20 314.81 3J3.57 330.57 :332.28POWER 1.55 0.60 0.10 2.36 C.49 3.01) 2.1 C (1.74 J .09 0.93 0.30 0.80 c. 1(\1. 18 SPEED 3 If.;.8 3 316.84 316.93 314.(19 318.55 316.5" 313.68 313.23 319.16 315.03 314.43 329.93 322.87POlliE~ 1.55 r.60 0.1 C 2.36 (.'.4<;> 3.':'C 2.1 C r.7ll 1.09 0.92 0.30 0.80 0.10I. 20 SPEED 316.B7 316.93 3 (7.05 313.71 318.("'7 317.35 313.70 313.' 1 31S.98 31 5. 25 315.31 329.34 333.6.7PO""'E~ 1.55 0'.60 0.10 2.36 Ci.49 3.00 2. I 0 [I • 7 ~ I.QSl C.93 0.30 O.BC" o.lr1.22 SPEE D J If:. 9 C' 317.0 I 31701B 313.41 317.52 31801 I 31~.9r 313.68 3.1B. 67 315.44 316.16 328.87 3~4.r6paillE R 1.55 0.60 -0,. L0 2.35 0.49 3.00 2. 1C' ().74 1.09 C .93 o .3~ (t.8C O. 1r.1.24 SPEED 316.91 317.06 '317.27 313.2C' 3]6.93 316.74 314.27 314.C4 318.25 315.62 31fi.9. 328.55 33A.!-SPUII.'EF< 1.55 C.6(> Cl.10 2.36 0.49 3aO:) 2.IC t'.7ll 1.09 0.93 0.3(1 0.80 O. I :'I1.26 SPEEU 3J6.92 317.01; 317.34 313.~9 316.31 319.22 314. ee: 314.48 317.73 315.79 317.65 ~28.41 335.25PO"'ER 1.55 0.60 0.10 2.36 C'.49 3. ,J" 2.1 C (.• 74 1.09 0.93 0.30 0.80 0.1 :'l

I-'
o
o



DATA FDj.; TJME \IS. ANGLE(DEGtPLOTTING--------------------------------------
TI ME KAPT ttl SIKAL- HA'~t- AStJGANG SHAHJt- ASUGANG GHORASAL SIOOIl=1- GHOR4- GOAL- BHEP A- BOGRA 5&.1DtJuP

BAHA SAl-~A F:: -132- Bb.lM:< -23' - - 23':- GANG SAL-132 PARA MAR4

O. C' 1 .6.3 3.21 1.57 7.35 1 .83 10.63 I I .64 5. OJ 7.36 -23.47 -16.58 -U:.t:2 -le.8;o. lI2t' 1.64 3.24 1.58 7.45 1• '36 Ir',. 84 1Z .<.13 5.15 ~.96 -23.31 -16.73 -16.38 -14.43
O. ('4(' I .57 3.33 1.64 7.75 1.93 11.45 13.19 5. 5~ 5.77 -22.84 -17.17 -15. e:9 -13.r7O.(>~;; 1 .7'3 3.47 1.73 8. 2~, 2.~6 12.47 15.r 6 fo.33 3.83 -22.(:7 -17.88 - 14.54 -10. 8~
O.uBO I .9 1 3.68 1.86 8.95 2.25 13.88 17.62 7.35 I • I e -21.(':' -18.8::! -12.94 - 7.89o. 1(.;c: 1 .;::: 3.95 2.' .3 9.84 2.51 15.65 20.75 8. &S -2.07 -19.64 -19.99 -I (I.9C' -4.25
0.120 2.:.9 4.28 2.25 I Co. 94 2. Bt:> 17.78 24.35 1C'. 2~ -S.R5 -1 B.t: I -21.31 -8.62 -:l.n8
C..140 2.3 (, 4.60 2.53 12. 25 3. :;,:", 2(.,.23 28.33 12.09 -I::l • «2 -lEo.14 -22.73 -5.51 4.46
0.160 2.58 5.15 2.86 13.76 3.eb 22.99 32.56 14.19 -1Q..4b - I 4. OS - 24.2. -2.19 9.22
0.180 2.93 5.70 3.26 15.48 4.55 2f;. (:'2 36.95 16.53 -19.02 - 11.76 -25.68 1.53 1A.C"3
0.2ul' 3.36 6.3(1 3.72 17.30. 5.43 29. ':'1 0.1).7(1 IB.93 -23. A5 -9.29 -26.93 5.64 18.69
O. 22 C' 3.90. 6.96 4.26 19. 2t 6.54 31.62 43.f.4 21 • 11 -27.47 -6.65 -27.74 Ir • I I 22.990.24("1 4.63 7.67 4.99 21.25 7.9(;' ~3. 82 43.94 23.07 -30.92 -3.89 -28.03 14.93 2f.77
O. 260 5.47 B. 47 5.63 23.29 9.53 35.6t' 43.46 24.79 -33.63 -1.e2 - 27.78 20.10 29.93
0.280 (,.47 9.36 6.47 25.36 11.42 36.91 41.76 26.25 -35.50 ) .93 - 26.95 25.59 3'2.37
G. 3(' r: 7.64 1C'. 36 7.45 27.43 13.5:5 37.75 39.':; 2 27.45 -36.0.5 4.q2 - 25. S5 .31.4 t 34.04
0• .320 B.97 11.45 8.55 29.47 ]5.91 38.e9 35.53 28.37 -36.39 7.94 .23.59 .37.~3 34.92
0.34(' 1(1.4(; 12.66 9~ 7 8 31. il3 18.45 .37.95 31.59 2B".97 -35.3C to.95 -21012 43.94 35.01
0.36' 12 • 1(, 13.98 11.1 4 33.27 21 el2 ::7.:33 27.56 29.27 - 33.17 13.94- -18.1li; 5t .65 34.~1
O.38C.' 13.88 15.4-1 12.63 34.93 '2 J. e6 36. 25 23.78 29.25 -30.0(' 16.87 -14.88 57.64- 33.('7
0.4('0 15.7t 16.94 14.24 36.38 26.62 34.78 20.58 28.93 - 25.85 19.70. - 1I .28 64.91 .31.21
O.A2t) 17.73 18.56 15.95 37.Se:- 29.,32 :: 2. 99 16.25 28.35 -2,).78 22.51 -7.48 72.44 29.94
O.44C 19.77 2f.• 26 17.77 38.44 31.89 3~'. ';7 17.UD 27. 5~ -I Q..91 25.18 -3.59 80.24 26."20.46/) 2l .84 22.02 19.66 39. (IC' 34.28 28.84 16.Q6 26.58 -8.38 27.73 0.29 88.30 23.82
0.480 23 .91 23.84 21.61 39.23 36.41 26.14 18. I 5 25.53 -1.35 30. 16 4.08 915.63 21 .34
0.5(,0 25.9(; 25.69 23. (:,1 39.14 38.23 24.83 2::-'.5(' 24.51 5.98 32.46 7.66 Ie 5. 23 19. I 7
0.520 27.95 27.54 25. I)3 38.73 39.70 23.27 23.84 23.61 13.4C' 34.(4 11.05 114.10 17.48
0.54-0 29.07 29.40 27.66 38. Cl4 4;).79 22.20 27.94 22.93 20.70 3e:.7L' 14013 123.25 16.42
0.56 (, 31 .~9 31.23 29.6(; 37.13 41 .46 2l.76 32.50 22.57 27.68 38.65 16.9{ 132.71; 1~ .14
a.58C 33.4 ( 33.:i 1 31.63 36.04 ';.1. 75 22.('1 37.20 22.64 30..13 40.4; 19.35 142.46 1(u7t.
0.600 34.99 34.75' 33.55 34.89 41.65 23.24 41.91 23. IQ. "0.24 4 2.14 21.86 152.(15 18.04
CJ.1l2C' 36.4<;: 36.4(.. 35.42 33. S':t 41.23 25.38 4b.54 24.0:? 45.19 43.49 24.80 Ifl.OS 2' .: 6
O.64t 37.!;Ie; 38.12 37.23 32.85 4C,.52 28.47 5t'.66 25.53 51.78 44.54 28.1 I lEo9.54 22.7Ei
0.660 39.21 39.74- 38.97 32.15 39.56 32.45 54.70 27.47 56.86 45.3e 31.72 177.(;2 26.1 ~
CI.6BD 40 ~44 41.30 40.63 31.7f!. 38.49 37.22 57.95 29.92- {,I .3:1 45.79 35.57 185.38 3r..2C"c. 7t 0 41 .60 42.81 42.21 31.64 37.32 42.(...3 6:: .53 32.89 65. C'" 46.1:'3 39.57 192.~1 :::4.;4
0.72C' 42.7( 44.26 43.7 C 32.39 36.16 46.51 62.46 36.32 67.90 46.03 43.65 200.30 4(' .3£
0.74t' 43.7(; 45.66 45. II 33.50 35. (,9 54.68 63.8() 4t'. 19 ~9.99 45.63 .-7.7(', 207.63 46.47
0.760 44.8C 47.01 46.44 35.21 34.19 6lJ.92 6ll,.6S 44.44 71.27 45.44 51.64 215.('.0 53.2f:
0.78(, 45.1;J4 48.32 47.68 37.52 33.57 67.("3 65. I 7 49.0) 7J .79 44.9(' 55.39 222.51 60.72
0.80C 046.89 49.60 48.86 40.46 33.29 72.82 65.53 53.79 71.62 44.22 56.85 230.26 68.B7
0.820 47.97 50.85 49.99 43.99 33.4-4 78.10 ~5.92 58.69 70.87 43.44 61.95 23f.35 77: 7C
0.840 49.10 52.09 51.07 48. e'7 34 •.':lO 82.72 66.52 63.62 69.68 42.57 64.62 246.<;1 87.21
0.B6~ 5(' .3(' 53.34 52.12 52.63 35.25 06.57 67.47 68.48 68.18 41. 64 66.77 256.04 97.41
0.88(' 51 .59 54.6(' 53.1"6 57.61 37.0C 89.56 6B.88 73. 17 f:6.55 40.67 68.37 265.90 1:.8.28
O.90e-. 52.97 55.90 54.22 62.9(' 39.:35 91. (;5 70.83 77. 6~ 6Q..96 39.68 69.36 2 76. 6~ 11~.83
~.92C 54.47 57.24- 55.3 1 68.39 42.32 c;z.e.J 73.31 81.69 6-3.59 38.(,8 69.70 28 e. 28 132. (17
0.940 56.09 58.66 56.46 73.98 45.9:; 93.14 76.28 85. )!l 62.59 37.68 e9.37 3(' 1.(; 8 144..99
0.960 57.84 60.16 57.69 79.54 5'),.0(' 92.65 79.64 88.52 62.13 3(;.70 68.37 315.(.'9 158.59
O.98U 59.72 {;1.76 59.11 2 84.95 54.78 0; I. ll,6 83.:25 91.11 62.3~! 35.77 El6.71 33C. At: 172.87
I. f, 0 t;:' 61 .7~ 63.48 6t1.4 B ge. II 59.99 89. 7~ 86.93 9:3.20 63.21 34.89 e4.43 347.C 1 187.83
I. r,2C 63.91 fS.33 62.08 94.9(' 65.63 87.63 90.48 94.79 64.92 34. Ie f.l.62 364.88 2('3.47
I. ~,40 66.21 67.32 63.84 99.23 71.61 85.38 93.73 95.75 67.43 33.42 58.42 383.83 219.79
l.vbG 6B.(, 5 69.46 65.78 I C'3. I':2 77.82 83.19 95.51 96. 19 70.72 32.88 54.99 403. t.3 23(,.8('
1.(180 71 .21 71.75 67.91 I C'6.23 64.16 81.:;C' 90.69 96.14 74.74 32.53 51.56 423.94 254.48
101 C'{; 73.8 B 74.2C 70.24 l ('"'8.81 9'1.51 79.9~ 1L'').22 95. !>5 79.39 32.38 48.38 444.41 272.es
J. 12(. 76.~ 7 7tJ.81 72.76 l1r..75 96.76 7';.21 1::'1 .I '= S'4.86 84.54 32.48 45.69 464.6q 291.9('
1.140 79.55 79.5f> 75.47 112.0(; 1(12.78 79.48 101.40 93. 8~ 9:1.06 :32.83 43.(;-9 484.51 31 1 • fo3
1.1f>0 82.51 82.46 78.38 112.78 1(18.43 80.f:5 I:>1• 24 92.71 95.79 33.44 42.55 5t3.f7 332.:14
1. 180 85.54 85.48 81.48 I 12. 95 113.7(, 82.03 100.78 91.6;' 1:1.56 34.~1 42.~7 522. II 353.13
1. 2l' '. 8!:!.63 B8.f>2 -84.7:; IIC':. (;5 I I 8. 52 85.01 100.24 90. 6~ 1('7.20 35.43 43.19 539.83 374.91
1.22e 91.7(; 91.85 88.13 111.97 122.69 90.12 99.82 89.93 112.56 36.79 44.99 556.94 397.3(
I. 24C 94.91 95. 15 91.56 1 Ie. 99 126.21 95.(,2 99.74 89.59 117.49 38.3f: 47.74 57~.59 4;::0.5('1
1.260 ';8.:.7 98.5(' 0;5.2 e 11)9. 92 129. :'14 H c. 57 1C";• I 7 89.7: l 21 .8<; 40.14 51.34 589. ~7 444.31
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'GRAPH FJR FAULT CLeARED AT 8 CYCLES LAr~R & RECLOSE AFTE~ 28 CYCLES--------~------------------------------------------------------------
PErFE"ENCE MACHINE 9 IS GHDRA.SAL-132'--1-- _

3-PH.A.SE FAULT AT '51 DOIRG.HlG
FAULT TYPE = 3

A.NGLE IN DEGREE
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-Bt -Eo') -4'J -20 C. 2(': 4n 6=' eli 1:)0, 12l:'.••..• ••••• . * •••.•...• * .••••..•.•••..••... * ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
A, CD 5289 7
A CD 5289 67

A C 0 5294 67
A 0 C D 5984 6 7

A,.$. C D '1<5 84 6 7 .•
8 C 09 52 84 5 7
8 A (9 052 B b 7
B A 9 C 30 8 6 7

8 A. C 52 0 8 6 7
B" A *35 DR. 6 7"
B 9 A lSC 40 6 7

8 A 35 C 4BD 6 7
98 A 35 C 48 0 6 7
9 B A 325 C48 0 6 7.--.-e--" --"*325 '.C ti!: 7.
9 8 11.325 8 CO 67
9 8 A l 2 5 84 DC
9 B "'2 5 87 0 6
9 B 3l A 5 78 406
•. B .• ••3' A 7 •• 0(;-
9 B 32... SEl Df:4
9 B 317 A 064
9 B 712 '&'0 6 4
9 . 8 7320811.65 .,
• 8 "'"0 86 '" 5.9B 0 92 A 54

89 0 B32 A. 5
80 98 371 1'1.45

DB 8 937 A. 5
*D 88 3*474,5

o 86 4 9A.
o 86 43 5A9

o 88 4 ~5 A. 9
o 86 5 A 79
04 865* ~ 7 *

48J5B16 A 7 9
4 8 DIBA.6 7 9
45 e I DB 6 7 9

56. A3 BD 6 7 9
* 5 -4 A,38'" 8 0 76 *

5 4 ~ 1:3 8 8 7 D96
5 ~4 13 88 79 06

5 A 413 87 9
5 A 142 139

5 A •• 32 4 *s 8
9A 13 49'87 8

A5 132 9 48 7
A, 5 32 9 B 47

A 5 329 8~ * 5 31* B
A 53913

A, 839
8 319 5

329
312*

329
3 26 9

:3 6 9 8
:3(,2 8 9 7

*62 8 •
6 28 7 Q 4

382 7 9
83 (; 7 4 9

e 327 4 9
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IV7=GHJRASAL-23C'6= ASHUGAN~-23!,)5=SHAHJTBAZAR4 =4 SHUGtr,NG-l 32

MEANING OF T~E CODES •• *
Fig. 6.10 (Without Governor)

• • •
3=HAL[ SHAHA:)2=S IKA.L13~HA

................... .. .......................................... ............................................................
1 :cKAPl'AI.~.

". 8=SIDDIRGANG Q=GHD~A5AL-I:32 A=GOA.LPI\j:'A B=BHERA"1A.RA c= BOGRA O=SAIDPUR



DATAFOR TIME VS. ANGLEIDEG.PLOTTING--------------------------------------
TIME KAPrAl 5 IKAL- HA•.1- ASJGANG SHAHJI- ASUGANG GHORASAL 51001 R- GHORA- GOAL- BHEFU,- BOGRA S.I,IDPUR

BAHA 5AHA,M. -132- BAZAR. - 230- - 230- GANG SAL-132 PARA "'URA
,

0.0 1 .6:3 3.21 1.57 7.35 1.63 J (roo «3 11.f-4 5.0) . 7.3€ -23.47 -1fl..56 -I fl..62 -14.89
O.(:2C' I .64 3.24 1.56 7.45 1.66 1C'. 84 12.03 5.15 6.96 -23.31 -16.73 -I €.38 -14.43
0.04(. 1.67 3.33 J .64 7.75 .1..93 11.45 13.19 5.5; 5.77 - 22. 84 -17.17 -15.69 -13.C.7
0.C60 1.73 3.41 t.7 .3 8.25 2.(.16 1<?:. 47 15. a8 6.33 3.83 -22.07 - 17.88 - 14.54 -10.8f-
0.080 1 .81 3.68 1.8 €: 8.95 2.25 13.88 17.62 1.35 1.18 -<?: I."~ -18.83 -12.94 -7.89
0.1(10 1 .93 3.95 2.03 9.84 2.51 15.65 20.75 8. 6~ -2.07 -19.64 -1'9.99 -IO.9f.j - 6.25
0.12(" 2.' .;. 4.26 2.25 1C'. 94 2.86 17.76 24.35 10. 2% -5.85 -18.C'1 - 21.31 - 6.42 -0.06
(I. 140 2.3C 4. E:6 2.53 12.25 3. 3") 20.23 28.33 12.0; -10.02 -16.14 - 22.73 - 5. 51 4."6
0.160 2.58 5.15 2.86 13.7! 3.66 '22.99 32.56 14.19 -1'4.46 -14.05 - 24.21 -2.19 9.22
O.le(" 2.93 5.70 3.26 15.46 4.55 26. {,2 36.95 16.55 -19.02 - I 1.76 - 25.68 1.53 1•• 03
0.20(; .3.38 6.30 3.72 17.34 5.43 29.01 40.70 18. 93 -23.65 -9.29 - 2b. 93 5.64 18.f9
0.220 .3.94 6.96 4.26 19.26 6.54 31.62 43.0. 21.11 -27.47 -6.65 -27.74 1Q. 1I 22.99
0.24(; 4.63 7.67 4.69 21.25 7.90 .::13.82 43.94 23.07 -3:).92 -~.89 -28.03 14. S3 26.77
0.260 5.47 B.47 5.63 23.29 9.53 35.60 43.46 _~_24.79 -33.63 '-1.02 ~27.78 20.1~ 29.93
0.280 6.47 9.36 ~. 47 25.36 11.42 36. SI 41.76 26. 2~ -35.50 1.93 - 26.95 25.59 32.370.3(\0 7.64 10.36 7.45 27.43 13.55 37.75 39.02 27. 4~ -36.45 4.92 - 25.55 31.41 34.C:4Q.320 B.97 11.45 8.55 29.47 15. c;:1 38. ('9 35.53 280137 -36.39 7.94 -23.59 37.53 2!".92
0.340 10.46 12.66 9.78 31.43 18.45 37.95 31.59 28.97 -35.30 10.95 -21.12 42!.94 35.01
0.360 12.1( 13.98 11.14 33.27 21 • 12 37.33 27.56 29.27 -33.17 13.94 -18.19 SO.f::5 34.370.380 13.98 15.41 12.63 34.93 23.86 .36.25 23.78 29.25 - 3D• ~C 1f::.87 -14.88 57.64 3~.l"7o. 4C 0 15.76 16.94 14.24 36.38 26.6~ 34.78 20.58 28.93 -25.85 19.7. - J1. 28 64.91 31 .21
0.420 17.73 16.56 15.95 37. Sf: 29.32 32.99 18.25 28.35 -20.78 22.51 -7.48 72.44 28.94
0.440 19.77 20.26 17.77 38.44 31.89 30.97 17.00 27.54 -14 .91 25.18 -3.59 8f:.24 26.42
O.46e 21.64 22.02 19.66 J 9. ()O 34.28 28.84 16.96. '26.58 -9.38 27.73 0.29 86.3(1 23.82
0.4 eo 23.9 1 23.64 21.61 39.23 35.41 26.74 18.15 25.53 -1.35 30. 16 4.08 96.63 21.34
0.500 25.9f. 25.(,9 23.5 I 39.14 38.23 24.83 20.50 24.5l 5.98 32.46 7.68 105.23 19.17
0.520 27.95 27.54 25.63 38.73 39.7;: 23.27 23.84 23.61 13 .4 r. ::!4.64 11.05 114.10 l7.4B
0.540 29.87 29.40 27.66 38.04 40. 79 22.20 27.94 22.93 2'.70 36.7~ !".13 123.25 If.430.560 31.69 31.23 29.66 37.13' 4l.46 2 I • 7(; 32.!30 22.57 27.68 38.65 It..90 132.70 1150• 14o.sec 33.40 33.01 31.63 3f.04 41.75 22.(17 37.20 22.64 34.13 4(;.49 19.35 142.46 16.7C0.6(." :=5•~ 2 34. Be 33.58 34.97 4 I. 73 23.23 42.19 23.19 39.98 42.3(' 21.55 152.56 t 8.14
0.620 36.62 3€:.65 35.S 5 34.C9 41.50 25.33 47.7Q 24.29 45.22 44.12 23.5B 16:3.Co4 20.43
O.64C 36.18 38.55 37.53 33.43 41.10 28.3(; 53.58 25.9' 49.76 45.97 25.47 173.93 23.56
0.615 0 39.70 "0.46 39.5(' 33. (5 40.55 32.3(' 59.65 28.14 53.56 47.66 27.24 185.25 27.46
O.e.8C 41.2(' 42.44 4 I. 4 5 32.99 39.87 37.09 65.76 30.89 5~.56 49.81 28.93 197.(14 32.05
O. 7" 0 42.68 44.41 43.38 33.3(", 39.12 42.69 71.78 34.17 58.77 51.81 3(..55 209.33 37.2e-
O.72C 44.15 46.39 45.28 34./)2 38.34 4 B. '59 71.61 37.97 60.19 5~.88 32.15 222.15 42.76
0.740 45.6 1 48.37 47. I 4 :35.20 37.59 55.91 B3.15 42.26 60.85 56.('2 33.71 235.55 48.E-S
0.76C 47.0 f 50.28 48.93 36.93 36.96 63.('9 ~87.51 - 46.97 60.70 58.20 35.25 249.57 54.58
O.7BO 48.47 52.06 - 5::'.60 39.26 36.59 70.13 89.82 51 .95 59.73 6(.38 36.76 264.25 6C.35
0.80(' 49.67 53.72 52. '16 42.3(' 36.57 76.83 90.17 57.13 58.05 62.56 38.2f, 279.(;3 65.79
0.82(1 51.29 55.28 53.63 45.99 37.00 82.99 88.78 62.33 55.84 64.74 39.75 295.73 70.75
0.840 52.76 56.75 55.:> q 5'J.33 37.94 88.42 85.98 67.41 53.26 66.91 41.21 312.58 75.C9
0.86C 54.3(:' 58.16 56 •• t.' 55.25 39.47 '92.96 82.18 72. 22 50.43 69.06 42.61 330.16 76.72
0.880 55.93 59.54 57.72 6(1.68 41.62 96.48 77.88 76.6' 47.58 71.16 4;:1.92 348.45 81.57
0.900 ----"5T;E.S---- fG. 9 I 59.(,15 66.50 44.41 98.87 73.61 80.4l 44.83 73.21 45.12 367.42 83.60
0.920 59.49 62.29 60.39 72.6t' 47.85 1{\().r9 69.89 63.55 42.;:16 75.18 40.18 387.C I 84.60
0.940 61 .•45 63.73 61.77 78.82 51.92 100013 li 7.21 B5.95 40.28 77.06 Cl.7.12 4) 7.15 85.20
0.960 63.54 0'5.24 63.22 85. Cd 56.59 99.06 65.92 87.57 38.72 78.B3 47.94 "'27.75 84.88
0.980 65.74 66.B5 64.76 91.03 61. Bl 97. (10 66.27 88.44 37.78 80.49 48.70 448.75 83.92
1.(( (.l 66.07 66.58 66.41 96.73 67.48 94. }:3 68.34- 88.6:! 37.53 62.02 49.44 470.06 82.45
1.020 70.51 70.4€: 158.19 101.97 73.54 9('.67 72.06 86.24 3B.C'3 83.41 SC.23 491.66 80.63
1.040 73.04 72.5(1 70. 1 I 1(16. 65 79. Bf: Bf',.93 77.20 87.43 39.31 8".67 51.12 513.53 18.6"
1.060 75.6<J 74.72 72.19 J 1r. 66 86.33 B3.2t:. 83.41 86.37 41.36 B5.Bt 52.17 535.68 76.67
1.080 78.36 77.10 74.43 113.93 92..81 79.84 90.22 85.25 40\.16 8f.80 53.39 558.16 74.92
1. 1C'0 81 • I 1 79.66 76.84 116.43 99.19 77.15 97.14 84.29 47.65 87.67 54.78 581.04 7:;1.58
1.120 83.69 82.39 79."' 2 I 18. 14 105.33 75.43 103.71 83.65 51.77 88.42 56.35 6('4.39 72.83
I. 140 8E-.7 I 85.27 62.16 119.1J7 111.11 74.90 109.50 83.55 51).42 89.08 5f!..04 628.32 72.82
1.160 69.52 8B.28 85.06 119.27 1 16.44 75.71 114. I 6 B4.('9 ~ 1.47 89.65 59.83 652.89 73.68
1.1 BO 92.34 91.41 88 .•('9 I 18.78 12 t • 21 77.95 Ii 7. 55 85.37 65.62 90.15 «;1.66 678.16 75.47
1. 2(10 95 .14 94.62 91.24 I 17.7r.' 125.34 81.62 119.48 87.4' 72.33 9('. {,I 63.53 704. 17 78.24
1.220 97.91 97.86 94.50 116. 12 128.75 86.62 119.97 90.29 77.86 91.03 65.42 730.91 B1.99
1. 240 1(Ie; .lS4 10 ld 6 97.62 114. 14 131 .4Q 92.80 119.1 I 93.85 83.30 91.46 f,7.37 758.:!2 86.66 •.....•
1.260 1('3.3:' IC4.43 101. I 9 1 I I. 92 133.24 99.91 117014 98. a 2 89.51 91.92 69.42 786.32 92.15 0

W



GR~PH FOP SUST~l~ED F~ULT :LE~Rk6 ~T 8 CYCLES L~TER,RECLOSE5 A~rER 26 CYCLES & THEN )PEN AFTe~ 3~ CYCLES------------- ..__ .-~--------_._~---------------------------------------------------------------------_._--REFFERENCE MACHINF Q I~ GHa~ASAL-132-------------------------------------------3-PHASE FAULT AT SIODIRG~NG
FAULT T.Y"E = .3
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-IO~ -80 -60 -40 -2C' 0 2t 40 ~D 80 tOO 120•••••••••••..••• "'•.••••••• * ••••••••••••••••••••••••••••••.•••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••
A CD 5289 7
A CD 5299 67
A C 0 5294 67
ABC 0 5984 f 7

A* C 0 *5 84 6 7 It
B c: 09 S2 84 ~ 7
8 A C9 052 8 6 7

B " 9 C 3D 8 6 7
B A C 5208 6" 7

B '" A ••35 08 '" 6 7 '"B 9 A 15C ~o ~ 7
B A 35 C 460 6 7
96 A 35 C 48 0 Eo 7
9 8 ._ . A 32S C48'0 ~-6 - '.-7* --8". 4*325 .C 0 6 7*
9 B 4""32 5 8 CO 67
9 8 • 41 2 5 84 DC
9 B .••2 5 87 0 6 C
9 B 31 A 5 78 406
•• 8 * * 31 A 7 * 06
9 8 ~2 A 58 064
9 B 317 A 064
9 B 712 AD 6 4
.9 B 7320846 5 4
• 8 *0 86 A 5.
9B 0 :I2 A 54

69 0 832 A 5
BO 98 371 A45

08 8 937 A 5
*0 B6 3"'4745

o Be 41 9.6.
DB B ~32 5A97

OB6 4.3 5 4 9 7
o toil 5 A 9 7

880 • 52 A." 7
-848D562 '4"9 7
84 8 0136 4 9 7
645 B 130 A 9 7

B5 832 0 "96 7
58* 138 * 6 '" 7
5B 4 132 9 AD!) 7

58 4 139 e AD" 7
5B 4932 .A 076'

58 9 432 A 8 0 7 6
58"* 1324 '" ABO" (,

e' 132 4 A, BO 6
9 85 32 74 A 0 6
9 B 5 327 A,4 DB '6
9 B 5 327 A, DB 6* B ••. 5372 *A 0 8 4 •
9 8 372 0 B 6 4
9 B 3275' 0 A Bto
9 B 3 2 70 AB
9 B '3 20 7AB
.•• B ,.. 0215*475
9 B 0621BA 75
9 B Db 32 B A 75
98 05 3BlA 7

89 0(, B32.4. 75 4
.• 0 6 8.3 Al .• 7~5 •
9 0 6 BA 2 47 5
9 0 6 6A3 2 4 7 5
90AB32 47 5
9 0 8612 4.7 • 5

TJME -120
t'.O .•...
0.100 •....
O.2CO •

0.3('0 •...
c. Q.r;'O •...
".500 ;

c.e:rc *

(1.700 •

O.80e' •....
0.90e •....
1.000 •....
I. 100 •

1.2C'0 •

.........................................................................................................................
Fig. 6.11 (Without Governor)

••• NEANING OF THE CODES" .•.•
1 =KAPTAI 2=SIK4,LB4HA 3=HAL 15~"H4R 4=ASHUGANG-132 5=5 HA HJ I B A.ZA.R 6 = A.SHUGoANG-2 30 7=GHOJ;."'SAL-230

f-'
o
""

S=SlOOI;:'GANG 9=GHQRAS AL-132 A=-G::JAL:tAR" 8=8HERAIo(ARA C=BOGR4 O==SAIOPUR



DATA FO. T I ME:: VS. ANGLE(OrGI PLOTTI NG--------------------------------------
TI ME KAPTAI 51"- AL- HA_1- t..SIJGo\NG SHAHJJ- A,SUGANG GHORASAL SIDD1P.- GHORA- GUAL- BHERA,- BOGRA SI\10PUI"

BAHA SAHAR -132- E1A..Zlt,R - 23'='- -23('- GANG SAL-13'?: PARA MARA

0.0 1.63 3.21 1.57 7.35 1.83 10.63 11.64 5. O~ 7.36 -23.47 -!f .••S6 -I C5.~2 -14.A,?
0.020 1.64 3.24 1.58 1.45 1.86 10.84 12.r:3 5. 15 6.96 -23.31 - 16 .1~ -It.3~ -14.4:;
0.040 1.67 3.33 1.64 7.75 1.93 11.45 13.19 5.5~ 5.77 -22.84 - 17. I 7 -15. (;9 -13. r 7
0.060 1.73 3.47 1.7 :3 8.25 2.06 12.47 15.')7 6.33 3.83 -22.C'7 -17.87 -14.56 _I I • t::
0.080 1 • B I 3.68 1. B6 8.95 2.25 13.88 17.59 7.35 I •t 9 -2I.U -18.81 _l?rn - 9.t::
o. 1(0 1 .92 3.94 2.03 9.84 2.51 15.65 ~O.64 8.65 -2.('17 -19.67 -19.95 -11.05 _ ~. Cl4

0.120 2.08 4.26 2.25 10.94 2.86 17.77 24.11 10.24 -5.64 -I B. (Ie; -:2 I .2 1 -B.73 -ll..91
0.140 2.2B 4.63 2.51 12.24 3.30 20.22 27.86 12.03 -t~.OI -16.2T -22.5( -6.06 - 3.0 I
O. 160 2.53 5.06 2. B2 13.75 '3.85 22.'95 31.77 14. 19 -14.44 -14.25 -23.92 -~. 06 - 1.31
O.IBO 2.85 5.54 3.19 15.45 4.5ll. 25.95 35.74 16.54 -IB.99 -12. C!: - 25.25 0.23 o .1'3
0.200 3.24 6.04 3.61 17. J:) 5.41 28.8B 38.98 18. 9~ -23.4'2 -;.71 -2C5• .!::!' 3.flO 1.53
0.220 3.71 6.57 4.07 19.20 6.5-1 31.4(\ 40.75 21. C5 - 27 • to 4 -7.23 - 26 .lt5 7.e', 2.78
O.24C 4 .29 7.12 4.59 21.14 7.85 33.48 41.07 22.94 -30.AS -4.64- - 27.( 7 11.6A 3.91
0.260 4.97 7.70 5.17 23. 1'1 9.44- 35.08 40.06 24.57 -~3.f;p -1. ~7 - 2~ .f-7 \5.89 4. <;7
0.280 5.7B 8.34 5.83 25.09 I 1.27 36.16 37.93 25.91 -35.4B 0.75 ••2S. 75 20.:::1 5.t;7
0.300 (1.70 9.04 6.56 27. (.4 13.33 315.72 34.95 26.93 -3f>.44 3.49 - 2t:1. 34 24.90 t.. .9t:1
0.::20 7.74- 9.80 7.37 28.92 15.59, 3tl. 74- 31.• 43 27.(>2 -36.41 fa 22 - 22.49 29.65 7.98
0.:340 e .89 10.63 8.26 30.eo9 18.01 36.22 27.67 27.97 -35.36 6.92 - 20 .•27 34.5ll. 8. fie
0.360 10.14 11.54 9.21 32.30 20.53 35.20 24.02 27.97 -33.28 I 1.56 -17.76 3<;.55 9.72
O.3B/) II .48 12.52 10.24 33.69 23.09 :33.71 20.77 27.63 -3;) .'20 14. '4 -15.(14 44.68 1'>.64
0.40e 12.88 13.57 11.32 34.83 25.63 31.83 18.19 26,'97 - 26 • 17 16.62 - I 2.2\ 49.<;;0 11 .57
0.420 14.33 14.67 12.45 35.68 2B.09 29.65 16.52 2&. ('3 - 21 .29 IB.99 -9.3::: 55.21 12.51
0.440 15.B2 15.84 13.63 36.20 30.38 27.29 15. B7 2:4.81 -15.66 21.24 -6.5C' 60.60 13.47
O. 460---'"7.3'Z-- 17.05 14.82 36.37 ::32.46 24.67 I fl. 29 23.55 -9.46 23.36 -3.8(. 66. C7 Ill. • -4ll.
0.480 18.8C' 18.29 16.04 36.2.:) 34.24 .22. 54 17.76 22. 19 -2.B6 25.~5 -1.26 71.59 15.42
0.500 20.25 19.55 11.25 35.67 35.7t:' zr.47 2'.13 2(,.87 3.92 27.2: I ." 6 !"- 77.11 1t:.A2
0.520 21.El6 20.81 18.44 34. 63 36.17 . 18.81 23.IB -19.69 10.66 28.92 ~.22 82.81 17.45
0.540 il2.99 22.07 19. ElJ 33.7C 37.44 17.69 26.65. IB •.75 11.15 3<J.51 5.14 88.49 18.41;'
0.560 24.25 23.29 20.7 :3 32.33 37.68 17. 24 30.23 IB.15 23. J 7 31. ~9 6.88 94.22 19.51
0.580 25.40 24.48 21.10; 30.8e 37.49 17.53 33.63 I 7. 9S 23.53 3~. 37 B.4G 100.01 2':' .55

0.600 26.45 25.62 .22.79 29.17 36.88 1B. 61 36.(;2 18.25 33.(lfl 34.f:5 9.'i1 105.84 21 .58
D.Ec20 27.38 26.69 23.70 27.53 35.81 20.4'S 38.99 19.02 :::6.64 35.85 11.27 111.72 22. f,(',

0.640 26.20 27.68 24.53 25.9(, 34.49 23.(15 4:.63 2(;.29 39. I 7 36.<;7 12.55 11 7. ~6 23.f-l
0.6(>0 2B.89 28.58 25.2(> 24.55 3~. 8t 26.26 41.50 21.9; 4C'.6:t 3 B. ( ::: 13.79 123.f::7 2~.59

0.680 29.45 29.38 25.88 23.31 30.97 29.96 41.65 24. (17 1\':1.92 3';. ('3 14.99 12l;.74 25. 5~
0.700 29.90 30.07 26.3'" 22.52 28.75 33.97 4 I • 1B 26.42 4:;).15 39.97 16.14 13.5.89 26.44
O.72C 30.23 3(j.66 26.8C' 22.04 26.54 3:B. 10 40.28 29.95 39.~9 4('l.84 17.20\ 142.14 27.31
0.740 3CH5 31.14 27.10 21.99 24.31 42.14 39.14 31.52 35.159 4 I. !'( IB.'Zt 14 e. 4B 28.13

0.760 30 .57 31.52 27.30 22.41 22.16 45.69 37.98 34.01 32.25 42.4v 19.16 154.94 2S .9t'
0.7BO 30.61 31.79 27.4 I 23.30 20.17 49.17 37.01 . 36.29 2B .21 4::. r 7 19.91 161.53 29.62
o. aDo 30.58 31.97 27.44 24.'-::7 15.43 51.84 36.42 3B.27 23.76 43. t( 2:>.4~ Ifle.28 30.28
0.820 30.49 32.07 27.39 26.49 17.02 53.76 36.34 39.87 19 • I (l 44.15 20.77 175.19 3C',.89
0.840 3:>.36 32.10 27.29 2 B. 72 15.99 54.81 36.87 41. C1 14.42 44.52 2C.79 L82.3" 31.45
o. B6(l 30.21 32.01 27.1 5 3'1. 30 15.42 55.14 38.00 4.1• f>~ 9.92 44. Be 2'-' .sc 189.62 31.95
O. BBO 30.04 32.t:"O 26.96 34.15 15.35 54.59 39.70 " I • 9::1 5.77 44. gll. 19.87 191.19 32.4['
0.900 2:9.88 31.9l 26.B I 37.19 15.7,9 53.26 41.82 41 .68 2.12 44.9b 18.C; 1 2C5.('3 22.81
0.9.20 2!i.74 31.80 26.&5 40.33 16.78 51.27 4.".20 41. IJ -0.91 44.84 17.61 21:;.16 33.17
0.940 29.63 31.71 26; 5 3 43.4(; 18.3('10 . 48.75 46.61 4C.22 -3.22 44.5t1 I'-::.('J '221 • ~ I 33.5~
0.960 29.57 31.63 26. Q. 4- 46.48 20.34 45.88 4B.83 39.15 -4 .74 44. IS 14. I ~ 230.ll.0 :33. ""~.
0.980 29.5( 31.58 26.42 49.29 22.86 42.83 50.(,4 37.99 -5.45 43. t;3 12.04 23<;;.55 34.0t
1. 000 29.61 31.57 26.4-7 51. 79 25.79 39.82 51.86 36.8' -5.33 42.95 g.19 249.C7 34.:; I

1.020 29.73 31.61 26.59 53.9C' 29.08 37.01 52.35 35.8' -4.41 42. 12 7.ll.4 258.97 34.5t:

1• 04 0 29.92: 31.71 26.80 55.54 32.63 '3A.59 52.05 34. 'l;a -2.75 41. I 5 5.1:'7 261;.25 ~4.75

1.060 30.16 31.87 21.10 56.68 36.34 32.69 50.95 34.33 -0.43 40.1:5 2.77 27 s. 69 34. qt-

1.080 30.51 32.09 27." 8 57.25 40.12 31.42 49.12. 34.01 2.45 3/:1.82 0.62 290.88 '35.(1

1.leO 3(1.90 32.38 27.95 57.26 43.85 3(\.85" 46.10 33.'n 5.75 37.48 -1.28 302.18 35.37

1.120 31.35 32.7::1 28.SC' 56.7':: ~7.43 31.0C' 43.84 34.25 9.34 3(..~ 5 -2.85 313.71 35.59

1.140 31.86 33.13 29. 12 55.5B 50.74 31 • B4 40.,7B 34.79 13.r'5 34.53 - 3. 99 325.58 ~5.el

1. 160 32.40 33.59 29.79 53.9f 53.70 33.32 37.76 35.5/1. 16.72 3 2. 9~ -4.e4 ~37.58 .3(;. 05

1. 180 32.99 34.00 30.51 5t.'?(, 56.21 35.34 35.06 36.45 2~ • 21 ~ 1.34 -4.72 ~4<;.71 36.~~

1.20e 33.50; 34.61 31.27 49.47 58.19 37.76 32.94 37.45 23.37 29.72 - 4.20 361.9D 3f:.57

1. 220 34.21 35.17 32.03 46.77 59.59 40.45 3 I .f:2 38. ~9 2El. r,7 28. II - 3.(17 374.12 3e. B~

1.240 34.84 35.73 32.79 43.91 60.36 43.25 31.27 39.4~ 28.22 2(,.56 -1.3? 386.32 37.tf.

1.260 35.46 36.30 ,3'3.54 4 I • Cli 60.47 45.99 32.00 4[;.38 29.75 25.('9 0.96 39B.44 37. Aft

.~'
~
0
\J1



REFFERENCE M~CHINE 9 IS GHQRASAL-132--~-----------------------------------
GR~PH FOq UNSUSTAINED FAULT WITHOUT AUTORECLOSER--~-----------------------------------------------

3-PHASE FAULT AT 51 DO I~GANG FAULT TYPE = 3 ••------------------------------- ----------------
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A CD 528~ 7
A CD 5289 67
A C 0 52~4 67
ABC 0 5984 6 7
A* C 0 *5 8~ 6 7 *

BCD 9 52 84 b 7
8 A CO 52 8 ~ 7

B A, ~ CD 35 B 6 7
B A C0152 8 6 7

8 • A '*35 48 •. 6 7
B9 A, D1C2 48 6
B A 035C 48 6 7
9 8 A O~5 C 48 6 7
9 B .6. 0 25 C 48 6 7
•• 8... 4 '"025 C *8 67
9 8 " 02 5 CB 7e
9 B AD2 5 8C7 6
9 B 02 S 184 Ct:
9 B 30 5 7 e .46 C* B •• ••2A 7 5 B* 6 C
'9 8 02..0.7 58 to 4 C
9 B 027" 85 4 C
9 B . .07 A 8(; 5 4 C
9" 8 07 11,6 5 4 C
*B 0 *2 3..0. 5* * C

89 O:!8 .6. 5 C
El 9 D68? A 45 C

B 9021 7 11,4 -5 C
B 80391 A4 5 C

.•. 68)32 *4lt75. * •. C
'803214 9A 7 C

86034 A7
BOotZI SA97
8062 5 .6.9

*40 26 A*
4 052 & A7
4 082 9A

B 45 018 9 74.
8 5 0198 7 A 6

B 4 "'02 8 . A ""
58 9 302 78.A .e .
598 4 0 76.A 5
95 B 341D 7 8 4. 6
9 5 B 31D 7 8A 6
.* 5 B *3104 78 '" e
9 5 B 3 10 -4 8A 6
9 8 3120 e A 6
9 85 3120 84A7f;.
9 B 5 312D 8 A647
•• B* 5 ~ 12* -8 64. 47 '"
9 8 512 08 6 A 7
9 B 352086 A 74
1;,1 8 31250 A 7 II
9 B 31280 A 7 4

B'" * 3f.2o AS* 7 4 It-
8 9 3 68DA 57 4

8 9 3600 7 5 4
B 9 3520 7 5 4

8 9 3 A9 07 54
B ••. '" 311.70 • 4 5 *

B 9 .6.3720 ~ 5
B 9Ao 7 1086 4 5
B A9 710 8 6 5

B A 97:32084 6 5.........................................................................................................................

T1ME-12;:l
0.0 •.........
0.1(0 •....
0.20C •

0.3(.0 . •..
•.

0.4(-0 *

0.5tC •....0.600 •..
•.

O.7C'0 *..
•.0.80('1 *....

0.9('0 *...
1.000 •....1.1C>C *

1 • .2IJO *

f-'
o

'"7=GHOF;.ASAl- 23('6= ASHUGANG-2205=SH.o.HJI SAZ A~

(With Governor)

4-=A SHUGANG-132

Fig.6.12I

• MCANING OF THE CODES * '" '"* •
3=HAL (SHAHAR2=5IKA.lBAHA1 =KAPTAI

8=5IDDIRGANG 9=GHORA5..o.L_132 A=GDALCtARA B=BHERAh4.e.RA c= 8DGRA D=54IDPU~



DATA FOP. SPEED VS. POWER(PUI ~OR GOVERNOR ACTION--------------------------------------------------
Ti/ll:E KAPTA( SIKAL- HALI- A.SUGAN;i SHAHJI- A,SUGANG GHCRA.SAL 5JDOIP- GHOPA,- GOAL- BHC"A.- BDGRA, SAJ:)PUr.

EJAHA SAHAQ -132- 13A.ZAR -230- -23(- GAt .•G 5AL-132 PARA MARA

0.0 SPEED 314.16 ::314.16 314016 31'lJo15 3111.16 .314.16 3111.1t:. 31Q.l~ 314016 314.1E: 314.16 :?lll.16 ~14.1b
PO"EF< 1.55 (.1 •• 6('1 CdC 2.36 C.49 3.')0 2.IC' 0.74 1.0<; r.93 0.3(' 0.80 0.)(

0.02 SPEED 314.18 314.21 314.19 31lh33 314.20 314.52 314.B4 314.42 313.46 314.43 313.9(1 314.56 314.95
POWER 1.55 0.60 0.10 2.36 C.49 3.1)0 Z.IO (,.74 1.09 \'1.93 0.30 0.8(\ C'.Jr

0.04 SPEED 314.20 314.26 311<.22 314.51 314.25 34.4.87 315.50 314.b9 312.78 3111.7' :;!I13.t:t: ::14.96 315.7::
POWER 1.55 (;.60 0.10 2.35 0.49 3.00 2.08 C.74 1.('9 O.9r'> (l.:n ':>.76 o.c::,

O.Ob SPEED 31~.22 314.31 314.26 314.68 314.30 315.22 316.(19 314..93 312,)5 314.95 313.43 315.34 J15.9t'
POWER 1.55 0.60 0010 2.36 0.49 3.00 2.::15 {'I.74. 1.09 0.69 0.31 0.74 _'::.: I

O.CB SPEED 314.24 314.36 314.29 314.85 314.35 315.55 316.61 315.18 311.57 ~15.21 313.25 315.69 315.~"I
POWER 1.55 0.60 0.10 2.36 _0.49 2.99 2.02 CI.7~ 1.C'l9 r.87 0.33 (1.71 t.rr

0.10 SPEED 314.27 314.41 314.33 315.93 3l4.42 315.86 317.02 315.42 311.')7 315.44 313.IC 316.1..3 315.C7
POwER l.SS 0.S9 0.10 2.36 0.49 2.99 1.98 rl.74 1.r9 ::'.B~ (}.::4 Q.ec> _(."

0.1.2 SPEED 314.31 314.46 314.37 315.20 314.50 316.15 317.33 315.55 310.67 315.65 313.('1 3Ib.,34 3]5.8(l.
POWER 1.54 0.59 0.10 2.36 0.49 2.98 1.95 (.74 1.t:'9 n.E4 «.35 t'\.!:7 (.o.r~

0.14 SPEED 314.36 314.51 3l4.41 315.38 314.59 316.42 311.52 315.89 31~.38 315.84 312.97 316.f;4 315.74
POWEJ< 1.54 0.59 0.10 2.35 0.49 2.~7 1.92 (1.74 1.10 0.A3 0.25 O.f:5 -0.((

0.16 SPEED 314.41 314.55 314.4,6 315.55 "314.70 31(;,.66 317.~] 316.1:' 31~.21 31f:.U' 312.9B 316.91 :r15.~5
POWER 1.54 0.58 0.10 2.35 0.49 2.97 1.90 n.74 I.ln (1.82 (\.36 0.(3 o.rl

0.18 SPEED 314.47 314.(;,0 314.50 315.74 314.82 316.88 317.bl ,315.:;1 31i•• 17 2'16.14 313.t4 317.16 315.:6
POWER 1.53 0.58 D.I0 2.35 0.49 2.95 1.89 0.74 1.1(,) 0.81 v.3f: C'.f:l C'.r2

0.20 SPEED 314.53 314.60 314.54 315.79 3is.Ol 316.54 316.34 316.12 310.44 31f.27 313.4C' 317.38 315.3"
POWER 1.53 0.57 0.10 2.34 0.49 2.93 1.87 0.74 l.tO 0.8l 0.:;(': O.f:" C.":;'

0.22 SPEED 314.(;,1 314.62 314.58 315.83 315.22 316.17 :!15.CS 315.92 31r.88 315.39 313.83 317.59 315.19
POWER 1.53 0.57 0.1(1 2.33 C.49 2.92 1.91 0.74 1.10 0.79 0.35 ~.58 ("'."3

0.24 SPEEO 314.71 314.65 314.64 3L5.67 315.43 315.76 313.82 315.59 311.45 316.4(, 314.2f'. 317.77 315.Ir
POWER 1.52 0.57 0.10 2.33 D.4q 2.92 ),.96 :i.74 1.10 i.'.7;' C.:;4 0.57 ("'.rll

0.26 SPEED 314.81 314.69 314.70 315.89 315.b5 315.33 312.74 315.45 312.13 316.51 314.74 317.95 3]5.r,~
POWER 1.S2 0.57 0.09 2.32 0.4.9 2.91 2.(;3 ".7~ 1.10 0.78 0.::2 (I.5~ r."s

0.28 SPEED 31"'.91 314.74 314.76 315.88 315.B6 314.80 311.88 315019 312.91 31e.54 315.18 ::Ie.lr. ::15.'1
FOWEf:< 1.51 0.57 0.09 2.32 t'.49 2.91 2.07 (.74 1.10 0.79 0.30 0.54 c.r':,

0.30 SPEED :315.t'2 314.79 314.63 315.64 31(':.05 314.41 311.27 314.91 313.74 31l:.55 315.59 '::18.24 316.°9
POWEf:< 1.50 0.57 0.09 2.32 0."'8 2.90 2.09 0.74 1.10 C.78 ('.27 0.53 C."~

0.32 SPEED 315.12 314.85 314.90 315.76 316.21 313.94 310.9~ 314.61 314.62 31(..5:: 315.94 :?le.37 314.~7
PO'll'EF< 1.50 0.56 0.09 2.31 0.48 2.91 2010 0.7~ l.tO 0.79 0.25 ti.5? ('.!"~

0.34. SPEEO 315.21 314.92 314.96 315.64 316.32 ::13.48 310.87 314.31 315.52 316.5' 316.24 31e.4B 314.Q~
POWER 1.49 0.56 0.09 2.31 0.48 2.91 2.1 C C.74 1.1(. 0.78 r .23 (1.52 C.:;5

0.36 SPEED 315.29 314.98 315.02 315.48 316.39 313.06 311.1(; 31tl..OI 315.41 315.44 31(:;.45 31B.59 ~14..9t.
POWER 1.48 0.56 0.09 2.30 0.48 2.92 2.lr 0.74 1.09 ~.79 ~.21 0.51 o.n~

0.38 SPEED 315.36 315.04 315.08 315.27 316.40 312.68 311.58 313.72 317.27 ~16.37 316.E~ ~18.6B 314.9~
POWER 1.48 0.55 0.09 2.30 0.48 2.93 2.1(' Co.74 1.~9 ('.79 L.19 C-.50: V.O",

0.4.C' SPEEO 315.41 315.10 315013 3J5.03 316.35 312.37 312.28 313.45 318.('7 :!1f'.28 31f:::.f( 318.7( .:!14.07
PO.EF: 1.47 0.55 0.09 2.30 (".0\8 2.94 2.10 0.74 l.C'6 D.79 0.18 0.5e' (1.':'-5

0.42 SPEED 315.45 315015 315.1(: 314.76 316.24 312.15 313.1:9 313.23 316.77 316.18 316.t.5 318.e3 ~16.ge
PO.EI=i 1.4.7 C.55 0.08 2.29 0.48 2.94 2.10 C'.7tj. 1.07 0.80 0.17 0.49 0.('5

0.44 SPEED 315.46 315.19 315.19 314.46 31b.08 ::U2.05 314.06 313.~7 319.35 316.('7 31f'.S8 !lIB.9C' 31S.l'r
POWER 1.47 0.54 0.08 ,2.29 0.48 2.95 2.10 0.74 I.G5 0.8J 0.17 0.49 (.r!;

0.4.6 SPEED 315.0\6 315.23 315.21 314.16 315.85 312.06 315.CC 312.98 31C;.77 ~15.95 316.45 ~18.<;b 315.U
POWER 1.4(;, 0.54 O.OB 2.29 0.48 2.96 2.10 C,.74 1.':":3 C".81 C.17 0.08 (.(~

0.48 SPEED 315.44 315.25 315.22 313.85 315.58 312.22 315.8(:; 312:.97 320.C3 3t5.83 316.29 2'19.t.l 315.r~
POWER 1.46 (1.54 0.08 2.29 1).49 2.96 2.08 1:.74 I.ell (1.82 0.17 0.48 ('.~5

0.50 SPEED 315.41 315.26 315.21 313.56 315.27 212.5C 31fJ.57 ::'13.05 320010 315.72 316.10 319.(1(, 315.04
POWER 1.46 0.53 0.06 2.3'J (1.,,"9 2.97 2.04 0.7~ 0.9</ 0.83 0.18 (\.48 o.ro;

0.52 SPEED 315.36 315.26 315.1Q 313.29 314.9? 312.92 317.05 313.22 319.97 315.6;) 315.92 319.t( 315.'"'5
POWER 1.47 0.53 0.07 2.30 0.,,"9 2.';1 2.{-( G.74 ('.97 0.63 ('.18 1:".47 (1.r~,

0.54 ~PEgQ....~_3_l5.29 315.24 315.16 313.06 314.56 313.45 317.28 313.47 319.65 3J5.5:' 315.75 319.14 31 5. (f.
POWER 1.47 0.53 C.07 2.30 0.,,"9 2.98 1.9t C.74 0.95 O.B~ 0.19 1).47 O.(~

0.56 SPEED 315.21 315.21 315.11 312.88 314.18 314.07 317.25 313.81 319.15 315.4' 315.'"'-.9 ~1C;.19 315.':'t
POWER 1.47 0.53 0.07 2.3L ('.49 2.96 1.93 0.74 ('1.92 0.85 0.21:' 0.41 0.('15

0.58 SPEED 315.12 315.11 315.06 312.77 313.81 214.75 316.98 314.19 318.5(1 315.32 315.47 319.23 315.~t
POWER 1.48 0.53 0.07 2.31 0.49 2.98 1.91 0.74 0.91 r>.65 0.21 0.47 0.1"5

0.60 SPEEC 315.07 315.20 315.12 312.77 31~.46 315.55 316.91 314.54 318.47 315.'_'5 316.('4 318.49 315.~~
POWER ,J.50 0.58 0.10 2.36 0.49 3.00 2.03 0.74 I.C6 C.S2 0.27 0.27 0.('2

0.62 SPEED 315.0'0 315.21 315.17 312.86 313.19 3(( •• 34 316.67 314.92 318.28 214.7t:: 31t.S7 317.4~ 315.73
POW[:R ,1.50 0.57 0.10 2 • .36 0.49 3.00 1.97 C.74 1.1"'7 P.9C; 0.24 0.51 C".:"I"

O.bo\ SPEED 314.93 315.20 315.21 313.Cl3 312.95 317.07 316.29 .315.32 311.95 314.51 317.[13 :!1(,.t.2 :315.72
POWER 1.50 0.55 0.1[" 2.37 0.49 2.99 1.95 ('1.74 l.C6 0.e9 C'.21 1).58 c.t"

0.56 SPEED 314.8fl 315.16 315.2~ 313.29 312.76 317.71 315.94 .315.72 317.49 314.27 317.41 ::3'15.77 315.7!'-L...I
POWEI' 1.50 0.54 0.CJ9 2.37 r.49 2.98 1.95 (1.74 1."4 ~.92 0.18 0.5(: ('.r'lr-

0.68 SPEED 3100-.81 315.12 315.26 313.62 312.54 318.22 315.39 31(:.11 316.94 314.~5 317.(9 314.95 :n5.7fO
POWEr. 1,1.50 0.54 0.09 2.37 0.49 2.96 1.97 (,.74 I.C.3 0.93 C.15 0.71 _ C'>.rc'''-J

0.70 SPEED 314.76 315.07 315.2(;> 314.02 .312.59 318.59 314.q8 315.4;1 31(,.32 313.87 317.e7 314.16 ..:15.77
POWER 1.51 0.54 0.09 2.36 ('.49 2.95 1.99 0.70. 1.01 0.94 0.13 0.77 ('.C'~

0.72 SPEED 314.73 315.01 315.25 314.47 312.52 318.78 314.67 316.84 315.(:7 313.71 317.94 313.4(' .315.77
POWEF. 1.51 0.54 0.09 2.38 0.49 2.93 2.01 0.74 1.('0 0.95 0.11 0.~2 ".r~

0.74 SPEED 31~.71 314.96 315.22 314.97 3i2.73 318.80 314.o\~ 317.14 ::'15.01 3.13.59 317.91 ::t12.fo7 315.77
POWER 1.51 [,1.54 0.09 2.39 0.49 2.91 2.04 0.74 0.99 0.95 0.10 0.67 C."'~

0.76 SPEED 314.71 314.92 315.18 315.50 312.93 318.64 310\.45 317.38 314.37 313.5J 317.76 311.97 315.77
PO.ER 1.51 (.54 0.08 2.38 0.49 2.99 2.0t r.7~ 1).99 0.97 a.l( 0.1;2 C'.r::,

0.78 SPEED 3 ••• 72 314.89 315.12 316.03 ..313.20 -3IQ~..;I:2 _••:il,.l•• &L __ ~I'7 1<:0:: ., • ., '7•.•• "., .••••. ., •.•. c- • ., •• , •• .,.,., ..•..••



-
.-POWE-P---'l .51 0.54 0.08 2.30 (1.49 2.87 2.07 0.74- 0.99 0.97 0.10 0.96 C • f C

0.80 SPfl:.O 314.75 314. 86 315. Q 6 31b.54 313.54- ~17.85 314.81 317.67 .3 t 3.29 313.42 317.17 31C'.el/'j 315.77
POwEF;; I .5 1 o .55 1:;.0 B 2.37 ("J.49 2.86 2.07 to. 711 0.99 0.98 to • 1 I 1.01 C.• Ot

0.82 SPEE 0 314.79 31 ih 84 314.98 31 7.03 313.95 317.27 J 15.15 317.7~ 312.91 313.43 31f."74 3!t'1.IZ 315.77
POWEJ;. 1.51 0.55 .0 .08 2.37 0.49 2.84 2 In 7 0.74- 1.0r. 0.93 0.12 1.05 0.(\('

0.84- SPEED 314.85 314.85 .3 111.91 317.47 3)4.41 316.59 315.56 317.55 312.65 313.47 3160.25 3"'9.62 315.77
POWlEI' 1 .5 1 Q .55 0.08 2:.36 10.49 2.63 2.05 0.74 I • C' 1 0.98 C'.14 1 • (.5 [;'.('1-[1

0.86 SPEED 314.92 314.87 314.84- 317.64 314.92 315.87 315.98 317.53 312.54 313.53 315.71 309.1 B 315.77
PO"ER I .5 1 0.55 '0.07 2.35 0.49 2.82 2.03 0.7. 1.02 0.97 o .16 1•C.5 o.C"r

0.8e SPEED 315.00 314.90 314.78 318.13 315.45 315. (3 316 .•36 317.33 312.59 313.t.1 315.14 306. Ell :15.77
PowE j:( 1.50 0.55 0.07 2.34 0.49 2.82 2.01 0.74 1.03 0.97 o •18 I.C5 o.or

0.90 SPEE 0 :315.09 314.95 314.73 316.34 316.0 I 314.41 316.6 f 317.0~ 312.79 313.71 314.56 3C1f'.53 315.77
POWEf:<. 1.50 0.55 10.07 2.33 [).4~ 2.82 1.98 r..• 7. 1•C.3 C'.95 ~ .21 1.05 ~.C'o

0.92 SPEED 315.19 315.02 314.69 318.44 31f .57 313.15 316.84 3Hi .7.Q. 313.13 313.82 313.",,9 3C e.34 315.77
POIJ{ER l.49 0.55 0.07 2.3~ O •.Q.8 2.83 I .9f. 0.14 1.0.Q. 0.95 0.24 I.('15 C .l"tl

0.94- SPEED 315.29 315010 314.68 318.44 317. I1 31301 8 316.88 3lf:.38 313.6(' 313.94 313.45 3CB.26 315.77
POwE" 1.48 0.55 0.01 2.31 :0.48 2.84 ••94 0.14 I.ClS 0.95 0.27 1.05 0.00

0.96 SPEED 315.40 315.19 :314.69 318.34 317.63 312.74 316.1f. 315.97 314.16 314.05 312.95 30e.31J 315.77
POWEr:< 1.48 0.55 0.07 2.29 t .~ 8 2.85 1 .9"3 0.74 1.05 0.94 0.3('1 1.05 o.r(\

0.98 5PEED 315.50 315.29 314.73 31S.p ;}8.lt; 312.~.Q. 316.48 315.55 314. Be> 314.17 312.52 :Jr.e.45 ::! 15.77
FlOWEr:< 1•• 7 0.54 0.07 2.28 o. ~8 2.87 1.93 0.7. 1.06 0.93 0.33 1.05 r.or

1.00 SPEED 315.61 315.39 3J4.79 317.63 318.51 312.31 316.':>7 315.12 315.48 314.29 312.16 308.71 :!15.77
POWE R 1.'46 0.54 0.07 2.27 '0••8 2.89 1.93 0.74 1.06 rl.93 0.36 1."'5 C • ro~

1.02 SPEED 315.71 315.5c. 314.86 .317.45 318./34 3) 2.35 315.57 314-.59 316.15 314.38 311.90 309.08 315.77
POIro'ER 1.46 0.53 0.07 2.26 0.48 2.90 1.95 0.74 1.06 0.92 0.38 l.(l5 o. rr.

___1.04 .SPEED 315.BO 315.60 314.99 317.00 3f9.08 .312.56 315.00 314.2:9 316.78 314.47 311.74 309.55 315.77
PQWEF1 1.45 0.52 0.07 2.25 0.48 2.91 1.97 t'.74 1.06 (1.91 C .4' 1.~5 O.OC'

1-06 SPEED 315.Ei8 315.70 315012 316.49 319.22 312.91 31~.42 313.92 317.34 314.54 311.f.8 310.11 315.71
POIIER 1.44 0.52 0.07 2.24 0.47 2.92 2.01 0.7=1- 1.t' 5 0.91 C.42 I.C5 O.CC:

1.0 e SI=JEED .315.95 315.78 .315.27 315.95 319.25 313.40 313.88 313.£0 317.8C' 314.6) :!11.73 :!10.74 315.11
POWER 1.4 -4 0.51 0.07 2.23 ~.-47 2.93 2.04 0.74 1.05 (l.9:1 ('-.43 1.05 (1.(1('1

I. 10 SPEED :316.0 l 315.86 315 •.Q.3 315.39 319.18 313.98 313.4.3 313.33 318.13 3l4.64 311.69 311.tl3 315.77
PowE R 1.43 0.5C 0.07 2.22 0.-47 2..94 2.08 C1.74 1.03 0.90 0.43 1.01 o.cC'

1. I2 SP EE0 316.05 315.93 315.60 314.84- 319.00 314.63 313.12 31~ .14 318.~2 314.6b 312.14 312.15 315.77
POWER 1.43 o. SO 0.06 2.22 0.47 2.95 2.09 O.7ff 1.02 o .9r. 0.43 ('1.96 O.I:'C'

1.14 SPEED 31 ~.D 8 315.98 315.77 314.30 318.72 -315.29 312.95 313 .02 318.35 31ff.6B 312.47 312.87 315.77
POWER 1.43 0.49 0.06 2.22 0.48 2.95 2.1() 0.74 1•r 1 Ci.9" C.42 0.91 (' • tl C

1.16 SPEED 316.10 316.02 315.9tl 313.BO 318.34 315.94 312.95 312.99 318.24 :!14.68 312.88 313.59 ::'15.77
PO.'ER 1.42 0.49 0.06 2.22 '0.48 2.96 2.10 0.74 C'.99 o .9t; 0.61 0.87 o .tt'

•• 18 SPEED 3 lb. I1 316.04 316.09 313.35 317 .68 316.54 313.13 313.03 311.97 314-.66 313.35 314.29 315.77
~o.E " I.4-;2 0.48 0.06 2.22 O.~8 2.96 2.10 C'.74 0.98 0.90 0.39 0.8'2 o.ot'"

1.20 SPEED 316.10 316.05 316.22 312.91 317.34- 317.05 313.48 313.17 317.58 314.f:7 313.65 31 ••98 315.77
POIIER 1.42 0.48 0.06 2.23 .0.48 2.95 2.10 0.7' 0.97 o .9t' 0.37 0.77 ('\.c-c

1.22 SPEED 316.07 316.04 316.33 312.67 316.74 '317.45 313.9C;; 313.36 317.!,,7 31t:..67 314.39 '315.63 ~15.17
POlliER 1.42 0.48 0.05 2.24 0.4.8 2.95 2.10 0.74- 0.96 o .9~ 0.35 0.13 O.C'O

1.2. SPEED 316.04 316.02 316.41 312.47 316.10 311.71 31 •• 61 313.67 3l~.48 314.6f: 314.';3 316.24 315.17
POIIEJ< 1.42 0.48 0.05 2.25 .0.48 _2. 94 2.10 C.74- 0.95 0.90 0.32 0.69 {".eo

I;26- SPEED 315.99 315.98 3 16.45 312.37 315.42 317.83 315.32 314.02 315.83 314.67 315.46 316. Sl 315.77
POwER 1.42 0.46 0.05 2.26 0.48 2.92 2.09 0.74- 0.94 0.90 0.29 0.65 O.t'C

>-'
a
00



-
OA.T&. FOF TlJo!E v:;. '&'NGLE (DEG) PLOTT T NG--------------------------------------

TIME KA,PT A I ilKAL- HAI-I- ASUG4.NG 5I-tAHJI- ASUGb,NG GelORASA.L 510011'<- GHDRlt- GO'&'L- BHEIH- 80GRA SA I D;>UR

BAHA SAH4~ -132- DJ\ZAR -23('- -23[,- Gt..NG SAL-132 P A.t;;A MARA

0.0 1.6 :3 3.21 1.57 7.35 1 .83 10. ~3 11.64 5.0' .7 .•3& -23.47 -16.58 -If.62 -101.89
0.020 1 .64 3.24 1.58 7.45 1 ••86 10.84 12. C 3 5.15 6.96 -23. ::1 - t fl .•73 -1t:.3'3 -14.(:.3
0.040 1 .67 3.33 1.64- 1.15 1.93 11.4-5 13.19 5.59 5 .•7 7 -22.84 -17.17 -) 5ol'':9 -13.07

O.Ol:O 1.73 3.4.7 1.73 6.25 2.0'5 L2.47 15.07 f.33 3.63 -22. r 7 -17.87 - I 4-. ~6 -11.1 ::

O. t eo 1 .9 1 3.68 1_ 8 6 8.95 2.25 13.88 17.59 7.35 1 .• 1 9 -21.(1 - 16.81 -1 ::.•r:t - 9.:: 3
C.IOC 1 .92 3.94- 2.03 9. B4 2.51 lS.l;S 20.64 8. 6~ -2.(17 -19.67 -19.95 -11.('5 -f:.94

0.120 2.08 4.26 2.25 10.94 2.86 17.77 24.11 10. 24 -5.84 -18.r')9 - 21.21 -e.73 -4.91

O.14C 2.28 4.63 2.5 1 12.24 3.30 20.22 27.96 12.09 -IC.~I -I (,..27 -22.56 -6.06 - ~ .: 1

0.160 2.53 5.06 2.62 13.75 3.85 22.95 31 .77 14. 19 -14.44 -14. '25 - 23.9 '2 - ::.(16 - I • 31

0.180 2.85 5.54 3.19 15.46 4.54 25.95 35.74 16.5Q. -19.99 -12. Of; - 25.25 o • 2:3 ': • I e
0.200 3.24 6.04 3.61 17. 30 5.4) 28.88 38.98 18. 9~ -23.42 -9.71 - 26.33 3.80 I .5~

0.220 3.71 6.57 4.07 19.20 6.5. 31.4C' 40.75 21. ':'5 -27.44 -7.23 -26.95 7.6'" :?0.78

0.240 4.29 7.12 4.59 21 ••14 7.85 33.48 41 .07 22.94- -30.88 -4.b4 -27.07 11.t4 :3.91

0.260 4.97 7.7e 5.17 23. 11 9.44 35.08 60.('6 24.57 -33.U.- -1.97 - 26. f 7 15.88 6.97

o. 28C 5.78 8.34 5.83 25.09 I 1.27 36. l6 37.93 25.91 -'35.48 ('.75 - 25.75 20.::1 5.97

0.3(1(' 6.70 9.04 6.56 27.04 13.33 36.72 34.95 26.93 -36./1.4 3.49 - 24.34 24.90 6.94

0.320 7.74 9.8(1 7.37 28.92 15.59 36.74 31.1\3 27.62 -36.41 f.22 .22 •.49 29.f5 7.8oS

0.340 8.89 10 •.63 8.26 3/).69 _18•.01 .36.22 27.67 27.97 _ -35.36 .. 8.92 - 2[1.27 .340.~4. 8.8",

0.360 )0.14 11.54 9.21 32.30 20.53 .35.2C 24.li2 27.97 -33.28 I 1.56 -17.76 39.55 '9.72

0.38(1 11 .48 12.52 10. 2 II 33.69 23.09 33.71 20.77 27.63 -3~ .20 14.14 - 15.C4 44. (,8 1'.64
O.40C 12.88 13.57 11.32 34.83 25.63 31.83 18.19 26.,97 -26017 16. f:2 - 12. 2D 4~. 9r- I 1 .57

0.420 14.33 14.57 12.45 35.68 28.09 29.(;5 16.52 26.03 - 21 .29 18.99 -li.33 55.2l 12.5]

0.44(1 15.82 15.84 13.63 36.2(' 30.3"3 27.29 15.97 24.87 -15.65 21.24 -6.50 6t1.f.,O t 3.47

0.460 17.32 17.05 14.82 36.37 32.46' 24.87 16.29 23.55 -9.4.6 23.3& -.3.8e t,6.C7 1t: .64

0.480 18.8 (l 18.29 1.6.0 4 36.20 34. '2.4 22.54 17.76 22 •.19 -2.85 25.35 -1.2E 71.59 t 5 .42

0.5('0 20.25 19.55 17.25 35.67 35.7!) 2( .47 2.::1.13 2( • 87 3.£'2 27.2' 1 .08 77.17 16.4:;

o. 52(1 21.66 20.81 18.44 34.83 36.77 18. el 23.18 19.66 10.66 28.92 3.22 82.81 t 7.65

0.540 22.99 22.07 19.61 33.70 37.44- 17.69 26.65 18.75 17.15 30.51 5.14 86.49 t8.4A

0.560 24.25 23.29 20.73 32.33 .37.68 17. 24 30.23 18.15 23.17 31.99 6.88 94.22 19.51

0.580 25.4C 24.48 21.79 30.8e: 37.49 17.53 33.63 170.9~ 29 •.53 33..37 8.46 lCO.OI '2C1.~5

0.600 26.47 25.67 22.86 29.2C' 36.90 J 8. 67 36.85 J 8.21 33.50 34.54- 1(1.29 lC'e.3'9 21 .92

O.fl20 27.48 26.87 23.99 27.66 35.95 2C.72 39.88 18.85 36.34 35.4C 12.7f to Ii. 76 23.f:8

0.640 28.40 28.07 25.17 26.26 34.70 23.65 42.55 1'9. 95 42.89 35.94 15.8t 11~. 07 ~5.48

O.fl60 29.24 29.24 26.40 25.12 33.21J 27.37 44.75 2l.52 45.98 3ll.21 19."3 J 115.40 27.20

0.f:80 30.0 I 30.37 27.65 24 •.30 31 • 53 31.75 4ll.43 23. ~4 50.50 36.21 23.21 116.77 29011

0.700 30.73 31.44 28.92 23.91 29.75 3{;.63 47.61 26.01 53.:'4 35.99 27.37 117.23 3" .95

0.720 31.4C! 32.46 30 •.18 .24.01 27:.97 41.8.3 48.38 28.89 55.45 35.57 31.e.6. 116.80 32.St

0.74" 32.05 33.41 31.42 24.t:l6 26.27 47.16 48.86 32.13 56.80 34.98 3(,.01 1 15. ~ 1 .31\ .t~

0.760 32.58 34.31 32.61 _25.89 24.74 52.40 49.22 35.6~ 57.41 34.28 .4e;,.23 113.4(' 3 Eo.49

0.780 33.32 35.16 33.75 27.73 23.48 57.36 49.63 3'9.5: 57.32 33.49 44.22 110.51 38.34

O. BOO 33.98 35.97 34.82 30.17 22.58 61.87 5?23 43.47 5~ • Eo 1 32. t-6 47.67 1(16.88 ":;'.19

o. 82 C 34.e. 8 .36.77 35.80 33.19 22.10 65.77 51.18 47.52 55.39 31.82 51 •.08 1(' 2.57 e2.("4

0.840 35.45 37.56 36.7 I 36.73 22.12 68.9f> 52.56 51.55 53.BI 31. (.1 53.77 97.65 4-3. !;!S

O.86Ci 36.28 38.36 37 •.53 40.75 22.70 71. 34 54.41 55.5' 52.01 30.2et 55.87 92019 45.7Q

0.880 37.20 "39. 19 38.28 45.14 23.89 72.88 56.72 59.25 5~ • 18 29.56 57.33 8(;,.27 t.7.5'i

0.900 38.22 4(1.08 38.96 49.82 25.68 73.59 59.43 62. 7~ 49.49 29.01 58.12 79.97 -49.11 :;

0.920 39.35 41.03 ~'9.59 54.67 28.1.3 73.5C' 62.42 65.9) if 7 • I 1 28.55 58.2:(, 73.111 51 .28

0.940 40.59 42. C6 40.2-0 59.59 31.20 72.70 65.53 66.f,5 4~.19 28.2:: 57.75 66.t:9 53.1:;
0.960 41.95 43.20 40.8 I 64.46 3lf.88 71.32 68.59 7r'-.97 45.87 28.ClI. 56.65 590.9!;. 5-4.9E

0.980 43.43 44.44- 41.44 69.12 39.13 69.52 71.42 72.81 4&.24- 27.9li 55.(:1 53. :3C" ~b.8;;

1.0('0 45.03 45.79 42.13 73.51 43.89 67.46 73.86 74.15- 47.37 28.('7 52.92 66.9(1 58.f.e

1.020 46.75 47.27 42.90 77.51 49.07 65 • .36 75.78 75.01 49.27 28.2t 50.47 60.e~ 150.53
1.040 48.57 48.86 43.79 81.03 54.58 63.39 77.07 750.3~ 51.92 28.57 47.78 .35.31 be:. :'6

1.060 50.50 50.57 44.82 134.('-0 60.30 61.76 77.70 75.33 55.26 28.96 44.97 30.35 6G..22
I.OBO 52.51 52.39 4[).01 86.36 66.13 f o. f.l 17.69 74.87 59.) 8 29.43 42.16 2t';:.(it E 5 .C7

1. 100 54.bC 54.30 47.38 B8. 10 71.94 60.07 77.12 74.C'7 63.55 29.95 39.4f: 22.51:\ 670.9?

1. 120 56.74 56.30 48.94 89.20 77.60 60.24 76. l (; 73. C'I 68.23 3(l.51 36.99 1so. 82 69.77

l.14e 58.93 58.36 50.59 89.67 82.99 61. t 6 74.80 71.77 73.03 31. I (I 34.8f: 17.93 7 I • f:?

1.160 f;J .15 60.48 52.64 89.54 88.01 62. e4 73.41 7Ct. ll~ 77.78 31.7f' 33.15 16.f'l6 73.'-7

1. 180 63.38 62.63 54.77 88.87 92.54 65.23 72013 69.12 82.31 32.3~ 31.95 16.61 75.32
1. Zl.0 65.51 64.80 57;06 87.73 96.5C' 68.26 71.15 67.91 85 .47 32.89 31.31 17•.15 77. I 7

1.220 67.82 66.97 59.48 86.19 99.81 71.81 .'0.66 66. B~ 90.11 33. liB 31.27 18.4(' 79.C"1

1.240 69.99 69.12 62.02 84.37 102.4('1 75.74 70 •.82 66. IS 93. I 2 34.0(; 31. Bll 20.5C 8;.1.8L'

1.26C 72.12 71.24- --6lf.63 62.37 104.24 7c;.e9 71.75 65.8: 95.111 34.64 33.r 3 2~.21 R2.71

",
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a
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GR4PH FOR FA,U,-T CLE4RED' 4T 8 CYCLES L4TEP &. RECl05E 4FTEr. 2B CYCLES-----~---------------------------------------------------------------
~EFFERENCE MA,CHINE 9 IS GHQr.:ASAL-132--------------------------------------

3-PHASE FAULT AT SID~IRGA,NG
FA,ULT TyPE = :!
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.Fig. 6.13 (With Governor)

~I20 -JOO -80 -flO -40 -2e" 0 2(> 40 t:l 8t> leI - IZr
"'••••••••••••••••••.••••••••••••••••••••• * ••••••••••••••••••• ~••••••••• * •.••••••• * ••••••••• b. ••••••••••••••••••••••••••••• *, " 'A CO 5289 7

A CO 528~ ~7
A C 0 5294 67
ABC 0 5984 6 7

A. C 0 *5 84 6 7 ,.
BCD 9 52 84 5 7

8 A. CO 52 8 fi
B A 9 CO 35 8
8 A COl52

a * 4 *:!5
89 A 0lC2

8 A 035C
9 8 A 0:!5 C
9 BAD 25
'" B. A. .025
9 8 A 02
9 O. AD2
9 E3 02
9 0 30

'" B '" '" 2A9 8 D2A7
9 0 D27 A.
9 B 07 II 86
9 B D7 A8 5
*8 ).2 911. 5*

B 9 038 A 5
B 9 0687 A 45

8 9D21 7 A4 5
B 8039L.6.4 5

• 6'3)32." A75
6 86032 4 9A7

B 8t: 024 A97
B 86D-42 5A 9
B8402-5-A----79"-
B8 0*6 A 7"

48850 Ab 7 9
~ 5800 A 6 7 9
45 36D8 67 9
5 A8013 76 9

5" A2*D 8 7 .•.
5 4A32 DB 87 9 6
5 A432 0 8 B 9 6

5 A 42 0 88 6
5 A 134 0 97[1 e
5" 32" 0" 7E8 .6

SA 32 04 B 8 6
A .32 9 0 4 B 79 C
A 5 32 9 0 64 C8 ~
A 5 3129 0 C 4 7 '3

*A 5 32* co .468
A 352C B 0 6 9

A C3 298 D 6 84
A C 3 8 95 Ot: B7 4

AC e 2 9 60 87 4
.0 3 2 *6 D 87* 4

3" 21 6 9 0 58 7 4
2 (, 9L:>8 75 4

26 097 5 if
216 6 0 9 54
"6 8 7 0 * 4 5
2187 0 rH 5
8176 0 4 9 5

827 6 0 4 9 5
7 640 9 5

-~---.-------

0.200 '"

C.IC'C '"

.
0.300 *

0.500 ,.

0.4"0 '"

.
o. C)OC' '"

0.700 .•

I. 2C0 .•

1.000 '"

O.BOO '"

0.900 '"

1.1[10 '"

TI Po!E
0.0

•. * .•. "NE'N'ING OF THE CODES'" ,. •"

1=KAP1AI 2 =S I KALBA HA 3=HALI SHAHttR 4=ASHl)GANG-132 S=SH4.HJlEiAZAR 6= "SHUGANG-230 7=GHQRASAL-2.30

I-'
I-'
o

", ';,' B=SIDDtRGANG 9=GHORA5A.L-132
: .'tt=GOALPA~A B=6HEPA"lARA c= 80GRA D=SA"'OPU~

~::~.., '~~ .



o.c' 1.63
O.C20 1.54
0.(140 1.67
0.060 1.73
0.080 1.81
0.100 1.92
0.120 2.08
0.140 2.2e
0.160 2.53
O. lac 2.S5
D.ZOC 3.24
O.22Ci 3.71
C.240 4.29
0.200 4.97
0.260---"5- •.78'
O,3C(I 6.70
0.320 7.74
0.340 B.89
O.3bO 10.14-
0.380 11.48
0.4<"'0 12.SA
0.420 14.33
0.440 15.92
0.460 17.32
O.4BO 18.80
0.500 20.25
0.520 21.66
0.540 22.99
D.S6tl 24.25
0.580 2S.fJ(;
0.600 26.50
0.(:20 27.59
0.640 28.65
(;1.(.60 29.68
0•.660 30.68
0.700 21.66
0.720 32.62
0.741: 33.57
0.760 34.50
0.780 35.39
O.8()Q 36.26
O.a20 37.1'3
0.840 38.03
0.860 38.96
0.880 39.95
O.9ro 41.tO
0.920 42.13
0.940 43.33
0.960 44.62
O.o;sO 46.00
1.000 "7.G-(:-
l.e2D 49.0(,
1.040 50.62
1.060 52 •.30
1.0B(' 54.05
1.100 55.84
1.12C 57.6(,
1.14(; 59.52
1.160 6l.3a
1.1S0 ()3.24
1.2(,0 65.1(J
1.220 66.;2
1.240 68.71
1.260 70.44

A5UGANG $HJl.HJI- ASUGA!'JG G~ORA,5AL 5IDD(R_ GHOPA,- GC •••.l-
-132- B •••.ZA,p -23lJ- -230- GA,NG 5AL-132 PARA, 541 D:)U~

-14.1'19
-14.4;:
-13.07
-I I .1.3
-9.03
-6.94
-t;..91
-3.r.1
- 1 .31
o. J 8
I .53
2.76
3.91
4.97
5.97
6.94
7.B8
8. Stl
9.72
10.64
11 .57
12.51
13.47
14.44
15.42
1 ~. 42
I 7.45
J 8 .48
19.51
2:.55
21.79
23.15
24. :!3
25.4/'0
2(-.52
27.60
28.67
29.74
31:1.81
.31 .86
3 Z. 92
.311 • r"{

35. r.;
36.21
37.34-
39.1\13
39.64
4.(1.80
41 .98
4:' • 1e
44.39
45.E3
ofl.6.89
48.17
49.4A
5:" • £;2
5'201953.se
55.01
56.47
57.95
59.45
be.lif7
.b~.49

-I E.!':?:
- 16. 38
-15.69
- 14. ~6
-1.3. CC'l
-11.("15
-E.72
-f."6
-::'."t>
0.23
.3.8£"1
7.6{1
I 1.64
15.aR
20.31
24.9:::
29. f;5
34.Sofl.
39.55
44.68
49.9=,
5:5.21
6Q.6e'
6t;;.C7
71.59
77.17
I;';2. 81
Se.49
94.221l"O.CI
tr e:.9E
11 '2.05
11 e.19
124.4:;
130.7f
137.19
143.7~
150.37
157.13
163.~l;
170.98
178.10
185.37
1C; 2. 81
2C.0.44
2('.8.29
216.35
224.67
233.27
242. I 7
251.38
26('.94
27(1 ••84
281.1r'
291.73
3e 2.71
314.1)3
32!::.67
337.59
349.73
362.r:7
374.56
3'37.13
399.75

BOGRJ\BHE"P4-
Y.4RlI.

-1('.58
-16.73
- 17.17
-17.e7
-18. BI
- 19.<;5
- 21 .21
-22.56
-23.92
~25.25
-26.33
-26.95
~ 27.(07
-26.67
--25.75,
-24.34 ....
-22.49
- 20.27
-17.76
-15.04
~ 12. 2(
-9.33
- 6.5~
-:::.8Ci
- l .26
l.C8
3.22
5.14
6.8E
B.4-~
9.9!.
II.4e
13.0Cl
14.56
16.17
17.65
1'9.61
21.46
23.41
25.44
27.56
29.71
31.83
33.B5
35.70
37.28
38.53
::'9.38
:='9.ao
39.77
39.3(,;
38.4()
37.15
35.62
33.90
32.10
31:1.34
28.76
27.4.7
26.!Co
26.25
26.52
27.47
29.13

-23.47
-23.31
-22.84
-22.l~7
-21.(' 1
-19.67
-la.09
-16.27
-14.25
-12.0(
-S.71
-7.2::-
-4.64
-1.97
0.75
3.4;
6.22
6.92
I 1.56
14.14
16.f2
18.99
21.24-
~3.3b
25.35
27.2C
28.92
30.51
31.99
33.~7
34.70
36.04
37.39
38.77
40.J6
4).(,3
4-3. 13
44.68
ofl.6.25
47.e~
49.34
5t:'.8t,
52.37
53.85
55.29
56.68
5e.O 1
59.27
6("1.44
6 I. 51
62.48
63.23
64.07
~4.f,8
65.17
65.54
65.6e
65.94
65.99
6~. 95
65.84
65.6e.
65.48(,s. 27

7.36
~.96
5.77
3.83
1 ••19

-2.07
-5.84

-10.("1
-14.44
-18.99
-23.42
-27.44
-3).88
-33.6~
-.35.48
-36.44
-36.41
-35.36
-3"3.28
-30.2(1
-26.17
-21.29
-IS.bb
-il.4!;
-2.86
3.92

I:) • E (,
17.15
23.17
28.53
33.21
37.26
40.60
43.2r.
45.02
46.07
45.37
45.98
44 .87
43.08
4(1.77
36.11
35.26
32.39
29.66
27.21
25. l6
23.61
22 ••64
22.31
22.65
23.64
25.28
27.51
30.2b
33.44
36.92
4{').6e
44.34-
ofl.S.OI
51 .5C
54.70
57.51
59.87

5. (.~
5. 15
s. 5~
f;.33
7.35
8. 6~1:-. 24-
l 2. vB
14. 19
16.54
18.9)
21.C5
22.9%
24.57
2.'5. 91
26.93
27. ('2
27 •.97
27.97
27.63
2f..,?7
2~.('I3
24.87
23.5~

.22 .• 1:;1
2l'.t.87
19.63
18.75
18.15
I 7. 9~
18.2.7
19. l:l
20 .•4~
22. 35
24.75
27.64
. 31 • C I
34.81
38.93
43. 1:;1
47.47
51.65
55.62
59.21
62.33
64 & 87
66.75
67.99
68.53
6B.45
67.82
66. 75
t.5.41
63.92
62.47
61.22
6r'.• 32
59.8;
60.03
6(".78
62.1(.
64. 12
66. (;1
6~. 5:1

11.e4
12.03
13.19
15.07
17.59
2') .64
24. I 1
27.86
31.77
35.74
38.98
40.75
•••.I.C 7
40.06
37.93
34.95
31.43
27.67
24.02
2t'.77
18.19
16.52
15.87
16.29
17.76
20.13
23.l8
26.f:5
30.23
33.63
37.16
41.16
45.46
49.91
54.38
58.75
62.96
66.95
69.95
71 .22
70.91
69.31
66.76
63.68
60.49
57.59
55.32
53.99
53.77
54.76
56.89
59.99
63.80
67.94
72.0&
75.79
78.85
81 .:';' 4
~2.24
62.45
81.74
81.29
78.35
76.21

10. E3
10.64
11. "\5
12.47
13.88
15.1':>5
J 7.77
20.22
22.95
25.95
28.88
31.4l'
33 ••48
35.08
31':>. 16
36.72
31':>.74
36.22
35.2(.
33.71
31.83
20;.65
27.29
24.87
22.54
20.47
18.81
J7.69
17.24
17. 53
18.66
20.7C
23.62
27.38
31.91
37.13
42.94
49.23
55.61:'
61.60
67.04
71.75
75.58
78.40
80.14

.8(.1.76
80.28
78.75
76.31
73.12
6'i.42
65.46
61.53
57.9454~c;6
52.83
51.75
51.84
53.17
55.71
59.39
64.05
69.45
75.34

DATA FOP. TIME VS. ANGLE{OEGI PLOTTiNG--------------------------------------
1.83
1.86
I • 0;3
2.06
2.25
2.51
2.86
3.30
3.85
4.54
5.41
6.51
7. !J5
9.Q.4

1 I • 27
13.33
15.50;
18.01
20.53
23.09
25.63
28.09
30.38
32.46
34.24
35.70
36.77
37.Q.4
37.68
37.49
36.98
36.26
35.35
34.27
33.07
31.78
30.45
29.15
27.96
27.00
26.38
26. 17
26.46
27.31
28.74
30.79
33.46
36.73
40.57
4~.92
49 ••70
54.83
60.19
65.67
71.13
76.46
81.54
86.24
90.46
94. II
97.10
99.36
100.85
101.53

7.35
7.45
7.75
8.25
8.95
9.8ll.
10.94
12.2Q.
13.75
15.46
17 • .30
19. 2':'
21014
23. 11
25.09

.27.0Q.
28.0;2
30.69
32.30
33.69
3~. 83
35.68
36.20
36.37
36.20
35.67
34.83
33.7f:l
32.33
30.80
29.28
27.9€
25.87
26.06
25.58
25.47
25.78
26.54
27.84
29.74
3Z.26
35.42
39. 16
43.43
48.13
53.Ie
58.38
63.66
68.64
73.80
78.37
62.45
85.91
88.69
90.72
91.97
92.43
92.14
91. 13
69.46
67.24
84.55
81.54
78.35

1.57
1.58
1.64
1.73
I • 8 (:
2.:) :;
2.25
2.5 1
2.82
:3.19
3.61
4.07
4.59
5.17
5.8.3
6.56
7.37
8.26
9.2 l
10.211
11.32
12.45
13.63
14.82
16.04
17.2 !::
18.44
19.5 I
20.73
21.79
22.8e
24. 0'8
25.37
26.74
28.19
29.68
31.20
32.72
34.19
35.57
. 36. 8 3
37.97
38.99
39.89
40.67
41.35
4l.94
42.46
42.95
43.44
43.95
44.53
45.20
46.00
46.1;,6
48.08
49.40
50.9 I
52.62
54.52
56.59
58.8e
61.1 I
63.50

H"L t-
SlIHA,F.

SIKAL-
BAHA,

3.21
.3.24
3.33
3.47
3.68
3.94
4.26
4.63
5.0(,
5.54
6.04
6.57
7. 12
7.70
8.34
9.04
9. BC'
JO .63
JJ.54
12.52
13.57
14.67
15.B4
17.05
18.29
19.55
2C.81
22. 0 7
23.29
24.48
25.7)
27.03
28.42
2S'. 8 5
J 1.29
32.73
34.15
35.53
36.81
37.94
38.95
39.85
40.65
41.40
42.1 l
42.83
43.57
44.37
45.26
46.26
47.38
48.63
50.02
51.55
53.21
54.98
56.85
58.79
60.79
62.82
6A.84
66.85
68.79
70.6(,
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GRAPH FOR SUST41~ED F4ULT CLE~RED ~T 8 CYCLES L4TER.RECLOSCS A~TER 29 CYCLES & THEN JPEN AFTE~ 3f CYCLES-~--------------------------------------------------------------------------------------------------------RE~~ERENCE MACHINE 9 IS GHO~4S4L-t32--------------------------------------
3-PHASE FAULT AT 51DDIRGANG FAULT TyPE = ~-.---- ---------- --- - --- -- - -----
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~ CD 5289 67
A C 0 5294 C 7
ABC 0 5984 t: 7

l\." C 0 *5 84 6 7 *
BCD 9 52 84 ~ 7
B A CD 52 e 6 7

B l\. 9 CO 35 e 6 7
B A CO15 2 8 6 7

B "* A *35 48" t. 7
89 4 Ol C2 48 f
B A. D3~C 46 6
9 B 4 035 C A6 6 7
9 BAD 25 -C 48 6 7
•. B" A ~02S C.S f7

~ 8S" AAg~ 55 C~C7 7~
9 B 02 5 84 CE:
9 B 30 5 7 e At. c
• B •. *2A. 7 5 8* 6 C
9 8 02A7 58 6 4 C
9 8 027 A 86 4 C
9 B 07 A 86 5 4 C
9 D 07 AS 5 4 C
*B 0*2 91>. 5# •. C

B9 038 I>. 5 . C
9 0687 4 45 C
9021 7 A4 5 C

8D391 A4 5 C
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B 803214 9A7 C
B 860 4 .&.9 7 C

B 8 042 54 9 7
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B 45D 328 9 A 6 7

*8540 32 •• A 5* 7
B 0 329 8A 6 7
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5 B 0142 AS 7
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------ FOR 1:::.(,) = 2.5
1.0 - ---- FOR tAl.) = 1.0

FOR I:::.Q: 0.5 ;.

0.9

0.8 ------ -- •...••..._- ---

FIG. 6.15: CURVE FOR SHAFT POWER VS.ROTOR SPEED OF

BOGRA -132 GENERATOR.
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1.4 325

1.2 320
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FIG. 6.17: VARIATION OF SHAFT POWER AND ROTOR SPEED WITH

TIME (BOGRA -132 GENERATOR l.
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Z-BUS DU~ING FAULT
FAULTED BUS IS TONGI-23(1---------------------------- --------------------

FAJLT TYPE = I

MAG AtHoLE MAG ANGLE M'o'G A"'GLE ""lAG ANGLE Jr4AG ANGLE------------------------------------------~_._-----------------------------~------------------------------------------------~-

zt 9. 71::: 4.95 104.40 zt 9. 81=------~-r
Z( 9.121= 22.02 108~25 Z( 9,13'=

9.88 100.52 Z( 10. 5'=

!.' I

12.15 105.75 zt 4.1 :!)=

,

.653.60- -104.91' Z( -3.-111=.
98.15

0;.7.84
'it.9t.

95.75
1 C.2. B6

87.21

11:5.58

1('lO.9S

IC2.(8

9f..51

q<;. (,7

1('>f. 9~

IC5.5B

It-B.B?

89.15

IC3.A7
99.35

I CI. 85

II: 9. 46

1C~. 97

1 ('t-. 29

96.95

•....
•....
-.J

I 13.74

tr 0;.. 9e-

I C"3. 47

1'9.16

111.23

3.85

2.80

6.53

2.92

". 1 8

5.77 1(0.81

8.98 91'.76

le.f.2

37.~7

27.14

33.~C ICt.CI

34.28 104.56

7.8'?

43.87 tC'lr.2e.

129.16 ~<;.96

45.47

0.56
37.C7

153.1 f:

3. Cl~

. 1. r'l S

13.26
113.43

C.3lS

1.90

153016

10.62

185.32

335.92

I. Ie .=
2. 2' =
2. 7):::

I. 5'=98.15 Z(

97.7f: ZI
1t'1.36 2(

1(14.61 ze
111.2~ Z( 2.12)=
89.4) Z( 3. 4'=

1:3.47 Z( 3. 91=

115.68 Zt 4. 1'=
95.'6 Zt 4. E'=
100.52 Zt 4.11'=

97.62 ZI 5. ':1=

9;.49 Z( S. 81= 9.95

103.34 Z( 5.13'= 479.2C

102.08 Zt ~. 51=

101.85 21 6.101=

103.71 Zl 7. ~t=

97.74 ZI 7. 71=

104.68 Z( 7.12'=

lr]'3.47 Z( e. 41=

88.65 Zt 8. 91=

117.01 Z( s. 11=

93.55 Zt 'i. fl:::

11:'3.('3 zt ';.111= 24.~:;

1(14.7(;. Z[ H. :31,. 653.f:f"

99 .24 Z( 1('. e' =
94.52 Z( lli,13.=

1:."6.96 Zlil. 5'=

115.68 Z( 13. 4'=
117.01 ze )3. c;,=

88.0(' Z(

109.46 z( 11.10'=
108.11 Z( 12. 2'=

101.74 Z( 12. 71=

100.'96 Z( 12.12'=

3.05
6.98
l.19

2.20

0.44

8.~ 3

2.95

9.8B

21.62

I .tl 5

1.62

2.92

13.53

13.26

24.03

55.9 I

18.29

167.15

2.49
149.98

6.B5
.31.4 I

I.'e

11.59

149.99

17.91

12"-.58

B.64

sr 9.09
4.f:5

509.09

3.31

87.,45 2 ( 4. 5' =

95.96 Z( 4.101=

S5.75 Z( 5. 2'=

88.73 Zt ;.101=

101.63 Z( J. 41=

101.38 Zt 1. 9'=

113.59 zt 2. 1)=

<t;7.62 Z( 2. f)=

104.76 2( 2.111=

I C3. 6 2 Z I 3. 3):::

105.80 Zl 3. 81=

1-It'. 19 ..z e "3, I 3 • = 12256 .1 I

104.82 Z( 6. 41=

1(4.42 Z[ 6. 91=

107.23 Z( 7. 11=

99.49 zt. 7. 6'=

96.24 Z( 7.11'=

IC3.26 z( B. 31=

111.52 Z( 8.131=

95.96 z( 9. 5'=

IC2.88 znD. 2'=

9&.51 Z(ID. 71=

96.95 zntl.12'=

111.61 ZOI. 4)=

112.732(11, 9'=

106.45 Z(12. 11=

103.34 lC12. f'-=
94.52 ZCl2.J 11=
115.472(13. 31=1225f\.14

108.96 Z(13. a.=
111.(\7 Z(l3013'=

8;se"""106.81. Z( 8. 8'=

2. 2~

2.80 99.67 z( 5. 71=

34.28 1(14.56 zr 5.121=

8.64

5.52
95.96

28.59

45.47

6.53

33.37
I. BCI

0.27

31.41

I .8D

7.89

o • 14

36.42

44.95

6.04
10.43

852.82

21.62

124.5 B

15.20
194.47

803.59

122.49

6.85

161.96

7.91

I. 3 J =
I. 8'::

I. I 3) =

2. 5'=

Z(IJ.81=

ZIII.J3'=

2(12. 5,=
Zh2dO.=

Z(13.7'=, .

Z[I.3.12'=

Z113. 21= 2336.41

98012 zoo. 61=

101.'36 Z(
103.71 Z(

IJ~.II'Zt

"100.03 Z(

, ..

99.63 Z( 2.iol=
" ,

101.63 2( 3. 21=
.j "

I04.e2 2{ 3. 71=

111.41 Z( 3.121=

InO.24 zr 4. 4.=
I
99.35 2( 4, 91=, ,

,
99.84 Z( 9.41=

111.23 Z{ 5. 1'=

85.83 Z{ 5. 6t=

98.12 Zt 5.111=

"104.61 ze 6. 31=

97.74 Z( 6. 81=

101.74 Z( lS.13)=

104.40 Z( 7.101=
I. , .

101.38 Z( 8. 21=

104.68
'I'100.96, '
105.75,
108.25

113.~9
H

lC'7.23

106.45

6.04
24.tll

B.36

I. 19

13.53
55.91

2.65 101.89 Zt 7. 5'=

18.29
I .62

8.03

25.55

"-.95

10.43

25.55

5.52 104.42 Z( a; 7)=,
36.42 112~73 Z( 8.12'=

44.95

95.96

876.94

43.87
3.B5

lB5.32

0.29

129.14

5.77 100.Bl Z{ 9. 9)=

335.92 113.74 Z(IO. 11=

0.26 72.30 Z{I~.lIJ= 1.90,
167.15 111.20 Z(II. 3'= 876.94

122.49

11.59

2.95

12.15
22.02

852.82

I. 21 =
i. 7.=
I. I 2. =
2. 41=

79.75 Z(

99.63 zt 9. 3)=

IC2.73 Z(
109.32 Z(
, '103.62 Z[
103.26 Z( 2. 9'=

115.41 Z{ 3. 11=

97.B4 zt 3. 61=

1('\0.03 Z( 4. 3'=
101.89 2( 4. 8)=

95.06 Z( 5. 51=

93.55 Z( 5010'=

102.73 Z( 6 •• u=
87.99 Z( 5. 71=

i03.o3 Z( 10.101=

109.32 z( 11. 21=

102.95 ze 11. 7)=,
87.77 Z( il.12'=

110.19 Z( 12. 4.=,
111.52 zt 12. 91=,
111.07 Z( 13. 11=

10B.83 Z(13. 6'=

100 •.e'l Zl 1301 If=

2.65

8.36

1.05

4.65

0.13
6.68

0.29

6.68 ,
61 .0 I

15.20

26.59

24.61

113.43

8.76102.95Z(6.12'=

194.47 105.80 zt 7. 4.=,
8.88 106.81 Z( 7. 9.=.

161.96 108.96Z(8. 11=

9.95 96.94 Zt 8. 61=
j./ •

27.14 106.29 zt 80111=

17 .9i
61.0 I

8.76
0.42

803.59

33.37

7.91
479.2"

33.50

z t I. It=

2(1.61=

Z( 1.1U=

Z( 2. 3'=

Z( 2.13'= 2336.40

Z( 2. 8'=

Z( 3. 51=

Z( 3.101=

Z( 4. 21=

Z( 4. 7.=
Z( 4.121=

Z( 5. 41=

Zt 5. 91=

Zt 6. 1'=

Z( 6. 61=

Z( 6.111=

ze 7. :H=

Z( 7.8'=

Z{ 7.13)=

Z( B. 5»=

Z( 8.101=

Z{ 9. 21=

zoo. 4)=

Z(10.9)=

Z(II. I):::

zell.6)=

Z(ll.II'=

ze 12. 3J=

Z( 12. 81'"

Z(12.13'=

Z( 13. 51=

Z(13.10)=

_."



Z-BUS AFTEP CLE~RI'~G THE FAULT

FAJL T TYPE =
--------------------------------FAULTED BUS IS TONGI-23('----------------------------

NAG 4NGLE MAG 'A.NGLE MAG A"GLE MAG -~~~~~----------" ••. ~~ A t'J::; LE-----------------------------~-------------------~-------------------------------------------------------------------------~--

ZI3.10'= 265.27 103.25 ZI 3.111= 355.92 109.69 Z( 3.12)= 326.15

Z( 4. 2)= (,.64 101.09 ZI 4. 3'= 34.86 IOl'~30 Z: 4.4)= 0.14

2.13~948.27'-iI3.75 Z( 3,

7.12 .101.43 Zf 100101=

7.75 111.05 Z113. 11=

168.72 107.2J Z( 13. 6'=

30.28 10",.52 Z(13.ll'=

9f,. 61

87.1 R

CIt;. 21

~7.fl

9~. 8f

97. '2:7

I r 8. 27

I (II • 3C'

1 t 2. 2r

I oe. tJ I

1 r ( • (, I

I (! I .83

I DC. 1 <"

H L. 71

I ('r. 52

lC,2. <:;~

I ne. 27

11'6.55

I 12. I 4

7e.79

1119.62

f-'
f-"ro

6.27

C.56

2.62

5.22 Ir':S.34

6.5~ 99.Cl:?

I. (;5

2.51

4.r6 Ir'~.2A

2.5:!

0.2e: eF..27

4.07 lCI.ae

1.44

6.3€

('.64

4.,"71C'I.Sf'

1'B.46 Jr'I.1(

15.59 1!,4.01

62. I C,

c;: 1.4- 8

J 5. 59

9C.• I~ <;:'::.8Q

:!4.8~

I 1 • ~ (",

~I:". 2 F!

/'1.37

72.98

13.5r
I. 75

t: 2. I (,

189.72 1('7.21

133.c~

.'~ 1=

9.=
3 •..

Q7.7e Z( 5. 8'=

98.90 ze 4.11'=

~5.59 zt 4. 6'=

98.68 Z( 5. ~I=

C;5.0:! It H,I:;'=

95.57 ze If., 8'=

99.21 Z( I. 51=

!DCt.12 Z( 1,10'=

101.4-1 ze 2. 2'=
1C'2.94 ZI 2. 7J=

109.48 z: 2.12)=

113.97 Zf 4. "=

87.99 ZI

8".41 Z(

105.12 ZI

100.01 ze 6. !:,=
ICC.71 Z( (..10'=

102.13 ze 7, 21=

101.73 ZI S.l::'l=

105.12 Z( e. 4J=

88.20 I[ 8 •. ~.=
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ze 9.12'=

ZOO. 41=

Z(IO. 91=

Z(I1. 11=

Z(II.61=

2111.11)=

Z( 12. el=

zt 12.13'-=
203. 51=

2(13.10'=

, ..



(;!:Il,~I~f-Of.: V:-JSUST4f'.c,u F.••.IJLT "lIT'1(oUT "'UT-)r-ECLC:'EI,- - -- -- - --- -- -- ---- -- -- - --- -- -- - - --~.-- --- ..----- ----
~~r:pf-t:nE"lc:r: l".t>.{.II] "l,-: 9 IS GHU::4SAL-132

3-PH.~5E FlIUl...T flEl:.[!"'\J 1"L.~l:..I.'23~. S vHO~~I\SAL-'2T Llt.l: A.T MIU:)LE PCIIH F I\.U_ T T Y:->F-----------------------------------------------------------------------
,'NGL~ 1:-'< LJEGf.EE-----------------

T ,', ~~ - I ;: •••••• : ~ ; ~ ••••••• ~ ~ ~~ ••••••• : ;' :~.••••••• :: ~ ••• ~ •• C~,;~..•... ;;2;:. ~,. ; ~.....••. :' .......• .';,~..•..... ~~ 1 •••••••• : ~ :.

t.. CO 5 ~99 7
A, CD 523q 1;7
A CJ 3 ~o t?

':.1(.', * '" It ~ :t A CO 'I' :,,, IJ~' (, 7 t. ~ ~ ~
."I CD '3 I3Q t:. 7

A C 0 52 89'':' 7
A. C 0 52 A;J (, 7

• A. C 0 ::"5 4C9 { 7
(". 2( tl '" :t: * ~. to,'" C D >!< 35 -l" (., 7'b. •. :t_ ~

A. C" fJ 252 4R q t: 7
A CD 01 :! ~J e U 9 e 7

" C' 0 35 4 g? b 7
/. (90 :3 5 43 9 b 7\_.~(\. '" * '* * A. C~l*, 3* ~ 4 ., '" 6 7 '" ,., ,. >:.

A. Cc> 325 4 1;9 t; 7
4. (11 3254097
A ~ ,I 32 5 411'; I.:>

I\. ,) 9 32 5 7 8 'Jb
('.40,1" '" ,., ~A. >:tCD 3*2 7 fl*£.; ~.. f, 'J-

A ':;r: [) 327 5 89
A. DC 3 72 5 e;-4

A D CA 732 5694
~ ~ (B 7 312 t~ 4

0.5(l. •. 1/< * ~, h." !) C[\* 7 32. 6 *5 <l -* * >I- -t_
'A DCA 7320954

A 0 C 7629 54
A i)( 639 45

A D C (, 93 7 4"
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DA 3C B 6 9 8 A 7
D 3lC 65 9 8 4 7.

A. D 3B2C 6 9 B 4 7
A DB 2 C 9 8 47
A * B 02C •• 8 574

A B31D C 98 7 5
A B 3l2l>C 97 645

A B 3 2CD 89 4 65
A B ~ C 7D89 4 65

.
O.ICO •

o. 2C: 0 ~

--------
0.500 •
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0.300 .•

0.600 •

0.-400 •

.
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.
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DA.TI\ FOR TIME VS. ANGLEIDEGtPLOTTING--------------------------------------
T I ME KA.PT A.I SIKA.L- tlA._l- ASUGA,NG SHAHJI- A.SUGANG GHOF<.ASA.L SIDDIR- GHOR A- GOAL- BHERA- BOGRA SAID~u;;,

SAHIt SAHAR -132- BAZA.R' -230- -230- GANG SA.L-132 PARA "''''FA

0.0 1 .63 3.21 1.57 7~35 1.83 10.63 11.64 S.N 7.3E- -23.47 -If.58 -16.62 -14.f:\9

0.020 1.64 3.23 1.5 B 7.43 1.85 10.79 12.00 5. 13 7.5(' .•.23. 52 -16.62 - 16 ••65 -14.R8

o. (,040 1.68 3.29 1.62 7.6E- 1 .91 11.28 13.09 5.52 7.92 -23.6f: - 16.71 -1l:.1t:. -14.65

0.060 1••74 3.39 1.58 8.05 2.00 12.')8 14.8e (;. It 8.61 -23.9:- -16.8(.- _16.<;(; -14.6'

0.0 Be- I .93 3.53 1.77 8.5S 2.14 13.2('. 17.31 7.05- 9.58 -24.23 - 17.(' 7 -I 7. 11 -14.74

O. 100 I .95 3.71 1.9('1 9.29 2.34 14.62 2').34 B. 2~ IO.~r- -24.64 - 17.31 _11.37 -14.6t-

0.120 2.1 1 3.95 2.06 I O. 15 2.60 16.33 23.89 9.S;J 12.28 -25.14 -l7.se -17.67 -14.57

00140 2.32 4.23 2.27 11.18 2.95 18.32 27.88 1 1.21 13.99 -25.7C -17.~7 -17.S8 _14.47

0.160 2.59 4.59 2.53 12.38 3.41') 20.59 32.2t. 13. (.5 15.Q5 -26.34 -18.15 - 1e.31 -ld.37

0.18C 2 ••93 5.0 I 2.85 13.75 3;, 97 - 23.11 36.87 15.12 1B. 12 -27.1)2 - 18.41 -1 e.c::~ -14.27

0 ••2('0 J .) 4 5.•41; 3.21\ 15.25 4.70 25.63 40.89 17. 20 20.34 -27.67 -18.47 - 1e. E'(.' -14.13

0.220 3.84 6 ••04 3.69 1(,. 81 5.61 27.9C" 43.37 19.31 22.d2 -28.17 - 18.14 -le.~8 -13.9i'"

0.240 4.45 6 ••68 4.23 18.45 6.73 2~.e8 44 •.26 21. 27 211. 3 7 -2 B. 5t- -17.4(. -18.23 -13.57

0.260 5.18 7.4{; 4.86 2e.• 16 8 ••0S pI.55 43.61 2~. 11 26.14 -2S.{-.5 -16 ••25 - I 7.44 -13.13

0.280 6.04 B.23 5.60 21 ••92 9.66 32.90 41.56 24.82 27 ••74 - 28. (-,( -14 ••71 -16.31 -12.56

0 ••300 7.C' 2 9.15 6.45 23.71 11 .45 33.89 3'3.32 26.38 29.13 -28.34 - 12.81 -14.eb -11. !'-6

0.::120 8 ••13 10. 19 7.4 1 25.51 -13 ••44 34.48 34.2(' 27.75 3:: • '28 -27. 85 -10.6(; - I ~. Ie- - I I • C'2

0.340 9.36 1 1.32 8.47 27.27 15 ••58 34-.(:8 29.54 28 ••9:1 31.17 -27.16 -8.16 -1 1.06 -I t' .r 2

0.36 C 10 ••7 1 12.!i4 9.64 28.95 17.86 34;46 24.78 29.8C. .31 .77 -l£:.21 -5.58 - 8. 80 -8.87

0.380 12 ••16 J ::1.85 10: • 9 I 3C.49 20 ••20 33.82 20.32 3(;. 42 ::2.::'17 -25.r 3 - 2 ••93 - (;. 36 -7.5f'

0 ••400 13.70 15.23 12.26 31 ••87 22.56 32.80 16.5e. 3e.75 32.tJ5 -23.61 -C,'.33 -3.81 -6.':'9

0.42(,1 15 ••30 16 ••(,6 13.68 33.02 24.89 31.43 13.84- 3C• 76 31.72 -21.9f. 2. I 4 - 1.22 -4 • .0.6

0.440 1t).94 18. 1.3 15.1 7 33.92 27 ~11 29 ••78 l2.41 3e- .• 4~ 31 .09 -2(' .f.~ 4.4( 1.36 - 2.69

0.4-60 18.61 19 ••62 16••5 9 34t54 29.17 27.95 12.38 29. 6~ 3(>.19 -18.(>t' 6 •• 3E- ~ •• eE- -C'.80
0••480 20 ••28 21.12 18.24 34.85 31.02 26. (i4 13.78 28.99 29.07 -15.72 7 ••9fl fi.21 1.21

0.500 21 ••94- 22 ••60 19.79 34.86 32.61') 24.16 16.47 .27.8& 27.77 -13.25 S.22 e.36 .2.29

0.520 23.54 24.0(, 21.33 34.56 33t88 22.4(;, 20.23 26.55 25.37 -1('. to:;! 10 .0: A 1().27 5 • .e.2

0.540 25.09 25 ••41 22.84 33.~8 34.82 21.06 24 ••74 25. II 24.93 -7.87 10.55 11.91 7.56

0.560 26.55 26 ••82 24.29 33.13 35.39 20.<':8 29.61 23.61 23.55 -5. r[l IC.67 12..24 9.(..7

0 ••580 27.92 28.09 25.5 B 32.06 35.58 19.62 34-.42 22 ••11 22 ••29 - 2. 0(; 1C.51 14.26 11.71

0 ••600 29.16 29.28 27.01 30.82 35t39 19.7f:: 38.8(; 2(;.71 21.25 C.• 92 1(0.12 14 ••98 13.67

0.620 30.28 3('.39 28.29 29.47 34 ••82 2C.52 4-2.43 19.4-9 2".49 3.92 9.~ I 15.43 IS.!;;7

0.640 31.27 31 ••40 29 ••5 I 28 ••07 33.89 21.91 45.03 18. 49 2('. ('8 t.8S 9.0 t 15.C::l 17. ~(.

0.660 32.10 32 ••30 30.65 26.6B 32t63 23.87 46.44 '7.78 20 .05 9.78 8.55 15.56 18.9<;

0.680 32.78 33.(18 ~1.7C 25.36 "31.08 26.32 46.58 17.42 2v.41 J 2.57 8.16 15. "32 21:'.4('-

0.700 33 ••30 33.73 32.62 24. 18 29.27 29.14 45.49 17.43 21. I 7 15.22 7.9f' 14. S 1 21.57

0.720 33 ••65 34-.25 33.4-1 23.19 27 ••28 32. 18 43.28 17.83 22.31 17.f:,6 B.('(, 14.4(,. 22 ••43

0.740 33.84- .34. 62 34.05 22.43 25.16 --" 35 •.26 4)019 18.62 23.77 19.93 6.32 13.81 22.97

0 ••760 33 ••86 34.84 34.51 21.95 22.S7 38.22 36.51 ) 9.77 25.49 21.94 8 ••9.0. 13 ••21 23015

0 ••780 33 ••73 34 ••90 34.79 21.76 20.78 40.87 32.60 21.25 27.41 23.67 ~.85 12. eo2 22.98

0••BOG 33 ••44 34.8e- ~4. 87 21.88 18.66 43.06 28.85 22.99 2~ ••44 25. 1(' 11 ••04 12 ••10 22.d5

0 ••820 33.00 ;'4.56 34-.75 22.-32 16 ••68 44.66 25.63 24.95 31.49 2c.21 12.47 11.68 Z I. 5'i

0.840 .32.4-3 3.0..16 34.42 23.05 14 •.91 45 ••59 23.27 27.05 33.46 26.99 14.C7 11.38 2,.43

0.860 ~l .75 33.62 33.69 24.(17 13.41 45.78 22 ••03 29. 2~ 35.29 27.44 1'5.79 11.25 19.02

0.8BC 30 ••95 22.95 33.16 25.34 12.23 45.24 22.05 31 .•35 36 ••87 27.55 17.5{; 11.29 17.42

O.9CO 30 .08 .32.16 '::2.2 t; . 26.82 1 I ••41 44.00 23.37 33.41 38.19 27.33 19.29 I 1.51 15.72

C••li2t 29.13 31 ••28 31.19 28.4(, tl.Ol 42.16 25.90 35.31 3'1.17 26.78 2ei.92 11.94 13.98

0 ••940 28 ••16 30 ••31 29.98 3(1. 22 11.04- 39.83 29.45. 37.1);) 39 ••BO 25.93 22.37 12.~6 12 ••29

0.96 C. 27 ••12 29.29 28.65 32 ••05 11.53 37.18 33.72 38.43 4~ • ~7 24.81 23.59 13.36 I u. 75

0••980 26 ••09 28.23 27.24 33.68 12.48 34.42 38.34 39.55 39.98 23.42 24.51 )4 ••33 9.6:;

I. ('Ie 0 25.08 27.l6 25 ••7 8 35.66 )J.e7 31.74 42.92 40.34 39.57 2 I. 82 25.11 1!:••43 8.41

1.(;20 24-.1 I 26. ) 0 24.30 37.34 15.(,9 2~.34 47.07 40.79 38 ••B8 20.( 3 25.35 16 ••64 7.7f.>

1.040 23 ••19 25 ••09 2~. 84 38.87 17.90 27 ••43 50.4-4 4(1.88 37.96 18.08 25.23 17 .•9r. 7.53

1.06C 22 ••35 24.13 21.43 40.22 20 ••45 26.15 52.76 4('.65 35.88 1t.O 1 24.74 IS.I7 7.7.0.

I.DBC 21.59 23.26 2=..1 I 41. 33 23.28 25.6C 53.84 loG. O~ 35.71 13.86 (!3 ••91 20.38 8.1:.1)

I. lO C 20.93 22 ••49 18.90 42.21:' 26 ••3t 25.85 53.59 39.25 34.52 1 1. 6Eo 22 ••75 2l.49 9.51

1.120 2(, .39 21.84- 17.85 4'2.78 29.47 2c.90 52.0ll- .38. 17 33.37 9.45 21.31 22.64 1 I .C 3

1••140 19.96 21.32 16.96 43.08 32.67 28.69 1I9.30 36.87 32.32 7.25 1~ ••65 23.17 12.89

1.160 19.66 20.94 1(,.27 43.09 35.82 31 ••11 45.58 35.42 31.43 5.09 17.82 23.eo4 15 ••("2

1••180 19.48 20 ••71 15.BO 42.82 38.83 34.0<" 41 ••21 33.86 3:,.74 3.C'1 15.88 23.flO 17.32

1••200 19 ••43 20.62 15.54 42 ••21'\ 41 ••62 37.18 36.55 32.25 3:>.28 1. ,j 2 13 ••B9 23.(,2 I~.6R

1.22( 19.51 20 ••69 15.5 l 41 ••5C 44.10 4 0.43 32.('13 30.6!o 30. ('6 -0.85 11.9" 23.0Q 21.98

1••24-0 19.72 20.90 15.71 4C'••52 46.21 43.53 28.(,,5 29.13 3':1.09 -2.e' 10-.06 2 <:.19 24.08

1 ••2l'iO 20.04 21.24 16.13 39.37 47.97 4-6.29 24.98 27.73 3C, .36 -4-.19 8.33 2(1.95 2~. e7

t-"
N

""
j,,
1



GRAPH FJI' FA.ULT CLEA.REO I\T 8 CYCLES LI\TER to I=lECLaSE AFTEI=:: 28 CYCLES---'-- -----:- ---- -------- -- --- --- -- ----- -- ---- -------- -- ---- --- - -- ----
REFFERENCE MA.CHINE 9 IS GHD~ASAL-132

3-PHASE FAULT BEr~EEN TONGT-230 A GHQRA.SAL-230 LINE AT ~IDOLE POINT FA.ULT TYPE =-'--- --- ------ ----- -----------.- --- - -----:- ------- -- --- --- -------- --- --
ANGLE 1 N DE GI=lEE

T[ME -12t1 -100 -60, -60 -40 -20 C' 2C' 40 60 80 IC"e" 12(1
o. " *•••••.•••• * .•.•••••.•...•..••.•••••••.•.••••.•••• $' ••••••••••• *' •• " •••• "" .•• "" ••••.•• "' ••••.•••. '•• *' •••.•.• " •.•• *•..•••..•.• "'•• ""••••.••..•••• "...•
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MEANING OF THE CODES. * :*
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A CO 5289 7

A CO 5269 7
A CO 5289 67
A CO 5 89 67

A CO:* 52 s* 6 7
A CD 5 69 6 7

.A. C 0 52 89 IS 7
A .-c 0 52 8q ~ 7
A. C 0 35 489 (; 7

*CD *3548*(; 7*
ca 0 352 4[1 9 6 7
CO 0 35 4g 9 6 7
C 0 35 48 9 6 7

cao ;;liS 48.'9 (, 7
"CB* .. _~ 3*5 4 8* 6 7 *
caD 325 01 89 6 7
COO 32 5 489 7
DB 32 5 499 {:
DB :32 S 7 896
*CB 3*2 7 8*6
DC 8 317 5 89

o CB 72 5 94
DeB 7312 5694

o C8 7 312 69 4"
'0 c* 7 32 b *5 4

o CO 7 326 9 5 4
o ( 7629 5

o C 639 5
OBC 6 9 27 45

BDC 6* 32 475 .•
B DC 69 324 5 7

A a (089 42 5
AS C096 4325

SA C09 64 35
B Ae 6* 4~ 53

8 C8 0 tI {; 3
B CAD 5 63
B C 6AADS 36 7
8 C 6409 137

.S C SO'" 7 3 6
C 540A. 9 13 6
C 5 0 A 913 ~
C85 D 7 II, 19 6

(58 074 11,8139 6
C5 ..•. __ 7411, 83_.* __ 6
COB 7411,13B~ 6

CD a 7A43 8 96
D a A 17 89
OSC 8 3247 89
D5C * 813 6 7*

o 5C A a 2 6 4 9 7
o 5C to. 826- 498

o C 3186 96
o AC 51 Bo 9 6 7

o A* CI06 •••84 7*
o A 3C8 6 9 8 4 7
AD 3 BC 65 9 8 4 7

A 0 3 Be 6'9 e 4 7
A DB 1 2C 9 e 47

to. .• 012 C .• 8 574
to. B3 0 C 98," 5
A B 3 20C 97 645
A B 3 2eD 79 4 65

A B 3 C 7089 4 ~5.•••••..•••...•.••••••...• " ." " " •.•••.•.••• "F1~i:.6: 2'3•• (\V1 1::11" • G~~~~'n.o;).." ~ "
'"V1

0.100 ••.

t.2(.0 ;

.
0.300 ,.

.
I. It>o •••

I.Q{'O ;

C.5C'0 ,.

0.4(.(1 •

D.90e ,.

.
1.200 $;

.0.600 ,.

.
0.800 .•

0.700 .•

1=+<'AP1AI 2='5IKA.L8AHA 3=H"'L t SH"'HA~ 4=l\SHUGANG-t32 5=5HAIUJ BAZ tl.K f.= II,SHUGANG-230 7=GH,:lJ.:A SAL- 23C'

8""51001 RGA.NG 9=GHO~ASAL-132 A"GOIl,LPARA ---8-=~{;R4-1>1AR~-----...(;.;=:.eLlGR" Q-<:: tr. '1"lDllr'



!I.

DATA FOR TIME VS. ANGLE:[ DEG) PLOTT 1 NG--------------------------------------
Tl"'E KAPT A I S IK AL- H.l\,ll- "SUGA~G SHA~.lJl- AoSUGANG GH:JJ.<A,SA.L S I DD( r;- GHOt: .6,- GOAL- I:lHERA- BOG~A, SAlf)°UPe"H4 SAI-lI\R -132- BAZAR -23C>- -23;:'- G.o.NG SAL-132 PAR A J14AI'A., ,
C.O 1.(,3 ::I•.2l 1.57 7.35 . I ••83 10.63 11.64 =- .. C':' 7.36 - 2 3.47 -16.58 -If.E.2 -14."190.020 1 •.t:.4 3.23 1.58 7.43 J •. 85 10.79 1 2 .~O 5.13 7.SD -23.52 - 1".( 2 -It.ES -1e..B80.040 1 .6 B 3.29 1.6 2 7.66 I •.91 1 1. 28 13 •.n <:; 5. :,2 7.92 -23.65 - 16 •.7 I - Hi. 74 -14.650.060 1 •.74 3 •.39 1.68 B.OS 2.00 12.08 14.88 60 16 8.t>l -23.9~ - 1(; •.Sf - J ~O' 90 -14.6("'
O.(lBC J .83 3.53 1 •.7 7 B.59 2" 14 1~. 20 17 •.:n 7 •.f'le 9.~B -2'1 •.23 -17.C7 - J 7 •. 11 - III .74O.lot 1.95 3.71 1.90 9.29 2.34 J 4. (;;2 2:: •.34 8.2: 1 ~ .8"1 -24.64 -17.31 -)7.37 -I ~.6t0.12(; 2.1 1 3.95 2.0 t 10. 15 2.6':1 16.33 23.89 S.S;; 12.28 -25.14 -17.58 - t 7. (;7 -14.57
O.14C 2.32 4.23 2.27 I I. lB 2.95 1B. 32 27.BB I I • 21 13.99 -25.7[' -17.87 - I 7.98 -1(,.47
0.160 2.59 4.59 2.53 12.38 3 •.4'" 2".59 32.24 13. ('5 15.95 -2f' .• 34 - 18. IS - 1E.:: 1 -14.2'7
0.180 2.93 5.01 2.65 13. 75 3.97 .2::!. 11 36.67 I~. 12 19 • 12 -27.(12 - l8.41 -I e.f:3 -14.27
0.200 3.34 5.49 3.24 15.25 4.70 25.63 4-:).89 17.26 2J.34 -27.67 -18.47 - J e. c::!"" -140130.220 3.84 6.04 3.69 16.81 5.61 27.90 43.37 19.3J 22.42 -2B.17 - 16. t 4 - t E.f.8 -13.9{'1
0.240 4 .••45 6.68 4.23 18.45 6.73 20;.98 44.26 21.27 24.37 -28.St -17.4r - IE. 23 -13.57
0.2f:O 5.18 7.40 4.86 20.16 8.08 31.56 43.td 23. 11 2~. 14 -28.f5 -16.25 - I 7.44 -13.13
0.280 6.04 8.23 5.60 21.92 9.66 32.90 41.56 24. 82 27.74 -28. f::' -14.71 -11';.31 -12.5[.
0.3('0 7.02 9.15 6.45 23.71 11.45 33.89 38.32 26.30 29.13 -28.2'4 - 12.81 - I 4.86 -11.66O.32C 8.13 1(;019 7.4 I 25.51 1::3.44 34.48 34.2r.o 27.75 3~ .28 -27 .•86 -10.6(.' -13. Ie' - I I .'"'20.340 -~9 .•;}~---.1 1• ::32 8.47 27.27 15.58 34 .•68 29.54 28. 9~ 31.17 -27.1t- - 8. It -11.Ct -I:1.C20.360 10.7 I 12.54 9.6 II 28.95 17. 86 34.46 24.78 29. s~ 31.77 -26.21 -5.SE -E.8(' - e. 870.380 12.16 13 .•85 10.91 30.49 2!').20 33.82 20.32 30.42 3'2.~7 -25.G3 -"2.93 - (;:,36 - 7.560.400 13.70 15.23 J 2.26 31.87 22.56 ::32. eo 16.56 3(..75 32.r. 5 -23.61 -0 • .33 - 3.81 -6.'9(;.420 15.30 16.66 1.3.6E 33.02 24.89 31.43 13.64 30. 7~ 31 .72 - 2 I. 9( 2.14 - 1.22 -4.46
0.440 16.94 1B. J 3 15al7 :33.92 27.11 29.78 12.4 I 30.45 31.09 -2C. (',9 4.4r. 1.35 - 2.. t9
0.460 18.61 19. f, 2 16.69 34. 5~ 29.17 27.95 12.38 29.8~ 30 • I 9 -le.N" (,.3(; 3.86 -:t.8e
O.4Be 20.28 2'1.12 18.24 34.85 2'1.02 26.04 13.78 2.8. Q8 29.C7 -15.72 7.<;8 6.2.1 1.21
0.500 21.94 22.60 19.79 34.86 32.60 24. H.• 16.47 27.86 27.77 -13.25 9.22 6• .36 3.29
0.520 23.54 24.06 21.::33 34.se 33.B8 22.46 20.23 2(-. 55 26.37 -1".(;2' 10.CE 1c. 27 5.42
o. !::40 25.09 2.5. 47 22.84 33.98 34.82 21.06 24.74 25. 11 24.93 -7.67 IC.55 1 1.91 7.5t.
0.560 26.55 26.82 24.29 33. 13 35M39 20.C8 29.61 23.1';1 23.55 -5. ne- It.67 1~. 211 9.67
0.S8C 27.92 28.C9 25.68 32.06 35.58 1-;:.62 34.,. 2 22. II 22.29 -Z.06 1(';.51 111.26 I 1• 7 I
0.(;,00 29.2(' 29.33 27.04 30.94 35.6.8 IS.79 39.35 2C.83 21.36 0.87 10ol2 15.no 1:3 .fo9
CI.b20 30.44 30.58 28.42 29.93 35;, 16 20.f:4 44.73 19.93 2D.9 I 3.72 9.5E I!: .119 15. t:J70.640 31.62 31.83 29.81 29.C'6 34.65 22.17 5').40 19.44 2" .97 (J.46 8.97 15.75 17.61
0.660 32.14 33.08 31.20 2B.36 33 ••94 24.37 56.2(' 1g. 4' 21.55 9.('6 8.3~ 15. B0 19.4.5
C.68C' 33.79 34.30 32.5 t 27.88 33.08 27.22 62.01 19. B2 22.&5 11.52 7.77 15.€7 21 .1 b
0.700 34.77 35.50 33.90 27.64 32.06 .3C.67 67.71 2('. 72 2~. 30 13.81 7.33 15.39 22.7l:.
0.720 35 .68 36.66 35.18 27.68 30.98 .34.6B 73.21:1 22. II 26.46 15.91 7.Ct_ 15.01 24.03
0.740 3c .54 37.79 36.41 28.04 29 ••84 39.18 78.41 24.01 29.12 17.81 7.03 14.56 25.11
0.760 37.31 38.!:l4 37.55 28.73 26.70 43.99 82.12 2t.38 "2'2.21 19.54 7.43 1.lI. 15 25.89
0.780 3B.('O J9~79 38.57 29.81 27.65 AB.84 63. l3 29. 19 35.64 2 J. II fl..44 13.92 26.34
(I.BOO 38.63 40.64- 39.47 31.30 26.77 53.6(' 81.51 32.43 39.34 22.53 1[; • 1(' l::.c;~ 26.48
0.820 39.2C 4 I. 41 40.26 33.22 26.13 58.,lC 77.47 3[.. ('2 43.25 23.80 12.39 14.24 26.33
0.84(' 39.74 0\2.09 4').93 35.56 25.82 f:2.19 71.35 39. 9~ 47.25 24.93 15.28 14. C;O 25.93
0.860 40.27 42.72 41.4.9 38.31 25, 89 65.68 63.68 44.r5 51.24 25. C; I lB.71 15.'93 "25.3:-
C).B80 4(' .BO 43.29 4 I.. 96 41.40 26.39 68.43 55.1 1 46. '25 55.08 .2e:.7!... 22.55 17.34 24.fC
0.900 41 .34 4.3.81 42.":34 44.77 27.35 70.31 46.45 52.4\ 58.64 27.49 26.67 1S. 14 23.81
0.920 41.90 #4.29 42.6# 48.34 28.78 71.22 38.52 56.41 61 .81 28.C',l; 3[1.~ I 21.29 '2"3.~I<
0.940 42.49 4 Q:. 76 42.68 52.00 30.68 71. 12 32.11 60. 12 64 .47 28.6) 35.10 2::.75 22.39
0.9e;,0 43.11 4 5.21 43.07 55.6E: 33.04 70.04 27.85 (,3.43 eD.56 29.(\C 39. t..7 215.41 21.93
0.980 43.78 45.-66 43.24 59. 22 35.82 68. (14 26.18 66.25 68.01 29.33 42 .•66 20;.38 21.76
1.00 D 44.48 46.13 43.40 62.58 38.99 65.28 27.33 6t'.52 (;9.B2 29.f.C' 45.75 32.41 21 .9(
1.020 45 .24- 46.63 43.58 65.66 42.49 61.94 31.28 7('. 1& 69.98 29.83 48.22 35.50 22.~1
1. C!40 46.05 47.19 43.80 68.39 11-6.27 5e.26 37.76 71.21 68.52 3r.( 4 5t .C'2 :!E.57 2::.75-
1.060 45.92 47. Be 44.08 70.7C; 50.24. 54.5.3 4&.29 71 • 5~ 67.52 3('1.26 51. 10 41.55 25.43
t. 0 80 47.85 1IEl. 49 44.46 72.55 ~~:~~51.07 56.16 71.36 66 .•06 3C".5~ 51.47 44.39 21.67
to 100 48.B4 49.27 44.94 73.92 48.20 66.60 70.56 64.27 3(.78 51.18 4 7. ('"r, 3{'.44
I. 12C 49.89 50.16 45.56 74.79 62.58 46.19 76.73 fo9. ~E: 62.29 31.13 50.::!1 49.~5 2'3.7C
1. 14e 51 .0 I 51.15 46.32 75.20 66.56 45.31 85.81 67.59 foO.29 31.55 68.95 ~ 1• 38 37.38
I .• 16(; 52.19 52.25 47.25 75.18 70.33 45.69 93.23 6::,.62 56.43 32.05 47.25 5~.C'7 61.3t'
1.180 53.co 2 53.47 48 • .33 74.77 73.81 47.43 98.56 6?-.53 5~.85 32.6a. 45.34 54.38 4S.58
I. 200 5t1-.7 1 54.79 49.58 74.0" 76 ••95 50.49 101.53 61 • ./12 55.69 33.31 43 • .=7 55.3n ./1o.fl.5
t.220 56.05 56.21 5('1.98 73.05 79.66 54.78 102.[. 3 59. 42 55.("5 34. C7 4 I .47 55.83 54.r3
I. "240 57.43 57.72 52.53 71.88 SI.9!) 60. Ie' 100.08 57.151!- 55.01 34.90 39.79 55.95 57.~C;
1.260 5B.84 59.3C 54.21 70.61 83.62 66.2(' 95.86 56.2: 55.60 35. B:' 3B.43 55.72 61.57

I' >-'
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A t~GLE " DEGF:'::E---------- ------
T r ME -12) -1 )(; -st' -60:- - .0 -20 (. 2(' ll.(, c:'- 8" 1 t. ~ 12C'

(,.0 * .•••..••. * ...••.... "'...•..... * ••••••••••••••••••••••••••••• * .........•.... 0 •••• " .0 ••••••• "" •••••••••.••••••••••• t ••••••••••.

• CO 5289 7• CD 5289 7
• CD 5239 U

• CD 5 89 cr
C'. UH 0 • 0 0 • • CD 0 5'2 S. C 7 • • • • , •

• CD 5 S4 ~ 7• C D 52 '9 b 7
• C D 52 .9 6 7
• .C D '5 .S9 C 7

O.20C • • • • • 0 C D. • 35 ••• ~ 7. • • • • •
• CB 0 352 •• 9 6 7

• C8 D 35 48 9 6 7
• C D 35 •• 9 6 7
• COO 315 .8 9 0 7 ;

0.3"'('. • • • • • C8' 3'5 • 8' 0 7 • • 0 • •
• COD 325 • 89 t 7'
• CD8 32 5 489 7• DB ,. 5 489 6• D8 32 5. 7 896

('.400 • • • o. .*C8 3'2 7 8'6 0 • 0 • •
• ,< DC B 317 5 89• D CS 72 5 9.
• D C S 7312 56~4. • D CS 7 312 C9 4

(1.5(0 • • • • • • D C* 7 32 6 '5 • • • • 0 •
• D CS 7 326 9 5 4
• D C 7629 5• 0 C 639 5

• DOC 6 9 27 .5
('.l:C~O • • 0 • • • • BDC 6' 32 475 0 , • 0

• B DC 69 324 5 7
• 8 D 9 3' 5 7

.8 CDB96 42 5 7. 8• C D96 4 35 7
(..700 • • • • • • B' C D' 50 52 • • • • • •

8 'C 8D9 46532 7
8 C' 8D945 62 7

8 C4 8049 ':;6 7
S C • D5 9 3 6 7

0.80(; • • • • • 0 C' • 058 '32 6 • • 7 • • • •. B C • D 48 92 6 7. C '5D 4B 139 6 7. C D 4 83 9 6 7. C 8 D 438 9 n
0.900 • • • • 'C 80. • .2 8 , 6 , , • • •

C D8 1347 8 9 6
CD • B 7 32 • B 9 "DC A578 32 4 8 9 6

D C' 5 B 32 4 8 9 C
I. oro • • • • .0 7"( .5' 832 • • 0' 0 • , • •

D iA (' 5 3B2 46 9
0' A, 7 e- '!512B 6 • 98
:'0 : • C 35 B 6 98

0 • C37256 6 9 8
I • 1 (,oCr 0 • 0 0 'D. C'2 B57 • 8 0 • • •

0 3(69 5 97 8 ,
• 0 6 C q 8 '7• D fo02C 9 56 • 7
• 0 8 C q 8 5 • 7

1.2CO • • • • 0 4 • Dl)3 2C' 8 5'* *7 0 • . •
• 0 0 C " • 5 7
A " 3DC28 4 5 7
• B 3CD (, ,; 5 7
.8 3C 2D 6 4 5 7...........................................................................................................

Fig. 6.24 (With Governor) f--'
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YBUS DU~(NG FAULT
FA.ULTED BUS IS ISHURD(-13~ FA,JLT TYPE = 4

MAG ANG~~-------------;;G--~~~~~E- MA,G Ai'GLE MAG ANG~E------------- MAG ANGLE

------------------------------------------~--------------------------------------------------------------------------------

3.12 -BI.55 V( 12.t:!:!'=

7.22 -87.69 V( 6. 11=

0.40 -89.41 v( 3. 41=

5.)3 -88.70 YI 7. 8)=
n ./:'7

78.7('

75.66

Be..67

7~;. 2. 7

£'.A. 7 I

65. I ~

79.7F:.

79. 2~'

7(:. !,-'

7!. .• :;(1

B2.7e.

~3. 7l;

77.7f:

77. t.f.:

_7e.5~,

C.2:
0.01
c;.22
2.67 -E"?4?

o. 3 (

C. 1 5

t • 1 0;

0.04

C:-.5tl

0.09

1.:: 7

(I. :" I

". :. 3

C.lS

,., • :. 7

0.28

,0. BA

e~.3.3 y( 6. 51=

79.13 y( <;. el=

77.54 v: 8. 71=

78.99 Y( 9. ::!I=

78.3(1 Y( 11.111=

83.(2 vI 7. 61=

77.75 y( 8. 21=

79.46 y( 4. ::::1=

81.65 y[ 5. 41=

81.67 Y( 5. 91=

Bt .• C.:::! YI 7. 11=

91.:::4 v( 1.5)=

77.45 V( :::. 7J=

S:-.6l VI 4. 81=

78.2A y( ~. '21=

SO.86 Y{ 2._ 11=_

81.87 Y( Z. fJ=

1.4:

0 ••61'"

0.3[: -B8.12 V(

c. .29

o • ~ I

0.12
C .34

(1 ••05

C .4C

C .• l1

(••• 1 4

0.14

0.74

0.[' 6

0 .•15

0.39

0.17
0.:" 2

77.54 Y[ t. 9)=

eo.e2 Y( 7. 5)=

78 ••1'3 YI 8. IJ=

el.67 Y[ B. 61=

Bo.se YI ;. 21=

80.03 Y( 9. 71=

7S.29 Ylt 1.10)=

77.45 y I 5. 4 1=

67.48 Y(13.13)=

77.75 V{ t. 9)=

80 ••33 YI 4. 7J=

78.:!8 V( 1. 41-=

fl.87 v( 5. 31=

e3 • C2 y ( 5. B) =

79.46 V( 2. 51=

78.99 yl 3. 11=

81.~5 V( 3. 6)=

81 .34 Y( 4. 2' =

o. I 5
0.60
0 ••1 I

0.10

O. I 7

0.12

0.40
0.14

0.• I 4

0.05

0.01
0.39
1.40

0.06

(1.29
O. C2

0.34
0.74

67.'48 "V(13;f~l=

85013 Y( 9. 6'=

76.67 y( 7. AI=

79. 27 Y( 8. 5' =
77.76 Y( 9. 1)=

75.66 V( 7. 91=

75.87 Y( Z. 9)=

79.25 YI 3. 51=

78.78 YI 4 •. 11=

84.71 vI 4. G)=

83.74 YI 5. Z,=
82.74 v( 5. 7J-=

77.66 YI 6. 31=
84.67 YI 6. 81=

178.55 y( 1. 31=

78.76 Y( I. BI=

76.30 Y( Z. 41=

0.10

0.09

tl-.•42 -74.42 VIIO.111=,

.,
i.19

0.23

0.23
0.36

0.•28

0.0 7

0.01

o • [I 1
1 ,,(\ 7

o • 1 5
0.54

0.04

0.03

0.84
0.15

75.66 V( 8. 4'=

82.73 VI 9. 5'=

75.66 V! 3. 9)=

16.89 VI 7. 31=

79 ••54 Y( 6. 21=-

76.89 VI 2. 8)=

~79.54 -vI t. 71=

0.01

3.60 -88.35 Y( 10;101=

2.26 -88.37 YI 8, 91=

0.72.

3.44 -85.73 v( 5. 6)=

7.05 -86.96 YI 4. 51=

0.72 82.73 V( 5. 11=

o .25

0.05

1.79 -67.19 yl 2, ::!I=

0.0 1

0.,25

.3~47 -70;.67 YI 1. 21=

0.05

y I I. 11=
YI 1.6.=

y( 2. 21=

VI 2. 7'=

YI12.12J=

VI 3. 31=

YI 3. 8)=

y( 4. 4)=

YI 4. 9)=

YIS"SI=

vI 6. 1'=

VI 6. 6~=

v( 7. 21=

Y( 7. 7)=

y( 8. 31=

y( 8. 61-=-

V( 9. 41=

Y( 9.9'=

•....
IV
CP



VBUS A,FTER CLEA,RING THE FA.ULT
FA.VLTED BUS 'IS ISHURDI-132 FA\Jl T Tv"'E = ~

MAG ANGLE M.ll,G ANGLE MA,G A"GLE ~AG ANGLE ""l •••• G A,NGLE-------------------------------------------------------------------------------------------------------------------------------
3.47 -79.63 '1'[ 1. 21=

2.32 -87.77 '1'111.12'=

6.94 -87.31 VI 6. 71=

3.79 -72.24 '1'(10.111=

77. 1;;:

7(,. -::'2
7Q. 2 7

I;t~.• 6~

75. 2~

7e. 7~

77.87

RC.13

7r.33

RO.82

7";.52

82.22
Ell .37

72.84

~l_.77

78.Oll

7('.8t

7C.2<;

H.b)

79.9'

81.95

8~'.to:?

80. f,3

7R.27

1 f..• 22

1'1.14

87.f:~

7lJ.27

8Z.54

79.QE'

- 7<';. ~ Z

o. ':It<,

O. t!3

0.1t:;

C. C I

o. /l. t

1.58

O.2(

('>. ~ t

o. Q2

O.O!>
c'. r ~

0.' I

O.!> I

0.:: .:

2.71

~.r I

1.79 -P.7.1F.

C-.:' F

r.. ~9

"'.f:' )

4.97 -eg.31

O. C' {>

0.03

0.50

0.26
O.Q(l

0.25

f'. 1 €

0.70
r. J I

(I.Ol'

('\.02

(!.2f:

77.25 '1'( £. 71=

79 .•96 Y( 1010'=

78.52 '1'( 2. 21=

80.82 VfJ:o 1 .• 51=

73.06 y( 2.12.=

69.57 v( -4. 1J=

74.95 '1'( ~. 91=

7Q.95 y( €. 4)=

83.56 '1'( 4.111=

79.QS y( 6.10)=

El.2:.43 Y( 5. 8'=

79.41 Y( 1.12)=

85.85 YI1(,. e)=

8' .05 '1'( 9.11'=

79.50 Y(IC'. 31=

84.41 YC 4. e,=

8:;.73 Y( 5.131=

80.13 y( 6. 51=

77.12 v: II. 51=

1B.ICY( 7. 2)=

84.1('1 Y( 7. 7J=

76.15 Y: l2. 2)=

81.35 y( 5. 31=

67.33 vc ~. II:

84.28 Y( 9. e)=

82.41 '1'( 12. 71=

8;).99 y( 12.121=

87.43 y( 1(.•• 13)=

7Q.tl YI11.IOJ=

69.57 y( 13. 4)=

67.33 '1'( 13. ';1=

-88.00 vI

0.41

0016

o .:'12

1.58

C".7<:'l

I .4 fl

o .1(;

(1.:'19

,:.• 84

c.• :!4

(I ••JC'

0 .•32

0.:' 5
0 .• 1 I

o.~c:

o • I 8

O.QC -89.41 Y( 3. 41=

0.30

o .1 5

0 .•02

2.25 -89.21 vl.e. 0;1=

o .~ C

0.39

" .0 1

r. .~,,.

n .2(".

0.24

0.53

(I .0 1

(1.00
I .12

0.27
('1.06

C.34

79.~C YI 2.111=

76.28 VI 3. 31=

76.01 '1'1 3. al=

74.06 v( 3.13'=

78. <"!f: Y( I. 4' =

76.86 Y( 6 .• 91=

76.92 '1'( 7. 1,=

70.6~ vI 2. 1)=

77.04 '1'( I. <;1=

82.54 Y( 5. 71=

81.35 YI 2. Ed=

77.04 Vf 5. 4.=

BI!BB y( 4.lfl'=

83.22 VIS. 21=

81.37 V( I O. 2 I =

74.94 v{ 6. 8)=

72.81 '1'1.9.13)=

al.B8 Y( 9. 51=

82.43 VI 7. 6'=

85.85 y( 7.111=

75.16 '1'( 8. 31=

69.47 '1'113.13)=

75.14 '1'(13. 81=

-79.52 '1'15.121=

87.tl3 Y(10. 7)=

84.17 Y(IJ0I2)=

72.85 Vtll. 4)=

71.6(, 'I' til. 91-=

75.51 '1'((2. 1)=

e(l.73 '1'(12. 6)=

87.43 v()2.11'.::

68.78 Y113. 31=

0.07

o • C' 1
0.•00

o. I 3

6.94 -86.1:.5 vI 4. 5)=

0.07

0.0 J

0.l'l9

0.53

0'.16

0.61

O.(\ B

0.•02

0.40

3 .•57 -88.15 VI '<0101=

O. I 7

o. 12
o.co
0.[6
0 .• (12

0.34

0.78

0.00
.,.t' 2

0.(\'2

0.06

0.42

0.59
0.00

0.32
o .C5
0.28
0.07

0.78

78.95 '1'1 2. 51 =
78.09 '1'( 2.10'=

77.04 YI 3. 7'=

78.'26 V( 3. 21 =

78.52 '1'( I. 3'=
78.10 VI 1. 8f=

75.15 YI 1 .•13)=

72.85 '1'13.121=

76.27 '1'( 4. 91=

72.84 VI 5. 11=

78.73 Y( 4 .• -4.1=

76.80 Y{ 9. 91=

70 .•33 YIIO. 11=

85.95 v( Ie. tS,=

77.53 Y( 7.1(')=

77.04 v( 8. 21=

76.86 vi 8.71=

7\.60 v, 8ol2'=

77.87 '1'( 9.4)=

77.25 '1'( .6. 3)=

84.10 'YI 6. a.=
82.41 Y( 6.131=

80.03 v( 7. 5.=

73.06 v{t I. 3'=

79.41 Y(1l. 81=

B.,.99 Y(ll.t3'-=

78.33 VII2 .• 5)=

76.92 v113. 71=

75.51 '1'(13.12)=

75.82 YII2.101=

70.66 v{13. 21=

O. I B

0.B4

0.05

0.15

0.(\6

t' .1 7.

0.10
I.~O

3.43 .e5.~5 y( 5. 6t=

0.11 85.96'1'(5.111=

0.34
0.•88
0.47

o • 1 2
0.40
0.07

(1 •• ( I

0.•25
o. C I

0.1 1

0.•00
0.02
0.C3

0.02

0.24
0.39
0.22
o ., 2

o ~C' 2
C'.cc
-0.03
0.4')

0.01

81..• 14 '1'( 3. 6'=

84.41 VI 5. 51=

78.04 '1'( B.III=

75.14 '1'( 8. 1'=

8~.f,8 y( 8. 61=

79.12 '1'( ). 71=

74.93 V( lol21=

76.28 '1'( 2. 41=

75.t~ Y{ 2. 9)=

68.78 y( 3. 11=

81.1<; y( 6.12'=

19.2<; V{ 3.111=

79.95 '1'( 4. -31=

aC.03 '1'( 4. 81=

78.33 '1'( 40131=

76.01 YI 7. 4,=

14.94 y( 1. 91=

84.28 '1'( 5010'=

19.12 '1'( 6. 2)=

7B.06 '1'( 9. 31=

77.53 Y( 9. 81=

75.B2 y[ 9."3t=

83.56 '1'( 10. 51=

Bl.05 yiIOdOI=

74.93 '1'( II. 2'=
81.19 '1'(II. 71=

74.06 '1'( 1'2. 4)=

72.81 Y112. 9.=
69.47 Y( 13. 11=

75.25 Y{ 13. 61=

81.95 Y113olll=

0.29

C.04

1 .• 12

o .30
0 .•29

0.22

0.03

0.32

o .( 7
0.C'5
0.(')0
0 .•0 I

c.oC"-
0_15

C.88

0.01
0.28

0.02
0.15
0.•09
0.06
0.47

~ .•12

0.•27
Co • 15

0.(14

0.•32

0.00
0.('7
(\ • I 3

0.01

V( 1.11>=

V( 2. 31=

y( 2. at =

VIII. 11=

Y( 4.12)=

VI 8.101=

"( 2.1.31=

V( 3. 51=

Y( 3.10'=

'1'( 4. 2)=

V( 1.61=

V( 5. 9)=

y('6.11=

Y( 6.61=

'r( 6.111=

y( 7. 3)=
y( 7. B1=

Y(13.51=

Y( 13.101=

VI 9.12'=

Y(10.4'=

VIIO.91=

Y( 5. 41=

V( 1. J)=

yOI.6'=

v( 11.111=

v112. 31=

Y(12.61=

YI 7.131=

Y( 8. 51=

yr. 9. 2'=

'rl 9. 7'=

VI 12.1:~'=

Y( 4. 71=

f-'
N
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ANGLE IN [)l:.GFEE

• • '* ••••••••• 'f" ••••••• • • t< ••••••••• ;, •

T I:-.1E - I 2:'
I • ( "" •

- I~.:; - f\ ~•••• * •••••••.• " .•.
_,1 '.'. .~. _ /'J"

• • '* ••• - 2t...~ . 21..~..... ~' t: c-
"

1 ;::.
• •••• f

I .1" •

0.2(.0 •.
-:;" .=r, (. ~

0.1.:(., C' •

u.5(-0 •

':'.H-r- •

0. 7( () •

I.• ~(,( •

.:• 9(.' •..
I. Cr.,f- •

J • I ( ;, •..
1.21 .:' •

•

•

•

•

•

•

•

•

•

•

•

A CD 5 8-J 7
A CD 5 g9 7
A C) 5 8" <7

" CO 5 80 <7• , • A C [~CJ:t 35 0' t 7 • • •
A CO:J 52 8< t 7, CO D 35 ,,,,-e , 7

A C6 ) 52 8~-' c 7,- ( 8 D 35 "" 6 7• • , • CR 0 • 2~ A9' 6 7 • • • • •, ( B 0 325 ~r..'. 6 7, ( 0 " ::15 4g9 t 7
A ( 8 0 225 AA9 t 7

A ( 8 0 ~125 48~ " 7• • , ( !::ID _ * 2 5 tl-(\* 67 • • •, C 00 22 5 "R' 7
A ( SO 32 5 11.('\97t., ( 80 32 5 89 t, (SO 32 5 7 8'}L• , , CD '12 57 8:6<6 • • • ,, 0 32 75 (19

A DC 327 5 894
4 D ( 37 5~9£:.

4 D ( 37 ()S'; '.• • A' BD~:::: 37 6 • 4 • • . ,
A D C 327 95 4

A 8D ( 3679 54• BO C c3'? 75
A 8D C 692 7• < • '1=3 D C 8*32 " 7 • . , • •

D DC ,99 345 7
D D' 896 45 7
aD '80 <45 ,
lKLJ a. 4652 7• • • • C DB ".1\ 4Se::! ,. • • •

__ .CBOB 9Q. 5l\ 16 7
C BD8 , .1\36 7
C '3059 A 7

( D" 9 34 "• • • , C 5'Jl:l • 73 " " • • •
C ~, DB 913 A "C D~W7g3 • C

5( ,1fl(l3l> 4 "", ( D 7D 9 , ".' , , 5' ( a 7 [l " " • ,
5 CD43 " • (.
" D34:3qIl,9~,
5 D 4;> .9 '~
5 30([14 8<;7

• • • • 32D"-( C, , 7 , , , •
5 3AOl3l0t. C 7
~::~Of>~"lC ,9 7

" BDtJ C 98 7
hi 23 05 C 9R 7• • , A* I 22 'j CI~~C '*fl4 7 • , • , •

A 319 D 6C <J~) 4 7
A ::IU LJCt.yg 4 7• 3:1 2 DC " 7

4 ~ 12 CD 98 74• • • • "11<:- I 2 : D • " , • , , •• B312 C D 97 til, 83 2C [) 9 '"4 B C 1.2 D A9 , C,• B C::: I 2 08 9 4 C..... . ............................................
Fig.6.25 (Without Governor)
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G::l(l,;l11 FJr' ! Il.ULT (LE..VU) :.1 ,1 CY(LI::~ Lt.T::.F [" :-i:.C.L'.-~sr_ Il.rn.:r. ~:'_ LYl.l..l:.::',

;;"EFF[REN:::f. :>\Il.Cdll~E ,~ IS GHGf:':'Sll,L-l:!.2

:;-PHASE FAULT A.T ISHj':DI-J?2 f f,Jl f 1 'o'i-J f ::; t:

lIM:-12:.:' -1V) -8"
t .r. * ••...••.. * ••••••••• * .••
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r: .• 9C't • •

I • C,,: .. " • •

I • 1 (. r • •

1. 2{ (l • ~

................ •••••••••• e ••••••••••••••••••••• ,

l .• H,() *

, .21 *'

(.•3l'~' 0-

C.4('( '"

r • 5C" ,.

•

•

•

•

A CO 5 9-) 7
A CD 5 F:''' 7, CD S eo (7

" CD 5 Oq t7• ; • A e[I,)*" J5 e' , 7 "A C8t) 52 9'; c 7
A CD U 3" '~9

, 7
A CR 0 0.:;2 8', e 7, C D D 35 89 0 7

" , A • C~l D " ~!'; 4::'* 0 7 "
" C " 0 ::2"; "I 'J ~I 6 7

A C B " 3l S ."' 6 7
A C " D :: 25 40'J t 7, C 0 0 ?,j 23 4n9 c, 7• • , C i)O ~.: :; 4 g." G7 •

A C BD 22 5 4'3 '} 7,
A C SO 02 5 4A')7€
A C 80 32 S 89 (,

A COD ::2 5 7 890.• • • CD '12 57 S'" ,
A D 32 75 SO

A DC . "327_. 5 __094 .
A 0 C 37 6994

A D C 37 669 A

" ,
A' 8D*C 37 t • 4 •

A D C 327 95 ,.
A DO C 3679 54

A DD C 6::'9 75
4'-00" C (;.92 7• • • "B ) C r;\-*32 5 7 ,

[) DC 8'} 345 7
B ,,. 89~ '5 7
B C) A.,:!Y 6tl.!j 7
BC~ e. At 52 7• " " • BC D8 ~ll,a5c:; 7 •
CD 08 9L; II 16 7
C fl OB 95 lI, it:: 7
C 0 \):359 A 7
C BD" 9 I A t,

• . • 'C U 8 • 73 A. t •C 5)8 913'" G
C 5 Di;l ~ 7";3 A ,
C 5 u :J B '9 • "C O!-j47S39'" "• • .' 5' 0 a 73 • 6 •5C U (147 !'; 9 C

5 C 0 8cA.8 90
5 D 034 89
5 DC B~ 46A9

• • • S*OCA.] '" p •
5 " C2 ,. 9 7

A.D3E3C 6 '9 7
• D02 CO 9R 7• U5 C[, 93 7• • • A ~Qu2 5C */3 4 7 •

A 830 C6 98 4 7• 8 :?IU C 6 98 47
A D ::'10 C t Jg 7

" B 31 20C ';857 ••, • 'A A', 312CJ .A 75 4 •
A B 3C2CJ 97 G', " C 12D 9 65

A l' C31 '2:) "9 4 C, 8 C 32D 8 9 4 "........ .
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Fig.6.26 (Without Governor)
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Gf'I\PtI F']( 5USTAI'-lC') r~UlT \:U'.\::<L-) 4T £1 CyClCS Lr.""--;'.~':~::'L.r.j31 S t,~T[1' 2,;" 'CYCLE:, !, "T11,:.; J="[', l-F1L~ :c Cv~~_::;;,-------------------------------------_._-------------_. ---------------------------------------------------~:~1 f:f:l-:1J(.E 1.\ACHlh.f J '-; r,li.,1-1\5 ..••L-l::;~

:;-r.H ••••SC !""'ULT ll,T lSHJ;'JI-I:'~ !--/d.JLT lY:'! = 4

"'...~ ~ '

,.

4

,

< 4

• •

4 •

, •
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• •

•

•
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12
.'

•

•

4

•

,

:to
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..ll,~)Gl~ J ~< DE Gr.Cf",

"TIME -] ~:. - 1 ~~:••' -flr. -f.,'. - 4:' - 2t " :-" 4 ~
( .( * ••••••••. >t ••••••••• * •..........•.... • ••• II< •••••• •• *' ••••••••• "' ••••••••• >l ••••••••• >I< •••, CD 5.::' P,o; 7

4 CO 52!J'i 7
4 CD 5 2'~9 ~_7
4 C:'I 5 eq 67

r • I{ ( , • , • • 4 C8Do!< 35 8' 6 7 , ,
4 COD 52 8~ ,. 7

4 ce D 3~ ~", 7.. CS n t~,: 8~;, 7., C 8' [l 35 fIc;.- o 7
( • 2( u , , • , c, * CR D • ::5 41J'* (; 7 • ,.

4 C B D J 2~, 4,3',1 c, 7
4 ( II 0 315 4?,; 6 7• ( 8 D 2'25 48<,< 6 7

4 ( C 0 312::' 48<) ., 7
u • .;'" (. , * • • . .( ~p ,, 5 4~"'" 67 • •

4 (. 8D 32 5 45'; ,
4 C GD 32 5 4~~7 0::'
4 ( "D ?-2 5 59 0
4 CBO ?? 5 7 A,?~

0.4(,(1 • • • • • CD '12 5' '3"'(, • •
4 D 3? 75 8'~, DC :::: 7 ~i H9~, 0 ( 31 5894

4 0 ( 37 .69',1 ,
:~. 5(' f~ • • , • •• I::lO*C 37 ( • 4 • •

4 0 C 327 95 •
4 80 ( :';679 5'

4 80 C 6:H; 7~,. 4 3D C 6~:? 7
'•• (.( r. • • < • , .~0 C (1'$-'32 S 7 • •

HAi)C 3° ~4 to, 7
e 0' 396 45 7
8 CPA. gO c" 5 7

e C) 49 4( ~ 7
.:'. 7(.l. , * • , • • " C "6 "5 ( • 7 •

bC D9 AS ~ 2.6 7
C 2159'; 3 C, 7

CO D SA.:" , 7
( 8 50 9A ( 7

u. 8( l , • * , • • B 5 '0 1 • 6 • •
C b "~::A'O 7

C 58 4ll':l ,,0 , C
C5 B 4~3 -'\, 9 7 ,

(5 UO 2>\.') 0 ,
,.• '9( ( • • , 4 * C • 1:>4'" 7A • ,. < •

c C :; DO A 7 !I 0 "5 C 3D 40" 3 c <)

5 COr. 7 e4 e9(
5 30 7 U • 89

I. OC {\ , • • • • 53Dot C7 " " • , 4

3D? C 7f.16 • <J

"0 C7 YO
A 3D 5 6[1: 7 ~S
A31l' 65 ( 'J:.> t,

I • l( l' • • • • • 4 'ID 6:--1 5 C. 874 • •
" 31 D60 5e e 7
4 32D8 <;( u 47
4 31:\ [/6 GC ':;l::; " 7, [\2 :n ?C " • 7

I • 2( (.I • , • " . • • " 32 D '( 5' 4 •, 0 3 ~ Dfl '; 45 7, 1) :; \ ZCD l'" 7, " 3C':3~iJ 4, 5, B C3929:> 7 6 5.................. . .... .. ... ... ...........................................
Fig.6.27 (Without Governor)
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DATA FOP TIME VS. ANGLElDEGlPLOTTING--------------------------------------
TI ME KA,PT A [ 5 [K I!,L- HI!,L[- I!,SUGI!,NG SHAHJI- I!,SUG"NG GHORAS"L SJDOt ••- GHORI!,- (;UI\,L- BHERA.- BOGRA. Sll,ID~'Ue

BAH.&.. SAl-lftR -132- B4ZAR -23')- -23:;'- GA.NG S4L-132 PARA. ~A.I:;A

0,0 I .~:3 :3.21 1.57 7.35 1.83 1(I. 63 II. t4 5.0: 7.36 -23.47 -16.58 -16.62 -14.81?
0.02C 1 .65 3.23 1.58 7.43 t .87 IC.79 11.96 5. II 7.48 -23.56 -lb.5C' -1(;.~.8 -10. • 7f-
0.040 1 .69 3.29 1.62 7.6t- 1.~8 I I • 28 12.9C 5.0..7 7.86 -2::.82 -If,.25 -1t:.47 -14.43
O.Oe>O 1 .78 3.39 1.70 8.1)4 2.17 12.Cfl 14.44. 6. (\5 8.47 - 24. 26 "- 15.84 - 16. 29 -I::. es
O. (l sr, 1 .9 ('l 3.54 1.81 8.57 2.44 13. I B 16. ~,O 6.87 9.33 -24,87 -15.27 -lb04 -I 3. (to
0.100 2.08 3.74 1.9(, 9.27 2.61 14.59 19.01 7.92 10.42 -25.65 -14.54 - I=. 72 - I 2. f.t
0.1,20 2.30 4 ••00 2.16 10. 14 3.28 16.28 21.89 9.2:l 11.75 -2(:.61 -13.65 -1~.33 -IO.8t>
0.140 O2.5e 4.33 2.4 I I 1. 18 3.]39 I e. 25 25.C-4 I( • 7) 13.31 -27.74 -12.61 - 14.86 -9.47
0.160 2.96 4.74 2.74 12.143 4.63 20.48 28.35 12.44 15 • I 1 -29.t'4 - I I .42 -14.JL -7.92
0.180 :3.4~ 5. 24 3.14 13.87 5.54 22.95 31.75 14.4) 17.12 -30.5~ -10.10 -13.69 - E .23
0.200 3.97 5.62 3.62 15.44 6.60 25.4C 34.6~ 16.43 19.20 -31.S] - 6 .66 - I 2. c;:I - 4.5:'
0.220 4 ••59 6.47 4.17 17.06 7.79 27.56 36.31 18.39 21.17 -33.'" 1 -7.1 f - 11. S6 - 2.99
0.240 5.31 7.19 4.79 18.74 9.12 29.39 36.88 2::-.27 23.02 -3.=.77 -5.62 -IO.f>1 - 1 .t:3
0.260 ' Eol2 8.00 5.51 20.45 10.61 30.88 3b.36 22.05 24.73 -3 ~. l!i -4.~ 6 -9.11 _f'.4b
0.280 7.05 8.90 6.32 .22.2(: "12:. 24 .32. 00 34.92 23.7l -26.30- -34.11 - 2.56 - 7.39 0.49
0.30 a 6.08 9.91 7.23 23.96 14.('11 32.7f: 32.73 25. 23 27-.68 -33.78 -1.11 - 5.IlB I • 2~_
c..320 9.23 I 1.0 ('> 6.25 25.70 15.90 33. 14 30.06 2(..58 28.86 -32.96 o .2t1 - 3.43 1 • SI
0.340 10 .48 12.19 9.37 27.38 17.67 ::;3. 14 27.18 27. 7~ 29.82 -31.76 1 .48 -1. '28 2. '20
0.360 11.83 13.47 10.58 28.97 19.90 32.79 24.39 28.69 30.54 -3C.13 2.57 e.91 2.4;-
0.380 13.26 14.82 11.88 30.43 21.95' 3'2.11 21.94 2';.38 31.00 -28.10 3.Sf' ::;• 1t) 2.59
0.40 C 14.77 16.23 '3.26 31.72 23.96 31. Hi 20.11 2S..83 31 .20 -25.66 4.26 5.21 2.(,f,
0.42C 16.34 17.69 14.70 32.61 25.91 29.99 19.07 30.01 31 .14 -22.e.e 4.86 7.19 2. 7~
0.440 17.94 19.18 J6.7.0 33.67 .27.14 28.69 18.94 29. 9~ 3:) .64 -lr,o.75 5.3('" r,o.C'(:;> 2.e=-
O.46C 19.57 2(,.69 l7~r3 34.28 29.41 27.34 19.74 29.(,2 3D.:3 2 -16.31 5.63 10.59 ~ ~C' (j

0.480 21 .21 22.2!J 19.28 34.63 31').88 26.C5 21 .44 29.1.7 29.61 -12. f,O 5.87 11.93 3.::!S
0.500 2:2.82 23.70 20.84 34.72 32.12 24.91 23.89 28.3/1. 29 .76 -8.(;;7 (;;.07 1:::.C1 J • ~"2
0.52('1 24.41 25.16 22.38 34.55 33.10 24.G3 2(,.90 27.oC!i 27.84 -4.56 to. 29 13.~1 II .47

0.540 25.94- 26.58 23.88 34.15 33.79 23.50 3~.22 26,48 26.69 -('.32 6.58 111035 5.:3 ~
0.56('1 27 .40 27.94 25.34- 33.53 34. 20 23.39 33.60 25.4!) 25.99 3.98 7. Col 14.6~ f:. I'll
0.58C 28.77 29.22 26.73 32.75 34.30 23.76 3!.l.78 24.47 25.21 8.29 7.63 14.76 7 .! :
O.flOC! 30 ••04 30.42 28.03 31.84 34.11 24.62 39.52 23.57 24.60 12.55 8.47 I 4-.7 I <;.1
o. b 2" 31.20 31.52 29.23 30. 86 33.64 25.98 41.63 22.82 24.23 16.7C 9 ••59 14.5t: 10 •7 t
0.640 32.24 32.52 30.32 29.85 32.<;11 27.79 43.0(' 22. 27 24.13 eC.7C' IO.9r,o 14.37 12.41
0.660 33.14 33.41 31.28 28.89 31.94 30,00 43.57 21.9:] 2/1..34 24.AS 12.69 14.22 ] 4 01 <;
0.680 33.90 34.17 32.1 1 28.02 30.79 32.49 43.35 22. c.= 24.87 28.(' 1 14.66 I tI. 15 15.99
0.700 34.52 34.82 32.78 27.29 29.49 35.17 42.t.4 22.33 25.73 31.23 16.B7 I tI. 23 17.77
0.720 34.99 35.34 33.31 26.76 28.C9 37.91 40.98 22.99 25.91 34.12 19.29 14.52 I'? (,p,
0.740 35.32 35.73 33.68 26.47 26.65 40.56 39.1B 23.99 28.36 36.64 21.64 15.1'6 2"1. loP.
O.7bC 35.50 36.00 33.90 26.45 25.21 43.01 37.28 25.29 30.('>6 38.77 24.4t: 15. e8 22.54
0.780 35.54 36.14 33.97 26.71 23.85 45. 10.. 35.54 2t:.89 31.93 40.5e, 27.07 17.r. 0 2.,. F::
O.8e"0 35.4!> 36.(7 33.89 27.28 22.62 46.85 34.19 28.73 33.93 41.8::- 29.51? Ie. 4::! 21\. g/l

o.e2C 35.26 36.09 33.6 B 28.16 21.57 48. OS 33.45 30.78 35.99 42. E9 31.94 20.15 25.87
0.640 34.96 35.92 33 • .35 29.33 20.76 4-8.79 33.48 32.98 39.05 43. 17 34.1':'6 i2c. I 5 2E:.f:.;
(l.860 34.57 35.66 3a • .9 I 30.79 2~. 24 48.99 34.34- 35,26 4~.C'3 43.24 35.8E 24.39 27.2';
Ool3SC 34 .l 1 35.33 32.38 32.51 20.04 48.70 36.06 37.56 41.90 4.2.93 37.35 2~. 8 1 27.72
0.900 33.6('1 34.95 31.80 34.44 20.21 ~7. <;9 36.55 39.87 113.6C 42.21: 38.45 2c;:.37 2P-.12
0.920 33.07 34.54 31. I 7 36.56 20.77 46.97 41.68 42.07 1+5.t'9 4 1.26 39.16 31.';8 28.t;f?
0.940 32.54 34.11 30.52 38.80 2l.74 t;5.76 45.22 44. (4 46.36 3';.96 39.t;7 34.59 28.84
0.960 32.0.3 33.69 29.89 41. 1 ill- 23.13 44.49 48 .•.9" 46.C-4 t.7.39 38.41 39.41 37010 29.26
0.980 ::31.56 33.31 29.29 43.5(' 24.92 .. -43.32 52.56 47.71 48.18 3(-.64 39.C' 2 31;.43 2.<;.77
I.ore 31 .16 32.97 28.76 45.85 27 • J (I 42.40 55.83 49.15 49.76 34.7C' 3B.~3 41.52 3C'.~<;
1.02 C 30.84 32.70 28.30 48.12 29.65 41.84 58.52 5C'.32 49.13 32. t::3 37. ~2 4::.29 31 .t E
1.040 30.63 32.52 27.96 50. 26 32.51 41.75 60.46 51.23 49.3:3' 3(.• 47 36.33 ott 4.66 31."'7
1.0bC 3:' .55 32.45 27.75 52 .•27 35.64 42.21 61.54 51.87 ";J • 4 1 28.28 35.l4 45. (,0 33" 1
I.oao 30.~ t 32.49 27.66 54.C'6 38.98 43.23 6 t .72 52. 2~ 49.39 2t:.C9 33.92 4€.Cl7 3A.27
1.100 ___ 3_0_~.~.t 32.67 27.77 55.63 42.46 4t\..82 61.04 52.37 49.33 23.93 32.7:! 4e.(!:! 35.4<;:

1. 120 31. l8 33.00 28.03 56;9-4 46.01 46. '91 59.61 52.27 49.27 21. AS 31.62 A5.50 36.7;'
10 140 31.70 33.47 28.4 7 57.96 49.54 49.41 57.61 51.9:] 49.24 Ii;.88 30.63 -44.47 :37.9('
l. 160 32.-4{, 34.10 29.09 58.75 52.97 52.22 55.28 5l.55 49.28 l8.C 4 29.82 {, 42.99 ~8.95
1. 160 ~.26 34.88 29.9 (l '59. 26 56.24 55.17 52.87 5Q.9;- 4';.A3 16.37 29.19 4 l.('O9 39. AI

1. 20 C 34.28 35.81 30.90 59.50 59.26 58.12 50.57 50.37 49.69 14.68 28.76 3e.e5 4':'.:'9

1.220 35.46 36.89 32.07 59.52 61.97 t:C. l; I 48.93 49.72 5:1.(,9 13.59 28.54 ~ to. 34 1I ~ • f 2

1.24(J 36.76 38.12 33.40 59.33 64.30 63.40 47.89 49.11:1 5~.64 12.51 26.5!::' 3:::'.6;' 4~.0 7

1.260 38.23 39.47 34.89 56.97 66.21 65.46 47.68 41'1.55 51.33 1).b7 28.f:3 3C.B6 39.87

f-'
W
W,- ,•~ ~.-,



GP.4PH FO~ V'~SUST4INED F~VLT WITHOUT AUTORECLOSE~--------------------------------------------------.REFFER[NCE MACHINE 9 15 GHO~ASAl-132--------------------------------------
3-PHA,SE FAULT AT lSH,JROI-132------~----------------------- FAULT TY:l'[ = 4

A.NGLE {N DEGREE
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•

•

•

•

•

•

•

;

• •

• •

• •

• •

• • •

• •

• •

• •

• •

• •

• •

• •

eo Icn 12("
••••••.••••• •* ••••••••• *

•

•

•

•

•

•

•

•

•

•

•

•
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•
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•

•

•
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•

•

•

•

•

•

•
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7
7
7
7*•

•

••

•

•

•

•

•

•

•

•

.•

•••

•

•

•

•

0.100 ••

0.2('0 '"

.
0.300 .•

O.4CO *

-~--------
0.500 • •

0.600 • •

0.700 • •

O.BOO • •...
0.900 • •...
1. COO • •

1. 100 • •...
1.200 • •

TIME -12' -100 -80 -60 -40 -20 V 2r 4C t.:l
0 ••0 * •.•.•••••• * •.••.••••• * ••..•.•.•• * ••••••••• '" •••.•••••.•....•...•.• * .•••••••• * .•....••... * ..•...•• oo ••• 11' ••••••••

A CO ~ '289 7
A CD 5289 7
A CO 5289 (,7
A CD 5 en 67

A CBD'" 35 81< {. 7
A coo 5289{;7
A. CB 0 35 89 (, 7

A - C B 0 52 89 € 7
A C SO 35 89 (, 7
4: C8 0 '" 35 48-'b" 6 7

C B D 325 4(l9 6 7
C 8 0 315 489 6 7
C. B 0 :::25 489 6 7
C BO 3125 llB9 € 7

.• C BO *2 5 llB~ 67
C BO 32 5 llfJ9 1
,C 0 32.5 489-7 t:
,e 0 32 5 89 (,
CD 32 5 7 896
o .12 7 8 *6
DC 3127 5 89
DBC 327 5 8Q4
08-e 37 56~
o S" C - '37 69 4
DB *c 37 6 *5 4
DB C 327 9 54
DB C 3629 5
DB C 6 9 754
"'0(3 ( 692 7
"'OJ\,C 6*32 457

o "'C A9 3245 7
o ell 89& 425
SDC A89 645
80 8'" 4552eo 8'" A5~2
COB 945A36 7
(08953A67
C D8959 3.'176
C D88 9 32 A 6
C DBB *: 7 A (;;
( 5 088 92 A 6
C5 048879 A 6
SC D 48829 I), 6
S ( 04378 9 A (;.

5*(D4170*A6
5 DC342B81\9 6
5 DCI24BA 96
5- D31C 49 89
5 012 CB4 897
5 *DI2f.\BC 6 *' 7
53021), eCf> 49 7
sot.. 0 bC 4'?8 7

:3 0 SA 6 C 98 7
A I DB 6 (98 7

A,3T.1D 5 6e *84 7
A 3 I 80 5 C 9 84 7

I), 382 D C69 8 47
A. 392 D C 98 7

A. B 2 [) C 9357 4
A *' 12 DC .•••876 4
A B312 0 9 ~~.
". B :3 C D 79 65

A B 3C 120 89 4 65
A BC 31 D 709 4 6

••••••••••••••••••••••••••••••••••••••••••••• oo •••••••••••••••• oo •••••••••••• oo •••••••••••••••• .: ••••••••••••••••••••••••••••••••••••••••••

,Fig. 6.28 (With. Governor)
*' *' .' MEI\NING OF THE CODES * • *'

I-'
W

"'"
"- " -< "

i
- . - _!/
~

1=KAPTAI

B=SIDDIRGANG

2=5IKAL8AHA

9=GHORAS"'l-132

3=HALI SHAHAQ

A=GDo\L~ARA

4=ASHUGANG- J 32

B=BHERANARA.

5=SHo\HJIBAZAP.

c= 80GR-A

.t>=ASHUGANG-23C'

D=SA!DPU'"

7=GHJ~4SAL-230



-

OA,TA FOR TIME VS. A,NGLE I DEG t PL t:TT I NG------_._-~---------------------------
TINE KAPT A I SII<AL- Hll,ll- A5UGA.NG SHAHJ 1- A$VGANG GHORll,SII.L SIDDIR- GHDR A,- GUA.l- BHEMA- BOGRA SA I D::>Uf;"

BA.HA SAHA R -132- BAZAR - 230- -23')- GANG SAL-132 PAR A. MAPA
,

O.C. I.li 3 3.'21 1.57 7.35 I.B3 10.63 11.f:4 5. C':: 7.36 -2~.~7 - 1f; .58 -1(;.f2 -16.89
0.020 1 .65 3.2:3 1.5 e 7.43 1.87 10.79 1 I • '>l6 5. 11 7.48 -23.5(, -16.5C -) €. 58 _14.78

0.040 1 .69 .3.29 1.6"2 7.66 l.liB 11.28 12.9(. 5.47 7.86 -'23.82 -16.2.5 -16.47 -14..4:

0.060 1 •.78 3.39 1.70 8. ('4 2 •.11 I 2 •.('8 14.44 t::.C'~ 8.47 - 24.26 -15.81L -I f: ••29 -13.85
O.OBO 1 .9 C' 3.54 1.8 I 8.57 2.44 13.18 Ib.Se 6.67 9.33 -24.87 -15.27 -It:.{l4 -13.f E

0 •. 100 2.08 3.74 ).9(: 9.27 2.81 14.59 I <;I. C' I 7.92 1:::•.4 '2 - 25. 1:-5 -jlh54 -15.72 -1'2.0b

0.1'20 2.30 4.00 '2.1 6 10.14 3.28 16. 28 21.89 9.2:: 11 .75 -'2e-.~1 -13.65 -15.3~ -1:':'1• e~

0.140 2 .• OC 4 .•33 2.4 1 11.1 8 3.89 le.25 25.04 1'1.7';; 13.31 -27.74 - 12.6 I -14. B6 -9.47

0.160 2.9" 4.74 2.74 12.43 4.63 20.48 28.35 12.44 15.11 -29.('iI. - I I .4 '2 -14. ~I -7.92

0.180 3.43 5.24 3. 14 13.87 5.54 22.0:;5 3\.75 14. 4C' 17.12 -3C'.5l' -10.1e. -1 J.t:9 -6.23

0.200 :3.97 5.82 3.6'2 1s. 44 6.60 25.4(1 34.60 16.4;:: 19.2~ -31.91 -6.66 -12.';1 -4.S~

0.220 4.59 6 .•47 4.17 17.06 7.79 27.56 36.31 18.39 21.17 -3::. C'1 -7.1t -11.68 - '2.9';

0.240 5.31 7. 19 4.7." 18. 74 9.12 29.39 36.88 2['. 27 23. a '2 -3:!.77 -5.62 -IC.61 - 1.63

0.260 6.1 2 6.00 5.51 20.45 10.61 30.138 36.36 22.(".5 24.73 -34.16 .4.f' 8 - 0;. I I -:'.46

0.280 7.05 6.90 6.32 22. '2(1 12 .•'24 32.00 34.<;12 23.7] 26.30 -34.17 -2.56 - 7.39 C.1l9
0.300 6.0e 9.91 7.23 23.96 14.01 - '.32. 7f 32.73 25.23 27 .•f:8 '-3~.78 - I • I I -5.4e 1.25

0.320 9.23 1 I.CO 8.25 25.7C t 5. 9~ ~3.14 311.c-6 26.56 29.86 -32.<;e r.24 -~. 43 1.81

0.34C 1(.• 48 1 2. 19 9.37 27.38 17 .•87 33.14 27018 27,.74 29.82 - 31.76 1 .48 -J.20 '2.2('

0.360 11.8.3' 13.47 10.58 26.97 19.90 32.79 24.3 B 2~.6B 3~. 54 -30. 13 2.57 0.0;1 2. 4~,

0.380 13.26 14.82 11.88 3?43 21.95 3 2. 1J 21.94 29.38 31 .00 -28.10 3.5(, 3. lO 2.59

0.400 14 .•77 1(..23 13.2E: 31. 72 23.96 31.1f 21:1.11 29.83 21 .2(1 -25.68 4.26 !:.21 2.68

(j.42C: 16.34 17.69 14.7 (l 32.81 25.91 29.99 19.07 3(..01 31.14 -22..88 4.8(; 7.19 2.75

0 .•440 17.94 19. 1B 16.20 33.67 27.74 28.6l:; 18.94 2';. 9~ 3~.84 -10;.75 5.3( 9.C"( 2.85

0.46C 19.57 20.69 17.7:! .34.28 29.41 27.34 19.74 29.62 3('.32 -16. :!t 5.63 1(1.•59 3.('14

0.480 21.21 22. 20 19.28 34.63 30.Ba 26.05 21.4" 29.(17 2<).61 -12. f:t 5.87 11.93 3.35

0.5('0 22.82 23.70 20.B 4 34.72 32.12 24.91 23.89 28.34 28.76 -8.~7 6.t:;' 7 1::.0 1 3. e2

(1.520 '24.4 I 25.16 22.38 34.55 33.10 24.03 26.90 27.45 27 .•94 - 4.56 6.20; 13.81 4.47

0.54 (l 25.94 26.58 23.88 34. 15 33.79 23.50 30.22 26.48 26.89 -n.32 6.58 14.~S 5.:?3

0.560 27.40 27.94 25.34 33.53 34.20 23.39 33.6C 25.46 25.99 3.98 7.t I 14.66 6.4(;

0.•580 28.77 29.22 26.73 32.75 34.30 23.76 36.78 24.47 25.21 8.29 7.f:.3 14.76 7.£:f:
0.600 30.C 4 30.43 28.06 31.84 34.11 24.61 39.52 23.5f) 24.60 12.52 8.41 14.68 9.13

0.62r. 31.21 31.56 29.J6 30.85 23.63 25.0;4 41.64 22.8' 24 • ~<: It>.62 9.36 14.43 10.79

o. b4 a 32.26 .32. 59 30.50 29.64 32.89 27.(::9 43.~1 22. 2~ 24.12 2('.51 10.47 14.1'17 1'2.6(

0.660 33.17 33.53 31.78 29.87 31 .•~l '2~. 82 4'3.59 2\ • 9~ 24 .•31 24.15 11.78 13.68 14.52

0.680 33.95 34.37 32. Be 27.98 30.73 32.23: 43.37 21.85 24.82 27.5D 1~ .28 I:? .31 16.48

0.700 34.59 35.09 ~3.87 27.22 29.40 34 .•81 42.44 22. 12 25.65 3('.52 14.9t: 1::.(>3 18.42

0.720 35.' 8 35.69 34.74 26.65 27.96."- 37.43 40.95 22.71) 2f) .78 33.18 16.80 12.9(. 2C.29

0.740 35.44 36.16 35.48 26.30 26.46 39.9f, 39.08 23 .•59 28 .•17 35.44 18.75 12..96 22.C2

0.760 35.65 36 .•52 36.07 26.21 24.0;7 42.28 37.07 24.79 29.79 37.28 20.77 1~.27 23.5f:

0.760 35 .•72 36.74 36.50 26.39 23.52 44.27 35016 2(:••2~ 31.58 38.(:9 22.80 13 .•83 24.87

0.800 35.67 3f:.85 35.77 26.85 22.20 045.85 33.59 27.97 33.46 39.67 24.78 14.68 25.92

O.•a2e 35.49 36.83 36.86 27.6C 21.03 ~6. 93 32.56 29.66 35.39 40.19 26.f.6 1!:.81 2t.7<.

0.64(1 35.21 36.70 .36.78 28.63 20.09 47.-49 32.24 31 .•83 37.28 4C,. 29 28.37 17.22 27.19

o. 860 34.84 36.46 36.5'2 29.91 19.41 47.52 32.72 33:.95 39 .•::"9 39.95 29.8t 18.88 27.42

O.68C 34.38 36.13 36'•.11 31.43 19.04 ' 47. (14 34.01 36. 10 4-:).75 '39.21 :J I .00; 20.74 27.4(

0.900 33 .•87 35.72 35.55 33. 14 19.01 46.13 36.07 38. 17 42.22 36. ('9 32.t'2 22.78 27. 18

0.920 33.32 35.25 34.6£: 35.01 19.35 44 .•e8 38.'76 4( • 14 43.47 36.61 32.62 24.<;2 25.61

0.940 32.74 34.73 ~4. (' 6 36.99 20.06 43.4(' 41.89 41.97 4~ .46 34.82 32.69 27. I I 26. ~:3

0.960 32.16 34.18 33.16 39.02 21. 17 41.B3 45.24 4J.6;) 45.19 .32. 74 32.83 2C1.26 25.83

0.980 31.(,0 33.63 32.24 41.07 22.66 4'0.32 48.53 44.'99 45.66 ~(>. 44 32.45 :!1. ~ 1 25.34

1- 000 31.07 33.09 31.28 43.08 24.51 39.02 51.53 4t.13 45.B8 27.95 ';?1.77 ~~.17 24 .~~-

1.020 30.59 32.58 30.3.3' 44.99 26.70 38.04 54.0(J 47. OJ "5.89 25.31 3' .85 ~4.79 24.7(

1.04" 30.19 32.13 29.42 ~6.77 29.16 37.51 55.77 47.59 45.7(\ 22. 5~ 29.11 36.08 24.1'::2

1.060 29.87 31.74- 28.58 46.37 31.92 37 .•50 56.72 47. 87 45.37 19. 0" 26.41 3t:.98 24.7d

1.080 29 .~ 4 31.44- 27.84 49.76 34.83 38.04 56.80 47. 6~ 44.94 I 7. C' 2 27.0C, 37.47 25.~7

I. i 00 29.52 31.23 27.2.3 SCi. 9("1 37.87 39.13 56 •~ 1 47.61\- 44.45 14.28 25.54 ~7.49 25. {.{,

1.120 29.51 31. I 4 26.17 51.79 40.96 40.74 54.46 47.16 43.95 11.6 I 24.t'6 .37.(! 2 26.3r

1. 140 29.62 31 .•16 26.49 52.41 44.03 42.77 52.'30 4t;,.4g -43.49 ot;. ( 5 :!2.61 36 .f,7 . 27.1 :::

1.16C 29.135 3 I .31 26.39 52.75 46.99 45.13 49.73 45.63 -43.09 b.c3 21 .24 304.65 2B. (;I

I. 180 30.20 31.59 26.49 52.82 49.78 -47.67 47.('0 44.65 42.8:) 4.38 19.0;7 32.78 25.81'

1. 2(;0 30.67 31.99 _ 26.8 I 52.63 52.32 50.25 44.39 43. 6~ 42.64 2.32 18.83 3',.52 29. t;.(

1.22C 31.24 32.51 27.32 52.21 54.55 52.71 4~. 14 42.52 42.62 ('.47 17.8A 27.<;1 3':-.2f

1. 2Aa 31.93 33.15 28.05 51.59 56.41 54.90 4C.49 41.45 42.75 -1 .•15 17 .0(- 2!::.O3 3C• 61

l.260 32.7(' 33.9C 28.96 50.80 57.84 5~.70 39.59 4().45 43. [13 - 2. 53 16.31 21.<;7 3c•• t 3

>-"
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~K"'>-H r-U" •.."VL. ••••••..••..•.••-•..•..•---------------------------------------------------------------------
REFFERENCE MACHINE 9 15 GHDRASAL-132--------------------------------------

3-PHASE FAULT AT 151--UROI-132 FA.IJLT TYPE = "-------------------------------
A NGLE I N DE GREE

...... , , "fig :;;':29' iWi'th'G;~;';r'~;i:Y"""", .
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6;) 8(' 1('C' IZr',......•...........•..........•............
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•
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•

•
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A

••

•

•

•

•

•

•

•

•

•

..

••••••••••

•

•

•

•

•

•

•

•

•

•

•

•

-6(\ -60 -4';\ -2C' 0 2C- tiC'•• * ...••.•.•• * •..••••..•••••••..•. * ••..•...••..•••.•....•.•••••••••.•.•..
A CO 5269 7

A CD- 5289 7
A' CD 5289 67
A CD 5 89 €7

A ceo. 35 8* t 7
1\ CSD 92 69 6 7

,A CO 0 35 89 6 7
A • CB 0 52 89 6 7

A C BO 35 89 6 7
••. CB D. 35 48* 6 7

C B 0 325 489 6 7
C P. 0 315 469 6 7
C 8 0 325 489 6 7
C BO 3125 4B9 6 7
C 80 *2 5 48. 67
C BD 32 5 489 7
C D 32 5 48976
C 0 32 5 89 E
CO 32 5 7 896
o *12 7 8*6
DC 3127 5 89
DSC 327 5 694
DB C 37 5694
o S C 37 69 4
DB *C .37 6 *5 4
DB C 327 '9 SA
08 C 3629 5
DB C 6 9 154
ADS C 692 7
.OA C 6*32 457

o AC 89 ~2A5 1
o CA 896 425 7
soc A69 645 1
so 8A 4652 7
C" 8*A4562 1*
C8D B-94A 36 7

C 8 08 95 A36 7
C B 0859 A76
C B 05 9 3 A 6

*C BD * 72A 6
C SOB 913A 6

C 5 DB 793A 6
CS DBa 19 A ~
C DB Sl3A (,

5* 0 B 7 SA.* f.
5 C 0 Bt7A. 9 (,
5 CD 84&\8 96
5 0 8.6.4 S9
5 0 CI8 4699
5* AC2 64"7
SoA Be 6 49 7
o A B2e 6 98 7

AD 62 C6 98 7
A 0 85 C 9~ A 7

A .Bl25C6 .84 7
A 0 2 C 9 SA 7

A 80 12 C659 6 ., 7
A 830 12 C 98 7

A. B 012 C 9057"
*A. s* 302C *975 4
A B 3 02 97 65

A, B 3C02 9 65
A 8 C 302 89 "65

II. 8 C 302 189 4 6

TIME -120 -IOD
O.C * •••••.•••. :t •••••••

_._------- -...
0.100 • •....
C'.2tO • •...
tr.3C.0 • •....
0.400 • •....
(r.5CJO * •.

•.
C.600 • •....
0.7(:0 • •....
0.800 • •....
Cl.900 • •..,
I.COO • •..

,.
I. HiD • •...
1.200 • •

~SANING OF THE COOSS * • *

.~
~-" .j

,""KAPTA.l

8=SlDDIRGANG

2=SIKALStlHA

9=GHOI:<lt.SA.L-132

• • •
3=Hll,L I SHAHA.R

A=GOAU'ARA

4=A.5HUGANG-132

6=BHE~AM •••~1I

5=SHAHJIBAZAI;

c=uaCDA

6= ASHUGANG-23C'

D=SA.IDPUr.

7=GH.:lr<ASA.L-'23C

f-'
W

'"

~



o"r" FOR TIME VS. ANGLE(OEGlPLGTTlNG--------------------------------------
Tl ME K"PT Al SIKA.L- HAL 1- '!\'5UGft,NG SHA,HJI- ASUGANG GHOR$,SAL SIODIP- GHORA- GOAL- BHERA- BO@::A. SA. I OPUpBAHA. SAHA.R -132- Dft, ZAR - 230- -23n- GANG SAL-132 PARA lolAI':A,

0.0 I .t:.3- 3.21 1.57 7.35 1.83 (0.63 I I .64 5.0:- 7.36 -23.47 -16.58 -If.62 -1401:190.020 1 .f 5 3.23 1.58 7.43 1 .87 10.79 11.96 5. 1I 7.48 -23.56 - 16.5'- -1(;.58 -I Q .780.040 1.69 3.29 1.62 7. ~6 1.98 1 1.28 12.90 5.47 7.86 -23.82 -16.25 -16.47 -I Q .t;30.060 I .78 3.39 1.70 8.0ot 2. I 7 12.08 14.44 t. (!~ S.47 -24.2b - 15. f',4 - I t. 29 -13.P50.080 1 .90 3.54 1.8 1 8.57 2.44 13.18 16.51:' 6.87 9.33 -24.87 -15.27 -If.fI4 - 13. (,t0.1(10 2.08 3.74- 1.96 9.27 2.81 14.59 19. (' 1 1.92 lC'.42 -25.65 -14.54 -15.72 -12.Cf0.120 2.30 4.00 2. I (, 10. 14 3.28 16.28 21. A9 9.2C> 11.75 -26.61 -13.65 -15.33 - If .8!'o. lilt 2.5(1 4.33 2.41 11.18 3.89 18.25 25.04 10.7: 13 • :;0. 1 -27.74- - 12.61 -14.136 - r;. 67
0.160 2.96 4.74- 2.14- 12.43 4-.63 20.48 26.35 12.4-4 15. 11 -29.04 - 11 .42 - 14-.31 - 7.920.180 3.43 5.24 3.14 13.87 5.54 22.95 31.75 14.40 17.12 -3( .• 5( - 10 ol(l -13.f9 - f:• 2.3O.2tlO ~ .97 5.82 3.b 2 15. 44 5.bO 25.40 34-.60 16.43 19.2' -31.<;1 - 8.66 -1 2. ~1 -4.5:;0.220 4.59 6.4-7 4. I 1 17.0t:. 1.19 21.56 35.31 18.39 21 • 11 -3~.C1 -7. 1~ - 11. 80 - 2.990.240 5.31 7. 19 4.79 18.74- 9.12 29.39 36.88 20.27 23. r. 2 -3::.71 -5.f' 2 - 1~ .61 - 1 • f::=0.26C 6.12 8.00 5.51 2(1.45 10.61 30.88 36.36 22.05 24.13 -34-.16 -4.1') e - S. 11 -!".4fi0.2BO 7.05 8.90 6.32 22.20 12.24 32.0C 34.92 23.71 26.30 -34-.17 - 2. 5~ -7.39 0.490.300 8.08 9.91 7.23 23.96 14.01 32.76 32:.13 25.23 . 21.68 -3:? 78 - I • 1 1 -5.48 1• 2~,
0.320 9.23 11.00 8.25 25.70 15.90 33.14- 30.06 2b.58 28.86 -32.98 0.24 -:: .43 1.810.340 Ie .48 12.19 9.37 27.36 17.87 33.14 27018 27. 14 29.82 -31.76 I.Af? - 1.28 2. 2elO.36C 11 .83 13.47 10.58 2:8.97 19.9C' 32.79 24.38 2~.69 30.54 -31:.• 13 2.57 C.~l 2.450.360 13.26 14.82 11.88 3(1.43 21.95 32.11 21.94- 29.36 31.00 -20' Ie' 3.5( :::.10 ~.590.400 14.11 16.23 13.26 31.72 23.9(, 31.16 20.1 1 29.83 31.20 -25.66 4.2f' ~. 21 2.€80.420 16.34 17.69 l4-. 7 0 32.81 25.0;1 29.99 19.07 3l.• 0 1 :!1.14- -22.88 4.8f. 7.19 2.750.440 11.94 19.) 8 16.2C.1 33.67 27.74- 28.69 18.94 29.9~ 30 .84 -19.15 5.3( 9.00 2.1350.460 19.57 20.59 11.73 34-.28 29.41 21.34 19.74 29. (,2 30.32 -1£..31 5.63 10.59 :3. ('ll.
0.480 21.2' 22.20 19.28 34.63 3'.88 26.05 21 • 4~ 29.01 29.6l -12.60 5.67 11.93 3.35Q.5(-0 22.62 23.70 20. B4 34.72 32. l2 24.91 23.99 2B. 34 28.16 -8.67 6.(.7 13.('1 3.820.520 24.41 25.16 22.38 34.55 33.1(1 24.1:-3 26.90 27.4-(, 21.84- -4.56 f.29 13.81 ll..47
0.540 25.94 26.58 23.8 B 34.15 33.79 23.5(\ 30.22 26.4-6 26.Be; -C-.32 6.58 14 • .?'S 5.3:;0.56C 27.40 27.94 25.34 33.53 34-.20 2.3.39 33.60 25.4-6 25.99 3.98 7.01 14-.f:6 6.ll.:-
0.580 28.77 29.22 26.73' 32.75 34.30 23.16 36.78 24.47 25.21 8.29 7.f.~ 14.71:- 1.6l
0.600 30.07 30.4-6 28.09 31.93 34.16 24-.73 39.92 23.61 24.71 12. 4~ 8.4-4 14. er q. 1<;
0.620 31.33 31.70 29.46 31. 19 33.86 26.42 4-3.23 23.23 24.6f> 1f:. 51 9.43 14.90 I I • ':"7
0.64& 32.53 32.91 30.84- 30.59 33.40 28.76 46.51 23.17 25.(':7 20.34 10.t'3 15.07 13. C:t
0.660 33.b6 34. II 32.20 30.16 32.80 31.75 4-9.80 23. 5~ 25.9b 23.99 12. r' 2. 1~. 3[. 15.7"-
0.b80 34.12 35.27 33.54 29.9€ 32.12 35.28 52.82 24.35 21.3f: 27.45 13.62 15.59 lB. (t 1
0.700 35.12. 36.40 34.85 30.03 31.38 39.26 55.53 25.6= 29.24 30.72 15.43 ) 5. 96 21.3:"
0.720 36.66 31.50 36.1 I 3C.41 30.64- 4-3.60 57.92 27.3; 31 .61 33.79 17.45 If.4~ 211• 3'2
0.740 37.55 38.57 37.3:3 31.16 29.'96 4-8.19 59.96 29.64 34.44- 36.f:7 19.69 16. <;l2 27 ••..(.
0.760 38.38 35.59 38.46 32.26 29.39 52.73 61.20 32.3) 31.61 :39.29 22.25 17.68 3~ .49
0.780 39.14 40.54- 39.50 33.72 28.<;7 5b.o;C' 61 .25 35.29 40.99 4-1.58 25.2C 1E. ee 33.28
0.800 39.85 41.43 40.4-5 35.56 28.79 60.59 6~.30 38.54 44.51 4-3.55 28.49 20.56 35.77
0.820 4C .54- 42.21 4l.29 37. 79 28.90 £:3.67 59.59 42.03 49.10 4-5.19 32.(17 22.74 37.';'2
0.640 41.21 43.:)7 42.D6 40.38 29.35 66.00 56.46 45.69 51.61 0(;,.51 35.83 25.42 3<;.12
0.860 4-1.89 .3.66 42.74 4-3.31 30.20 67.75 54.23 49.44 55.14 47.52 3e;.68 28.56 6 I 017
o.8eo 42.58 44.62 4.]0.;36 46.53 31.4-7 68.67 52.26 53.16 58.42 46.24 4:::!.51 32.13 4-2.2P
0.9(.0 43.32 4-5.4-0 4-3.Q 2 49.<;8 33.11 68.85 50.88 56.8ot 61.<\2 48.69 47.20 ::;6.C'5 43.11
0.92C 44.1(' 46.18 44.4- 4 53.59 35.32 68 • .38 5.) .35 60.33 64.10 4-8.90 50.63 40.24 4:'-.71
0.94-0 44 .95 4-(,.99 44.94 57.28 31.91 61.32 50.65 63.55 66.38 48.91 53.72 64.5'0' 44.1 f
0.96C 4-5.88 47.85 45.44 60.97 40.1:;2 65.64 52.4-1 (;-6.47 b8.23 48.73 5b.3{- 4€.99 44.5':::0.960 46.89 48.76 45.91 64-.58 44-.31 64.11 55.19 69.01 69.65 4-f\. 42 58.~1 5~.33 4ll..9=
1.000 48.00 49.74 46.54 68.(\3 4-8.05 (;2.32 58.88 71. 13 70.63 4-8. PC> 6(" • il 57.41 45.44
l.r 2C 49.21 SC'.81 47.1 6 71.26 52.08 6(l.t9 63.31 12.61 71 .21 4-7. 52 61 .1 f.; 61.:3 2 46.14
1.040 5(1.53 5) .96 47.92 74. 2~ 56.33 59.4~ 66.21 74. ('5 71.4Go 47.C' 2 td.67 f-4.7b 47. I 2
1.060 51.97 53.23 46.18 76.82 60.73 58.74 73.24- 74.86 71.39 46.5:2 61.6t; 67.1(, 4 s.c I
t. 0 8e 53.5 I 54.60 49.78 79.01 (,5.20 56.18 78.07 15.29 11.14 116.05 61.2e 70.08 5' .(!6
1. 100 55 .1 8 56.10 50.93 80.94 69.67 59.~6 82.40 75.35 70.78 45. (,t, E:;).53 7i. e4 ='2.t15
I. 120 56.95 51.12 52.26 82.44 74-.0~ 61.44 85.98 75.14 70.43 45.3(; 59.5:3 12.94 54.3b
1.140 58.83 59.47 53.77 83.56 78.26 !:4-. 12 88.63 74.72 10.1 f, 45.17 58.4(J 7::.29 56.94-
I • 160 60 .8 1 EJ. 34- 55.46 84-.33 82.23 ~7. 6r;. 9(1.26 74. Ie 7J.C9 4-5. 12 51.24- 72.2:"1 59.71
1.180 62.88 f3.33 57.35 84. 79 85.89 71.93 90.85 73.58 70.28 45.2~- 56.15 72.40 62.55
1.2CJO 65.04 65.4-3 59.42 811.98 89.11 76.76 9;:i.4-9 73. C'3 70.A(' 45.43 55.25 11.06 65.35
1.220 67.26 67.62 61.65 84.9(,> 92.01 81.93 89.34 72. f.' 71.70 4-5.62 54.60 ~c;. 26 (,7.Q9
1. 24 Q 69.55 69.90 f4.05 64.78 94.39 81.22 81.63 72.37 73.00 46.31 54-.29 ~7.('8 70.34
1.260 71.87 72.24- 66.58 64.51 96.25 o;J2.3£'. 85.64- 72. 4' 74.7C 4-1.(:( 54.3~ 64.6f: 1<'.27-----~-

" t-'
W
--.J



REFFEPENCE M~CHINE 9 IS GHOP<\S~L-132
GRIIPH FOR suSTAINED FAULT CLEI\.l:fED I\.T 8 CYCLFS L<\TER.RECLOSC5 A,T,EI=: 28 CYCLES A THEN JDEN AFT~Q 3~ CYCLES-------------------------------------------------------------------------------------------------------~----------------------------------------

3-PHASE FAULT AT IS HJRD1- 132
FAULT TyPE = 4

-------------------------------
ANGLE l N DEGh~E

:

•

•

•

•

•

:

•

•

•

•

.
•

f--'
W
DO

12"
••••••••••• if!:

• ~ * MEANING OF THE CODES" .• *

TIME -12;) -100 -80 -60 -AO - 2('. 0 2(' 40 6C"' 80 I' ....

0.0 ••.•••.•.••••••.• "•••••.••• '* •.•.••••••.•.•••••••••.• * ••..••••....•.••...••••..••.........•..• * .....•......•• :$ •••••••••••••••••••••••••••••••••••••••••• ~ :
A CD 5289 7

• CD 5289 7
A CD 5289 67
• CD 5 89 <7

0 •.ICC • * • • • A CBD:$ 35 8' 6 7 , • • , •
•A C8D 52 B9 b 7
• ca 0 35 89 6 7

A CB 0 52 B9 6 7. • C aD 35 89 6 7
0.2(10 , • , , A •• c. 0 .. -35 AB' .6 7 , • , , •

A C " 0 325 489 6 7
A C 0 0 315 ABO 6 7

". - -_ .. -_.- • C B 0 325 A89 6 7. • C BD 3125 AB9 6 7
t'. 3C-O-!:. ___ ~ ___• • • , C BD '2 5 AB' 67 • • , • •

• C BD 32 5 AB9 7
• C D 32 5 4-897(:
A C 0 32 5 B9 6
• CD 32 .5 7 B96 •

o • .o(lO • • • • • 0 *12 7 B'6 , • , • •
• DC 3127 5 89
• DBC 327 5 89A

A DB C 37 5694-. A D B C 37 69 A
0.500 • • • • .' 08 'C 37 6 '5 A , , • • ,

• DB C 327 9 SA
• DB C 3629 5• DO C 6 9 75A. 'DB C 692 7

0.600 • • • • • 'DA C t.32 A57 • • • • ,
0 'C B9 3245 7
BO CA 8953425 7

BDC AB9 6A5 7. ..._-- B 0 AO 462 7
0.7(10 • * • • • • BC D 8 *453 t , 7 • • • •

C D B 9' 326 7
CB 0 849A32. 6 7

C B DB 9A 2 6 7. C B DB 9A 0 7
0.800 • • • • • C' • 5 DB 3* 6 • • • • •

C B 083 • 7
C 5 B D,B '9 7 6
C 5 B D32A 9 7 6. C5 BDA •• 9 6

0.900 • • • • • C • DB 4A 8 , 6 • • • • •
5C D2B 117 B 9 6
5 C 02 A1;:1A e 9 c
5 D 20, 7 e. B9
5 D3C 7 e A 89

1.0('0 • • , • • 50" • C7B 6 • • • • • •
03.11, 2 C 7B6 A9
OA]5 C7 98

0 2 5 6B C7 98. "012 68 C 9784

I.tOD • • • • • • 0"12 68 5 co B7A , • • • •. • 3D 1266 59C e A7. • 301286 9C 8 A 7
• 3D()2 6 9 C 5 4 7
• 3aD2 69 C SA 7

1.200 • • • • • • • 83 02 0<8 AS , • • , •
A 8 3 0 C. 0 • 57
• B 3 DC9 C A 75
• B 3C209 A7 5
• 8 C3 09 7 6 5... .. ..•.." ...........................................................................................................................................

Fig. 6.30 (With Governor)

,~;;-r I-=KAPT41

8=SIODIRGANG

2=S(K~LBAHA

9=GHORASA.L-132

3=H"L 1 SHA HAP

A=GOALPARA

4=ft.SHUGANG-132

B=E\HERA~"'RA

5=SHAhJIDAZAF

c= SOCRA.

.{>= AS HUGANG-~ 3r

D=SAIOPUR

7=GHDRAS4L-23(

L • _ •
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';,"

Fault Driving point & transfer Mode of Result with Governor action
No. Admittance Impedance CB neglected considered- ~_operation

A Stable Stable
1 B Stable Stable

C Ghorasal-230 Stable
unstable

A Bog;a unstable Bogra-
B Bogra Said- unstable

2 V &
pur unstable Stable

C Bogra unstable Bogra
unstable

A Stable Stable
3 ..:::..,.jI B Stable Stable

C Stable Stable

A Stable Stable
4 V- B stable - Stable

C Stable Stable

;'
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CHAPTER 7

SUGGESTIONS AND CONCLUSIONS

7.1 SUMMARY AND CONCLUSIONS

In this study the interconnected grid system of Bangladesh

Power Development Board is studied for 3-phase faults of differ.

ent types with three MODE of circuit breakers/Autoreclosers

operations. Transient stability study by using driving point

and transfer admittances is very fast and convenient. The trans-

fer and driving point admittances is obtained by reducing all

the physical buses of the network except the ficticious buses

at which machine internal voltages are connected. The reduction

of physical buses is done by matrix node elimination method.

Some assumptions have been made in this study. These are:

(1) Damping is assumed same and constant for all the machines.

(2) Each machine in the system is represented by a constant

reactance ..(direct axis transient reactance). in series.

with a constant electromotive force (voltage behind the

direct axis transient reactance or internal.busvoltage)_

(3) The .governor and turbine time constants are assumed values
as suggested in different books.S,13

The four different 3-phase short circuit (sustained and

unsustained) at four different locations which are studied in

this work cover all types of major disturbances such as load

rejection, generation rejection, loss of transmission facility.

The swing equations are solved by Rungee-Auttafourth order

approximation & printed by the computer.
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The computer program given in the Appendix is very effi-

cient with less human intervention and this generalized pro-

gram can be used for any power system network. In order to

reduce computer storage requirements. nine different COMMON

statements are used to share the storage by the main program

and different SUBROUTINES.

The calculation of driving point and transfer admittances,

driving point and transfer impedances for post-fault, during

fault and prefault conditions and plotting of the swing curves

after calculating the swing equations is automatic. Calculation

and plotting can be made by taking or neglecting the governor

actions for any machine by the same program with simply

IGVORN = 1 or IGVORN = 0 'respectively.

By a single computer RUN, any number of faults of differ~~~

ent or same type at any location can be computed for any .num-

ber of circuit breker/Autorecloser time setting.

7.2 SCOPE OF .FURTHER RESEARCH

In this study we consider that the internal voltage magni-

tudes of the machines remain constant during transient period.

But in the actual case the voltage magnitude in much reduced.

In actual practice the exciter control system comes into play

and increases the excitation and hance the excitation voltage.

So, in order to obtain more realestic results, the effect of

exciter control system should be taken into consideration. Fur-

:. :- :t.- ."



•

142

ther extension of this work can include the effect of excitation

control. By including another SUBROUTINE with the computer pro-

gram given in the appendix, the effect of excitation can be tak-

en into consideration. Through this SUBROUTINE the magnitude of

the voltages will be calculated by solving the set of different-

ial equations representating the excitation control system and

the modified internal voltage with time should be used for sol-

ving swing equations.

In this study it is found that the machine at Kaptai, Sik-

albaha and Halishahar power stations oscillate almost together

in the same manner with other machines of the system; So in

future studies these machines can be grouped together and re-

presented by a single equivalent 'machine with equivalent inertia',

constant.

Machines of Bogra and Saidpur also oscillate with smaller

relative angular displacement between themselves. These machines

also may group~d together.
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~

PRllGRnMME TO SHOW TR~NSIEtl1 !T~BILITY RESPO~lSE *
~ DIJE TO 3-PHnSE TO GROUND FnUL'r ~T ANY LINES Sa~:NECTIt!G THr •
~ RIJSES OR AT ANY BUS OR DUE TO !UDDE~l LonD REJECTIDtl ~
*-----------------------------------------------------------------*
• PRUGRAMME DEVELOPED BY MD. EASIN KHAN •
* LECTURER. DEPT. UF EEE. FOR M.SC. 'rHESIS UNDER T!~E ~
* SUPERVISION OF DR.JAHALUDDIN AliMED ~*-----------------------------------------------------------------¥

INTEGER STB1JS.EtlllBUS.ST.ENO.SB.ER
DIMEN~JON STBI,JS(?O) .ENDBIJS(?0) .1(150) .00(15. 150) .PSC10> .nC(1S).

+THE1Ai (1 ~\. 1:i). THETrY2( 15.15). V( ; S'. i50) . nEL( ; ~,i ~:;':':).t'JV(3(.\~. E(:-!(:':.
i,BIR(15.15).CZR(15.15,.H(13) .NAME(100.3) .HS(100) ,ME(4001.SH(100),
+EX':'~OO) .DIF:( 15. 1~=;). THET(~3C \5, ; 5). D\!( 15.150). (',='1, i5:
CUMF'LEX YLD(36) .AMTXK(13.13) ,PR1 (13) .GCUR.

+ZU 90). YL( 90) ,BU36: .BV(36) ,BII~1 (13.13) .CZf=:i (,::! .13~ ,DZF:1 (13.13),
+AMTXLC;J.36) .AMTXLT(36.13) .n(36,36) .Y(36.72) .TLO~D.FLonn.XD('3)
COMMON /~NGLE/ DEL
COMMON IEn21 GRnp(2000) .~EK.PCODE
COMMON IEA11 E.~~.NG
COMMON /EA41 TT(13) .TG(13) .DCC13: .BTi(~3) ,R(13) .PCMAX(~3).

+IGnVRN(1j) .X3(i3) .X4(13)
COMMON IEA31 V.DIV,DT,F.WO.CON,DD,DV
COMMON IEASI MS".M[.SM,EX
COMMOtJ /E~6/ NAME.KKM.IFnULT.IFB1 .IFB2
COMMON lEA?! PGRC15.150)
COMMON IE~81 A.Y
REnVt1 ,1(1) LBLJS,NG ..NLB

101 FOF-:MAT(3I2)
F:Er,D (1 ,5") «( t-U~IME( I . J) . ,J== 1 , 3) . I""; . LBU~ )

5" FORMAT(6(3A4»)
F,E:(iD •..; . 103) (STBUS (1) . EttDE:US (I) . ZL (I) , '-(L (I) . 1==1 ,r,ll!:-:)

,0~ FORMAT(~J~.4F6,1)
i~1 FOF:MAT(12Fl').1)

FiEAD(1 ,1:1) (BV( I) ,HL(I). 1=1 .LBU'::)
r::EAD( 1,991) (F'!;:1 (I) .H(I) ,XD(I). 1:::1 ,~lG)

99i FORhAT(iOF6.3)
F:EliD ( ; . 1 ~9 ) CTT ( I ~ . TG ( I : . DC ( I ) , BT 1 ( I ) . F: ( I ) . F'CritlX ( I ) , Ie OVF:.t-H 1) .

+1:=; .N(~)
LTSU~::::LBUS+NG
NL=::NL.f:+NG

i 129 FORMAT(6F10.5.I2)
1002 FOf.:~,f\T( " '/////T57. "., * ~ T t, B L E - 6 ¥- 'J': .:'" '1//

+41X, '* ~ * L!NE PARAMETER FOR THE ~YSTEM UNDER STUDY ~ ~ ~'/!!.
+i8X.i00( ,~, )11.T20. '~E:r-nr.d_ '.
tT45. 'BU~ CODE' .T62. '1_!NE IMPEDANCE .:95. 'CH~RCINC nDMITT~~!CE '
+(.T22. 'NO. 'T17. 'F'-O'.T72. 'ZL-PO-' .199. 'YL-F' ~ YL-C
+ '/.T73.' (PU)' .T1C'3,' (PU) 'l/i8X.~C"2( '-' ":
FORMATI/20X,J~.145.I2. '-'I2.T65.FS.5. '+J'F8.5.T91.F8.5. '+J'F2.5:
F'I~:1 NT <'l07
'FOF:MAT('1'.//T5{;,'T ,":, B L E - 5 '/TS"S",15('-'}//T-11.'". ,'" ~ \!\~l_,T(',[E
+& LOADS OF DIFFERENT BlJSES K ~ *'/!T30.68( '-' )//T31. 'BUS' .13? '?U~
~ ". T57, 'BUS VOL T't,GE' . T81 . '---BU.<;' LOAD---'-'. /, T2~ . 't-!Q. ' . :39, '!'lr':!"!E' .
+T54. 'Mr-.GNITUDE' . T66. '(H-IGLE' . TBi. ',lit,)' ,T91 , 'Ml,lt,~:' . /T5/~. '(F'!..J;' , . T6S.
+ ' (DEG) , /T30. M:H '-' ) )
TLU;,O= (0.0.0.0)
DO A03 1==1. Lnu:.;
FLO(U)=BL (I)
TLOAD=FLOAD+l-LOAD



,,
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I
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'403 r'lUNf 404.r,{NAMEC!.J),J-=1.3l,INCl),FLOAD
404 FORMATe/,r3i .I~.T37,3A4.T54,F6.4.T65.F7.3.T79.F6.2.190.F6.2)

F'RINT 410, TLOAD
410 rORMATC/,T30.68( '-' )/.T62. 'TOfnl. LOAI) ~ '.T78.F8.3.T8?F8.3)

CON=180./3.142857
DO 5/ji 1=1. L[(US
Vl:::-F;[AL(BV(I) ~
'/2={',H1(.,{; (HV (1).'
Vl=V1.COS(V~!CON)
V4==V1*SlNIV2/CON)
BV(I)=CMPLX(V3.V4)

501 CONTINUE
DO 255 I::::l. LBUS

255 DL(I)=BL(I)/100.0
DO 552 1=1. LBUS

,552 YLD(I)=CONJG(BLCI»/(CABS(BV(I»**2)
DO i001 1=1.NG
GCUR=CONJGCPR1(I»/CONJG(BV(I»

iOOf BV(I)=BVCI)+GCUR*XD(I)
DT=0.02
F=50.
WO=2.0*3.141593*F
DO 1017I=1.NG
DIV(I)=DT*'WO/2.0)/HCI)
DEL(I.1)=ATAN(AIMAGCBV(I)/REALCBVCI»)*CON
E(I)=CABS(BV(I»
V(!,1)=WO
F'S(I)=F:Et,L(PF:1 (I»

1017 PGR(J. i)=PStI)
F'F::IIH i 003
F'r.:JNT 11, <I, nU:,r'iE(I.J).J=1 ,3) .PF:1 (1:.,£(1) ,['EU!,1 >.ZL<I) .!-I';I).

+1=::1 . !'!G)
11 FORMAT(T25.I2.T3t ,3A4.T47.F5.3.T56.F5.3.T69.F6_4.T78.F6.2.

+T89, F3.1 , '+J' F7.4. T106, F7 .4//)
PF::INT .10',1

401 FORM,"IT<1X.T25.89( '-' )/)
i003 FORMAT("'.////T,:,5.'T()BLE-7'/~X.T64. C?('-')///T'!<;:.'~:.~? \}OLTt": E 1:'

+ACK OF TRANSIENT REACTANCE OF MACHINES * ~ * '!/!T~5,89( '-')//
+T:5, 'BUS' .T33. 'DU~' .T47. 'TOTAL CENARATION' .168. '!NERNnL VOLTAe
+.T90. 'EQUIVALENT' .1106. 'INETIA' .1,T25. 'NO.' ,133. '~!~ME'.T~7. 'RE L'.
+153. 'REACTIVE' .167. 'MAGNITUDE' .T79. 'nNCLE' .191 . 'PEncrnMCE' ,Ti0
+'CONSTANT' ./.T47. 'pown:' .T54. ')='mJE!:;'!.T'1? '()='U)' .T51 .• (!-'!J) •
+T69.' {PU)' .T79.' ':DEG)' .T93.' (PU)' .T25,89( '._')./l!
F'RUH 1002

914 PRINT 1004. (I.STBUS(I) ,ENDBUS!'I).ZL(I).YL(1) .!~1.MLB)
F'IUtH 41)2

A0? FORMAT ( i 9~-:. ; 00 ( '--' ) I)
no 9':;0° J=1. rJG

9909 DEL!I.' )=DEL(I.1 )/CON
F:E,;n (1 .1006 H'lDATi"l
l< 1( 1 =,

195 CONTHWE
RE~,D( ; .153) IFB1 . IFB2, 1F{;lJL T .1(rlL. F'CDDE. FCT1 . FCT:2. FCTZ. TM
no 503 1=-1. NG
DO 503 J= ~ . N\--;

503 AMTXK(I.J)=(0.0.0.0)
DO ,'J00 !=1. r.~G

600 M1TXI{(I. I)::=:t .0/XO(1)
1]>0
fU<M~-~

190 Tlc::II+1

'.
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'1

I
609
608
4

77

900
972

~,

DO 306 1=1. NG
DO 306 J:-::1.lBUS

]06 AMTXLCI.J)=C0. ,0.)
DO 506 1=1, NG

-to '506 AMTXL(I.I}=-1.0/XDCI)
DO 8 1=1,LBUS
DO.S J=1.LBUS

8 A(I.J)=CO.0.0.0)
no 700 1=1, NLB
N1=STBUSCI)
N2=ENDBUSCI)
A(N1.N2)=-1./ZL(I)-l-A(N1.N2)
A(N2,N1 )=A(N1 .N2)
ACN1 .Hi )=Yl(l)+ACN1 .H1)
A(N2,N2)=YL(I)+A(N2,N2)
DO ,SOB 1= 1 . LBUS
A(I.I)=ACI.I}+YLDCI)
DO 609 J=1, LBUS
IF(I.EQ.J)GO TO 609
ACI,I)=ACI.I)-ACI.J)
CONTINUE
CONTINUE
FORMAT(4XIII14X; 'MATRIX FROM GIVEN DATA ns FOLLOWS'

+ 1/14X,5(1X. F9.4. '+J' F9.4 )11)
DO 77 1=1.NG
A(I.I)=A(I.I)-AMTXL(I,I)
GO TO (900.901.902) .11
GO TO (606.972.972.972) .IF~ULT
1<1=0
DO 316 1=1. LBUS
IF(IFB1.EO.I) GO TO 3t6
KI=KI+1
KJ=O
DO 31 8 J= 1 . L BUS
IF(lFB1.EQ.J)GO TO 3t8
t<J=KJ+1
A (K I. I{ J) =A (I . J)

318 CONTINUE
316 CONTINUE

Kl=0
DO 320 1=1. NG
IF(I.EQ.IFB1_)GO TO 320
Kl=K1+1
KJ=0
DO 322 J=1. LltUS
IFCJ.EO.IFB1 )GO TO 322
1<J=KJ+1
AMTXL(KI.KJ)=AMTXLCI.J)

3.':'':' CONTINUE
320 CONTINUE

LBUN=LBUS-1
GO TO 902

'7'01 GO TO (1936,1 ?36, 607.903) ,IFr.UL T
606 A1=0.5

GO TO 1010
1936 A1=1.0
1010 A2=FLOAT(KNL)

A(IFB1.IFB1)=A(IFB1.IFB1 )+() IFB1.IFB )*Mlf\2
A(IFB2.IFB2)=A(IFB2.1FB2)+A IFB1 .IFB )~n1/n~
A(lFB1.IFB2)= •...,(IFB1.IFB2)I':( .O-~.0/() )
ACIFB2.IFBf)=A(IFB1.IFB2)

-
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LBUN=LBUS
GO TO 902

607 DO 1r/1 1=1. LBUS ..t<

191 A(I.I>=A(I.I)+A(I.IFB1)
GO TO 972

903 A(IFFJ1.IFB1 )=Ii(IFB1.IFB1 )--YLD(IFB'!)
LBUN=LBUS

1006 FORHAT(I2)
153 FORMAT(412,5F4.2)

2 FORMAT(10X. 'YLD~'113X .6(F9.3. '+J' ,F9.3»
902 DO 310 1=1,LBUN

DO 310 J=1,NG
AMTXLT(I.J)=~HTXL(J.I)

310 CONTINUE
CALL ~INMTX(LBUN)

106 FOF:MAT(',!'.4X,//I' HJVEF:SE Mr"ITF:IX'111(eX.6( F8.5.'+J'F 8.5.2X
+) ) )

DO 981 1=1. LBUN
DO 9B1 J=1.NG
Y(I.J)=(O ..0.)
DO 981 K=1. LBUN

981 Y(I,J)=Y(I,J)+ACI.K)¥AMTXLTCK.,J)

DO 945 1=1.NGDO 945 J=1,NG
A(I,J)=(0 .. 0.)
DO 945 K=1. LBUN
AAA=REAL(AMTXLCl,K»
B=AIM~GCAMTXL(I.K»
C=REAL!(Y(I{,J»
D=AIMAGCY(I{..J»
IF(ABS{AAA).LE.0.1E-55)AAA=0.
IF(ABS{B).LE.0.1E-55)B=0.
IF(ABS(C).LE.0.1E-5S)C=0.
IF(ABS(D).LE.0.1E-5S)D=0.
AMTXL(I,K)=CMPLX(AAA,B)
Y{K,J)=CMPLX(C,D)

945 A(I.J)=A(I.J}+AMTXL(I,K,*Y(Y..J) •
c ===========================================================

DO 33 1=1,NG
DO 33 J=1,NG

33 ACI.J)=AMTXK(I.J)-A(I,J)
GO TO (904.104.905) ,II

904 DO f05I=1,NG
DO 105 J=1,NG

105 BZF:i<I.J)=A(I.J)
KK1=KK1+1
GO TO 190

1.04 DUMY=1.
DO 109 I=i.NG
DO 109 J=1 :NG

109 CZR'C!.J)=A(I,J)
108 FORMAT(' l' . 4X, II, T58. 'YHUS DURING FIiULT'I. T57 .19('-' )/.T25. 'FAULTE

+D BUS IS '3A4.T99. 'FAULT TYPE ='I2/T24.28C '-') .T9B.16( '-')/.5(1QX.
+'MAG' .3X, 'ANGLE')/3X.126( '-' )11.5(1X, 'Y{'I2.'. '12. ')='r-S.2.FS.2)/)

151 FORMAT{ '1' .4X,II,TSO. 'YBUS AFTER CLEARING THE FAULT'/,T49.31 ('-')/
+,T25, 'FAULTED BUS IS '3A4,T99. 'FAULT TYPE ='I2/T24.28< '-' ).T98.16(
+'-')/.5(t4X. 'MAG' .3X, 'ANGLE') '/,3X.126('-')
+11.S(iX. 'Y( '12,'. '12, ')=' .FB~2.F8.2)/)",=",+, I .

I
I -



, 8

26
24

32
j3
907

,O
12

GO TO 190
DO 906 1=1. NG
DO 906 J=1. t-I'z,
DZR1(I.J)=()(!,J)
1(1 ):::0.0
DO 1018 1=2.150
T(1)=1(1-1 >.+01
JS=1
X1=FCT3/DT+2.5
IR=X1
Xi =Fen IDT+2.5
JE=X1
X1=FCT:?:/DT+2.5
IS=X1
X1=TM/DT+1.5
IE=X1
DO 1019 i=1,NG
DO 1019 J=1.NG
BZR(I,J)=CABS(BZR1(I.J»
CZRCI,J)=CABS(CZR1 (I,J»
IF(REAL(BZR1(I.J».NE.0.0)GO TO 10
IF(ABS(AIMAG(BZR1(I,J»)-AIMAG(BZR1{I.J»)26,26.24
THETA1(I.J)=3.141593/2.0
GO TO 12
THETA1(I,J)=-3.141593/2.0
GO TO 12THETA1(I,J)=ATAN(AIMAGCBZR1 (!,J»/REnL(PZR~(I.J»)
IF(REAL(CZR1 (I.J).NE.0.0)GO TO 13
IF(ABS(AIMAG(CZR1 (1,J»)-I'tIMAC(CZF:1 (I.J)})31.31.32
THETA2fI,J)=3.14'593/2.0
GO TO 907
.THETA2(!!,J)=-3.141593/2.0
GO TO 907THETA2(I,J)=ATAN(AIMAG(CZR1 (I.J))/REAL(CZR1(I.J}})
DZRC I. J}=CABS(DZR1 (I. j»
IF(REAL(DZR1CI,J}).NE.0.0}GO TO 908
'I F CABS (In MAG(DZR 1 ( I , ~I) ) ~-A I Mr:;G( DzF: 1 ( I ,.J ) ~}909 ' 909 . '71 0
,THETA3(I,J)=3.141593/2.0
JGO TO 1019
:THETA3(I,j)=-3.141593/~.0
GO TO 1019

908 ,THETA3( I, J}=ATAN (AIM~,G (DZ1~:1(I, j» /F:EAL(DZF:1 (I, J»)
1019 CONTINUE

H=O
DO 18 1=1,NG
DO 18 J=1.NG
IFCABS(BZR(I,J».LE.0.1E-40)CO TO 18
ti=M+1
MS(M)=!
ME(M)=J
SM(M)=BZF:CI.J)
EX(M)=THETA1 CI.J}.CON
CONTItJUE
PRINT 108, CNI',MElIFB1 ,j} .J=-:1 .3} .tF('\ULT.(M~(I}.ME(I) ,~M(!} ,EX(!).!::::1

+.M)
t1=0
DO ~2 1=1, tlC
DO 22 Jf1.NG
IFIABS(FZRCI,J».LE.O.1E-40)CO TO ~2
M=H+1 IMSlM'=II. .

I

910

909

906

905

10\8

•



i

I

)

j

ME(M)=J
SM(M}=czrdI,J)
EX(M)=THETA2(I,J)~CON

22 CONTINUE
PlUtH 151. (NAME~IFB1 "J),J=1.3) ,IF(\ULT. eMS(I) ,MECI) ,SMCIl,EX'!) ,1=-=:1
+.M)
LEA=1
DO 1088 I=1.NG
F'S{ I) :;;F:EAUF'F:1 < I»
X3(I)=F'S(I)

1088 X4(I)=F'S(I)
I{EIC=1
CALL SWING(JS,JE,BZR,THETA1 .LEA)
LEA=2
CALL ~WING(JE.IE.CZR.THETn2.LEA)
F'lUtH 344
DO 341 1::1. IE
.00 342 .J::1. NG
AC(,J)=V(J.I)

342 AB(J)=PGR(J,I.)
341 F'RItlT 343. Te I). (ACC J). J=1 . NG). (ABCJ), .1=1 .NG)
343 FORMAT(1X,F4.~,2X. 'SPEED'13(F8.2.1X)/T8. 'POWER'13(F8.2,1X)
340 KK=0 '

F'F:HH 1022
DO 1020 1=1. r'E
DO 1021 J=1.NG
KK=KK+1
AC(J)=DEL(J.I)*CON

10:1 GRAF'(KK)=DELeJ.!,*CON
.1020 ~JRITE(3.1023) T(I).(AC(.J).J=1.NG~
1022 FORHATC"'1/1X,T50.'DATA FOF: TIME '.IS. M!GLE(DEG)F'LOTTING'/1X.

+T49.38e'-' )II1X. 'TIME" .T12. 'KAPTAI' ,T21. 'SIIUd_-' .T30. 'HALI-',
+ T39, 'ASUGANG':. T48, 'SHr-,HJI -' . T56, 'tLS'UGANG' . T 65 .• GHORASAL' ,
+T75, 'SIDDIF~-,'.T84, 'GHOF:A-' .T93. 'GOAL-' .T102, 'BHEF:()-",
+Ti~1, 'FlOGF:A' .T119.'Si~IDPUF:'/T21.'BAHA' .T30.'Sf.'d-lt-lR' ,T40.'-132-'.
+T48. 'BAZAF:' ,TS7,' -230-' ,T66. '-230-' . T75. 'GANG' . T84. '"St1L-~ 32' .
+T93. 'PARA' .T102. 'MARA'II)

1023 FORMAT(iX.F5.3.2X.13(F8.2,1X»
344 FORMAT('i'/I1X.T50,'DATA FOF: SF'EED VS. F'OlJEF;(F'U) F(}f: GOVEr::r'10F: I"CTI

+ON'/1X.T49.50( '-' )//1X. 'TIME' .T15. '~AF'TA!~.T25. 'SIKAL-' .134. 'HALI-
+' .T41. 'ASUGANG' .T52. 'SHAHJI-' .T6'. 'ASUGANG' ,T70. 'CHORASAL'.
+T79. 'SIDDIR-".T88. 'GHORA-' .T97. 'ConL-' .T!06. 'PHERA-'.
+T; 15. 'BOCr::t",' ,T124. 'SAIDPUF:' /T25. 'BnHA' . T3~ . 'S()Ht,F:' . T42. '-~ 32-' .
+T52. 'BAZM:' .T62.'-:'30-' .T?1. '-230-' .T9(). 'Gf"lNG' ,T89. 'S;-;L-~3':'.
+T97. 'PARA' ,T106. 'MARA'I/)
J5=IE*NG
CALL GRnPH(J5,DT.NC)
LEr)=3
DO ;090 I=i .NG
F'S( I )=REAL(F'F:l (I»
X3(I)=PSCI)

1090 X4(I)=PS(I)
CALL SWING(IS.IE.DZ~.THETn3.LEA)
PRINT 344
DO 346 1=1. IE
DO 347 J=1,NG
ACeJ)=V(J.I) I

347 ABeJ)=PGR(J.I) I
346 F'F-:HIT 343.T(IJ.(ACeJ) . .J=1.NG).((:IB(J).J=i,l'!G~

345 1{l(=O I
F'RINT 1022

i



01:

00 ~08' T=i ,IE
DO ; 0132 .J:::1 . t-le
Kv':::;I<I{+i
AC(J)=DELCJ.!).CON

1082 GR~P(Kv'}~DEL(J.lj*CON
i08~ PRINT 1023.T(I' .Ud:C,J) .J""'; .1'IC~

J5=IE*NG
(:ALL GRAPHtJ5.DT.NGI
DO ~09i 1=1,r-!G
PS (I) ~"F:Er,l (F'F: i (I) )
X3(I):::PSCI)

1091 X4(I'=PS(I)
~:n:=5CALI_ SWJNG(lS.JR.DZR.TI'~ET~i .LE~)
CALL SWING(IR.IE.CZR.THET~~.LE~)
f'F~HlT 341\
DO 3-48 T=;. IE
DO 31\'1' J::: i .l~G
AC(J'=V(J.I)

349 AD(J)=PGR(J.Il
348 PRINT 343.1"(1). U:"C(J) .J=; ,r-IG). (,A.,B(J) . ..J-::i;.r-1G)

350 Kl<=O
PRINT ;022
D091iI=1,IE
DO 912 J=; .;.lG
I{K=K~:,H
AC(J)=DEL(J,Il.CON

912 GRAPCKK)=DEL(J,Il*CON
911 F'F:HlT ~(,)23,T(I).('~IC(J).J=1.t,![)

J5=IE-!('1'-1G
crilL GF:flPH ': ..15. DT , riG:'
IF(KK1 .GT.(2*NDATfl»)GO TO 1005
GO TO 195

1005 STOP
FNI)

\.
~,~

i:.~



. 'SU8ROlJl'IN( SWlNC(lS.I[,l.~l,r.L[n)
DIMENSION Z(;5.15) .Al.F"(15.,S) .DEl, (1~}.1~)O) ,£(:50) .nJV(jO).
1T( 150), OD( ,5,150), \,1( 1~ .150). I)V( 15. tjO) ,P~(30) .tl(\M[( 100 .3).
lMS(400).MEI400) ,SM(400) .EX(400)

COMMON IEAtl E,PS.NG
COMMON IEA~I GRAPe20(0).KEK.PCIJDE
CI)MMrll~ IEn31 V,DIV.Dl'.F,Wn.CON.DD.DV
COMMON lANG LEI DEL
COMMON I£A41 TT ( 13) , TG (13) ,DC (13) . BT\ (13) . F: (13) . PGMr.X (13) .

+JGOVRN(13) ,XJ(13).X4t13)
COM~ON IEA51 MS.ME.SM.EX
COMrlor~ lEAl I PGr.; (15. 150)
COHMON IfA61 NAME. KI(M. IFAULT. IFB1 . IFB~

8 FORMAT('1' ,4X,IIT5B. 'Z-BUS DURING FAUI_T 'j'rS7,20( '-' )/,T25. 'FAULTE
+D BUS IS '3A4.199, '~AULT TYPE ='I2/T24.28( '-') ,T98.16('-')1
-f .~)(14X, 'Hr,G' .3X, 'ANGLE')/,3X,1:~!.,( '-'»)

9 FOF,MAT( 't' ,'lX,IITSS. 'Z--BlJS AFTEI~: cu=.:riF:H1C THE Ff'lULT'/T5'l,32( '-')/.'
+T~5, 'FAUl.TEo BUS IS '3A4.1'99. 'FAUL.T TYPF ~'I2/124,20('-'),T98.16t'
+-' )I ,5 e 1 4X, 'MAG I .31,. 'ANCLE ') / . 3X . 1 26 ( ,._, ) )

F'I--l!"-'3.141593
DecO.01
IF(K[I(.EQ.5) GO 1'0 100
DO 190 I~' \ . NG
DO 190 J:::1.NG
IFCI-J)191.192.191

191 ALPCI,J)=(PHI-ALP(I,J».CON
CO 10 190

192 ALP(I,J)=-ALP(I,J)ACON
j 90 CONTINUE '"

GO TO (5,6,7).LEA
5 PRINT 8.(NAM£(IFB1 .J).J=\ .3) .IFAUlT

GO TO 10
6 PRINT 9, (NAMEtIFD1 .J).J=1 ,3).IFAULT

GO TO 10
7 GO TO 11

jO M=O
DO 12 1=1.NG
DO 12 J=1.NG
IFeABS(ZC] .J»).LE.O.1E-40)GO TO 12
M=M+1
MS(M)=]
ME(M):::J
SMCM)=1,(.)IZeJ ,J)

EX(M)=ALPC1, J)
,2 COtHINUE •

F'F:INT 14. (MS( I) .ME( I) ,SHe I). EX( I >. I~i ,M)
14 F01~MAT(J1X.5(1X. '7('12.', '12. I )='F8.2,F1L2)/)
11 DO 15 I=1.NG

DO 15 J=1.NG
AU.' ( I .. J) =PIH /2. 0-'{'1LP(:£ ,J) ICON

t 5 cotnINUE
c = == =====================c= = = = ===== == ce== == 'co, === == ==== =,,-
100 DO 201 I{=IS, II:

DO 202 1=-"1. NG
~1=(V(I,K)-WO)*DT
U-lLL TELEce1,0.0. PM.rlLF'. Z, Ie,Xtd
Y1=XA'llDIV(I)
B2=CV(I.K)+Y1/2.0-WO)xDT
X=B1/2.0
CALL TELEC(I,X,PM.ALP,Z,K.XA)
Y2=XA*DIVCI)
B3=CV(I,K)+Y2/2.0-WO)*DT
X=fl2/2.0



l

, 202
: 201

; 'I i 1

, ,,,
IL

2.03

CALL TELEC ( I ,X, PM, t.LF', Z, I( ,XA)

Y3=-Xt"\l.DIV (I)
B4=(V(I,K)+Y3-UO)ftDT
CALL TELEC(I,B3.Pt',~LP.2,K"XA'
Y4=XAftDIV(I)
DV(I,~)=(Y'+2.0ftY2+2.0~Y3+Y~)!6.0
DD(I.K)=(B1+2.0~B2+2.0ftB3+B1)!6.0
V(I,K+1)=V(I,K)i.DV(I,K)
DEl( I . K + 'I ) ;",nEL< I , !< ) + !:'D ( I ' K )
IF[IGOVRtlCI).NE.')CO TO 202
cnLL GOVERN[I,K)
rr,F:(I.K+1 )=-PS(I)
CotHINUE
r.:ETUF:N
END

SUBROUTINE TELEC(l,DX,PH.ALP.Z,K,Xn)
DIMENSION DEL(15.1501 ,ALP(iS,1S) ,[(30) ,2(15.15) .PS(30)
COMMON lEAl! [,PS.NG
CQi'--'MDtJ /[(,4/ TT( 13), TG( i 3), Dec 13;', PT1 ('\3) .F:( 13) .F'CMtIX( 13).

+IGOVRN(13) ,X3(t3) ,X~(13)
COMMON JANGLE/ DEL
F'M=0.0
DO 203 J=1. NG
IF(I-J)11',1i2,"1
DE=DEL(I.K)-DEL(J.K)+D~
PM=PM+E(I)*E(J)*Z(I,J)~SI~I(DE-nLP(I.J»
GO TO 203
I~NG=ALF' (I ,J)
Ph~PM+E1I)*E(J)*Z(I,J)*SINCnNC)
CONTINUE
Xtl=F'S(I)-F'M
PETUFW
END

:, ..

-,
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/, .

8

7

77

666

888

777

j

504

503

505

2
604

SUllI,()U 11 NE GI;:f11'H ~,.IS, In . N)
nlME'N.\'I(Jr~ T(1~jO) .Nr,ME<100.3) ,I.F'(13)
CnMM[lf~ IE(.,~/ G.u",P (:~OOO) ,I([I( ,f.'CODE
r:lJMM( Jr~ / rAt,; t-MML:- .. f( I( M . 1 H',UL 1 . 1.Fn 1 , 1 n<.~
iNTECEr.; !H.AtH{. nDT ,S'l I'll.; (1 ~~) . L HIE (12 t ) . ~T
I)(.;T(, DL f'dU( , SOl Ah" I DOT. Sll I '. I 1 ' . ' ~~' . I 3' . '4' .• 5 •. ' 6' , '7' . I 8' , • 9 I •

+'t,', '1.(', 'C'. 'I)'.'.'. ''''-'I
HJI",ht',T ( , 1 ' ,1"4~;. 'Gl:;;t,PH For.; lJNSlJST~UNEl) F('I\.JLT WITHOUT (HJTOF:ECU)SD~'

i-/. 1'44.50 ( • -,' ) /, T49. 'I':EFFERENCE MACHINE 9 IS GfJOV.;ASIiL-132' /.1411,
+30( '-' )//115, '3,-PHAS[ FAIJLT BE1'WEEN 'ZA4,' ~ '3A4.' LINE AT '31i4.'
+ END' .TV? 'FAULT TYPE ='I~ /T1~,76( '~').T96.16( '-')//163. 'ANtLE IN
i'D!~CI\r:E'/r62.17('-')

F'()f~Mt,T(' 1'. T17. 'cr:(.',F'li For;: SUSTtdNED F{][JLl CLEfI!~EJ) AT 8 CYCLES LATE
1R.RECL.I)SrS AFTER 28 CYCLES t THEN OPEN f1FTER 36 CYCLES'/T1B.
i)06(' ')/r'l5"'r::r~~TE:r::E!'ICE t1ACHINE 9 "I~' CHDF:flS(',L-13:'! '/T4B,38('-')/1
+T15. '3-PHn~E FnULT BET'WEEN '3n4,' \ '3A~,' LINE AT '3n4.' EN!)' ,T97
+, 'FAULT TYPE ~'I~ IT1~.76( '-') ,T96.16( '-')//T63, 'ANCLE IN DECREE'I
+162, 17( '-'))

F"Dr~M,'n(' 1', TI:O. 'CF:(',F'H Flm FAULT CU:O.:ED (IT t: CYCLES LATer:; t, f=:ECLD.":'
'IE ,~rTEf\ :'~8 CYCL[S'I.T3<J.,~II("")//.T53.'f~[FFEF:ENC::: MflCHHn: ~J IS GHO
+R{)SAL-132'/.T52.38( '-')//1"15. '3-PHASE FAULT BETWEEN '3{]~,' L '3A~.
+' LItlE AT '3A"I, , END'.T97.'FAULT Tn'E :--::'12/T1"\.76('-'),T96.16('-')
+/1163.'At~C;LE IN DEGF:E£'/.T6:!.17('-'»

FrH~Mt-ll ( '1 ' . l4~), 'cr,APH FOR UNSl.IST(',H1ED FflUL T WITHDUT ()UHJF;ECL[).~n:'
+/.1'44.50('-' )/.'"49, 'REFFERENCE MACHINE 9 IS GHORASnl_-13~'/.1~e,
i38('-')/IT15,'3-F.HASE FAULT BETWEEN '3A'I.' ~ '3t,'1, , LINE (')T MIDDLE
i" F'OINT'.T97.'FAULT TYPE ='l::~ /T14.71('-').T96,16('-')IIT6:!, 'f',t-!CL[
+ TN D~GR[E'I"r62.17('-'»

Fill-mAT< ' i ' .Ti 7. 'C;f~r,r.H Filr~ SIISlf'lINED F{lULl Cl[(\j::ED ()T 8 CYCLE~' UiT[
i,R,REClOSES f'lFTER 28 CYCLES & THEN OPEN nFTER 36 CYCLES'/liB,
+106( '-')/T45. 'REFFERENCE MACHINE 9 IS GHORASnL-132 '/T4B,38( '-' )//
+T15. '3-PHASE FAULT BETWEEN '3A1.' ~ '3~4.' LINE AT MIDDLE POINT'.
+T97, 'FAULT TYPE ='12 /T14,71 ('-' >.T96,16('-')/IT63. 'ANGLE IN DEeRE
+1:' IT 62,17 ( '-' ) )

FORMAT ( '1 ' . T40, 'Ch'(',PH FDr::" FAULT CLEARED r,T 8 CYCLES LATEF: b RECLOS
+E AFTER 28 CYCLES'I.T39,69( '-')/I.T53. 'REFFERENCF MACHINE 9 IS GHO
i'RASAI_-132'/.T~2.38( '-')//"[15. 'J-PHASE FAULT BETWEEN '3A4.' ~ '3A4.
+' LINE AT MlDDLE PDINT' ,T,97. 'FAULT TYPE -:::'I;Yl14.71 ('-' ).196.
+16 ( '-' ) I /T63, 'ANGLE IN DECF:EE'I .T62, f7l '-' ) )
FORMATC'" .145. 'GRAPH FO~ UNSUS"fAINED FAULT WITHOU1' AUTORECLOSER'

i/,T44.50('-' )/.T49, 'REFFERENCE MACHINE 9 IS I:HORAsnL-132'I,T48,
T38( '-' )/ITi5, '3-PHASE FAULT en '3(.'111,
+ T97, 'FAULT TYPE ='I~ ITi~.31( '-') .T96,16('-' )//1'63, 'ANGLE IN
+DEGREE'/T62.17( '-'»

FOf.:MAT( 'i' .n? 'GF-:AF.H FOF: S[J~TAHIED Ft,ULT CLEAF:ED tIT 8 CYCLE~ LATE
+R.RECLOSES nFTER 28 CYCLES & l'HEN OPEtf AFTER 36 CYCLES'/TiS,
+106('-' )/T45. 'REFFERENCE MACHINE 9 IS GHORA!AL-132 '/T48,38C '-' )//
+T15. '3-PHASE FAULT AT '3A4,T97
T. 'FAULT TYPE ='12 /Tl~.31( '-' ).T96,16( '-')//163. 'nNCLE IN DECREE'!
+T62.17 ( '-' ) )

FOF:Mr,T( '1' ,T40. '~F:APH FOr:: FAULl CLEt,F;EIl t,T 8 CYCLE! U'lTEF': t. F:ECL.OS
+[ AFTER 28 CYCLES'I.T3?69( '-')/I."f53. 'REFFERENCE MACtfINE 9 IS CHO
~"RASAL-132'1.152.38( '-' )//115. '3-I~HASE FAULT AT '3A4.
+ T97,'FAULT TYPE '""I~.'T1I!.31('-'),T9,~,16('-')
+//T63. 'ANGLE IN DEGREE'j.T62,17\ '-'»

KKM=I{KM'11
IF(KJ{M)1.2,3
GO TO (S03,504.505.50S),II:AUL1
F'RItH 6. CNF,ME(IFB1 .J) .J=1 ,.3). (NAME(IFB2,J) ,J=1,3). (t-lF,ME(IFP.l.J) .J=

+1,3),IFAULT
GO TO 10
PRINT 66,(NAME(IFB1.J) ,J=1 ,3) ,(NAME(IFB2,J).J=1 ,3),IFr,ULT"
GO TO 10

.PRINT 666.(NAME(IFB1 ,J)"J=l .3).IFAULT
GO TO 10 ,
GO TO (603.604.605.605). IFF,ULT I

PRINT 7.(NAHECIFB1 ,J).J=1 .3).(NA~E(IFB2.J).J=1 ,3), (NAME(IFB1 ,J).J=
+1 ,3l ,IFAULT i

I



IAJ TO 10PRINl 77.(NAME(IFB1 ,J) .J::::; .3),(t-lf'lME(lFB~.Jl .J"'"; ,3),IFoULT

GO TO 10
PRIN1777.(Nt',M[(lrD1.,),J==1,3l.1Ft\ULT
cn 'j 0 10
GO 10 C703,704.705.70S),IFAULlf'RINT 13.(NAME (IFE!1 .J 1 .J= 1 .:n , (NAME (IFB~ .J) .J= 1 .3 1 .(Nf'lME:,(IF:.H .J) ,J =

+1,3) .1FAULT
GO TO 10PRINT 1313,(NAME(IFB1 ,J),.1=1 .3).(NAME(IFB2.J),,)=1 ,3),IFAULT
GO TO 10PRINT 888,(NAMECIFBl ,J),J=1 ,3) ,IFAULT
CONTINUE i'!-

For~MAT(3X.'GF:AP=', 6CF;O.4.5Xl/)
ICODE=PCODE
DO 99 1=1,13
LP(Jl=CI-7)*1CODE
':'h:IN" 10S,(lF-CI',I=1 ,13)FORMAT(2X. 'TIME' .1X.I4.T18.14,T~8.I4,T38.14.T48,I4.T58,I4,T67,I4,

+T7B.I4,TB8,14,T98,I4.T108,14,Tt18.I4.T129.13)
TC1 )=0.0
DO 101 J= 1 , 121
LINE(J)=DOT
IF'P=-9
DO 203 1=1,13
IF'P=!F'P+i 0
LINE( IF'P)=ST
PRIN1' 107.1(1) .LINE
T(1)::::DT
FORMt,T(9X,121A1)
DO 103 J=1.121
LINE (.J )=BLANI{
LINE(61)::::DOT
LIMIT=J5
NN=N
.JT=O
MMM=0
DO 11 .J1=1 .LIMJT.N
MMM=:;/'iHM+1
] JI=~
-lM=.J;+8
.JT= ..JT+1
DO i 5 JJ=,J1 . NNA2=«GRAP(JJ)-G~AP(JM»~1 .00+6.0*PCODE)*C120./C1~.~PCODE)+0.5
JS=-Pl~!+ 1
IFLJS.LT .1.OfLjS.Gl.121 )CD TO 19
LINE(JS)=STARCI:II)

19 IlI:=:III+1
15 C(JNTINUt:

NN=NN+N
LINEC,)=DOT
LINECi~,)::::DOT
IFCC-lT/5l*5.EQ.JT)GO TO 110
pJ::HH 102.LINE
GO TO i 06 '

110 IPF'''''-9
DO 204 1=-1,;3
IF'P=1F'P+10

204 LINE(IPP)=-ST
PRINT 107.T(MMM) ,LINE

107 FORHAT(2X.F6.3.1X.121A1)
106 DUMY=LO

DO 16 1=1.12;
16 LINE(I)=BLANK

LINE(61)=1l0T
11 T(MMM+1)=T(MMM)+DT

DO 100 1=1,121
100 LINE(I)=DOT

F'fUNT 108.LINE I
.108 FORMAT(9X.121A1)

PR I NT 104, (ST AR ( I ) . (UdME ( I . .J) . J=1 .3) , 1=1 . t-n
104 FORMAT(IIIT45, '* * * _~E(\NING OF THE conES * it *' ,II______: J

+2X.A1. '='3{~4.2C2X.A1. "=::':!A4.3X.td ."=-':!(14.3Y.,A1. '='211,\)/1)

RETUr,N
END
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SUllRnUl"INE CIJVERNCl.K)
DIMFNSION V(15.1S0),DIV(30).I)O(1~.150),E(30) ,PS(~O).DV(1~.,50)
COMMON IEA]/ V.DIV.DT.F.WO.CON.DD,DV
COMMON IE~1/ E.PS.NG
COMMON /EA7/ P~R(15.150)
CllMMON IEA4/ "T(13I,TG(13),DC(13).Bl'1(13).RC13).rCMAX(13),

+IGQVRN(13).X3(t3) ,X4(13)
AKK=X3(1)-,.O/R(I)~«V(I.K)-.WO)/WO)
(.d,=AKI{-X4(I)
A2=~d<I(-(X4(IHO.5~.A1 )
A3=AKK-(X4(I)+O.5*A2)
A4=AICK-(X4(1)+A3)
~4(I)=X4(I)+(A'+2.0*n2+2.0*A3i'A4)ftDT~(1.0/6.0)~(1.0/TCel»
IFeX4(!).LE.O.0)CU 10 5
IF(X4(I).GT.PGMAX(I»CO TO 6
GO TO 9

5 X4( I )=0.0
GO HI 9

6 X4(I)=PGMAXCI)
9 A1=X4(!)-PS(I)

A~=X4(I)-(PS(I)+O.5*A1 )
A3=X4(1)-(PSCI)+0.S*A2)
A4=X4(I)-(PS(I)+A3)
PS(I)=PS(I)+CA~+A2*2.+A3*2.+A4)*(1./TT(I»*C1 ./6.)*D1
RETUFiN
END

.--_ ..---.~'--

•

I

2

3

400

410
500
SOl

701

SUAROUTINE: AINM'fXCN)
CUMPLEX A (36. 3,'J) .1:1<36.72) . TEMF'
COMMON IEns/ A.D
IH.l \ 1::::1. t-!
DO 1 J:::i. N
ncr .J)=ACI ,J)

Ji =N+1
J~:::2*i'~
DO 2 I=i.N
DO 2 J::::J; . J2.
BCI.J)==(0 .. 0.)
DO 3 1=1. N
J=I+N
B(I . .J)=(~ •• 0,)
DO 610 ~:=1.N
1(F';:::K+i
IF (J(~EO.N)CO TO 500
L=I<
DO 400 I=ICF'1, N
C=CABS (II (I. K) )
D=CADS (IH L. IC) )
IFCC.GT.D)L=I
IF (L.E:8.1()GO TO 500
DO 410 J=K.J2
TEMF'=B ( IC, J)
B(K.J)=BCL.J)
B(L,J)=TEMF'
DO 501 .J=KF'1. J2
BCK,J)=BCK,J)/BCK,K)
IF (LEO.l )GO TD 600
KM1=1(-1
DO 51 () 1=1, KMI
DO 510 J=KF'1.J2
BCI,.J)=BCI.J)-BCI.K)*BCK,J)
IF(K.EQ.N)GO TO 700
DO 610 I=KP' ,N
DO 610 J=KF'1. J2
R(I.J)=B(I.J)-B(I.~)*BCK.J)
DO 701 1=1.N
DO 701 J=1.N
IC=.J+N
A( I "j)=BCI, V.)
F:ETur..;I.j
END \

I
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