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Seventh Semester ation Control & Stability

Time: Three Hours ‘_/\ Maximum : 60 Marks

Answer ALL Questions from PART-A. :
S sstions from PART-B: (1X12 = 12 Marks)
Answer ANY FOUR qucslwns.// on part - A i

| Answer all questions N

a) Define current distribution factor I nits?
b) What is incremental fuel cost and what ar¢ §!
¢) Draw heat rate curve.

d) What s the function of specd governo
¢) What s single area?

f)  What do you mean by load frequenc
g) Whatis shunt compensation?
h) Specify any two equipment u
i)  What is booster transformer?
i) Write swing equation.

k) Define voltage stability.

I) Define critical clearing time.

r?
y control?

sed to control the voltage.

Part - B
2442 Obtain the condition for oplimum OP@‘mLiO“ of a power system with ‘n’ plants when losses are 6M
considered. : ‘ it
b) A plant consists of two units. The incremental fuel characteristics for the two units are given as 6M
Rs/MWh do - 22¢0080G, Rs(nwh da
OB, ek, (e yerrhs (657009 P, R/}
Find the optimal load sharing of two units when a total load of 150 6\/ is connected to the system.
3 a) Derive the transmission loss formula and state the assumptions made in it. | 1 6M
b) Explain the incremental fuel cost curve and incremental production cost curve. 6M
4 a) Explain the P-fand Q-V control loops of power system. 6M

b) Two generators rated 100 MW and 200 MW are operating in parallel with a droop characteristics of
W 6% from no load to full load. Determine the load shared by each generator if a load of 270MW is

PV 07t connected across the parallel combination of the generations. Assume free governor operation and 6M

calculate the change in frequency.gf;ww’;y e WM cre e/;mh',a al- P HAZ <& no foed .

5 a) Draw the schematic diagram of a speed governing system and explain its components. 6M
b) Discuss the dynamic response of single area load frequency control. 6M

6 a) Whatare various types of FACTS devices? Explain about STATCOM with neat sketch. 6M
b) Explain induction regulators and static capacitors 6M

7 a) Explain the different methods of voltage control with neat sketches. oM
b) Compare shunt and series compensation. 6M

8 a) Explain equal area criteria and derive the expression for critical clearing time. 6M
b) Discuss the step by step solution of swing curve a9y

9 a) Explain the factors affecting the steady state and transient stabilities. oM
oM

b) Discuss the comparison between rotor angle and voltage stability in a system

T RSO me———
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/s/ a)The current distabuto factor ofa {ranSMmISsion lan th\7bo\
L

rCS A
he current that {he . pect ¢
ratio of the current it would carry ot SOuree

O power « .
.. the sources that are nof « ) rsource is the
sources are rendered inactive, 1.6 S

ould capry
“Drﬂying ar 'Y When all other

Y Currepy (
M)
rate of incregse ¢ o
b)Incremental fuel cost is the cost of the 3¢ of

€l inpug y;
V1 ; .
power input, th the Increase in
Its unit is Rs./MWh.

I M
: : the pl : (
¢)The heat rate characteristic obtained from {he plot of the

; et heyt rate ;
Btu/kWh or kCal/kWh versus power output in kW is shown in Fig. .

—_—

QLD

Heal rate {kCal/kWh)
(107 kCavMWwh)

Power outpul in MW ..

d)This is the heart of the system, which controls the change in speeg (frequency). (I ™ )

€)A single area is a coherent area in which z§|| the generators SWing in unison to (he changes
in load or speed-changer settings and in which the ﬁe.qut?ncy IS assumed to be constant
throughout both in static and dynamic conditions. This single contro] area can be

represented by an isolated power system consisting of a turbine, its speed governor, O M )
generator, and load.

f) In an electric power system, Load Frequency Control (LFC) is a system to maintain
reasonably uniform frequency, to divide the load between the generators, and to control the
tie- line interchange schedules (M)

The load-frequency control (LFC) is used to restore the balance between load and
generation in each control area by means of speed control. The main goal of LFC is to
minimize the transient deviations and steady state error to zero in advance.

g)To improve the voltage at the receiving end shunt capacitors may be connected at the
receiving end to generate and feed the reactive power to the load so that reactive power flow
through the line and consequently the voltage drop in the line is reduced. (M)

h) The following are the methods used in the power system for controlling the voltage.
On — Load Tap Changing Transformer

Off - Load Tap Changing transformer

Shunt Reactors G )

Synchronous Phase Modifiers

Shunt Capacitor

i~
Static VAR System (SVS) iNote: An&j one ID 7

SN
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NSy ice i 1 .
N G ¢ . .
ston lines and tie. Let Pgy. Peo.. ..

1

2.a)
L.t there be n plants inas
ation output of the

ystem integrated by tr
Jlants in MW_p .
Pga be the gener [ b be total load in MW and P, the losses in

transmission lines.

Now we have

Total fucl cost
i Fg2) * -+ C

G
C (Rs/hour) = Cc, Pg?)+ = 5
m (P )
- C Gt
,}.-:l < (9.24)
L

+ -+ Pguy = P

Po+P. =Fa+ Pox "2_' G P

ost of th
fuel © € 7th plant in Rs per hour

i he -
where G, (Pg,) is 1 £ the 22th plant in pw

and Pg, is the outpul ©
> 0 5 are function of bus voltages . : :
Since transmission losses Py are functic oltages and thus reactive power flow in the

system. In our analysis, let us ignore the eflect of reactive power flow or we assume the

magnitudes of all voltages 10 be constant. Thus transmission losses Py are function of plant
\‘lll]‘[ll\ (Pm. P(‘,:. P(;_:.... Pun)-

Eguation (9.25) may be rewritten as

vy
H (Pg,;. Pgs: - Pod =Fp * Py — E"c. -.(9.26)

Application of Lagmngian technique, utilized for optimum

trnue or real power dispatch gives
C= = C + AH (Pg, --- Pox) where A is the multiplier

— )
or C* = 3.Ca(Paa)+2 [Po = cha) —(9.27)
=1 L

Differentiating the above cquation with respect to Py, and
equaling to zero. we have

a_C_._ _ «dC _E—P—L—— 0O f 1
e — e o > i 1 928

The above cquation may be rewrittcn as

faiCo =3\.[l——aﬁ= forn=1,2,3,...m _(9.29)
P -

The above Eq. (9.29) represents the modified economics operation criterion for the plants

with transmission losses considered.

The above Eq. (9.29) may be rewrilten as

aC 1 dC
=N =A =Tl —
dPga | 5P S --(9.30)
PGn
1 -
al
where L = l—_ﬁ— and is known as penalty factor for the nith
9Pg,

plant and Eq. (9.30) is called the “exact coordination equation™.

dC,, a 2 IP
TP being the incremental fuel cost, _—3Pcn are known as
Incmmenral transmission losses.

The minimum fuel cost for a given total load is obtained by solving simultaneous equations

represented by Eq. (9:29).

The n optimum loading equations along with the power balance Eq. (9.25) are sufficient to

determine the (n + 1) unknown. (Pgy. Pgo. Pas ... Py and 2).

Scanned with CamScanner



So. minimum Tuel cost is obtained when {lye Immmaﬁﬂ ,ﬁicl cost of each plant multiplied by
its penalty fhclor is the same for alf (e plants.
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J.a i
. 3 nission Log
Derivation of Trans! s Forlmu;,( (M)

\ An ACCU e
+ mlllﬂ"‘ My
o of Transmission LOSS We od
Derlvation of 11 4 glven by Kron This, however, |y il Ot obtalolng a general formula for
) [ assumptions tomplicated. The alm of this article 15 1o

transmisslon loss has bee

el
give a simplet detivation by making ¢

S m.,.m.ﬂlnu PIants congye, o
' B

case of W
o network Is desjg,,

line within th

Is 5”"')“.-(I by plant 1 Only, o

)
A atbitrary number of foads through

Figure 7.9 (€) deplcts the
M branch p

0o
a transmission network, One |

. |
i [ otal load currentlo I Oa, Lo
Imagine that the total 1os FIge 7.9 Let the carrent In line p be

Iny. Define

In
A"ﬂ ot ’” (,”j

o
0

howing two plant )
Flg. 7.0 Schematic dlagram 8 plants connacted th
¢ a powor network 1o 2 numbaer of londs oLoN

Similarly, with plant 2 alone supplying the total load current (Fig. 7.9b), we can define

Ip
e (134) 2
n

Mp; and My, are called current distribution factors. The values of current distribution factors depend

upon the impedances of the lines and thelr interconnection and are independent of the current Ip.

1 and 2 are supplying current Into the network as in Fig. 7.9(c), applying the

When both generators
he line p can be expressed as

principle of superposition the current In t
1,= Myl + Mpler (1.35)

where Ig1 and Ig, are the currents supplied by plants 1 and 2, respectively, At this stage let us make certain
simplifying assumptions outlined below:

1. All load currents have the same phase angle with respect to a common To understand the implication of

this assumption consider the load current at the ith bus. It can be written as
Iyl £ (4= $)= Il 26,

nd ®; is the lagging phase angle of the load. Since 6 and ®;

where &; is the phase angle of the bus voltage a
it Is reasonable to assume that 0; Is the same for all '

vary only through a narrow range at various buses,
load currents at all times.

2. Ratio X/R is the same for all network branches.

These two assumptions lead us to the conclusion that Ipy and I [Flg. 7.9(a)] have the same phase angle and
5o have Is; and Ip [Fig. 7.9(b)], such that the current distribution factors Mpy and Mp; are real rather than
complex.

- ————EEEREEEEY
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Let,

/ = Ugd 472

=Nl Loy and Io2

e common reference.
where gy and 0, are phase angles of |

tto th
okt h respec
GLANd Ig,, respectively wit

From Eq. (7.35), we can write

||Si-n ot

2y Mo
jleos @) i (7.36)

2 -
™= (M)l cos 7, My g
Myllgakin: o2

Expanding the simplifying the above €quation, we get

255 _lcos (a) — 02) (7.37)
)" = M‘f,,llml2 + M:z"(;zlz i 2M,,,M,,z"al| W gle (o

Now

F g (7.38)
Uil = G 3 =___,L’——
Gl m. 1, JiIV,li}Oﬂﬁ

ower factor
where PGl and sz are the "“EE'phﬂSe real power Ompuls of plants 1 and 2atp s of cos Q‘l' and

cos @, and Vy and V, are the bus voltages at the plants.

If Rp is the resistance of branch p, the total transmission loss is 9iven by

2
P = 23”»' R,
r

- in
Substituting for [ls]? from Eq. (7.37), and |ly| and Il from EG: @28l weRte!

Substituting for |I5|? from Eq. (7.37), and [I;| and |lg2| from EQ. (7.38), we obtain
e EIT(%sm’ R
s
e ::im‘ XP:M:’R’ i
Equation (7.39) can be recognized as :
P = PLBy, + 2PciPeiBi + PiaBn
By = m;*‘:ﬂ‘a
Bu=yr (c:)s¢,)' ;M:‘R’ i

The terms Byy By and B;; are called loss coefficlents or B-coefficients. If voltages are line to line kV with
resistances in ohms, the units of B-coefficients are in MWL, Further, with Pg, and P, expressed in MW, Py

will also be in MW.
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eneral case
xtended 10 the g il Plants vy
With transmission loss expressed as

The above results can be e v
— “""" “ P
=50k Bow
£y % (7.41)

P e
Sl

e

Where

a, ‘”n) :

.  cos(On" 2w ) MM
”m"vuvscos%fos"%; kR, (1.42)
TAIA

- 1ndine those mentione
ons including {l ntioned ajre s are necessary, if B-coefficient
. sary, if B-coefficients

—The following assumplti
> g I as total load and loaq sh

are to be treated as constants
assumptions are:

All load currents maintain a constant r‘allo to the total current ( Z,M)
Voltage magnitudes at all plants remain consan, ' :

Ratio of reactive to real power, I.¢- power factor at each plant remai 8

Voltage phase angles at plant buses remain fixed, This is equivalent to assuming that
maintain constant phase angle with respect to the conﬁmon
factors are assumed constant as per assumption 3

aring between plants vary. These

=W —

the plant currents
reference, since source power

above.

3.b) | CgM)

INCREMENTAL F T
From the input ~output curves, the incremental fuel cost (IFC) curve can be obtained. The

IFC is defined as the ratio of a small change in the input to the corresponding small change in the

output.
A. A
Incremental fuel cost="" input/ ™ output

= AF /qu

Where A represents small changes.

As the 8 quantities become progressively smaller, it is seen that the IFC is
d(input)/d(output) and is expressed in Rs/MWh. A typical plot of IFC versus output power is

shown in fig(a).

The incremental cost curve is obtained by considering the change in the cost of the
generation to the change in real-power generation at various .poinls on the input ~output curves,

i.¢., slope of the input-output curve as shown in fig(b).
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Cont of fuel input R e —

Cost of fuel RN e

1 cost charncteristics in
Fig: ») incremental cost curve, (b) lllf"‘m"“.l phe

terms of the slope of the input-output €97ve

The TFC is now obtained as

(IC) i = slope of the fuel cost curve

i.c., tanp = 2F2p, in Rs/MWh.

The IFC (IC) of the i* thermal unit is defined, for & given power output, as the limit of the
ratio of the increased cost of fuel input (Rs./hr) to the corresponding increase in power output

(MW), as the increasing power output approaches zero.
( aF, )
ie., (IC)= PG
dF,
* \ar,

(1C)= (d_P_] ( 4”’(,.) (dP‘,) Incremental fuel cost of the i* unit |

R

Where C, is the cost of fuel of the 1* unit and Pe, is the power generation output of that i

unit.

Mathematically the 1FC curve expression can be obtained from the expression of the cost

curve, '
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1ON COST:
INCREMENTAL PRODUC 110N

pmductiuu cost of @ give

) ns labot sup

n
+ incremental it ; ;
T'he ncre 1S made up of the IFC plus the

plies, main,
< ; ¢
incremental cost of items sucl hance, and water

: lysis to be
It is necessary for a rigorous 41 5 able 1y €Xpress the costs of 1t
over, 1O methods iy St these production

sk Sl ot s output. HOW e .
items as a function of out] Presently available for expressing the

~curately as a fune:
accu yasa Iunchon of output

L . S e
cost of labor, supplics, of maintenanc

o of determining the incremengy cosls

ir method
Arbitrary m of labor, supplies, and

» “’lli(.'h 18 10 ass (d
no st ()f ssume |||
ne eS¢ Costs to be a fix erce &

S ¢d percentag

maintenance are used, the com!
of the IFCs

es of scheduling ge

In many systems, for purpos Neration, the incremental production cost

is assumed 10 be equal to the IFC.

4.a) (6 M)

» Pif and G-V CONTROL LOOPS

In order to perform voltage and frequency control, a basic generator will have two

control loops namely:
Automatic voltage regulator 100p

Automatic load frequency loop.

- The automatic voltage reguiator (AVR) loop controls the magnitude of terminal
voltage, |V|. Terminal voltage Is continuously sensed, rectified and smoothed.
The strength of this dc signal, belng proportional to [V, Is compared with a dc
reference |V|et. The resulting “grror voltage” after amplification and signal
shaping, serves as input to the exciter, which applies the required voltage to the
generator field winding, so the generator terminal voltage |V| reaches the value

|v|r01-

—The automatic load frequency control (ALFC) loop regulates the real power
output of the generator and its frequency (speed).

This loop is not a single one as in the case of AVR. A relatively fast primary loop
responds to a frequency (speed) changes via the speed governor and the steam
(or hydro) flow is regulated with the aim of matching the real power generation to
relatively fast load fluctuations. By “fast” we mean changes that takes place in
one to several seconds. Thus, aiming to maintain a megawatt balance, this
primary loop performs a course speed or frequency control.

A slower secondary loop maintains the fine adjustment of the frequency, and
bers. This loop

also maintains proper real power interchange with other pool mem
hanges

is insensitive to rapid load and frequency changes, but focuses drift-like ¢
which take place over periods of minutes.

i}
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Fig. @ shows the two control loopg AVA loop and ALFC loop.
== 1 00

AVA In0On
ALFC loops s e
—_————— S —— S ——— A o h)
Sacondary ALFC loayy vnltage arror v
ettt N, =i - -
Tie-linn = e l___.,, h j
POWOIE ) : Compacator
R Prim ory ALFC loop Anplilier
e — A e -
l Speed Spusd sianm A Exciter vl
Inteqrator I”"‘"U"' oV hor Hva!n'ule T"“‘; .l,mww
nmplifinr 1yt i
arn,
— PR 14 \ d/“ A/\/. conirol Exoner
- g —):%— = Valves of
$|9nnl s
| sircult
Nt N Speeg ”nhnuhcr | P % el
Aroa n POwe|
control - ﬁ RArctifier
sriur (ACE) ,‘@___ _| and filtar
f‘ Speud I
sensor Tutbing
PT
Froquency
e80!
2t . = .
N R ANTITAWY

TR

Loca| \ A/Y
: P\ \A7,
Ex joad To netwnrk ¥

The AVR and ALFC loops are not fully non-interactl
generator emf E. As the Internal emf determines the 1M
it Is clear that changes In the AVR loop wlill be felt | 2
e
AVR loop Is much faster than the ALFC loop and hene

ng.- Little cross coupling does

agnitude of the real power,
n the ALFC loop. However, the
VR dynamics may settle

oad-frequency control
before they can make themselves felt In the slower ! 1 Y

4O s flmjw«qjm are in prelld, B :;Z
oprate gt # Same eguncy at- Steedy Sf

ool 1 (f00MW)= X MW
P

o = 0~Ol}a)(5o '—Q
H %{ = )

o 5 0‘06}(50 —/CZ’)
b ,;7%1/"35)
w At in (el @ W
57#‘}7'5 x?/‘z,o”“[(odm;»w—afﬂ/)
o = [/,’()NN(II"J m;WJW%/

A 70-
. 7 O:OBRED
Cyppirs dguan = B0 = X8

= BB 47~/f HZ !
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g System (6 M )

5.a) a Govorﬂm

Turbine Spe® e speed go ;
————— ally the si & vem'“S system of a steam turbine.

atic . .
following COMmPponengy,

shows schem

Figure : >
T?gn: system consists of th
Steam
1 | 1
I 1 * rl
€A
I
Lower : 4 ;1
a i Direction of E t i , .Clog‘ oo
| vor | :
[0 : | Speed changefr | Bm:m iy l ‘ |
N : N\ <y
| N s,
Ralse ! B LS:‘ —— !D 1. :"mmm
! o ; y
1§ (&) i = g {.'
A®) i ; - |
([l 2 | ‘ |
i [ |
A valve = r_,Jfrf ez allees
L oy e L [, 7 15
High s ; Wit
o 4 e | .
: Lkl e A ~ piston
P s v sy re ey
s t 1
l Hydraulic ampl
y I ¢ d control mechanism)
Fig. Turbine speed goveming system

(i) Fly ball speed governor: This is the heart of the system which senses the
change in speed (frequency). As the speed increases the fly balls move outwards
and the point B on linkage mechanism moves downwards. The reverse happens
when the speed decreases. . ; =

Gi) Hydraulic amplifier: It comprises a pilot valve and main piston
arrangement. Low power level pilot Vx_ll\:e movement is converted into high
power level piston valve movement. This is necessary in order to open or close
the steam valve against high pressure steam.

(i) Linkage mechanism: ABC is a rigid link pivoted at B and CDE is
another rigid link pi at D. This link mechanism provides a movement to
the control valve in proportion to change in speed. It also provides a feedback
from the steam valve movement (link 4).

(iv) Speed changer; It provides a steady state power output sctting.for the

turbine. Its downward movement opens the upper pilot valve so that more steam
is admitted to the turbine under steady conditions (hence more steady power
output). The reverse happens for upward movement of speed changer.

5.b)

Dw:lpo_‘nlo QF S/Z\Z&/W LFC Cg M)

—
To obtain the dynamic response giving the change in frequency as function of
the time for a step change in load, we must obtain the Laplace inverse of Eq.
(8.14). The c!mracwﬁslic equation being of third order, dynamic response can
only bc obtained for a specific numerical case. However. the characteristic
equation can be approximated as first order by examining the relative

magnitudes of the lime constants involved. Typical values of the time constants
of load frequency control system are related as
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Typically™ T,

apysy=DF ":ZPD(’)

Yela) 2 T R
TS ol Kso | ¢ + \'."; e 1+Tpe% | | AF(s)
S | V475 - ot} () |
APcAs) & - \ gy | “T,s VA \
! |
- i" \‘ o
| &

i

ney control
Filg. 8.6 Block diagram, MO 1o joad [reauv®

(isolated power system)
L

Tlu ~& Tr <= Tp.

20 scc-
P = 0.4 SecC, T' = (.5 sec and T'. —

2PoA®)

- g ] = -_, Sl e 48 ;
—-(3)— “ 1 ,‘.:(EQ :‘_"Sf":_’} k R

AP(s) _1‘
1

£ 1 i { L e

) f load
jagram O
Fig. 8.8 First order approxlmafo blod( diag

ared
frequency control of an isolated

m of Fig. 8.6 is
Lewing 7,, = 7, = O, (and K, K, =1). th® '::,::,t i
reduced to that of Fig. 8.8, from which we ¢an

K APp
= ——_.__.E_——--——"‘x
AF () ap, (sy=0 O+ K /R + Tyt s
K2SieT

= — = x APp
R+ Ky
s| s+
‘ RT,.
R AP, (8.22)
Af (1) = __%_{l—uv[—f’rw(m;]]} 2
R K, :

u
Taking R = 3. K. = /B = 100, T,, = 20. APp = 001 p e
Af ()= — 0029 (1 — ' 7D

8.23b
Af sty sate = — 0-029 Hz ¢ :

Alx102—>

Fig. 8.9 Dynamlcresponuofchanqolnfmqunneymanopchnnﬂc‘"'o“d

(APp=0.01pu, T, =0.4sec, T,=0.5 sec, Ty, = 20 sec, K, = 100,
A = 3)
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6.a) (FACTS) (ém)

FacTs categories

od _FAcTS De"'Ces
gACTS Deviceg

rleS Con "ECtEd
“FACTS

j-series Connect
9=-Shunt Connected -
}’comblned Series-s€

Device
nt Conn
- Combined series-sht ©cteq “FACTS

Device

Different FACTS Controllers;

I
r |
=i ’ { ~Liny |

| - e
)

{ Stornga

(B) Sorion BRE e s

syttt for =
FACTS controlies (FC)

‘ ==
: Line by | S I c
i ¥ I Gl Linie @c lfn,.

| F'C]

() Shunt controller ) Unified sorns.
serrionm COMrollar

-~
” :
LIEE')- J Coc s st | [rC} s
1 i control ¥k

{f) Unifiod socdon-

o) Coordinntod sorfos
shurnt oontroller

mrd shont controfiern

_—>SERIES COMPENSATION

Improper load distribution in transmission line

In case inductance is prominent in the
transmission line we suffer Voltage drop.

To compensate, series capacitors are

connected.
Capacitors add voltage to line current.

Effect of Inductance thus eliminated.
—> SHUNT COMPENSATION

INn case capacitance is prominent in the
transmission line we suffer low current in

transmission line.
- To compensate, shunt inductors are
connected.
- inductors add current to line voltage-
- Effect of Capacitance thus elimir\ated'

Scanned with CamScanner



m mg;lcmer(B’l‘A’I‘CON) It is Imlcal!y regulalln ey '_ nle for switching converter type
rmtlve and It 1s also a voltage converter, B’B g function of STATCOM

leme tcd with thehe!p i"‘, , "
jp]e of operation 3@ voltage onYEHg e than the bus bar voltage fhen
hc gnnemu:d? voll'.ngu at the eriel 1 c and corresponding V.|
WH perate in Jead ) © N

reprclenlcd tn.,
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6.b
) Regulator

&™)

5 dable secon o
1g & vanable secop g @ v”‘l”\m. one winding of which can be
01ta T :
tage. The primary winding is con-

Induction Wiiant volt
con=" age ty,
An induction regul ator 1s €55 B8 trgy
mowed w.r ¢ the other, thereby D‘Jlt econdary winding §
: the : Aing is ¢
nected across the supply while e o Eone vl oNnected
; positt = Windy, Cted in series w s
voltageistobe controlled. When thcclhangcs- e s e tv“lg R i tth-ltrhty:hc t1}1:.': who j‘r:
1 { iy il e (5 second-
ary voltage injected into theline als0 Y0 YD 65 oF induct o H‘g\jl L.r, Vr Mm-rl
O - atorg viz. singile

phase and 3-phase. i
P S s e e
Input l #”o A e
P . OMput l
—O nput P Cutput
D__
o B
B e ae e
Fig. 159 (i7)

() Singlephaseinduction regulator: A single phase induction regulator is illustrated in Fig
15.9. In construction, 1t 18 similar to a stnglé phas? induction motor except that the rotor 1s not
allowed to rotate continuously but can be adjusied N any position either manually or by a small
motor. The primary winding A Bis wound on the *statorandisconnected across the supply line. The
secondary winding CD1s wound on therotor and 1§ connected in series with the line whose voltége 18

to be controlled. ‘
The primary exciting current produces an alternating flux that induces an alternating voltage in

the secondary winding CD. The magnitude of voltage induced in the secondary depends upon 1ts
y adjusting the rotor to a suitable position, the secondary wolt-

position wr.t the pnmary winding. By adj! i
age canbe varied from amaximum positive to amax mum negative value. In this way, the regulator

can add or subtract from the circuit voltage according to the relative positions of the two windings.

Owing to their greater flestibility, single phase regulators are frequently used for voltage control of

di stribution primary feeders.

(7)) Three phaseinduction regulator. In construction, a 3-phase induction regulator is similar
to a 3-phase induction motor with wound rotor except thatthe rotor isnot allowed to rotate continu-
ously but can be held in any position by means ofa worm gear. The primary windings either in star
or delta are wound on the stator and are connected across the supply. The secondary windings are
wound on the rotor and the six terminals are brought out since these windings are to be connected in

series with the line whose voltage is to be controlled.

o -

Rotor
phase

phase -
4‘61\‘6( winding
Input © : ety OuUtPUL

Fig. 15.10

When polyphase currents flow through the primary wind-
ings, arotating field is set up which induces an em.f 1n each
phase of rotor winding. As the roteris turned, the magnitude of
the r%ating flux is not changed; hence the rotor e.m £ per phase
remains constant. However, the variation of the position ofthe
rotor will affect the phase of the rotor e m f w.r¢ the applied
voltage as shown in Fig. 15.11. The input primary voltage per
phase is V,and the boost introduced by the regulatoris V, The
output voltage V is the vector sum of V and V¥ Three phase
induction regulators are used to regul d:cpthe vol‘;a eof fei‘defs
and in connection with high voltage oil testing trmgsformcrs
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6.5)Shunt Capacitors
et DACKOXS &

: ; ;mission and distribution leves. along 1-
Shunt capacitor banks are used (o supply reacy both (ransmiss "8 lingg
o Ve power at b
shar or 1€ tertiary i o
: ‘ y a busbar or to tt Y Windipg .,
or sub-stations and loads, ( Apacitors are o sed a 102 gof,
». Lapy S are ““]L‘]' div N HC('l‘C qd
irectly con
] : = shanges in load demand, When
main transformer, ”\C) may be switche 1 n the ¢ CY are
ay $ ed on gy | off depending © ¢
d of depend
. : . X ; / reactive power,
In parallel with a load hu\'lng a lugglng POWer e the C,,pacilors supply
> actor, the ce
Shunt capacitors are extensive

all voltage levels. By develon:. .
ly used ip industrig| and utility systems at all voltag y dey Llﬂpmg hlghu

: X ! sity by a factor of 1
power density, lower cost ‘mproved capacitors gnq in increase in energy denSttyby @ 1S Possib,,
S @ an >
T 3 5 ity et output varies with the g,
hese present a constant impedance type of load and the capacitive powe p Square
C + C
voltage.

Kvar, V2=Kvar.y 1V2v12

where,

Kvar,v1 is output at voltage V1, and Kvar,v2ig output at voltage V2

As the voltage reduces, S0 does the reactive power, output, when it is required the most. This is called e

destabilizing effect of power capacitors, Capacitors can be switched in certain discrete steps and do ot provide

astepless control. A two-step sequential reactive power switching control is used to maintain, vol

certain band. As the reactiy

A2¢ Withip 5
€ power demand increases, voltage falls.

Rise in Voltage Due to Shunt Capacitance

The equivalent circuit of 5 short transmission line with static shunt capacitor is as shown in Image.

Voltage drop without the shunt capacitor

AV = P2R+Q2X/V
Voltage drop with shunt capacitor is,.

AV = P2R+(Q2-Qc)X/V

Capacitor raises the voltage, Voltage profile of a radial feeder having a capacitor is depicted in image.

R+jX

R e

oG o
i e =

=5t
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7Aﬂ) : Corﬂ.l’O' (6,“ )

e
Mathods of voltad o control  In eacy,

ag®
There are several methods of "F'"n aj-ﬂyconslv’ml Volty l""\],”l‘
- o - - ¢ bt en 0 / Be .t o
ﬂrco‘(l-am 5 Wit e e ab 1tagd® Connol AN 0 M,y ;Jn At the ,».h" sy stem voltage is changed in
following are the methods of voltte YWy S_-yv'l‘nw.urr.,w..__ A A ,-{,1;,,.;' i
Elem 5y & .

i ; excitabhon € prtrol s
((l.!;) g:r :sing tap ch anging "'9‘"5_{0"““
(e A-utu ransformer 3P Chm's“"g
() Booster tran sformers

) In duction regulators

(v By synchronous condenset
Method (D) 15 used at the gener
vell as primary di st
voltage control ofa transmission line.

Tap-Changing Transformers
1s satistactory onlyt for relativeyy short 1
suitable for long lines as the voltage at the altcrﬂz OT terminals wilj pay ines. However, it is *not
order that the voltage at the far end o[t.hch‘ﬂe ma}y € constant, Under sur)e to be vaned too much in
voltage control can be solved by employing 0the methods. ope i, —rltsnuauons_ the problem of
changing transformer and is commonly employed where main transform:f- ant method is to use tap-
anumber of tappings are providcd on the secondary ofthe transform er }Ifh“eﬂessary. In this methp d,
is supplied by changing the secondary e.11% £ of the transformer lhroug{ the c(;’Dltage drop in the line
ofturns adjustment ofits number
() ©Off load tap- changing transformer. T e oA R

Fig 154 showsthe arrangement where a num-

ating station only wh.
Preas

. 3 sy ste e < "
jbution SYSteMSs. Howe,. thods ({)) to (v) can be used for

transmission as v
me (e
thods (vi) is reserved for the

The excitation control method

ber of tappings have been provi ded on the sec- s TN

ondary Astheposition ofthe tap is vaned, the Primary _-02 Movable arm

e ffective number of secondary fums is vanied b o 1

and hence the output voltage ofthe secondary

can he changed. Thus veferring to Fig (153600 G Ssconosyy

when the movable arm makes contact with stud Fig. 15.4 B
and when i

1, the secondary voltage is,minimum y .
the period oflightload, the voltage across the primary isjnot much

with stud 5, itis maximum. Durnng
below the alternator voltage and the movable arm is placed on stud 1. When the load increases the

voltage across the pnimaty drops, but the secondary voltage can be kept at the previous value by
placing the movable arm on to a higher stud. Whenever a tapping is to be changed in this type of
transformer, the load 1skept off and hence the name off load tap-changing transformer.

fthe circuit arrangement shown in Fig. 15.4is that it cannotbe used
for a moment that tapping is changed from position 1 to position
load. 1fcontact with stud 1 is broken before contact with stud 2
and arcing results. On the other hand, if contact with stud 2 is
en, the coils connected between these two tappings are short-
hi s reason, the abave circuit arangement cannot

The principal disadvantage 0
for tap-changing on load. Suppose
2 when the transformeris supplying
is made, there is break in the circuit
made before contact with stud 1 15 brok
cireuited and carry damaging heavy currents. Fort
be used for tap-changing on load.

() On-load tap-changing transformer. In supply system, tap-changing has normally to be
performed on load so that thereisno interruption to supply. Fig. 15.5 shows diagrammatically one

type of on-load tap-changing transformer. The sec- ;g [
ondary consists of two equal parallel windings L L lb
which have similar tappings 1 2. 5aand 1b...... - Seon
54 Inthe normal working conditions, switches & 5a9 5b
and tappings with the same number remain closed 4af 4b
and each secondary winding carries one-halfofthe B 22
total current. Refernng to Fig. 15.5, the second- 128 0 125
ary voltage will be maximum when switches 8 b s
and 5a 5b are closed. However, the secondary
Secondary

voltage will be minimum when switches
a band o
1a 14 are closed. sy
_Suppos_elthat the transformer is working with
tapping position at 42 4band itis desired to alter ~ Fig 155
itspositionto 5& 5b. For this purpose, one i 34 i d. Thistakesthe
B s ofthe switches #and b, say 31% opece
secondary winding controlled by switch aout of the circuit. Now, the secondary winding controlled
by swi tch b carres the total current which 1s twice its rated n.zapaci,ty Thenthe tapping on the discon-
gcct;d v:rmdmg is chang‘e_d‘to Saand switch ais closed. A ferthis switch b is opcned to disconnect
its winding, tap pf“g]*:"?‘t;;“ on this windingis changed: to 56 and then switch bis closed. Inthis way,
tapping positionischang without interrupty 5 |lowing disadvan-
tages : rrupting the supply. This method has the fo g
(j) During switching, the im i v
surge. pedance of transformer is increased and there will be 2
(i) There are twice as many tappi
) ¥ tappings as the VO!tagc steps. A..N\er\ffr\""""
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o-rANSIoNMe

or 1e8¢1®’ Tapping switch
a i)

Auto-Transformer Tap'Ch?”ging

Fig 15.6 shows diagrammatically aUlU"HJIEfrunm
tap changing. Here, amid-tepped auto-tran,

forr e
or reactor 15 used. Oneof the lines is conpp

Cted tq

its mid-tapping. One end, say aofthis h%nsfr)uur;,
1s conecled to a series of switches acrogg the o4
tappings and the other end bis connected t, IWitehes

across cven tappings. A short-circuiting SWitch 5 4
connected across the auto-transformer an rermaing
in the closed position under normal OPeration 1,
the normal operation, there is *no inductiye voltage
drop across the auto-transformer Referning ¢, Fig
15.6, itis clearthat with switch 5 closed, minimuym the lowest. On the otherhand.
secondary turns are in the circuit ang hence the output volta8e Y4 O A o e th raiss
the output voltage will be MaIMum whep switch 1 is close™ gsition 5 t0 POs! 'ltrh 4 13 closed thm;
SUPPOSE NOW it is desired to alter 1 tapping point fm.m}‘: 5is opened, sWI R cac b changed
the output voltage For this purpoge. short-circuiting sWIPCR =) i way, tapping
switch 5 is opened and finally short-circuiting switchis closed-
without interrupting the supply.
Itis worthwhile to describethe electical phenome

e-half of the reactor coil ¢
% rough on ts4
the short-circuiting switch is opened, the [gad current floWS thlosedy the turns between poin and
that there is avoltage drop acro

; 1scC. 1
¥ the seactor ol switch 4 ﬂiating current flows through this locy
5 are connected through the whole reactor winding. & cnrwfmc reactor.

circuitbut it is limited to alow valye due to high reastance ©

Booster Transformer ine atapoint far away from the main
Sometimesitis desired tn controlthe voltage of a "aﬂsmi”m;“:,n:ostcr transformer as shown in Fig
transformer. This can be conveniently achieved by theuse 0f2 ries with the line whose voltagc 18
157, The secondary ofthe booster transformer is comect?d ":;em a regul ating tr:-msfomner *fitted
to be controlled. The primary of thie transformer is sUpP,“"d % cted in such a way thatits second-
with on-load tap-changing gear The booster transformer s conne
ary injects a voltage in phase with the line voltage.

during thetap changing Whey,

Booster
transformer

o

Main
transformer £

\

p— < o

egulating
P ~— o e 20— o transformer and
S T x _FJ*WPI ~ booster transfgrmer.
‘“m%%’é - By changing the tap-
PINg on the regulating
Al — o transformer, the mag-
nitude of the voltage
~ injected intg the line
ébo o000~ can pe varied. This

A, O e D i s

to keep the

Fig. 15.8 voltage at BBto the de.
siredvalue, Thismethod of voltage control hag three disadvantgges,

Firstly, it is more expensive than the on-load tap-Changing B
former. Secondly, it is less efficient owing to losses in the booster and th;
Tequired. Fig 153 shows athree-phase booster Tansform e

T
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Regulatol

: constant volty
: 3 Aiai tally 2 : L

An induction regulator 18 xssmbxainih a variable Secoy l"‘lﬁfmmr\

noved wat the other, thet i ¢l gecondary Winding AL ATIR % one winding of whickcan e

: a lar i & PR '2
nected across the supply while lmc pgsinonnfnne an! ”J“nnlfil 4 The primary winding iz con-
C el 4 a1 £

voltageistobe controlled th’;lqo hanges There are bmg‘s bhao :llaﬂlc; with the line whose

ary voltage injected 1nto theline als WO t¥heg Uf%”'('h ”t” the other, the second-

. ducti on regulators viz. single

incluction

phase and 3 -phase s
O i .
Input X = v
O e
'\'\[)u‘
Output
D
o=l R o
e T,
Fig. 15.9 (i)

AL - A single phage |
i . duction regulator: ase indy i
@ Snde Rl flar to 2 cingle phase mducuonmun regulator 1s illustrated in Fig

{59 In construction, it i§ sim 3 _ ot
allowed to rotate continuously but can be acg‘us:,ed i any positigy cimerc::;:::;l lhgrrgforalssr:;;
motor. Theprimary winding 4 Bis goucgs [ei " statorandisconnected across the :x 1 ’l'ine The
secondary winding CLis wound o1 therotor and 15 CONNected in serjes with the line w::s:vol tége ';;
to be controlled. _

The primary exciting current produces a0 alternating flux that induces an alternating voltage in
the secondary winding CD. The magmt‘.lfic 9fV°ltag° induced in the secondary depends upon its
position wir.t the primary winding. BY adjusting the rotor to a sujtable position, the secondary volt-
age canbe varied from a maximum postive to amaximum negative value. In this way, the regulator
can add or subtract from the circuit voltage according to the relative positions of the two windings.
Owing to their greater flexibility, single phase regulators are frequently used for voltage control of

di stribution primary feeders.

(i) Three phaseinduction regulator. In construction, a 3-phase induction regulator is similar
to a 3-phase induction motor with wound rotor except that the rotor 1s not all owed to rotate contini-
ausly but can be held in any position by means ofa worm gear. The primary windings either in star
or delta are wound on the stator and are connected across the supply. The secondary windings are
wound on the rotor and the six terminals are brought out since these windings are to be connected 1n

series with the line whose voltageis to be controlled

. Stator s
Rotor

O - »

When polyphase currents flow through the primary wind-
ings, arotating field is set up which induces an em.f in each
phase of rotor winding. As the rotor is tumned, the magnitude of
the rotating flux is not changed; hence the rotor e.m.f. per phase
remains constant. However, the vanation of the posttion of the
cotor will affect the phase of the rotor em f wirt the applied
voltage as shownin Fig. 15.11. The input primary voltage per
phase is V and the boost introduced by the regulatoris VV, The
output voltage V is the wector sum of V, and V. Thrce;hase
induction regulators are used to regulate the voltt-age of feeders
and in connection with high voltage oil testing transformers.

Note: Cangrder A O
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7.b) : (6)/\4)

SHUNT COMPENSATION:

creases the bus voltage ;

At the  buses  where reactjy y itor banl
Joad. Capacitor banks supply 4

in

€ power dund"d
y

controlled by connecting capacitor p, agging

to |
anks in pdld”"l ‘ude of the source current neegge,

.nabnl
g end

part of or full reactive power of load, which reduces!

- and load gets reduced, -
to supply load. While ‘the volj

e
in
4g¢ drops between sendi

is available from the SOUfCe
which 1 ce,
Ou[pul

power factor improves and increases active power
panks can be Permaneng|y

Depending upon  the Joad capacitol‘

demg : ¢
nd, SRS switching on or off the paral|e|

connected to the system or it can  be varied by
Figure below shows the single

connecled capacitors cilhermzumally or autmmtlcally

4 i er the addition of the g},
line diagram of a transmission line and its phasor diagram aft unt

capacitor.

Voltage drop is VD = IzR + IxX; — IeXy,
The expression for the difference between the voltage drops is the voltage rises due 1
installation of capacitor is VR = IcXy

The drawbacks of using shunt capacitors are as follows:
The Shunt capacitors does not affect current or power factor beyond their point of
application

The reactive power which is supplied by the shunt capacitor banks is directly proportional
to bus voltage

When  the reactive power is  required less  on light load the capacitor
bank output will be high.

SERIES COMPENSATION:

When the line has the \)/a]ue of high reactance to resistance ratio than the inductive reactance

of the transmission line could be decreased by introducing serics capacitors as a resulls

in low voltage drop. If a load with lagging power factor IS connected at the end the voltage

i

drop in the line is glven by VD =1 (Reoso + Xlsm(’))
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ance Xe IS connecteq |
N g
Serieq /!
IS with the line, then the reactance

If a capacitance C with react
oltage drop is reduge
d. And

[ reduce to [XLXc¢| and the v
also the reactive power taken by

wil

the line is reduced. Figure below shows  the eqyj,

alent cirerne .
circuit of the line with series

-am are presented

compensation and its phasor

e diagram of a Series Compensation transmission line

Single lin

e
From the phasor diagram the line voltage drop is, VD = I (Reos6 + (Xi-Xc) sino)

ised toreduce the voltage drop in the lines with
with

Hence the series capacitors are U
and  also improves the voltage at the receiving end specifically

low power factor
y switching in

low power factor loads. For variable load conditions the voltage is controlled b

suitable series capacitors in the line.

OBJECTIVES OF SERIES COMPENSATION:
The effect of series compensation on the basic factors, determi
e MAXIMAL POWER TRANSMISSION,

o STEADY-STATE POWER TRANSMISSION
e LIMIT, TRANSIENT"STAB]LITY,

e VOLTAGE STABILITY
e POWER OSCILLATION DAMPING

ning attainable

OBJECTIVES OF SHUNT COMPENSATION: — -k S
Change the natural electrical characteristics of the transmission line t0 make it more compatible wit
ied to minimize lin

the prevailing load demand.
Thus, shunt connected, fixed or mechanically switched reactors are app!

overvoltage under light Ioad conditions.

The ultimate objective,of applying reactive shunt com

increase the transmittable power

pensation in a {ransmission system ISH
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8.a)
Equal Area Criterion: pect to an infinite bus, it js
—_— espec {
nd ith 7 < without resorting to the
Equal Area Criterion — In a system where o,e R swll'? Ared criteriof:
- mach -
aua

possible to study transient stabllity by mear f imple
. 5 K ans of a sif
numerical solution of a swing equation, ]

Consider the swing equation

2* power
(l—{: = -l- P, - P ) = H'— A m,celer"i“g
ar M Yy (s
H .
M = = in pu system
2 - e
(l—is =—l-(Pm—P,-)= -P'-'-'ipngncceleraungpo
dr M M i
H. .
M = E‘ N pu system
i
| .
E "/,' L g? =0
Bmax =t
i
I s SNSRI
i‘w . __—____..———-‘—‘ :

Fig. 12.18 Plot of 4 vs t for stable and unstab!
If the system is unstable & continues to increase indefinitely with time and the machine loses synchronism.
On the other hand, if the system is stable, &(t) performs oscillations (nonsinusoidal) whose amplitude
decreases in actual practice because of damping terms (not included in the swing equation). These two
situations are shown in Fig. 12.18. Since the system is non-linear, the nature of its response [5(1)] is not
unique and it may exhibit instability in a fashion different from that indicated in Fig. 12.18, depending
upon the nature and severity of disturbance. However, experience indicates that the response & (t) in a
power system generally falls in the two broad categories as shown in the figure. It can easily be visualized
now (this has also heen stated earlier) that for a stable system, indication of stability will be given by
observation of the first swing where & will go to a maximum and will start to reduce. This fact can be
stated as a stability criterion, that the system is stable if at some time

dé

ST (12.54)
and is unstable, if

dé 38

T (12.55)

for a sufficiently long time (more than 1 s will generally do),

The stability criterion for power systems stated above can be

co i '
form for a single machine infinite bus system. 8 nverted into a simple and easily applicable

2ioha)
SRt

Multiplying both sides of the swing equation by (2 dg /) w‘e gt
: e

ZE (% op dé

dr dr sl
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[ntegrating. We have
? A

or
{
ot
dé =(£ [P, dé]
dr M £ “25())
where 8o is the initial rotor angle pefore it begin[s to swing dye e
(12.56) the condition for stability can be written as Sturbance, From Eqs. (12.55) and
o §
?“IP(,J §l =0
Ma,.
or
'
pds =0
j g (12.57)
4a

e be stated as: the system is stable if the area under P, (accelerating

me value of 6.1n other wor o
ds, the positive (accelerating) area under

bility can therefor

The condition of sta
at so

& curve reduces to zero

power) - '
;é;m—txé‘cuwe must equal t.he negative (deceleratmg) area and hence the name ‘equal area’ criterion =
CRIT'CALSLEAR'NG ARG AN (E-EIT'CAL CLEARING TIME IN TRANSIENT STABILITY.
and the

e under i 7 o
inder the influence of positive accelerating power-

ystém, § begins to increas
hich the fault must be

e If & becomes very
1 stable and the equal-arca criterion is {o be satisfied. This

If a fault occurs inas

ill became unstabl large. There is a critical angle within w

angle is known @S

ady angle

system W

cleared if the system is to remai

the critical clearing angle. Consid erating with mechanical input Pi at st

cr the system of Fig. 11.9 op

30.(Pi=Pe) as shown by the point “a” on the power angle diagram of Fig 11.10.

-—;'

Rg. ﬂﬂ_:'gmh machine infirite bus system.

reuit oceurs at the point [ o the outgoing radial line, the terminal voltage goes L0
0 and the state

Now if a three phase short ¢i
be. At time

the electrical power output of the generator instantly reduces 0 acro, 1.¢., P =

hile the state point moves along

aker. (¢ 1s called

zero and hence
ase W

pening of the i

red. the systen
or angle curve.

The acceleration area Al starts to incre
e 0 the fault is cleared by the o

ne circuit bre

point drops o “b’.
1 again becomes healthy

{c corresponding clearing ﬁngl

clearing time and de is called clearing angle. After the fault is clea
<d: on the po¥

pnim moves

and

The rotor NOW

{ransmits poer Pe = Pmaxsin 8, i.e., the state point shit to
along de.

decelerates and the decelerating arca A2 begins to increase while the state

: £ bk
For stability, the clearing angle, 30 must be such that area Al = area A2

Expressing area Al = area A2 mathematically, we have
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RG,-4)= ?U’.,-l'.)da

FiG- 8= 7 P 5inb.d6 - P, (8, - &)
8,
Pac~ B8y =P, (-cosb, +cost) - PB; + P
‘o Pray (o83, - cos3,) = =P8, - &)

(1147
Also
B= p'_m,&. : ..(1148)
Using eqns. (11.47) and (11.48) we gt
Foaax (€088, - cosb) = = Prgldy - &) sind,
cosd, = cosd, + (8, — &) sindy (11.49)

To reiterate, with reference (o I'j 1g. 11.10, the various angle in eqn.(11.49) are de =

clearing angle: 30 = initial
poer angle: and §1 = power angle to w

hich the rotor advances (or overshoots) beyond de.
In order to determine the clearing time, we re-

2-write eqn.(1 1.20). with Pe=0. since we have a three phase faull.

d?s nf
= P
di H
Integrating eqn. (11.50) twice and utilizing the fact thae whent =
IP‘ t'+8o

...{(11.60)
0, % =0 yields
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Note that & can be obﬂliﬂo‘:‘::r‘;::‘k( 11 49,
sos and so does 8 w T

..(11.62)

* Ay
- e ¢ i
=g d“nnnu of the faulty line is delayed,

A, incred 3
LT .
own in Fig. 11,11, For a clearing

rt

s o0 v @ 0 o o o
——

Poo

fig. 11.91: Crrige Seiring .ln:-
2 o

an this value, the system w
: : ould be unstable. The maximum allowable value

aring time) larger th
gle and

Angle (or cle
angle and clearing time |

of the clearing or the s stem Lo remai .
aring y ain stable are known as critical clearing an

critical clearing time respectively

From Fig. 11.11, 8, = x — 5, We have upon substitution into eqn. (11.49)
wﬁ¢=m95n*(5.*50 Sinab

o M-"‘M-"’(‘“Q‘wﬁnt\)

M.wm(nwwwwzwm

w*‘«“(hwﬁnﬁvws&o

&, = cos '[(x — 2Bg) sinSq — cosdd 1153

Using eqn. (11.62), critical clearing time can be written As:

..(11.54)
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8.b) Qé M‘ )

Numerical Solution of Swing E9 tion:

a
g/";achine jumping has been d(‘u}\e.
Numerical Solution of Swing Equatiop, N mo. f stems: after int of view of system stability.
there are still more than two machip e t6 |!,l practical 5()” from the p(')me B numerical technique on
Therefore, there is no choice but to sq) e considere mach

\ 2 eac the critical clearing time
g | Ve the swing equation o finite pus bar, ]
the digital computer. Even in the case of in jation numerically through

asingle machine tie this calcy
cannot be obtained from equal arey Criteri ' ke the solution of the swing
“fterion and we have 9 jable for :

g p aila

swing equation. There are several ¢ [atd W int-by-point method of
g e dina OPhisticated methods %% ©y treat the PO Y5l
equation including the powerful Runge-Kuts

well tri P
a method. Here W& 7 erical methods t')u(. i tried and
ate method like al machine tied to infinite bus bar. The
ot ong i stem,
“by-point method (::hine of a mummachme sy
e applied to every ™

solution which is a conventional, approxim
proven one. We shall illustrate the poin,
procedure is, however, general and cap, b

Consider the swing equation

d’s
& =

. =P, IM:
= %(P"_Pmsmé)-’?ﬂl

2)
(e S A

nterval 5pread of At uniform throughout.

The solution &(1) is obtained at discrete intervals of time With lnctions of time are discretized as below:

Accelerating power and change in speed which are continuoys fu

terval is assumed to remain constant

i nin
1. The accelerating power P, computed at the beginning of a ) B s ered as Shown

from the middle of the preceding interval to the middle of the!
Fig. 12.38. 3 =
ous velocity wg) is assumed constant

ron
2. The angular rotor velocity w=d5/dt (over and above synch £ the Interval as shown in Fig. 12.38.

throughout any interval, at the value computed for the middle O

Pa
Potp-2y b= —tn
Por-1) p---—-- S I \
Patg s ...,-._,.,}-_,,., :
e Tl L
n-2
w 4
Discrete solution
“win-172 -,_.,,,_--'___-_,__,_L .......

& Tl %

-y — R
B B

S
n At

Fig. 12.38 Point-by-point solution of swing equation

a2 T i
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; i /0t axis pertaing
I Fig. 12.38, the numbering on / 0 g,
eleration power is

interval. the acc
in &
I,r! - Pma( s O,

,,d (n 1 -
ated. The change (12.68)

“ng

of |
Intey

vals. At the end of the (0 1)th

where 5,1 has been previously calculate? I vey,
constant over At from (n-3/2) t0 (n-1/2) y (‘":(l{)/dl) ¥
Wi =172 o0l Wean2 = (Af/M) Pain-1y » caused by the Pan.1 assumed
: : 12.6¢
The change in & during the (n-1)th interval is (12.69)
Adiy= G = B2™ Aty an
(12.700)
and during the nth interval
NS, = &= oy At 172
(12.70b)
gubtracting EQ. (12.70q) from Eq. (12.70b) and using Eq. (12,69) We
LT get
@an’
Ag, = A4t Tﬂ(u-n
(12.71
Using this, we can write )
6& — dn-l o AJH (
12.72)

jon in discrete

on is now IepeatEd t a(n) Aénq and 6 . The time SO'U‘
nel
|llll0|| 15

he desired length of time, norm
! ally 0.5 s, Conti
through discrete . Continuous form of sO
Y : values as shown in Fig. 12.38. Greater accuracy of
me duration of intervals, '

The process of computati
form is thus carried out over t

obtained by drawing a
solution can be achieve

smooth curve
d by reducing the ti
r initiation of any switching event causes a discontinuity in

occut g
y occurs at the beginning of an interval, then the average of the
the increment of angle

moval of a fault o

if such a discontinuit
d after the discontinuity must be used. Thus, in computing

t interval aftera fault is applied at t = 0, Eq. (12.71) becomes

The occurrence or re

accelerating power Py
ues of P, before an

val
e firs

occurring during th
An? P,

P (D) ety
& M i 2

mediately after occurrence of fault. Immediately before the fault

steady state, sO that Pso.=0 and (8o is @ known value. If the fault is cleared at the beginning
of the nth interval, in calculation for this interval one should use for Pag.1) the value 1/2[Psn-1) *Pain-1)"}
where Pan-1)” IS the accelerating power immediately before clearing and Pap-)” i5 that immediately after
clearing the fault. if the discontinuity occurs at the middle of an interval, no special procedure is needed.
The increment of angle during such an interval is calculated, as usual, from the value of P, at the beginning

of the interval.

where Pos is the accelerating power im

the system is in

CL.

O.a) e |
Factors Affecting Transient Stability
ol iy e

The following factors can affect transient stability:

eleration factor.

ower the ace .
all generating units.

actances of

wer. ;
Duration will be

2 2 > 4
|. Generator WR'X rpm’. The greater this quantit the |
2. System Impedance, which must include the transient ¢
: This affects phase angles and the flow of synchroniling po
R dDurat(;on of the fault, chosen as the criterion for stability-
ependent upon the circuit-breaker spe chemes US® -
eds and the relay 3 ]
4 Generator loadings prior to the faulIt) hich will determinc the internal voltages and the
change in output.
5. System loading which will d i
_ ; etermi le
internal voltages of the generators L

¢ among the various
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Al
; S
’)‘.b) iy iy is that voltage stability
I'he main difference between Voltage stal gle sta on in the system where as the
~ 8y Q > al: e dide . Ol ili F: Z 1 i 1
depends on the balance of reactive 1, ability and al _‘nelatlvcr generation and demand.
oWt

R . JEN e [ ’
angle stability mainly depends on th Wer demand and &7 |
: ' e

balance betwee!

Rotor Angle Stability with Voltape Stabj|

- SY dldby ||V-_ i )
. o achine of an
. Rotor Angle Stability referc nous Ma ;i
S gle Stability refers {o nchrO™ . peing subjected 10 a
interconnected power System {o e .o afie

disturbances.

ability of the s¥
Move in synchro

i 3 intain steady accept:
2. Voltage stability refers (o the ability of the power SYS 4 malgisturbfmcg; e
: o) - S d S.
voltages at all the buses in the gYSlc«n(' ll't]c léoing subiected toa
. 1 alter b€ :

3 S ; ote power plant o .
Rotor angle stability is normally ¢gpeer d with integratiné o iqpconcerp i 1t 0
large system over long transmigs;,, ]IL.eme I : cas voltage stability IS fed with load

ssion line wher

area and load characteristics

L%}

4. Rotor angle stability is basic s ltage stability is baSically load
ki & sically g¢ - stability. VO
stability. Y generator stability
5. Rotor angle stability depends o the ability o éﬂ/‘ﬁéhl‘OﬂOUS e Iiine to:maintain
equilibrium between cleclromagnelic torque and mechanical torque.

6. Voltage stability depends on the system to maintain equilibrium between load demand
and load supply.

7. If voltage collapse at a point in a transmission system it is an angle instability situation
however if voltage collapse in a load area is a voltage instability.
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