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1-4 The equal —Area stability criterion:
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o Before disturbance, machine is operated with  synchronous speed , therefore ,
do
= -0
dt

o Also , if the system has transient stability , the machine will again operate at

do
synchronous speed after the disturbance i.e. a =
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o Therefore , if the system has transient stability it fulfils the condition :

Z”fjpda —0= deé

This mean , total area under the P- 5 curve between the limits 50 and 52 should be
Zero .

Ai - acceleration area , AQ - deceleration area

The above criterion is known as the equal area criterion because the two shaded areas
are equal in magnitude and opposite in sign . In other words , the above equation is the

algebraic sum of the two area A, and A, , and therefore their sum should be zero .
Oy P
[(P—P,)d5+ [(P —P,)d5 =0
o, ol
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S5 5,
[(P —P)ds = [(P,—P)ds
5o 51

A=A

Application of equal area criterion for few examples of fault disturbances :

1-  ONE of double lines suddenly switched off :

T

i

CB, L, ECFBZ T,

QT@

E=|E[£5

CB, CB;

gl - V =|V|£0

Line No. 2 suddenly switched off by opening CB; or CB,

290" 80"

Al - acceleration area
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A, - deceleration area

Before fault :

_EVI

P! sind=P._sing

g

I
X . transfer reactance before switching off line No. 2.

After fault :

o _[EIV]

g

sind =P sing

1
X - transfer reactance after the line NO. 2 is switched off .

2-  System fault and line switching :

TLD CB, L, E(‘FBZ T,

OHD

E:\E\Léﬂ = - V =|V|£0

Fault (L-G)

a) Fault occurrence.
b) Fault clearing by the CB.
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The time interval between these conditions is determined by the delay setting of the

protection equipment. Therefore, three P-o curves are required representing:

1) pre fault condition
i) fault condition .

1ii) post fault condition .

0, - clearing angle

depend on clearing

time t; .
The curves in above figure are drawn from the following equations :
1) for pre fault condition :

_EV|

=K sino =P, sino

g

i) For fault condition :

_Elvi

p" sind =P sing

g

i) For post fault :

p ——|E”V|sin5—P'” sind
g X||| 7 max
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Where :
| I 1 :
X', X7, X' - are the transfer reactance corresponding the above three
conditions.

Critical clearing angle ( 5(: )

From below figure:

5C
A = [ (P =Py, sins)ds
S

N Post-fault

- During fault

Critical clearingangle

22X

S
A, = [(Pa, sins—P)ds
[

The angle :
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. 4 P
o) =sin| —

And, O, =0, =TT — 0,

0
=7 — sin‘l[ PPEI j

i, A=A

S, Om
j(PTO P! sins)ds = j(Pr;';X siné —PR%)ds
o (2

‘PT°5 +P! cosé

? = 1— P" coso—-P°S

Sm
S¢

P°(S5,—5,)+ P (coss, —cosd,) =
—P!" (coss., —coss,)—P(S, —3,)

P°(s,—35,)—P! coss, +P. coss,
Plll _Pll

max max

COS O, =

The time (t) corresponding to a given value of the angle( o )is:
= PO

The maximum time clearing when a short circuit can still be cleared :
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P :
| ——sin g,
tyen = M =%) 5| Frm
dar P! (sing. —sins!) P .
mex c 0 - —sin g,

max




