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"Swing Equation:-
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(Fig.-1 Flow of power in asynchronous generator)

Consider a synchronous generator developing an electromagnetic torque T.(and
a corresponding electromagnetic power P;) while operating at the synchronous
speed w; If the input torque provided by the prime mover, at the generator shaft is
T;, then under steady state conditions (i.e., without any disturbance).
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Here we have neglected any retarding torque due to rotational losses. Therefore
we have

And TeWs'Ti WS:Pi- Pe:O... ....................................................... (12)

When a change in load or a fault occurs, then input power Pi is not equal to Pe.
Therefore left side of equation is not zero and an accelerating torque comes into
play. If Paisthe accelerating (or decelerating) power, then

2
Pi-Pe=M% D% =p (13)
dt? dt a
Where D = damping coefficient

8. = electrical angular position of the rotor

It is more convenient to measure the angular position of the rotor with respect
to asynchronously rotating frame of reference. Let

oAdRumE | i Nl /EeR ... (14)
RCANER=" ! Dl / /A 15
dt2 - de2 ( )

Where 6 is power angle of synchronous machine.

Rotor Field

wWs Reference rotating
. axis

(Fig.2 Angular Position of rotor with respect to reference axis)

Neglecting damping (i.e., D = 0) and substituting equation (15) in equation (13)
we get
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d%s
M. =P =P MW.. e, (16)
di2 i e
Using equation (6) and (16), we get
2
S Y Y (17)
rf dt? i <

Dividing throughout by G, the M'V A rating of the machine,

2
Ml | S PPy PU (18)
(pu) dtZ i
H
Where My, = T T (19)
2

or /T Ntk A e (20)

f dt2 i e

Equation (20) is called Swing Equation. It describes the rotor dynamics for a
synchronous machine. Damping must be considered in dynamic stability study.

Multi M achine System: -

In a multi machine system a common base must be selected. Let
Gmachine = Machine rating (base)
Ggstem = System base

Equation (20) can be written as:

Gmachine Hmachine d26 Gmachine ..ooeeeeeeeoeeeeeee oo,
L —P, 21
Gsystem ( f ) dt? ( ) system ( )

Hsystem 25
So (s 0 — (p Py py on System base:.: e (22)
£ de 1 e
— Gmachine

Where T Gonmton BT . L .. ... (23)

= machine inertia constant in system base

M achines Swinging in Unison (Coherently) :-

Let us consider the swing equations of two machines on a common system
base, i.e.,

s TS R (24)

f de2 i1l el
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Hy, d%§,

N I D (25)
f dt2 i2 e2

Since the machines rotor swing in unison,

01T 02T 0 civiieeee et e (26)
Adding equations (24) and (25) and substituting equation (26), we get
e AINER S, N 27)
f  dt? ! €
Where P=P:+ P
Pe= P + Pe
Heq = Hi + H

Equivalent inertia He, Can be expressed as:

Gl machine

G )
2 machme) . I_IZ,machine ................ (28)

Gsystem

Hego= . i
eq Gsyddnd ) 1,machine + (

Examplel.-

A 60 Hz, 4 pole turbo-generator rated 100MVA, 13.8 KV has inertia constant
of 10 MYMVA.

(a) Find stored energy in the rotor at synchronous speed.

(b) If the input to the generator is suddenly raised to 60 MW for an electrical
load of 50 MW, find rotor acceleration.

(c) If the rotor acceleration calculated in part (b) is maintained for 12 cycles,
find the change in torque angle and rotor speed in rpm at the end of this
period.

(d) Another generator 150 MV A, having inertia constant 4 MJMVA is put in
parallel with above generator. Find the inertia constant for the equivalent

generator on abase 50 MVA.
Solution:-
(a) Stored energy = GH
=100MVA x 10MJMVA
=1000MJ

(b) P = P-P. = 60-50 = 10MW

Weknow, M =@ -100X10_ 5 n\jsec/elect.deg.\
180f 180X60 54
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5 Ezb i e a
= 5d%=10
54,07
= d ° = 10X54 = 108 el ect.deg./sec?
dt? 5

So, o = acceleration = 108 elect.deg./sec’
(c) 12 cycles = 12/60 = 0.2sec.

Change in & = % o.(At)* = ¥2.108.(0.2)? =2.16 elect.deg

Now o = 108 elect.deg./sec?
=60 x (108/360°) rpm/sec
= 18 rpm/sec

Hence rotor speed at the end of 12 cycles

= 1200 + o, At
P

= (120k60 4+ 18X0.2) rpm
4

= 1803.6 rpm.
(d) Heq — HIGI 4 HyGy _\ 10x100 L 4x150 =329MIMVA
Gp Gb 50 50
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