Chapter 3

Transient Analysis of Synchronous Machines

Day 1|1/
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e Use transformation matrix of generalized theory of synchronous
machine to develop the expressions for transient 3—phase

currents in alternators due to short circuit faults

e Also plot these transient currents
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals

® Expressions for armature d-axis, armature g-axis, and field currents

i, (t)= %[1— cos ot |
d

iq(t):\)/(iosin ot

q

i (t)=1,, Xa [ Xa _1lcosat
Xy UX
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals

® Take help of the transformation matrix

: X X
id(t):%[l—cosa)t] iq(t):viosin ot| |i;(t)= If{ d'—(x‘{—l]cosa)t}

d q

d q

a cosd —sin @ Refer to Chapter 1,

Day 9: Rotating to

0
1
J2
b | b |cos(p-120°) |—sin(p-120°) |~ i Stationeryy @t
i 3 ( ) ( ) \/E | trangformation
1
J2

¢ |cos(0—240°) |-sin(o—240°)

® For phase a (neglecting zero sequence current)

I, = \E[id cos&—1,sin 6?]
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals
® Take help of the transformation matrix

: X X
i (t):%[l—cosa)t] iq(t):viosin ot| |i;(t)= If{ d'—(x‘{—l]cosa)t}

d q

I, = \E[id cos&—1,sin 6?]

* At the instant of short circuit, let the axis of phase a makes an angle 6, with
the d-axis

q - axis
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals
® Take help of the transformation matrix

: X X
i (t):%[l—cosa)t] iq(t):viosin ot| |i;(t)= If{ d'—(x‘{—l]cosa)t}

d q

I, = \E[id cos&—1,sin 6?]

® At the instant of short circuit, let the axis of phase a makes an angle €, with
the d-axis

* After time ¢ sec, the angle 6 between a phase and d-axis is given by: 8 = at + 6

q - axis q - axis
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Transient currents in synchronous generator

™~

¢ Sudden short circuit at alternator 3—phase output terminals

® Take help of the transformation matrix

: X X
id(t):%[l—cosa)t] iq(t):viosin ot| |i;(t)= If{ d'—(x‘{—l]cosa)t}

ia:\E[iOI cosé’—iqsine] 0 =t +0,

Putting the values of i, i and @in the expression for i :

=i, = \E[Z(qol(l—cos ot )cos(wt + 90)—\;%0sin wtsin(wt + 6, )}

d q

=i, = \E[VQO.COS(@ +<90)—Violcoswt cos(awt +¢90)—Viosin wtsin(wt + 90)}

d d q

-
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals

. [2]v v Voo ..
| :\E{qulcos(a)ueo)—qulcosa)tcos(a)t+6?0)—)2°sma)tsm(a)t+00)

a
d d q

cos AcosB == [cos(A—B)+cos(A+B)

® Take help of the trigonometric identities 2
sin Asin B = %[cos(A— B)-cos(A+B)]

[ Vg Voo 1 |

—2 cos(wt + 6, ) - —22 x = [cos(wt — wt — 6, )+ cos(wt + wt + 6, )]
AR X, 2
a 3 Vv
= XLO X % [cos(awt — wt — 6, )—cos(wt + wt + 6, )]
q

VLOI cos(at + 6, ) - VLO X % [cos g, +cos(2at + 6, )

. /2 X, X4
=, =4z

—~ %5 [cos 6, —cos(2at + 6, )]

- - ] /
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Transient currents in synchronous generator

° Sudden_ short circuit at alternator 3—phase_output terminals

2| X4 X4
a 3 qu

VLO| cos(at +6,)- VLO X % [cos g, +cos(2at + 6, )

1
3 % > [cos 8, —cos(2at + 6, )]

v
1 1 cos g, ——2 1 ! cos(2et + 6,)
X, X, 2 | X, X,

® From Day 16 lesson, we know that before the short circuiti.e. att=0-

® Now, d-axis voltage being zero, thus, at no-load, the entire 3-phase

induced EMF (y3E,,) must be fully represented by the g-axis voltage in

armature

Vg =Myl o =+/3E

-

Where Efo = per phase no-load induced EMF

/
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals

— xl JCOS(Z&)HHO)}

2E
=i, = V2 2 cos(at + 6, )-

X, 2

2E 2E
V2E 1 it cosHo—\F o) 1 1 cos(2et + 6,)
X,' 2 | X, X,

q

® The other two line currents i, and i can be simply obtained by replacing 6,
in the above equation by(@o —1200) and (‘90 - 2400) respectively
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals

2E 2E 2E
i =\F f°cos(wt+90)—f fo( = +Xl }cos@o—fzfo( ll—xl jcos(Za)HHO)
q q

Xy N 2 X4 y N\

VAN w— yaa VR —

Fundamental
DC component 224 harmonic component

frequency Component

The transient line currents thus consist of:

i) A fundamental frequency AC component (1 term)

ii) A DC component (2" term) — independent of time ¢

iii) A 2"! harmonic (double the fundamental frequency) AC component (3™

term)

Magnitude of all three components depend on the pre-fault excitation Voltage

Ep, i.e. the pre-fault no-load induced EMF i.e. the pre-fault field current Iy
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Transient currents in synchronous generator

™~

¢ Sudden short circuit at alternator 3—phase output terminals

] Xy 2 X4 q Xy q

2E 2E 2E
' =\F f°cos(wt+90)—f fo( L 2 }cos@o—fzfo( = _Xl jcos(Za)HHO)

Additional observations

transient reactance X d’

OCCUrs

B
X, X,
axis reactances)

term [

a) Magnitude of the fundamental component (1** term) depends on the d-axis

b) Magnitude of the DC component (2™ term), in addition to the d- and g-

axis reactances, depends on 6, i.e. the instant at which the short circuit

¢) Magnitude of the 2™! harmonic component (3™ term) depends on the

thich is called transient saliency (due to ditterence in d- and g-

/
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Transient currents in synchronous generator
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¢ Sudden short circuit at alternator 3—phase output terminals

i cos(wt + 6, )— +
Xy 2 X4 q Xy

q

2B, ﬁEfo(l 1) ﬁEfo(l 1
= cos6, — >

- jcos(Za)t +6,)

Some more observations

perpendicular to d-axis, then DC component of current (2™ term) is zero

since they are with 1209 and 240° phase displacement from i,

If the short circuit occurs at 4, =90°, i.e. at the instant when the coil axis is

However, DC components will still be in the other two line currents i, and i_
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Transient currents in synchronous generator

¢ Sudden short circuit at alternator 3—phase output terminals

Fundamental

DC component

frequency Component

DC component

frequency component

2E 2E J2E
ia:\r focos(cot+¢90)—f 0 1'+ = cosé, — fo{ 1|— 1 )cos(Za)H@O)
77X ~ YA
Fundamental

21d harmonic component

Some interesting observations of d-g to a-b-c transformation

ofi (t)

N harmonic components of i (z)

*DC component of i) is transformed to fundamental frequency component

* Fundamental frequency component of i t) is transformed to DC and 2"
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Transient currents in synchronous generator

® Plot of transient line current: Resistances neglected

I

Fundamental
frequency component
DC component

DC offset

component

Total currenti (1)

274 harmonic
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Transient currents in synchronous generator

® Plot of transient line current: Resistances not neglected (DC will decay)

BT —

5 § 08 2 Decaying DC

R L

5 Decaying DC

il | WJHQL
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. /




e

~

\

Transient currents in synchronous generator

§ /Decaying DC

%- 4l/ !
ST

*é /Decaying DC

= e

® Plot of transient line current: Resistances not neglected (DC will decay)

b phase current and ¢ phase currents will
be displaced from a phase current by 120°
and 240° respectively (replace 6, in the
equation by (00 —1200) and (00 x 2400)
respectively)

Decaying DC

/

c phase current
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