41

50 Hz

60 Hz
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42

Classical Model
( First
Swing) 1 [3.9]
ra ixd
Moo —
E' @ ! Et
41
Classical Model 41
1 (Pm)  Governor
E , Excitation System
3 41
xd =Transients Reactance
= Armature Resistance

E  =Voltage Back of Transient Reactance (Intermnal Voltage)
| =Machine Terminal Current
E  =Machine Terminal Voltage

4 Damping  Asynchronous Power

4.2



PLp+QLp
4.2
43
41
(CO) 4.1
B o
dt dt
420 0 ;O;/ X
o S AT
..... =0 Pl= R
dt
(Pm> ) (Overfrequency)

(Underfrequency)

©)
(4.1)
(42)
4.2
(Pm< )
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44 (Exciter Action and Governor Action)

41 Exciter Action
Q
, Exciter
[24]
4.2
Governor Action (P)
‘ Governor
Goveror Action  Exciter Action ( 1 2 Unregulate
System (First Swing) 1
45
PQ Yhs
LT 43
E.
|
Vo = 2 (44)
ED
ym- 9o by 43)
4.6
e, Bk g, (49



4.6

47

p=- X YLmEq

4=1.0%p

48 (Network Performance Equations)

YL Y 46 Y0
43

43
48

E1=% YL12-2 -YLIE3-Y L 1E4 1 LOEO

20

%)

43



«

YL12=Y1A1

YL13=YB1

YL, 4=YALL

yu=yR+yB+yU+yD

E0

El=-YL1E2- YLIE3-YL YE4

E2 = - YEZEL- YE&ES - YLZEe - YL2ES

Y2~ y2U'EyD yb yd Y8

VB
48

Elk +1) = —YLLE2(K) —YL1E3(K) — YL UEA(K)

£2(k+ D= -Y L2E(k+ 1)-Y LZE5(K)-Y L 2E6(k)-Y L 28s



E3(k +1) = -Y LZELK+1) - YLBES(K
E4(k+ 1= -YLAELK+1)- Y1 deEg(K)- YLATET
Fy(k+1) = -Y LE2K+1) - YLggE3(k + 1

Fgk+ )= - YLEE2(k+ 1- YLBEAK+ ]

2
8 7 Exciter Action
Modified Euler Method
4.6 (Modified Euler Method)
(D)
410 (8 )

(4.9)

— = (-2t = Ci, (4.10)

4.1



Governor Action

411 412
1
3
Equation)
Initial Estimate
Speed) t+ At

23

411 412

dd6t' = © 1) —27I (4.1)

T

'a't'L—q'(Hzi—Pd(l ) 412

P
mi mi(0)
Modified Euler Method
(Switching , ) (Y) 2 (Modified)

2 2
4.8 (NPE , Network Performance

L+ K
neift) — e Mi(1) ()

4 Initial Estimates (First)

A

Prediction O (Internal Voltage Angle) ~ GO(Machine

CUEN T
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f(Ot)+ At) = l((1t)) dt '(t) t
5 pe(‘QLA't) (AI r-
Gap Power) t+ At Prediction t+ At Prediction
48
=1t lcos8”
e i(t+At) i(t+At)
| F) [sind
i(t+At) i(t+At)
ei(t+At) 1
'I‘QLAt) = (ei@fm) S e(Q)HAt) ) + lxm
CA,=ReC i0( )
6  Final Estimates (Final) Correction
t+ At
(dsi. i o1, A
8T|v| :8TM + dt (l> dt A At
I(t+A1) Kt)
V )
fd(o, 1d©' 1 A
dt (t) dt Tt+At) .
© i@*At) = i} + At 1= 1’2’ m

V

do.
dt I(t+£t\) = i?t+A -27Ef
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— ’It_f(P g P(O) )
‘(t+At) o\m eitt+At)
Hi

1 Pei(t+/-\'t) gAir-
Gap Power) t+ At Correction t+ At Correction
48
;((z-At) =l E; l COSBI((13+At)
fi;(:-:-At) i E; |Sin8i((1t)+An
pe(:(Q-t-/;'\-t)
0] w==+ 10 AANNN
ter At Vit ALY “(t+AL)
Pe(i1()t+At) - Re{l(li1()t+At) (E::z+At) ). }
8 t+At Tmax (Y)
t+ At Tmax () t+ 2At g/
e . 1
|({+At) p(t+At)
(N) 4 (¥)
2

Saliency Effects Field Flux Linkages
1

dE, 1
e (T A 413
i ( ) (.13
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Exciter Action Efd (Field Voltage)
M — Mdi(0)
1
410 413 3
1
N
E. Si ©; A Modity
I 5 A
¥
ED 6i
NPE p(t) Pei(l) 8-(1) l—_’ First
3 =" 4
(0) (0)
i(t+At) i(t+At)
) 0 © .
NPE p(t+AY) ei(t+A) i+Ar) | Final
i 16
D) (1)
i(t+At) i(t+At)
(1) () 0
NPE p(t+AY) ei(t+An) i(t+A Asl(lﬁ-m) 0, i Epu+AnAV
! 8
i(t+Av) ED(H-At) (D.(wAn g ‘
44 Modified Euler Method
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1-2
13
2-3
24
2-5
34
45

(pu)
1.06+0.00

15

R+jx (pu)
0.0240.06
0.080.24
0.06+0.18
0.06+0.18
0.0440.12
0.0140.03
0.08+0.24

41

(MW)

o o o 38

4.2

(MIIMVA)
500
100
43

4.5

(Mvar)

o o oY

(MW)

0
20

8 & &

41 42 43

B/2 (pu)
0.04j0.030
0.040.025
0.040.020
0.040.020
0.0+0.015
004000
0.040.025

Xd’
(pu)
0.0+0.25
0.04jl.50

21

4.4

(Mvar)

0
10
I}
5
10
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1 2 3 4 5
1 6.25000 -5.00000 -1.25000
- 18.6% 4] 15.000 +3.7500
2 -5.00000 1083334 -1.66667 -1.66667 -2.50000
+]15.000 32,415 +5.000 +}5.000 +J7.500
3 -1.25000 -1.66667 12.91667 -10.00000
+3.7500 +5.000 -}38.695 +30.000
4 -1.66667 -10.00000 12.91667 -1.25000
+}5.000 +30.000 -J38.695 43.750
5 -2.50000 -1.25000 3750
+7.500 3.750 -1 1210
44
1.02472-5.00 1.02372-5.33
1.060.£0.00 1047 £ =281 1.018Z —6.15
3 4
9.57 ET R
1 5
10.0 | 30. 7
Vi

45



29

Classical

Model to Ground
- Network Performance Equation
Modified Euler Method
1
t=0.00 2
t=0.10
48 Network Performance Equation

Ellk+ )= —YLD 2(K) —YLIE3(K) —Y LI
E2(k+1) = -YLZELKk +1) - YL2E3(K)- YL2E4(K)- YLZES(K)- YLZET
E3k+ )= -YL3ELKk+1)- YLRE2K) - YLIEA(K)

ed(k+ 1) =-YLAE2(k+1)- yide3k+1)- YLAES(K)

ebk+ )= -YLSE2(k+1)- YLME4(k+ ]
Yous 44
45
f ! \
YLPq :YPQLP _qu
VW
Element 1- 2
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r - 5000+ j15.0007

v 625—22.695 y

=-0.67074-0.03560
Yo o ¥p yl6
1
_ 1
YL13 N Y13 YH +Y15
1
Ty = Y16r _ W
VYLL+ yioy
YL = -Vi6
Element2- 1
Y22+ yar 4 y20>
¥2 ¥a i
2 yd 2

vY2+y2Z+y20y

i 02— A
D V(L04621)2+(0.05 28)2y



12
13
16
21
2-3
24
25
21
31
32
34
4-2
43
45
52
54

= 018228 -j0.091 14

2 1101562 —j33.17281

5,000+ 15,000

=-0.45235 - j0.00052

Yl

45

Element

45

YLFq

0.670740.03560
0.16769-10.00890
0.16383+0.04512
0.452350.00052
0.1507840.00017
0150784000017
0.2261810.00026
0.01810+0,00601
-0.09625+0.00089
0.12833+0,00119
0770004000711
0.12866+0.00115
0.77198+0.00687
-0,09650+0.00086
0.65236+0.02866
0.32618+0.01433



B -E oyt gy

= 106+ 00+ Mr 29665 + J0.07480A
v 106400

= 1,04236+0.30558
|Fg 1=1.08623

09 =16.339° 028517 rad

E7 = 1.50335+0.499%1
|E7 1= 1.58426

07=18.39° 032097 rad

32

2 2 48
46

1 0.19234+0.00330

2 06080870108000)

3 0.04707-0.00096

4 0.03758-0.00118

5 0.012260.00093

4.6
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Ili & (Ei —En )y

pi

H= {(1.04236 +j0.30558)- (0.19234 F{0.00330)}(0.0 = ]4.0)

= 1.20912-3.40008
Y- (150335 + j0.49981)- (0.0 + j0.0)}(0.0 - J6.6667)

=0.333211.00223

R —iQu = kife})

Pe6 = (1.20912)(1.04236) - (3.40008)(0.30558)

=0.22134

Pe7 = (0.33321X1.50335) - (1.00223X0.49981)

=0.0000067



Initial Estimates 0 Co t+ At

t

0 1

aU) - 31416060 ) p0gg5. 0.29130)

o
= 4,05006
.
D 3L41660) o 4000 .00)
= 75,3984
0, =0+, A
: dt
t=0 RSS2

© @ = 2(3.1416X6 )+ (4.05006)0.02
= 376.992+0.0810

=377.0730

037002 = 2(3-1416)(6°) + (75.3984)0.02



Initial Estimates

= 376.992+1.50797

= 37849997

o (t) —27I

do,

/>

5 t+ At

5i)()t’+At) = SiLt))) ¥ t kt) AA‘R

"y 028517
"o 1032097

48

V a,l=!Ei |cos5 Al

35



Final Esimate

v, =1E 1sin0

i(t+At i(t+At)

t+At =0.02

di)
t 002 4,05006

dif’ oo = 15.30484

0) t+ At

dil 1 1di) 1 A
O)i(t+A't) = G)La * 7 X Irll’-lA At

A 4.05006+ 4.05006
M) =2(3.1416)6 v

=377.0730

31, (75.3984+ 75.3984

®7(0.02,=2(3-1416)6° + V

y

= 378.49997

[(0) t+ At

0.02

0.02

12,...m

36
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d1 =0 hhag " 27|f

do.
002, = 377.0730-376.9920

dt

0.0810
2
dO, 100z = 378.49997-376.9920
dt
= 150797
Final Esimate 0 t+ At
fdS, 1
d d (t+At)
0 ftehey = 5 Wyt O At
V ]
1
W, 028517+ (l 00+ 008104,
y
=(.28517+0.00081

=0.28598

37



(0.0+ 1.50797

g 032007+ 02

J

=0.32097+0.01508
=0.33605
t+ At=0.02
~ 180

«(L2 = 0.28598 16.38540
Viy

f
g = 020, 1780 - 19.25420

t+ At 2002 6 7
eg) = 1.08623 cos(16.38540)
= 104212
12108623 c0s(16.38540)
=0.30641
Fy) =1.04212 + j0.3064
ej) =1.58426¢0s(19.25420)

=1.49564



10 =1.584265in(19.25420)
= 052243
eT) = 149564 + j0.52243

48 4.7

0.19258+0.00353
0.00000+0.00000
0.04815-0.00114
0.03845+0.00133
0.01249-0.00097

32 T~ JORE N RN

47 0.02

1 t+ At =002

B1{002) = {(1.04212 + jo.30641) - (0.19258 + j0.00350)}(0.0 - j4.0)

= 12115243.39816

Pe6(002J = (1.21152)(1.04212) - (3.39816)(0.30641)

=0.22132
2 =0.02

= {(L49564 + 0.52243) - (0.0+ [0.0)}(0.0- }6.66667)

120002)

= 0.34879-j0.99710
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0

Pe7(0.02)

0.02

t

@

t

«O

0.10

At=0.02

48
Final Estimate

t>0.10

0.10

b

01

21U

01

411
0.2

4.6

0.2

0.10 sec

three-phase fault at bus 2 .fault cleared at t

80 « o ad e m e - AT PORET Y,

00

1

(@916ap) 8|6ue abe)joA |eusayy)|

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1

Time (sec)

©0.10

4.6



0.10 sec

three-phase fault at bus 2 .fault cleared at t
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0.20 sec

three-phase fault at bus 2 .fault cleared at t
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Ratio of actual to rated speed of machine
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Ratio of actual to rated speed of machine
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