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DO 1100 I = 1 ,COGROUP
WRITE(*,999)1I
DO 1111 J = 1 , BUS
IF ((GROUP(J) .EQ. I ).AND.(UBUS(J) .LT. 100 )) T
* HEN
WRITE(*,997 )BUSNAME(J)
997 FORMAT(5X,A10)
ENDIF
1111 CONTINUE
999 FORMAT(/,"' AREA ’,I2,' : DO YOU WANT TO REDUCE
r

*

i sl 1) PASSIVE NETWORK.'

* N 2) GENERATOR BUSES. '

» ile® 3) 4 4 2 :

» w7 /T THIS AREA HAVE GENERATOR :',/)
WRITE(*,99)’ ANSWER : '

READ(*,998)ANS(1I)
998 FORMAT(I1)
1100 CONTINUE

RETURN

END



























TEST = 0
DO 50 II =1 , P
IF ( M .EQ. DUM(II) ) THEN
TEST = 1
GO TO 52
ENDIF
50 CONTINUE
52 IF ( TEST .EQ. 1 ) THEN
BUSTTQ(TT) = II
ELSE
P=P+1
BUSTTQ(TT) = P
DUM(P) M
LO(P) LOADD(M)
ILL(P) CONJG(LOADD(M) /E(M))
SHU(P) SHUN(M)
STA(P) STASH(M)
EF(P) E(M)
IF ( GR(M) .NE. IJ ) THEN
INDEXX(P) 1
ELSE
INDEXX(P)
ENDIF
ENDIF
ENDIF
5 CONTINUE
60 CONTINUE
70 CONTINUE
80 CONTINUE
DO 333 II I .70
DO 333 J =1 ,70
YBUS(II,J) = 0.000
YYBUS(II,J) = 0.000

333 CONTINUE
c Khkhkkkkdkhhkhhkhkkkhkkhkhhkhkkhkkkkk kA Ak hkkkkkkkkkkk k%

%

nmwnnn

INDEX(M)

FORM YBUS

* %
Ak kA Ak AkA A A A AT A A A A AR A AT A A A A A A A A A A A A A A h kb drhkhkhhhkhbhkdkxk
* %

B 112 1 '=1 .7

¥Yi{i1) = 1/2L{11)

N = BUSLP(II)

M = BUSLOQO(II)

6 O e, I
*

YBUS(N,N) = YBUS(N,N) + Y(II)

YBUS(M,M) = YBUS(M,M) + Y(II)

YBUS(N,M) = YBUS(N,M) - Y(II)

YBUS(M,N) = YBUS(M,N) - Y(II)

YYBUS(N,N) = YYBUS(N,N) + Y(II) + YCH(II)
YYBUS(M,M) = YYBUS(M,M) + Y(II) + YCH(II)
YYBUS(N,M) = YYBUS(N,M) - Y(II)
YYBUS(M,N) = YYBUS(M,N) - Y(II)

it2 CONTINUE



c Ak ko kk Ak khk kA hkkkkhk Ak hhkhhkhkhdkhdkhhkhkkkkx
c * *
G * FORM YBUS *
c * TRANSFORMER =
C * 3 *
c Ak kIR AR ARk k ek ke kkhkkhkkkkkkkhkkhhhhhhkhhhhhk
IF { TT .GT. 0 ) THEN"
Do 31 i =1 ,TT
Y(11) = 1/2TT(II)
TA = 1/TAP(II)
N = BUSTTP(II)
M = BUSTTQ(II)
YBUS(N,N) = YBUS(N,N) + Y(II)*TA
YBUS(M,M) = YBUS(M,M) + Y(II)*TA
YBUS(N,M) = YBUS(N,M) - Y(II)*TA
YBUS(M,N) = YBUS(M,N) - Y(II)*TA
YYBUS(N,N) = YYBUS(N,N) + Y(II)*TA + TA*Y(II)*(TA
*x -1)
YYBUS(M,M) = YYBUS(M,M) + Y(II)*TA + Y(II)*(l—TA)
YYBUS(N,M) = YYBUS(N,M) - Y(II)*TA
YYBUS(M,N) = YYBUS(M,N) - Y(II)*TA
31 CONTINUE
ENDIF
C Ak xk kR kA ARk Rk kR kR ke kkkFkdhkkhhhkhhkkkkkkkhkkk
c * #*
C * FORM YBUS *
C * SHUNT IMPEDANCE *
c * *
C ok kR k kR A KR ARk kR Rk kkkkkkkkdkkkhhkkkkkkkkkkkhkk
PO 113 K=1 , P
IF (STA(K).EQ. 0 ) THEN
YYBUS(K,K)= YYBUS[K,K)—CONJG(SHU(K))/{EF(K)*CONJG
* (EF(K))*MVAA)
ENDIF
113 CONTINUE
C
C P T T e R R R R L LR R b
C * *
& * _ END OF FORM YBUS *
C * *
. * *
C Ak kkkkkh kA hhhhhh kR kh Ak hhhhkhhhhkhhhhhhkhhhhkk
i
£ WRITE(*,778)1J
778 FORMAT(/,15X, ' *** DYNAMIC EQUIVALENT LOAD BUS I
* N AREA ',I12,
' ARE REDUCED Rkl /)
C
C Ak kkk kR hkhhhkkhhrkhhhhhkhrhkhhdhhhkhhhhkhhhhkkkk kX
C * *
C * GAUSSIAN *
C * ELIMINATION *
C * . *
C PR S LR R TR L R R S LR
c

suMm = 0
YYy = 0.00





















APPENDIX 2
Block diagram of control system.
- Excitation and Voltage regulation system
-  Turbine syétem

- Governor system
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U
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_ SE
VRMAX
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VREE = ; e 1 UF
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Vs Jyrazy r : )
VR2 1) Auctioneering ciréuit
' VRMAX If VR2=0 , VR=VR1
y L ‘I_.J_ [ 4 If VR2#0 , VR=VR2
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Figure A2.5 Regulator Type 4: Excitation system with DC-generator-
1
Commutator Exciter and Non-Continuosly Acting Regulators.

Source : Simpow user’s manual.
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U VE ST
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Figure A2.6 Regulator Type ST2: Excitation system with Potentia

source Rectifier Exciter. Source : Simpow user’s manual .
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Figure A2.7 Regulator Type ST3: Excitation system with Potentia

source Rectifier Exciter. Source : Simpow user’s manual.
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Y 1 - sYOTW
1 + sYCOTW/2

Y Gate opening

Y0 Init%al gate &5 Tm Mechanical torque
cepening. 4 W Speed of the machine
| WO Nominal speed
( )- W
Jue

Figure A2.10 Turbine Type HT1: Classical penstock turbine.
Source : Simpow user’s manual .

SORET

Figure A2.11 Governor Type ST2: General speed-governing model.

Source : Simpow user’s manual.
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YPMAX YMAX

W Speed of the machine
Y Gatz opening

Figure A2.12 Governor Type SG2: Approximate speed-governing model
(steam turbine). Source : Simpow user’s manual.

POREF

%

W Speed of the machine
Y Cate opening

Figure A2.13 Governor Type SG3: Approximate speed-governing model
(hydro turbine). Source : Simpow user’s manual.
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APPENDIX 3

The solution of transient stability studies of the actual system
and the reduced system.
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SYMBOLS USES IN APPENDIX 3

SYMBOL

DESCRTPTION

NODE XXXX U POS. KV

Positive sequence voltage of

XXX bus in kilovolt.

LINE XXXX YYYY 1 Pl POWER MW

Positive sequence power flows
on line no 1 from XXX bus to
YYY bus in maggawatt.

SYNC XXXX TETA  DEGREES

RELATIVE TO  YYYY

Rotor angle movement of XXXX
generator relative to rotor angle

of YYYY generator in degrees.

SYNC XXXX SPEED PU.

Frequency of generator XXXX in

per unit.

XXXX , YYYY

NAME OF COMPONENT

Table A3 The symbols used in appendix 3




APPENDIX 3.1

Test case no. 1: The three phase fault occured at bus NCO-230.
The fault is cleared after 120 ms.
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APPENDIX 3.2

Test case no 2: The three phase fault occured on line no 2
which 1link between bus PL2-230 and bus MM3-230 near bus PL2-230. The
fault is cleared by permanent disconnection the line after 150 ms..
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APPENDIX 3.3

Test case no 3: The three phase fault occured on 1line no 2
which link between bus CP-115 and bus PPK-115 near bus PPK-115. The
fault is cleared by permanent disconnection the line after 150 ms.
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TEST CRASE NO. 3 :

FAULT ON CP-115 PKK-115 NO 2 NEAR PKK-115 DURING

CP-115 PKK-115S NO 2 [5 PERHANENT DISCONMECTED AT T =

TEST SYSTEM OF EGRT

I1SO NS (7 =
250 HS.

100 - 250 MS

204.00

0

19000 196.00

180.00

172.00

Iy

LINE

154.00

NCD-230 BPK-230 1 P1 POHER HH

ACTUAL SYSTEHM
REDUCED SYSTEH

56 .00

"0.00 1.00 2.00 3.00  4.00  S5.00 ' 6.00 ' 7.00 = 8.00 9.00 ' 10.00
TIME SECONDS
ABE Jos Ecar DATE 23 DEC 1988 TIME 09.45:43 DIAGRAN SIMPOW
Figure A3.3.7
TEST CASE NO- 3 : TEST SYSTEM OF EGAT
FAULT ON CP-115 PKK-115 ND 2 NEAR PKK-115 DURING 150 HS (T = 100 - 250 HS )
CP-115 PKK-115 NO 2 [S PERMANENT DISCONNECTED AT T = 250 MS.

LINE CP-115 PKK-115 | Pl POWER HM

E

s

o

° u

.

g

]

g

g-

g

gu

&

1

ACTUAL SYSTEM

= (I = REDUCED SYSTEH

o

‘a.00 1.00 z.00 300 4.00  5.00 6.0 T.00 ' 8.00 @ 9.00 @ 10.00

TIHE SECONDS
ABB Jos ecAt DATE 23 DEC 1988 TIME 09.45:43 DIAGRAN SIMPOMW

Figure A3.3.8
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TEST CASE NO. 4 : TEST SYSTEM OF EGRT
FAULT BUS BPK-52 DURING 50 H5 (T = 100 - 150 HS )
GEN BPK-52 [S PERMAMNENT OISCONMECTED AT T = 150 HMS.
NODE BPK-230 U POS. KV
8
2,
5]
2
g
=]
51
2]
o
H
<
é.
—— ACTUAL SYSTEH
& e REQUCED SYSTEM
8
o0 V.25 ' 2.50 ' 3.75 ' S5.00 ' 8.25 @ 7.50 ' 8.75 ' 10.00  1t.25  12.50° 13,75 15.00
TIME SECONDS
ABB  Jos ecar DATE 23 DEC 1988 TIME 12.38:20 DIAGRAMN SIMPOW
Figure A3.4.3
TEST CASE NO. 4 : TEST SYSTEH OF EGAT
FAULT BUS BPK-52 DURING S0 M5 (T = 100 - 150 HS 1
GEN BPK-52 1S PERMANENT DISCONNECTED AT T = 150 MS.
NODE CP-115 U POS. KV
g
=
4]
5
4
3
e
J
]
g
é_
3:
3
RCTURL SYSTEH
g- ----- REDUCED SYSTEH
e
%00 1.25 z.50 3.7 ' s.00 6.25 7.50 8.75 ' 10.00 11.25  12.50  13.75  1S.00
TIME SECONDS
HEB  Jos ecar OATE 23 DEC 1988 TIME 12.38:20 OIAGRAN SIMPOMW

Figure A3.4.4
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TEST CASE NO- 4 : TEST SYSTEM OF EGAT
FAULT BUS BPK-52 DURING 50 M5 (T = 100 - 150 NS !
GEN BPK-S52 IS PERMANENT DISCONNECTED AT T = 150 HS.

LINE NCO-230 BPK-230Q Il Pl POMER HH

240.00

200.00__2;

160.00

120.00
%

8
2.
g
3
ACTUAL SYSTEH
. = == REDUCED SYSTEM
8
.00 | 1.25 @ .50 3.7~ s.00  6.25 ' 71.50 = 8.75 ' 10.00 11.25 12.50 13.75 ' 15.00
TIME SECONDS
ABB Jos ecAr DATE 23 DEC 1988 TIME 12.38:20 DIAGRAM SIMPOW
Figure A3.4.7
TEST CASE NO. 4 : TEST SYSTEM OF EGAT
FAULT BUS BPK-S2 DURING S50 MS (T = 100 - 150 HS )
GEN BPK-S2 IS PERMANENT DISCONNECTED AT T- = 150 HS.
LINE CP-115 PHKK=-L1S I Pl POMER HH
3
&
.
S.
=
3.
g
=
3
g;
3
s
ACTUAL SYSTEH
o o . aasuam REDUCED SYSTEM
2
S0 125 0 2.50°  3.78 5.00 @ 6.25 = 7.50 8.75  10.00  11.25  12.50  13.75  15.00
TIME SECONDS
AEB Joe ecAr DATE 23 DEC 1988 TIME 12.38:20 DIAGRAM SIMPOW

Figure A3.4.8



TEST CRSE NO. 4 : TEST SYSTEM OF EGRT
FAULT BUS BPK-S2 OURING SO HS (T = 100 - 150 HS )
GEN BPK-52 1S PERMANENT OISCONNECTED AT T = 150 HS.

==SYNC GCLH! TETR DEGREES RELATIVE TD GBPSI
+=3YNC GURHIL TETA DEGREES RELATIVE TO GBPSI
X=SYNC GSRHI! TETA DEGREES RELATIVE TO GBPS1
LI ox
5 & =
ﬂ‘- g‘ 8‘
g| 2| @
HEE
5] 3 3
g] 2] =
8 3 3
21 & g
Eil i~ T.25 ' 2.50 @ 3.75 s.00 | 6.25 ' 7.50 ' 8.75 ' 10.00  11.25  12.50 13.75
TIHME SECONDS
HBB JOB EGRT DATE 23 DEC 1988 TIHE 12.38:20 DIAGRANH
Figure A3.4.9
TEST CASE NO & : TEST SYSTEM OF EGAT : USING DYNARMIC EQUIVALENT VERSION 1
FAULT ON BUS BPK-52 DURING 50 M5 (T = 100 - 1501).
GEN BPK-5S2. 680 MVA. [S PERMANENT DISCONMNECTED AT T = 150 HS.
SYNC GEQ2 TETR DEGREES RELATIVE TO GEOI
o
o
.
3
'0.00 <38 ' 2.50 3.1 5.00  6.25  7.50 8.75  10.00 12.50  13.75 1s.00
X TIME SECONDS
RBB  uos rtEsT3 DATE 23 DEC 1988 TIME [1.27:10 DIAGRAH SIMPOW
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Figure A3.4.10



TEST CASE NO. 4 : TEST SYSTEM OF EGAT
FAULT BUS BPK-52 DURING SO HS (T = 100 - 1S0O H§ )
GEN BPK-52 IS PERMANENT DISCONNECTED AT T = 1S5S0 MS.

==SYNC  GTNHL TETA DEGREES RELATIVE TO GBPSI
+=SYNC  GKHLI TETA DEGREES RELATIVE TO GBPSI
X=SYNC GSNH3 TETA DEGREES RELATIVE TO GBPSI
- * X
-1
e 3.8
w] =7 )
gl 5| ¢
o IS L
gl ol gl
w34 e
3 1 ‘2 #* *
a1 7 S -
2] o sil
= =& 3
g1 ] =l
s| 2) =
©E otan .28 Z.50 3.15  5.00 ' 6.25 ' 7.50 ' 8.75 ' 10.00  11.25 12.50°  13.75
TIME SECONDS
RABB Jos scar DATE 23 DEC 1988 TIME 12.38:20 DIAGRAM
Figure A3.4.11
TEST CASE NO 4 : TEST SYSTEM OF EGAT : USING DYNAMIC EQUIVALENT VERSION |
FRULT ON BUS BPK-52 DURING SO HS (T = 100 - 1SO01.
GEN BPK-S2. 680 MVA. IS PERMANENT DISCONNECTED AT T = 1S0 MS.
SYNC GEQ3 TETA OEGREES RELATIVE TO GEOL
g
43 L
.
s
8
?-
.,‘
g
o
.
o
o]
o
“000 1.25 2.s0 3.7 S5.00  6.25 @ 7.50 8.7  10.00  11.2§ 12.50 13.75 ' 15.00
TIME SECONDS
AEB Jos tests DATE 23 DEC 1988 TIME 11.27:10 DIAGRAH SIMPOW

Figure A3.4.12
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TEST CASE NO. 4 : TEST SYSTEM OF EGAT
FAULT BUS BPK-52 DURING SO MS (T = 100 - 150 #S |
GEN BPK-52 [5 PERMANENT DISCONNECTED AT T = 150 HS.

==SYNC GBHI TETA DECREES RELATIVE TO GBPSI
+=5YNC GSKHI TETAR DEGREES RELATIVE TO GBPS1
X=SYNC GH253 TETA DEGREES RELRTIVE TO GBPSI
L] + X
=1 =3
a BiE
&y 87 1
1 a‘ [=]
gl 8 2
H #
] g- =1
gl 8} 8
o # &
g| 2| 2
H & &
1
a o N
o =1 o
1 &
g‘ G- 1
s] 2] 8
& wTho ¢ 1.25 2.50 375 s.00 ' 6.25 ' 7.50 ' 8.75 10.00 11.25  12.50 13.75
TIME SECONDS
ABE  Jog erar DATE 23 DEC 1988 TIME 12.38:20 DIAGRAM
Figure A3.4.13
TEST CASE NO 4 : TEST SYSTEM OF EGAT : USING DYNMAMIC EQUIVALENT VERSION |
FAULT ON BUS BPK-52 DURING SO MS (T = 100 - 1501.
GEN BFK-32. BB0 MVA. [S PERMANENT DISCONNECTED AT T = 150 NS.
SYNC GEQ4 TETR DECREES RELATIVE TO GEOL
]
e
.
K
g‘ -
=1
B
a2
1
g
24
g
=1
&
3‘
?;a,uu 1.8, 2:50 3.75 5.00 6.25  1.50 8.75  10.00 11.28 12.50  13.75 15.00
TIME SECONDS
ABE  Jos TtEST3 DATE 23 DEC 1988 TIME 11.27:10 DIARGRAN SIMPOW

Figure A3.4.14
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APPENDIX 3.5

Test case no 5: The three phase fault occured on line no 2
which link between bus CP-115 and bus PPK-115 near bus CP-115. The
fault is cleared by permanent disconnection the line after 170 ms.
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APPENDIX 4

The simplified single line diagram with load flow solution

of actual and reduced system in case no 1. and case no. 2
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SYMBOLS USES IN APPENDIX 4

SYMBOL DESCRIPTION

AC-Line

Two-winding transformer

Load

Shunt reactor

Generator

Power exchange to nodes
without coordinates

Magnitude of bus voltage

__@_
l__.,
l-——“—% Shunt capacitor
|_rf
o
>
U
FI

Phase angle of bus voltage

Table A4 The symbols used in appendix 4

- Vaule shown in figures is in per unit.
- Base power of the network is 100 MVA.
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APPENDIX 4.1

The simplified single line diagram with load flow sclution

of actual and reduced system in case no. 1
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e a0

HL-H 0. |» -0.98 P 0.58

rros geho HNF % ottt T8

00.08 lo -0.08 -0,04 |° -0-98 P O.98
U101 F1.90 Jao.08 00.03

BP2-23Q U 1.04
FL -6.53

TN-11S

P -0.52 |
ﬂﬂ -0.02

- TN-H1
t‘)r 0.15 [P -0.15
A
0 -0.0¢ [0 0.04
v 1.01
rL-0.28

@gns ro.22
0 -0.05 [00.12
P 0.5
0 -0.08
u 1.08
1 -3.22

v 1.08
FI -13.48

v 1.08
F1 -17.78

Ui
Fl -33.09

Figure A4.1.2

The simplified single line diagram with load flow
solution in AREA 3 of actual system.
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Figure A4.1.6 The simplified single line diagram with load flow
solution in upper part of reduced system.
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APPENDIX 4.2

The simplified single line diagram with load flow solution

of actual and reduced system in case no. 2
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v 1.07
Fl 18.31
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0 -0.07 foo.13 0 -0.11 loo.z U 1.08
U 1.08 U04 v 1.03 F1 -15.80
F1 7.25 FI -0.08 FI -10.97
BPK-230
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AT1-23Q >

0 18.09 BUSE
r
]

0
P 11,19 11.30 O
0 -16.71 P oL oy
P 0.49
]

0 14.70 -' e >

Figure A4.2.6 The simplified single line diagram with load flow
solution in upper part of reduced system.
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Figure A4.2.7 The simplified single line diagram with load flow
solution in lower part of reduced system.
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