LanEsA e e Teuy IR
POWER SYSTEM STABILITY

Tow
o~ & )
uwagﬁmu ARNTIANN
o <
UNEUNEATIUW - WUNTINA

unsasTeHe UMy

ﬂ?gqniwuéﬁtﬁudaunﬁqﬁaan11ﬁﬂﬁﬂﬂ1uw§n§ﬂ7ﬂ?gq13ﬁ7ﬂ77uﬁ1am§ﬁm%n
maddangn bl
sdonifuine Tulatusvaauindne aumsanansyii
lhn@nun 2534



Uiggnlinug Sansfawn 2534
MMATENY FEInTTNLANA
ABETAINTIUAIRA S anqﬁuLWQﬁuﬁaﬁws:aauxnﬁw1%1qmwwnsa1ﬂns:ﬁa

L1509 Lﬁﬁa$ﬂ1Wﬂaaszuu1wﬁﬂnﬁﬁa "
~

(Power System Stability)

g9anY 1. uay GRELH NAINAIANT 31.1373
2.U74 550N FUNS \nd 31.1403
3.UnH AdTrdy 3wy 31:1413

BI9H AU A

GRRT VN USETH)

BIUNTHRUS A

GrarR - Axuatiasany)



e
T o
3 = = o
R C S W oA g
aTE T oM. ¥z BE ® g
AR G o o= S
qce @3 Iy aE @ = - e
LS - k> e w 5 (=
= [ty o o g I 0
e - o o} I~ e w =
(] [ & [ o = -] R
¥ [ e I =
L2 [y — = o - - e
5 il 3 TN @ [cs v e
v g e e TRy = )
[ & L o v o ¥~ L =3
[ [oa Ol o] o) e - (o —
[ A SR v B - c &G oAy
s Qv 351 Vg A Gl IE g
Rt - U S R |7 &
o #A;R [y - pot | [ — P
e S (- - > R | focs
[N R - A © S o A E \ S
N Sl S T T o T T
L T O T - e
S NS @ = @ S e
ool o U R ' |
o O S @ m o o@D
Lk e [l e 3 Tx [ T 3 v m
TE o 2 ™R e R g o @ [
L S« R o -~ T SR ~ S
¥ o G L 1 [ = s (z o
NN A N T ol ¢~ = I = R <
SR B T R e R & R [
LG . O i = 2Nt | &
Wl I — i (5 PPN W | T~ 1.
A L sl e £ ! -~ R
el Ko B el P ) i e o o)
) SIS 2 LV e PSS
154 H (O = B b W SR s
i o FE o i W3y YR e e
2 M TR % e e R T
[y ¢ (ug 1= B 4SS I e ™~ w a3
G~ o s I e T S Y )
LG D I e o | @ 3@ i~ D
e T - S - ¥ o v T =
23 &l = S oW @ 3
[ -1 w 1 L g | & - e - @3
T S R O S ¢ = B g
(e - . C L e O ol S -y
RS AN Sl L Y ol |~ T S I e
A R o L R - S o~ SRR
[ [ x T G B L 1S~ -— R~ S P
r P < — =™ pems | e~ o | 35 P
F oo TEm e n o om w X
e =T N G SRR coq =W P =)
o Cooags T ags b 'l
Hes b [ Gy ~ -~ = e .
L O Y = S A T R >
A e o = [ [
e I Y e - . o
P I 1" S M v ™ =

L4 [
DLUDNRDU

e e L=



o1

-

ssch synchronocus machins connscoed to esech bus., Afier the mosit

using the switching operehion Lo clesr feult efusr that find the

'3

critical clssring 2ime of ssch mechine which not sxclusively cen
meintein +the sitebility of the svstem but synchonize toc other

machines as well.

For +he methods to find the critical clesring time seEregrate

Lo two casss.

1+ Single maechine connected to infinite bus or Lwo mechines
Y
sysiam, by using Egque! Arsa Critvericn method.

~aZ: Muitimechines systemy by usin¥ briel and srror method 1.8,

LS

consider swing curve Tor esch mechine efter 3-pnase fault

R

applied to them. -
N

In additicn bo 4+ this thesig infroducss the basic interective
system spplied to. fecilitete in Lhe method to input deta beiwgen user

end compubtsr.
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WACHINE DATA
GENEZRATOR NGMBER 1

THIS GENERATOR IS ROUND ROTOR TYPE

[WL3T1h CONSTAKT 60,0800 2.9,

¢IRECT AXIS REACTANCE 1000 B.0.

QUADRATURE AXIS ReACTANCE 1000 B0,

DIRECT AXIS TRANSIZNT REACTANCE A0 g,

QUAZDIATURE AXIS TRANSIENT REACTANCE 1,0000 BV,

DIRECT AXIS SG3RANSIENT. REACTANCE L0000 2,3,

v ARDRATURE AXIS SUBTRANSIENT REACTANCE 0000 2,1,

DIRECT AXIS TRANSIENT GPEN CIAGULT TINR CONSTANT 1.0090 SEC s

DIRECT AXLS SHORT CIRCUIT TRANSIENT TIME CONSTANT 0000 SEC
DIRECT AX[S SAORT CIRCULT SUBlRAHS[BNl TINE CONSTANT D0ui) SEC

HACHINE DATA
GENERATUR NUYBER 2

THIS GESZAATOR I3 ROUND ROTOR TYPR

[NERTIA CONSTANT 3.0008 P.4.
OIRECT AX™S REACTANCE Jdhyi 2.1,
GUADRAT2. €[S JBACTAKCR * L1000 B,
DIRECT AX 3 TIANSTENT REACTANCE JJ0ab .0,
WUARDEATUK. AXIS TRANSIENT RBACTANCE i.0000 P.U,
UTRECT AXIS SHITRANSISNT REACTANCE L 2,0,
GIAF 1AT7RE ALLS SUBTRANSIENT IBACTANCE 0600 B.1,
PIRECT AXIS TRANSIENT 0PN CLRCULT TIHE CONSTANT LGy §&r

TRECT AXIS ShOAT CIRCUIT TRANSIENT TINR CONSTANT L0030 3EC
DIRS T AXIS \5'11 CIRCULT SUBTRANSTENT TINR CONSTANT eyl SEC

04D BLUA JSING NESTON BAPHSUY H8TwoD
STABTLITY USING HODIFY EuuER METHOD
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NLEN PAKAWARALRCOH
ANkOp JUNDTED
[SSAZACHAL  NGANRAOO
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FAILT ¢« AT RUS
FAULT ON @ AT BYS
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FAILT 0F7
EHD OF CASY .
END OF CASE :

AT BUS
AT B3
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i
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D AT FAULT BUS i
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X411

L L20025 1183108  ©.00100  .000GO Z.61536 .Pyoo
-1 L4953 82.88029  1.03687  .00000 1.00600 .0006D
250
T L8738 11,9158  1.00113 00000 2,01%36 .000D0
& 163739 95.68046  1.04000  ,00000 1.060G0 00000
O8O3 RRIERIREECRREERS4FAVLT CLEAR AT BUS LERERERRETRETIILLELES
.280
12550 12.34746  1.00126  .60000 2.01585 .000UD
OOLME0E 11549990 104233 L30118  .69882 28006
JIDOSHEBISLLRRRERLR0LRIPAULT CLRAR AT BUS I1stesesbtssisasdssst
.300
o240t 12,8497 1.00145 -.98392 2.39G86 75563
2 219507 123.76860 1,03694 2.49268 -1.46799 59577
320
U .23365  13.38919  1.00183 -.83043 2.8321% .71817
2 2.41355 138.28630 1.93260 2.16014 -1.134§7 .50923
340
I 24446 14.00679  1.00180 -,61350 Z.61471 .57266
2 2.60835 14944780  1.02941 1.80538 -.78350 42974
360 N S A o
Foo.2562T 1488302 1.00196 -.35738 2.3616% 54234
2 2.78876 139.66990  1.02738 1.44475 -.42931 35652
380
1 .26899  15.41223  1.00209 -.0712b 2.08Li0 .§i8%h
& 2,95619 169,37750  1.02655 1.08086 =.07326 .25831
400
U .82 16.18809  1.00222 24689 1.77082 .53§92
& 3.1413 178.99970  1.02691 70689  .29124 22472
A20
T 28870 IT.00357  1.00232 60548 1.42137 58735
2 3.28827 188.57690 1.02852  .313B8  .6T44T L1635
A4
oL 31158 17.85074  1.00239 1.G1852 1.0131Z 58263
2 3.49668 193.77230 [.03145 -.10822 1.08670 .i4¢12
480
L 32873 0 1872046 1.00244 1.49935 54347 58811
& 3.59804 201.88200 1,03582 -.56383 1.53340 15675
A8
Poodale 19,6020 1.00246 2.05404  .00591, ,§a34y
& 3.94005 225.83830  1.04072 -1.0431F 2.09635 24801
L300 . :
P73 2048361 L0024 2.86683 -.60043 54476
2 o4.za7a5 B42.20380  1.04919 -1.50800 247231 36417
320
7265 21.351%4  1.00238 3.27858 -1.21440 71193
2 4.55418 261.50850  1.05406 -1.87278 2.85015 .50436
540 i
BT 22.19283 100229 3.74738 -1.7049% (79567
& 493360 284.16420 1.08780 -1.93327 2.93470 63886
560
40138 22.93761  1.00218 35.87642 -1.86537 48453
2 341590 J10.29140  1.07735 -1.69348 2.74843 81093
580 -
A7 25.76347  1,00208 3.46191 -1.47959 97121
& 5,32592 333.53020  1.08504 -.85750 1.91814 .93701
G040
ARTH0 2449944 100201 2.47070 -.48526 1.02033
OBAT40S 3T0.93610  1.08339 (37457 ,65308 1.01002
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2550 i - -
L4029 2520048 L0003 LLIS456 6130 1.02059
203562 40310100 1.OS9T L.6T064 -.67085 1.01158

640

A5330 26,9720 100215 -
2153508 4305590 1.08566 7.

660
IABTI0 26.T6259 L0022E - 82131 2.88570 .33THd
D O8.L042T 45034050 1LOTORT 2,92360 -1.92392 L8151

L5712 2.09688 97151
§9399 -1.61184 ,%fl54

680

B9 2T.61394  1.00246 -1,02974  3.04278 74895

2 858610 431.94730 1.07370 2.67796 -1.65683 05470
700

I 48758 28.83106  [.00254 -.75169 2.75082 65463

& 3.03529 517.64400 1.06928 2.02321 -.99555 ATT4Y
120 !

UoGALB01 2950814 1.00278 -.11113 2.11490 V52114

¢ 946478 §42.29210  1.06743 1.1295& -.11464 .29716
140

A3287 3053147 1.00289 78110 1,24324 58432

¢ 9.84236 566.79080  1.08867 13073 .B0S54 15148
160

boW80tal 3158195 100294 1.82295 22449 549820
i ¢ 10,95789 59331750  1.07314 -,84364 1,82053 .21032
150

IooWhGybd - JEAST46 1.00232 2.50895  -.80305 866535
& 1032067 G13.97880  1.08053 -1.64283 2.51264 40734
300
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DETAILS OF OPERATION

TIHEISEC) OBERATION
040 PAULT ON  : AT BUS- 2
100 FAULT ON  : AT BUS I
280 FAGLT OFF  : AT PAULT BUS 2
280 FAULT OFF  : AT FAULT 8BS 1
G50 END OF CASE : AT BUS ¢
N it END OF CASE : AT BUS 1

CI¢ TIHE HC ANG(RADj ANG(DEG) SPERD POWRR  ACUE.T  VOLT

5 L600
I 17593 10.97980  [.0U00D 2.01585  .OOUOD 1.94980
& 1731 1927850 1.00GO0 1.00000. 0009 1.03541
1.0
L1983 10.07980  1.00000 2.01546  .04000 1,000
& 1e§41 16.47950  1.60000. 1.60000  .0000D 1.03681
A
Lo 17583 10.07vsu  1.0090v -2.0158¢  LO0UGY T, 4vGD
- O L B ey L R L e i
D UADRREERRERERERRAERRISREAULT OUCUR AT BUS 2sskssttsxescssississ
2 .040
L J17593  10.07979  1.00000 2.01585 G003 L.ndbud
& 13988 19.87950 1.00333  .GGOOC 1.00000 v wdv
3 .060
1 17593 10.07977  1,00000 2.01585 0000l L.94udp
& .E610 12.67351  1.00867 00000 1.00006 06000
¢ 080
Looo17592 0 10.0797d  1.00900- £.01585 .habl T.odued
2 .5i366  15.67953  1.01060  .00GG0 1.um0B8 .00dv0
5 L IDUFEIxaRRREzERSRRERARSTAULT GOCUR AT BUS leek$stssthrsbiifissd
5 .100
L 17632 10.10342  L.00013  .00080 2.01385 00600
¢ o A935 c 19,8797 1.01333 00000 1.00000 . Cuuby
YY)
I LI7180 10.07044 - 1,00025  .BwiG) 201585 .udend
L Adlld B5.ETERT T.OLG6T L0000 1.0GDO0 .09udd
L4y
L1794y 10.28.0%  LLUOBI8  L0060D  2.0138¢ Libb b
3 55da 3L.ETITO LLOZDRD .GRODO 1.B9u00 10§00
i .1Eb
I L1420 1044255 1.00050  L09000  2.0:5%5  Lunuvy
§LETERA sw.BTYTS LL0ZMI3 LubDe0  1.00690 uound
3 18y

1T . i8%82  10.64865  1.90083  .CO000 Z.01335  gneny
2 JBdjur 44.d7usy 1.02867  L0000C 1.0003% L GOOOU
fe 200
L9017 10.09610  1.000T8 00000 Z.013%§  .GDYOD
¢ 1.0Z765  BB.BAO0T  1.03000  .0Owud 1.000U0  .GODOY
1.2
19532 Ml.D3ued 100688 L0GODO 2.01345 L wEGld
2 1,552 T2.23015  1.03433 00000 1.00000 .GO0GOD

e L0
1 ,2igs  IL.83i08  1.00101  .00000 2.01388 .0duii
X 20144653 8Z4.88023 0 1.03887  .00D00  1.00000 .00000
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16 . 2B03S3E32xs348R3 88 83TAULT CLEAR AT BUS 2 .AND 1¥#fssdtstsisys
14 L IBDREERSEIIRERLRRRENLRFATLT CibAz AT BV DHdsstddzaisasssiees

TR

Uty 15 1es .
0 13,35648 1.6613; -1.02T09  3.04576 L G14T3
- gt GTeiE LTS
3 1.s1ydd 109.9768380 1
15 L300
b 2240%  12.36831 100151 -1.01545 3.02554 77340
2 3. 11470 121.18380  1.0282% Z.59856 -1.57605 64733
if 320
1 2MET  13.44570 100170 -.94305 2.9480% (7499
70527104 13046460 1.02589 2.38438 -1.38366 .56HTS
1T 340
I 24591 14.08939  1.0018§ -.34485 Z.84749 .T134B
2 L.41075 138.12600 1.01918 2.18671 -1.16233 51561
i3 .360
1 .258%6  14.79713  1.00208 2.74301 69407
-3 2.51939  144.383000 1.01560 2.00872 -.98803 {1415
iy .38 (
1 J2MB9  15.56668  1.00222 -.63005 2.65351 .§773F
1OE.60842 14945160 1.01385 1.8508Y9 -.84u40 44160
a0 400
28816 16.33599  1.00239 -.87276 2.37606 .GA{%.
TOE.67905 15330020 1.00994 1.74495 -, T286y 41702
PR FA |
0165 TTZE33T 1.08254 -.314.8 25IE3F(EN3AL
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i 0
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CRANARAR AP LR AR A AR A T AR ARSI RN A ek FRARR A AR FRA AR A AN XA S AN LAV T RT A o

C

PROGRAM [NPUT

L T N R RS RO RPN R PR P EEY R RS T Y

Skd ARt QPO

-

T

£

RECIEVE [MPIT 24 A FRCM UsSER T

CHFHARCIMMENT

)

]

C¥x&¥¥INPUT DATA CONSISTS GF & FORTIONS

C

L

PLEASE ENTER

EXAMPLE NUMBER JF BUS
ENTER 005 MEANS
EXAMPLE SYSTEM FREQUENCY
ENTER 0800 *MEANS

ETC,

1.

[i%K DRIVE A,

HEAD DATA COMPOSES OF

BLUS

NUMBER LLF BIUSES

HUMBEP TF LINES

I MBER MF SENEFATLRS

HUMBER  F TEANLIFURMERSD

JOLTAGE T LEFANCE

SYSTEM BASE(MVA)

SLACK BUS N''MBER

STSTEM FREQUENCY

ATCELFRATE FACTIR

"A%E OF REBACTANCE

LAT# COMPOSE-~ CF 2 DATA

FUS TYPE

BUS VOLTAGE(P.U.,»

REAL POWER GENERATINN(P.U.)

{NPUT TATA FOLLOW THE

e

..

..

FILE "DATa" N )

» MPUTER ASK Y0,

FARMAT( 17 .
FORMALCF4, 1) ¥
FLRMA 4 -
FORMAT 4 -

Foruma™ 7.
FroRpMe F o
FOFMAT B .5 r
FlREMA E ) a
FORMAT(F4. 1 C

FartAT R

FORMAT C 7y
F FMa !
FORMAT(F5.3) C
FORMAT(F 21 (M



‘4

(]

(@]

]

REACTIVE POWER GENERATION(P.U.) !

FORMAT(FT.2)

Y

[}

O

LOAD REAL POWER(P.U.) i FORMAT(RT,2) C

LOAD REACTIVE POWER(P.U.) : FORMAT(F7.2) C
MINIMUM REACTIVE POWER(P.U.) : FORMAT (F7.2) C
MAXIMUM REACTIVE POWER(P.U.) t FORMAT(F7.2) 0y

SHUNT SUSCEPTANCE X : FORMAT(F7.2) C

3. LINE DATA COMPOSES OF 7 DATA C
LINE NUMBER : FORMAT( 13) C
SENDING BUS : FORMAT(13) C

ENDING BUS ; FORMAT(13) ¢

LENGTH OF LINE : FORMAT(F7.5) C

LINE RESISTANCE : FORMAT(F7.5) C

LINE REACTANCE : FORMAT(F7.5) c

LINE CHARGING ! FORMAT(F7.5) C

4. TRANSFORMER DATA CONSISTS OF 2 TYPES C
TYPE OF TRANSFORMER TO KEEP [N "TD" VARIABLE C

TD = 0 : FIXED TAP TRANSFORMER C

TD = L : PHASE SHIFT TRANFORMER C
TRANSFORMER TYPE f FORMAT(13) C

[

4,1 DATA OF FIXED TAP TRANSFORMER NUMBER COMPOQSES OF 7 DATA

TRANSFORMER NUMBER FORMAT(13) C

-

SENDING BUS : FORMAT([3) C
ENDING BUS : FORMAT(13) C
TRANSFORMER RESISTANCE : FORMAT(F7.5) c
TRANSFORMER REACTANCE t FORMAT(F7.5) C

FORMAT(F7.5) c

TRANSFORMER TAP SETTING
TRANSFORMER TAP SIDE H FORMAT(1 U C
4,2 DATA OF PHASE SHIFT TRANSFORMER NUMBER COMPOSES OF 5 DATA

TRANSFORMER NUMBER ! FORMATC([3) o



[

[

']

(9]

<

SENDING BUYS t FORMAT (30

ENDING BUs ! FORMATC13)
PHASE SHIFT “ETTING A+1B i PORMAT L1790 o4
TRANSFORMER IMPEDANCE ( R+jX ! FORMAT( Lk ,4)

5. MACHINE DATA COMPOSES OF 12 DATA

FORMAT( [ ™)

-

CONNECTED BUS

ROTOR TYPE FORMAT (1

INERTIA CONSTANT FCRMAT(F3, 4

ey

DTRECT AXIS REACTANCE FORMAT/F7 .4,

OUARDRATURE AXIS REACTANCE FARMAT(F™ ., 4,

-

DIRECT AXIS TRANSIENT REACTANCE FORMAT!F™ .4

-

JUARDRATURE AXI[S5 TRANSIENT REACTANCE

FIARMATCF 4

DIRECT AXI1S5 SUBTRANSIENT REACTANCE
! FORMAT(F7.,4)
QUARDRATURE AXIS SUBTRANSIENT REACTANCE
: FORMAT(FT,4)
DIRECT AXIS TRANSIENT OPEN CIRCUIT TIME CONGSTANT
: FORMAT(F7.4)
DERECT AZIS SHORT CIRCUIT TRANSIENT TIME CONSTANT
: FORMAT(F7 . 4)
DIRECT AXIS SHORT CIRCUIT SUBTRANSIENT TIME CONSTANT
: FORMAT F7,4)
6. FAULT TYFE
FAULT TYPE t FORMAT(!2
COMMENT FOR FAULT TYPE

* THERE ARE SIX SITUATIONS ACCORDING TO THE VARIABLE " FTYPE ".

~

FTYPE SITUATION OF FAULT s

0 i THREE PHASES FAULT OCCURED AT ANY ONE BUS,

A



aQ

O

<

3 t THREE PHASES FAULT OCCURED AT THE TERMIANL OF

THE TRANSMISSION LINE JUXTAPOSE TO ANY ONE BUS.

E + THREE PHASE FAULT OCCURED AT ANY TWQO BUSES -
CONCOMITANTLY.

4 : THREE PHASES FAULT OCCURED AT THE TERMINAL OF
THE TRANSMISSION LINE ADJACENT TO ANY TWO -
BUSES SIMULTANECUSLY.

2 : THREE PHASES FAULT OCCURED AT ANY ONE BUS

SUBSEQUENT RECURED AT ONCE AT ANY

5 : THREE PHASES FAULT OCCURED AT THE

OTHER ONE BUS

TERMINAL OF

THE TRANSMISSION LINE CONTIGUOUS TO ANY ONE BUS

SUBSEQUENT RECURED AT ONCE AT ANY OTHER OF THE

TERMINAL OF TRANSMISSION LINE PROXIMATE TO ANY

ONE BUS.

~-FOR FAULT TYRE 0,3

REMARK

1F (FTYPE.EG.Q) THEN ((FB2.EQ.0).AND.(RCYC.EQ.0))

»

WHEN FB2 : SECOND FAULT BUS NUMBER
RCYC 3 RECLOSE LINE CYCLE

FIRST FAULT BUS NUMBER
SECOND FAULT BUS NUMBER

FOR FTYPE = 0 ,SECOND FAULT BUS = Q")
FAULT CYGLE
CLEAR FAULT CYCLE
RECLOSE LINE CYCLE

LAST CYCLE

~FOR FAULT TYPE 1,2

FIRST FAIULT BUS NUMBER

.n

FORMATC(I2)
FORMAT( {2}
FORMAT(12)
FORMAT(12)
FORMAT( [2)
FORMAT (121
FORMATCID)

9]

O



’

[

2

[

(@]

C

SECOND FAULT BUS NUMBER

FIRST FAULT CYCLE

SECOND FAULT CYCLE

FIRST CLEAR FAULT CYCLE

SECOND CLEAR FAULT CYCLE
F'RST LA5ST CYCLE

SECOND LAST CYCLE

-FGR FAULT TYPE 4.5

FiR5T FAULT BUS NUMBER
SECOND FAULT BUS NUMBER
THIRD FAULT BUS NUMBER
FORTH FAULT BUS NUMBER
FIRST FAULT CYCLE

SECOND FAULT CYCLE

FIRST CLEAR FAULT CYCLE
SECOND CLEAR FAULT GYCLE

FIRST RECLOSE LINE CYCLE

SECOND RECLOSE LINE CYTLE

FIRST LAST CYCLE

SECOND LAST CYCLE

TS

I

.

-

e

ve

-

FORMAT([2)
FORMAT([2)
FORMAT ([
FORMAT( 12}
FORMATCT
FORMATCL

FORMATC 1)

FORMA to
FORMAT( L
FCRMAT [ 7
FORMAT( 1>
FORMAT (129
FORMAT(IZ)
FORMATC( 12
FORMAT(12)
FORMAT( I 2
FORMATCI™
FORMAT 7

FORMAT [ )

ey}

3

e}

C*********%**%**%**********%*******&************#***#%*#******++****#*f

COMPLEX

TAPC T

]

INTEGER SLACKR,CX,TYPECIDO),sB(100),EBC1Q0O),TD,5TB 100}, ETBCIO0Y,

*#COYC2 RCCYC L, RCCYM L, LETCL LT ¢ TTPE

&TCUDE(IUO).CNB(IUO).RTJklUO’.FH!.FBQ.FBB.FB4.FCYC!.FPYUu.‘CYC[.



REAL SV,PG,QG,PL,QL,QMIN,QMAX,SHTB,TAP,H.XD,XQ,XXD, XX, XXXD, XXXQ

*TDOTTD+TTTD

DIMENSION SV(L100),PGC100),QGC L0 (PLOLOO) (OLO100 , OMINCLO0),

*QMAX(100) ,SHTB(100), TAP( 10O, TAPCCLOOY ,HCIOO0) XD 1Q0:,XGC100),

*¥XXD(100),XX0(100) XXXD(100) XXXQC 100, TDOC400) , TTDCLOGY ,TTTD( 100

OPEN(S5,FILE="'AI1DATA")

WRITE (%, 1900)

1800 FORMAT(5X, 'PLEASE ENTER I[NPUT DATA FOLLOW THE COMPUTER ASK YOU')

g’

CHHAR RN RN AR AR KR READ HEAD DAT AN e B 333 5K 334 3 3 S 3K S ek

1901

1903

1904

1905

1906

1808

1910

1911

1913

WRITE(%,1901)

FORMAT(SX, 'NUMBER OF BUSES
WRITE(%,1903)

FORMAT(S5X, 'NUMBER OF LINES
WRITE(*%,1904)

FORMAT(5X, '"NUMBER OF GENERATORS
WRITE(%,1905)

FORMAT (5X, 'NUMBER OF TRANSFORMERS
WRITE (¥, 1306)

FORMAT(5X, 'VOLTAGE TOLERANCE
WRITE(%,1908)

FORMAT(5X, 'SYSTEM BASE(MVA)
WRITE(#%,1310)

FORMAT(5X, 'SLACK BUS NUMBER
WRITE (%, 181 1)
FORMAT(S5X, 'SYSTEM FREQUENCY
WRITE(*,1913)

FORMAT(5X, ‘ACCELERATE FACTOR

WRITE (4, 1315)

.o

-

FORMAT(I3)

FORMAT( I3

FORMATC(I3)

FORMAT¢[3)

FORMAT(F7.5)

FORMAT(F1G.5)

FORMAT(13)

FORMAT(F4, 1!

é

FORMAT(F7.51

¥



1915 FORMAT(5X, 'CASE OF REACTANCE H FORMAT(13) '
READ(%,1902) NB,NL,NG,NT,VTOL,SBASE,S5LACKB,FREQ,ACCEF,C¥X
WRITE(S,1902) NB,NL.NG.NT,VTOL,SBASE,SLACKB,FREQ,ACCEF,CX

1902 FORMAT(4I13,F7.5,F10.5,13.F4.1.,F7.5,13)

CHANH H KA H AR RS AR RAREAL BUS  DATARRA A e 4 ok Aok b A A b A o
DO 1916 | = 1,NE
WRITE(#, 191

1317 FORMAT( 5X,'DATA OF BUS NUMBER',173

WRITE(#*,1918)

.o

1318 FORMAT(RYL, "S> FTFE FORMAT "1 '

WRITE (%, 1920)

-

150 FORMAT(S5X, 'BUS VOLTAGE(P.U,) FORMAT F5.3) !

WRITE (¥, 195.2) .

1922 FORMAT(5X.'REAL POWER GENERATION(P.U,! 3 FORMAT(F7 W\2) '
WRITE(%,1924)

1924 FORMAT(SX., 'REACTIVE POWER GENERATION(P.U.) 3 FORMAT F7.2) !
WRITE(#%,1925)

1925 FORMAT(5X,'LOAD REAL POWER(P.U.) ! FORMAT(F™,2) '
WRITE (%, 19261

1926 FORMAT(5X,'LOAD REACTIVE POWER(P.U,! FORMAT\F7.2) !

WRITE(#, 1927)

1927 FORMAT(SX,'MINIMUM REACTIVE POWER(P.U.,) ! FORMAT(FT.2) )
WRITE (%, 1928)

1928 FORMAT(&X, 'MAXIMUM REACTIVE POWER(P.U.) : FORMAT(F7.,2) '
WRITE (%, 1929}

199 FORMAT(S5X, 'SHUNT SUSCEPTANCE ! FORMAT(F7.2) !

READCR,1319)  TYPECIY .SV, PGCIY,QGCIY ,PLeT) 0Ll JOMIN T



CRRFFIHAR AR KK KKK CHECK NUMBER OF TRANSFORMER S 3k oo e 3 o 83 o o 3 e

IF (NT.EQ.0) GO TO 1958

CHERF IR RN KR KCHECK TYPE OF TRANSFORMERS 3% 52 de 5 3 ek e 3 e e e o e ok
WRITE(¥%,1888)

1888 FORMAT(/5X,'THERE ARE TRANSFORMERS',

* /5%, 'PLEASE ENTER TYPE OF TRANSFORMER TO STORE IN "“TD" ',
* /5% TD = O : FIXED TAP TRANSFORMER',
* /85X, TD = 1 3 PHASE SHIFT TRANFORMER ")
WRITE(%,1889)

1889 FORMAT(S5X, 'TRANSFORMER TYPE ! FORMAT(13) ')

READ(%,1902) TD
WRITE(5,1902) TD

IF (TD.EQ.1) GO TO 1950

CHRFRFARRNARR KRN R KHRAREAD FIXED TAP TRASFORMERS DATANRKANHHAHHHHH ok (
/DO 1940 I = 1,NT
,WRITE(*,1941) I
1941 FORMAT(5X,'DATA OF FIXED TAP TRANSFORMER NUMBER',13)
WRITE(¥,1942)

1942 FORMAT(SX.'TRKN@FORMER NUMBER FORMAT(13) ")

WRITE (%, 1943)
11943 FORMAT(SX,'SENDiNG BUS t FORMAT(13) ')

WRITE(%,1944)

4

1944 FORMAT(5X, 'ENDING BUS FORMAT(13) ')

-

WRITE(%,1945)

1945 FORMAT(S5X, 'TRANSFORMER RESISTANCE FORMAT(F7.5) ')

-

v



CRRHh AN IR KRR ¥ CHECK NUMBER OF TRANSFORMER S % ¥k 5 3k 3 0 X e 3 X3

IF (NT.EQ.O) GO TO 1958

CHIRE KRN AR K XK CHECK TYPE OF TRANSFORMERS 8 0 N £ 5 HOK M Ao 3 300k e ok Mo
WRITE(%,1888)

1888 FORMAT(/5X,'THERE ARE TRANSFORMERS',

* /5X, 'PLEASE ENTER TYPE OF TRANSFORMER TO STORE IN “TD" ',
* /58X TD = 0 ¢ FIXED TAP TRANSFORMER',
* /5%, ! TD = 1 ¢ PHASE SHIFT TRANFORMER ")

WRITE(%,1889)

1889 FORMAT(5X, 'TRANSFORMER TYPE t FORMAT(13) b
READ(%,1902) TD
WRITE(5,1902) TD

IF (TD.EG.1) GO TO 1950

C 3R R K KA Nk A X R READ FIXED TAP TRASFORMERS DAT AN¥HH 0 3o 8o 33k {
DO 1940 | = 1,NT
WRITE (¥, 1941) 1
1941 FORMAT(S5X,'DATA OF FIXED TAP TRANSFORMER NUMBER',I13)

WRITE (%, 1942)

1942 FORMAT(5X, 'TRANSFORMER NUMBER : FORMAT(13) '
WRITE(%,1943)

-1943 FORMAT(5X, 'SENDING BUS ! FORMAT(13) "
WRITE(%,1944)

1944 FORMAT(5X, 'ENDING BUS ! FORMATC( I3 't

WRITE(%*,1545) b

1945 FORMAT(5X, 'TRANSFORMER RESISTANCE ; FORMAT(FT,5! )



WRITE(5,6666) NO,STB(1),ETB(I),TAPC(I]),ZT
6666 FORMAT(313,4F7.4)
1951 CONTINUE

1958 CONTINUE

C AR RN R R R R R R READ MACHINE  DATARSRRN NI Ao ok A C
DO 1959 1 = {,NG
WRITE(%,1960) |

1960 FORMAT(5X, 'DATA OF MACHINE NUMBER',13)

WRITE(#%,1961)

1961 FORMAT(5X, 'CONNECTED BUS : FORMAT(12) ")
WRITE (%,1963)

1963 FORMAT(5X, 'ROTOR TYPE : FORMAT(1Z) ")
WRITE (%, 1364)

1964 FORMAT(S5X,'INERTIA CONSTANT H FORMAT(F8.4) ")

WRITE(%, 1966)

FORMAT(F7.4) t)

..

1966 FORMAT(5X,'DIRECT AXIiS REACTANdE
WRITE (%, 1967)

1967 FORMAT(5X, 'QUARDRATURE AXIS REACTANCE : FORMAT(F7.4) ")
WRITE(%,1968)

1968 FORMAT(5X,'DIRECT AXIS5 TRANSIENT REACTANCE FORMAT(F7.4) ")

WRITE (%, 1969)
1969 FORMAT(5X, 'QUARDRATURE AXIS TRANSIENT REACTANCE'./.
* 5X.° H FORMAT(F7.4} ")
WRITE(%,1970)
1970 FORMAT(S5X,'DIRFCT AXIS SUBTRANSIENT REACTANCE',/,

¥ 85X, ! FORMAT(F7.4) ")

WRITE(%,1971)



1971 FORMAT(5X, 'QUARDRATURE AXIS SUBTRANSIENT REACTANCE',/,
¥ 5K, ! FOR”AT(F7.4) '
WRITE(%,1972)
1972 FORMAT(5X, 'DIRECT AXI!S TRANSIENT OPEN CIRCUIT TIME CONSTANT',/,
¥ 5X,' 3 FORMAT(F7.4) ')
WRITE(%,1973)
1373 FORMAT(SX, 'DIRECT AXIS SHORT CIRCUIT TRANSIENT TIME CONSTANT',/,
* 5X, " : FORMAT(F7.4) ")
WRITE(*,1974)
1974 FORMAT(%X,'DIRECT AXI1S SHORT CIRCUIT SUBTRANSIENT TIME CONSTANT',
* /454y’ j H FORMAT(F7.4) ")
READ(%,5555) CNB(I),RTT(I1) HCI) XDCI),XQ€1),XXD(1),XXQc1),
*¥XXXDC1) XXXQCI),TDOCIY,TTDCI) , TTTDC( 1)
WRITE(S.SSSS) CNBC(I)RTT(1) HCI),XD¢1),XQC1),XXD(]),XXQ¢1),
AXAXDCT)  XXXQCT), TDOC1) , TTDC ), TTTDC 1)

55655 FORMAT(Z212,F8.4,9F7.4)

1959 CONTINUE

CHRFHKKCOMMENT FOR FAULT TYP ESRAANANANHH KA A e B 3 333k ok % k% G

C THERE ARE SIX SITUATIONS ACCORDING TO THE VARIABLE " FTYPE ". C
C FTYPE SITUATION OF FAULT C
C -0 + THREE PHASES FAULT OCQURED AT ANY ONE BUS. C
c 3 :+ THREE PHASES FAULT OCCURED AT THE TERMIANL OF C
C THE TRANSMISSION LINE JUXTAPOSE TO ANY ONE BUS, ¢C
C . { t+ THREE PHASE FAULT OCCURED A} ANY TWO BUSES - C
c CONCOMITANTLY. . G
c 4 ¢ THREE PHASES FAULT OCCURED AT THE TERMINAL OF C
C THE TRANSMISSION LINE ADJACENT TO ANY TwWO - C

c BUSES SIMULTANEOUSLY. C



c 2 t THREE PHASES FAULT OCCURED AT ANY ONE BUS

c SUBSEQUENT RECURED AT ONCE AT ANY OTHER ONE BUS
C 5 t THREE PHASES FAULT OCCURED AT THE TERMINAL OF

¢ THE TRANSMISSION LINE CONTIGUOUS TO ANY ONE BUS
C SUBSEQUENT RECURED AT ONCE AT ANY OTHER OF THE
c TERMINAL OF TRANSMISSION LINE PROXIMATE TO ANY
C ONE BUS.

C

AN ok 3 o 3 2 o 3 3 S 3 H oK S 3 3 ok 35K o T K3 3R 9 2 ok K e M 3 20 B o o k3 K ok ok ok % C

WRITE(%,1882)

1882 FORMAT(/5X, 'COMMENT FOR FAULT TYPE')
WRITE(¥,3977)

9977 FORMAT(2X,
¥'THERE ARE SI[X SITUATIONS ACCORDING TO THE VARIABLE " FTYPE ".")
WRITE(%,2002)

2002 FORMAT(2X, |
' - 0 : THREE PHASES FAULT OCCURED AT ANY ONE BUS,. ")
WRITE(%,2003)

2003 FORMAT(2X,

' - 3 t THREE PHASES FAULT OCCURED AT THE TERMIANL OF - ')
/ .

"WRITE(%,2004)

2004 FORMAT(2X,
*' THE TRANSMISSION LINE JUXTAPOSE TO ANY ONE BUS. ')
WRITE(%,2005) ™~

2005 FORMAT(2X,

R 1 THREE PHASE FAULT OCCURED AT ANY TWO BUSES - )
WRITE(%,2006)

2006 FORMAT(2X,

LN CONCOMITANTLY. ")

WRITE(%,2007)



2007 FORMAT(2X,
¥ - 4 '
WR I TE (%,2008)
2008 FORMAT(2X,
oy
WRITE (%,2009)
2009 FORMAT(2X,
%
WRITE(%,2010)
2010 FORMAT(2X,
¥ - 2 :
WRITE(%,2011)
2011 FORMAT(2X,
%
WRITE (%,2012)
2012 FORMAT(2X,
x' - 5§ :
WRITE(%,2013)
2013 FORMAT(2X,
.
WRITE(%,2014)
2014 FORMAT(2X,
%
WRITE(%,2015)
2015 FORMAT(2X,
¥
WRITE (%,2016)
2016 FORMAT(2X,

*.l

‘THREE PHASES FAULT NCCURED AT THE TERMINAL OF ")

THE TRANSMISSION LINE ADJACENT TO ANY TWQ - "

BUSES SIMULTANEOUSLY. ")

THREE PHASES FAULT OCCURED AT ANY ONE RUS "

SUBSEQUENT RECURED AT ONCE AT ANY OTHER ONE BUS ')

THREE PHASES FAULT OCCURED AT THE TERMINAL OF ")

THE TRANSMISSION LINE CONTIGUOUS TO ANY ONE BUS ')

SUBSEQUENT RECURED AT ONCE AT ANY OTHER OF THE ')

TERMINAL OF TRANSMISSION LINE PROXIMATE TO ANY ")

’

ONE BUS. ")



C AR R R R R AR ARk ¥ READ FAULT TY P E S35 0 3 M K e 3 o o e e o o e ok ok C
WRITE(*,7)
7 FORMAT(/SX,'PLEASE ENTER FAULT TYPE H FORMAT(12) ")
READ(%,1876) FTYPE
1976 FORMAT(I2)

WRITE(5,1976) FTYPE

IF (FTYPE.EQ.0) GO TO 8880
IF (FTYPE.EQ.1) GO TO 8881
IF (FTYPE.EQ.2) GO TO 8882
IF (FTYPE.EQ.3) GO TO 8883
IF (FTYPE.EQ.4) GO TO 8884
IF (FTYPE.EQ.5) GO TO 8885
CHEXXXFTYPE 0*******************************************%**%*********C
8880 WRITE(%,8886)
9886 FORMAT(/16X,' THREE PHASES FAULT OCCURED AT ANY ONE BUS.')

GO TO 1977

CH¥k¥¥kFTYPE I************************%*******************************C

s

8881 WRITE(%,8887)
8887 FORMAT(/16X,' THREE PHASE FAULT OCCURED AT ANY TWO BUSES ")
WRITE(%,2017)
2017 FORMAT(5X, -
* CONCOMITANTLY. ")
G0 TC 1986
CRAERRFTYPE  ZRRRAAAA AT AR H AN AR I I HA AN H I RIS AR RNk C
8882 WRITE(%,88) ‘
88 FORMAT(/16X,' THREE PHASES FAULT QCCURED AT ANY ONE BUS ')

WRITE(%,2018)



2018 FORMAT(5X,
¥ SUBSEQUENT RECURED AT ONCE AT ANY OTHER ONE BUS Y

GO TO 1986
CREX¥XXFTYPE G A Mok T S o K S K K 2 A 3K o o K o ok 3 o e AR Rk % C
8883 WRITE(%,9889)
8889 FORMAT(/16X,' THREE PHASES FAULT OCCURED AT THE TERMIANL OF ")
WRITE(%,2019)
2019 FORMAT(5X,
* THE TRANSMISSION LINE JUXTAPOSE TO ANY ONE BUS. ")
GO TO 1977
CREFRRFTYPE 4K H R Mo 6 9 33 2 3 o o 6 2 0 0 3 330K 0 K 3 0 k3 e S ok e o K Sk oK C
8884 WRITE(%,8890)
8890 FORMAT(/16X,' THREE PHASES FAULT OfCURED AT THE TERMINAL OF ")
WRITE(%,2020)
2020 FORMAT(5X,
*' THE TRANSMI3S1ON LINE ADJACENT TO ANY TWO - ")
WRITE (%,2021)
2021 FORMAT(5X,
* BUSES SIMULTANEOUSLY. ")
*'Go TO 2222
CxuX¥XFTYPE 5 3 2 o o 3 2 B S T 0 T e 3 6 36 o 319 6 M T S K 3K e o e o O e o M ke o o e ok 3 C
8885 WRITE(%,8891)
8891 FORMAT(/16X,' THREE PHASES FAULT OCCURED AT THE TERMINAL OF )
WRITE(%,2022)

2022 FORMAT(5X,

*' THE TRANSMISSION LINE CONTIGUOUS TO ANY ONE BUS ")

’

WRITE(¥%,2023)
2023 FORMAT(5X,

*! RUBARQUENT RRECURED AT ONCE AT ANY OTHER OF THE - ')



WRITE(*,2024)
2024 FORMAT(5X,
*' TERMINAL OF TRANSMISSION LINE PROXIMATE TO ANY - ')
WRITE (%,2025)
2025 FORMAT(5X,
k! ONE BUS., )

GO TO 2222

1977 CONTINUE

CRFRNRRORKREAD DATA FOR FAULT TYPE = O, 3Hk¥1 bk Kokdok ok &

CAXARKRFOR FAULT TYPE O, 35NNk kAo ook b o K e o ok 0 e bk e -k e e ko e o K o e

c REMARK h
C IF (FTYPE.EQ.O0) THEN ((FB2,EQ,0).AND.(RCYC.EQ.0)) C
C WHEN FB2 ¢ SECOND FAULT BUS NUMBER (
C RCYC 1 RECLOSE LINE CYCLE (

3K o 0T 0 M 0 6 3 0 e e 6 0 3 0 K Mo 3K 3 o K o 3K o o 3 3 ok 3 A o 6 o e 8 e 3 o e o ok

WRITE(#%,1979)

1979 FORMAT(5X,'FIRST FAULT BUS NUMBER : FORMAT(12) ")
WRITE(%,1981)

1981 FORMAT(5X,'SECOND FAULT BUS NUMBER ! FORMAT( 12) ')
WR1TE (%,2000)

2000 FORMAT(SX,'FOR FTYPE = 0O ,SECOND FAULT BUS = 0" \
WRITE (%, 1982)

1982 FORMAT(5X,'FAULT CYCLE ! FORMAT(12) ")
WRITE(%,1983)

1983 FORMAT(5X, 'CLEAR FAULT CYCLE : FORMAT( [2) )
WRITE(%,1984) ‘

1984 FORMAT(5X, 'RECLOSE LINE CYCLE ! FORMAT( 12) ")

WRITE(%,19385)



1985 FORMAT(5X,'LAST CYCLE FORMAT(12) ')
READ(%,1980) FB!,FB2,FCYC!,CCYC!,RCCYCL,LCYC!
WRITE(5,1980) FBI1,FB2,FCYCL1,FCYC1,RCCYC!,LCYCI

1380 FORMAT(612)
(30 TO 2001

1386 CONTINUE

CRARRFANAAAAARR XX RREAD DATA FOR FAULT TYPE = |4 2%kl otk k

WRITE(%,1988)

1983 FORMAT(5X,'FIRST FAULT BUS NUMEER : FORMATCLD ")
WRITE(*, 1983)

1989 FORMAT(S5X,'SECOND FAULT BUS NUMBER : FORMATCID) ")
WRITE (%, 19350}

1990 FORMAT(5X,'FIRST FAULT CYCLE : FORMATC(IZ) ")
WRITE (%,1991)

1991 FORMAT(5X,'SECOND FAULT CYCLE : FORMAT(I2) "
WRITE(%,1992)

1992 FORMAT(5X,'FIRST CLEAR FAULT CYCLE : FORMAT(I2) ")
WRITE(%,1393)

1993 FORMAT(5X,'SECOND CLEAR FAULT CYCLE : FORMAT(12) ')
WRITE(%,2009)

9009 FORMAT(5X,'FIRST LAST CYCLE : FORMAT(I2) ')
WRITE(%,9010)

9010 FORMAT(5X, 'SECOND LAST CYCLE : FORMAT(I2) ")

READ(%,98) FB1,FB2,FCYCL,FCYC2,CCYCL,CCYC2,LCYCL,LOYCL
WRITE(5,98) FBI.FBZ.ECYCl.FCYCZ.CCYCf.CCYUJ,LCYCl.LCYCZ

.

38 FORMAT(812)

2222 CONTINUE



CRRFRRRHANNR AR R R KX XREAD DATA FOR FAULT TYPE = 4, SkREERERERRIR ROk

WRITE(%,19)

19 FORMAT(5X, 'FIRST FAULT BUS NUMBER : FORMAT(12)
WRITE(%,18)

18 FORMAT(SX, 'SECOND FAULT BUS NUMBER : FORMAT(12)
WRITE (%,3000)

9000 FORMAT(5X, 'THIRD FAULT BUS NUMBER : FORMAT(12)
WRITE(%,9001)

9001 FORMAT(SX,'FORTH FAULT BUS NUMBER : FORMAT(12)
WRITE(%,10)

10 FORMAT(SX, 'FIRST FAULT CYCLE : FORMAT(12Z)
WRITE (¥, I 1)

1t FORMAT(5X, 'SECOND FAULT CYCLE FORMAT(12)
WRITE(%,12)

12 FORMAT(SX,'FIRST CLEAR FAULT CYCLE ' FORMAT(12)
WRITE(%,13)

13 FORMAT(S5X,'SECOND CLEAR FAULT CYCLE t FORMAT(12)
WRIRE(%,9007)

9007 FORMAT(S5X, *FIRST RECLOSE LINE CYCLE ! FORMAT(12)
WRITE(%,9008)

9008 FORMAT(5X, 'SECOND RECLOSE LINE CYCLE H FORMAT( 12V
WRITE(%,90)

S0 FORMAT(SX,'FIRST LAST CYCLE ! FORMAT(12)
WRITE(%,91)

91 FORMAT(5X, 'SECOND LAST CYCLE ! FORMAT(12)

READ(*,1111) FBI.FBZ.FBB.FBA.FCYCI.FCYCZ.CCYCL.CUYCZ.RCCYCI.
¥RCCYC2,LCYCL,LCYCZ

WRITE(L, 11T D) FB1.FB2,FB3,FB4,FCYCL,FCYC2,CCYUL,CLYC2,RECYCT,



*%RCCYC2,LCYC!,LCYC2
1111 FORMAT(1212)
2001 CONTINUE

CLOSE(5)

STOP

END
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MAIN PROGRAM

K2 LTSS PNPEEREEAS NSRS I NATASEITSRARERNETCALARANARTEEL SRARERAS S AT ST A
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vy
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PURPOSE

MAIN PRNGRAM USEZ Tu CALL TWN SUPRMIT NES

1. LOADFLOW PROGRAM.

Z. STABILITY PROSRAM,

NECLARED COMMON VARIABLE™

v

PG
QG
PL
QL

Y

XD
Xa
XXD
XXa
XXXD
XXXQ
TDO
TTD
TTTD
VG
PWR
ANGDEG
OMA
YL
NE

NG

]

.
H

.

-

-

s

.o

e

e

..

BUS VOLTAGE
REAL POWER GENERATION

REACTIVE POWER GENERATION

REAL LOAD POWER

REACTIVE LOAD POWER

ADMITTANCE MATRIX

DIRECT AXI1S REACTANCE

QUADRATURE AXI[S REACTANCE

DIRECT AXIS TRANSIENT REACTANTE

QUADRATURE AXIS TRANS!U!ENT RE/CTANCE

DIRECT AX!S SUBTRANSIENT REACTANCE

QUADRATURE AX1S SUBTRANSIENT REACTANCE

DIRECT AX1S TRANSIENT OPEN CIRCUIT TIME CONTTANT
DIRECT AXIS SHORT C’RCUIT TRANSIENT TIME CONSTANT
DIRECTR AXIS SHORT CIRCUIT SUBTRANSIENT TIME CONSTANT
GENERATOR VOLTAGE

REAL POWFR

POWER ANGLF I[N DECREE

JENERATOR ©PEED

MODIFIED ' 'NE ADMITTANCE MATR!'YX :

NUMBER OF BU' ES

NUMBER OF JSENERATONR



C NL

- NT

- ~y

- YT,

. SBASE
r SLACKB
- FoF

- ACCER
- {DE

< REMARK

T t, X

~ = 0
r

~ =91
” o TYPRE

- -0
[l =t

.
.

NUMBER OF LINES
MITMBER OF TEAMNLEFNPRMEL
TATE  F REACTANTE

TN ERANCE VOTTACE
SYSTEM BASE

SLACY BUS N'IMBER
FEEQUENTY

ACCELERATE FATTOR

veTnoONE BUS

INCLUDED EFFECT OF TRANN'ENT RFACTANCE 4D 2FATTANCS
*NOTWO AXTS ONLY.

NOT ONLY INCLURED EFFECT OF TRANSIENT REACTANCE AND
REACTANCE [N TWO AX1™ PUT SUBTRANSIENT REACTANCE

AS WELIL,

LOAD BUS

GENERATOR BUS

B S T R 3 LR LA ARSTEar et s i At st L e e R

COMMON/VARL1/V(20)

POMMNON/VARZ/PG(200 QG20 PLATYY ,QLITO)Y

~OMMON/VAR3/Y(20,20)

FOMMON/VAR4/XD¢20) , XXD(20) , XXX 2D

~OMMON/VARS/X0¢201 , XXQ(20) , XXX "D

COMMON/VARG/TDOCZ20),TTDC20) ,TTTR 27)

COMMON/ VART7/ VG T

TIMMON/VARR PWRe 0N, 70 ‘

TOMMON VARG ZANSGTFGOIN .70

TOMMON/VARTO AMACLOQO,, M)



COMMON/VAR11/YL(20,20)
COMMON/VAR!2/NB,NG,NL,NT,CX
COMMON/VARIB’deL,CBASE,SLACKR.F?F).APTEF
FOMMON/VARLG/TYPE(ZO)

COMPLEX Y,V,VG, YL

INTEGER SLACKB,CASE,TYPE, X

CALL LOADFUOW

FALL STARIULTY

STOP

END
C*%%%*%%m%x%**&x%x%x%*%*%%%%****%%%%%&%v%%%%%&%%&%%%%#*%&%&#m#?1%%*%%¥C
r SUBRAUTIME L(PADPELOW ~
“1;+w%n{mm*a%xmiwxw&*mx%**%mw*x%xwamxwav%**%%%m*xm******%mx*xtw&%*wx%&P
¢ PUBPOSE i
~ !. LOAD FLNW PROGRAM BY NEWTOHN RAPHSON METHOD. -
r 9. LOAD FLOW S0OLUTION USED TO BE INITIAL DATA FOR STAZLLITY - O
” PROGRAM. C
C%%*&***%***%%%%***+#%&¥%*%%%¥X#!%%%%W“%Y%%%*%&%%iK%%W%*%%W*V*IY%¥X%%%C

TUBROQUT NE LNADFLOW

COMMON/VARL/ZV20)

COMMON/VARZ /PG (L0) ,QGC2NY,PLEI0Y L2

CAOMMOM  VART 7Y (20, 20)

COMMOMN/VAR12/NB,NG,NL,NT,CX
FOMMON/VARL3/VTOL,SBASE,SLACKB,FREQ, ACCEF

COMMON/VARL4/TYPE(20Q)

AAMPLEX VL, CHTVY,SERY,YT,ZT,TARC,V, = CIRT  AMT -+ PORUS , CFLOW, 7T, SUM,
¥RIFLOW

INTEGEN SLACKR,TYPF (SROEDR,TD,STRLETD, TCONDE, X

REAL 5V,NOMIN,OMAX, HTH,TAP,CP,C7,DP,D0O,ANG, BB, EMAG,DELTAE, E,F,G,

KR, J1,J2,d3 14,09, 5y AyAT D, TNV, ANV, C,DELE, DELF, ENEW, FNEW,MAA,

#MBB  MAXMIS



DIMENSION SV(20),QMIN(20) ,QMAX(Z0) ,SHTB 20),5HTY(20),

FSERY (2, 2DB/20) ,EB(20, ,TROLOY,RTROIO), TAD 17 YT 10, TPODECEMN

LTAPC 190y S 20 AURT( A 7m0 T TReTn DT M T L GANT 00,

YRR 00, EMAGY 2O BELTAE "0, Fermy 72y, 0, 0 JECZ0,70
*J1¢(20,200, 12(20,20),45¢20,200,..4720,207,d5 27,20),d677,70,
CACTN 0 AT SO NN T DINVOTY T Y A Ve T T e T
¥OELE«20 ,DELF: 20" ,ENEW: 0, FNEW: ™ ™

THLELI TR RN R A A RS FYRIIAD TATA [NPTTHH N G GRS ORT RN
APEN(Y W ES P e BATAY

CHeA4READ H

€]

AD DATA YRR R e Fk R T ORI Y Y

REAT ¢S, 10 MN2,ML,NG,NT,VTIL,"PASE, L ACKB, FREDQ, ACCEF, X

P :'TORM/\'T'd",:7.5‘}7""]_5'""r;ﬁ.',r'-‘—’,:‘"3‘
CHEEYIREAD TJ% TATAL PN HHCER I GER KRy T LA LR Ty v g oy ey
IS O ', PUB

READ/" , ' TYPECIY,SVCIY, PG [ 3040 (EL01, QLT JAMIN 0 OMAX (!
XCIT
*I FPRMAT 11, FS,3,7F7.2)
2 CONTINUE
FEENPEWR ITE HEAD NATARE RN RE Y F 00RO R R 00 *
WRITE ¥,18) MB,NL,NG,NT,VT2L, FASE,SLACKB,FRE3,ACCEF
3 FORMAT(T10, 'NUMBER OF BUSES',™4C,13,/T10, 'NUMBER OF LINES',T40,
%13, “T10, "NUMBER OF GENERATORS',T40,13,/T10,
% "NUMBER OF TRANSFORMERS'.T40,13,/T10, 'VOLTAGE TOLERANCE',TAl,
%F7.5,/T10, 'SYSTEM BASE',T42,F5.2,T50, 'MVA®,/T10,
%'SLACK BUS NUMBER',T40,13,/TIC, 'FREQUENCY',T42,F4.1,/71n,
%' ACCELERATE FACTOR',T42,F7.5/
CEXNHIWR ITE BUS DATAKEERSRRROREE RN R4 AR KRR Y
WRITE(K, 14)
L4 FORMATC//T21,°B U 5 D A T A, /T23, 'GENERATLIN',/T42, 'LOAD', TS
%'MIN',T62, ‘MAX',T72, 'SHUNT', /T3, 'BUS', T8, 'TYPE',T14,

A'VOLTS ', T23, "MW' , T30, 'MVAR',T37, 'MW',T46, '"MVAR',T54, "MVAR',T6Z,



%'MVAR', TGS, '“USCEPTANCE" /)

neote ! 1, NB

WRITE(Y¥, 15 1,7YPE(T)Y, W 'O, P300 0G0y, PL DY, L0 ,AMINS T,
¥OMAX [, "HTBCOT

18 F RMAT Ta4,72,Tt7, 11, Tt4,F=, 3,721 F7,7,700, 77, 7,737, 87,7, T4, F7. 2,

[

TS, F7, 0, TEN,F7L 2, TGS, F7. ™
15 CINTINUE
CHEEFEDIEAR DTS ATMUTTANTE MATR IO AN VRN LR RN IR R A6 FNI
N0 o= LN
ne 20 1,NR
VoL, CMPLX/0.N,0.0)
~n FANTTNUE
CHXAXFLEAR SNT AND SEPIES ATMITTANTEEYKEREY RICORER-GEA % - B R R 6T
N t ML
SHTY ) MG I 0%
FEYC() MTINOQ.0 0.0
1 CAONTINTR
“EEXERREAD AND WRITE LINE DATANENEEEEN R GRS E O AR Y 4y Y FY RN
WRITE (%, 17D
17 FORMAT(/ T31,'L I NE DA T A", /7T5,'LINE' ,Tto, "Iy 1o, "BUT",
%724, ' LENGTH', T34, 'RESISTANCE',T1V7, 'REACTANCE',T<9, 'SUSCEPTANCE' /)
Do 13 ! {,NL
READ(S,1°) LINE,SBCI),EBCI),EL,R,¥,BC
18 FORMAT(313,4F7.5)
B TSRS SEESF ST AN ERESOTE ST FRCIER T L2 2D A F NN SO K R R

c FORM ADMITTANCE MATRIX

~CERXXFORM ADMITTANCE MATRIX FRIM LINE DATAS¥RRRAEANAERELIRAL L ER A AN
AHTY(T)  ELECMPLX(0.O,P™) ,
ERY({) 1 (FLYCMPIX/R,X1)

| spot



M = EBC(D)

YOL,") = Y(L,LY+SERY/IV+/SHIY T /7.0

Y(M,M) Y(M, M +SERY I+ (SHTY () /2.7 )

¥ oy M) Y MY FERY?T)

]

v M, L) Y(M,L) SERYC(ID}
HRITEOF,T0Y LINE,CBOD JERCT (FLEVX,ET
. FPRMAT ”“.13.T12,13.T18,I“,T74.F7.S.TBC.F7.“.T43.F7.5, TyFTL R
'3 CONTINTE
YR TD SHUNT T CEPTANCE T AOMITTANCE MATR I X0 ke b % kR e ek e C
n 24 1 Ty NP
Y o'y, ) YT Y -OMPLXCD. 0, 7H B b )
44 ONTINUE
“HYRIACHECK NUMPRER  F TPANSFORMIR RS EERENRESTSCERS T TARCE SRS R R Ry 0
IF (NT,ER.M) GR T A4
“¥¥¥¥%1F THERE ARE TRANSFORMERS THEN CHECK TYPE ~°F TRANS FORMER T EF¥R¥E%C
KEAD/=,37) TD
c7 FORMATCIS
CAXNFETD ¢ TRANSFORMER TV D E R R XS e o R S kRO Y kOO0
C 0 : FIXFD TAP TRANSFORMERS
C 1 ¢+ TAP CHANJING TRANSFORMER"
JF (TDLEDL LY 60 TO 38
CH#¥®X%READ AND WRITE DATA OF TAP ¥IXED TRANS FORMER SRR SO0 EE %4 4 k5 HkC
WRTTE(X,79
g FNARMAT( ‘T27, 'TRANSFORMER - DATA',.,//T7,'N)', Tl JCBUT,T 0, "BUS Y,
*WZT,'RESISTANFE',T4I,'REACTANCE',T“4,'TAP',TGS.'CO[E'
n o= N, 0
¥ - 0.0
nec 3q |1 1,NT
REANCH, T NO,STROLYETB( (R X, TARCTH) ,TTOPECT

31 FORMA™ 2719, 3F7.5,F5.3, 117



CE¥%*%¥FORM ADDMITTANCE FROM FIXED TAP TRANS FORME RAH 36543550 bk bk C

YT(1) = (.O/CMPLX(R,X)

IF (TCNDE/[Y.EQ. 1Y GO ™0 50

Lo STBe
M = ETB/ 1)
GO0 TO 33
= Io= FTE
M = STB(D
.2 ey - = _ - —in 3 4
Y(M, M) = Y/M MoEYTOD)

il
H

Y(L,M) = Y(L,M)=YTCIV/TAPCH)

H

YiM, L) YL, M

LINE NL+NO

WRITE X, 740 RS T o N e B £ N \og R ERNCO "R T 1Y
R FORMAT~T5,I3,T!3,IB,TZO,IB,TZQ,F7.5,T42.F7.5,Tq3,F5.3,77L,![)
3% CONTINUE
30 TG 14
rre ey FREAD AN WRITE DATA OF PHASE SHIFT TRAMNS FORMER S ¥ ¥ X 00 A MR R AR R C
38 WRITE(®,39?
39 FORMAT(//T29,' TRANSFORMER - DATA',//T3,'NO',T6, 'PRI',TLO, 'SEC",
%TIT,'IMPEDANCE’,TZS,’ADMITTANCE‘.T43,'TAP CHANGING',
¥T57, 'PHASE SHIFTING'/)
nno40 [ - U NT

READ (R, V] NWJCTB((),FTP‘I).TAPC’l‘,ZT

41 FORMAT(RI7,4F7.4)

YTeIYy = 1.0/Z7
AMP = REAL(TAPCCI})
- PHASE = AIMAG(TAPCC(I))
WRITE(X,43) N“,STB’I);"TE [V, 77,01 AMP, PHASE y

4% FORMAT(T?,13,T6,13,T1N, "3, TLH,F". e FFLA,T?9,F7 3,TH,F6. 4,

YrAR L FC A, TAY,FG. 4, TG, FE.D)



CHXEX¥FORM ADMITTANCE MATRIX FROM PHASF SHIFT TRANSFORMER S ¥38 ¥ 3k kK

.

DTR - 57, 73577551
TIATE T ACE/DTR

A7 AM- ¥ 1)L PHASE
RZ = AMPRS INCPHASE)
TAF 1 = CMPLXCAZ,RLY

1= ATB(T)

M = ETECD
Y L. YOU, T RUTORY s TARC T ATONTS TARPC Y
viMM VoMM ST

Yor,mm Y LMY YT D /TONJGOTARS v

AARUFR Y M, L YTORY/TAPC DY

'UNE = NL-HND
47 TANT TR
48 TANTINLE
“HNBEICAL ULATT REAL AND REACTIVE POWER PER UNDTHREESEREEAA U VL £KAAHF

MR B | 1NB

N3 T = 0G0 ) S BASE
3o Y = Gty s TRASKE
PL(ty = ELCOT)/GBASE
QLf 1Y = QLe1 " 5BASE

Sl = CMPLXCRGCID) PLCEY,QGCIY QLOTD)
340 TIANTHS
Sy X FCONT, NUMRER  IF ARNERATOR B F EA LKA URS SRR %O R
MB -
SN T, NB
"FOTYPECLY,EQL. 1Y MR M ki
97 COUTIN B
L LR NG IR R AP 2 TR AT CIeTATCRISATE ERESEOS SRS EVATEIRRRD YR EL VS

I[F MP,.MNE.O) THEN



CEEFREC FAR DA R OANT F S TV UOLTATI O A R e 0 PR F R A

nnoT7a o= N

ANG/ 2.7G
72 CZONTINUE

O S ! P NVEFANFERE RN RN EFSREN Y ERFREERTERRNESF RS EEE I

- i

IOUNT = 0

CRHFAFCALCULATE B VOLTAGERKN-FEX ¥ it dob o o B OO R U e sk oty +C
Do 79 I = 1,NB
PX = SVOIYACOSCANGC I
PY = SV{TYHE DOANGOT )
Ve = MPLX(PX,PY)

79 CONTINUE

"1 CONTINUE

CRAKFECALCULATE REAL AND REAGTIVE POWER: R RHF LIRS BT AT IEXXIRRANL
DO 74 [ = 2,NB
CPCL) = 0.9
cQil = 0.0
ECH) = REAL(V(I))
7ol = AIMAG(V.([))
DO 75 J = {,NB
E(J) = REAL(V(J))
GCI,J) = REAL(Y([,J)
Rl = AIMAG V()
BCI, ) = ~AIMAG(Y(I,d))
) p = R RCCECDHGCL, )1 HFCIRBCL, )
¥ bOFCIIRCCRCIIGOT Y ) (RGBT, 1)) ,
FPOTY = IPCD) P

n - FOIYVNOIECIDIRGOL )Y HEFCIIBOT, T )



C IF BOTH C
C ABSOLUTE MAXIMUM DIFFERENCE REAL POWER 7IOR THIS TTERATION) C
C AND C
r AETOLUTE(MAY IMUM DIFFFRENCE FFACTIVE POWER FOR THIS ITERATION
r LESS EQUAL m,0001L C
~ TYEN  CALCUTATE LINE FLOWS AND POWER AT SLACK BUS r
¢ E'"E CALCULATE BU'S CURRENTS C

“%*#*%%***%#***%#*****4*%¥¥%*¥%¥%*#*%%%**%*%%%%%'%*%%?%*%%%%%WK¥%%*%?¥*
oy 1ng 1= 2,NDP
CPFE Y LSTL LU0ty GY T 102
[F ('COD.EQ.M A0 TG 1043
P 1L.3T MB350 TC 103
IF (DELTAES .AT.0.0001 GO TOQ 12D
G0 TN 10R
103 'F (DGCIV.,48T.N.0001) GO TOQ 102
vt TTNYE
1Ju CONT.NUE
G0 TO 11t

CHE¥¥CALCULATE BUS "URRENTS**#**#*ﬁ%*%%%#*%%***%'***%%*#*%%%%***&***W1’

i

102 DO 104 1 2,NB

CURTCTD) CMPLX(CP(I),-CQ(IYY TONJG(V(IN)

104 CONTINUE
CY®EXEFORM ELEMENTS FOR JACOBIAN MATE D DR E R R R PR R

PO 16 1 7 Z,NB

E(¢1» = REAL- V(I
Fels = AIMAG VIl )

166 TONTINUE

D0 167 1 < 1, NB

i
=
wt
i

1,NB y

REAL(YCT, )

[on]
—
—
P

1

pevy ] ATMAGCY (T I



\

168 CONTINUE
'27 CONTINTE

TREERAFORM JACORBI

1

D ¢ {

neo1eT

o,
J2CT,d)

% CONTINIE

161

nog {

JUCe, I3

*

J2CTI, 1)

*

"

DO 163 J

[F (1 NE.J)
J1Cl,d)
J2CL,
END' 1F

163 CONTINUE

IF (1COD.EQ

IF (ICOD.EQ

AN MATRIX t, L R RO R L R TR A R R 8O
2, NP )
.y NE
n.c
7.0
2,NE

LT, D H(ECIV¥G 1, 1)
~tFC1)#B (L, [V +REALCCURT( 1))
J2CI, D ECH#PCT, )
+(FCD %GUI, 1 AIMAG ~ T )
2,NB
THEN
JLCL,J)4CE TIXGCL,d) ) (FCIYRBC ,Jd)

J2CL,d)=(ECT B 1, J)) HOFCIIRGCOT L))

.0 M 2

«0)Y GO TO 170

CHE¥¥EFORM JACOBIAN MATRIX 3 43Kk 3otk ok 0o N kS  ORk okk C

[

DO 172 1

11

Do 172 J

H]

J3¢l,d)

1]

JACI, )
CONTINUE

[t}

Do 171

i

Jaci, n
1401, ")
171

Do J

2,MB

2,MB
J3CT, D +2%E( 1) .
JACT, 1Y F2XF 1)

2,NB



* o
rfQen) =
75 CONTINUE

74 COINTINUE

ECIIRC(FCII¥GOT,d))—(ECJI*B(1,Jd)))

TQOT) +0

% .% "ALCULATE D'FFFRENCEs BETWEEN SCHEDULED AND CALCULATED REAL POWER

nn o382 I = 2,NB
DP‘T) = REAL(S(1)) CPCI
Ba(I) = DPCI

32 TONTINUE
\J = NB“ I

L F

IF (ICOD.EQ.

ME¥#¥HFOR VOLTAGE
po 1ot 1=

EMAG(1)

DELTAECD)

i

BB(dJ)
Jd = g+l
101 CONTINUE
M = MB+1

{0C CONTINUE

(1COD.EQ.OY M = 2

v GO TO 190

TONTROL  BUS %5 5K A RS H A 3K S Tk K o S XS 0 Rk
2,MB
CECTYY#¥2 + (FOI))¥%2

V(LI %%2 - EMAG(L)

DELTAECT)

C¥CALCULATE DIFFERENCES BETWEEN SCHEDULED AND CALCULATED REACTIVE POWET

po 137 1 =

pacl)

it

BBd)
Jd = J+l1

137 CONTINUE

M, NB
AIMAG(S (1)) -CQC])

padch

C 3 30300 T T 36 S 0K 5K 3 T S S 3K S S 00 S 340 0 365K ke M e A M N

CH¥H¥AXDETERMINE MAX'MUM CHANGE 'N POWER MAX DELTA REAL POWER AND ‘

C REACTIVE POWER FQR THIS

[TERATION. (

CANELATEST FOR CONVERGENCE RN LN MM KK ORI N K K o7 o3 0K o S K X



IF (1.NE.J) THEN
J3¢1,d) = 2.0
J4acr,Jy = 0.0
END IF
171 CONTINUE
*70 CONTINUE
CHE¥EFORM JACORIAN MATRIX 5, GRERRAEF IR R A ROk R KRR NOKC

DO 175 i M, NB

po 175 4 = 2,NB
J5¢l,Jd) = 0.0
Je(l,d)y = 0.C
175 CONTINUE
DO 176 1 = M,NB
J501,1y = JS(I,[)—(E&I)*B(I,[))+(F(I)*G(I,K])~AIMAG(C”RT(I))
Jecr, 1y = J6([,I)—(EYI)*G(I,l))—(F(J)*B(I.I))+REAL(CURT(I))
Do 176 J = 2,NB

IF ¢[.NE.J) THEN

J5(I,d) = JSCL,J)+H(FCII¥GCT, D)) - (ECTIXBCT, D)
JECT ) JBECI,J)=(F{I¥BCI,JN -(ECI)*G(T, 1))
END IF

176 LCONTINUE
CHEXX%XFORM ALL SUBJACOBIAN TO FORM ALL JACOBIAN MAT I XEERNOEEEREERR RN

ne 3030 1 = 2,NB
DO 3030 v = 2,NB
ACT,d) 1.0

3030 ZONTINUE

DO 182 | = 2,NB
Do 182 J = 2,NB
AL, d) = JLCL, D ,

182 CONTINUE

oo o183 | Z,NB



J = 2

N = Z%NB |

L = NB+1

D) 184 K = L,N
ACT, K = J2(07,D

VO LLGTONEY T TN 185
J = g+t

“4 CIONTINUE

135 CONT'NUE

133 " NTINUE

T NB+1

FoorTan,ELM GO T 1O

193 CONTTNWUT
D 190 J = Z,NB
ACTA,dY = J301,d4)

190 CONTINUE
o= I+
IF (1.GT.MB) GO TO 192
1A = JA+L
G0 TO 193
192 TA = [A+!

191 CONTINUE

i

DO 194 J 2,NB

1}

ACTA, ) J541,J)

154 CONTINUE
[ = 1+1
IF (I.GT.NB) GO TO 195
A = ITA%1
GO TO 191

195 CONTINUR



197

198

199

¢

700

201

1040

FOIror, g£Q.
CONTINUE

L = NB+1

i

0o 138 J

1]

ACTA,L)
L = L+l
CONTINUE
o= [+l
IF(I.GT.MB)
[A = TA+1
GO TO 187
CONTINUE

1A = [A+
CONT'RUE

L = NB+!

L) 200 J

Acla, L = J

{F (1.GT.NB)

[A LA+
G0 TO 196
CONTINUE

N = 2#NB-1

DO 3040 ' =

AtCI-1,4 1)

CONTINTE

Ny GO TO

2,NB

JA4CT,d)

g

GO TO 199

2,NB

€41,

ZyN

M1

0.0

GO TO 201



DO 204 1 = 2,N
N1 205 J = 2,N
ALOL L=t = AT,
TUNTINUE

WAs CENT MF
N o= N

Aot % ALCTLATE INVERSE TACNT [AN MATR TR RRRRAEF RN RR S AR R R K C

EPS = 2.770 0001
Py 70 N
D 7 = 1N

T 1-Jy 2n2, 377,072

24 Dyl 1.0
cOTo s
307 Del,d 3.0

2t CONTONUE
113 CONTINYE
DEL 1.0
DO 304 K = 14N
[F (K-N) 305,306,306

305 'MAYX = K
AMAX = ABS{AL(K,K})
KPL = K+l
DO 307 | = KPL,N

IF (AMAX ABS(AtC(1,K)9) 308,307,307

t

308 IMAX l

AMAX ABSCALCT,K))

307 CONTINUE
~ IF (IMAX-K) 309,306,309
308 DO 310 J = 1,N ' g
ATMP ALCIMAX, J)

ALCIMAX,d) = ALK, d)



ALK, d) = ATMP
BTMP = DCIMAX,J)
DCIMAX,JY = D(K,J)
31) D(K,J)y = BTMP
DEL = DEL
336 JONTINUE
TFOABSUAT KK Y EFSY 30 3L,

312 DEL = AJ(Y, ) wDEL

i

giv ALCK, KD
D313 4 o= 7N
ALTK,J) = AL(K,Jd)/DIV

313 D(KJ) = DK, JV/DIV

AMULT = AL T, K)

IF (I-K) 315,314,315
IR L LATE B U G I L, N

ATCT, ) = ALCTJ) ~AMULTHAL (K, J)
3R DCT,dY = DOIJY-AMULT*D (K, d)

CONTINUE

€3
»

304 CONTINUE
3 1 CONTINUE

DO 351 | ~ {,N

Do 852 J = {,N
INV(L,JdY = DO1,d)
252 CONTINUE -
351 CONTINUE
DO 383 1 = L,N -

DO 354 J = 1,M
ATNVCI+1,J+1) = INVCD,J)
3=24 CONTINUE

352 CONTINUE



DO gne N
COob)y = COIYEATNVOL, I ERD D
SRR CONTINUVE

[ = 2

DO 364 4 N
DELE¢ ™ T
N
IF (T.GTL.HNB GO TA 365
T4 TONTINUE
365 TONTINUE

14 - Il
i .

33 3ub J - NB+i,N
TELEST cen
! I+1
IF (1.G5T.NB) GO TO 367
366 CONTINTE
367 CONTINUE
CH¥¥IFRCALCULATE NEW BUS VOLTAGE AND REPLACE OLD BUS VOLTAGEREF¥E¥¥¥EHRC
po 368 1 = 2,NB
EOLY - REALCV(OLM)
Fon ATMAG(V O
ENEW(IY = ECDYFDELECD
FNEWOIY = FODY+DELFODY
Vi) TUMPLXCENEWC D) (FNEW(I )
368 CONTIN E
CRENERCALCULATE NEW BUS VOLTAGE ANGUEN RN AN ARIO DXEA DR ARY (o A3 Y BY O
IS AN Y IR I T,NB
ANGOT) ATANCATMAG/VOT ) /REAT VO D)) 1 #57, 0357795

A6 TONTINUE



CHkkHFEADVANCE ITERATION COUNT}&*%***#****%***%**ﬁ*&ﬁ%%%&*#*%%*#*#%%*%*C

ICOUNT = ICQUNT+1
IF (1COUNT.GE.20) GO TO 81388
GO TO 80
CH%¥¥%PRINT RESULT AND CALCULATE LINE FLOWS AND POWER AT SLACK BUS¥¥¥%C

111 WRITE(%,370) [COUNT

370 FORMAT(//T1l,'LOAD-FLOW SOLUTION BY USING MEWTON RAPHSONS METHOD'
¥,/T11,'SOLUTION CONVERGED IN',2X,13,2X, " ITERATIONS ")

WRITE(%,371)

371 FORMAT(///,T34,'BUS*DATA',//,TBS,‘GENERAT!CN',T54,’LOAE',T64,
*'CAP/REAC',/,TS,'BUS'.T[Z,'VOLTS',TZZ,'ANGLE’,TBZ,'MW',T41,'MVAR’
*,TSI,'MW’,TSB,'MVAR'.TGG,'MVAR'./)

SUM = CMPLX(0.0,0.0)
DO 3080 | = t,NB
SUM = SUM+Y (1, 1)%V(ID)

3080 CONTINUE

DO 372 1 = 1,NB

PG(1) = REAL(SUM¥CONJG(V(1)))
QG(1y = —AIMAG(SUM%CONJG(V(I)))
VMAG = CABS(V(I)M)

ACB = GHTB(I)#VMAG*¥2
IIF (1.EQ.1) GO TO 3090

PG(I) = REAL(SCI))+PLCI)

QG(1) = AIMAG(S(I1))+QL(I)-QCB,

3090 CONTINUE -

PGEN = PG(I)%SBASE
QGEN = QG(1)*SBASE
PLOAD = PL(I)%SBASE
QLOAD = QLCI)*SBASE ,

Qcn QCB®SDASE



' YR ¢

WRITE(*,373) I,VMAG,ANG(I),PGEN,QGEN,PLOAD,QLOAD,QCB
373 FORMAT(TG.12,T11,F6.4,T21,F?.4,T29,F7.8,T39.F?.S.TSO;FG.S,TSB,
*F6.3,T67,F3.2)
372 CONTINUE
WRITE(%,3060)
3060 FORMAT(//T25,'LINE AND TRANSFORMER DATA',/T!2,'LINE',TiS,'35B’,
*TZA,'EB',T35.'MW',T50,‘MVAR’,TGS,‘TAP',/T11,57('~'))

CH¥**¥¥CALCULATE LINE FLOW****************%%******%*%**%********%*%****C

DO 3070 I = t,NL

L = SB(1)

M = EB(I)

SFLOW = CONJG(V(L))*(Q(L)—V(M))*SERY(I)+
* V(L)*CONJG(V(HJ)*(SHTY(I)/?.OJ

RFLOW = CONJG(V(M))*(Y(M)—V(L))*SERY(l)+
* V(M) *CONJG( V(M) )% (SHTY([)/2.0)

SFLOW = CONJG(SFLOWXSBASE)

RFLOW = CONJG(RFLOWXSEASE)

i
WRITE(%,377) I,L,M,SFLOW

WRITE(%,377) 1,M,L,RFLOW
3070 CONTINUE
}F (NT.EQ.0) GO TO 391

DO 4000 I = 1,NT
MAB = 1.0/TAP(I)
MAA = (1.0/TAP(1)-1.0)/TAPCD)
MBB = (1.0-1.04TAP(I1))
L = SsB(I)
M = EB(I)
. SFLOW = CONJG(V(L))I*(V(L)~V(M))*YT(1)}¥MAB+
* V(L) %(CMPLX(MAA,Q.0)%YT([)/2.0) ;
RFLOW = CONJG(V(M))I¥(V(M)~V(L))HRYTC1)¥MAB+

»* V(M) %(CMPLX(MBB,0.0)#%YT(1)/2.0)



WRITE(%,377) [,L,M,SFLOW

WRITE(%,377) I,M,L,PFLOW

CONTINUE
FORMAT(T14,12,T19,12,T24,12,T31,F10.4,T48,F9.4,T66,F5.3)
WRITE(%,4010)

FORMAT(T11,57¢('="))

RETURN

END
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SUBROUTINE STABILITY

c

B T LRt x s r P RS DO SERE S BT PSS NS BT RS P T S SRR p e S o s 2 s S

~

-

[o] Q Q 9] (@] Q.

a o

C
C

CH¥FEHRREMARK

~
C

C

Q L] (@] (o} @] [ P! «Q

PJRPISE

t.TO CALCULATE THE VALUES GF

POWER ANGLE

RATIO OF ACTUAL SPEED TO RATED SPEED

PER UNIT BUS VOLTAGE

PER UNIT BUS POWER

PER UNIT ACCELERATE TORQUE

PER UNIT ACCELEF%TION OF MACHINES
}

AFTER 6 SITUATIONSACCORDING TO THE VARIABLE " FTYPE "

—

BASE SYSTEM =

0
3

!

THREE PHASES FAULT OCCURED AT ANY ONE BUS.
THREE HHASES FAULT OCCURED AT THE TERMIANL OF
THE TRENSMISSION LINE JUXTAPDSE TO ANY ONE BUS.
THREE PHASE FAULT OCCURED AT ANY TWQ BUSES -
CONCOMITANTLY.

THREE .PHASES FAULT OCCURED AT THE TERMINAL OF
THE TRANSMISSION LINE ADJACENT TO ANY TWC -
BUSES 5,IMULTANEQUSLY.

THREE PHASES FAULT OCCURED AT ANY ONE BUS
SUBSEQUENT RECURED AT ONCE AT ANY OTHER ONE BUS
THREE PHASES FAULT OCCURED AT THE TERMINAL OF
THE TRANSMISSION LINE CONTIGUOUS TO ANY ONE BUS

~ SUBSEQUENT RECURED AT ONCE AT ANY QTHER OF THE

TERMINAL OF TRANSMISSION LINE PROXIMATE TO ANY
ONE BUS.

100 MVA. )

2. THIS SUBRQUTINE CONSISTS OF

SUBROUTINE SALIENT

C
C
C

2

a QO a O O OO O 4O o O

[4¢] (@] (] @] @] @] ] Q

aQa a O

aQ



g O OO O

C
C

C

-~ SUBROUTINE ROUND
- SUBROUTINE TRO3Z
- SUBROUTINE TRI
-~ SUBROUTINE TR2
- SUBROUTINE TR4
- SUBROUTINE TR5
- SUBROUTINE PLOT

a O o a a o Q

(C S 3 0 R 00 SRR 3 5 3 o S 0 0 o3 10 o o o K o 0 K K e R ok

SUBROUTIRE STABILITY
COMMON/VAR1/V(20)
COMMON/VAR2/PG(20),QG(20),PL(20),QL(20)
COMMON/VAR3/Y(20,20)
COMMON/VAR4/XD(20),XXD(20), XXXD(20)
COMMON/VARS/XQ(20),XXQ(20} , XXXQ(20)
COMMON/VARE/TDO(20),TTR(20),TTTD(20)
COMMON/VART/VG(20)
COMMON/VARB/PWR(100,20)
COMMON/VARS/ANGDEG(100,20)
COMMON/VARIC/0OMAC100,20)
COMMON/VAR11/YL(20,20)
/COMMON/VAR12/NB, NG, NL,NT,CX

¢

COMMON/VAR13/VTOL,SBASE,SLACKB, FREQ,ACCEF
COMMON/VAR14/TYPE(20)
COMPLEX Y,V,VG,YL,CURR,YG

INTEGER TYPE,6NB(20),RTT(20),STEP,CYC,FTYPE,FCYC,CCYC,RCCYC,LCYC,

*FBUSK,FBUSZ,FBUSS,FBUS4,FCYCI,FCYCZ,CCYCI,CCYCZ,RCCYCI,RCCYCZ.

#LCYCt,LCYC2,SLACKB,CX
REAL AVT(Z20),H(20)

CRIR R RN R AR R RDECLARE VAR 1 AB LESHHRAHRHA AR A HH AR KR ANk ok 3k C

c
C

Y H ADMITTANCE MATRIX
v H PER UNIT BUS VOLTAGE

"
C



c VG ! PER UNIT GENERATOR VOLTAGE c

- YL t  MODIFIED ADM'TTANCE MATRIX c
y CURR :  PER UNIT BUS CURRENT C
C Y5 :  GENERATOR ADMITTANCE >
” TYPE :  BUS TYPE . c
s CNB :  CONNECTED BUS OF GENERATNR ' c
b RTT i ROTOR TYPE c
- 0 : ROUND RITOR c
c 1 ¢ SALIENT ROTOR r
r CTEP :  STEP OF OPERATION n
c FTYPE :  FAULT TYPE -
: cYC : TIME CYCLE C
c Fryc s FAMT CYC}E C

oboRde 1 FAJLT CLEARING CYCLE z

orAYC ¢ LINE RECLOSIN: CYCLE a
- ~YG : 0 LAST CUNSIPE w7 oM CVOE C
c FBUS?  :  FAULT BUS NUMBER 1,2,3,4 c
- FCYCL ¢ FIRST FAULT IYrLF c

FCOYCZ & SECOND FAULT 7YCLE c
o cCYCt o+ FIRST FAULT CLEARING PYCLE c
C CCcYC2 ¢ SECOND FAULT CLEARING CYCLE c
- r"OYC! ¢ FYRST LINE RECLOSING CYCLE C
y RCCYCZ ¢  @RCOND LINE RECLOSING CYCLE c
C LCYC!t ¢ LAST CONSIDERATION CYCLE FOR FIRST FAULT c
c ICYF2 ¢ LAST CONSIDERATION CYCLE FOR SECOND FAULT c
- AVT t  PER UNIT MAGHINE SPEED C
r 3 :  PER UNIT INERT!A CONSTANT G
CHH Kk X¥REMARK c
r SYSTEM BASE = 100 MVA. , c

CORW Sk ate AR 00300 3OKOK A 037 30K 03K 3R T S A0 3 OO K KO0 5 0 0 e 58 o N Kok A 30K K 800 K 3 00 K



e
LT R

CH¥**¥XREAD MACHINE DATA*****%*****%*%*********************************C

.

DO 550 1 = 1,NG
READ(5,508) CNB(I),RTT(I),H(I),XD(I).XQ(I),XXD(I),XXQ(I),XXXD(l)
*,XXXQ(I),TDO(I),TTD(I),TTTD(I)

509 FORMAT(212,F8.4,10F7.4)
CH¥XEXCHECK ROTOR TYPE TO WRITE DATA OF EACH MAGH [ NES ¥k ¥4 X FH Rk kKR Ak C

C RTT(1) s+ ROTOR TYPE OF MACHINE NUMBER I C
C 0 ¢+ ROUND ROTOR C
C ! : SALIENT ROTOR C

C**************%**************%**********************%****%*********i*C
IF (RTT(!1).EQ.0) GO TO 545
CEEXFXWRITE DATA OF SALIENT POLE ROTCER MACH [ NE R R4 3 X FH KR H A KK C
WRITE(%,522) |
5922 FORMAT(//732, 'MACHINE DATA',//T3, 'GENERATOR NUMPER',12.//,TH,
%'THIS GENFRATOR 1S SALIENT POLE ROTOR TYPE"?
GO TO 555
CHFXA¥WR ITE DATA OF ROUND ROTOR MACHINE**%******%*%**#**#k************c
545 WRITE(X,524)
524 FORMAT(//T32, MACHINE DATA',//T3,' GENERATOR NUMEBER',12,7//,T5,
#'THIS GENERATOR [S ROUND ROTOR TYPE')
CR¥ESXWRITE DATA OF EACH TYPE OF MACH [ NEFRFRAA R K OR300k ROk C
555 WRITE{%,526) H(I),XD(!),XQ(I).XXD(I).XXQ(l),XXXD(I),XXXQ(I).
¥TDOCI), TTDCIY, TTTDC D)
526 FORMAT(/T7,'INERTIA CONSTANT ', T60,F8.4,* P.U. ",
%/T7,'DIRECT AXiS REACTANCE *,T60,F7.4,' P.U.",
%/T7, 'QUADRATURE AXIS REACTANCE',T60,F7.4,' P.U.",
%/T7, 'DIRECT AXIS TRANSIENT REACTANCE',T60,F7.4,' P.U.",
%/T7, 'QUARDRATURE AXIS TRANS IENT REACTANCE',T60,F7.4,' P.U.",
*/T7,'DIRECT AXIS SUBTéANSIENT REACTANCE',T60,F7.4,% P.U.',
%/T7, 'QUARDRATURE AXIS SUBTRANS IENT REACTANCE',T60,F7.4,' P.Us*y
%/T7,'DIRECT AX1S TRANSIENT OPEN CIRCUIT TIME CONSTANT',T60,



¥F7.4,' SEC',

%/T7,'DIRECT AXIS SHORT TIRCU'T TRAN [ENT TIME "ON FANT ', T60,
*¥F7.%,' SEZ',

*/T7,'DIRECT AXIG SUHOR™ “TRCUIT UBMRANSTENT T 4™ "AINTTANT',TA7,
¥F7.4,' SEC'/)

550 CONTINUE

I¥EXERWRITE NUMBER OF BUSES, L'MNES,MACH I NES ¥k £ k¥ £ 43000CE K KRR R R ORKT

40 WRITE(¥,5032) NB,NL,NG
o. FORMAT(/ T24,'STABILITY CALCTLATION SOLUTION',

%//,T21, 'LOAD FLOW USING NEWTON RAPHSON ME"HOD',

#/T21, 'STABILITY USING M uIFY EULEK METHOD',/s,"7, 'WRIT.EN BY :'
%,/T20, 'S"WAT BAKAWAPAKPOOM ', /T20, ' ANNOP JUNDTED ',
%°T20, ' ISSARACHAL — NGAMROO',//T7,'ADVISOR :',/T20
%, 'MR. SCMPOTSH PRAPAIL',/T20,'MR. MONTHON LELAJINDAGAILFRK',
%//T5, 'DETAILS OF SYSTEM',/,T1l, 'NUMBER OF BUSE *,Ta3G,'",’/Tl1,

% 'NUMBER OF LINES',T36,:°,/T11, 'NUMBER JF 3ENERATORS',T36,I5)

“HARERWRITE TYPE OF MACH I NEFSEEEE IR0 ¥ R 06 O O R C

Bo 580 I = 1,NG
IF (RTT(1).EQ.Q) GO TGO 800
WRITE(#%,556) 1,CNB(I)
556 FORMAT(T!!, 'MACHINE NUMBER',I12,' IS CONNECTED AT BUS °',I12,
%,' AND IS SALIENT POLE MACHINE')
(30 TO 580 .
BOO WRITE(#*,558) I,CNB(I)
558 FORMAT(T!1!, 'MACHINE NUMBER',I12,' 15 CONNECTED AT BUS ', R,
¥%,' AND 1S ROUND ROTOR MACHINE')

580 CONTINUE

CHANERMODITIET ADMUTTANGE MA TR UX REWAAL AN Hk M XK 353000 MR8 OGOk

C

v

-~

FOR REPRESENTATION OF LOAD g C
THE STATIC ADMITTANCE OR ADMITTANCE T¢ GROUND Ypi, USED TP ¢

REPRESENT THE LOAD AT BU F. r



¢ THE EQUIVALENT ADMITTANCE TO GROUND REPRESENTING THE LOAD ATC

c BUS P 18§ C
c YpO = (PL{p) - JAL(p))/(ABS(V(p))) C
c TO INCLUDE YpO TO Y-MATRIX C

C%**ﬁ%*******************%*1****i%************%m*****%**%%******#*****C
DO 560 I = {,NB
IF ({TYPE(1).EQ.1),AND.(PG(1).EQ.0.0)) QL(I) = QL(I)-QGC(I)
IF ((PL(I).EQ.0.0Q).AND.(PG(I]).EQ.0.0)) GO TO 560
YCI,1) = Y(U,1)+CMPLX(PL(1),-QLC1))/CABS(V(I))

560 CONTINUE

C¥%H* [INCLUDE .GENERATOR ADMITTANCE TO Y-MATRIX AND C
¢ FORM NEW BUS TO\REPR%SEyT THE MACH 1 NES sk sk A3k 3 5 H e o o e e e oo e e S G
Do 500 ! = L,NG P
K = CNB(I)
v = NB+I

IF (RTT(1).EQ.0) GO TO 508
YG = CMPLX(I.0.0.0)ICMPL§(0.0,XQ(I))
GO TO 7Ttl

508 YG = CMPLX(1,0,0.0)/CMPLX(C.Q4XXDC1))

711 Y(K,K) = Y{K.K)+YG
/H(J,J) = Y6
Y(J,K) = -YG
Y(K,d) = Y(J,K)

500 CONTINUE
CH¥FMANGE ¢ NUMBER OF..GENERATORS AND BUSESH¥HRKHkNNIRIIRAR ARk Kk C

1

NGB
CHESERCLEAR LINE PARAMETER MATRIX YLp@¥kiksiak skt bk ¥k ok ok ok C

-

NG+NB

DG 1377 ! = 1,NGB
DO 1377 J = 1,NGB ' .
YL(1,J) = CMPLX(0.0,0.0

1377 CONTINUE



CR¥EFXFORM LINE PARAMETER MATRIX Y Lpqikbiikh bkt b kboh koo 40k ok C
~ Yipq = Ypa/Ypp p,q : PBUSDH,BUSq C

C 80 A3 S K 8 3 H o K S M e R S S KA K S R ok Ok o FE AN RN

DO 656 | = !,NGB
DO 655 J = 1,NGB
YLET,d) Yol ) /Yo, )

F=E CONTINUE
~  CONTINUF
FYwAFECTED OF ° ERAT'ON OF BOTH SHB-SALIENT AND S'B-T7UNDYKRXHX ¥ £K#F%ER*%C
STEP 0
C¥ ¥¥TO CALCULATE T™HE MACHINE ! 4RENT” PRIOP T7 JHRE CUS7THRTALCERAY 4O

DO 1055 I = I,N3

i

CHE(T)

¥

1

CURR = CMPLX(PG(J),-QG( ") /CONJG V(J))
[F (RTT([).EQ.0) GO TQ 78*
~ALL SALIENT(STEP,CYC,,CNB,CURR,FREQ, [COUNT)
GO TO 1055
735 CALL ROUND(STEP,CYC,!,CNB,CURR,FREQ, 'COUNT)
1055 CONTINUE
CH3¥¥XSTEP OF OPERATION OF BOTH SUB-SALIENT AND SUB-ROUND NN ¥ AAKHKNKC
STEP = 1
CHRYFRFREAD FAULT TYP EXRRIERRE R AR KA Kk k00RO ORRE R C
READ(5,511) FTYPE
€11 FORMAT(12)
1F ((FTYPE.EQ.0J.OR.(FTYPE.EQ.3)) GO TO 512
[F ((FTYPE.EQ.1).0R.(FTYPE.EQ.2)) GO TO 513
[F ((FTYPE.EG.4).0R.(FTYPE.EQ.5)) GO TO 514
WRITE ,51)

51 FORMAT(T! ,' FAULT TYP® ERROR") .



CHY +%%FOR FTYPE = 0 OR JEEBRENEGERSHE RO Ak R R Rk ¥R K R k% C

¢ ~READ FAULT DATA C
c -CHANGE CYCLE TO TIME(SEC) C
C 33 BB R R 3R K O S 3 R R S A K R R C
%12 READ(5,516) FBUS1,FBUS2,FCYC,CCYC,RCCYC,LCYC
516 FORMAT(G!2)
[® ((FTYPE.EQ.M),AND.(FBUS2.NE.0)) GO TO 630

FLOAT(FCYC)/FRE"

t

FCYC
TCCYC = FLOAT(CCYC)/FREQ
TRCCYC FLOAT(RCCYC)/FREQ

1§

T.CYC FLOAT{LCYC)/FREQ
GO TO 517
630 WRITE(%,523)
628 FORMAT(///,200'%"')," INPUT ERROR 'y 20¢ %))
STOP
CHEFURFOR FTYPE = | OR 2HKEEERNSOROIEER F R KR KRk ¥4 3R N0k 3ok ok % C
v REAL FAULT DATA C
- -CHANGE CYCLE 70 TIME(SEC) c
3 = RS R AR R R KR 3 308 S 0 1k Mk R M AR A8 3 Rk R ¥k 0k C
%13 READ(5,518) FBUS!,FBUS2,FCYC!,FCYC2,CCYC!t,CCYCZ,LCYCL,LCYCZ

518 FORMAT(812)

FCYC = FCYC!
LCYC = LCYC!
G0 TO 52

CHREEENRFOR FTYPE = 4 OR  S¥RNbikik ik k¥ ok 0k Rk ke 3ok R A 6 300 5 R % C

c ~READ FAULT DATA C

W ~-CHANGE CYCLE TO TIME(SEC) C

O U O S M TR T T 2 R O M A 30 38 3 8 S S o M o e SR S 3 33 R o ek M K C
514 READ(5,519®) FBUSl,FBUSé,FBUS3,FBUS4.FCYC1,FCYCQ,CCYGI,CCYCZ,

¥RCCYC1,RCCYC2,LCYCL,LCYCR



519 FORMAT(1212)

\

FCYC FCYC1

L7Yr = LCYO!

TRCCYC!L = FLOAT/RCCYCL)/FREN
TPCCYC2 = FLIAT(RCCYC? - FREN
52 TF.YCL = FLOAT(FCYC1)/FREQ
TFCYCZ FLOAT(FCYCZ/PREQ
TCCY1 FLOATCCCY 2D +FREND
TOCYr 2 = FLOAT(OCYCS ¢ REQ
T ~YCt = FLOGATCLOVO LY GRED
TLCY"2 = FLOAT'LCYCZ2'/FREQ
517 TONT{INUE

WRITE (%, 732
5% ENRMAT! /,T7,'DETALLS I0F APERAT TN',//,75, "TIME SE *',73",
®OPERATICN'
POy WRITE OUTPUT PRINTING FOR EACH FAULT TYPEXKAHFFIFEENLRELANYARTTL IO
F ‘FTYPE.EQ.D) GO TO 20
'F ‘FTYPE.EQ.1) GO TO Zi
'F (FTYPE.EQ.2) GO TO 22
IF (FTYPE.EQ.3) GO TO 23
FO(FTYPF.EQ.4Y GO TO 24
¥ O(FTYPE.EQ.5)Y 60 TO 74
7 WRITE(¥,2Ff) TFCYC,FBUS!, T CYC,TLCY"

“6 FORMAT(/™3,F5.3,T"°7,'FAULT ON & AT BUS ',!2,

* /T8,F5.8,T27, '"FAULT OFF : AT FAULT BUS',
* /T8,F5.3,T27,'END OF CASE'/
Gl TC 533
] 2L TFCYC = TFCYCH
LoYyr = LCYCH .



[

1 WRITE(%,527) TFCYC,FBUS!,FBUS2,TCCYC!,FBUS!,TCCYCZ,FBUSZ,TLCYC1,

#FBUS1,TLCYC2,FBUS2

527 FORMAT(/T8,F5.3,T27, 'FAULT ON t

/T8,F5.3,T27, 'END OF CASE

¥ /T8,F5.3,T27, 'FAULT OFF
* /T8,F5.3,T27, 'FAULT OFF
* /T8,F5.3,T27, 'END OF CASE :
*
GO TO 538
22 FCYC = FCYC!
LCYC = LCYCL

..

..

..

AT
AT
AT
AT

AT

BUus ',12,
FAULT BUS
FAULT BUS
BUS ',12,

BUS ',12/)

.

' AND ', 12,

Yy 12,

ALY

WRITE(*,28) TFCYC!,FBUS!,TFCYC2,FBU52,TCCYC!,FBUSt,TCCYCZ,FBUSZ,

*#TLCYC!1,FBUS1,TLCYCZ,FBUS2

28 FORMAT(/T8,F5.3,T27, 'FAULT ON :

.

.o

* /T8,F5.3,T27, '"FAULT ON :
* /T8,F5.3,T27,*FAULT OFF
% /T8,F5.3,T27, 'FAULT OFF
* /T8,F5.3,T27, ' END OF CASE :
* /T8,F5.8,T27, 'END OF CASE :
GO TO 533 '

23 FCYC = FCYC!
ACYC = LCYC!

/

AT
AT
AT
AT
AT
AT

BUS ',12,
BUS *,12,
FAULT BUS
FAULT BUS
BUS ', 12,
BUS ', 12/)

"4 12,

', 12,

WRITE(%,529) TFCYC,FBUS!,FBUS2,TCCYC,FBUSt,FBUS2,TRCCYC,TLCYC

529 FORMAT(/T6,F5.3,T20,

%*'FAULT ON '+ ON TRANSMISSION LINE ADJACENT TO BUS ',12,'

* 1 /T6,F5%3,T20,

AND

#'FAULT OFF s+ LINE IS TRIPPED BY CIRCUIT BREAKER BETWEEN BUS

*' AND ',12,

* /T6,F5.3,T20,':
* /T6,F5.8,T20,'1
GO TO 533

24 FCYC = FCYCI

LINE IS RECLOSED ',

END OF OPERATION'/)

'y 14

'y 12,



WRITE(%,530) TFCYC!,FBUS!,FBUS2,TFCYC2,FBUS3,FBUS4,TCCYCL,FBUSL,

¥FBUSZ, TCCYCD, FsUSe, FBUT ,TECYCL, FEL 1, FBY TR I, FET ', Folind

F N FORMAT(,T6,F5.7,T20,

%'FAULT ON  : ON TRANCMI®S' N LINE A) AENT ™0 BI' ',r'2,' AND ',
* , T5,F5.3,T20,
¥'FAULT OM : ON TRANSMIS5ION LINE ADJACENT T2 B* ',I2,' AND ’,
#* ,/T6,F5.3,T20,
%'FAULT OFF : LINE IS TRIPPEY BETWEEN BUS ', 12, AND ',1°,
X /TE,F5.3,T20,
¥ 'FAULT OFF : LINE 1S TRVPPED BETWEEN BUS ', '2,' aND ','",
* /T6,F5.3,T20,
%': LINE [S RECLOSED ON LINE BETWEEN BUS ',IZ2,' AND ',12,
* /T6,F5.3,T20,
%': LINE IS RECLOSED ON LINE BETWEEN 18US ',[2,' AND ',I2,
* /T6,F5.3,T20, "t END OF OPERATION'/)
FCYC  FCYT1

=13 CGNTINUE

12

12

[un

CHAFFEWR ITE QUTPUT DAT AR FANN R KR R R kb ok 1 R ok % C

702 WRITE(%,538)

523 FORMAT(/7Z¢

-'),/T3,'CYC", T8, 'TIME"',T15, 'MC’',T13, "ANS(RAD

' Te9

%,’ANG(DEG)'.T40.'SPEED',T49,'POWER',TSB,'ACCE.T',TC?,'VOL"‘,
7

#7200

Pl = 3.141532654

fl

TORQUE 0.0

OMEGA = 1.0 T
cYyc = 0
TIME = FLOAT(CYC)/FREQ
WRITE(%,552) CYC,TIME
FORMAT(T4,12,T8,F4.,3)
po 570 I = 1,NG

AVT D) 2, %P [ R FRER



Rl AL 1

OMA(CYC+1,1) AVTCT)

ANGRAD = ATANZ2(AIMAG(VG(1)),REAL(VG(I)))

ANGDEG(CYC+1,1) = 1BO¥ANGRAD/P!

J ® CNB(D)

ABSV = CABS(V(J))

FWR(CYC+1,1) = PG(J)

WRITE(%,542) I,ANGRAD,&NGDEG(CYC+I,I),OMEGA,PWR(CYC+1,I),%ORQUE,

¥ABSV
542 FORMAT(TiG.1l,TlB,FB.S,TZ?,FlO.5,T39,F8.5,T48,F8.5,T57,F8.5,
' ¥T66,F7.5)
570 CONTINUE
ot IF (CYC.EQ. FCYC) @0 TO.'660
ﬁ cYc = CYC+! i
GO TO 635
gSO CONTINUE
CHA¥¥XCALL SUBROUTINE FOR EACH FAULT TYPE TO CALCULATE QUTPUT DATA¥¥¥%C

{F ((FTYPE.EQ.0),OR.(FTYPE.EQ.3)) G0 TO 661
{F (FTYPE.EQ.1) GO TO 662
IF (FTYPE.EQ.2) GO TO 663
IF (FTYPE.EQ.4) GO TO 664
JIF (FTYPE.EQ.S) GO TO 665
661 CALL TRO3(H,RTT,ERR,FTYPE,FBUSL,FBUS2,STEP,CYC,FCYC,CCYC,RCCYC,
¥LCYC,CNB)
GO TO 666
662 CALL TRL(H,RTT+ERR,FTYPE,FBUS!,FBUS2,STEP,CYC,FCYCT,FCYC2,CCYCL,
#CCYC2,LCYCL, LCYC2,CNB) '

G0 TO 666
663 CALL TRZ(H,RTT.ERR.FTYPE,FBUSI,FBUSZ,STEP,CYC.FCYCl.FCYCZ.CCYCI,

¥CCYC2, LCYC1, LCYC2, CNB) ;

GO TO ©66
664 CALL TRA(H.RTT,ERR.FTYPE.FBUS1.FBUSZ.STEP,FBUSG.FBUS4.CYC,FCYCI,

¥FCYC2,CCYC!,CCYC2,RCCYCL,RCCYC2, LCYCL, LCYCZ,CNB)

\



GO TO 666
66% CALL TR“(H,RTT,ERR,FTYPE.FBUSl.FBUSZ,STEP.FBUSS,FBVG4,CYF.FCYC1.

AFCYC2,0C0Y"1,2CYC2,RCCYTL,G3CYC2, LCYCL, LCY™ 2, CNa)

“G6> CONTINUE

~{3AFECALL SUPRPUTINE PLNT T4 PLOT TWO TUEVES R RO R C
1. SW'N" TURVE, i
C 2. CURVE BETWEEN THE RaT'" OF ACT™AL TO RA #D SPEED OF MACHINE. 7

G R R S K N K TR A TS TSP ERLL PIEELTTILSSRFECLE LS EFL 2T 2
WRITE(%,546)
A FORMA™(T21, 'GWING CURVT FIR MUITI MACHINE YSTEM',/
% ,T16, 'X-AX'S : REPRECENT TEV,AT:ON OF AN"LE I ""IREE ,
£ ,7T'6,'Y-AXIS : PEPRECENT EACH CYCLE ',/,700' °1, '
% 'ANGLE/DEGRET ',30("X' )
TeYC = LIYC!
CALL PLOT(LCYC, 360.0,360.0,1,P1,FREQ)
WKITE(%,548)
547 FORMAT(TZ1,
%'GRAPH SHOW THE RATIO JF ACTUAL TO RATED SPEED JOF MACFINE', /,TiIf
¥,'X AX!S : REPRESENT THE RATIO OF ACTUAL TO RAT:D SPEED', ,TL6,
%'Y-AXIS : REPRESENT EACH CYCLE',//,30('.'),'RAT!0',30("'.'))
LCYC = LCYC!
CALL PLOT(LCYC,-1.0,1.5,2,PI,FREQ)
RETURN

END



C**#&#**ﬁﬁ***&#%**#%*#**%****#*************%#ﬁ*#****&#*****%*%*ﬁ#*****C

G

SUBROUTIKE TRQ3

G

C*******%*%%ﬁ*********&%**%*%%%*****#***********%#*#*******#********%&C

CH%%#%PURPOSE (FOR VARIABLE " FTYPE = 0 OR 2 ")

c
C
c
c
c
c
c
¢
c
c
C

FTYRE 0 1 THREE PHASES FAULT OCCURED AT ANY ONE BUS.

FTYPE
TRANSMISSION LINE JUXTAFOSE TO ANY ONE BUS.
TO GALCULATE THE VALUE OF
- POWER ANGLE
- RATIO OF ACTUAL SPEED TO RATED SPEED
- REAL POWER GENERATION
- MACHINE TERMINAL VOLTAGE
- ACCELERATION TORQUE

}

~ ACCELERATION OF MAGHINE
AFTER THE TYPE QF F

|

3 1 THREE PHASES FAULT OCCURED AT THE TERMINAL OF THE-

O a O g aO a a a

a a

ULT ACCORDING TO THE VARIABLE " FTYPE " C

C*%*%**%*#******%**#*****%*%&*******#****%*%****#*&******%***#**#*%***C

SUBROUTINE TRO3(H.RTT.ERR.FTYPE.FBUSi,FBUSZ.STEPgCYb,FCYC.CCYC,

*RCCYC,LCYC,CNB)

COMMON/VARL/V(Z20)

GCOMMON/VARZ2/PG(20),QG(20) ,PL(20),QLC20)
COMMON/VART/VG(20)

COMMON/VARB/PWR(100,20)

COMMON/VARS/ANGDEG(100,20)

COMMON/VAR10/0MAC100,20)

COMMON/VAR11/YL(20,20)

COMMON/VAR12/NB, NG NLNT,CX
COMMDN/VARIS/VTOITSBASE,SLACKB.FREG.ACCEF
COMMON/VAR14/TYPE(ZQ)

COMPLEX V,VG,YL,CURR,VM,SUM,DV(20)

INTEGER FTYPE,FBUS!,FBUS2,STEF,CYC,FCYC,CCYC,RCCYC,LCYC,
* CNB(20) «+RTT(20),SLACKB,CX ’
REAL H(20),AVT(20),DAVT(20},AVTT(20),DAVTT(20),DT(20),DDT(20),

* DTT(20),DDTT(20) ,MAXDEL,VMAG(10)



C#*R*#DECLARE VARIABLES#ﬁ*%****%**#*******************#**#%*****##ﬁ***C

c
C
c
C
c

Q

Q [ (9] 9] [

[

(@] [§] Q 3 (9]

[

OOOOOOOOOOOOO

v
VG

YL
CURR
M
SUM
DV
FTYPE
FaUS1
FEUS2

chg

RTT

SLACKB
cYC
FCYC
ceyce
RGCYC
LCYC
H

AVT
AVTT
DAVT
DAVTT
DT

DTT

}

H

t

]

i

f

!

!

MACHINE TERMINAL VOLTAGE .
VOLTAGE BACKX OF TRANSIENT REATANCE

MODIFIED ADMITTANCE MATRIX

MACHINE TERMINAL CURRENT

DUMMY VARIABLE REPRESENTS MACHINE TERMINAL VOLTAGE
DUMMY VARIABLE FOR GAUSS-SIEDAL METHQD

DUMMY VARIABLE MEANS " DIFFERENT VOLTAGE "

g O A a a a a Q

FAULT TYPE

o]

-FQR FTYPE = O
ANY BUS WHICH THREE PHASES FAULT OCCURED AND THE c

VALUE OF FBUSZ = O ' C

[

-FOR FTYPE = d

FBUS1,FBUS2 ARE THE SENDING AND ENDING BUS -
OF THE TRAN%MISSION LINE RESPECTIVELY
CONNECTED BUS OF MACH!NZ
ROTOR TYPE
2 t ROUND ROTOR L
1 1+ SALIENT ROTOR

SLACK BUS NUMBER

TIME CYGLE

FAULT GCYGLE

CLEAR CYCLE

REGLOSE CYCLE

LAST GYCLE

PER UNIT INERTIA CONSTANT
MAGHINE SFEED AT TIME &

MAGHINE SPEED AT TIME t4+DELTA(L)

a o a a o a a o a . g a 9. a a o

DERIVATIVE OF,MACHINE SPEED BY TIME AT TIME t
DERIVATIVE OF MACHINE SPEED BY TIME AT TIME t+DELTAC%)
POWER ANGLE AT TIME t c

POWER ANGLE AT TIME t+DELTACG) G



C
c
C
C

DOT ! DERIVATIVE OF POWER ANGLE BY TIME AT TIME t

C

DDTT { DERIVATIVE OF POWER ANGLE BY -TIME AT TIME L+DELTA(L) C

MAXDEL | MAXIMUM MISMATCH IN GAUSS-SIEDAL METHOD

VMAG t MAGNITUDE OF VOLTAGE

C
G

C*#**********#*#**%*%*%%**%******%****%**%%&*******#********%*******%*C

805 CONTINUE

Pl = 3.1415312654

MAXITER = 400

ICOUNT = 0

Do 805 1 = 1,NG

DTC1) =

AVT(I) = 2%P [#FREQ
VMAG(1) = CABS(VG(I))

910,'N = O ;

1108

325

H

TIME = FLOAT{(CYC)/FREQ
IF (FTYPE.EQ,3) GO TO 1109

IF ((CYC.,EQ,FCYC),OR.(CYC,EQ.CCYC))

GO TO 985

IF ((CYC.EQ.FCYC).OR.(CYC,EQ.CCYC).OR.(CYC.EQ.RCCYC)) GQ TC 817

GQ TO 985

CALL DCLOB(CYC.FCYC.CCYC.RCCYC.FTYPE,FBUSL,FBUSZ.FREQ)

ITERA = O

MAXDEL = 0.0

DO 350 1 = 1,NB

IF (CYC.GE.CCYC) GO TO 925
M = FBUS!

V(M) = CMPLX(0.0,0.0)

IF (1.EQ.M) GO TO 950

SUM = GMPLX¢0.0,0,0)

VM = V(1)

ATAN2C(AIMAG(VG( 1)) ,REAL(VGC(L) )

GO TQ 817



po 930 J = 1,NB

IF (J.EQ.,1) GO TO 930

SUM = SUM+YL(L,JVHVCJ)
940 CONTINUE

D0 945 J = 1,NG

X = NB+J

SUM = SUMHFYL(TKIRVG(J)
945 CONTINUE

V(i) = -SUM

DVCIY = V(I)-VM

YM+DV( ) ¥CMPLXC{ACCEF,.C.0)

it

V(i

il

DELV CABS(V(])-VM)
IF (DELV.GT.MAXDEL} MAXDEL = DEL
950 CONTINUE |
ERR = 0.,000001
ITERA = ITERA+!L
\F (ITERA.GEMAXITER) Gé TO 8855
¥ (MAXDEL.LE.ERR)} GO TO 860
GO TO 3535
g55 WRiTE(*,1910)
1917 FORMAT(5X, 'SOLUTION NOT CONVERGED IN 400 ITERATION")
STQP
950 DO 80 1 = t,NG
1F (RTT(I}.,EQ.0) GO TO 870
CALL SALIENT(STEP.CYC.I.CNB,CURRqFREQ,XCOUNT)
GO- TO 3880 '
370 CALL ROUND(STEP.CYC}!‘CNB,CURR'FREQ.lCOUNT)
ggQ CONTINUE
[F (N.%Q.0) GO TO 1030 =
1F (N.EG.1) GO TC 1040
G0 TO 1080
9g5 DO 986 1 = 1,NG
npTery = AVTT(1)-(2. %P | ¥FREQ)



DAVT(I) = DAVTTC(I)
DTT(IY = DTCI)+DDT(1)/FREQ
AVTT(I1) = AVTC(I1}+DAVT(])}/FREQ

386 CONTINUE

GG TO 887
1037 DO 1060 | = 1,NG
J = CNB(I}
DDTCI) = AVT(1)-(2.0%PI%FREQ)
DAVT(1) = PIXFREQ¥*(PG(J)-PWR(CYC+1,1))/H(D)
DTT({Y = DTCL)4DDT(1) /FREQ
AVTT(1) = AVT(1)+DAVT(I)/FREQ

1060 CORTINUE

287 DO 1200 L = 1NG

H

A = VMAG(L)%COS(DTT(L)"

i

B VMAG(L)I#SIN(DTT(LY)
VG(L) = CMPLX(A,B)

1200 CONTINUE

N o= 1
GO TO 920

1040 DO 1070 1 = 1,NG
J = GNB(1)
DAVTT(1) = PINFREQ#(PG(J)—BWR(CYC+1,1))/H( D)
AVTTCI) = AVT(I)+CDAVT(1)+DAVTT(1)3/2,/FREQ
DDTT(1) = AVTT(I)—(2.0%P [%FREQ)
DTTC¢I) = DT(1)+(DDT(1)+DDTTC¢1)) /2. /FREQ
DT¢I) = DTTC(D)
AVT(DI) = AVTT(D)

1070 CONTINUE
DO 1205 L = 1,:NG

A VMAG(LI®COS(DT(L))

1}

B VMAG(L)I*SIN(DT(L))
VG(L) = CMPLX(A,B)

1205 CONTINUE



N = 2

GC TO 820
1080 WRITE(*,1080; CYC,TIME .
1090 FORMAT(T4,12,T8,F5.3)

Do 1100 [ = 1,NG

J = CNB(I)

ANGDEG(CYC+1,1) = DTT(1)*180/P1

OMACCYC+1, 1) AVTT(I1)/2./P1/FREQ
ABSV = CABS(V{J))
TA = H(1)*DAVTT(I)/PI/FREQ
WRITE(*, 1120) I.DTT(I).ANGDEG(CYC+1.I).OMA(CYC+1|l).PWR(CYC+1.I)
* + TA ABSV
1120 FORMAT(Tlﬁ.lI.TIB.FB.5“?27.F10.5,T39.F8.5.T48.F8.5.T57.F9.5
*,T66,F7.5)

1100 CONTINUE

CYC = CYC+1

I o O

Y o

ICOUNT = IGOUNT+1 l
IF (CYC.GT.LCYC) GO TO 1150
GO TO S10

1150 RETURN

END

C*******%*#******ﬁ*****ﬁ*%**#***#%%&**#****************%*****%*#**&***C
C SUBROUTINE DCLO3 ”

C***********%*%**********%%**************%********%%********&*%*******C

C¥*¥*¥PURPOSE (FOR VARIABLE " FTYFE = Q CR 3 ") C
" TG EXPRESS THE CRITICAL EVENTS WHICH EFFECT TO THE STABILITY-C
c CF THE SYSTEM. c
c . 1, FAULT CYCLE, C
c 2., CLEAR CYCLE. ' . ¢
c 3. LINE RECLOSE CYCLE. ’ c

C%****%*%##*##%%%***********%**#***********%*******%******************C



SUBROUTINE DCLOS(CYC.FCYC.CCYC,RCCYC.FTYFE.FBUSI.FBUSZ;FKEQ)
COMMON/VAR3/Y(20,20)
COMPLEX Y,AA
INTEGER CYC,FGYC,CCYC RCCYC,FTYPE,FBUS!,FBUSZ
TIME = FLOAT(CYC)/FREQ
[F (FTYPE.EG.C) GO TO 1100
'F (CYC.GT.FGCYC) GO TO.1003
WRITE(%,2010) CYC,TIME,FBUSL,FBUSZ
2010 FORMAT(T4,12,T9,F4.3,4( %'}, 'FAULT OCCURED ADJACENT TO BUS',
#12,' ON THE LINE TO BUS' IZ,4¢('%')})
GO TO 1888
1005 IF (GYC-CCYC) 18539,1010,1015
1010 WRITE(%,2020) CYG,TIME
2020 FORMAT(T4,12,T9,F4,3,23¢ ' #'),'LINE IS TRIPPED' 4 22¢ '#%'))

1015 IF (CYC.GE.RCGYC) GO TO 1020

H

L FRUS1

i

M FBUSZ

Y{L(L} = YCL LI+YCL M)

TOM,M) = Y(M,M)+Y(M, L)
AA = Y(L,M)

Y(L,M) = CMPLX(Q.0,0.®)
Y(M,L) = GMPLX(0.0,0.0)

G0 TO 1988
1020 [F (CYC.GT,RCCYC) GO TO 1023
WRITE(#*,2030) CYC,TIME
2030 FORMAT(T4,12,T9,F4.,3,22¢'*"'), 'LINE 1S RECLOSED' 22('#'))

1025 Y(L,M} = AA
Y(M, L) = AA
Y(L,L) = YC(L,L)-AA

YOM M) = Y(M,M)-AA
GO TO 1989 ‘
1100 1F (GYC.GT.FCYC) GO TO 1110

WRITE(*,2040) CYC,TIME,FBUS!



L+ H
2040 FORMAT(T4.IZ.TB.F4.3.20('%').'FAULT OCCURE AT BUS',12,18('%"))
1110 IF (CYC-CCYC) 1999,1030,1988
1030 WRITE(#%,2050) CYC,TIME .
2050 FORMAT(T4,12,TSF4.3,24( %'}, "FAULT GLEARED',23('¥'))
1888 RETURN
END



C*#%*****ﬁ**%**###*ﬁ###%*#*#**%#*%#%%%%%***%&**#******%*****#******%**C
¢ SUBROUTINE TR1 C

C**ﬁ%##%**%&###*%******%%**%ﬁ%%#%ﬁ*%*%%***%##***%ﬁ**##****************C

C#%%#%PURPOSE (FOR VARIBLE " FTYPE = 1 "} c
c FTYPE = | 1 THREE PHASES FAULT OCCURED AT ANY TWJ BUSES- C
" CONGOMITANTLY. C

TR R DT P T T R U T PR T T B L S S S bl
_ SUBROUTINE TR1(H,RTT,ERR,FTYPE,FBUS1,FBUS2,5TEF,CYC,FCYCL,FCYCZ,
*CCYC1,CCYC2,LCYCL, .GYCZ,CNB)

COMMON/VAR1/V(20)

COMMON/VAR2/PG(20),QG(20),PLC20),Qui20}

COMMON/VAR7?/VG(20)

COMMON/VARS/PWRS100,20%

COMMON/VARS/ANGDEG( 100,200

SO4MON/VARID/OMACT100, 2Q)

COMMON/VAR' 1/Y.(20,20)

COMMON/VAR12/H3 NG,y Moy §T, CX

COMMON/VAR'2/VTOL,SBASE, SLACKB, FREQ, ACCEF

COMMON/VAR14/TYPE(20)

COMPLEX  V,VG,YL,GURR,VM,SUM,DV.20)

{NTEGER FTYPE,FBUS!,F3US2,STEP,CYC,FCYC,CCYCL,COYT2, LOYCL LCYC2,
%LCYC,CNB(20),RTT(20) ,SLACKB,FCYC1,FCYC2,CX

REAL H(20) ,AVT(20),DAVT(20),AVTT(20) DAVTT(20},DT(20) DDT(20},
# DTT(20) (DDTT(20) (MAXDEL, VMAG(10)

LCYC = LCYCIL

I
s
Q
-
Q)

FCYC 11
Pl = 3.1415312654
MAX TER = 400

ICOUNT = 0O

Do 805 . 14NG

ATANZC(AIMAG(VG( i) ), REAL(VG(1)))

DT

]

AVTCD) 2¥%P [ #FREQ

i

VMAGC D) CABS(VG(D))



805 CONTINUE

g1¢ N =20 \

TIME = FLOAT(CYC)/FREQ
IF ((CYC.EQ.FCYCI).OR.(CYC.EQ.CCYCI).OR.(CYC.EG.CCYCZ)) GO TO 917
GO TO 885

917 CALL DCLl(CYC,FCYCl.CCYCI,CCYCZ,FBUSl.FBUSZ.FHEQ)

820 ITERA = O

835 MAXDEL = 0.0

DO 950 1 = 1,NB °

IF (CCYC1.EQ.CCYC2) GO TQ 40

IF (CCYC1.,GT.CGYC2) GO fp 70

IF (CCYC1,LT.CCYC2) GO TO 90
40 CCYC = CGCYC! b

IF (CYC.GE.CGYC) GO TO 8925

V(FBUS1) CMPLX(0.0,0.0)

V(FBUSZ) CMPLX(0.0,0.0)
[F ¢(1.EQ.FBUS1).OR.(1.EQ.FBUS2)) GO TO 850

GO TO 925

7CG CONTINUE
/
IF (CYC.GE.CCYC1) GO TO 825
IF (({CYC.GE.CCYC2).,AND.¢{GYC.LT,CCYC1)) GO TO 100

V(FBUS1) = CMPLX(0.0,0.0)
V(FBUS2) = CMPLX(0.,0,0.0)
GO TO 110 N

100 V(FBUS!{) = CMPLX(0.0,0.0}
GO TO 120

110 [F ((I.EQ.FBUSI).OR.(I.EQ‘FBUSZ)) GO TO 850
GO TC 89285

120 IF (1.EQ.FBUS1) GO TO 850
GO TO 825



80 CONTINUE
IF (CYC.GE.CCYC2) GO TO 3925
IF ({CYC.GE.CCYC1),AND.(CYC.LT.CCYC2)) GO TO 16

V(FBUS1) = CMPLX(0.0,0.0)

V(FBUS2) = CMPLX¢(0.0,0.0)
GG TO 17

16 V(FBUS2) = CMFLX(0.,0,0.0)

!

GO TO 18
17 IF ¢((1.EG.FBUS1).OR.(1.EQ.FBUS2)} GO TG 880
G0 TO 825

H

18 IF (1.EQ.FBUSZ) GO TO 35O

325 SUM = CMPLX(0,0,0.0)
VM = V(1)

e s e,

DO 930 J = 1,NB

IF (J.EQ.[) GO TO 830

SUM = SUM+YLCI,JI®V(J)
930 CONTINUE

DO 345 J = 1,NG

K = NB+J

SUM = SUM+YLCI,KI%VG(J)
945 CONTINUE

vV(I) = -SUM

pver) = V(I)-VH

V(1) = VM+DV(!)*%CMPLX(ACCEF,0.0)

DELV = CABS(V(!)-;M)

IF (DELV.GT.MAXDEL) MAXDEL = DELV
930 CONTINUE

ERR = 0,000001

ITERA = ITERA+1

IF (ITERA,GE.MAXITER) GO TO 855

IF (MAXDEL.LE.ERR) GO TO 860



855
1810

g60

870
980

885

286

1030

1060
887

GO TO 835
WRITE(¥,1310)

FORMAT(5X, 'SOLUTION NOT CONVERGED IN 400 ITERATION')

STQF

CONTINUE

DO 980 I = 1,NG
IF (RTT(1),EQ.0) GO TO 870

CALL SALIENT(STEF,CYC,!,CNB,CURR,FREQ, ICOUNT)
G0 TO 980 :

CALL ROUND(STEP,GYC,I, CNBjFURR +FREQ, IGOUNT)
'CONT INUE

IF (N.EQ.0) GO TQ 1030
IF (NJEQ.1) GO TO 1040

GO TO 168Q

DO 986 1 = 1,NG
DDT(I) = AVTT(1)-{2,%PI#FREQ)

DAVT(I) = DAVTT(I)

DTTC(I) = DT(I)+DDT(I)/FREQ
AVTT(L) = AVT(!)+DAVT(I){FREQ
CONTINUE |
GOIFO 887

DOfIOSO I = 1,NG

J = CNB(I)

DDTC1) = AVT(1)-(2.,0%PI*%FREQ)

DAVT(I) = FI*FREQ*(PG(J) -PWR(CYC+1, 1)) /HCD)

BTTC(1Y = DT(I)+DDT(I)/FREQ
AVTTC(!) = AVT([1)+DAVT(])/FREQ
CONTINUE

DO 1200 L = 1,NG

A VMAG(L)®COS(DTT(L))

L1

B VMAGC(L)*SINC(DTT(L))

VG(L) = CMPLXC(A,B)



1200 CONTINUE

N=1
GO TO 320 ' .
1040 DO 1070 I = 1,NG
J = GNB(I)
DAVTIT(L) = PIKFREQ¥(PG(J)-PWR(CYC+1, [))/H(I)
AVTT(I) = AVTC(I)+(DAVTC(I)4+DAVTT( 1)) /2. /FREQ
DDTT(I) = AVTT(1)-(2.0%PI*FREQ)
DTT(1) = DT{I)+(IDTCI)+DDTT(i))/2./FREQ
DTCI) = DTT(1) ’
AVT(I) = AVTT(1)

1070 CONTINUE
DO 1205 L = L,NG :
VMAG(LL*COS(DT(L))

A

1

3 VMAG(LI#S INCDT(L))

VG(L) = CMPLX(A,B)

1206 CONTINUE |
N =2
GO TO 920

1080 WRITE(%,1090) CYC,TIME

1090 FORMAT(T4,12,T8,F5,3)
DO 1100 I = 1,NG

J = CNB(D)

ANGDEG(CYG+1,1) DTTCI)I#1BO/P1

OMACCYC+1,1) AVTT(1)/2./F1/FREQ
ABSV = CABS{V(J))
TA = HCI)#DAVTT(1)/PI1/FREQ
WRITE(#,1120) 1,DTT(1),ANGDEG(GYC+1,1),0OMACCYC+1,1} ,FWR(CYC+1,1)
* yTA,ABSV
1120 FORMAT(T16,11,T18,F98,5,T27,F10,5,T39,F8.5,T48,F8.5,T57,F8.5
*,T66,F7.5) ‘
1100 CONTINUE

CYC = CYC+1



ICOUNT = ICOUNT+!

IF (CYC.,GT,LCYC) GO TC 1150
GO TO 810 .
1150 RETURN
END
!

G0 A 2 R YT O S T T T 03 5 S 58S e o T T AT I A TR T TS A R
G SUBROQUTINE DCLI c
R T I T T T o T I 7 26 JJT F F  26  So  FHSHEHSHHHH HHHHHHHIAN AR A IR H AR R C
C¥k#%x%XFPURPUSE (FOR VARIBLE " FTYPE = 1 ") C
G TO EXPRESS THE GRI TICAL EFFECT TO THE STABILITY OF THE SYSTEM C

C##****%#**********#**********#*ﬁ&****%*##****%*%%*##*******ﬁ*********c

|
SUBROUTINE DCLI{CYC,FCY\C1,CCYC1,CCYC2,FBUSL,FBUSZ, FREQ)

INTEGER CYC,FCYC,FCYC1,/CCYC1,CCYCZ,FBUSL,FBUS2Z

IF (CYC.EQ.FCYC1} GO TO 80

FOYC FCYC1

il

TIME FLOAT(CYG) /FREQ

Gg TO 10
80 WRITE(%*,20) CYC,TIME,FBUSt,FBUSZ
20 FORMAT(T4,[2.T9,F4.3,20¢'%')'FAULT OCCUR AT BUS ',I12,' AND',I12Z,
LA %))
G0 TO i1Q0
10 IF (CCYCLl.NE.CCYC2) GO TO 50
WRITE(%,60) CYC,TIME,FBUS!,FBUSZ’

60 FORMAT(T4,12,T9,F4.3,20( '%'1, 'FAULT CLEAR AT BUS ',12,' AND ',
12, 14¢" %)) -
GO TO 100
60 1F (CYC.E@.CCYC2) GO TO 30
WRITE(%,40) CYC,TIME,FBUS!
40 FORMAT(T4,12,T9,F4.3,20( %'}, 'FAULT CLEAR AT BUS ', [2,18('%'))
GO TO 100

30 WRITE(*,40} CYC,TIME,FBUS2



C#%#%*****%*******&***%%*ﬁ*****#%%%#******#*%*ﬁ*******#**#*%*#**%#****C
g SUBROUTINE TRZ c
R TR T S T R S T R SR A SR S A A A AR AR ek R
C¥#¥#*PURPOSE (FOR VARIABLE " FTYPE = 2 ") c
o FTYPE = 2 1 THREE PHASES FAULT OCCURED AT ANY ONE BUS - C
~ SUBSEQUENT RECURED AT ONCE AT ANY OTHER ONE BUS.C
A3 T3 S RS T T S R R AR e AR R A SRR A A A A R AR R C
SUBROUTINE TR2(H,RTT,ERR,FTYPE,FBUSL,F3JS2,5TEP,JYC,FIYCLFUYCZ,
#CCYo1,CCYC2, LCYCL, LOYC2,CN )
CO™MON/VARL/VIZD)
COMMON/VARZ/PG2M) QG20 ,PLIZ0) (GLIZD)
COMMON/VAR7/VG(20)
LOMMUN/VARZ/ZPWR(100, 20)
COMMON /VAR3/ANGDRS( 103,20
CLAMON/VARIQ/CMACL100,20)
COMMON/VARLIL/Y LC20,20)
~IMMON/VARL2/7NB, NG NL  NT,CX
COMMON/VARI3/VTOL, SBASE, SLACKE, FREQ, ACCEF
COMMON/VARL4/TYPE(20)
COMPLEX V,VG,YL,GURR, VM, SUM,DV(20}
INTEGFR FTYPE,FBUS!,FBUS2,STEP,CYC,FCYC,CCYC1,CCYCZ;LCYC?,LCYCZ,
#L0YC,CNB(20) {RTT(20},SLACKB,CX,FCYCL,FCYC2
REAL H(20),AVT¢20),DAVT(20),AVTT(20),DAVTT(20) ,DT(20),DDT(20)},
DTT(20),DDTT(20) {MAXDEL, VMAG{10)

LCYC1

(9]
-
(@]

1]

. FCYC = FCYC1
P = 3,1415812654
MAXITER = 5000

IGOUNT = ©
DO 805 | = L,NG

nTL) = ATANZ(AIMAG(VG(I}},REAL(VG(1))) ’
AVT(1) = 2%PI%FREQ

VMAG(1) = CABS{(VG(I))



805 CONTINUE
910 N=0

TIME = FLOAT(CYC)/FREQ
IF ((CYC.,EQ.FCYC).OR.{CYC.EQ.FCYC2).0R. (CYC,EQ.CCYC1),0R,
*#(CYC.EQ.,CCYC2)) GO TO 817
GO TO 8585
$17 CALL DCL2(CYC,FCYG!,FGYG2,GCYC1,CCYC2,FBUSL,FBUS2, FREQ)
820 ITERA = 0
935 MAXDEL = 0.0

L;:P:""’

DO 850 | 7 1,NB ‘ ’
IF (FCYC2!LT.CCYC1) GO TC 10
IF (FCYC2,EQ.CCYCl) GO {TO. 20

IF (FCYC2,GT.CCYCLl) GO Td 30

10 (F (CCYC2,LT.CCYCL) GO [TO 40
iF (GCYC2.,GT.CCYC1) GO TQ 84

IF (CCYCZ,EQ.CCYCL) GO TO 60

40 [F (CYC.GE.GCYC1) GO TO 825
IF ({CYC.,GE.CCYC2).,AND.{(CYC.LT.CCYC1l}) GO TO 918
I[F ((CYC.GE.FCYC1).AND.(CYC,LT.CCYCt))} V(FBUS!) = CMPLX¥¢(Q.0,0.0)

IF ((CYC.GE.FCYCZ2) . AND.{(CYC.LT.CCYCZ2}) V(FBUSZ) CMPLX(0.0,0.0Q)

G0 TO 700
913 V(FBUS!1} = CMPLX(0.0,0.0)
I[F ¢(1,EQ.,FBUS1) GO TO 550 : *

GO TO 923

50 IF (CYC.GE.CCYC2) GO TO 925
IF ¢((CYC.GE.CCYC1).AND.¢(CYC.LT,CCYC2)) GO TO 922

IF ((CYC.GE.,FCYC1).,AND.(CYG,LT.CCYG1)) V(FBUS1) CMPLX¢0.0,0.0Q)

IF ((CYC.GE,FCYCZ2) «ANB(CYC,LT.CCYC23! V(FBUS2) = CMPLX(0.0,0.0Q)



922

EVA

30

331

GO TO 70Q

VI{FBUS2}) = CMPLX(0.0,0.0)
'F (1.,EQ.FBUS2) GO TC 850

G0 TO 825

[F (CYC.GE.CCYCL) GO TO 825
7 ({(GCYC,GE.FCYCL),AND.(CYC,LT.CCYC1)})

IF ({CYC.GE.FCYC2),AND.(CYC.LT.CCYC2)}

GO TQ 700

F (CYC.GE.CCYC2Y GO TO F25

iy

—
=1

e

a7 TO 700

Vv 73a0S2) = CMPLX(0.0,0.0)

F (1.,EQ.FBUS2; GO TO 830

G0 TO 325

.F (CYC.GE.CCYC2) GO TO 3525
TF ({(CYC.,GE.GCYC1}+AND.{(CYC.LT.,FCYCZ)})
1F ((CYC.GE.FCYC2),AND.{CYC.LT.CCYCZ)) V(FBUSZ)

IF ({CYC.GE.FCYC!}.AND.{CYC.LT,CCYG1))} V(FBUSL)

((5YC.GE,CCYC1,.AND, CYC, LT.CCYC2 )
((CYC.GE,FCYCL), AND GEYC, LT CCYC1))

((CYC.GE.FOYCZ)  AND, dCYC. LT CCYCZ))

V(FBUS1:

"

V(FBUSZ)

GO TO =23

V{FBUS!

1]

v{rguz™'

GO TQ 925

1

+F ((1,EQ.FBUS1),0R.(1.EQ,FBJS2)) GO TO 350

SUM = CMFLX{0.0,0.0)
VM = V()

DO 930 J = {,NB

IF (J.EQ. 1) GO TO 930
SUM = SUMHYL{L,JI#VJ)
CONTINUE

DO 545 J = 1,NG

K = NB+J

CMPLX(0Q,0,0.0)

CMPLX(0.0,0.0)

CMPLX.0.0,0,0)

CMP _.X{0.7, 0.0}

CMPLX(0.0,0.0)

CMPLE(Q.0,Q.0)



SUM = SUM+YL(I,KI#VG(J)

845 CONTINUE

DV.[) = Vii)-vd

VM+DV () RCMPLEXCACCEF,Q.0)

Vi

SELV CABS(V('}-VM)
IF ‘DELV.GT.MAXDEL) MAXDEL = DELV
550 GONTINUVE
ERR = Q,000001
TERA = ITERA+L
I (ITERA.GE.MAXITER) GQ TO 953
'F (MAXDEL.LE.ERR} GO TO 860
Ga TO 835
455 WRITE(#,1310)

18 0 FORMAT(5%,'SOLUTION NOT CONYERGED IN 5000 ITERATION')

STOF .
26) GONTINUE

DO 980 | = 1,NG

IF (RTT(1).EQ.C) GO TO 970

GALL SALIENT(STEP,CYC,1,CNB,CURR,FREQ, ICOUNT)

GO TO 880
870 CALL ROUND(STEP,GYG,[,CNB,CURR,FREQ, ICOUNT) <

980 CONTINUE
+F (N,EG.0) GO TO 1030
IF (N.EQ.1) GO TO 1040

GO TOQ 108BQ
285 DO 886 1| = 1,NG
- DDT¢I) = AVTT(I1)-(2.%F I ¥FREQ)
DAVT(1) = DAVTT(ID)
DTTC(1) = DT(I1)+DDT(1)/FREQ ’
AVTTC(1) = AVT(1)+DAVT(!)/FREQ

986 CONTINUE



GO TO 887

1030 DO 1060 I = 1,NG
J = CNB(1)
DDT(1) = AVT(1)-(2,0%P[#FREQ)
DAVT(1) = PIRFREQ®{PG(J)-PWR(CYC+1,1}}/H(1)
DTT(1V = DT(I)+DDT(1)/FREQ

§

AVTT(1) = AVTCI)+DAVT(ID) /FREQ
1060 CONTINUE
387 DO 1200 L = 1,HG

A = VMAG(LI®COS(DTT(L)) "~

B = VMAG(LI%SIN(DTT(L)?

VG(L) = CMPLX(A,B) |

1200 CONTINUE ?
GO TO 920 |

1040 DO 1070 1 = 1,NG
J = CNBCI) @
DAVTT(1) = PIRFREQRCPG(J)-PWR(CYC+1, 1)) /H(I)
AVTT(I) = AVTCI)+CDAVTCII+DAVTTC1)) /2, /FREQ
DDTT(1) = AVTT([)=(2,O%F [XFREQ)
DTTC1) = DT(I)+(DBTC1}+DDTT¢1))/2./FREQ
DTC1) = DTTCD)
AVTCD) = AVTT(I)

1070 CONTINUE
DO 1205 L = 1,RG

1

A VMAG(L)*COS(DT(L))

t

B VMAG(LI¥*SIN(DT(L})
VG(L) = CMPLX(A,B)
+205 CONTINUE
N =2
G0 TO S20
1080 WRITE(*,1080) CYC,TIME

1090 FORMAT(T4,12,T8,F5,3)



Do 1100 I = {,NG
J = CNB(I)

1

ANGDEG(CYC+1,[) = DTTC(I)#18Q/FI .
i

i}

CHMAC(CYC+1,1) AVTT(L3 /2, /P1/FREQ

]

ABSV CABS(V(J1)

i

TA H(T)®DAVTT( 1) /P1/FREQ
WRITE(#%,1120) 1,DTTCI), ANGDEG(CYC+1,1) OMACCYC+1, 1) PWR(CYCH1,1)
* TA, ABSV
1120 FORMAT(T16,11,T18,78.,5,T27,F10,5,T33,F8.5,T48,F8.5,T57,F8.5
#,T66,F7.5)
1100 CONTINUE
CYC = CYC+1
ICOUNT = ICOUNT+!
[F (CYC.GT.LCYC) GO TO 1150
GO TO 810 :
1150 RETURN ;

END

C%%%*%*%&****%%*%#*********ﬁ******#%ﬁ*%****%*******%*%%*%****#**%***%*C
G SUBROUTINE DCLZ c
C&**%**&%*****#*%*&%*****%****#******%*****%**************%**#%*******C
CHAX%XPURPOSE (FOR VARIABLE " FTYPE = 2 ") ’ C
c TO EXPRESS THE CRITIGAL EFFECT TO THE STABILITY OF THE SYSTEM C

C*%%#%%***********%%%*******#**#ﬁ*******%******%#**&****#ﬁ**#%********C

SUBRQUTINE DGL2(CYC,FCYC1,FCYC2,CCYCL,CCYC2,FBUSL,FBUSZ,FREQ)
INTEGER CYC.FCYC:FCYCI.FCYCZ,CCYCI.CCYCZ.FBUSI,FBUSZ

TIME = FLOAT(CYC)/FREQ

IF (KFCYC2,LT,CCYCl) GO TO 10

IF (FCYC2.EQ.CCYC1) GO TQ 20

IF (FCYCZ.GT.CCYC!) GO TO 10

STOP



80

4Q

120

130

140

1580

20

IF (CCYC1,EQ.CCYC2) GO TO 40

¥ (CYC.EQ.FCYC1) GO TGO 50

i¥ (CYC.EQ.FCYC2) GO TQ 60 .
1% O(CYCLEQ.CCYCOL) GO TO 70

+F (CYC.EQ.CCYC2) GQC TO 8O

STOP

WRITE(#%,30) CYC,TIME,FBJS.

30 T2 100

WRITE(*%,30) CYC,TIME,FBUSZ

GO TO 100

FORMAT(T4,12,T9,F4.3,20¢ %), 'FAULT OCCUR AT BUS Y12, 20075

WRITE(%,1103 CYC,TIME,FBUS1

GO TO 100

WR TE(¥,110) CYC.TXME.F%USZ

G0 TO 100

FORMAT(T4,12,T9,F4,3,20( %'}, FAULT CLEAR AT BUS

F (CYC.EQ,FCYCL) GO TO 120

F (CYC,EQ.FCYCZ) GO TO 130

[F (CYC,EQ.CCYCL)

STQP

WRITE(%*,30)
GO TG 100
WR'TE(#,90)
GO TO 100

WRITE(¥,150) CYC,TIME,FBUS1,;FBUS2

FORMAT(T4,12,TS,F4,3,20C %"}, 'FALT CLEAR AT BUS

¥12,140'%"))

IF (CYC,EQ.FCYC1)

G0 TO 140

CYC,TIME,FBUS1

CYC, TIME,FBUSZ

GO TO 160

v'lz'v

]

AND

P 120200 %" 3)

t



160

170

180
100

IF (CYC.EQ,FCYC2) GO TO 170
[F (CYC.,E@.CCYC2) GO TC 180

STOP

WRITE(%,80) CYC,TIME,FBUSL
GO TO 100

WRITE(#,80) CYC,TIME,FBUSZ
WRITE(%®,110) CYC,TIME,FBUS1
GO TO 100

WRITE(#, 110) CYC,TIME,FBUSZ
RETURN |

END



}
C#*!**#************#****#*****%%#****%%*******************************C

C SUBROUTINE TR4 C

C*¥%*****#********#******#%%***%*%%%%*****%K*%***#*%*ﬁﬁ%%%*#%*%K%#**%*C

CHhAX*¥FURPOSE (FOR VARIABLE " FTYPE = 4 ") C
c FTYPE = 4 t THREE PHASES FAULT OCCURED AT THE TERMINAL OF THE C
c TRANSMISSION LINE ADJACENT TO ANY TWC BUSES - c
c SIMULTANEQUSLY. C

C*********%***************ﬁ******ﬁ****%*%***%****ﬁ**#**%**%***********C

SUBROUTINE TR4(H,RTT,ERR,FTYPE.FBUSI.FBUSZ.STEP,FBUS3.FBUS4.CYC.
*FCYCI.FCYCZ,CCYCI,CCYCZ*RCCYCl.RCCYCZ.LCYCX.LCYCZ.CNBJ

COMMON/VARL/V(20) ‘
COMMON/VARZ/PG(ZO),QG(Edf.FL(ZO).QL(ZO)
COMMON/VAR7/VG(20) |
COMMON/VARS/FWR(100,20)
CDMMON/VARB/ANGDEG(100.&0)
COMMON/VAR10/0OMA( 100,20

I‘
COMMON/VARLL/YL(20,20)

COMMON/VARIZ/NB.NG.NL.N%,CX

COMMON/VAR13/VTOL,SBASE,SLACKB,FREG, ACCEF

COMMON/VARI4/TYPECZ20)

GOMPLEX V,VG,YL,CURR,VM,SUM,DV(20)

INTEGER FTYPE.FBUSI,FBUSZ.STEF,CYC.FCYC.CCYCI.CCYCZ.LCYCI.LCYCZ.
*LCYC.CNB(ZO)'éTT(ZO).SLACKB.CX.FCYCI.FCYCZ.RCCYCl.RCCYCZ-
¥FBUS3,FBUS4

REAL H(ZO),AVT(ZO),DAVTZZO).AVTT(ZO).DAVTT(ZO)|DT(ZO).DDT(20),

* DTT(20),DDTT(20) ,MAXDEL, VMAG(10)
LCYC = LCYC1
FCYC = FCYC1

- Pl = 3.1415812654
MAXITER = 400

ICQUNT = 0

]

DO 805 1 1¢NG

¥
BT ATANZ2CAIMAG(VG(I1)),REAL(VG(I)))



805
S10

%(CYC.EQ.GCYC2) .,OR.(GYC.EQ.RGCYC1),OR, (CYC.EQ.RCCYC2)) GO TO 917

§17 CALL DCL4(GCYC,FGYCL,FCYC2,CCYC1,CCYC2,RCCYCL,RCCYC2,FBUS L, FBUSZ,

AVT(ID) Z¥P [ #FREQ

VMAG(I) = CABS(VG(I))

CONTINUE
N=20

TIME = FLOAT(CYC)/FREQ

IF {((CYC.EQ.,FCYC1).OR.(CYC.EQ.,FCYC2).,0R.(CYC.,EQ,CCYC1).OR.

GO TO 885

¥FBUS3,FBUS4,FREQ)

920
9?5

490

70

100

ITERA = 0

MAXDEL = 0.0

DO 950 1 = 1,NB

IF (CCYC1,EQ.CCYC2) GO
[F (CCYC{.,GT.CCYG2) GO
IF (CCYC1,LT.CCYC2) GO
CCYC = CGYCL

IF (CYC.,GE.CCYC)} GO TO

i

V(FBUS1) = CMPLX(0.0,0

V(FBUS2) = CMPLX(0.0,0

IF ((1.EQ.FBUSL1}.0R. (]

G0 TO 925

CONTINUE

S
I
|
I

To 40

ﬁO 70

TO S0

825

+0)
+ 0]

.EQ.FBUS2)) GO TO 850

IF (CYC.GE.CCYC1) GO TO 325

IF ((CYC.GE.CCYC2).AND.(CYC,LT.CCYCL))} GO TQ 100

V(FBUS1) = CMPL¥(0.0,0.0)

V(FBUSZ)
GO TO 110

CMFLX(0.0,0.0)

V(FBUS!1) = CMPLX(0.0,0.0)

GO TO 120



!
110 IF ((I.EQ.FBUSl)uOR.(IJEQ.FEUSZ)) GO TO 850
GO TO 925
120 IF (1,EQ,FBUS1) GO TO 3950

GO TQ 825

S0 CONTINUE
IF (CYC.GE.CCYCZ) GO TO 325
IF ((CYC.GE.CCYC1).AND.(CYC,LT.CCYC2)}) GO TQ 16

V(FBUS1) = CMPFLX(0.0,0.0}

1

V{(FBUSZ2) = CMPLX(0.,0,0.0}
GO TO 17

{6 V(FBUS2) = CMPLX(0.:0,0,0)
GO TO 18 N

17 IF ((1.EQ.FBUS1).OR. (1 #Q.FBUSZ)» GO TO 950
GO TO 925
18 IF (1.EQ.,FBUS2) GQ TO 950
|
325 SUM = CMPLX¢0.0,0,0)
VM = V(D)
DO 330 J = 1,NB
IF (J.EQ, 1) GO TO 830
SUM = SUM+YL(I,JI%V(J)
530 GONTINUE
DO 945 J = 1,NG
K = NB+J
SUM = SUM+YL(I,KIRVG(J)
945 CONTINUE )
V(I) = -S5UM

oDvV(l) = V(I)-VM

i

Vo) VM+DV( 1) *CMPLX(ACCEF,0.0)

i

DELV CABS(V(I)-VM)
IF (DELV.GT.MAXDEL) MAXDEL = DELV

350 CONTINUE



ERR = 0.,000001
ITERA = ITERA+!
IF (ITERA.GE.MAXITER) GO TO 955 .
IF (MAXDEL.,LE.ERR) GO TO 960
GO TO S35
955 WRITE(#*,13910)
1910 FORMAT(5X,'SOLUTION NOT GCONVERGED IN 400 ITERATICON')

STQP

960 CONTINUE
DO 980 | = {,NG
IF (RTT(1).EQ.,0) GO TO 870
CALL SALIENT{(STEP,CYC,!,GNB,CURR,FREQ, [COUNT)
GO TO 980 |
570 GALL ROUND(STEP,CYC,!,CNB,CURR,FREQ, ICOUNT)
380 CONTINUE ’
1F (N.EQ,0) GO TO 1030
IF (N.EQ.1) GO TO 1040
GO TO 1080
985 DO 986 | = !,NG

DDTC(1) = AVTT(I1)-(2.%P1*FREQ)

DAVT(1) = DAVTT(1)
DTT(1) = DT(1)+DDT(1)/FREQ
AVTT(1) = AVT(1)+DAVT(I)/FREQ

886 CONTINUE
GO TO 8987

1030 DO 1060 I = 1,NG
J = CNB(I)
DDT(I) = AVT(I)-(2,0%FI*FREQ)

DAVT(1) = PIXFREQ¥*(PG(J)-PWR(CYC+1,1))/H(I)
DTT(1) = DT(I)+DDTC(I[)/FREQ
AVTT(I) = AVT(I)+DAVT(I)/FREQ

1060 CONTINUE



587 DO 1200 L = 1,NG

A VMAG(L)*%COS(DTT(L))

i

8 VMAG(LI¥SIN(DTT(L))
VG(L) = GCMPLX(A,B)

1200 CONTINUE

N o= 1
GO TO 920

1047 DO 1070 1 = 1,NG
J = CNB(I)
DAVTT(1) = FIXFREQR(PG(J)-PWR(CYC+1,1))/H(D)
AVTT(1) = AVT(1)+(DAVT( I} +DAVTTC 1)) /2. /FREQ
ODTTC(1) = AVTT(I)-(2.0%PI¥FREQ)
DTTCI) = DT(I)+(DDT{1)+DOTTL1)) /2. /FREQ
DT( 1) = BTT( 1) L
AVTC(1) = AVTT(D)

1070 CONTINUE

DO 1205 L = 1,NG

A = VMAGCL)I*COS(DT(L))
B = VMAG(LI¥SIN(DT(L))
VG(L) = CMPLX(A.B)

1205 CONTINUE
N =2
GO0 TO 820
1080 WRITE(%,1080) CYC,TIME
1080 FORMAT(T4,12,T8,F5.3)
D0 1100 I = 1,NG

J = CNB(D)

1

ANGDEG(GCYC+1,1) DTTC(1)*180/P1

it

OMACCYC+1, 1) AVTT(1)/2./P1/FREQ

ABSV = CABS(V(J))
TA = H(I)®DAVTT(1)/Pi/FREQ ‘
WRITE(H, 1120) 1,DTT(1),ANGDEG(CYC+1,1},0MACCYC+1,1),PWR(CYC+1(1)

* + TA,ABSV



-

1120 FORMAT(TlG.I1.T18.F8.S}TZ?,F10.5.T39,F§.5.T48.F8.5.T57.F8.5

*,TG6,F7.5)
1100 CONTINUE .
CYC = CYC+1
[COUNT = ICQUNT+1
IF (CYC,GT,LCYC) GO TO 1150
G0 TO 8910
1150 RETURN
END

G R SR T A IR AR HEE S AR HH NN A R R IR KK HHHHAK
C SUBROUTINE DCL4 v
T T T ETT g T BT LA T PR TR SR T S St S L Lt s i
CHA¥X¥XFPURPOSE  (FOR VARIABLE'" FTYPE = 4 OR 5 ") C
C TO EXPRESS THE CRITICAL EFFECT TO THE STABILITY OF THE SYSTEM.C
o T T IR T T R TP T TN PR S PSS T S S s S s L S e L e il

SUBROUTINE DGL4(CYG,FCYG!,FGYC2,CCYCL,CCYC2,RECYCL,RCCYC2,FBUST,

¥FBUS2,FBUS3,FBUS4, FREG)

COMMON/VAR3/Y(20,20)

COMPLEX Y,AA,BB

INTEGER CYG,FCYC,FCYC!,FCYC2,CCYC1,CCYC2,RCCYCL,RCCYC2,FBUST,

¥FBUS2,FBUS3,FBUS4

FCYC = FCYC!

TIME = FLOAT(CYC)/FREQ

IF (CYC.GT.FCYC1) GC TO 100

IF (FCYC!1.EQ.FCYC2) GO TO 101
WRITE(#%,200) CYC,TIME,FBUS!,FBUS2Z

G0 TO 3989

101 WRITE(%,200) GYC,TIME,FBUS!,FBUSZ
WRITE(%,20C0) CYC,TIME,FBUS3,FBUS4
200 FORMAT(T4,12,T9,F4,3,3('%'), 'FAULT OCCURED ADJACENT TO BUS T 12y



* . ON THE LINE TO BUS ',12,3C'%'})

GO~ TC 988

100 IF ((CYC.EQ,GCYC1) . AND, (CCYC1.,EQ.FCYC2)) GO TO 510
IF ((CYC.,EQ.CCYC1).,AND.(CCYCL.EQ.CCYCZ)) GO TO 520
IF ((CYC,EQ.CCYC1),AND.(CCYCL.EQ.RCCYCZ)) GO TO 530
IF ((CYC.EQ.RCCYC1).,AND, (RCCYC1,EQ.FCYCZ)) GO TO 540
IF ((CYC.EQ.RCCYCt).AND.EHCCYCI.EQ.CCYGZ)) GO TC 560
IF ((CYC.EQ.RCCYC1) . AND. (RCCYCG1.EQ.RCCYCZ): GO TO 580
IF (CYQ.EQ.FCYG2) GG TO 610
[F (CYC.EQ.GCYCt: GO TO 570
17 (CYC.EQ.CCYCZ) GO TC 580
[F (CYC.EQ.RCCYC1) GO TQ 390

f
IF (GYC,EQ@,RCCYCZ) GO TO 600

S$TOP
510 WRITE(*,511) CYC,TIME¢F8U511FBUSZ,CYC,T!ME.FBUSB.FEUS4

511 FORMAT(T4, 12, T9,F4,3, 110 %' ), 'LINE 1S TRIPPED BETWEEN BUS '.12,

* " AND ' 120120 '%' )¢/,
* T4,12,T9,F4,3,3¢ '%'), 'FAULT OGCURED ADJAGENT TO BUS ', 12,
#* " ON THE LINE TO BUS '(12,3('%'))

CALL MD1(AA,FBUS!,FBUSZ)

GO TO 888

520 WRITE (%, 10) GYC.TIME.FBUSI.FBUSZqCYC.TIMEqFBUS31FBUS4
10 FORMAT(T4,12,T9,F4.3,11¢ "%}, 'LINE IS TRIFPPED BETWEEN BUS ',12,

* ' AND 'L IZ2,1207%7) 7/,

¥ T4,12,T9,F4,3,11¢( %"}, 'LINE IS TRIFPPED BETWEEN BUS '.12,
* " AND ', 12,120'%"))

CALL MD1(AA,FBUS1,FBUSZ])
CALL MD2(¢(BB,FBUS3,FBUS4)
GO TO 588



530 WRITE(#,310) CYC,TIME.FBUS1,FBUSZ.CYC{TIME,FBUSﬁ.FBUS4

31C FORMAT(T4,12,T9,F4,3,11¢'#"),'LINE IS TRIPPED BETWEEN BUS ',12,

#* *UOAND ' 12, 120°%" )/, .
* T&,12,T9,F4,3, 11 "% ), 'LINE IS RECLUSED BETWEEN BUS ' .12,
* "AND ', 12,110'%"))

CALL MD1{AA,FBUSL,FBUSZ)
CALL MDACBB,FBUS3,FBUS4)

GO TO 888

540 WRITE(*%,341) CYC,TIME,FBUSI.FBUSZ.CYC.T!ME.FBU331F8U54

541 FORMAT(TA,12,TS,F4,3, 100 % ), 'LINE IS RECLOSED BETWEEN BUS "1,
S "AND ',xz.nc'**:)‘./,
* T4,12,T9,F4.3,8( %), 'FAULT OCGURED ADJACINT TQ BUS T2y
* 'ON THE LINE TO {BUS ', 12,3{'#'))

CALL MD3(¢AA,FBUS!,FBUS2)
GO TO 838

570 WRITE{%,20) CYC,TIME,FBUS1,FBUSZ
20 FORMAT(T4,12,T9,F4,3,11¢ %"}, 'LINE 1S TRIFFED BETWEEN BUS '.[24
*' AND ', 12,120('%'))

GALL MD1(AA,FBUS!,FBUSZ)

STk
L ~

333
580 WRITE(%,20) CYC,TIME,FBUS3,FBUS4
CALL MD2(BB,FBUS3,FBUS4)
GO TO 888
’
550 WRITE(%,30) CYC.TIME.FBUS1.FBUSZ,CTC.TIME,FBUSB,FBUS4

- 30 FORMAT(T4,12,T9,F4,3,11¢ %"}, 'LINE 1S RECLOSED BETWEEN BUS ' ,12,

* COAND 12, LLCET ) g/
* T4,12,T9,F4.3,11¢ ' %"), 'LINE IS RECLOSED BETWEEN BUS ',12,
* vOAND "L I2,1107%7))

CALL MD3(AA,FBUS!,FBUSZ)



CALL MD4(BB,FBUS3,FBUS4)

GO TOQ 888

560 WRiTE(%,410) CYC,TIME,FBUS1,FBUS2,CYC, TIME,FBUS3,FBUS4

410 FORMAT{T4,12,T9,F4,3,11('#'), 'LINE IS5 RECLOSED BETWEEN BUS ',I1Z,
* "UAND L 12, 11CT%") 7,
* T4,12,T9,F4,3,11¢( %), "LINE 1S TRIFPED BETWEEN BUS ',12,
#* - ' AND ', 12,120'%"))

CALL MD3(AA,FBUS1,FBU32)
CALL MD2(BB,FBUS3,FBUS4)

GO TO BS88

590 WRITE(#,40) CYC,TIME,FBGSI;FBUSZ
40 FORMAT(T4,12,TS,F4.3,11¢'%'}'LINE 1S RECLOSED BETWEEN BUS Ty 124
* "UAND ", 12,11("%'))
CALL MD3(AAFBUSL,FBUSZ)

GO TO 9398

600 WRITE(%,40) CYG,TIME,FBUS3,FBUS4
CALL MD4(BB,FBUS3,FBUS4)

GO TC BS9S

610 WRITE(%,611) CYC,TIME,FBUS3,FBUS4
611 FORMAT(T4,12,T9,F4.3,3¢ "%'), 'FAULT OCCURED ADJACENT TO BUS ',12,

#* ' ON THE LINE TO BUS ', 12,30'#%')) -
853 RETURN
END



G H3 R TR A R AR IO IR KRR R R C
G SUBROUTINE TRS c

G AR AR IR RN IR RIS NI AR R KR IR RN

CHEXKXPURPOSE {FOR VARIABLE " FTYPE = § ") C
c FTYPE = § 1 THREE PHASES FAULT OCCURED AT THE TERMINAL OF THE C
c TRANSMISSION LINE CONTIGUOUS TO ANY ONE BUS c
c SUBSEQUENT RECURED AT ONCE AT ANY OTHER OF THE - C
G TERMINAL OF TRANSMISS!ON LINE PROXIMATE TO ANY ONE C
c BUS, C

G0 A A 0 T S T S T S o T A R A S I3 e e S F A O R R
SUBROUTINE TRS5(H,RTT,ERR,FTYPE,FBUSt,FBUSZ,5TEP,7B8US3,FBUS4,CYC,
*FCYCI,FCYGE.CCYCi,CGYCZLRCCYCK,RGCYFEtLCYGI,LCTGZ,CNE)

B

' COMMON/VARL/V{2Q) - *
COMMON/VAR2/PG{20),QG¢20),PL(20},Q.(20)
COMMON/VART /VG(20)
COMMON/VARS/FWR(100,20)
COMMON/VARS/ANGDEG( 100,20}
CCMMON/VAR10/0MAC 100, 20)
COMMON/VAR11/YL(20,20)
COMMON/VAR12/NB,NG,NL(NT,CX
COMMON/VAR13/VTOL,SBASE,SLACKB,FREQ,ACCEF
COMMON/VAR14/TYPE(20)
COMPLEX V,VG,YL,CURR,VM,SUM,DV(20)
INTEGER FTYPE,FBUS!,FBUS2,STEP,CYC,FCYG,CCYC!,CCYC2,LCYCL, LCYC2,
*1.CYC,CNB(¢20) ,RTT(20) ,SLACKB,CX,FCYC1,FGYC2,RCCYC1,RCCYC2
REAL H(20),AVT(20),DAVT(20),AVTT(20) DAVTT(20),DT(20),DDT(20),

* DTT(20) , DDTT(20) ,MAXDEL, VMAG( 10)

LCYC LCYC!

FCYC FCYC1

Pl = 3,1415812654 »
MAXITER = 5000

[CQUNT = 0

DO 805 1 = 1NG



3058

210

DTCL) =

AVT(L) = Z¥PI¥FREQ
VMAGC(I) = CABS(VG(I}}
CONTINUE

N=20

TIME = FLOAT(CYC:/FREQ

ATANZ(AIMAG(VG( 1)), REAL(VG(1)))

IF ((CYC,EQ,FCYCi}.0R.,(CYC.,EQ.,FCYC2}) ,OR. (CYC.EG,ZCYC1)} . 0R,

#(CYC,EQR.CCYCZ).OR.(CYC.EQ,RCCYC1),OR. (CYC,BEQ.RCCYCZ)) GO TO 817

GCo TQ 5856

817 CALL DCL4(CYC.FCYC},FCYCZ,GCYCL.CCYCZ.RCCYCI.RCCYGZ.FBUSl,FBUSZ.

8920

535

10

40

918

*FBUS3,FBUS4, FREQ)
ITERA = 0
MAXDEL = 0.0

DO 950 | = 1,NB
I[F (FCYCZ,LT.CCYC1}
LF (FCYCZ2.EQ.CCYC1)

IF {FCYC2,.GT.CCYC1)

[F (CCYC2.,LT.CCYCL)
IF (CCYC2.GT.CCYC1L)

I'F {(CCYC2.EQ.,CCYCL)

GO

GO

GQ

GQ

GO

GO

TO
TO
TO

TO
TO

TO

10
20
a3d

40
50
60

IF (CYC.GE.CCYC!) GO TC 925

IF ((CYC.GE.CCYC2).,AND.(CYC.,LT.CCYC1}) GO TO 3913
[F ((GYC.GE.FCYC1),AND,(CYC,LT.CGYC1}) V(FBUS1)
IF ((CYC.GE.FCYC2).AND.(CYC,LT.CGYCZ)) V{(FBUS2)

GC TO 700

V(FBUS1) = CMPLX(0.0,0.0)

iF (1.EQ.,FBUS1Y GO

GO TO 925

TO

850

|}

CMPLX(0.0,0.0)

CMPLX¢0.,0,0.,0}



50

8922

923

30

700
825

IF (CYC.GE.CCYG2) GO TO 925
1F ((CYC.GE.CCYC1).AND.(CYC.LT.CCYC2)) GO TO 822
IF ({(CYC.GE,FGCYC1),AND.(CYC,LT,CCYCL)) V(FBUS1) = CMPL¥(0.0,0.0)

1l

IF ({GYC.GE.FCYC2).AND,(CYC.LT.CCYC2)) V(FBUSZ) CMFLX(0.0,0.0)
GQ TO 700

V(FBUS2) = CMPLX(0.0,0.0)

IF (].EQ.FBUS2) GO TO 830

G0 TO 825

IF (CYGC.GE.CCYC1l) GO TO 825

1

IF ((CYC.GE.FCYCI).AND.?CYC.LT.CCYCI)) V(FBUS1) = CMPLX(0.0,0.0)

IF (({CYC.,GE.FCYC2) AND.{CYC.LT.GCYC2)) V(FBUSZ) CMPLX(0.,0,0.0)

GO TO, 700

IF (CYC.GE,CCYG2) GO TO}825
i
IF ((CYC.GE.CCYCI).AND.%CYC.LT.CCYCZ)) GO TO 923

IF ((CYC.GE.FGYC1),AND,{CYC.LT,.CCYC1)) V(FBUSL) = CMPLX(0,0,0.0)

i

IF ((CYC.GE.FCYC2),AND.(CYC,LT.CCYC2)) V(FBUSZ). CMPLX{0.0,0.Q)

GO TO 700
V(FBUS2) = CMPLX(0.0,0.0)
IF (1.EQ,FBUS2) GO TO 850
GO TO 825
’
1F (CYC.GE.CCYC2) GO TO 825
IF ((CYC,GE.CCYG1).AND.(CYC.LT,FGYC2)) GO TO 825
IF ((CYC.GE.FCYC2).,AND.(CYC,LT.CCYC2)) V(FBUSZ) = CMFLX¢0.0,0.0)

“~

——

IF ((CYC.GE.FCYC1).AND.(CYC.LT.CCYCL)) V(FBUS1) = CMPLX¢0.0,0.0)

{F ¢({1.EQ,FBUS1).,0R.(1,EQ.FBUS2)) GO TO 850
SUM = CMPLX(0.0,0.0)

VM = V(1)

Do 930 J = L{,NB

IF (J.EQ, 1) GO TO 830



SUM = SUM+YLCI JI%V(J)
830 CONTINUE

DO 945 J = 1,NG

K = NB+J

SUM = SUM+YLCI,K)*VG(J)

345 CONTINUE

V(I) = -SUM
DVCI) = ¥(1i-VM
VII) = VM+DV([)#CMPLX(ACCE®,0,0)

DELV CABS{V{11-VM)
IF (DELV.GT.MAXDEL) MA%DEL = DELV
950 CONTINVE i
ERR = 0.000Q01 g
[TERA = [TERA+1 :
IF (ITERA.GE.MAXITER) q% T4 855
IF (MAXDEL.LE.ERR) GO TO 960
GO TO 935 }
855 WRITE(*,131Q)
1910 FORMAT(5X, 'SOLUTION NOT CONVERGED IN 5000 ITERATION')

STQP

860 CONTINUE
DO 880 ! = {,NG
IF (RTT(1V,EQ.0) GO TQ 870
CALL SALIENT(STEP,CYC,!,CNB,CURR,FREQ, ICOUNT)
GO TO 380
870 CALL ROUND(STEP,CYC,I,CNB,CURR,FREG, ICQUNT)
380 CONTINUE
IF (N,EQ.Q) GG TQ 1030i
IF (NJEG.1) GO TO 1040
GO TO 1080
885 DO 886 | = 1,NG
DDTCL) = AVTT(1)~(2,%PIXFREQ)



386

1030

1060

t

DAVT(1l) = DAVTT(I)

DTTCL)Y = DTC1)+DDTC(I) /FREQ

AVTTCI) = AVT(II+DAVT(1)/FREQ

CONTINUE

GO0 TO 987

BQ 1060 I = 1l ,NG

J = CNB(I)

DDTCIY = AVT(I)-(2.0¥%PI#FREQ)

DAVT({) = PI#FREQ¥(PG{(J}-PWR(CYC+L1,1))/H(])
DTTC(I» = DTC(1}+DDT(])/FREQ

AVTT(1) = AVT(1)}+DAVT(I1)/FREQ
CONT [ NUE |

987100 1200 L = 1,NG

11 A

' g

1200

1040

1070

1205

VMAG(L)*COS(DTT(L)) '

VMAG(L)*SIN(DTT(L))
VG(L) = CMPLX{A,B)
CONTINUE !
N =1

'

G0 TQ 920
DO 1070 1 = 1 NG

J = CNBCID)
DAVTT(1) = P[¥FREQ*(PG(J)-PWR(CYC+1,1))/HCI)
AVTTCI) = AVTCD)+(DAVT(1J+DAVTT(1))/2./FREQ
DDTT(I) = AVTT(1)-(2,0%P [¥FREG)

DTTC1) = DT(1)+(DDTC1)+DDTT(1))/2./FREQ
DTC1) = DTT(1)

AVTCD) = AVTTCD)

GONT INUE

DO 1205 L = 1,NG

1]

A VMAG(LI*COS(DT(L))

H]

B VMAG(LI®SINC(DT(L))
VG(L) = CMPLX(A,B)

CONTINUE



G RARHR R S R SR R OR A R R G

SUBROUTINE MD1(AA,FBUSt,FBUS2)

COMMON/VAR3/ Y(20,20)

COMPLEX Y,AA

INTEGER FBUS1,FBUSZ

Y(FBUS1,FBUS1)

Y(FBUSZ,FBUS2)

Y(FBUS1,FBUS1})} + Y(FBUS1,FBUSZ)

Y(FBUSZ,FBUS2) + Y(FBUSZ,FRU31}

AA = Y(FBUS!,FBUSZ)

Y(FBUS1,FBUSZ) =
Y(FBUSZ,FBUS1) =
RETURN

END

1

CMPLX(C.0,0.0)

CMPLX(0.0,0.0)

Il

!
G A R R M T o R I e o T e e e AN A T AR AR A X R A C

c

S%BROUTINE'MDZ C

C*%%ﬁ*%%%%****%**************4*%******#&%&%%****%***ﬁ#%**#%****%&*%***c

SUBROUTINE MDZ(BB.FBUS&LFBUS4)

COMMON/VAR3/ Y(20,20)

COMPLEX Y,.BB

INTEGER FBUS3,FBUS4

Y({FBUS3,FBUS3)
Y(FBUS4,FBUS4) =

Y(FBUS3,FBUS3) + Y(FBUS3,FBUS4!

Y(FBUS4,FBUS4) + Y(FBUS4,FBUS3)

BB = Y(FBUS3,FBUS4)

Y(FBUS3,FBUS4) =

Y(FBUS4,FBUS3)
RETURN
END

CMPL%(0.0,0,0)

CMPLX(Q.0,0.0)

G 5 5 0 K 0 e T K S 2K M 6 6 e IS I 6 3 e e 3 I S K KK G

c

SUBROQUTINE MD3 "

C#%******************%%***%#*********#**#%**#********%***%%%**ﬁ%X**&**C

SUBROUTINE MD3(AA,FBUS!,FBUS2)

COMMON/VARY/ Y(20,20)



COMPLEX Y,AA

INTEGER FBUS1,FBUS2

Y(FBUS1,FBUSZ)
Y(F3USZ,FBUS L)
Y{r3d51,~BJS 1)
Y(F3US2,rFBUSZ:
RETURN

END

i

]

AA
LA
Y(FBUS1,FBJS!)

Y(FBUS2,FBLS2)

Al

A4

O s AT o S R T TR e 3 TR S S A o K3 SR T I T HE I A H R A SR A A T e AR KA K

C

SUBROUTINE MD4

c

RN T K I T T A S AT I T 6 e A I KT M YO o e AR A e M WA e % O

SUBROUTINE MD4(BB,FBUS3,FBUS4)

COMMON/VARZ/ Y(20,20)

COMPLEX Y,HB

INTEGER FBUS3,FBUS4

Y{FBUS3,FBUS4)
Y(FBUS4,FRBUS3)
Y(FBUS3,FBUS3)
Y(FBUS4,FBUS4)
RETURN

END

]

il

BB
BB
Y{FBUS3,FBUS3)

Y({FBUS4,FBUS4}

B3
BR
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c SUBROUTINE ROUND G

O M HHHR I A e He e T I S R A T T A R R T A I T I KRR R RN R C

CHAXEHEPJRPOSE G
i TO CALCULATE MACHINE CJRRENTS FOR ROUND ROTCOR TYPE FOR EACH C
c STEF AND MAYBE INCLUDE THE EFFECT OF SJBTRANS ENT RSACTANCE C

ACCORDING TGO THE VALJE OF INPUT DATA [N VAR 43.E " 2X o
CRARRADETAIL o
C FOR ROUND ROTOR MACHINE NEGLECTS THE EFSYECT OF 5A. nMoY 4ND C
" AS3UMES CONSTANT FLUX LINKAGES AND A SMALL HANGE X S©EE&D, c

AT A AW H I T K F A IR Ko MR HH M T o e 0 K K T T oo 4 ok K R R AR % C
SUBROUT NE ROUND(STE®P,GYC,:,CNB,GVRR,FREG, [COUNT)
COMMON/VARL/VZ0)

THMON/VARAA/XD120, ,XXDC20) , XXXD(20)
SOCMOM/VARS/TDO(RC (TTDLZ0:  TTTD(20,
SAONIVART VG20
o MON/VARS/PWRO' 00, 20
SOVNON/VARLZ2/NB NG, NLNT, GX
CUMPLEX CURR,V,VG,DEL

ix2GER »TEP,CYC,CNB(20),CX

RARERF JECLARY VAR BLESRKRMAMMAIAAIRI KA AN S AN I N A A A IR RN

S CUER 1 MACHINE CURRENTS c
G v H MACHINE TERMINAL VOLTAGE c
c VG ! VOLTAGE BATK OF TRANS.ENT REACTANCE c
CHAXFRAEMARK c
o CTHER VARIBLES RELY ON THE OPERATION, c

IR0 T K6 6 DK K 0K 0K 30 300 056 D I 6 30 0 36 0 6 06 M 0 76 MR T A 96 0 6 6 o o R K C
J = CNBOT.

P USTEP . EG. 1Y GC TO 410 ¢



CHRRRRFOR STEP = ORBEAERRERERIREREEERRIR R IR IR AR RN R IHRRRC
VG(I) = V(JI+CURR#CMPLX(0.0,XXD(1})

G0 TQ 589 )

CH¥kARFOR STEP = [RERRFEEARFALEERRGEAERRARARERRARF LXRAFARR - AERREA R RNRRRD

4 0 TIME = FLOAT(ICOUNTY/FRZQ

CHpaekCAETEL THE VALUE OF VARIAALE " CX "Rk Rlbnih Ak kK KAk AR AN RAC
& {(CX,EQ.Cs GO TO 300

AG = XCALCTIME, XDy (XXDCOU (XEXDCD) o TTDCIN TITDC L4

S TO 6CC
3 1 XG = ZXD0
s 7 DEL = valls-Vius)

GHR = DWL/CMPLEI0.0,XG)

#ROCYC 1,'+ = REAL(CCURR#CONJG(VI(LIJ))
3 RETIAN

END



3 Tl o e R S A K Sl e R A T M M I K I A M S MR AR G
c SUBROUTINE SALIENT c

TR IRHHI AN A AN A AR H I A H NI IO IR RN RN KKK C

CkkA¥*PURPOSE "
" T3 CALCULATE MACHINE CURRENTS FOR SALIENT POLE MAud NE FOR c
c EACH STEP AND MAYBE INCLUDE THE EFFACT QF SUBTRANS.(EXT REAC:ANCEC
c ACGORDING TO THE VALUE OF INPUT DATA IN VARIARLE " CX ° C
ChA£XRIETALL G
c FOR SALIENT FOLE MACHINE ,THE EFFECTS OF SALIENCY ANJ CHANGES
C IN FIELD LINKAGES ARE TAKEN .NTQ ACCOUNT A VO.TAGr BALK OF o
C Q@ AJRATURE-AXIS SYNCHRONOUS REACTANCE .35 USEJ 70 RaPReESENT HE €
o MACRINE, c

T R B IR I TR H I T F AT T K J K S Y IS0 e T T H T T o 6 2 I I o 3 e ke C

SUBIDUTINE SA. ENT(STEP,CYC, ,CNB,CURR,FREQ, COUN.:
COMMON/VART /Y 20,
COMMON/VARL/XD(201 , ¥XDC20  XXXD(20)
COMMON/VARS/XQC20) , XXQ(20) ( XXXQ{20)
COMMON/VARG/TDOC20)  TTDC20Q) , TTTD(2O)
COMMON/VAR7/VG(20)
COMMON/VARB/FWR( 100, 20)
GOMMON/VARIZ/NB,NGNL,NT,CX
COM®LEX CURR,DEL,AA,B3,VG,V,EQ,EFD(20),QCURR,DCURR,E[,EDIFF,
*DTEQ1,ADD,EQ1(20),5,UEQ,UJEQ

NTE"ER STEP,CYC,CNB(20)},CX

Ckra¥ADECLARE VAR (B LESRBAFFHAFIINNR I FAR AR A AR IR HR AR R A AR

]

c CURR t MACHINE CURRENTS "

c EQ t VO.LTAGE BACK OF QUADRATURE-AX.S SYNCHRONQUS REACTANCE C

C EFD t  VOLTAGE PROPORTIONAL TO FIELD CURRENT )



DCURR | DIRECT-AXIS COMFONENT OF MACHINE TERMINAL CURRENT C
QCURR | QUADRATURE-AXIS COMPONENT OF MACHINE TERMINAL GCURRENT C
EQ1 { VOLTAGE PROPORTIONAL TO FIELD FLUX LINKAGE . v

FXRAKREMARK OTHER VARIBLES RELY ON THE OPERAT | ONRRRARARRINA RN AK AN
J = CNB(D)

IF (5TEP.EQ.1) GO TC 810

*#AHKFCR STEFP = O**%**%************ﬁ****%%##&%*********#**%*********#C
EQ = V(J)+CURR¥CMPLX(Q.,0,4QC1))}
ANGEQ@ = ATAN2(AIMAG(EQ),REALCZM))

ANGCURR = ATAN2 (ATMAGC(GURR) «REAL(CURR))

ANGLQ = ANGEQ-ANGCURR
ABSCURR = CABS(CURR) ,
i
A = ABSCURR¥SINCANGIQ) |
B = ABSCURR#COS(ANGIQ) R
AZSEG =.CABS(EQ)
VEQ = EQ/CMPLX(ABSER,0.Q)
UJEQ = (-(CMPLX¢0.0,1)))*VEQ
DCURR = UJEQ¥CMPLX(A,0.0)
QCURR = UEQ*CMPLX(B,0.0)
EFDL]) < V(J)+(ﬂCURR*CMPLX(0.0.XD(I)))+(QCURR¥CMFLX(0.0.XQ(I)))
XX = XQ¢I)-XXDCD)
EQL(1) = EQ-DCURR%CMPLX(Q.C,XX)
vG(l) = EQ
GO TO 899
CHk%#*FCR STEP = l****#*******#**#**%ﬁ%****%ﬁ******************%****%*C

81C TIME = FLOAT(¢(ICOUNT)/FREQ ' :

CH¥%¥XCHECK THE VALUE OF " CX "%%X****%********#%ﬁ*#%***&********%***%c



EQ = EQL{I)+DCURR+CMPLX(0.0,XX)

vG(l) = EQ

PWR(CYC+1,1} = REAL(CURR¥CONJG(EQ))
898 RETURN

END




C*****##*%****#********%*#******#%*#***#*%ﬁ***&******#**ﬁ*************C
c FUNCTION XCAL G

C***%ﬁ**%*******%*#****%******#**%*%%****#%*%***%%%%***&**%%%*********C

CH#k%kPURPOSE (FROM THE VALUE OF VARIABLE " CX = | ") C
G TO CALCULATE THE VALUE OF SYNCHRONOUS REACTANGE WHIGH INCLUDE C
c THE EFFECT QF SUBTRANSIENT REACTANCE, "

C**%%***ﬁ%********ﬁ****%*%*******&******%*********%&%%***#*%*%****&***C

FUNCTION XCAL{T X, X1, X1I,TL,TII} .
C#A%#¥DECLARE VAR TAB LERANKEERKIER IR AR M AN R KA A A IR R AR RN

c T ! TIME (SECCND. c
c X ! DIRECT-AXIS RhACTnVCE i
c. Xi i DIRECT~AXIS h {STENT REAGCTANCE G
c AL 1 ﬁLRECT"AXIS #TRAWSIENI REAGTANCE c
C Ti 1 DIRECT-AX1S SHORT CIRCUIT TRANS |ENT TIME CONSTANT c
o TID DIRECT-AXIS SHORT CIRCUIT SUBTRANS (ENT TIME .CONSTANT c

C#%#**ﬁ*%**##%*********%*****ﬁ%***ﬁ*****#**%%****%%&%ﬁ**********ﬁ#****C
XOAL =_I.O/(l;O/X+(1.01R141.0/X)*EXP(~T/TI)
* L0/ T =1 Q/X I REXP(=-T/T11)}
RETURN

END



C************************************************%*******************
C SUBROUTINE PLOT .
C************************#*************%****%%**************%****%*%%
CH**XXPURPOSE

C . TO BRING DATA OUTPUT FROM ANY SUBROUTINE TRO 1 2345

AND PLOT TWO CURVED FROM DATA QUTPUT

)

(]

L. SWING CURVE .

(9

2. CURVE OF RATIO OF ACTUAL SPEED TO RATED SPEED AND TIME
c***********************************44*************************%****x*
SUBROUTINE PLOTCLCYC,RMIN,RMAX, TPLOT,P 1, FPED
COMMON/VARS/ANGDEG (100, 20)

COMMON/VAR10/0MA( 100, 20)

COMMON/VAR12/NB, NG, NL,NT, CX

CHARACTER COL(lZl)*l;A(IO)*I

DIMENSION S(20),VALUE(120,20)

INTEGER LCYC.TPLOT.W{DEI.WIDEz}TAPX,TAPY,CX

REAL MULTI,MULT] |

DATA A/’l','Z'.'3'.'4'q'5'.'6'.'7"'8'.'9'.'0'/

CONST = 2,0%P|%FREQ

WIDELI = 121

WIDE2 = 120

TAPX = 10 ’
TAPY =5

IF (TPLOT.EQ.1) GO TO 710

720 VMIN = 1,0
VMAX = 1,0
MULTI = 1,1

MULTIt= 0.95

D0 750 I = 1,LCYGC+1 .
DO 750 4 = ,NG ¢
VALUE(I,4) = OMACT, )

750 CONTINUE
GO TO 740



710 VMIN = 0.0
VMAX = 0.0
MULT!I = 1.5
MULTI1= 1.5
BO0 760 [ = 1,LCYC+2
DO 760 J = 1,NG

VALUECTJ) = ANGDEG(I,J)

750 CONTINUE

1

740 DO 770 | 1, LCYC+1

DG 770 J = 14NG

{F (VALUE(T,J3,LT.VMIN)} &MIN VALUECT JJ

il

IF (VALUECI,J).GT.VMAX) VMAX VALUE(L,d)

IF (VALUECI,J), LT.RMIN) V&IN

= RMIN
IF (VALUEC1,J).GT.RMAX) VMAX = RMAX
770 CONTINUE
VMAX = VMAX¥MULTI i
VMIN = VMIN#MULTI1
RANGE = VMAX-VMIN
SCALEX = RANGE/12.0
S(1) = VMIN
Do 780 1= 2,13
S¢1) = VMIN+SCALEX#FLOAT(I-1)

780 CONTINUE
WRITE(#,1710) (5(1},1=1,13}
1710 FORMAT(TZ2,13F1Q.3)
WRITE(#,1720)
1720 FORMAT(T3, 'CYCLE', TG, 121('-"1}}

FACTOR = FLOAT(WIDEZ2) /RANGE
GOLCL) = "}

LCOUNT = @

DC 780 I = 1,LCYC+L

DC 800 J4 = 2,WIDEZ

COLCJY =



800

gad

810

1730
1740

CONTINUE
DO 81C J = 1,NG
VALUE([,J) = (VALUE(I,J)~VMIN)#FACTOR
(NDEX = [FIX(VALUE(I,J})
IF (INDEX.LE,1) INDEX = 2
COLCINDEX) = ACD)
CONT INUE
cOLC121) = ¢
LCM = (LCOUNTI*TAPY+1
F (l.NE.LCM) GO TO 820
DO 830 J = 1,WIDE1-TAFX,TAPX
CoLCIh = '+

CONT INUE |

i

CoLtth

l

LCOUNT = LCOUNT+1

fROTECHK, 1730 1, (COLCK) K==L, WIDE1L)
(0 TO 780

WRLOTE(#*, 17401 (COL{K},K=1,WIDE1L)
CIONTINUE

DG 910 ! = 1,WIDE!L

COL¢Ly = '

CONTINUE

WRITEC*, 1740} (COL(K} K=1,WIDE1)
FORMAT(T3,16,T3,121LA1)
FORMAT(TS, 121A1)

RETURN

END



C******************%*******************************%**%**************#C
c PROGRAM EQUAL AREA CRITERION C

C*%%&##*&****&%*&****#****#&**W%&***#*%*%*++**%#*&*ﬂ*++#******%*+f*#**¢

C PURPOSE

-
- TO CALCULATE THE (GNIFI ANT VALUES OF EG"AL “FEA CRITEF: N. ©

C FOR EACH MACHINE AFTER THREE PHASE FAULT ACCLREN 4T THE BUY -~ C
C WHERE [T 15 CONNECTED. r
- Lo OPERATING ANGLE.

- 2 CRIT TAL TLEARING ANGLE, B
- 3. CRITICAL CLEATING TIME, z
" 4. MAXIMUM ANGIE OF DETE'ERATE AREA AT "R TICA  TTEARIM, SNGIF
C 5. ACCELERATE AREA (AREA 1) ' r
C 6. DECELERATE AREA (AREA 2) C
r AFTER WE GET THE RESULT THEN WE W'L" BOTH NS JEk ANT - z
- COMPARE 50ME VALUES TO THE RESULT FROM STABLL 7Y PROGRAM. c
C 1. DID THE CRITICAL CLEARING TIME FROM STABILITY FROGRAM C
C EQUAL TO FROM EQUAL AREA CRITERION PROGRAM 7 C
c 2. ACCELERATE AREA = DECELERATE AREA ? C
C 3. ETC, C
G REMARK C
C -~CRITICAL CLEARING TIME FROM STABILITY PROGRAM TFOUND FROM - c
C THE TRIAL AND ERROR METHOD. c
C ~CRITICAL CLARING TIME FROM EQUAL AREA CRITERION PROGRAM —\ C
C FOUND FROM USING EQUAL AREA CRITER{ON. c
C “MECHANICAL POWER = 1,0 P.U. (CONSTANT) C



c DECLARE VARIABLE C

C H : INERTIA CONSTANT (p.U, C
w r : Pl VALUE r
C AR : WMACHINE OPERATING ANGLE (POWER ANGLE ,RADIAN C
c AD : MACHINE OPERATING ANGLE (PAWER ANGLE) ,DEGREF C
- ¥ : DUMMY VARIABLE C
o TAF : CRITICAL "LEARING ANGLE ,RALIAN C
A 1 CRITE AT PLEAc' G ANGLE , EGPFE
AKENT ] MAX MM ANGLE J A Fae AT RIT] L KAy hy s ip
JFAD T AN
MAXDES : MAXIMUM ANGLE OF ARFA™ AT ’FR{TI D
. EGREF {
C FMax : MAXIMUM ELECTRIC POWER r

ATAREA ACPELERATE APEA

. DFCAREA CETR'ERATE AREA C

C***#*********ﬁ***********#*******%******%******%****%*%**%**%*%k***%*C
REAL H.Pl.AR.AD.DA.CAR.CAD.CRT.MAXANG.MAXDEG.PMAX.AC”AREA.
* DECAREA
DIMENSION H(ZO).AR(ZO).AD(ZO).DA(ZO).CAR(ZO).CAD(ZO).CRT 200,
% MAXANG(ZO).MAXDEG(ZO).FMAX 20 JACCAREA(20) ,DECAREA (20

CHEXFAREAD DATA FROM USER TOD STORE IN FILE "TRIDATA ' #¥¥M4k b H At A AN A O

c INPUT DATA FORMAT VARJABLE C
C 1. NUMBER CF GENERATORS. 13 NG C
" 4. 'MERTIA CONSTANT (PER UNIT SYSTEM BASE MVA), F7.3 Htty C
C 3 OPERATING ANGLR (RADIAN) Fg.~= ARv Y C

C***&ﬂ*&ﬂﬁ**&**************#***%#***#***&%*%**#*****#**#%**%**i&*i**+%c



OPENC(S,FILE='A:CRIDATA") .
WRITE (#,500)
FORMAT(5X, 'PLEASE ENTER [LFUT DATA FILLOW THE "OMP' TER ASK 70U,
CH#**¥#READ NUMBER OF GENERATORS FROM UqER*#******if+&¢+*%++**+*+&**++*c

WEITE(%, 2100

"V FUBMAT(5X, "NIUMBER CF GENERATORS : FOFMAT - ")
READ(%, 2207 NG
WRITE(5,220) NG

220 FORMAT(I3)

THRNHKHFREAD INERT'A CONSTANT AND APERATING ANGLE FRtM USERAN bh s 4 +hdhd k]

NN 4,0 1 = " nG
WEITE %,.30) °

230 FORMAT(SX.'MACHINE NUMBER ', 13)
WRITE(#,2400

47 FORMAT(S5X, ' INERTIA CONSTANT (P.UL H FIRMAT(FT, 3 B
READ (%,250) H [
WRITE(S,2500 H([y

270 FORMAT/F7.3)
WRITE(%,280)

2 C FORMAT(S5X, 'OPERATING ANGLE (RADIAN) : FORMAT(F8.5) g
READ(%*,290) AR( |
WRITE(5,290) ARCITY

290 FORMAT(F8.5)

400 CONTINUE
CLOSE(H)
JPEN(S ,FILE='A:CRIDATA")

Pl = 3.141592654



CHEXHHREAD INPUT DATA FROM FILE 'CRIDATA'******%*%**++*+**}*#*+******$C
READ(5,107 NG
1O FORMAT(I13)
D7 100 | = {,NG
READCS, 200 Hot) AR 1)
=) FCEMAT(F7, ,FR,%,
Lo CONTINUE

*FA¥#&CA CULATE THE OUTEUT VATUES FOR RACE MACHINE MG R S S

DO 2C3 I = {,NG

ADCD)Y = 1BO#ARCIV /P

DACL) i ((PI—Z*AR(I’?*SIN(AR(!)')—COS(AR‘
CARCI) = ACO5(DACIN)

CAD(I) =  190%CAR(I1)/P]

TRTOD) = SQRT(d*H(I’*(GAR(I)~AR([))/314.16’
ACCAREA(]) = LeOX(CARCID~ARCI )

MAXANG(I) = p-ARCI)

MAXDEG(I) = LBOAMAKANG( 1) /p |

FMAX (1) = 1.0/SINCARCIM

DECAREA([) = PMAX(I)*(COS(CAR(())*CDS(MAXANG i
* Lo O¥(MAXANG([)~CAR( 1))

CHEF*KWRITE OUTPUT DATA*********%******%%**********%********%***#*****C
WRITE(%,30) I'H(l).AR(IJ.AD(lD.CAR(I).CAD(I).CRT(I!,PMAX([J.
% MAXANG(l).MAXDEG(l).ACCAREA(IJ.DElAREA’I)
30 FORMAT(/10X.' MACHINE NUMBER ',]3,
* /15%.' INERTIA CON2TANT '.FIDZS.‘ B, oy,
* /15X,"' OPERATING ANGLE (RADIAN) ',F1n,5,

* /15X OPERATING ANGLE (DEGREE) ' ,F10.b,



200

*

*

/15X,

/15X,

/15X,

/15X,

/15X,

/15X,

F1EX,

CONTINUE

STOP

EMD

5X.

CRITICAL CLEARING ANGLE

CRITICAL CLEARING ANGLE

CRITICAL CLEARING TIME

MAXIMUM ELECTRIC POWER

MAXIMUM ANGLE OF AREA"

MAXIMUM ANGLE OF AREAZ

ACCELERATE AREA

DECELERATE AREA

tAREAL:

(AREA2)

(RADIAN)

(DEGREE)

(RADIAN)

(DEGREE)

1

1

¢

.FlOzS.
F16.5,
ELDLS,
W F10.5,
105,
F10.5,
F10LE,

JEF10, =)
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LINKNET-A STRUCTURE FOR COMPUTER REPERSENTATION OF NETWORK
aulavd  Uselw B.E.ng
uny  g%usunnnfly MUE. (CANT)

ndy3aanssulwdn ﬂnﬂﬁuLWﬂTaTuﬂws:aautnéH'SwUﬂlwn151ﬂmwnws

a

annisUe

undnus p
n13WAUANETWORK 1 flalelunisdaugoyainfu COMPUTER awnsofaunle o &neas
fio MODE, BRANCH & TOPOLOGICAL PROPERTIES umnnswaunasiuuminlimavs iy NETWORK

1] - -
TOPOLOGY Ldaﬂ101unﬂ5aﬂCOMPUTERrMEMORYuﬂ:N:ﬂ?ﬂdanﬁislﬂﬁﬂ:w NETWORK (fadn14-
tuﬁuuuuuVQUsﬁvuav NETWORK fu nusuifway NETWORK TOPOLOGY 15Qnuﬁuﬂﬂﬁﬁun17

FORM LINKNET STRUCTURE (faazaanlunisdouzeyauevszuulvinad

e s -

Abstract
In the development of any algorithm which deals with a network,

the programmer must decide on how the network information should be store in
computer memory. The decision is particularly important for the arialysis

of the large sparse neéworks which occur in power system studies. Often,

it will -largely determine the computer memory requirements and it may also
significantly affect the processing efficiency of the alyorithm. Node,
branch andﬁtopq}pgical properties are used in development,but a wide variety

of network used topological linknet structure develcpment.
, o 8\
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(o) unun
TuszuyTwda m Svaunn g R wautayarev sz e mm e sy e imand
T AU Tumea103928900uR2 1R8BS 12 LUSBYSINIUMUIEAY A TuBERTRHALL AN ST
" gaya 1 T luszuumiaa et 1319219 Node admi ttance matrix Taotou w10 ludmns
9oy Double entry line table maunlafln1sWaun network 1§uﬂwuﬁwu1ﬁﬁmauﬁﬁ Network
Topology ﬁvu1un11§ﬂgﬂ Network data uatan storage wavy computer memoryav
(w) Linknet Structrre
Inpuauifivoe Network topology &1 sanmum number wee branch end

(Branch End Number) uazfhuim number @8y branch anumuaa

Branch End Number f (Branch Number) (1)

way Branch End Number = g (Branch Nuler) (2)
e v marwduiuseey (s) waz () arlean '
R END = 2 * Branch-1 (3)
use END = 2 * Branch (4)
tﬁa END =  Branch end number{t.t:: Lt ey
" Branch = Branch Number

INFUNIT (o) FTwrsodazdaunisinglaag
h{END)
(END+1) /2 (5)

1]

Branch

Specified number on Network

il

List (Node) The fi&st branch end on the list from noae.

Next (End) The next branch end on the list after end.
Far(End) The node at the far or opposite end of the branch
(n) Step for computer process
Step 1. for branches connected to any node
: Initialize end = -Lisf\(mgde)f
h(end) T
Next(end) wuntil Next(end)=0

i

Thenset branch

. and end
Step 2 for nodes conﬂected to any given node
' Initialize end = Lisg(node A)
Far (end)
“ : And end = Next(end) until next(end)=0

]

" Thenset nbde B

-

Step 3 Required to obtain the nodes at the end of 'A' given branch

End A = £(branch) .
End B = g(branch)

Nodee A = Far(end B)

Node B = Far(end B) -
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EXAMPLE
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LIST(NODE)-—~

-

NODE LIST (NODE) END NEXT (END)
1 3 1l 0
2— .~ 9, o 0
3 B\ = i\ ra 1
4 LI\\ %> . A3) St (3
5 14 > 5—=2
t y S 6 \\\ 4
W 1< —>5 ~
. ‘ 3\ 8 N 0 .
arrows indicate TG a7 T
the linked-l1ist - 10 )
of branca ends . 11 6
connected to 12 8-
node 2 ) 13 12
14 10



6/4

OO

FAR(END)‘/ END

END FAR (END)
1 2
2 1
3 3
4 1l
5 3
6 2
. 7 4 A
8 2
9. 5
1o 2 .
11 4
12 3
13 5 .
14 4




€4

READ ERiNCH, NODEA, NODEB

]

ENDA = féBRAHCHg
ENDB = g(ERANCH

1

ADD ENDA TQ THE TOP OF THE
LIST FPROM NODEA: .
NEXT(ENDA)=LIST(NODEA)
LIST(NODEA)=ENDA
FAR(ENDA ) =NODEB

]

ADD ENDB TO THE TOP OF THE
LIST FROM NODEB:
NEXT(ENDB%-LIST(NODEB)
LIST(NODEB)=ENDB
PAR(EHD B) ~NODEA

LINKNET STRUCTURE |
IS COMPLETED.

e,

3y

Last . N
.
~— Y .

12

D
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(¢) CONCLUSIONS
Linknet structure 'lﬁﬁmu’l‘ﬁ’umn'ﬂa'zf'm‘lun 1» form network data 1y
computer IMndAnvnruey Linknet structureswnsolylafu network 1ﬁﬁn§puuu
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uanImntgwasalelunisiasaoy fault calculation (ffs network ﬂnﬂsldﬁuuuuagﬁ

o 1fin fault $y ;§
UssTouod
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°. %YIURA computer- memory IMUpURY

"e. Branch & Node ‘lu network s unsoffassanulagnt
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. a.  daruesavdi lunisSiasonluansf network tUsugduuu i
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Power System Fault Analysis by Piecewise Y-Bus Method.
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This, paper describes the method .for handl:.ng general kind of fault
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2. Symmetrical Methkod and Fault Analysis

Tuszuulidinha Snwnzvay fault ®uatnuuvidu 2 w1n1nd fis
a) n13finen  Balance Fault b) n13iiim  Unbalance Fault

Tnofl unbalance fault ﬁhﬂuan1:nudan11tdduuudav pPhase-sequence -
components luszuuluwvAnias #vmﬁiﬁldaﬂa11m11:uu 3 phase system fu na1ifin
unbalance fault uuuﬁﬁvq(guﬂ 1) whIndnns connection sequence network -
1unaﬁuq;Uuuu1ﬁ51n:Lﬁun1ﬂ short circuit phase n%s éhase line open ﬁam1m1u
network mna%connection gay sequence network ﬁd1:nqﬁﬁhﬁ1u constrain kifal I
1Jouly fault WARZLLY ua:LfﬂaﬂuqtnﬁLﬁsﬁ:ﬁTﬂdnahnﬁ1"Generalized Fault Dga-

(2,6) . . :
gram” 17 Tdeal Phase-shifting transformerLﬁuavﬂﬂ1:nguaﬁﬁq(;ﬂﬂ 2)
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Balance Fault o
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= ( Equivalent Network Diagram )
0l2

/-Ideal Phase Transfonne;

\

vo Z0 t\ N

{] Ig/3 .

N,

U 2 "Gereralized Fayls Diagram" -

ﬁ":mf'-u\m'n 1fm SLG-Fault,
+

) f‘] z1 1:nl [z Connection ygy Sequence ni se-
v ¢

£ .
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APPENDIX I

Primary-Secondary_ Adjustment Load-Flow.

. ' ’ G -
N1 IMITININGYEY bus-current mismatch luumaz iteration wznsemhlnud
(1,5)
1da bus-current mismatch bus p R0 system eqgn.

Sk’ n
k p k
AT = - .Y °E 1
P (Ek) a=lpg q (AL)
p

vk - iteration no. uaz S,E 1T bus complex power .and voltage

1fefia19un bus-current equation

Ar ¥\ AE
P PP-  pPq b
AT =0 ] AN B e 2 AE 5 - « (AZ)’
gq = 1 SL R = S 1 - SRR T P
‘q - subscript for system buses connected to p-bus
v g qr LX) V. ﬁ s ¢
Primary adjust delta bus-voltage 28y p-bus *w':l'lﬁfm T ’
. . \\ ; 2 /L
PR y P o— Y ..5" o, ; o~ e K >
- k pqup k - . & . o
. AE” = (y - ~ ) AT 4. W0 e T, AA3)
g P - “pp Y __. Pz N
s 2 3 aq ~ < . =t LA
rz N 4 - ot o, 3 R NP
; . Ty V . v A R R
Se¢ondary“adjust delta bus-voltage‘wew G-bus gy + 57 . ’
. - <7 * N Y
itk L. B e L L N T
; AEq LT }—"AEp .o, a3y .
< = |4
- ! » ¥ .v“ qq ‘: < «.-'.,. ‘;N ‘,‘" - 7 -

Wazaw delta bus-voltage ﬂmmmn curreni: anismatch ﬂ:gn’.ﬂum‘x -

P

» \ ’? f .ﬂ'; v e £
adjust:nent bus-voltage ‘lu system, L‘sm-a'luunq :.terat:.ons m"‘lnm tolera.nce-«- .
P A u v ’& s {‘ Y e - ,,i. .
range uav voltageqcontrolled bus “1u Systed a:ﬂmm’nﬂuﬁnamnnw chang - -
} . - ?‘ -

¢ . - N S
inani s - s

; - P ,,5‘! < p - .

- . H e :‘ & g:}
‘ v f. ¥ 1 .



3-26 °
NAnstudsenng .
“—_‘

Hiduuladalanqaludd TRVBUARAIN N UE T VA DLRA LADT FAnT= Alals

Mwru 83 lun13%8%u9uuan L a5

'
M Ran1v8y
%&-_

L. G.W. Stagg and El-Abaig, "Computer Method in Power 8ysten.1 Analysis",
Newyork, McGraw-Hill, loes,
2. P.M, Anderson,"Analysis of Faulted Power Systems™, The IOWA State

"University PressyaMES, 1973,

Method", IEEE trans, Vol.PAS, -, sS4, No.-.6,'Novenber/December, 1975,
4. L. Roy and N.D. Rao, "Exact Calculation of Simultaneous Faults In-
voJ..ving Open Conductors ang Line-to-Ground Short Circuits on Inhere~

ntly Unbalanced Power SYstems", IEEE trang’, Vol.PAS.~101, no. 8,

"
el

August, 1982, : . ' -
. " TN é

: t " % Y : 3
S. Stevenson, fl.‘D. ’ Elemexztz q'meower System. lysis®, .2nd,ed. r.
e .. o+

¥

s -

-
e,

A

MCGraW-'Hiu. r Newyork r lg,EZMO_

g.“" - ‘:.\- 5 s
B

& ) 5 *

€
6. Z.X. Han, "Generalize Method of Analysis of Simultaneous Fault in-,
Electrical Power Syftem”; IEEE trans,| Vol,.PAS.-lDl,q no.10 October,’

. v

«
wmy

1982 o | T Tl
- o, o ! - -t . - L
e
" -, <«
. N % "
-+
] s hw W P a
. s & Fan E o g + [ s
L E T X " w, F o
- ol x 2
¥ E Al
- b - 3 >
3% v . ~ .
EX - !
" 'l £ !
{
a 1 * ! ¢
. i 4 ¥ v
]
1 - i~ L . [ “
- .
~ | - - . P
- . ¥ g
- Yoot h
N -~ * * & : N -
5t E f i
{ L1 koA
- 3
i

-
y



3-27

-

1133 1a3azan A un® luszuu vhnh e 1nuds Bus—Impedance matrix

Fault Analysis of Power System by Z-Bus Method

'* -
Uizan yulyuafditng ANZTAINTINATAT
L] * -
NI A3y a010u malulad w1zvou inan
- w L2 -
aulaae  Uszin Mo lRIRumnT ’aanTsdy
?
undnus
wauiluaaviinistiasisamulaunfeavszuu livanhdn Tauyefnuren

Anunfluvulumunag Unbalance Fault Fifinduluszuulebantdy e dundnnisvay Sym -
metrical Component  u Tia37z (Rafnunfunaay Fanlt Tuunazgauavezuy livnhay
desnrgfinTiunteqflaisrezun lulaussTomluntsdouiinnu fuvanilas Lfindu

Tunt3finutangfinssuvevan whsunduuunvg lansenilnuloss Gauss—

Seidel method a"m"s’un’m':qa'q load-flow luanmzinfl  ua=ly Z-Bus metlod °
U1:nmﬂumtiq'1a"m"maw‘s\mﬂuﬂﬂUnﬁﬁ'uqmwa"\sv‘fu -
Abstract

"

¢

‘Tp;:.s”‘.papgr {iescribes the method for analysis power system fault

with the aim,,puz'pése on;phb:alance condition. Which makes us: of symmetri-
I ) ¢ a N -
cal component principle .during calculation procedure. . The effects of .~ == |

fault at each point will be used to make initial information in field of -

¥
A 4

Power Systém protection scheme. )

L. &
- £ ® e ¥

s

The effect:we computer program in used here, is arranged with -

firstly study:.ng Tnormal :L’oad-flow of system by Gauss-Se:Ldel method and <

- -

- vsg,condly using Z-Bus to calcu.ate the fault output solutlons respectively.

v “ i

-

* Unénwa **  ga9qn



3-28

nﬁ:ﬁnwﬂﬂ1ﬁunﬂUnﬂ1u1:uu1wﬁ5n5ﬁh1uaﬂbu1nq qUnsaily fla DC. Calculation
Board  dvlawanduyn iy A.C. Network Analyzer #vﬂh1ébd‘uthqﬂu Digital -

Computer g%uté%uﬁﬂunUﬂw 0 1940 ua:m1ﬂ11uwﬁﬁmﬂhadﬂv11nt?ﬁ

[ )
Ldavawnlumavﬂﬁﬂu

flywanay physical Tunvsmtuaulqunannag 655ua:£bl€zﬂ?uuﬁuqﬁﬁa Flexibility,

vuﬁmwavszuu1wﬂﬁnﬁah, AWIINLTA, AWGNREY

- 1 -~
nﬂsﬁtﬂ11:uﬂdﬁunﬂUnﬁuuvnwuﬂhvm:wavvaqa

ua:aunwsTﬁlﬂuaavuuu1néq fin

l. Computer Solution Methods Using The Impedance Matrix,

2. Computer Solutions Method Using The Admittance Matrix,

-~ - - -~ 3 -~ L]
2ofl, vatﬁuua:wa1ntﬂ€un, waLﬂﬂtuguuvavSSnﬂsuﬂﬁ:uyua

¢ e .
:1una11ﬁv1uuwn11u*'
L ] [

T twvzaq 18037 luuna

:uvuﬁn§11ﬁHvﬁhﬁh1ﬂﬁmu11Uadt4auq

uARAUTE TR AY Y
dﬁbvnwsﬁn31ﬁvn11tﬁﬂ Unbalance

Fault lyanqqe steaay State Tmuﬁnu1ﬁwt€au1w1u Ty

tfin fault uuuﬁ%vq uazwnfnssuid i Andy

EA ]

2. ngeq

1udnunzaay unsymmetrical fault 1Sﬂiiﬁlnsﬁ:ﬁ'ﬁa,Symﬁétrical Compo~

nent Ty network sInuanvly 0-1-2 co-ordinate. RS Sy S Iy phase~to-
P e - \\

. : C . o= " . -, i
sequence transformatlbn matrix - T > 2 s *
-~ M 5 3
) 2 s N * “ h2 < ‘:_:
&
- 1 1 1 . ‘ 5
- i ~ - i A\'.‘
¥ . e
T = r a* a :
3 ¥ L *
N3
- w3
1 a a2 5 a = 17120° . ;7
i ® o ke Fond = H ks
7 ¥ * \
a ° B - .
- B = mﬁf}w; }:'iisn,v}::! M’y wE * T "‘? (!-‘
- . £ &, « , . h
[v.] "= T [v_] T, e A1) ;
P - Vs e E
e W L
5
. .
”» B P
“«

; s [P . T
A el ha A e el
“ i s = 4
I L e



FOR

3-29

(] - r 1]

(2)

[ man }
]
11}
—
]

-1
T [ Z5 I (3)

Tau P

Phase Co=-ordinate
S : Sequence Co-ordinate

Case Study_
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Boundary Condition

B = I, = o | (4)

<
]
N
H

(5)

Sequence Current

. hv
Ta0 Ial h Ia2 N £ (6)

Z +Z:L~¥-Z2 + 3Zf

ZT = ZO+zl+ZZ+3zf '

+2 The Double Line Fault (DLF)




3~-31

Boundary Condttion

I, = 0 (7).
H T I (8)
Vb - Vc = Ibz £ (9)
Sequence Current
Iao = 0 (1oYy
My = hve (11)
+Z_+
E7%E A8/
o LLLL ~
Ia2 Ia.l (x2)
ZT = Zl-i-Zz+Z‘f
2.3 The Double Line-to-Ground (DLG) Fault, 4
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§Uﬂ 1.6 Sequence Network annection for A DLG Fault,

Boundary Condition

I = 0

a
VE = (zf + zg)Ib + ngc
VE = (Zf + Zg)Ic + ngb

Sequence Current

.k
hv,
Tai |F Z¥Z_¥ (2,+2.) (2429353
a b o | NN s B
zo+z2+zzf+ 3Zg
\ % +
o "\ % ]
o- Ly
‘ Zz+zo+zzf.3z.g
i ~
+Z +BZ -
I, = N S B .
«zz+zon+zzf+;5zg .
;-. * ’ T .
. (z +z )(z +2 +sz )
zT = ZI +!zf,+ 0 f
ZO:?2+ZZf+3Zg
s . g“\: *,*r v P,

il

(13)

(14)

(15)

(16)

(17)

(18)
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3. Impedance Matrix in Shunt Fault Computations.

I
IO-n . A-n I2'n
———— ——— —
On —r— In — 2n
To-1 0 I3 1 Il 2
01 —= 11 —= 21
+ f + Tﬁ +f
Va-1=7.n_ v v =V
O_ll a0-1 0 - 11 0 -3zt Ta2-1 fo
+ +
nodal ref.=no0 nodal ref, W nodal ref,=n2
val-l /
- N1 Bus

}Uﬂ 1.7 Sequence Quantities Defined for Nodal Equation

gﬂﬁ 1.7 9 positive, negative, and zero sequence network g

reference #a node 0 t39nmunla current lwatzn network # node 1,2,....n
Waz voltage drop wanumaz node 1flyuffu reference 1313z lasunat fs
[ 5L YL 2 213 1 [To-s] (19)
[\vg_;1-Ce hve 1 § zl__ij] et (20)
[ WGt SNk PR N (21)
N

v
Tau subscript fla sequence node Mm%y Z-Bus (open circuit driv-
ing point and transfer impedance) ifuwalana-us® Wwufn~Tay Impedance Matrix
(L
Algorithm

L] N » v -
#Fm$u current #Almaszniav node ij mlasnmunns

) (22)
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LOAD_FLOW
*CALCULATION
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LU%UULﬁquL1aﬁ1un11n5u1uﬂ1ﬁuﬂﬂUnﬁ (Fault Calculation)

N solution q»
5équence components

phase voltage Tﬂaunaﬁ

]
t9u9q fault current yas

Ldaumuﬁ1av1u (1), (2)

fault voltage

Number of Time for Time for Time for Time for
* . * *
System Bus Z -~ Bus SLG DLF DLG
3 0.608 0,874 0.686 0.738
6 1.481 1.472 1,217 1.336
14 8,495 3,797 3.249 3.286
* second
1uuwn11u§htﬂuu1ﬂuaﬂv fault solution Tau 1UZou (oumy solution
(1)
Anderson uazlaugay solution «ay DLF Uas DLG 9av system #nang

Usznounay

RTAL T phase current uas

dvaﬁu1snuamv1mn1uPhasor diagram ¥7vany

(a) Prefault

1011

ca

(b) Postfault

bc

Phasor Diagram of The L;ne Voltage befor and after

The Fault,
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Sample Solution of Double Line to Ground Fault (14-Buses)
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5. 83
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