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(Harmonic Definition and Phase Sequences)
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V(t) = a0 + 2 ak sin(kWot + 6k
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®
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fnfo ?
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A AL
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Q = Z akck sin(bk - <he)

k=1

|G (RMS Voltage and Current)



i} (Apparent Power)

Vims-lmis = lak, 1 id.2
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DFi =
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(1) = AjCOS ] = AjCOS [COut]
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W(L)(t) = AOOS[ifet - y] = AjCos[ O(t - 4]

veh (1) = AjCosfolbt + —] = AOOS[ b(t +*-)]

- CTi ft

va™(t) = A™cos [kt + (] = arcos [2(lbt + 47

(1) = mgoos piuatt - A7) (= Acospoit + 2+

wIMD) = AQOSIOI(t + =<0 ) g = AgCos K - '+ )

- OTfilofintitr|
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VI(3M(t) = Alcos _[[3(0e(t - ?«Ht) + < = AQCOS[300ht - 211 + &3]

ve(3>(t) = AjOOS J(t + §<bt) ¢ o) = AQCOS[30ubt + 711 + @]
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E i DC  HARMONIC !

EDC(volts) = EDC(pu)’ VBDC

$0
EDC(volts) = EDC(pu) ' VBAC(I-n) (1)
EDC(volts) = TH 'rfl6
EDC(pu) = « 1 HARMONIC
! ' P I ¢fa fm ! AC
ZDC(ohms) = ZDC(pu) 1 ZBAC (2)
Tauf
7BAC Swfm | AC !
“0ohms) - S 1! (50 He)

ZDC(pU) Sufi I DC HARMONIC
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*** ERROR CODE ] ***
CONTROL CODE = 0 IS NOT VALID

*k% ERRm m 2 k%%
EITHER ONE OF THE PRECEEDING BUS NUMBERS IS OUT OF RANGE (R THE
FROM-TO NUMBERS ARE IDENTICAL

*k%k ERRm m 3 *%%
NUMBER OF LINES HAS EXCEEDED PROGRAM LIMIT = 0

*kk ERRm C(]I 4 *k%
TRANSFORMER TAP CR CONNECTION TYPE NOT VALID

*k%k ERRm Cﬂ)E 5 *%%
ONLY ONE CODE 3 SET OF INPUT DATA IS ALLOWED

*%% ERRm m 6 *k%k
ONLY ONE CODE 4 SET OF INPUT DATA IS ALLOWED

*k*% ERRm CGI 7 *k%k
BUS NUMBER OUT OF RANGE - HIGHEST ALLOWED NUMBER = 0

*%% ERRm m 8 *k%
EITHER BUS TYPE OR BUS SUB-TYPE OUT OF RANGE
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*+% ERROR CODE 9 ***
THIS COMBINATION OF TYPE AND SUB-TYPE NOT ALLOWED

#% FRROR CODE 10 ***
MORE THAN ONE BUS SPECIFIED AS SWING BUS

“% ERROR CODE 11 *»*
NO SWING BUS SPECIFIED

“+ ERROR COE 12 *»*
TOO MANY BUSSES-MAXIMUM NUVBER OF BUSSES = 0

** FRROR CODE 13 ***
THIS BUS NUVBER HAS ALREADY BEEN SPECIFIED

*c ERROR CODE 14 %+
ONE OF BOTH OF THESE BUS NUVBERS WAS NOT INCLUDED IN THE COE 3
DATA

#+ ERROR CODE 15 **
CODE 3 (FUNDAVENTAL LOADFLOW BUS DATA) MUST PRECEED NONLINEAR BLS
DATA

*+ ERROR CODE 16 **
ONLY ONE CODE § SET OF INPUT DATA IS ALLOWED

w ERROR CODE 17 ***
THIS BUS NUVBER WAS NOT INCLUDED IN THE CODE 3 DATA
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*** ERROR CODE 18 ***
THE NUMBER OF BUSSES HAS EXCEEDED THE NUMBER OF BUSSES OF THIS
TYPE AS DETERMINED FROM THE CODE 3 DATA

“+ FRROR CODE 19 ***
NONLINEAR DATA WAS NOT SPECIFIED FOR BUS 0

“+ FRROR CODE 20 ***
THIS BUS TYPE DOES NOT AGREE WITH THE CODE 3 DATA

“+ FRROR CODE 21 ***
NO BUSSES OF THIS TYPE WERE INCLUDED IN THE CODE 3 DATA

w+ FRROR OODE 20 ***
CODE 3 DATA MUST PRECEED CODE 4 DATA

*+ FRROR CODE 23 ***
THE CONVERTER FILTER REACTANCE SHOULD NOT BE NEGATIVE

wt ERROR OODE 24+
THE OVERRIDE HIGHEST HARMONIC = 0 EXCEEDS THE MAXIMUM ALLOWED = 0
(DETERMINED FROM MAYXHIR AND THE ABSENCE OR PRESENCE OF ZERO
SEQUENCE)

** FRROR CODE 25 ***
THIS POSITIVE-NEGATIVE SEQUENCE LINE INPEDANCE 1S VERY SMALL
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*** ERROR CODE 26 ***
PASSIVE CONVERTER BUSSES CANNOT HAVE p OR Q GENERATION

sk ERROR CODE 27 ***
ABS( ) CANNOT BE LESS THAN p AT A PS BUS

“% ERROR CODE 28 ***
PL CR PG CANNOT BE NEGATIVE AT NONLINEAR BUSSES

w+ FRROR CODE 29 ***
NEGATIVE RESISTANCE NOT ALLOWED

“x ERROR CODE 30 **
THE JACOBIAN HAS A ZERO ON THE DIAGONAL DIAGONAL ELEVENT
POSITION = 0, VALUE = .0

** ERROR CODE 31 ***
THERE MUST BE AT LEAST TWO BUSSES TO RN THE LOADFLOW

wx ERROR CODE 3 **
THE FUNDAVENTAL LOADFLOW DID NOT COWERGE TO THE DESIRED WACRST
BUS P,Q MISMATCH TOLERANCE = 0000

w5 FRROR CODE 33 ***
NONLINEAR BUSSES CANNOT HAVE BOTH LOAD AND GENERATION

wx ERROR CODE 34 *»*
Xs SHOULD BE GREATER THAN ZERO
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*** ERROR CODE 35 ***
R SHOULD NOT BE SPECIFIED

“x FRROR CODE 36 ***
ALPHA SHOULD NOT BE SPECIFIED

“% ERROR OOE 37 **
CNLY ONE CODE 7 SET OF INPUT DATA IS ALLOWED

wx ERROR COE 38 **
THIS ALPHA 1S NOT ACCEPTABLE

“x ERROR CODE 39 **
E SHOULD NOT BE SPECIFIED

“% FRROR CODE 40 ***
PL CR PG MUST BE GREATER THAN ZERO AT A P-ALPHA BUS

** ERROR CODE 41 *
SHUNT CONNECTION TYPE NOT VALID

*+ ERROR COE 42 **
SHUNT ELENENT CONNECTION TYPE SPECFIED FOR NON SHUNT ELENENT

“* ERROR CODE 43 **
THE HARVONIC POAERALOW HAS BEEN REQUESTED BUT THERE ARE NO
NONLINEAR BUSSES
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*** ERROR CODE 44 ***
THE HARMONIC LOADFLOW DID NOT CONVERGE TO THE DESIRED WORST BUS
TOLERANCE = .0000

*% ERROR OODE 45 ***
ZERO SEQUENCE ANALYSIS HAS BEEN REQUESTED, BUT ZERO SEQUENCE
INPEDANCE 1S MISSING FOR THE ELEMENT CONNECTED TO BUSSES 0-0

“ox ERROR OODE 46 ***
SHUNT CONNECTION TYPE IS SPECIFIED, BUT THE SHUNT O IS VERY SVALL

** FRROR CCDE 47 ***
CODE 4 DATA MUST PRECEED CODE 5 DATA

*k%k ERRm m 48 *k%k

THE ITERATIVE SOLUTION OF THE COMMUTATION ANGLE FOR THE LINE
COMMUTATED CONVERTER AT BUS 0

DID NOT CONVERGE ITERATIONS = 0, COMMUTATION ANGLE = .00 THE
MISMATCH IS -—FI = .0, F2 = .0

% FRROR OODE 49 ***

THE JACOBIN DIMENSION(MIYAJAC) MUST BE AT LEAST TWICE AS LARGE
THE NUVBER OF BUSSES (NB) TO RUN THE FUNDAVENTAL LOADFLOW NB = 0,
MAXIAC = 0

“% ERROR OODE 50 ***
THE END OF PERIOD 2 FOR THE LINE COVMUTATED COWERTER AT BUS 0
CANNOT BE DETERMINED SINCE THE CURRENT NEVER GOES POSITIVE
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*** ERROR CODE 51 ***

THE ITERATIVE SOLUTION OF THE END OF PERIOD 2 FOR A LINE
COMMUTATED CONVERTER AT BUS 0 DID NOT CONVERGE

ITERATIONS = 0, ENDING ANGLE (PAST DELAY ANGLE) = .00,ERROR = .0

“* FRROR CODE 52 ***
R MUST BE GREATER THAN ZERO

“% FRROR CODE 53 ***
ZERO SEQUENCE HAS BEEN REQUESTED, BUT THERE ARE NO ZERO SEQUENCE
SOURCES

*+ FRROR CODE 54 ***
INPEDANCE FOR HARMONICS ONLY SHOULD NOT BE SPECIFIED AT A NON
SHUNT ELENENT

*+ FRROR COE 55 ***

ACCORDING TO THE FOLLOWING DIMENTIONS, NB = 0, NOHAR = 0,
NNLIN = 0, THE JACOBIAN DIMENSION

MAXAJAC SHOULD BE AT LEAST = 0

THE SPECIFIED MAXAJAC = 0 1S TOO SMALL

“x ERROR CODE 56 ***
OL CAWOT BE MEGATIE AND OG CANNOT BE POSITIVE AT A LINE
COMMUTATED CONVERTER

*+ FRROR COE 57 ***
SOVE LOAD (R GENERATION PARAVETERS SHOULD BE SPECIFIED AT A
NONLINEAR BUT NON E- ALPHA BUS
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**% ERROR CODE 58 ***
THE SUM OF THE DELAY ANGLE PLUS THE COMMUTATION ANGLE AT BUS 0 IS
.00 DEGREES.THIS EXCEEDS THE LIMIT OF .00 DEGREES

#% ERROR OODE 59 ***
LOAD CR GENERATION SHOULD NOT BE SPECIFIED AT AN E-ALPHA BUS

#5 ERROR CODE 60 ***
THIS PROGRAM DOES NOT PERMIT ZERO SEQUENCE ANALYSIS

“% ERROR CODE 61 ***
THERE ARE PATHS WITH DIFFERENT PHASE SHIFTS FROM BUS 0 TO THE
SWING BUS

** ERROR QO 62 ***
DISCONTINUOUS NETWORK. BUS 0 HAS NO PATH TO THE SWING BUS

“% ERROR CODE 63 ***
A TRANSFORVER TAP CR CONNECTION TYPE SHOULD NOT BE SPECIFIED FOR
A SHUNT ELEVENT

“% ERROR CODE 64 ***
THERE 1S NO PATH TO NEUTRAL FOR THE HARMONIC CURRENTS

*% ERROR OOE 65 ***
THE HIGEST HARVONIC MULTIPLE CONTAINED IN VECTOR NHVECT = 0
SHOULD NOT EXCEED THE DIMENSION MAXHVP = 0
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**% ERROR CODE 66 ***
NONLINEAR ELEMENT CONNECTION TYPE NOT VALID

*+ FRROR CODE 67 ***
VOLTAGE SHOULD NOT BE SPECIFIED AT A PO BUS (R NONLINEAR BLS

“c ERROR OODE 68 **
THIS SPECIFIED VOLTAGE 1S OUTSIDE THE NORVAL RANGE OF 0% TO 150%
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fofl A 1Tfiflfn

#% VESSAGE CODE 1 *+*
ASSUMED TRANSFORVER CONNECTION TYPE = 1

wox \ESSAGE QODE 2 ***
ASSUVED SHUNT CONNECTION TYPE = 1

% MESSAGE CODE 3 ***

THE ITERATIVE SOLUTION OF THECOMMUTATION ANGLE FOR THE LINE
COMMUTATED CONVERTER AT BUS 0 CONVERGED OUTSIDE THE ACCEPTABLE
RANGE OF 0-60 DEGREES ITER =0, COMMUTATION ANGLE = .00. THE
COMMUTATION ANGLE WILL BE RESET TO THE NEAREST LIMIT

#+ VESSAGE CODE 4 ***
A TRANSFORVER SHOULD NOT HAVELINE CHARGING - THIS VALUE CF
CHARGING 1S IGNORED

0% VESSAGE OODE 5 ***

THE ITERATIVE SOLUTION OF THE END OF PERIOD 2 FOR A LINE
COMMUJTATED CONVERTER AT BUS 0 COMWERGED TO .00 DEGREES (PAST
DELAY ANGLE). THIS IS OUTSIDE THE ACCEPTABLERANGE OF 0 TO 60
DEGREES. RESET TO THE NEAREST LIMIT



139

wx MESSAGE CODE 6 ***
USING A CONSTANT CURRENT CONVERTER MODEL, p SHOULD NOT EXCEED
3*S/P1 CONVERGENCE MAY BE DIFFICULT.

o VESSAGE OODE 7 ***
THE R AT THE PRECEEDING BUS IS PROBABLY TOO LARGE TO ALLOW THE
SPECIFIED LOAD NON REALISTIC NEGATIVE E NAY RESULT

*¢ MESSAGE CODE 8 *+*
THE R AT THE PRECEEDING BUS IS PROBABLY TOO LARGE TO ALLOW THE
SPECIFIED GENERATION NON REALISTIC POSITIVE E NAY RESULT

*% MESSAGE CODE 9 ***
THE TIVE CONSTANTS FOR THE LINE COVMUTATED CONVERTER AT BUS 0 ARE
VERY SMALL PROBLEMS NAY ARISE IN USING EXPONENTIAL FUNCTIONS

o+ VESSAGE CODE 10 **
ASSUMED NONLINEAR ELEMENT CONNECTION TYPE = 1



ACCEL R 0f 2 (Acceleration Factor) $
fil 1)
AJAC(MAXAJAC) R
AK1, AK2, AK3 R KI, K2, K3
BUSNAME(MAXNB) A
BTEVPN A fr ffltfln
BO(MAXLINE) R
BI(MAXLINE) R
CHARGE(VMAXLINE) R
CVPONE c et
OVPZERO ¢ |

CODE3 ,CODE4,CODES L
CODE® , CODE?

COMMAXNB)
COMVENT
COMTOLE

oW

00530

CSWING
DELTAX(MAXAJAQ

O r o — 1 > =D

# 1 (Update Vector)
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DELTAY(MAXAJAC) R (Mismatch Vector)
1&
DEPART

O

(Step Size) '
1 «
DELAY a
DR
ECONY
EDUML,EDUM2 EDUM3
EP3,EP4,EP6,EPY
ER
FALSE
FCONV(MAXNB)

FFANG(2 , MAXHAR)

U
10~3,10_4,10~6,10~9
1If

[FALSE.
F 1

- XXV r OV OV XV T AT DO

(Forcing Function)
FFMAG(2 , MAXHAR)
F2TOLE
GI(MAXNBMAXHAR)
GITEMPO(MAXHAR)
GPATH
GR(MAXNB, MAXHAR)
GRTEMPO(MAXHAR)
HANG(MAXHAR)
HDF

fi 2

Gl

R

U X v OV rr OV XV O O

fil
(Harmonic Distortion Factor)
HFUND R f



HVAG(MAXHAR)
HPEAK

HRVB

IOPT CL4)
ISDUML

ISDUM2
ITERCOM
KRENUM{MAXNB)
KSHAR(VAXNB)

KSHTYPE(MAX\B)
KTRCON(MAX\B)
KTRTYPE(MAXLINE)
LINES(2, MAXLINE)
MAXAJAC

VAYHAR

VAHVP

MAXLINE

MAXN\B
VBHUSE
MXHTER

Yy

(Peak Value)

11§ 1

tfltfi:

"AH

$

(Shunt Impedance Element)

)

o)

?

AN

(

(

1

(Harmonic multiple)

)
il

fi
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MXHITER

\B
NBEXT(MAX\B)
NBINT(MAXNB)
NBSHFT(MAXNB)
NBSUBT(MAXNB)
NBTYPE(MAXNB)
\HAR

NHIGH

NLIN

NLINES

NNLIN

NNLL

ANL2

NOERVIX
NOERR

NOHAR

NPQLIN

NPVLIN
NPHSEQ(MAXHAR)
NSHVIAX

NSUBS

NTRVIAX
NTYPES
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A
itiinfl il " ' fl - tflf
Nfofi !
At
[ (Bus Sub-types)
073
if
| ! }
f
M I 1 % )
H9 2 ( )
fi
)
[ R( # )
[ V(% )



PATHBTS(MAXNB)
PG(MAX\B)

PI

PL(MAX\B)
PSHIFT(MAXHAR)
PI, P2
Qa(MAXNB
QL(MAXNB)
RCONV(MAXNB)
Ki KLUIT (ZIAAIMD |
RO(MAXLINE
RIMAXLINE)

R30,R60,R90
R120,R360
(MAXNB)
SIN30
SUBNAME¢s)
SRCBL(MAXNB)
TAP(MAXLINE)
TERMINAL
TITLE
TOLE
TRUE
V(MAXNB)

0 0 OV OV X0 X XU O O O

0 rr o >» r o /v >» X1V DI

Tl

}

R it

(Generation)

(Load)
} }
(Time Constant)
?
?

) 30m 60+ 90° 120% 360*

30
i "1
I
(Tap)  }
[
TRUE
PV
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X(MAXAJAC)
XTROON(MAXNB)
XO(MAXLINE)
XI(MAXLINE)

fil! # d

0 O 22O X

Y(MAXAJAC)

YBUS (MAXNBMAXNB, R A YBUS

MAXHAR)

ZOURCE L (Zero Sequence
Current Source)

o
Ro

A
A = 2  (Character)
c = -t -, (Complex)
| = (Integer)
L = (Logical)
R = (Real)
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EIGHT BUS SYSTEM WITH 12 PULSE ACTIVE CONVERTER
TEST SYSTEM FOR HARVIONIC POARR ALON PROGRAM

5&% 711
LR

99
325

mn i

-100. 0



HARMONIC POWER FLOW PROGRAM (1980)
WATSON CHANSAJCHA PROGRAMMER
ASST. PROF. PRASIT PITTAYAPAT ADVISOR

ENERGY SYSTEM RESEARCH LABORATORY
ELECTRICAL ENGINEERING DEPARTMENT
CHULALONGKORN UNIVERSITY

EIGHT BUS SYSTEM WITH 12 PULSE ACTIVE CONVERTER

TEST SYSTEM FOR HARMONIC POWER FLOW PROGRAM

FUNDAMENTAL LOADFLOW BUS DATA

BUS NAME TYPE SUB-TYPE P GEN

1 SWING 0 1 0. 00
2 BUS 2 0 3 0. 00

**# IMESSAGE CODE 2 *r#

ASSUMED SHUNT CONNECTION TYPE = 1
3 BUS 3 0 3 0. 00
4 BUS 4 < 0 3 0. 00
5 BUS 5 0 3 0. 00
6 BUS 6 0 3 0. 00
7 BUS 7 0 3 0. 00
8 BUS 2 4 0. 00

END OF CODE BUS DATA

LINE AND TRANSFORMER DATAl (PERCENT IMPEDANCE.

FROM TO
DUS BUS R1 X1 Ccl
1 2 0. 05 0. 50 0. 00
2 3 0. 00 0. 03 0. GO
4 # MESSACE CODE 1 «*#
ASSUMED TRANSFORMER CONNECTION TYPE = 1
3 4 1.36 3. 99 0 01
4 5 1 36 3. 99 0. 01
5 6 1. 36 3. 99 0. 01
6 7 1. 36 3. 99 0. 01
7 8 1.36 3. 99 0. 01
1 0 0. 00 0 50 0. 00
MESSAGE CODE 2 *a*

ASSUMED SHUNT CONNECTION TYPE = 1

END OF CODE 4 LINE AND TRANSFORMER pPATA

(PERCENT VOLTAGE.

CHARGING)

oooooo

POWER)

Q GEN

0.
0.

oOoo oo o

RO

. 00
. 00

00
00
00
00
00
00

DO
00

GO
00
00
GO
00

ococoooo

o

© QoSS

X0

00

. 00

GO
00
00
00
00
00

. 00

00
00
00
00

P LOAD

o

coocooo

0.

co

. GO
. GO

00
00
00
00
00
GO

00

. 00

ocoocoooo

0 LOAD

0.
0.

[

oo o oON O

TAP

. 000

. 000

000
000
COoOo
000
000
000

00
00

00
40
20
20
20

VOLTAGE

105. 00
0. 00

00
00
GO
00
00
00

°cococooo

T-TYPE

o

oocooooo

0 SHUNT

0

-100.

ocooooo

. 00

00

00
GO
00
GO
00

Z-TYPE

oOocooo oo

KEHTYPE

0
0
0
0
0
0
0
0

If-GhiL e

0

0

0

0

0

.0

0

1

Fage

VT



NONLINEAR TYPE 2 BUS DATA

BUS R F E DELAY

8 25. 00 100. 00 0. 00 0. 00

END OF NONLINEAR TYPE 2 BUS DATA

SOLUTION OPTIONS

OPTION NUMBER 1 2 3 4 5

OPTION VALUE 0 1 25 0 0

STARTING ESTIMATES OF NONLINEAR DEVICE PARAMETERS

BUS NAME TYPE p GEN 0 GEN

BUS 8 PS 0. 00

END OF STARTING ESTIMATES

FUNDAMENTAL LOADFLOW ITERATION SUMMARY

ABSOLUTE REAL POWER MISMATCH

WORST

ITERATION AVERAGE WORST BUS
0 24. 14 99. 01 2

1 2. 45 9. 74 2

2 0. 01 0. 05 2

3 0. 00 0. 00 2

FUNDAMENTAL LOADFLOW OUTPUT (PERCENT VOLTAGE.

FROM
BUS NAME VOLTAGE ANGLE PG
1 SWING 105. 00 0. 00 71. 95
2 BUS 2 105. 27 -0. 20 0. 00
3 BUS 3 104. 87 -0. 51 00
4 BUS 4 102. 21 -1..71 00
5 DUS 5 100. 30 -2. 60 0. 00

RS X5 KTYPE
0. 00 13, 00 6

7 8 9 10 11 12 13
0 0 0 0 0 0
P LOAD Q LOAD DELAY
20. 00 10. 24 27. 11

ABSOLUTE REACTIVE POWER M I51 ATCH

14

25. 00

WOR5T

AVERAGE WORST BUS

161. 61 1090. 10 2

9. 77 64 77 2

0 03 0. 20 2

. 00 0. 00 3

POWER)

Qc FL QL G 5HUNT
-63. 02 0. 00 0. . 00
0. 00 0. GO 0.00  -110. !
0. 00 0. GO 0 00 . 00
0. 00 20. 00 12. 40 . 00
0. 00 10 00 6. 20 . 00

I

79. 12

NAME

EUS 2

S5WING
EUS 3

EUS
EUS

EUS
EUS

EUS
EUS

N

877



6 DUS 6 98. 80 —3. 35 0. 00 10. 00
7 BUS 7 97. 70 -3. 93 0. 00 0. 00 10. 00
8 BUS 8 97. 00 -4. 32 0. 00 0. 00 20. 00
TOTAL REAL POWER LOSS 1. 95
HARMONIC LOADFLOW ITERATION SUMMARY
ABSOLUTE REAL MISMATCH
WORST
ITERATION QUANTITY HARMONIC AVERAGE WORST DUs
NONLINEAR DEVICE PARAMETERS
BUS* 8, TYPEZ PS» 0. 00, QG= 0. 00, PL" 20. 00, GL*
0 POUER 0. 00 0.00 2
CURRENT 1 10. 20 10. 20 8
CURRENT 11 0. 12 0. 98 0
CURRENT 13 0. 03 0. 26 8
CURRENT 23 0. 04 0. 33 e
CURRENT f 25 0 00 0. 01 8
NONLINEAR DEVICE PARAMETERS
BUS= 8, TYPE= PS, 0. 00, GG= 0. 00, PL* 20. 00, GL*
1 POWER 0. 01 0. 04 8
CURRENT 1 0. 57 0. 57 8
CURRENT 11 123 2. 87 8
CURRENT 13 0. 59 1.78 8
CURRENT 23 0. 07 0. 31 8
CURRENT 25 0. 33 1. 60 8
NONLINEAR DEVICE PARAMETERS
EUS* 8, TYPE* PS, 0. 00» GG= 0. 00, PL* 20. 00, QL°
2 POWER 0. 03 0. 19 8
CURRENT 1 0. 22 0. 22 e
CURRENT 11 4. 67 9. 07 1
CURRENT 13 0. 89 2. 44 6
CURRENT 23 1 19 3. 79 7
CURRENT 25 0 21 0. 53 8
NONLINEAR DEVICE PARAMETERS
BUS= 8 TYPE* PS, 0. 00, = 0. 00, PL- 20. 00, GL=
3 POWER 0. 00 0. 01
CURRENT 1 2. 65 2. 65 B
CURRENT 11 11. 78 25. 33 1

6. 20 0. 00
5 BUS 5
7 BUS 7
6. 20 0. 00
6 BUS 6
8 BUS 8
10. 24 0. 00
7 BUS 7
ABSOLUTE IMAGINARY MI5MATCH
WORST
AVERAGE WORST BUS
10. 24, DELAY* 27. 11. F= 25. 00.
0. 00 0. 00 3
. 83 5. 83
3. 65 18. 18 1
3. 59 15. 38 1
3. 99 23. 00 2
4. 16 25. 00
10. 24, DELAY= 22. 13, R%2 25. 00»
0. 01 0. 09 8
1. 12 1.12 6
1. 00 2. 24 1
0. 70 2. 50
0. 10 0. 50
0. 25 0. 70
12. 16, DELAY*2 23. 14, R= 25. 00,
0. 36 2. 52
0. 05 0. 05 B
2. 97 6. 53 6
1. 37. 4. 32 7
.97 3. 10 8
0.24 0. 90
12. 10, DELAY*2 30. 19, R= 25 00.
0. 16 1.13 8
1.06 1. 06
6. 59 16. 66 3

r«nC

-40. 24 -23. 33
30. 24 17. 13
-30 07 -16. 64
20. 07 10. 44
-20. 00 -10. 24

VOLTAMPERE MI|5MATCM

WORST

AVERAGE WORST BUS

E* 79. 12. COM*2  2.31, clIT* 2

0. 00 .00 0

E* 78. 77, COM* 575, CIT- 2
0. 90 0. 70

E* 77.68. COM*  6.41, CIT- 2

0. 25 . 25 g

E= 72. 85, COM*  4.72, CIT* 2
5. 39 5. 39

677



CURRENT 13
CURRENT 23
CURRENT 25

NONLINEAR DEVICE PARAMETERS

BUS= 8. TYPE- PS, PG-
4 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25

NONLINEAR DEVICE PARAMETERS

B = 8, TYPE- PS, PG=
5 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25

NONLINEAR DEVICE PARAMETERS

BUS= 8. TYPE*S PS, PG=
6 POWER  (
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25

NONLINEAR DEVICE PARAMETERS

BUS- 8, TYPE- PS, PC=
7 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25

NONLINEAR DEVICE PARAMETERS

BUS- 8 TYPE- PS, PG=
8 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25

NONLINEAR DEVICE PARAMETERS

0.

0.

0.

0.

00,

00,

00,

GG-

GG

GG

[

o

o

o

o

conNsO OpOAR Opm ®O opNNoO

ocoooo

49
29

07
50
98

49
84

02

52

.64

08
48

. 03

10
51
76
04
19

01

65
46
01
a7
01

00
13
06

59
01

[N
w o N O

PL-

-
cwnbp

PL

. 48

. 16

36

N <

20.

e

12,

[es]

50
45
30

N N Q)

. 55

20.

a

79

«a

52
52
34
20

(dooo.Na)

20.

Il

01

20

10
10

N @

97
45

@© o

20. 00» QL= 13,

. 06

65
61
92
85

20. 04.

4. 4B
3. 39
3. 13

DELAY-

o

2B

75
62
21

LN Wwo o

. 50

DELAY-

60
77
4B
75

oONwWwWOo

DELAY-

0. 72
5. 24

60
09

DELAY-

0. 36
0. 51
1. 00
0. 72
0. 02

DELAY-

o

. 06

coooo
~
N

Pig e

10. 79" 7
10. 55 6
B.B1 7
23.09, R— 25.00, E— 76.88, com- 6.77,
1. 92 8 3. 56 3. 56
0. 75 B
18 6 1
10. 11 7
6. 62 7
3. 57 5
26. 63, R-  25.00» E-  73.97, COM- 7.24,
0. 39 B 1. 35 1. 35
0. 60 8
10. B7 1
9. 65 7
8. 65 6
2. 12 5
26. 14, R=  25.00, E=  74. 55 COM- 6. 97,
1. 03 8 O ® 3. 74
0.72 8
12. 84 7
17. 01 7
1. 49 6
0. 26 6
26.30, R-  25.00, E— 74.90, COM- 6. 49,
0. 91 e 1.24 1.24
0. 36 8
1. 07 6
3. 17 7
2. 76 6
0. 04 2
27.16. R-  25.00, E- 73. 99, COM- 6. 48,
0. 41 B 1. 30 1. 30
0. 03 B
3. 08 7
2. 77 7
0.07 "8
0 01 2

CIT-

CIT—

CIT-

CIT-

CIT-

04T



BUS= ' TYPE» PS, PQ» GG»
9 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS» , TYPE» PS, PG= 0. 00, GG»
10 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS:= 8, TYPE» PS, PC* 0 00, GG*
11 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT <25
NONLINEAR DEVICE PARAMFTFRS
BUS= , TYPE- PS, PG- 0. 00, =
12 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS= , TYPE= PS, PC» 0. 00, QG»
13 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS= 8 TYPE» PS. PC» 0. 00, GG»
14 POWER
CURRENT 1

o

o

o

coopRpo

. 00

ococooNO

ocoowo

. 00

ocooN O

ooooo

o PL»
02 0.
17 0.
70 4.
06 0.
1 0.
01 0.
0. 00. PL»

0.

60 0.
69 7.
01 0
03 0.
01 0.
0. 00, PL»
01 0
76 0.
74 11
01 0.
01 0.
00 0
0. 00, PL»
0.

27 0.
19 7.
00 0.
00 0.
00 0.
0. 00, PL»
00 0.
oB 0.
32 1
00 0.
00 0.
00 0.
0. 00, PL»'
. 00 0.
. 03 0]

17

17
59

69
04

03

60
64

05

. 09

76
34
00
02
02

00

08

.28

01
01
00

00

03

20. 00, GL-

® o ~N~N®

20. 00. GL»

B

~ ©

20. 00, GL»

8

0 ® oo o

20. 00. GL»

2

wWowoo o

20. 00, GL»

w

® oo 0o

20. 00, GL»
2

8

12. 04.

12. 09.

12. 05.

11. 93.

11.95.

11.95.

DELAY»

o

08

23
90
01
24
01

coocowo

DELAY»

0. 04

28
35
02
02
01

coopro

DELAY»
0. 02

0. 47
1. 35
0. 01
0. 01
0. 00

DELAY»

o

.01

13
33
00
00
00

coopo

DELAY»

0. 00

0 04
141
0. 00
0. 00
0. 00

DELAY»

0. 00

0 01

0
11.
0.
0
0

0.

0.

o

o

0.

0.

0.

ooo s~O coosoO

ocoowo

26. 41

50

27. 19,

27

0. 28
3. 92
0.
0
0

11

.07
. 04

27. 56,

10

a7
19
08
02
02

26. 97.

07

13
6B
00
Cco
02

27. 05,

02

04
60
01
00
01

27. 08.

01

01

F=

F.»

R»

R»

R=

25. 00. E=

8

©

25. 00. E=

©

® o0 N o

25. 00. E=

[«

® oo N o

25. 00. E»

©

WO o o™

25. 00. E=

©

© ® o ©

25. 00. E=

2

8

Pap P

74. 45, COM» 7.13, CIT»
0.77 0.77

74. 05, COH» 6. 66, CIT»
0. 01 .01

73. 52. COM» 6. 76, CIT»
0. 29 0. 29 t

73. 60. CON- 7.27. CIT» ¢
0. 07 0. 07 F

73 65, GO » m7.23. CIT» 1
0. 01 0. 01

73. 60. COM» 7.25, CIT» 1
0. 00 0. 00 0

161



CURRENT 11
. CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS= 8, TYPE» PS, PG* 0. 00, QG=
15 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS» 8, TYPE» PS, PG= 0.00. QG»
16 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
NONLINEAR DEVICE PARAMETERS
BUS» 8, TYPE» PS. pc= 0. 00, QG*
17 POWER
CURRENT 1
CURRENT 11
CURRENT 13
CURRENT 23
CURRENT 25
FUNDAMENTAL LOADFLOW OUTPUT
FROM
BUS  NAME VOLTAGE  ANGLE
1 SWING 105. 00 0. 00
2 BUS 2 105. 26  -0. 20
3 BUS 3 104.87  -0. 51
4 BUS 4 102. 10 -1.70

65
00
00

oooo

o

. 00

00
04
00

coocoo

00

0.

o

. 00

01
00
00

o oooo

00

0.

o

. 00

00
00
00
00
00

eoLoee

(PERCENT VOLTAGE

PG

72. 03

0.00

2. 60
0. 00
0. 00
0

0. 00

00
15
00
00
00

ocoooo

PL»

o

01

01
01
00

ooooo

00

PL»

o

00

00
00
00
00
00

ocooo oo

POWER)

QG

-60. 73

0.00

©® 0 0 o

20. 00, QL=

~

® om0 o™

20. 00. QL»

N

® 0w o ©

20. 00. GL»

7

® 00 To® ©

PL

20. 00

0. 14 0. 58
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
11.95, DELAY» 27.07, F»
0. 00 0. 00
0. 00 0. 00
0. 12 0. 47
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
11. 74. DELAY» 27.05. R»
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
11. 74. DELAY» 27.05. R=
0. 00 0. 01
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
T0
QL  Q SHUNT  BUS
0. 00 0. 00
2
0.00 -110.77
1
3
0. 00 0. 00
4
12. 40 =
3

6
0
8
25. 00.
8
8
6
8
e
8
25. 00.
3
8
6
6
8
8
25. 00.
2
8
8
8
8
8
NAME
EUS 2
SWING
EUS 3
EUS 2
EUS 4
EUS 3
EUS

Page

E= 73. 60. COM* 7.26, clIT»
0. 00 0. 00
E= 73 61. COM» 7.26, CIT*
0. 00 0. 00
E= 73. 61. COM» 7.26, CIT»
0. 00 0. 00
P Q TAP
72,03 -60. 73
171 §1.33
7177 4746
1.000
1,71 .48,
7177 48’
-71. 06 -46. 15
51. 06 33. 75

A



REAL

DUS 5

BUS 6

BUS 7

BUS 0

100.

90.

97.

96.

12

53

35

57

POWER LOSS FOR THIS HARMONIC

. 00

. 00

. 00

. 00

.02

HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER 11.

BUS

REAL

NAME

SWING

BUS 2

BUS 3

BUS 4

BUS 5

BUS 6

BUS 7

DUS 8

MAGNITUDE

. 5093

. 0183

. 8403

. 0502

. 0698

. 7223

. 5743

. 4249

ANGLE

65.

64.

65.

168.

-lai.

-119.

-119.

15

89

15

96

72

19

-110.92

POWER LOSS FOR THIS HARMONIC

«

BUS

NEUT

W

NEUT

SN

w

a

o

NEUT

0.

NAME

BUS 2
Z SHUNT

SWING
BUS 3
Q SHUNT

EUS 2
BUS 4

BUS 3
BUS 5

BUS 4
BUS 6

EUS
Dus 7

o

BUS
EUS 0

o

BUS 7

NONLIN DEV.

00

. 00 10.
. 00 10.
. 00 10.
. 00 20.
FREQUENCY

00

00

00

01

.

12.

350 HZ.

0. 000000
0. 000000

0.000429
-0.000429

0.000000

0.000429
-0.000429

0.000942
-0. 000942

0.001454
-0.001454

0.001967
-0.001967

0.002478
-0.002478

0.002987
-0.002992

. 20

. 20

. 20

00

IN

(PERCENT VOLTAGE/

Q

-0.047152
0.047152

0.094304
0.019806
-0.114110

-0. 016340
0. 016340

0.000258
-0.000258

0. 016854
-0 016854

0. 033412
-0.033412

0. 049892
-0.049892

0.066257
-0. 066259

MAGNITUDE

1

© ©

©

[

N

P

e e

PR

R

PR

e

EUS 4
EUS 6

EUS 5
EUS 7

EUS 6
EUS 8

EUS 7

CURRENT,'

259103

. 259097

259103

.945072

.203633

.945072
945074

945620

.945620

.945040

94 5039

.943332
.943335

.940503

940505

936550

.936612

-50. 57
40. 57
-40. 26
30. 26
-30. 0S
20. 05
-20. 00
FOWER)
ANGLE TAP
155. 15
-24. 85
-24. 85
-26. 35
1.000
154. 89
153. 65
-26. 35
153. 65
-26. 35
153. 65
-26. 35
153. 65
-26. 35
153. 66
-26. 34
153. 66
-26. 33

-32.
26.

-25.
19.

-10.

-12

Page

33

13

21
01

50

.0s

€47



HARMONIC LUADFLOW OUTPUT FOR HARMONIC NUMBER 13, FREQUENCY

BUS NAME MAGNITUDE ANGLE BUS
1 SWING 0. 1163 -3. 50
2
NEUT
2 BUS 2 0. 2326 -3.72
1
3
NEUT
3 BUS 3 0. 0987 -3. 27
2
4
4 BUS 4 0. 5413 174. 05
3
5
5 BUS 5 1. 1810 174. 27
4
6
6 BUS 6 1.0197 174.34
5
< 7
7 BUS 7 2. 4569 174.37
6
0
BUS 8 3. 0922 174. 40
7
NEUT

REAL POWER LOSS FOR THIS HARMONIC *=

HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER 23. FREQUENCY

BUS  NAME MAGNITUDE ~ ANCLE  BUS
1 SWING 0.0162 1.0?
NEU%
2 BUS 2 0 0325 1.76
3
NEUT
3 BUS 3 0.0035 -178.20

=ro

NAME

BUS 2
Z 5HUNT

SWING
BUS 3

Q SHUNT

N

BUS 4

BUS 3
BUS 5

BUS 4
EUS 6

BUS 7

EUS 6
BUS 0

BUS 7
NONLIN DEV.

0.00
NAME

BUS 2
z SHUNT
SWING

3

Q SHUNT

EUS 2
BUS 4

[ J 630 HZ.

p

0.000000
0.000000

0.000016
-0.000016

0.000000

0.000016
-0.000016

0.000223
-0.000223

0.000429
-0.000429

0.000634
-0.000634

0.000839
-0.000639

.0

0.001043
-0.001048

1150 HZ.

0. 000000
0.000000

(PERCENT VOLTAGE, CURRENT,

Q

-0.002080
0. 002000

0.004161
0.002871
-0.007032

-0.001221
0.001221

0.006677
-0. 006677

0.014553
-0.014553

0. 022382
-0.022302

0.030138
-0 030138

0.037797
-0. 037001

MAGNITUDE

[N

.709048
.789048

[N

[

.789046
.234497

[N

w

. 023516

[

.234497
234498

=

[

234153
234154

o

[N

.232811
.232511

[N

[N

.230472
230473

=

[N

227137
227142

[

[N

.222815
.222939

[N

(PERCENT VOLTAGE, CURRENT,

Q

MAGNITUDE

Page

POWER)

ANGLE TAP

86. 50
-93. 50

-93. 50
-94. 04

1. 000
86. 28

65. 96
-94. 04

85. 96
-94. 04

55. 96
-94.04

85. 97
-94. 03

65. 98
-94. 02

FOWER)
ANGLE  TAP

1. 000

- oo
—~
=)

oY
~w

yqT



REAL

BUS 4

BUS 5

BUS 6

BUS 7

BUS B

POWER LOSS FOR THIS HARMONIC

0. 6385

1. 1919

1.7423

2.28B2

2.8284

-179.

-179.

-179.

-179.

-179.

00

05

07

00

08

w

NEUT

0.

BUS 3
BUS 5

BUS 4
BUS 6

BU5 5
BU5 7

BU5 6
BUS 8

BUS 7
NONLIN

00

HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER 25,

BUS

NAME

SWING

BUS 2

BUS 3

BUS 4

BUS 5

BUS 6

BUS 7

BUS B

MAGNITUDE

0. 0124

0. 0248

0.0835

0. 6016

1. 1leo

1.6309

2. 1391

2. 6408

ANGLE

-67.

-67.

112

111.

111.

111.

111.

111,

22

33

.64

97

92

91

90

BUS

NEUT

NEUT

[ N

o

o

o

NAME

BUS 2
Z SHUNT

EWING
BUS 3
Q SHUNT

BUS 2
BUS 4

BUS 3
BUS 5

BUS 4
BUS 6

BUS 5
BUS 7

BUS 6
BUS 8

DEV.

FREQUENCY

0.000050
-0.000050

0.000099
-0.000099

. 000148
“0.000148

0.000196
-0.000196

0.000243

-0. 000244

< 1250 Hz.

P

o

. 000000
000000

o

o

.000000
.000000

o

o

.000000

o

.000000
0. 000000

0 000037
-0.000037

0.000073
-0.000073

0.000109
-0.000109

0.000144
-0.000144

0.003850
-0.003058

0.007172
-0 007172

0.010413
-0. 010413

0. 013549
-0. 013548

0.016547
-0.016546

oo

o o

oo

oo

oo

(PERCENT VOLTAGE,

Q

-0. 000012
0.000012

0. 000025
0 000129
-0.000153

0. 000434
-0.000434

0. 003121
-0.003121

0.005771
-0.005771

0. 008352
-0. 008352

0.010834
-0.010834

0.
.099027

oo o

o

oo

20

oo

oo

oo

604290
.604290

.601764
.601763

597715
597714

592153

592150

585090

.585052

CURRENT ,

MAGNITUDE

099027

.099027
. 519895

.618922

519895

.519895

518867

.518867

516268

. 516288

512165
.512166

.506511
.506511

91.
-88.

91.
-88.

91.
-88.

91.
-88.

91.
-88.

73

74
26

74
26

75
25

76
24

POWER)

ANCLE

22.
-157.

-157.

—1" 7.

22.

22.
-157.

22.
-157.

22.
-157.

22.
-157.

22.
-157.

78
22

22

67

64
36

64
36

65
35

65
35

66
34

TAP

1. 000

Page

7
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REAL POWER LOSS FOR THIS HARMONIC *=

TOTAL REAL POWER LOSS

TOTAL CURRENT/POWER SUMMARY

FROM
DUS NAME
1 SWING
2 Dus 2
2 DuUs 2
2 Dus 2
3 DUS 3
3 DUS 3
4 DUS 4
4 DUS 4
5 DUS 5
5 DUS 5
6 DUS 6
6 DUS 6
7 DUs 7
7 DUs 7
8 DUS 8
0 DuUS 8

DUS VOLTAGE

@
C
%]

NAME

SWING
DUS
BUS
DUS
DUS
DUS
DUS
BUS

ONO G A WN
~Noo s wN

END OF RUN

* g x

OK,

STOP

COMO -E

TO
DUsS

NEUT

)

w

NEUT

SUMMARY

NAME

DUS 2

SWING
DUS 3
Q SHUNT

BUS 2
BUS 4

DUS 3
BUS 5

BUS 4
DUS 6

BUS 5
DU5 7

BUS 6
BUS 8

bus 7
NONLIN DEV.

FUNDAMENTAL
VALUE

105

105.
104.
102.
100.

98.

77

96.

00
26
87
10
12
53
35
57

7

NEUT

(FERCENT VALUES)

RMS
VALUE

105.
105.
104.
102.
100.

7B.

77.

76

26
87
10

59
a7
76

0.

2.

Dus 7
NONLIN DEV.

(PERCENT VALUES)

00

03

FUND
VALUE

87.

87.

103.

82.
82.

02.
37.

57.

48

48.
36.

36.
24.

24.

85
85
78
26

70
78

77
75

75
20

21
27

28
17

20

1

PE
VA

105.

105
104

102.
100.
100.

77

77.

0. 000178 0. 013105 0. 477343 22. 67
-0. 000176 -0. 013103 0.477244 -157.34
CURRENT POWER
RMS PEAK HARMONIC
VALUE VALUE DISTORTION p Q D
70. 34 77. 38 10. 44 72. 03 -60. 78 7. 61
70. 34 77. 30 10. 44 -71.77 61. 43 7.35
83. 02. 82. 20 2.74 71.77 47 48 2. 26
05. 70 116. 64 11 o0 0. 00 -110 71 11.16
03. 02 02. 20 2.74 -71.77 -48. 70 2. 34
83. 02 82. 20 2.74 71. 77 *e. 70 2. 34
03. 02 82. 21 2.74 -71. 06 -46. 14 2. 87
60. 00 Bl 4. 06 51. 06 33. 73 2.77
60. 00 S LT 4. 06 -50. 57 -32. 28 3. 28
48 26 47. 57 5. 05 40. 57 26. 08 3. 07
48. 27 47. 50 5. 04 -40. 26 -25. 14 3. 54
36. 35 35. 80 6. 67 30. 26 18. 74 3.21
36. 36 35. 87 6. 67 -30. 00 -18. 40 3. 55
24. 31 24. 07 7.77 20. 00 12. 20 3. 10
24. 32 24. 07 7. 74 -20. 00 -11. 74 3.31
24. 32 24. 07 7.74 20. 00 11.74 3.31
AK HARMONIC
LUE DISTORTIor
03 0. 50
54 0. 97
74 0. 81
20 101
73 2,17
13 3. 51
76 4. 06
83 6. 22

74.

75

87.
111.

07

07.

04.
61.

60.

48

47.
35.

35

23.

23

06
07
35
a7

06
06

77
26

07
33

57
04

44
70

53

Pane
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NE. 2)G0 TO 1

I0PT(14)
0)CALL ERROR(21)
0)CALL ERROR(21)

(TERMINAL .OR.
XOPTcl122, 0

IF

E2X, 14

N
G="F8.2,

,ZQPF8.27

{

772,

|
I
PG=' 2PF8.2 °

]
R
yE,OPF

TT- "

c

. 'NONLINEAR'device'parameters ')

b

10201f6rmat(/ix ,"End OF
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