EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Comparison of an analytical study and EMTP implementation
of complicated three-phase schemes for reactor interruption

Citation for published version (APA):

Kalasek, V. K. I. (1988). Comparison of an analytical study and EMTP implementation of complicated three-
phase schemes for reactor interruption. (EUT report. E, Fac. of Electrical Engineering; Vol. 88-E-204).
Eindhoven University of Technology.

Document status and date:
Published: 01/01/1988

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. Aug. 2022


https://research.tue.nl/en/publications/bc50d838-244d-4119-89e8-20eeb88c416c

tuo Eindhoven
Research Report

1SN 0167-570 University of Technology
Coden: TEUEDE Netherlands

Faculty of Electrical Engineering

Comparison of an Analytical
Study and EMTP
Implementation of L
Complicated “Three- -Phase
Schemes for
Reactor Interruption

by
V.K.l. Kalasek

EUT Report 88-E-204
ISBN 90-6144-204-4

November 1988



Eindhoven University of Technology Research Reports

EINDHOVEN UNIVERSITY OF TECHNOLOGY

Facuity of Electrical Engineering
Eindhoven The Netherlands

ISSN 0167- 9708 Coden: TEUEDE

COMPARISON OF AN ANALYTICAL STUDY
AND EMTP IMPLEMENTATION OF COMPLICATED
THREE~PHASE SCHEMES FOR REACTOR INTERRUPTION

by

V.K.I. Kalasek

EUT Report 88-E-204
ISBN 90-6144-204-4

Eindhoven

November 1988



CIP-GEGEVENS KONINKLIJKE BIBLIOTHEEK, DEN HAAG
Kalasek, V.K.I.

Comparison of an analytical study and EMTP implementation

of complicated three-phase schemes for reactor interruption /

by V.K.I. Kalasek. - Eindhoven: Eindhoven University of Technology,
Faculty of Electrical Engineering. - Fig. - (EUT report,

ISSN 0167-9708; 88-E-204}

Met 1lit. opg., req.

ISBN 920-6144-204-4

SISO 661.5 UDC 621,311.1.015,3.001.57 NUGI 832

Trefw.: elektriciteitsnetten / elektrische overgangsverschijnselen.



- iiji -

ABSTRACT

When small inductive currents are interrupted by High Voltage

circuit breakers current chopping will generally occur and will

induce overvoltages. This paper describes a comparison between

an analytical study and EMTP (= ElectroMagnetic Transient Program)
implementation for calculation of such overvoltages in three-phase
inductive circuits. Capacitive and/or inductive couplings between
phases are included in schemes with grounded and non-grounded neutrals,
If the time steps for numerical integration are small enough the EMTP
calculation gives reliable and even more detailed and complete results
than the analytical approach could do. Complete listing of input files
for the EMTP program is given in the appendix.
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Comparison of an analytical study and EMTP implementation
of complicated three phase schemes for reactor interruption.

1. Introduction

To find out how reliable the EMTP-computing program [1] is for solving
complicated transient situations the available results of an analytical
study of switching phenomena in three phase inductances (such as reactors)
were compared with the computations with EMTP.

Detailed mathematical expressions for current decays and voltage
transients derived by Van den Heuvel and Papadias can be found in [2] and
[3]. The analytical solution 1is rather complicated. The current is not
interrupted when passing the natural zero but a ™current chopping” at a
small current wvalue prior to zero occurs in most cases. After that the
magnetic energy still present in the interrupted inductance is being trans-
ferred into the circuit capacitances causing a single~ or multi-frequency
HF-oscillation. This oscillation penetrates into the other phases through
capacitive links and mutual couplings. These effects can cause very high

overvoltages in some circuits (depending on circuit parameters).

2. Analytical and EMTP-approach

The whole problem of current interrupting can be divided into four
time intervals:

1. time before the first phase interruption,

2. time interval between the first and the second phase interruption,

3. time interval between the second and the last phase interruption,

4. time after the last phase interruption.

The occurring phenomena are different during each of these intervals.
The frequencies of the occuring transient voltages accross the inductances
are different during the time intervals 2,3 and 4 while the amplitudes and
the shapes of the transients depend strongly on the value of the chopping
current. Boundary conditions have to be set for each phase at the beginning
of each of the intervals mentioned above. This makes the analytical solution
rather complex.



Four different situations have been studied by Van den Heuvel and
Papadias for the case of grounded reactors as well as for reactors without
grounded neutral:

1. non-coupled reactors,

2. capacitively coupled reactors,

3. inductively coupled reactors,
4

. capacitively and inductively coupled reactors.

The amplitudes of transient overvoltages are strongly dependent on the
voltages and currents in other phases at the moment of the three successive
current choppings. To get seven different starting conditions {different
phase angles between 0 and 360 degrees at the moment of second phase inter-
rupting in steps of 60 degrees) for each case mentioned above, small changes
of circuit parameters have been carried out.

For - the analytical solutions only the network frequency currents have
been used. In reality, however, the transient current oscillations after
first phase interruption also penetrate into the other phases. This results
in a small HF-oscillation superimposed on the network-frequency currents (as
shown in the third row of figures representing the current, expecially in
the phases B and C). The effect seems relatively small in the proximity of
current zero, where chopping occurs. But the phenomencon may have important
consequences when interrupting ungrounded inductances, as shown in [3]. It
is hardly possible to take the HF current oscillations into account in case
of analytical seolution.

Another possible approach to solve the given problem is to use the
EMTP with only time-controlled switches. This way is much more reliable in
case of ungrounded inductances.

Both types of computations have been carried out at Eindhoven Univer-
sity of Technology on the Burroughs B7900 computer of the Computing Centre.
Complete listing of input files for the EMTP implementation is given in the
appendix. The analytical method was used for grounded inductances, the EMTP
{version M35) for ungrounded ones. Later the EMTP version M39 was used on
the Apoilo 3000 to verify the computations of grounded and ungrouned induc-
tances.

The EMTP takes a different approach when sclving the problem and it
takes the superposition of high frequency current components well into
account. Both types of calculations were compared for a grounded circuit to

verify correct operation of the EMTP. Figures at the end of this article



give an example of the results. Comparison of the first row of figures
(analytical solution} with the second one {EMTP solution) shows the same
overall behaviocur with only unimportant differences.

The only problem with the EMTP was to choose the time step for numeri-
cal integration small enough so that, at the moment of current chopping, the
current would not change more than let say H5X of the given value of the
chopping current within two succeeding iterations. Therefore, the time step
At in our study had to be as small as 0.5 10_6 sec.

Mutually coupled R-L branch elements {ITYPE = 51, 52, 53} {for de-
tailed information see the EMTP Rule Book [1]} were used in case of mutually
and mutually + capacitively coupled reactors.

For a complete review of all the sets of figures see [2] and [3].
Figures in Part I [2] were obtained by means of computation according to the
analytical formulas and checked with EMIP, while all the figures in Part II
[3] (for ungrounded reactors) are based on EMIP computation.

3. Conclusion

From this study the following could be concluded:

The analytical approach gives a better understanding of the whole
interrupting process and gives a clear explanation of such complicated
shapes of transient voltages, EMTP, however, gives more complete results
with all details considering all boundary conditions automatically. It is
much easier for the user when studying different situations of current
interruption to use the EMTP. Chance to make a mistake when putting in the
input variables is in that case also much smaller.

When comparing results obtained by using the exact analytical formulas
with the output of EMTP (version M35 as well as version M39) the full agree-

ment in transient frequencies and amplitudes of overvoltages can be confir-

med.
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Appendix A - 1

BEGIN NEW DATA CASE
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Appendix A - 2

PUNT2 . 240E6 0
PUNT4 . 240E6 0
PUNTE . 240E6 0
PUNT2 .01000 0
PUNT4 .01000 0
PUNT6 .01000 0
BLANK CARD ENDING BRACH CARDS
Cc SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNTZ -.1000E-01 .1000E-02 .T7670E+01 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-01 .1000E-02 .7670E+01 1
C BUS1 BUS2 TCLOSE TOPEN IcHop QUTPUT
PUNT5 PUNTG -.1000E-O1 .1000E-02 .7670E+01 1
BLANK CARD ENDING SWITCH CARDS
C SOURCE CARDS:
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.2939E+05 .5000E+02 0.0 —.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.2939E+05 .5000E+02 . 1200E+03 ~-. 1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNTS 1-.293SE+05 .S5000E+02-.1200E+03 -.1000E+02 . 1000E+(2
BLANK CARD ENDING SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNT6
BLANK CARD ENDING OUTPUT REQUEST CARDS
C PLOTTER REQUEST CARDS:
c METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
C HEADING
2NON-COUPLED REACTORS
114 PUNT2 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02-. 8000000000E+05 . 8000000000E+05
C FIG. 2
C HEADING
2NON-COUPLED REACTORS
114 PUNT4 VOLTACGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02~- . 8000000000E+05 . 8000000000E+0S
C FIG. 3
C HEADING
2NON-COUPLED REACTORS
114 PUNTG VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02- . SO00000000E+05 . 80000J0000E+0S

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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Appendix A - 3

BEGIN NEW DATA CASE

: GROUNDED REACTORS

PART 1

CAPACITIVELY COUPLED REACTORS

Electra No 91 p. 35 fig. 4.14 case A

W.M.C. VAN DEN HEUVEL, B.C. PAPADIAS :

INTERACTION BETWEEN PHASES IN THREE-PHASE REACTOR SWITCHING

ORONONSRONORONONOCROROROEONOGNORONOROROROGROROROGROGNORORGRORORORANGRORORGRERORENE RORERS)

+=mn0

+-——0

Ll - R T I e S R e 1
3 87
<
e
© == == == == == == == =e e an = a- _o--m------l >
|
!
+m:RRR:c
o~
mm 3
ST e - e il - R
]
|
+m:RRR:u
-4
wm 3
i . - B o R
i ]
! |
+---Ea-- 0
=g
oN o QW0 m
Y /// .///
O - om > ouw
K] -
bl bl
- 21 Q-]
] ] 1 1 ]
ol BRI ol B
[ [ ]
A - Rt - R R PSR

2

ICAT NENERG IPRSUP
0

0

0

IPUN MEMSAV

1

-

50.0

XOPT QOPT
0.0
IPLOT 1IDOUBL KSSOUT MAXOUT
1
R

5 3pody-
- ¢ -
mm mm
S N GE®
FR-LAE
mm 5 BB
48 &7 8% g
mm 23 2
2 VL VU O

8838
RBRE

L B o B ]

PUNT2
PUNT4
PUNT6




- 12 -

Appendix A - 4

PUNT2 PUNT7 .267E6 0
PUNT4 PUNTY .267TE6 o
PUNT6 PUNTTY .26TE6 0
PUNT2 PUNTY . 00900 ¢
PUNT4 PUNT7Y 00900 0o
PUNTS PUNTT . 00900 0o
PUNT2 . 240E6 0
PUNT4 . 240E6 o
PUNTS . 240E6 0
PUNT2 .01000 0
PUNT4 .01000 0
PUNT6 .01000 0
BLANK CARD ENDING BRACH CARDS
C SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-O1 .1000E-02 .1740E+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-01 .1000E-02 .1740E+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNTS PUNT6 -.1000E-01 .1000E-02 .1740E+02 1
BLANK CARD ERDING SWITCH CARDS
C SOURCE CARDS:
C TYPE BUS V/C AMPL  FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.2939E+05 .5000E+02 0.0 ~.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.2893SE+05 .5000E+02 .1200E+03 —-.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNTS  1-.2839E+05 .S5000E+02-. 1200E+03 -. 1000E+02 . 1000E+02
BLANK CARD ENDING SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNTZ2 PUNT4 PUNT6
BLANK CARD ENDING OUTPUT REQUEST CARDS
C PLOTTER REQUEST CARDS:
C METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
Cc HEADING
2CAPACITIVELY COUPLED REACTORS
114 PUNT2 YOLTAGE
C HS HMIN HMAX VMIN YMAX
. 1200000000E+01 0.0 . 1200000000E+02- . 8000000000E+05 . 8000000000E+0S
C FIG. 2
C HEADING
2CAPACITIVELY COUPLED REACTORS
114 PUNT4 YOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02~-. 8000000000E+05 . 80000D0000E+05
C FIG. 3
C HEADING
2CAPACITIVELY COUPLED REACTORS
114 PUNT6 VOLTAGE
C HS HMIN HMAX YMIN VYMAX
. 1200000000E+01 0.0 . 1200000000E+02~- . S000000000E+05 . 8000000000E+0S

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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Appendix A - 5

BEGIN NEW DATA CASE

m e /]
g
[ f s
.“T----:----A_u----------n__u--------::--._. Yo
2 % | 7 | 7 | m
: I I
; g7 87 &Y . 57 an
. = &
mm < u----------:---,----:--,“u: --------,"u =0
mm m oo e B m mm e e m mn am e ;“.----RRR--W m
fag. . g |
GEEE < u======omm=m=-w=“” 2
ammmm | o " vaaa
1 mmf. e R T L - 88
mm & H A o MI Ll__
mmn aomm:m::u 3 3
mwhmm w::RRR:u mw MI e
wmmmm b b o &
SEE 3 AN AN RN 5 Bpoda-
=2 g 3 - 3o 30 5 SESSE
=5 % % Z £" 28 4
3 - - - 4 & 2 m
Q11 /T &1 Q%
: ST e E L
- < = | G ¢ 2 mm mm 1m mB
RN ROy S m@ g"s8 mmnmm46
§2° 49 © Hes
QLULLLDLLDLLDLLLDLDOLULODLODLLLLOLUDLOLDLODOLUODOLDOLODODOD L (ON &) CC&S&




- 14 -

Appendix A-6

PUNT2 . 240E6 0]
PUNT4 . 240E6 0
PUNT6 . 240E6 0
PUNT2 .01000 o
PUNT4 .01000 0
PUNT6 .01000 0
BLANK CARD ENDING BRACH CARDS
C SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN I1CHOP OUTPUT
PUNT1 PUNT2 -.1000E-01 .10Q00E-02 .1540E+02 1
C BUS1 BUS2 TCLOSE TOPER ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-0O1 .1000E-02 .1540E+02 i
C BUS1 BUS2 TCLOSE TOPEN 1CHOP OUTPUT
PUNTS PUNTG —.1000E-01 .1000E-02 .1540E+02 1
BLANK CARD ENDING SWITCH CARDS
Cc SOURCE CARDS:
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.293SE+05 .5000E+02 0.0 -. 1000E+02 . 10C0E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14FUNT3 1-.2939E+05 .5000E+02 .1200E+03 —~.1000E+02 . 1000E+02
C TYFE BUS ¥/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNTS  1-.2939E+05 .5000E+02-. 1200E+03 -.1000E+02 . 1000E+(Q2
BLANK CARD ENDIRG SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNTG
BLANK CARD ERDING OUTPUT REQUEST CARDS
C PLOTTER REQUEST CARDS:
C METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
c HEADING
2MUTUALY COUPLED REACTORS
114 PUNT2 VOLTAGE
C HS HMIN HMAX VMIN VYMAX
. 1200000000E+01 0.0 . 1200000000E+02-. 8000000000E+05 . 800C000000E+0LH
c FIG. 2
C HEADING
2MUTUALY COUPLED REACTORS
114 PUNT4 VOLTAGE
C HS HMIN HMAX YMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02- . 8000000000E+05 . 8000000000E+05
C ¥FIG. 3
C HEADING
2MUTUALY OOUPLED REACTORS
114 PUNTG VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02- . 8000000000E+05 . 8000000000E+05

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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Appendix A - 8

PUNT2 PUNT7 .267E6 0
PUNT4 PUNT7 .267E6 0
PUNT6 PUNT7 .267E6 0
PUNT2 PUNT7 . 00900 0
PUNT4 PUNT7 .00900 0
PUNT6 PUNT7 .00900 0
PUNT2 .240E6 0
PUNT4 .240E6 0
PUNT6 . 240E6 0
PUNT2 .01000 0
PUNT4 .01000 0
PUNT6 .01000 0
PUNTS -32.09 0
BLANK CARD ENDING BRACH CARDS
c SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-01 .1000E-02 .177OE+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-01 .1000E-02 .1770E+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT5 PUNTS -.1000E-01 .1000E-02 .1770E+02 1
BLANK CARD ENDING SWITCH CARDS
C SOURCE CARDS:
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.2939FE+05 .5000E+02 0.0 -, 1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.2039E+05 .5000E+02 .1200E+03 —.1000E+02 . 1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNTS 1-.2939E+05 .5000E+02-.1200E+03 -.1000E+02 .1000E+02
BLANK CARD ENDING SOURCE CARDS
c OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNT6
BLANK CARD ENDING OUTPUT REQUEST CARDS
C PLOTTER REQUEST CARDS:
C METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
C HEADING
2MUTUALY AND CAPACITIVELY OOUPLED REACTORS
114 PUNT2 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 .1200000000E+02-. S000000000E+05 . 8O00000000E+05
C FIG. 2
C HEADING
2MUTUALY AND CAPACITIVELY COUPLED REACTORS
114 PUNT4 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02- . 8000000000E+05 . 80000D0000E+05
C FIG. 3
C HEADING
2MUTUALY AND CAPACITIVELY COUPLED REACTORS
114 PUNT6 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02~ . 800000000CE+05 . 8000000000E+05

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLARK CARD ENDING TOTAL EMTP INPUT
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BEGIN NEW DATA CASE

C W.M.C. VAN DEN HEUVEL, B.C. PAPADIAS :

Cc INTERACTION BETWEEN PHASES IN THREE-PHASE REACTOR SWITCHING

C PART II : UNGROUNDED REACTORS

C Q=30 Mvar U=36kV IC=7.67A

C NON QOUPLED REACTORS

C Electra No 112 p. 76 fig. 6.1 case A

C

C

C

C

C

C

C -

C U=29.4kV /

L / 138.0 mH

C + VU o/ o o o LI L ————+

C P 1 2 ' : :

C : : i 533 kohm |

C S : +-——-RRRRRp-——-0

C i U=20.4kV / H :

C P ——— / H 138.0 mH !

Cc o P U of o i 0 o———-LL11l -—--- o]

C P 3 4 H : : :

C i : H i 533 kohm !

C . : : +-———RRRRRp~----0

C ! U=204kV 7/ : : :

c P —— / : } 138.0 mH |

C o iU o/ o : ; o LLLLL === o7

C L 5 6 : ; : :

C i : : i 533 kohm !

C H ! : o——RRRRR—-—- o

C } H : ' i

C ' 3.00 nFi{ 3.00 nFi: 3.00 nF! 9.00 nF |

c : C0C0C1 (0000801 00000} O0C0CCn

C : H : : '

C + ¢} Q 0 +

Cc 19

C —

C Vedd

C

POWER FREQUERCY 50.0

CHANGE PRINTOUT FREQUENCY

6000 10

C 1ST MISC. DATA CARD

C DELTAT TMAX XOPT CQOPT
.50E-06 .16E-01 0.0 0.0

C 2ND MISC. DATA CARD

C IouT IPLOT IDOUBL KSSOUT MAXOUT IPUN MEMSAVY ICAT NENERG IPRSUP

50 5 1 ) 1 0 0 2 0

C BRANCH CARDS:

C BUS1 BUS2 R L C OUTPUT
PUNT2 PUNT7 138.0 0
PUNT4 PUNT7 138.0 0
PUNT6 PUNT7 138.0 4]
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PUNT2 PUNT7 .533E6 0
PUNT4 PUNT7 .533E6 0
PUNT6 PUNT7 .533E6 0
PUNT2 .00300 0
PUNT4 .00300 0
PUNTS .00300 0
PUNT7 . 00500 o
BLANK CARD ENDING BRACH CARDS
C SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-0O1 .1000E-02 .76TOE+01 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-01 .1000E-02 .767Q0E+01 1
C BUS1 BUS2 TCLOSE TOPEN Ichop OUTPUT
PUNTS PUNTG -.1000E-01 .1000E-02 .7670E+01 1
BLANK CARD ENDING SWITCH CARDS
C SOURCE CARDS:
C TYPE BUS V/C AMFL FREQ TRUL Al TSTART TSTOP
14PUNT1 1-.2639E+05 .5000E+02 .1200E+03 —.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.2938E+05 .5000E+02-.1200E+03 —.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT5 1-.2939E+05 .5000E+02 0.0 —.1000E+02 . 1000E+02
BLANK CARD ENDING SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNTG
BLANK CARD ENDING OUTPUT REQUEST CARDS
Cc PLOTTER REQUEST CARDS:
C METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
C HEADING
2NON COUPLED REACTORS
114 PUNT2 VOLTAGE
C HS HMIN HMAX VMIN VYMAX
. 1200000000E+01 0.0 . 1200000000E+02- . 7T000000000E+05 . 7T0000Q0000E+05
Cc FIG. 2
C HEADING
2NON OOUPLED REACTORS
114 PUNT4 YOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02~- . TOO0000000E+05 . 7TO00000000E+05
Cc FIG. 3
c HEADING
2NON COUPLED REACTORS
114 PUNTG VOLTAGE
C HS HMIN HMAX VYMIN YMAX
. 1200000000E+01 0.0 . 1200000000E+02~- . 7000000000E+05 . 7000000000E+05

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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BEGIN NEW DATA CASE
W.M.C. VAN DEN HEUVEL, B.C. PAPADIAS :
INTERACTION BETWEEN PHASES IN THREE-PHASE REACTOR SWITCHING
PART II : UNGROUNDED REACTORS
Q=30Mvar U=36% IC=17.7A
CAPACITIVELY OOUPLED REACTORS
Electra No 112 p. 77 fig. 6.2 case A

c

C

C

c

C

C

C

C

C

C

C

C

C

C

C mme—— /! 138.0 mH

C +——1 U 1 D/ 0——0 0O 0 (4] PIILL. +

C P mm— 1 2 1 H : : :

C : H ! 3.00 nF! : 160 kohm :

C : -~ H d 000CC1 +-———RRRRRp———o0

C : U=29.49kV / : : H !

C : —_— / : ' : 138.0 mH :

C o——1 U i~ of o—i : o———0Q o—-LLLILL-———-- 0

C i ——— 3 4 | ' ; : : '

C H 13.00inF 13.00inF : 160 kohm :

C i ~ v O0OCCl T OO0l +--—--RRRRRp-——-0

C H U=204%kv / H : i H i

C L / H H : : 138.0 mH '

C o—1 U j——- o/ o-=! o : 0 0 0 LLLLL o7

Lo R — 5 6 ! ! = : ’

C ; ; H : : 160 kohm :

C : ' ; ! o————RRRRRp—-——-o0

C : : : : }

C : 10.00 nFi! 10.00 nFi 10.00 nF! 9.00 nF |}

C 0 0 0 +

C 1 9

C —_—

C r//

C

POWER FREQUENCY 50.0

CHANGE PRINTOUT FREQUENCY

6000 10

C 1ST MISC. DATA CARD

C DELTAT TMAX XOPT COPT
.B0E-06 , 16E-01 0.0 0.0

C 2ND MISC. DATA CARD

Cc IOUT IPLOT IDOUBL KSSOUT MAXOUT IPUN MEMSAV ICAT NENERG IPRSUP

50 5 1 1 1 0 0 2 0

C BRANCH CARDS:

C BUS1 BUS2 R L C OUTPUT
PUNT2 PUNT7 138.0 0
PUNT4 PUNT7? 138.0 0
PUNT6 PUNTTY 138.0 0



Appendix B - 4

PUNT2 PUNT7 . 160E6 0
PUNT4 PUNT?7 . 160E6 0
PUNT6 PUNT7 . 160E6 0
PUNT2 PUNT4 .00300 0
PUNT4 PUNT6 .00300 0
PUNT2 PUNT6 .00300 0
PUNT2 .01000 0
PUNT4 .01000 0
PUNT6 .01000 0
PUNT7 .00900

BLANK CARD ENDING BRACH CARDS

C SWITCH CARDS:

C BUS! BUS2  TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-01 .1000E-02 .1770E+02 1

C BUS1 BUS2 TCLOSE  TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-O1 .1000E-02 .1770E+02 1

C BUSI BUS2  TCLOSE TOPEN ICHOP OUTPUT
PUNTS PUNT6 -.1000E-O1 .1000E—02 .1770E+02 1

BLANK CARD ENDING SWITCH CARDS

c SOURCE CARDS:

C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP

14PUNT1 1-.2039E+05 .5000E+02 .1200E+03 - .1000E+02 . 1000E+02

C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP

14PUNT3  1-.2039E+05 .S000E+02-.1200E+03 ~.1000E+02 . 1000E+02

C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP

14PUNT5  1-.2939E+05 .5000E+02 0.0 —.1000E+02 . 1000E+02

BLANK CARD ENDING SOURCE CARDS

C OUTPUT REQUEST CARDS:

PUNT2 PUNT4 PUNT6

BLANK CARD ENDING OUTPUT REQUEST CARDS

C PLOTTER REQUEST CARDS:

c METRIC SCALE:

SCALE 1.270025
CALCOMP PLOT
C FIG. 1
c HEADING
2CAPACITIVELY COUPLED REACTORS
114 PUNT2 VOLTAGE

C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02- . 1000000000E+06 . 1000000000E+06

C FIC. 2

C HEADING

2CAPACITIVELY COUPLED REACTORS
114 PUNT4 VOLTAGE

C HS HMIN HMAX VKIN VMAX
. 1200000000E+01 0.0 .1200000000E+02-.1000000000E+06 . 1000000000E+06

C FIG. 3

c HEADING

2CAPACITIVELY COUPLED REACTORS
114 PUNT6 VOLTAGE

C HS HMIN HMAX VMIN VMAX

. 1200000000E+01 0.0 .1200000000E+02- . 1000000000E+06 . 1000000000E+06

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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PUNT2 PUNT7 .533E6 0
PUNT4 PUNTY .533E6 0
PUNT6 PUNT7Y .533E6 0
PUNT2 .00300 0
PUNT4 .00300 0
PUNTS .00300 0
PUNT7 . 00900 0
BLANK CARD ENDING BRACH CARDS
C SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-C1 °.1000E-02 .7670E+01 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.31000E-01 .1000E-02 .767OE+01 1
C BUS1 BuUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNTS PUNTS -.1000E-01 .1000E-02 .76T0E+01 1
BLANK CARD ENDIRG SWITCH CARDS
Cc SOURCE CARDS:
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.2939E+05 .5000E+02 .1200E+03 -. 1000E+02 . 1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.2939E+05 .5000E+02-.1200E+03 —.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNTS 1-.2939E+05 .5000E+02 0.0 —.1000E+02 . 1000E+02
BLANK CARD ENDING SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNT6
BLANK CARD ENDING OUTPUT REQUEST CARDS
C PLOTTER REQUEST CARDS:
Cc METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
C HEADING
2MUTUALY COUPLED REACTORS
114 PUNT2 VOLTAGE
C HS HMIN HMAX YMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02—- . 7T000000000E+05 . 7000000000E+05
C FIG. 2
C HEADING
2MUTUALY COUPLED REACTORS
114 PUNT4 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 .1200000000E+02-. 7T000000000E+05 . TO00000000E+05
c FIG. 3
c HEADING
2MUTUALY OOUPLED REACTORS
114 PUNT6 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02-. 7T000000000E+05 , TO0000C000E+05

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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BEGIN NEW DATA CASE

Q=

g
NP
ZHg o8 8
23593
3 mmmg
RERs
i
BusSa
mumm
S
- e MM
GEETES
=8 o%s
"B 3

INTERACTION BETWEEN PHASES IN THREE-PHASE REACTOR SWITCHING

COULLLLLDLLDLDLDLODODLDLLDODOLOLODLOCLLUDOLOOLDOLDOLODOOLDODODOO

/

U=29.4 kv

/

+ -- — Qo em O == - - -
i | | ”
I | “ [~
. ELo®l gL = S
o 3]
3 83 3 8
— - - | —
|
Q == == Y -- .-+
- m- M - - P M -— =
P —— M - wmm mm mw ww wew
—_ T & m
u=:m:=o=mm=: 3
8 o
- -
— a
SO I T S
| 8 o
i . -
“ | i
o o w
~
~ NS ™ o
[~ - n_u [22] > —
T oos 17 =
| v <
- ma L m I
I i i I
od BUE L B
“ =1 “ < = “
| | |
- Kl T . L T 2

0

2

ICAT NENERG IPRSUP

0

0

IPUN MEMSAY

1

1

0.0

2ND MISC. DATA CARD

XOPT

10
5

BRANCH CARDS:

TMAX COPT
0.0

IPLOT IDOUBL KSSOUT MAXOUT
1

1ST MISC. DATA CARD

6000
I0UT
50

.50E-06 .16E-01

POWER FREQUENCY
CHANGE PRINTOUT FREQUENCY
C DELTAT

Cc
Cc
C

C
C

105.8

OUTPUT

105.8
-32.2

Do
NN
- | I

R

BUS1 BUS2

53PUNT6 PUNT7

51PUNT2 PUNT7
52PUNT4 PUNT7
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PUNT2 PUNT7 . 160E6 0
PUNT4 PUNT7 . 160E6 0
PUNT6 PUNT7 . 160E6 0
PUNT2 PUNT4 00300 0
PUNT4 PUNT6 .00300 0
PUNT2 PUNT6 .00300 0
PUNT2 .01000 o
PUNT4 .01000 o
PUNT6 .01000 0
PUNT7Y . 00900
BLANK CARD ENDING BRACH CARDS
C SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-01 .1000E-02 .1770E+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-01 .1000E-02 .1770E+02 1
C BUS1 BUS2 TCLOSE TOPEN 1cHOP OUTPUT
PUNTS PUNT6 ~.100CE-01 .1000E-02 .1770E+02 1
BLANK CARD ENDING SWITCH CARDS
C SOURCE CARDS:
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.2G39E+05 .5000E+02 .1200E+03 -.1000E+02 . 1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.293S9E+05 .5000E+02-.1200E+03 -.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT5 1-.2039E+05 .S000E+02 0.0 —-.1000E+02 . 1000E+02
BLANK CARD ENDING SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNT6
BLANK CARD ENDING OUTPUT REQUEST CARDS
Cc PLOTTER REQUEST CARDS:
C METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
c HEADING
2CAPACITIVELY AND MUTUALY OOUPLED REACTORS
114 PUNT2 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02-. 1000000000E+06 . 1000000000E+06
C FIG. 2
C HEADING
2CAPACITIVELY AND MUTUALY OOUPLED REACTORS g
114 FUNT4 VOLTAGE
C HS HMIN HMAX VYMIN VMAX
. 1200000000E+01 0.0 .1200000000E+02-. 1000000000E+06 . 1000000000E+06
Cc FIG. 3
C HEADING
2CAPACITIVELY AND MUTUALY COUPLED REACTCRS
114 PUNT6 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02-. 1000000000E+06 . 1000000000E+06

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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PUNT2 PUNT7 . 156E6 ¢
PUNT4 PUNT7 . 156E6 0
PUNTS PUNT7 . 156E6 0
PUNT2 PUNT4 .00308 0
PUNT4 PUNTS .00308 0
PUNT2 PUNT6 .00308 0
PUNT2 .01027 0
PUNT4 .01027 0
PUNTG .01027 0
PUNT? . 00900
BLANK CARD ENDING BRACH CARDS
C SWITCH CARDS:
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT1 PUNT2 -.1000E-01 .1000E-02 .1790E+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP OUTPUT
PUNT3 PUNT4 -.1000E-01 .1000E-02 .1T7T90E+02 1
C BUS1 BUS2 TCLOSE TOPEN ICHOP CUTPUT
PUNTS PUNT6 -.1000E-O1 .1000E-02 .1790E+02 1
BLANK CARD ENDING SWITCH CARDS
C SOURCE CARDS:
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT1 1-.293SE+05 .5000E+02 .1200E+03 —.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNT3 1-.2939E+05 .5000E+02-.1200E+03 -.1000E+02 .1000E+02
C TYPE BUS V/C AMPL FREQ TNUL Al TSTART TSTOP
14PUNTS 1-.2939E+05 | 5000E+02 0.0 -. I000E+02 . 1000E+02
BLANK CARD ENDING SOURCE CARDS
C OUTPUT REQUEST CARDS:
PUNT2 PUNT4 PUNTS
BLANK CARD ENDING OUTPUT REQUEST CARDS
C PLOTTER REQUEST CARDS:
Cc METRIC SCALE:
SCALE 1.270025
CALCOMP PLOT
C FIG. 1
C HEADING
2CAPACITIVELY AND MUTUALY COUPLED REACTORS
114 PUNT2 VOLTAGE
Cc HS HMIN HMAX YMIN VMAX
. 1200000000E+01 0.0 . 1200000000E+02—-. 1000000000E+06 . 100000C000E+06
C FIG. 2
C HEADING
2CAPACITIVELY AND MUTUALY COUPLED REACTORS
114 PUNT4 VOLTAGE
C HS HMIN HMAX VMIN VMAX
. 1200000000E+01 0.0 .1200000000E+02-. 1000000000E+06 . 1000000000E+06
Cc FIG. 3
C HEADING
2CAPACITIVELY AND MUTUALY COUPLED REACTORS
114 PUNT6 YOLTAGE
C HS HMIN HMAX VMIN VMAX
. 120000000CE+01 0.0 .1200000000E+02-. 1000000000E+06 . 100000000CE+06

BLANK CARD TERMINATING PLOTTER REQUESTS
BEGIN NEW DATA CASE
BLANK CARD ENDING TOTAL EMTP INPUT
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