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Abstract - This paper describes development of & dugital model]
for the m.lpl.l.l’lﬁ eapacitor woltage transformer (CCVT) ferrores-
onance suppression circuit (FSC). A FSC may have significant
influence on a CCVT transient behavior, so the cireull & of im-
portance. This paper introduces & digital model that s based oo
the electro magnetic transients program (EMTP) modeling tech-
niques.
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INTRODUCTION

Ferroresonance may occur in & circull containing cspacitors
and iron core inductors. 1t s usually characterized by over voltages
and distorted waveforms of current and voltage. 1t may endanger
equipment.  This phenomenon has been known for a long time,
and its behavior and occurrence are fairly well understood. An
investigation of the potential transformer {PT) fermosesonance in-
stability, using field measurement and TNA analysis, is reported
in the past [1]. An analytical approach to determine whether fer-
TOTERONANCE CAN OCCUr in A& syitem configuration containing PT has
nlso been published |2). A coupling capacitor voltage transformer
{CCVT) may be involved with the ferroresonance oscillstions too.
These oscillations are mostly of a subhnarmonic frequencies, al-
though barmenic and even fundamental frequencies may also be
present.

A CCVT circuit diagram is shown in Figure 1, All CCVTs
contrin a ferroresonance suppression cirenit (FSC), which is con-
pected on the secondary side. FSC designs, aceordingly to their
status during the CCVT operation, can be divided into two main
operafional moddes: active and passive,
in an gciive mode operafion consist of capacitors and iron
core inductors connected in parallel and tuned to the fundamental
frequency. They are perm nnently connected on the secondary gide
and affect the COVT transient response.

Figure 1. General CCVT Circuit Disgram
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FS5Ca in an passive operaiional mode consist of a resistor connect -
ed on the secondary side. This resistor can be permaneatly coo-
nected. Another option is to have & grp or an electronic circuit
conpected in sertes with the resasior, which are setivated whenever
o oves volthge oocurs. These FSOs do not affect CCVT transient
response unless an over voltage ooours,

Details of the CCVT designs and various FSC circuits have
been studied by the authors for the purpose of CCVT modeling.
Extensive pesulis of this study bave been recently published [3;

FSC DESCRIFTION

The PCA-5 CCVT type is used to illustrate FSC in an active
operational mode [4]. Its circult disgram is shown in Figure 2.
The FSC design detadl is shown in Figure 3. Capacitor Oy is
connected in parallel with an iron core inductor Ly, tuned to the
fundamental frequency. Resistor Ry is a damping resistor designed
w damp ferroresonance oecillations within one cycle. The circuit
is tuped with a high @ factor in order to attensate ferToresonance
osrillations at any harmonic except the fundamental
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Figure 2. PCA-5 CCVT Circuit Diagram
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Figure 3. Circuit Diagram of a FSC in the Active Operational
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w CF L'F: 10
A e, 2

CCWT
507



FS5C FREQUENCY RESPONSE MEASUREMENTS

The FSC frequency response measurement is needed for model
walidntion. This measurement 15 done as shown in Figure 4. The
FSC impedance is calculnted from the mensured voltnge st point
“2" and cwrrent, which is calealated as a division between woltage
drop on the resistor B and the wmlue of B The FSC frequeney
reaponse is shown in Figure &

FsC

o

Figure 4. Measurement of FSC Frequency Response
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Figure 5. PCA-8 CCVT FAC Frequency Response

MODEL DEVELOPMENT

A CCVT has a complex structure as shown in Figure 2. It
consists of elements such as: compenssting inductor (R, Ly, ©0),
step—down transformer (R,, Ly, Cp, Cpay Ray Lay Cis Ly B,
ferroresonanee suppression circuit ( &y, Ly, Cy), drain coils (Ly,,
L4, ), and other circuits with L, © elements and gaps, which in
many enses, are non-linear [56]. These eements may have mitu-
ally interactive influences and may canse resonances at different

ey
The FSC can be modeled using two different Ly representa-
thoms [7]:
a) Ly represented as an air core inductor,
b) Ly represented as & non-ssturable transformes.

In ense a), the FSC is modeled as shown in Figure 8. The
value of the capaciter Cy = 8uF. Cy and Ly are tuned to 60 Hz
and the caleulated value for Ly is then 0.88 H.

Comparison between the measured frequency respanse and
the one shtained from Electro Magnetic Transient Program (EMTF)
simulation is shown in Figare 7. It can be noticed that the @ fac-
tor is much smaller in the digital model of the FSC. The factor @

could be adjusted to becomse high, but in that case different values
for Cp and Ly should be chosen. This would chiange the mutual
influence of FEC on other CCVT elements and modeling would
not be appropriate,

I ense b, the FSC i modeled as shown in Figure 8. Ly =
represented na a transformer. The caleulated Ly value of 088 H m
incorpornied n the transformer model as & self inductance. Pri-
mary and secondury windings are connected in nuch & way that
parallel resonance ovcurs only st the fundamental frequency. At
other frequencies, only the leakage induclance i fnvolved so the
dumping resistor is the one which atlenuates ferorssonance osal
Intions,

Cumplnmn between the mensured frequency response and
ike one obtained from EMTP simulation is shown in Figure 9.
The results show that the simulated values are almost identical o
the messured wnlues.

Comparing Figures 7 and §, it may be concluded that FSC
simulation uli.'nﬁ the transformer representation of I'.F 18 mare se-
eurate, Thesefore, this mode]l was ndopied for transient behavior
analysis of the CCVT [3].
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Figure 6. Digital Model of FSC for PCA-§ COVT (L represented
as an inductor)
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1-EMTP Simulation
2-Measured by Using Signal Generator

Figure 7. FSC Frequency Response (Mensured va. EMTP Simu-

lations)
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Figure B. Digital Model of FSC for PCA-5 (L represented ns a
transformer )
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1-EMTF Simulstion
2-Measured by Using Signal Generator

Figure 9. F5C Frequency Response {Mensured vs. EMTP Simu-
lations)
MODEL VALIDATION
The wvalidstion is based on comparison aof the &nqqmn_-p ™
sponses oblained by means of measurements with the ones ob-
tained by EMTP simulations

Frequency response measured using PCA-5 CCVT ve. EMTP
simulntions of the same case is shown in Figure 10.

Frequency response measured using PCA-5 CCVT without
F5C vs. EMTF simulations is shown in Figure 11.

The resulis show that the simulated wlues are very clos= to
the measured values.

|

1-EMTP Simulstion
2-Mensured by Using Signal Generator

Figure 10. Frequency Response of PCA-5 CCVT Including FSC
{mensured vs. EMTP simulations)

COMPUTER SIMULATION OF COVT TIME RESPONSE

Simulation of voltage collapss s selected s a typical exam-
ple of FSC influence on the CCVT time response. CCVT time

reaponas is affected by energy storing components Like capacitors
and inductors. This CCVT has the FSC operating in an active
operstional maode and it makes certain influence on the frequency
FrapOnSE

The simulation of voltage collapse has been done using EMTP
for & pesistive and inductive burden of 1000, Fault initistions were
at the voltage ger and maxionum value,

The influence of the FSC on the time response of the COVT,
for [ault indtislization at vollage zero, and for & resistive burden
of 100{1, is shown in Figure 12,
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1-EMTF Simulation
2-Mensured by Using Signal Generator

Figure 11. Frequency Response of PCA-§ CCVT without FSC
(Mensured vs. EMTP Simulations)
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1-Prmary Veltage
2-Secondary Voltnge with FSC Referred to Primary
3 Secondary Voltnge without FSC Referred to
Primary
Figure 12. EMTP Simulations of the PCA-§ CCVT Time Re
sponse for Resistive Burden [ Fault Initialization at Valt-
age Eero)

The influence of the FSC on the time response of the CCVT,
for fanlt inatialization at voltage maximam wlue, and for & resis.
tive burden of 10052, is shown in Figure 13.
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Figure 13. EMTP Simulations of the PCA-5 CCVT Time Re-
sponse for Resistive Burden (Fault Initialization st Valt-
age Maximum Value)
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Figure 14. EMTP Simulations of the PCA-8 CCVT Time Re-

sponse for Inductive Burden (Fault Initinlization

Voltage Zera)
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Figure 15 EMTP Simulations of the PCA-5 CCVT Time Re
sponse for Inductive Burden (Fault Initinlization at
Violtage Maximm Valse)
Mote: 1-Primary Voltage
2-Secondary Voltage with FSC Referved to Primary
3-Secondary Voltage without FSU Referred to
Prmary

The simulations of voltsge collapse with an industive burden
of 1006} were also enrried oul. The influence of the FSC on the time
response af the CCVT are shown in Figures 14 and 15 for fault
mitinlization at wolinge zero and masdimum value, respectively.

The EMTP simulation results given in Figurea 12 to 15 demon-
sirale that presence af FSC causes mn.uh' differenices in the time
response of the PCA-5 COVT under different volinge collapse and
burden conditions.

CONCLUSIONS

The FSC affects transient response of 8 CCVT. For madeling
purposes its influence is observed both in frequency and in the
time domain.

The digital model of an FSC with an iron eore inductance,
which is represented as & nonsaturable transformer, gives very
good resulis,
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