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ABSTRACT

The factors considered in selecting the voltage
and current ratings of current transformers used in
shunt capacitor installations are discussed and ap-
plication guidelines are suggested. The protection
of the primary and secondary are considered and pro-
tection recommendations are outlined.

Background

A number of failures of current transformers in
shunt capacitor banks have occurred due to misappli-
cation. Some of the factors involved in the appli-
cation of CT's on shunt capacitor banks may not be
readily apparent. The purpose of this paper is to
outline some of the principal factors involved and
suggest application guidelines. ;

Selection of Voltage and Current Rating

Both normal line to ground voltage and BIL are
considered in selecting the voltage rating. The CT
thermal rating should be equal to or greater than
the actual current, including harmonics, expected in
the CT. A suggested normal application guideline is
given in Figure 1.

The voltage rating for CT's at the lTine end of
a grounded wye bank and all CT's on ungrounded banks
is based on the same factors as CT's used elsewhere
on the system, 1i.e., system operating voltage and
BIL.

The voltage rating for CT's used at the neutral
end of grounded wye capacitor banks is based on im-
pulse considerations. It is suggested that the CT
rating should be greater than or equal to about R4
times the system line to line voltage. This is not
a precise value based on highly predictable voltages
and established margins. It is, rather, a hopefully
conservative application factor based on a number of
considerations,

The voltage difference between the primary and
secondary of the current transformer is not easy to
predict for transient conditions. The secondary may
be grounded at a point remote from the CT; the CT is
usually mounted some distance above the ground mat,
and even the ground mat will not have uniform poten-
tial under transient conditions. Perhaps the iron
in the elevating structure will have an effect on
the voltage drop in the ground wire. Differences in
substation construction would be expected to signif-
icantly affect the primary-secondary voltage.
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There are several factors which suggest using a
large factor of safety in applying this current tr-
ansformer:

1. The uncertainty in predicting the primary-secon-
dary voltage.

2. The freguency of switching, which may result in
a large number of transients over the life of
the installation.

3. The failures which have been experienced.

4. The undesirability of putting overvoltage prot-
ection across the line to ground insulation of
the CT.

A simplified analysis would suggest that the
maximum line to ground voltage to be experienced by
the CT might be as much as one-half of the system
crest line to ground voltage. This might occur for
@ bus to ground fault near the capacitor bank, where
perhaps one-half of the applied voltage would appear
between the CT and “ground”. For a 138 kV system
the crest line to ground voltage is 113 kV, one-half
of this would be 57 kV. .this would suggest that a
15 kV, 110 kV B.I.L. CT should operate satisfactor-
ily. On the other hand, some users have experienced
failures of 15 kV CT's in the neutral of 138 kV cap-
acitor banks; perhaps there are sources of higher
and lower voltages.

The use of a higher voltage CT would improve
the factor of safety for induced voltage surges.
Since the lowest voltage at which 15 kV CT's  have
apparently had probiems 1is about 138 kV, this sug-
gests that this is the first voltage at which a CT
rating hignher than 15 kV may be required. The next
available rating is 25 kV, 25 kV divided by 138 kV
suggests an application factor of .2; an appiication
factor which can be used for extrapolating to higher
and lower voltages.

There are some other factors which suggest that
this application factor of .2 may not be excessively
conservative:

1. A full system rated voltage CT would be required
for a bus CT, in order to be able to withstand
system transients. For very high frequency tra-
nsients, the capacitor can be considered to be
a short circuit; the percent of system trans-
ient voltage appearing on the neutral CT is de-
termined by the length of conductor from the bus
to ground. Approximately, this percent voltage
would be the length of conductor from ground to
the CT divided by the length of conductor from
ground to the bus, and multiplied by 100. For
many installations this would suggest an appli-
cation factor of about .2 (or slightly higher).

2. MWhat about an occasional switching accident on

the capacitor bank? The voltage occurring at
the CT for a restrike or closing on an already
charged bank might damage a CT with too 1low a
voltage rating.
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NORMAL CT APPLICATION
Ungrounded Grounded Delta
B c D AT B¢ E-  F
Voltage Rating ) v .2V .2V v Vv ;

)
Current (Thermal) Rating 1.251 1.251 (2

—

V = system voltage
I = nominal capacitor (phase) current

1) .72~ 1.25/¥3
2) Refer to Figure 2

5l 1.351 1.351

.721(1) 1.251

Figure 1. Current Transformer Application Guide

3. Perhaps during closing, the second and third pha-
se might close at the most inopportune moment
following closing of the first phase. This sup-
erposition of transients may cause a large volt-
age in the ground.

The application factor of .2 seems to be a reao-
onably conservative value. CT failures would not be
expected with CT's applied on this basis. On the
other hand, the overall costs for this increase in
voltage rating is small, and certainly will be justi-
fied by any reduction in failures.

The selection of the thermal (current) rating of
the CT is based on the current expected including
the effects of overvoltage, overcurrent, and harmen-
ics. The application guidelines in Figure 1 for CT's
in the phase of wye connected banks and the phases
and legs of delta connected banks are based on the
same factors used for normal circuit breaker appli-
cation.

Harmonic currents and unbalance currents need
to be considered in the choice of ratings for CT's
applied in the neutral of grounded wye shunt banks.

It is suggested that this CT be rated at Teast
.5 times the nominal phase current. Three percent
harmonic voltage on the system will result in 9% har-
monic current in each phase and 27% harmonic current
in the neutral. In addition to other harmonics,
overcapacitance and overvoltage will increase this
number. Possible increased heating of the CT due to
the higher harmonics suggests a conservative appli-
cation. The choice of rating also needs to consider
the unbalance current which can exist for long per-
iods of time. CT's capable of a thermal duty asso-
ciated with 50% of the nominal phase capacitor cu-
rrent will normally be adequate.

The current rating of a CT applied in the neu-
tral of an ungrounded wye-wye capacitor bank is de-
termined primarily by the long term unbalance current
which can flow between halves of the bank. Figure 2
can be used to estimate this current as a function of
series groups. Current transformers chosen on this
basis will normally have adequate thermal capability
for brief periods of somewhat higher current during
individual unit fuse operation.

Primary Protection

Transients associated with switching may cause
high voltage to build up across the primary of wound
type CT's. Overvoltage protection of the primary is
suggested, particularly for CT's rated less than sys-
tem voltage.

A gap for the protection of the primary of CT's
used in shunt capacitor applications is illustrated
in Figure 3. Its protective characteristic is shown
in Figure 4.

Some surge arresters normally used for CT pri-
mary protection will be damaged by the high energy
associated with the shunt capacitor. The gap ill-
ustrated will provide protection for many CT's. The
normal low voltage across the CT will allow the gap
to clear without the need for valve elements.

The approximate sparkover characteristics ill-
ustrated in Figure 4 are for near sea level condit-
ions. At higher altitudes sparkover will be Tower.
It is not necessary to use a larger spacing at high-
er altitudes. 3/64" is suggested as a minimum re-
liable gap regardless of altitude.
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Figure 2 Application Guide for CT in Wye-Wye Bank
Neutral

Secondary Protection

The high voltage generated on the secondary
of a CT by the high frequency high current trans-
ients in the primary make secondary protection pr-
udent. A low voltage gas-filled protector tube
(300-500 V RMS breakdown, 50 amp 2 second disch-
arge capability) will protect the CT, wiring and
normal electromagnetic relays from damaging over-
voltages. Sensitive electronic relays will norm-
ally have any additional limiting required at the
input.

Conclusion

Recommendations are provided for CT applicat-
ions in normal utility and industrial power factor
correction capacitor installations. Specialized
filter, energy storage, etc. installations deserve
thorough consideration of the duty imposed on the
current transformers.
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Figure 3 Gap for Protection of Current Transformer
Primary
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Figure 4 Protective Characteristics of Gap



