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METHODS FOR DETECTING AN OPEN CURRENT TRANSFORMER

TECHNICAL FIELD

The present invention is generally related to methods for detecting unplanned

openings of a current transformer. Specifically, the present invention is directed to
utilizing on-line testing to determine the status of a current transformer and to allow for

responsive or corrective action upon detection of an open current transformer.

BACKGROUND ART

Protective relays are devices designed to protect an electrical power system during
disturbances. To accomplish their functions, the relays receive signals from the power
system mainly by way of two types of devices, the potential transformer and the current
transformer.

Potential transformers convert high voltage levels down to low voltage levels.
Current transformers convert high current levels to low current levels. The lower level
currents are then received by devices like protective relays and demand meters.

It is well known that current transformers have a unique operating characteristic.
If the current transformer is operating under load — with current flowing in the primary
side — and the low level’s secondary side circuit is open, then high voltages will develop at
the current transformer secondary terminals which can be dangerous or fatal to operators
and may damage devices connected to the current transformer’s circuits. Additionally, an
open transformer circuit results in a disconnuity of signal provided to the protection and
control equipment, such as the protective relays, causing likely misoperations or failure to
operate. Moreover, an open circuit associated with a current transformer can result in
magnetization of the current transformer that causes incorrect output even after the open
circuit condition is corrected. In robust power systems, the current transformer is
considered to be a weak link since there are not many ways to understand the overall
health of the device other than off-line testing.

The prior art provides over voltage protection against the unplanned opening of
current transformers by utilizing a test plug and meter. This is accomplished by
continuous monitoring of the voltage levels on the secondary side of the transformer. If an
over voltage condition develops, an electronic component that is placed in parallel with
the main current path detects the condition. In response to the over voltage condition, the

electronic component switches on, bypassing the open circuit and returning the current
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flow and eliminating the over voltage condition. Accordingly, the prior art device has the
ability to limit the voltage to safer levels of under 100 volts.

However, this approach is still not considered to provide adequate safety
protection. Accordingly, other devices have been developed that analyze the current flow.
For example, when the alternating current flow crosses a zero value, the prior art
electronic switching device turns off, eliminating the bypass of the open circuit and the
current continues to flow in the primary (high side) of the current transformer. With a
secondary side of the transformer open circuited, an over voltage condition again develops
across the secondary and the protection on the test plug once again limits the voltage to
safer levels and the cycle continues to repeat until the test plug is removed from the
circuit. Thus, until the test plug is removed from the circuit, the user of the test plug is
continuously exposed to voltages that may exceed desired safety levels. Unfortunately,
the monitoring of the on and off cycles causes a lack of continuity of current to the
protective relays and also negatively impacts the integrity of the current waveform as that
waveform is distorted in the secondary side of the current transformer. This lack of either
continuity or integrity in the secondary circuit could be seen by some protective relays as a
disturbance in the electrical power system, thereby causing protective relays to take the
power system out of service unnecessarily.

Another prior art solution provides for a test switch connected between the
transformer’s secondary side and a protective device. A plug for testing the circuit is
inserted into the test switch so that the secondary side current flows through the test plug
wherein the test plug comprises a circuit for closing the current transformer secondary side
when the secondary side is open circuited and closing the circuit when closed, thereby
maintaining a continuous flow of current through the protective device. Although this test
plug configuration is an improvement, it is believed that a further improvement can be
obtained by directly monitoring the voltage and/or current conditions of the secondary side
of the current transformer thus allowing for the ability to instantaneously correct or

generate an alarm when an open circuit condition is detected.

SUMMARY OF INVENTION

In light of the foregoing, it is a first aspect of the present invention to provide
methods for detecting an open current transformer.
It is another aspect of the present invention to provide a method for detecting an

open current transformer in an electrical power system, comprising measuring for a
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voltage value on a secondary side of a current transformer, observing the voltage value for
a predetermined waveform, and initiating corrective action in the electrical power system
upon detecting the predetermined waveform.

Yet another aspect of the present invention is to provide a method for detecting an
open current transformer in an electrical power system, comprising measuring for a
current value on a secondary side of a current transformer, checking a status of a
component in the electrical power system, and indicating a status of the current

transformer as pen or no load if the current value is zero and the component is off.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other features and advantages of the present invention will become better
understood with regard to the following description, appended claims, and accompanying
drawings wherein:

Fig. 1 shows an exemplary circuit associated with a current transformer;

Fig. 2 shows exemplary voltage and current waveforms during normal operation of
the current transformer; and

Fig. 3 shows exemplary voltage and current waveforms during an open circuit

operation of the current transformer according to the concepts of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to Fig. 1, it can be seen that a circuit for detecting an open current

transformer is designated generally by the numeral 10. The circuit 10 includes a current
transformer 12 which has a primary side 14 and a secondary side 16. The primary side 14
is connected to a power generating system 18 and a breaker 20 as shown. Skilled artisans
will appreciate that other components may be connected between the power generating
system and the current transformer. Connected on the secondary side of the current
transformer 12 may be a test switch 22 which receives a test plug 24 as is known in the art.
The test plug 24 is insertable so as to monitor the condition of the current transformer if
required. Also connected to the secondary side of the current transformer is a relay 26
which may be in the form of any protective device utilized by the circuit 10. Of course,
other components could be incorporated into the relay as required by a particular use of
the circuit 10.

A voltmeter 28 is connected to and across the circuit path of the secondary side 16

of the current transformer. The voltmeter 28 generates a voltmeter signal 30 that is
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supplied to a controller 32. In one alternative embodiment, an additional voltmeter 28’ is
connected between one leg of the current transformer on the secondary side 16 and
ground. This allows detection of an open current transformer everywhere in the current
transformer circuit except between the meter connection point and the current transformer.
It is believed that placement of the voltmeter 28’ as close as possible to the current
transformer 12 improves the ability to detect open circuit conditions. In another
alternative embodiment, another voltmeter 28" is connected between the other leg of the
current transformer on the secondary side 16 and ground. As in the first embodiment, the
voltmeter signal 30 from both voltmeters 28’ and 28" are sent to the controller 32. Tt will
be appreciated that each voltmeter 28’ and 28" can be used separately and independently
from the other as each location with respect to the current transformer has specific
benefits. However, skilled artisans will appreciate that using both voltmeters 28’ and 28"
allows for full detection should an open condition occur anywhere in the circuit.

An alarm or other corrective action device 34 is also connected to the controller.
The controller 32 may be any processing or computing device which provides the
necessary hardware, software, memory and/or other component needed to implement
operation of the circuit 10 and the methods described herein. In any event, the voltage at
the voltmeter, which may be at any arbitrary point on the secondary side, is taken to an
external reference point, typically ground. It should further be noted that the current
transformer does not need to be grounded for the methods to be described herein to
operate properly.

An ammeter 40 is also connected anywhere in the circuit path of the secondary
side of the current transformer. The ammeter 40 generates a signal 42 that is received by
the controller 32. The controller 32 also may receive a breaker status signal 44 generated
by the breaker and/or a power system status signal 46 generated by the power generating
system 18. As will be appreciated, the ammeter 40 monitors the characteristics of the
current flowing through the circuit 10 connected to the secondary side 16 of the current
transformer.

Referring now to Fig. 2, the normal operation of the secondary side of the current
transformer 12 is graphically illustrated. A waveform 50 represents the current signal 42
detected by the ammeter 40 during normal operation. A waveform 52 develops and
represents the voltage signal 30 that is detected by any one of the voltmeters 28, 28’,
and/or 28”. These waveforms 50, 52 are received by the controller 32 and it or another

related instrument performs a Fast Fourier Transform on the voltage signal which is shown
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as a waveform 54. As can been seen, the waveform 54 shows includes only a fundamental
component with little or no related harmonics.

Referring now to Fig. 3, the signal detected by the voltmeter and ammeter are
represented as waveforms during an open current transformer condition. In particular, the
current, as represented by a waveform 60, goes to a zero value so as to represent that there
is no current flow thrdugh the secondary side of the current transformer. As a result, a
voltage, as shown in a waveform 62, develops showing a saturated transformer core.
Thus, the voltage signal 30, as detected by the voltmeter 28 and represented by the
waveform 62, is received by the controller 32 which performs a Fast Fourier Transform
analysis and generates a waveform 64 showing a decaying harmonic rich waveform.
Specifically, the fast Fourier transformer shows a high content of third and fifth
harmonics. It is believed that this signature is true for all types of current transformers in
an open circuit condition of a current transformer. For some non-linear loads or a few
transient conditions, the harmonic content on the voltage waveform signal may approach
similar harmonic content. When this signature, as represented in waveform 60, is detected
in conjunction with the absence of current, such as shown in the waveform 60, then an
open current transformer condition is present. It is believed that the fast Fourier transform
signature is consistent among different types of current transformers used in the industry.
Indeed, such a signature is consistent among different types of current transformers,
including accuracy, class and applications. It will further be appreciated that the
fundamental harmonics 66 are larger than the third harmonics 68, and that the third
harmonics 68 are larger than the fifth harmonics 70. This kind of signature is not present
during normal operation and can be utilized to confirm an open current transformer
condition so that the controller 32 may generate an alarm 34 or so that other corrective
action can be taken in either the power system, the breaker or other component on the
primary side of the current transformer. Accordingly, in some instances the first detection
of a fundamental, fifth and third harmonic may be used to immediately implement
corrective action. }

In operation, the circuit 10 provides a method for detecting an open current
transformer in an electrical power system by first measuring a voltage value on a
secondary side of a current transformer. The controller observes the voltage value as
embodied in the voltmeter signal 30 for a predetermined waveform. A predetermined
waveform as shown in Fig. 3, which provides fundamental third and fifth harmonics of

continually decreasing values, can be used as a trigger for taking corrective action. Of
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course, other selected characteristics of a voltmeter signal 30 which are known to be
representative of an open current transformer may also be maintained by the controller for
comparison purposes. In any event, once a predetermined waveform is detected by the
controller, the controller initiates corrective action(s) in a component of the circuit 10 such
as the power generating system 18 or the breaker 20. The controller 32 may observe
characteristics of the predetermined waveform wherein any decaying harmonic waveform
may be required to be seen before initiating corrective action. Furthermore, the controller
may require that the waveform include third and fifth harmonics before initiating
corrective action. In the alternative, the controller may initiate corrective action only if the
decaying harmonic waveform is detected and no current is detected in the secondary side
of the current transformer.

In an alternative embodiment, the controller may look just at the current value
generated by the ammeter 40 as represented by the signal 42. By monitoring a current
value on the secondary side of the current transformer, the controller can then also check
for the status of a component in the electrical power system. The controller can then
indicate a status of the current transformer as open or “no load” if the current value is zero
and the status of the selective component is determined to be in an off condition. This
embodiment may also initiate corrective action at the electrical power generating system
upon detecting that the current values equal to zero and that the component is on.

It will be appreciated that in another embodiment one meter, any of the above-
described meters, or all of the meters and associated logic calculation capabilities can be
incorporated into a single test switch 70 shown in Fig. 1. This consolidates all the test
components into a single switch, thereby facilitating analysis of any current transformer
14.

Based upon the foregoing, the advantages of the present invention are readily
apparent. By utilizing the voltmeter and/or ammeter in the circuit path of the secondary
side of the current transformer, an open current transformer condition can be readily
detected without interfering with operation of the overall power system. Once an open
circuit current transformer condition is detected, an appropriate corrective action can be
taken by either initiating an alarm or shutting down the system so as to prevent undesirable
operating conditions from occurring.

Thus, it can be seen that the objects of the invention have been satisfied by the
structure and its method for use presented above. While in accordance with the Patent

Statutes, only the best mode and preferred embodiment has been presented and described
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in detail, it is to be understood that the invention is not limited thereto or thereby.
Accordingly, for an appreciation of the true scope and breadth of the invention, reference

should be made to the following claims.
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CLAIMS

What is claimed is:

A method for detecting an open current transformer in an electrical power system,
comprising:
measuring for a voltage value on a secondary side of a current transformer;
observing said voltage value for a predetermined waveform; and
initiating corrective action in the electrical power system upon detecting

said predetermined waveform.

The method according to claim 1, further comprising:
determining whether said predetermined waveforms shows a decaying

harmonic waveform before initiating corrective action.

The method according to claim 2, further comprising:
observing whether said decaying harmonic waveform includes third and

fifth harmonics before initiating corrective action.

The method according to claim 2, further comprising:
initiating corrective action only if said decaying harmonic waveform is
detected and no current is detected in said secondary side of said current

transformer.

The method according to claim 1, further comprising:
measuring for said voltage between at least one leg of said current

transformer and ground.

A method for detecting an open current transformer in an electrical power system,
comprising
measuring for a current value on a secondary side of a current transformer;
checking a status of a component in the electrical power system; and
indicating a status of said current transformer as open or no load if said

current value is zero and said component is off.
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7. The method according to claim 7, further comprising:
initiating corrective action in the electrical power system upon detecting

said current value equal to zero and that said component is on.
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