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FAULT PROTECTION CONFIGURATION FOR A RESETTABLE
TRANSFORMER PROTECTOR

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority from the United
States Provisional Application No. 62/800,738, filed on February 4, 2019;

ey

BACKGROUND
Field
0002] This disclosuwre relates generally to resetiable transformer
protection devices, and in particular, this disclosure relates to device
characteristics providing fault protection in a transformer protection device.

Discussion of the Related Art

[0003] An electrical power distribution network, often refeired to as
an electrical grid, typically includes & number of power generation plants each
having a number of power generators, such as gas turbines, nuclear reactors,
coalfired generators, hydro-electric dams, renewable plants (wind and solar),
etc.Thepmyerplamsproﬁdepowa'atavarietydfmedummuagevam
then stepped up by transformers to a high voltage AC signal to be connected to
high voltage transmission lines that deliver electrical power to a number of
substations typically located within a community, where the voltage is stepped
down to a medium voltage for distribution. The substations provide the medium
voltage power to a number of three-phase feeder lines. The feeder lines are
coupled to a number of lateral lines that provide the medium voltage to various
distribution transformers, where the voltage-is stepped down to a low voltage and
is provided fo a number of loads, such as homes, businesses, eic. Power
distribution networks of the type referred to above typically include a number of
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switching devices, breakers, reclosers, interrupters, etc. that control the flow of
power throughout the network and respond to abnormalities in the power flow.

[0004] A new class of distribution transformer protection is possible
because of evolving electronic and fault interrupter technology which allows for a
small, compact protective device that can offer improved (faster) fault detection
and interruption. The VacuFuse™ transformer protector, available from S&C
Electric Company, Chicago lllinois, USA, is a device that exemplifies this
increased functionality.

[0005] Protection for distribution transformers typically has been
provided by fuse with classic inverse time-current characteristics. Because of the
thermal response of the fusable elements having 2:1 time-current response at
high currents, the fuses had to be sized to withstand both the continuous current
loading or overloading and the magnetizing inrush current. This then pushed the
fuse to a slower response for faults that can occur between the fuse and the
transformer winding. These faults can occur on the wiring or on the transformer
bushing external to the transformer tank, or on the internal wiring within the
transformer but before the ‘winding. These fault currents are high current — that
is, the magnitude of the fault current is the available fault current on the power
system. These fault currents can be from 500 amps (A) up to the 6, 8 or 10 kA.
A slower response and clearing of these faults can cause severe voltage sags,
force larger upstream protection settings for coordination reasons, result in
transformer damage from arcing to the transformer tank, and increased pressure
rise from arcing faults under the oil within the transformer tank.

[0006] From an application perspective, making the selection of the
protection curves in the new device “easy” suggests that the protection curves
mimic the existing fuse curves. But this brings along the same slower clearing of
the high current faults since the fuse size had to be sufficient to avoid the
magnetizing inrush and also carry the overload. A new curve rating structure and
a new curve shape to make the selection of the protection response simple and
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clearly related to the transformer size while providing fast high current clearing is

needed.
SUMMARY

[0007] The following discussion discloses and describes curve shapes that may

be implemented in a transformer protector that provide enhanced fault protection.

[0008] Additionally, a transformer protector curve rating structure clearly
relates response curves implemented within a transformer protector and associated

transformer.

[0008A] In a broad aspect, the present invention pertains to an electric power
distribution system having a transformer disposed between a primary distribution side at
a first voltage and a secondary distribution side at a second voltage, the transformer being
configured to transform the first voltage from the first voltage on the primary side to the
second voltage on the secondary side. The system comprises a transformer protector
disposed between the primary distribution conductor and the transformer, the
transformer protector having a housing containing operatively coupled a current sensor, a
controller and a fault interrupter. The current sensor is operably coupled to the primary
conductor to provide to the controller a primary conductor current signal corresponding
to a primary side conductor current. Further, the controller is configurable with a first
fault interrupting response, a second fault interrupting response, and a third fault
interrupting response, responsive to which the controller is operable to affect operation of
the fault interrupter to interrupt current flow through the transformer. Further still, the
first fault interrupting response has a pickup response at a pickup current level and an
instantaneous response above a threshold fault current level, the second fault interrupting
response having the pickup response and the instantaneous response, and a second
intermediate response at an intermediate current level between the pickup current level
and the instantaneous current level. The second intermediate response is faster in time

than a first intermediate response in time of the first fault interrupting response, and the
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third fault interrupting response corresponds to a transformer damage prevention

response.

[0009] Additional features of the disclosure will become apparent from the
following description and appended claims, taken in conjunction with the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a graphic depiction of a transformer protector and associated

transformer in accordance with herein described embodiments;

[0011] Figure 2 is a block diagram of a transformer protector in accordance

with the herein described embodiments; and

[0012] Figure 3 is a graphic depiction of possible response curves that may be
implemented within a transformer protector in accordance of the herein described

embodiments.
DETAILED DESCRIPTION

[0013] The following discussion of the embodiments of the disclosure directed
to a transformer protector, and in particular, a transformer protector configured to include

multiple response curves providing enhanced protection characteristics.
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[0014] Figure 1 depicts an overhead distribution transformer 10 and
a transfor;ner protector 12 fitted within a mounting 14. Ancillary wiring, insulators,
bushings and guards are depicted but for the sake of clarity are not separately
identified. The distribution transformer 10 and transformer protector 12 are
operably configured between a primary distribution side 16 of the electric grid at
a first voltage and a secondary side 18 of the electric grid at a second voltage.
The first voltage is typically at medium distribution voltage, and the second
voltage is typically at low voltage both as understood by the person having
ordinary skill in the art and which will vary based upon the power system
configuration. The transformer 10 is configured in this arrangement to transform
the electric power from medium voltage on the primary side to low voltage on the
secondary side. In this regard, the distribution transformer 10 receives medium
voltage electric power on the primary side 16 via the transformer protector 12
and provides output low voltage electric power on the secondary side 18 at one
of several available taps 20. The configuration of the distribution transformer 10
is typical, and therefore additional discussion of its structure and function is
omitted for brevity.

[0015] © - Figure 2 depicts the functional aspects of the transformer
protector 12. A fault interrupting device 22 and associate operating mechanism
24 is coupled in series with to the primary side 16 electrical conductor 26. The
fault interrupting device 22 may be a vacuum interrupter or other suitable device
capable of interrupting a current fault on the primary side within the rating of the
transformer protector 12. A curren{ sensor 28 is operably disposed in relation to
the electrical conductor 26 to sense the magnitude of current flow in the
conductor 28 and to provide a comesponding signal to a controller 30. The
current sensor 28 may also be configured to harvest electric power from the
conductor 26 to power the controller 30 and the operating mechanism 24. The
controller 30 is coupled to the current sensor 28 to receive the signal and has an
output coupled to the operating mechanism 24 to operate the fault interrupting

device 22 in accordance with a protection strategy.
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[0016] The controller 30 includes (not depicted) an application
specific processing device or general purpose processor coupled with a memory
containing operating instructions upon which the processor acts to affect
operation of the transformer protector 12. In this regard, the processor is
operable responsive to receipt of the signal from the current sensor 28 to
determine the presence of a fault condition, e.g., current in excess of a threshold
value for a predetermined period of time, and to cause operation of the fault
interrupting device to interrupt the flow of current into the transformer 10. The
fault interrupting device may be configured to be resettable, in an automated
manner or responsive to a signal from the controller 30, to close the fault .
interrupter after one or more interruptions to restore current flow to the
transformer 10. This allows the transformer protector to restore electric service
should the fault be transitory. Under certain conditions, the fault interrupter may
be held open or “locked out” to prevent coupling of current to the transformer 10
until an investigation of the cause of the fault may be determined and rectified,
and/or the condition of the transformer assessed.

[0017] In accordance with the herein described embodiments and
with reference to Figure 3, the controller 30 may be provided with at least one
and preferably several response curves responsive to which the controller 30
causes operation of the fault interrupting deviée 22 to interrupt current flow. The
curves are typically referred to as time-current-characteristic (TCC) curves. The
curve 40 is an exemplary “T" speéd fuse link that is capable of carrying the cold
load pickup current. Once selected, it defines the remaining fuse shape. A fuse
configured with this curve responds “inétantaneously” for fault current above 1
kKA.

{0018] The curve 42 is exemplary of a fuse curve defined in
accordance with the herein described embodiments. It has a pickup current of
11-12 A, and an instantaneous response at 88 A vastly speeding up the
response for currents from 88 A up to 1000 A. The curve 42 is a very inverse C3

Date Recue/Date Received 2023-04-11



curve which has a response similar to the T speed fink in the intermediate current

-

range.
[0019] The curve 44 is an altemate curve in accordance with the

herein described embodiments with the same pickup and instantaneous
response but with a faster response in the intermediate range (U4 extremely
inverse) and this provides faster response for the secondary fault current below
88 A.

[0020] The curve 46 is the transformer damage curve based on the
transformer withstand for secondary faults. The classic T speed fuse link only
provides protection for faults above 50 A or about 60% or more of the available
secondary fault current. The curve 46 from this disclosure provides protection for
a wider range of secondary fault currents but is operating at the limit of the

damage curve.
[0021] U The curve 44 appears to provide better protection curve over
the entire secondary fault current range in comparison to the curves 40, 42 or 46.
[0022] -A simple approach, therefore, to curve selection, is to create

a protection curve that is rated based on the transformer size at a give voltage.
For example, a protection curve “25 kVA-15kV" meaning a curve for a 25 kVA
transformer at 15KV system voltage. The curve will have specific settings:

1. A minimum long term response that is 3 times the full load current rating of
the transformer. For this transformer, the full load current 3.5 A and the
minimum response current would be 11 A (round number setting)

2. Ainverse time current setting that mimics the T speed fuse link response

3. Ainstantaneous response characteristic for all currents that are 25 times

the full load current or 88 A.

[0023] ~ selection of curves in accordance with this strategy would

provide the fastest protection for any high current faults on the primary side of the
transformer while not falsely operating on magnetizing inrush or cold load inrush
up to 1.5 times the rating of the transformer. It is noted that these numbers and
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curves 42-46 are exemplary. In accordance with the herein described
embodiments a simplified protection rating for a transformer protector 30 uses
the transformer kVA rating and a specific curve with both an inverse curve and
instantaneous response setting that provides the closest protection based on a
fixed ratio to the transformer full load current. The fixed ratio number may be
refined in view of an overall proteclion strategy, or the inveréé characteristic may
be refined from the classic fuse curve to define the optimum protection under
specific application rules,

[0024] The foregoing discussion discloses and describes merely
exemplary embodiments of the present disclosure. One skilled in the art will
readily recognize from such discussion and from the accompanying drawings
and claims that various changes, modifications and variations can be made
therein without departing from the spirit and scope of the disclosure as defined in

the following claims.
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WHAT IS CLAIMED IS:

1. An electric power distribution system having a transformer disposed between a
primary distribution side at a first voltage and a secondary distribution side at a second
voltage, the transformer being configured to transform the first voltage from the first
voltage on the primary side to the second voltage on the secondary side, the system

comprising:

a transformer protector disposed between the primary distribution conductor and
the transformer, the transformer protector having a housing containing operatively
coupled a current sensor, a controller and a fault interrupter, wherein the current sensor is
operably coupled to the primary conductor to provide to the controller a primary

conductor current signal corresponding to a primary side conductor current,

wherein the controller is configurable with a first fault interrupting response, a
second fault interrupting response, and a third fault interrupting response, responsive to
which the controller is operable to affect operation of the fault interrupter to interrupt

current flow through the transformer, and

wherein the first fault interrupting response has a pickup response at a pickup
current level and an instantaneous response above a threshold fault current level, the
second fault interrupting response has the pickup response and the instantaneous response
and a second intermediate response at an intermediate current level between the pickup
current level and the instantaneous current level, wherein the second intermediate
response is faster in time than a first intermediate response in time of the first fault
interrupting response, and the third fault interrupting response corresponds to a

transformer damage prevention response.

2. The electric power distribution system of claim 1, wherein the second
intermediate response is optimized for a range of transformer secondary side current

faults.

3. The electric power distribution system of claim 1, wherein instantaneous response

current level is a multiple of a full load current rating of the transformer.
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4. The electric power distribution system of claim 1, wherein the second fault
interrupting response comprises a long-term response current level, wherein the long-

term response current level is a multiple of a full load current rating of the transformer.

5. The electric power distribution system of claim 1, wherein a portion of the second

intermediate response mimics a portion f the transformer damage prevention response.
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