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ADVANCED RELAY LOGIC

SCOPE

This paper will discuss three specific distribution applications where a combination of relay inputs and outputs
and internal logic has been used to replace traditional auxiliary devices such as toggle switches, lockout relays
and latching relays. The first application will discuss how toggle switches used in SRP Distribution switchgear
have been replaced with a combination of pushbuttons and internal relay logic. In addition, we will show how
the feeder breaker schemes have been impacted by new technology. The second application will discuss how
breaker failure lockout relays have been functionally replaced with a combination of normally closed contacts
and relay logic. The third application will discuss how an existing potential transfer scheme that used under
voltage relays and auxiliary latching relays has been replaced by a single relay with multiple contacts and
internal relay logic.

Distribution Switchgear

SRP has implemented several standard distribution designs using metal clad switchgear configuration with four
feeders and a main breaker. As the technology and capability of both the relays and RTU advanced so did many
of the standard breaker schemes. Traditionally, SRP Distribution feeders had functions such as reclosing and
ground relay disable that were implemented with traditional toggle switches and supervisory control relays. In
order to understand these functions, we will briefly cover SRP’s distribution protection philosophy. At SRP, we
use a traditional fuse saving scheme that allows our feeders to trip on an instantaneous phase or ground over
current element. The Instantaneous element is set low enough to pick up for most distribution faults. After the
first trip, the feeder will instantaneously reclose(usually around 5 cycles). After the first feeder reclose, the
instantaneous phase and ground over current elements are blocked and the feeder will trip on a phase or ground
time over current. The phase and ground time over current elements are coordinated with fuses on the feeder
laterals. If a fault is downstream from the fuse, the fuse will blow before the time element on the feeder has a
chance to trip. If the fault is not downstream from a fuse, the feeder will trip on its time over current element. If
the feeder trips after the 15 second reclose, the reclose relay will lockout. In the lockout state, the instantaneous
element is enabled.

(51G) Ground Relay Disable

Ground relay disable refers to the ability to disable a ground time over current element on a distribution feeder.
During switching operations it was possible that unbalanced load could be high enough to cause a ground time
over current element to pick up and trip a feeder. As you can see in figure 1, the old electromechanical/ solid
state schemes would allow you to block the ground time over current element either through a local toggle
switch or via a supervisory control relay. In addition to blocking the ground time element, the scheme would
allow the instantaneous ground element to trip during the entire reclose cycle. Enabling the instantaneous
element allowed the feeder to trip during high magnitude ground faults. However, we still did not have
protection for lower magnitude ground faults. In order to provide protection for low magnitude ground faults,
SRP decided to install a 2™ Ground Relay on the Transformer (see figure 2). The second ground relay 51G2/2
pick ups an auxiliary 51G2X relay that would trip all of the feeders off the transformer. The trip on the second
ground relay is only enabled if the feeder breaker is in the ground relay disabled state. The second ground relay
was set to pick up before the normal transformer ground over current relay. If the transformer was subjected to
enough unbalanced load, the o ground relay would trip any of the feeders that had their ground relays
disabled. The 2™ ground relay would prevent the loss of entire bay if a feeder had a ground relay out of service
and a low magnitude ground fault occurred. The electromechanical/solid state relay schemes to implement this
ground relay disable were rather complex. The first integrated design modified the ground relay disable by
moving the 2™° Ground protection from the transformer to the feeder relay and using an alternate setting group
to desensitize the feeder ground element. The first integrated design kept the traditional toggle switches. The
toggle switch was wired to an input on the relay. The input was masked to drive the relay into this alternate
setting group. The alternate setting desensitized the ground relay by increasing the time dial and pick up of the

2




ADVANCED RELAY LOGIC

normal ground over current (See figure 8). The second integrated design eliminated the toggle switches
completely and used a pushbutton interface and internal relay logic to turn off one ground over current element
and turn on a second ground over current element. The second integration project used a relay with multiple
ground over current elements. The number of over current elements available combined with the ability to turn
those elements on and off allowed us to avoid using multiple setting groups.

(79)Reclosing

Traditional, electromechanical designs allowed reclosing to be disabled from supervisory control or from local
control using toggle switches and supervisory control relays. The reclose enable/disable schemes were fairly
straight forward. The first integrated design modified our traditional reclosing by enabling a second
instantaneous element that would drive the feeder to lockout immediately if the fault current was high enough in
magnitude. This setting was approximately 70 percent of a maximum bus fault. The first design kept the
traditional toggle switches and used the internal reclosing function imbedded in the microprocessor relay to
mirror the traditional reclosing logic. The second integrated design mirrored the reclosing logic in the first
design but implemented the local functions using pushbutton controls on the relay instead of external toggle
switches.

43S Supervisory/Local Switch

Our feeder breakers also use a 43S switch that allows us to disable/block commands from supervisory control.
Traditionally, the 43S switch had contacts wired in series with the supervisory control relays. In the traditional
design, the functions were blocked electrically. The first integration maintained the use of toggle switches to
implement this function. In some cases, the first integration was forced to keep these toggle switches due to the
limitations of the relay logic. In the second design, the 43S status was implemented via a logical latch that
would block supervisory commands. The latch was set by a pushbutton control on the front of the relay.

Cold Load

The first integrated design implemented a new function called cold load protection. Cold Load is a permanent
setting that can be enabled locally as well as remotely. Cold Load would change the pickup of the ground relay
on the feeders and change the time dial of both the ground and phase over current elements. Any time a feeder
was placed in a cold load state the corresponding over currents on the transformers would be raised as well. The
idea was to enable a temporary over load situation on a particular feeder or bay. SRP had experienced
operational situations that required one bay to pick up load off another bay. Using Cold Load would give the
ability to pick up the lost load off the adjacent bay. Cold Load was implemented in the first integration project
by using toggle switches to drive the relay to a separate setting group. The separate setting group had a different
set of over current elements that provided the cold load protection. The second integration project went one step
farther by using pushbutton controls and internal relay logic to implement these same functions. The second
integration was able to eliminate these toggle switches completely. The elimination of the toggle switches in
combination with the internal relay Logic reduced the external wiring required in the first design.

Relay Logic

The second integrated design implemented several new ideas. The second design did not use alternate setting
groups to provide cold load and ground relay disable. The second design was able to use a combination or
torque control equations and logical latches to enable and disable the required over current elements. The
latches were used to latch control points either by local command via the pushbutton control or by supervisory
commands. This provided the user the ability to monitor all the control points either from remote or via the local
pushbuttons. Most Control functions were implemented using logical latches which retain their state after a
reboot of the relay. It could be thought that the traditional toggle switch and supervisory control relay was
replaced by a virtual latch programmed in the relay logic.
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Figure 3 — First Integration Design using traditional toggle switches
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Breaker Failure Application
After the successful use of the pushbutton control and logical latches used in the feeder applications, we started
to consider other applications were external devices could be eliminated. One idea that presented itself was 69
KV breaker failure relays in our Distribution Substations. SRP’s Standard Distribution Substation has up to four
69 KV Line Breakers with a single 69 KV Bus Tie Breaker (See figure 12 and 13). Traditionally, SRP had used
separate breaker failure relays on 69 KV Line Breakers. Each breaker failure relay had an associated lockout
that would trip and block the closing of all 69 KV breakers that were associated with the failed breaker.

69 KV Breaker Schematic

The 69 KV line breakers do not have a very complex trip scheme. Each 69 KV line breaker is tripped by a
primary and backup line relay as well as a bus differential Relay. At SRP, we use either a full or partial 69 KV
bus differential relay. Breaker failure protection is only initiated for a relay trip condition. We do not initiate
breaker failure protection for a control switch or supervisory trip condition. In order to isolate the relay trip, a
breaker would have a diode wired in the trip path to isolate a relay trip condition from a control switch trip or a
supervisory control trip. On the relay trip side of the diode an auxiliary voltage relay is wired to detect any relay
trip condition (See Figure 15). The breaker failure relay logic was fairly simplistic, if the auxiliary breaker
failure initiate (62X) picked up and the current on the breaker was high enough in magnitude, the breaker
failure logic would initiate. If the current did not dissipate within 9 cycles, a breaker failure condition would be
declared and a lockout would operate. The lockout would trip and block close of all the associated back up
breakers. In addition, the lockout was wired to send a transfer trip signal to the breaker at the remote end of the
line.

With the evolution of the low-impedance bus differential relays some manufacturers began to incorporate the
breaker failure function in the Bus Differential Relay. At SRP, we had been using a four winding low
impedance bus differential relay at our distribution substations for a couple of years. The four windings
provided enough current inputs to implement either a full or partial bus differential depending on the number of
breakers present at the Station. This standard bus differential relay did not have the breaker failure algorithms
imbedded in the relay.

After reviewing the existing algorithms used in the standard breaker failure relay it became obvious that the
same logic could be implemented in the existing Bus Differential Relay. The standard breaker failure relay
used an instantaneous phase and ground over current element in combination with a breaker failure initiate input
and a timer to provide the breaker failure protection. It was clear that the internal logic and elements in the
standard Bus Differential could be configured to mirror the dedicated breaker failure relay. After some review,
it also became obvious that we could eliminate the breaker failure lockouts by using normally closed contacts
on the Bus Differential Relay to block close of the 69 KV breakers. We decided to set a logical latch if a
breaker failure trip condition was declared, the latch would be reset by depressing a target reset pushbutton on
the Bus Differential relay. The latch would be programmed to close outputs already wired into the breaker trip
scheme. The same latch would open a normally closed contact in the breaker close scheme to prevent a breaker
close operation. In addition, we used other contacts off the bus differential relay to send a transfer trip to the
remote end of the line and alarm the breaker failure trip to our operations center. The Bus Differential relay had
enough contacts to trip and block close of each of the 69 KV breakers. In addition, we wired separate contacts
off both of the 69 KV Line Relays to an input on the Bus Differential this would serve as our breaker failure
initiate(See Figure 14). This modification allowed us to eliminate the diode and the auxiliary voltage relay in
the breaker trip scheme. The result of these modifications has eliminated a breaker failure relay, lockout relay,
diode, and a auxiliary voltage relay in all of our 69 KV Line Breaker Schemes. We still use a breaker failure
relay, lockout relays, diodes and auxiliary voltage relays in our transmission stations due to the number of
breakers off a single bus.
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Figure 14 — Tradltlonal Breaker Failure Scheme with Lockout on left, Modified Bus Differential on Right
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Figure 16 — New 69 KV Breaker Scheme with breaker failure logic imbedded in 11B relay
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Potential Transfer Scheme
SRP has used an automatic potential transfer scheme in its distribution substations for several years. SRP’s
standard distribution substation had two sets of potential transformers one on each bus section. The standard
potential transfer scheme consisted of two independent under voltage relays for transferring potential for line
relaying and metering quantities from one set of potential transformers to another set of potential transformers.
This automatic transfer would ensure that the relaying and metering quantities would be operating correctly if
one or the other set of potential transformers was lost or de-energized. In the late 1990s, one of the senior
engineers in the protection department developed a scheme that used a single relay combined with multiple
form C style contacts to implement the same function that previously, required multiple devices. The relay had
to be ordered with multiple I/O contacts to mimic the existing contacts on the auxiliary latching relay. After the
first installation of this scheme, it was decided to make it a standard scheme with some minor modifications.
This modification allowed us to eliminate two under voltage relays and two auxiliary latching relays with a
single relay. In some respects, the relay logic created a virtual latching relay.
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Figure 17 — Potential Transfer Scheme using single relay on left and multiple relays 47 and auxiliary device 83 on right.
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Conclusion
Advances in relay technology have had a profound impact on power system design. At SRP, it is easy to see the evolution of this
technology and the impact on our standard designs. In some cases, this technology has allowed us to save significant money by
integrating functions and eliminating auxiliary devices. As the technology continues to advance so will the versatility of the relays and
in the future even more functions can be incorporated into a single device. As protection engineers, we need to be cautious and
approach our designs in such a way as to save money and eliminate devices but also continue to provide redundancy and reliability.
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