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Chapter 1: Getting Started

1.1 Important Procedures

1.1.1 Cautions and Warnings

Please read this chapter to guide you through the initial setup of your new relay.

Before attempting to install or use the relay, it is imperative
that all WARNINGS and CAUTIONS in this manual are reviewed

WARNING cauTion to help prevent personal injury, equipment damage, and/or
downtime.

1.1.2 Inspection Checklist
> Open the relay packaging and inspect the unit for physical damage.

> View the rear nameplate and verify that the correct model has been
ordered.

> Ensure that the following items are included:
¢ Instruction Manual
e GE EnerVista CD (includes software and relay documentation)
e Mounting screws.

For product information, instruction manual updates, and the latest software updates,
please visit the GE Multilin website at http://www.GEmultilin.com.

If there is any noticeable physical damage, or any of the contents listed are missing,

- please contact GE Multilin immediately.
NOTE

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL 1-1
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IMPORTANT PROCEDURES

CHAPTER 1: GETTING STARTED

Manual Organization

Reading a lengthy instruction manual on a new product is not a task most people enjoy. To
speed things up, this introductory chapter provides a step-by-step tutorial for a simple
feeder application. Important wiring considerations and precautions discussed in Electrical
Installation on page 3-8 should be observed for reliable operation. Detailed information
regarding accuracy, output relay contact ratings, and so forth are detailed in Specifications
on page 2-11. The remainder of this manual should be read and kept for reference to
ensure maximum benefit from the 750 and 760. For further information, please consult
your local sales representative or the factory. Comments about new features or
modifications for your specific requirements are welcome and encouraged.

Setpoints and actual values are indicated as follows in the manual:
A2 METERING >V DEMAND [> PHASE A CURRENT [> LAST PHASE A CURRENT DEMAND

This ‘path representation’ illustrates the location of an specific actual value or setpoint with
regards to its previous menus and sub-menus. In the example above, the LAST PHASE A
CURRENT DEMAND actual value is shown to be a item in the Phase A Current sub-menu,
which itself is an item in the Demand menu, which is an item of actual values page A2
Metering).

Sub-menu levels are entered by pressing the MESSAGE P> key. When inside a sub-menu,
the 4 MESSAGE key returns to the previous sub-menu. The MESSAGE ¥ and MESSAGE A
keys are used to scroll through the settings in a sub-menu. The display indicates which
keys can be used at any given point. A summary of the menu structure for setpoints and
actual values can be found on pages 5-1 and 6-1, respectively.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 1: GETTING STARTED USING THE RELAY

1.2 Using the Relay

1.2.1 Menu Navigation

The relay has three types of display messages: actual values, setpoints, and target
messages.

Setpoints are programmable settings entered by the user. These types of messages are
located within a menu structure that groups the information into categories. Navigating
the menu structure is described below. A summary of the menu structure for setpoints and
actual values can be found in Setpoints Main Menu on page 5-1 and Actual Values Main
Menu on page 6-1, respectively.

Actual values include the following information:

1. The status of logic inputs (both virtual and hardware), last trip information,
fault location, and relay date and time.

2. Metering values measured by the relay, such as current, voltage, frequency,
power, energy, demand, and analog inputs.

3. Maintenance data. This is useful statistical information that may be used for
preventive maintenance. It includes trip counters and accumulated arcing
current.

4. Event recorder downloading tool.

5. Product information including model number, firmware version, additional
product information, and calibration dates.

6. Oscillography and data logger downloading tool.
7. Alist of active conditions.

Alarms, trip conditions, diagnostics, and system flash messages are grouped under Target
messages.

D> Press the MENU key to access the header of each the three main menus
(for setpoints, actual values, and target messages), displayed as follows:

m SETPOINTS [>1

m ACTUAL VALUES [>1

B TARGET MESSAGES [D]

> Press the MENU key to display the header for the setpoints menu, then
press the MESSAGE P key to display the header of the first setpoints
page.
The setpoint pages are numbered, have an ‘S’ prefix for easy
identification, and have a name which provides a general idea of the
settings available in that page.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL 1-3



USING THE RELAY CHAPTER 1: GETTING STARTED

D> Press the MESSAGE ¥ and MESSAGE A keys to scroll through all the
available setpoint page headers.

m SETPOINTS [>1
S1 RELAY SETUP

Press the MESSAGE P key to enter the corresponding page. Press the MESSAGE W
and MESSAGE A keys to scroll through the page headers until the required message
is reached. The end of a page is indicated by the message END OF PAGE Sn, where n
represents the number of the setpoints page.

D> Press the MENU key to display the header for the actual values menu,
then press the MESSAGE P key to display the header for the first actual
values page. The actual values pages are numbered, have an ‘A’ prefix
for easy identification and have a name which gives a general idea of the
information available in that page. Pressing the MESSAGE ¥ and
MESSAGE A keys will scroll through all the available actual values
page headers.

m ACTUAL VALUES [>1
Al STATUS

Press the MESSAGE P key to enter the corresponding page. Press the MESSAGE ¥
and MESSAGE A keys to scroll through the page headers until the required message
is reached. The end of a page is indicated by the message END OF PAGE An, where n
represents the number of the actual values page.

D> Select the actual values menu and press the MESSAGE P key to enter
the first page. Press the MESSAGE ¥ or MESSAGE A keys until the A2
METERING page appears.

m ACTUAL VALUES [>1
A2 METERING

> Press the MESSAGE P key to display the first sub-page heading for Page
2 of actual values.

B CURRENT [>1

> Press the MESSAGE ¥ and MESSAGE A keys to scroll the display up
and down through the sub-page headers. Pressing the 4« MESSAGE key
at any sub-page heading will return the display to the heading of the
corresponding setpoint or actual value page, and pressing it again will
return the display to the actual values main menu header.

> Press the MESSAGE V¥ key until the DEMAND sub-page heading
appears. At this point, press the MESSAGE P key to display the
messages in this sub-page.

m DEMAND [>1

1-4 750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL
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USING THE RELAY

If instead you press the MESSAGE A key, the display will return to the previous sub-
page heading; in this case,

m ENERGY [>1

When the symbols B and [>1 appear on the top line, it indicates that additional sub-
pages are available and can be accessed by pressing the MESSAGE P key. Pressing
MESSAGE P while at the Demand sub-page heading displays the following:

m PHASE A [>1
CURRENT

D> Press the 4 MESSAGE key to return to the Demand sub-page heading.

D> Press the MESSAGE W key to display the actual values of this second
sub-page. Actual values messages and setpoints always have a colon
separating the name of the value and the actual value or setpoint. This
particular message displays the last Phase A current demand as
measured by the relay.

LAST PHASE A CURRENT
DEMAND: 0 A

The menu path to this value is shown as A2 METERING [>V DEMAND [> PHASE A
CURRENT [> LAST PHASE A CURRENT DEMAND. Setpoints and actual values messages
are referred to in this manner throughout the manual.

To summarize the above example, the A2 METERING >V DEMAND [> PHASE A CURRENT
I> LAST PHASE A CURRENT DEMAND path representation describes the following key-
press sequence: press the MENU key until the actual values menu header is displayed,
then press the MESSAGE » and MESSAGE V¥ keys until the A2 METERING message
is displayed, then press the MESSAGE » and MESSAGE V¥ keys to display the
DEMAND message, then press the MESSAGE P key to reach the PHASE A CURRENT
message, followed by MESSAGE » one last time to display the LAST PHASE A CURRENT
DEMAND actual value.

D> Press the MESSAGE V¥ key to display the next actual value message.

D> Press the MESSAGE ¥ or MESSAGE A keys to scroll the display
through all the actual value displays in this second sub-page.

MAX PHASE A CURRENT
DEMAND: 0 A

[> Press the 4 MESSAGE key to reverse the process described above and
return the display to the previous level.

m PHASE A [>1
CURRENT
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D> Press the « MESSAGE key twice to return to the A2 METERING [>V

DEMAND sub-page header.

® DEMAND

(>1

Panel Keying Example

The following figure gives a specific example of how the

keypad is used to navigate

through the menu structure. Specific locations are referred to throughout this manual by
using a ‘path representation’. The example shown in the figure gives the key presses
required to read the total arcing current in phase B denoted by the path A3 MAINTENANCE

[>¥ ARCING CURRENT >V TOTAL ARCING CURRENT @B.

D> Press the menu key until the relay displays the actual values page.

B ACTUAL VALUES

[>1

Press the MESSAGE @ key

®m ACTUAL VALUES
Al STATUS

[>1

Press the MESSAGE €& key

B ACTUAL VALUES
A2 METERING

[>1

Press the MESSAGE €& key

| |
ACTUAL VALUES [>1 MESSAGE@ B TRIP COUNTER [>1
A3 MAINTENANCE
| |
MESSAGE €2 ARCING CURRENT [D>] MESS AGE@
MESSAGE &>

TOTAL ARCING CURRENT
A 0ka? - cycle

TOTAL ARCING CURRENT

oB: 0kA? - cycle
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1.3 Changing Setpoints

1.3.1 Introduction

There are several classes of setpoints, each distinguished by the way their values are
displayed and edited.

The relay's menu is arranged in a tree structure. Each setting in the menu is referred to as a
setpoint, and each setpoint in the menu may be accessed as described in the previous
section.

The settings are arranged in pages with each page containing related settings; for
example, all the Phase Time Overcurrent 1 settings are contained within the same page. As
previously explained, the top menu page of each setting group describes the settings
contained within that page. Pressing the MESSAGE keys allows the user to move between
these top menus. A complete editable setpoint chart is available as an Excel spreadsheet
from the GE Multilin website at http://www.GEmultilin.com.

All of the 750/760 settings fall into one of following categories: device settings, system
settings, logic input settings, output relay settings, monitoring settings, control settings,
and testing settings.

¥ IMPORTANT NOTE: Settings are stored and used by the relay immediately after they are

' entered. As such, caution must be exercised when entering settings while the relay is in
service. Modifying or storing protection settings is not recommended when the relay is
in service, since any incompatibility or lack of coordination with other previously saved
settings may cause unwanted operations.

NOTE

Now that we have become more familiar with maneuvering through messages, we can
learn how to edit the values used by all setpoint classes.

Hardware and passcode security features are designed to provide protection against
unauthorized setpoint changes. Since we will be programming new setpoints using the
front panel keys, a hardware jumper must be installed across the setpoint access terminals
(C10 and C11) on the back of the relay case. Attempts to enter a new setpoint without this
electrical connection will result in an error message.

The jumper does not restrict setpoint access via serial communications. The relay has a
programmable passcode setpoint, which may be used to disallow setpoint changes from
both the front panel and the serial communications ports. This passcode consists of up to
eight (8) alphanumeric characters.

The factory default passcode is “0”. When this specific value is programmed into the relay it
has the effect of removing all setpoint modification restrictions. Therefore, only the
setpoint access jumper can be used to restrict setpoint access via the front panel and
there are no restrictions via the communications ports.

When the passcode is programmed to any other value, setpoint access is restricted for the
front panel and all communications ports. Access is not permitted until the passcode is
entered via the keypad or is programmed into a specific register (via communications).
Note that enabling setpoint access on one interface does not automatically enable access
for any of the other interfaces (i.e., the passcode must be explicitly set in the relay via the
interface from which access is desired).
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A front panel command can disable setpoint access once all modifications are complete.
For the communications ports, writing an invalid passcode into the register previously
used to enable setpoint access disables access. In addition, setpoint access is
automatically disabled on an interface if no activity is detected for thirty minutes.

The EnerVista 750/760 Setup software incorporates a facility for programming the relay's
passcode as well as enabling and disabling setpoint access. For example, when an
attempt is made to modify a setpoint but access is restricted, the software will prompt the
user to enter the passcode and send it to the relay before the setpoint is actually written to
the relay. If a SCADA system is used for relay programming, it is the programmer’s
responsibility to incorporate appropriate security for the application.

1.3.2 The HELP Key

Pressing the HELP key displays context-sensitive information about setpoints such as the
range of values and the method of changing the setpoint. Help messages will
automatically scroll through all messages currently appropriate.

1.3.3 Numerical Setpoints

Each numerical setpoint has its own minimum, maximum, and step value. These
parameters define the acceptable setpoint value range. Two methods of editing and
storing a numerical setpoint value are available.

The first method uses the 750/760 numeric keypad in the same way as any electronic
calculator. A number is entered one digit at a time with the 0 to 9 and decimal keys. The
left-most digit is entered first and the right-most digit is entered last. Pressing ESCAPE
before the ENTER key returns the original value to the display.

The second method uses the VALUE A key to increment the displayed value by the step
value, up to a maximum allowed and then wraps around to the minimum value. Likewise,
the VALUE V¥ key decrements the displayed value by the step value, down to a minimum
value and then wraps around to the maximum value.

For example:

> Select the S2 SYSTEM SETUP [>V BUS VT SENSING > NOMINAL VT
SECONDARY VOLTAGE setpoint message.

NOMINAL VT SECONDARY
VOLTAGE: 120.0 V

D> Press the 6, 3, decimal, and 9 keys.
The display message will change as shown.

NOMINAL VT SECONDARY
VOLTAGE: 63.9 V
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Until the ENTER key is pressed, editing changes are not registered by the relay.

> Therefore, press the ENTER key to store the new value in memory.
This flash message will momentarily appear as confirmation of the
storing process. If 69.28 were entered, it would be automatically
rounded to 69.3.

NEW SETPOINT
STORED

1.3.4 Enumeration Setpoints

Enumeration setpoints have data values which are part of a set whose members are
explicitly defined by a name. A set is comprised of two or more members. Enumeration
values are changed using the VALUE keys.

For example:

> Move to the S2 SYSTEM SETUP [>V BUS VT SENSING > VT CONNECTION
TYPE setpoint message.

VT CONNECTION TYPE:
Wye

> Press the VALUE A key until the “Delta” value is displayed as shown
(in this manual, setpoint values are always shown in double quotation
marks).

VT CONNECTION TYPE:
Delta

> Press the ENTER key to store this change into memory.
As before, confirmation of this action will momentarily flash on the
display.

NEW SETPOINT
STORED

The example shown in the following figures illustrates the key presses required to enter
system parameters such as the phase CT primary rating, ground CT primary rating, bus VT
connection type, secondary voltage, and VT ratio.

The following values will be entered:

Phase CT primary rating: 650 A
Ground CT primary rating: 100 A
Bus VT connection type: Delta
Secondary voltage: 115V

VT Ratio: 14400/ 115 =125.2

To set the phase CT primary rating, modify the $2 SYSTEM SETUP [> CURRENT SENSING >
PHASE CT PRIMARY setpoint as shown below.
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D> Press the MENU key until the relay displays the setpoints menu header.

m SETPOINTS [>1

Pres MESSAGE »

m SETPOINTS [>1
S1 RELAY SETUP

Press MESSAGE ¥

B SETPOINTS [>1 |Press B CURRENT [>1 |Press PHASE CT PRIMARY:
S2 SYSTEM SETUP MESSAGE » SENSING MESSAGE > |1000 A
Press the VALUE keys until 650 A is displayed, or enter the |PHASE CT PRIMARY:
value directly via the numeric keypad. 650 A
Press the ENTER key to store the setpoint. NEW SETPOINT
STORED

To set the ground CT primary rating, modify the S2 SYSTEM SETUP [> CURRENT SENSING >V
GROUND CT PRIMARY setpoint as shown below.

D> Press the MENU key until the relay displays the setpoints menu header.

m SETPOINTS [>1

>Press MESSAGE »

m SETPOINTS [>1
S1 RELAY SETUP

>Press MESSAGE ¥

B SETPOINTS [>1 [Press H CURRENT [>1 |Press PHASE CT PRIMARY:
S2 SYSTEM SETUP MESSAGE » SENSING MESSAGE » (1000 A
Press GND CT PRIMARY:

MESSAGE V|50 A

Press the VALUE keys until 100 A is displayed, or enterthe |GND CT PRIMARY:

value directly via the numeric keypad. 100 A
Press the ENTER key to store the setpoint. NEW SETPOINT
STORED

To set the ground bus VT connection type, modify the S2 SYSTEM SETUP >V BUS VT SENSING
> VT CONNECTION TYPE setpoint as shown below.
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Press MENU

® SETPOINTS

[>1

Press MESSAGE »

B SETPOINTS
S1 RELAY SETUP

[>1

Press MESSAGE ¥

® SETPOINTS
S2 SYSTEM SETUP

[>1

CHANGING SETPOINTS

D> Press the MENU key until the relay displays the setpoints menu header.

Press B CURRENT [>1
MESSAGE | SENSING

Press m BUS VT SENSING [D]
MESSAGE ¥

Press the VALUE keys until the value of “Delta” appears on

the display.

Press the ENTER key to store the setpoint.

Press
MESSAGE »

VT CONNECTION TYPE:
Wye

VT CONNECTION TYPE:
Delta

NEW SETPOINT
STORED

To set the secondary voltage, modify the s2 SYSTEM SETUP [>V BUS VT SENSING >V
NOMINAL VT SECONDARY VOLTAGE setpoint as shown below.

Press MENU
m SETPOINTS [>1
Press MESSAGE »
m SETPOINTS [>1
S1 RELAY SETUP
Press MESSAGE ¥
m SETPOINTS [>1 |Press
S2 SYSTEM SETUP MESSAGE »
Press
MESSAGE ¥

D> Press the MENU key until the relay displays the setpoints menu header.

B CURRENT [>1
SENSING
m BUS VT SENSING [D>]|Press
MESSAGE P
Press
MESSAGE ¥

Press the VALUE keys until 115.0 V is displayed, or enter the

value directly via the numeric keypad.

Press the ENTER key to store the setpoint.

VT CONNECTION TYPE:
Wye

NOMINAL VT SECONDARY
VOLTAGE: 120.0 V

NOMINAL VT SECONDARY
VOLTAGE: 115.0 V

NEW SETPOINT
STORED

To set the VT ratio, modify the $2 SYSTEM SETUP [>V BUS VT SENSING >V VT RATIO setpoint

as shown

below.
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D>Press the MENU key until the relay displays the setpoints menu header.
Press MENU

m SETPOINTS [>1

Press MESSAGE »

m SETPOINTS [>1
S1 RELAY SETUP

Press MESSAGE ¥

B SETPOINTS [>] [Press B CURRENT [>1
S2 SYSTEM SETUP MESSAGE » SENSING
Press m BUS VT SENSING [D>]|Press VT CONNECTION TYPE:
MESSAGE ¥ MESSAGE p [Wye

Press NOMINAL VT SECONDARY
MESSAGE ¥V |VOLTAGE: 120.0 V

Press VT RATIO:
MESSAGE ¥(120.0:1

Press the VALUE keys until 125.2:1 is displayed, or enter the |VT RATIO:

value directly via the numeric keypad. 125.2:1
Press the ENTER key to store the setpoint. NEW SETPOINT
STORED

If an entered setpoint value is out of range, the relay displays the following message:

OUT-OF RANGE -
VALUE NOT STORED

To have access to information on maximum, minimum, step value, and information on
technical support, press the HELP key. For the previous example, pressing the HELP key
during setpoint entry displays the corresponding minimum, maximum and step values for
the displayed setpoint, as well as contact information if further assistance is required.
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For example, the help screens for the PHASE CT PRIMARY setpoint are shown below:

PHASE CT PRIMARY:
1000 A

Press HELP MIN: 1

MAX: 5000

Press HELP IN STEPS OF:

1

Press HELP PRESS [0]-[9] OR

[VALUE AV] TO EDIT

Press HELP PRESS [ENTER] TO

STORE NEW VALUE

Press HELP FOR FURTHER HELP

REFER TO MANUAL

Press HELP INTERNET ADDRESS

www.GEmultilin.com

Press HELP TECH SUPPORT

Tel: (905) 294-6222

Press HELP TECH SUPPORT

Fax: (905) 201-2098

1.3.5 Output Relay Setpoints

Each output relay setpoint has the Auxiliary Output Relays 3 to 7 associated with it. Each
can be toggled on or off individually, so that any combination of relays can be activated
upon detection of the initiating condition. Output relay configuration type values are
changed by using the 3 to 7 keys. Each key toggles the display between the corresponding
number and a hyphen.

> Select the S5 PROTECTION [> PHASE CURRENT [> PHASE TIME
OVERCURRENT 1>V PHASE TIME O/C 1 RELAYS (3-7) setpoint message.

PHASE TIME O/C 1
RELAYS (3-7): -----

D> If an application requires the Phase TOC protection element to operate
the Auxiliary Output 3 relay, select this output relay by pressing the 3
key.

PHASE TIME O/C 1
RELAYS (3-7): 3----

> Press the ENTER key to store this change into memory. As before,
confirmation of this action will momentarily flash on the display.

NEW SETPOINT
STORED
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The output relay setpoint values are represented by a 1-row, 5-column matrix. For
example, a value of 3---7 activates Auxiliary Relays 3 and 7, while a value of 34567
activates all five auxiliary relays.

1.3.6 Text Setpoints

Text setpoints accept user-defined character strings as values. They may be comprised of
upper case letters, lower case letters, numerals, and a selection of special characters. The
editing and storing of a text value is accomplished with the use of the ENTER, VALUE, and
ESCAPE keys.

For example:

> Move to message $3 LOGIC INPUTS >V USER INPUT A > USER INPUT A
NAME setpoint message.
The name of this user defined input will be changed in this example
from the generic User Input A to something more descriptive.

USER INPUT A NAME:
User Input A

D> If an application is to be using the relay as a substation monitor, it is
more informative to rename this input Substation Monitor. Press the
ENTER key and a solid cursor (W) will appear in the first character
position.

USER INPUT A NAME:
HMser Input A

[> Press the VALUE keys until the character S is displayed in the first
position.

> Now press the ENTER key to store the character and advance the cursor
to the next position.

> Change the second character to a u in the same manner.

> Continue entering characters in this way until all characters the text
Substation Monitor are entered.
Note that a space is selected like a character. If a character is entered
incorrectly, press the ENTER key repeatedly until the cursor returns to
the position of the error. Re-enter the character as required.

D> Once complete, press the MESSAGE P> key to remove the solid cursor
and view the result. Once a character is entered by pressing the ENTER
key, it is automatically saved in flash memory as a new setpoint.

USER INPUT A NAME:
Substation Monitor
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1.4 Application Example

1.4.1 Description

The 750 and 760 relays contain many features designed to accommodate a wide range of
applications. This chapter is provided to guide you, the first time user, through a real-world
application. The following step-by-step installation example, provides you with a quick and
convenient way of becoming familiar with the relay.

The following example is only one of many possible applications of the 750/760 relay.
Important points to keep in mind before developing settings for any multifunction
numerical relay like the 750/760 are as follows:

e Gather system data, including, but not limited to:

- CT primary and secondary ratings for all CTs used to feed the relay
- VT primary and secondary ratings for both the bus and line VTs

- System frequency

- System phase sequence

e Define the protection elements that will be enabled. Prepare a list of protection
functions including the following information. By default, all the protection functions
must be assumed Disabled:

- pickup parameter

- operating curve (if applicable)

- time dial or multiplier

- any additional intentional time delay
- directionality (if applicable)

e Define how many output contacts will be energized in response to a given protection
function. Note that the 750/760 relay can be programmed to trip and, at the same
time, to energize one, a combination, or all five auxiliary relays during the process.

e Define if the output relays will be set as fail-safe type.

* Define if the 750/760 will be used to close the breaker. If that will be the case, gather
information on the conditions that will be used to verify synchronism.

e Define if the relay will be used to monitor the status of the breaker. It is strongly
recommended that the 750/760 always be programmed to monitor breaker status by
means of a digital input connected to the one of the 750/760 logic inputs. Use an
auxiliary contact from the breaker either a normally open contact, 52a, which is
normally in open position when the breaker is open, or a normally closed contact, 52b,
which is in closed position when the breaker is open. A combination of both can also
be utilized, adding the capability for monitoring pole discrepancy, an indication of a
potential mechanical problem within the main contact mechanism of the breaker.

e [f the relay will be used to respond to logic inputs, prepare a list including:

- logic input name
- condition by which the logic input would be considered asserted
- function that the logic input will initiate within the 750/760.

e If the relay will be used to perform Monitoring functions and act upon certain
conditions, gather information such as:
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- minimum and maximum values
- alarm and trip values

- time delays

- demand method to be used

- breaker timings

e ltisimportant to familiarize yourself with the relay control functions before setting up
the relay. Some control functions such as the Transfer scheme, which takes automatic
control of the auxiliary outputs, or the autorecloser that uses the auxiliary outputs for
specific pre-defined functions, can have an unwanted effects in the performance of
other functions within the relay.

To start, simply power on the unit, and follow the instructions in this tutorial. The example
assumes the following system characteristics. It also assumes that relay setpoints are
unaltered from their factory default values.

Refer to the following figures for schematics related to this application example.
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e Power System Data

1. System: 3o, 4 wire

2. Frequency: 60 Hz

3. Line-to-line voltage: 13.8 kV

4. Maximum current: 600 A

The above data will be used to set the relay system parameters.

e Control System Requirements

1. All protection elements used are to trip the breaker.

Breaker position monitoring via 52b contact only.

Only current metering is required.

2

3

4. Contact Inputs: Remote open and close contacts from RTU.

5. Remote/local selection from panel hand switch. Reset from RTU.
6

Alarm after 100 second delay from substation monitor. This is normally used
to signal the remote center when someone has gained access to the
substation.

7. Contact Outputs:

- Trip and close to breaker control circuit (trip and close relays).

- Relay failure alarm to RTU (self-test warning, no programming req'd).

- Alarm contact to RTU (setup in User Function for “Substation Monitor”)
- No data communications to other equipment.

The above data will be used to set the output relays to achieve breaker control and to
set digital inputs for breaker status, remote operations, remote status, and alarm
indication. The example assumes that the communications between the station and
the master control center will be done by the RTU. Alarms, status indication, and
breaker commands will be hard-wired from the relay to the RTU. Please note that,
similar information could be exchanged between the RTU and the relay via an R$485
or RS422 serial link using Modbus RTU protocol. Refer to GE Publication GEK-106473:
750/760 Communications Guide for additional information.

¢ Instrument Transformer Data
1. BusVTs: 2 x Delta connected, ratio = 14.4 kV:120 V
2. Phase CTs: 3 x Wye connected, ratio = 600:5 A

The above data will be used to set the relay system parameters, such as CT and VT
connections, VT secondary voltage, and CT and VT primary to secondary ratios.

¢  Phase Protection Settings

1. Time Overcurrent 1 (51P1): Curve Shape = Moderately Inverse; Pickup = 840 A;
Multiplier = 20.2

2. Instantaneous Overcurrent 1 (50P1): Pickup = 840 A; Phases Required = Any
Two; Delay=0s

3. Instantaneous Overcurrent 2 (50P2): Pickup = 10100 A; Phases Required = Any
Two; Delay=0s
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¢ Neutral Protection Settings

1. Time Overcurrent 1 (function 51N1):
- Curve shape = Moderately Inverse
- Pickup =120 A
- Multiplier = 10

2. Instantaneous Overcurrent 1 (function 50N1):
- Pickup=120 A
- Phases required = Any two
- Delay = 0 seconds

3. Instantaneous Overcurrent 2 (function 50N2):
- Pickup = 2000 A
- Phases required = Any two
- Delay = 0 seconds

The above data will be used to configure the relay protection. In this example, the
relay will be used for Phase and Neutral Overcurrent protection only; that is, functions
51P1, 50P1, 50P2, 51N1, 50N1, and 50N2.

In this manual, Neutral Overcurrent is to the residual current, calculated from the
currents measured at the phase CT inputs: terminals G7-H7 for phase A, G8-H8 for
phase B and G9-H9 for phase C. Since it is a calculated value, it cannot be used to
generate oscillography. Ground Overcurrent refers to the current measured at
terminals G10-H10, or at terminals G3-H3 for Sensitive Ground Overcurrent, when the
relay is fitted to measure sensitive ground current.

You should now be familiar with maneuvering through and editing setpoints. As such, we
will now limit our discussion to just the values that must be programmed, in order to meet
the requirements of the example application. Any setpoints not explicitly mentioned should
be left at the factory default value.

1.4.2 S2 System Setpoints

The S2 setpoints page contains setpoints for entering the characteristics of the equipment
on the feeder electrical system. In our example, these characteristics are specified under
the Power System Data and Instrument Transformer Data headings in the previous sub-
section. From this information and the resulting calculations, program the page S2
setpoints as indicated.

For current transformers, make the following change in the S2 SYSTEM SETUP [> CURRENT
SENSING setpoints page:

PHASE CT PRIMARY: “600 A”

Since the example does not contemplate a ground CT, the setpoints for GND CT PRIMARY,
and SENSTV GND CT can be left unchanged. For additional information refer to Current
Sensing on page 5-22.

For voltage transformers, make the following changes in the s2 SYSTEM SETUP >V BUS VT
SENSING setpoints page:
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VT CONNECTION TYPE: “Delta”
NOMINAL VT SECONDARY VOLTAGE: “115.0 V*
(for a 138 kV system, 13.8 kv / 120 = 115 V)
VT RATIO: “120:1" (14.4 KV VT5imary / 120 V VTgecondary)

For the case where Bus VTs are connected in Wye, the system settings are:

VT CONNECTION TYPE: “Wye”

NOMINAL VT SECONDARY VOLTAGE: “66.4 V" (the phase-to-neutral voltage must be
entered. For a 13.8 kV system, we have 13.8kV g-g = 7.97kV g-N; therefore, 7.97kV /
120=66.4V)

VT RATIO: “120:1" (14.4 KV VT5imary / 120V VTsecondary)

For additional information, refer to Bus VT Sensing on page 5-22.

The 750/760 was designed to display primary system values. Current and voltage
measurements are performed at secondary levels, which the relay transforms to primary
values using CT and VT ratios, as well as nominal secondary values.

Configuring the relay for current measurement is simple and it only requires setting the CT
ratios. CT inputs can be 1 A or 5 A and must be specified when the relay is purchased.
There is additional flexibility with regards to the VT inputs, as nominal values are not
required before the relay is ordered; therefore, more settings are needed to prepare the
relay for voltage measurements.

Make the following change in the s2 SYSTEM SETUP >V POWER SYSTEM setpoints page to
reflect the power system:

NOMINAL FREQ: “60 Hz"

For additional information, refer to Power System on page 5-23.

1.4.3 S3 Logic Inputs Setpoints

The S3 setpoints page is for entering the characteristics of the logic inputs. In our example,
these characteristics are specified under the Control System Requirements heading.
Program the S3 setpoints as indicated.

To properly configure the relay to respond to digital inputs, they need to be defined as
follows:

1. The digital inputs should be re-named. Changing the default names to
meaningful names is strongly recommended so they can be easily identified in
the LCD and in event reports.

2. The asserted logic must be identified. Refer to S3 Logic Inputs on page 5-26
for additional information.

3. The functionality of the logic inputs must be defined. Note that a logic input
can be utilized for more then one application.

If step 3 is not done, the relay will not perform any function, even if the logic input is
defined and the asserted logic is met. The last two steps use the following setpoints pages:
¢ S3LOGIC INPUTS >V BREAKER FUNCTIONS for breaker status.

* S3LOGIC INPUTS >V CONTROL FUNCTIONS for local/remote operations, cold load
pick up, and setpoint group changes.

* S3LOGIC INPUTS [>V USER INPUTS t0 energize output relays adding time delay.
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* S3LOGIC INPUTS >V BLOCK FUNCTION to block protection functions other than
overcurrent functions

® S3LOGIC INPUTS >V BLOCK OC FUNCTIONS to block overcurrent functions.

*  S3LOGIC INPUTS [>V TRANSFER FUNCTIONS to set inputs that will work with the
automatic transfer scheme.

¢ S3LOGIC INPUTS [>V RECLOSER FUNCTIONS (760 relay only) to set inputs to work
with the autorecloser functions.

¢ S3LOGIC INPUTS >V MISC FUNCTIONS to trigger oscillography, fault simulation, and
start demand intervals.

For breaker position monitoring, enter the following values in the $3 LOGIC INPUTS > LOGIC
INPUTS SETUP page:

INPUT 2 NAME: “Brkr Position (52b)”
INPUT 2 ASSERTED LOGIC: “Contact Close”

Then, to define the functionality of the logic input, enter the following value in the s3 LoGIC
INPUTS >V BREAKER FUNCTIONS setpoint page:

52B CONTACT: “Input 2"

For the Remote Open/Close and Reset RTU contacts, enter the following values in the s3
LOGIC INPUTS > LOGIC INPUTS SETUP setpoints page to define the logic inputs. Using the
MESSAGE V key, find the appropriate logic name message and then define the logic input
asserted logic to complete the logic input definition as follows:

INPUT 3 NAME: “Local Mode”

INPUT 3 ASSERTED LOGIC: “Contact Close”
INPUT 4 NAME: “Remote Open”

INPUT 4 ASSERTED LOGIC: “Contact Close”
INPUT 5 NAME: “Remote Close”

INPUT 5 ASSERTED LOGIC: “Contact Close”
INPUT 6 NAME: “Reset”

INPUT 6 ASSERTED LOGIC: “Contact Close”

Once the Logic Input definitions are completed, it is necessary to define their functionality
by entering the following values in the $3 LOGIC INPUTS [>V CONTROL FUNCTIONS setpoint
page. Using the MESSAGE V¥ key, locate the appropriate logic function and select the
corresponding logic input to perform the function.

LOCAL MODE: “Input 3"
RESET: “Input 6”
REMOTE OPEN: “Input 4"
REMOTE CLOSE: “Input 5”

If, for example, the same logic input would be needed to perform the functionality of Close
and Reset, then the following should have been entered:

RESET: “Input 5”
REMOTE CLOSE: “Input 5”

To setup an Alarm-after-Delay input, make the following changes to the $3 LOGIC INPUTS
>V USER INPUT A setpoints page. Press the MESSAGE V¥ key after each setpoint is
completed to move to the next message.
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USER INPUT A NAME: “Substation Monitor”
USER INPUT A SOURCE: “Input 1”

USER INPUT A FUNCTION: “Alarm”

USER INPUT A RELAYS (3-7): “3----"

USER INPUT A DELAY: “100.00 s”

1.4.4 S5 Protection Setpoints

The S5 Protection setpoints page contains setpoints for entering protection element
characteristics. In our example, these characteristics are specified under the ss
PROTECTION [> PHASE CURRENT and S5 PROTECTION > NEUTRAL CURRENT headings. From
this data and the resulting calculations, program the page S5 setpoints as indicated. When
setting the relay for the first time, other setpoints not listed in this example will be left
disabled.

For the Phase Time Overcurrent 1 element, enter the following values in the ss
PROTECTION [> PHASE CURRENT [> PHASE TIME OVERCURRENT 1 page. Press the
MESSAGE V¥ key after each setpoint is completed to move to the next message.

PHASE TIME OC 1 FUNCTION: “Trip”

PHASE TIME OC 1 PICKUP: “1.40 x CT” (calculated as 840 A pickup / 600 A primary)
PHASE TIME OC 1 CURVE: “Mod Inverse”

PHASE TIME OC 1 MULTIPLIER: “20.20"

PHASE TIME OC 1 RESET: “Instantaneous”

For the Phase Instantaneous Overcurrent 1 element, enter the following values in the ss
PROTECTION [> PHASE CURRENT [>V PHASE INST OVERCURRENT 1 setpoints page. Press the
MESSAGE V¥ key after each setpoint is completed to move to the next message.

PHASE INST OC 1 FUNCTION: “Trip”

PHASE INST OC 1 PICKUP: “1.40 x CT” (calculated as 840 A pickup / 600 A primary)
PHASE INST OC 1 DELAY: “0.00 s”

PHASES REQUIRED FOR OPERATION: “Any Two”

For the Phase Instantaneous Overcurrent 2 element, enter the following values in the ss
PROTECTION [> PHASE CURRENT [>V PHASE INST OVERCURRENT 2 setpoints page. Press the
MESSAGE V¥ key after each setpoint is completed to move to the next message.

PHASE INST OC 2 FUNCTION: “Trip”

PHASE INST OC 2 PICKUP: “16.83 x CT" (from 10100 A pickup / 600 A primary)
PHASE INST OC 2 DELAY: “0.00 s”

PHASES REQUIRED FOR OPERATION: “Any Two”

For the Neutral Time Overcurrent 1 element, enter the following values in the s5
PROTECTION [>V NEUTRAL CURRENT [> NEUTRAL TIME OVERCURRENT 1 page. Press the
MESSAGE V¥ key after each setpoint is completed to move to the next message.
NEUTRAL TIME OC 1 FUNCTION: “Trip”
NEUTRAL TIME OC 1 PICKUP: “0.20 x CT” (from 120 A pickup / 600 A primary)
NEUTRAL TIME OC 1 CURVE: “Mod Inverse”
NEUTRAL TIME OC 1 MULTIPLIER: “10.00"
NEUTRAL TIME OC 1 RESET: “Instantaneous”
For the Neutral Instantaneous Overcurrent 1 element, enter the following values in the s5
PROTECTION >V NEUTRAL CURRENT >V NEUTRAL INST OVERCURRENT 1 setpoints page.
Press the MESSAGE ¥ key after each setpoint is completed to move to the next message.
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NEUTRAL INST OC 1 FUNCTION: “Trip”
NEUTRAL INST OC 1 PICKUP: “0.20 x CT" (from 120 A pickup / 600 A primary)
NEUTRAL INST OC 1 DELAY: “0.00 8"

For the Neutral Instantaneous Overcurrent 2 element, enter the following values in the s5
PROTECTION >V NEUTRAL CURRENT >V NEUTRAL INST OVERCURRENT 2 setpoints page.
Press the MESSAGE V¥ key after each setpoint is completed to move to the next message.

NEUTRAL INST OC 2 FUNCTION: “Trip”
NEUTRAL INST OC 2 PICKUP: “3.33 x CT” (from 2000 A pickup / 600 A primary)
NEUTRAL INST OC 2 DELAY: “0.00 s”

The Ground Overcurrent element is disabled by entering the following values in the ss
PROTECTION >V GROUND CURRENT >V GROUND TIME OVERCURRENT setpoints page:

GROUND TIME O/C FUNCTION: “Disabled”
GROUND INST 0/C FUNCTION: “Disabled”

The Negative Sequence Overcurrent elements is disabled by entering the following values
in the $5 PROTECTION [>V NEGATIVE SEQUENCE setpoints page:

NEG SEQ TIME OVERCURRENT [> NEG SEQ TIME OC FUNCTION: “Disabled”
NEG SEQ INST OVERCURRENT [> NEG SEQ INST OC FUNCTION: “Disabled”

1.4.5 Installation

Now that programming for the sample application is complete, the relay should be put in
the Ready state. Note that the relay is defaulted to the Not Ready state when it leaves the
factory. A minor self-test warning message informs the user that the 750/760 has not yet
been programmed. If this warning is ignored, protection is active and will be using factory
default setpoints. The Relay In Service LED Indicator will be on.

The following message indicates that the relay is in the Not Ready state:

SELF-TEST WARNING
Relay Not Ready

Move to the S1 RELAY SETUP [>V INSTALLATION [> 750 OPERATION Setpoint message. To put
the relay in the Ready state, press the VALUE A key until the READY message is displayed
and press ENTER. Enter “Yes” at the ARE YOU SURE? prompt. The Relay In Service LED
Indicator will now turn on and the SELF TEST WARNING: Relay Not Ready diagnostic
message will disappear.
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1.5 Commissioning

Extensive commissioning tests are available in Chapter : Commissioning.

Commissioning tables for recording required settings are available in Microsoft Excel
format from the GE Multilin website at http://www.GEmultilin.com. The website also
contains additional technical papers and FAQs relevant to the 750/760 Feeder
Management Relay.
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Chapter 2: Introduction

2.1 Overview

2.1.1 Description

The 750/760 Feeder Management Relays are microprocessor-based units intended for the
management and primary protection of distribution feeders, as well as for the
management and backup protection of buses, transformers, and transmission lines. The
760 relay is particularly suited to overhead feeders, where automatic reclosing is normally
applied.

Each relay provides protection, control, and monitoring functions with both local and
remote human interfaces. They also display the present trip/alarm conditions, and most of
the more than 35 measured system parameters. Recording of past trip, alarm or control
events, maximum demand levels, and energy consumption is also performed.

These relays contain many innovative features. To meet diverse utility standards and
industry requirements, these features have the flexibility to be programmed to meet
specific user needs. This flexibility will naturally make a piece of equipment difficult to
learn. To aid new users in getting basic protection operating quickly, setpoints are set to
typical default values and advanced features are disabled. These settings can be
reprogrammed at any time.

Programming can be accomplished with the front panel keys and display. Due to the
numerous settings, this manual method can be somewhat laborious. To simplify
programming and provide a more intuitive interface, setpoints can be entered with a PC
running the EnerVista 750/760 Setup software provided with the relay. Even with minimal
computer knowledge, this menu-driven software provides easy access to all front panel
functions. Actual values and setpoints can be displayed, altered, stored, and printed. If
settings are stored in a setpoint file, they can be downloaded at any time to the front panel
program port of the relay via a computer cable connected to the serial port of any
personal computer.
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A summary of the available functions and a single-line diagram of protection and control

features is shown below. For a complete understanding of each feature operation, refer to
Chapter 5: Setpoints. The logic diagrams include a reference to every setpoint related to a
feature and show all logic signals passed between individual features. Information related
to the selection of settings for each setpoint is also provided.
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FIGURE 2-1: Summary of Features
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2.2 Theory of Operation

2.2.1 Description

Relay functions are controlled by two processors: a Motorola 68332 32-bit microprocessor
measures all analog signals and logic inputs, outputs all analog signals, and controls all
output relays; a Grid Connect DSTni-LX Turbo 186 16-bit microprocessor reads all user
input including communications, and outputs to the faceplate display and LEDs. The
processors pass information to each other via an RS485 serial communications channel.
The remainder of this section describes the algorithms and operations that are critical to
protection elements.

2.2.2 Current and Voltage Waveform Capture

Current and voltage transformers (CTs and VTs) are used to scale-down the incoming
current and voltage signals from the source instrument transformers. The current and
voltage signals are then passed through a 400 Hz low pass anti-aliasing filter. All signals
are then simultaneously captured by sample and hold buffers to ensure there are no phase
shifts. The signals are converted to digital values by a 12-bit A/D converter before finally
being passed on to the 68332 CPU for analysis.

Both current and voltage are sampled sixteen times per power frequency cycle with
frequency tracking control. These ‘raw’ samples are calibrated in software and then placed
into the waveform capture buffer thus emulating a fault recorder. The waveforms can be
retrieved from the relay via the EnerVista 750/760 Setup software for display and
diagnostics.

2.2.3 Frequency Tracking

Frequency measurement is done by measuring the time between zero crossings of the Bus
VT A and Line VT voltage inputs. Both signals are passed through a 72 Hz low pass filter to
prevent false zero crossings. Frequency readings are discarded if the rate of change
between two successive cycles is greater than 10 Hz/second. This prevents momentary
false frequency readings due to noise, phase reversals, or faults.

Frequency tracking utilizes the measured frequency to set the sampling rate for current
and voltage which results in better accuracy for the FFT algorithm for off-nominal
frequencies. Also, sampling is synchronized to the Va-x voltage zero crossing which results
in better co-ordination for multiple 750/760 relays on the same bus. If a stable frequency
signal is not available then the sampling rate defaults to the nominal system frequency.
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2.2.4 Phasors, Transients, and Harmonics

Current waveforms are processed once every cycle with a DC Offset Filter and a Fast
Fourier Transform (FFT) to yield phasors at the fundamental power system frequency. The
resulting phasors have fault current transients and all harmonics removed. This results in
an overcurrent relay that is extremely secure and reliable and one that will not overreach.
The following diagram illustrates the signal processing performed on the AC current inputs:

A
i N
W e

996709A1.CDR

2.2.5 Processing of AC Current Inputs

The DC Offset Filter is an infinite impulse response (IIR) digital filter which removes the DC
component from the asymmetrical current present at the moment a fault occurs. This is
done for all current signals used for overcurrent protection; voltage signals bypass the DC
Offset Filter. The filter results in no overreach of the overcurrent protection; unfortunately,
the filter also causes slower overcurrent response times (0 to 50 ms) for faults marginally
over the pickup level.

The Fast Fourier Transform (FFT) uses exactly one cycle of samples to calculate a phasor
quantity which represents the signal at the fundamental frequency only; all harmonic
components are removed. Further explanation of the FFT is beyond the scope of this
discussion but can be found in any text on signal analysis. All subsequent calculations (e.g.
RMS, power, demand, etc.) are based upon the current and voltage phasors so the resulting
values do not have any harmonic components either.

A novel filtering of the phase and ground currents is employed on the relay to assure fast
and secure Phase and Ground Instantaneous over-current operation. With an integrated
CT saturation detection mechanism, these protections can detect and produce stable
operation even for fault currents heavily distorted by the saturation of the Current
Transformers.

2.2.6 Protection Elements

All protection elements are processed once every cycle to determine if a pickup has
occurred or a timer has expired. The protection elements use RMS current/voltage based
on the magnitude of the phasor; hence, protection is impervious to both harmonics and DC
transients. Timing is not affected by system frequency.

The phase input currents for the Phase over-current protections are estimated at rate of
four times per cycle.

The figure below presents the IOC trip times - from fault inception till closure of a trip rated
output - of the SR750 relay. The response time depends on the ratio between the fault
current and the applied setting and varies from 16ms for high multiples of pickup to 25ms
for multiple of 1.2 times pickup.
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2.2.7 Logic Inputs

Contact inputs are de-bounced to eliminate false operations due to noise. The inputs must
be in the same state for three consecutive readings spaced evenly over one power
frequency cycle before a new state is recognized.
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2.3 Ordering

2.3.1 Order Codes

The relay model number will be indicated on the side of the drawout unit. This
identification label can be interpreted with the following order code.

. 750 | |
B Unit
ase Uni 760 | |
Phase Current PL |
Inputs P5 |
Zero-Sequence Gl
Current Inputs G5

Sensitive Ground or
Polarizing Current Input

Control Power

Analog
Outputs

Breaker
Closed LED

Display/Ethernet

Environmental Protection

Example Order Codes

— — ——— — e Y

S1
S5

D1

D5

A10
A20

— ———————— e e Y

*

— ———————— e e Y

1AM ——————— - - — —— —

— ———————— — e Y

750 Feeder Management Relay
760 Feeder Management Relay
750 relay

760 relay with autoreclose

1 A phase current inputs

5 A phase current inputs

1 A zero-sequence current inputs
5 A zero-sequence current inputs
1 A sensitive ground current input
5 A sensitive ground current input
1 A polarizing current input
(MODO009)

5 A polarizing current input
(MODO009)

20to 60V DC;

20to 48V ACat 48to 62 Hz

88to 300V DC;

7010 265V AC at 48to 62 Hz
Eight (8) 0 to 1 mA analog outputs
Eight (8) 0 to 5 mA analog outputs
Eight (8) 0 to 10 mA analog outputs
Eight (8) 4 to 20 mA analog outputs

Red LED for Breaker Closed indicator

Green LED for Breaker Closed
indicator

Basic display

Enhanced display

Enhanced display with Ethernet
Harsh (Chemical) Environment
Conformal Coating

1. The 750-P1-G1-51-LO-A10-R-B specifies a 750 Feeder Management Relay
with 1 A phase, zero-sequence, and sensitive ground current Inputs, low
control power, eight 0 to 10 mA analog outputs, a red LED for the Breaker

Closed indicator, and a basic display.

2. The 760-P5-G5-S5-HI-A20-G-T specifies a 760 Feeder Management Relay
with autoreclose, 5 A phase, zero-sequence, and sensitive ground current
inputs, high control power, eight 4 to 20 mA analog outputs, a green LED for
the Breaker Closed indicator, and enhanced display with Ethernet (10Base-T).
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2.3.3 Accessories
e DEMO: Metal carry case in which the 750/760 can be mounted
e SR19-1 or SR19-2 PANEL: Single or double cutout 19-inch panels
e RS-232/485: RS232 to RS485 converter box for harsh industrial environments

e 1Aand5APHASE CTs: 50, 75, 100, 150, 200, 250, 300, 350, 400, 500, 600, 750,
and 1000 CT ratios

« SR 12 -inch COLLAR: For shallow switchgear, the collar reduces the depth of the
reloy&by 13/8inches

¢ SR 3-inch COLLAR: For shallow switchgear, the collar reduces the depth of the
relay by 3 inches.

2-10 750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 2: INTRODUCTION

SPECIFICATIONS

2.4 Specifications

2.4.1 Applicability

APPLICABILITY
Systems:

Frequency:

2.4.2 Inputs
CONTROL POWER
Options:
LO range:

HI range:

Power:

3 or 4 wire, 600 kV maximum

5000 A maximum

25 to 60 Hz nominal

(frequency tracking allows operation from 16 to 65 Hz)

LO/HI (specify with order)
20to 60V DC

20to 48V AC at 48to 62 Hz
88to 300V DC

70to 265V AC at 48to 62 Hz
25 VA nominal, 35 VA max.

Total loss of voltage ride through time

PHASE CURRENT
Source CT:

Relay input:
Conversion range:

Accuracy:

Overload withstand:

(0% control power): 16.7 ms

1 to 50000 A primary,

1 or 5 A secondary

1 Aor 5 A (specify with order)

0.01to20xCT

(fundamental frequency only)

at <2 x CT:+0.5% of 2 x CT

at =2 xCT: +1% of 20 x CT

1 second at 80 x rated current; continuous at 3 x rated current

Calculated neutral current errors:3 x phase inputs

GROUND CURRENT
Source CT:

Relay input:
Conversion range:

Accuracy:

Overload withstand:

1to 50000 A primary,

1 or 5 A secondary

1 Aor 5 A (specify with order)

0.01 to 20 x CT (fundamental frequency only)

at <2 xCT: +0.5% of 2 x CT

at>2 x CT: +1% of 20 x CT

1 second at 80 x rated current; continuous at 3 x rated current

Burden (typical)
CT Input Current
VA OHMS
1A 0.025 VA
1 gfgfﬁg & 5A 0.60 VA 0.02
20 A 10 VA
5A 0.40 VA
5 AGFQSSS & 25 A 10 VA 0.02
100 A 120 VA
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SENSITIVE GROUND CURRENT

Source CT: 1to 50000 A primary,

1 or 5 A secondary
Relay input: 1 Aor 5 A (specify with order)
Burden: <02VAatlor5A

Conversion range: Low end: 0.005 x CT
Maximum: 500 A primary
(fundamental frequency only)

Accuracy: at<0.1x CT:+0.2% of 1 x CT
at>0.1xCT:#1% of 1 xCT
Overload withstand: 1 second at 80 x rated current; continuous at 3 x rated current
BUS AND LINE VOLTAGE
Source VT: 0.12to 600 kV / 50 to 240 V
Source VT ratio: 1to 5000 in steps of 0.1
Relay input: 50 to 240 V phase-neutral
Burden: <0.025VAat 120V
or>576 KW
Maximum continuous: 273V phase-neutral (full-scale) at fundamental frequency only
Accuracy (0 to 40°C): +0.25% of full scale (11 to 130 V); +0.8% of full scale (130 to 273

V). For open delta, the calculated phase has errors 2 times
those shown.

LOGIC INPUTS

Inputs: 14 contact and / or virtual inputs, 6 virtual only (functions
assigned to logic inputs)

Dry contacts: 1000 © maximum ON resistance (32 V DC at 2 mA provided by
relay)

Wet contacts: 30to 300V DC at 2.0 mA

(external DC voltage only)
ANALOG INPUT

Current Input: Oto1mA,0to5mA, 0to 10 mA, 0to 20 mA, or 4to 20 mA
(programmable)

Input impedance: 375Q+10%

Conversion range: Oto 21 mA

Accuracy: +1% of full scale

TRIP & CLOSE COIL MONITORING
Acceptable voltage range: 20 to 250 V DC

Trickle current: 2to5mA

IRIG-B

Amplitude modulated: 2.5 to 6 Vpk-pk at 3:1 signal ratio
DC shift: TTL

Input impedance: 20 kQ £10%

Error: +1.0ms

2.4.3 Measured Parameters

b4

NOTE

In the following specifications, accuracies are based on less than 2 x CT and 50 to 130 V
inputs. The full-scale is defined as follows: Full Scale =2 x CT at 1 x VT scqle X +/3 -

The harmonic components of current and voltage are removed from the input voltage and
current parameters, so all relay measurements based on these quantities respond to the
fundamental component only. To minimize errors, the A/D process utilizes a sampling rate
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that is automatically adjusted to be 16 samples per power frequency cycle when a
measurable voltage is available. To prevent overreaching of overcurrent elements, a digital
filter removes the transient DC component of currents.

CURRENT

Phasors: Phase A RMS current
Phase B RMS current
Phase C RMS current

% of load-to-trip accuracy: +0.5% of full-scale

VOLTAGE

Phasors: Phase A-N (A-B) voltage
Phase B-N (B-C) voltage
Phase C-N (C-A) voltage

Accuracy: +0.25% of full scale

FREQUENCY

Measured: A-N (A-B) bus and line voltage

Range: 16to 65 Hz

Accuracy: +0.02 Hz

SYMMETRICAL COMPONENTS

Current level accuracy:  +1.5% of full scale
Voltage level accuracy:  +0.75% of full scale
Current and voltage angle accuracy: £2°

3® POWER FACTOR

Range: 0.00 Lag to 1.00 to 0.00 Lead
Accuracy: +0.02

3® REAL POWER

Range: -3000.0 to 3000.0 MW
Accuracy: +1% of full scale

30 REACTIVE POWER

Range: -3000.0 to 3000.0 Mvar
Accuracy: +1% of full scale

(see note above)
3® APPARENT POWER

Range: -3000.0 to 3000.0 MVA

Accuracy: +1% of full scale (see note above)
WATT-HOURS

Range: -2.1x1081t0 2.1 x 108 MWh

Accuracy: +2% of full scale (see note above) per hour
VAR-HOURS

Range: -2.1x 108 to 2.1 x 108 Mvarh

Accuracy: +2% of full scale (see note above) per hour
DEMAND RANGE

Phase A/B/C current: 0to 65535 A

30 real power: -3000.0 to 3000.0 MW

3® reactive power: -3000.0 to 3000.0 Mvar

3® apparent power: -3000.0 to 3000.0 MVA

DEMAND MEASUREMENT
Thermal exponential, 90% response time (programmed):
5, 10, 15, 20, 30, or 60 min.
Block interval / rolling demand, time interval (programmed):
5, 10, 15, 20, 30, or 60 min.
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Accuracy: +2% of full scale
(see note above)

2.4.4 Protection Elements

PHASE / NEUTRAL / GROUND / NEGATIVE SEQUENCE TIME OVERCURRENT

Pickup level: 0.05 to 20.00 x CT in steps of 0.01

Dropout level: 97 to 98% of pickup level, or pickup level minus 2% of nominal
current (0.02 x CT), whichever is less

Curves: ANSI Extremely/Very/Moderately/Normally Inverse, Definite

Time (0.1 s base curve), IEC Curve A/B/C and Short, FlexCurve™
A/B (programmable curves), IAC Extreme/Very/Inverse/Short

Curve multiplier: 0to 100.00 in steps of 0.01

Reset type: Instantaneous/Linear

Level accuracy: per current input
(I, is 3 x input error)

Timing accuracy: +3% of trip time or +40 ms (whichever is greater) at > 1.03 x PU

SENSITIVE GROUND TIME OVERCURRENT

Pickup level: 0.005 to 1.000 x CT in steps of 0.001

Dropout level: 97 to 98% of pickup level, or pickup level minus 2% of nominal
current (0.02 x CT), whichever is less

Curves: ANSI Extremely/Very/Moderately/Normally Inverse, Definite

Time (0.1 s base curve), IEC Curve A/B/C and Short, FlexCurve™
A/B (programmable curves), IAC Extreme/Very/Inverse/Short

Curve multiplier: 0to 100.00 in steps of 0.01

Reset type: Instantaneous/Linear

Level accuracy: per sensitive ground current input

Timing accuracy: +3% of trip time or +40 ms (whichever is greater) at > 1.03 x PU

VOLTAGE RESTRAINED PHASE TIME OVERCURRENT

Pickup adjustment: Modifies pickup from 0.10 to 0.90 x VT nominal in a fixed line
relationship

PHASE / GROUND INSTANTANEOUS OVERCURRENT

Pickup level: 0.05to0 20.00 x CT in steps of 0.01

Dropout level: 97 to 98% of pickup level, or pickup level minus 2% of nominal
current (0.02 x CT), whichever is less

Time delay: 010 600.00 s in steps of 0.01

Level accuracy: per phase / neutral / ground current input (I, is 3 X phase input
error)

Operate time (Phase instantaneous, 0 ms time delay): 25 ms max. (output relay included),
1.5 x pickup @ 60 Hz, and 20 ms max. (solid state output
included), 1.5 x pickup @ 60 Hz

Operate time (Ground instantaneous, 0 ms time delay): 50 ms max. (output relay included),
1.5 x pickup @ 60 Hz, and 45 ms max. (solid state output
included), 1.5 x pickup @ 60 Hz

Timing accuracy: +20 ms or +0.1% of time delay setting (whichever is greater)

Phases: Any one, any two, or all three (programmable) phases must
operate for output (not for I,)

NEUTRAL / NEGATIVE SEQUENCE INSTANTANEOUS OVERCURRENT

Pickup level: 0.05 to 20.00 x CT in steps of 0.01

Dropout level: 97 to 98% of pickup level, or pickup level minus 2% of nominal
current (0.02 x CT), whichever is less

Time delay: 0t0 600.00 s in steps of 0.01
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NOTE

NOTE

SPECIFICATIONS

Level accuracy: per phase / neutral / ground current input (I, is 3 X phase input
error)

Operate time (0 ms time delay): 50 ms max. (output relay included), 1.5 x pickup @ 60 Hz,
and 45 ms max. (solid state output included), 1.5 x pickup @ 60

Hz
Timing accuracy: +20 ms or +0.1% of time delay setting (whichever is greater)
Phases: Any one, any two, or all three (programmable) phases must

operate for output (not for I,)
SENSITIVE GROUND INSTANTANEOUS OVERCURRENT

Pickup level: 0.005 to 1.000 x CT in steps of 0.001

Dropout level: 97 to 98% of pickup level, or pickup level minus 2% of nominal
current (0.02 x CT), whichever is less

Time delay: 0to 600.00 s in steps of 0.01

Level accuracy: per sensitive ground current input

Operate time (0 ms time delay): 50 ms max. (output relay included), 1.5 x pickup @ 60 Hz,
and 45 ms max. (solid state output included), 1.5 x pickup @ 60

Hz
Timing accuracy: +20 ms or +0.1% of time delay setting (whichever is greater)
PHASE DIRECTIONAL
Relay Connection: 90° (quadrature)
Polarizing Voltage: Vbc (phase AJ; Vca (phase BJ; Vab (phase C)
MTA: 0to 359°in steps of 1
Angle Accuracy: +2°
Operation Delay: 25to 40 ms

NEUTRAL DIRECTIONAL

Polarized by voltage, current, or both voltage and current. For voltage element polarizing,
the source VTs must be connected in Wye.

Polarizing voltage: -Vo

Polarizing current: Ig

MTA: 0to 359°in steps of 1
Angle accuracy: +2°

Operation delay: 25to 40 ms

GROUND / SENSITIVE GROUND DIRECTIONAL

Polarized by voltage, current, or both voltage and current. For voltage element polarizing,
the source VTs must be connected in Wye.

Polarizing voltage: -Vo

Polarizing current: Ig

MTA: 0to 359°in steps of 1

Angle accuracy: +2°

Operation delay: 25to 40 ms

BUS / LINE UNDERVOLTAGE

Minimum voltage: > programmable threshold from 0.00 to 1.25 x VT in steps of 0.01
Pickup level: 0to 1.25x VT in steps of 0.01
Dropout level: 102 to 103% of pickup

Curve: Definite Time or Inverse Time
Time delay: 010 6000.0 s in steps of 0.1
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Phases: Any one, any two, or all three (programmable) phases must
operate for output (Bus Undervoltage only)

Level accuracy: per voltage input

Timing accuracy: +100 ms

OVERVOLTAGE

Pickup level: 0to 1.25x VT in steps of 0.01

Dropout level: 97 to 98% of pickup level

Time delay: 0.0 to 6000.0 s in steps of 0.1
(Definite Time)

Phases: Any one, any two, or all three (programmable) phases must
operate for output

Level accuracy: per voltage input

Timing accuracy: +100 ms

NEGATIVE SEQUENCE VOLTAGE

Pickup level: 0to 1.25x VT in steps of 0.01

Dropout level: 97 t0 98% of pickup level

Time delay: 010 6000.0 s in steps of 0.1
(Definite Time / Inverse Time)

Level accuracy: 3 x voltage input error

Timing accuracy: +100 ms

UNDERFREQUENCY

Minimum voltage: 0to 1.25x VT in steps of 0.01 in Phase A

Pickup level: 20to 65 Hz in steps of 0.01

Dropout level: Pickup + 0.03 Hz

Time delay: 010 600.00 s in steps of 0.01
(Definite Time)

Level accuracy: +0.02 Hz

Timing accuracy: +100 ms

BREAKER FAILURE

Pickup level: 0.05to0 20.0 x CT in steps of 0.01

Dropout level: 97 to 98% of pickup level

Time delay: 0.03to0 1.00 s in steps of 0.01

Timing accuracy: +20 ms error

Level accuracy: per CT input

NEUTRAL DISPLACEMENT

Pickup level: 0.00to 1.25 x VT in steps of 0.01

Dropout level: 97 t0 98% of pickup level

Curves: ANSI Extremely/Very/Moderately/Normally Inverse, Definite

Time (0.1 s base curve), IEC Curve A/B/C and Short, FlexCurve™
A/B (programmable curves), IAC Extreme/Very/Inverse/Short

Curve multiplier: 0to 100.00 in steps of 0.01
Reset type: Instantaneous/Linear

Level accuracy: 3 x voltage input error
Timing accuracy: +50 ms

REVERSE POWER (IF ENABLED)

Pickup level: 0.015 to 0.600 x rated power
Dropout level: 94 t0 95% of pickup

Reset time: less than 100 ms

Level accuracy: see 3® Real Power metering
Time delay: 0.0 to 6000.0 s in steps of 0.1
Timing accuracy: +200 ms (includes Reverse Power pickup time)
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2.4.5 Monitoring Elements

SPECIFICATIONS

PHASE/NEUTRAL CURRENT

Pickup level:
Dropout level:
Time delay:

Level accuracy:
Timing accuracy:
POWER FACTOR
Required voltage:
Pickup level:
Dropout level:
Time delay:

Level accuracy:
Timing accuracy:

0.05 to 20.00 x CT in steps of 0.01

97 to 98% of pickup level

0to 60000 s in steps of 1 (Definite Time)
per current input

+100 ms

>30% of nominal in all phases

0.50 lag to 0.50 lead in steps of 0.01
0.50 lag to 0.50 lead in steps of 0.01
0to 60000 s in steps of 1 (Definite Time)
+0.02

+100 ms

ANALOG INPUT THRESHOLD

Pickup level:
Dropout level:

Time delay:

Level accuracy:
Timing accuracy:
ANALOG INPUT RATE
Pickup level:

Dropout level:

Time delay:

Level accuracy:
Timing accuracy:
OVERFREQUENCY
Required voltage:
Pickup level:

Dropout level:

Time delay:

Level accuracy:
Timing accuracy:
FAULT LOCATOR
Range:

Memory:

DATA LOGGER
Channels:
Sample rate:

Trigger source:

Trigger position:
Storage:

TRIP COUNTERS

01to 65535 units in steps of 1
2 t0 20% of Pickup
(programmable, under/over)
0to 60000 s in steps of 1
+1%

+100 ms

-1000 to 1000 units/hour in steps of 0.1
97 to 98% of pickup level

0t0 60000.0 s in steps of 1

+1%

+100 ms

>30% of nominal, phase A

20.01 to 65.00 Hz in steps of 0.01
Pickup - 0.03 Hz

0.0 to 6000.0 s in steps of 0.1
+0.02 Hz

+100 ms

-327 to 327 km (or miles)
0to 65534 ohms
stores 10 most recent faults

8 channels; same parameters as for analog outputs available
per cycle / per second / per minute / every 5, 10, 15, 20, 30, or
60 minutes

pickup/trip/dropout, control/alarm event, logic input, manual
command, or continuous

0to 100%

2 to 16 events with 2048 to 256 samples of data respectively

(4096 if continuous)

Accumulates all ground, sensitive ground, neutral, negative sequence, and phase
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DEMAND
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Demand accuracies are based on less than 2 x CT and 50 to 130 V inputs.

Measured values:

Measurement type:

Phase A/B/C current (A), 3® real power (MW), 3® reactive power
(Mvar), 3@ apparent power (MVA)

Thermal Exponential, 90% response time (programmed):

5, 10, 15, 20, 30, or 60 min.

Block Interval / Rolling Demand, time interval (programmed):

5,10, 15, 20, 30, or 60 min.

Block Interval with Start Demand Interval Logic Input pulses

- Amps pickup level:
- MW pkp level:

- Mvar pkp level:

- MVA pkp level:

- Level accuracy:

VT FAILURE

10 to 10000 in steps of 1
0.1to0 3000.0 in steps of 0.1
0.1t0 3000.0 in steps of 0.1
0.1t0 3000.0 in steps of 0.1
+2%

Programmable to inhibit dependent features.
BREAKER FAILURE TO OPERATE

Time delay:
Timing accuracy:

30to 1000 ms in steps of 10
0to 20 ms error

ACCUMULATED ARCING CURRENT

Pickup level:
Start delay:

1 to 50000 kA2-cycles in steps of 1
0to 100 msin steps of 1

TRIP / CLOSE COIL MONITORS
Detect open trip and close circuits.

PULSED OUTPUT

Pulsed output is 1 second on time and one second off time after the programmed interval.

LAST TRIP DATA

Records cause of most recent trip, 4 RMS currents, and 3 RMS voltages with a 1 ms time

WAVEFORM CAPTURE

Channels:
Sample rate:
Trigger source:

Trigger position:
Storage:

EVENT RECORDER
Number of events:
Content:

2.4.6 Control Elements

SYNCHROCHECK
Voltage difference:
Phase difference:
Frequency difference:

stamp.

4 currents, 3 voltages, 14 logic input states and 8 output relays
16 per cycle

Element pickup/trip/dropout, control/alarm event, logic input
or manual command

0to 100%

2 to 16 events with 4096 to 512 samples of data respectively

512

event cause, 3 phase current phasors, 1 ground current phasor,
sensitive ground current phasors, 3 voltage phasors, system
frequency, synchronizing voltage, synchronizing frequency,
and analog input level with a 1 ms time stamp.

0.01 to 100.00 kV in steps of 0.01
0to 100° in steps of 1
0.00 to 5.00 Hz in steps of 0.01
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SPECIFICATIONS

Operate time: up to 140 ms for 60 Hz
up to 160 ms for 50 Hz
Bypass permissives: DB & DL (dead bus and dead line)

LL & DB (live line and dead bus)
DL & LB (dead line and live bus)
DL | DB (dead line or dead bus)
DL x DB (either dead line or dead bus)

SETPOINT GROUPS

Number of groups: 4
Accessibility: Can be changed from logic input or through communications
Included features: TOC Curves, Phase TOC and 10C, Neutral TOC and I0C, Ground

TOC and I0C, Negative Sequence OC and Voltage, Phase
Directional, Ground Directional, Overvoltage, Undervoltage,
Underfrequency, Breaker Failure

UNDERVOLTAGE RESTORATION

Initiated by: Trip from Undervoltage 1to 4

Minimum voltage level:  0.00to 1.25 x VT in steps of 0.01

Time delay: 0to 10000 s in steps of 1

Incomplete seq. time: 1to 10000 min. in steps of 1

Phases: Any one, any two, or all three (programmable) phases must
operate for output

Level accuracy: per voltage input

Timing accuracy: +100 ms

UNDERFREQUENCY RESTORATION

Initiated by: Trip from Underfrequency 1/2

Minimum voltage level:  0.00 to 1.25 x VT in steps of 0.01

Minimum freq. level: 20.00 to 65.00 Hz in steps of 0.01

Time delay: 0to 10000 s in steps of 1

Incomplete seq. time: 1to 10000 min. in steps of 1

Level accuracy: Per voltage and frequency input

Timing accuracy: +100 ms

MANUAL CLOSE BLOCKING

Operated by: manual close command.

Programmability: Block IOC for a selected period. raise TOC pickup for a selected
period.

COLD LOAD PICKUP BLOCKING

Operated by: logic input command or automatically

Programmability: Block I0C for a selected period; raise TOC pickup for a selected
period.

TRANSFER SCHEME

Applicability: Used for double-bus system with two normally-closed
incoming and one normally-open bus tie circuit breaker.

Closing: Automatic closing of the bus tie breaker after a loss of one
source, with bus decayed voltage permissive.

Trip: Trips a pre-selected breaker after the third breaker is manually

closed (prevent parallel operation).
AUTORECLOSE (760 ONLY)

Reclose attempts: Up to four (4) before lockout.
Blocking: Each reclose shot can block I0C and raise TOC Pickup.
Adjustability: Current supervision can adjust the maximum number of shots

to be attempted.
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2.4.7 Outputs

ANALOG OUTPUTS
Type:
Outputs:

Ranges:
Max. load:

Isolation:
Accuracy:
Response:

SOLID STATE TRIP
Make & carry:

2.4.8 Output Relays

Relay contacts must be considered unsafe to touch when the 750/760 is energized! If the
output relay contacts are required for low voltage accessible applications, it is the
customer’s responsibility to ensure proper insulation levels.

249 CPU

CONFIGURATION
Number:

Type:

Contacts:
Durability:

CHAPTER 2: INTRODUCTION

Active

8 Channels; specify one of the following output ranges when
ordering:

Oto1mA,0to5mA, 0to 10 mA, 4to 20 mA

12 kQ for 0 to 1 mA output,

2.4 kQ for 0 to 5 mA output,

1.2 kQ for 0 to 10 mA output,

600 Q for 4 to 20 mA output

Fully isolated

+1% of full scale

100% indication in less than 6 power system cycles (100 ms at
60 Hz)

15 A at 250 V DC for 500 ms

8

Form A: Trip (1) and Close (2) Relays

Form C: Auxiliary Relays 3 to 7 and Self-Test Warning Relay 8
silver alloy

100 000 operations (at 1800 operations/hour) at rated load

TRIP CONTACT (FORM A) RATINGS

Applicability:
Make and carry:
Carry:

Break:

Trip and Close Relays (relays 1 and 2)
30 A (per ANSI/IEEE C37.90)

10 A @ 250 VAC (continuous)

0.4 A@ 250 VDC (L/R =40 ms)

SERVICE CONTACT (FORM C) RATINGS

Applicability:

Make and Carry:
Carry:
Break:

COMMUNICATIONS
Baud rate:

Parity:

Protocol:

Ethernet:

Auxiliary Relays (relays 3 to 7), and Self-Test Warning Relay
(relay 8)

30 A (per ANSI/IEEE C37.90)

5A @ 250 VAC (continuous)

0.3 A @ 250 VDC (L/R = 40 ms)

3A@ 240VAC (PF.=0.4)

300 to 19200 baud
programmable

Modbus RTU or DNP 3.0
10Base-T RJ45 connector
Modbus TCP/IP

Version 2.0 / IEEE 802.3
Maximum 4 sessions
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2.4.10 Physical

b4

NOTE

b4

NOTE

SPECIFICATIONS

EEPROM

100000 program/erase cycles max.
CLOCK

Resolution: 1ms

Accuracy with IRIG-B: +lms
Accuracy without IRIG-B:  +5 minutes/month

Supercap backup life: 45 days when control power is off
TEMPERATURE

Operating range: -40°C to +60°C

Ambient storage: -40°C to +80°C

Ambient shipping: -40°C to +80°C

At temperatures below -20°C, the LCD contrast may become impaired.

ENVIRONMENTAL
Ambient operating temperature:-40°C to +60°C
Ambient storage temperature:-40°C to +80°C

Humidity: up to 90% non-condensing
Pollution degree: 2
IP Rating: 40-X

LONG-TERM STORAGE

Environment: In addition to the above environmental considerations, the
relay should be stored in an environment that is dry, corrosive-
free, and not in direct sunlight.

Correct storage: Prevents premature component failures caused by
environmental factors such as moisture or corrosive gases.
Exposure to high humidity or corrosive environments will
prematurely degrade the electronic components in any
electronic device regardless of its use or manufacturer, unless
specific precautions, such as those mentioned in the
Environmental section above, are taken.

It is recommended that all relays be powered up once per year, for one hour continuously,
to avoid deterioration of electrolytic capacitors and subsequent relay failure.

CASE

Type: Fully drawout unit (automatic CT shorts)
Approvals: Meets CE drawout specifications

Seal: Seal provision

Door: Dust tight door

Mounting: Panel or 19" rack mount

Weight: 7.9 kg (case and relay)

9.4 kg (shipping weight)
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2.4.11 Testing

TYPE TESTING

The table below lists the 750/760 type tests:

CHAPTER 2: INTRODUCTION

Standard

Test Name

Level

EIA 485

RS485 Communications Test

32 units at 4000 ft.

IEC 60068-2-30

Relative Humidity Cyclic

55°Cat 95% RH

IEC 60068-2-38

Composite Temperature/Humidity

65/-10°C at 93% RH

IEC 60255-5

Dielectric Strength

2300V AC

IEC 60255-5

Insulation Resistance

>100MQ/500VAC/10s

IEC 60255-21-1

Sinusoidal Vibration

29

IEC 60255-21-2

Shock and Bump

5g/10g/15¢g

|IEC 60255-21-3 Seismic 69

|IEC 60255-22-1 Damped Oscillatory Burst, 1 MHz 2.5kv/1kv
IEC 60255-22-2 Electrostatic Discharge: Air / Direct 15 kv /8 kv
IEC 60255-22-3 Radiated RF Immunity 10 V/m

IEC 60255-22-4 Electrical Fast Transient / Burst Immunity 4kv

IEC 60255-22-5 Surge Immunity 4kv/2kv
IEC 60255-22-6 Conducted RF Immunity, 150 kHz to 80 MHz 10 V/m

IEC 60255-25 Radiated RF Emission Group 1 Class A

IEC 60255-25 Conducted RF Emission Group 1 Class A

IEC 60529 Ingress of Solid Objects and Water (IP) IP40 (front), IP20 (back)
IEC 61000-4-8 Power Frequency Magnetic Field Immunity 30 A/m

IEC 61000-4-9 Pulse Magnetic Field Immunity 1000 A/m

IEC 61000-4-11

Voltage Dip; Voltage Interruption

0%, 40%, 100%

IEEE C37.90.1 Fast Transient SWC +4 kV

IEEE C37.90.1 Oscillatory Transient SWC +2.5kV

IEEE C37.90.3 Electrostatic Discharge: Air and Direct +15kV /8 kV
SIMULATION

Programmable pre-fault, fault, and post-fault parameters simulation modes. Simulation of
circuit breaker and selection of whether or not to operate

outputs relays.

PRODUCTION TESTS

Thermal cycling:

Dielectric strength:

Operational test at ambient, reducing to -40°C and then

increasing to 60°C

2000 VAC for 1 minute (as per UL & CE)
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DO NOT CONNECT FILTER GROUND TO SAFETY GROUND DURING ANY PRODUCTION

TESTS.
WARNING
2.4.12 Approvals
APPROVALS
ACA: Tick mark
RF Emissions for Australia
CE: Conforms to IEC 1010-1 / EN 50082-2
EN: EN 50623
EMC - CE for Europe
FCC: Part 15; RF Emissions for North America
IEC: IEC 1010-1
LVD - CE for Europe
ISO: GE Multilin’s Quality Management System is registered to
1S09001:2000
QMI # 005094
UL #A3775
uL: UL listed for the USA and Canada, E83849

‘1_' Specifications subject to change without notice.

NOTE
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Digital Energy
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750/760 Feeder Management
Relay

Chapter 3: Installation

3.1 Mechanical Installation

3.1.1 Drawout Case

The 750/760 is packaged in the standard SR series arrangement which consists of a
drawout relay and a companion case. The case provides mechanical protection for the
drawout portion and is used to make permanent electrical connections to external
equipment. Where required, case connectors are fitted with mechanisms, such as
automatic CT shorting, to allow the safe removal of the relay from an energized panel.
There are no electronic components in the case.
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FIGURE 3-1: Case Dimensions

SIDE VIEW REAR VIEW PANEL CUTOUT

To prevent unauthorized removal of the drawout relay, a wire lead seal can be installed
through the slot in the middle of the locking latch. With this seal in place, the relay cannot
be removed. Even though a passcode or setpoint access jumper can be used to prevent
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entry of setpoints and still allow monitoring of actual values, access to the front panel
controls may still need to be restricted. As such, a separate seal can be installed on the
outside of the door to prevent it from being opened.

DRAWOUT
CASE SEAL

FIGURE 3-2: Drawout Case Seal

Installation
The 750/760 can be mounted alone or adjacent to another SR-series unit on a standard
19-inch rack panel. Panel cutout dimensions for both conditions shown below. When
planning the location of your panel cutout, ensure provision is made for the front door to
swing open without interference to or from adjacent equipment.

3.1.2

19.00”
(483)
o] . 1.25" 1.25" 0 |ae
(32) (32)
. 7.25" 7.25"
7.25
G5 (184) (184)
\
\\ / ’ B \ / N / 9
L 7 \ / N /
\ / N / o /
\\ // o \ / N / 9
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3% cuTouT 2 8% cuTouT cuTout
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/ = (mm) N K N 7 )
996B83A5.DWG ‘ iD :‘
f (52002) 996681A6.00G

INCHES
—— T
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FIGURE 3-3: Single and Double Unit Panel Cutouts

Before mounting the relay in the supporting panel, remove the unit from the case. From the
front of the panel, slide the empty case into the cutout. To ensure the front bezel is flush
with the panel, apply pressure to the bezel's front while bending the retaining tabs 90°.
These tabs are located on the sides and bottom of the case and appear as shown in the
illustration. After bending all tabs, the case will be securely mounted so that its relay can be

inserted. The unit is now ready for panel wiring.
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MECHANICAL INSTALLATION

FIGURE 3-4: Mounting Tabs

3.1.3 Unit Withdrawal and Insertion

b 4

NOTE

CAUTION

TURN OFF CONTROL POWER BEFORE DRAWING OUT OR RE-INSERTING THE RELAY TO
PREVENT MALOPERATION!

If an attempt is made to install a relay into a non-matching case, the case’s
configuration pin will prevent full insertion. Applying a strong force in this instance will
result in damage to the relay and case.

If using an ethernet connection, refer to Ethernet Connection on page 3-5 before starting
the following procedure.

To remove the unit from the case:

D> Open the door by pulling from the top or bottom of its right side. It will
rotate to the left about its hinges.

D> Press upward on the locking latch, which is located below the handle,
and hold in its raised position. The tip of a small screwdriver may prove
helpful in this operation.

FIGURE 3-5: Press Latch Up and Pull Handle

> With the latch raised, pull the center of the handle outward. Once
disengaged, continue rotating the handle up to the stop position.
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CHAPTER 3: INSTALLATION

FIGURE 3-6: Rotating Handle to Stop Position

When the stop position is reached, the locking mechanism will release.
The relay will now slide out of the case when pulled from its handle. To
free the relay, it may sometimes be necessary to adjust the handle
position slightly.

FIGURE 3-7: Sliding the Unit out of the Case

To insert the unit into the case:

>

Ensure that the model number on the left side of the relay matches the
requirements of the installation.

Raise the locking handle to the highest position.

Hold the unit immediately in front of the case and align the rolling guide
pins (near the hinges of the relay’s handle) with the case’s guide slots.

Slide the unit into the case until the guide pins on the unit have engaged
the guide slots on either side of the case.

Once fully inserted, grasp the handle from its center and rotate it down
from the raised position towards the bottom of the relay.

Once the unit is fully inserted the latch will be heard to click, locking
the handle in the final position. The unit is mechanically held in the case
by the handle’s rolling pins, which cannot be fully lowered to the locked
position until the electrical connections are completely mated.
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i—' No special ventilation requirements need to be observed during the installation of the unit.

The unit does not require cleaning.
MNOTE

3.1.4 Ethernet Connection

If using the 750/760 with the Ethernet 10Base-T option, ensure that the network cable is
disconnected from the rear RJ45 connector before removing the unit from the case. This
prevents any damage to the connector.

The unit may also be removed from the case with the network cable connector still
attached to the rear RJ45 connector, provided that there is at least 16" of network cable
available when removing the unit from the case. This extra length allows the network cable
to be disconnected from the RJ45 connector from the front of the switchgear panel. Once
disconnected, the cable can be left hanging safely outside the case for re-inserting the unit
back into the case.

The unit may then be re-inserted by first connecting the network cable to the units' rear
RJ45 connector (see step 3 of Unit Withdrawal and Insertion on page 3-3).

Ensure that the network cable does not get caught inside the case while sliding in the
unit. This may interfere with proper insertion to the case terminal blocks and damage
the cable.

CAUTION

FIGURE 3-8: Ethernet Cable Connection

3.1.5 Rear Terminal Layout

A broad range of applications are available for the 750/760 relays. As such, it is not
possible to present typical connections for all possible schemes. The information in this
section will cover the important aspects of interconnections, in the general areas of
instrument transformer inputs, other inputs, outputs, communications and grounding. The
figure below shows the rear terminal layout of the 750/760.

Relay contacts must be considered unsafe to touch when system is energized! If the
customer requires the relay contacts for low voltage accessible applications, it is their
responsibility to ensure proper insulation levels!

WARNING
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CHAPTER 3: INSTALLATION

HAZARD may result if the product is not used for its intended purposes.

WARNING

#8-32x0.375"
slotted, pan head =™
nickel plated

Ol0]|[©]e]

[0]16)([6][6]

|

—0.40"(10.2mm)
Typical

[—0.455" (11.6mm)
Typical

FIGURE 3-9: Rear Terminal Layout

The rear terminal assignments are indicated on the following table:

Table 3-1: Rear Terminal Assignments

818751A6.DWG

TERMINAL| DESCRIPTION TERMINALl DESCRIPTION
ANALOG INPUT / OUTPUTS OUTPUT RELAYS

A1 ANALOG INPUT + E1 SOLID STATE TRIP OUT +

A2 ANALOG INPUT - E2 1 TRIP RELAY NO

A3 SHIELD (GROUND) E3 2 CLOSE RELAY NO

A4 ANALOG OUTPUT - E4 3 AUXILIARY RELAY NO

A5 ANALOG OUTPUT 1 + E5 3 AUXILIARY RELAY NC

A6 ANALOG OUTPUT 2 + E6 4 AUXILIARY RELAY NC

A7 ANALOG OUTPUT 3 + E7 5 AUXILIARY RELAY NC

A8 ANALOG OUTPUT 4 + E8 5 AUXILIARY RELAY NO

A9 ANALOG OUTPUT 5 + E9 6 AUXILIARY RELAY NC
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MECHANICAL INSTALLATION

Table 3-1: Rear Terminal Assignments

TERMINAL DESCRIPTION TERMINAL DESCRIPTION
AT0 ANALOG OUTPUT 6 + ET0 7 AUXILIARY RELAY NC
Al ANALOG OUTPUT 7 + E11 7 AUXILIARY RELAY NO
A12 ANALOG OUTPUT 8 + E12 S SELF-TEST WARNING RELAY
COMMUNICATION OUTPUT RELAYS

Y COM1 RS485 + Fi SOLID STATE TRIP OUT -
B2 COM1 RS485 - F2 1TRIP RELAY COM

B3 COM1 R$485 COM F3 2 CLOSE RELAY COM

B4 COM1 RS422 TX + F4 3 AUXILIARY RELAY COM
B5 COM1 RS422 TX - F5 4 AUXILIARY RELAY NO
B6 COM2 R$485 + F6 4 AUXILIARY RELAY COM
B7 COM2 RS485 - F7 5 AUXILIARY RELAY COM
B8 COM2 R$485 COM F8 6 AUXILIARY RELAY NO
B9 SHIELD (GROUND) Fo 6 AUXILIARY RELAY COM
B10 IRIG-B + F10 7 AUXILIARY RELAY COM
811 RIGE — 11 8 SELF-TEST WARNING RELAY
B12 RESERVED F12 8 SELF-TEST WARNG RELAY COM
LOGIC INPUTS CT and VT INPUTS / GROUND

c LOGIC INPUT 1 G COIL MONITOR 1 +

c2 LOGIC INPUT 2 G2 COIL MONITOR 2 +

c3 LOGIC INPUT 3 G3 SENSITIVE GROUND CT n
c4 LOGIC INPUT 4 G4 SYNCHRO VT n (LINE)

c5 LOGIC INPUT 5 G5 PHASE A VT n (BUS)

cé LOGIC INPUT 6 G6 PHASE C VT n (BUS)

c7 LOGIC INPUT 7 7 PHASE A CT n

c8 RESERVED cs PHASE B CTn

co RESERVED Go PHASE C CT n

c10 SETPOINT ACCESS — G10 GROUND CT

c1i SETPOINT ACCESS + G11 FILTER GROUND

c12 +32VDC G12 SAFETY GROUND

LOGIC INPUTS CT and VT INPUTS / POWER

D1 LOGIC INPUT 8 H1 COIL MONITOR 1 -

D2 LOGIC INPUT 9 H2 COIL MONITOR 2 -

D3 LOGIC INPUT 10 H3 SENSITIVE GROUND CT
D4 LOGIC INPUT 11 H4 SYNCHRO VT (LINE)

D5 LOGIC INPUT 12 H5 PHASE B VT n (BUS)

D6 LOGIC INPUT 13 H6 PHASE VT NEUTRAL (BUS)
D7 LOGIC INPUT 14 H7 PHASE A CT

D8 RESERVED H8 PHASE B CT

D9 RESERVED Ho PHASE C CT

D10 RESERVED H10 GROUND CT

D11 RESERVED H11 CONTROL POWER —

D12 DC NEGATIVE H12 CONTROL POWER +
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3.2 Electrical Installation

DIRECTION OF POWER FLOW FOR POSITIVE WATTS
POSITIVE DIRECTION OF LAGGING VARS

PHASE CTs —
~A BUS VT 1 uNE VT
SOURCE I A OR A i L
0
Select ABC or ACB + it A
Phase Sequence an " D
T WYE VT L__1 SEE VT WIRING IN
conn:cnon INSTRUCTION
| AENEERAAS
THIS CONNECTION PROVIDES CREGND O
THE RESIDUAL (3 ) CURRENT- INPUT WIRING CONTROL
FOR NEUTRAL OVERCURRENT = ————— 1 B—® POVER
INSTRUCTION
AUTOMATIC CT SHORTING TERMINALS
][] —
OPEN DELTA VT CONNECTION 67|H7| 68| H8| 69| Ho| 63| H3[G10H1 H|1|H12 G11[612
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i
T
i
T
i
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FIGURE 3-10: Typical Wiring Diagram
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ELECTRICAL INSTALLATION

3.2.1 Phase Sequence and Transformer Polarity

For the correct operation of many relay features, the instrument transformer polarities
shown above in the Typical Wiring Diagram on page 3-8 must be followed. Note the solid
square markings shown with all instrument transformer connections. When the
connections adhere to this drawing, the arrow shows the direction of power flow for
positive watts and the positive direction of lagging vars. The phase sequence is user
programmable to be either ABC or ACB rotation.

3.2.2 Current Inputs

CAUTION

CAUTION

The 750/760 relays have five (5) channels for AC current inputs, each with an isolating
transformer and an automatic shorting mechanism that acts when the relay is withdrawn
from its case. There are no internal ground connections on the current inputs. Current
transformers with 1 to 50000 A primaries may be used.

Verify that the relay’s nominal input current of 1 A or 5 A matches the secondary rating
of the connected CTs. Unmatched CTs may result in equipment damage or inadequate
protection.

IMPORTANT: The phase and ground current inputs will correctly measure to 20 times
the current input’s nominal rating. Time overcurrent curves become horizontal lines

for currents above the 20 x CT rating. This becomes apparent if the pickup level is set
above the nominal CT rating.

3.2.3 Ground and Sensitive Ground CT Inputs

There are two dedicated ground inputs referred throughout this manual as the Ground
Current and the Sensitive Ground Current inputs. Before making ground connections,
consider that the relay automatically calculates the neutral (residual) current from the sum
of the three phase current phasors. The following figures show three possible ground
connections using the ground current input (Terminals G10 and H10) and three possible
sensitive ground connections using the sensitive ground current input (Terminals G3 and
H3).

The ground input (Terminals G10 and H10) is used in conjunction with a Zero Sequence CT
as source, or in the neutral of wye-connected source CTs. The ground current input can be
used to polarize both the neutral and sensitive ground directional elements. When using
the residual connection set the GROUND CT PRIMARY setpoint to a value equal to the PHASE
CT PRIMARY setpoint.

The sensitive ground current input is intended for use either with a CT in a source neutral of
a high-impedance grounded system, or on ungrounded systems. On ungrounded systems
it is connected residually with the phase current inputs. In this case, the SENSTV GND CT
PRIMARY setpoint should be programmed to a value equal to the PHASE CT PRIMARY
setpoint. The sensitive ground current input can be connected to a Zero Sequence CT for
increased sensitivity and accuracy when physically possible in the system.
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b4

NOTE

4

NOTE

CHAPTER 3: INSTALLATION

Units that do not have the Sensitive Ground input (such as older units which have been
upgraded with new firmware) use the G3 and H3 terminals as the polarizing input. The G10
and H10 terminals are used for the Ground input. These connections will be shown on the

terminal assignment label on the back of the relay’s case.

The Sensitive Ground input (G3 and H3 terminals) must only be used on systems where the

maximum ground current does not exceed 500 A.

SOURCE
— e (N _ ”\‘f\ A
L
| S o' ' W __ an 5
I0'p g W - an c
(N
Tl 1 L
I - - ] o 1
‘ c7 c8 9 750/760
| B c PHASE CURRENT |
! H7 H8 HO INPUTS !
Lo S I I Bl

H10|G10 G10|H10 G10|H10
N |lgm lgm| N lgm| N
u [ u
GROUND GROUND GROUND

GROUND CURRENT INPUT GROUND CURRENT INPUT
WITH RESIDUAL CONNECTION

GROUND CURRENT INPUT
WITH ZERO SEQUENCE CT

USED FOR POLARIZING
826003A3.DWG

FIGURE 3-11: Ground Inputs
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| | | | | |
SENSITIVE SENSITIVE SENSITIVE
GROUND GROUND GROUND

SENSITIVE GROUND INPUT SENSITIVE GROUND INPUT
WITH RESIDUAL CONNECTION

WITH ZERO SEQUENCE CT
826007A3.DWG

SENSITIVE GROUND INPUT
WITH NEUTRAL POINT CT

FIGURE 3-12: Sensitive Ground Inputs
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3.2.4 Restricted Earth Fault Inputs

ELECTRICAL INSTALLATION

Restricted Earth Fault protection is often applied to transformers having grounded wye
windings to provide sensitive ground fault detection for faults near the transformer
neutral. The Sensitive Ground input (Terminals G3 and H3) can be used.

T3 Although the 750/760 is designed for feeder protection, it can provide Restricted Earth
' Fault protection on transformers that do not have dedicated protection. To use the 750/
Mo 760 for this type of protection, a stabilizing resistor and possibly a non-linear resistor will

be required. For more details see page 5-72.

o (1 A
| S o' ' W [ 5
p— | Lm—e
| S o e ' N (1 ¢
— | Lm—e
ot
A
Rm
Rs
H3 | G3
Isg | Isgm
L]
SENSITIVE
GROUND
SENSITIVE GROUND INPUT
USED FOR REF. B826009A2.DWG

FIGURE 3-13: Restricted Earth Fault Inputs

3.2.5 Zero Sequence CT Installation

The various CT connections and the exact placement of a Zero Sequence CT, so that

ground fault current will be detected, are shown i
on the Zero Sequence CT is recommended.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL
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UNSHIELDED CABLE SHIELDED CABLE
Ground connection to neutral
Source must be on the source side Source Stresshco‘ge
shields
A B C N G ¢

Ground
outside CT

To ground;

U gro
LOAD must be on

ust be
load side

99663085
LOAD

FIGURE 3-14: Zero Sequence (Core Balance) CT Installation

3.2.6 Voltage Inputs

The 750/760 relays have four channels for AC voltage inputs, each with an isolating
transformer. Voltage transformers up to a maximum 5000:1 ratio may be used. The
nominal secondary voltage must be in the 50 to 240 V range.

The three phase inputs are designated as the “bus voltage”. The Bus VT connections most
commonly used, wye and delta (or open delta), are shown in the typical wiring diagram. Be
aware that these voltage channels are internally connected as wye. This is why the jumper
between the phase B terminal and the Vcom terminal must be installed with a delta

connection.
~— TO BUS VTs LINE VT FEEDER
A i}
: ‘ I
,—U‘ ,—U‘ { ,—U‘ N Eﬁ
G4 | He G4 | Ha c4 | He G4 | Ha G4 | He
Vi [V Vi [ % Vi [V, Vi | V% Vi [V,
.L)\J .L)\J .L.)\J Iw Iw
M M M M M
SYNC SYNC SYNC SYNC SYNC
Van Vbn Ven Vab Veb
818774A1.DWG
FIGURE 3-15: Line VT Connections
'R If Delta VTs are used, the zero sequence voltage (V,) and neutral/sensitive ground
' polarizing voltage (-V;) will be zero. Also, with this Delta VT connection, the phase-neutral

o voltage cannot be measured and will not be displayed.
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The single phase input is designated as the “line voltage”. The line VT input channel, used
for the synchrocheck feature, can be connected for phase-neutral voltages V,,, Vi, OF Ve
or for phase-phase voltages V,, or V, as shown below.

3.2.7 Control Power

Control power supplied to the relay must match the installed power supply range. If the
applied voltage does not match, damage to the unit may occur. All grounds MUST be
connected for normal operation regardless of control power supply type.

CAUTION

The label found on the left side of the relay specifies its order code or model number. The
installed power supply’s operating range will be one of the following.

LO: 20to 60V DCor 20 to 48V AC
HI: 88 to 300V DC or 70 to 265 V AC

The relay should be connected directly to the ground bus, using the shortest practical
path. A tinned copper, braided, shielding and bonding cable should be used. As a
minimum, 96 strands of number 34 AWG should be used. Belden catalog number 8660
is suitable.

CAUTION

+
CONTROL O
POWER C

HEAVY COPPER CONDUCTOR
OR BRAIDED WIRE

SWITCHGEAR

GROUND BUS D D

oy f—

\ c12|c11|H11|[H12 \
> O ol _
n552 i
< | =9 | CONTROL
OE|EE| PowER

T T
(|

77 RELAY

— 996618AL.CDR

FIGURE 3-16: Control Power Connection
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3.2.8 Trip/Close Coil Supervision

Supervision of a breaker trip coil requires the relay supervision circuit to be wired in parallel
with the Trip contact. Likewise, supervision of the close coil requires the supervision circuit
to be wired in parallel with the Close contact. Each connection places an impedance
across the associated contact, which allows a small trickle current to flow through the
related trip and close coil supervision circuitry. For external supply voltages in the 30 to
250 V DC range, this current draw will be between 2 to 5 mA. If either the trip or close coil
supervision circuitry ceases to detect this trickle current, the appropriate failure will be
declared by the relay.

When the BRKR STATE BYPASS setpoint is “Disabled”, the logic only allows a trip circuit to be
monitored when the breaker is closed and a close circuit to be monitored when the
breaker is open.

Circuit breakers equipped with standard control circuits have a 52a auxiliary contact
which only allows tripping of the breaker when it is closed. In this breaker state, the 52a
contact is closed and a trickle current will flow through the trip circuitry. When the breaker
is open, the 52a auxiliary contact is also open and no trickle current will flow. When the
breaker position monitoring inputs detect an open breaker, the trip coil supervision
monitoring function will be disabled.
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® ®

COIL MONITOR + COIL MONITOR +
INPUT J — INPUT J —
TRIP/CLOSE + TRIP/CLOSE +
CONTACT _ CONTACT _
r—=—=-"
T
~— Breaker Auxiliary - | |
Contact Breoker Awdliary  —— ! !
L o
| IS
T/C T/C
colL colL
DRAWING A: CONNECTION WHERE ACCESS TO BREAKER COIL DRAWING B: ALTERNATE PATH WITH ONE
IS AVAILABLE ('BREAKER STATE BYPASS' SETPOINT BREAKER AUXILIARY CONTACT.
SHOULD BE ENABLED FOR THIS TYPE OF CONNECTION.)*
®
COIL MONITOR +
INPUT - VALUE OF RESISTOR 'R’
SUPPLY OHMS WATTS
+
TRIP/CLOSE L+ 48 VOC 10 K 2
CONTACT -
125 VDC 25 K 5
250 VDC 50 K 5
RESISTER CONNECTED BREAKER STATE BYPASS
SETPOINT*
Breaker Auxiliary YES ENABLED
Contacts
NO DISABLED
* SEE S6 MONITORING FOR ADDITIONAL SETPOINTS

DRAWING C: ALTERNATE PATH WITH TWO
BREAKER AUXILIARY CONTACTS

FIGURE 3-17: Trip/Close Coil Supervision

In a similar manner, the 52b auxiliary contact only allows closing of the breaker when it is
open. In this breaker state, the 52b contact is shorted and a trickle current will flow through
the breaker’s close circuitry. When the breaker is closed, the 52b auxiliary contact is open
and no trickle current will flow. When the breaker position monitoring inputs detect a
closed breaker, the close coil supervision monitoring function will be disabled.

When the BRKR STATE BYPASS setpoint is “Enabled”, the trip and close coil supervision
circuits can be arranged to monitor the trip and close circuits continuously, unaffected by
breaker state. This application requires that an alternate path around the 52a or 52b
contacts in series with the operating coils be provided, with modifications to the standard
wiring as shown FIGURE 3-17: Trip/Close Coil Supervision on page 3-15. With these
connections, trickle current can flow at all times. If access to the breaker coil is available,
as shown in drawing A above, continuous coil monitoring regardless of breaker state is
possible without using a resistor to bypass the 52a/b contact.
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A high speed solid state (SCR) output is also provided. This output is intended for
applications where it is required to key a communications channel.

3.2.9 Logic Inputs

External contacts can be connected to the relay’s fourteen (14) logic inputs. As shown,
these contacts can be either dry or wet. It is also possible to use a combination of both
contact types.

Ensure correct polarity on logic input connections and do not connect any logic input
circuits to ground or else relay hardware may be damaged.

CAUTION
Adry contact has one side connected to Terminal C12. This is the +32 V DC voltage rail. The
other side of the dry contact is connected to the required logic input terminal. When a dry
contact closes, a current of approximately 2 mA will flow through the associated circuit.

A wet contact has one side connected to the positive terminal of an external DC power
supply. The other side of this contact is connected to the required logic input terminal. In
addition, the negative side of the external source must be connected to the relay’s DC
negative rail at Terminal D12. The maximum external source voltage for this arrangement

is 300 V DC.
Dry Contact Connection Wet Contact Connection
750/760 RELAY 750/760 RELAY
+32V DC C12ﬂ +32V DC C12
Logic Input 1 C1 S Logic Input 1 C1 —
32vDC — 32VDC —
~ 30to300VDC
DC Negative D12 DC Negative D12J
LOGICIN.CDR
FIGURE 3-18: Dry and Wet Contact Connections
XS It is recommended to use shielded twisted pair wires grounded at one end only for analog
' input and analog output connections to the relay. Ensure the maximum burden limits are

NOTE e L . . Lo )
not exceeded as per relay specifications and avoid locating wire in close proximity to

current carrying cables, contactors or other sources of high EMI.

3.2.10 Analog Input

Terminals Al (+) and A2 (-] are provided for the input of a current signal from a wide variety
of transducer outputs - refer to technical specifications for complete listing. This current
signal can represent any external quantity, such as transformer winding temperature, bus
voltage, battery voltage, station service voltage, or transformer tap position. Be sure to
observe polarity markings for correct operation. Both terminals are clamped to within 36 V
of ground with surge protection. As such, common mode voltages should not exceed this
limit. Shielded wire, with only one end of the shield grounded, is recommended to minimize
noise effects.
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3.2.11 Analog Outputs

b 4

NOTE

It is recommended to use shielded twisted pair wires grounded at one end only for analog
input and analog output connections to the relay. Ensure the maximum burden limits are
not exceeded as per relay specifications, and avoid locating wire in close proximity to
current carrying cables, contactors or other sources of high EMI.

The 750/760 relays provide eight (8) analog output channels whose full scale range was
specified at the time of ordering. Refer to Outputs on page 2-20 for the specifications and
Ordering on page 2-9 for the complete listing.

Each analog output channel can be programmed to represent one of the parameters
measured by the relay. For details, see Analog Outputs on page 5-109.

As shown in the Typical Wiring Diagram, the analog output signals originate from
Terminals A5 to A12 and share A4 as a common return. Output signals are internally
isolated and allow connection to devices which sit at a different ground potential. Each
analog output terminal is clamped to within 36 V of ground. To minimize the affect of noise,
external connections should be made with shielded cable and only one end of the shield
should be grounded.

If a voltage output is required, a burden resistor must be connected at the input of the
external measuring device. Ignoring the input impedance, we have

%
Rioap = FU/LL SCALE (EQ 3.1)
MAX

If a 5V full scale output is required with a 0 to 1 mA output channel:

% 5V
R _ JFULL SCALE _ = 5kQ EQ 3.2
LOAD Imax 0.001 A (e )

For a 0 to 5 mA channel this resistor would be 1 kW and for a 4 to 20 mA channel this
resistor would be 250 Q. The Analog Output connection diagram is shown below.

SR RELAY SHIELD
2 AS

ANALOG

OUTPUT 1+
CURRENT \
SOURCE

1 o

: { saFeTY GROUNDGQ:L
SHELD A3

99667 1AADWG

FIGURE 3-19: Analog Output Connection

—~
+
~
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3.2.12 Serial Communications

The 750/760 relays provide the user with two rear communication ports which may be
used simultaneously. Both support a subset of the AEG Modicon Modbus protocol as well
as the Harris Distributed Network Protocol (DNP) as discussed in GE Publication GEK-
106473: 750/760 Communications Guide. Through the use of these ports, continuous
monitoring and control from a remote computer, SCADA system or PLC is possible.

The first port, COM1, can be used in a two wire R$485 mode or a four wire RS422 mode, but
will not operate in both modes at the same time. In the RS485 mode, data transmission
and reception are accomplished over a single twisted pair with transmit and receive data
alternating over the same two wires. These wires should be connected to the terminals
marked RS485. The RS422 mode uses the COM1 terminals designated as RS485 for receive
lines, and the COM1 terminals designated as RS422 for transmit lines. The second port,
COMZ2, is intended for the two wire RS485 mode only.

The RS485 port is disabled when the Ethernet option is ordered.

To minimize errors from noise, the use of shielded twisted-pair wire is recommended.
Correct polarity should also be observed. For instance, SR type relays must be connected
with all B1 terminals (labeled COM1 RS485+) connected together, and all B2 terminals
(labeled COM1 RS485-) connected together. Terminal B3 (COM1 RS$485 COM) should be
connected to the common wire inside the shield. To avoid loop currents, the shield should
be grounded at one point only. Each relay should also be daisy-chained to the next one in
the link. A maximum of 32 devices can be connected in this manner without exceeding
driver capability. For larger systems, additional serial channels must be added. It is also
possible to use commercially available repeaters to add more than 32 relays on a single
channel. Star or stub connections should be avoided entirely.

Lightning strikes and ground surge currents can cause large momentary voltage
differences between remote ends of the communication link. For this reason, surge
protection devices are internally provided at both communication ports. An isolated power
supply with an opto-coupled data interface also acts to reduce noise coupling. To ensure
maximum reliability, all equipment should have similar transient protection devices
installed.
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27(%)

TWISTED
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ELECTRICAL INSTALLATION
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FIGURE 3-20: RS485 Wiring Diagram
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3.2.13 RS232 Communications

3.2.14 IRIG-B

The 9-pin RS232 serial port located on the front panel is used in conjunction with the
EnerVista 750/760 Setup software for programming setpoints and upgrading relay
firmware. A standard 9-pin RS232 cable is used to connect the relay to a personal
computer as shown below. When downloading new firmware, ensure the relay address
is set to 1 and the baud rate is set to 9600.

Front panel 9 pin RS232 Program port

N/A
(Rx) Receive Data
(Tx) Transmit Data
N/A

GE MULTILIN

SR RELAY

CONOORAGN

PERSONAL (SGND) Signal Ground
COMPUTER N/A
FRONT PANEL N/A
PROGRAM PORT N/A
s B N/A

o o
o o
o °

o

o o

9 PIN

RS232 RS232
D CONNECTOR D CONNECTOR

RS232 INTERFACE

/ UL
SR RELAY COMPUTER
1 118
™| 2 2|3 |RXD
RXD [ 3 312 |™
4 4 120
SGND| 5 5 | 7 | SGND
6 616
7 714
8 815
9 9122
9 PIN / \25 PIN 996629A8.0WG

CONNFCTOR CONNECTOR

FIGURE 3-22: RS232 Connection

IRIG-B is a standard time code format that allows time stamping of events to be
synchronized among connected devices within 1 millisecond. The IRIG time code formats
are serial, width-modulated codes which can be either DC level shift or amplitude
modulated (AM) form. Third party equipment is available for generating the IRIG-B signal;
this equipment may use a GPS satellite system to obtain the time reference so that devices
at different geographic locations can also be synchronized.
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k GPS SATELLITE SYSTEM

GPS CONNECTION
OPTIONAL

IRIG-B GE MULTILIN
TIME CODE 5;355/52 COAXIAL C_AB_I:E SR FAMILY
GENERATOR |:+ [ } B10 | IRIG-B(+)

\,
(DC SHIFT OR I‘ ______ B RECEIVER
AMPLITUDE MODULATED — B11 | IRIG-B(-)

SIGNAL CAN BE USED)

| T | 818838A7.CDR

TO OTHER DEVICES

FIGURE 3-23: IRIG-B Connection
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Chapter 4: Interfaces

4.1 Front Panel Interface

4.1.1 Description

The front panel provides local operator interface with a liquid crystal display, LED status
indicators, control keys, and program port. The display and status indicators update alarm
and status information automatically. The control keys are used to select the appropriate
message for entering setpoints or displaying measured values. The RS232 program port is
also provided for connection with a computer running the EnerVista 750/760 Setup
software.

4.1.2 Display

The 40-character liquid crystal display (LCD) allows visibility under varied lighting
conditions. When the keypad and display are not being used, system information is
displayed by scrolling through a maximum of 30 user-defined default messages. These
default messages appear only after a user-defined period of inactivity. Pressing any key
during default message scrolling returns the display to the last message shown before the
default messages appeared. Any trip, alarm, or start block is displayed immediately,
automatically overriding the default messages.
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4.2 LED Indicators

4.2.1 Description

The front panel indicators are grouped into three columns. The 750/760 Status column
indicates the state of the relay; the System Status column indicates the state of the
breaker and the system; and the Output Status column indicates the state of the output
relays. These LED indicators can be tested by and holding the HELP key for about one
second when no trips or alarms are active. As shown below, the color of each indicator
conveys its importance.

G = Green: General Condition
A = Amber: Alert Condition
R = Red: Serious Alarm or Important Status

40 CHARACTER DISPLAY

50°
STATUS INDICATORS AND
LOCAL CONTROL KEYS \
750 STATUS SYSTEM STATUS OUTPUT STATUS
Q [IRELAY IN SERVICE ~ []BREAKER OPEN 1 TP Q
I TRP [IBREAKER CLQSED __ [12 CLOSE
[ ALARM [ BECHORURE I3 AUXILIARY
SR760 ONLY
d [ PICKUP ‘C]EFSC‘\L&?LSEUDRE =4 auxary D
I SETANT | O RELQSURE | =35 AuxiuARY
5 CETINT L:]E@%ﬁff mJ [J6 AUXILIARY A
BTN CILOCALIS) BEA&®  [J7 AUXILIARY
CERT wessie =) e G
SETPOINT ENTRY AND
MONITOR KEYS \
- — e
MESSAGE ( )
N~ e
= &>
HANDLE TO DRAW VALUE
OUT RELAY (o] [V]
\/ @ 750 Feeder Mana?«:ent Relay®
L1
826713A1.DWG

PROGRAM PORT INTERFACE
TO LOCAL COMPUTER

750 FEEDER MANAGEMENT RELAY -

FIGURE 4-1: 750/760 Front Panel
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4.2.2

4.2.3

LED INDICATORS

750/760 Status LED Indicators

b4

NOTE

System Status

RELAY IN SERVICE: This indicator will be on continuously if the relay is functioning
normally and no major self-test errors have been detected. During operation the relay
continuously performs various self tests and if a major self-test fails, the indicator will
be turned off, all output relays will be de-energized, and the Self-Test Warning LED will
be turned on. This indicates a complete loss of protection. See the self-test warning
section later in this chapter.

TRIP: This indicator flashes when the relay detects a trip condition and operates the
Trip Relay to open the breaker. After the initiating fault has been cleared, this LED can
be turned off with a reset.

ALARM: While the relay is detecting an alarm condition, this indicator will flash. Even if
latched output relays are programmed to operate with the alarm, the indicator will
automatically turn off if the alarm condition clears. Such output relays will remain in
the operated state until a reset is performed.

Latched Alarm: This relay flashes while the relay is detecting an alarm condition. After
the condition clears, the indicator remains illuminated and can be turned off with a
reset.

PICKUP: For the purpose of testing and calibration verification, this indicator will light
steady when any protection feature has its pickup threshold exceeded. Eventually, if
the fault condition persists, a trip will be issued by the relay. If the measured
parameter drops below its pickup level, the indicator will turn off.

SETPOINT GROUP 1 to 4: These indicators are flashing if the corresponding group is
selected for editing and/or display; they are continuously on if the corresponding
group is providing settings for the protection elements.

LED Indicators
BREAKER OPEN: When the breaker is open, this indicator will be on continuously.
BREAKER CLOSED: When the breaker is closed, this indicator will be on continuously.

Breaker status indication is based on the breaker 52a and 52b contacts. With both
contacts wired to the relay, the closed status is determined by a closed 52a contact
and the open status is determined by a closed 52b contact. If both 52a and 52b
contacts are open, due to a breaker being racked out of the switchgear, both the
Breaker Open and Breaker Closed LED Indicators will be off.

With a single 52a contact, it is impossible to distinguish between a breaker open state
and a racked out breaker. In both situations, the 52a contact will be open. With a
single 52b contact, you cannot distinguish between a breaker closed state and a
racked out breaker. Likewise, the 52b contact will be open for both situations. To clarify
this ambiguity, the breaker connected function should be programmed to an
additional logic input. When this additional input is closed, a single 52a or 52b contact
will show both breaker states. When the breaker is racked out, this additional breaker
connected input should be open. In this case, both breaker status indicators will be off.
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The Open and Closed Status Indicator colors are interchangeable at the time of
placing a 750/760 order.

RECLOSURE ENABLED (760 only): This indicator will be on continuously when
autoreclosure is allowed to operate as programmed. This is when the autoreclose
function setpoint is enabled, and if used, the block reclosure logic input is not asserted.
Otherwise, this indicator will be off. Note that this indicator will always be in the
opposite state of the Reclosure Disabled LED Indicator.

RECLOSURE DISABLED (760 only): This indicator will be on continuously when
autoreclosure is not allowed to operate as programmed. This is when the autoreclose
function setpoint is disabled, or if used, the block reclosure logic input is asserted.
Otherwise, this indicator will be off. Note that this indicator will always be in the
opposite state of the Reclosure Enabled LED.

RECLOSURE IN PROGRESS (760 only): If a trip initiates a reclosing sequence, this
indicator will go on continuously during each of the programmed dead times.

RECLOSURE LOCKOUT (760 only): If the programmed reclose sequence has
progressed to a final lockout condition, this indicator will be on continuously. Lockout
can be cleared by performing a reset.

LOCAL: This indicator turns on if the local mode function has been assigned a logic
input which is asserted. In local mode, the front panel OPEN and CLOSE keys operate
while the Remote Open and Remote Close logic input functions will not operate. As
well, the communication open and close commands have no effect.

Breaker operations performed by 750/760 outputs in response to logic inputs
energized with contacts from a local control switch are considered as remote
operations. When the 750/760 is in local mode, the local panel is the relay faceplate;
everything else is considered remote, even the control switch that might be installed in
the same switchgear compartment. It is important not to confuse this with the
concept of Station Local/Remote Mode, in which case the same Control Switch is
considered local.

MESSAGE: Under normal conditions, the default messages selected during setpoint
programming are displayed. If any alarm or trip condition is generated, a diagnostic
message overrides the displayed message and this indicator flashes. If there is more
than one condition present, MESSAGE ¥ can be used to scroll through the messages.
Pressing any other key return to the normally displayed messages. While viewing
normally displayed messages, the Message LED continues to flash if any diagnostic
message is active. To return to the diagnostic messages from the normally displayed
messages, press the MENU key until the following message is displayed:

B TARGET
MESSAGES [[D]

Now, press the MESSAGE P key followed by the message ¥ key to scroll through the
messages. Note that diagnostic messages for alarms disappear with the condition
while diagnostic messages for trips remain until cleared by a reset.
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LED INDICATORS

4.2.4 Output Status LED Indicators

The 750/760 has eight (8) output relays: the 1 Trip, 2 Close, and 8 Self-Test Warning relays
have fixed operation while the 3 to 7 Auxiliary relays are configurable. Regardless of the
mode of operation, the corresponding front panel indicator turns on while the output relay
is signaling. If the non-operated state of an output relay is programmed as de-energized,
the corresponding indicator will be on when the normally open contacts are closed. If the
non-operated state of an output relay is programmed as energized, the corresponding
indicator will be on when the normally open contacts are open.

1 TRIP: A trip sequence can be initiated by a protection element, a logic input element,
a remote open command, a serial open command, or a front panel open command.
When started, the Trip LED turns on briefly while the Trip Relay is energized. After the
auxiliary breaker contacts indicate that the breaker has opened, the Trip Relay and
indicator stop operating. If both 52a and 52b auxiliary contacts are not installed,
the Trip Relay and indicator will de-energize 100 ms after the trip condition clears,
or after two seconds.

2 CLOSE: A close sequence can be initiated by a 760 reclosure or a remote, serial, or
front panel close command. When started, the Close LED turns on briefly while the
Close Relay energizes. After the auxiliary breaker contacts indicate that the breaker
has closed, the Close Relay and indicator stop operating. If both 52a and 52b
auxiliary contacts are not installed, the Close Relay and indicator operate for 200
ms.

3 to 7 AUXILIARY: These relays are intended for customer specific requirements that
can be initiated by any protection element or function whose RELAYS (3-7) setpoint has
“3", 4", "5", "6", or “7" selected. The Auxiliary LEDs (3 to 7) will turn on while the
corresponding relays are operating.

8 SELF-TEST WARNING: During normal operation, this indicator is off with the fail-safe
Self-Test Warning Relay energized. If any abnormal condition is detected during self
monitoring (such as a hardware failure) the indicator turns on and the relay de-
energizes. If control power is lost or the relay is drawn out of its case, the Self-Test
Warning Relay signals loss of protection by de-energizing, but the LED indicator
remains off. Since there are no shorting contacts across the Self-Test Warning Relay,
both the normally open and normally closed contacts are open when the unit is drawn
out.
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4.3

Relay Messages

43.1

Keypad Operation

The 750/760 display messages are organized into Main Menus, Pages, and Sub-pages.
There are three main menus labeled Setpoints, Actual Values, and Target Messages.

Pressing the MENU key followed by the MESSAGE V¥ key scrolls through the three Main
Menu headers, which appear in sequence as follows:

m SETPOINTS [>1

m ACTUAL VALUES [>1

m TARGET MESSAGES [D]

Pressing the MESSAGE W key or the ENTER key from these Main Menu pages will display
the corresponding menu Page. Use the MESSAGE A and MESSAGE V¥ keys to scroll
through the Page headers.

When the display shows SETPOINTS, pressing the MESSAGE P key or the ENTER key will
display the page headers of programmable parameters (referred to as setpoints in the
manual). When the display shows ACTUAL VALUES, pressing the MESSAGE W key or the
ENTER key displays the page headers of measured parameters (referred to as actual
values in the manual). When the display shows TARGET MESSAGES, pressing the
MESSAGE P key or the ENTER key displays the page headers of event messages or alarm
conditions.

Each page is broken down further into logical sub-pages of messages. The MESSAGE A
and MESSAGE ¥ keys are used to navigate through the sub-pages. A summary of the
setpoints and actual values pages can be found in the Chapters : Setpoints and : Actual
Values, respectively.

The ENTER key is dual purpose. It is used to enter the sub-pages and to store altered
setpoint values into memory to complete the change. The MESSAGE » key can also be
used to enter sub-pages but not to store altered setpoints.

The ESCAPE key is also dual purpose. It is used to exit the sub-pages and to cancel a
setpoint change. The MESSAGE <« key can also be used to exit sub-pages and to cancel
setpoint changes.

The VALUE keys are used to scroll through the possible choices of an enumerated setpoint.
They also decrement and increment numerical setpoints. Numerical setpoints may also be
entered through the numeric keypad.

The HELP key may be pressed at any time to display a list of context sensitive help
messages. Continue to press the HELP key to display all the help messages and return to
the original display.
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RELAY MESSAGES

The RESET key resets any latched conditions that are not presently active. This includes
resetting latched output relays, latched Trip LEDs, breaker operation failure, and trip / close
coil failures. The 760 Autoreclose Scheme is also reset with the shot counter being returned
to zero and the lockout condition being cleared.

The MESSAGE A and MESSAGE ¥ keys scroll through any active conditions in the relay.
Diagnostic messages are displayed indicating the state of protection and monitoring
elements that are picked up, operating, or latched. When the Message LED is on there are
messages to be viewed with the MENU key by selecting target messages as described
earlier.

Pressing the OPEN key will attempt to open the breaker connected to the Trip Relay by
closing the contact. Likewise, the CLOSE key will attempt to close the breaker connected to
the Close Relay by closing the contact. The OPEN and CLOSE keys only operate when the
relay is in local mode; local mode can be enabled with a user programmed logic input.

4.3.2 Diagnostic Messages

Diagnostic messages are automatically displayed for any active conditions in the relay
such as trips, alarms, or asserted logic inputs. These messages provide a summary of the
present state of the relay. The Message LED flashes when there are diagnostic messages
available; press the MENU key until the relay displays TARGET MESSAGES, then press the
MESSAGE P key, followed by the MESSAGE ¥ key, to scroll through the messages. The
following shows the format of the various diagnostic messages.

PICKUP: <F> These messages show any elements that are presently picked

< Cause > up.

TRIP: <F> These messages indicate that an element has tripped. The

< Cause > message remains in the diagnostic queue until the relay is
reset.

ALARM: <F> These messages show any elements that are presently

< Cause > operating and have been programmed to have an alarm

condition clears until the relay is reset.

SELF-TEST WARNING: |These messages show any self-test warnings.
< Cause >

4.3.3 Self-Test Warnings

The relay performs self-diagnostics at initialization after power-up, and continually as a
background task, to ensure that every testable unit of the hardware and software is alive
and functioning correctly. There are two types of self-test warnings indicating either a
minor or major problem. Minor problems indicate a problem with the relay that does not
compromise protection of the power system. Major problems indicate a very serious
problem with the relay which comprises all aspects of relay operation.

The relay performs a diagnostic while counting events, to check excessive wear on non-
volatile memory (EEPROM). Maintenance alerts indicate excessive use.
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“"Event Rate HIgh'": This alert usually indicates that communication with a programmable
logic controller or SCADA is continually recording events in the 750 event recorder.
Programmable controller should be revised or 750 setpoints adjusted to reduce event
recording.

E Self-Test Warnings may indicate a serious problem with the relay hardware!

WARNING

Upon detection of either a minor or major problem, the relay will:

e De-energize the Self-Test Warning Relay.

¢ Indicate the failure in the diagnostic message queue.

e Record the failure in the Event Recorder.

Upon detection of a major problem, the relay will (if possible) also:

e Turn off the Relay In Service LED.

¢ Inhibit operation of all output relays.

Table 4-1: Self-Test Warnings

Error

Severity

Description

A/D Virtual Ground

Major

This warning is caused by a failure of the analog to digital
converter. The integrity of system input measurements is
affected by this failure. Contact Multilin Technical Support.

Analog Output +32V

Minor

Caused by the loss of the +32 V DC power supply used to
power analog outputs. Analog output currents are affected by
this failure. Contact Multilin Technical Support.

Clock Not Set

Minor

Occurs if the clock has not been set. Refer to section 5.2.3 for
how to set the clock.

Dry Contact +32V

Minor

Caused by the loss of the +32 V DC power supply used to
power dry contacts of logic inputs. Logic inputs using internal
power are affected by this failure. Contact Multilin Technical
Support.

EEPROM Corrupt

Major

Caused by detection of corrupted location(s) in the relay data
memory, which cannot be self-corrected. Any function of the
relay is susceptible to malfunction from this failure. Contact
Multilin Technical Support.

EEPROM Usage High

Maintenance
Alert

Occurs when the relay has recorded more than 51 million
events, which are written on an EEPROM. Design limit of the
Event recorder is limited by EEPROM write limit. Further writes
on the EEPROM could fail. Contact Multilin Technical Support.

Event Rate High

Maintenance

Occurs when the relay has counted 5 million events in less

than a year. The date interval is checked at milestone events 5
million, 10 million, 15 million and so on. This warning indicates
that the relay is recording events at a rate higher than under

Alert normal conditions. Check if the DCS of SCADA system is
writing date and time to the device more frequently than once
per hour. Reduce the date and time updates to twice a day, or
"disable" the "RECORD DATE/TIME EVENTS" setting.

Factory Service Major This warning occurs when the relay is in factory service mode.

Contact Multilin Technical Support.
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Table 4-1: Self-Test Warnings

Error Severity Description

This warning is caused by detection of a corrupted location in

. the program memory, as determined by a CRC error checking
FLASH Corrupt Major code. Any function of the relay is susceptible to malfunction
from this failure. Contact Multilin Technical Support.

Force Analog Out Minor Occurs when the FORCE A/0O FUNCTION setpoint is “Enabled”.

Occurs when the FORCE OUTPUT RELAYS FUNCTION setpoint is

Force Relays Minor "Enabled".

Caused by a failure of the internal RS485 communication link.
Internal RS485 Minor Attempts to read actual values or write setpoints will produce
unpredictable results. Contact Multilin Technical Support.

Caused by the detection of unacceptably low (less than -40°C)
Internal Temp Minor or high (greater than +85°C) temperatures detected inside the
unit.

Caused when [RIG-B time synchronization has been enabled
IRIG-B Failure Minor but the signal cannot be decoded. Ensure correct IRIG-B
signal is available to the device.

This warning occurs when the relay has not been factory

Not Calibrated Minor calibrated. Contact Multilin Technical Support.

Pickup Test Minor Occurs when the PICKUP TEST FUNCTION setpoint is "Enabled".

Occurs when prototype software has been loaded into the
Prototype Software Minor relay. Contact Multilin Technical Support for the correct
firmware update.

This warning occurs when the 750/760 OPERATION setpoint has

Relay Not Ready Minor not been set to “Ready”.

This warning is caused by a failure of the Real Time Clock
RTC Crystal Minor circuit. The ability of the relay to maintain the current date
and time is lost.

This warning occurs when the simulation feature of the relay

Simulation Mode Minor is active.

This warning occurs when

e SR750 receives DNP protocol command to cold restart.
Self-Test 1 Maior e Enervista 750 Setup software sends Modbus command

! to SR750 for firmware update, from version 7.31 or
previous version, to version 7.40.
e Watchdog timer expiry.
3 . This warning occurs when microprocessor self-monitoring

Self-Test 2 Major detects task execution failure.

This warning occurs when Enervista 750 Setup software
Test Mode 3 Major sends Modbus command to SR750 for firmware update from
version 7.40 to a following version.
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Flash messages are warning, error, or general information messages displayed in response
to certain key presses. The length of time these messages remain displayed can be
programmed in S1 RELAY SETUP [>V FRONT PANEL [>V FLASH MESSAGE TIME. The factory
default flash message time is 4 seconds.

ADJUSTED VALUE
HAS BEEN STORED

COMMAND IS BEING
EXECUTED

This flash message is displayed in response to the ENTER key,
while on a setpoint message with a numerical value. The
edited value had to be adjusted to the nearest multiple of the
step value before it was stored.

This flash message is displayed in response to executing a
command message. Entering "Yes" at a command will display
the message ARE YOU SURE?. Entering "Yes" again will
perform the requested command and display this flash
message.

DEFAULT MESSAGE
HAS BEEN ADDED

DEFAULT MESSAGE
HAS BEEN REMOVED

ENTER PASSCODE
IS INVALID

ENTRY MISMATCH -
CODE NOT STORED

INVALID KEY: MUST
BE IN LOCAL MODE

This flash message is displayed in response to pressing the
decimal key, followed by the ENTER key twice, on any
message in S1 RELAY SETUP >V DEFAULT MESSAGES.

This message is displayed in response to pressing the decimal
key, followed by the ENTER key twice, on any selected default
message in S1 RELAY SETUP [>V DEFAULT MESSAGES.

This flash message is displayed in response to an incorrectly
entered passcode when attempting to enable or disable
setpoint access.

This message is displayed while changing the password with
the S1 RELAY SETUP [> PASSCODE [>V CHANGE PASSCODE
setpoint. If the passcode entered at the PLEASE RE-ENTER
A NEW PASSCODE prompt is different from the one entered
PLEASE ENTER A NEW PASSCODE prompt, the relay
dumps the new passcode and display this message

This flash message is displayed in response to pressing the
OPEN or close keys while the relay is in Remote Mode. The
relay must be put into Local Mode in order for these keys to be
operational.

NEW PASSCODE
STORED

NEW SETPOINT
STORED

This message is displayed in response to changing the
programmed passcode from the S1 RELAY SETUP [> PASSCODE
[>V CHANGE PASSCODE setpoint. The directions to change the
passcode were followed correctly and the new passcode was
stored as entered.

This flash message is displayed in response to the ENTER key
while on any setpoint message. The edited value was stored
as entered.
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NO CONDITIONS ARE
CURRENTLY ACTIVE

RELAY MESSAGES

This flash message is displayed in response to the
MESSAGE P key when the relay is displaying TARGET
MESSAGES and the Message LED is off. There are no active
conditions to display in the diagnostic message queue.

OUT OF RANGE -
VALUE NOT STORED

PLEASE ENTER A
NON-ZERO PASSCODE

PRESS [ENTER] TO
ADD AS DEFAULT

PRESS [ENTER] TO
BEGIN TEXT EDIT

PRESS [ENTER] TO
REMOVE MESSAGE

PRESSED KEY
IS INVALID HERE

RESETTING LATCHED
CONDITIONS

This flash message is displayed in response to the ENTER key
while on a setpoint message or numerical value. The edited
value was either less than the minimum or greater than the
maximum acceptable values for the edited setpoint and as a
result was not stored.

This flash message is displayed while changing the passcode
with the S1 RELAY SETUP [> PASSCODE [>V CHANGE PASSCODE
setpoint. An attempt was made to change the passcode to
“0” when it was already “0”".

This flash message is displayed for 5 seconds in response to
pressing the decimal key, followed by the ENTER key while
displaying any setpoint or actual value message except those
in S1 RELAY SETUP [>V DEFAULT MESSAGES. Pressing the
ENTER key again while this message is displayed adds the
setpoint or actual value message to the default list.

This message is displayed in response to the VALUE keys
while on a setpoint message with a text entry value. The
ENTER key must be pressed to begin editing.

This flash message is displayed for 5 seconds in response to
pressing the decimal key, followed by the ENTER key while
displaying one of the selected default messages in the
subgroup S1 RELAY SETUP >V DEFAULT MESSAGES. Pressing
the ENTER key again while this message is displayed removes
the default message from the list.

This flash message is displayed in response to any pressed
key that has no meaning in the current context.

This flash message is displayed in response to the RESET key.
All active latched conditions (trips, alarms, or latched relays)
for which the activating condition is no longer present will be
cleared.

SETPOINT ACCESS
DENIED (PASSCODE)

SETPOINT ACCESS
DENIED (SWITCH)

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

This flash message is displayed in response to the ENTER key
while on any setpoint message. Setpoint access is restricted
because the programmed passcode has not been entered to
allow access.

This flash message is displayed in response to the ENTER key
while on any setpoint message. Setpoint access is restricted
because the setpoint access terminals have not been
connected.
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SETPOINT ACCESS
IS NOW ALLOWED

SETPOINT ACCESS
IS NOW RESTRICTED

CHAPTER 4: INTERFACES

This flash message is displayed in response to correctly
entering the programmed passcode at the s1 RELAY SETUP [>
PASSCODE >V ALLOW ACCESS TO SETPOINTS setpoint. The
command to allow access to setpoints has been successfully
executed and setpoints can be changed and entered.

This flash message is displayed in response to entering the
correct programmed passcode at the s1 RELAY SETUP [>
PASSCODE [>V RESTRICT ACCESS TO SETPOINTS setpoint. The
command to restrict access to setpoints has been
successfully executed and setpoints cannot be changed.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 4: INTERFACES ENERVISTA 750/760 SETUP SOFTWARE INTERFACE

4.4 EnerVista 750/760 Setup Software Interface

4.4.1 Overview

The EnerVista 750/760 Setup software provides a graphical user interface (GUI) as one of
two human interfaces to a 750/760 device. The alternate human interface is implemented
via the device's faceplate keypad and display (see the first section in this chapter).

The EnerVista 750/760 Setup software provides a single facility to configure, monitor,
maintain, and trouble-shoot the operation of relay functions, connected over serial
communication networks. It can be used while disconnected (i.e. off-line) or connected |i.e.
on-line) to a 750/760 device. In off-line mode, settings files can be created for eventual
downloading to the device. In on-line mode, you can communicate with the device in real-
time.

This no-charge software, provided with every 750/760 relay, can be run from any
computer supporting Microsoft Windows® 95 or higher. This chapter provides a summary
of the basic EnerVista 750/760 Setup software interface features. The EnerVista 750/760
Setup Help File provides details for getting started and using the software interface.

With the EnerVista 750/760 Setup running on your PC, it is possible to:
e Program and modify setpoints

» Load/save setpoint files from/to disk

e Read actual values and monitor status

e Perform waveform capture and log data

¢ Plot, print, and view trending graphs of selected actual values

¢ Download and playback waveforms

e Get help on any topic

4.4.2 Hardware

Communications from the EnerVista 750/760 Setup to the 750/760 can be accomplished
three ways: R5232, RS485, and Ethernet communications. The following figures below
illustrate typical connections for RS232, RS485, and Ethernet communications.
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FIGURE 4-2: Communications using the Front RS232 Port

Computer

F485 Connections

GE Multilin
FA485 Converter

RS232 Connector
to Computer COM Port
Typically COM1 or COM2

Rear RS485 Connections

FIGURE 4-3: Communications using Rear RS485 Port
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RS485 COM2 is disabled when the Ethernet option is ordered.

NOTE

996711A1.CDR

FIGURE 4-4: Communications using Rear Ethernet Port

4.4.3 Installing the EnerVista 750/760 Setup Software

The following minimum requirements must be met for the EnerVista 750/760 Setup
software to operate on your computer.

e Pentium class or higher processor (Pentium Il 300 MHz or better recommended)
e Microsoft Windows 95, 98, 98SE, ME, NT 4.0 (SP4 or higher), 2000, XP

e 64 MB of RAM (256 MB recommended)

e Minimum of 50 MB hard disk space (200 MB recommended)

After ensuring these minimum requirements, use the following procedure to install the
EnerVista 750/760 Setup software from the enclosed GE EnerVista CD.

1. Insert the GE EnerVista CD into your CD-ROM drive.

2. Click the Install Now button and follow the installation instructions to install the no-
charge EnerVista software on the local PC.

3. When installation is complete, start the EnerVista Launchpad application.

4. Click the IED Setup section of the Launch Pad window.

LAUNCH < PAD
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5. Inthe EnerVista Launch Pad window, click the Install Software button and select the
“750 Feeder Management Relay” or “760 Feeder Management Relay” from the Install
Software window as shown below. Select the “Web” option to ensure the most recent
software release, or select “CD” if you do not have a web connection, then click the

Check Now button to list software items for the 750/760.

enerVista LAUNCHPAD

]

enerVista 3.0

L® Install Software

From: C LD & ek
Select Products to Add:

[[1239 Motor Protection Releay

[C1269Plus Motor Management Relay

[[1369 Motor Management Relay

1469 Motar Management Relay

[[1489 Generator Management Relay

[[1735/737 Feeder Relay

[[1745 Transformer Management Relay
750 Feeder Managerment Relay

[[1760 Feeder Management Relay

[CJALPS Advanced Line Protection System

[C1B30 Bus Differential Relay

[1B30 Bus Differential Systerm

1230 Contraller

[C1CB0 Breaker Management Relay

LAUNCH ¥V PAD

m—— ”—uw

6. Select the EnerVista 750/760 Setup software and release notes (if desired) from the list
and click the Download Now button to obtain the installation program.

¥ enervista LAUNCHPAD

enerlista3.0

=10 x|

LAUNCH SV PAD
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10.

11.

ENERVISTA 750/760 SETUP SOFTWARE INTERFACE

EnerVista Launchpad will obtain the installation program from the Web or CD. Once
the download is complete, double-click the installation program to install the EnerV-
ista 750/760 Setup software.

The program will request the user to create a backup 3.5" floppy-disk set. If this is
desired, click on the Start Copying button; otherwise, click on the CONTINUE WITH
750/760 INSTALLATION button.

Select the complete path, including the new directory name, where the EnerVista 750/
760 Setup software will be installed.

Click on Next to begin the installation. The files will be installed in the directory indi-
cated and the installation program will automatically create icons and add EnerVista
750/760 Setup software to the Windows start menu.

Click Finish to end the installation. The 750/760 device will be added to the list of
installed IEDs in the EnerVista Launchpad window, as shown below.

U* enervista LAUNCHPAD

enerVista 3.0 LAUNCH SV PAD
(Lo I

750760 Multitet
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4.5

Connecting EnerVista 750/760 Setup to the Relay

4.5.1 Configuring Serial Communications

Before starting, verify that the serial cable is properly connected to either the RS232 port
on the front panel of the device (for RS232 communications) or to the RS485 terminals on
the back of the device (for RS485 communications). See Hardware on page 4-13 for
connection details.

This example demonstrates an RS232 connection. For RS485 communications, the GE
Multilin F485 converter will be required. Refer to the F485 manual for additional details. To
configure the relay for Ethernet communications, see Configuring Ethernet
Communications on page 4-20.

1.

Install and start the latest version of the EnerVista 750/760 Setup software (available
from the GE EnerVista CD). See the previous section for the installation procedure.

Click on the Device Setup button to open the Device Setup window and click the Add
Site button to define a new site.

Enter the desired site name in the Site Name field. If desired, a short description of site
can also be entered along with the display order of devices defined for the site. In this
example, we will use “Substation 1” as the site name. Click the OK button when com-
plete.

The new site will appear in the upper-left list in the EnerVista 750/760 Setup window.
Click the Add Device button to define the new device.

Enter the desired name in the Device Name field and a description (optional) of the
site.
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7. Select “Serial” from the Interface drop-down list. This will display a number of inter-
face parameters that must be entered for proper R$232 functionality.

a’%ug%?%c;qgw‘f on: 750 Feeder Managerment Relay

e Enter the slave address and COM port values (from the S1 RELAY SETUP [>V/
COMMUNICATIONS >V PORT SETUP menu) in the Slave Address and COM Port fields.

e Enter the physical communications parameters (baud rate and parity settings) in their
respective fields.

8. Click the Read Order Code button to connect to the 750/760 device and upload the
order code. If an communications error occurs, ensure that the 750/760 serial com-
munications values entered in the previous step correspond to the relay setting val-
ues.

9. Click OK when the relay order code has been received. The new device will be added
to the Site List window (or Online window) located in the top left corner of the main
EnerVista 750/760 Setup window.

The 750/760 Site Device has now been configured for serial communications. Proceed to
Connecting to the Relay on page 4-22 to begin communications.
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Using the Quick Connect Feature

The Quick Connect button can be used to establish a fast connection through the front

panel R$232 port of a 750/760 relay. The following window will appear when the Quick
Connect button is pressed:

Quickly connect 75047605 etup to a 7B0/7E0
through the 7504760 front port at 3600 M 81

Select your Computer's COM Paort IEDM2 'I

Connhect I Cancel |

As indicated by the window, the Quick Connect feature quickly connects the EnerVista 750/
760 Setup software to a 750/760 front port with the following settings: 9600 baud, no

parity, 8 bits, 1 stop bit. Select the PC communications port connected to the relay and
press the Connect button.

The EnerVista 750/760 Setup software will display a window indicating the status of
communications with the relay. When connected, a new Site called “Quick Connect” will
appear in the Site List window. The properties of this new site cannot be changed.

| enerVista 750/7605etup Active Screen:

JJ File Setpointz Actual Commands Communications Yiew Help

| EBS dEaSE @QANE BB RRI
x|

I &5 Device Setup IdE}dufckﬁmmI

2

GE Multilin

“Settings

“Actual Values

* Commands

* Communications

ion 1

‘Device Definition
“Settings

“Actual Yalues

* Commands

[ Cammunications

The 750/760 Site Device has now been configured via the Quick Connect feature for serial

communications. Proceed to Connecting to the Relay on page 4-22 to begin
communications.

4.5.3 Configuring Ethernet Communications

Before starting, verify that the Ethernet cable is properly connected to the RJ-45 Ethernet
port.

750/760 supports a maximum of 4 TCP/IP sessions.

NOTE
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Install and start the latest version of the EnerVista 750/760 Setup software (available
from the GE EnerVista CD). See the previous section for the installation procedure.

Click on the Device Setup button to open the Device Setup window and click the Add
Site button to define a new site.

Enter the desired site name in the Site Name field. If desired, a short description of site
can also be entered along with the display order of devices defined for the site. In this
example, we will use “Substation 2" as the site name. Click the OK button when com-
plete.

The new site will appear in the upper-left list.
Click the Add Device button to define the new device.
Enter the desired name in the Device Name field and a description (optional).

Select “Ethernet” from the Interface drop-down list. This will display a number of inter-
face parameters that must be entered for proper Ethernet functionality.

Device Setup ﬂ
- - P
& adasie | HadtOovico| B voite | B oocetiome R0 m0Reiyz
#- Substation 1 s
o1 Blibetation3 Description: [760 Feader Management Relay
= 750760 Relay 2 -
Interface; Ethernet A

IP Address: B .M 247 121

Slave address: |2 3: Modbus Fart: {502

Ordler Code: | 7B0-P1-G1-S1-HFAT -G

Read Order Code
¥ Ok ¥ Cancel

Enter the IP address, slave address, and Modbus port values assigned to the
750/760 relay (from the S1 RELAY SETUP >V COMMUNICATIONS >V NETWORK
CONFIGURATION menu).

Click the Read Order Code button to connect to the 750/760 and upload the order

code. If an communications error occurs, ensure that the Ethernet communications

values correspond to the relay setting values.

Version: 5.0x >

Click OK when the relay order code has been received. The new device will be added
to the Site List window (or Online window) located in the top left corner of the main
EnerVista 750/760 Setup window.

The 750/760 Site Device has now been configured for Ethernet communications. Proceed
to the following section to begin communications.
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4.5.4 Connecting to the Relay

Now that the communications parameters have been properly configured, the user can
easily communicate with the relay.

1.

||Ete Seports Actud commands Gommunkcations Wew ik

Expand the Site list by double clicking on the site name or clicking on the «+» box to
list the available devices for the given site (for example, in the “Substation 1” site
shown below).

Desired device trees can be expanded by clicking the «+» box. The following list of
headers is shown for each device:

Device Definitions

Settings

Actual Values

Commands

Communications

Expand the Settings > Relay Setup listitem and double click on Front Panel to open the
Front Panel settings window as shown below:

—|0fx

Ofetup Acth en: - Front fanel // Substation 1: 750_760 Relay 1: Settings: Relay Setup

IRy TR vy

750/760<¢

& Dovice Setwp | {2 Quick Connact

= Suhstation | -
£ 750_760 Fieloy 1

- Device Detniton
Ordor Cade: 260-P1-G1-51-HI

| Sawe I
| 5 nere|

Event Fecorder £ Restore|

.
Trace Memory 2 !

Usar Tt Messages L e Disabled
Deta Logger . =
Clanr Daim
e JE—UR&W 1| Setongs: Relay Sep

& Systam Setup
Expand the Site List by double
clicking or by selecting the [+] box
sl

# Logicinputs

Filess
Green = OK, Red = No Comms
"I FromPon_|
Foo b, ress 1 Rote GO EdrGowi Devcetode | MM
FIGURE 4-5: Main Window After Connection
4. The Front Panel settings window will open with a corresponding status indicator on

the lower left of the EnerVista 750/760 Setup window.

If the status indicator is red, verify that the serial or Ethernet cable is properly con-
nected to the relay, and that the relay has been properly configured for communica-
tions (steps described earlier).
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The Front Panel settings can now be edited, printed, or changed according to user
specifications. Other setpoint and commands windows can be displayed and edited in a
similar manner. Actual values windows are also available for display. These windows can
be locked, arranged, and resized at will.

‘1_' Refer to the EnerVista 750/760 Setup Help File for additional information about the

using the software.
MNOTE
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4.6 Working with Setpoints and Setpoint Files

4.6.1 Engaging a Device
The EnerVista 750/760 Setup software may be used in on-line mode (relay connected) to
directly communicate with a 750/760 relay. Communicating relays are organized and
grouped by communication interfaces and into sites. Sites may contain any number of
relays selected from the SR or UR product series.

4.6.2 Entering Setpoints

The System Setup page will be used as an example to illustrate the entering of setpoints. In
this example, we will be changing the current sensing setpoints.

1. Establish communications with the relay.

2. Select the Setpoint > System Setup menu item. This can be selected from the device
setpoint tree or the main window menu bar.

3. Select the PHASE CT PRIMARY setpoint by clicking anywhere in the parameter box. This
will display three arrows: two to increment/decrement the value and another to
launch the numerical calculator.

750_760 Relay 1 |Settings: System Setup

7] 750/760 System Setup // Substation 1 750,/ — (o] x|
7504760 System Setp |
Phase CT Primary 23 & Save |
Ground CT Primary a0 A L
Bus VT Connection Type Wye [ 52000 A|--_
Bus Nominal ¥T Secondary Voltage 1200
Bug T Ratio 12001 i
Default
Nominal Frequency 0 Hz LI
Cost of energy 5.0 centsfkiyvh
Line %T Connection “hn
Line Mominal % T Secondary Voltage 120.0%
Line %T Ratio 12001
Phase Sequence ABC
Sensitive: Ground CT Primary 1000 A

A

4. Clicking the arrow at the end of the box displays a numerical keypad interface that
allows the user to enter a value within the setpoint range displayed near the top of the

keypad:
"] 750,760 system Setup /St _|o] x|
750760 System Setup
Phase CT Primary | 23| | & Save |
Ground CT Primary Bange: [1toG00D0A
Bus WT Connection Type 'ﬁﬂ'ﬂﬂﬂm.]

Bus Nominal ¥T Secondary Voltage
Bug T Ratio.
Nominal Frequency

Increment: 1A

750_760 Relay 1 | Settings: System

Cost of energy IR
Line %T Connection E 3 c il s

Line Mominal %T Secondary Yaoltage =

Line %T Ratio ! 2|3

Phase Sequence  Hex N |

Sensitive: Ground CT Primary & Dec Accept | Cahcel |

& Defauit |
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Click Accept to exit from the keypad and keep the new value. Click on Cancel to exit
from the keypad and retain the old value.

5. For setpoints requiring non-numerical pre-set values (e.g. BUS VT CONNECTION TYPE
above), clicking anywhere within the setpoint value box displays a drop-down
selection menu arrow. Select the desired value from this list.

"] 750760 system Setup 15 750 _|o x|
T50/760 System Setup |
SETTING
Phase CT Primary

B Save |
Ground CT Primary
Bus T Connection Type

|2 sostore|
Bus Mominal ¥T Secondary Waoltage  [None
Bus T Ratio
Default
IMominal Freguency Delta =

Cost of energy 5.0 centsfkivh
Line %T Connection “hn
Line Mominal WT Secondary Woltage 120.0%
Line T Ratio 120001
FPhase Sequence ABC
Sensitive Ground CT Primary 1000 A

750_760 Relay 1 |Settings: System Setup 4

6. For setpoints requiring an alphanumeric text string (e.g. message scratchpad
messages), the value may be entered directly within the setpoint value box.

7. Inthe Setpoint / System Setup dialog box, click on Store to save the values into the
750/760. Click OK to accept any changes and exit the window. Click Cancel to retain
previous values and exit.

4.6.3 File Support

Opening any EnerVista 750/760 Setup file will automatically launch the application or
provide focus to the already opened application. If the file is a settings file (has a ‘750" or
‘760’ extension) which had been removed from the Settings List tree menu, it will be added
back to the Settings List tree.

New files will be automatically added to the tree, which is sorted alphabetically with
respect to settings file names.

4.6.4 Using Setpoints Files

Overview

The EnerVista 750/760 Setup software interface supports three ways of handling changes
to relay settings:

¢ In off-line mode (relay disconnected) to create or edit relay settings files for later
download to communicating relays.

e Directly modifying relay settings while connected to a communicating relay, then
saving the settings when complete.

e Creating/editing settings files while connected to a communicating relay, then saving
them to the relay when complete.

Settings files are organized on the basis of file names assigned by the user. A settings file
contains data pertaining to the following types of relay settings:
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e Device Definition

e Product Setup

e System Setup

e Grouped Elements

e  Control Elements

e Inputs/Outputs

e Testing

Factory default values are supplied and can be restored after any changes.

The EnerVista 750/760 Setup display relay setpoints with the same hierarchy as the front
panel display. For specific details on setpoints, refer to Chapter 5.

Downloading and Saving Setpoints Files

Setpoints must be saved to a file on the local PC before performing any firmware
upgrades. Saving setpoints is also highly recommended before making any setpoint
changes or creating new setpoint files.

The EnerVista 750/760 Setup window, setpoint files are accessed in the Settings List
control bar window or the Files Window. Use the following procedure to download and
save setpoint files to a local PC.

1. Ensure that the site and corresponding devicels) have been properly defined and
configured as shown in Connecting EnerVista 750/760 Setup to the Relay on page 4-
18.

2. Select the desired device from the site list.

3. Select the File > Read Settings from Device menu item to obtain settings information
from the device.

4. After a few seconds of data retrieval, the software will request the name and
destination path of the setpoint file. The corresponding file extension will be
automatically assigned. Press Save to complete the process. A new entry will be
added to the tree, in the File pane, showing path and file name for the setpoint file.

Adding Setpoints Files to the Environment

The EnerVista 750/760 Setup software provides the capability to review and manage a
large group of setpoint files. Use the following procedure to add a new or existing file to the
list.
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1. Inthe files pane, right-click on ‘Files’ and select the Add Existing Setting File item as

shown:
. B Bystem Setup
.~ 750/760 System Setup
= FlexCurve A
i b FlexCunve B
Pl modm b itn X
4| | B

v Ao Docking

new Settings Flle
Remoe Setings He

Ediit Seftings Fle Froperties
Select Item

Sel e Factony Befault Values
Write Settings to Device

Prirt Settings File
Print Preview Settings Fie

Float In Main Window

For Help, press F1

2. The Open dialog box will appear, prompting the user to select a previously saved
setpoint file. As for any other MS Windows® application, browse for the file to be

added then click Open. The new file and complete pa

Creating a New Setpoint File

th will be added to the file list.

The EnerVista 750/760 Setup software allows the user to create new setpoint files
independent of a connected device. These can be uploaded to a relay at a later date. The
following procedure illustrates how to create new setpoint files.

1. Inthe File pane, right click on ‘File’ and select the New Settings File item. The

EnerVista 750/760 Setup software displays the follow
the configuration of the setpoint file for the correct fir

ing box will appear, allowing for
mware version. It is important to

define the correct firmware version to ensure that setpoints not available in a

particular version are not downloaded into the relay.

New Settings File
Enter File Name: | "
Device Type
@ 750 760 ‘

Hardware Fevision
& Sensts Ground CT Input

" Paolarizing CT Input

Version ; 30x -

Description: I

oK | Cancel |

2. Select the Device Type, Hardware Revision, and Firmware Version for the new setpoint

file.

3. For future reference, enter some useful information in the Description box to facilitate
the identification of the device and the purpose of the file.
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To select a file name and path for the new file, click the button beside the Enter File
Name box.

Select the file name and path to store the file, or select any displayed file name to
update an existing file. All 750/760 setpoint files should have the extension ‘750’ or
‘760’ (for example, feeder1.750’).

Click Save and OK to complete the process. Once this step is completed, the new file,
with a complete path, will be added to the EnerVista 750/760 Setup software
environment.

Upgrading Setpoint Files to a New Revision

It is often necessary to upgrade the revision code for a previously saved setpoint file after
the 750/760 firmware has been upgraded (for example, this is required for firmware
upgrades). This is illustrated in the following procedure.

1
2.

7.

Establish communications with the 750/760 relay.

Select the Actual > A5 Product Info menu item and record the Software Revision
identifier of the relay firmware.

Load the setpoint file to be upgraded into the EnerVista 750/760 Setup environment
as described in Adding Setpoints Files to the Environment on page 4-26.

In the File pane, select the saved setpoint file.

From the main window menu bar, select the File > Properties menu item and note the
File Version of the setpoint file. If this version (e.g. 5.00 shown below) is different than
the Software Revision code noted in step 2, select a New File Version that matches
the Software Revision code from the pull-down menu.

For example, if the firmware revision is 27L720A5.000 (software revision 7.20) and the
current setpoint file revision is 5.00, change the setpoint file revision to “7.2x".

Convert Settings File
— Settings

File Name IC:\DDcuments and Settingsh410001 7714y Documents\Relayl 750

Description : I

Felay Type : & 750 7EO

File Versign : 500 New File Wersion:  |6.0x 'I
3.0x
33
3Bx
37x |

04 [ix ]

5.0x

_

Enter any special comments Select the desired setpoint version
about the setpoint file here. from this menu. The 6.0x indicates
versions 6.00, 6.01, 6.02, etc.

When complete, click Convert to convert the setpoint file to the desired revision. A
dialog box will request confirmation. See Loading Setpoints from a File on page 4-29
for instructions on loading this setpoint file into the 750/760.
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Printing Setpoints and Actual Values

The EnerVista 750/760 Setup software allows the user to print partial or complete lists of
setpoints and actual values. Use the following procedure to print a list of setpoints:

1.

Select a previously saved setpoints file in the File pane or establish communications
with a 750/760 device.

From the main window, select the File > Print Settings menu item.

The Print/Export Options dialog box will appear. Select Settings in the upper section
and select either Include All Features (for a complete list) or Include Only Enabled
Features (for a list of only those features which are currently used) in the filtering
section and click OK.

Print / Export Options il

—Select Information to Print ¢ Export

& Seftings
O AriusValuss

¢ Befiings & ActualValues

—Filtering
& Include Only Enabled Features

" Include All Festures

0K I Cancel |

The process for File > Print Preview Settings is identical to the steps above.

Setpoints lists can be printed in the same manner by right clicking on the desired file
(in the file list) or device (in the device list) and selecting the Print Device Information
or Print Settings File options.

A complete list of actual values can also be printed from a connected device with the
following procedure:

1.
2.
3.

Establish communications with the desired 750/760 device.
From the main window, select the File > Print Settings menu item.

The Print/Export Options dialog box will appear. Select Actual Values in the upper
section and select either Include All Features (for a complete list) or Include Only
Enabled Features (for a list of only those features which are currently used) in the
filtering section and click OK.

Actual values lists can be printed in the same manner by right clicking on the desired
device (in the device list) and selecting the Print Device Information option.

Loading Setpoints from a File

An error message will occur when attempting to download a setpoint file with a
revision number that does not match the relay firmware. If the firmware has been
upgraded since saving the setpoint file, see Upgrading Setpoint Files to a New Revision
on page 4-28 for instructions on changing the revision number of a setpoint file.

The following procedure illustrates how to load setpoints from a file. Before loading a
setpoints file, it must first be added to the EnerVista 750/760 Setup environment as
described in Adding Setpoints Files to the Environment on page 4-26.
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1. Select the previously saved setpoints file from the File pane of the EnerVista 750/760
Setup software main window.

2. Select the File > Properties menu item and verify that the corresponding file is fully
compatible with the hardware and firmware version of the target relay. If the versions
are not identical, see Upgrading Setpoint Files to a New Revision on page 4-28 for
details on changing the setpoints file version.

3. Right-click on the selected file and select the Write Settings to Device item.

4. Select the target relay from the list of devices shown and click Send. If there is an
incompatibility, an error of following type will occur:

750/7608etup x|

r':'E Incompatible device order codes oF versions
Target: '760" Versior: 'S.00"

Solrce: '750' Wersion: '3.60",
Please Lise Properties in File menu to corvert version',

5. If there are no incompatibilities between the target device and the settings file, the
data will be transferred to the relay. An indication of the percentage completed will be
shown in the bottom of the main window.
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4.7 Upgrading Relay Firmware

4.7.1 Description

b4

NOTE

WARNING

To upgrade the 750/760 firmware, follow the procedures listed in this section. Upon
successful completion of this procedure, the 750/760 will have new firmware installed with
the original setpoints.

The latest firmware files are available from the GE Multilin website at http://
www.GEmultilin.com.

Enervista 750/760 Software prevents incompatible firmware from being loaded into a 750/
760 relay.

Firmware version 7.20 is compatible only with hardware version ‘L*. Firmware version 7.01
or older is not compatible with hardware version ‘L.

* However, firmware version 7.21 is compatible with both Hardware revs K and L.

Relay Hardware Version Bootware Version | Compatible Application Firmware
Versions
7.00
K" 500 7.01
7.21
L 600 7.20
L 601 7.21

Units with bootware versions earlier than 3.00 must be set to a baud rate of 9600 with a
Slave Address of 1 before downloading new firmware. The bootware version can be
checked in the A5 PRODUCT INFO [>¥ REVISION CODES >V BOOTWARE REVISION actual
value.

It is recommended not to downgrade the firmware revision of the SR750/760.
Downgrading an SR750/760 with Ethernet option from higher firmware revision to FW
revision 7.20 can lose the Ethernet functionality in the relay. Please contact Multilin
Technical Support team for more details.

4.7.2 Saving Setpoints To A File

Before upgrading firmware, it is very important to save the current 750/760 settings to a
file on your PC. After the firmware has been upgraded, it will be necessary to load this file
back into the 750/760.

Refer to Downloading and Saving Setpoints Files on page 4-26 for details on saving relay
setpoints to a file.

4.7.3 Loading New Firmware

Loading new firmware into the 750/760 flash memory is accomplished as follows:

1. Connect the relay to the local PC and save the setpoints to a file as shown in
Downloading and Saving Setpoints Files on page 4-26.
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2. Select the Communications > Update Firmware menu item.

3. Thefollowing warning message will appear. Select Yes to proceed or No the cancel the
process. Do not proceed unless you have saved the current setpoints.

750/7605etup I

@ WWARKING, Pelay frmware wil be erased,

Relay should not be in service during firmware upgrade:

You wil be prompted to select two different fles,
one for the analog board and ore for the control board.

Do you want to proceed?

Yes o |

]

4. The EnerVista 750/760 Setup software will request the new firmware file. Locate the
firmware file to load into the 750/760. The firmware filename has the following

format:

27 L 720 A5. 000

T— Modification Number (000 = none)
A5 = Analog Board file; C5 = Control Board file

Firmware Version

Required 750/760 hardware
Product code (27 = 750)

5. The 750/760PC software automatically lists all filenames beginning with 27" Select
the appropriate file and click OK to continue. This will be the Analog Board file.

6. Asecond file request will be prompted. This will be for the Control Board file.

b4

NOTE

Both analog and control board files must have the same firmware versions.

7. EnerVista 750/760 Setup software now prepares the 750/760 to receive the new
firmware file. The 750/760 front panel will momentarily display “Code Programming
Mode Ready,” indicating that it is in upload mode. The 750/760 front panel continues

with display “Erasing Analog Board Flash Memory.”

3 With hardware revision ‘K’ and earlier, at this point EverVista 750/760 Setup software may
' occasionally display the prompt shown below. If this occurs, select “Retry”. It may require

NoTE up to 5 attempts.

750/760 Setup

Abort ! Retry
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b 4

NOTE
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8.  While the file is being loaded into the 750/760, a status box appears showing how
much of the new firmware file has been transferred and how much is remaining, as
well as the upgrade status. The entire transfer process takes approximately 15
minutes if communicating at 19200 baud..

Update Firmware // Substation

UPLOADING FIRMWARE TO DEVICE

PLEASE ‘WalT

[ STATUS
Erasing Analog Board Flash Memary ‘

A

9. The EnerVista 750/760 Setup software will notify the user when the 750/760 has
finished loading the file. Carefully read any displayed messages and click OK to return
the main screen.

Cycling power to the relay is recommended after a firmware upgrade.

After successfully updating the 750/760 firmware, the relay will not be in service and will
require setpoint programming. To communicate with the relay, the following settings will
have to me manually programmed.

MODBUS COMMUNICATION ADDRESS
BAUD RATE
PARITY (if applicable)

When communications is established, the saved setpoints must be reloaded back into the
relay. See Loading Setpoints from a File on page 4-29 for details.

Modbus addresses assigned to firmware modules, features, settings, and corresponding
data items (i.e. default values, min/max values, data type, and item size) may change
slightly from version to version of firmware.

The addresses are rearranged when new features are added or existing features are
enhanced or modified. The EEPROM DATA ERROR message displayed after upgrading/
downgrading the firmware is a resettable, self-test message intended to inform users that
the Modbus addresses have changed with the upgraded firmware. This message does not
signal any problems when appearing after firmware upgrades.
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4.8 Advanced EnerVista 750/760 Setup Features

4.8.1 Triggered Events

While the interface is in either on-line or off-line mode, data generated by triggered
specified parameters can be viewed and analyzed via one of the following features:

Event Recorder: The event recorder captures contextual data associated with the last
512 events, listed in chronological order from most recent to the oldest.

Oscillography: The oscillography waveform traces and digital states provide a visual
display of power system and relay operation data captured during specific triggered
events.

4.8.2 Waveform Capture (Trace Memory)

The EnerVista 750/760 Setup software can be used to capture waveforms (or view trace
memory) from the 750/760 relay at the instance of a trip. A maximum of 512 cycles can be
captured and the trigger point can be adjusted to anywhere within the set cycles. A
maximum of 16 waveforms can be buffered (stored) with the buffer/cycle trade-off.

The following waveforms can be captured:

Phase A, B, and C currents (I, I, and /)

Ground and Sensitive ground currents {lg and /sg)
Phase A-N, B-N, and C-N voltages (V,, V}, and V,)
Digital data for output relays and contact input states.

With EnerVista 750/760 Setup running and communications established, select the
Actual > Waveform Capture menu item to open the waveform capture setup
window:

_] Waveform Capture // Substation 1: 750_760 Rela: — |E| |i|

-
E Launch Viewer

Total Triggers |1 Trigger wawvefarm
Select Trigger | - Clearwavetarm
Open

Savetofile ‘l

Selectwhich trigger you would like to read values
then click the "Launch Yiewer" button to\view the
waveform.

-
«| »

[750_760 Relay 1 \Acm{il ValLies \ 4

Number of available files
Files to be saved or viewed Save waveform to a file

Click on Trigger Waveform to trigger a waveform capture.
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The waveform file numbering starts with the number zero in the 750/760; therefore,
the maximum trigger number will always be one less then the total number triggers
available.

2. Click on the Save to File button to save the selected waveform to the local PC. A new
window will appear requesting for file name and path.

3. Thefileis saved as a comma separated values file, with the extension ‘CSV'. A CSV file
can be viewed and manipulated with compatible third-party software, such as
Microsoft Excel.

4. Toview a previously saved file, click the Open button and select the corresponding
CSV file.

5. To view the captured waveforms, click the Launch Viewer button. A detailed
Waveform Capture window will appear as shown below:

TRIGGER TIME & DATE CURSOR LINE POSITION

Display the time & date of the VECTOR DISPLAY SELECT Indicate the cursor line position
Trigger Click here to open a new graph in time with respect to the
to display vectors trigger time DELTA
Indicates time difference
/ between the two cursor lines
r = X ¥ = ¥
Dain [f ms wnu, = Al | b _—_J % :|
[feazn " [Taanpe 4 2 18me m
iy 1003003 1443 2052003 16K SAEHT Bbe =

AAAAAAAAANNANAAAAAAAAAAAANAD
JU U}kV\VU‘UUU“UtUUJdVVU\UUUdU

thae () Cumént

AAANAAAAAAAAAANAAAAANAAAAANAA
VVVVVVVVVYUVYVYVVVVVUVVVYVTT

; N
AAAAAAAAAAANARAAAAANANN ﬂ
VUUUUUUUUUVUU'UWQ&UUUU‘UUV UJ

'" v/
I3 Comtade- .| \/
Display graph values
at the corresponding FILE NAME EIL#EEOR TRIGGER LINE
cursor line. Cursor Indicates the To move lines locate the mouse pointer Indicates the
lines are identified by file name and over the cursor line then click and drag point in time for
their colors. complete path the cursor to the new location. the trigger
(if saved)
FIGURE 4-6: Waveform Capture Window Attributes
6. The red vertical line indicates the trigger point of the relay.
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The date and time of the trip is displayed at the top left corner of the window. To
match the captured waveform with the event that triggered it, make note of the time
and date shown in the graph. Then, find the event that matches the same time and
date in the event recorder. The event record will provide additional information on the
cause and the system conditions at the time of the event. Additional information on
how to download and save events is shown in Event Recorder on page 4-37.

From the window main menu bar, press the Preference button to open the Graph
Setup page to change the graph attributes.

ener¥ista 750/7608etup Active Screen:Comtrade - [C:'Program Files\GE

“' Fle Setpoints Actual Commands Communications Yiew Help

| BB g% | &)< |B & 3|

[% Al

-l
Wt

\ Preference button

The following window will appear:

Comtrade / Setup

CHANMEL IDENTIFIER | COLOR | SCALE GROUP | LIME STYLE | DISPLAY ORDER =
Phase A Current . - Group 1 Solid Automatic
Phase B Current - Group 1 Salid Automatic
Phage C Current — Group 1 Solid Autamatic
Ground Current B - Group i Salid Automatic
AH{AB) Voltage B -| Group2 Salid Automatic
B %oltage 7] Group2 Salid Automatic
ChICE) Vaoltage B -| Group? Salid Mone
Line Yoltage B -| Group2 Solid Mane
Sensty Gnd Current | -] Group 1 Salid Mane —
=
L4 [r [\Comiments yANALOG ADIGITAL/ |4/ [ » [
i~ Graph Display ——————————  Phasor Display
¥ Display Axis Names Select Reference |AN(AE) Yoltage LI
[~ Graph Secandany Values I Scale Magnitudes
(NOTE: only for waveforms) Samples { Cycle 16
Digital Channels
’}J Auto-Detect / Auto-Display ‘
Xedixis Time Units
’7(' ms @ dd hh:mm:ss.sss Graph Background I:”v

’O—KI Cancel |

4

Change the Color of each graph as desired, and select other options as required, by
checking the appropriate boxes. Click OK to store these graph attributes, and to close
the window.

10. The Waveform Capture window will reappear with the selected graph attributes

available for use.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 4: INTERFACES ADVANCED ENERVISTA 750/760 SETUP FEATURES

11. Toview a vector graph of the quantities contained in the waveform capture, press the
Vector display button (see FIGURE 4-6: Waveform Capture Window Attributes on page
4-35) to display the following window:

F=l
Ef -
[ CHANHEL IDENTIFIER | COLOR | GRAPH | MAGHITUDE /AHGLE | =

Phase & Currert | Craph 1 [1408.71 (Amps) (Amps) 29

Fhase B Current Graph 1 [1415.64 (Amps) (Amps) -1

Phese C Currert | Granh 1 [1411.38 (Amps) (Amps) -27

Ground Currert [N "o

LN(AE) Yoltage | Gr3rh 2 1958 62 (W) [¥) D.00°

B Wottage Graph 2 | 1360.58 () (v) -119.98°

cnc) votage | Grarh 2 1851 07 (¥) () 24016 |
'
>

I Wavetom | I Comtrada- . [ Comtiade L.

12. Use the graph attribute utility described in step 7 to change the vector colors.

4.8.3 Data Logger

The data logger feature is used to sample and record up to eight actual values at an
interval that is defined by the user. Refer to Event Recorder on page 5-14 for additional

details. The Data Logger window behaves in the same manner as the Waveform Capture
described above.

4.8.4 Event Recorder

The 750/760 event recorder can be viewed through the EnerVista 750/760 Setup software.
The event recorder stores generator and system information each time an event occurs
(e.g. breaker failure). A maximum of 512 events can be stored, where E512 is the most
recent event and EQ01 is the oldest event. EO01 is overwritten whenever a new event

occurs. Refer to Event Records on page 6-20 for additional information on the event
recorder.

Use the following procedure to view the event recorder with EnerVista 750/760 Setup:
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1. With EnerVista 750/760 Setup running and communications established, select the
Actual > A4 Event Recorder item from the main menu. This displays the Event
Recorder window indicating the list of recorded events, with the most current event

displayed first.

EVENT LISTING
Lists the last 512 events
with the most recent

EVENT SELECT BUTTONS
Click the All button to select
all events; click the None

EVENT NUMBER
The event data information
is related to the event number

CLEAR EVENTS
Click the Clear
Events button to
clear the event list

displayed at top of list. button to clear all selections. shown here. from m;mory.
¥ /
Event Select Dﬁle Time /(Zause of Event :I Last Reset Date
98 W~ 10BO00E | 10:42°57 345 Alarh: Out Of Syncronization
97 I 10462005 | 10:41:31.645 Logic Inpdt: Phase AB - Block Ground OC 08/2/2003
96 I 1/JIE;QDEI3 10:41:25 249 Setpoint Group 3 Active
95 I /10;’6;‘2003 10:41:25.242 Logi%nput Phase AB - Setpoint Group 3 Total Evehts
94 v 10/8/2003 10:41:24.732 Setpoint Group 2 Active
93 I 10/6/2003 | 10:41:24 726 Ly/gic Input: Phase AB - Setpoint Group 2 108
92 V’ 10/8/2003 | 09:52:48.516 Warning: Relay Not Ready
91 /IV 10642003 | 09:52:38.293 Setpoint Group 1 Active
o0 [t 10/B/2005 | 09:52:38. 267 Input On: Centact AILI & Clear Events |
d | c & Save Events

| 2
All MNone | SelectEvents 108

Event Parameter Value e
Date of Event 10/7/2003
Time of Event 14:40:56. 462
Cause of Event Trigger Trace Memory
Fhase & Current Magnitude 0A
FPhase A Current Angle 0°Lay
Fhase B Current Magnitude 0A
Phase B Current Angle 4 0 Lay
Phase C Current Magnitude oA
Phase C Current Angle 0 Lay
Ground Current Magnitude 0A
Ground Current Angle 0 Lay
A-M [(A-B) Voltage Magnitude 0.00 kv
AN (A-B) Yoltage Angle 0 Lay LI
/

/

|750_760 Relay 1| Actual Valles

/

|71 Wayefor.. [ Event Rec...

!

DEVICE ID
The events shown here
correspond to this device.

EVENT DATA

System information as
measured by the relay
at the instant of the
event occurrence.

SAVE EVENTS

Click the Save Events
button to save the event
record to the PC as a
CSYV file.

2. Toview detailed information for a given event and the system information at the
moment of the event occurrence, change the event number on the Select Event box.

Modbus User Map

The EnerVista 750/760 Setup software provides a means to program the 750/760 User
Map (Modbus addresses 0180h to 01F7h). Refer to GE Publication GEK-106473: 750/760
Communications Guide for additional information on the User Map.

1. Select a connected device in EnerVista 750/760 Setup.
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2. Select the Setpoint > User Map menu item to open the following window.

__User Map // Site 1: 750_760 Relay 1 COM1: Settings: Modbu... _J_JE

User Map ]
SETTING PARAMETER ADDRESS {HEX) VALUE =1
Liser Map Open from File Cpen | - "‘ Sav |
U=er Map Save to File Save | — | &t Restore
Userhap Address #1 General Status Alarm 0200 | @ Default |
Userdap Address #2 Corntact 1 0204
Userdap Address #3 Cloze Coil Monitor 0205 [
Userdap Address #4 Output Relay Status 1 TRIP 0206 [
Userhap Address #5 Meutral Y oltage 02FE |
Userhap Address #6 Phase A RMS Current o300 [
Userhap Address #7 Phase B RMS Current 03m [
Uzerhap Address #5 Phase C EMS Current 0302 [ -
Userdap Address #9 Ground Current 0304 [
Userdap Address #10 A-M RME YWoltage 0305 [
Userdap Address #11 B-M RMZ Voltage 0306 [
Userhap Address #12 C-M RMZ Voltage o307 [
| lzerilan Addreas #15 A;H F= Wirltanre =S | -—- Ll

750_760 Relay 1 COML | Settings: Modbus User Map

This window allows the desired addresses to be written to User Map locations. The
User Map values that correspond to these addresses are then displayed.

4.8.6 Viewing Actual Values

You can view real-time relay data such as input/output status and measured parameters.
From the main window menu bar, selecting Actual Values opens a window with tabs, each
tab containing data in accordance to the following list:

e Status: Virtual Inputs, Hardware Inputs, Last Trip Data, Fault Locations, and
Autoreclose (760 Only)

e Metering: Current, Voltage, Frequency, Synchrocheck Voltage, Power, Energy,
Demand, and Analog Inputs

¢ Maintenance: Trip Counters and Arcing Current
¢  Product Information: Revision Codes and Calibration Dates

Selecting an actual values window also opens the actual values tree from the
corresponding device in the site list and highlights the current location in the hierarchy.

For complete details on actual values, refer to Chapter 6.

To view a separate window for each group of actual values, select the desired item from
the tree, and double click with the left mouse button. Each group will be opened on a
separate tab. The windows can be re-arranged to maximize data viewing as shown in the
following figure (showing actual current, voltage, and power values tiled in the same
windows):

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL 4-39



ADVANCED ENERVISTA 750/760 SETUP FEATURES

CHAPTER 4: INTERFACES

Current,

Percent of Load-to-Trip

Voltage. // Substation 1: 75|

Yalage.

I RMS Voltage 240kY

Average Currert

Phase A RMS Currert

4B Valtage Angle 330° Leg
B-C RMS Valtage 240KV

Phase A Current Angle

[[B-c vokage angle a0° Lag

Phase B RMS Current

G- RMS Voliage 238KV
Il

Phase B Currert &Angle

C-A Valtage Angle 210" Lag

A-N RMS Voltage 136 kY
11 o

Phase C Currert Angle

A1 Vatage Angle 0°Lag

Neutral Current

B-N RMS Yoltage 139 kY

rhase C RMS Current

Neutral Current Angle

BN Voitage Angle 120° Lag

Positive SequEnce Current Magntuds

[ RMS varage 138kY

Pasitive Sequence Current Andle

Negative Sequence Current Magnitude

C-M Vokage Angle 240" Laa
MeLtral Vottage 0.00kY

[Negative Sequence Current Angls

[{ewtral vottage Angle 0° Lag

| Zero Sequence Current Magnitude

| Average Line Vottage 239k

Zero Sequence Current Angle

Polarizing Current

Average Phase Vottage 135 kY
Positive Sequence vValtage Magnitude 138 kY

Polarizing Currert Angls

Fositive Sequence Vottage Angls 0° Lay

Sensitive Ground Current

Negative Sequence Voltage Magnitude 0.00KY

Sensitive Ground Current Angle

Hegetive Sequence Voltage Angle 0° Lag

Ground Current

Zero Sequence Voltage Magnituds 000 kY

Ground Current Angle

3 Phase Real Power

Zero Sequence Votage Angle 0°Lag

750_760 Relay 1| Actual Values: Metering /4
(=1

3 Phase Reactive Povver

1032 kvar

3 Phase Apparent Power

2074 kWA

Phase Power Factor

087

538 RV

Phase & Reactive Power

344 kvar

Phase & Apparent Power

632 kva

Phase A Povver Factor

087

Phase B Real Power

603 KV

Phase B Reactive Power

345 kvar

|

i

|

‘ Phass & Real Power
|

Phase B Apparent Power
L

[

[T Conent 47 [ [ Valtage, ¢ ... [T Power 2/ 5u..|

FIGURE 4-7: Actual Values Display
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4.9 Using EnerVista Viewpoint with the 750/760

49.1 Plug and Play Example

EnerVista Viewpoint is an optional software package that puts critical 750/760 information
onto any PC with plug-and-play simplicity. EnerVista Viewpoint connects instantly to the
750/760 via serial, ethernet or modem and automatically generates detailed overview,
metering, power, demand, energy and analysis screens. Installing EnerVista Launchpad
(see previous section) allows the user to install a fifteen-day trial version of EnerVista
Viewpoint. After the fifteen day trial period you will need to purchase a license to continue
using EnerVista Viewpoint. Information on license pricing can be found at http://
www.EnerVista.com.

1.
2.

Install the EnerVista Viewpoint software from the GE EnerVista CD.

Ensure that the 750/760 device has been properly configured for either serial or
Ethernet communications (see previous sections for details).

Click the Viewpoint window in EnerVista to log into EnerVista Viewpoint. At this point,
you will be required to provide a login and password if you have not already done so.

enerVista
ViEwpPoinT

ANNUNCIATOR
) ADMINISTRATION

FIGURE 4-8: EnerVista Viewpoint Main Window

Click the Device Setup button to open the Device Setup window, then click the Add
Site button to define a new site.

Enter the desired site name in the Site Name field. If desired, a short description of site
can also be entered along with the display order of devices defined for the site. Click
the OK button when complete. The new site will appear in the upper-left list in the
EnerVista 750/760 Setup window.

Click the Add Device button to define the new device.

Enter the desired name in the Device Name field and a description (optional) of the
site.
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8. Select the appropriate communications interface (Ethernet or Serial) and fill in the
required information for the 750/760. See Connecting EnerVista 750/760 Setup to the
Relay on page 4-18 for details.

| Device Setup

. |750_760 Relay 2 |
760 Feeder Management Relay

FIGURE 4-9: Device Setup Screen (Example)

9. Click the Read Order Code button to connect to the 750/760 device and upload the
order code. If an communications error occurs, ensure that communications values
entered in the previous step correspond to the relay setting values.

10. Click OK when complete.

11. From the EnerVista main window, select the IED Dashboard item to open the Plug and
Play IED dashboard. An icon for the 750/760 will be shown.
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FIGURE 4-10: 'Plug and Play’ Dashboard

12. Click the Dashboard button below the 750/760 icon to view the device information.
We have now successfully accessed our 750/760 through EnerVista Viewpoint.
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PQM_Overview_Wye - MUItNET 1
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0000000000000 |
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FIGURE 4-11: EnerVista Plug and Play Screens

For additional information on EnerVista viewpoint, please visit the EnerVista website at
http://www.EnerVista.com.
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Chapter 5: Setpoints

5.1 Overview

5.1.1 Setpoints Main Menu

The 750/760 has a considerable number of programmable setpoints which makes it
extremely flexible. The setpoints have been grouped into a number of pages and sub-
pages as shown below. Each page of setpoints (e.g. s2 SYSTEM SETUP) has a section which
describes in detail all the setpoints found on that page.

See page 5-9
S1 RELAY SETUP

m SETPOINTS [>1 @» m PASSCODE [>1
>

B COMMUNICATIONS [D]

MESSAGE See page 5-9

m CLOCK [>1

MESSAGE See page 5-13

m EVENT RECORDER [D]

L~
=4
L~

MESSAGE : : See page 5-14
L~ 2
{;:’ ]

MESSAGE TRACE MEMORY [>1 See page 5-15
L~
1‘:’} u

MESSAGE DATA LOGGER [D] See page 5-16
L~
{::’ |

MESSAGE FRONT PANEL [D] See page 5-17
L~ 2
{;:’ ]

MESSAGE DEFAULT [>1 See page 5-18
S MESSAGES
1‘:’} u

MESSAGE USER TEXT [D] See page 5-19
@ MESSAGES
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MESSAGE

MESSAGE

MESSAGE

MESSAGE

=
MESSAGE
L

B SETPOINTS

S2 SYSTEM SETUP

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

=
MESSAGE
L~ 2

B SETPOINTS

S3 LOGIC INPUTS

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9 6069 69

9 6006906000002

60 606060606060 3

CLEAR DATA [>1
INSTALLATION >1
MOD 008 [>1
UPGRADE

END OF PAGE S1
CURRENT [>1
SENSING

BUS VT [>1
SENSING

LINE VT [>1
SENSING

POWER SYSTEM >1
FLEXCURVE A [>1
FLEXCURVE B (>1
END OF PAGE S2
LOGIC INPUTS [>1
SETUP

BREAKER [>1
FUNCTIONS

CONTROL [>1
FUNCTIONS

USER INPUTS (>1
BLOCK [>1
FUNCTIONS

BLOCK OC [>1
FUNCTIONS

TRANSFER [>1
FUNCTIONS

RECLOSE [>1
FUNCTIONS

See

See

See

See

See

See

See

See

See

See

See

See

See

See

See

See

See

CHAPTER 5: SETPOINTS

page 5-20

page 5-20

page 5-21

page 5-22

page 5-22

page 5-23

page 5-23

page 5-24

page 5-24

page 5-27

page 5-28

page 5-30

page 5-31

page 5-32

page 5-34

page 5-35

page 5-36
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< > |l
MESSAGE D:'EiTZTIONS [D] See page 5-36
MESSAGE m END OF PAGE S3
MESSAGE
L~ 2
n B 1 TRIP RELAY [>1 s 5 39
ee page 5-
SETPOINTS [>1 ees
< > |l
MESSAGE 2 CLOSE RELAY [D] See page 5-40
< > |l
MESSAGE @ 3 AUXILIARY [D] See page 5-41
]
vessace S 4 AUXILIARY [>1 See page 5-41
< > |l
MESSAGE 5 AUXILIARY [D] See page 5-41
< > |l
MESSAGE @ 6 AUXILIARY [D] See page 5-41
]
MESSAGE ®<> 7 AUXILIARY [>1 See page 5-41
B END OF PAGE S4
MESSAGE &>
MESSAGE
L~ 2
B SETPOINTS [>1 m PHASE [>1
See page 5-49
S5 PROTECTION CURRENT
< > |l
MESSAGE @ I\Crf]'tlll;];z;i [[>] See page 5-57
<& |m GROUND
MESSAGE iU(l)ltllENT [[>] See page 5-63
< > |l
MESSAGE if]‘ll\:i;\;]'TGND [D] See page 5-67
|
vessace S NEGATIVE [>1 See page 5-75
S SEQUENCE
< > |l
MESSAGE VOLTAGE [[>] See page 5-81
< > |l
MESSAGE FREQUENCY [D] See page 5-86
L~
< > |l
MESSAGE @ iiﬁiﬁi:; [D] See page 5-89
< > |l
MESSAGE I;i“;iiSE [[>] See page 5-91
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=
MESSAGE
L

MESSAGE

B SETPOINTS
S6 MONITORING

=
MESSAGE
L~ 2

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

B SETPOINTS
S7 CONTROL

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

D 69060000000 6060603

6D 606060606060 3

END OF PAGE S5

CURRENT LEVEL [>1
POWER FACTOR (>1
FAULT LOCATOR [>1
DEMAND [>1
ANALOG INPUT (>1
ANALOG OUTPUTS [D]
OVERFREQUENCY [>1
EQUIPMENT [>1
PULSED OUTPUT [>1
END OF PAGE S6
SETPOINT [>1
GROUPS

SYNCHROCHECK [>1
MANUAL CLOSE [>1
COLD LOAD [>1
PICKUP

UNDERVOLTAGE [>1
RESTORATION
UNDERFREQUENCY [[>]
RESTORATION
TRANSFER [>1
AUTORECLOSE [>1

See

See

See

See

See

See

See

See

See

See

See

See

See

See

See

See

See
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page 5-93

page 5-94

page 5-96

page 5-98

page 5-105

page 5-109

page 5-112

page 5-113

page 5-120

page 5-122

page 5-126

page 5-128

page 5-130

page 5-132

page 5-133

page 5-135

page 5-155
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u
MESSAGE € END OF PAGE S7
MESSAGE &
B SETPOINTS B OUTPUT RELAYS [>1
See page 5-168
S8 TESTING
< > |l
MESSAGE PICKUP TEST [[>] See page 5-169
L~
< > |l
MESSAGE ANALOG OUTPUTS [D] See page 5-169
L~
< > |l
MESSAGE SIMULATION [D] See page 5-170
L~
]
MESSAGE Q END OF PAGE S8

5.1.2 Setpoint Entry Methods

Prior to placing the relay in operation, setpoints defining system characteristics, inputs,
relay outputs, and protection settings must be entered, via one of the following methods:

e Front panel, using the keys and display.

e Front program port, and a portable computer running the EnerVista 750/760
Setup software supplied with the relay.

e Rear RS485/RS422 COM1 port or R5485 COM2 port and a SCADA system running
user-written software.

Any of these methods can be used to enter the same information. A computer, however,
makes entry much easier. Files can be stored and downloaded for fast, error free entry
when a computer is used. To facilitate this process, the GE EnerVista CD with the EnerVista
750/760 Setup software is supplied with the relay.

The relay leaves the factory with setpoints programmed to default values, and it is these
values that are shown in all the setpoint message illustrations. Many of these factory
default values can be left unchanged.

At a minimum, the S2 SYSTEM SETUP setpoints must be entered for the system to
function correctly. To safeguard against the installation of a relay whose setpoints have
not been entered, the relay Relay Not Ready self-test warning is displayed. In addition,
the Self-Test Warning relay will be de-energized. Once the relay has been programmed for
the intended application, the s1 RELAY SETUP [>V INSTALLATION [> 760 OPERATION setpoint
should be changed from “Not Ready” (the default) to “Ready”.

WARNING

Some messages associated with disabled features are hidden. These context sensitive
messages are illustrated with a dotted border on the message box. Before putting the relay
in the Ready state, each page of setpoint messages should be worked through, entering
values either by keypad or computer.
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5.1.3 Setpoint Access Security

Hardware and passcode security features are designed into the relay to provide protection
against unauthorized setpoint changes.

To program new setpoints using the front panel keys, a hardware jumper must be installed
across the setpoint access terminals on the back of the relay. These terminals can be
permanently wired to a panel mounted key switch if desired. Attempts to enter a new
setpoint without the electrical connection across the setpoint access terminals will result in
an error message. The jumper does not restrict setpoint access via serial communications.

The relay has a programmable passcode setpoint which may be used to disallow setpoint
changes from both the front panel and the serial communications ports. This passcode
consists of up to eight (8) alphanumeric characters.

The factory default passcode is “0”. When this specific value is programmed into the relay it
has the effect of removing all setpoint modification restrictions. Therefore, only the
setpoint access jumper can be used to restrict setpoint access via the front panel and
there are no restrictions via the communications ports.

When the passcode is programmed to any other value, setpoint access is restricted for the
front panel and all communications ports. Access is not permitted until the passcode is
entered via the keypad or is programmed into a specific register (via communications).
Note that enabling setpoint access on one interface does not automatically enable access
for any of the other interfaces (i.e., the passcode must be explicitly set in the relay via the
interface from which access is desired).

A front panel command can disable setpoint access once all modifications are complete.
For the communications ports, access is disabled by writing an invalid passcode into the
register previously used to enable setpoint access. In addition, setpoint access is
automatically disabled on an interface if no activity is detected for thirty minutes.

The EnerVista 750/760 Setup software incorporates a facility for programming the relay’s
passcode as well as enabling/disabling setpoint access. For example, when an attempt is
made to modify a setpoint but access is restricted, the program will prompt the user to
enter the passcode and send it to the relay before the setpoint is actually written to the
relay. If a SCADA system is used for relay programming, it is up to the programmer to
incorporate appropriate security for the application.

5.1.4 Common Setpoints

To make the application of this device as simple as possible, similar methods of operation
and therefore similar types of setpoints are incorporated in various features. Rather than
repeat operation descriptions for this class of setpoint throughout the manual, a general
description is presented in this overview. Details that are specific to a particular feature will
be included in the discussion of the feature. The form and nature of these setpoints is
described below.

¢ FUNCTION setpoint: The <ELEMENT_NAME> FUNCTION setpoint determines the
operational characteristics of each feature. The range for these setpoints is two or
more of: “Disabled”, “Enabled”, “Trip”, “Trip & AR”, “Alarm”, “Latched Alarm”, and
“Control”.

If <ELEMENT_NAME> FUNCTION: “Disabled”, then the feature is not operational. If
<ELEMENT_NAME> FUNCTION: “Enabled”, then the feature is operational.
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If <ELEMENT_NAME> FUNCTION: “Trip”, then the feature is operational. When an output
is generated the feature declares a Trip condition, which operates the 1 Trip relay and
any other selected output relays, and displays the appropriate trip message. If
<ELEMENT_NAME> FUNCTION: “Trip & AR” (overcurrent features of 760 only), then the
feature is operational. When an output is generated, the feature declares a Trip
condition which operates the 1 Trip relay and any other selected output relays, signals
an Initiate to the autoreclose feature, and displays the appropriate trip message.

If <cLEMENT_NAME> FUNCTION: “Alarm” or “Latched Alarm”, then the feature is
operational. When an output is generated, the feature declares an “Alarm” condition
which operates any selected output relays and displays the appropriate alarm
message.

If <ELEMENT_NAME> FUNCTION: “Control” the feature is operational. When an output is
generated, the feature operates any selected output relays.

The “Trip”, “Trip & AR”, “Alarm”, and “Control” function setpoint values are also used to
select those operations that will be stored in the Event Recorder.

RELAYS (3-7) setpoint: The <ELEMENT_NAME> RELAYS (3-7) Setpoint selects the relays
required to operate when the feature generates an output. The range is any
combination of the 3 to 7 Auxiliary relays.

PICKUP setpoint: The <ELEMENT_NAME> PICKUP setpoint selects the threshold above
(for over elements) or below (for under elements) which the measured parameter
causes an output from the measuring element.

DELAY setpoint: The <ELEMENT NAME> DELAY setpoint selects a fixed time interval to
delay an input signal from appearing at the output.

From a contact input change of state to a contact closure of the 1 Trip relay, the total
delay is the time selected in this setpoint plus approximately 2 power frequency
periods. From an AC parameter input level change measured by an instantaneous
feature to a contact closure of the 1 Trip relay, the total delay is the time selected in
this setpoint plus approximately 2.5 power frequency periods. In both cases, auxiliary
output relays are approximately 5 ms slower.

DIRECTION setpoint: The <ELEMENT_NAME> DIRECTION setpoint is available for
overcurrent features which are subject to control from a directional element. The
range is "Disabled”, “Forward”, and “Reverse”.

If set to "Disabled”, the element is allowed to operate for current flow in any direction.
There is no supervision from the directional element. If set to “Forward”, the element is
allowed to operate for current flow in the forward direction only, as determined by the
directional element. If set to “Reverse”, the element is allowed to operate for current
flow in the reverse direction only, as determined by the directional element.

PHASES REQUIRED FOR ANY OPERATION setpoint: This setpoint is available for those
features which measure each phase parameter individually.

If set to “Any One”, then an output is generated if any one or more phase parameters
are beyond the pickup value. If set to “Any Two”, then an output is generated if any
combination of two or more phase parameters are beyond the pickup value. If set to
“All Three”, then an output is generated if all three phase parameters are beyond the
pickup value.
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5.1.5 Logic Diagrams

The logic diagrams provided should be referred to for a complete comprehensive
understanding of the operation of each feature. These sequential logic diagrams illustrate
how each setpoint, input parameter, and internal logic is used in a feature to obtain an
output. In addition to these logic diagrams, written descriptions are provided in the
setpoints chapter which includes each feature.

Setpoints: Shown as a block with a heading labeled ‘SETPOINT'. The location of
setpoints is indicated by the path heading on the diagram. The exact wording of the
displayed setpoint message identifies the setpoint. Major functional setpoint
selections are listed below the name and are incorporated in the logic.

Measurement Units: Shown as a block with an inset box labeled ‘RUN’ with the
associated pickup/dropout setpoint shown directly above. Element operation of the
detector is controlled by the signal entering the ‘RUN’ inset. The measurement/
comparison can only be performed if a logic ‘1’ is provided at the ‘RUN’ input.
Relationship between setpoint and input parameter is indicated by the following
symbols: “<” (less than), “>" (greater than), etc. The ANSI device number (if one exists) is
indicated above the block.

Time Delays: Shown as a block with the following schematic symbol: |———|. If delay is
adjustable, associated delay setpoint is shown directly above, and schematic symbol
has an additional variability indication, an oblique bar. ANSI device number (62) is
indicated above the block.

LED Indicators: Shown as the following schematic symbol, ®. The exact wording of
the front panel label identifies the indicator.

Logic: Described with basic logic gates (AND, OR, XOR, NAND, NOR). The inverter
(logical NOT), is shown as a circle: Q.

Conditions: Shown as a rounded block with a shaded heading labeled ‘CONDITION,
Conditions are mutually exclusive, i.e., only one condition can be active at any pointin
time. Conditions latch until another condition becomes active. The output of an active
condition is 1 or logic high.
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5.2 S1Relay Setup

5.2.1 Passcode

PATH: SETPOINTS > S1 RELAY SETUP > PASSCODE

" PASSCODE [>1 SETPOINT ACCESS: Range: Allowed, Restricted
Allowed
vessace €9 |RESTRICT ACCESS TO Range: Yes, No.
&) |[SETPOINTS: No
uessage € [ALLOW ACCESS TO Range: Yes, No.
&) |[SETPOINTS: No
? Range: Yes, No.
vessage € |CHANGE PASSCODE? g
& |No
: Range: Cannot be edited.
MESSAGE € ENCRYPTED PASSCODE: g
AIKFBAIK

If the passcode security feature is enabled, the setpoint access jumper must be installed
on the rear terminals and a passcode must also be entered to program setpoints. When
the relay is shipped from the factory the passcode is defaulted to “0”. When the passcode
is “0", the passcode security feature is always disabled and only the setpoint access jumper
is required for changing setpoints from the front panel.

The RESTRICT ACCESS TO SETPOINTS setpoint is seen only if the passcode is not “0” and
SETPOINT ACCESS is “Allowed”

The ALLOW ACCESS TO SETPOINTS setpoint is only displayed when SETPOINT ACCESS is
“Restricted”. In this state, new setpoints cannot be entered. To regain setpoint access,
select “Yes” and follow directions to enter the previously programmed passcode. If the
passcode is correctly entered, entering new setpoints will be allowed. If no keys are
pressed for longer than 30 minutes, setpoint access automatically becomes restricted.
Removing the setpoint access jumper immediately restricts setpoint access. If passcode
protection is active but the passcode is not known, contact GE Multilin with the ENCRYPTED
PASSCODE value.

5.2.2 Communications
Main Menu

PATH: SETPOINTS > S1 RELAY SETUP >V COMMUNICATIONS

B COMMUNICATIONS [D] @Q ® PORT SETUP [>1
See page 5-10
< > |l
MESSAGE DNP [D] See page 5-11
Y 3 CONFIGURATION
B NETWORK [>1
MESSAGE & s 5-12
CONFIGURATION e page
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The 750/760 relay has setpoints to enable communications through its RS232, RS485/422,
and Ethernet ports. Setpoints are also provided for configuring DNP communications
through one of these ports. The NETWORK CONFIGURATION menu is seen only if the
Ethernet option is ordered.

RS485 COM2 is disabled when the Ethernet option is ordered.
Port Setup

PATH: SETPOINTS [> S1 RELAY SETUP >V COMMUNICATIONS [> PORT SETUP

m PORT SETUP [>1 @ @ SLAVE ADDRESS: Range: 1 to 254 in steps of 1
1
S Range: 300, 1200, 2400,
MESSAGE & Ezg; Ei:':f/:iio 4800, 9600, 19200
Range: None, Odd, Even
MESSAGE & |coM1 RS485/422 g
&> |PARITY: None
Range: RS485, RS422
MESSAGE & |coM1 RS485/422 g
&) |HARDWARE: RS485
S Range: 300, 1200, 2400,
MESSAGE coM2 RS485 ? 4800, 9600, 19200
&) |BAUD RATE: 9600 g g :
Not shown for units
with Ethernet option.
Q Range: None, Odd, Even. Not
MESSAGE comMz RS485 ’ shown for units with
&) |PARITY: None
S Range: 300, 1200, 2400,
MESSAGE & EiggTRﬁ;? 2 9600 4800, 9600, 19200
Range: None, Odd, Even
MESSAGE € FRONT RS232 g
PARITY: None

NOTE

For additional details on the implementation of the Modbus protocol in the 750/760 relay,
and for complete memory map information, refer to GE Publication GEK-106473: 750/760
Communications Guide.

Up to 32 devices can be daisy-chained with one of them a computer or programmable
controller. Either COM1 (the two wire RS485 or the four wire RS422 serial communication
port) or COM2 (the two wire RS485 port) may be used. One relay can be connected directly
to a personal computer via the front panel R$232 port with a standard straight-through
RS232 cable.

e SLAVE ADDRESS: This setpoint selects the serial communications slave address of the
relay. Both COM1 and COM2 use this same address. The front panel R5232 port
accepts any address for normal communications, but must be set to “1” when
upgrading the relay firmware. Each relay on the same RS485/422 communications
link must have a unique address.

e COM1 RS485/422 and COM2 RS485 BAUD RATE: Selects the baud rate for the COM1/
2 communication ports. All relays on the communication link, and the computer
connecting them, must run at the same baud rate. The fastest response is obtained at
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19200 baud. Slower baud rates should be used if noise becomes a problem. The data
frame is fixed at 1 start, 8 data, and 1 stop bit.

¢ COM1 and COM2 PARITY: Selects the parity for COM1 and COM2 communications

ports.

e COM1 RS485/422 HARDWARE: Selects the COM1 hardware configuration to be either
two-wire RS485 or four-wire RS422 communications.

¢ FRONT PANEL RS232 BAUD RATE and PARITY: These setpoints select the baud rate
and parity for front panel R$232 serial communications port. When upgrading the
relay firmware, the baud rate should be set to 9600.

DNP Configuration

PATH: SETPOINTS [> S1 RELAY SETUP >V COMMUNICATIONS >V DNP CONFIGURATION

H DNP

[>1
CONFIGURATION

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

9 6069060600DCOQ

DNP PORT:
None

DNP POINT MAPPING:
Disabled

TRANS DELAY:
0 ms

DATA LINK CONFIRM
MODE: Never

DATA LINK CONFIRM
TIMEOUT: 1000 ms

DATA LINK CONFIRM
RETRIES: 3

SELECT/OPERATE ARM
TIMEOUT: 10000 ms

WRITE TIME INTERVAL:
0 min

COLD RESTART
INHIBIT: Disabled

Range: None, COM1, COM2,
Front

Range: Disabled, Enabled

Range: 0 to 65000 ms in
steps of 1

Range: Never, Sometimes,
Always

Range: 0 to 65000 ms in
steps of 1

Range: 0 to 100 in steps of 1
Range: 1 to 65000 ms in
steps of 1

Range: 0 to 65000 min. in
steps of 1

Range: Disabled, Enabled

The relay can be programmed to communicate using the DNP Protocol through one of its
ports. Refer to GE publication GEK-106473: 750/760 Communications Guide for additional
details. The following setpoints are used configure the DNP Protocol.

e DNP PORT: Select which communications port will use the DNP protocol for
communication. The 750/760 defaults to the Modbus protocol on all ports.

e DNP POINT MAPPING: Select whether the User Map will be available through DNP.
When enabled, the 120 User Map values are included in the DNP Object 30 point list.
Refer to GE publication GEK-106473 for details.

¢ TRANS DELAY: Select the minimum time from when a DNP request is received and a
response issued. A value of zero causes the response to be issued as quickly as

possible.
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e DATA LINK CONFIRM MODE: Select the data link confirmation mode for responses
sent by the 750/760. When “Sometimes” is selected, data link confirmation is only
requested when the response contains more than one frame.

¢  DATA LINK CONFIRM TIMEOUT: Select a desired timeout. If no confirmation response
is received within this time, the 750/760 re-sends the frame if retries are still available.

e DATA LINK CONFIRM RETRIES: Select the number of retries that will be issued for a
given data link frame.

e  SELECT/OPERATE ARM TIMEOUT: Select the duration of the select / operate arm timer.

e WRITE TIME INTERVAL: Select the time that must elapse before the 750/760 will set
the “need time” internal indication (IIN). After the time is written by a DNP master, the
IIN will be set again after this time elapses. A value of zero disables this feature.

e  COLD RESTART INHIBIT: When disabled, a cold restart request from a DNP master will
cause the 750/760 to be reset. Enabling this setpoint will cause the cold start request
to initialize only the DNP sub-module.

When COLD START INHIBIT is “Disabled”, a cold restart request causes loss of protection

until the 750/760 reset completes.

Network Configuration

PATH: SETPOINTS > S1 RELAY SETUP >V COMMUNICATIONS >V NETWORK CONFIGURATION

®m NETWORK [>1 IP ADDRESS: Range: standard IP address

CONFIGURATION @@ 000.000.000.000 format
. Range: standard IP address

MESSAGE & |SUBNET IP MASK: g stande

&> |255.255.255.000
GATEWAY IP ADDRESS: Range: standard IP address
MESSAGE &
000.000.000.000 format

NOTE

These messages appear only if the 750/760 is ordered with the Ethernet option. The IP
addresses are used with the Modbus protocol. Enter the dedicated IP, subnet IP, and
gateway IP addresses provided by your network administrator.

TCP/IP Connection Management

SR750/760 supports a maximum of four TCP/IP connections. When four or fewer
connections are maintained, SR750 will never initiate a close.

In case there are four connections and SR750/760 receives a fifth connection request over
TCP/IP, then the relay will close the oldest unused connection. The new connection request
is accepted and Modbus communication proceeds.

To ensure optimal response from the relay, the typical connection timeout should be set as
indicated in the following table:

TCP/IP sessions Timeout setting
upto?2 2 seconds
upto4 3 seconds
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5.2.3 Clock
PATH: SETPOINTS > S1 RELAY SETUP >V CLOCK
m CLOCK [>1 DATE (MM/DD/YYYY) : Range: 1to12/1to31/
. . . Range: 0to23:0to 59:0to
MESSAGE & |TIME (HH:MM:SS): g o
& [16:30:00
IRIG-B SIGNAL TYPE: Range: None, DC Shift,
MESSAGE €= None Amplitude

The relay has an internal real time clock that performs time and date stamping for various
relay features such as event, maximum demand, and last trip data recording. Time
stamping on multiple relays can be synchronized to £5 ms with the use of an IRIG-B input.
The clock has a supercap back-up so that the time and date are maintained on the loss of
relay control power. The time and date are preset at the factory, but should be changed to
correspond to the appropriate time zone.

Enter the current date and time here. The new date and time take effect the instant the
ENTER key is pressed.

The IRIG-B SIGNAL TYPE setpoint enabled the IRIG-B time synchronization and selects the
type of IRIG-B signal to use. The IRIG-B signal contains all necessary time and date
stamping data except for the year. The year must be entered with the date. If IRIG-B is
enabled and functioning properly, then setting the time and date (except for the year) as
described in the previous message will have no effect. If IRIG-B is enabled but the signal
cannot be decoded, the IRIG-B Failure self-test warning is generated. See IRIG-B8 on
page 3-20 for additional details on IRIG-B.
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Event Recorder

PATH: SETPOINTS [> S1 RELAY SETUP >V EVENT RECORDER

WARNING

m EVENT RECORDER [[>] EVENT RECORDER Range: Enabled, Disabled
FUNCTION: Enabled
Range: Enabled, Disabled
vissage © |RECORD PICKUP g
&) |EVENTS: Enabled
Range: Enabled, Disabled
vEssace @9 |RECORD DROPOUT g
&> |EVENTS: Enabled
Range: Enabled, Disabled
MESSAGE Q RECORD TRIP g
&) |EVENTS: Enabled
Range: Enabled, Disabled
visspoe © |RECORD ALARM g
&) |EVENTS: Enabled
Range: Enabled, Disabled
MESSAGE Q RECORD CONTROL g
&> |EVENTS: Enabled
Range: Enabled, Disabled
MESSAGE Q RECORD LOGIC INPUT g
&) |EVENTS: Enabled
Range: Enabled, Disabled
MESSAGE Q RECORD DATE/TIME g
EVENTS: Enabled

The relay captures a wide variety of events and stores the last 512 in non-volatile memory.
See Event Records on page 6-20 for details. A single power system disturbance could
conceivably fill half of the event recorder due to the various events that can be captured.
Also, some events may happen on a regular basis as part of a control scheme (e.g. Power
Factor events in a capacitor bank switching scheme). For this reason, certain event types
can be filtered’ from the event recorder to save room for other events. The following
setpoints describe the events that can be filtered.

The setpoint "Record Date/Time Events” should be set to "Enabled" to record date/time
synchronization only when such events occur no more than once per hour. A date/time
event recording rate greater than once per hour will cause flooding of the Event Record
and will, in turn, wear out the EEPROM. This will eventually generate the self-test warning
“Self-test warning: EEPROM corrupted,” resulting in the EEPROM having to be replaced.
Ideally the date/time should be recorded no more than twice a day.
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5.2.5 Trace Memory

PATH: SETPOINTS [> S1 RELAY SETUP >V TRACE MEMORY

B TRACE MEMORY (>1 BUFFER ORGANIZATION:
16 x 512
vessace €9 |TRIGGER POSITION:
& | 25%
uesepee @9 |TRIGGER ON PICKUP:
&> |Enabled
vEssace S TgIGGER ON DROPOUT:
&) |pisabled
MESSAGE Q TRIGGER ON TRIP:
&> |Enabled
MESSAGE ¢ |TRIGGER ON ALARM:
&> |Enabled
MESSAGE €2 TRIGGER ON CONTROL:
Enabled

Range:

Range:

Range:

Range:

Range:

Range:

Range:

S1 RELAY SETUP

2 %4096, 4 %2048, 8
x1024,6 x512

0to 100% in steps of

1

Enabled, Disabled

Enabled, Disabled

Enabled, Disabled

Enabled, Disabled

Enabled, Disabled

The waveform capture feature is similar to a transient/fault recorder. It captures
oscillography/waveform data in response to a variety of system events. Data is captured
for the analog current and voltage inputs (la, Ib, Ic, Ig, Isg, Va, Vb, Vc, Vs) as well as digital
data for the output relays and input contact states. The trace memory data can be
downloaded to the EnerVista 750/760 Setup software for display and diagnostics
purposes. All data is stored in volatile RAM memory which means that the information is
lost when power to the relay is lost. The amount of data to capture and the trigger point

are configurable as described below.

e  BUFFER ORGANIZATION: Selects the partitioning of waveform capture data storage.
The first number indicates the number of events that can be stored in memory. The
second number indicates the number of data samples captured per channel for each
event. Note that the relay captures 16 samples per cycle. When more waveform
captures are triggered than the allowable number of events selected by this setpoint,
the oldest data is discarded to make room for the new capture.

For example, 4 x 2048 indicates that the last three events with 2048 data samples per
channel (128 cycles) can be stored in memory. Note that one buffer must be reserved

for capturing the next event.

¢  TRIGGER POSITION: Selects the amount of data captured before the trigger point. For
example, if the TRIGGER POSITION is set to “25%" and the BUFFER ORGANIZATION is set
to “2 x 4096”", then there will be 1024 samples (64 cycles) captured before the trigger

point.

Changing any setpoint affecting trace memory operation clears any data that is currently

s
' in the log.

NOTE

The TRIGGER ON <EVENT_TYPE> setpoints select specific event types to trigger new

waveform captures.
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5.2.6 Data Logger

PATH: SETPOINTS [> S1 RELAY SETUP [>V DATA LOGGER

NOTE

® DATA LOGGER [>1 SAMPLE RATE: Range: 1 cycle; 1 second 1,
1 cycle 5,10, 15, 20, 30, 60
. Range: Enabled, Disabled
vEssace o CONTINUOUS MODE: g
&) |pDisabled
: Range: 2 x 2048, 4 x 1024, 8
MESSAGE Q ng}l:El;s(;RGANIZATION \ 512 16 % 256,
. Range: 0 to 100% in steps of
MESSAGE Q TRIGGER POSITION: g ) P
& | 25%
. Range: Enabled, Disabled
visspoe €9 |TRIGGER ON PICKUP: g
&) |Enabled
. Range: Enabled, Disabled
visspce @9 |TRIGGER ON DROPOUT: g
&> |Enabled
. Range: Enabled, Disabled
MESSAGE Q TRIGGER ON TRIP: g
&) |Enabled
. Range: Enabled, Disabled
visspce € |TRIGGER ON ALARM: g
&) |Enabled
. Range: Enabled, Disabled
MESSAGE Q TRIGGER ON CONTROL: g
&> |Enabled
. Range: Refer to the Analo
MESSAGE Q CHNL 1 SOURCE: g g
&> |Phase A Current Output Parameters
S s Range: Refer to the Analog
MESSAGE o ;igzezBsggiiint Output Parameters
d
CHNIL 8 SOURCE: Range: Refer to the Analog
MESSAGE €= Frequency Output Parameters

The BUFFER ORGANIZATION, TRIGGER POSITION, and TRIGGER ON <EVENT_TYPE> setpoints
are seen only if CONTINUOUS MODE is “Disabled”.

The data logger samples and records up to eight (8) actual values at user-defined intervals.
This recorded data may be downloaded to the EnerVista 750/760 Setup software for
display and diagnostics. All data is stored in volatile RAM memory which means that the
information is lost when power to the relay is lost. Changing any setpoint affecting data
logger operation clears any data that is currently in the log.

The SAMPLE RATE setpoint selects the time interval to record the actual value data. This
setpoint multiplied by the number of samples to accumulate determines the duration of
the data log record. For example, if the sample rate is 15 minutes and continuous mode is
enabled then the duration of the data log record is equal to 15 min. x 4096 = 61440 min. =
42 days.

There are two basic modes of operation defined by the CONTINUOUS MODE setpoint:
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e  Continuous Mode: Enabled by setting CONTINUOUS MODE to “Enabled”. At each
sampling time the logger will record the actual value(s) programmed and store them
in the log. Up to 4096 data samples per channel will be recorded after which the
oldest data is replaced by newly sampled data.

e Trigger Mode: Enabled by setting CONTINUOUS MODE to “Disabled”. The programmed
actual value(s) for up to the last 15 events are recorded, each in a separate buffer. The
amount of pre-trigger data to record is also selectable. Before the trigger occurs, pre-
trigger data is gathered as required. When the programmed trigger condition takes
place, data is collected until the buffer is filled, pre-trigger data collection begins in the
next buffer and the relay then waits for the next trigger. Once all buffers have been
filled, the oldest data is overwritten when a new trigger occurs.

The BUFFER ORGANIZATION and TRIGGER POSITION setpoints are only applicable in trigger
mode. The BUFFER ORGANZIATION selects the number triggers stored and the samples per
channel stored for each trigger. For example, “4 x 1024” indicates that the last three
triggers with 1024 data samples per channel can be stored in memory. Note that one
buffer must be reserved for capturing the next event. The TRIGGER POSITION setpoint
selects the amount of each buffer to be allocated for pre-trigger data. If set to “0%”, data
collection effectively starts once the trigger occurs. If set to 100%, only pre-trigger data will
be recorded in the buffer.

If a trigger occurs before the programmed amount of pre-trigger data is collected, the
remainder of the buffer will be filled with post-trigger data until it is full. Actual values in the
memory map provide information as to where the true trigger position is in each log buffer.

The TRIGGER ON <EVENT_TYPE> setpoints select specific event types to trigger new
waveform captures and are applicable only when the data logger is operating in trigger
mode. The CHNL 1 SOURCE t0 CHNL 8 SOURCE setpoints can be assigned any value
assignable as an Analog Output parameter. See Analog Output Parameters on page 5-110
for a list of values.

If all Channel Sources (1 through 8) are set to “Disabled”, then the data logger will not
collect data in continuous mode or respond to triggers in trigger mode.

5.2.7 Front Panel

PATH: SETPOINTS [> S1 RELAY SETUP >V FRONT PANEL

B FRONT PANEL [>1 FLASH MSG TIME: Range: 0.5 to 10.0 s in steps
4.0 s of 0.1
Range: 10 to 900 s in steps
MESSAGE Q DEFAULT MSG o1
& |TIME: 300 s
Range: 0 to 255 in steps of 1
MESSAGE Q DISPLAY FILTER g P
&) |CONSTANT: 0
Range: Enabled, Disabled
MESSAGE Q 3 KEY MAX/LZ'XST DMND g
CLEARING: Disabled

These setpoints modify front panel characteristics to suit different situations.
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Firmware versions 3.70 and higher do not support a keypad beeper as did previous
firmware versions. The EnerVista 750/760 Setup software does not support keypad beeper
operation.

FLASH MSG TIME: Flash messages are status, warning, error, or information messages
displayed for several seconds in response to certain key presses during setpoint
programming. The time these messages remain on the display, overriding the normal
messages, can be changed to accommodate different user reading rates.

DEFAULT MSG TIME: If no keys are pressed for a period of time, the relay will
automatically begin to display a programmed set of default messages. This time can
be modified to ensure menu messages remain on the screen long enough during
programming or reading of actual values. Once default scanning starts, pressing any
key will restore the last message displayed on the screen.

DISPLAY FILTER CONSTANT: This value is used for filtering the displayed values of
current, voltage, and power. It determines how quickly the filter responds and how
much the filter will ‘smooth’ the display values. Smaller values result in quicker
response times, but with less smoothing. Larger values result in a slower response
time, but with more smoothing. A value of “0” completely disables the filter. A value of
“224" results in a reasonably smooth display value with a response time of about one
second. A value of “255” results in a very smooth display value, but with a response
time of about five seconds.

3 KEY MAX/LAST DMND CLEARING: For increased ease of maximum demand
clearing, this setpoint enables the «xMENU, decimal, MESSAGE 4> key sequence to
force the maximum demand values to clear. This key sequence operates on any
setpoint or actual values page. The keystrokes must be entered in the above order.
Any other variation of the key sequence will not permit the clearing of the maximum
demand values.

5.2.8 Default Messages

PATH: SETPOINTS [> S1 RELAY SETUP >V DEFAULT MESSAGES

B DEFAULT
MESSAGES

[>1 @ @ 3 MESSAGES SELECTED [ Range: 0to 30 messages
27 MESSAGES REMAIN
MESSAGE & |GE MULTILIN Range: Displays the first
& |750 REV 5.10 selected default
D |a: 0 B: 0 Range: Displays the second
MESSAGE & |c: 0 Amps selected default
GND CURRENT: Range: Displays the third
MESSAGE €= 0A 0° Lag selected default

Under normal conditions, if no front panel keys have been within the time specified by the
S1 RELAY SETUP [>V FRONT PANEL [>V DEFAULT MSG TIME setpoint, the screen begins to
sequentially display up to 30 default messages. Any actual value or setpoint message can
be selected for default display. In addition, up to 5 user programmable text messages can
be created for display as default messages. The relay, for example, could be set to
sequentially display a text message identifying the feeder, the system status, the measured
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current in each phase, and phase time overcurrent pickup value. The first message under
this subheading states the number of messages currently selected. The messages that
follow are copies of the default messages selected, in the sequence they will be displayed.

Default messages can be added to the end of the default message list, as follows:

1.

Allow access to setpoints by installing the setpoint access jumper and
entering the correct passcode.

Select the setpoint or actual value message to display as a default messaged.

Press the decimal key followed by the ENTER key while the message is
displayed. The screen will display PRESS [ENTER] TO ADD AS DEFAULT.
Press the ENTER key again while this message is being displayed. The
message is now added to the default message list.

Default messages can be removed from the default message list, as follows:

1.

5.2.9 User Text Messages

Allow access to setpoints by installing the setpoint access jumper and
entering the correct passcode.

Select the message to remove from the S1 RELAY SETUP [>V DEFAULT
MESSAGES default message list.

Press the decimal key followed by the ENTER key. The screen will display
PRESS [ENTER] TO REMOVE MESSAGE. Press the ENTER key while this
message is being displayed. The message is now removed from the default
message list, and the messages that follow are moved up to fill the gap.

PATH: SETPOINTS > S1 RELAY SETUP >V USER TEXT MESSAGES

B USER TEXT
MESSAGES

[>1 TEXT 1 Range: 2 lines of 20 ASCII
@ @ characters

Up to 5 display messages can be programmed with user specific information. When these
user text messages are selected as default messages, they can provide system
identification information or operator instruction.

To add user text messages, first allow access to setpoints by installing the setpoint access
jumper and entering the correct passcode, then use the following procedure:

1.

Select the user text message from the S1 RELAY SETUP [>V USER TEXT
MESSAGES setpoints subgroup.

Press the ENTER key. A solid cursor will appear over the first character
position.

Use the VALUE keys to change the character. A space is selected like a
character.

Press the ENTER key to store the character and advance the cursor. Press
ENTER to skip a character.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL 5-19



S1 RELAY SETUP

5.2.10 Clear Data

CHAPTER 5: SETPOINTS

Continue entering characters and spaces until the desired message is
displayed. If a character is entered incorrectly, repeatedly press the ENTER
key until the cursor returns to the position of the error and enter the correct
character. You may also press the ESCAPE and ENTER keys to restart the
editing process.

Press either of the MESSAGE keys when editing is complete. To select this
message as a default message, follow the instructions in the section on

adding default messages.

PATH: SETPOINTS > S1 RELAY SETUP >V CLEAR DATA

B CLEAR DATA

[>1

MESSAGE

MESSAGE

9

<o
L 2

4

CLEAR
DATA?

ENERGY USE
No

CLEAR
DATA?

MAX DEMAND
No

CLEAR
DATA:

EVENT RECORDER
No

Range:

Range:

Range:

Yes, No

Yes, No

Yes, No

These setpoints clear specific memory functions after the data has been read by an
operator. The CLEAR ENERGY USE DATA setpoint clears all accumulated power
consumption data and updates the A2 METERING > ENERGY [>V ENERGY USE DATA LAST
RESET date. The CLEAR MAX DEMAND DATA setpoint clears all maximum demand data
values and updates the A2 METERING [>¥ DEMAND [> DMND DATA LAST RESET date.

The event recorder saves the most recent 512 events, automatically overwriting the oldest
event. The CLEAR EVENT RECORDER setpoint clears all recorded event data and updates A4
EVENT RECORDER [>V LAST RESET DATE [> EVENT RECORDER LAST RESET.

5.2.11 Installation

PATH: SETPOINTS [> S1 RELAY SETUP >V INSTALLATION

® INSTALLATION

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

» 6000 ¢

760 OPERATION:
Not Ready

RESET
DATA?

TRIP COUNTER
No

RESET
DATA?

ARCING CURRENT
No

RESET
DATA?

AR COUNT
No

RESET
DATA?

AR RATE
No

Range:

Range:

Range:

Range:

Range:

Ready, Not Ready.
Reads as 750

Yes, No

Yes, No

Yes, No. Message is
only seen in 760

Yes, No. Message is
only seen in 760
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The Relay Not Ready self-test warning message will be displayed until 1 RELAY SETUP
[>¥ INSTALLATION [> 760 OPERATION is set to “Ready”. This warns against the installation of
a relay whose setpoints have not been entered for the required application. This setpoint is
defaulted to “Not Ready” when the relay leaves the factory.

These setpoints should be used on a new installation or after new equipment has been
installed.

The RESET TRIP COUNTER DATA setpoint clears all accumulated trip counter values and
updates the A3 MAINTENANCE [> TRIP COUNTERS [>V TRIP COUNTERS LAST RESET actual
value. The RESET ARCING CURRENT setpoint clears all arcing current data and updates the
A3 MAINTENANCE [>V ARCING CURRENT [>V ARCING CURRENT LAST RESET date.

The RESET AR COUNT DATA setpoint clears the autoreclose shot count value and updates
the A1 STATUS >V AR [>V AR SHOT COUNT LAST RESET date. The RESET AR RATE DATA
setpoint clears the autoreclose shot rate value and updates the ARCING CURRENT LAST
RESET date. These two setpoints are applicable to the 760 only.

5.2.12 Mod 008 Upgrade

PATH: SETPOINTS [> S1 RELAY SETUP >V MOD 008 UPGRADE

m MOD 008 >1 ENABLE MOD 008? Range: Disabled, Enabled
UPGRADE Disabled
: Range: 16 alphanumeric
MESSAGE @ ENTER PASSCODE characters
&> |00000000000000
2 Range: Yes, No.
MESSAGE EPGRADE OPTIONS? g
= o

These setpoints are shown if the Mod 008 Reverse Power option has been ordered with the
750/760 relay. To order this option, please contact GE Multilin with the serial number of the
relay. Refer to Reverse Power on page 8-1 for the complete procedure for installing and
verifying the Reverse Power element.

These setpoints are shown only if the feature has been enabled.
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S2 System Setup

5.3.1 Current Sensing

PATH: SETPOINTS >V S2 SYSTEM SETUP [> CURRENT SENSING

B CURRENT
SENSING

[>1 @Q

PHASE CT PRIMARY:
1000 A

Range: 1 to 50000 A in steps
of1

. Range: 1 to 50000 A in steps
MESSAGE & |GND CT PRIMARY of 1
L~ 3 50 A
Range: 1 to 50000 A in steps
MESSAGE €= SENSTV GND:LE)‘,"(I)'0 . of 1

PRIMARY:

This group of setpoints is critical for all overcurrent protection features that have settings
specified in multiples of CT rating. When the relay is ordered, the phase, ground, and
sensitive ground CT inputs must be specified as either 1 Aor 5 A.

As the phase CTs are connected in wye (star), the calculated phasor sum of the three phase
currents (I, + Ip + I = Neutral Current = 3/y) is used as the input for the neutral overcurrent.
In addition, a zero-sequence (core balance) CT which senses current in all of the circuit
primary conductors, or a CT in a neutral grounding conductor may also be used. For this
configuration, the ground CT primary rating must be entered. To detect low level ground
fault currents, the sensitive ground input may be used. In this case, the sensitive ground CT
primary rating must be entered. For additional details on CT connections, refer to Electrical
Installation on page 3-8 for details.

The setpoint entries are the same for Ground and Phase CTs with 1 A and 5 A secondaries.
For correct operation, the CT secondary must match the relay as indicated on the relay
identification label (e.g. 5 A for a xxx:5 CT).

5.3.2 Bus VT Sensing

PATH: SETPOINTS >V S2 SYSTEM SETUP >V BUS VT SENSING

B BUS VT
SENSING

[>1 @Q

messace €
L~ 2

MESSAGE Q

VT CONNECTION TYPE:
Wye

NOMINAL VT SECONDARY
VOLTAGE: 120.0 V

VT RATIO:
120.0:1

Range: None, Wye, Delta

Range: 50.0 to 240.0 Vin
steps of 0.1

Range: 1.0to 5000.0 in steps
of 0.1

With bus VTs installed, the relay can be used to perform voltage measurements, power

calculations, and directional control of overcurrent elements.

e VT CONNECTION TYPE: Enter “None” if Bus VTs are not used. If Bus VTs are used, enter
the VT connection made to the system as “Wye” or “Delta”. An open-delta connection
is entered as "Delta”. See FIGURE 3-10: Typical Wiring Diagram on page 3-8 for details

on Delta and Wye wiring.
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5.3.3

S2 SYSTEM SETUP

NOMINAL VT SECONDARY VOLTAGE: This setpoint represents the voltage across the
VT secondary winding when nominal voltage is applied to the primary. On a source of
13.8 kV line-line at nominal voltage, with a 14400:120 V VT in the Delta connection, the
voltage to be entered is “115 V. For the Wye connection, the voltage to be entered is
115/ /3 =66.4 V.

VT RATIO: Enter the VT primary to secondary turns ratio with this setpoint. For a
14400:120 VT, the entry would be “120:1" (since 14400/ 120 = 120.0).

Line VT Sensing

PATH: SETPOINTS >V S2 SYSTEM SETUP >V LINE VT SENSING

m LINE VT [>1 VT CONNECTION TYPE: Range: Van, Vbn, Ven, Vab,
SENSING Vbn Veb
Q NOMINAIL VT SECONDARY Range: 50.0 to 240.0 Vin
MESSAGE steps of 0.1
&> |VOLTAGE: 120.0 V p :
: Range: 1.0to 5000.0 in steps
MESSAGE & VI:IL';;AI(I)'I:CL) of 0.1

With a Line VT installed, the relay can be used to check for a condition of synchronism
between two voltages, either line-line or line-neutral.

5.3.4 Power System

VT CONNECTION: Enter the Line VT connection made to the system. This selection is
critical to the operation of synchrocheck, as it instructs the relay which Bus VT input
voltage is to be compared to the Line VT input voltage. See FIGURE 3-15: Line VT
Connections on page 3-12 for the system connection to match this setpoint.

NOMINAL VT SECONDARY VOLTAGE: This setpoint represents the voltage across the
VT secondary winding when nominal voltage is applied to the primary. On a source of
13.8 kV line-line at nominal voltage, with a 14400:120 V VT in the Delta connection, the
voltage to be entered is 115 V. For the Wye connection, the voltage to be entered is
115/ /3 =66.4 V.

VT RATIO: Enter the VT primary to secondary turns ratio with this setpoint. For a
14400:120 VT, the entry would be “120:1" (since 14400/ 120 = 120.0).

PATH: SETPOINTS >V S2 SYSTEM SETUP >V POWER SYSTEM

B POWER SYSTEM

(>1 NOMINAL FREQ: Range: 25 to 60 Hz in steps
@Q 60 Hz of 1
. Range: ABC, ACB
iscace © |PHASE SEQUENCE: g
& |aBC
. Range: 1.0to 25.0 ¢/kWh in
MESSAGE Q COST OF ENERGY: g e o1
5.0 ¢/kWh ps or 0.

The power system data is entered in this setpoint subgroup.
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¢ NOMINAL FREQ: Enter the nominal power system frequency. This value is used as a
default to set the optimal digital sampling rate if the system frequency cannot be
measured as there is no voltage available at the bus voltage phase A input terminals.

e PHASE SEQUENCE: Enter the phase sequence of the power system.

e  COST OF ENERGY: Kilowatt hour power usage is converted to a cost of energy using
this setpoint. The cost of energy charged by a utility is usually a variable rate
depending on total energy consumed or other factors. Enter an estimated average
cost in cents per kWh. Approximate energy cost will be determined by the relay,
providing a value useful for budgeting purposes.

5.3.5 FlexCurves™

PATH: SETPOINTS >V S2 SYSTEM SETUP >V FLEXCURVE A(B)

m FLEXCURVE A [>1 CURVE TRIP TIME AT Range: 0to 65535 ms in
1.03 x PU: O ms steps of 1
& |CURVE TRIP TIME AT Range: 0 to 65535 ms in
MESSAGE steps of 1
& [1.05 x pU: 0 ms P
d
Range: 0 to 65535 msin
MESSAGE € CURVE TRIP TIME AT 0106553
20.0 x PU: 0 ms p

Two programmable FlexCurves™ can be stored in the relay. These can be used for time
overcurrent protection in the same way as ANSI, IAC, and IEC curves. The FlexCurve™ has
setpoints for entering trip times at the following current levels: 1.03, 1.05, 1.1 t0 6.0 in steps
of 0.1, and 6.5 to 20.0 in steps of 0.5. The relay converts these points to a continuous curve
by linear interpolation.

The following table shows all the pickup levels for which a trip time must be entered.

Table 5-1: FlexCurve™ Trip Times

Pickup Trip Pickup Trip Pickup Trip Pickup Trip

W) Time ULy Time Wy Time WLy Time
(ms) (ms) (ms) (ms)

1.03 2.90 4.90 10.5

1.05 3.00 5.00 11.0

1.10 3.10 5.10 115

1.20 3.20 5.20 12.0

1.30 3.30 5.30 125

1.40 3.40 5.40 13.0

1.50 3.50 5.50 135

1.60 3.60 5.60 14.0

1.70 3.70 5.70 145
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Table 5-1: FlexCurve™ Trip Times

Pickup Trip Pickup Trip Pickup Trip Pickup Trip

W) Time WLy Time W) Time W) Time
(ms) (ms) (ms) (ms)

1.80 3.80 5.80 15.0

1.90 3.90 5.90 155

2.00 4.00 6.00 16.0

2.10 4.10 6.50 16.5

2.20 4.20 7.00 17.0

2.30 4.30 7.50 175

2.40 4.40 8.00 18.0

2.50 4.50 8.50 185

2.60 4.60 9.00 19.0

2.70 4.70 9.50 195

2.80 4.80 10.0 20.0
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5.4 S3 Logic Inputs

5.4.1 Overview

The 750/760 relay has twenty (20) logic inputs which can be used to operate a variety of
logic functions for circuit breaker control, external trips, blocking of protection elements,
etc. The relay has ‘contact inputs’ and ‘virtual inputs’ that are combined in a form of
programmable logic to facilitate the implementation of various schemes.

The relay has 14 rear terminal contact inputs. These contacts can be either wet or dry (see
Logic Inputs on page 3-16 for typical wiring of the logic input contacts). External contacts
are either open or closed and are de-bounced for one power frequency cycle to prevent
false operation from induced voltage. Because of debouncing, momentary contacts must
have a minimum dwell time greater than one power frequency cycle.

The relay also has twenty (20) virtual inputs which are analogous to software switches.
They allow all the functionality of logic inputs to be invoked via serial communications or
from the front panel. This has the following advantages over contact inputs only:

¢ The number of logic inputs can be increased without introducing additional
hardware.

¢ Logic functions can be invoked from a remote location over a single RS485
communications channel.

¢ The same logic function can be invoked both locally via contact input or front
panel keypad, and/or remotely via communications.

¢ Panel switches can be replaced entirely by virtual switches to save cost and wiring.

Virtual inputs are simply memory locations in the relay which can be assigned a value via
communications or from the A1 STATUS [>V VIRTUAL INPUTS actual values menu. If the
value stored in memory is “0”, then the virtual input is Off; otherwise, the virtual input is On.
The state of virtual inputs is written as if it were a setpoint; these values are non-volatile
and are found in memory map locations 0090 to 00A4 hex. Momentary virtual inputs are
simulated by first writing a “1” to the corresponding register followed by writing a “0”. Due
to communications delay there will be a dwell time of 50 to 200 ms. Maintained virtual
inputs are simulated by writing a “1” to the corresponding register.
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5.4.2 Logic Inputs Setup

PATH: SETPOINTS >V S3 LOGIC INPUTS > LOGIC INPUTS SETUP

®m LOGIC INPUTS (> INPUT 1 NAME: Range: 18 alphanumeric
SETUP Logic Input 1 characters
Range: see description
vissage € |INPUT 1 ASSERTED e de
&) |LOGIC: Contact Close
s Range: 18 alphanumeric
MESSAGE )y INPI-JT 2 TANE characters
&> |Logic Input 2
Range: see description
MESSAGE Q INPUT 2 ASSERTED below
&) |LOGIC: Contact Close
2
. Range: 18 alphanumeric
vEssace OO INPUT 20 NAME: g char(fcters
&) |Logic Input 20
INPUT 20 ASSERTED Range: see description
MESSAGE ¢ )
LOGIC: Contact Close below

Each logic input has two setpoints representing the name and asserted logic. The following
terms apply to all logic inputs:

¢ The state of a contact input is either “Open” or “Closed” and is determined directly
from the rear terminal inputs.

¢ The state of a virtual input is either “On” or “Off” and can be set from serial
communications or the A1 STATUS [> VIRTUAL INPUTS actual values menu.

e The state of alogic input is either “Asserted” or “Not-Asserted”.

¢ The state of Logic Input n (where n =1 to 14) is determined by combining the state

of Contact Input n with the state of Virtual Input n according to the INPUT N
ASSERTED LOGIC setpoint; this is a limited form of programmable logic.

e The state of Logic Input x (where x = 15 to 20) is determined by the state of Virtual
Input x according to the INPUT Y ASSERTED LOGIC setpoint; this is a limited form of
programmable logic.

¢ Alogic function is invoked when its corresponding logic input is Asserted.
¢ One logic input can invoke many logic functions if required.
The LOGIC INPUT N NAME setpoint allows the operator to assign a user-friendly description

to logic inputs when replacing panel switches with a virtual switch. This name will be
displayed in the A1 STATUS [> VIRTUAL INPUTS actual values menu.

The LOGIC INPUT N ASSERTED setpoint determines how to combine the Contact and Virtual
Input states to determine the Logic Input state. For Logic inputs 1 through 14, this setpoint
may be assigned the following values:

Value Logic Input Asserted When:

Disabled Never

Contact Close Contact is closed

Contact Open Contact is open

Virtual On Virtual input is on
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Value Logic Input Asserted When:
Virtual Off Virtual input is off
Closed & Von Contact is closed AND virtual input is on
Closed & Voff Contact is closed AND virtual input is off
Open &Von Contact is open AND virtual input is on
Open & Voff Contact is open AND virtual input is off
Closed | Von Contact is closed OR virtual input is on
Closed | Voff Contact is closed OR virtual input is off
Open | Von Contact is open OR virtual input is on
Open | Voff Contact is open OR virtual input is off
Closed X Von Contact is closed XOR virtual input is on
Closed X Voff Contact is closed XOR virtual input is off
Open X Von Contact is open XOR virtual input is on
Open X Voff Contact is open XOR virtual input is off

For Logic Inputs 15 through 20, this setpoint may be assigned the following values:

Value Logic Input Asserted When:
Disabled Never
Virtual On Virtual input is on
Virtual Off Virtual input is off

Breaker Functions

PATH: SETPOINTS >V S3 LOGIC INPUTS >V BREAKER FUNCTIONS

B BREAKER
FUNCTIONS

[>1 @Q

messace €
L~ 2

MESSAGE Q

52a CONTACT:
Disabled

52b CONTACT:
Disabled

BRKR CONNECTED:
Disabled

Range: Input 1 to Input 20,
Disabled

Range: Input 1 to Input 20,
Disabled

Range: Input 1 to Input 20,
Disabled

The following logic functions are used to determine whether the circuit breaker is open,

closed, or disconnected from the main power circuit, as monitored by auxiliary contacts on
a drawout breaker racking mechanism, or on the associated isolating disconnect switches
on a fixed circuit breaker.

If neither the 52a or 52b contacts are installed then the following functions cannot be

performed:

Monitoring of breaker position

Breaker Operation Failure

Feedback control of Trip (Output Relay 1) and Close (Output Relay 2) relays
Trip/Close Coil Supervision Without Permissive

Manual close feature blocking
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CAUTION

CAUTION

e Autoreclose

e  Transfer

S3 LOGIC INPUTS

It is strongly recommended that the Breaker Operation Failure alarm be enabled when
either 52a or 52b breaker auxiliary contacts are installed.

Breaker logic functions must be assigned to Logic Inputs 1 to 14 as they must only be

contacts.

The 524 CONTACT and 52B CONTACT setpoints are used to monitor the 52/a and 52/b
contacts. The following table determines how these contacts affect the breaker state:

52/a CONTACT 52/b CONTACT INTERPRETATION
INSTALLED? INSTALLED?
Ves Ves 52a closed indicates breaker is closed
52b closed indicates breaker is open
Ves NoO 52a closed indicates breaker is closed
52a open indicates breaker is open
NoO Ves 52b open indicates breaker is closed
52b closed indicates breaker is open
No No Breaker status unknown

When asserted, the logic input assigned by the BRKR CONNECTED setpoint indicates that
the breaker is connected to the primary system. When the breaker is determined to be
disconnected, the breaker state is shown to be neither open nor closed. For further

information regarding operation with only one auxiliary breaker contact, see System

Status LED Indicators on page 4-3.
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5.4.4 Control Functions

PATH: SETPOINTS >V S3 LOGIC INPUTS >V CONTROL FUNCTIONS

® CONTROL [>1 LOCAL MODE: Range: Input 1 to Input 20,
FUNCTIONS Disabled Disabled
MESSAGE & |RESET: Range: Input 1 to Input 20,
&> |pisabled Disabled
MESSAGE <~ |REMOTE OPEN: Range: /nput 1 to Input 20,
&> |pisabled Disabled
MESSAGE < » |REMOTE CLOSE: Range: /nput 1to Input 20,
&> |pisabled Disabled
MESSAGE & |CcOoLD LOAD PICKUP: Range: /nput 1 to Input 20,
&> |pisabled Disabled
MESSAGE < » |SETPOINT GROUP 2: Range: /nput 1 to Input 20,
&> |pisabled Disabled
MESSAGE < » |SETPOINT GROUP 3: Range: /nput 1to Input 20,
&> |pisabled Disabled
= SETPOINT GROUP 4: Range: Input 1 to Input 20,
MIESSAGE Disabled Disabled

The LOCAL MODE setpoint places the relay in local mode. The relay is in remote mode if not
forced into local mode by this setpoint. The RESET setpoint resets the last trip indicator and
latched relays. With the 760, it also resets the autoreclose lockout. The COLD LOAD PICKUP
setpoint initiates the Cold Load Pickup blocking feature. The SETPOINT GROUP 2 through
SETPOINT GROUP 4 setpoints signal the relay to make Group 2, 3, or 4 the active setpoint
group.

The REMOTE OPEN and REMOTE CLOSE setpoints initiate a breaker opening via the Trip
Relay and a breaker closure via the Close Relay, respectively. These setpoints are
operational only when the relay is in remote mode (i.e., when LOCAL MODE is set to
“Disabled”).

5-30 750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 5: SETPOINTS S3 LOGIC INPUTS

5.4.5 User Inputs

PATH: SETPOINTS >V S3 LOGIC INPUTS >V USER INPUTS > USER INPUT A(T)

USER INPUT A USER INPUT A NAME: Range: 18 alphanumeric
Press [P] for more User Input A characters
: Range: Input 1 to Input 20,
vessace ©P |USER INPUT A SOURCE mput 1 ¢
&) |pDisabled
S Range: Disabled, Trip, Trip &
MESSAGE USER INPUT A AR, Alarm, Latched
& |FUNCTION: Disabled ' :
Range: Any combination of 3
vessaoe € [USER INPUT A ge: Any comb
&> |RELAYS (3-7): ----- to 7 Auxiliary relays
Range: 0.00 to 600.00 s in
MESSAGE Q USER INPUT A . £0,01
DELAY: 0.00 s steps ot o,

There are twenty (20) general purpose user input functions (User Inputs A through T) that
generate outputs in response to an asserted logic input. These functions can be used to:
initiate a trip; initiate a trip and a reclosure (760 only); log a contact operation in the event
recorder; convert an external contact into a self-resetting, latched or pulsed contact.;
convert an external contact into a Form-C contact; and provide a contact multiplier for an
external contact by operating multiple relays.

The setpoints for User Input A are shown above; setpoints for User Inputs B through T are
identical.
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5.4.6 Block Functions

PATH: SETPOINTS >V S3 LOGIC INPUTS >V BLOCK FUNCTIONS

m BLOCK [>1

FUNCTIONS

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

D 6006960CHCOGICHCICHCBOGHGOGHG

BLOCK 1 TRIP RELAY:
Disabled

BLOCK 2 CLOSE RELAY:
Disabled

BLOCK RESET:
Disabled

BLOCK UNDERVOLT 1:
Disabled

BLOCK UNDERVOLT 2:
Disabled

BLOCK UNDERVOLT 3:
Disabled

BLOCK UNDERVOLT 4:
Disabled

BLOCK UNDERFREQ 1:
Disabled

BLOCK UNDERFREQ 2:
Disabled

BLOCK FREQ
DECAY: Disabled

BYPASS SYNCHROCHECK:
Disabled

BLOCK BREAKER
STATISTICS: Disabled

BLOCK NEG SEQ
VOLTAGE: Disabled

BLCK NTR DISPLACEMNT:

Disabled

BLOCK RESTORATION:
Disabled

BLOCK REV POWER:
Disabled

CHAPTER 5: SETPOINTS

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

Input 1 to Input 20,
Disabled

The logic input functions shown above block various operations within the relay. Protection
elements will not detect faults, send messages, or illuminate indicators when blocked,
except for the BLOCK TRIP 1 RELAY setpoint.

A system condition monitor such as Synchrocheck or Closing Spring Charged can be
connected to the relay for close supervision. If BLOCK CLOSE 2 RELAY is selected, this input
must be de-asserted to permit operation of the Close Relay.
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The BYPASS SYNCHROCHECK setpoint provides a manual override of the synchrocheck
monitor, so an operator can close the feeder breaker without the programmed
synchrocheck condition.

The BLOCK BRKR STATISTICS setpoint blocks the accumulation of breaker statistical data
found on the A3 MAINTENANCE [> TRIP COUNTERS and A3 MAINTENANCE [>V ARCING
CURRENT dactual values pages. This data includes breaker operation and trip counters
along with breaker arcing current. This input could be used during testing to prevent
maintenance operations from being accumulated.

The BLOCK REV POWER setpoint is only visible when Mod 008 is enabled.
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5.4.7 Block Overcurrent

PATH: SETPOINTS >V S3 LOGIC INPUTS >V BLOCK OC FUNCTIONS

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

®m BLOCK OC [>1 BLOCK ALL OC: Range: Input 1 to Input 20,
FUNCTIONS Disabled Disabled

MESSAGE <& |BLOCK PHASE OC: Range: /nputlto Input 20,
&> |pisabled Disabled

MESSAGE & » |BLOCK NEUTRAL OC: Range: Input 1 to Input 20,
&) |Disabled Disabled

MESSAGE & » |BLOCK GND OC: Range: Input 1 to Input 20,
&> |pisabled Disabled

MESSAGE ¢ |BLOCK SENSTV GND OC: Range: Input 1 to Input 20,
&> |pisabled Disabled

MESSAGE & » |BLOCK PHASE TIME 1: Range: Input 1 to Input 20,
&) |Disabled Disabled

MESSAGE <& |BLOCK PHASE TIME 2: Range: /nputlto Input 20,
&> |pisabled Disabled

MEssage & BLOCK PHASE INST 1: Range: Input 1 to Input 20,
& |pisabled Disabled

MESSAGE & » |BLOCK PHASE INST 2: Range: Input 1 to Input 20,
&) |Disabled Disabled

MESSAGE & » |BLOCK NEUTRAL TIME Range: Input 1 to Input 20,
&> |pisabled Disabled

MESSAGE & |BLOCK NEUTRAL TIME Range: Input 1 to Input 20,
& |pisabled Disabled

MESSAGE & » |BLOCK NEUTRAL INST Range: Input 1 to Input 20,
&) |Disabled Disabled

MESSAGE & » |BLOCK NEUTRAL INST Range: Input 1 to Input 20,
&> |pisabled Disabled

MEssage & BLOCK GND TIME: Range: Input 1 to Input 20,
& |pisabled Disabled

MESSAGE & » [BLOCK GND INST: Range: Input 1 to Input 20,
&) |Disabled Disabled

MEssagEe & BLK SENSTV GND TIME: Range: Input 1 to Input 20,
&) |pisabled Disabled

vEssace €9 |BLK SENSTV GND INST: Range: Input 1 to Input 20,
&> |pisabled Disabled

MESSAGE & » [BLOCK NEG SEQ TIME: Range: Input 1 to Input 20,
&) |Disabled Disabled

= BLOCK NEG SEQ INST: Range: Input 1 to Input 20,
MESSAGE Disabled Disabled
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These setpoints block overcurrent protection elements. Overcurrent elements will not
detect faults, send messages, or illuminate indicators when blocked. These functions can
be used to: block overcurrent operation from downstream relays for selective tripping
schemes from external directional current/power or other supervision; block overcurrent
operation during initial feeder loading when the inrush currents are not know; block
neutral operation during single-phase switching or fault burn-off attempts; and block
timed phase and neutral operation during deliberate emergency overload operating
situations.

5.4.8 Transfer Functions

PATH: SETPOINTS >V 83 LOGIC INPUTS >V TRANSFER FUNCTIONS

NOTE

B TRANSFER [>1 SELECT TO TRIP: Range: Input 1 to Input 20,
FUNCTIONS Disabled Disabled

vissace € |UNDERVOLT ON OTHER Range: Input 1 to Input 20,
&) |SOURCE: Disabled Disabled

MESSAGE <& |INCOMER 1 BREAKER Range: /nputlto Input 20,
&> |CLOSED: Disabled Disabled

MESSAGE & |INCOMER 2 BREAKER Range: /nputlto Input 20,
&> |CLOSED: Disabled Disabled

vissace €9 |TIE BREAKER Range: Input 1 to Input 20,
&> |CONNECTED: Disabled Disabled

visspce €9 |TIE BREAKER CLOSED: Range: Input 1 to Input 20,
&> |pisabled Disabled

visspoe €9 [BLOCK TRANSFER: Range: Input 1 to Input 20,
&> |pisabled Disabled

MESSAGE <> |TRANSFORMER LOCKOUT: Range: /nputlto Input 20,
&) |Disabled Disabled

vissage € |SOURCE TRIP: Range: Input 1 to Input 20,
&> |pisabled Disabled

MESSAGE & |CLOSE FROM INCOMER1: Range: Inputlto Input 20,
&> |pisabled Disabled

= CLOSE FROM INCOMER2: | Range:Input1to input 20,
MESSAGE Disabled Disabled

The following logic input functions are used exclusively for the bus transfer scheme. Refer
to Transfer Scheme on page 5-135 for details on implementing the bus transfer scheme.

If the bus transfer feature is required, all logic input functions necessary for the operation
of this scheme must be assigned to contact inputs before any other functions. This is to
ensure there are no conflicts.

The INCOMER 1(2) BREAKER CLOSED setpoints are used to track breaker state, for prevent-
parallel or permission-to-transfer logic. THE CLOSE FROM INCOMER 1(2) setpoints signal the
bus tie breaker to begin a close operation.
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The TIE BREAKER CONNECTED setpoint is used to inhibit transfers if the breaker cannot be
used to pass current from the source to the load, such as when it is in the Test or
Disconnected positions. The TIE BREAKER CLOSED setpoint is used to track breaker state,
for prevent-parallel or permission-to-transfer logic.

The TRANSFORMER LOCKOUT and SOURCE TRIP setpoints are used to initiate a transfer as
Source 1(2) is about to be lost. The BLOCK TRANSFER setpoint disables the transfer scheme.

5.4.9 Reclose (760 Only)

PATH: SETPOINTS >V S3 LOGIC INPUTS >V RECLOSE FUNCTIONS

® RECLOSE [>1 INITIATE RECLOSURE: Range: Input 1 to Input 20,
FUNCTIONS Disabled Disabled
: Range: Input 1 to Input 20,
vissace D cz.aNCEL RECLOSURE it
&) |pDisabled
BLOCK RECLOSURE: Range: Input 1 to Input 20,
MESSAGE Q Disabled Disabled

These logic input setpoints are used in the autoreclose scheme and are applicable to the
760 relay only. Refer to Autoreclose (760 only) on page 5-155 for more detail.

¢ INITIATE RECLOSURE: Initiates an autoreclose sequence leading to an operation of
the Close Relay. This input will not cause the Trip Output Relay of the 760 to operate. It
is intended for use where the initiating device sends an independent trip to the
breaker at the same time it sends an initiate reclosure to the 760.

e CANCEL RECLOSURE: Cancels a reclosure sequence in progress and blocks
autoreclose scheme from operating.

e BLOCK RECLOSURE: Cancels a reclosure sequence in progress and blocks the
autoreclose scheme from operating.

5.4.10 Miscellaneous

PATH: SETPOINTS >V S3 LOGIC INPUTS >V MISC FUNCTIONS

B MISC FUNCTIONS [[>] TRIGGER TRACE Range: Input 1 to Input 20,
MEMORY: Disabled Disabled
: Range: Input 1 to Input 20,
MESSAGE Q TIIZIGGER DATA LOGGER Disabled
&) |Disabled
. Range: Input 1 to Input 20,
MESSAGE Q SZFM'ULATE FAULT Disobied
&) |Disabled
START DMND Range: Input 1 to Input 20,
MESSAGE €= Disabled

INTERVAL: Disabled
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The SIMULATE FAULT input function is operational only when the relay is in simulation
testing mode, the breaker is closed (real or simulated breaker) and presently in the prefault

state. When the assigned input is asserted, the relay is forced into the fault state where the
programmed ‘fault’ values are used.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



S4 OUTPUT RELAYS CHAPTER 5: SETPOINTS

5.5 S4 Output Relays

5.5.1 Relay Operation

Description

The 750/760 relay is equipped with eight electromechanical output relays: three specidal
purpose (Trip Relay 1, Close Relay 2, and Self-test Warning Relay 8) and five general
purpose (Auxiliary Relays 3 to 7). The special purpose relays have fixed operating
characteristics and the general purpose relays can be configured by the user. Logic
diagrams for each output relay are provided for detailed explanation of their operation.

Trip and Close Relays

Operation of these breaker-control relays is designed to be controlled by the state of the
circuit breaker as monitored by a 52a or 52b contact. Once a feature has energized one of
these relays it will remain operated until the requested change of breaker state is
confirmed by a breaker auxiliary contact and the initiating condition has reset. If the
initiating feature resets but the breaker does not change state, the output relay will be
reset after either the delay programmed in the Breaker Operation feature or a default
interval of 2 seconds expires. If neither of the breaker auxiliary contacts 52a nor 52b is
programmed to a logic input, the Trip Relay is de-energized after either the delay
programmed in the Breaker Failure feature or a default interval of 100 ms after the
initiating input resets and the Close Relay is de-energized after 200 ms. If a delay is
programmed for the Trip or Close contact seal in time, then this delay is added to the reset
time. Note that the default setting for the seal in time is 40 ms.

Table 5-2: Breaker Auxiliary Contacts and Relay Operation

52aCONTACT 52b RELAY OPERATION
INSTALLED? CONTACT
INSTALLED?

Trip Relay remains operating until 52b indicates an
Yes Yes open breaker. Close Relay remains operating until
52aindicates a closed breaker.

Trip Relay remains operating until 52a indicates an
Yes No open breaker. Close Relay remains operating until
52a indicates a closed breaker.

Trip Relay remains operating until 52b indicates an
No Yes open breaker. Close Relay remains operating until
52b indicates a closed breaker.

Trip Relay operates until either the Breaker Failure
delay expires (if the Breaker Failure element is
enabled) or 100 ms after the feature causing the
trip resets. Close Relay operates for 200 ms.

No No
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Auxiliary Relays 3 to 7

Operation of these relays is programmed by the user. Each relay can be selected to
become either energized or de-energized when operated, and to operate as latched, self-

resetting or pulsed.

Table 5-3: Auxiliary Relay Operation

OUTPUT TYPE

DESCRIPTION

Latched

Upon being operated by any programmed feature, the relay output
contacts change state and remain in the new state. The relay can
be returned to the non-operated state only by the RESET key, the
reset logic input, or a computer reset command. This mode is used

]tor alarms which must be acknowledged, or to provide a lockout
unction.

Self-resetting

Upon being operated by any programmed feature, the relay output
contacts change state and remain in the new state until all
features which operate the relay are no longer signaling it to
operate. For a relay operated by a single feature, the output
contacts follow the state of the feature.

Pulsed

Upon being operated by any programmed feature, the relay output
contacts change state and remain in the new state for a
programmed time interval called the PULSED OUTPUT DWELL TIME.
The dwell timer is started when the first feature causes operation
of the output relay.

5.5.2 Trip Relay

PATH: SETPOINTS >V S4 OUTPUT RELAYS > 1 TRIP RELAY

m 1 TRIP RELAY (>1

TRIP RELAY SEAL IN Range: 0.00to0 9.99 s in steps
@Q TIME: 0.04 s of 0.01

A TRIP RELAY SEAL IN TIME can be programmed for the Trip Relay. This time is added to the
reset time of the Trip Relay, thus extending its pulse width. This is for use in applications
where the 52 contacts reporting breaker state to the 750/760 are faster than the 52
contacts that are responsible for interrupting coil current.
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SETPOINT SETPOINT
From Self-Test (Relay 8)
760 In—Service 9 Trip Bl . SIMULATION STATE 1 TRIP RELAY
= rip_Blocked rip_Idle SEAL IN TIME:
E X [OR] [0 Pre—Fault
k 1 TRIP Rels
Bloc eloy Fault [OR] X ,
Local Open (Front Panel) Post Faolt I_ ) '
CONTROL Disabled
Local Mode s NT
Remote Mode [Ap}— SMULATE [Ron] 100ms ot
CIRCUIT BREAKER — Trip Breaker
Remote Open (switch input) For] jan) SIMULATION P
Remote Open (communication) Enabled SREAKER OPERATION SETPOINT Event Recorder
'PROTECTION FEATURES (if Function Enabled) Discbled FUNCTION: BREAKER OPERATION
DELAY:
Phase Time Overcurrent 1 or 2 >—— Aorm
Phase Inst Overcurrent 1 or 2 >—— 52b Contact (1=Breaker Open) >—— pw— [oR] (RN
Neutral Time Overcurrent 1 or 2 >—— " — |—L| —o
Locic Disabled
Neutral Inst Overcurrent 1 or 2 >—— INPUT n: IRON]
o 28
Ground Time O 52b Contact FEEDBACK RESET [ —)
Ground Inst O
Sensitive Ground Time Overcurrent >— 520 Contact (1=Breaker Close) >—|
Sensitive Ground Inst. Overcurrent >— SETPOINT p———
Neg. Seq. Time O . BREAKER FAILURE
9 Sea = : FUNCTION: BREAKER FAILURE
Neg. Seq. Inst. current 520 Contact pro— DELAY:
Neg. Seq. Voltage RUN.
Undervoltage 1, 2, 3, or 4 [oR |- o) 52 FEEDBALK Control ]
0 1o0r2 PROGRAMMED Disabled
Q¢ TRIP REQUEST
Neutral Di ! TIMED RESET
Tor2
e o —
TRIP
EF ) [OR} OR
L0GIC_INPUT FEATURES. (1 Selected) “lang
User Input >— SETPOINT: Delay
Operator Reset To Breaker Operation Energize »———
K , Switch —
I(n:\moggjnwslm‘c:mion) Trip
Leogic Input
Block Reset

5.5.3 Close Relay

FIGURE 5-1: Output Relay 1 Trip Logic

PATH: SETPOINTS >V S4 OUTPUT RELAYS >V 2 CLOSE RELAY

H 2 CLOSE RELAY

[>1

9

CLOSE RELAY SEAL IN
TIME: 0.04 s

Range: 0.00t0 9.99 s in steps
of 0.01

A CLOSE RELAY SEAL IN TIME can be programmed for the Close Relay. This time is added to
the reset time of the Close Relay, thus extending its pulse width. This is for use in
applications where the 52 contacts reporting breaker state to the 750/760 are faster than
the 52 contacts that are responsible for interrupting coil current.
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[om Sowees] S o y
Pre=Foult
Block Clese > .
L Ciose Blocked . Cioss Incetive
3 [ Foult {oR}
e
tiaabled
[RUN]
= SWARATE 100ms T Serusot
Cicse Brecker
CIRCUIT BREAKER
SIMULATION: Evert Recorder

(1mbresier o SETPONT
52e Contoct X 5 —
526 Contoct
(1 =Breaker Open)
LOGIC
INPUT n:
526 Contoct
E Close Reguest
RELAY 2 CLOSE
FIGURE 5-2: Output Relay 2 Close Logic
5.5.4 Aukxiliary Relays
PATH: SETPOINTS [>¥ S4 OUTPUT RELAYS [>V 3(7) AUX RELAY
®m 3 AUXILIARY (>1 RELAY 3 NAME: Range: 16 alphanumeric
Auxiliary characters
& |RELAY 3 NON-OPERATED | Range: Energized, De-
MESSAGE : energized
&) |STATE: De-energized 9
. Range: Self-Resetting,
MESSAGE @ RELAY 3 OUT?UT TYPE: g L ntched Pu/sged
&) |Self-Resetting '
Range: 0.1 to 6000.0 s in
MESSAGE Q PULSED OUTPUT DWELL oo 0.
TIME: 0.1 s ps oro.

The Typical Wiring Diagram on page 3-8 shows relay contacts with no control power
applied. If the RELAY 3(7) NON-OPERATED STATE setpoint is “De-energized”, then the state of
the relay contacts is as shown in the wiring diagram. If the non-operated state is
“Energized”, then the state of the relay contacts is opposite to that shown in the wiring
diagram.
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This PULSED OUTPUT DWELL TIME setpoint is only displayed if the RELAY 3 OUTPUT TYPE is
selected as “Pulsed”. This setpoint determines the minimum time interval during which the
pulsed contacts remain in the operated state. The actual time interval may be for as long
as the controlling function is asserted, this interval being whichever of the above two time
intervals is longer.

PROTECTION FEATURES (If Function Enabled)

Phase Time Overcurrent 1 or 2 >—]
Phose Inst Overcurrent 1 or 2 >———
Neutral Time Overcurrent 1 or 2 >——
Neutral Inst Overcurrent 1 or 2 >—v—
Ground Time Overcurrent >——————
Ground Inst Overcurrent »— |
Sensitive Ground Time Overcurrent > ————
Sensitive Ground Inst. Overcurrent >————
Neg. Seq. Time Overcurrent >—— 1

Neg. Seq. Inst. Overcurrent )——— SETPOINT
Undervoltage 1, 2, 3, or 4 >— — | RELAY (3-7 SETPOINT.
Overvoltage 1 or 2 OUTPUT TYPE: RELAY (3-7) PULSED
Underfrequency 1 or 2 | AND| OUTPUT DWELL TIME:
Pulsed  —
Frequency Decay
.. . Self—resetting 7:l
Neutral Displacemen AND)
777777 Latched *‘
LOGIC INPUT FEATURES (If Selected
Control A, B or C :'@
Event

Recorder

User Input SETPOINT: Delay

MONITOR FEATURES (If Engbled) Operator Rese.t
(Keyboard, Switch
Trip/Close Coil Monitor >——————— | Input, Communications)

Breaker Operation Monitor 1

OR

Phase Directional 0/C Reverse > t——
From Self-Test (Relay 8
Neutral Directional 0/C Reverse >—m—————| SR750(SR760) In Service Do
Ground Directional 0/C Reverse >»————— 'AND|
Sensitive Ground Directional 0/C Reverse >——— From Simulation TEmanE
Manual Close Blocking >—————————— Block Operation of Relay (3—7)> 9
Cold Load Pickup Blocking >———————— 1 RELAY (3-7)
NON—OPERATED STATE:

ychrocheck OK From Force Output Relays
Phase or Ground Current Level »—— | Inhibit Normal Operation Energized
Power Factor 1 or 2 Energize De—energized
Current Demand & &
Real or Reactive or Apparent Power Demand >»——— AND IAND|
Overfrequency

Trip Counter
VT Failure OR

Pulse Output

ANALOG INPUT FEATURES (If Enabled

®

Analog Threshold No.1 or 2 —— SETPOINT.
Analog Rate—of—Change 1 or 2 > RELAY (3-7) OPERATE OUTPUT
NAME: RELAY (3-7)
[ AUTORECLOSE FEATURES (If Enabled) B THIS_FEATURE IS AVAILABLE

ON THE SR760 ONLY

‘ P Enabled ‘
In Progress SR750/760 OUTPUT RELAYS
3-7 AUXILIARY LOGIC

Lockout
LiiiiiiiiiiJ 818006BB.DWG

FIGURE 5-3: Output Relays 3 to 7 Auxiliary Logic

5.5.5 Self-Test Warning Relay

There are no user-programmable setpoints associated with the Self-Test Warning Relay
(Output Relay 8). The logic for this relay is shown below:
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jor_Self—Testing F

(Startup) RAM Test Failed
(Startup) EEPROM Test Failed

(Background) Flash Memory Test Failed

(Background) A/D Converter Test Failed

Factory Service Enabled

Code Programming Enabled

Operati -

Force Analog Outputs Enabled

Simulation Enabled

Pickup Test Enabled

Force Output Relays Enabled

inor_Self-Testing F

(Background) Logic Inputs Voltage Failed

(Background) Clock Battery Failed 1

(Background) Internal Communications Failed

(Background) Internal Temperature Out—of—Range

Setpoint: S1 750(760) SETUP/INSTALLATION,/750(760) OPERATION = Not Ready —
—@ RELAY IN SERVICE
(Startup) Flash Memory Test Failed — Run Boot Code ) 5 To Output Relays 1-7
750(760) In Service
ORP

T—) Warning/Event Record

T—) Warning/Event Record

T—) Warning/Event Record

T—) Warning/Event Record

[OR F—]

T—) Warning/Event Record

T—) Warning/Event Record

T—) Warning/Event Record :lOR

T—) Warning/Event Record

#——> Warning/Event Record

1—) Assume Inputs Open

> Warning/Event Record
(Background) Real Time Clock Not Running >—|: from Force Output Relays
OR
L Warning/Event Record Energize 8 Self—Test Warning
R Output Relay Volt OK

T—) Warning/Event Record utput Relay Voltage

(Background) Analog Outputs Voltage Failed
AND)

(Background) Analog Outputs Option Installed T—) Warning/Event Record

T—) Warning/Event Record

S4 OUTPUT RELAYS

ENERGIZE OUTPUT RELAY 8
SELF—TEST WARNING

818031AS.DWG

FIGURE 5-4: Output Relay 8 Self-Test Warning Logic
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5.6

S5 Protection

5.6.1 Overview

Description

The relay has a total of six phase, two neutral, one ground, one sensitive ground, and one
negative sequence time overcurrent elements. The programming of the time-current
characteristics of these elements is identical in all cases and will only be covered in this
section. The required curve is established by programming a Pickup Current, Curve Shape,
Curve Multiplier, and Reset Time. The Curve Shape can be either a standard shape or a
user-defined shape programmed with the FlexCurve™ feature.

Accurate coordination may require changing the time overcurrent characteristics of
particular elements under different conditions. For manual closing or picking up a cold
load, a different time-current characteristic can be produced by increasing the pickup
current value. In the 760, the pickup current can also be raised between autoreclose shots.
The following setpoints are used to program the time-current characteristics.

e <Element_Name> PICKUP: The pickup current is the threshold current at which the
time overcurrent element starts timing. There is no intentional ‘dead band’ when the
current is above the pickup level. However, accuracy is only guaranteed above a 1.03
per unit pickup level. The dropout threshold is 98% of the pickup threshold. Enter the
pickup current corresponding to 1 per unit on the time overcurrent curves as a
multiple of the source CT. For example, if 100: 5 CTs are used and a pickup of 90 amps
is required for the time overcurrent element, enter “0.9 x CT".

¢ <Element_Name> CURVE: Select the desired curve shape. If none of the standard
curve shapes is appropriate, a custom FlexCurve™ can be created by entering the trip
times at 80 different current values; see 2 SYSTEM SETUP [>V FLEXCURVE A. Curve
formulas are given for use with computer based coordination programs. Calculated
trip time values are only valid for /1, > 1. Select the appropriate curve shape and
multiplier, thus matching the appropriate curve with the protection requirements. The
available curves are shown in the table below.

Table 5-4: TOC Curve Selections

ANSI GE Type IAC IEC Other
Extremely Inverse | Extremely Inverse | Curve A (BS142) Definite Time
Very Inverse Very Inverse Curve B (BS142) FlexCurve™ A
Normally Inverse Inverse Curve C(BS142) FlexCurve™ B
Moderately
Inverse Short Inverse IEC Short Inverse

¢ <Element_Name> MULTIPLIER: A multiplier setpoint allows shifting of the selected
base curve in the vertical time direction. Unlike the electromechanical time dial
equivalent, trip times are directly proportional to the value of the time multiplier
setpoint. For example, all trip times for a multiplier of 10 are 10 times the multiplier 1
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NOTE

S5 PROTECTION

or base curve values. Setting the multiplier to zero results in an instantaneous
response to all current levels above pickup.

¢ <Element_Name> RESET: Time overcurrent tripping time calculations are made with
an internal ‘energy capacity’ memory variable. When this variable indicates that the
energy capacity has reached 100%, a time overcurrent trip is generated. If less than
100% is accumulated in this variable and the current falls below the dropout threshold
of 97 to 98% of the pickup value, the variable must be reduced. Two methods of this
resetting operation are available, Instantaneous and Linear. The Instantaneous
selection is intended for applications with other relays, such as most static units,
which set the energy capacity directly to zero when the current falls below the reset
threshold. The Linear selection can be used where the relay must coordinate with
electromechanical units. With this setpoint, the energy capacity variable is
decremented according to the following equation.

Teeser = EXMXCy (EQ 5.1)
where:Tpeser = reset time in seconds; E = energy capacity reached (per unit);

M = curve multiplier; Cg = characteristic constant (5 for ANSI, IAC, Definite Time, and
FlexCurves™; 8 for IEC)

Graphs of standard time-current curves on 11" x 17" log-log graph paper are available
upon request. Requests may be placed with our literature department.

5.6.2 Time Overcurrent Curve Characteristics

Definite Time Curve:

Definite Time curves trip as soon as the pickup level is exceeded for a specified period of
time. The base Definite Time curve has a delay of 0.1 seconds. The curve multiplier adjusts
this delay from 0.00 to 10.00 seconds in steps of 0.01.

ANSI Curves:

The ANSI time overcurrent curve shapes conform to industry standards and the ANSI
C37.90 curve classifications for extremely, very, and moderately inverse. The ANSI curves
are derived from the following formula:

D E

T = MX(A+ B + 5+ 3] (EQ 5.2)
(I lp)=C (U71,)=C) (/1) =C)

where:T = trip time (seconds); M = multiplier value; | = input current;
Inickup = Pickup current setpoint; A, B, C, D, E = constants

Table 5-5: ANSI Curve Constants

ANSI Curve Shape A B C D E

ANSI Extremely Inverse 0.0399 0.2294 0.5000 3.0094 0.7222

ANSI Very Inverse 0.0615 0.7989 0.3400 -0.2840 | 4.0505
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Table 5-5: ANSI Curve Constants
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ANSI Curve Shape A B C D E
ANSI Normally Inverse 0.0274 2.2614 0.3000 -4.1899 9.1272
ANSI Moderately Inverse 0.1735 0.6791 0.8000 -0.0800 | 0.1271
Table 5-6: ANSI Curve Trip Times (in seconds)
Multiplier Current (1/1;0,,p)
(TDM) 15 20 | 30 | 40 | 50 | 60 | 70 | 80 | 9.0 10.0
ANSI Extremely Inverse
0.5 2.000 0.872 0.330 0.184 0.124 0.093 0.075 0.063 0.055 0.049
1.0 4.001 1.744 0.659 0.368 0.247 0.185 0.149 0.126 0.110 0.098
2.0 8.002 3.489 1.319 0.736 0.495 0.371 0.298 0.251 0.219 0.196
4.0 16.004 | 6.977 2.638 1.472 0.990 0.742 0.596 0.503 0.439 0.393
6.0 24.005 10.466 3.956 2.208 1.484 1.113 0.894 0.754 0.658 0.589
8.0 32.007 | 13.955 | 5.275 2.944 1979 1.483 1.192 1.006 0.878 0.786
10.0 40.009 | 17.443 | 6.594 3.680 2.474 1.854 1.491 1.257 1.097 0.982
ANSI Very Inverse
0.5 1.567 0.663 0.268 0.171 0.130 0.108 0.094 0.085 0.078 0.073
1.0 3.134 1.325 0.537 0.341 0.260 0.216 0.189 0.170 0.156 0.146
2.0 6.268 2.650 1.074 0.682 0.520 0.432 0.378 0.340 0.312 0.291
4.0 12.537 | 5.301 2.148 1.365 1.040 0.864 0.755 0.680 0.625 0.583
6.0 18.805 7951 3.221 2.047 1.559 1.297 1.133 1.020 0.937 0.874
8.0 25.073 | 10.602 | 4.295 2.730 2.079 1.729 1.510 1.360 1.250 1.165
10.0 31341 | 13.252 | 5.369 3.412 2.599 2.161 1.888 1.700 1.562 1.457
ANSI Normally Inverse
0.5 2.142 0.883 0.377 0.256 0.203 0.172 0.151 0.135 0.123 0.113
1.0 4.284 1.766 0.754 0.513 0.407 0.344 0.302 0.270 0.246 0.226
2.0 8.568 3.531 1.508 1.025 0.814 0.689 0.604 0.541 0.492 0.452
4.0 17.137 | 7.062 3.016 2.051 1.627 1.378 1.208 1.082 0.983 0.904
6.0 25.705 10.594 4524 3.076 2.441 2.067 1.812 1622 1.475 1.356
8.0 34274 | 14125 | 6.031 4.102 3.254 2.756 2.415 2.163 1.967 1.808
10.0 42842 | 17656 | 7.539 5.127 4.068 3.445 3.019 2.704 2.458 2.260
ANSI Moderately Inverse
0.5 0.675 0.379 0.239 0.191 0.166 0.151 0.141 0.133 0.128 0.123
1.0 1.351 0.757 0.478 0.382 0.332 0.302 0.281 0.267 0.255 0.247
2.0 2.702 1.515 0.955 0.764 0.665 0.604 0.563 0.533 0.511 0.493
4.0 5.404 3.030 1.910 1.527 1.329 1.208 1.126 1.066 1.021 0.986
6.0 8.106 4.544 2.866 2.291 1994 1.812 1.689 1.600 1.532 1.479
8.0 10.807 | 6.059 3.821 3.054 2.659 2.416 2.252 2.133 2.043 1.972
10.0 13509 | 7.574 4.776 3.818 3.324 3.020 2.815 2.666 2.554 2.465
IEC Curves:
For European applications, the relay offers the four standard curves defined in IEC 255-4
and British standard BS142. These are defined as IEC Curve A, IEC Curve B, IEC Curve C, and
Short Inverse. The formulae for these curves are:
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T=Mx [—-——-——-——E J (EQ 5.3)
(/1) =
where: T = trip time (seconds), M = multiplier setpoint, / = input current,
Inickup = Pickup current setpoint, K, & = constants.
Table 5-7: IEC (BS) Inverse Time Curve Constants
IEC (BS) Curve Shape K E
IEC Curve A (BS142) 0.140 0.020
|IEC Curve B (BS142) 13.500 1.000
IEC Curve C (BS142) 80.000 2.000
IEC Short Inverse 0.050 0.040
Table 5-8: IEC Curve Trip Times (in seconds)
Multiplier Current (1/ L;cp,p)
(TDM) 15 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 9.0 10.0
IEC Curve A
0.05 0.860 0.501 0.315 0.249 0.214 0.192 0.176 0.165 0.156 0.149
0.10 1.719 1.003 0.630 0.498 0.428 0.384 0.353 0.330 0.312 0.297
0.20 3.439 2.006 1.260 0.996 0.856 0.767 0.706 0.659 0.623 0.594
0.40 6.878 4.012 2.521 1.992 1.712 1.535 1411 1.319 1.247 1.188
0.60 10317 | 6.017 3.781 2.988 2.568 2.302 2.117 1.978 1.870 1.782
0.80 13.755 8.023 5.042 3.984 3.424 3.070 2.822 2.637 2.493 2.376
1.00 17.194 | 10.029 | 6.302 4.980 4.280 3.837 3.528 3.297 3.116 2971
IEC Curve B
0.05 1.350 0.675 0.338 0.225 0.169 0.135 0.113 0.096 0.084 0.075
0.10 2.700 1.350 0.675 0.450 0.338 0.270 0.225 0.193 0.169 0.150
0.20 5.400 2.700 1.350 0.900 0.675 0.540 0.450 0.386 0.338 0.300
0.40 10.800 | 5.400 2.700 1.800 1.350 1.080 0.900 0.771 0.675 0.600
0.60 16.200 | 8.100 4.050 2.700 2.025 1.620 1.350 1.157 1.013 0.900
0.80 21.600 | 10.800 | 5.400 3.600 2.700 2.160 1.800 1.543 1.350 1.200
1.00 27.000 13.500 6.750 4.500 3.375 2.700 2.250 1.929 1.688 1.500
IEC Curve C
0.05 3.200 1.333 0.500 0.267 0.167 0.114 0.083 0.063 0.050 0.040
0.10 6.400 2.667 1.000 0.533 0.333 0.229 0.167 0.127 0.100 0.081
0.20 12.800 5.333 2.000 1.067 0.667 0.457 0.333 0.254 0.200 0.162
0.40 25.600 | 10.667 | 4.000 2.133 1333 0.914 0.667 0.508 0.400 0.323
0.60 38.400 | 16.000 | 6.000 3.200 2.000 1371 1.000 0.762 0.600 0.485
0.80 51.200 | 21.333 | 8.000 4.267 2.667 1.829 1.333 1.016 0.800 0.646
1.00 64.000 26.667 10.000 5.333 3.333 2.286 1.667 1.270 1.000 0.808
IEC Short Time
0.05 0.153 0.089 0.056 0.044 0.038 0.034 0.031 0.029 0.027 0.026
0.10 0.306 0.178 0.111 0.088 0.075 0.067 0.062 0.058 0.054 0.052
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Table 5-8: IEC Curve Trip Times (in seconds)
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Multiplier Current (1/1;c,,,)

(TDM) 15 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
0.20 0.612 0.356 0.223 0.175 0.150 0.135 0.124 0.115 0.109 0.104
0.40 1.223 0.711 0.445 0.351 0.301 0.269 0.247 0.231 0.218 0.207
0.60 1.835 1.067 0.668 0.526 0.451 0.404 0.371 0.346 0.327 0.311
0.80 2.446 1.423 0.890 0.702 0.602 0.538 0.494 0.461 0.435 0.415
1.00 3.058 1.778 1.113 0.877 0.752 0.673 0.618 0.576 0.544 0.518

IAC Curves:
The curves for the General Electric type IAC relay family are derived from the formulae:
D E
T = MX(A+ + 5+ 3] (EQ 5.4)
/1) =C ((/1p) =) ((I/1,,)=C)
where: T = trip time (seconds), M = multiplier setpoint, I = input current,
Inickup = Pickup current setpoint, A to E = constants.
Table 5-9: GE Type IAC Inverse Curve Constants
IAC Curve Shape A B C D E
IAC Extreme Inverse 0.0040 0.6379 0.6200 1.7872 0.2461
IAC Very Inverse 0.0900 0.7955 0.1000 -1.2885 | 7.9586
IAC Inverse 0.2078 0.8630 0.8000 -0.4180 | 0.1947
IAC Short Inverse 0.0428 0.0609 0.6200 -0.0010 0.0221
Table 5-10: IAC Curve Trip Times
Multiplier Current (1/1;0,,,)
(TDM) 1.5 20 | 30 | 40 | 50 | 60 | 70 | 80 | 9.0 10.0
IAC Extremely Inverse
0.5 1.699 0.749 0.303 0.178 0.123 0.093 0.074 0.062 0.053 0.046
1.0 3.398 1.498 0.606 0.356 0.246 0.186 0.149 0.124 0.106 0.093
2.0 6.796 2.997 1.212 0.711 0.491 0.372 0.298 0.248 0.212 0.185
4.0 13.591 5.993 2.423 1.422 0.983 0.744 0.595 0.495 0.424 0.370
6.0 20.387 | 8.990 3.635 2.133 1.474 1.115 0.893 0.743 0.636 0.556
8.0 27.183 | 11987 | 4.846 2.844 1.966 1.487 1.191 0.991 0.848 0.741
10.0 33979 | 14983 | 6.058 3.555 2.457 1.859 1.488 1.239 1.060 0.926
IAC Very Inverse
0.5 1451 0.656 0.269 0.172 0.133 0.113 0.101 0.093 0.087 0.083
1.0 2.901 1.312 0.537 0.343 0.266 0.227 0.202 0.186 0.174 0.165
2.0 5.802 2.624 1.075 0.687 0.533 0.453 0.405 0.372 0.349 0.331
4.0 11605 | 5.248 2.150 1.374 1.065 0.906 0.810 0.745 0.698 0.662
6.0 17.407 7.872 3.225 2.061 1.598 1.359 1.215 1117 1.046 0.992
8.0 23.209 | 10497 | 4.299 2.747 2.131 1.813 1.620 1.490 1.395 1.323
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Table 5-10: IAC Curve Trip Times

S5 PROTECTION

Multiplier Current (1/1;c,,,)

(TDM) 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
10.0 29.012 13.121 5.374 3.434 2.663 2.266 2.025 1.862 1.744 1.654
TAC Inverse
0.5 0.578 0.375 0.266 0.221 0.196 0.180 0.168 0.160 0.154 0.148
1.0 1.155 0.749 0.532 0.443 0.392 0.360 0.337 0.320 0.307 0.297
2.0 2.310 1.499 1.064 0.885 0.784 0.719 0.674 0.640 0.614 0.594
4.0 4.621 2.997 2.128 1.770 1.569 1.439 1.348 1.280 1.229 1.188
6.0 6.931 4.496 3.192 2.656 2.353 2.158 2.022 1921 1.843 1.781
8.0 9.242 5.995 4.256 3.541 3.138 2.878 2.695 2.561 2.457 2.375
10.0 11.552 7.494 5.320 4.426 3.922 3.597 3.369 3.201 3.072 2.969
IAC Short Inverse
0.5 0.072 0.047 0.035 0.031 0.028 0.027 0.026 0.026 0.025 0.025
1.0 0.143 0.095 0.070 0.061 0.057 0.054 0.052 0.051 0.050 0.049
2.0 0.286 0.190 0.140 0.123 0.114 0.108 0.105 0.102 0.100 0.099
4.0 0.573 0.379 0.279 0.245 0.228 0.217 0.210 0.204 0.200 0.197
6.0 0.859 0.569 0.419 0.368 0.341 0.325 0.314 0.307 0.301 0.296
8.0 1.145 0.759 0.559 0.490 0.455 0.434 0.419 0.409 0.401 0.394
10.0 1.431 0.948 0.699 0.613 0.569 0.542 0.524 0.511 0.501 0.493

5.6.3 Phase Current
Main Menu
PATH: SETPOINTS >V S5 PROTECTION > PHASE CURRENT
m PHASE >1 @@ m PHASE TIME [>1
See below
CURRENT OVERCURRENT 1
viscace € | PHASE TIME [>1
Y 3 OVERCURRENT 2
&> |m PHASE INST [>]
MESSAGE -
&> | OVERCURRENT 1 See page 5-52
viscace €9 | PHASE INST [>1
S OVERCURRENT 2
m PHASE [>1
MESSAGE & DIRECTIONAL See page 5-53

Phase overcurrent protection comprises two time overcurrent, two instantaneous
overcurrent, and a phase directional element. The directional element determines whether
current flow is in the forward or reverse direction, as determined by the connected polarity
of the input CTs and the maximum torque angle selected for the phase directional

element. Each phase overcurrent element can be programmed to either disable
directionality or provide a trip for current flow in the forward/reverse direction only. Two

elements allow the use of 'lo-set’ and ‘hi-set’ detectors in autoreclose applications, zone-

selective (blocking) schemes, and distinct settings for faults in different directions. Phase
overcurrent protection elements can be blocked individually or by logic inputs.
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Phase Time Overcurrent

PATH: SETPOINTS >V S5 PROTECTION [> PHASE CURRENT [> PHASE TIME OVERCURRENT 1(2)

m PHASE TIME [>1 PHASE TIME OC 1 Range: Disabled, Trip, Trip &
OVERCURRENT 1 FUNCTION: Trip AR, Alarm, Latched
PHASE TIME OC 1 Range: Any combination of 3
MESSAGE ii
&> |RELAYS (3-7): ----- to 7 Auxiliary relays
Range: 0.05 to 20.00 x CT in
MESSAGE Q PHASE TIME OC 1 <tens of 0.01
&) [PICKUP: 1.00 x CT ps oro.
Range: see Table 5-4: TOC
MESSAGE Q PHASE TIME OC 1 g )
& |CURVE: Ext. Inverse Curve Selections on
Range: 0.00 to 100.00 in
visspoe € |PHASE TIME OC 1 20010 1001
&) [MULTIPLIER: 1.00 p -
Range: Instantaneous,
MESSAGE Q PHASE TIME OC 1 Linear
&> |RESET: Instantaneous
Range: Disabled, Forward,
MESSAGE Q PHASE TIME O? 1 Poverse
&) |DIRECTION: Disabled
Range: Enabled, Disabled
MESSAGE Q PHASE TIME OCIL' 1 VOLT
RESTRAINT: Disabled

Phase Time Overcurrent 1 and 2 are identical elements. Each consists of the equivalent of
three separate time overcurrent relays, ANSI Device 51P, with identical characteristics.
These elements can be controlled by the phase directional element, providing operation
for current flow in the permitted direction only. Voltage restrained operation which reduces
the pickup level with reduced voltage is also available.

Select “Disabled” for the PHASE TIME OC 1 VOLT RESTRAINT setpoint if voltage restraint is
not required. When set to “Enabled”, this feature lowers the pickup value of each individual
phase time overcurrent element in a fixed relationship with the corresponding phase input
voltage. When voltage restraint is enabled, it is not allowed to change the pickup current
setting if the manual close blocking, cold load pickup blocking or autoreclose features are
controlling the protection. If the BUS INPUT VT TYPE is selected to “None”, this feature is
automatically disabled.

1.0 —
0.9
0.8
0.7
0.6
0.5
0.4 —
0.3
0.2
0.1

Multiplier for Pickup Current

0 I I I I I I I I [ I
01 02 03 04 05 06 07 08 09 1.0
Phase-Phase Voltage + VT Nominal Phase-phase Voltage

818784A4.CDR

FIGURE 5-5: Voltage Restraint Characteristic for Phase TOC
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If voltage restraint is enabled, the adjusted pickup, calculated by adjusting the pickup
! value by the multiplier, will not fall below 0.05 x CT, which is the lowest value for the PHASE

NOTE
TIME OC PICKUP.
),
SETPOINT * OR " .
'—' Diagnostic Message
PHASE TIME O/C
FUNCTION: / l /AND Phase Time 0/C
OR
Latched Alarm T
Alarm Ir ____________________ 1 F ”
TR s [ e
Trip & AR F :lOR L = | | SETPOINT * Operate 1 Trip Relay
Trip | set Curve No.>—f pASE TIME 0/C '
oot — T CURVE: (See Below) Fm—— e ———— Bl
ontrol |
RUN I [aND] Jo AutoReclose Sh. 1 F |
Disabled \ Initiate Reclosure |
e e lo x t z b 4
e e e SN
CURRENT INPUTS | (Adjust) | Pickup
(associated setpoints) | 9
| /AND) RUN
Phase A Current (la) —- k OR Record Event Data
e I PR S SR — b x t z
Phase B Current (Ib) tF———-~ | | | |  pFe————7—————o
(Adjust) |P|ckup —
Phase C Current (Ic) ———‘ AND RUN
i N
e S . A —— le x t z I_
SETPOINT * — ladinst) 1 Pickup |
(Adjust) I Pickup SETPOINT *
PHASE TIME 0/C
DIRECTION: oR] PHASE_TIME 0/C
RELAYS (3-7):
Forward
Disabled Setpoint Control ¢<— 3 AUXILIARY —>
Reverse | [oRF— Record Event Dota <—4 Operate 4 AUXILARY. [
[AND) : any/all |5 auxiLARY >
L irection Same Logic race Memory relays
Current_Is Reverse 9 6 AUXILIARY [—>
As Phase A Pickup Test <—¢
Phose A 7 AUXILIARY —>
S
Phose A Ok )—m—— PICKUP &
T T T T T T T T hal
from LOGIC INPUTS CURVE SETPOINTS * | TJo_ Autoreclose Sh, 3 F I
I i I
Block Phase Time 0/C >— CURVE PICKUP: 'AND| _Pickwp _______T_ a
Block All 0/C >———] Fault Locat:
r
Block Phase 0/C >—— CURVE SHAPE: ault Locator
e L [oE———
: from Autoreclose Sh.g F' om_Phase Time O CURVE MULTIPLIER:
| * Member of Setpoint Groups
L Block >—
________________ Phase A }———————— CURVE RESET TIME: THIS_FEATURE IS AVAILABLE
Phose B )——m—— ON THE SR760 ONLY
Block from PHASE DIRECTIONAL Phose C > |
Block Directional 818074AU.DWG
Phase 0/C

FIGURE 5-6: Phase TOC Logic (1 of 2)
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SETPOINT *

PHASE TIME O/C
VOLT RESTRAINT:

Disabled

Enabled

VOLTAGE INPUTS
(associated setpoints)

None

Wye Delta

Van—Vbn Vab

Vbn—Ven Vbe

Ven—Van Vca

from Manual Close
Blocking

RUN Set

Pickup
Calculate Multiplier

RUN Set

] Pickup
Caittiate Mulfiplier

RUN

Set
Pickup
Multiplier

Calculate

Adjust Phase Time 0/C

from Cold Load Pickup
Blocking

Raise Pickup

Adjust Phase Time 0/C

from Autoreclose Sh.2

Roise Pickup

Adjust Phase Time 0/C

* Member of Setpoint Groups

Raise Pickup

FIGURE 5-7: Phase TOC Logic (2 of 2)

Phase Instantaneous Overcurrent

—> Reduce Pickup

—> Reduce Pickup

—> Reduce Pickup

CHAPTER 5: SETPOINTS

To Phase Time O/C
Sh.1

Phase B

[OR}—> Phase C

B818069AA.DWG

PATH: SETPOINTS [>V S5 PROTECTION [> PHASE CURRENT >V PHASE INST OVERCURRENT 1(2)

m PHASE INST [>1

OVERCURRENT 1

PHASE INST OC 1
FUNCTION: Trip

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

606960 ¢

4

PHASE INST OC 1
RELAYS (3-7):

PHASE INST OC 1
PICKUP: 1.00 x CT

PHASE INST OC 1
DELAY: 0.00 s

PHASES REQUIRED FOR
OPERATION: Any One

PHASE INST
DIRECTION:

oCc 1
Disabled

Range: Disabled, Trip, Trip & AR, Alarm,
Latched Alarm, Control

Range: Any combination of 3to 7
Auxiliary relays

Range: 0.05 to 20.00 x CT in steps of
0.01
Range: 0.00 to 600.00 s in steps of 0.01

Range: Any One, Any Two, All Three

Range: Disabled, Forward, Reverse

Phase Instantaneous Overcurrent 1 and 2 are identical elements. Each consists of the
equivalent of three separate instantaneous overcurrent relays, ANSI device 50P, all with
identical characteristics. These elements can be controlled by the phase directional
element, providing operation for current flow in the permitted direction only.
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* Ior1
SETPOINT [_}ﬂl Diagnostic Message
] oy
1
Latched Alarm F
To Brkr Failure
Alarm Trip
)
) OR .
Trip & AR el [oR}— 50P-1(2) 'AND Operate 1 Trip Relay
Trip SETPONT * |
Control r 1
ontrol
PHASE INST 0/C 62,/50P—1(2) | To_AutoReclose Sh. 1 |
Disabled PICKUP: SETPOINT * Initiate Reclosure F
SETPOINT * U, J
AND}— RUN PHASES REQUIRED FOR
CURRENT INPUTS OPERATION: PHASE INST 0/C
(associated setpoints) la > PICKUP DELAY: Record Event Data
Operate Any One
Phase A Current (o) o X
programmed |AnY Two {OR -+
Phase B Current (Ib) lb- > PICKUP combination
All Three
Phase C Current (Ic)
lc > PICKUP
»—> Setpoint Control
»—> Trace Memory
SETPOINT *
—> Pickup Test
PHASE INST 0/C
: s> Record Event Data RELAYS (3-7):
Same Logic
As Phase A
from LOGIC INPUTS +—® PICKUP 3 AUXILIARY (>
4 AUXILIARY >
f——— Block Phase Inst 0/C Sff}?f
Block A1 0/C o/ Saq | 5 AUXILIARY =
< © relays
SETPOINT * 6 AUXILIARY >
——— Block Phase 0/C
PHASE INST 0/C 7 AUXILIARY >
DIRECTION:
Block from FEATURES | | | 1
Forward
Iy To_Autoreclose Sh.3 I
Disabled i —< Manual Close L Pickup FJ
f——— Cold Lood Pickp | |ANDpTTTTTTTTTTT T
Reverse + | A __ 1
AND 1 Fault Locator
——— Autoreclose Sh.9 fmdl |
. AT N (e Y R S RS .
From Phgse Directional
Current Is Reverse In To_Transfer * Member of Setpoint Groups
50P-1(2) Pick
Phase A Block from PHASE DIRECTIONAL (2) Pickup THIS FEATURE 1S AVAILABLE
Phase A Ok

Block Directional
< Phase 0/C.

FIGURE 5-8: Phase I0C Logic

Phase Directional Overcurrent

818075AR.DWG

PATH: SETPOINTS [>V S5 PROTECTION [> PHASE CURRENT >V PHASE DIRECTIONAL

B PHASE
DIRECTIONAL

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

P 6069 ¢

PHASE DIRECTIONAL
FUNCTION: Disabled

PHASE DIRECTIONAL
RELAYS (3-7):

PHASE DIRECTIONAL
MTA: 30° Lead

MIN POLARIZING
VOLTAGE: 0.05 x VT

BLK OC WHEN VOLT MEM
EXPIRES: Disabled

Range: Disabled, Alarm, Latched Alarm,
Control

Range: Any combination of 3to 7
Ausxiliary relays

Range: 0 to 359°in steps of 1
Range: 0.00 to 1.25 x VT in steps of
0.01

Range: Disabled, Enabled

Directional overcurrent relaying is necessary for the protection of multiple source feeders,
when it is essential to discriminate between faults in different directions. It would be
impossible to obtain correct relay selectivity through the use of a non-directional
overcurrent relay in such cases. Fault directional control (ANSI device 67) is incorporated
into the relay for all phase, neutral, sensitive ground, and negative sequence overcurrent
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elements. If directional control is selected, it will determine whether current flow in each
phase is in the forward or reverse direction, as determined by the connection of the phase
source CTs, selected MTA angle, voltage and current phasors. Each overcurrent element
can be individually programmed to operate for flow only in specific directions. For
increased security, all overcurrent elements under directional control add one power
frequency cycle of intentional delay to prevent operational errors on current ‘swings’. Some
terms commonly used in directional relaying are defined as:

e  Operating Current: the quantity whose directionality is to be tested.

¢ Polarizing Voltage: a voltage whose phase will remain reasonably constant between
a non-faulted and a faulted system, used as a phase reference for the operating
current.

¢ Relay Connection: for phase directional relaying, the characteristic angle between the
operating current and polarizing voltage in the non-faulted system.

e Zero Torque Line: the boundary line between operating and blocking regions in the
complex plane; in an electromechanical directional relay, an operating current near
this line generates minimum torque.

e Maximum Torque Line: the line perpendicular, through the origin, to the Zero Torque
Line in the complex plane; in an electromechanical directional relay, an operating
current near this line will generate a maximum amount of torque.

e Maximum Torque Angle (MTA): the angle by which the Maximum Torque Line is
rotated from the Polarizing Voltage.

The following diagram shows the phasors involved for Phase A directional polarization, but
the general principles can be applied to all directional elements.

\MTA set at 30" Lead

vbc (Ofvcb>

996698AG.DWG

FIGURE 5-9: Phase A Directional Overcurrent Polarization

The 750/760 uses the secure 90° or quadrature connection exclusively for phase
directional polarization. An MTA setting of 90° represents a phase current in-phase with its
phase voltage, which is leading the polarizing voltage by 90°. The table below shows the
operating currents and polarizing voltages used for phase directional control.
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Table 5-11: Phase Directional Operating Characteristics

Quantity Operating polarizing voltage
Current
ABC Phase Sequence ACB Phase Sequence
Phase A la Vbc Vcb
Phase B lb Vca Vac
Phase C Ic Vab Vba

To increase security for three phase faults very close to the location of the VTs used to
measure the polarizing voltage, a voltage memory feature is incorporated. This feature
remembers the last measurement of the polarizing voltage which is greater than the MiN
POLARIZING VOLTAGE value and uses it to determine direction. The voltage memory
remains valid for one second after the voltages have collapsed. Once the voltage memory
has expired, after one second, the phase overcurrent elements under directional control
can be set to block or trip on overcurrent. When set to “Enabled”, the BLOCK OC WHEN VOLT
MEM EXPIRES setpoint will block the operation of any phase overcurrent element under
directional control when voltage memory expires. When set to “Disabled”, directional
blocking of any Phase Overcurrent element will be inhibited. The voltage memory is
updated immediately when the polarizing voltage is restored.

To complement the voltage memory feature, a Close Into Fault (CIF) feature allows close-in
faults to be cleared when energizing a line. When the BLOCK 0C WHEN VOLT MEM EXPIRES
setpoint is “Disabled”, the CIF feature permits operation of any phase overcurrent element
if current appears without any voltage. When set to “Enabled” the CIF feature inhibits
operation of any phase overcurrent element under directional control under these
conditions. In both cases, directional blocking will be permitted to resume when the
polarizing voltage becomes greater than the MIN POLARIZING VOLTAGE setpoint.

Setting the BLOCK OC WHEN VOLT MEM EXPIRES to “Enabled” will block all phase
overcurrent elements under directional control (phase overcurrent element set to trip in
either the forward or reverse direction) from operating.

Settings:
e PHASE DIRECTIONAL FUNCTION: The directional element function must be selected

as “Control”, “Alarm” or “Latched Alarm” to enable the directionality check to the TOC
and 10C elements as per programmed directional parameters and as described in this
section. When the “Alarm” function is selected, the 750/760 will flash the “Alarm” LED
while the direction is “REVERSE”, and will turn it off when the condition disappear.
When the “Latched Alarm” function is selected, the 750/760 will flash the “Alarm” LED
while the direction is “REVERSE”. In this case the “Alarm” LED will remain illuminated

after the condition has cleared, until the 750/760 RESET button is pressed.

e PHASE DIRECTIONAL RELAYS: Select auxiliary contacts (3 to 7) to enable the operation
of the output contacts (3 to 7) when the current is in REVERSE DIRECTION. If under
Output Relay Settings, the “Output Type” of the Auxiliary relays (3 to 7) is set to
“Latched”, they will remain in the operated state, regardless of the status of the
“Alarm” LED, until pressing the RESET button.
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PHASE DIRECTIONAL MTA: Enter the maximum torque angle from 0 to 359°, by which
the operating current leads the polarizing voltage. This is the angle of maximum
sensitivity. The factory default value for maximum torque angle is 30°. This is an
appropriate angle for an inductive fault angle of 60°, which is typical of the upper
voltage range of distribution feeders. See the Phase A Directional Overcurrent
Polarization figure for more information.

MINIMUM POLARIZING VOLTAGE: This setting defines the minimum phase-to-phase
voltage used for voltage polarization of the current phase directional element. This
setting applies either to the measured phases-to-phase voltage when delta (open
delta) PTs are connected to the relay, or to the computed phase-to-phase voltage,
when “wye” PTs are connected to the relay. The type of PT connection “Delta” or “Wye”
need be set accordingly.

For example in the case of “Wye” VT connection, and the 66.4 V setting selected under
BUS NOMINAL SECONDARY VOLTAGE, the minimum polarizing voltage of 0.5 x VT will
result into 0.5 x (66.4V x \/3) = 57.5 V. For Delta VT connection and a BUS NOMINAL
SECONDARY VOLTAGE setting of 115 V, the minimum polarizing voltage is computed as
0.5%xVTor0.5x115V=575V.

BLOCK OC WHEN VOLT MEM EXPIRES: Select the required operation upon expiration
of voltage memory. When set to “Enabled”, all Phase OC elements under directional
control are blocked from operating when voltage memory expires. When set to
“Disabled”, all phase overcurrent elements are be inhibited by directional control. This
setpoint also determines the operation of phase overcurrent elements under
directional control upon ‘Close Into Fault’ (CIF).
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SETPOINT*

Same Logic {Phcse B Is Reverse >————

S5 PROTECTION

SETPOINT*

PHASE DIRECTIONAL
RELAYS  (3-7):

i — 4 AUXILIARY [—>
DISABLED Operate
I IE ggﬁg/c‘{gd 5 AUXILIARY —>
ALARM relays
LATCHED ALARM E 6 AUXILIARY —>
CONTROL 67P 7 AUXILIARY [—>
SETPOINT® ‘% Diagnostic Message
PHASE DIRECTIONAL
ACTUAL VALUES MTA:
PHASE A CURRENT RUN
. REVERSE !
la ————— e o AND Current Is Reverse
- } VOLTAGE MEMORY Fhose A
,,,,,,,,,,,,,,,,,,,,,,, &
| i UPDATE
! I
I
| L——{ I>005xCT
I ) [AND] Phase A Ok
ACTUAL VALUES ! __ [® CLOSE_INTO FAULT
POLARIZING VOLTAGE |
| SETPOINT*
- I
Rotation I MINIMUM POLARIZING
ABC ACB ! VOLTAGE:
Ve Veg fF-—b——————- V > MINIMUM |
.Eﬂ
VOLTAGE MEMORY
VAUD FOR 1 SEC.
SETPOINT* Lqg « 1 sec —t BLOCK DIRECTIONAL
) ND PHASE OC
BLOCK OC WHEN VOLT
MEMORY EXPIRES:
ENABLED
* MEMBER OF SETPOINT GROUPS
AND)
DISABLED 1
818010B7.0WG
FIGURE 5-10: Phase Directional Logic
5.6.4 Neutral Current
Main Menu
PATH: SETPOINTS >V S5 PROTECTION >V NEUTRAL CURRENT
B NEUTRAL [>1 B NEUTRAL TIME [>1
See page 5-58
CURRENT OVERCURRENT 1
@ B NEUTRAL TIME
MESSAGE [[>] See page 5-58
S OVERCURRENT 2
Q B NEUTRAL INST
MESSAGE [D] See page 5-59
Y 3 OVERCURRENT 1
@ B NEUTRAL INST
MESSAGE [>1 See page 5-59
S OVERCURRENT 2
m NEUTRAL [>1
MESSAGE @ See page 5-60
DIRECTIONAL pag

Four neutral overcurrent protection elements are provided. Two time overcurrent elements
and two instantaneous overcurrent elements. They all monitor the calculated neutral
current (3lo = la + Ib + Ic) which has DC offset and harmonic components removed. Neutral
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overcurrent elements can be controlled by the neutral directional element allowing
operation for faults in the permitted direction only. Also, the elements can be blocked
individually or as a group by logic inputs.

Neutral Time Overcurrent

PATH: SETPOINTS >V S5 PROTECTION >V NEUTRAL CURRENT [> NEUTRAL TIME... 1(2)

B NEUTRAL TIME

OVERCURRENT 1

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

9 60690600606

NEUTRAL TIME OC 1
FUNCTION: Disabled

NEUTRAL TIME OC 1
RELAYS (3-7):

NEUTRAL TIME OC 1
PICKUP: 1.00 x CT

NEUTRAL TIME OC 1
CURVE: Ext. Inverse

NEUTRAL TIME OC 1
MULTIPLIER: 1.00

NEUTRAL TIME OC 1
RESET: Instantaneous

NEUTRAL TIME OC 1
DIRECTION: Disabled

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Trip, Trip &
AR, Alarm, Latched

Any combination of 3
to 7 Auxiliary relays

0.05t020.00 x CT in
steps of 0.01

See Table 5-4: TOC
Curve Selections on

0.00to 100.00 in
steps of 0.01

Instantaneous,
Linear

Disabled, Forward,
Reverse

Neutral Time Overcurrent elements 1 and 2 are programmed in this subgroup. They are
two identical protection elements each equivalent to a single ANSI device 51N neutral time
overcurrent relay.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 5: SETPOINTS

SETPOINT *

NEUTRAL TIME 0/C
UNCTION:

Lotched Alarm

Alarm

Trip & AR =

Trip

Control

Disabled

CURRENT INPUT
(associated setpoints)

3lo

SETPOINT *

NEUTRAL TIME 0/C
DIRECTION:

Forward

AND
Disabled r

Reverse

from NEUTRAL DIRECTIONAL

Current Is Reverse >———
Direction Ok >———

from LOGIC INPUTS

AND
d

Block Neutral 0/C >——————
Block All 0/C >——————]
Block Nt Time 0/C 1(2) >———

from Autoreclose Sh.9
Block

B

from MANUAL CLOSE

Raise Pickup Value >——]

from COLD LOAD PICKUP

Raise Pickup Value >—————

o

S5 PROTECTION

Diagnostic Message

E—) Neutral Time 0/C

CURVE SETPOINTS  *

CURVE PICKUP:

CURVE SHAPE:

CURVE MULTIPLIER:

CURVE RESET TIME:

FIGURE 5-11: Neutral TOC Logic

Neutral Instantaneous OC

OR]
Io Brkr Failure
, Trip
AND Operate 1 Trip Relay
{
51N R K
|
| To AutoReclose Sh. 1 |
SETPOINT * Initiate Reclosure F |
e 4
NEUTRAL TIME 0/C
CURVE (See Below):
{ RUN
K Record Event Data
____ Ixt>
|
Raise by !
programmed | PICKUP
percentage SETPOINT *
NEUTRAL TIME O/C
RELAYS (3-7):
PICKUP ®—‘ 3 AUXILIARY —>
i 4 AUXILIARY
Pickup Test <—¢ Ope}ote L —>
any/all
5 AUXILIARY —>
Record Event Data <—4 fee‘iec;ed
S |6 AUXILARY —>
Trace Memory <—4 7 AUXILIARY —>
Setpoint Control <—¢ o ————— 1
| |
T. AutoRecl h F |
L Pickup ]

Fault Locator

* Member of Setpoint Groups

THIS_FEATURE IS AVAILABLE
ON THE 760 ONLY

818098AP.DWG

PATH: SETPOINTS >V S5 PROTECTION [>¥ NEUTRAL CURRENT [>V NEUTRAL INST... 1(2)

B NEUTRAL INST
OVERCURRENT 1

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

d 60006

NEUTRAL INST OC 1
FUNCTION: Disabled

NEUTRAL INST OC 1
RELAYS (3-7):

NEUTRAL INST OC 1
PICKUP: 1.00 x CT

NEUTRAL INST OC 1
DELAY: 0.00 s

NEUTRAL INST OC 1
DIRECTION: Disabled

Range: Disabled, Trip, Trip &
AR, Alarm, Latched

Range: Any combination of 3
to 7 Auxiliary relays

Range: 0.05 to 20.00 x CT in
steps of 0.01

Range: 0.00 to 600.00 s in
steps of 0.01

Range: Disabled, Forward,
Reverse

The Neutral Instantaneous Overcurrent elements 1 and 2 are programmed in this
subgroup. They are two identical protection elements each equivalent to a single ANSI
device 50N neutral instantaneous overcurrent relay.
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SETPOINT * ——
,_‘ﬁl Diagnostic Message
NEUTRAL INST O/C
FUNCTION: / T_'_’ | AND) Neutral Inst 0/C
OR
Latched Alarm =
Alarm To Brir Failure
| Trip
Trip & AR ; E_ AND Operate 1 Trip Relay
Trip !
50N-1(2) 62/50—-1(2) P -
Control |
SETPOINT * SETPOINT * | Jo AutoReclose Sh. 1 |
Disabled AND) Initiate Reclosure F |
NEUTRAL INST 0/C NEUTRAL INST 0/C S 4
PICKUP: DELAY:
CURRENT INPUT N
(associated setpoints) . RUN « fecord Event Dot
E S S A —— I > PICKUP HL‘
SETPQOINT *
NEUTRAL INST 0/C
DIRECTION:
Forward $—> Record Event Dato SETPOINT *
AND
Disabled —E_ »—& PICKUP NEUTRAL INST 0/C
RELAYS (3-7):
Reverse ! .
| 1 AND| $—> Pickup Test 3 AUXILARY
d
from NEUTRAL DIRECTIONAL $—> Trace Memory Operate 4 AUXILARY [—>
any/all
Current Is Reverse >—— Setpoint Control seiacted | 5 AUXILARY —>
Direction Ok >———————— relays g AUXILARY |—>
from LOGIC INPUTS 7 AUXILARY —>
Block Neutral 0/C >—E_
Block Al 0/C | To AutoReclose Sh.3 1
oc — | |
AND . =
Pickup |
Block Neutral Inst 0/C >——— 1 e -
Fault Locator

l

To_Transfer
50N1(2) Pickup

Block from FEATURES

Manual Close >——
Cold Load Pickup >—|

* Member of Setpoint Groups

THIS_FEATURE IS AVAILABLE
ON THE SR7860 ONLY

818099AP.DWG

FIGURE 5-12: Neutral 10C Logic

Neutral Directional Overcurrent

PATH: SETPOINTS >V S5 PROTECTION >V NEUTRAL CURRENT [>V NEUTRAL DIRECTIONAL

®m NEUTRAL [>1 NEUTRAL DIRECTIONAL Range: Disabled, Alarm,
DIRECTIONAL FUNCTION: Disabled Latched Alarm,
¢ |NEUTRAL DIRECTIONAL Range: Any combination of 3
MESSAGE > |RELAYS (3-7): ----- to 7 Auxiliary relays
: Range: Voltage, Current,
vessaoe € |NEUTRAL POLARIZING pone
&) |Voltage
¢ |NEUTRAL DIRECTIONAL Range: 0 to 359° Lead in
MESSAGE steps of 1
&> |MTA: 315° Lead P
Range: 0.00 to 1.25 x VTin
MESSAGE €@ MIN POLARIZING 0010 L
VOLTAGE: 0.05 x VT psoro.

The Neutral Directional feature controls the operation of all neutral overcurrent elements
and allows them to discriminate between forward or reverse faults. Refer to Phase
Directional Overcurrent on page 5-53 for more details on directional principles. Neutral
directional can be either voltage, current, or dual polarized. The calculated neutral current
is always the operating current.
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When voltage polarized, the polarizing quantity is the zero sequence voltage which is
calculated from the bus input voltages. The VT Connection Type must be wye in this case. If
the polarizing voltage drops below the MIN OPERATING VOLTAGE value, the direction
defaults to forward. The following table shows the operating current and polarizing voltage
used for neutral directional control

Table 5-12: Neutral Directional Characteristics

Quantity Operating Polarizing Voltage Polarizing Current
Current (VT connection = Wye)
Neutral 3lg=lg+lp+1, V==V + Vp+ V) /3 l4see note below)

'R On relays with bootware revision 3.00 or newer, the polarizing current is input via the
' Ground CT input. Otherwise, the polarizing current is input via a dedicated polarizing CT

o input. See Current Inputs on page 3-9 for additional details.

When current polarized the Ground CT Input (Terminals G10 and H10) is used to determine
neutral current direction. The polarizing current comes from a source CT measuring the
current flowing from the ground return into the neutral of a ground fault current source
which is usually a transformer. The direction is Forward when the neutral current is within
+90° of the polarizing current. Otherwise, the direction is Reverse. If the polarizing current
is less than 5% of CT nominal then the direction defaults to forward.

Dual polarization provides maximum security and reliability. If the polarizing voltage
magnitude is insufficient then current polarizing takes control. If the polarizing current
magnitude is insufficient then the voltage polarizing takes control. If neither voltage nor
current polarizing is possible then the direction defaults to forward.

|

Polarizing
Reference
Angle /

Van (Faulted)

Ven or Vbn
-
[ residual=3la
(Operating)
2
s |
o |
®® <\/o>v
S
= Vbn\\
or Ven 998699AD.DWC

FIGURE 5-13: Neutral Directional Voltage Polarization

The Neutral Directional specific setpoints are described below.

¢ NEUTRAL POLARIZING: If neutral directional control with both voltage and current
polarized elements is desired, enter “Dual”. If neutral directional control with only the
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SETPOINT *

NEUTRAL DIRECTIONAL
FUNCTION:

CHAPTER 5: SETPOINTS

voltage polarized element is desired, enter “Voltage”. If neutral directional control with

only the current polarized element is desired, enter “Current”.

NEUTRAL DIRECTIONAL MTA: Enter the maximum torque angle by which the

operating current leads the polarizing voltage. This is the angle of maximum
sensitivity. This setpoint affects voltage polarizing only. Additional information is
provided in the figure above.

MIN POLARIZING VOLTAGE: This setpoint affects the voltage element only. As the

system zero sequence voltage is used as the polarizing voltage for this element, a
minimum level of voltage must be selected to prevent operation caused by system
unbalanced voltages or VT ratio errors. For well-balanced systems and 1% accuracy
VTs, this setpoint can be as low as 2% of VT nominal voltage. For systems with high-
resistance grounding or floating neutrals, this setpoint can be as high as 20%. The
default value of “0.05 x VT" is appropriate for most solidly grounded systems.

ACTUAL VALUES

VOLTAGE:

MINIMUM POLARIZING

AND

Disabled EQR
{
Alarm it
OR
Latched Alarm A
Control fm—————— In > 0.05 x CT
|
I
I
SETPOINT * }
NEUTRAL DIRECTIONAL !
POLARIZATION: }
Current OR 1
I
Dual |
OR t
Voltage |
I
B |
SETPOINT *
SETPOINT *

NEUTRAL DIRECTIONAL
MTA:

r—1 Vo| > MINIMUM

-VO=ZERO SEQUENCE
VOLTAGE

In = Neutral Current

Ip = Polarizing Current

NOTE:

IN UNITS WTH THE SENSITVE GROUND CT INPUT AT TERMINALS G3, H3,

Ip > 0.05 x CT

Ip=lg (POLARIZING CURRENT IS READ VIA THE GROUND CT INPUT AT

TERMINALS G10, H10).

OTHERWISE Ip IS VIA THE POLARIZING CT INPUT AT TERMINALS G3, H3.

RUN

3 REVERSE
0
3

RUN

In REVERSE
A {1}
Ip

$— selected

FIGURE 5-14: Neutral Directional Logic

Diagnostic Message

Neutral Dir Is Reverse

SETPOINT *

NEUTRAL DIRECTIONAL
RELAYS (3-7):

3 AUXILIARY

4 AUXILIARY
Operate 4

any/all |5 AUXILIARY

relays |6 AUXILIARY

7 AUXILIARY

11111

»—> Current Is Reverse

Direction Qk

* Member of Setpoint Groups

818823AF.DWG
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S5 PROTECTION

5.6.5 Ground Current

Main Menu

PATH: SETPOINTS >V S5 PROTECTION >V GROUND CURRENT

®m GROUND [>1 B GROUND TIME [>1
See page 5-63
CURRENT OVERCURRENT
S |m
MESSAGE GROUND INST [>1 See page 5-64
S OVERCURRENT
® GROUND [>1
MESSAGE & S 5-65
DIRECTIONAL e¢ page
Separate protection is provided for ground time overcurrent and ground instantaneous
overcurrent. These elements monitor the ground current input on Terminals G10 and H10.
Ground overcurrent elements can be blocked individually or as a group by logic inputs.
Ground overcurrent elements can be controlled by the ground directional element allowing
operation for faults in the permitted direction only.
Ground Time Overcurrent
PATH: SETPOINTS [>¥V $5 PROTECTION [>V GROUND CURRENT [> GROUND TIME
OVERCURRENT
B GROUND TIME [>1 GND TIME OC Range: Disabled, Trip, Trip &
OVERCURRENT FUNCTION: Disabled AR, Alarm, Latched
& |GND TIME OC Range: Any combination of 3
MESSAGE ey . to 7 Auxiliary relays
&) |RELAYS (3-7):
MESSAGE & |GND TIME OC Range: 0.05 to 20.00 x CT in
& |PICKUP: 1.00 x CT steps of 0.01
MESSAGE & |GND TIME OC Range: See TQC Curve
& |CURVE: Ext. Inverse Selections on page
Range: 0.00 to 100.00 in
MESSAGE € |GND TIME OC steps of 0.01
&> |MULTIPLIER: 1.00 psore.
MESSAGE & |GND TIME OC Range: /r?stantaneous,
&> |RESET: Instantaneous Linear
MESSAGE GND TIME OC Range: Disabled, Forward,
& |pIRECTION: Disabled Reverse

The equivalent of a single ground time overcurrent relay, ANSI device 51G, is programmed
in this subgroup.
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SETPOINT *

GROUND TIME O/C
FUNCTION:

Latched Alarm

Alarm

[ E—

CHAPTER 5: SETPOINTS

AND Di

GROUND TIME O/C

-—Ei Operate 1 TRIP relay
To Brkr Failure

Trip & AR [ OR}——
- Trip
Trip 516
Control SETPOINT  *
" Tttt rTr T T il
Disabled GROUND TIME 0/C ) To_AutoRecl h.1 = |
CURVE: (See Below) | Initiate Reclosure _}
CURRENT NPUT | I nNbb— o TRON]  , | | || T T T T T
(associated setpoints) .m RUN
| Record Event Data
x t >
L I ittt ettty .
Raise by !
SETPOINT * programmed | PICKUP
percentage
GROUND TIME 0/C
DIRECTION: lAND)]
Forward
Disabled PICKUP (Q——4
Reverse i {
Pickup Test ¢——¢ SETPOINT *
:lu.o |
From Ground Directional Record Event Data ¢—f gs%l\éD(glyg):O/C
Current Is Reverse Trace Memory <——¢ 3 AUXILIARY —>
Direction Ok >—————-
Setpoint Control ¢——¢ Ope;cne 4 AUXILIARY —>
any/all
from LOGIC INPUTS selected 5 AUXILIARY —>
Block Ground 0/C ——————— relays 6 AUXILIARY —>
Block All 0/C 7 AUXILIARY ——>
Block Gnd Time 0/C >——|
[oo——ooooooooo - 7 [OR }—— CURVE SETPONTS * | | |
: from Autoreclose Sh.9 F : CURVE X PICKUP :- _“
e Mﬂﬂgﬂmﬂj
! ! [AND) Pickup F !
| Block + |
________________ _I CURVE X SHAPE: Fault Locator
from MANUAL CLOSE
CURVE X MULTIPLIER:
Raise Pickup Value >——
CURVE X R TIME: * Member of Setpoint Groups
from COLD LOAD PICKUP RF——— URVE X RESET TIME

Raise Pickup Value >—————

5-64

THIS FEATURE IS AVAILABLE

ON THE 760 ONLY

B26705A5.DWG

FIGURE 5-15: Ground TOC Logic

Ground Instantaneous Overcurrent

PATH: SETPOINTS >V S5 PROTECTION >V GROUND CURRENT >V GRND INST OVERCURRENT

m GROUND INST (>1

OVERCURRENT

69
MESSAGE =

MESSAGE

MESSAGE

» 6000 ¢

MESSAGE

GND INST OC

FUNCTION: Disabled

Range: Disabled, Trip, Trip &
AR, Alarm, Latched

GND INST OC

RELAYS (3-7):

Range: Any combination of 3
to 7 Ausiliary relays

GND INST OC
PICKUP:

1.00 x CT

Range: 0.05 to 20.00 x CT in
steps of 0.01

GND INST OC
DELAY:

0.00 s

Range: 0.00 to 600.00 s in
steps of 0.01

GND INST OC

DIRECTION: Disabled

Range: Disabled, Forward,
Reverse

The equivalent of a single ground instantaneous relay, ANSI device 50G, is programmed in

this subgroup.
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SETPOINT *

S5 PROTECTION

Diagnostic Message

GROUND INST 0/C
FUNCTION:

Latched Alarm

Bk

Alarm

Trip & AR [

Trip

Control

Disabled

CURRENT INPUT
(associated setpoints)

]

SETPOINT*

GROUND INST 0/C
DIRECTION:

Forward

Disabled

Reverse

»——a
from Ground Directional

Current Is Reverse >————
S

Direction Ok

from LOGIC INPUTS

Block Ground O/C

506G

[AND-—> |  Ground Inst 0/C

To Brkr Failure
N Trip
|AND] Operate 1 Trip Relay

62/50G

SETPOINT*

SETPOINT*

GROUND INST 0/C
PICKUP:

GROUND INST 0/C
DELAY:

RUN

| 2 PICKUP

(R

Block All 0/C

Block Gnd Inst 0/C ]
Block from FEATURES [oR]—
Manual Close
Cold Load Pickup
I 7
| Autoreclose Sh.9 |
| |
I I
I__F_ ________________________ |

PICKUP
Pickup Test
Record Event Data

Trace Memory

Setpoint Control

reT T T T T T T T T T T A
|

1 To AutoReclose Sh. 1 |
AND) Initiate Reclosure F |
e = <4

¢——> Record Event Data

SETPOINT*

GROUND INST 0/C
ELAYS (3-7):

3 AUXILIARY
4 AUXILIARY

Operate

FIGURE 5-16: Ground I0C Logic

Ground Directional Overcurrent

any/all |5 AUXILIARY

relays g AUXILIARY

7 AUXILIARY

THIS_FEATURE IS AVAILABLE
ON THE 760 ONLY

* MEMBER OF SETPOINT GROUPS

818070AT.DWG

PATH: SETPOINTS [>V S5 PROTECTION [>¥ GROUND CURRENT [>V GROUND DIRECTIONAL

m GROUND [>1
DIRECTIONAL
vessaGe €
L — 2
vessage €
L — 2
vessace €
L < 2
MESSAGE &

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

GND DIRECTIONAL
FUNCTION: Disabled

Range: Disabled, Alarm,
Latched Alarm,

GND DIRECTIONAL
RELAYS (3-7):

Range: Any combination of 3
to 7 Ausiliary relays

GND POLARIZING

Range: Voltage, Current,
Dual

Voltage
GND DIRECTIONAL
MTA: 315° Lead

Range: 0 to 359° Lead in
stepsof 1

MIN POLARIZING
VOLTAGE: 0.05 x VT

Range: 0.00 to 1.25 x VT in
steps of 0.01
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NOTE

CHAPTER 5: SETPOINTS

The Ground Directional feature controls operation of all ground overcurrent elements and
allows them to discriminate between forward or reverse faults. Refer to Phase Directional
Overcurrent on page 5-53 for additional details on directional principles. Ground
directional can be either voltage, current, or dual polarized. The ground current input is
always the operating current.

When voltage polarized, the polarizing quantity is the zero sequence voltage which is
calculated from the bus input voltages. The VT Connection Type must be Wye in this case.
If the polarizing voltage drops below the MIN OPERATING VOLTAGE value, the direction
defaults to forward. The following table shows the operating current and polarizing
quantities used for ground directional control.

Table 5-13: Ground Directional Characteristics

Quantity Operating Polarizing Voltage Polarizing Current
Current (VT connection = Wye)
Ground lg “Vo==Vg+Vp+VJ)/3 Iol (se€ note below)

On relays with bootware revision 3.00 or newer, the ground directional element may only
be voltage polarized since these relays do not have a polarizing current input. Otherwise,
the polarizing current is input via a dedicated polarizing CT input. See Current Inputs on
page 3-9 for more details.

When current polarized, the ‘Polarizing CT Input’ is used to determine ground current
direction. The polarizing current comes from a source CT measuring the current flowing
from the ground return into the neutral of a ground fault current source which is usually a
transformer. The direction is Forward when the ground current is within £90° of the
polarizing current. Otherwise, the direction is Reverse. If the polarizing current is less than
5% of CT nominal then the direction defaults to forward.

Dual polarization provides maximum security and reliability. If the polarizing voltage
magnitude is insufficient then the current polarizing takes control. If the polarizing current
magnitude is insufficient then the voltage polarizing takes control. If neither voltage nor
current polarizing is possible then the direction defaults to forward.

e GND POLARIZING: If ground directional control with both voltage and current
polarized elements is desired, enter “Dual”. If ground directional control with only the
voltage polarized element is desired, enter “Voltage”. If ground directional control with
only the current polarized element is desired, enter “Current”.

e GND DIRECTIONAL MTA: Enter the maximum torque angle by which the operating
current leads the polarizing voltage. This is the angle of maximum sensitivity. This
setpoint affects voltage polarizing only.

¢ MIN POLARIZING VOLTAGE: This setpoint affects the voltage element only. As the
system zero sequence voltage is used as the polarizing voltage for this element, a
minimum level of voltage must be selected to prevent operation caused by system
unbalanced voltages or VT ratio errors. For well-balanced systems and 1% accuracy
VTs, this setpoint can be as low as 2% of VT nominal voltage. For systems with high-
resistance grounding or floating neutrals, this setpoint can be as high as 20%. The
default value of “0.05 x VT” is appropriate for most solidly grounded systems.
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SETPOINT *

Diagnostic Message

GROUND DIRECTIONAL
FUNCTION:

Ground Dir Is Reverse

Disabled OR SETPOINT *
1
Aarm { GROUND DIRECTIONAL
F— ) RELAYS (3-7):
Latched Alarm {OR
AND 3 AUXILIARY >
Control [mm————— Ig > 0.05 x CT
4 AUXILIARY (—>
| Operate
SETPOINT * } ony/all s AUXILIARY |
GROUND DIRECTIONAL | releys 6 AUXILIARY >
POLARIZATION: i
oR I 7 AUXILIARY [—>
Current I
I
Dual |
OR +
Voltage }
I
I
I
,,,,,,,,,,,, J
r
I
I
! SETPOINT *
I SETPOINT * _
! GROUND DIRECTIONAL
I MINIMUM POLARIZING MTA:
} VOLTAGE: _ |
AND RUN
I
ACTUAL VALUES | = Vol > MINIMUM 3 or 1 preverse
~VO=ZERO SEQUENCE | |} | | ] To Ground 0O/C
VOLTAGE + »—> Current Is Reverse
w
Ig = Ground Current f&——————————— L ——e- 3
S —
Ip = Polarizing Currentf-—— AND |_IRUN
| T
¢ Ip > 0.05 x CT } Ig o Jreverse
I
i L Direction Ok
I
| Ip
L [
NOTE:

CURRENT AND DUAL
THE POLARIZING CT

POLARIZATION ARE NOT AVAILABLE WITHOUT
* Member of Setpoint Groups
INPUT (TERMINALS G3, H3). IF THE

SENSITIVE GROUND CT INPUT IS AT G3, H3 GROUND DIRECTIONAL

CAN ONLY BE VOLTAGE POLARIZED.

5.6.6

B818872A2.0WG

FIGURE 5-17: Ground Directional Overcurrent Logic

Sensitive Ground

Main Menu

PATH: SETPOINTS >V S5 PROTECTION [>V SENSITIVE GND CURRENT

m SENSITIVE GND >1 @» E SENSITIVE GND >1
See page 5-68

CURRENT TIME OVERCURRENT

]
vescace € |W SENSITIVE GND  [D]

S 5-69
&> | INST OVERCURRENT ¢ page

vesspge € |W SENSITIVE GND  [D1)|
& | DIRECTIONAL pag
m RESTRICTED [>1

MESSAGE €2 s 5-72
EARTH FAULT ee page
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Two sensitive ground overcurrent elements and a restricted earth fault element are
provided. One time overcurrent element and one instantaneous element. Sensitive ground
overcurrent elements can be controlled by the sensitive ground directional element
allowing operation for faults in the permitted direction only. Also, the elements can be
blocked individually or as a group by logic inputs.

Sensitive Ground Time Overcurrent

PATH: SETPOINTS >V S5 PROTECTION [>¥ SENSITIVE GND CURRENT [> SENSITIVE GND TIME...

m SENSITIVE GND [>1

TIME OVERCURRENT

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

P 606006000 Q

SENSTV GND TIME OC
FUNCTION: Disabled

SENSTV GND TIME OC
RELAYS (3-7):

SENSTV GND TIME OC
PICKUP: 1.000 x CT

SENSTV GND TIME OC
CURVE: Ext. Inverse

SENSTV GND TIME OC
MULTIPLIER: 1.00

SENSTV GND TIME OC
RESET: Instantaneous

SENSTV GND TIME OC
DIRECTION: Disabled

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Trip, Trip &
AR, Alarm, Latched

Any combination of 3
to 7 Auxiliary relays

0.005t01.000xCTin
steps of 0.001

See Table 5-4: TOC
Curve Selections on

0.00 to 100.00 in
steps of 0.01

Instantaneous,
Linear

Disabled, Forward,
Reverse

The sensitive ground time overcurrent element, ANSI device 515G is programmed in this

subgroup.
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SETPOINT *
SENSITIVE GND TIME 0/C

I
_4) Diagnostic Message

FUNCTION:

]

Ik

Latched Alarm

Alarm

=

Trip & AR

El

Trip

Control

Disabled

CURRENT INPUT
(ossocioted setpoints)

Isg

SETPOINT *

SENSITIVE GND TIME 0/C
DIRECTION:

Forward
AND

Disabled

Reverse

from SENSITVE GND DIRECTIONAL

Current Is Reverse >»———
Direction Ok >————

from LOGIC INPUTS

Block Sensitive Gnd 0/C >————
Block Al 0/C }—
BlockSensitive Gnd Time 0/C >——

AND)
d

El

from MANUAL CLOSE

Raise Pickup Value >——]

from COLD LOAD PICKUP

Raise Pickup Value >———

SENSITIVE GND TIME 0/C
Operate 1 TRIP relay

51S6
SETPOINT *

SENSITIVE GND TIME 0/C
CURVE (See Below):

IAND
1
To Brkr Failure

Trip

r
| To AutoReclose Sh.1
Initiote Reclosure

,,,,,,,,,,,,,,,,,,, J

¢——> Record Event Data

RUN
!
I xt> L

}

Raise by !
programmed PICKUP
percentage

PICKUP @—

Pickup Test ¢<—¢
Record Event Data <—¢

Trace Memory <—¢

Setpoint Control <—

CURVE SETPQINTS  *

CURVE PICKUP:

CURVE SHAPE:

CURVE MULTIPLIER:

CURVE RESET TIME:

FIGURE 5-18: Sensitive Ground TOC Logic

Sensitive Ground Instantaneous Overcurrent

SETPOINT *

SENSITIVE GND TIME 0/C
RELAYS (3-7):

3 AUXILIARY

4 AUXILIARY

Operate
ony/oH
selected
relays

5 AUXILIARY

6 AUXILIARY

7 AUXILIARY

* Member of Setpoint Groups

THIS_FEATURE IS AVAILABLE
ON THE 760 ONLY

PATH: SETPOINTS >V S5 PROTECTION >V SENSITIVE GND... >V SENSITIVE GND INST...

B SENSITIVE GND
INST OVERCURRENT

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

» 6000 ¢

SENSTV GND INST OC
FUNCTION: Disabled

Range: Disabled, Trip, Trip &
AR, Alarm, Latched

SENSTV GND INST OC
RELAYS (3-7):

Range: Any combination of 3
to 7 Auxiliary relays

SENSTV GND INST OC
PICKUP: 1.000 x CT

Range: 0.005to 1.000 x CT in
steps of 0.001

SENSTV GND INST OC
DELAY: 0.00 s

Range: 0.00 to 600.00 s in
steps of 0.01

SENSTV GND INST OC
DIRECTION: Disabled

Range: Disabled, Forward,
Reverse

The sensitive ground instantaneous overcurrent element, ANSI device 505G is
programmed in this subgroup.
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|

SETPOINT *

tom
OR
/ l—l—l Diagnostic Message
SENSITIVE GND INST. 0/C
FUNCTION: Lh | SENSITIVE GND INST 0/C
OR
Latched Alarm F ,
Aarm AND) Operate 1 TRIP relay
! To Brkr Failure
Trip & AR [ ToR}— Trp
Trip
5086 62/50
contol " | —_— @ || |
SETPOINT * SETPOINT * To_AutoReclose Sh.i I
Disabled | [AND= | Tcte. Re =
SENSITIVE GND INST. 0/C SENSITIVE GND INST. 0/C L nitiate Reclosure B
PICKUP: DELAY: | ||| e
CURRENT INPUT AND RUN #—— Record Event Data
(associated setpoints) d X
S ) A — I > PICKUP =
SETPOINT *
SENSITIVE GND INST. 0/C
DIRECTION:
»—> Record t Dat
Forward ecord Event Data SETPOINT *
AND
Disabled . »—® PICKUP SENSWVE( GND) INST. 0/C
RELAYS (3-7):
Reverse 1 "
AND p—> Pickup Test 3 AUXILIARY —>
»
from SENSTIVE GND DIRECTIONAL p—> Trace Memory operate | 4 AUXILARY [—>
any/all
— al | 5 AUXILWRY —>
Current Is Reverse L 5 Setpoint Control 4
Direction Ok >——————— relays 6 AUXILARY |—>
Block Sensitive Gnd 0/C >———— OR}—
e
Block Al 0/C >——————— | To AutoReclose Sh.3 j\
Pickup =
Block Sensitive Gnd Inst 0/C >——— 1 L —

Fault Locator

Block from FEATURES

Manual Close >———

*  Member of Setpoint Groups

THIS_FEATURE IS AVAILABLE
Cold Load Pickup »——— ON THE 760 ONLY

,,,,,,,,,,,,,,,,,,,,,,,, . 826004A3.DWG

FIGURE 5-19: Sensitive Ground I10C Logic

Sensitive Ground Directional Overcurrent

PATH: SETPOINTS >V S5 PROTECTION >V SENSITIVE GND... >V SENSITIVE GND DIRECTIONAL

B SENSITIVE GND [>1 SENSTV GND DIRECTN Range: Disabled, Alarm,
DIRECTIONAL FUNCTION: Disabled Latched Alarm,
Range: Any combination of 3
MESSAGE Q SENSTV GND DIRECTN g )% O
&> |RELAYS (3-7): ----- to 7 Auxiliary relays
Range: Voltage, Current,
MESSAGE @ SENS GND POLARIZING Dl
&) |Voltage
@ SENSTV GND DIRECTN Range: 0 to 359° Lead in
MESSAGE steps of 1
& [MTA: 315° Lead p
Range: 0.00 to 1.25 x VTin
MESSAGE Q MIN POLARIZING atens of0.01
VOLTAGE: 0.05 x VT p :

The sensitive ground directional feature controls the operation of all sensitive ground
overcurrent elements and allows them to discriminate between forward or reverse faults.
Refer to Phase Directional Overcurrent on page 5-53 for more details on directional
principles. Sensitive ground directional can be either voltage, current, or dual polarized.
The sensitive ground current input is always the operating current.
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When voltage polarized, the polarizing quantity is the zero sequence voltage which is
calculated from the bus input voltages. The VT Connection Type must be Wye in this case.
If the polarizing voltage drops below the MIN OPERATING VOLTAGE value, the direction
defaults to forward. The following table shows the operating current and polarizing
guantities used for sensitive ground directional control.

Table 5-14: Sensitive Ground Directional Characteristics

Quantity Operating Polarizing Voltage Polarizing Current
Current (VT connection = Wye)
Sensitive Ground lsg Vo=V + Vp+ V) /3 4 (see note below)

¥ On relays with bootware revision 3.00 or newer, the polarizing current is input via the
' Ground CT input. Otherwise, the polarizing current is input via a dedicated polarizing CT
o input. See Current Inputs on page 3-9 for more details.

When current polarized, the Ground CT Input is used to determine sensitive ground current
direction. The polarizing current comes from a source CT measuring the current flowing
from the ground return into the neutral of a ground fault current source which is usually a
transformer. The direction is Forward when the sensitive ground current is within +90° of
the polarizing current. Otherwise, the direction is Reverse. If the polarizing current is less
than 5% of CT nominal then the direction defaults to forward.

Dual polarization provides maximum security and reliability. If the polarizing voltage
magnitude is insufficient then the current polarizing takes control. If the polarizing current
magnitude is insufficient then the voltage polarizing takes control. If neither voltage nor
current polarizing is possible then the direction defaults to forward.

e SENS GND POLARIZING: If sensitive ground directional control with both voltage and
current polarized elements is desired, enter “Dual”. With this setpoint, both polarizing
quantities must agree that the operating current is in the reverse direction for the
sensitive ground directional element to operate the selected output relays. If sensitive
ground directional control with only the voltage polarized element is desired, enter
“Voltage”. If sensitive ground directional control with only the current polarized
element is desired, enter “Current”.

e  SENSTV GND DIRECTN MTA: Enter the maximum torque angle by which the operating
current leads the polarizing voltage. This is the angle of maximum sensitivity. This
setpoint affects voltage polarizing only.

¢ MIN POLARIZING VOLTAGE: This setpoint affects the voltage element only. As the
system zero sequence voltage is used as the polarizing voltage for this element, a
minimum level of voltage must be selected to prevent operation caused by system
unbalanced voltages or VT ratio errors. For well-balanced systems and 1% accuracy
VTs, this setpoint can be as low as 2% of VT nominal voltage. For systems with high-
resistance grounding or floating neutrals, this setpoint can be as high as 20%. The
default value of “0.05 x VT” is appropriate for most solidly grounded systems.
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SETPOINT *

SENSITIVE GND DIRECTIONAL
FUNCTION:

Disabled

Alarm

Latched Alarm

El

Control

SETPOINT *

SENSITIVE GND DIRECTIONAL|
POLARIZATION:

Iy
©
v
o
=
3
m
X
o
=
L_’

Current

Dual

Voltage

ACTUAL VALUES

—VO=ZERO SEQUENCE
VOLTAGE

Isg = Sensitive Gnd
Current

Ig = Ground Current

NOTE:

SETPOINT *

MINIMUM POLARIZING
VOLTAGE:

g

CHAPTER 5: SETPOINTS

Diagnostic Message

SENSITIVE GND DIR REVERSE

SETPOINT *

SENSITIVE GND _DIRECTIONAL
RELAYS (3-7):

Operate
ony/all 15 AUXILIARY

SETPOINT *

SENSITIVE GND DIRECTIONAL

[Vo| > MINIMUM

Ig = GROUND CURRENT = Ip = POLARIZING CURRENT IN
UNITS WITH THE SENSITIVE GROUND CT INPUT AT

TERMINALS G3, H3.

FIGURE 5-20: Sensitive Ground Directional Logic

RUN

3 or 1 greverse
A
Isg]
3

Restricted Earth Fault

——>

selected
relays

3 AUXILIARY

4 AUXILIARY

6 AUXILIARY

17111

7 AUXILIARY

o Sensitive Gnd 0/C

Current Is Reverse

Direction Ok

* Member of Setpoint Groups

826006A3.DWG

PATH: SETPOINTS >V S5 PROTECTION >V SENSTV GND CURRENT >V RESTRICTED EARTH...

B RESTRICTED

EARTH FAULT

[>1 @»

messace €
L~ 2

vessace ©
L 4

MESSAGE &

RESTRICTED EARTH FLT
FUNCTION: Disabled

RESTRICTED EARTH FLT
RELAYS (3-7):

RESTRICTED EARTH FLT
PICKUP: 0.100 x CT

RESTRICTED EARTH FLT
DELAY: 0.00 s

Range: Disabled, Trip, Alarm,

Latched Alarm,

Range: Any combination of 3

to 7 Auxiliary relays

Range: 0.005to 1.000 x CT in

steps of 0.001

Range: 0.00 to 600.00 s in

steps of 0.01

Restricted Earth Fault protection is often applied to transformers having grounded wye
windings, to provide sensitive ground fault detection for faults near the transformer

neutral. The Sensitive Ground Input (Terminals G3, H3) can be used.

Although the 750/760 is designed for feeder protection, it can provide Restricted Earth
Fault protection on transformers that do not have dedicated protection. To use the 750/
760 for this type of protection, a stabilizing resistor and possibly a non-linear resistor will

be required.
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The inclusion of a stabilizing resistor encourages the circulating fault current to flow via the
magnetizing impedance of the saturated current transformer thus minimizing spill current
in the REF relay. A non-linear resistor will be required where the voltage across the inputs
would be greater than 2000 V. Refer to Restricted Earth Fault Inputs on page 3-11 for the
connections required to use the 750/760 to perform Restricted Earth Fault protection.

To determine the appropriate value for the Stabilizing Resistor, use the following equation:

R =_s=’£.'_(.’f£_t.+.f.@ (EQ 5.5)

S /s

[

where:Rs = resistance value of the stabilizing resistor,

Vs = voltage at which the 750/760 will operate

Is = current flowing through the stabilizing resistor and the 750/760,

le = maximum secondary fault current magnitude

Rcr = internal resistance of the current transformer, and R, = resistance of attached wire
leads

A non-linear resistor is recommended if the peak fault voltage may be above the relays
maximum of 2000 V. The following calculation is done to determine if a non-linear resistor
is required. When required, this should be provided by the end-user.

It is assumed that the ratio of the CT kneepoint (V) Vs is to 2 for stability. Thus,
Vg = 2Vg (EQ 5.6)
Next, the voltage that would result from a fault must be determined, neglecting saturation,
Vi = I (Rer + 2R, +Rs) (EQ 5.7)

The peak value of this fault voltage would be:

Vo = 242 V- (Vi=Vy) (EQ 5.8)

If Vp is greater than 2000 V, then a non-linear resistor must be used.

Sample Application:

The CTs used in this example are 3000/1, 10P10, 15 VA, and the transformer used in the
example is an 11 kV / 400V, 2000 kVA. At 10P10 the voltage at which the CT will saturate
will be 10 x 15 = 150 V. An equivalent IEEE description for this CT would be 3000/1, C150.
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3000/1
2 MVA 7% IMPEDANCE 10P10
11KV/400V 15 VA
Y o o (7 A
— T (g —
| Y AR 5
S— -
.~ AN c
g
3000/1
10p10 G g** Ru
15 VA
Rer Ru Y
R~
Rs
H3 | G3
| Isg | Isgy

b

SENSITIVE
GROUND

SENSITIVE GROUND INPUT
USED FOR REF. 826010A1.DWG

FIGURE 5-21: Restricted Earth Fault Sample Application

We have: Rer=3.7 Q, R, = 0.954 Q (assuming 600 feet of #12 wire), and X(%) = impedance
of transformer = 7% = 0.07

The rated transformer current through wye windings is given as:

, = 2000 KVA _ 5857 A (EQ 5.9)
3400V
and the maximum fault current is:
/ 2887 A
Iyaxf = —— = = 41243 A EQ 5.10
MAKE T X(%) 007 (FQ 5.10)
Therefore, the secondary full load current is:
2887 A
I = —— = 0962A EQ 5.11
SFLC 3000 (EQ )
and the maximum secondary fault current is:
0.962 A
Ismox = =255 = 13.74 A = J; (EQ 5.12)

A Vi I Vs ratio of 2 is assumed to ensure operation. As such,

Vs =I¢(Rer+ 2R,) = 77.05 V and
Vg=2Vs=154.1V

To calculate the size of the stabilizing resistor, assume Ip;cxp to be 30% rated transformer
current, that is:

Ipickup = 0.3 x 2887 A = 866 A (Primary) (EQ 5.13)
This means also (assuming 1% for CT magnetizing current):

IreLay pickup = S22A (4% 0.01) = 0.248 A = I (EQ 5.14)

3000

and therefore:
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To determine whether a non-linear resistor is required, we have:

Vf =
Ve

T

Vs 7705 Q

= =311 Q
0.248 A

S5 PROTECTION

(EQ 5.15)

le- (Rep+ 2R, +Ry) = 13.748 A (3.7 Q+(2x 0954 Q) + 311 Q) = 4353V

22 V- (Ve=Vy) — use 150V as value for Vy
2.2 - 150V x (4353 V- 150 V) = 2246 V

(EQ 5.16)

A non-linear resistor is recommended as the peak fault voltage is above relay voltage
maximum of 2000 V.

SETPOINT *

RESTRICTED EARTH FAULT
FUNCTION:

Latched Alarm

Diagnostic Message

RESTRICTED EARTH FAULT

Alarm

Trip

Control

Disabled

SETPOINT *

CURRENT INPUT
(ossociated setpoints)

RESTRICTED EARTH FAULT
PICKUP:

Isg

RUN

| > PICKUP

826012A2.DWG

5.6.7

Operate 1 TRIP relay

To Brkr Failure
Trip

FIGURE 5-22: Restricted Earth Fault Logic

Negative Sequence

Main Menu

PATH: SETPOINTS >V S5 PROTECTION [>¥ NEGATIVE SEQUENCE

B NEGATIVE
SEQUENCE

[>1

9

messace €
L~ 2

vessace S
L~ 4

MESSAGE &
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SETPOINT *
RESTRICTED EARTH FAULT
DELAY:
X ~ Record Event Data
$——> Record Event Data SETPOINT *
»—R PICKUP RESTRICTED EARTH FAULT
RELAYS (3-7):
$—> Pickup Test 3 AUXILARY —>
L—> Trace Memory Operate 4 AUXILIARY [—>
‘;;‘(e/c?‘e‘d 5 AUXILIARY —>
reloys g AUXILIARY |—>
7 AUXILIARY —>
B NEG SEQUENCE [>1
See page 5-76
TIME OVERCURRENT
m NEG SEQUENCE [>1
See page 5-77
INST OVERCURRENT
m NEG SEQUENCE [>1
See page 5-78
DIRECTIONAL
B NEG SEQUENCE
Q [[>] See page 5-80

VOLTAGE
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Separate protection is provided for the calculated negative sequence time overcurrent,
instantaneous overcurrent and voltage. Each of these features can be individually blocked

by logic inputs.

Negative Sequence Time Overcurrent

PATH: SETPOINTS >V S5 PROTECTION >V NEGATIVE SEQUENCE > NEG SEQUENCE TIME...

B NEG SEQUENCE [>1

TIME OVERCURRENT

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

9 60690600606

NEG SEQ TIME OC
FUNCTION: Disabled

NEG SEQ TIME OC
RELAYS (3-7):

NEG SEQ TIME OC
PICKUP: 1.00 x CT

NEG SEQ TIME OC
CURVE: Ext. Inverse

NEG SEQ TIME OC
MULTIPLIER: 1.00

NEG SEQ TIME OC
RESET: Instantaneous

NEG SEQ TIME OC
DIRECTION: Disabled

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Trip, Trip &
AR, Alarm, Latched

Any combination of 3
to 7 Auxiliary relays

0.05t020.00 x CT in
steps of 0.01

See Table 5-4: TOC
Curve Selections on

0.00to 100.00 in
steps of 0.01

Instantaneous,
Linear

Disabled, Forward,
Reverse

A time overcurrent element operating on the negative sequence component of current,
ANSI device 46 is programmed in this subgroup.
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SETPOINT *

S5 PROTECTION

NEG SEQ TIME 0/C
FUNCTION:

Latched Alarm

Alarm

=

Trip & AR

Trip

El

Control

Disabled

CURRENT INPUT
(ossocioted setpoints)

SETPQINT *

NEG SEQ TIME 0/C
DIRECTION:

ND|

Forward

Disabled

Reverse

From Neg. Segq. Directional

Current Is Reverse

Direction Ok »——mMmMm———

from LOGIC INPUTS

Block Neg Seq Time 0/C >——

from MANUAL CLOSE

Block All 0/C

Raise Pickup Value >———

from COLD LOAD PICKUP

Raise Pickup Value >———

for}

RUN
I

P st T Ixt> \\
|

Rl [
[_@ AND Diagnostic M
)i NEG SEQ TIME 0/C
F 4
AND:! Operate 1 TRIP relay
! To Brkr Failure
Trip
[
51P2
| [anD e < =
SETPOINT * Initiate Reclosure i
NEG SEQ TIME 0/C
CURVE (See Below): 45 Record Event Data
Raise by !
programmed PICKUP SETPOINT *
percentage
NEG SEQ TIME O/C
RELAYS (3-7):
PICKUP E 3 AUXILIARY +——>
Pickup Test <—¢ 4 AUXILIARY —>
Ope}ote
any/all N
Record Event Doto <—% ‘y 5 AUXILIARY
TeYS | 6 AUXILARY [—>
Trace Memory <—¢
i 7 AUXILIARY +——>
Setpoint Control <—¢ R 1
| | To AutoReclose Sh.3 |
AND:!
CPoke F |

CURVE SETPQINTS *

CURVE PICKUP:

CURVE SHAPE:

CURVE MULTIPLIER:

CURVE RESET TIME:

FIGURE 5-23: Negative Sequence TOC Logic

Negative Sequence Instantaneous Overcurrent

Fault Locator

* Member of Setpoint Groups

THIS_FEATURE IS AVAILABLE
ON THE 760 ONLY

81B826AD.DWG

PATH: SETPOINTS >V S5 PROTECTION [>¥ NEGATIVE SEQUENCE [>V NEG SEQUENCE INST...

B NEG SEQUENCE
INST OVERCURRENT

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

89

<o
L 2
L2 4
L 2
4

NEG SEQ INST OC
FUNCTION: Disabled

Range: Disabled, Trip, Trip &
AR, Alarm, Latched

NEG SEQ INST OC
RELAYS (3-7):

Range: Any combination of 3
to 7 Auxiliary relays

NEG SEQ INST OC
PICKUP: 1.000 x CT

Range: 0.05 to 20.00 x CT in
steps of 0.001

NEG SEQ INST OC
DELAY: 0.00 s

Range: 0.00 to 600.00 s in
steps of 0.01

NEG SEQ INST OC
DIRECTION: Disabled

Range: Disabled, Forward,
Reverse

A instantaneous overcurrent element operating on the negative sequence component of
current, ANSI device 46 is programmed in this subgroup.
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* or1
SETPOINT [_}ﬂl [AND|————> Diagnostic Message
NEG SEQ INST O/C
FUNCTION: l NEG SEQ INST O/C
OR *
Latched Alarm F |
Alarm IAND| Operate 1 TRIP relay
1
Tip & AR [l [oR— To Brkr Failure
- 46/50 62-46/50 Trip
Trip
SETPOINT * SETPOINT *
Control [y~~~ T T Tt T T T hl
N NEG SEQ INST 0/C NEG SEQ INST 0/C | To AutoReclose Sh.1 |
Disabled PICKUP: DELAY: | AND Initiate Reclosure F J
AND RUN[ | | | T
CURRENT INPUT 9 X A
(ossocioted setpoints) = I > PICKUP ) 5 Record Event Doto
|
P et Bt -
SETPOINT *
&——> Record Event Data
NEG SEQ INST 0/C
DIRECTION: ND +—® PICKUP SETPOINT *
Forward NEG SEQ INST 0/C
p—> Pickup Test RELAYS (3-7): /
Disabled
Reverse $—> Trace Memory 3 AUXILARY —>
B 4 AUXILARY —>
$—> Setpoint Control Ope}ot“e
any/a N
From Neg. Seq. Directional ND| locted | B AUXIUARY
relays g AUXILARY |—>
7 AUXILARY —>
Current Is Reverse E_
Direction Ok >—m— | a
|  Jo AutoReclose Sh.2 |
AND Pickup F |
1 L d
from LOGIC INPUTS Fault Locator
Block Neg Seq Inst 0/C >
Block All 0/C >——
R
Block from FEATURES
Manual Close > * Member of Setpoint Groups
Cold Load Pickup >——| THIS_FEATURE IS AVAILABLE
e -1 ON THE 760 ONLY
| Autoreclose Sh.9 >——— |
L[ Auoreckose Sh9 > ]
818084AK.DWG

FIGURE 5-24: Negative Sequence 10C Logic

Negative Sequence Directional Overcurrent

PATH: SETPOINTS >V S5 PROTECTION [>¥ NEGATIVE SEQUENCE [>V NEG SEQUENCE DIR...

B NEG SEQUENCE [>1 NEG SEQ DIRECTIONAL Range: Disabled, Alarm, Latched Alarm,
DIRECTIONAL FUNCTION: Disabled Control

© |NEG SEQ DIRECTIONAL Range: Any combination of 3to 7
MESSAGE ~> |RELAYS (3-7): ----- Auxiliary relays

MESSAGE & |NEG SEQ DIRECTIONAL Range: 0 to 359° Lead in steps of 1
&) |MTA: 315° Lead

MIN POLARIZING Range: 0.00 to 1.25 x VT in steps of
MESSAGE €& i 0.01
VOLTAGE: 0.05 x VT

The negative sequence directional feature controls the operation of all negative sequence
overcurrent elements and allows them to discriminate between forward or reverse faults.
Refer to Phase Directional Overcurrent on page 5-53 for more details on directional
principles. The operating current and polarizing voltage is shown in the following table. If
the polarizing voltage drops below the MIN OPERATING VOLTAGE value, the direction
defaults to forward.
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Table 5-15: Negative Sequence Directional Characteristics

Quantity Operating Current Polarizing Voltage
Negative Sequence la+azlb+a/C Va+azvb+avc
(ABC phase sequence) loz = = Va2 = =
Negative Sequence ly+al,+ azlC Vo+aVy, + aZVC
(ACB phase sequence) laz = = Voo =

3

The setpoints for Negative Sequence Directional are described below.

SETPOINT *

NEG. SEQ. DIRECTIONAL
FUNCTION:

Disabled

Alarm

Latched Alarm

NEG SEQ DIRECTIONAL MTA: Enter the maximum torque angle by which the

operating current leads the polarizing voltage. This is the angle of maximum

sensitivity.

MIN POLARIZING VOLTAGE: As the system negative sequence voltage is used as the

polarizing voltage for this element, a minimum level of voltage must be selected to
prevent operation caused by system unbalanced voltages or VT ratio errors. For well-
balanced systems and 1% accuracy VTs, this setpoint can be as low as 2% of VT
nominal voltage. For systems with high-resistance grounding or floating neutrals, this
setpoint can be as high as 20%. The default value of “0.05 x VT” is appropriate for most
solidly grounded systems.

C

SETPQINT *

NEG. SEQ. DIRECTIONAL
MTA:

El

Control

ACTUAL VALUES

NEGATIVE SEQUENCE
VOLTAGE:

V2

ACTUAL VALUES

NEGATIVE SEQUENCE
CURRENT:

12

% Memeber Of Setpoint Groups

RUN
REVERSE

SETPOINT *

VOLTAGE:

MINIMUM POLARIZING

| Vo | > MINIMUM

Direction Ok

Diagnostic Message

AND|

Neg. Seq. Dir. Reverse

SETPOINT *

Neg.

eq. DIRECTIONAL
RELAYS l2.2’3—7):

3 AUXILIARY

AUXILIAS
Operate 4 AUXILIARY

Soe

5 AUXILIARY

AND)

FIGURE 5-25: Negative Sequence Directional Logic
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ected
relays

6 AUXILIARY

7 AUXILIARY

5 Jo Neg. Sea. OC
Current Is Reverse
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Negative Sequence Voltage

PATH: SETPOINTS >V S5 PROTECTION >V NEGATIVE SEQUENCE >V NEG SEQUENCE VOLTAGE

m NEG SEQUENCE [>1 NEG SEQ VOLTAGE Range: Disabled, Trip, Alarm,
VOLTAGE FUNCTION: Disabled Latched Alarm,
Range: Any combination of 3
vessage S EEEASSIEQ (Z?:')H?G?_ L to 7 Auxiliary relays
Range: 0.00 to 1.25 x VTin
MESSAGE & |NEG SEQ VOLTAGE stens o000
&> |PICKUP: 0.10 x VT P :
Range: 0.0 to 6000.0 s in
VESSAGE &> NEG SEQ VOLTAGE 010 0000
DELAY: 2.0 s steps orv.

To protect against loss of one or two source phases, or against a reversed phase sequence
of voltage, the negative sequence voltage element can be used to either cause a trip or
generate an alarm when the negative sequence voltage exceeds the specified threshold
for a specified time delay.

To Brkr. Failure

Trip
Operate 1 TRIP Relay
OR

SETPOINT* 1

NEG SEQ VOLT
FUNCTION:

Disabled Diagnostic Message

e AND) — 5| Neg Seq Voltage

Latched Alarm

Alarm E—
Control SETPOINT*
47 62/47 NEG SEQ VOLT
RELAYS (3-7):
SETPOINT* SETPOINT*
NEG SEQ VOLT NEG SEQ VOLT 3 AUXILIARY [
PICKUP: DELAY: 4 AUXILIARY =
AND RUN Operate
) X any/all {5 AUXILIARY >
from Logic Inputs }% relays & AUXLARY b
Block Neg Seq Volt >—q 7 AUXILARY >
V, > PICKUP
Record Event Data L———> Record Event Data
BUS VOLTAGE INPUTS T
(associated setpoints) race Memory
A e Pickup Test
PICKUP
* MEMBER OF SETPOINT GROUPS B18837A7.0W6

FIGURE 5-26: Negative Sequence Voltage Logic
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5.6.8 Voltage

S5 PROTECTION

Main Menu

PATH: SETPOINTS >V S5 PROTECTION >V VOLTAGE

B VOLTAGE

[>1 m BUS [>1
See page 5-82
UNDERVOLTAGE 1
< > |l
MESSAGE BUS [>1 See page 5-82
S UNDERVOLTAGE 2
< > ||
MESSAGE LINE [[>] See page 5-83
S UNDERVOLTAGE 3
< > |l
MESSAGE LINE [D] See page 5-83
S UNDERVOLTAGE 4
| ]
MESSAGE Q OVERVOLTAGE 1 [>1 See page 5-84
L <2
| |
vessace OVERVOLTAGE 2 [>1 See page 5-84
L <2
m NEUTRAL [>1
MESSAGE & s 5-85
DISPLACEMENT e page

There are four undervoltage protection elements which can be used for a variety of
applications:

Undervoltage Protection: For voltage sensitive loads, such as induction motors, a
drop in voltage will result in an increase in the drawn current, which may cause
dangerous overheating in the motor. The undervoltage protection feature can be used
to either cause a trip or generate an alarm when the voltage drops below a specified
voltage setting for a specified time delay.

Permissive Functions: The undervoltage feature may be used to block the functioning
of external devices by operating an output relay, when the voltage falls below the
specified voltage setting. Note that all internal features that are inhibited by an
undervoltage condition, such as underfrequency and overfrequency, have their own
inhibit functions independent of the undervoltage protection features.

Source Transfer Schemes: In the event of an undervoltage, a transfer signal may be
generated to transfer a load from its normal source to a standby or emergency power
source.

The undervoltage elements can be programmed to have an inverse time delay
characteristic. The undervoltage delay setpoint defines a family of curves as shown below.
The operating time is given by:

D

T
1-V/V,,

(EQ 5.17)

where:T = Operating Time

D = Undervoltage Delay setpoint

V =Voltage as a fraction of the nominal VT Secondary Voltage
Vpy = Pickup Level
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b4

NOTE

20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

Time (seconds)

CHAPTER 5: SETPOINTS

D=5.0 2.0 1.0

0 10 20 30 40 50 60 70 80 90 100 110

% of V pickup

FIGURE 5-27: Inverse Time Undervoltage Curves

Bus Undervoltage

At 0% of pickup, the operating time equals the Undervoltage Delay setpoint.

PATH: SETPOINTS >V S5 PROTECTION >V VOLTAGE > BUS UNDERVOLTAGE 1(2)

B BUS
UNDERVOLTAGE 1

[>1

MESSAGE =
MESSAGE
MESSAGE

MESSAGE

MESSAGE

606960 B0 ¢

MESSAGE &

BUS UNDERVOLTAGE 1
FUNCTION: Disabled

BUS UNDERVOLTAGE 1
RELAYS (3-7):

BUS UNDERVOLTAGE 1
PICKUP: 0.75 x VT

BUS UNDERVOLTAGE 1
CURVE: Definite Time

BUS UNDERVOLTAGE 1
DELAY: 2.0 s

PHASES REQUIRED FOR
OPERATION: All Three

MIN OPERATING
VOLTAGE: 0.30 x VT

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Trip, Alarm,
Latched Alarm,

Any combination of 3
to 7 Auxiliary relays

0.00to 1.25x VTin
steps of 0.01

Definite Time, Inverse
Time.

0.0to 6000.0 s in
steps of 0.1

Any One, Any Two, All
Three

0.00to 1.25x VT in
steps of 0.01

Bus Undervoltage 1 and 2 are identical elements that generate outputs in response to
undervoltage conditions on the bus voltage inputs. The time delay characteristic can be
programmed as definite time or inverse time. A minimum operating voltage level is
programmable to prevent undesired operation before voltage becomes available. The
setpoints for Bus Undervoltage 1 are shown above; the Bus Undervoltage 2 setpoints are

identical.
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To_Undervoltage Restoration

Trip

y

SETPOINT*

FUNCTION:

BUS UNDERVOLTAGE 1(2)

Disabled

Trip

Latched Alarm

IAND)

S5 PROTECTION

<> To Brkr Failure

Trip

#—> Operate 1 TRIP Relay

Diagnostic Message

| — 5| Bus Undervoltage 1 (2)

Alarm OR
Control 27-1(2) SETPOINT*
SETPOINTS*
BUS UNDERVOLTAGE 1(2)|
BUS UNDERVOLTAGE 1(2) RELAYS (3-7):
Block Undervoltage 1(2) g E‘Ecgif]' 3 AUXILARY —>
q 4 AUXILIARY —>
I N PO TR e i< SerPon B | |
i 1 kiiij\jchuflilia ggé:E%O%E:QU\RED FOR relays 6 AUXILARY —>
I RN i - 7 AUXILIARY —>
R I Fickip Operate Any One
| } Ve x t < U programmed | Ay Two {or] »—> Record Event Doto
} [ s et M M combination All Three
b PICKUP
} } } ;’fckup Any One
} } } p‘:::gv(_)mm_ed Any Two {OR}
} } } combination All Three
} } } ® PICKUP
BUS VOLTAGE INPUTS ! } } Record Event Dato
(associated setpoints) b SETPOINT* Trace Memory
None } } } MINIMUM OPERATING Pickup Test
L VOLTAGE: i
Wye Delta oo — Setpoint Control
|l pmm——————— ] Va > Minimum
van vab kiiiii‘i\Li\LJ Vi i * Member of Setpoint Groups
- e I O — b > Minimum
Ven Vea  pFm——————= 4 Ve > Minimum 818754B3.00G
FIGURE 5-28: Bus Undervoltage Logic
Line Undervoltage
PATH: SETPOINTS >V S5 PROTECTION >V VOLTAGE >V LINE UNDERVOLT AGE 3(4)
B LINE [>1 LINE UNDERVOLT 3 Range: Disabled, Trip, Alarm,
UNDERVOLTAGE 3 FUNCTION: Disabled Latched Alarm,
& |LINE UNDERVOLT 3 Range: Any combination of 3
MESSAGE &> |RELAYS (3-7): ----- to 7 Auxiliary relays
& |LINE UNDERVOLT 3 Range: 0.00to 1.25 x VT in
MESSAGE steps of 0.01
&> |PICKUP: 0.75 x VT p :
MESSAGE & |LINE UNDERVOLT 3 Range: Dgfinite Time, Inverse
&) |CURVE: Definite Time Time.
¢ |LINE UNDERVOLT Range: 0.0 to 6000.0 s in
MESSAGE U OLT 3 tens of 0.1
& |DELAY: 2.0 s steps or e,
MIN OPERATING Range: 0.00to 1.25 x VT in
MESSAGE € steps of 0.01
VOLTAGE: 0.30 x VT psoro.

Line undervoltage 3 and 4 are identical protection elements that generate outputs in
response to an undervoltage condition on the line voltage input. The time delay
characteristic can be programmed as either definite time or inverse time. A minimum

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL
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operating voltage level is programmable to prevent undesired operation before voltage
becomes available. The setpoints for the Line Undervoltage 3 element are shown above;
the Line Undervoltage 4 setpoints are identical.

JTo Brkr. Failure

SETPOINT *

LINE UNDERVOLT 3(4)
FUNCTION:

Disabled

Trip

Latched Alarm

Alarm

Control

from LOGIC INPUTS

Block Undervoltage 3(4) >—

LINE VOLTAGE INPUTS
(ossociated setpoints)

27-3(4)
SETPOINTS *

LINE UNDERVOLT 3(4)

PICKUP:
CURVE:
DELAY:

Diagnostic

Trip
Operate 1 TRIP Relay

Message

—> | Line Undervolt 3 (4)

SETPOINT *

RELAYS

LINE UNDERVOLT 3(4)

(3-7):

Operate

any/all
selected

PICKUP

Vi b—d——

SETPOINT *

MINIMUM OPERATING
VOLTAGE:

V> Minimum

Pickup

Record Event Data
Trace Memory
Pickup Test

Setpoint Control

relays

3 AUXILIARY

4 AUXILIARY

5 AUXILIARY

6 AUXILIARY

11111

7 AUXILIARY

AND) Undervol

> — MEMBER OF SETPOINT GROUPS

FIGURE 5-29: Line Undervoltage Logic

Overvoltage

PATH: SETPOINTS >V S5 PROTECTION >V VOLTAGE >V OVERVOLTAGE 1(2)

m OVERVOLTAGE 1 [>1

9

MES

MES

MES

MES

OVERVOLTAGE 1
FUNCTION: Disabled

SAGE

89

OVERVOLTAGE 1
RELAYS (3-7):

SAGE

OVERVOLTAGE 1

PICKUP: 1.25 x VT

SAGE

OVERVOLTAGE 1
DELAY:

2.0 s

=4
L 2
=4
L2
<o

SAGE

PHASES REQUIRED FOR
OPERATION: All Three

¢——> Record Event Data

To Transfer

tage 3(4)

818814AE.DWG

Range: Disabled, Trip, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: 0.00 to 1.25 x VT in
steps of 0.01

Range: 0.0 to

6000.0sin

steps of 0.1

Range: Any One, Any Two, All

Three

To protect voltage sensitive loads and circuits against sustained overvoltage conditions,
the Overvoltage 1 and 2 protection features can be used to either cause a trip or generate
an alarm when the voltage exceeds a specified voltage value for a specified time delay.

The setpoints above are repeated for both Overvoltage 1 and 2.

5-84
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To Brkr. Failure
Trip

SETPOINT*

OVERVOLTAGE 1 (2)

FUNCTION:

Disabled

Trip

Latched Alarm

Alarm

Control

BUS VOLTAGE INPUTS

(associated setpoints)

None

Wye Delta

Vab

Vbe

Vea

J@)—Dowmxa 1 TRIP Relay

Diagnostic Message

lyﬂ] AND) —>| Overvoltage 1 (2)
50-1 (2)
SETPOINT* SETPOINT*
OVERVOLTAGE 1 (2) 62/59-1 (2 OVERVOLTAGE 1 (2
PICKUP: SETPOINT* / @ RELAYS (3-7): @
— SETPOINT*
PHASES REQUIRED FOR
OPERATION: OVERVOLTAGE 1 (2) 3 AUXILIARY | —>
Vo > PICKUP PICKUP | DELAY: 4 AUXILIARY (>
<N Operate Any One X 095}0‘8
any/all
for ny Two or] X oofeq | B AUXILIARY >
Vb > PICKUP programmed fﬁé relays
combination [ 6 AUXILIARY (—
RUN
7 AUXILIARY (>
Ve > PICKUP

* MEMBER OF SETPOINT GROUPS

Record Event Data
Trace Memory

Pickup Test

FIGURE 5-30: Overvoltage Logic

Neutral Displacement

L—> Record Event Data

818020AR.DWG

PATH: SETPOINTS >V S5 PROTECTION >V VOLTAGE >V NEUTRAL DISPLACEMENT

B NEUTRAL

DISPLACEMENT

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

NTR DISPLACEMENT
FUNCTION: Disabled

9

NTR DISPLACEMENT
RELAYS (3-7):

NTR DISPLACEMENT
PICKUP: 1.00 x VT

NTR DISPLACEMENT
CURVE: Ext. Inverse

NTR DISPLACEMENT
MULTIPLIER: 1.0 s

D 606940 ¢

NTR DISPLACEMENT
RESET: Instantaneous

Range: Disabled, Trip, Alarm,
Latched Alarm,

Range: Any combination of 3

to 7 Auxiliary relays

0.00to 1.25x VTin
steps of 0.01

Range:

See Table 5-4: TOC
Curve Selections on

Range:

0.00 to 100.00 in
steps of 0.01

Range:

Instantaneous,
Linear

Range:

The 750/760 incorporates a Neutral Displacement element, which uses the internally
derived 3V, value. This protection element requires the three phase Bus VTs to be wye
connected. When setting the pickup level for this element, it is important to consider the
error in the VT ratio as well as the normal voltage unbalance on the system. The Neutral
Displacement setpoints are as follows.

NOTE

current ratio shown on the horizontal axis of the curve plot.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

The same curves used for the time overcurrent elements are used for Neutral
Displacement. When using the curve to determine the operating time of the Neutral
Displacement element, substitute the ratio of neutral voltage to the pickup level for the
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Be aware that the neutral displacement feature should be applied with caution. It would
normally be applied to give line to ground fault coverage on high impedance grounded or
ungrounded systems, which are isolated. This constraint stems from the fact that a
measurement of 3V, cannot discriminate between a faulted circuit and an adjacent
healthy circuit. Use of a time delayed back-up or an alarm mode allow other protections
an opportunity to isolate the faulted element first.

SETPOINT **
AND] OPERATE 1 TRIP RELAY
NTR DISPLACEMENT
FUNCTION:
= — DIAGNOSTIC MESSAGE
Disabled 10R
™ [AND] NTR DISPLACEMENT
p
I
Latched Al
dichee Mam SETPOINT * SETPOINT *
Alarm OR
S NTR DISPLACEMENT NTR DISPLACEMENT
Control PICKUP RELAYS (3-7):
o
JANDf RUN 3 AUXILIARY [—>
Vo >
FROM LOGIC INPUTS — L operate |+ AUXUARY [—>
. PICKUP anv/all |'s AuxiLARY —>
BLOCK NEUTRAL - | relays
DISPLACEMENT | 6 AUXILIARY —>
I
| 7 AUXILIARY |—>
| ——) PICKUP
ACTUAL VALUES !
I ¢——> RECORD EVENT DATA ———> RECORD EVENT DATA
Von > 0.85/T |
| ¢——> TRACE MEMORY
Von > 0.85xVT {OR}— ACTUAL VALUES |
i ¢——> PICKUP TEST
Yen > 0854 NEUTRAL VOLTAGE | b5 SETPOINT CONTROL
I
3Vo — I
I
1
SETPOINT  *
NTR DISPLACEMENT
PICKUP
NTR DISPLACEMENT
CURVE
NTR DISPLACEMENT
*  MEMBER OF SETPOINT GROUPS. MULTIPLIER

818963A2.DWG

FIGURE 5-31: Neutral Displacement Logic

5.6.9 Frequency
Main Menu

PATH: SETPOINTS >V S5 PROTECTION >V FREQUENCY

m FREQUENCY [>1 @» m UNDERFREQ 1 [>1
See page 5-87
Q | ]
MESSAGE UNDERFREQ 2 [D] See page 5-87
L <~ 2
m FREQUENCY [>1
MESSAGE &> S 5-88
DECAY e page

The 750/760 can be used as the primary detecting relay in automatic load shedding
schemes based on underfrequency. The need for such a relay arises if during a system
disturbance, an area becomes electrically isolated from the main system and suffers a
generation deficiency due to the loss of either transmission or generation facilities. If
reserve generation is not available in the area, conditions of low system frequency will
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occur which may lead to a complete collapse. The 750/760 provides two underfrequency
and one rate-of-change of frequency protection elements which can automatically
disconnect sufficient load to restore an acceptable balance between load and generation.

Underfrequency

PATH: SETPOINTS >V S5 PROTECTION >V FREQUENCY >V UNDERFREQ 1(2)

B UNDERFREQ 1 [>1 UNDEFREQUENCY 1 Range: Disabled, Trip, Alarm,
FUNCTION: Disabled Latched Alarm,
& |UNDEFREQUENCY 1 Range: Any combination of 3
MESSAGE ~> |RELAYS (3-7): ----- to 7 Auxiliary relays.
Range: 20.00 to 65.00 Hz in
MESSAGE ¢ |UNDEFREQUENCY 1 20000
&> |PICKUP: 59.00 Hz p :
Range: 0.00 to 600.00 s in
MESSAGE & |UNDEFREQUENCY 1 %0910 590
& [pELAY: 2.00 s p -
Range: 0.00 to 1.25 x VTin
MESSAGE & |MINIMUM OPERATING ooto e
&> |VOLTAGE: 0.70 x VT psoro.
Range: 0.00 to 1.25 x CTin
VESSAGE € MINIMUM OPERATING o0t L
CURRENT: 0.20 x CT P :

There are two identical underfrequency protection elements, ANSI devices 81U-1 and 81U-
2. The setpoints for the Underfrequency 1 element are shown above; the Underfrequency 2
setpoints are identical. See Overview on page 5-44 for additional setting details.

¢  MINIMUM OPERATING VOLTAGE: Enter the minimum voltage required for
underfrequency element operation. This setpoint prevents incorrect operation before
energization of the source to the relay location, and during voltage dips.

¢  MINIMUM OPERATING CURRENT: Enter the minimum value of current required on any
phase to allow the underfrequency element to operate. This setpoint is used to
prevent underfrequency tripping during periods of light load, when this action would
have an insignificant effect on the system.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL 5-87
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- To Underfrequency Restoration To Brkr. Foi
SETPOINT * Trip Trip
UNDERFREQUENCY 1 (2) AND| Operate 1 TRIP Relay
FUNCTION:
Disabled ]HOR , Diognostic Message
R T—J AND—F————>| Underfrequency 1(2)
Trip
Latched Alarm
Alarm R} SETPOINT *
Control —— SETPOINT * SETPOINT * UNDEyR’SFREOUENCY 1 (2)
UNDERFREQUENCY 1 (2) UNDERFREQUENCY 1 (2) RELATS (377
PICKUP: *"C%;JP DELAY: 3 AUXILIARY —>
AND) RUN 4 AUXILIARY >
X erate
Block Underfrequency 1 (2) 9 | relays g AUXILIARY |-
CURRENT INPUTS } Setpoint Control 7 AUXILIARY (>
(associated setpoints) } R 4 Event Dat
_— SETPOINT * | ecor ven ata L——> Record Event Data
| Phase A Current (la) |- Select MINIMUM OPERATING } Trace Memory
Phase B Current (Ib) Highest [ CURRENT: } Pickup Test
Phase C Current (Ic) - |
| 2 MINIMUM | — }
1
q I
} * Mrember of Se“tpg\'md(}gcups
— SETPOINT * | ** Frequency ww'_ ead Zero
(8555502%236;‘1’;2%2) MINIMUM OPERATING } cotT:p&mTeeﬂrm‘ngz(?:SLégz
—_— VOLTAGE: } Than 10 Volts.
None r—— Va > MINIMUM — |
Wye Delta } }
Van Vab ~ f——————— “ - fa =0 4 }
vbn Vbe } l }
Ven Vea ‘L,,A ;’:@S“ﬁlcmyem ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ J 818022B7.DWG
Va => fa
FIGURE 5-32: Underfrequency Logic
Frequency Decay
PATH: SETPOINTS >V $5 PROTECTION >V FREQUENCY >V FREQUENCY DECAY
m FREQUENCY (>1 FREQ DECAY Range: Disabled, Trip, Alarm,
DECAY FUNCTION: Disabled Latched Alarm,
FREOQO DECAY Range: Any combination of 3
MESSAGE = Q ¢ to 7 Auxiliary relays
&> |RELAYS (3-7): ----- Yy reiay.
Range: 0.1 to 5.0 Hz/s in
MESSAGE & |FREQ pECAY steps of 0.1
&> |RATE: 1.0 Hz/s ps oro.
& |FREQ DECAY Range: 20.00 to 65.00 Hz in
MESSAGE 0 ¢ steps of 0.01
& |pIckuP: 59.00 Hz psort.
& |FREQ DECAY Range: 0.00 to 600.00 s in
MESSAGE Q ¢ t f0.01
&> |DELAY: 2.00 s steps orv.
<& [MIN OPERATING Range: 0.00 to 1.25 x VT in
MESSAGE steps of 0.01
&> |VOLTAGE: 0.70 x VT p :
MIN OPERATIN Range: 0.00 to 1.25 x CT in
MESSAGE €= ° N steps of 0.01
CURRENT: 0.00 x CT psoro.
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There is one frequency decay protection element, ANSI device 81D which can provide a
faster response to system disturbances than the underfrequency elements. See the
previous section for descriptions of the MIN OPERATING CURRENT and MIN OPERATING
VOLTAGE setpoints. See Overview on page 5-44 for additional setting details

To_Brkr. Foilure

SETPOINT * Trip
)
EEE?:%%%?Y DECAY Operate 1 TRIP Relay
Disabled
10R
Trip I
Latched Al l 810
atche: arm SETPOINT AND| +——> Diagnostic Message
Alorm OR
FREQUENCY DECAY _Frequer\cy Decay
Control THRESHOLD:
AND RUN
from LOGIC INPUTS r f < Threshold 62/81D SETPOINT *
| SETPOINT * FREQUENCY DECAY
Block Frequency Decay q | RELAYS (3-7):
} FREQUENCY DECAY
DELAY:
GURRENT INPUTS SETPOINT * ‘ 3 AUXILARY. 1>
(associated Setpoints) } 4 AUXILIARY |
MINIMUM_OPERATING i 2 Operate
Phase A Current (lo) [~ CURRENT: | °"f//° 5 AUXILIARY (>
Select | selected
Phase B Current (D) [~—=— {ighest [~ I Setooint Control relays 6 auxiLaRY [
I > Mini — | AND etpoint Control
Phase C Current (Ic) - = Minimum ! ookUP 7 AUXILARY =
I
I Record Event Data —> Record Event Data
I
I SETPOINT * Trace Memory
q |
| FREQUENCY DECAY Pickup Test
| RATE:
BUS VOLTAGE INPUTS I
(associoted setpoints) |
SETPOINT * +— df/dt > Rote —
None
MINIMUM OPERATING }
Wye Delta VOLTAGE: |
I
Van Vab r———+%—- Va > MINMUM | * Member of Setpoint Groups
} | ** Frequency and Frequency Decay will
Vbn Vbe | | Read Zero if the Potentiol Across the
Ven Voo I | Vo Terminals is Less Than 10 Volts.
I - fo = q |
} I I
I I
I | |
} Frequency ** !
L_] Measurement | __ | Coleulste | J
v o Decay Rate 826706A7.0WG
a — a

FIGURE 5-33: Frequency Decay Logic

5.6.10 Breaker Failure

PATH: SETPOINTS >V S5 PROTECTION >V BREAKER FAILURE

® BREAKER [>1 BRKR FAILURE Range: Disabled, Alarm,
FAILURE FUNCTION: Disabled Latched Alarm,
Range: Any combination of 3
vissace €9 |BRKR FAILURE ge: Any comb
& |RELAYS (3-7): ----- to 7 Auxiliary relays
Range: 0.03to 1.00 s in steps
vissaoe € [BRKR FAILURE o051
&) |DELAY 1: 0.10 s -
Range: 0.00to 1.00 s in steps
vissace ©9 |BRKR FAILURE s
& |DELAY 2: 0.00 s :
Range: 0.05 to 20.00 x CT in
MESSAGE €= BRER FAILURE steps of 0.01
CURRENT: 1.00 x CT p :

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL
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Breaker failure monitors the phase currents while a trip command exists. If any phase
current is above the set level after the BRKR FAILURE DELAY time expires, a breaker failure
will be declared, which will operate the selected output relays and force the 750/760
autoreclose scheme to lockout.

To provide user flexibility, the 750/760 has included two programmable delays for the
breaker failure function. The timers can be used singularly or in combination with each
other. The difference between the two is their location in the logic diagram. BRKR FAILURE
DELAY 1 starts counting down from the user programmed delay setpoint once a Trip
condition is recognized. On the other hand, BRKR FAILURE DELAY 2 provides a delay where
it does not begin counting down until a trip condition is present, Delay 1 has expired, and
one of the phase currents is above the BRKR FAILURE CURRENT setpoint. If one of the
delays is not required, simply program the unwanted timer to its minimum value.

The operation of the filter that reduces the overreaching effect of asymmetrical offset
currents will cause the measured current to ramp down to zero after the breaker trips. It is

MNOTE .
strongly recommended that a margin of at least 1.5 power frequency cycles be added to
the expected breaker time-to-trip for the BRKR FAILURE DELAY 1 and BRKR FAILURE DELAY
2 setpoints.
SETPOINT |
OR | Diagnostic Message
BREAKER FAILURE i
Latched Alarm
[OR |
Alarm OR
Control
Disobled Record Event Data
SETPOINT 62BF Breaker Failure
CURRENT INPUTS BREAKER FAILURE SETPOINT
(associated setpoints) CURRENT: FLASH LAMP & BREAKER
BREAKER FAILURE < FAILURE
Phase A Current (la) F———- la > n —‘—' DELAY:
Phase B Current (Ib) ———- Ib > n OR AND RUN X
Phase C Current (Ic) ———- lec > n $ % SETPOINT
Breaker Failure
NOTE RELAYS (3-7):
Timer resets to Zero if
From Protection Features SETPOINT Breaker Failure Condition is Cleared 3 AUXILIARY | —>
L S — BREAKER FAILURE and/or Trip is Reset 4 AUXILIARY |—>
() DELAY 1: Operate
any/a 5 AUXILIARY (—>
OR RUN selected
From Logic Inputs X J reloys | g AUXILIARY |—>
. r 1 9
Trip > 7 AUXILIARY —>
(L)
NOTE
Timer resets to Zero if
Breaker Failure Condition is Cleared To Auto(ec\_ose sh.2
NN Breaker Failure
and/or Trip is Reset

818807A8.DWG

FIGURE 5-34: Breaker Failure Logic
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5.6.11 Reverse Power

PATH: SETPOINTS >V S5 PROTECTION [>V REVERSE POWER

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

NOTE

m REVERSE [>1 REVERSE POWER Range: Disabled, Trip, Alarm,
POWER FUNCTION: Disabled Control
S Range: Any combination of 3
MESSAGE P EEZ§§§E (;’E)?;)ER _____ to 7 Auxiliary relays
S Range: 0.015 to 0.600 x
MESSAGE REVERSE POWER RATED in steps of
&> |PICKUP: 0.050 xXRATED P
Range: 0.0 to 6000.0 s in
MESSAGE € REVERSE POWER : o
DELAY: 10.0 s steps orv.

A Reverse Power element is generally associated with generator protection. Such an
element is used to detect loss of mechanical power coming into the turbine and to trip the
unit to prevent turbine blade heating or other adverse effects in turbo-generator sets. The
REVERSE POWER PICKUP setting is usually set as low as the relay can measure, but no
higher than one-half the electrical power required to motor the generator with total loss of
mechanical power. The Reverse Power element is not normally used in conventional feeder
protection applications.

The Reverse Power element generates an output when the three-phase reverse real power
is greater than the REVERSE POWER PICKUP setting. It is recommended to set REVERSE
POWER DELAY t0 1 second or higher to avoid problems with power oscillations that may be
experienced on synchronization; a setting in the range of 10 to 15 seconds is typical. Recall
that the rated power is calculated as follows:

Rated Power = /3 x Vsecliine-tine) X VT Ratio X Igocrqteq) X CT Ratio (EQ 5.18)
The sensitivity of this element and the requirement to have two times pickup limits its
range of application. The motoring power cannot be less that 3% of rated, and the angle
away from the 180° angle of maximum sensitivity should not be greater than +85 to 87°

due to reactive loading on the generator.

This element is optional and available from GE Multilin as Mod 008. To order, please contact
the factory with the serial number of the 750/760 relay. Refer to Reverse Power on page 8-
1 for the complete procedure for installing and verifying the Reverse Power element.
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Path: SETPOINTS / S5 PROTECTION / REVERSE POWER

SETPOINT  *
REVERSE POWER = DIAGNOSTIC MESSAGE
FUNCTION: [ORF—
[AND) REVERSE POWER
DISABLED
TRIP
ALARM OR
or— SETPOINT * [AND-———> OPERATE 1 TRIP RELAY
CONTROL
REVERSE POWER SETPOINT *
PICKUP SETPOINT *
P
[ANDF————————{RUN ReLa s POMER
FROM LOGIC INPUTS REVERSE POWER
- P3s > PICKUP M RELAYS  (3-7):
BLOCK REVERSE 4
POWER | (REVERSE) HA' 3 AUXILARY [—>
| |Averece oF 6 Readines operate |+ AUXILARY
FROM VT FAILURE | MusT Be EY;'_S;UP any/all [ AuxiLARY —>
| relays
VT FAILURE OPERATING >——————————— | b ® PICKUP 6 AUXILARY [—>
| 7 AUXILARY [—>
| ¢——> RECORD EVENT DATA
ACTUAL VALUES | &S TRACE MEMORY L5 RECORD EVENT DATA
30 REA- PICKUP TEST
POWER  (REVERSE) |
Ps I &——> SETPOINT CONTROL
* MEMBER OF SETPOINT GROUPS. 81896243.00G

FIGURE 5-35: Reverse Power Logic
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5.7 S6 Monitoring
5.7.1 Current Level
Main Menu
PATH: SETPOINTS >V S6 MONITORING > CURRENT LEVEL
B CURRENT LEVEL [>1 B PHASE [>1
See below.
CURRENT
m NEUTRAL [>1
MESSAGE &> s 5-94
CURRENT ee page
In addition to the conventional overcurrent protection elements that are used for tripping,
separate phase and neutral current level detectors are provided for alarm or control
purposes. These elements allow longer time delays to be programmed.
Phase Current Level
PATH: SETPOINTS [>¥ $6 MONITORING [> CURRENT LEVEL [> PHASE CURRENT
B PHASE [>1 PHASE CURRENT Range: Disabled, Alarm,
CURRENT FUNCTION: Disabled Latched Alarm,
Range: Any combination of 3
MESSAGE & |PHASE CURRENT g \ 5; it |
@ RELAYS (3_7) ¢ - (0] uxi lGry re OyS
& |PHASE CURRENT Range: 0.05 to 20.00 x CT in
MESSAGE steps of 0.01
&> |PICKUP: 1.10 x CT p :
Range: 0 to 60000 s in steps
MESSAGE @ PHASE CURRENT of 1
DELAY: 2 s
SETPOINT
! Diagnostic Message
e Ed |
I AND Phs Current Level
Disabled
Alarm
Latched Alarm SETPOINT
Control PHASE CURRENT LEVEL
PICKUP: 62 SETPOINT
RUN SETPOINT PHASE CURRENT LEVEL
la > PICKUP PHASE CURRENT LEVEL RELAYS (3-7):
DELAY:
%siigge‘dr\ﬁizsoms) RUN : 3 AUXILIARY —>
la b > PICKUP m X é Operate 4 AUXILIARY —>
" RUN ggye/c‘t’gd 5 AUXILIARY —>
e L______ I > PICKUP relays g auxiLARY >
7 AUXILARY —>

FIGURE 5-36: Phase Current Level Logic
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Neutral Current Level
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PATH: SETPOINTS >V S6 MONITORING [> CURRENT LEVEL >V NEUTRAL CURRENT

B NEUTRAL
CURRENT

[>1

69

messace €
L~ 2

messace €
L~ 2

MESSAGE &

NEUTRAL CURRENT
FUNCTION: Disabled

NEUTRAL CURRENT
RELAYS (3-7):

NEUTRAL CURRENT

Range: Disabled, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: 0.05 to 20.00 x CT in

See Common Setpoints on page 5-6 for additional setting details.

SETPOINT

B

NEUTRAL CURRENT LEVEL
FUNCTION:

Disabled

Alarm

Latched Alarm OR

Control

CURRENT INPUTS
(associated setpoints)

Residual

Io+Ip+Ic =3I,

62

SETPOINT

SETPOINT

PICKUP:

NEUTRAL CURRENT LEVEY

NEUTRAL CURRENT LEVEL
DELAY:

RUN

I > PICKUP

PICKUP: 1.00 x CT steps 0f 0.01
NEUTRAL CURRENT Range: 0 to 60000 s in steps
DELAY: 2 s of1
, Diagnostic Message
AND) Ntrl Current Level

SETPOINT

NEUTRAL CURRENT LEVEL|
RELAYS (3-7):

3 AUXILIARY

4 AUXILIARY

2

FIGURE 5-37: Neutral Current Level Logic

5.7.2 Power Factor

Operate
any/all
selected
relays

5 AUXILIARY

6 AUXILIARY

T1T11]

7 AUXILIARY

L——> Record Event Data

818016AK.DWG

PATH: SETPOINTS >V S6 MONITORING >V POWER FACTOR [> POWER FACTOR 1(2)

B POWER FACTOR 1

[>1

9
MESSAGE =

MESSAGE

MESSAGE

p 6000 ¢

MESSAGE

PWR FACTOR 1
FUNCTION: Disabled

PWR FACTOR 1
RELAYS (3-7):

PWR FACTOR 1
PICKUP: 0.80

PWR FACTOR 1
DROPOUT: 1.00

PWR FACTOR 1
DELAY: 50 s

Range: Disabled, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: -0.99 to 1.00 in steps
of 0.01

Range: -0.99 to 1.00 in steps
of 0.01

Range: 0 to 60000 s in steps
of 1
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It is generally desirable for a system operator to maintain the power factor as close to
unity as possible to minimize both costs and voltage excursions. Since the power factor is
variable on common non-dedicated circuits, it is advantageous to compensate for low
(lagging) power factor values by connecting a capacitor bank to the circuit when required.
The relay allows two stages of capacitance switching for power factor compensation.

The relay calculates the average power factor in the three phases as follows:

Total 3 Phase Real Power
Total 3 Phase Apparent Power

Average Power Factor = (EQ 5.19)

= =
2 D
- ~ ~3 -3
Se ol= 55 5%
E2 E2 E =
532 53¢ 5c%  Sob
EL= EL= E< =<
=29 =29 s%5 =55
HnOZ nOZ »O0 [7XS]e]
O A SR A (R — POWER FACTOR 1
i DROPOUT
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FIGURE 5-38: Capacitor Bank Switching

Two independent elements are available for monitoring power factor, each having a
pickup and a dropout level. For each element, when the measured power factor becomes
more lagging than the pickup level (i.e. numerically less than), the relay operates a user-
selected output contact. This output can be used to control a switching device which
connects capacitance to the circuit, or to signal an alarm to the system operator. After
entering this state, when the power factor becomes less lagging than the power factor
dropout level for a time larger than the set delay, the relay will reset the output contact to
the non-operated state.

The power factor feature is inhibited from operating unless all three voltages are above
30% of nominal and one or more currents is above 0. Power Factor 1 and 2 delay timers
will only be allowed to time when the 30% threshold is exceeded on all phases and the
power factor remains outside of the programmed pickup and dropout levels. In the same
way, when a power factor condition starts the Power Factor 1 or 2 delay timer, if all three
phase voltages fall below the 30% threshold before the timer has timed-out, the element
will reset without operating. A loss of voltage during any state will return both Power Factor
1 and 2 to the reset state.

For the PWR FACTOR 1(2) PICKUP and PWR FACTOR 1(2) DROPOUT Setpoints, positive values
indicate lagging power factor.
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SETPOINT
POWER FACTOR 1 (2) ‘IE ‘ Diagnostic Message
Alarm
Latched Alarm {or}
Control 55-1 (2) 62/55-1 (2)
d SETPOINT SETPOINT SETPOINT
CURRENT INPUTS POWER FACTOR 1 (2) POWER FACTOR 1 (2) POWER FACTOR 1 (2)
(associated setpoints) PICKUP: DELAY: RELAYS (3-7):
la F——————— AND RUNI o more lacai 3 AUXILIARY >
q oging || x L
o '7f:k 77777 than PICKUP &% Operate |+ AUILARY >
I >77}7T7777~ ! ! [or} :Q‘{e/c‘t"e‘d 5 AUXILIARY (-
relays
| P Calculate 55-1 (2) } } el 6 AUXILIARY >
} N Tree, SETPOINT } | 7 AUXILIARY >
} | | E::g( POWER FACTOR 1 (2) | | > Record Event Data
P L1, DROPOUT: | |
I
IR RUN _‘
R A X S [ S
CURRENT INPUTS b } -
(associated setpoints) | } } i ‘T
Wye Delta } } } } } }
I
e e | o
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|
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FIGURE 5-39: Power Factor Logic
5.7.3 Fault Locator
PATH: SETPOINTS [>¥ S6 MONITORING >V FAULT LOCATOR
m FAULT LOCATOR [>1 LENGTH OF FEEDER: Range: 0.1 to 99.9 km/Miles
0.1 km in steps of 0.1
& |UNITS OF LENGTH: Range: km, Miles
MESSAGE

Zpos (RESISTIVE) OF Range: 0.01 t0 99.99 Q in

MESSAGE FEEDER: 0.01 Q steps of 0.01

Zpos (INDUCTIVE) OF Range: 0.01 t0 99.99 Q in

MESSAGE FEEDER: 0.01 Q steps of 0.01

Zzero (RESISTIVE) OF Range: 0.01 t0 99.99 Q in

MESSAGE FEEDER: 0.01 Q steps of 0.01

Zzero (INDUCTIVE) OF Range: 0.01 t0 99.99 Q in

MESSAGE FEEDER: 0.01 Q steps of 0.01

FAULT TYPE OUTPUT TO Range: Disabled, Enabled
RELAYS 4-7: Disabled

MESSAGE

FAULT LOCATION AFTER Range: Disabled, Enabled
TRIP: Disabled

D 60696069008

MESSAGE
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The relay calculates the distance to fault with fault resistance compensation. For the fault
location feature, a fault is defined as an event that has caused a current level greater than
the pickup threshold of an overcurrent protection feature programmed to “Trip” or “Trip &
AR” (760 only), which has remained for sufficient time to cause the relay to produce a Trip
command. After this has happened, the apparent distance to the fault is calculated in a
background mode, maintaining all other features in operation. The distance calculation is
based on the assumptions that:

1. The feeder positive and zero sequence impedances are a constant per unit
distance, and

2. Mutual compensation is not required.

If the feeder utilizes conductors of different sizes, or more than one physical arrangement
of conductors, or shares poles or towers with a parallel feeder, these assumptions are
incorrect and errors are introduced.

The algorithm uses prefault system data to reduce the error caused by variable fault
resistance, so inaccuracy is introduced for a fault which occurs when no load current was
present. Also, error is introduced if the feeder has sources at locations other than the
location of the relay, due to infeed effects.

The algorithm contains three sets of equations that are used to perform the calculations
for a specific fault type: phase-to-ground, phase-to-phase-to-ground, phase-to-phase,
and three-phase. Each of the sets (other than three-phase) consists of a subset which
covers all combinations of phases. The algorithm therefore uses a fault identification
procedure to select the appropriate equations to be used for calculation. This procedure
uses both prefault and fault current phasors from memory to identify the type of fault. The
prefault data is taken from a sample collected three power frequency cycles before the
pickup of the overcurrent element to ensure the sample contains only load current. The
after fault data is taken from samples collected 1.5 power frequency cycles after
overcurrent pickup to ensure the current had existed for at least one complete sampling
interval.

As well as the apparent distance to the fault, the locator records the feeder apparent
reactance (with fault resistance removed if prefault current was available.) This parameter
can be very useful in estimating the location of a fault on a feeder tap, where the apparent
distance can be calculated as beyond the feeder end. The date, time, type of fault, and
phases involved are also stored for the event. Non-volatile memory is provided for the past
ten events, in a FIFO queue, available under A1 STATUS [>V FAULT LOCATIONS.

If the feeder has a source with a grounded neutral, and is therefore capable of providing
ground fault current, the bus VTs must be both connected and selected as “Wye” in s2
SYSTEM SETUP [>V BUS VT SENSING [> VT CONNECTION TYPE to allow the fault locator to
perform the calculations properly. If the fault classification results in a phase to ground
fault, the program checks that the setpoint noted above is set to ‘Wye' before the
calculation is permitted.

e LENGTH OF FEEDER: Enter the total length of the feeder, in kilometers or miles as
selected by the UNITS OF LENGTH setpoint.

e UNITS OF LENGTH: Enter the units of measurement, in kilometers or miles.

e Zpos (RESISTIVE/INDUCTIVE) OF FEEDER: Enter the total real/imaginary component
of the feeder positive sequence impedance, in actual ohms.
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Zzero (RESISTIVE/INDUCTIVE) OF FEEDER: Enter the total real/imaginary component
of the feeder zero sequence impedance, in actual ohms.

FAULT TYPE OUTPUT TO RELAYS 4-7: Selects whether fault type indication on output
relays 4 to 7 is enabled. When enabled, relays 4 to 7 will operate to indicate the most
recent fault type (i.e. Fault Location 0 Fault Type). The auxiliary relays are reset to their
non-operated state after the relay is reset. Any combination of relays 4 to 7 may be
operated, with outputs as shown below:

Phase A faults operate the 4 Auxiliary relay.
Phase B faults operate the 5 Auxiliary relay.
Phase C faults operate the 6 Auxiliary relay.
Neutral faults operate the 7 Auxiliary relay.

FAULT LOCATION AFTER TRIP: Users utilizing the Fault Distance feature may define a
fault distance message to display along with other active conditions. When set to
“Enabled”, a fault distance message will be displayed when a trip has occurred. The
fault distance message will be removed when the active conditions are reset. This
message only appears after the first Trip condition; any subsequent Trips will only
update the fault distance value (if required).

B DEMAND

NOTE

Main Menu
PATH: SETPOINTS >V S6 MONITORING >V DEMAND
[ ]
[>1 @@ CURRENT [>1 See page 5-100
S (m
MESSAGE REAL POWER [[>] See page 5-101
L <2
S |(m
MESSAGE REACTIVE POWER [D] See page 5-102
>
[ ]
VESSAGE € APPARENT POWER [D] See page 5-103

Current demand is measured on each phase, and on three phases for real, reactive, and
apparent power. Setpoints allow the user to emulate some common electrical utility
demand measuring techniques for statistical or control purposes.

The relay is not approved as or intended to be a revenue metering instrument. If used in a
peak load control system, the user must consider the accuracy rating and method of
measurement employed, and the source VTs and CTs, in comparison with the electrical
utility revenue metering system.

The relay can be set to calculate demand by any of three methods.

Thermal Exponential: This selection emulates the action of an analog peak recording
thermal demand meter. The relay measures the quantity (RMS current, real power,
reactive power, or apparent power) on each phase every second, and assumes the
circuit quantity remains at this value until updated by the next measurement. It
calculates the thermal demand equivalent based on:

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 5: SETPOINTS S6 MONITORING

t

d(t) = D(1-e Y (EQ 5.20)

whered = demand value after applying input quantity for time t (in minutes),
D = input quantity (constant), k = 2.3 / thermal 90% response time.

100 —
80
60
40
20

Demand (%)

0 3 6 9 12 156 18 21 24 27 30

Time (min)

FIGURE 5-40: Thermal Demand Characteristic (15 minute response)

The 90% thermal response time characteristic defaults to 15 minutes. A setpoint
establishes the time to reach 90% of a steady-state value, just as the response time of
an analog instrument. A steady state value applied for twice the response time will
indicate 99% of the value.

e Block Interval: This selection calculates a linear average of the quantity (RMS current,
real power, reactive power, or apparent power) over the programmed demand time
interval, starting daily at 00:00:00 (i.e. 12 am). The 1440 minutes per day is divided into
the number of blocks as set by the programmed time interval. Each new value of
demand becomes available at the end of each time interval.

The Block Interval with Start Demand Interval Logic Input calculates a linear average
of the quantity (RMS current, real power, reactive power, or apparent power) over the
interval between successive Start Demand Interval logic input pulses. Each new value
of demand becomes available at the end of each pulse. The s3 LOGIC INPUTS >V MISC
FUNCTIONS [>V START DMND INTERVAL setpoint programs the input for the new
demand interval pulses.

¢ Rolling Demand: This selection calculates a linear average of the quantity (RMS
current, real power, reactive power, or apparent power) over the programmed
demand time interval, in the same way as Block Interval. The value is updated every
minute and indicates the demand over the time interval just preceding the time of
update.
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Current Demand

PATH: SETPOINTS >V S6 MONITORING >V DEMAND > CURRENT

B CURRENT

[>1

MESSAGE &=
MESSAGE
MESSAGE

MESSAGE

MESSAGE

L 2
=4
L
L2 4
L 2
=4
L 2
<o
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CURRENT DEMAND

FUNCTION: Disabled

MEASUREMENT TYPE:
Thermal Exponential

THERMAL 90% RESPONSE

TIME: 15 min

TIME INTERVAL:
20 min

CURRENT DEMAND
RELAYS (3-7):

CURRENT DEMAND
PICKUP: 1000 A

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Alarm,
Latched Alarm,

Thermal Exponential,
Block Interval, Rolling

5min, 10 min, 15
min, 20 min, 30 min,

5min, 10 min, 15
min, 20 min, 30 min,

Any combination of
the 3 to 7 Auxiliary

10to 10000 A in
steps of 1

The current demand for each phase is calculated individually, and the demand for each
phase is monitored by comparing to a single current demand pickup value. If the current
demand pickup is equaled or exceeded by any phase, the relay can cause an alarm or
signal an output relay.

For the THERMAL 90% RESPONSE TIME setpoint, enter the time required for a steady state
current to indicate 90% of the actual value. This setpoint allows the user to approximately
match the response of the relay to analog instruments. This setpoint is visible only if
MEASUREMENT TYPE is “Thermal Exponential”.

For the TIME INTERVAL setpoint, enter the time period over which the current demand
calculation is to be performed. This setpoint is visible only if MEASUREMENT TYPE is “Block

Interval” or “Rolling Demand”.

See Common Setpoints on page 5-6 for additional setting details.

SETPOINT

CURRENT DEMAND
FUNCTION:

Disabled

3

Alarm

Latched Alarm

B

Control

SETPOINTS

MEASUREMENT TYPE:

THERMAL 90% RESPONSE
TIME:

TIME INTERVAL:

CURRENT INPUTS
(associated setpoints)

Calculate Phase A
Current Demand

SETPOINT

CURRENT DEMAND
PICKUP:

RUN

Calculate Phase B
Current Demand

la demand > PICKUP

RUN

Calculate Phase C
Current Demand

Ib demand > PICKUP

—RUN

5-100

Ic demand > PICKUP

Diagnostic Message

Current Demand

SETPOINT

CURRENT DEMAND
RELAYS (3-7):

Operate
any/all
selected
relays

3 AUXILIARY

4 AUXILIARY

5 AUXILIARY

6 AUXILIARY

——
——
—>
—>
—

7 AUXILIARY

»——> Record Event Data

818025AK.DWG
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FIGURE 5-41: Current Demand Logic

Real Power Demand

PATH: SETPOINTS [>V S6 MONITORING >V DEMAND >V REAL POWER

m REAL POWER [>1 REAL PWR DEMAND Range: Disabled, Alarm,
FUNCTION: Disabled Latched Alarm,
MESSAGE & |MEASUREMENT TYPE: Range: Thermal Exponent(‘al,
& |Block Interval Block Interval, Rolling
S Range: 5 min, 10 min, 15
MESSAGE Q@ ;;Iﬁ:?AESQi;nRESPONSE min, 20 min, 30 min,
. Range: 5 min, 10 min, 15
vessage €9 |TIME INTERVAL: ' ‘ ‘
&> (20 min min, 20 min, 30 min,
<& |REAL PWR DEMAND Range: Any combination of
MESSAGE & |RELAYS (3-7): ----- the 3 to 7 Auxiliary
Range: 1 to 30000 kW. Auto-
vessacE @@y |REAL PWR DEMAND 1L 1030000 ko A
PICKUP: 10.0 MW ging. see table

The real power demand is monitored by comparing to a pickup value. If the real power
demand pickup is ever equaled or exceeded, the relay can be configured to cause an
alarm or signal an output relay.

See page -98 for details on the MEASUREMENT TYPE setting.

For the THERMAL 90% RESPONSE TIME setpoint, enter the time required for a steady state
power to indicate 90% of the actual value. This setpoint allows the user to approximately
match the response of the relay to analog instruments. This setpoint is visible only if
MEASUREMENT TYPE is “Thermal Exponential”.

For the TIME INTERVAL, enter the time over which the real power demand calculation is to
be performed. For the REAL POWER DEMAND PICKUP, power quantities auto-range to show
units appropriate to the power system size (see table below). This setpoint is visible only if
MEASUREMENT TYPE is “Block Interval” or “Rolling Demand”.

Table 5-16: Auto-Ranging Units

Nominal Power (Py) Power Units Resolution
Py <1MVA kW 1
1 MVA <Py <10 MVA MW 0.01
10 MVA< Py MW 0.1
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SETPOINT

REAL POWER DEMAND

CHAPTER 5: SETPOINTS

FUNCTION: IE \ Diagnostic Message
Alarm
Latched Alarm OR
Control

SETPOINT
CURRENT INPUTS REAL POWER DEMAND
(associated setpoints) RELAYS (3-7):

VOLTAGE INPUTS
(associated setpoints)

Wye Delta

Van Vab

Vbn Vbe

Ven Vea

SETPOINTS

3 AUXILIARY
MEASUREMENT TYPE:

4 AUXILIARY
Operate
any/all
selected
relays

5 AUXILIARY

THERMAL 90% RESPONSE
TIME: SETPOINT

REAL POWER DEMAND 6 AUXILIARY

TIME INTERVAL: PICKUP:

Calculate
Three
Phase
Real
Power

TTTT1

7 AUXILIARY

RUN

Calculate Real Record Event Data

Power Demand

P demond > PICKUP

818027AG.DWG

FIGURE 5-42: Real Power Demand Logic

Reactive Power Demand

PATH: SETPOINTS [>V S6 MONITORING [>V DEMAND >V REACTIVE POWER

5-102

B REACTIVE POWER [>1 REACTIVE PWR DMND Range: Disabled, Alarm,
FUNCTION: Disabled Latched Alarm,

MESSAGE <) |MEASUREMENT TYPE: Range: Thermal Exponentfal,
&) |Block Interval Block Interval, Rolling

MESSAGE <> |THERMAL 90% RESPONSE Range: 5 min, 10 min, 15
&) [TIME: 15 min min, 20 min, 30 min,

MESSAGE & |TIME INTERVAL: Range: 5 min, 10 min, 15 ‘
&> (20 min min, 20 min, 30 min,
& |REACTIVE PWR DMND Range: Any combination of

MESSAGE “7) s —mmm- the 3 to 7 Auxiliary
& |RELAYS (3-7):

MESSAGE REACTIVE PWR DMND Range: 1 to 3000Q kvar.
“ |p1crUP: 10.0 Mvar Auto-ranging; see

The reactive power demand is monitored by comparing to a pickup value. If the reactive
power demand pickup is ever equaled or exceeded, the relay can be configured to cause
an alarm or signal an output relay.

See page -98 for details on the MEASUREMENT TYPE setting.

For the THERMAL 90% RESPONSE TIME setpoint, enter the time required for a steady state
reactive power to indicate 90% of the actual value. This setpoint allows the user to
approximately match the response of the relay to analog instruments. This setpoint is
visible only if MEASUREMENT TYPE is “Thermal Exponential”.
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For the TIME INTERVAL, enter the time period to perform the reactive power demand
calculation. For the REACTIVE PWR DEMAND PICKUP, the power quantities auto-range to
show units appropriate to the power system size (see table below). This setpoint is visible
only if MEASUREMENT TYPE is “Block Interval” or “Rolling Demand”.

Table 5-17: Auto-Ranging Units

FIGURE 5-43: Reactive Power Demand Logic

Apparent Power Demand

Nominal Power (Py) Power Units Resolution
Py <1MVA kvar 1
1 MVA <Py <10 MVA Mvar 0.01
10 MVA <Py Mvar 0.1
SETPOINT
REACTIVE PWR DEMAND | Di tic M
FUNCTION: DOR \ iagnostic Message
Disabled ! AND Reactive Power Dmd
Alarm
Latched Alarm OR
Control
SETPOINT
CURRENT INPUTS REACTIVE PWR DEMAND
(ossocioted setpoints) RELAYS (3-7):
SETPOINTS
e« ke 3 AUXILIARY —>
MEASUREMENT TYPE:
P 4 AUXILIARY (—>
Ope;a(ue
THERMAL 90% RESPONSE any/al
[P SO THER SETPOINT O e | 5 AUXILIARY —>
relays
6 AUXILIARY —>
Calculate TIME INTERVAL: REACTIVE PWR DEMAND
Th
VOLTAGE INPUTS Phase — 7 AUXILIARY [—>
(associated setpoints) Reactive i
Power Calculate Reactive Record Event Data
Wye Delta Power Demand Q demand > PICKUP
Van Vab  f——————
Vbn Vbe pFm—————"
Ven Vea T 818028AH.DWG

PATH: SETPOINTS >¥ S6 MONITORING >V DEMAND [>V APPARENT POWER

B APPARENT POWER

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE
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APPARENT PWR DMND
FUNCTION: Disabled

MEASUREMENT TYPE:
Block Interval

THERMAL 90% RESPONSE
TIME: 15 min

TIME INTERVAL:
20 min

APPARENT PWR DMND
RELAYS (3-7): -----

APPARENT PWR DMND
PICKUP: 10.0 MVA

Range: Disabled, Alarm,
Latched Alarm,

Range: Thermal Exponential,
Block Interval, Rolling

Range: 5 min, 10 min, 15
min, 20 min, 30 min,

Range: 5 min, 10 min, 15
min, 20 min, 30 min,

Range: Any combination of
the 3 to 7 Auxiliary

Range: 1 to 30000 kVA. Auto-
ranging; see table
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SETPOINT

FUNCTION:

APPARENT PWR DEMAND

CHAPTER 5: SETPOINTS

The apparent power demand is monitored by comparing to a pickup value. If the apparent
power demand pickup is ever equaled or exceeded, the relay can be configured to cause
an alarm or signal an output relay.

See page -98 for details on the MEASUREMENT TYPE setting.

For the THERMAL 90% RESPONSE TIME setpoint, enter the time required for a steady state
apparent power to indicate 90% of the actual value. This setpoint allows the user to
approximately match the response of the relay to analog instruments. This setpoint is
visible only if MEASUREMENT TYPE is “Thermal Exponential”.

For the TIME INTERVAL, enter the time period to perform the apparent power demand
calculation. For the APPARENT PWR DMND PICKUP, the power quantities auto-range to show
units appropriate to the power system size (see table below). This setpoint is visible only if
MEASUREMENT TYPE is “Block Interval” or “Rolling Demand”.

Table 5-18: Auto-Ranging Units

Disabled

Nominal Power (Py) Power Units Resolution
Py < 1MVA KVA 1
1 MVA <Py <10 MVA MVA 0.01
10 MVA <Py MVA 0.1
{ , Diagnostic Message
@ AND

Alarm

Latched Alarm

Apparent Power Dmd

Control

CURRENT INPUTS
(associated setpoints)

VOLTAGE INPUTS
(ossociated setpoints)

Wye

Delta

Van

Vab

Vbn

Vobc

Ven

Vea

B

SETPOINT

APPARENT PWR DEMAND
RELAYS (3-7):

SETPOINTS

3 AUXILIARY
MEASUREMENT TYPE:

4 AUXILIARY

Operate
onﬁ//oH
selected
reloys

5 AUXILIARY

THERMAL 90% RESPONSE SETPOINT
TIME:

APPARENT PWR DEMAND 6 AUXILIARY

TIME INTERVAL: PICKUP:

Calculate
Three
Phase
Apparent
Power

11111

7 AUXILIARY

RUN

Calculate Apparent Record Event Data

Power Demand

S demand > PICKUP

818026AH.DWG
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FIGURE 5-44: Apparent Power Demand Logic

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 5: SETPOINTS S6 MONITORING

5.7.5 Analog Input
Main Menu

PATH: SETPOINTS >V S6 MONITORING >V ANALOG INPUT

E ANALOG INPUT (>1 E ANALOG INPUT [>1
See page 5-105
SETUP
< > |l
MESSAGE ANALOG [>1 See page 5-106
S THRESHOLD 1
< > ||
MESSAGE ANALOG [[>] See page 5-106
S THRESHOLD 2
< > |l
MESSAGE ANALOG INPUT [D] See page 5-108
Y 3 RATE 1
m ANALOG INPUT [>1
MESSAGE & s 5-108
RATE 2 e page

The relay can monitor any external quantity, such as transformer winding temperature,
bus voltage, battery voltage, station service voltage, transformer tap position, etc., via an
auxiliary current input called the analog input. Any one of the standard transducer output
ranges 0to 1 mA, 0to 5mA, 0to 10 mA, 0 to 20 mA, or 4 to 20 mA can be connected to the
analog input terminals.

Two independent elements are available for monitoring the analog input level, Analog
Threshold 1 and 2, each having a user programmable name, pickup level, drop out ratio,
and a time delay. For each element, when the measured analog input quantity exceeds
the pickup level for longer than the associated time delay, the relay can be configured to
cause a trip, an alarm, or signal an output contact. The element will drop out only when the
user programmed drop out ratio has been met. There are also two elements which
measure the analog input rate-of-change, Analog In Rate 1 and 2, which operate ina
similar fashion.

Analog Input Setup

PATH: SETPOINTS >V S6 MONITORING >V ANALOG INPUT [> ANALOG INPUT SETUP

m ANALOG INPUT [>1 A/I NAME: Range: Any combination of
SETUP ANALOG INPUT 20 alphanumeric
S : Range: Any combination of 6
MESSAGE P iA/I UNTTS alphanumeric
S : Range: 0-1 mA, 0-5maA, 4-20
MESSACE e g{;oRﬁGE mA, 0-20 mA, 0-10
Range: 0 to 65535 units in
MESSAGE & [A/I MIN steps of 1
&> |VALUE: 0 pa psori.
A/I MAX Range: 0 to 65535 units in
MESSAGE &
VALUE: 20000 pA steps of 1.
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Before the analog input can be used for monitoring, the value of the input must be
converted to the quantity that is being measured. The relay simplifies this process by
internally scaling the transducer output, and displaying and monitoring the actual
measured parameter. Note the resolution that will result from the selection of the minimum
and maximum setpoints. For example, if 0 to 20 mA is to be represented via the 0 to 20 mA
analog input, an input of 4.5 mA will translate to a 5 mA actual value reading. This is due to
the rounding up of the value, since the analog input actual value is an F1 format. If a range
of 0 to 200 mA was programmed to be represented via the 0 to 20 mA input, 4.5 mA will
result in a 45 mA actual value.

For the A/1 MIN VALUE and A/I MAX VALUE setpoints, enter the value which corresponds to
the minimum/maximum output value of the transducer. For example, if a temperature
transducer which outputs 4 to 20 mA for temperatures 0 to 250°C is connected to the
analog input, then enter “0” for A/1 MIN VALUE. The relay then interprets 4 mA as
representing 0°C. Intermediate values between the minimum and maximum are scaled
linearly.

Analog Threshold

PATH: SETPOINTS >V S6 MONITORING >V ANALOG INPUT >V ANALOG THRESHOLD 1(2)

B ANALOG

THRESHOLD 1

NOTE

[>1 A/I THRESHLD 1 NAME: Range: Anycombinatioh of
ANALOG THRESHLD1 18 alphanumeric
vissace €9 |ANALOG THRESHLD 1 Range: Disabled, Trip, Alarm,
&) |FUNCTION: Disabled Latched Alarm,
Control, Blk Thrsh 1.
See Note below.
Q ANALOG THRESHLD 1 Range: Any combination of
MESSAGE & |RELAYS (3-7): ----- the 3 to 7 Ausiliary
vissace €9 |ANALOG THRESHLD 1 Range: 0 to 65535 units in
& |pICKUP: 100 pa steps of 1
MESSAGE & » |ANALOG THRESHLD 1 Range: 2 to 20% in steps of 1
&) |DROP OUT RATIO: 5%
MESSAGE & » |ANALOG THRESHLD 1 Range: Over, Under
&> |PICKUP TYPE: Over
MESSAGE €2 ANALOG THRESHLD 1 Range: 0 to 60000 s in steps
DELAY: 100 s of 1

Monitoring of the analog input can be performed by two separate functions, each
operating at different thresholds of analog input current and each having a selection to
trip, alarm, or control. For user flexibility, independent user names can also be
programmed for each Analog Threshold.

Note that connected analog input will still be read and displayed in A2 METERING
[>V ANALOG INPUT if both ANALOG THRESHLD 1 FUNCTION and ANALOG THRESHLD 2
FUNCTION are set to “Disabled”.

The BIk Thrsh 1 value applies to the ANALOG THRESHLD 2 FUNCTION setpoint only.
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The units for the ANALOG THRESHLD 1 PICKUP setpoint are determined by the A/1 UNITS

setpoint.

The ANALOG THRESHLD 1 PICKUP TYPE Setpoint determines if pickup will occur when the
analog input is over or under the programmed threshold.

The value programmed in the ANALOG THRESHLD 1 DROP OUT RATIO Setpoint represents
the variation of pickup value, in percentage of pickup, at which the element will effectively
drop out. The drop out ratio is defined as follows:

Drop Out = pickup —

Drop Out = pickup +

pickup x dropout ratio

100

pickup x dropout ratio

100

when PICKUP TYPE is Over

(EQ 5.21)

when PICKUP TYPE is Under

For example, if the pickup level is 5000 A, then a ANALOG THRESHLD 1 PICKUP TYPE Set to
“Over” and a ANALOG THRESHLD 1 DROP OUT RATIO set to “10%" results in a drop out of
4500 pA. Conversely, if the ANALOG THRESHLD 1 PICKUP TYPE is “Under” with the same
drop out ratio, the actual drop out will be 5500 pA.

SETPOINTS

ANALOG INPUT NAME:

ANALOG INPUT UNITS:

ANALOG INPUT RANGE:

ANALOG INPUT MINIMUM
VALUE:

ANALOG INPUT

ANALOG INPUT MAXIMUM
VALUE:

| analog (mAdc)

Value

— To Analog In Rate 1 (2)

NAME (UNITS)
MAXIMUM
VALUE f
g I
MINIMUM |
VALUE

—{RANGE |=—

To Analog Threshold 2

Path: SETPOINTS / S6 MONITORING / ANALOG INPUT / ANALOG THRESHOLD 1 (2)

SETPOINT

ANALOG THRESHOLD 1(2)
FUNCTION:

y

Diagnostic Message
,.m HAND Analog Threshold 1 (2)

Disabled
Alarm SETPOINT
Latched Alarm OR 62 ANALOG THRESHOLD 1(2)|
— RELAYS (3-7):
SETPOINT SETPOINT
Control
ANALOG THRESHOLD 1(2) ANALOG THRESHOLD 1(2) 3 AUXILIARY —>
PICKUP: DELAY: © ALY s
[AND) RUN Operate
f i X ‘;‘;VE/C?‘E‘O 5 AUXILIARY —>
Volue > PICKUP - reloys g AUXILARY [—>
SETPOINT :mi RUN 7 AUXILIARY —>
ANALOG THRESHOLD 1(2) Value < PICKUP
PICKUP TYPE: L Record Event Doto

Over

Under

FIGURE 5-45: Analog Input Threshold Logic
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Analog Input Rate of Change

PATH: SETPOINTS >V S6 MONITORING >V ANALOG INPUT [>V ANALOG INPUT RATE 1(2)

m ANALOG INPUT (>1 A/I RATE 1 Range: Disabled, Alarm,
RATE 1 FUNCTION: Disabled Latched Alarm,
Range: Any combination of
vissace €9 |A/I RATE 1 ge: Any 0
&> |RELAYS (3-7): ----- the 3 to 7 Auxiliary
S : Range: -1000.0 to 1000.0
MESSAGE @ A/IllnggEu;; PI/C:::::I, units in steps of 1
Range: 0 to 60000 s in steps
VESSAGE € A/I RATE 1 o
DELAY: 0 s

The relay has fast and slow analog input rates of change. The fast rate of change
measures over the last one minute interval and detects a rapid increase or decrease in the
input quantity. The slow rate of change measures over the last one hour interval and
detects the long term trend of the input quantity. A positive rate indicates an increasing
analog input and a negative rate indicates a decreasing analog input.

The fast (slow) analog input rate of change is calculated as follows. Every second (minute)
the present analog input reading is captured and a new rate of change calculated for the
previous minute (hour). The rate is calculated using the previous sixty analog input
readings and the ‘Least Squares Approximation’ method that generates an equation for
the best line through the sample points as shown below. The rate of change is equal to the
slope of this line which is a stable quantity not unduly affected by noise or fluctuations
from the input.

751
71
vl - ANALOG INPUT
INPUT 6.5 + A
(mA) /(’ — — —ANALOG INPUT RATE
L
61
55

0 5 10 15 20 25 30 35 40 45 50 55 60
Time (seconds)

FIGURE 5-46: Analog Input Rate of Change Measurement

Note that connected analog input will still be read and displayed in A2 METERING [> A if
both A/I RATE 1 FUNCTION and A/l RATE 2 FUNCTION are set to “Disabled”.
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SETPOINT
éUQ%T%!\‘TN RATE 1 @) 1 Diagnostic Message
AND
Disabled 1 Analog Rate 1 (2)
Alarm
Latched Alarm OR
Control
SETPOINT
ANALOG IN RATE 1 (2)
RELAYS (3-7):
SETPOINT - .
SETPOIN
Al. RATE 1 (2) 3 AUXILIARY —>
BICKUP: ANALOG IN RATE 1 (2)
from Analog Threshold 1 (2) : DELAY: Operate 4 AUXILIARY >
RUN
Analog Input Value X gg\ye{:?‘e‘d 5 AUXILIARY [—>
RATE > PICKUP > 0 relays
OR 6 AUXILIARY —>
RATE < PICKUP < O
7 AUXILIARY [—>

L——— Record Event Dota

818089AA.DWG

FIGURE 5-47: Analog Input Rate of Change Logic

5.7.6 Analog Outputs

PATH: SETPOINTS >V S6 MONITORING [>V ANALOG OUTPUTS > ANALOG OUTPUT 1(8)

m ANALOG (> « » A/O 1 SOURCE: Range: See Table 5-19:
OUTPUTS Disabled Analog Output
S . Range: See Table 5-19:
MESSAGE P4 Af:o; . glﬂw ’ Analog Output
A/O 1 MAX: Range: See Table 5-19:
MESSAGE €= 100.0 MW Analog Output

There are three analog output channel types: A, B, and C (see Table 5-19: Analog Output
Parameters on page 5-110 for parameter-channel correspondence). Type A channel
ranges extend from a minimum of 0 units. Type B channels range between definite
boundaries. Type C channels include the direction of flow. The following diagram illustrates
these characteristics.

3
10r20— SN TN T 1or20— Pl Yl 10or20 4 Fain Vel
Y / % J
/ , / / /
/

[9) ,l [5) 4 [3) N

° / ° / ° B

< / < / < ’

£ / € £

0,7 / 7
oy )/ ’
/ /
0 /
. /
Oor4 P Oor4 :: Oor4 T »
0 =) 0
3 !
. )
ANALOG OUTPUT ANALOG OUTPUT ANALOG OUTPUT ANALOG OUTPUT ANALOG OUTPUT
MAXIMUM MINIM UM MINIMUM MAXIMUM

FIGURE 5-48: Analog Outputs Channel Characteristics
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Each channel can be programmed to represent a parameter from the following table:

Table 5-19: Analog Output Parameters (Sheet 1 of 2)

Parameter Name Range / Units Step Defaults Channel
Type
Min. Max.
Phase A/B/C Current 0to 65535 Amps 1 0 2000 A
Phase A/B/C Current Angle 0to 359° Lag 1 0 359 A
Average Current 0to 65535 Amps 1 0 2000 A
% Of Load-To-Trip 0to 2000% 1 0 1000 A
Neutral Current 0to 65535 Amps 1 0 2000 A
Neutral Current Angle 0to 359° Lag 1 0 359 A
Phase AN/BN/CN Voltage 0.00 to 655.35 kV 0.01 0.00 100.00 A
Phase AN/BN/CN Voltage Angle 01to 359° Lag 1 0 359 A
Average Phase Voltage 0.00to 655.35 kV 0.01 0.00 100.00 A
Line AB/BC/CA Voltage 0.00 to 655.35 kV 0.01 0.00 100.00 A
Line AB/BC/CA Voltage Angle 0to 359° Lag 1 0 359 A
Average Line Voltage 0.00 to 655.35 kV 0.01 0.00 100.00 A
Frequency 20.00 to 65.00 Hz 0.01 47.00 63.00 B
30 Real Power -3000.0 to 3000.0 MW? 0.1 -100.0 100.0 C
3¢ Reactive Power -3000.0 to 3000.0 Mvar! 0.1 -100.0 100.0 C
3¢ Apparent Power 0.0 to 3000.0 MVA? 0.1 0.0 100.0 A
3¢ Power Factor 0.00 Lead to0 0.00 Lag 0.01 0.99 Lag 0.50 Lag B
Last Phase A/B/C Demand 0to 65535 Amps 1 0 2000 A
Last Watt Demand -3000.0 to 3000.0 MW 0.1 -100.0 100.0 C
Last Var Demand -3000.0 to 3000.0 Mvar? 0.1 -100.0 100.0 C
Last VA Demand 0.0 to 3000.0 MVA® 0.1 0.0 100.0 A
Analog Input 0 to 65535 Units 1 0 1000 A
Last Fault Distance -327.67 t0 327.67 km/mi 0.01 -50.00 50.00 C
Positive Watthours 0.0 to 6553.5 MWh'! 0.1 0.0 1000.0 A
Negative Watthours 0.0 to 6553.5 MWh? 0.1 0.0 1000.0 A
Positive Varhours 0.0 to 6553.5 Mvarh? 0.1 0.0 1000.0 A
Negative Varhours 0.0 to 6553.5 Mvarh? 0.1 0.0 1000.0 A

1 power and energy quantities auto-range to display units appropriate to power system size.

5-110
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Table 5-19: Analog Output Parameters (Sheet 2 of 2)

S6 MONITORING

Parameter Name Range / Units Step Defaults Channel
Type
Min. Max.
Ground Current 0to 65535 Amps 1 0 2000 A
Ground Current Angle 0to 359° Lag 1 0 359 A
Polarizing Current 0to 65535 Amps 1 0 2000 A
Polarizing Current Angle 0to 359° Lag 1 0 359 A
A/9B/dC Real Power -3000.0 to 3000.0 MW* 0.1 -100.0 100.0 C
$A/9B/dC Reactive Power -3000.0 to 3000.0 Mvar? 0.1 -100.0 100.0 C
$A/$B/dC Apparent Power 0.0 to 3000.0 MVA! 0.1 0.0 100.0 A
$A/$B/¢C Power Factor 0.00 Lead to 0.00 Lag 0.01 0.99 Lag 0.50 Lag B
Synchro Voltage 0.00 to 655.35 kV 0.01 0.00 100.00 A
Synchro Voltage Angle 0to 359° Lag 1 0 359 A
Synchro Frequency 20.00 to 65.00 Hz 0.01 47.00 63.00 B
Frequency Decay Rate -10.00 to 10.00 Hz/s 0.01 -0.50 0.50 C
Positive/Negative/Zero Sequence Current | 0to 65535 Amps 1 0 2000 A
Pos/Neg/Zero Sequence Current Angle 0to 359° Lag 1 0 359 A
Positive/Negative/Zero Sequence Voltage | 0.00 to 655.35 kV 0.01 0.00 100.00 A
Pos/Neg/Zero Sequence Voltage Angle 0to 359° Lag 1 0 359 A
Synchro Voltage Difference 0.00 to 655.35 kV 0.01 0.00 100.00 A
Synchro Angle Difference 0to 359° Lag 1 0 359 A
Synchro Frequency Difference 20.00 to 65.00 Hz 0.01 47.00 63.00 B
Sensitive Ground Current 0.00to 655.35 A 0.01 0.00 20.00 A
Sensitive Ground Current Angle 0to 359° Lag 1 0 359 A
Neutral Voltage 0.00 to 655.35 kV 0.01 0.00 100.00 A
Neutral Voltage Angle 0to 359° Lag 1 0 359 A
L power and energy quantities auto-range to display units appropriate to power system size.
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5.7.7

Overfrequency

PATH: SETPOINTS >V S6 MONITORING >V OVERFREQUENCY

B OVERFREQUENCY

[>1

69

messace €
L~ 2

messace €
L~ 2

MESSAGE &

OVERFREQUENCY
FUNCTION: Disabled

OVERFREQUENCY
RELAYS (3-7):

OVERFREQUENCY
PICKUP: 60.50 Hz

OVERFREQUENCY
DELAY: 5.0 s

CHAPTER 5: SETPOINTS

Range: Disabled, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: 20.00 to 65.00 Hz in
steps of 0.01

Range: 0.0 to 6000.0 s in
steps of 0.1

A significant overfrequency condition, likely caused by a breaker opening and
disconnecting load from a particular generation location, can be detected and used to
quickly ramp the turbine speed back to normal. If this is not done, the over speed can lead
to a turbine trip, which would then subsequently require a turbine start up before restoring
the system. If the overfrequency turbine ramp down is successful, the system restoration
can be much quicker. The overfrequency monitoring feature of the relay can be used for
this purpose at a generating location.

The overfrequency feature is inhibited from operating unless the phase A voltage is above
30% of nominal. When the supply source is energized, the overfrequency delay timer will
only be allowed to time when the 30% threshold is exceeded and the frequency is above
the programmed pickup level. In the same way, when an overfrequency condition starts
the overfrequency delay timer and the phase A voltage falls below the 30% threshold
before the timer has expired, the element will reset without operating.

Note that the system frequency will still be measured and displayed in A2 METERING >V
FREQ if both the Overfrequency and Underfrequency functions are set to “Disabled”.

SETPOINT

OVERFREQUENCY
FUNCTION:

Disabled

Alarm

Lotched Alarm

Control

BUS VOLTAGE INPUTS
(associated setpoints)

None

Frequency

|
|
|
L _ _| Detector

Diagnostic Message
OR |
1 Overfrequency
81/0 62/81/0
SETPOINT SETPOINT SETPOINT
OVERFREQUENCY OVERFREQUENCY OVERFREQUENCY
PICKUP: PICKUP | DELAY: RELAYS (3-7):
RUN (? X 3 AUXILIARY
f > PICKUP = 4 AUXILIARY
Ope}cte
any/all
ool feq | B AUXILIARY

Wye Delta
Van Vab
Vbn Vbe
Ven Vea

Va -> fa

5-112

FIGURE 5-49: Overfrequency Logic

relays [ AUXILIARY

VRN

7 AUXILIARY

——> Record Event Data

818023AK.DWG
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5.7.8 Equipment

Main Menu

PATH: SETPOINTS >V S6 MONITORING >V EQUIPMENT

B EQUIPMENT

[>1 @ @
vessace ©
MESSAGE

MESSAGE

MESSAGE

p 606960 ¢

MESSAGE

B TRIP COUNTER (>1

m ARCING CURRENT [[>]

B BREAKER [>1
OPERATION

m COIL MONITOR 1 [[]

m COIL MONITOR 2 [[]

B VT FAILURE [>1

S6 MONITORING

See page 5-113

See page 5-114

See page 5-116

See page 5-117

See page 5-117

See page 5-118

The equipment monitoring features are provided to detect failures or unusual operating
conditions of the feeder circuit breaker and the bus VTs.

Trip Counter

PATH: SETPOINTS >V S6 MONITORING >V EQUIPMENT [> TRIP COUNTER

B TRIP COUNTER

[>1 @@

messace €
L~ 2

MESSAGE &

TRIP COUNTER
FUNCTION: Disabled

TRIP COUNTER
RELAYS (3-7): ----

TRIP COUNTER
LIMIT: 10000 Trips

Range: Disabled, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: 1 to 10000 Trips in
steps of 1

When the total number of BREAKER TRIPS detected reaches the TRIP COUNTER LIMIT
setpoint, an output will occur. The BREAKER TRIPS value can be viewed in the A3
MAINTENANCE [> TRIP COUNTERS menu.
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SETPOINT

TRIP COUNTER y

CHAPTER 5: SETPOINTS

Diagnostic Message

FUNCTION: @

Disabled

Alarm

Latched Alarm

8l

Control

SETPOINT

ACTUAL VALUE

from 1 TRIP Relay

Trip Command

TRIP COUNTER
LIMIT:

TOTAL NUMBER OF
TRIPS: RUN

SETPOINT

TRIP COUNTER
RELAYS (3-7):

3 AUXILIARY

4 AUXILIARY
Operate

Increment Counter TOTAL > LIMIT

from Logic Inputs

52 a/b Contact (Breaker Opened)

Set to Zero

Block Breaker Statistics

Path: SETPOINT / S1 SR750 SETUP / INSTALLATION

SETPOINT

RESET TRIP
COUNTER DATA:

Yes

No

FIGURE 5-50: Trip Counter Logic

Arcing Current

any/all
aolfeq | B AUXILIARY

relays

6 AUXILIARY

11117

7 AUXILIARY

L———> Record Event Data

818758AM.DWG

PATH: SETPOINTS >V S6 MONITORING >V EQUIPMENT >V ARCING CURRENT

B ARCING CURRENT [D]

ARCING CURRENT
FUNCTION: Disabled

vessace € |ARCING CURRENT
&> |RELAYS (3-7): -----

MESSAGE & |ARCING CURRENT
&) |START DELAY: 32 ms

Messace @y |FOTAL ARCING CURRENT
LIMIT: 1000 kA2-cyc

Range: Disabled, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: 0 to 100 ms in steps
of 1

Range: 1 to 50000 kA%-cyc in
steps of 1

5-114

The relay calculates an estimate of the per-phase wear on the breaker contacts by
measuring and integrating the arcing current squared passing through the contacts while
they are opening. These per-phase values are added to accumulated totals for each phase
and compared to a programmed threshold value. When the threshold is met or exceeded
in any phase, the relay can be used to generate an alarm. The threshold value can be set to
a maintenance specification provided by the breaker manufacturer.

For the TOTAL ARCING CURRENT START DELAY Setpoint, enter the expected ms time delay,
from the moment a trip command is issued, until the breaker contacts will actually begin to
open. This setpoint is used by the relay to determine when to start integrating. The
integration continues for 100 ms, by which time most modern breakers will have cleared a
fault.
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For the TOTAL ARCING CURRENT LIMIT, enter the total arcing current in kA°~cycle, at which
this feature is to cause an alarm. For example, if an alarm is desired as soon as the total
arcing current in any phase equals or exceeds 1000 kA%-cycle, enter “1000” for this
setpoint. An output will occur when the total arcing current in any phase reaches this
setpoint.

Note that the total arcing current for each phase will still be available for display under a3
MAINTENANCE [>V ARCING CURRENT if the ARCING CURRENT FUNCTION set to “Disabled”.

750 Breaker
Trip Contacts ~Arc
Command Part Extinguished

Total Area =
Breaker
Arcing
Current

(kA x cycle)

VY

! ¢ Programmable >« >
' Start Delay ' 100 ms )

Start Stop

Integration Integration
ARCING.CDR

FIGURE 5-51: Arcing Current Measurement
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SETPOINT

TOTAL ARCING CURRENT
FUNCTION:

CHAPTER 5: SETPOINTS

Diagnostic Message

&

Disabled

1

Alarm

Latched Alarm

Control

from 1 TRIP Relay

Trip Command

CURRENT INPUTS
(ossociated setpoints)

Path: S1 SR750 SETUP

SETPOINT

RESET ARCING
CURRENT DATA?

Yes

62

SETPOINT

TOTAL ARCING CURRENT
DELAY:

OR ¥ P

RUN

—— —— — Integrate

ACTUAL VALUE

TOTAL ARCING CURRENT

—— —— — Integrate

—— —— — Integrate

/ INSTALLATION

Set All To Zero

No

5-116

FIGURE 5-52: Arcing Current Logic

Breaker Operation

Timer 100ms

SETPOINT

TOTAL ARCING
CURRENT LIMIT:

ka? = cycles > Limit

AND Arcing Current

SETPOINT
TOTAL ARCING CURRENT
RELAYS (3-7):
3 AUXILIARY >
4 AUXILIARY >
Operate
any/all | 5 AUXILIARY >
relays g AUXILARY >
7 AUXILARY |

Record Event Data

Add To Phase A Total
Add To Phase B Total {OR ]
Add To Phase C Total

818052AK.DWG

PATH: SETPOINTS >V S6 MONITORING >V EQUIPMENT >V BREAKER OPERATION

B BREAKER
OPERATION

[>1 @»

BRKR OPERATION
FUNCTION: Disabled

vessacE ©
L~ 2

BRKR OPERATION
RELAYS (3-7):

MESSAGE &

DELAY:

BRKR OPERATION
0.10 s

Range: Disabled, Alarm,
Latched Alarm,
Control

Range: Any combination of 3
to 7 Auxiliary relays

Range: 0.03to 1.00 s in steps
of 0.01

Circuit breakers typically have both a 52a (breaker tripped = open) contact and a 52b
(breaker tripped = closed) contact. Either or both of these contacts can be connected to
the relay logic inputs, from which breaker status is detected. Interpretation of breaker
status depends on which 52 contacts are installed. See System Status LED Indicators on
page 4-3 and Breaker Functions on page 5-28 for more information on 52a (52b) contacts.
If neither 52a nor 52b contacts are installed, correct breaker operation will not be verified
and a breaker operation alarm can never occur.

A breaker operation failure can be caused by either of the following conditions if BRKR
OPERATION FUNCTION is set to “Alarm” or “Control”.

e The breaker does not respond to a trip command within the programmed breaker
operation delay time.
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The breaker does not respond to a close command within the programmed time.

When a breaker operation failure is declared, the selected output relays will operate, but
the Close Relay and 760 autoreclosure will be inhibited. If the 760 already has a reclosure
scheme in progress, it will be sent to lockout.

A Breaker Operation failure condition results if the breaker does not respond within the
BRKR OPERATION DELAY time. This time is a characteristic of the breaker being used.

SETPOINT

BREAKER OPERATION

FUNCTION

Diagnostic Message

=

Disabled

Operator Reset

Alarm
Latched Alarm OR
Control
Breaker Opergtion Commands
from 1TRIP Relay
(1) AND
Trip [or]
AND
[oR }—
from 2CLOSE Relay
AND
(AT
Close () [oR }
g [l
AND

SETPOINT
52b Contact >———(

LOGIC INPUT n (1=0pen)

52b Contact

OR

SETPOINT

LOGIC INPUT n
52a Contact >——
(1=Closed)

52a Contact

(Breoker Is Closed)

AND

Keypad >——m———]
Logic Input >»———

Communications ————

62

SETPOINT

BREAKER OPERATION
DELAY:

—1RUN

AND) Breaker Operation

Record Event Data

8l

Lo
!

NOTE
This timer setting
is also used for
The incompleted sequence
timer for the 1TRIP and
2CLOSE relays.

THIS_FEATURE IS AVAILABLE
ON THE 760 ONLY

FIGURE 5-53: Breaker Operation Logic

Coil Monitor

Operation Failure

SETPOINT

BREAKER OPERATION
RELAYS (3-7):

3 AUXILIARY

4 AUXILIARY
Operate

one//oH
selected
relays

5 AUXILIARY

6 AUXILIARY

T1TTU1

7 AUXILIARY

F To Autoreclose Sh.2

Operation Failure
F 760 ONLY

B18759AP.DWG

PATH: SETPOINTS >V S6 MONITORING [>V EQUIPMENT [>V COIL MONITOR 1(2)

m COIL MONITOR 1

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

69

9 606960 ¢

COIL MON 1 NAME:
Trip Coil Monitor

COIL MON 1
FUNCTION: Disabled

COIL MON 1
RELAYS (3-7):

BREAKER STATE
BYPASS: Disabled

COIL MON 1
DELAY: 5 s

COIL MON 1
TYPE: Trip

Range: Any combination of
18 alphanumeric

Range: Disabled, Alarm,
Latched Alarm,
Control

Range: Any combination of 3
to 7 Auxiliary relays

Range: Enabled, Disabled
Range: 5 to 100 s in steps of
1

Range: Trip, Close
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Coil Monitor 1 and 2 are programmed in this subgroup. They are two identical elements
that may be used to monitor trip or close coils. The operation of this feature is described in
Trip/Close Coil Supervision on page 3-14.

Detection of a failed circuit regardless of the breaker state (i.e. detection of a failed trip
circuit when the breaker is open) requires BRKR STATE BYPASS to be “Enabled”. Generally,
this selection will require a wiring modification of the breaker, as detailed in Trip/Close Coil
Supervision on page 3-14.

SETPOINT

BREAKER
STATE BYPASS:

Enabled

i3 Upon detection of failure in the Trip/Close coil circuit the "Trip/Close Coil Monitor" output is
' latched when set for the Alarm function. Operator intervention is required for the reset.
MNOTE
SETPOINT
SETPOINT CQOIL_ MONITOR 1
colL . NAME:
MONITOR 1 FUNCTION:
I@ Any Combination of 18
Disabled ! Alphanumeric Characters|
Operator Reset I
Alarm Keypad }
eypar >
Latched Alarm OR !
Logic Input >———0OR q !
Control Diagnostic Message }
Communications >
-+
COIL CURRENT DETECTED >——( 1 }
Record Event Data
}—¢— > Record - R
SETPOINT OR Trip cofl Monitor * <~~~
colL Tp p— 4 DELAY:
MONITOR 1 TYPE:
X
Trip A o} '74‘
SETPOINT
COIL MONITOR 1
Breaker Closed »———— RELAYS (3-7):
3 AUXILIARY —>
M Ope}m 4 AUXILIARY (—>
Il
Solfed | B AUXILARY |—>
Close >—————————qAND) 7 AUXILIARY —>
Breaker Open ~>————|

* Diagnostic message and event record
will” display the name programmed.

NOTE: SAME LOGIC FOR COIL MONITOR 2.

NOTE
REQUIRES

WIRING
ADDITIONS (SEE CHAPTER 3)

Disabled

5-118

818B05AD.DWG

FIGURE 5-54: Coil Monitor Logic

VT Failure

PATH: SETPOINTS >V S6 MONITORING >V EQUIPMENT >V VT FAILURE

m VT FAILURE [>1 VT FAILURE Range: Disabled, Alarm,
FUNCTION: Disabled Latched Alarm,
Range: Any combination of 3
vissace €9 VT FAILURE ge: Any comb
& |RELAYS (3-7): ----- to 7 Auxiliary relays
Range: 0 to 60000 s in steps
MESSAGE @ VT FAILURE g of 1 P
DELAY: 10 s
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The 750/760 detects a VT fuse failure when there are significant levels of negative
sequence voltage without correspondingly significant levels of negative sequence current
measured at the output CTs. Also, if there is not a significant amount of positive sequence
voltage when there is positive sequence current then it could indicate that all the VT fuses
have been pulled or the VTs have been racked out.

SETPOINT

VT FAILUR " .
FuNCT\ON:E ‘[E ) Diagnostic Message
Alarm

Latched Alarm OR

Control

AND
BUS VOLTAGE INPUT
(associated setpoints) 62
V, > 0.05xVT
None for 2 Cycles SETPOINT SETPOINT
W [ Delta VT FAILURE
f i DELAY: RELATS (57
v, : Calculate AND| X é 3 AUXILIARY —>
SYMMETRICAL
COMPONENTS | V. | Ratio = 0.25 [oR}—| Operate 4 AUXILIARY
Ve [ | any/all |'s AUXILIARY [
selected
relays |6 AUXILIARY [
AND)
7 AUXILIARY >
Calculate
CURRENT INPUT [1. | Ratio= 0.20 #———> Record Event Data
(associated setpoints) ‘ ! ‘
1 o
L3 To Breaker Failure
Trip
I
SYMMETRICAL :
COMPONENTS
\ ‘ 1,2 0.05xCT TO REVERSE POWER
! for 2 Cycles Phasors OK 818841A7.DWG

FIGURE 5-55: VT Failure Logic
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5.7.9 Pulse Output

PATH: SETPOINTS >V S6 MONITORING >V PULSED OUTPUT

® PULSED OUTPUT

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

D 6069606900000

PULSED OUTPUT
FUNCTION: Disabled

POS WATTHOURS PULSED
RELAYS (3-7):

POS WATTHOURS PULSED
INTERVAL: 10.0 MWh

NEG WATTHOURS PULSED
RELAYS (3-7):

NEG WATTHOURS PULSED
INTERVAL: 10.0 MWh

POS VARHOURS PULSED
RELAYS (3-7):

POS VARHOURS PULSED
INTERVAL: 10.0 Mvarh

NEG VARHOURS PULSED
RELAYS (3-7):

NEG VARHOURS PULSED
INTERVAL: 10.0 Mvarh

CHAPTER 5: SETPOINTS

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Alarm,
Latched Alarm,

Any combination of
the 3 to 7 Auxiliary

0.0to 6553.5 MWh in
steps of 0.1 (auto-

Any combination of
the 3 to 7 Auxiliary

0.0to 6553.5 MWh in
steps of 0.1 (auto-

Any combination of
the 3 to 7 Auxiliary

0.0 to 6553.5 Mvarh
in steps of 0.1 (auto-

Any combination of
the 3 to 7 Auxiliary

0.0 to 6553.5 Mvarh
in steps of 0.1 (auto-

The 750/760 can operate selected auxiliary relays after an adjustable interval for the
quantities shown above. Pulses occur at the end of each programmed interval. Upon
power up of the relay the Pulse Output function, if enabled, will continue from where it was
at loss of control power. For example, if control power is removed when the positive
watthours actual value is 16.0 MWh, when control power is re-applied a pulse will occur at
26 MWh if the interval is set to 10.0 MWh.

Note that the Output relay(s) used for this element must be set to “Self-Resetting” under s4
OUTPUT RELAYS. The pulses will consist of a one second on time and a one second off time.
This feature should be programmed such that no more than one pulse per two seconds will

be required or the pulsing will lag behind the interval activation.
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SETPOINT
PULSE OUTPUT |
FUNCTION: l@ ) DIAGNOSTIC MESSAGE
A PULSE OUTPUT
Alarm
Latched Alarm OR
Control SETPOINT
POS WATTHOURS PULSE
RELAYS  (3-7):
3 AUXILIARY |—>
SETPOINT 4 AUXILIARY |—
Ope;at"e
POS WATTHOURS any/a
PULSE INTERVAL relays sl g
RUN VS |6 AUXILARY —
Wh > Whprev + Interval 7 AUXILIARY  —
Record Event Data
ACTUAL VALUES
ENERGY/
e s e e e o
WATTHOURS PULSE Qu 2
RUN
Wh Whprev = Whprev + Interval

B18961A2.0WG

FIGURE 5-56: Pulsed Output Logic
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5.8 S7 Control

5.8.1 Setpoint Groups

PATH: SETPOINTS >V S7 CONTROL > SETPOINT GROUPS

5-122

B SETPOINT [>1 ACTIVE SETPOINT Range: Group 1, Group ¢,
GROUPS GROUP: Group 1 Group 3, Group 4
: Range: Group 1, Group 2,
MESSAGE Q EDI'Z.[' SETPOINT GROUP . s e :
&) |Active Group roup 3, Group 4,
Range: Enabled, Disabled
vissace € |OPEN BREAKER g
&) |INHIBIT: Disabled
Range: Enabled, Disabled
MESSAGE Q OVERCURREN'Z'[' PICKUP g
&> |INHIBIT: Disabled
Range: Enabled, Disabled
MESSAGE Q OVERVOLTAGF PICKUP g
&) |INHIBIT: Disabled
MESSAGE & |UNDERVOLTAGE PICKUP Range: Enabled, Disabled
&) |INHIBIT: Disabled
Range: Enabled, Disabled
MESSAGE Q UNDERFREQ I"ICKUP g
INHIBIT: Disabled

All setpoints contained under the s5 PROTECTION setpoints page are reproduced in four
groups, identified as Groups 1, 2, 3, and 4. These multiple setpoints provide the capability
of both automatic and manual changes to protection settings for different operating
situations. Automatic (adaptive) protection setpoint adjustment is available to change
settings when the power system configuration is altered. By monitoring the state of a bus
tie breaker on the bus connected to the associated feeder breaker, different settings may
be used depending the tie breaker state. Automatic group selection can be initiated by use
of alogic input. The manual adjustment capability is available for those users who use
different settings for different seasons of the year. Manual group selection can be initiated
from the keypad or via communications.

In order to allow the display and editing of one group while another group is used for
protection, two operating states have been assigned to setpoint groups. The “Active
Group” is used for protection, and is indicated by the appropriate faceplate LED indicator
being turned on continuously. The 'Edit' group is displayed and may be used to alter
protection settings. It is indicated by the appropriate faceplate LED indicator being flashed.
If a single group is selected to be both the Active and Edit group, the appropriate indicator
is on continuously.

The setpoint group to be edited is selected through the EDIT SETPOINT GROUP setpoint.
Group 1 is the default for the “Active Group” and will be used unless another group is
requested to become active. The active group can be selected with the ACTIVE SETPOINT
GROUP setpoint or by logic input. If there is a conflict in the selection of the active group,
between a setpoint and logic input, or between two logic inputs, the higher numbered
group will be made active. For example, if the logic inputs for Group 2, 3, and 4 are all
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asserted the relay would use Group 4. If the logic input for Group 4 then becomes de-
asserted, the relay will use Group 3. Any change from the default Group 1 will be stored in
the event recorder.

In some application conditions, the user may require that the relay will not change from
the present active group. This prevention of a setpoint group change can be applied when
any of the overcurrent (phase, neutral, ground, sensitive ground, or negative sequence),
overvoltage, bus or line undervoltage, or underfrequency elements are picked-up.

'R Pickup of a protection element is possible when set to any value except “Disabled”, so

' elements not used to perform tripping can also inhibit setpoint changes. A setpoint change
can also be prevented if the breaker is open, so that a fault detected before a reclosure will
not cause a group change while the breaker is open.

NOTE

Group 1

Group 2

‘
SETPOINT
ACTIVE SETPOINT
GROUP: from Logic Inputs To Setpoint Control Sh.2&3
Use Group 1
‘
i

Group 3 — OR
Group 4 L
To_Setpoint Control Sh.2&3
!:(’R (USE Grou; 2 ) >
from Logic Inputs

OR
Setpoint Group 2
Setpoint Group 3 G ,
R To_Setpoint Control Sh.2&3
Setpoint Group 4 >—— — Use Group 3
from Autoreclose

. 1 "

Setpoint Group 2 )—m— /AND) R To_Setpoint Control Sh.2&3
) Use Group 4

Setpoint Group 3 >——

Setpoint Group 4} |

To_Setpoint Control Sh.2 From Setpoint Control Sh.2
Setpoint_Group 1 Select Group 1

Jo Setpoint Control Sh.2 From_Setpoint Control Sh.2
Setpoint Group 2 Select Group 2

To_Setpoint Control Sh.2 From Setpoint Control Sh.2
Setpoint Group 3 Select Group 3

To_Setpoint Control Sh.2 From Setpoint Control Sh.2
Setpoint Group 4 Select Group 4

FIGURE 5-57: Setpoint Control (1 of 3)

El

El

818843A3.0WG
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From Setpoint Control Sh.1
Setpoint Group 4

> ( From Setpoint Control Sh.1 >
Setpoint Group 3

From_Setpoint Control Sh.1 To_Setpoint Contral Sh.1
Use Group 1 Select Group 1

From Setpoint Control Sh.1
Setpoint Group 2

SETPOINT

BREAKER OPEN
INHIBIT

Enabled

Breaker Is Open

SETPOINT

OVERCURRENT P/U
INHIBIT

Enabled

Overcurrent Feature Pickup

SETPOINT

OVERVOLT P/U
INHIBIT

Enabled

Overvoltage Feature Pickup

SETPOINT

UNDERVOLT P/U
INHIBIT

Enabled

From Setpoint Control Sh.1 To_Setpoint Control Sh.1
(USE Grau; 2 ) < Select Group 2
From_Setpoint Control Sh.1 To_Setpoint Control Sh.1
Use Group 3 Select Group 3
Setpoint_Group 1 Use Group 4 Select Group 4
i
OR
AND|
q
Iy
OR
AND)
d
OR
AND
OR q
OR
g
q

Bus Undervoltage Feature Pickup

SETPOINT

UNDERFREQ P/U
INHIBIT

Enabled

Bus Underfrequency Feature Pickup

Bus Underfrequency Decay

818719AADWG

FIGURE 5-58: Setpoint Control (2 of 3)
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Access & Display Selected Group

SETPOINT

OR

EDIT SETPOQINT
GROUP:

Group 1 OR
Group 2

>
Z
S

AND|

Group 3 J OR
AN D

Group 4 —

Active OR
AN D

From Setpoint Control Sh.1 | o PROTECTION FEATURES
Use Group 1 (PATH: SETPOINTS/S5 PROTECTION)

IAND

From Setpoint Control Sh.1
Use Group 2

> (Emm_sammm_sm )
Use Group 3 AND)
From Setpoint Control Sh
Use Group 4

[FuasH | [[Feash | [ Fas | [ Fuash |

[ORF—) Setpoint Group 1

[ORF—) setpoint Group 2

To Event Recorder

[OR—) Setpoint Group 3

[OR}—) Setpoint Group 4 818836A8.0WG

FIGURE 5-59: Setpoint Control (3 of 3)

Each setpoint group includes the selection of Auxiliary Output Relays 3 to 7 that can be
A operated by the protection features. As these relays are hard-wired to external equipment,
the selection should only be changed from that in setpoint Group 1 with considerable care.

CAUTION
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5.8.2 Synchrocheck

PATH: SETPOINTS >V S7 CONTROL >V SYNCHROCHECK

B SYNCHROCHECK [>1 SYNCHROCHECK
FUNCTION: Disabled
MESSAGE & |[SYNCHROCHECK
&> |RELAYS (3-7): -----
MESSAGE <& |DEAD SOURCE
&> |PERMISSIVE: Off
MESSAGE & |DEAD BUS MAX
&) |VOLTAGE: 0.20 x VT
MESSAGE & |[DEAD LINE MAX
&) |VOLTAGE: 0.20 x VT
MESSAGE & |LIVE BUS MIN
&> |VOLTAGE: 0.80 x VT
MESSAGE & |LIVE LINE MIN
&) |VOLTAGE: 0.80 x VT
MESSAGE & [MAX VOLTAGE
&) |DIFFERENCE: 2.00 kV
MESSAGE & [MAX ANGLE
&) |DIFFERENCE: 24°
MAX FREQ
MESSAGE &
DIFFERENCE: 2.00 Hz

CHAPTER 5: SETPOINTS

Range: Disabled, Alarm,
Latched Alarm,

Range: Any combination of 3
to 7 Auxiliary relays

Range: Off, DB&DL, LL&DSB,
DL&LB, DL|DB,

Range: 0.00 to 1.25 x VT in
steps of 0.01

Range: 0.00to 1.25 x VT in
steps of 0.01

Range: 0.00 to 1.25 x VTin
steps of 0.01

Range: 0.00 to 1.25 x VT in
steps of 0.01

Range: 0.01 to 100.00 kV in
steps of 0.01

Range: 0 to 100° in steps of 1

Range: 0.00 to 5.00 Hz in
steps of 0.01

If a breaker can be a paralleling point between two generation sources, it is common
practice to automatically perform a check to ensure the sources are within allowable
voltage limits before permitting closing of the breaker. Synchrocheck provides this feature
by checking that the bus and line input voltages are within the programmed differentials of
voltage magnitude, phase angle position, and frequency. If this feature is enabled, the
check will be performed before either manual close or automatic reclose signals can
operate the Close Output Relay. The synchrocheck programming can allow for permitted
closing if either or both of the sources are de-energized. The measured line input voltage
magnitude and frequency are also made available as actual values under A2 METERING
>V SYNCHRO VOLTAGE. The frequency is only displayed if the voltage at the relay terminals
is at least 10.0 V. The differential values of angle, magnitude, and frequency are also made

available for display.

Synchrocheck cannot be used with a Delta connected Bus VT and a Wye connected Line

[ With a Delta connected Bus VT, Phase to Neutral voltages cannot be determined. Thus

WARNING VT.

The DEAD SOURCE PERMISSIVE setpoint selects the combination of dead and live sources
that bypass synchrocheck and permit a breaker closure. The voltage levels that determine
whether a source is dead or live are configurable in the four setpoints following this one.

The DEAD SOURCE PERMISSIVE range is as follows:
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Path: SETPOINTS / S7 CONTROL / SYNCHROCHECK

S7 CONTROL

“Off": Dead source permissive is disabled.

“DB&DL": Dead Bus AND Dead Line.

“LL&DB": Live Line AND Dead Bus.

“DL&LB": Dead Line AND Live Bus.

“DL|DB": Dead Line OR Dead Bus.

“DLxDB": Dead Line XOR Dead Bus (one source is Dead and one is Live).

For the DEAD BUS MAX VOLTAGE and DEAD LINE MAX VOLTAGE setpoints, enter the voltage
magnitude as a fraction of the bus or line VT input nominal voltage. If the bus or line
voltage falls below these values, the single bus/line voltage input used for synchrocheck
will be considered ‘dead’, or de-energized.

For the LIVE BUS MIN VOLTAGE and LIVE LINE MIN VOLTAGE setpoints, enter the voltage
magnitude as a fraction of the bus or line VT input nominal voltage. If the bus or line
voltage rises above the respective setting, the single bus or line voltage input used for
synchrocheck is established as ‘live’, or energized.

The voltage, angular, and frequency differences of the primary systems are also entered
through the MAX VOLTAGE DIFFERENCE, MAX ANGLE DIFFERENCE, and MAX FREQ
DIFFERENCE Setpoints, respectively. A voltage magnitude, angular, or frequency differential
on the two input voltages below the values entered here is within the permissible limit for
synchronism.

DSD - Dead Source Decision

Diognostic Message

?5 Out of Syne
| Setpoint [me Logic Input Ianoea @—)M for 750 Tie-Bregker ATS coly
SYNCHROCHECK |
FUNCTION:
Disabled
Cantrol | Satpoim = Setpoint
Marm m DEAD BUS DEAD SOURCE PERMSVE:
Py MAX VOLTS: p
- Mg € Maximum -
. tude Mg [~————== |8
Bus voLTAGE o B r Docd Line & Dead Bus
(essocated setpoints) | ¢4 pngle  Ag -——=7 | Live Line & Dead Bus |—
vy (83) 4 Fraguency Fg - i Dead Lne & Live Bus |
Selected from: 1 { : Deod Line | Deod Bus
52 SYSTEMSETUP,/ o Deod Line X Deod Bus
BUS VT SENSING/ : o
VT CONNECTION N
N
N
[
]
|1 | e ume —
1 MAX VOLTS: - rel | SYNCHROCHECK
Coleuiate H } : Selpoit O RELAYS (3-7):
o4 P I - - u, Mairne H
N voLTE 1+ Magritude M ! {_rl— L < am MINIMUM LINE VOLTAGE: . 3 AILRY 3
(essocialed setpaints) + dogle AL ———:—| H H_ ——————————————— My 2 Minimun & ADIRY |
p 1
v (Line} 4 Frequency F| --::IH: Setpoint. Seliciea| 5 MoORY [
rolays
I i VINMUM BUS VOLTAGE: e
|
||:H+ _______________ Mg 2 Minimum 7 ALY [
11
11
Phig Setpont
[ Actual Volue
1
b
mmm'ﬁlm -: ! :-LILL c“dﬂ" (L] M| < Ma
- - - x —
SINCHRON - : { (e s i)
i —
i H Selpckrt S
| Actual Volue
| : [ SINCHRD: A8 | | [, MHOLE
B
: 1 L= =7 7] caleuiate o o
Tranafer Initiated H i LY lhg— ALl s Max
I i : e
1 Actual Vue
| : STNCHRO: &F MAXIMUM FREQUENCY
Actugl Volue L .
SYNCHRONIZING | b= Calculgte
FREQUENCY:  Hz e 1Fg—7, | 1Fg= Fpls< Max
FROM LOGIC MPUTS
(BREAKER IN OPERATING POSITION]
BREAKER L

FIGURE 5-60: Synchrocheck Logic
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5.8.3

Manual Close Blocking

PATH: SETPOINTS >V S7 CONTROL [>V MANUAL CLOSE

®m MANUAL CLOSE

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

9 600690606 CHCICHCOCHEGOGHG

MANUAL CLOSE
FUNCTION: Disabled

MANUAL CLOSE
RELAYS (3-7):

MANUAL CLOSE BLOCK
TIME: 5 s

PHASE INST OC 1
BLOCKING: Disabled

NEUTRAL INST OC 1
BLOCKING: Disabled

GND INST OC
BLOCKING: Disabled

SENSTV GND INST OC
BLOCKING: Disabled

NEG SEQ INST OC
BLOCKING: Disabled

PHASE TIME OC 1
RAISED PICKUP: 0%

NEUTRAL TIME OC 1
RAISED PICKUP: 0%

GND TIME OC
RAISED PICKUP: 0%

SENSTV GND TIME OC
RAISED PICKUP: 0%

NEG SEQ TIME OC
RAISED PICKUP: 0%

SELECT SETPOINT
GROUP: Active Group

CHAPTER 5: SETPOINTS

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Alarm,
Latched Alarm,

Any combination of 3
to 7 Auxiliary relays

1to0 1000 s in steps
of1

Disabled, Enabled

Disabled, Enabled

Disabled, Enabled

Disabled, Enabled

Disabled, Enabled

0to 100% in steps of

1

0to 100% in steps of
1

0to 100% in steps of
1

0to 100% in steps of
1

0to 100% in steps of
1

Group 1, Group 2,
Group 3, Group 4,

The 750/760 can be programmed to block instantaneous overcurrent elements and raise
the pickup level of time overcurrent elements when a manual breaker close is performed.
This prevents optimally set overcurrent elements from erroneously operating on startup

due to inrush currents.

5-128
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S7 CONTROL

SETPOINT

SELECT SETPOINT

GROUP:

Group No.

SETPOINT

MANUAL CLOSE
FUNCTION:

Disabled

Control

Alarm

iAND}—

Latched Alarm

El

from Autoreclose Sh. 2 F gs{?o

Inhibit >——————

from Cold Load Pickup

oR |
OR

Inhibit >—————

from 2 CLOSE Relay

H

SETPOINT

Manual Close
()

MANUAL CLOSE
BLOCK INTERVAL:

T 2 Interval

SETPOINT

PHASE TIME OC 1
RAISED PICKUP:

Raise By Percent 1

SETPOINT

NEUTRAL TIME OC 1
RAISED PICKUP:

Raise By Percent 1

SETPOINT

GROUND TIME OC
RAISED PICKUP:

Raise By Percent {

SETPOINT

SENSITIVE GND TIME OC
RAISED PICKUP:

Raise By Percent 1

SETPOINT

NEG SEQ TIME OC
RAISED PICKUP:

Raise By Percent

Select Group
1
Raise Pickup

Raise Pickup

Raise Pickup

Raise Pickup

_—@a Raise Pickup

SETPOINT

PHASE INST OC 1
BLOCKING:

Enabled

Block

7

Disabled

SETPOINT

NEUTRAL INST OC 1
BLOCKING:

Enabled

Block

¥

Disabled

SETPOINT

GROUND INST OC
BLOCKING:

Enabled

Block

¥

Disabled

SETPOINT

SENSITIVE GND INST OC
BLOCKING:

Enabled

Block

¥

Disabled

SETPOINT

NEG SEQ INST OC
BLOCKING:

Enabled

Block

¥

Disabled

_—) Diagnostic Message
Monual Close Block

$—————> Event Recorder

FIGURE 5-61: Manual Close Blocking Logic
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SETPOINT
MANUAL CLOSE
RELAYS (3-7):
3 AUXILARY —>
operate | 4 AUXUARY |—>
any £ 90 auxiuaRY ——>
releys TG AUXILARY ——>
7 AUXILARY ——>
818035AW.DWG
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5.8.4 Cold Load Pickup

PATH: SETPOINTS >V S7 CONTROL [>¥ COLD LOAD PICKUP

®m COLD LOAD
PICKUP

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

D 600606060060 CHCHGICHGIGHABOG

COLD LOAD PICKUP
FUNCTION: Disabled

COLD LOAD PICKUP
RELAYS (3-7):

OUTAGE TIME BEFORE
COLD LOAD: 100 min

COLD LOAD PICKUP
BLOCK TIME: 5 s

PHASE INST OC 1
BLOCKING: Disabled

NEUTRAL INST OC 1
BLOCKING: Disabled

GND INST OC
BLOCKING: Disabled

SENSTV GND INST OC
BLOCKING: Disabled

NEG SEQ INST OC
BLOCKING: Disabled

PHASE TIME OC 1
RAISED PICKUP: 0%

NEUTRAL TIME OC 1
RAISED PICKUP: 0%

GND TIME OC
RAISED PICKUP: 0%

SENSTV GND TIME OC
RAISED PICKUP: 0%

NEG SEQ TIME OC
RAISED PICKUP: 0%

SELECT SETPOINT
GROUP: Active Group

CHAPTER 5: SETPOINTS

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Alarm,
Latched Alarm,

Any combination of 3
to 7 Auxiliary relays

1to 1000 min. in
steps of 1

1to0 1000 s in steps
of 1

Disabled, Enabled

Disabled, Enabled

Disabled, Enabled

Disabled, Enabled

Disabled, Enabled

0to 100% in steps of

1

0to 100% in steps of
1

0to 100% in steps of
1

0to 100% in steps of
1

0to 100% in steps of
1

Group 1, Group 2,
Group 3, Group 4,

The 750/760 can be programmed to block instantaneous overcurrent elements and to
raise the pickup level of time overcurrent elements when a cold load condition is detected.
Under normal operating conditions, the actual load on a feeder is less than the maximum
connected load, since not all consumers require maximum load at the same time. When
such a feeder is closed after a prolonged outage, the feeder inrush and motor accelerating
current may be above some protection settings. Without historical data on a particular
feeder, some utilities assume an initial cold load current of about 500% of normal load,
decaying to 300% after one second, 200% after 2 seconds, and 150% after 3 seconds. See

the following figure for details.
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S7 CONTROL

0
L LOAD ENERGIZED

FIGURE 5-62: Cold Load Pickup

500 T
= 4001
£
o
£ 3001
\‘2 NORMAL TRIP SETTING
= 2001
e
5 PICKUP PICKUP
© 100
OUTAGE
0
4 1 2 3 4 5 6

Time (seconds)

A cold load condition is initiated and overcurrent settings are altered when all phase
currents drop below 5% of the nominal current for an amount of time greater than the
OUTAGE TIME BEFORE COLD LOAD setpoint. The cold load condition can also be
immediately initiated by asserting the logic input function ‘Cold Load Pickup’. Overcurrent
settings are returned to normal after any phase current is restored to greater than 10% of
nominal and then a timer of duration equal to COLD LOAD PICKUP BLOCK TIME expires.

COLD LOAD
BLOCKED /

AUTO RECLOSE INHIBIT

Trip
OR
Open Breaker

SETPOINT

COLD LOAD PICKUP
FUNCTION:

Disabled

Control

Alarm

Lotched Alorm

from logic input

Cold Lood Pickup

lo < 5% of Nominal CT

SETPOINT

COLD LOAD | COLD
IDLE

OUTAGE TIME BEFORE
LOAD:

ENABLE
X

RUN

*ﬁL’

RESET

Ib < 5% of Nominal CT

Cold Load Pickup
Outage

R

lc < 5% of Nominal CT

;

Cold Load Pickup
Not Disabled

SETPOINT

SELECT SETPOINT
GROUP:

Group No.

Y

D|

¥

SETPOINT

PHASE TIME OC 1
RAISED PICKUP:

Raise By Percent

H

SETPOINT

NEUTRAL TIME OC 1
RAISED PICKUP:

B

Raise By Percent

SETPOINT

GROUND TIME OC
RAISED PICKUP:

H

Raise By Percent

SETPOINT

SENSITIVE GND TIME OC
RAISED PICKUP:

i

Raise By Percent

SETPOINT

NEG SEQ TIME OC
RAISED PICKUP:

Roise By Percent

Select Group

Raise Pickup

Raise Pickup

Raise Pickup

Raise Pickup

Raise Pickup

SETPOINT

BLOCKING:

PHASE INST OC 1

Enabled

i_—) Block

Disabled

SETPOINT

BLOCKING:

NEUTRAL INST OC 1

Enabled

Block

Disabled

SETPOINT

BLOCKING:

SENSITIVE GND INST OC

Enabled

Disabled

SETPOINT

BLOCKING:

GROUND INST OC

Enabled

Block

Disabled

SETPOINT

NEG SEQ INST OC
BLOCKING:

[ano}
_ Block

Enabled

} Block

Disobled
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JAND|

Control, Alorm or Lotched Alarm @——m————————

Alorm or Latched Alarm ()

Cold Load Pickup

SETPOINT

BLOCK TIME
COLD LOAD:

la > 10% x NOMINAL CT

Ib > 10% x NOMINAL CT

le > 10% x NOMINAL CT

© Cold Load Pickup
Armed

Auto Reclose
Inhibit

 —

ENABLE
)%L;

Cold Load Pickup

———————> Record Event Dato

SETPOINT

COLD LOAD

RELAYS (3-7):
3 AUXILIARY —>
4 AUXILIARY —>

Ope;otue

any/al

Soldcted | 5 AUXILIARY [—>

reloys 6 AUXILIARY >
7 AUXILIARY (—>

Diognostic Message

Cold Load P/U Blk

FIGURE 5-63: Cold Load Pickup Logic
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Undervoltage Restoration

PATH: SETPOINTS [>V S7 CONTROL [>V UNDERVOLTAGE RESTORATION

B UNDERVOLTAGE (>1 UNDERVOLT RESTORE Range: Disabled, Alarm,
RESTORATION FUNCTION: Disabled Latched Alarm,
Range: Any combination of 3
MESSAGE Qﬁ : ggiis\srorz';'_l;l)EST?lf!" to 7 Auxiliary relays
vesspce ©9 |UNDERVOLT RESTORE Range: Bus, Line
&) |SOURCE: Bus
Range: Any One, Any Two, All
MESSAGE & |PHASES REQUIRED FOR e
&) |OPERATION: All Three :
Range: 0.00to 1.25 x VT in
MESSAGE & |UNDERVOLT RESTORE oo
&> [MIN VOLTS: 0.90 x VT p -
Range: 0 to 10000 s in steps
MESSAGE & |UNDERVOLT RESTORE o
&> |DELAY: 10 s
Range: 1 to 10000 min. in
MESSAGE € INCOMPLETE SE(.),UENCE o
TIME: 100 min P

This scheme is initiated by either the Bus or Line Undervoltage elements. After the feeder
breaker has been tripped, it will display the UVolt Restore Init message (if the function is
set to “Alarm” or “Latched Alarm”) and operate any programmed output relays. Once
initiated it will monitor the bus voltage level, and send a close command to the Close Relay
when the voltage on the programmed number of phases has risen above the programmed
level for a selected time interval. The scheme is equipped with an incomplete sequence
timer, so it will not remain initiated for an indeterminate time, but will automatically reset if
the voltage does not recover during the programmed interval. Initiation of the scheme can
be canceled by a reset command. Cancellation of a previous initiation is only effective if the
voltage is above the restoration threshold. A “Block Restoration” logic input is available to
prevent both initiation and operation. It is recommended that if automatic undervoltage
restoration is to be used, that the cold load pickup feature is also enabled, to prevent the
breaker from tripping shortly after it is automatically closed.

The PHASES REQUIRED FOR OPERATION setpoint is seen only if UNDERVOLT RESTORE SOURCE
is "Bus”.
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SETPOINT
UNDERVOLT RESTORE
SOURCE:

SETPONT

Tronsfer Function

Bus ——

Line —4

incomer #1

Either

Path: SETPOINTS / $7 CONTROL / UNDERVOLT RESTORE

Incomer 2

Bus Tie

S7 CONTROL

Diogrostic Messoge

SETPOINT

SETPONT

UNDERVOLT RESTORE
RELAYS (3-7):

3 AUILIARY

4 AUILIARY

Qerte

any/al

L el [ awuary
relays

OPERATION:

s

PHASES REQURED FOR

SETPOINT

ITTTTT

& AUXLIARY

Opercte

UNDERVOLT RESTORE
DELAY

7 AUXLIARY

Any One

x A |+ 2ot feay
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None
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FIGURE 5-64: Undervoltage Restoration Logic

5.8.6 Underfrequency Restore

PATH: SETPOINTS [>V S7 CONTROL [>V UNDERFREQUENCY RESTORATION

B UNDERFREQUENCY
RESTORATION

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

9 606900 ¢

UNDERFREQ RESTORE
FUNCTION: Disabled

UNDERFREQ RESTORE
RELAYS (3-7):

UNDERFREQ RESTORE
MIN VOLTS: 0.90 x VT

UNDERFREQ RESTORE
MIN FREQ: 59.90 Hz

UNDERFREQ RESTORE
DELAY: 10 s

INCOMPLETE SEQUENCE
TIME: 100 min

Range:

Range:

Range:

Range:

Range:

Range:

Disabled, Alarm,
Latched Alarm,

Any combination of 3
to 7 Auxiliary relays

0.00to 1.25xVTin
steps of 0.01

20.00 to 65.00 Hz in
steps of 0.01

0to 10000 s in steps
of 1

1 to 10000 min. in
steps of 1

This scheme is initiated by a trip of either the Bus Underfrequency elements. After the
feeder breaker has been tripped, it will display the UFreq Restore Init and operate any
programmed output relays. Once initiated it will monitor the bus voltage level and
frequency, and send a close command to the Close Relay when the voltage on the phase A
input has risen above the programmed minimum level and frequency for a selected time
interval. The scheme is equipped with an incomplete sequence timer, so it will not remain
initiated for an indeterminate time, but will automatically reset if the voltage does not
recover during the programmed interval. Initiation of the scheme can be canceled by a
reset command. Cancellation of a previous initiation is only effective if the voltage and
frequency are above the restoration thresholds. A “Block Restoration” logic input is

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

5-133



S7 CONTROL

available to prevent both initiation and operation. It is recommended that if automatic
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underfrequency restoration is to be used, that the cold load pickup feature is also enabled,
to prevent the breaker from tripping shortly after it is automatically closed.

SETPOINT

UNDERFREQ RESTORE
FUNCTION

e

Alarm

Latched Alarm

OR

Control

Disabled

e |

from Logic Inputs

Block Restoration >—Q

from Underfrequency 1

Trip >—m————

from Underfrequency 2 AND|

Trip >—m—

from Frequency Decay

Trip >—m—

Reset

|

>
z
S

SETPOINT

INCOMPLETE
SEQUENCE TIME:

Breaker Open >———

L x A

g

I——

Diognostic Message

UFreq Restore Init

SETPOINT

SETPOINT

UNDERFREQ RESTORE
MIN FREQ:

UNDERFREQ RESTORE
DELAY:

RUN

f > MINIMUM

(N

11111

SETPOINT
VOLTAGE INPUTS
(associated setpoints) UNDERFREQ RESTORE
MIN VOLTS:
None
—- Va MINIMUM
Wye Delta ‘r z
Van Vab === +
| Frequency
Vbn Vbe L _ | Measurement
Ven Vea Vo -> fa
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UNDERFREQ RESTORE
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3 AUXILIARY
4 AUXILIARY
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any/all
ol seq | B AUXILIARY
reloys ['6 AUXILIARY
7 AUXILIARY
Close

$——> Record Event Data

818718AF.DWG
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FIGURE 5-65: Underfrequency Restoration Logic
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5.8.7 Transfer Scheme
Settings
PATH: SETPOINTS >V S7 CONTROL >V TRANSFER
m TRANSFER [>1 TRANSFER FUNCTION: Range: Disabled, Incomer 1,
Disabled Incomer 2, Bus Tie
. Range: Schemel, Scheme 2
MESSAGE Q BUS TRANSFER LOGIC: g
&) |Scheme 1
Range: 0.0 to 10.0 s in steps
MESSAGE Q TRANSFER DELAY THIS o0
&) |SOURCE: 1.0 s -
Range: 0.0to 10.0 s in steps
MESSAGE Q TRANSFER DELAY OTHER o0l
&> |SOURCE: 3.0 s -
Range: Disabled, Enabled
MESSAGE Q BLOCK TRZFP ON DOUBLE g
&) |LOSS: Disabled
Range: 0.0 to 10.0 s in steps
MESSAGE Q TRANSFER DELAY SELECT o0
& |To TRIP: 0.0 s -
Range: Disabled, Enabled
MESSAGE Q TRANSFER REZ'XDY
RELAY 3: Disabled

The Transfer scheme is intended for application to a set of three circuit breakers on a
Main-Tie-Main arrangement, two of which (Incomers 1 and 2) connect sources of electrical
energy to two busses which could be paralleled through the Bus Tie breaker. The normal
system configuration is with both incoming breakers closed and the bus tie breaker open.
The transfer scheme implemented in the 750/760 is known as Open Transfer, with an
“Open before Close” operation sequence; this means that the faulty incomer is removed
from service before the tie breaker is closed. FIGURE 5-66: Transfer Scheme One Line
Diagram on page 5-144 shows this arrangement. The equipment designations on this
drawing will be used in the discussion.

The transfer scheme minimizes the effect of outages on one of the incoming supplies by
opening the incoming breaker connected to that supply, and then re-energizing the dead
bus by closing the bus tie breaker to transfer the dead bus to the live source. To protect
against damage to motors connected to the dead bus, the bus tie breaker is not allowed to
close, after a transfer has been initiated, until the decaying (residual) voltage on the bus
has been reduced to a safe level.

After the lost source has been reestablished, the scheme provides three methods to
restore the system to normal configuration. Two methods are manual and one is
automatic.

e Manual Method 1, when the sources cannot be synchronized:

The bus tie breaker must be manually opened before the open incomer can be
manually closed. In this procedure the incomer will only be allowed to close if the
incoming source (Line VT) voltage is above a live threshold and the load (Bus VT)
voltage is below a dead threshold value.

e Manual Method 2, when the sources are synchronized with synchrocheck supervision:
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It is possible to manually close the open incomer to parallel all three breakers. The
scheme will then automatically open a breaker that had been previously selected to
trip if all three breakers become closed. If the bus tie breaker is ‘Selected To Trip’, it will
be tripped by the system and will open.

e  Automatic method:

The automatic method of returning the system to normal configuration uses the
undervoltage tripped portion of the restoration scheme. Undervoltage restoration will
work only if the relay has issued a trip signal during the tripping process of the faulty
incomer. The required trip signal is not issued if the Line Undervoltage 4 Element (27-4)
is set for Alarm or Control.

3 If Undervoltage Restoration is used to restore the system, Line Undervoltage 4 (27-4) must
' be set to Trip, instead of Control or Alarm, and the feature Block Trip on Double Loss will not
NoTE function properly.

In addition to the relay required for each of the three circuit breakers, the system requires
two manual operated control switches or equivalent devices.

1. Device 43/10: Select to Trip Control Switch.

This is a three-position switch with at least three contacts, one for each relay, which
obey the following table:

Contact No. Position
1: Incomer 1 2: Incomer 2 3: Tie Breaker
X
X
3 X

It is required to connect one contact to each relay. This switch selects the breaker that
will trip in the eventuality that all three breakers become closed, to prevent the two
incoming systems to remain connected in parallel. The contacts can be either
normally-open or normally-closed, depending on the asserted logic of the
corresponding logic input used for this purpose.

2. Device 43/83: Block - Enable Transfer.

This is an optional two-position switch or equivalent device, with at least three
contacts (one for each relay) that obeys the following table:

Contact No. Position
1: Block 2: Enable
1:Incomer 1 X
2:Incomer 2 X
3:Tie Breaker X

One contact must be connected to each relay. This switch selects either the transfer
scheme in Block position or the transfer scheme in Enable position. The contacts are
either normally-open or normally-closed, depending on the asserted logic of the
corresponding logic input used for this purpose.
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When Device 43/83 is in the “Block” position, the contact connected to 750/760 places
the corresponding logic input in the “Asserted Position”, blocking the operation of the
Auto Transfer Scheme. At this point in time, a system condition that might trip one of
the incomers will not initiate the transfer sequence.

Because a relay is required on the bus tie breaker, it allows bus-splitting operation. This is
accomplished by setting the time overcurrent elements in the relay on the bus tie breaker
to trip faster than the incomers, opening the bus tie before an incomer when operating
from only one source.

The 750/760 relay offers a selection of two Transfer Schemes for Bus Transfer Logic:
Scheme 1 and Scheme 2. Each scheme can be used in conjunction with both non-drawout
and drawout switchgear. Drawout switchgear designs can make use of an auxiliary switch
that confirms that the monitored breaker is racked in and in the “Connected” position, and
therefore ready for operation. Fixed breaker installations can use contacts on the
associated isolating disconnect switches (if available) for this purpose.

Either of the selected Auto Transfer Schemes can be applied to any one of the following
systems: The scheme design can be applied to:

1. Substations with no signaling from upstream equipment. The initiating signal
is generated by one of the two 750/760 relays protecting the Incomers.

2. Substations with an upstream circuit breaker equipped with a trip signal
(Device 94). In addition to the local 750/760 relays, the signal triggering the
transfer sequence can be originated from the upstream protection. An
ausiliary contact from the tripping device (94) is fed to one of the 750/760
logic inputs, which is programmed as “Source Trip”.

3. Substations with a source transformer and transformer fault detection signal
(Device 86T). In addition to the local 750/760 relays, the signal triggering the
transfer sequence can be originated from the protection of the upstream
transformers. An auxiliary contact from the tripping device (86T) is fed to one
of the 750/760 logic inputs, which is programmed as “Lockout Trip".

4. Both 2 and 3 above.

The only differences in implementing the transfer scheme among the configurations
presented above is by connecting additional logic signals to the relay when available and
by placing a jumper on one logic input if the breaker is non-drawout and has no
disconnect auxiliary switches.

Besides the setpoints and logic incorporated into the transfer scheme, the relays make use
of:

¢ Some or all of the logic inputs,

¢ Phase instantaneous overcurrent (Device 50P-1 or 2),

¢ Neutral overcurrent (Device 50N-1 or 2),

¢ Both line undervoltage elements (Devices 27-3 and 27-4),

e The synchrocheck (Device 25) features of the relays.
Schematic diagrams of the DC connections required by an both Scheme 1 and Scheme 2
are presented in the schematics on pages -146 to -147. Logic for each relay of the scheme
is presented in the logic diagrams on pages -148 to -150 for Scheme 1 and pages -152 to

-154 for Scheme 2. Connections that are not required for configurations other than
Configuration 4 above are indicated as “optional” on the schematic diagrams.
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1. All connections for AC voltage and current are outlined in Chapter 3.

2. The scheme design requires that the AC voltage connections for ‘Line’ and ‘Bus’
sources on the incomer relays be in accordance with FIGURE 5-66: Transfer Scheme
One Line Diagram on page 5-144 regardless of configuration.

3. The connection of AC voltage to the relay on the bus tie does not affect operation of
the scheme, but the connection to the line voltage input terminals must be a phase-
phase voltage.

For the following discussion assume that Source 1 is the failed side. Identical logic with all
1s and 2s interchanged applies to Relay 2 for a loss of Source 2. A transfer (trip of Incomer
1 followed by Bus Tie closing) from Relay 1 can be initiated by:

e Operation of transformer 1 lockout relay (Device 86T1).
e Operation of the Source 1 breaker auxiliary trip device (Device 94-1).

¢ Time out of Relay 1 line voltage inverse time undervoltage element (Device 27-4)
caused by low voltage on Source 1.

A transfer initiation is blocked if:
e Any of the three breakers is not in the connected state.
¢ Incoming Breaker 2 (which is to become the new source) is presently open.

e Devices 50P-1 or 2, or 50N-1 or 2, detect an overcurrent condition on bus 1, to
prevent a faulted bus from being transferred to a healthy source.

¢ The line definite time Undervoltage element (Device 27-3) on Source 2 is operated,
indicating low voltage on the other source.

If any one of the above conditions is present, the TRANSFER NOT READY message will
be displayed by the relays.

Once a condition has caused the 750/760 relay on Incomer 1 (Relay 1) to initiate a transfer,
the following sequence of events will take place:

1. Relay 1 trips Incomer 1 breaker (Breaker 1).
2. Relay 1issues a close signal to the 750/760 on the Bus Tie breaker (Relay 3).

3. The trip command is maintained until Relay 1 determines that Breaker 1 has
opened.

4. When Relay 3 receives the close command from Relay 1, it is captured and
retained until either the Bus Tie breaker (Breaker 3) closes or the Block
Transfer logic input is received.

5. Relay 3 is inhibited from initiating a close command to Breaker 3 by its
synchrocheck element.

6. Synchrocheck monitors the voltage on the disconnected bus, and provides
the bus decayed (residual) voltage permission-to-close when the Bus 1
voltage decays to the preset level.

The three breakers are under prevent-parallel checking whenever the transfer scheme is
operational. If a third breaker is closed when the other two breakers are already closed, the
scheme will automatically trip the breaker selected by Switch 43/10, ‘Selected To Trip’.

Additional Setpoints for Transfer Scheme

The following settings are required for the proper operation of the Auto Transfer Scheme:
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¢ Logic inputs definition: Refer to Logic Inputs Setup on page 5-27 for additional
information. In this step, the Logic Inputs are identified and the asserted logic is
defined.

e Logic inputs for breaker functions: Refer to Breaker Functions on page 5-28 for
additional information. Since the scheme monitors the status of the breaker, it is
necessary to set a digital input for that purpose.

e Logic inputs for control functions: Refer to Control Functions on page 5-30 for
additional information. These settings are required to define how the relay will
receive external commands.

e Logic inputs for transfer functions: Refer to Transfer Functions on page 5-35 for
additional information. These are the settings that relate the Logic Inputs defined
above, with their specific functions within the scheme.

If the bus transfer feature is required, all logic inputs functions necessary for the
operation of this scheme must be assigned to contact inputs before any other
functions. This will ensure there are no conflicts.

¢ Line Undervoltage 3 (27-3): Required to block transfer initiation from the other
relay, as the other source is experiencing low voltage. Also, Device 27-3 is enabled
by instantaneous overcurrent to block transfer initiation.

¢ Line Undervoltage 4 (27-4): Required to initiate a transfer on loss-of-source.

¢ Instantaneous phase (50P1 or 50P2), and neutral overcurrent (5ON1 or 50N2). Fault
detectors, used as inputs to the transfer scheme logic, to block a transfer while a
fault is present on the load side of the breaker.

¢ Synchrocheck (25) to supervise the initial closing of the incoming breakers, to
provide synchronism check supervision when paralleling the busses, or measure
the residual voltage on the bus that has lost source.

¢ Transfer function: Specific settings related to the Auto Transfer Scheme

Output Relays 4-7 Auxiliary (all breakers): These output relays are used to implement
the transfer scheme, and must therefore not be operated by any other feature of the
relay. These relays must be programmed to have a no operated state of “De-
energized” with the output type as “Self-reset”. These are the default settings.

Setting the Transfer Scheme

If the transfer scheme is not required, set TRANSFER FUNCTION to “Disabled”. If not disabled,
this setpoint assigns the function of the associated circuit breaker to the relay. This
selection programs the relay to use the logic required by each of the three breakers. Select
“Incomer 1” or “Incomer 2” for this setpoint if the relay is associated with the breaker to be
used as Incomer 1 or 2 respectively. Select “Bus Tie” if the relay is associated with the bus
tie breaker.

The BUS TRANSFER LOGIC setpoint selects the desired transfer scheme: Scheme 1, or
Scheme 2. The default setting of this setpoint is set to “Scheme 1”. The 750 relay provides
two different transfer scheme: Scheme 1 and Scheme 2. Refer to the related section in this
chapter for scheme description and logic diagrams.
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The setting for the Bus TRANSFER LOGIC for all three relays performing bus auto
transfer must be set to the same scheme number, or else the transfer will not be
performed correctly.

The TRANSFER DELAY THIS SOURCE time establishes an interval from the reset of an
operated instantaneous overcurrent element on this source, during which the line
instantaneous undervoltage element (Device 27-3) is allowed to block a transfer. The
TRANSFER DELAY OTHER SOURCE delay time prevents transfers that could otherwise be
caused by a non-simultaneous return of source voltages after a loss of both sources. It
establishes an interval from the return of the first source to the return of the second source
during which a transfer cannot be initiated.

The BLOCK TRIP ON DOUBLE LOSS setpoint selects the required scheme operation in the
event of a simultaneous loss of both Source 1 and Source 2. If it is desired to have both of
the Incomers trip on timed undervoltage when this occurs, select “Disabled”. If it is desired
to prevent the Incomers from tripping on timed undervoltage when this occurs, select
“Enabled”. With either selection a transfer-initiated close of the bus tie breaker is not
allowed.

The TRANSFER DELAY SELECT TO TRIP setpoint provides selection of time delay to be
applied to the 750/760 trip output relay, and trip the “Selected to Trip” breaker, such as
when all three breakers are detected closed. The following conditions must be met to start
the TRANSFER DELAY SELECT TO TRIP setpoint provides selection of time delay to be
applied to the 750/760 trip output relay, and trip the “Selected to Trip” breaker, such as
when all three breakers are detected closed. The following conditions must be met to start
the TRANSFER DELAY SELECT TO TRIP time delay:

Incomer 1 (Incomer 2)

e Incomer 1 breaker connected

e Incomer 2 breaker closed

e  Tie-breaker connected

e Tie-breaker closed

e Selected to Trip input set to Incomer 1 breaker

e Transfer scheme not blocked

Tie-Breaker (750-3)

e Incomer 1 breaker closed

e Incomer 2 breaker closed

e  Tie-breaker connected

e Tie-breaker closed

e Selected to Trip input set to Tie-breaker

e Transfer scheme not blocked

The TRANSFER READY RELAY (3) setpoint selects the setting “Enabled” to operate auxiliary
output relay # 3 upon transfer ready conditions, or “Disabled” when such operation is not
required.
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Practical scheme for overall TRANSFER READY indication can be developed by selecting
the setting “Enabled” from all three 750 relays to operate the aux. output relay # 3, and
wiring the relays in series with a DC source to turn on a single light bulb (“white light”). The
aux. 3 output relay from each 750 relay can be wired to turn on an individual light bulb as
well. Refer to the DC ratings of the aux. output relays before wiring to a DC source.

The TRANSFER READY flag will be high, if all of the following conditions are met:

Incomer 1: 750/760-1 (Incomer 2: 750/760-2) relays:

e The “Incomer 1" setting selected under TRANSFER FUNCTION setpoint
e The transfer scheme is not blocked from “Block Transfer” input

e Bus Tie Breaker is open (52a/b contacts)

e Incomer 1 breaker is connected and closed

e Incomer 2 breaker is connected and closed

e No transformer lockout, or source trip is present

¢ No undervoltage is detected on any of the two sources

Tie-breaker 750/760 relay:

e The “Bus Tie” setting is selected under TRANSFER FUNCTION setpoint
e Thetransfer is not blocked from “Block Transfer” input

e Bus Tie Breaker is connected and open (52a/b contacts)

e Incomer 1 breaker is closed

e Incomer 2 breaker is closed

¥ If Undervoltage Restoration is used to restore the system automatically, Line Undervoltage
' 4 (27-4) must be set to “Trip”, instead of “Control” or “Alarm”, and the Block Trip on Double
o Loss feature will not work properly.

The settings and functions of other elements associated with the transfer scheme are
shown below:

e Output Relays 4-7 Auxiliary (all breakers): These output relays are used to implement
the transfer scheme, and must therefore not be operated by any other feature of the
relay. These relays must be programmed to have a not operated state of ‘De-
energized’ with the output type as ‘Self-reset’. These are the default settings.

¢ Instantaneous Phase (50P1 or 2) and Neutral (50N-1 or 2) [Incomers 1 and 2 onlyl:
These fault detectors can be used as an input to transfer scheme logic in this
application, and therefore the function setpoint of elements that are used must be set
to Control. These elements block a transfer while a fault, which can cause a severe
voltage dip, is present on the load side of the breaker. This fault should be cleared by
time overcurrent protection on the incomer or an upstream breaker. If Device 50P is
set properly, during this event it will allow Device 27-4 to time out before the inverse
time phase overcurrent operates, but still prevent transfer initiation. The 50P element
should be set above the maximum current caused by either the bus motor
contribution to an upstream fault, or the maximum current during low voltage
conditions. The 50N element should be set to detect arcing ground faults, but allow
permitted unbalances.

e Line Undervoltage 3 (27-3) [Incomers 1 and 2 only]: Since this element is used as an
input to transfer scheme logic in this application, set LINE UNDERVOLTAGE 3 FUNCTION
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to “Control”. An Undervoltage 3 operation signals Relay 2 to block transfer initiation
from that relay, as Source 1 is experiencing low voltage. Also, Device 27-3 is enabled
by instantaneous overcurrent to block transfer initiation. This ensures that if a fault on
the load side of Bus 1 causes a dip below the undervoltage pickup setting, transfer will
not be initiated until the voltage has risen above the voltage setting for the interval
established by the TRANSFER DELAY THIS SOURCE setpoint. The Device 27-3 pickup
setting should be below the minimum expected normal (low) voltage, usually around
0.9 of pickup voltage. A Definite Time curve with the delay set to zero provides
instantaneous operation. The minimum operating voltage must be set to zero.

Line Undervoltage 4 (27-4) [Incomers 1 and 2 only]: Since this element is used as a
transfer scheme logic input in this application, set LINE UNDERVOLTAGE 4 FUNCTION to
“Control”. An Undervoltage 4 operation initiates a transfer on loss-of-source. Typical
settings have a pickup about 0.7 to 0.8 of pickup voltage, an “Inverse Time” curve
setting, and a delay setting to provide operation in 0.7 to 1.4 seconds at 0 V. The
minimum operating voltage must be set to zero.

The pickup voltage for both Undervoltage features must not be equal, or transfer will
not take place, since both elements will pickup at the same time, causing 27-3 to block
transfer.

Synchrocheck (25) [Incomers 1 and 2 only): The synchrocheck function can be
selected as either Control or Alarm. It is imperative that the DEAD SOURCE PERMISSIVE
setpoint be “LL&DB” (Live Line and Dead Bus) to allow initial closing of the incoming
breakers. The user establishes all other setpoints for this element.

Synchrocheck (25) [Bus Tie only): This element is used to provide synchronism check
supervision when paralleling the busses. The Dead Source Permissive portion of this
feature is also used to measure the residual voltage on the bus that has lost source. To
ensure that transfers are supervised by the decayed voltage magnitude only, the ‘in-
synchronism’ elements are blocked while a transfer is in progress. The synchrocheck
function can be selected as either Control or Alarm. It is imperative that the DEAD
SOURCE PERMISSIVE setpoint be either “DL|DB” (Dead Line or Dead Bus) or “DLXDB"
(Dead Line or Dead Bus, but not both) to allow for transfers to either incomer.

The DEAD BUS MAX VOLTAGE and DEAD LINE MIN VOLTAGE setpoints establish the level
of decayed voltage above which transfers are inhibited. A normal setting for this
element is about 0.25 of pickup of nominal voltage. Because the 750/760 measures a
single phase-phase voltage, these values should be multiplied by 1/./3 to cover the
case of a phase-ground fault on a measured phase reducing that phase voltage but
leaving the other two phases at a higher voltage. If experience shows this setpoint
causes a delay of transfer presenting problems, it is occasionally raised to a maximum
of 0.40 of pickup. The user establishes all other setpoints for this element.

The Logic Inputs for Incomers 1 and 2 and the Bus Tie relays are programmed as follows.
Note that the input number matches the wiring shown on the DC schematics. It is not
necessary that the specific inputs are programmed as shown, but field connections must
match the logic functions.

If logic inputs identified as optional on the schematics and the following table are not
required, they can be programmed to perform other functions. The Message Mode may be
programmed to Disabled or Self Reset.
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Input Incomer #1 Incomer #2 Bus Tie
Name Asserted Name Asserted Name Asserted
Logic Logic Logic
Contact Contact Contact
1 Local Mode Close Local Mode Close Local Mode Close
Contact Remote Contact Remote Contact
2 Remote Close Close Close Close Close Close
Contact Remote Contact Remote Contact
3 Remote Open Close Open Close Open Close
4 52aor52b Contact 52aor 52b Contact 52aor52b Contact
Contact Close Contact Close Contact Close
5 Breaker Contact Breaker Contact Breaker Contact
Connected Close Connected Close Connected Close
6 Selected To Contact Selected To | Contact Selected To | Contact
Trip Close Trip Close Trip Close
Undervoltage Undervolta
7| onGher | Sonoct | gecnGiner | Sonoct | dosefrom | Conoc
Source Source
Incomer 2 Contact Incomer 1 Contact Incomer 1 Contact
8 Breaker Close Breaker Close Breaker Close
Closed Closed Closed
9 Tie Breaker Contact Tie Breaker | Contact Close from Contact
Connected Close Connected Close Incomer 2 Close
10 Tie Breaker Contact Tie Breaker | Contact g’é%?eerr 2 Contact
Closed Close Closed Close Close
Closed
11 Contact Block Contact Block Contact
optional Block Transfer Close Transfer Close Transfer Close
12 Transformer Contact Transforme | Contact
optional | Lockout Close r Lockout Close
13 . Contact . Contact
optional Source Trip Close Source Trip Close

i The asserted logic in the above table is based on the specific requirements of the
' application example in this section to illustrate the transfer scheme function and in

NOTE

accordance to the type of contacts shown in the Transfer Scheme Incomer No. 1 DC

Schematic on page 5-145, the Transfer Scheme Incomer No. 2 DC Schematic on page 5-
146, and the Transfer Scheme Bus Tie Breaker DC Schematic on page 5-147, which are all
normally open. For additional information refer to S3 Logic Inputs on page 5-26.
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* =

OPTIONAL

( Remote Sources )

Source II

43

3
—d

AN

Rem/Local

> may not <

Aol

Transformers

be present

43/83 *

T

A

43

Rem/Local

TRANSFER
SCHEME
LOGIC

D3
% @ METERING =

|
|
Line 7
|
|

__ 43

-3
A

n
3

%'ﬁ

ead Bus
laxVolts,

750-3

20R 3

T
|
(Dead Line @ Dead 7
MaxVolts Line
@-9) N
L

BUS 1

750/760 TRANSFER SCHEME
ONE LINE DIAGRAM

818722AG.DWG

FIGURE 5-66: Transfer Scheme One Line Diagram
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o:o_‘%xm:m:om and performances, a race may occur between tripping of the Incomer
breaker and closing of the Tie breaker. See Application note No.023

H [ —
E LOGIC INPUTS H12 RELAY OUTPUTS
INPUT FUNCTION CONTROL| ~ FUNCTION OUTPUT
Relay 4 From 750-2 POWER p=
) 1 Relay Undervoltage L ||.
Logic (+) Ll c7(7 On Other Source Close N|_|| E3
DWG: 818724.DWG
Relay 5 r -
{} ey D1| 8 | Incomer 2 Breaker Closed Close Coil 162
Supervision H2
43/Rem Local Local Control Mode,
{} ( ) c1| 1| Local Mode , 51P-1 My E2
oo From 750-3 WU 51N-1 Tdr
| |_Reloy Tie Breaker A . - —
I P21 S| Connected BRKR. Trip Coil |1
DWG: 818725.DWG OPEN | Supervision H1
||_Relay 5 Tie Breaker
17 3110 Ciosed L&
Transfer Rea F4
| |52=Cs1 C2| 2 | Remote Close > uw
1T cLose E5 To 750-2
e F5 Logic (+)
: 52-CS—1 C3| 3 | Remote Open 7 Low L —
TRIP Incoming 4 F6 UNDERVOLTAGE ON OTHER SOURCE
43-10 Voltage —
1 This_breaker selected to_trip) locted . BRKR. E6 INCOMER 1 BREAKER CLOSED
—1 ce| 6 To Trip CLOSED
52-1 e8| — DWG: 818724.DWG
Breaker —
Note 1 : wm._, (Source Transformer Fault) 05 12| Transformer Lockout _M_h _W_VMWM UW F7
E7 To 750-3 521
unmrln == % Note 1 : MX (Source Trip) p6|13| Source Trip —fs Logic (+)
Close m%“ Fo CLOSE FROM INCOMER 1 =2
moou 43-83 (Block—Enable Transfer; 11| Block Transfer E9 INCOMER 1 BREAKER CLOSED
N e DWG: 818725.0WG e
SERVICE Breaker —
5 Breaker Connected In Postion 7 F10
/ﬂ d & Closed H
Breaker closed| \
(Breaker clozed) c4| 4| 520 Contact >
CONTROL( 0 o L1
POWER Fail 8 F12 mnﬁmwlczoau
D12 DC Negative ailure — b
E NOTE: H11 E12
Logic Inputs per the example
in the manual
750—1 For Incomer (1)
NOTES:
1) Optional
2) Limit Switch (LS) or Truck Operated Contact (TOC) for drawout
breakers. Use isolator switches closed (or jumper) for
non drawout breakers.
.. 52 s . . . .
3) This <= auxiliary contact will be included if necessary. This is when, due to breakers

750/760 TRANSFER SCHEME
INCOMER BREAKER 1 DC SCHEMAT

818723AE.DWG

Transfer Scheme Incomer No. 1 DC Schematic

FIGURE 5-67
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[ S
E LOGIC INPUTS H12 RELAY OUTPUTS
INPUT FUNCTION CONTROL|  FUNCTION OUTPUT
Relay 4 From 750-1 POWER 3 |—
N Undervoltage Cl I
Logic (+) €717 | on other Source ose 2T | E3
DWG: 818723.DWG
Relay 5 i —
: ey D1| 8 | Incomer 1 Breaker Closed Close Coil m
Supervision H2
43/Rem Local Local Contral Mode;
I} ( ) c1| 1| Local Mode , 51P-2 o
=T From 750-3 w\/.v/ 51N-2 Tr2
T Tie Breaker -
I D218 Connected BRKR. Trip Coll 167]
DWG: 818725.0WG OPEN | Supervision H1
||_Relay 7 Tie Breaker
I D311 Closed o
Transfer Ready | 3 F4
: 52-CS-2 C2 | 2 | Remote Close
CLOSE ES To 750-1
oS —F Logic (+)
: 52-C5-2 Cc3| 3 | Remote Open 4 Low —
TRIP Incoming 4 F6 UNDERVOLTAGE ON OTHER SOURCE
N Voltage —
This_breaker selected to trip) csl6 To Trip ONM—W_MU E6 INCOMER 2 BREAKER CLOSED
52-2 i E8 (— DWG: 818723.DWG
Breaker —
Note 1 “ wm._. (Source Transformer Fault) 05 12| Transformer Lockout _M MA_VMM_M% uJMH Mﬂw
. To 750-3 52-2
“lmvln 1 52 Note 1 “_ 94 (Source Trip) 06|13| Source Trip 8 Logic (+)
- T a 2 —
Close QW F9 [—Hf—] CLOSE FROM INCOMER 2 =5
mw ¢—Note 1 |} 43-83 (Block-Enablo Transfer 04| 11| Block Transfer £9 INCOMER 2 BREAKER CLOSED
" e DWG: B18725.0WG T°
. " Hion) Break —
Note 2 : (Breaker in_operating position csls Breaker Connected SERVICE n _WM w»om“: . 10
Ls. W33 ' | & Closed —
/ﬁ ............ 4 E10
(Breaker closed) ce| 4| 520 contact N
i F11
co! . Self—Test
POWER e 8 F12 52(52_2)Note3
D12 DC Negative ailure — b
E NOTE: H11 E12
".oo»ﬂ Inputs Jo_‘ the example
n i€ manual
750-2 For Incomer (2)

NOTES:
1) Optional

2) Limit Switch (LS) or Truck Operated Contact (TOC) for drawout

breakers. Use isolator switches closed (or jumper) for

non drawout breakers.
3) This 22

b

auxiliary contact will be included if necessary. This is when, due to breakers

characteristics and performances, a race may occur between tripping of the Incomer
breaker and closing of the Tie breaker. See Application note No.023

750/760 TRANSFER SCHEME
INCOMER BREAKER 2 SCHEMATIC

818724AE.DWG

Transfer Scheme Incomer No. 2 DC Schematic

FIGURE 5-68
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()
&/

ﬁu LOGIC INPUTS H12 RELAY OQUTPUTS
INPUT FUNCTION CONTROL|  FUNCTION OUTPUT
Relay © From 750-1 POWER 3 |—
Logic (+) 1} C7| 7 | Close From Incomer 1 Close Nn_ll —
9 L T e
DWG: 818723.DWG
: Relay 7 D1| 8 | Incomer 1 Breaker Closed Close Coil 62—
Supervision H2
43/Rem Local Local Control Mode;
I ( ) 1| 1| Local Mode 51P-3 g
From 750-2 WHM 51N-3 e
I Relay 6
11 D2 9 | Close From Incomer 2 BRKR. Trip Coil Gl —
DWG: 818724.0WG OPEN | Supervision H1
Relay 7
: ey D3 (10| Incomer 2 Breaker Closed i E4
s2-CS—3 Transfer Ready uw F4
|| —Cs— —
1M crose C2 | 2 | Remote Close E5 To 750—1
_CS—. F5 Logic (+)
: 52-CS-3 C3| 3 | Remote Open Breaker In L=
TRIP Operating 4 F6 Tie Breaker Connected
43-10 Position —
4 3 is_breaker selected to trip) csle To Trip OJ.M_MMU E6 Tie Breaker Closed
52-3 i E8 I— DWG: 818723.DWG
Breaker
Is Closed m%“ 7
E7 To 750-2 52-3
52 F8 jc (+
a Breaker In L1 togie (+) 52
Operating QJMH F9 Tie Breaker Connected T e
. | Position 1
.%_ 45-83 (Block=Enable Transfer " Block Transfer ES Tie Breaker Closed
" e DWG: 818724.0WG Te
E_ 5 | Breaker Connected SERVICE Breaker 7 F10
LS. | H Is Closed
P E10
(Breaker closed) ca| 4| 520 contact
CONTROL| LM
Powe | SefTest | g3 k12
D12 DC Negative allure —
NOTE: H11 E12
_,onnm_m Inputs wm_‘ the example
n e manual .
750-3 For Bus Tie (3)

O

NOTES:
1) Optional

2) Limit Switch (LS) or Truck Operated Contact (TOC) for drawout
breakers. Use isolator switches closed (or jumper) for

non drawout breakers.

®

750/760 TRANSFER SCHEME
BUS TIE BREAKER DC SCHEMATIC

B818725AE.DWG

FIGURE 5-69: Transfer Scheme Bus Tie Breaker DC Schematic
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Poth: SETPOINTS / S7 CONTROL / TRANSFER

HOTE:

Disabled

Incomer 1

For Incomer 2 Logic see drowing 818727
For Bus Tie Logic see drawing B18726

Block Transfer 3

(Black)

(Source 1 Tronsf

Foult)

ST

Lockout

Source Trip (Source 1 Trip)

From Undervoltage 4

(Source 1 Low Voltage=Timed)

toge #

]

Block

H

To 750-2
Incomer 1 Breaker Closed

Te 750-3
Incomer 1 Breaker Closed

Breaker Connected (Breaker 1 In_Operating Position)
Tie Breaker Connectsd (Bus Tie Breaker In Operating Position)

-

r 2 In

roting Position And Closed

Incomer 2 Breaker Closed
Selected To Trip

(This_Breaker Selected To Trip)

CHAPTER 5: SETPOINTS

AT Scheme 1

Tie Breaker Closed

Undervoltage On Other Source

From Undervoltoge 3

Undervoltage 3 >————
(Incoming Source 1
Low Voltoge=Inst)

* To 750-2
Undervoltage On Other Source

L

From ©/C Protection

50P—1 Plckup 3]

50P-2 Plckup —————

8l

o} (Foult)

S0N-1 Plekup p————

S0N-2 Pickup »———

5-148

%@m

Io 1 TRIP Relgy
[oR—> I
LEvent Recorder
Transfer Initiated
pio}—— SR

o)
(Bus Tie Bregker Is Closed) l
520/b Contact | (Incomer 1 Breaker |s Closed)
] (Incoming Source 2 Low Voltage)
OR
ol

TRANSFER READY
RELAY (3):

Close From Incomer 2

Disobled

Enabled

l%

FIGURE 5-70: Transfer Scheme 1 Incomer No. 1 Logic

Message
Transfer Not Ready

218728ANdwg
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|:|I||: SETPOINTS / S7 CONTROL / TRANSFER AT S'Cheme ]_

NOTE:
For Incomer 1 Logic see drowing 818728
For Bus Tie Logic see drawing B1B726

Jo 2CLOSE Relay
AN}
l

Block Transfer {Block)
\ (Source 2 Foult)
Source Trip {Source 2 Trip)
Frem Undervoltoge 4
L ge 4 (Source 2 Low Voltoge—Timed) or 1
Encbled —I
To 750-1
N Incomer 2 Breaoker Closed
—
From Logic Inputs To 750-3
s iae 5 b Boarding gl Incomer 2 Breaker Closed
Breaker ( = 9 Position)

Tie Breaker © 5 (Bus Tie Breoker In Operating Position) Gy [ TRANSFR DELAY SELECT [Gi]—> JoLRP Bsky
N . TRIP;
i 7 BT Ciead ’(In:m 1 In Operating Position And Closed)

Selected To Trip 3 (This Bregker Selected To Trip) E x ,

Event Recorder
Transfer Initiated
Tia Bracker Clossd 3 (Bus Tie Breaker Is Closed) 1
(Incomer 2 Breaker Is Closed)
52a/b Contact AN
To 750-3
Close From Incomer 2
Undervoltoge On Other Source (l ing L. Lew Veftaze) 1
=
Undervoltage 3 >—— E
Ifl;wmmg sfl...:t; 2 RELAY (3):
Disabled
Lperate Relgy £ AUXILIARY Enablsd
To 750-1
Undervoltage On Other Source L, LOpercte Reloy 3 AUXILIARY
AND}—y 1
R} Measage
— Transfer Mot Reody
50P—1 Pickup
50P=2 Pickup Y
= :CR (Fault)
SOM=1 Pickup }————
BIET2TAL dwy
50N-2 Pickup >

FIGURE 5-71: Transfer Scheme 1 Incomer No. 2 Logic
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TRANSFER FUNCTION:

Disabled

Incomer 1

Incomer 2

Bus Tie

Path: SETPOINTS / 57 CONTROL / TRANSFER

NOTE;

For Incomer 1 Logic see drawing B1B728.0WG
For Incomer 2 Logic see drawing B1B727.0WG

DSD — Deod Source Decision

Block Transfer (Block)

[*]

Close From Incomer 1 >—(E" Tie)

CHAPTER 5: SETPOINTS

AT Scheme 1

Close

Io &

Close From Incomer 2

{Close Tie)

Incomer 1 Breaker Closed

Incomer 2 Breaker Closed »-\ETeaker In Position And Closed)

(Breaker Selected To Trip)

Selected To Trip )

Breaker In Position And Closed]

TO TRIP:

Transfer Initioted

Close From Tronsfer
Event Records
Trip From Transfer

E

Breaker Conn: (Bus Tie Breaker In Operating Positien)

52a0/b Centact

(Breaker Is Closed)

TRANSFER READY
RELAY (3}

Disabled

Enabled

MD'—) Opergte Relgy 3 AUXILIARY

De

BLET26AL dwq

5-150

FIGURE 5-72: Transfer Scheme 1 Bus Tie Breaker Logic
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Tie Breaker Connected
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Transfer Scheme 2

The performance of Transfer Scheme 2 logic is similar to Transfer Scheme 1 logic except
during the following conditions:

1. The detection of transformer trip (86T), or Source trip (94) will result into tripping the
Incomer breaker if all of the following conditions check true:

a. The local Incomer breaker is connected,

b. The tie breaker is open

c. The other Incomer breaker is closed

d. No Undervoltage condition on Other Source
e. No overcurrent conditions

2. The detection of Line Undervoltage conditions (UV4 - usually set with time delay), will
trip the Incomer breaker if all of the following conditions check true:

a. The local Incomer breaker is connected,

b. The tie breaker is open

c. The other Incomer breaker is closed

d. No Undervoltage condition on Other Source
e. No overcurrent conditions

In addition to the above logic, the logic for each breaker relay per scheme 2 provides an
output to the synchrocheck logic, where a block to 2 Close Relay is formed. Please refer to
Synchrocheck logic diagram for details.

Scheme 2 logic provides for the following power system conditions:

1. Tripping of the Incomer breaker during transformer lockout 86T, Source trip 94, or
Undervoltage (UV4) is blocked, if this breaker is the only one supplying power to both
buses, such as in single ended configuration - the other Incomer breaker open and
the tie-breaker closed. A fault on any of the buses is detected by Coordinated Timed
Over-Current protection, which is not part of the transfer scheme.

2. Any of the three breakers can be closed when in racked-out (disconnected) position
such as during breaker maintenance.

3. Tripping of an Incomer breaker is blocked by the detection of over-current condition
during source under-voltage. The block is held until the voltage is detected above the
UV3 pickup level after the Transfer Delay This Source timer expires.
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Path: SETROINTS / ST CONTROL / TRANSFER

HOTE:
For Incomer 2 Logic see drowing B1B727

see drawing B180068T

Block
Block Transfer

(Source 1 Tronsformer Fault)
Transformer

Lockout '
(Source 1 Trip) I_. To Sychrocheck
Source Trip { Block Close

(Source 1 Low W;M}

=
— . ]

]

) DOpercte Reloy 5 AUXILIARY
Te 750-2
Incomer 1 Breaker Closed
|:I l_)mmm_m_?_mm
'

To 750-3 N
Incomer 1 Breaker Closed
B & d [Brecker 1 In Position

mHWW)_‘)‘j_M—-ZFMEMhM Position o} TRANSFR DELAY SELECT or] #;ler;m
28 ¢ Incormer 2 In Position And

TO TRP:
Selected To Trig (This Breoker Selected To Trip)

’I(—:-AI
Event Becorder
l 1 Tronsfer Initioted
T B . Bus Tie Breacker Is Closed
|
530/t Is‘ﬁﬂlwhhw]
To 750-3
Close From Incomer 1
(Incoming Source 2 Low Voltage) )
Undarvoltoge On Other Scurce "

Underveltage 3

(Incoming Source 1 ,|(—,L| 9 o

[AMD]
Low Voltoge=inst) —

? To 750-2
On Other Source LOparale Reloy 3 AUKILARY
—\—F e i
B Tranafer Not Ready
50P=1 Pickup }—————— DELAY
= Thie SouRGE |08 |——
50P-2 Pickup p—————
(Fault) x d
o —— '_,L| .

50M-1 Pickup ] i B1ET4EDWG
S0N-2 Pickup y——

FIGURE 5-73: Transfer Scheme 2 Incomer No. 1 Logic
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Path: SETPOINTS / 57 CONTROL / TRANSFER

Ful‘mmllqlemw-iw 818728 AT SCheme 2
For Bus Tie Logic see drowing B1E726
Disabled For * e a8

Io 2CLOSE Relgy
From Logic Inputs Block
Bleck Tronsfer
(Source 2 Tronsformer Fault)
Tronsformer Lockout o) . k
ree 2 Tri H o Sychrochec
e Sou«a Trip T Block Close

{Source 2 Low mm;m)

—-—
BLOCK TRIP ON
DOUBLE LOSS

18]

=
' LOoercte Beiay 5 AUXILIARY
q Te 750-1
Incomer 2 Brecker Closed
I:I me
. To 750-3 .
From Logic Inputs Incorner 2 Brecker Closed
Breok 3 (Brecker 2 In Operdting Position) 5
Taid . Bus Tie Breaker In ing_Position] = #F'm
iml&wk-'cbnd: Lin O 2 Jod
Selected To Trip 3 (s Breaker Selected To Trip)
Event Recorder
l 1 Transfer Initicted
Tie B c Bus Tie Breaker |s Closed
|
s2a/b w’ I{Imimhmi
Te 750-3
Close From Incomer 2
Undervoltoge On Other Source ( il ! tow il 4

From Undervoltage 3

Undervoltage 3 »—————
(Incoming Source 2
Low Voltage—inst)

? To 750-1

On Other Source Lparate Reloy 3 AUKILARY

Transfer Mot Reody

50P=1 Pickup > TRANSFER DELAY
THIS SOURCE: [GR}—4—

50P-2 Pickup y——
(Fault) s
SON-1 Pickup Y] | | ?ﬁ 818741 DWG

S0N=-2 Pickup ——

&l

FIGURE 5-74: Transfer Scheme 2 Incomer No. 2 Logic
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Path: SETPOINTS / 57 CONTROL / TRANSFER

TRANSFER FUNCTION:

Disabled
Incomer 1

Incomer 2

Bus Tie

CHAPTER 5: SETPOINTS

NOTE:
For Incomer 1 Legic see drowing B18728.0WG
For Incomer 2 Logic see drawing 818727.0WG

e o e AT Scheme 2

Block Close
Jo 2 CLOSE Relgy
o =
Block Transfer (Block)
Close From Incomer 1 (Close Tie)
(Close_Tie) Transfer Initioted
56

Clese From Incomer 2

Incomer 1 Breaker Closed

AN

Close From Tranafer
| Event Records
Trip From Transfer

(Breaker In Position And Closed)

TRANSFER DELAY SELECT|
TO TRIP:

Incomer 2 Breaker Closed (Brocker In

Position And Closed)

Selected To Trip

(Breaker Selected To Trip)

H
EE

Breoker Connected

520/b Contoct

Bus Tie Breaker In Operating Position,

(Brecker |s Closed)

8187400WG

E‘N 3 Te 750-1
Tie Breaker Closed

To 750-1
Tie Brecker Connected

ANDF——— 7, 750-2

Tie Brecker Closed

Te 750-2
Tie Brecker Connected

FIGURE 5-75: Transfer Scheme 2 Bus Tie Breaker Logic
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5.8.8 Autoreclose (760 only)

Main Menu

PATH: SETPOINTS > S7 CONTROL >V AUTORECLOSE

E AUTORECLOSE [>1 @@ m SCHEME SETUP [>1
See page 5-157
< > |l
MESSAGE RATE [>1 See page 5-160
S SUPERVISION
MESSAGE Q B CURRENT [[>] See page 5-161
S SUPERVISION
< > |l
MESSAGE ZONE [D] See page 5-162
S COORDINATION
< > |l
MESSAGE RECLOSURE 1 [>1 See page 5-165
L <2
| |
viscpce € |W RECLOSURE 2 [>1
L <2
|
viscace € |W RECLOSURE 3 [>1
L <2
|
VESSAGE €D RECLOSURE 4 [>1

The 760 has a very flexible autoreclose scheme that allows for the many different control
strategies typical of utility applications. Up to four reclosure ‘shots’ are possible with
separately programmable ‘dead times’ for each shot. Reclosure can be initiated from any
760 overcurrent element or from external sources. Between each shot, overcurrent
protection setpoints can be adjusted in order to co-ordinate with downstream devices. To
prevent breaker wear, a ‘current supervision’ feature can reduce the number of shots when
the fault current is high. A ‘zone co-ordination’ feature can maintain protection
coordination with downstream reclosers. Logic inputs are available for blocking and
disabling the scheme.

Front panel LEDs indicate the present state of the autoreclose scheme. Note that display
message group Al STATUS >V AUTORECLOSE can also be accessed to determine the
present state of the autoreclose scheme.

¢ Reclosure Enabled: The scheme is enabled and may reclose if a trip occurs.

¢ Reclosure Disabled: The scheme is not enabled and will not reclose until the
scheme is enabled.

e Reclosure In Progress: An autoreclosure has been initiated but the breaker has not
yet been closed.

¢ Reclosure Lockout: The scheme has gone to ‘lockout’ and must be reset before
further reclosures are permitted.

The scheme is considered enabled when all of the following five conditions are true:

1. The AUTORECLOSE FUNCTION setpoint is set to “Enabled”.
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2. Either a 52a or 52b contact is installed and has been programmed to a logic
input function.

3. Neither the ‘Block Reclosure’ nor ‘Cancel Reclosure’ logic input functions are
asserted.

4.  The scheme is not in the lockout state.
5. The AR Block Time Upon Manual Close timer is not active.

A simplified description of how the autoreclose scheme works follows. Refer to the
Autoreclosure Application Example on page 5-166 for further details.

Afault occurs resulting in an overcurrent element tripping the circuit breaker and initiating
a reclosure. Once the breaker is detected open a ‘dead timer’ is started. Once this timer
exceeds the value programmed for the DEAD TIME BEFORE RECLOSURE Reclosure 1
setpoint, the shot counter is incremented and a breaker closure is initiated using the 2
Close’ output contact. At the same time, overcurrent element characteristics are modified
according to the Reclosure 1 setpoints.

If the fault is permanent, subsequent overcurrent element(s) will trip and initiate reclosure.
The scheme will eventually go to lockout when the MAX NUMBER OF RECLOSURE SHOTS has
been met and another trip occurs. If a breaker failure condition is detected at any time
during operation, the scheme will again go straight to lockout. When in lockout, the 760
disables the reclose scheme and returns all protection setpoints to their initial values. To
re-enable the autoreclose scheme the relay must be reset via the front panel reset key, the
Reset logic input function, communications, or by a manual close operation. The latter
resets the scheme only after the AR BLOCK TIME UPON MANUAL CLOSE timer expires, and
no overcurrent elements are active.

If the fault is transient in nature then no overcurrent element(s) will trip after the breaker
has closed. The scheme will automatically reset when the reset timer, started upon the first
reclosure initiation, exceeds the AR RESET TIME setpoint value. This autoreclosure reset
returns the shot counter to zero and all protection setpoints to their initial values.

An anti-pumping feature is built into the reset mechanism. Otherwise, breaker pumping
could occur when the fault level is between the initial overcurrent pickup level and the
adjusted overcurrent pickup level for a reclosure shot. It prevents a permanent fault from
continuously repeating the trip breaker, initiate reclose, close breaker, automatic reset of
autoreclose scheme, trip breaker sequence. If this condition is detected the anti-pumping
feature returns protection setpoints to their initial values without resetting the shot
counter. The relay will then continue to trip and reclose until lockout is reached.
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Scheme Setup
PATH: SETPOINTS >V S7 CONTROL [>V AUTORECLOSE [> SCHEME SETUP
m SCHEME SETUP [>1 AUTORECLOSE Range: Enabled, Disabled
FUNCTION: Disabled

MESSAGE & |MAX NUMBER OF Range: 1 to 4 in steps of 1
&> |RECLOSURE SHOTS: 1

MESSAGE & |AR RESET Range: 1 to 1000 s in steps
& |TIME: 60 s of1

MESSAGE <& |AR BLOCK TIME UPON Range: 0 to 200 s in steps of
& |MANUAL CLOSE: 10 s 1

MESSAGE & |AR EXTERNAL CLOSE Range: Enabled, Disabled
&) |LOGIC: Disabled

MESSAGE Q INCOMPLETE SEQUENCE Range: 1 to 1000 s in steps
& |TIME: 30 s of1

vissae €9 |RECLOSURE ENABLED Range: Any combination of
& |RELAYS (3-7): ----- the 3 to 7 Auxiliary
& |RECLOSURE IN PROGRESS | Range:Any combination of

MESSAGE &> |RELAYS (3-7): ----- the 3 to 7 Auxiliary

RECLOSURE LOCKOUT Range: Any combination of
MESSAGE €= RELAYS (3-7): ----- the 3 to 7 Auxiliary

NOTE

The setpoints shown above setup the general characteristics of the scheme. The AR
FUNCTION and MAX NUMBER OF RECLOSURE SHOTS setpoints are critical and must be set
appropriately.

For an overcurrent element to initiate a reclosure it must be programmed to the “Trip & AR”
function.

¢ MAX NUMBER OF RECLOSURE SHOTS: This setpoint specifies the number of
reclosures that should be attempted before reclosure lockout occurs. The dead time
and overcurrent characteristics for each reclosure shot are entered in the subsequent
message groups RECLOSURE 110 RECLOSURE 4.

e AR RESET TIME: The reset timer is used to set the total time interval for a single fault
event, from the first trip until either lockout or successful reclosure. Generally, this
setpoint is set to the same delay that would be used for the ‘reclaim time’in a
traditional scheme with fixed protection settings. This time must be set to a value
greater than the sum of all programmed dead times plus the maximum time to trip on
each reclose shot.

Set the AR RESET TIME timer to a delay longer than the INCOMPLETE SEQUENCE timer.

e ARBLOCK TIME UPON MANUAL CLOSE: The autoreclose scheme can be disabled for
a programmable time delay after the associated circuit breaker is manually closed.
This prevents manual reclosing onto a fault. This delay must be longer than the
slowest expected trip from any protection not blocked after manual closing. If no
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overcurrent elements activate after a manual close and this timer expires, the
autoreclose scheme is automatically reset. The lockout state will be cleared and the
shot counter will be set to zero.

Manual circuit breaker closures can be initiated by either the front panel breaker
CLOSE key when in local mode, or by the Remote Close logic input and computer
communications when in remote mode.

AR EXTERNAL CLOSE LOGIC: For applications where the breaker may be closed
directly, without using the 760 to provide the closing signal to the breaker, enabling
this setpoint will use breaker state to determine if a manual close has occurred. The
760 uses the detection of a manual close to disable the autoreclose scheme to
prevent reclosing onto a fault. Also, if the Autoreclose scheme is in the lockout state, a
successful manual close would result in the autoreclose scheme being automatically
reset after the AR BLOCK TIME UPON MANUAL CLOSE time has expired.

When “Enabled”, this setpoint uses the detection of the breaker going from the open
state to the closed state to determine if a manual close has occurred. The breaker
state is determined by the 52a/b contact feedback to the 760. When set to “Disabled”,
only close commands sent via the 760 will be considered as a manual close for the
autoreclose scheme logic.

INCOMPLETE SEQUENCE TIME: This timer sets the maximum time interval allowed for
a single reclose shot. It is started whenever a reclosure is initiated and is active when
the scheme is in the “Reclosure In Progress” state. If all conditions allowing a breaker

closure are not satisfied when this timer expires, the reclosure initiation is abandoned.
Any combinations of the following conditions block the breaker from closing:

- Breaker status logic inputs (52a or 52b) fail to report the breaker has opened;
- The “Block 2 Close Relay” logic input function is asserted;
- The synchrocheck feature is blocking breaker closes.

This timer must be set to a delay less than the AR RESET TIME timer.

RECLOSURE ENABLED RELAYS: Select the relays required to operate while the front
panel Reclosure Enabled indicator is on.

RECLOSURE IN PROGRESS RELAYS: Select the relays required to operate while the
front panel Reclosure In Progress indicator is on. This indicator is on when the
autoreclose scheme has been initiated, but has not yet sent a close command. This
output could be used to block the operation of a transformer tap changer during a
reclosure sequence.

RECLOSURE LOCKOUT RELAYS: Select the relays required to operate while the front
panel Reclosure Lockout indicator is on. This indicator is on when the autoreclose
scheme has progressed to a lockout condition, such that no further breaker closures
will be initiated until the 760 has been reset.
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FIGURE 5-76: Autoreclose Scheme Setup Logic
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PATH: SETPOINTS >V S7 CONTROL [>V AUTORECLOSE >V RATE SUPERVISION

B RATE

SUPERVISION

[>1 «»

vessace €
L~ 2

MESSAGE &

RATE SUPERVISION
FUNCTION: Disabled

Range: Disabled, Alarm,
Latched Alarm,

RATE SUPERVISION

RELAYS

Range: Any combination of
the 3 to 7 Auxiliary

(3-7):

MAX AUTORECLOSE
25 /hr. 1

RATE:

Range: 1 to 50/hr. in steps of

The autoreclose rate supervision feature monitors the number of reclosures per hour. Once
the number of reclosures within one hour exceeds the MAX AUTORECLOSE RATE setpoint,
the autoreclose scheme is sent to lockout.

Path: SETPOINTS / S7 CONTROL / AUTORECLOSE / RATE SUPERVISION

SETPOINT

RATE SUPERVISION
FUNCTION:

Diagnostic Message

Disabled

Alarm

Latched Alarm

8l

Control

ACTUAL VALUE

AUTORECLOSE SHOT
RATE:

Decrement Shots

from Autoreclose

from 60 Minutes Ago

Increment Counter

Reclose

Path: SETPOINT / S1 SR750 SETUP / INSTALLATION
SETPOINT
RESET AR RATE
DATA:

Set to Zero

Yes

No

5-160

AND Autoreclose Rate
SETPOINT
SETPOINT RATE SUPERVISION
RELAYS (3-7):
MAX. AUTORECLOSE
RATE: 3 AUXILIARY [
RUN 4 AUXILIARY [
Counter > Max AR Rat Ope}m\\e
ounter > ax ate any/al
ony/ ol | 5 AUXILIARY (>
reloys  ['g AUXILIARY |
7 AUXILIARY >
L———> Record Event Data

826753A2.DWG

FIGURE 5-77: Autoreclose Rate Supervision Logic
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Autoreclose Current Supervision

PATH: SETPOINTS >V S7 CONTROL [>V AUTORECLOSE >V CURRENT SUPERVISION

m CURRENT [>1 CURRENT SUPERVISION Range: Enabled, Disabled
SUPERVISION FUNCTION: Disabled
Range: 0.00 to 20.00 x CT in
MESSAGE <& |3 SHOTS FOR CURRENT 200t0 0
& [(ABOVE: 17.00 x CT psort.
Range: 0.00 to 20.00 x CT in
MESSAGE & |2 SHOTS FOR CURRENT ooto o
&) |(ABOVE: 18.00 x CT ps oro.
Range: 0.00 to 20.00 x CT in
MESSAGE & |1 SHOTS FOR CURRENT 001020
&> |ABOVE: 19.00 x CT p :
MESSAGE Q CURRENT SUPERVISION Range: Enabled, Disabled
&) |TO LOCKOUT: Disabled
Range: 0.00 to 20.00 x CT in
VESSAGE € LOCKOUT FOR CURRENT ooto 8
ABOVE: 20.00 x CT p :

The current supervision feature is used to limit breaker wear. When fault current exceeds
user-programmed levels, it reduces the number of reclose shots permitted.

Once a reclose sequence is initiated, the maximum current measured on any phase is
compared to the setpoint current levels. The relay then determines the maximum number
of shots allowed or whether the scheme goes immediately to lockout. The lowest number
of permitted shots, whether set by the MAX NUMBER OF RECLOSE SHOTS setpoint or the
Current Supervision feature, always takes precedence unless current supervision takes the
scheme to lockout. Lockout has the highest priority. Once the current supervision feature
has reduced the total number of shots, a subsequent shot can still reduce the limit further.

The fault current level above which the number of autoreclosure shots will be reduced to
one, two, or three shots can be selected. If the autoreclose scheme is to be taken directly to
lockout without reclosing, set the CURRENT SUPERVISION TO LOCKOUT setpoint to “Enabled”
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Path: SETPOINTS / S7 CONTROL / AUTORECLOSE / CURRENT SUPERVISION

SETPOINT

CURRENT SUPRVSN
FUNCTION:

Disabled

Enabled

CURRENT INPUTS
(ossociated setpoints)

Phase A Fault Current

ELIMINATE SETPOINT

SETPOINT

3 SHOTS FOR
CURRENT ABOVE:

Select

I > Setting

Phase B Fault Current

Phase C Fault Current

818060AY.DWG
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TIME: 10 s
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Shot Limit = 3

To Event Recorder
Shots Reduced to 3

Shot Limit = 2

To Event Recorder
Shots Reduced to 2

Shots Reduced to 1

Shot Limit = 0

To Event Recorder
Shots Reduced to L/O

Range: Enabled, Disabled
Range: 0.05 to 20.00 x CT in
steps of 0.01

Range: 0.05 to 20.00 x CT in
steps of 0.01

Range: 1 to 1000 s in steps
of 1

Highest
Current
([ [or} ELIMINATE SETPOINT
I SETPOINT
I O 2 SHOTS FOR
. J ‘ CURRENT ABOVE:
L] »—— | > Setting
SETPOINT
SETPOINT éuiEELTFggOVE:
1
— ——1 | > Settin
oo e | for— :
SHOTS: [ 37
4
SETPOINT
SETPOINT LOCKOUT FOR
CURRENT ABOVE:
CURRENT SUPERVSN
TO LOCKOUT: —— | > Setting
Enabled
FIGURE 5-78: Autoreclose Current Supervision Logic
Autoreclose Zone Coordination
PATH: SETPOINTS >V §7 CONTROL >V AUTORECLOSE >V ZONE COORDINATION
B ZONE [>1 ZONE COORDINATION
COORDINATION FUNCTION: Disabled
vissace € |PHASE CURRENT
&) |INCREASE: 1.00 x CT
MESSAGE @ NEUTRAL CURRENT
&> |INCREASE: 1.00 x CT
MESSAGE @ MAX FAULT CLEARING

The 760 autoreclose scheme can be programmed to maintain coordination of overcurrent
elements with a downstream recloser. If a downstream recloser is programmed to use
different protection settings for different reclose shots, it may be necessary to change the
protection setpoints on the 760 each time the recloser operates. To ensure that protection
coordination is maintained, each 760 reclosure shot must be coordinated with each
downstream recloser shot. In addition, the 760 reclose shot counter must always match
the recloser shot counter. When a fault occurs downstream of the recloser and the 760
feeder breaker does not trip and reclose, the 760 reclosure shot counter must still be

incremented.
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Once enabled, this scheme assumes an external reclose operation has occurred when the
feeder phase or neutral current exhibits a step increase in magnitude, due to fault current,
followed by a step decrease in magnitude, due to a recloser opening. After the first
detection of an external reclose, the shot counter is incremented by one, protection
setpoints are changed, and the autoreclose scheme reset timer is initiated.

If the fault is permanent and the recloser continues to trip and reclose, the coordination
feature will continue to increment the shot counter. If this continues to the maximum
number of shots programmed in the 760, the autoreclose scheme will go to lockout. If the
fault is transient, then the autoreclose scheme and shot counter will eventually be reset by
the normal reset mechanism.

The PHASE CURRENT INCREASE and NEUTRAL CURRENT INCREASE setpoints select the
minimum phase and neutral current step increases that signify downstream faults. These
currents may be quite low for an end fault on a long feeder with a weak source. The max
FAULT CLEARING TIME setpoint is intended to reset the memory of an increasing current
caused by an increase in feeder load since the new load current will not drop to operate
the decreasing current detector. This delay must be set longer than the maximum fault
clearing time on the recloser.

For correct operation of the coordination scheme, the 760 instantaneous protection
elements must be set to have time delays longer than the maximum fault clearing time of
the downstream recloser. In addition, the autoreclose reset timer must be set longer than
the maximum time for the recloser to reach lockout.
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PATH: SETPOINTS >V S7 CONTROL [>V AUTORECLOSE >V RECLOSURE 1(4)

B RECLOSURE 1 (>1

69
MESSAGE <:::>
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE

MESSAGE

D 606960 GYCHCBYGHEBYGHG

DEADTIME BEFORE
RECLOSURE: 0.50 s

PHASE INST OC 1
BLOCKING: Disabled

NEUTRAL INST OC 1
BLOCKING: Disabled

GND INST OC
BLOCKING: Disabled

SENSTV GND INST OC
BLOCKING: Disabled

NEG SEQ INST OC
BLOCKING: Disabled

PHASE TIME OC 1
RATISED PICKUP: 0%

NEUTRAL TIME OC 1
RAISED PICKUP: 0%

GND TIME OC
RATISED PICKUP: 0%

SENSTV GND TIME OC
RAISED PICKUP: 0%

NEG SEQ TIME OC
RAISED PICKUP: 0%

SELECT SETPOINT
GROUP: Active

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

0.00 to 300.00 s in
steps of 0.01

Enabled, Disabled

Enabled, Disabled

Enabled, Disabled

Enabled, Disabled

Enabled, Disabled

0to 100% in steps of

1

0to 100% in steps of
1

0to 100% in steps of
1

0to 100% in steps of
1

0to 100% in steps of
1

Group 1, Group 2,
Group 3, Group 4,

The above setpoints are programmed independently and are repeated for each of the
Reclosure Shots 1 through 4. These setpoints determine the dead time for a given shot and
the overcurrent characteristics during that shot. Selections for shots, that are greater than
the maximum number of shots programmed in the scheme setup, will not be used by the

scheme.
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Path: SETPOINTS / S7 CONTROL / AUTORECLOSE / RECLOSURE 1 to 4

CHAPTER 5: SETPOINTS

AR OUTPUT RELAYS & INDICATORS
AR CONDITION
Shot Settings
Shot Count DISABLED
Use NORMAL Setti AND
se ettings g K—\
AR _CONDITION [OR}—X) RECLOSE DISABLED
SETPOINT SETPOINT BLOCKED
-
DEADTIME_BEFORE PHASE INST OC 1 | A
RECLOSURE: BLOCKING: . —X) RECLOSE ENABLED
AND}—> Set Deadti BLOCK AR CONDITION
Seconds 1 Enabled —1 SETPOINT
Disabled READY ] QE?L‘%SE( 394;\;3@
SETPOINT -
T
AR CONDITION 3 AUXILARY |—
SELECT SETPOINT SETPOINT
GROUP: — 4 AUXILIARY [—>
AND| Select Group NEUTRAL INST OC 1 COORDINATING —10R Operate
Group No. 1 BLOCKING: Ll any/all | 5 AuxiLARY >
Enabled || o> Loc s n ) relays 6 AUXILIARY |—>
AR CONDITION
SETPOINT Disabled 7 AUXILIARY [—>
PHASE TIME OC 1 ANTI=PUMP !
-
RAISED PICKUP: —Q) RECLOSE IN PROGRESS
Raise Pickup SETPOINT ————————
Raise By Percent AR CONDITION
| SR o
- BLOCK INITIATED — RECLOSE IN_PROGRESS
|AND]
SETPOINT Enabled - - RELAYS (3-7):
NEUTRAL TIME OC 1 Disabled 3 AUXILIARY [—>
RAISED PICKUP: Bl Reise Pick AR conpimon 4 AUXILIARY —>
AND aise Pickup X
Raise By Percent { DEAD TIMING —{OoR } 233'%},’
SETPOINT \ /ol |5 AUXILIARY >
SENSITIVE GND INST OC relays G AUXILARY |—>
SETPOINT BLOCKING: AR CONDITION
GROUND TIME OC [AND}—> BLOCK 7 AUXILIARY (—>
M Enabled — —
RAISED PICKUP: RECLOSING
Raise Pickup Disabled - RECLOSE LOCKOUT
Raised By Percent 1
PP
AR CONDITION SETPOINT
SETPOINT SETPONT LockouT - RECLOSE LOCKOUT
NEG SEQ INST OC \ ) RELAYS (3-7):
SENSITVE GND TIME OC BLOCKING:
RAISED PICKUP: [AND> BLOCK ———————  [R}H 3 AUXILARY (—>
Raise Pickup Enabled AR CONDITION
Raised By Percent 1 Operate 4 AUXILIARY [—>
Disobled AUTO RESET I any/all 5 AuxiLARY |—>
SETPOINT relays g AUXILARY |—>
NEG SEQ TIME OC 7 AUXILIARY [—>
RAISED PICKUP:
Raise Pickup
Raised By Percent
818061AL.DWG
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FIGURE 5-80: Autoreclosure Shots 1 to 4 Logic

Autoreclosure Application Example

Utility statistics indicate that a large percentage of feeder faults (about 80%) are of a
transient nature. Typically, once the feeder is tripped an autorecloser automatically
reclosures the feeder breaker after a short time delay. If the fault was transient, the entire
feeder is returned to normal service and customers experience a very short disturbance. If
the fault is permanent and on the load side of another protection point, the reclosure
scheme delays another trip of the breaker until this other device clears the fault so that
service is disrupted only for loads beyond this other protection point.

A common phase protection scheme uses instantaneous elements in conjunction with
automatic reclosing. The design goal is to select setpoints that will detect faults out to the
most distant (in impedance terms) point of the feeder and provide fast operation. Typically
‘lo-set’ overcurrent elements are programmed to be blocked after the first reclosure. This
gives downstream devices, such as fuses, time to interrupt a permanent fault, especially
on a feeder tap. Lo-set elements would then be re-enabled after the scheme is reset. ‘Hi-
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set’ elements may also be blocked on a subsequent shot with a faster time overcurrent
curve selected to allow the fault to burn off. In this case a permanent fault would then
cause a time overcurrent trip.

A typical autoreclose scheme as implemented in the 760 would respond to faults as

follows:

10.

11.

With the breaker closed and protection enabled, a transient fault produces a
current above the pickup of both Instantaneous Overcurrent 1 (lo-set) and
Time Overcurrent 1 elements.

The Time Overcurrent element begins to time, and the Instantaneous
Overcurrent element operates, signaling the breaker to trip and initiate a
reclosure.

The breaker trips and signals the autoreclose scheme that it is now open. The
Instantaneous Overcurrent 1 and Time Overcurrent 1 elements automatically
reset because the breaker is open.

If all requirements of the autoreclose scheme are fulfilled, autoreclose signals
the breaker to close and advances the shot counter. Shot 1 setpoints block the
Instantaneous Overcurrent element from further operation.

The breaker closes resulting in an inrush current of the feeder loads.

If the fault was transient, the current reduces to the load level before a trip
occurs. The autoreclose scheme eventually resets and the cycle begins again
at Step 1.

If the fault is permanent, a current above the pickup of both the
Instantaneous Overcurrent 1 and the Time Overcurrent 1 elements is
produced. However, the Instantaneous Overcurrent 1 element is blocked from
operating.

While the Time Overcurrent 1 element is timing, any protection devices
between this relay and the fault location are provided an opportunity to
isolate the fault.

If no protection downstream from the relay clears the fault, the Time
Overcurrent 1 element will time-out, signaling the breaker to trip and initiate
the autoreclose scheme again.

If the shot counter has not reached its maximum allowed value then the cycle
begins at step 6 using protection setpoints for the current shot.

If the shot counter has reached its maximum then the scheme goes to
lockout.
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5.9 S8 Testing

5.9.1 Output Relays

PATH: SETPOINTS >V S8 TESTING > OUTPUT RELAYS

B OUTPUT RELAYS

[>1

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

D 60060606000 G0CDEG

FORCE OUTPUT RELAYS
FUNCTION: Disabled

FORCE 1 TRIP
RELAY: De-energized

FORCE 2 CLOSE
RELAY: De-energized

FORCE 3 AUX
RELAY: De-energized

FORCE 4 AUX
RELAY: De-energized

FORCE 5 AUX
RELAY: De-energized

FORCE 6 AUX
RELAY: De-energized

FORCE 7 AUX
RELAY: De-energized

FORCE 8 SELF-TEST
RELAY: De-energized

FORCE SOLID STATE
OUTPUT: De-energized

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Enabled, Disabled
Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

Energized, De-
energized

For testing purposes, the relay provides the ability to override the normal function of the
solid state and output contacts. This is done by forcing each to energize or de-energize.

Set FORCE OUTPUT RELAYS FUNCTION to “Enabled” to override the normal operation of the
solid state and output contacts, with the state programmed in the messages that follow.
Note that this setpoint will always be defaulted to the “Disabled” state at power up.

Select “De-energized” for the remaining setpoints to force the output relays to the de-
energized state while FORCE OUTPUT RELAYS FUNCTION is set to “Enabled”. Selecting
“Energized” forces the output relay to the energized state while the FORCE OUTPUT RELAYS
FUNCTION setpoint is “Enabled”.
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5.9.2 Pickup Test
PATH: SETPOINTS >V S8 TESTING >V PICKUP TEST
m PICKUP TEST [>1 PICKUP TEST Range: Enabled, Disabled.
FUNCTION: Disabled Defaults to
PICKUP TEST Range: Any combination of
MESSAGE @ .
RELAYS (3-7): ----- the 3 to 7 Auxiliary
The relay provides the ability to operate any or all of the 3 to 7 Auxiliary output relays upon
the pickup of any protection element. The pickup test feature is especially useful for
automated testing. Through a 750/760 output contact, test equipment can monitor a
pickup threshold.
Path: SETPOINTS / S8 TESTING / PICKUP TEST SETPOINT
SETPOINT E‘:{C&gg I}Ei)
PICKUP TEST
FUNCTION: 3 AUXILARY —>
Enabled operate |+ AUXILARY |—>
ggé@!d 5 AUXILIARY (>
reloys g AUXILARY >
7 AUXILARY >
PROTECTION FEATURES (If Function Enabled)
Phase Time Overcurrent 1 or 2 )———— To Relay 8 SERVICE
o] elay
Phase Inst Overcurrent 1 or 2 > @7’% Pickup Test Enabled
Neutral Time Overcurrent 1 or 2 >——m—
Neutral Inst Overcurrent 1 or 2 >—————
Ground Time Overcurrent
Ground Inst Overcurrent
Sensitive Ground Time 0/C >—————————
Sensitive Ground Inst 0/C >————————
Neg. Seq. Time O/C :lOR
Neg. Seq. Inst. 0/C
Undervoltage 1, 2, 3, or 4 »—————————
Overvoltage 1 or 2
Underfrequency 1 or 2
Frequency Decay
Neutral Displacement
818083AK.DWG
FIGURE 5-81: Pickup Test Logic
5.9.3 Analog Outputs

PATH: SETPOINTS [>V S8 TESTING >V ANALOG OUTPUTS

B ANALOG OUTPUTS

[>1 FORCE ANALOG OUTPUTS
FUNCTION: Disabled

MESSAGE Q
& | s

FORCE A/O0 1

1

MESSAGE € |

FORCE A/O 8

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

Range: Enabled, Disabled

Range: 0 to 100% in steps of
1

Range: 0 to 100% in steps of
1
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5.9.4 Simulation

CHAPTER 5: SETPOINTS

The relay provides the ability to override the normal function of analog outputs, forcing
each to any level from 0 to 100% of the output range. Enter the percentage of the DC mA
output range to be signaled by the Analog Output 1 (2 to 8) for the FORCE A/0 1(8) setpoints.
For example, if the relay has been ordered with 4 to 20 mA analog outputs, setting this
value to “100%" will output 20 mA, “0%" will output 4 mA, and “50%" will output 12 mA.

The FORCE A/0 FUNCTION Always defaults to “Disabled” on power-up

Main Menu

PATH: SETPOINTS >V S8 TESTING >V SIMULATION

CAUTION

m SIMULATION (> @@ m SETUP [>1
See page 5-172
< > |l
MESSAGE PREFAULT [D] See page 5-173
S VALUES
< > |l
MESSAGE FAULT [>1 See page 5-173
S VALUES
m POST FAULT [>1
MESSAGE s 5-174
< | varues °¢ page

When in Simulation Mode, the normal protection and control features are not
operational. This is indicated by the 8 Self-Test Warning relay being de-energized. If
Simulation Mode is used for field testing on equipment, the operator must provide
other means of protection and control.

A simulation feature is provided for testing the functionality of the relay in response to
program conditions, without the need of external AC voltage and current inputs. First time
users will find this to be a valuable training tool. System parameters such as currents and
voltages, phase angles, and system frequency are entered as setpoints. When placed in
simulation mode, the relay suspends reading actual AC inputs, generates samples to
represent the programmed phasors, and loads these samples into the memory to be
processed by the relay. Both normal and fault conditions can be simulated to exercise a
variety of relay features. There are three sets of input parameters used during simulation,
each providing a particular state of the system, as shown below:

e  Prefault State: This state simulates the normal operating condition of a feeder
carrying load current, by replacing the normal input parameters with programmed
prefault values. Voltages are automatically set to the nominal value programmed in
the BUS VT NOMINAL SECONDARY VOLTAGE setpoint. The neutral current is set to zero.
Phase currents are balanced and set to the value programmed in the PREFAULT PHASE
A/B/C CURRENT setpoint. The phase angle of each phase current relative to its
corresponding phase neutral voltage is set to the value programmed in the PREFAULT
PWR FACTOR ANGLE setpoint. The frequency of voltages and currents are
automatically set to the values programmed in the NOMINAL FREQ setpoint.

¢  Fault State: This state simulates the faulted operating condition of a feeder by
replacing the normal prefault feeder input parameters with programmed fault values.
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The magnitude and angle of each bus voltage and current, polarizing current, system
frequency and analog input are set to the values programmed under the FAULT
VALUES setpoints. The neutral current is calculated from the vector sum of the phase
currents, and 3V, from the vector sum of the phase voltages.

Postfault State: This state is intended to simulate a feeder that has tripped. Current is
automatically set to 0 A. Bus voltages are automatically balanced and set to Phase A-
N at 0°, B-N at 120°, and C-N at 240°. The bus voltage magnitude and frequency are
set to the entered values. The synchronizing voltage is set to the entered values of
magnitude, angle (with respect to phase A-N bus voltage) and frequency.

There are two methods of running simulations. If the feeder circuit breaker is connected to
the relay and can be opened and closed, a full operating sequence can be performed. If a
breaker is not available, as is often the case, the relay can be made to simulate a breaker
and allow the 760 to exercise its autoreclose feature. The operation of each method is
described below.

1

If simulation of the feeder breaker is required set the CIRCUIT BRKR SIMULATION
setpoint to “Enabled”. After the required simulation setpoints have been entered, the
relay is placed in the Prefault State by setting the SIMULATION STATE setpoint to
“Prefault”. The relay replaces the normal AC inputs with those programmed on the
PREFAULT VALUES setpoint page. Logic inputs, except for the 52a and 52b contacts,
are monitored normally throughout the simulation. The relay’s simulation of a circuit
breaker is indicated by the status of the Breaker Open and Breaker Closed front panel
indicators.

The relay remains in the Prefault State until a command is received to enter the Fault
State, either by setting the SIMULATION STATE setpoint to the Fault State, or a contact
closure on a logic input whose function setpoint is set to Simulate Fault. The logic
input makes the measurement of feature operating times possible when output relays
are allowed to operate.

In the Fault State, relay features respond to the programmed fault values, generating
a trip, alarms, event records, triggers of trace memory and data logger, and front
panel indications as necessary. Output relays only operate if permitted by the ALLOW
OPERATION OF RELAYS (3-7) setpoint. The relay remains in the Fault State until it has
detected a trip condition. Note that the Trip Relay is not allowed to operate. At this
time the simulated breaker is opened (as indicated by front panel indicators) and the
relay is placed in Postfault State.

The relay remains in the Postfault State until either a close command received or the
760 autoreclose scheme has all requirements met and is ready to close. At this time
the relay returns to the Prefault State. Note that the Close Relay is not allowed to
operate. Setting the SIMULATION STATE setpoint to “Disabled” also terminates
simulation.

If simulation of the feeder breaker is not required set the Circuit Breaker Simulation
setpoint to Disabled. After the required simulation setpoints have been entered, the
relay is placed in simulation mode by setting the SIMULATION STATE setpoint to “Pre-
fault”. The relay replaces the normal AC inputs with those programmed on the Prefault
Values setpoint page. All logic inputs are monitored normally throughout the simula-
tion including any set to monitor the 52a/52b contacts by which the front panel
Breaker Open and Breaker Closed indicators are set.
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Operation is similar to that described in Method 1 above except that the Trip Relay will
operate if a trip condition is declared and the Close Relay will operate in response to
any form of close request. As well, the Simulation State is controlled by the monitored
state of the breaker.

Setup

PATH: SETPOINTS [>V S8 TESTING >V SIMULATION [> SETUP

B SETUP [>1 SIMULATION STATE: Range: Disabled, Prefault,
Disabled Fault, Postfault
Range: Enabled, Disabled
vessace €9 |CIRCUIT BRKR

NOTE

&) |SIMULATION: Enabled

ALLOW OPERATION OF Range: Any combination of
MESSAGE €= RELAYS (3-7) : the 3 to 7 Auxiliary

Program SIMULATION STATE to “Disabled” if actual system inputs are to be monitored. If
programmed to any other value, the relay is in simulation mode and actual system
parameters are not monitored. The system parameters simulated by the relay will be those
in the section below that corresponds to the programmed value of this setpoint. For
example, if programmed to “Fault”, then the system parameters will be set to those
defined by the Fault Values setpoints on page -173.

The simulation state may change due to a change in the operational state of the relay. For
example, if set to “Fault” and a trip opens the breaker (either simulated or actual), the
simulation state and this setpoint will automatically change to “Postfault”.

An operator can use the simulation feature to provide a complete functional test of the
relay’s protection features, except for the measurement of external input values. As this
feature may be used for on-site testing, provision is made to block the operation of the
output relays so the operation of other equipment is prevented. Set CIRCUIT BRKR
SIMULATION to “Enabled” to block the Trip and Close Relays from operating, and ignore the
52a/52b auxiliary contacts, even if installed. In this mode, the circuit breaker will be
simulated. Set CIRCUIT BRKR SIMULATION to “Disabled” to allow the Trip and Close Relays
to open and close an actual circuit breaker connected to the relay. In this mode, the 52a/
52b auxiliary contacts, if installed, will be read for feedback from the breaker.

The Trip and Close relays are allowed to operate by setting CIRCUIT BRKR SIMULATION t0
“Disabled”. Auxiliary Relays 3 to 7 can also be allowed to operate if selected by the ALLOW
OPERATION OF RELAYS (3-7) setpoint. The 8 Self-Test Warning relay is always allowed to
operate. Note that the default value blocks the operation of all output relays. For timing
tests, a selected output relay can be set to be operational, to provide a signal to stop a
timer.
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PATH: SETPOINTS >V S8 TESTING >V SIMULATION >V PREFAULT VALUES

B PREFAULT [>1

VALUES

MESSAGE

69

4

PHASE A/B/C CURRENT
LEVEL: 0.50 x CT

PWR FACTOR ANGLE:
0° Lag

Range: 0.00 to 20.00 x CT in
steps of 0.01

Range: 0to 359° Lag in steps
of1

For proper simulation, values entered here should be below the minimum trip setting of
any protection feature. The relay will use these values when in the Prefault State. For delta
or wye systems, the relay automatically sets the voltages to the setpoint value of VT
nominal secondary voltage, with balanced voltage phase positions.

Fault Values

PATH: SETPOINTS [>V S8 TESTING >V SIMULATION >V FAULT VALUES

m FAULT [>1

VALUES

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL
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60 69 60 60 6D BO GD GO GH GO GO G

PHASE A-N VOLTAGE
LEVEL: 1.00 x VT

PHASE A-N VOLTAGE
POSITION: 0° Lag

PHASE B-N VOLTAGE
LEVEL: 1.00 x VT

PHASE B-N VOLTAGE
POSITION: 120° Lag

PHASE C-N VOLTAGE
LEVEL: 1.00 x VT

PHASE C-N VOLTAGE
POSITION: 240° Lag

PHASE A CURRENT
LEVEL: 1.00 x CT

PHASE A CURRENT

POSITION: 60° Lag

PHASE B CURRENT
LEVEL: 1.00 x CT

PHASE B CURRENT

POSITION: 180° Lag

PHASE C CURRENT
LEVEL: 1.00 x CT

PHASE C CURRENT

POSITION: 300° Lag

GND CURRENT
LEVEL: 0.00 x CT

Range: 0.00 to 2.00 x VT in
steps of 0.01

Range: 0to 359° Lag in steps
of 1

Range: 0.00to 2.00 x VT in
steps of 0.01

Range: 0to 359° Lag in steps
of 1

Range: 0.00 to 2.00 x VT in
steps of 0.01

Range: 0to 359° Lag in steps
of1

Range: 0.00 to 20.00 x CT in
steps of 0.01

Range: 0to 359° Lag in steps
of 1

Range: 0.00 to 20.00 x CT in
steps of 0.01

Range: 0to 359° Lag in steps
of1

Range: 0.00 to 20.00 x CT in
steps of 0.01

Range: 0to 359° Lag in steps
of1

Range: 0.00 to 20.00 x CT in
steps of 0.01
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MESSAGE & |GND CURRENT Range: 0to 359° Lag in steps
&> |POSITION: 0° Lag of1
& (SENSTV GND CURRENT Range: 0.000to0 1.000 x CT in
MESSAGE : steps of 0.001
&> |LEVEL: 0.100 x CT
MESSAGE & =) |SENSTV GND CURRENT Range: 0to 359° Lag in steps
&) |POSITION: 0° Lag of1
MESSAGE & |SYSTEM FREQ: Range: 20.00 to 65.00 Hz in
& [60.00 Hz steps of 0.01
A/T Range: 0.00 to 20.00 mA in
MESSAGE ¢ >
CURRENT: 0.00 mA steps of 0.01

The Fault Simulation State allows adjustment of all current and voltage phasors so that a
wide variety of system disturbances can be simulated. The frequency and the analog input
values can also be adjusted to give complete flexibility. Fault bus voltage values are always
entered as Wye values, even if the relay is set to Delta. The relay will calculate the
equivalent line voltages. Voltage magnitudes are entered in per unit values relative to the
nominal system voltage that is defined by the NOMINAL VT SECONDARY VOLTAGE and VT
RATIO setpoints. Phase current magnitudes are entered in per unit values relative to the
nominal system current that is defined by the PHASE CT PRIMARY setpoint. All phasor
angles are referenced to the prefault A-N bus voltage at 0°.

Postfault Values

PATH: SETPOINTS >V S8 TESTING [>V SIMULATION >V POSTFAULT VALUES

B POST FAULT [>1 BUS VOLTAGE Range: 0.00 to 2.00 x VT in
VALUES LEVEL: 1.00 x VT steps of 0.01
Range: 20.00 to 65.00 Hz in
MESSAGE & |BUS VOLTAGE s 0f 001
&> |FREQ: 60.00 Hz psoro.
Range: 0.00 to 2.00 x VT in
MESSAGE & |SYNC VOLTAGE oo
&> |LEVEL: 1.00 x VT p :
Range: 0to 359° Lag in steps
MESSAGE & |SYNC VOLTAGE ot
&> |POSITION: 0° Lag
Range: 20.00 to 65.00 Hz in
VESSAGE € SYNC VOLTAGE . 0o
FREQ: 60.00 Hz steps orv.

The Postfault State allows adjustment of the bus and line voltages in order to simulate an
open breaker condition and allow testing of the synchrocheck feature. All phasor angles
are referenced to the prefault A-N bus voltage at 0°.

5.9.5 Factory Service

PATH: SETPOINTS >V S8 TESTING [>V FACTORY SERVICE

B FACTORY [>1 ENTER FACTORY Range: Restricted access for
SERVICE PASSCODE: H GE personnel only
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These messages are intended for factory use only, to perform testing and diagnostics.
Entering the factory service passcode in the first message allows access to the command
messages.
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Digital Energy
Multilin

750/760 Feeder Management
Relay

Chapter 6: Actual Values

6.1 Overview

6.1.1 Actual Values Main Menu

Measured values, maintenance, and fault analysis information are accessed in actual
values mode. Actual value messages are organized into logical groups for easy reference
as shown below. Actual values may be accessed as follows:

1. Front panel, using the keys and display.

2. Front program port, and a portable computer running the EnerVista 750/760 Setup
software supplied with the relay.

3. Rear RS485/RS422 COM 1 port or RS485 COM 2 port with a SCADA system running
user-designed software.

4. Ethernet network connection to the rear RJ-45 port and a computer running the
EnerVista 750/760 Setup software supplied with the relay.

S 6-6
Al STATUS e page

m ACTUAL VALUES  [D] @» ® VIRTUAL INPUTS [D>]
& |m HARDWARE [>1

MESSAGE See page 6-6

'3 INPUTS
| |
viscace © |W LAST TRIP DATA [D>1f _ page 6-7
L <2
@ | ]
MESSAGE FAULT [D] See page 6-8
U3 LOCATIONS
@ | ]
MESSAGE CLOCK [D] See page 6-8
L <2
| |
vessace S AUTORECLOSE [>1 See page 6-8
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]
MESSAGE END OF PAGE Al

9

L4
MESSAGE
L~ 2

B ACTUAL VALUES [>1 B CURRENT [>1

See page 6-11
A2 METERING

B VOLTAGE [>1

MESSAGE See page 6-12

m FREQUENCY [>1

MESSAGE See page 6-13

B SYNCHRONIZING [>1

MESSAGE See page 6-14
VOLTAGE

MESSAGE POWER [D] See page 6-14
| |

MESSAGE ENERGY [[>] See page 6-15
m DEMAND

MESSAGE [[>] See page 6-16
m ANALOG INPUT [>1

MESSAGE See page 6-17

B END OF PAGE A2

D 6906006000 0G0G0CG0 S

MESSAGE
L > 2
MESSAGE
L < 2
m ACTUAL VALUES [>1 m TRIP COUNTERS [>1 s 618
ee age -
A3 MAINTENANCE pag
| |
MESSAGE @ ARCING CURRENT [[D>] See page 6-19
m END OF PAGE A3
MESSAGE &
MESSAGE
L < 2
®m ACTUAL VALUES [>1 m E128: Nov 17/03 [D]
See page 6-20
A4 EVENT RECORDER <Cause>
vEscace € [ E127: Nov 16/03 [>1
S <Cause>
1
viscace € | E1: Nov 10/03 [>1
S <Cause>
< > |l
MESSAGE @ ;ii; RESET [D] See page 6-24
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MESSAGE

9

L 4
MESSAGE
L~ 2

m ACTUAL VALUES [>1
A5 PRODCUT INFO

MESSAGE

MESSAGE

MESSAGE

9 6960 2

END OF PAGE A4

TECHNICAL [>1
SUPPORT

REVISION CODES [D]
CALIBRATION (>1
DATES

END OF PAGE A5

The following two figures show block diagrams from the Actual Values messages.
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FIGURE 6-2: Actual Values Block Diagram (2 of 2)
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CHAPTER 6: ACTUAL VALUES

6.2 Al Status

6.2.1 Virtual Inputs

PATH: ACTUAL VALUES [> A1 STATUS [> VIRTUAL INPUTS

® VIRTUAL INPUTS

[>1

69

2 VIRTUAL INPUTS
ARE ACTIVE

4

Logic Input 1
Off

Range: 0 to 20 Virtual Inputs

Range: On, Off. Reflects the user-
programmed name.

The state of all active virtual inputs as well as the ability to set their state is displayed here.
In some applications, these displays can be used instead of panel switches for controlling
operations within the relay. The ability to have user defined names for the inputs allows
the operator interface to be easily understood. See S3 Logic Inputs on page 5-26 for
complete details on virtual inputs, their setpoints and application.

The first value displays how many logic inputs have a virtual condition selected as part of
their asserted logic. The states of Virtual Inputs 1 through 20 are displayed in this menu.
The Logic Input 1 display heading is user-programmable. Note that only ‘active’ virtual
inputs are displayed; active virtual inputs are those that have their INPUT N ASSERTED
LOGIC setpoint programmed to monitor the state of the virtual input. There are

subsequent displays for the remaining virtual inputs.

6.2.2

Hardware Inputs

PATH: ACTUAL VALUES [> A1 STATUS >V HARDWARE INPUTS

B HARDWARE
INPUTS

[>1

CONTACT 1 STATE:
Open

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

69

9 606960 ¢

CONTACT 2 STATE:
Open

\2

CONTACT 14 STATE:
Open

SETPOINT ACCESS
STATE: Restricted

Trip Coil Monitor
STATE: Open

Close Coil Momnitor
STATE: Open

Range: Open, Closed

Range: Open, Closed

Range: Open, Closed

Range: Restricted, Allowed

Range: Open, Closed

Range: Open, Closed

These messages display the state of all hardware inputs. The top line in the last two values
above reflect the names programmed in the $6 MONITORING [>V EQUIPMENT [>¥ COIL
MONITOR 1 [> COIL 1 MON NAME and COIL 2 MON NAME Setpoints, respectively.
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Last Trip Data

Al STATUS
PATH: ACTUAL VALUES [> A1 STATUS >V LAST TRIP DATA
B LAST TRIP DATA [[D] DATE OF LAST TRIP: Range: Date in format shown
Nov 17 2003
. Range: Time in format shown
MESSAGE Q TIME OF LAST TRIP: g
&> |12:34:56.789
: Range: See A4 Event Recorder on page
MESSAGE & |TRIP: <> 6-20
&) |<Cause> :
. . Range: 0 to 65535 A
MESSAGE = |2 0 B: 0 J
& (e 0 Amps
. Range: 0 to 65535 A
vEssace € |GND CURRENT: g
L 2 0 A
MESSAGE & |SENSTV GND CURRENT: Range: 0to 655.35 A
S 0.00 A
. Range: 0 to 65535 A
MESSAGE Q NEUTRAL CURRENT: g
L <2 0 A
. . Range: 0 to 655.35 kV
MESSAGE ¢ |AN: 0.00 BN: 0.00 g
&> |CN: 0.00 kVolts
. . Range: 0 to 655.35 kV
MESSAGE & |aB: 0.00 BC: 0.00 g
& |ca: 0.00 kVolts
MESSAGE & |NEUTRAL VOLTAGE: Range: 0 to 655.35 kV
S 0.00 kv
. Range: 0.00 to 65.00 Hz
MESSAGE & |SYSTEM FREQ: g
S 0.00 Hz
. Range: 0 to 65535 units.
MESSAGE Q ANAL(;GM;NPUT

Independent of the event recorder, the relay captures the system information at the time of
the last trip event. This information includes a time and date stamp, trip cause, phase
current, ground current, sensitive ground current, neutral current, voltages, system
frequency, and the analog input. If more than one protection element trips for a fault (for
example, both the Phase and Neutral Instantaneous Overcurrent 1 elements) then only the
first trip event detected by the relay will have Last Trip Data captured. This information
cannot be cleared; data for a new trip overwrites the previous trip data.

The AN, BN, and CN voltage values are seen only if the s2 SYSTEM SETUP [>V BUS VT
SENSING [> VT CONNECTION TYPE setting is “Wye”. The AB, BC, and CA voltage values are
seen only if this setpoint is “Delta” or “None”. The units for ANALOG INPUT are set by the s6
MONITORING [>V ANALOG INPUT [>V ANALOG INPUT SETUP [>V A/I UNITS setting.
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A1 STATUS

6.2.4

Fault Locations

CHAPTER 6: ACTUAL VALUES

PATH: ACTUAL VALUES > A1 STATUS >V FAULT LOCATIONS [> FAULT LOCATION 0(9)

B FAULT
LOCATION O

[>1

DATE OF FAULT O:
Nov 17 2003

6.2.5 Clock

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9

H 60006

TIME OF FAULT O:
12:34:56.789

TYPE OF FAULT:
n/a

DISTANCE TO FAULT:
0.00 km

Zpos (INDUCTIVE)
OHM TO FAULT: 0.00

Range: Date in format shown

Range: Time in format shown

Range: Phase A, Phase B, Phase C,
Ground

Range: -327.68 to 327.68 km/mi

Range: 0.00 to 655.35 Q.

The data for ten faults detected by overcurrent elements is stored under headings
beginning with FAULT LOCATION 0. This information cannot be cleared; data for new events
is always stored as fault 0. The data for each previous fault is shifted to the next highest
number, and Event 9 is discarded.

The DISTANCE TO FAULT and Zpos (INDUCTIVE) OHM TO FAULT values are seen only if a fault
location calculation has been performed.

PATH: ACTUAL VALUES > A1 STATUS >V CLOCK

B CLOCK

[>1

9

CURRENT DATE:
November 17 2003

6.2.6  Autoreclose (760 only)

PATH: ACTUAL VALUES > A1 STATUS >V AUTORECLOSE

MESSAGE

4

CURRENT TIME:
16:30:00

Range: Date in format shown

Range: Time in format shown

The date and time are displayed in the format shown. These values are shown as
“Unavailable” if the date and/or time has not been programmed.

m AUTORECLOSE >1 AR SHOT
NUMBER IN EFFECT: 0
MESSAGE &> |AR SHOTS
&> |REMAINING: 4
MESSAGE Q AR SHOT
&> |RATE: 0 /hr
vEssage €9 |AR SHOT
& |COUNT: 0
MESSAGE &> AR SHOT COUNT LAST

RESET: Nov 17 2003

Range: O to 4

Range: O to 4

Range: O to 4

Range: Oto 4

Range: Date in format shown
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A1 STATUS

The present shot number which the autoreclose scheme is using to control protection
settings is displayed in the AR SHOT NUMBER IN EFFECT value. If the scheme has reached
Lockout, the display is the shot number after which a trip caused lockout. The AR SHOTS
REMAINING value displays the number of reclose shots that can still be performed. After
this point, the reclose system will be either reset or locked-out. The value displayed is
contained in the Shot Limit memory. Each time a reclose shot is performed, in a given
sequence, this Shot Limit is reduced by one. The Shot Limit can also be reduced to any
given value less than the programmed value by the current supervision function.

The number of reclosures in the past hour is shown in the AR SHOT RATE value. This value
will be cleared by a RESET AR RATE DATA command via the front panel or communications.

The AR SHOT COUNT value shows the total number of reclosures since the AR SHOT COUNT
LAST RESET date. The AR SHOT COUNT LAST RESET displays “Unavailable” if the date has
never been programmed.
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6.3 A2 Metering

6.3.1 Metering Conventions

The relay measures all RMS currents and voltages, frequency, and an auxiliary analog
input. Other values like average and neutral current, average line and phase voltage,
symmetrical components, frequency decay rate, synchrocheck delta, power factor, power
(real, reactive, apparent), energy (real, reactive), running and maximum demands (current,
real power, reactive power, apparent power), and analog input rate of change are derived.
All quantities are recalculated every power system cycle and perform protection and
monitoring functions. Displayed metered quantities are updated approximately three (3)
times a second for readability. All phasors and symmetrical components are referenced to
the A-N voltage phasor for wye-connected VTs; to the A-B voltage phasor for delta-
connected VTs; or to the phase A current phasor when no voltage signals are present.

ONE LINE DIAGRAM POWER PLANE DIAGRAMS
I, : : I =
1 < > L.
POSITIVE Pl
DIRECTION N > 5
Qt
v A
s1=El4
28 a
SOURCE LOAD
+Q
RELAY
<2
P - +P
Q2
A v
s2=El 2
| PER IEEE DEFINITIONS | .
PHASOR DIAGRAM A a
(POSITIVE ROTATION) SS=E|3
/—\ 'y
Q3
<
S2 S1 P P3 +P
- Watt + Watt
- Var - Var
PF=Lag PF=Lead
) I
Q
Bus Voltage E +Q
- A
2 sa=El4
A
Q4
$3 15 L, s4 Py
- Watt o Watt >
+Var Davar P P4 P
PF=Lead { PF=Lag |
@, = Angle By Which Voltage Leads Current
-Q
818773AC.CDR

FIGURE 6-3: Power Quantity Relationships
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6.3.2 Current

PATH: ACTUAL VALUES >V A2 METERING [> CURRENT

B CURRENT

[>1

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

9 6009060696060 0CDGIGHGBYG

0

% OF LOAD-TO-TRIP:
0%

BDle o e
<

AVERAGE
0

CURRENT:

PHASE CURRENT:

PHASE CURRENT:

0° Lag

A
A
0 A 0° Lag
B
A
c

PHASE CURRENT:
0 A 0° Lag

NEUTRAL CURRENT:
0 A 0° Lag

GND CURRENT:

0 A 0° Lag

SENSTV GND CURRENT:
0.00 A 0° Lag

POS SEQ CURRENT:
0 A 0° Lag

NEG SEQ CURRENT:
0 A 0° Lag

ZERO SEQ CURRENT:
0 A 0° Lag

POLARIZING CURRENT:
0 A 0° Lag

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

A2 METERING

Oto 65535A

0 to 2000%

0to 65535A

0to 65535 A, 0to 359° Lag

Oto 65535A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

Oto 65535A, 0to 359° Lag

0to 655.35A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

Oto 65535A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

Measured values of phase current magnitudes and phasors are displayed here. In addition,
several calculated values are also displayed. The AVERAGE CURRENT displays the
calculated averages of the Phase A, B, and C RMS currents:

’a\/g 3

_ (ol + 1] + 1)

(EQ 6.1)

The NEUTRAL CURRENT value displays the calculated neutral current RMS phasor given by

3l = ly+1p+1,

(EQ 6.2)

The POSs SEQ CURRENT displays the calculated positive-sequence current RMS phasor as

given by:

%+a%+a%
al = 3

/a+a%b+aQ

< for ABC phase sequence

(EQ 6.3)

= ————— for ACB phase sequence

lal 3



A2 METERING

CHAPTER 6: ACTUAL VALUES

The NEG SEQ CURRENT displays the calculated negative-sequence current RMS phasor as

given by:
2
lg+aly+al.
lgr = 3 for ABC phase sequence
(EQ 6.4)
2
lg+aly+a”l.
lop = ——=—— for ACB phase sequence
The ZERO SEQ CURRENT displays the calculated zero-sequence current RMS phasor:
I+ 1y +1
lyo = 2 3b < (EQ 6.5)

6.3.3 Voltage
PATH: ACTUAL VALUES >V A2 METERING >V VOLTAGE
B VOLTAGE [>] AB: 0.00 BC: 0.00
CA: 0.00 kV
MESSAGE ¢~ |AVERAGE LINE
&> |VOLTAGE: 0.00 kV
MESSAGE & |AN: 0.00 BN: 0.00
&> |oN: 0.00 kv
MESSAGE & |AVERAGE PHASE
&) |VOLTAGE: 0.00 kV
MESSAGE ¢ |LINE A-B VOLTAGE:
&> | 0.00 kv 0° Lag
MESSAGE & [LINE B-C VOLTAGE:
&> | 0.00 kV  0° Lag
MESSAGE & |LINE C-A VOLTAGE:
@ 0.00 kv 0° Lag
MESSAGE ¢ |LINE A-N VOLTAGE:
&> | 0.00 kv 0° Lag
MESSAGE & |LINE B-N VOLTAGE:
&> | 0.00 kV  0° Lag
vissace ©9 |LINE C-N VOLTAGE:
@ 0.00 kv 0° Lag
uissnee € |NEUTRAL VOLTAGE:
&> | 0.00 kv 0° Lag
yissace € |POS SEQ VOLTAGE:
&> | 0.00 kV  0° Lag
MESSAGE Q NEG SEQ VOLTAGE:
@ 0.00 kv 0° Lag
o ZERO SEQ VOLTAGE:
MESSAGE
0.00 kV  0° Lag

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range

Range

0to655.35kV

0to 655.35 kV

0to655.35kV

0to655.35kV

0to 655.35kV, 0 to 359° Lag

0to 655.35 kV, 0 to 359° Lag

0to 655.35kV, 0to 359° Lag

0to 655.35kV, 0 to 359° Lag

0to 655.35 kV, 0 to 359° Lag

0to 655.35kV, 0to 359° Lag

0to 655.35kV, 0 to 359° Lag

0to 655.35kV, 0 to 359° Lag

: 0to 655.35 kV, 0to 359° Lag

: 0 to 655.35kV, 0to 359° Lag
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6.3.4 Frequency

A2 METERING

The measured values of line and phase voltage magnitudes and phasors for the Bus VT
inputs are displayed along with sequence components. In addition, several calculated
values are also displayed. The AVERAGE LINE VOLTAGE displays the calculated averages of
the RMS line voltages given by:

Vabl +|Ved + 1V,
Vavg = (Vo |§C| [Veo) (EQ 6.6)

The AVERAGE PHASE VOLTAGE displays the calculated average of the RMS phase voltages
given by:

Vol + Vol + 1|V,
Voyg = (Voo *| §”| [Veo) (EQ 6.7)

The NEUTRAL VOLTAGE displays the calculated neutral RMS phasor given by:
3Vy = Vy+Vy+V, (EQ 6.8)
The POS SEQ VOLTAGE shows the calculated positive-sequence voltage RMS phasor:

(V,+aV, +a°V,)
Vg1 = — for ABC phase sequence
, (EQ 6.9)
(Vy+a"Vpy+aV,)
Vor = ———= for ACB phase sequence

The NEG SEQ VOLTAGE shows the calculated negative-sequence voltage RMS phasor:

2
_(Vg+aVy+aVp)

Vo = 3 for ABC phase sequence
, (EQ 6.10)
(Vy+aVy+aV)
Vo = — for ACB phase sequence

The ZERO SEQ VOLTAGE value shows the calculated zero-sequence current RMS phasor:
Voo = (Vg + Vp+V,)/3 (EQ 6.11)

The AN, BN, CN, AVERAGE PHASE VOLTAGE, LINE A-N VOLTAGE, LINE B-N VOLTAGE, and LINE C-
N VOLTAGE values are seen only if the VI CONNECTION TYPE setting is “Wye",

PATH: ACTUAL VALUES >V A2 METERING >V FREQUENCY

B FREQUENCY

(>1 SYSTEM FREQ: Range: 0 to 65.00 Hz
0.00 Hz
Range: -10.00 to 10.00 Hz/s
MESSAGE € FREQ DECAY g
RATE: 0.00 Hz/s

Frequency is measured with a zero-crossing detector from the V, voltage. This measured
frequency is used for Frequency Tracking (see page Theory of Operation on page 2-5 for
details). Both of these values will read zero if the potential across the V, input terminals is
less than 10 V. When the FREQ DECAY RATE is positive, the frequency is decreasing; when it
is negative, the frequency is increasing.
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CHAPTER 6: ACTUAL VALUES

6.3.5 Synchronizing Voltage

PATH: ACTUAL VALUES >V A2 METERING >V SYNCHRO VOLTAGE

B SYNCHRONIZING [>1 SYNCHRO VOLTAGE: Range: 0t0 655.35 kV, 0 to 359° Lag
VOLTAGE 0.00 kv 0° Lag
. Range: 0 to 65.00 Hz
MESSAGE & |[SYNCHRO FREQ: g
&> | 0.00 Hz
: ° Range: 0 to 359°, 0 to 655.35 kV,
MESSAGE € SYNCHRO DELTA 0 ppadivls
0.00 kv 0.00 Hz :

The voltage magnitude, phase angle, frequency, and delta values for the line VT
synchronizing voltage input are displayed as shown above. The SYNCHRO FREQ value
displays the measured frequency of the line VT input; it will be zero if the potential across
the line VT input terminals is less than 10.0 V. The SYNCHRO DELTA value displays the
differences of phase position, voltage magnitude, and frequency between the line VT input
and its corresponding bus VT input.

6.3.6 Power
PATH: ACTUAL VALUES >V A2 METERING >V POWER
B POWER [>1 3@ REAL POWER: Range: -30000 to 30000 kW. See the
0.0 MW table below for details.
MESSAGE & |30 REACTIVE POWER: Range: -30000 to 30000 kvqr. See the
o 0.0 Mvar table below for details.
& |30 APPARENT POWER: Range: 0 to 30000 kVA. See the table
MESSAGE D 0.0 MVA below for details.
. Range: -0.99 to 1.00
visspce € |3 POWER FACTOR: g
S 0.00
MESSAGE & |®A REAL POWER: Range: -30000 to 30000 kW See the
=3 0.0 MW table below for details.
MESSAGE & |dA REACTIVE POWER: Range: -30000 to 30000 kVQﬁ See the
D 0.0 Mvar table below for details.
MESSAGE & |2 APPARENT POWER: Range: 0 to 30000 kVA. See the table
P 0.0 MVA below for details.
. Range: -0.99 to 1.00
viscpce € |PA POWER FACTOR: g
S 0.00

The actual values messages for three-phase and Phase A power are shown above. Similar
power messages follow for Phases B and C.

The relay calculates and displays the real, reactive, and apparent power of the system.
Both three phase and single phase quantities are given. The relationship of these power
quantities is illustrated in the power plane, as shown in the power quantity relationships
figure that follows. If the vT CONNECTION TYPE setpoint “None”, all three phase quantities
are displayed as zero and all single phase quantities disappear. All power quantities auto-
range to show units appropriate to the nominal power which is defined as:

Py = Phase CT Primary x VT Secondary Voltage x VT Ratio (EQ 6.12)
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Table 6-1: Power Quantities

A2 METERING

Nominal Power (Py) Power Units Resolution
Py<1MVA kW, kvar, kVA, kWhr, kvarhr 1
MW, Mvar, MVA, MWhr,
< ) ) ) ,
1 MVA <Py <10 MVA Mvarh 0.01
MW, Mvar, MVA, MWhr,
< ) ) , )
10 MVA <Py Mvarh 0.1
6.3.7 Energy
PATH: ACTUAL VALUES >V A2 METERING [>V ENERGY
m ENERGY >1 POSITIVE WATTHOURS: Range: 0 to 4 x 10° MWh. See table
0.0 MWh above for details.
vessace € |POSITIVE WATTHOUR Range: 0to $4 x 10°
&) |cosT: $ 0
& |NEGATIVE WATTHOURS: Range: 0 to 4 x 10° MWh. See table
MESSAGE & 0.0 MWh above for details.
vessace € |NEGATIVE WATTHOUR Range: 0to $4 x 10°
&> |cosT: $ 0
© [PoSITIVE VARHOURS: Range: 0 to 4 x 10° Mvarh. See table
MESSAGE poq 0.0 Mvarh above for details.
& |NEGATIVE VARHOURS: Range: 0 to 4 x 10° Mvarh. See table
MESSAGE & 0.0 Mvarh above for details.
Range: Date in format shown
MESSAGE A~ ENERGY USE DATA LAST g

NOTE

RESET: Nov 17 2003

The relay uses three phase power quantities to determine total energy consumption. All
energy quantities can be reset to zero with the S1 RELAY SETUP [> CLEAR DATA [> CLEAR
ENERGY USE DATA setpoint command. Energy cost is also calculated based on the average
billing rate programmed in the s2 SYSTEM SETUP [> PWR SYSTEM [> COST OF ENERGY
setpoint. Although billing rate structures are usually more complex, these values provide
approximate costs. Energy quantities auto-range to show units appropriate to the nominal

power.

Power quantities in the positive direction are added to the positive values; power quantities
in the opposite direction are added to the negative values.

The 750/760 is not a revenue class meter and cannot be used for billing purposes.
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6.3.8 Demand

Main Menu

PATH: ACTUAL VALUES >V A2 METERING >V DEMAND

B DEMAND

m DPHASE A [>1
CURRENT

g @@
vessace ©
MESSAGE
MESSAGE

MESSAGE

MESSAGE

6069 6D G0 G

MESSAGE &

m PHASE B [>1
CURRENT

m DPHASE C [>1
CURRENT

m REAL POWER [>1

B REACTIVE POWER [D]

m APPARENT POWER [[]

m LAST RESET [>1

CHAPTER 6: ACTUAL VALUES

See page 6-16

See page 6-16

See page 6-16

See page 6-16

See page 6-16

See page 6-16

See page 6-17

The relay measures current demand on each phase, and average three phase demand for
real, reactive, and apparent power. These parameters can be monitored to reduce supplier
demand penalties or for statistical metering purposes. Demand calculations are based on
the measurement type selected under S6 MONITORING [>V DEMAND. For each quantity, the
relay displays the demand over the most recent demand time interval, the maximum
demand since the last maximum demand reset, and the time and date stamp of this
maximum demand value. Maximum demand quantities can be reset to zero with the s1
RELAY SETUP [>V CLEAR DATA >V CLEAR MAX DEMAND DATA setpoint command.

Phase A Current o Apparent Power demand

PATH: ACTUAL VALUES >V A2 METERING >V DEMAND [> PHASE A CURRENT(APPARENT PWR)

B PHASE A
CURRENT

[>1 @@

LAST PHASE A CURRENT
DEMAND: 0 A

messace €
L~ 2

messace €
L~ 2

MESSAGE &

MAX PHASE A CURRENT
DEMAND: 0 A

LAST PHASE A CURRENT
DATE: Mar 16 1997

LAST PHASE A CURRENT
TIME: 16:30:00

Range: 0 to 65535 A

Range: 0 to 65535 A

Range: Date in format shown

Range: Time in format shown

The actual values for Phase A Current Demand are shown above. The actual values
displays for Phase B Current, Phase C Current, Real Power, Reactive Power, and Apparent
Power Demand are similar to those above.
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A2 METERING

Last Reset Date

PATH: ACTUAL VALUES >V A2 METERING >V DEMAND [>V LAST RESET DATE

B LAST RESET

DEMAND DATA LAST Range: Date in format shown

RESET: Mar 16 1997

[>1 @Q

This message displays the last date the maximum demand data was cleared. If the date
has never been programmed, this relay will display “Unavailable”.

6.3.9 Analog Input

PATH: ACTUAL VALUES >V A2 METERING >V ANALOG INPUT

B ANALOG INPUT

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

[>1 @@ ANALOG INPUT: Range: 0to 65535
0 pa
. Range: 0 to 65535
upseace © |awaLoe INPUT: ' g
Y 2 0 uA /min
. Range: 0 to 65535
MESSAGE Q ANALOG INPUT: g
0 ua /hour

The relay provides the ability to monitor any external quantity via an auxiliary current input
called the analog input.

These first actual value message displays the scaled value of the analog input, as defined
in S6 MONITORING [>V ANALOG INPUT [> ANALOG INPUT SETUP. In this actual values display,
the name programmed in setpoint message $6 MONITORING [>V ANALOG INPUT [> ANALOG
INPUT SETUP [> A/I NAME Will be displayed instead of the factory default “A/I”. The name of
the units programmed in the setpoint message $6 MONITORING >V ANALOG INPUT [>
ANALOG INPUT SETUP [>V A/1 UNITS Will be displayed instead of the factory default “pA”.

The subsequent actual value messages display the analog input rate of change in per
minutes and per hour.



A3 MAINTENANCE
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6.4 A3 Maintenance

6.4.1 Trip Counters

PATH: ACTUAL VALUES >V A3 MAINTENANCE > TRIP COUNTERS

0

TRIP COUNTERS LAST
RESET: Nov 17 2003

m TRIP COUNTERS (> BREAKER TRIPS:
0

MESSAGE ¢ |GND OC TRIPS:
L <2 0

vespce P [SENSTV GND oc TRIPS:
L < 2 0

vessace €9 |NEUTRAL OC TRIPS:
L 2 0

MESSAGE & |NEG SEQ OC TRIPS:
L <2 0

MESSAGE & |19 PHASE OC TRIPS:
L < 2 0

MESSAGE Q 2¢d PHASE OC TRIPS:
L 2 0

MESSAGE @ 3 PHASE OC TRIPS:
L 2
L 4

Range: 0 to 65535

Range: 0 to 65535

Range: 0 to 65535

Range: 0 to 65535

Range: 0 to 65535

Range: 0 to 65535

Range: 0 to 65535

Range: 0 to 65535

Range: Date in format shown

The total number of trips since the TRIP COUNTERS LAST RESET date are displayed. Trip
counters are used for scheduling inspections on equipment, for performing qualitative
analysis of system problems, and for spotting trends. The BREAKER TRIPS counter is
incremented every time an open breaker status is detected. If applicable, one of the more
specific trip counters available will accumulate when a Trip condition is generated. A trip
condition is generated by any feature or input which signals the Trip Relay to operate. If
the logic input assigned to the Block Breaker Statistics function is active, when a trip
condition is generated, the trip counters will not be incremented. Trip counter data can be
reset to zero with the S1 RELAY SETUP [>V INSTALLATION [>V RESET TRIP COUNTER DATA
setpoint.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 6: ACTUAL VALUES

6.4.2 Arcing Current

A3 MAINTENANCE

PATH: ACTUAL VALUES >V A3 MAINTENANCE [>V ARCING CURRENT

B ARCING CURRENT [D] @Q
S
MESSAGE
L < 2
D
MESSAGE
L 2
L 2

TOTAL ARCING CURRENT
(0). 0 kAz-cycle

TOTAL ARCING CURRENT
OB: 0 kAz-cycle

TOTAL ARCING CURRENT
®C: 0 kAz-cycle

ARCING CURRENT LAST
RESET: Nov 17 2003

Range: 0 to 65535 kA°-cycle

Range: 0 to 65535 kA°-cycle

Range: 0 to 65535 kA°-cycle

Range: Date in format shown

The accumulated Phase A, B, and C arcing currents (in kA%-cycles) since the ARCING
CURRENT LAST RESET date are displayed. The relay calculates an estimate of the per-phase
wear on the breaker contacts. Arcing current data can be reset to zero with the S1 RELAY
SETUP [>V INSTALLATION [>V RESET ARCING CURRENT DATA setpoint command.
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6.5

A4 Event Recorder

0.00 Hz

ANALOG INPUT:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

Range:

6.5.1 Event Records
PATH: ACTUAL VALUES >V A4 EVENT RECORDER > E001(128)
m E128: Nov 17/03 [D] TIME OF EVENT:
<Cause> 16:30:00.000
vessage €9 |<Event Type>:

&) |<Cause of Event>
vessage € |PHASE A CURRENT:
uissaoe & |PHASE B CURRENT:

L2 0 A 0° Lag
vissae € |PHASE C CURRENT:

L <2 0 A 0° Lag
MESSAGE ¢ |GND CURRENT:
vessace €9 |SENSTV GND CURRENT:

@ 0.00 A 0° Lag
MESSAGE & |LINE A-B VOLTAGE:

L~ 0.00 kV 0° Lag
ypserce € |LINE B-C VOLTAGE:

&> | 0.00 kv 0° Lag
vissace © |LINE C-A VOLTAGE:

L~ 0.00 kV 0° Lag
vessace € |PHASE A-N VOLTAGE:

L <2 0.00 kV 0° Lag
MESSAGE ¢ |PHASE B-N VOLTAGE:

&> | 0.00 kv 0° Lag
vessace €9 |PHASE C-N VOLTAGE:

L2 0.00 kV 0° Lag
MESSAGE ¢ |SYSTEM FREQUENCY:

Y2 0.00 Hz
MESSAGE & |SYNCHRO VOLTAGE:

&> | 0.00 kv 0° Lag
vesace €9 |SYNCHRO FREQUENCY:

L <

>

0 uaA

Time in format shown

See tables on pages -21 and -

22.

0to 65535A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

0to 65535 A, 0to 359° Lag

Oto 65535A, 0to 359° Lag

0to 655.35A, 0to 359° Lag

0to 65535 kV, 0 to 359° Lag

0to 65535 kV, 0 to 359° Lag

0to 65535 kV, 0to 359° Lag

0to 65535 kV, 0 to 359° Lag

0to 65535 kV, 0 to 359° Lag

0to 65535 kV, 0to 359° Lag

0t0 90.00 Hz

0to 65535 kV, 0 to 359° Lag

0t0 90.00 Hz

0 to 65535 Analog Input Units

The 750/760 has an event recorder which runs continuously, capturing and storing the last
512 events. All event recorder information is stored in non-volatile memory so the
information is maintained after losing relay control power. The last 512 events are

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 6: ACTUAL VALUES

A4 EVENT RECORDER

displayed from newest to oldest event. Each event has a header message containing a
summary of the event that occurred. Each event is assigned an event number equal to the
number of events that have occurred since the recorder was cleared; the event number is
incremented for each new event. Event recorder data can be cleared with the s1 RELAY
SETUP [>V CLEAR DATA [>V CLEAR EVENT RECORDER DATA setpoint.

Event information is gathered at the instant the event occurs; as such, the current and
voltage readings may reflect the transient nature of the event as opposed to steady state
values. All messages pertaining to phase voltages AN, BN, and CN are only displayed if v
CONNECTION TYPE is programmed to “Wye”. If vT CONNECTION TYPE is programmed to
“Delta”, line voltages AB, BC, and CA are displayed.

Events are organized into several different types as shown in the table below. Several event
types can be filtered out in order to save space in the event recorder (see Event Recorder
on page 5-14 for additional details on event filtering). For every event type there are a

number of possible causes. The Cause of Events table lists all the event causes according

to which event types they can generate.

The following symbols are used in the description of the event messages: <®> represents
the phases involved (e.g. @BC) in the event if applicable and <ON> represents whether the
logic input is asserted (ON) or not asserted (OFF)

Table 6-2: Event Types

Event Type Display

Description

General Events None

Events that occur when a specific
operation takes place

Pickup Events PICKUP: <®>

These are events that occur when a
protection element picks up and starts
timing

Trip Events TRIP: <®>

These are events that occur when an
element whose function has been
programmed to "Trip" or "Trip & AR"
operates.

Alarm Events ALARM: <®>

These are events that occur when an
element whose function has been
programmed to "Alarm" operates or drops
out.

Latched Alarm LATCHED ALARM:
Events <D>

These are events that occur when an
element whose function has been
programmed to "Latched Alarm" operates
or drops out.

Control Events CONTROL: <®>

These are events that occur when an
element whose function has been
programmed to "Control" operates or
drops out.

Dropout Events DROPOUT:

These are events that occur when a
protection element drops out after a
corresponding pickup event.

Contact Events INPUT C <ON>:

These are events that occur when a
contact input is either asserted or de-
asserted.
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Table 6-2: Event Types

CHAPTER 6: ACTUAL VALUES

asserted.

Event Type Display Description
: These are events that occur when a
\E/\'/retﬁ?; Input INPUT V <ON>: virtual input is either asserted or de-

Contact and

These are events that occur when both a

manual testing

Virtual Input INPUT CV <ON>: | contactinputand virtualinputis either
Events asserted or de-asserted.

These are events that occur when a self-
Self-Test SELF-TEST L SVE
Warning Events | WARNTNG: test warning is detected or one of the

The event causes are listed alphabetically by type of event in the following table.

Table 6-3: Cause of Events

General Event Causes

Autoreclose Reset

Breaker Closed

Breaker Not
Connected

Breaker Open

Clear Energy Use

Clear Event Record

Clear Max Demand

Close Breaker

Cls From Transfer

Control Power Off

Control Power On

Group 1to 4 Active

Open Breaker

Reclosure 1to 4

Reclosure Lockout

Reset Reset AR Count Reset AR Shot Rate Reset Arc Current Reset Trip Counter
Set Date Set Time Shots Reduced to 1(3) %hots Reduced to L/ Transfer Initiated
Transfer Not Ready Trigger Data Log Trigger Trace Trip From Transfer

Pickup, Trip, Alarm, Latched Alarm, and Control Event Causes

Analog Rate 1to 2

Analog Threshold 1/2

Apparent Power
Demand

Arcing Current

Autoreclose Rate

Breaker Failure

Breaker Operation

Bus Undervoltage 1
to?2

Close Coil Monitor

Cold Load P/U Block

Current Demand

Frequency Decay

Ground Dir Reverse

Ground Inst OC

Ground Time OC

Line Undervoltage 3
tod

Manual Close Block

Neg Seq Dir Reverse

Neg Seq Inst OC

Neg Seq Time OC

Neg Seq Voltage

Neutral Current Level

Neutral Dir Reverse

Neutral
Displacement

Neutral Inst OC 1/2

Neutral Time OC1/2

Out of Sync

Overfrequency

Overvoltage 1 and 2

Phase Current Level

1 The coil monitor name as programmed is displayed.
2 The pulse output quantity name as programmed is displayed.
3 For User Inputs A through T, the user-defined name is displayed
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Table 6-3: Cause of Events

A4 EVENT RECORDER

General Event Causes

Phase Dir Reverse

Phase Inst OC 1 and
2

Phase Time OC 1

Phase Time OC 2

Power Factor 1

Power Factor 2

Pulse Output

Reactive Power
Demand

Real Power Demand

Sens Gnd Dir Reverse

Senstv Gnd Time OC

Senstv Gnd Inst OC

Trip Coil Monitor

Trip Counter

UFreq Restore Init

Underfrequency 1 Underfrequency 2 User Input Ato T 3 UVolt Restore Init VT Failure
Logic Input Event Causes
52a Contact 52b Contact Block 1 Trip Block 2 Close Block All OC

Block Freq Decay

Block Gnd Inst OC

Block Gnd Time OC

Block Ground OC

Block Neg Seq Inst

Block Neg Seq Time

Block Neg Seq Volt

Block Neutral Disp

Block Neutral Inst OC
1

Block Neutral Inst OC
2

Block Neutral OC

Block Neutral Time
0oC1

Block Neutral Time
0C?2

Block Phase Inst OC 1

Block Phase Inst OC 2

Block Phase OC

Block Phase Time OC
1

Block Phase Time OC
2

Block Reclosure

Block Reset

Block Restoration

Block Sens Gnd Inst
oC

Block Sens Gnd OC

Block Sens Gnd Time
oC

Block Transfer

Block Undervolt 1 to

Block Underfreq 1

Block Trip Count 4 and 2 Breaker Connected Bus Tie Closed

Bus Tie Connected Bypass Cancel Reclosure Cls From Incomer 1 Cls From Incomer 2
Synchrocheck

Cold Load Pickup Incomer 1 Closed Incomer 2 Closed Initiate Reclosure Local Mode

Remote Close Remote Open Remote Reset Selected To Trip Setpoint Group 2

Setpoint Group 3 Setpoint Group 4 Simulate Fault Source Trip ISrEtoerrtvl?]lemond

Trigger Data Log Trigger Trace User Input Ato T3 UV On Other Source | Xfmr Lockout

Warning Event Causes
A/D Virtual Ground Analog Output +32V | Clock Not Set Dry Contact +32V EEPROM Corrupt

Factory Service

FLASH Corrupt

Force Analog Out

Force Relays

Internal R$485

Internal Temp

IRIG-B Failure

Not Calibrated

Pickup Test

Prototype Software

Relay Not Ready

RTC Crystal

Simulation Mode

1 The coil monitor name as programmed is displayed.
2 The pulse output quantity name as programmed is displayed.
3 For User Inputs A through T, the user-defined name is displayed
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6.5.2 Last Reset Date
PATH: ACTUAL VALUES >V A4 EVENT RECORDER >V LAST RESET DATE

B LAST RESET [>1 EVENT RECORDER LAST Range: Date in format shown
DATE RESET: Mar 16 1997

After the header message for the last event is a message indicating when the event
recorder was last cleared.
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6.6 A5 Product Info

6.6.1 Technical Support
PATH: ACTUAL VALUES >V A5 PRODUCT INFO > TECHNICAL SUPPORT

E TECHNICAL [>1 GE Multilin Range: The address for GE Multilin is
SUPPORT @ @ 215 Anderson Ave. indicated here.

MESSAGE & |Markham, Ontario
&) |Canada, L6E 1B3

S s - Range: Telephone and fax numbers for
MESSAGE e ::i: 238;; zzi_gzzz GE Multilin are shown.
Internet Address: Range: The GE Multilin web page
L = address is indicated here.

www.GEmultilin.com

This page has information on where to obtain technical support for your relay.

6.6.2 Revision Codes

PATH: ACTUAL VALUES >V A5 PRODUCT INFO >V REVISION CODES

B REVISION CODES [D] GE Multilin Range: The product name and
750 REVISION 7.00 software revision are indicated.
MESSAGE & |HARDWARE REVISION: Range: Hardware revision of the relay.
S K
& |SOFTWARE REVISION: Range: Displays the software revision
MESSAGE of the relay.
& 700
MESSAGE & |VERSION NUMBER: Range: Displays the versiotj 'nur'nber
& |oo0 and any relay modifications
MESSAGE & |ORDER CODE: 760- Range: Displgys the re/ay order code
& |P5-G5-S5-HI-A20-R-E and installed options.
& |BOOTWARE REVISION: Range: Displays the relay’s boot
MESSAGE & 500 software revision
MESSAGE & |SERIAL NUMBER: Range: Displays the serial number of
MANUFACTURING DATE: Range: Displays the manufacture date
=4 Nov 17 2004 in the format shown.

This page specifies hardware revision and configuration, software revision, and serial
number. This information is primarily intended for GE Multilin service personnel.
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6.6.3 Calibration Dates
PATH: ACTUAL VALUES >V A5 PRODUCT INFO >V CALIBRATION DATES

B CALIBRATION [>1 @» FACTORY CALIBRATION Range: Displays the initial calibration

date in the format shown.

DATES DATE: Nov 17 2004
LAST CALIBRATION Range: Displays the last calibration
L =~ DATE: Nov 17 2004 date in the format shown.

This information is primarily intended for GE Multilin service personnel.
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750/760 Feeder Management
Relay

Chapter 7: Commissioning

[— el

7.1 Overview

7.1.1 Safety Precautions

Pay special attention to all the safety precautions listed below.

HAZARD may result if the product is not used for its intended purposes

CAUTION

Dangerously high voltages are present on the rear terminals of the relay. The voltages
are capable of causing DEATH or SERIOUS INJURY. Use extreme caution and follow all
e safety rules when handling, testing, or adjusting the equipment.
Do not open the secondary circuit of a live CT, since the high voltage produced is
capable of causing DEATH or SERIOUS INJURY, or damage to the CT insulation.

>

CAUTION

The relay uses components that are sensitive to electrostatic discharges. When
handling the unit, care must be taken to avoid contact with terminals at the rear of the
relay.

=

CAUTION

Ensure that the control power applied to the relay, and the AC current and voltage
input, match the ratings specified on the relay nameplate. Do not apply current to the
CT inputs in excess of the Time x Current specified limits.

2

CAUTION

Ensure that the Logic Input wet contacts are connected to voltages less than the
maximum voltage specification of 300 V DC.

-

CAUTION
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7.1.2 Requirements

The following procedures can be used to verify the proper operation of the 750/760 Feeder
Management Relay. Although not a total functional verification, the tests in this chapter
check the major operating points. Before commissioning the relay, users should read
Chapter 3 which provides important information about wiring, mounting, and safety
concerns. One should also become familiar with the relay as described in Chapters 2 and 5.

The test procedures outlined in this section are for field verification that the relay is
operational and programmed as required for the application. It is not necessary to field
test every characteristic of every relay feature. The various features are implemented in
software, which is thoroughly tested at the factory. Our recommendation is to field test all
of the input, display, and output hardware, and features which are to be operational in the
specific application.

The setpoints considered for the measurement of parameters and the operation of
features are shown on the logic diagrams. All settings must be set to the application
requirement by the user before beginning the tests. To facilitate testing it is recommended
that all functions be initially set to “Disabled”. Every feature which will be used in the
application should be set to the required function for the test, then returned to “Disabled”
at completion. Each feature can then be testing without complications caused by
operations of other features. At the completion of all tests each feature is then set as
required.

The procedures for testing of common operations will not be repeated in every test. The
common features, and the test procedure location are as follows:
e Thermal Exponential Demand Characteristic: Measurement of Current Demand
¢ Block Interval Demand Characteristic: Measurement of Current Demand
¢ Rolling Interval Demand Characteristic: Measurement of Current Demand
e Feature Function as “Trip”, “Alarm”, or “Control”: Phase Time Overcurrent 1
¢ Fixed Delay Timing: Phase Time Overcurrent 1
e Front Panel RESET Key Resetting: Phase Time Overcurrent 1
¢ Logic Input Resetting: Phase Time Overcurrent 1
e Feature Blocking from Logic Inputs: Phase Time Overcurrent 1
e Element Operation of Output Relays: Phase Time Overcurrent 1
¢ Number Of Faulted Phases: Phase Instantaneous Overcurrent 1
e Feature Function as “Trip + AR": Autoreclose (760 Only)
We also recommend that the procedures outlined in Placing the Relay In Service on page

7-94 be performed for all installations to verify proper operation and function of the
equipment.

7.1.3 Conventions

The following conventions are used for the remainder of this chapter:

e ltis assumed the VT and CT inputs are wired in accordance with the Typical Wiring
Diagram on page 3-8. With these connections, and assumed where phase angles
are noted, a unity power factor current in the primary circuit flows into the relay
marked terminal, with no phase shift with respect to the corresponding phase-
neutral voltage.
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e The phase rotation of the relay test set is ABC.

e Acurrent that lags a voltage has a positive phase angle.

e Phase A to neutral voltage is indicated by V,, [arrowhead on the “a”).
e Phase A to B voltage is indicated by V,, (arrowhead on the “a”).

e The sign convention for power parameters is as shown in FIGURE 6-3: Power
Quantity Relationships on page 6-10.

¢ The actual value display at the beginning of some sections is the display for the
measured parameter. All actual values are mentioned with their “path” as a means
of specifying the relative location of a particular message with regards to its parent
messages. For instance, the analog input, which in the message structure is
located under actual values page A2 METERING as the first message under
subheading ANALOG INPUT, would be written as: A2 METERING [>V ANALOG INPUT
[> ANALOG INPUT.

7.1.4 Test Equipment

Excluding data acquisition testing, tests may be performed using the simulation feature,
eliminating the need of external AC voltage and current inputs. System parameters, such
as current and voltage information, are entered as setpoints. When placed in simulation
mode, the relay suspends reading actual AC inputs and uses the programmed phasors to
generate sample values that are placed in the Trace Memory. All metering calculations and
logic associated with protection, monitoring, and control, are performed normally, using
phasors calculated from the samples placed in the memory instead of phasors generated
from the input parameter data acquisition system. The advantage of simulation is that all
metering calculations can be verified without the inaccuracies associated with current
and voltage sources.

If simulation is not used, the following equipment is necessary to perform any test included
in this chapter:

General Purpose:
¢ Three-phase variable AC current and voltage source (V, A, phase, Hz).
e Three-phase power multimeter (V, A, phase, Hz, W, var, VA, Wh, varh, PF).
e Variable DC mA source.

¢ An accurate timing device and multimeters.

Specific Purpose:
» Synchrocheck requires two single phase variable voltage sources with adjustable
frequency and phase.
e Underfrequency requires a dynamic relay test set with at least two preset modes.

¢ Distance-to-fault: requires a dynamic relay test set with at least three preset
modes.

¢ Analog Input Rate of Change requires a DC current generator with the capacity to
generate current ramps adjustable for durations from 1 minute to 2 hours, and
from 0 to 20 mA.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL 7-3



OVERVIEW CHAPTER 7: COMMISSIONING

Optional:
e PCrunning the EnerVista 750/760 Setup software.

7.1.5 Installation Checks

> Check the relay phase current inputs, specified on the nameplate, are
correct for the connected current transformers.

> Check the relay ground current input, specified on the nameplate, is
correct for the connected CT (if applicable).

D> Check that the relay auxiliary voltage, specified on the nameplate, is
correct for the supplied voltage.

D> Check that the installed relay agrees with the drawings, particularly the
Analog Output range.

> Check that the external wiring is correct.

> Check that all grounding terminals of the relay are properly connected
to the ground bus.

7.1.6 Wiring Diagrams

The relay test wiring for both “Delta” and “Wye” connections are shown below.

SRt o O START
o o TRIGGER
P Va -0 G5| Va TP E2 O sTop
e Vb -0 H5 | Vb —IF o TRIGGER
R opve 2oLosE £ LES INTERVAL
vn o | H6 | Veom T TIMING DEVICE
30 VARIABLE 67— | E4
SOURCE 0000 | S 3 ALARM % F4 o
Va Vb Vc Vn — E5 | o Q
la -O o-lao G8}-|b —
glb -0 O - Ib 0— —1 H8 750/760 MULTIMETER
G9
0

Ic -O O - Ilc O
B c10)
POWER 9 a |em
MULTIMETER 0 =) z —
- -
il Ig o VN
H10} EE x5
= g5 o&
+O Al] ANALOG od v
-0 A2 | INPUT S =TS
VARIABLE T 9
DCmA SOURCE l
e

.

BUS 818776A6.CDR

FIGURE 7-1: Relay Test Wiring - Wye Connection

7-4 750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 7: COMMISSIONING

START

OVERVIEW

O START
o TRIGGER
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7.2 Inputs/Outputs

7.2.1 Logic/ Virtual Inputs 1 to 14

Actual Values Display

For these first tests, the INPUT 1 (14) ASSERTED LOGIC setpoints should be programmed as
“Closed | Von”. Under the A1 STATUS >V VIRTUAL INPUTS [> LOGIC INPUT 1 (14) subheading,

> Turn on this input and check that the display shows this state.
D> Turn off this input and check that the display shows this state.
Under the A1 STATUS >V HARDWARE INPUTS [> CONTACT 1 (14) STATE subheading:

D> Close the contact connected to this input and check that the display
shows this state.

> Open the contact connected to this input and check that the display
shows this state.

User Input A Setpoint set to “Alarm”

D> Set all inputs 1 through 14, both contact and virtual, to the de-asserted
state.

> Enter (example) settings under subheading $3 LOGIC INPUTS [> USER
INPUT A

USER INPUT A NAME: “User Input A"
USER INPUT A SOURCE: “Input 1”
USER INPUT A FUNCTION: “Alarm”
USER INPUT A RELAYS (3-7); “3----"
USER INPUT A DELAY: “0.00 s”

1. For INPUT ASSERTED LOGIC setpoints set to “Contact Close”,

> Check that there is no logic input diagnostic message on the display.

> Set the monitored contact for the logic input programmed in setpoint
USER INPUT A SOURCE to the closed state.
Note that the corresponding virtual input will have no affect.

D> Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

> Set the monitored contact for the logic input programmed in setpoint
USER INPUT A SOURCE to the open state.
Again note that the corresponding virtual input will have no affect.

D> Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

> Repeat the last 3 steps for all functions programmed to be asserted by a
Contact Close input.
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2. For INPUT ASSERTED LOGIC setpoints set to “Contact Open”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in the USER
INPUT A SOURCE setpoint to the open state.
Note that the corresponding virtual input will have no affect.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Set the monitored contact for the logic input programmed in setpoint
User Input A Source to the closed state.
Again note that the corresponding virtual input will have no affect.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat the last 3 steps for all functions programmed to be asserted by a
Contact Open input.

3. For INPUT ASSERTED LOGIC setpoints set to “Virtual On”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored virtual input for the logic input programmed in
setpoint message USER INPUT A SOURCE to the on state.
Note that the corresponding contact input will have no affect.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Set the virtual input for the logic input programmed in setpoint message
USER INPUT A SOURCE to the off state.
Again note that the corresponding contact input will have no affect.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Virtual On input.

4. For INPUT ASSERTED LOGIC setpoints set to “Virtual Off”:

>
>
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Check that the diagnostic message, either “User Input A” or the name
programmed in setpoint USER INPUT A NAME, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Set the virtual input for the logic input programmed in setpoint message
USER INPUT A SOURCE to the on state.
Again note that the corresponding contact input will have no effect.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat the last 3 steps for all functions programmed to be asserted by a
Virtual Off input.

5. For INPUT ASSERTED LOGIC setpoints set to “Closed & Von”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the open state and the virtual input to
the off state.

Check that no diagnostic message is on the display with the 3 auxiliary
LED and relay deactivated.

Set the monitored contact to the closed state with the virtual input
remaining in the off state.

Check that no diagnostic message is on the display with the Auxiliary
LED and relay deactivated.

Leave the monitored contact in the closed state and put the virtual input
in the on state.

Check that the diagnostic message, either “User Input A” or the name
programmed in USER INPUT A NAME, appears on the display with the
Auxiliary LED and relay activated.

Check the event recorder that the selected function has been invoked.

Set the monitored contact to the open state and the virtual input to the
off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
“Closed & Von” input.

6. For INPUT ASSERTED LOGIC setpoints set to “Closed & Voff”:

>
>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the open state and the virtual input to
the on state.

Check that no diagnostic message is on the display with the 3 auxiliary
LED and relay deactivated.
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Set the monitored contact to the closed state with the virtual input
remaining in the on state.

Check that no diagnostic message is on the display with the Auxiliary
LED and relay deactivated.

Leave the monitored contact in the closed state and put the virtual input
in the off state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Set the monitored contact to the open state and the virtual input to the on
state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Closed & Voff input.

7. For INPUT ASSERTED LOGIC setpoints set to “Open & Von”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the closed state and the virtual input to
the off state.

Check that no diagnostic message is on the display with the Auxiliary
LED and relay deactivated.

Set the monitored contact to the open state with the virtual input
remaining in the off state.

Check that no diagnostic message is on the display with the Auxiliary
LED and relay deactivated.

Leave the monitored contact in the open state and put the virtual input in
the on state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Set the monitored contact to the closed state and the virtual input to the
off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Open & Von input.

8. For INPUT ASSERTED LOGIC setpoints set to “Open & Voff”:

>
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Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the closed state and the virtual input to
the on state.

Check that no diagnostic message is on the display with the 3 auxiliary
LED and relay deactivated.

Set the monitored contact to the open state with the virtual input
remaining in the on state.

Check that no diagnostic message is on the display with the Auxiliary
LED and relay deactivated.

Leave the monitored contact in the open state and put the virtual input in
the off state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Set the monitored contact to the closed state and the virtual input to the
on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat steps 10.3 through 10.5 for all functions programmed to be
asserted by a Open & Voff input.

For INPUT ASSERTED LOGIC setpoints set to “Closed | Von™:

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the closed state and the virtual input to
the off state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the closed state and put the virtual input
in the on state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Set the monitored contact to the open state and leave the virtual input in
the on state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Leave the monitored contact in the open state and put the virtual input in
the off state.

Check that the diagnostic message is removed from the display with the
3 Auxiliary LED and relay deactivated.
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Repeat last 3 steps for all functions programmed to be asserted by a
Closed | Von input.

10. For INPUT ASSERTED LOGIC setpoints set to “Closed | Voff”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the closed state and the virtual input to
the on state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the closed state and put the virtual input
in the off state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Set the monitored contact to the open state and leave the virtual input in
the off state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Leave the monitored contact in the open state and put the virtual input in
the on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Closed | Voff input.

11. For INPUT ASSERTED LOGIC setpoints set to “Open | Von":
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Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the open state and the virtual input to
the off state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the open state and put the virtual input in
the on state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Set the monitored contact to the closed state and leave the virtual input
in the on state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.
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Leave the monitored contact in the closed state and put the virtual input
in the off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Open | Von input.

12. For INPUT ASSERTED LOGIC setpoints set to “Open | Voff”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the open state and the virtual input to
the on state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the open state and put the virtual input in
the off state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Set the monitored contact to the closed state and leave the virtual input
in the off state.

Check that the diagnostic message, the Auxiliary LED and relay remain
activated.

Leave the monitored contact in the closed state and put the virtual input
in the on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Open| Voff input.

13. For INPUT ASSERTED LOGIC setpoints set to “Closed X Von™:

>
>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the closed state and the virtual input to
the off state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the closed state and put the virtual input
in the on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.
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Set the monitored contact to the open state and leave the virtual input in
the on state.

Check that the diagnostic message appears on the display with the
Auxiliary LED and relay activated.

Leave the monitored contact in the open state and put the virtual input in
the off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Closed X Von input.

14. For INPUT ASSERTED LOGIC setpoints set to “Closed X Voff”:

>
>

>

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the closed state and the virtual input to
the on state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the closed state and put the virtual input
in the off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Set the monitored contact to the open state and leave the virtual input in
the off state.

Check that the diagnostic message appears on the display with the
Auxiliary LED and relay activated.

Leave the monitored contact in the open state and put the virtual input in
the on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Closed X Voff input.

15. For INPUT ASSERTED LOGIC setpoints set to Open X Von:
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Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the open state and the virtual input to
the off state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.
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Leave the monitored contact in the open state and put the virtual input in
the on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Set the monitored contact to the closed state and leave the virtual input
in the on state.

Check that the diagnostic message appears on the display with the
Auxiliary LED and relay activated.

Leave the monitored contact in the closed state and put the virtual input
in the off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Open X Von input.

16. For INPUT ASSERTED LOGIC setpoints set to “Open X Voff”:

Check that there is no logic input diagnostic message on the display.

Set the monitored contact for the logic input programmed in setpoint
message User Input A Source to the open state and the virtual input to
the on state.

Check that the diagnostic message, either User Input A or the name
programmed in setpoint User Input A Name, appears on the display
with the Auxiliary LED and relay activated.

Check in the Event Recorder that the selected function has been
invoked.

Leave the monitored contact in the open state and put the virtual input in
the off state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Set the monitored contact to the closed state and leave the virtual input
in the off state.

Check that the diagnostic message appears on the display with the
Auxiliary LED and relay activated.

Leave the monitored contact in the closed state and put the virtual input
in the on state.

Check that the diagnostic message is removed from the display with the
Auxiliary LED and relay deactivated.

Repeat last 3 steps for all functions programmed to be asserted by a
Open X Voff input.

User Input A Function set to “Control”

The procedure to test this element is identical to that outlined for User Input A Function
setpoint set to Alarm, with the following exceptions: there will not be any diagnostic
message or Alarm LED.
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User Input A Function Set to “Trip”

The procedure to test this element is identical to that outlined for User Input A Function
setpoint set to Alarm, with the following exceptions. The Trip Relay and LED will activate
along with the Auxiliary Relay and LED. At the end of each test, a reset must be performed
in order to clear the trip diagnostic message and Trip LED.

7.2.2 Virtual Inputs 15 to 20

Follow the Virtual On and Virtual Off Input Asserted Logic procedures outlined for Logic/
Virtual Inputs 1 to 14 in the previous section.

7.2.3 Output Relays
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D> Enter the following settings under the S8 TESTING [>V OUTPUT RELAYS

subheading:

FORCE OUTPUT RELAYS FUNCTION: “Enabled”
FORCE 1 TRIP RELAY: "De-energized”

FORCE 2 CLOSE RELAY: “De-energized”
FORCE 3 AUXILIARY RELAY: “De-energized”
FORCE 4 AUXILIARY RELAY: “De-energized”
FORCE 5 AUXILIARY RELAY: “De-energized”
FORCE 6 AUXILIARY RELAY: “De-energized”
FORCE 7 AUXILIARY RELAY: “De-energized”
FORCE 8 SELF-TEST RELAY: “De-energized”
FORCE SOLID STATE OUTPUT: “De-energized”

Using a multimeter, check that all output relays are de-energized (i.e.
N.O. contacts open, N.C. contacts closed).

Make the following setting change: S8 TESTING > OUTPUT RELAYS >
FORCE 1 TRIP RELAY: “Energized”.

Check that the Trip output is energized (i.e. N.O. contacts closed), and
the Trip LED is illuminated.

Make the following setting change: S8 TESTING [> OUTPUT RELAYS [>
FORCE 1 TRIP RELAY: “De-energized”.

Repeat Steps 3 through 5 for Output Relays 2 through 8 inclusive.

Observing polarity, connect a minimum 5 V DC source in series with a
limiting resistor that will permit a minimum current of 100 mA, in series
with the Solid State output.

Observing polarity, connect a DC voltmeter across the limiting resistor.
Check there is no voltage displayed on the voltmeter.

Change setting to: S8 TESTING [> OUTPUT RELAYS [> FORCE SOLID STATE
OUTPUT: “Energized”.

Check that a voltage has appeared on the voltmeter.
Turn off the source and disconnect the test wiring.

Change setting to: S8 TESTING [> OUTPUT RELAYS [> FORCE SOLID STATE
OUTPUT: “De-energized”.
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> Change setting to: S8 TESTING > OUTPUT RELAYS [> FORCE OUTPUT
RELAYS FUNCTION: “Disabled”.
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7.3 Metering

7.3.1 Current Metering

Phase Current Inputs

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

For 1 ACTs: £0.01 A for 0.01 to 1.99 A; +0.2 A for 2.00 to 20.00 A
For 5 A CTs: £0.05 A for 0.05 t0 9.99 A; +1.0 A for 10.00 to 100.00 A
Use the following procedure to test Phase and Neutral Current Inputs:

The relevant actual values displays are located under subheading
A2 METERING [> CURRENT and are:

A: B: C: (Magnitude)

AVERAGE CURRENT: (Magnitude)
PHASE A CURRENT: (Phasor)
PHASE B CURRENT: (Phasor)
PHASE C CURRENT: (Phasor)
NEUTRAL CURRENT: (Phasor)
POS SEQ CURRENT: (Phasor)

NEG SEQ CURRENT: (Phasor)
ZERO SEQ CURRENT: (Phasor)

D> Inject 1-phase current of various values into the relay phase current
input one phase at a time, and observe the magnitude.
Note that the average, positive-sequence, negative-sequence and zero-
sequence magnitudes are 1/3 of the phase current magnitude for this
test.
The neutral current will match the phase current magnitude.

D> Inject 3-phase current of various values and angles into the relay phase
current input and note the measured current phasors and symmetrical
components.

Use the following procedure for Ground and Sensitive Ground Current Inputs:

The relevant actual values displays are located under subheading
A2 METERING [> CURRENT as follows:

GND CURRENT: (Phasor)
SENSTV GND CURRENT: (Phasor)

D> Inject current of various values into the relay ground input, Terminals
G10-H10, and note the current.

D> Inject current of various values into the relay sensitive ground input,
Terminals G3-H3, and note the current.

Percent of Load-to-Trip

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:
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Expected Accuracy: equivalent to that of phase current inputs

The relevant actual values displays are shown below:

A2 METERING [> CURRENT [> % OF LOAD-TO-TRIP

'R Percent of load-to-trip is calculated from the phase with the highest current reading. It is
' the ratio of this current to the lowest pickup setting among the phase time and

NOTE

instantaneous overcurrent protection features. If all of these features are disabled, the

value displayed will be “0".

7.3.2 Voltage Metering

D> Inject current of various values into Phase A.

D> Verify that percent load-to-trip is calculated as the correct percentage of
the most sensitive operational Phase Overcurrent element and displayed.

D> Repeat for phases B and C.

Bus Voltage

For these tests, refer to the figures on page -4 for test connections. The expected accuracy

is as follows:

Phase-neutral voltages: +0.68 V for 50 to 130 V; £2.18 V for other voltages within
specified limits

Phase-phase voltages (Vg and V,p): £0.68 V for 50 to 130 V; +2.18 V for all other
voltages within the specified limits.

Phase-phase voltages (calculated V,): +1.36 V for 50 to 130 V; +4.36 V for other
voltages within the specified limits.

The procedure for testing the metered bus voltage is as follows:

The relevant actual values displays are located under subheading
A2 METERING [> VOLTAGE and are:

AB: BC: CA: (Magnitude)

AVERAGE LINE VOLTAGE: (Magnitude)

AN: BN: CN: (Magnitude) (not available when connected Deltal)
AVERAGE PHASE VOLTAGE: (Magnitude) (not available when connected Delta)
LINE A-B VOLTAGE: (Phasor)

LINE B-C VOLTAGE: (Phasor)

LINE C-A VOLTAGE: (Phasor)

PHASE A-N VOLTAGE: (Phasor) (not available when connected Delta)
PHASE B-N VOLTAGE: (Phasor) (not available when connected Delta)
PHASE C-N VOLTAGE: (Phasor) (not available when connected Delta)
POS SEQ VOLTAGE: (Phasor)

NEG SEQ VOLTAGE: (Phasor)

ZERO SEQ VOLTAGE: (Phasor)

NEUTRAL (3VO) VOLTAGE: (Phasor)

D> Inject 1-phase voltage of various values into the relay bus voltage input
one phase at a time, and observe the magnitude.
Note that for Wye VTs the positive sequence, negative sequence and
zero sequence magnitudes are 1/3 of the phase voltage magnitude for
this test.
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For Delta VTs the zero sequence voltage will be displayed as 0. The
positive sequence and negative sequence magnitudes will be /3 of the
line voltage magnitude.

D> Inject 3-phase voltage of various values and angles into the relay bus
voltage input and note the measured voltage phasors & symmetrical
components.

For Delta VTs the zero sequence voltage will be shown as 0.

Bus Voltage Frequency

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

Frequency: £0.02 Hz of injected value within the range 16.00 to 90.00 Hz
Undervoltage Inhibit: 10 V secondary

The procedure for testing the metered bus voltage frequency is as follows:

The relevant actual values display is located as follows:
A2 METERING [> FREQ [> SYSTEM FREQ.

D> Inject a voltage of nominal value at nominal frequency into Phase A.
Check that the frequency is measured and displayed.

> Check the undervoltage inhibit level by slowly reducing the voltage
until the frequency is no longer measured, and “0.00 Hz” is displayed.

> Return the voltage to nominal.
Adjust the frequency above and below nominal, and note the frequency
measured by the relay.

The procedure for testing the metered frequency decay rate is as follows:

The relevant actual values display is located as follows:
A2 METERING [> FREQ [> FREQ DECAY RATE

D> Vary the frequency of the phase A voltage and verify the measured
frequency decay rate.

Synchro Voltage and Frequency

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

Voltage: +0.68 V for 50 to 130 V
Frequency: £0.02 Hz of injected value within the range 16.00 to 90.00 Hz

The procedure for testing the metered synchro voltage and frequency is as follows:

The relevant actual values displays are located under subheading
A2 METERING = { SYNCHRO VOLTAGE and are:

SYNCHRO VOLTAGE: (Phasor)
SYNCHRO FREQ:
SYNCHRO DELTA DF: DV: DF:
D> Inject voltage of various magnitudes and frequencies into the line
voltage input and verify the displays.
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Real Power and Watthours

For these tests, refer to the figures on page -4 for test connections. The expected accuracy

is as follows:

Real Power: £1% of full scale at currents 5 to 199% of nominal and voltages from 50 to

130V

Watthours: +2% of full scale at currents 5 to 199% of nominal and voltages from 50 to

130V

The procedure for testing the metered real power and watthours is as follows.

The relevant actual values displays are located as shown below:

A2 METERING > PWR [> 3® REAL PWR:

A2 METERING > PWR [> ®A REAL PWR: (not available when connected Delta)
A2 METERING [> PWR [> ®B REAL PWR: (not available when connected Delta)
A2 METERING [> PWR [> ®C REAL PWR: (not available when connected Delta)

A2 METERING [> ENERGY [> POSITIVE WATTHOURS:
A2 METERING [> ENERGY [> NEGATIVE WATTHOURS:

>

>

>

To reduce the time required for watthour measurements, set the input
VT and CT ratios to high values.

Inject 3-phase voltage and current of various values and angles into the
relay.

Note that real power is measured and displayed.

Maintain voltage and current at various settings for a time sufficient to
achieve a minimum of 20 MWh for each test interval.

Check that watthours is measured and displayed.

Note that watthours for load in the positive direction and negative
directions are stored in separate registers.

The procedure should be performed for loads in each direction.

Reactive Power and Varhours

For these tests, refer to the figures on page -4 for test connections. The expected accuracy

is as follows:

e Reactive Power: £1% of full scale, currents 5 to 199% of nominal, voltages 50 to

130V

e Varhours: + 2% of full scale, currents 5 to 199% of nominal, voltages 50 to 130V

The procedure for metered reactive power and energy is as follows:
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The relevant actual values displays are shown below:

A2 METERING > PWR [> 30 REACTIVE PWR:

A2 METERING [> PWR [> ®A REACTIVE PWR: (not available when connected
Delta)

A2 METERING [> PWR [> ®B REACTIVE PWR: (not available when connected
Delta)

A2 METERING [> PWR [> ®C REACTIVE PWR: (not available when connected
Delta)

A2 METERING [> ENERGY [> POSITIVE VARHOURS:
A2 METERING [> ENERGY > NEGATIVE VARHOURS:

D> To reduce the time required for varhour measurements, set the input VT
and CT ratios to high values.

D> Inject 3-phase voltage and current of various values and angles into the
relay.

> Note that reactive power is measured and displayed.

> Maintain voltage and current at various settings for a time sufficient to
achieve a minimum of 20 Mvarh for each test interval.

> Check that varhours are measured and displayed.

> Note that varhours for load in the positive direction and negative
directions are stored in separate registers.

D> The procedure should be performed for loads in each direction.

Apparent Power

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

Apparent Power: 1% of full scale, currents 5 to 199% of nominal, voltages 50 to 130 V
The procedure for metered apparent power is as follows:
The relevant actual values displays are shown below:

A2 METERING [> PWR [> 30 APPARENT PWR:

A2 METERING [> PWR [> ®A APPARENT PWR: (not available when connected
Delta)

A2 METERING [> PWR [> ®B APPARENT PWR: (not available when connected
Delta)

A2 METERING [> PWR [> ®C APPARENT PWR: (not available when connected
Delta)

D> Inject 3-phase voltage and current of various values and angles into the
relay. Note that reactive power is measured and displayed.

Power Factor

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

Power Factor: £0.02 of injected values, currents 5 to 199% of nominal, voltages 50 to
130V

The procedure for metered apparent power is as follows:
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The relevant actual values displays are shown below:

A2 METERING [> PWR [> 30 PWR FACTOR:

A2 METERING [> PWR [> ®A PWR FACTOR: (not available when connected Delta)
A2 METERING [> PWR [> ®B PWR FACTOR: (not available when connected Delta)
A2 METERING [> PWR [> ®C PWR FACTOR: (not available when connected Delta)

D> Inject 3-phase voltage and current of various values and angles into the
relay.

Verify that the power factor is measured and displayed correctly for
each phase. Note that:

3-phase PF = total 3-phase real power

EQ 7.1
total 3-phase apprarent power (EQ7.1)

7.3.4 Demand Metering

Current Demand

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

Expected Accuracy: +2.0% of full scale

To reset the “Last Demand” reading to 0 between tests, cycle the relay power source off
and then on.

Block Interval and Rolling demand measurement types must be tested in synchronization
with the internal clock. Both of these measurements start with the first interval of the day
at 12:00:00.000 midnight. To synchronize, preset the injection levels, then turn the current
off. Select the relay display (not the EnerVista 750/760 Setup software) to A1 STATUS [>
CLOCK [> CURRENT TIME. Apply the test current when the clock is at the beginning of an
interval measurement period, as determined by the TIME INTERVAL setpoint for the
element.

The relevant actual values displays are shown below:

A2 METERING > DMND [> PHASE A CURRENT [> LAST PHASE A CURRENT DMND
A2 METERING > DMND [> PHASE A CURRENT > MAX PHASE A CURRENT DMND
A2 METERING > DMND [> PHASE A CURRENT > MAX PHASE A CURRENT DATE
A2 METERING > DMND > PHASE A CURRENT > MAX PHASE A CURRENT TIME
A2 METERING > DMND > PHASE B CURRENT [> LAST PHASE B CURRENT DMND
A2 METERING > DMND > PHASE B CURRENT > MAX PHASE B CURRENT DMND
A2 METERING [> DMND > PHASE B CURRENT > MAX PHASE B CURRENT DATE
A2 METERING [> DMND > PHASE B CURRENT > MAX PHASE B CURRENT TIME
A2 METERING [> DMND > PHASE C CURRENT > LAST PHASE C CURRENT DMND
A2 METERING > DMND > PHASE C CURRENT > MAX PHASE C CURRENT DMND
A2 METERING > DMND > PHASE B CURRENT [> MAX PHASE C CURRENT DATE
A2 METERING > DMND > PHASE B CURRENT [> MAX PHASE C CURRENT TIME

For Thermal Exponential Demand (for example, a response time setting of 5 minutes), the
procedure is as follows:

D> Clear demand data registers by setting S1 RELAY SETUP [> CLEAR DATA
> CLEAR MAX DMND DATA to “Yes”.
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D> Inject a fixed value of current into Phase A.
Record the measured current demand at 1, 2, 3, 4, 5 and 10 minutes after
the application of current.
The demand, in percent of injected current, should be as follows:

Time (min.) 1 2 3 4 6 10
Demand (% of Input] 369 |60.1 |748 841 [900 |99.0

D> For other response time settings, multiply the Row 1 times above by
[selected response time / 5].

> Check that the maximum current demand, including date and time of
occurrence, is recorded and displayed.

[> Repeat last 3 steps for Phases B and C.

For Block Interval Demand (for example, a time interval setting of 5 minutes), the
procedure is as follows:

D> Repeat last 4 steps above.

> Record the measured current demand at 1, 2, 3, 4, 5 and 6 minutes after
the application of current.
The demand, in percent of injected current, should be as follows:

Time (min.) 1 2 3 4 5 6
Demand (% of Input) 0.0 0.0 0.0 0.0 100.0 |100.0

For Rolling Demand (for example, a time interval setting of 5 minutes), the procedure is as
follows:

> Repeat Steps 2 to 5 above from Thermal Exponential Demand above.

> Record the measured current demand at 1, 2, 3, 4, 5 and 6 minutes after
the application of current.
The demand, in percent of injected current, should be as follows:

Time (min.) 1 2 3 4 5 6
Demand (% of Input) 20.0 40.0 60.0 80.0 100.0 | 100.0

Real Power Demand

For these tests, refer to the figures in section 7.1.6 for test connections. The expected
accuracy is as follows:

Expected Accuracy: £2.0% of full scale

The relevant actual values displays are shown below:

A2 METERING [> DMND [> REAL PWR > LAST REAL PWR DMND
A2 METERING [> DMND [> REAL PWR > MAX REAL PWR DMND
A2 METERING > DMND [> REAL PWR [> MAX REAL PWR DATE
A2 METERING [> DMND [> REAL PWR [> MAX REAL PWR TIME

D> Follow the procedure in Current Demand on page 7-22, except that the
injected and monitored parameter is watts.
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Reactive Power Demand

For these tests, refer to the figures in section 7.1.6 for test connections. The expected
accuracy is as follows:

Expected Accuracy: £2.0% of full scale
The relevant actual values displays are shown below:

A2 METERING > DMND > REACTIVE PWR [> LAST REACTIVE PWR DMND
A2 METERING [> DMND > REACTIVE PWR > MAX REACTIVE PWR DMND
A2 METERING [> DMND > REACTIVE PWR > MAX REACTIVE PWR DATE
A2 METERING [> DMND > REACTIVE PWR > MAX REACTIVE PWR TIME

D> Follow the procedure in Current Demand on page 7-22, except that the
injected and monitored parameter is vars.

Apparent Power Demand

For these tests, refer to the figures in section 7.1.6 for test connections. The expected
accuracy is as follows:

Expected Accuracy: £2.0% of full scale
The relevant actual values displays are shown below:

A2 METERING > DMND [> APPARENT PWR [> LAST APPARENT PWR DMND
A2 METERING [> DMND > APPARENT PWR > MAX APPARENT PWR DMND
A2 METERING [> DMND > APPARENT PWR > MAX APPARENT PWR DATE
A2 METERING [> DMND > APPARENT PWR > MAX APPARENT PWR TIME

Follow the procedure in Current Demand on page 7-22, except that the injected and
monitored parameter is VA.

7.3.5 Analog Input Metering

For these tests, refer to the figures on page -4 for test connections. The expected accuracy
is as follows:

Expected Accuracy: £1.0% of full scale

The relevant actual values displays are shown below:

A2 METERING > A/1 > A/l
A2 METERING [> A/1 > A/l (/MIN)
A2 METERING [> A/1 > A/l (HOUR)

The procedure for testing the Analog Input metering is shown below:

D> Inject steady values of DC current (in mA) of various values into relay
terminals A1(+) and A2(-).

D> Verify that the analog input is correctly measured and displayed in the A/
I value.

D> Inject a fixed rate of ramping DC current (in mA) of various values into
relay terminals A1(+) and A2(-) for at least 2 minutes.

> At the end of this time, verify that the analog input is correctly measured
and displayed in the A/1 (MIN) value.
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D> Inject a fixed rate of ramping DC current (in mA) of various values into
relay terminals A1(+) and A2(-) for at least 2 hours.

D> At the end of this time, verify that the analog input is correctly measured
and displayed in the A/T (HOUR) value.
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7.4 Protection Schemes

7.4.1 Setpoint Groups

The Active setpoint group is indicated by a continuously illuminated LED, and the Edit
group by an intermittently illuminated LED on the relay faceplate. When changing settings
for testing be careful to check the correct group is adjusted and selected as the active

group.

Verify that settings in a particular setpoint group are being used by the protection
elements when the particular group is selected to be active. There are three alternative
strategies that can be used to provide this verification:

e Test any one protection element that has different settings in different groups
¢ Test a random selection of protection elements in different groups

¢ Test all protection elements that are not disabled in every group

Once one of the above strategies is selected, the following procedures are used to test
protection elements.

7.4.2 Phase Overcurrent

Phase TOC 1

For these tests, refer to the figures on section 7.1.6 for test connections.

T3 The following procedures, other than the check for Linear Reset Timing, are based on the
' “Instantaneous” reset time characteristic. If the “Linear” reset time characteristic is
Mo required, ensure that there is sufficient time between test current injections, or cycle relay
power OFF and ON to discharge the energy measurement accumulator to 0.

The following procedure checks Pickup with one phase for operation:
D> Inject current at a level below the pickup level into Phase A.

D> Slowly increase the current until the Pickup LED comes on.
Note the pickup value.

D> Slowly reduce the current until the Pickup LED goes out.
Note the dropout level, which should be 2% of CT less than pickup
when pickup < CT or 97 to 98% of pickup when pickup > CT.

> Repeat last 3 steps for Phases B and C.

The following procedure checks indications and operations caused by a Trip function, with
front panel RESET key resetting:

D> Inject current to cause a pickup and wait until the element times to Trip.

> Check that the Trip and Message LEDs are flashing, the Last Trip
message is displayed, and the Output Relay 1 and any others
programmed to operate (as well as their associated LED indicators)
operate.
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Slowly reduce the current until the Pickup LED goes out.

Check that the Trip and Message LEDs are flashing, and that the Output
Relay 1 and any others programmed to operate (as well as their
associated LEDs) reset.

Press the front panel RESET key.
Check that the Trip and Message LEDs go off, and the Last Trip
message is no longer displayed.

Turn current off.

The following procedure checks indications and operations caused by a Trip function, with

Logic Input resetting:
>

>

>

Ensure that the reset logic input control function has been assigned to a
logic input.

Inject current to cause a pickup and wait until the element times to Trip.

Check that the Trip and Message LEDs are flashing, the Last Trip
message is displayed, and the Output Relay 1 and any others
programmed to operate (as well as their associated LED indicators)
operate.

Slowly reduce the current until the Pickup LED goes out.

Check that the Trip and Message LEDs are flashing, and that the Output
Relay 1 and any others programmed to operate (as well as their
associated LEDs) reset.

Assert a logic input to provide a reset.
Check that the Trip and Message LEDs are now off, and the Last Trip
message is no longer displayed.

Turn current off.

The following procedure checks indications and operations caused by an Alarm function:

>

>

>

Inject current to cause a pickup and wait until the element times to
Alarm.

Check that the Alarm and Message LEDs are flashing, the Active Alarm
message is displayed, and any output relays programmed to operate (as
well as their associated LEDs) operate.

Slowly reduce the current until the Pickup LED goes out.

Verify that the Alarm and Message LEDs go off, and that any output
relays programmed to operate (as well as their associated LEDs) reset,
and the Active Alarm message is no longer displayed.

Turn current off.

The following procedure checks indications and operations caused by a Control function:

>

>
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Check that any output relays programmed to operate (as well as their
associated LED indicators) operate.

Slowly reduce the current until the Pickup LED goes out.
Check that any output relays programmed to operate (as well as their
associated LED indicators) reset.
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Turn current off.

The following procedure checks indications and operations caused by a Latched Alarm
function, with RESET key resetting:

>

>

>

Inject current to cause a pickup and wait until the element times to
Alarm.

Check that the Alarm and Message LEDs are flashing, the Active Alarm
message is displayed, and any output relays programmed to operate (as
well as their associated LEDs) operate.

Slowly reduce the current until the Pickup LED goes out. Check that the
Alarm and Message LEDs are flashing, and that any output relays
programmed to operate (as well as their associated LEDs) reset.

Press the front panel RESET key.
Check that the Alarm and Message LEDs go off, and the Active Alarm
message is no longer displayed.

Turn current off.

The following procedure checks blocking From Logic Inputs. Note that this procedure is
different for Phase TOC2; see the next section for details.

>
>

>

Inject current to cause a pickup.

Assert a logic input to provide a “Block Phase Time 1.
The Pickup LED should immediately go out.

Repeat last 2 steps for logic inputs “Block Phase O/C”, “Block All O/C”
and “Block 1 Trip Relay” as required.

The following procedure checks timing:

>
>

>

>

Connect the Stop Trigger.

Preset the injection current level to 2.0 x pickup.
Turn the current off, and reset the timer.

Inject the preset current into Phase A and note the measured delay time.
Check this time against the time established by the settings and reset the
timer.

Preset the injection current level to 4.0 x pickup.
Turn the current off, and reset the timer.

Inject the preset current into Phase B and note the measured delay time.
Check this time against the time established by the settings and reset the
timer.

Preset the injection current level to 7.0 x pickup.
Turn the current off, and reset the timer.

Inject the preset current into Phase C and note the measured delay time.
Check this time against the time established by the settings.

Turn current off and disconnect the Stop Trigger.

The following procedure checks Linear Reset Timing:

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 7: COMMISSIONING

>

>

>

PROTECTION SCHEMES

To confirm that the TOC element is using linear reset timing, if so
programmed, inject a current above the pickup level for approximately
half the time required to Trip.

Turn the current off, reset the interval timer, and then re-apply
immediately.

The time-to-trip should be much less than the trip-time established by
the settings.

The following procedure checks the voltage restrained Phase TOC function:

>
>

v Vv

>

Apply three-phase nominal voltage to the relay.

Inject current below the pickup level into Phase A and slowly increase
until the Pickup LED is on.
Note the pickup value is the pickup current of the Curve in use.

Slowly reduce the current into Phase A until the Pickup LED goes off
and note the dropout level, which should be 2% of CT less than pickup
when pickup < CT or 97 to 98% of pickup when pickup > CT.

Reduce the current to zero.
Repeat Steps 2 to 4 for current injected into Phases B and C.

Set all input voltages to 0 and slowly increase Phase A current until the
Pickup LED comes on.

Check that this current is 9 to 11% of the measured full voltage pickup
current.

Increase input voltage ¥, until the Pickup LED goes out.
This should be at 9 to 11% of the nominal phase-phase voltage. This test
establishes the lower knee of the operating characteristic.

With the Pickup LED still off, increase voltage ¥, to 60% of the
nominal phase-phase voltage.

Increase the Phase A current until the Pickup LED comes on.
This should be at 59 to 61% of the full voltage measured pickup current.

With the Pickup LED still off, increase voltage ¥, to 130% of nominal.

Increase Phase A current to 90% of normal pickup and hold this value.
Slowly decrease ¥, until the Pickup LED just comes on. This should be
at 89 to 91% of nominal V.

This establishes the upper knee of the characteristic, and shows the
pickup is not altered above 90% voltage.

Reduce current and voltages to 0.

Repeat last 7 steps for current injected in Phase B and controlling
voltage V.

Repeat last 7 steps for current injected in Phase C and controlling
voltage V.

To check trip timing with voltage restraint, set the input voltage to a given level,
establishing a new pickup current, and then following the procedure outlined earlier under

Timing.
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The procedure to test this element is identical to that for Phase TOC 1, except for the
blocking from logic inputs, in which case the following procedure should be used:

>

Inject current to cause a Pickup.

D> Assert a logic input to provide a “Block Phase Time 2”.

>

Phase IOC 1

The Pickup LED should immediately go out.

Repeat Steps 1 and 2 for logic inputs “Block Phase O/C”, “Block All O/
C” and “Block 1 Trip Relay” as required.

The procedure to test this element is identical for Phase TOC 1, except for the procedures
below. Pickup, indication and operation are subject to the “phases required for operation”
test, but not subject to the “linear reset timing” and “voltage restrained Phase TOC” tests.

The following procedure checks pickup with two phases for operation:

>
>
>

>

>

Inject current into Phase B at 150% of pickup.
Inject current at a level below the pickup level into Phase A.

Slowly increase the Phase A current until the Pickup LED comes on and
note the pickup value.

Slowly reduce the Phase A current until the Pickup LED goes out.
Note the dropout level, which should be 2% of CT less than pickup
when pickup < CT or 97 to 98% of pickup when pickup > CT.

Repeat last 4 steps for phase pair B and C and phase pair C and A.

The following procedure checks pickup with three phases for operation:

>
>
>

>

Inject current into Phases B and C at 150% of pickup.
Inject current at a level below the pickup level into Phase A.

Slowly increase the Phase A current until the Pickup LED comes on and
note the pickup value.

Slowly reduce the Phase A current until the Pickup LED goes out and
note the dropout level, which should be 2% of CT less than pickup when
pickup < CT, or 97 to 98% of pickup when pickup > CT.

Repeat last 4 steps for current at 150% in Phases C and A and adjusted
in B.

Repeat last 4 steps for current at 150% in Phases B and A and adjusted
in C.

The following procedure checks the blocking from logic inputs:

>
>

>

Inject current into the required number of phases to cause a pickup.

Assert a logic input to provide a “Block Phase Inst 1”.
The Pickup LED should immediately go out.

Repeat last 2 steps for logic inputs “Block Phase O/C”, “Block All O/C”
and “Block 1 Trip Relay” as required.

The following procedure checks Phase I10C 1 timing:
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D> Connect the Stop Trigger to the interval timer.

D> Preset the current source to a minimum of 110% of pickup current, then
turn the current off and reset the timer.

D> Inject the preset current into the required number of phases and note the
delay time, then reset the timer.

> Repeat the last step four more times and obtain an average of the time
intervals.

> Reset the relay and disconnect the “Stop Trigger.”

Phase IOC 2

The procedures to test this element are identical to those outlined for Phase 10C 1 above,
with the exception of the blocking from logic inputs check, which is performed as follows:

D> Inject current into the required number of phases to cause a pickup.

D> Assert a logic input to provide a “Block Phase Inst 2” and verify the
Pickup LED immediately turns off.

> Repeat last 2 steps for logic inputs “Block Phase O/C”, “Block All O/C”
and “Block 1 TRIP Relay” as required.

Phase Directional OC

A plot of the operating characteristic of the phase directional feature for various settings of
MTA for Phase A is shown below. Other characteristics for specific MTA settings can be
deduced from this diagram. Note that the diagram is plotted for the phase current referred
to both the system phase-neutral voltage and the polarizing voltage used for Phase A (the
polarizing voltages for Phases B and C are Vca and Vab respectively).

la LAGS Van PHASE VOLTAGE
270° 300° 330° 0° 30° 60° 90° 120° 150° 180° 210° 240° 270°

90°
60° —
30°

330°
300°
270°

MTA SETTING
<

180° 210° 240° 270° 300° 330° 0° 30° 60° 90°  120° 150° 180°
la LAGS Vbc PHASE VOLTAGE

I = PERMITTED TRIPPING REGION
FIGURE 7-3: Phase Directional - Phase A Forward Operating Regions

The following descriptions present angles with reference to the polarizing voltage and
assume an MTA setting of 180°. For an MTA setting other than 180° alter the noted angles
to those established by the programmed MTA.

For forward tripping and Wye connected VTs, use the test connections specified in FIGURE
7-1: Relay Test Wiring - Wye Connection on page 7-4 and use the following procedure:
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Set V,,, = Vp, = V,,, > MIN POLARIZING VOLTAGE setpoint at 0°, 120°,
and 240°, respectively.

Inject Phase A current of 0.2 x CT at an angle which is in phase with the
polarizing voltage.

This angle is outside the tripping region, so tripping should be blocked.
If the function is set to “Control”, check that any output relays
programmed for this condition are operated. If the function is set to
“Alarm”, check that the Alarm and Message LEDs are flashing, the
correct Phase Directional Reverse alarm message is displayed, and any
output relays programmed for this condition are operated.

Slowly increase the angle of the Phase A current in the lagging
direction.

The directional element should detect current flow in the tripping
direction when the Phase A current is lagging the polarizing voltage by
more than 90° +2°.

The alarm and output relays should reset.

Continue to increase the lagging angle until the alarm is again raised.
The Phase A current should be lagging the polarizing voltage by an
angle of 270° £ 2°.

Continue to increase the angle until the Phase A current is once again in
phase with the polarizing voltage.
The alarm should remain.

Repeat the last 5 steps for current angle adjusted in each of Phases B and
C.

For forward tripping and Delta connected VTs, use the test connections specified in FIGURE
7-2: Relay Test Wiring - Delta Connection on page 7-5 and use the following procedure:

>

>

Set V,, = V}. = V., > MIN POLARIZING VOLTAGE setpoint at 0°, 120°,
and 240°, respectively.

Inject Phase A current of 0.2 x CT at an angle which is in phase with the
polarizing voltage. This angle is outside the tripping region, so tripping
should be blocked.

If the function is set to “Control”, check that any output relays
programmed for this condition are operated. If the function is set to
“Alarm”, check that the Alarm and Message LEDs are flashing, the
correct Phase Directional Reverse alarm message is displayed, and any
output relays programmed for this condition are operated.

Slowly increase the angle of the Phase A current in the lagging
direction.

The directional element should detect current flow in the tripping
direction when the Phase A current is lagging the polarizing voltage by
more than 90° £2°.

The alarm and output relays should reset.

Continue to increase the lagging angle until the alarm is again raised.
The Phase A current should be lagging the polarizing voltage by an
angle of 270° £2°.
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D> Continue to increase the angle until the Phase A current is once again in
phase with the polarizing voltage.
The alarm should remain.

> Repeat the last 5 steps for current angle adjusted in each of Phases B and
C.

7.4.3 Neutral Overcurrent

Neutral TOC 1

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into any one phase, and the element is not subject to the
“phases required for operation” and “voltage restrained time overcurrent” tests.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert logic input to provide a “Block Neutral Time 1.
The Pickup LED should immediately turn off.

> Repeat Steps 1 and 2 for logic inputs “Block Neutral O/C”, “Block All
O/C” and “Block 1 Trip Relay” as required.

Neutral TOC 2

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into any one phase, and the element is not subject to the
“phases required for operation” and “voltage restrained time overcurrent” checks.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert logic input to provide a “Block Neutral Time 2”.
The Pickup LED should immediately go out.

> Repeat last 2 steps for logic inputs “Block Neutral O/C”, “Block All O/
C” and “Block 1 Trip Relay” as required.

Neutral I0C 1

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into any one phase, and the element is not subject to the
“phases required for operation”, “linear reset timing”, and “voltage restrained time
overcurrent” tests.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Block Neutral Inst 1.
The Pickup LED should immediately go out.
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> Repeat last 2 steps for logic inputs “Block Neutral O/C”, “Block All O/
C” and “Block 1 Trip Relay” as required.

Neutral I0C 2

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into any one phase, and the element is not subject to the

“phases required for operation”, “linear reset timing”, and “voltage restrained time
overcurrent” checks.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

> Assert a logic input to provide a “Block Neutral Inst 2”.
The Pickup LED should immediately go out.

> Repeat last 2 steps for logic inputs “Block Neutral O/C”, “Block All O/
C” and “Block 1 Trip Relay” as required.

Neutral Directional OC

If dual polarizing is required, check the operation of the voltage and current polarized
elements individually as outlined below, then check the overall dual polarized response as
outlined at the end of this section.

A plot of the operating characteristic of the voltage polarized neutral directional feature for
various settings of MTA is shown below. Other characteristics for specific MTA settings can
be deduced from this diagram. Note that the diagram is plotted for the residual current
referred to the system faulted-phase phase-to-neutral voltage.

Residual Current Lags Faulted Phase Voltage
30° 90°  150° 210° 270° 330° 30° 90°
¢ —
60°
120°
180°—
240°
300°

MTA SETTING

|
I = PERMITTED TRIPPING REGION

FIGURE 7-4: Neutral Directional Voltage Polarized Fwd Operating Regions

The following descriptions present angles with reference to the faulted phase voltage and
assume an MTA setting of 180°. For an MTA setting other than 180° alter the noted angles
to those established by the programmed MTA.

To test forward tripping with voltage polarization, use the test connections specified in
FIGURE 7-1: Relay Test Wiring - Wye Connection on page 7-4 and follow the procedure
below:
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Set V,,, = Vp, = V., = nominal voltage at 0°, 120°, and 240° respectively.
Set a current of 0.2 of nominal to lag ¥, by 180° (in the tripping
direction) and inject into Phase A. Note that —/, is less than the MIN
POLARIZING VOLTAGE.

Reduce ¥V, until =V}, is greater than the MIN POLARIZING VOLTAGE.

Slowly increase the angle of the Phase A current in the lagging
direction.

At an angle lagging Van by 270° £2°, any output relays programmed for
this condition should operate if the function is set to “Control”. If the
function is set to “Alarm”, check that the Alarm and Message LEDs are
flashing, the Neutral Directional Reverse alarm message is displayed,
and any output relays programmed for this condition are operated.

Continue to increase the lagging angle through 0°, until the block
message disappears at an angle lagging ¥, by 90° £2°.

Turn the current off.

If desired, repeat the above Steps for Phases B and C using /;, with
faulted phase voltage V,, and /. with faulted phase voltage V,,.

To test forward tripping with current polarization, use the test connections specified and
procedure specified below:

o o START
START o TRIGGER
VRN - — —
v Va £ ot | = 65| Va | TR E2 o STOP
Vb £ o—— | VOLTAGE {rs] o F2 o TRIGGER
w/ Yo Voo | EITHER WYE or DELTA [—C8] Ve NTERVAL
n - — com TIMING DEVICE
L _ ]
3¢ VARIABLE T T T 750/760 [c1ol
il
O * I—‘ O G7 la B
H7
ol;to G8 |
e Ib CONTROL [H12}——o0(+)
POWER POWER  [H11}—o0(-)
MULTIMETER 9}09 S
H9
3 E
H3 59 G11
oly o 0% I G12
o G10F—e | L]
H10
T BUS
818081A9.cdr
FIGURE 7-5: Neutral Directional Test Connection for Polarizing Current
‘1_' The following description presents angles with reference to the polarizing current.
NOTE
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Set a current of 0.2 of nominal and inject into the ground current input
(Terminals G10 and H10).

Set a 31 current to 0.2 of nominal and in-phase with the ground current
(this is the trip direction) and inject into the relay via the phase current
inputs.

Increase the lagging angle of 3/,

At an angle lagging the ground current by 90° +2°, any output relays
programmed for this condition should operate if the function is set to
Control. If the function is set to Alarm, check that the Alarm and
Message LEDs are flashing, the Neutral Directional Reverse alarm
message is displayed, and any output relays programmed for this
condition are operated.

Continue to increase the lagging angle until the block message
disappears at an angle lagging the ground current by 270° £2°. Turn the
current off.

To check forward tripping with dual polarization, use the test connections specified in
FIGURE 7-5: Neutral Directional Test Connection for Polarizing Current on page 7-35 and
follow the procedure below. As operations of each neutral directional sensing element
have been checked under voltage and current polarization, it is only necessary to check
that both directional elements are operational, and that either element can block tripping

for reverse faults.

>

Set V,,, to 60%, and V},, =V, to 100% nominal voltage at phase angles
of 0°, 120°, and 240°, respectively.

Inject a current of 0.2 x nominal into the phase current input of the relay
(31) at an angle outside the tripping region of the set MTA, as compared
to faulted phase voltage V,,,.

The Neutral Directional Reverse alarm should appear.

Inject a current of 0.2 x nominal, lagging the 3/, current by 180°, into
the ground current input.
The block alarm should remain.

Increase the angle of the ground current lagging 3/, current through a
complete 360° rotation back to the original angle of lagging by 180°.
The block alarm should remain throughout the rotation as the voltage
polarized element is still blocking.

Maintaining the ground current angle lagging 31, by 180° increase the
angle of 3/, lagging the ¥, voltage through a complete 360° rotation
back to the original angle.

The block alarm should remain throughout the rotation as the current
polarized element is still blocking.

Increase the angle of the ground current lagging 3/ current until the
currents are in-phase.
The block alarm should remain.
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> Maintaining the ground current angle in-phase with 31 increase the
angle of 3/, lagging the ¥, voltage until into the permitted region.
The block alarm should disappear when the angle reaches the tripping
region.

7.4.4 Ground Overcurrent

Ground TOC

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into the ground input terminals and the element is not
subject to the “phases required for operation” and “voltage restrained time overcurrent”
checks.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Block Ground Time”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic inputs “Block Ground O/C”, “Block All
O/C” and “Block 1 Trip Relay” as required.

Ground I0C

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into the ground input terminals, and the element is not
subject to the “phases required for operation”, “linear reset timing”, and “voltage restrained
time overcurrent” tests.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Block Ground Inst”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic inputs “Block Ground O/C”, “Block All
O/C” and “Block 1 Trip Relay” as required.

Ground Directional OC

The procedure to test this element is identical to that outlined in Neutral Directional OC on
page 7-34, except that the operating current is the ground current. Also, Ground
Directional may only be voltage polarized.

Sensitive Ground TOC

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into the sensitive ground input terminals, and the
element is not subject to the “phases required for operation” and “voltage restrained time
overcurrent” tests.
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The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Blk Sens Gnd Time”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic inputs “Block Sens Gnd O/C”, “Block All
O/C” and “Block 1 Trip Relay” as required.

Sensitive Ground 10C

The procedure to test this element is identical to that outlined in Phase I0OC 1 on page 7-30,
except that the current is injected into the sensitive ground input terminals, and the
element is not subject to the “phases required for operation”, “linear reset timing”, and
“voltage restrained time overcurrent” tests.

The blocking from logic inputs check is different from that for Phase I0C 1 and is performed
as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Blk Sens Gnd Inst”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic inputs “Block Sens Gnd O/C”, “Block All
O/C” and “Block 1 Trip Relay” as required.

Sensitive Ground Directional OC

The procedure to test this element is identical to that outlined in Neutral Directional OC on
page 7-34, except that the operating current is the sensitive ground current.

7.4.5 Negative-Sequence Overcurrent and Voltage

Negative-Sequence TOC

The procedure to test this element is identical to that outlined in Phase TOC 1 on page 7-
26, except that current is injected into any one phase of the phase input terminals and the
negative sequence current magnitude is 1/3rd of the injected current. The element is not
subject to the “phases required for operation” or “voltage restrained time overcurrent”
tests.

The blocking from logic inputs check is different from that for Phase TOC 1 and is
performed as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Block Neg Seq Time”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic input “Block All O/C” and “Block 1 Trip
Relay” as required.
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Negative-Sequence 10C

The procedure to test this element is identical to that outlined in Phase I0C 1 on page 7-30,
except that current is injected into any one phase of the phase input terminals and the
negative sequence current magnitude is 1/3rd of the injected current. The element is not
subject to the “phases required for operation”, “linear reset timing”, and “voltage restrained
time overcurrent” tests.

The blocking from logic inputs check is different from that for Phase 10C 1 and is performed
as follows:

D> Inject current to cause a pickup.

D> Assert a logic input to provide a “Block Neg Seq Inst”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic input “Block All O/C” and “Block 1 Trip
Relay” as required.

Negative-Sequence Directional OC

The procedure to test this element is identical to that outlined in Phase Directional OC on
page 7-31, except the injected current must be a negative sequence current.

Negative-Sequence Voltage

For Wye VTs, use the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye
Connection on page 7-4. A negative sequence voltage can be created by injecting a single
phase voltage or a set of three single-phase voltages with a known negative sequence
component. For single phase injection, the negative sequence voltage magnitude is the
injected voltage divided by 3.

To test pickup for Wye VTs, use the following procedure:

D> Inject a negative sequence voltage of 0 into the bus voltage input of the

relay.
The Pickup LED should be off.

D> Slowly raise the voltage until the Pickup LED comes on.
This is the pickup level.

D> Lower the voltage until the Pickup LED goes out.
This is the reset voltage, which should be 2% of VT less than the pickup
level.

For Delta VTs, use the test connections specified in FIGURE 7-2: Relay Test Wiring - Delta
Connection on page 7-5. A negative sequence voltage can be created by injecting a single
phase-phase voltage, or a set of two phase-phase voltages with a known negative
seqguence component. For a single phase-phase injection the negative sequence voltage
magnitude is the injected voltage divided by /3 .

To test Pickup for Delta VTs, use the following procedure:

D> Inject a negative sequence voltage of 0 into the bus voltage input of the
relay.
The Pickup LED should be off.

D> Slowly raise the voltage until the Pickup LED comes on.
This is the pickup level.
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D> Lower the voltage until the Pickup LED goes out.
This is the reset voltage, which should be 2% of VT less than the pickup
level.

Indications and Operations are the same as those outlined in Phase TOC 1 on page 7-26.
The following procedure checks blocking from logic inputs for Delta VTs:
D> Inject voltage to cause a pickup.

D> Assert a logic input to provide a “Block Neg Seq Voltage”.
The Pickup LED should immediately go out.

> Repeat last 2 steps for logic input “Block 1 TRIP Relay” as required.
The following procedure checks negative-sequence voltage timing for Delta VTs:
> Connect the “Stop Trigger”.

> Set the voltage source to the required test voltage, then turn off the
voltage.

> Reset the timer.

\

Turn the voltage on and measure the operating time.

D> Repeat last 3 steps four more times and obtain an average of the time
intervals.

> Reset the relay and disconnect the “Stop Trigger”.

7.4.6 Voltage

Bus Undervoltage (Wye VTs only)

To test Bus Undervoltage for Wye VTs, use the test connections specified in FIGURE 7-1:
Relay Test Wiring - Wye Connection on page 7-4.

The following procedure checks Pickup with One Phase For Operation:

D> Inject V,, =V}, = V., = nominal voltage into the bus voltage input of
the relay.
The Pickup LED should be off.

D> Slowly lower ¥, until the Pickup LED comes on.
This is the pickup voltage.

D> Continue to lower ¥, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE level minus 2% of VT.

D> Raise ¥, until the Pickup LED comes on, and continue to increase until
the indicator goes out.
This is the reset voltage, which should be the pickup value plus 2% of
VT.

D> Repeat last 4 steps, except adjust V;,, and ¥, in turn.

The following procedure checks Pickup with Two Phases For Operation:
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Inject V., = nominal voltage and V,, = V},,, = a voltage between the MIN
OPERATING VOLTAGE and the pickup voltage into the bus voltage input
of the relay.

The Pickup LED should be on.

Slowly raise ¥, until the Pickup LED goes out.
This is the reset voltage, which should be the pickup plus 2% of VT.

Reduce V,,, until the Pickup LED comes on.
This is the pickup voltage of V,,.

Continue to lower V7, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE of V7, minus 2% of VT.

Slowly raise V,, until the Pickup LED comes on, then reduce V,, until
the Pickup LED goes out.

This is the programmed MIN OPERATING VOLTAGE of V;,, minus 2%
VT.

Slowly raise ¥, until the Pickup LED first comes on and then goes out.
This is the reset voltage, which should be the pickup value plus 2% of
VT.

Lower V,, until the Pickup LED comes on.
This is the pickup voltage of V.

Repeat last 7 steps, substituting V., for V,,,, V,,, for V;, and V},, for V..

Repeat last 7 steps, substituting V, for V,,,, V., for V', and V,,, for V..

The following procedure checks Pickup with Three Phases For Operation:
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Inject V,,, = V},, = V.., = a voltage between the MIN OPERATING
VOLTAGE and the pickup voltage into the bus voltage input of the relay.
The Pickup LED should be on.

Slowly raise ¥, until the Pickup LED goes out.
This reset voltage should be the pickup value plus 2% of VT.

Reduce V,,, until the Pickup LED comes on.
This is the pickup voltage of V,,.

Slowly raise V;,, until the Pickup LED goes out.
This reset voltage should be the pickup value plus 2% of VT.

Reduce V7, until the Pickup LED comes on.
This is the pickup voltage of V,,

Slowly raise V., until the Pickup LED goes out.
This reset voltage should be the pickup value plus 2% of VT.

Reduce V., until the Pickup LED comes on.
This is the pickup voltage of V,,.

Lower V,,, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE of V,, minus 2% of VT.

Slowly raise V,,, until the Pickup LED comes on.
This is the MIN OPERATING VOLTAGE level.



PROTECTION SCHEMES CHAPTER 7: COMMISSIONING

D> Reduce 7, until the Pickup LED goes out. This is the MIN OPERATING
VOLTAGE of V},, minus 2% of VT.

D> Slowly raise ¥, until the Pickup LED comes on.
This is the MIN OPERATING VOLTAGE level.

> Reduce ¥, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE of V., minus 2% of VT.

D> Slowly raise ¥, until the Pickup LED comes on.
This is the MIN OPERATING VOLTAGE level.

Bus Undervoltage (Delta VTs only)

To test Bus Undervoltage for Delta VTs, use the test connections specified in FIGURE 7-2:
Relay Test Wiring - Delta Connection on page 7-5.

The following procedure tests Pickup with One Phase For Operation:

D> Inject V,;, = V,, = nominal voltage into the bus voltage input of the
relay.
The Pickup LED should be off.

D> Slowly lower 7, until the Pickup LED comes on.
This is the pickup voltage.

D> Continue to lower ¥, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE minus 2% of VT.

D> Raise ¥, until the Pickup LED comes on, and continue to increase until
the indicator goes out.
This is the reset voltage, which should be the pickup value plus 2% of
VT.

D> Repeat last 4 steps except adjust V...
The following procedure tests Pickup with Two or Three Phases For Operation:

D> Inject V,;, = nominal voltage and ¥, = a voltage between the MIN
OPERATING VOLTAGE and the pickup voltage into the bus voltage input
of the relay.

The Pickup LED should be on.

D> Slowly raise ¥, until the Pickup LED goes out.
This reset voltage should be the pickup value plus 2% of VT.

D> Reduce ¥, until the Pickup LED comes on.
This is the pickup voltage of V.

> Continue to lower ¥, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE of V., minus 2% of VT.

D> Slowly raise ¥, until the Pickup LED comes on.
This is the MIN OPERATING VOLTAGE level.

D> Reduce 7, until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE of V;, minus 2% of VT.

D> Slowly raise ¥, until the Pickup LED first comes on and then goes out.
This is the reset voltage, which should be the pickup value plus 2% of
VT.
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D> Lower ¥, until the Pickup LED comes on.
This is the pickup voltage of V.

Bus Undervoltage (Wye and Delta VTs)

To test Bus Undervoltage for Wye and Delta VTs, use the test connections specified in
FIGURE 7-1: Relay Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta
Connection on page 7-5.

The procedures for testing Indications and Operations are the same as those outlined for
Phase TOC 1 on page 7-26.

The following procedure tests Blocking From Logic Inputs:
D> Inject voltage into the required number of phases to cause a pickup.

D> Assert a logic input to provide a “Block Undervolt 1(2)”.
The Pickup LED should immediately go out.

D> Repeat last 2 steps for logic input “Block 1 Trip Relay” as required.
The following procedure tests the Bus Undervoltage element timing:

> Connect the “Stop Trigger.”

> Set the voltage source to nominal voltage.
D> Reset the timer.
>

Turn the voltage off in the required number of phases, and measure the
operating time.

[> Repeat last 3 steps four more times and obtain an average of the time
intervals.

D> Reset the relay and disconnect the “Stop Trigger.”

Line Undervoltage
The following procedure tests the Line Undervoltage pickup:

D> Inject nominal voltage into the line voltage input of the relay.
The Pickup LED should be off.

> Slowly lower the voltage until the Pickup LED comes on.
This is the pickup voltage.

D> Continue to lower the voltage until the Pickup LED goes out.
This is the MIN OPERATING VOLTAGE minus 2% of VT.

D> Raise the voltage until the Pickup LED comes on, and continue to
increase until the indicator goes out.
This is the reset voltage, which should be the pickup value plus 2% of
VT.

The procedures for testing Indications and Operations are the same as those outlined for
Phase TOC 1 on page 7-26.

The following procedure tests the Blocking From Logic Inputs:

D> Inject voltage to cause a pickup.
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D> Assert a logic input to provide a “Block Undervolt 3(4)”.
The Pickup LED should immediately go out.

D> Repeat last 2 steps for logic input “Block 1 Trip Relay” as required.
The following procedure tests the Line Undervoltage element Timing:

> Connect the “Stop Trigger”.

> Set the voltage source to nominal voltage.

> Reset the timer.

D> Turn on the voltage, and measure the operating time.

> Repeat last 3 steps four more times and obtain an average of the time

intervals.

> Reset the relay and disconnect the “Stop Trigger”.

Overvoltage (Wye VTs only)

To test Overvoltage for Wye VTs, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection on page 7-4. The following procedure tests Pickup with One
Phase For Operation:

D> Inject V,, =V}, = V., =0 into the bus voltage input of the relay.
The Pickup LED should be off.

> Slowly raise Van until the Pickup LED comes on.
This is the pickup voltage.

D> Lower ¥, until the Pickup LED goes out.
This is the reset voltage, which should be the pickup value minus 2% of
VT.

D> Repeat last 3 steps except adjust ¥}, and V,, in turn.
The following procedure tests Pickup with Two Phases For Operation:

D> Inject V,,, = V4, = nominal voltage and ¥, = a voltage above the pickup
into the bus voltage input of the relay.
The Pickup LED should be off.

D> Slowly raise ¥, until the Pickup LED goes on.
This is the pickup voltage of V.

> Reduce ¥, until the Pickup LED goes off.
This reset voltage of ¥, should be the pickup value minus 2% of VT.

D> Raise ¥, until the Pickup LED comes on.

D> Repeat last 4 steps, substituting ¥, for V,,, V,, for ¥}, and ¥}, for V.

D> Repeat last 4 steps, substituting ¥, for ¥V, V., for ¥, and V,, for V.
The following procedure tests Pickup with Three Phases For Operation:

D> Inject ¥, =V}, = V., = a voltage above the pickup voltage into the bus
voltage input of the relay.
The Pickup LED should be on.

D> Slowly lower ¥, until the Pickup LED goes out.
This reset voltage should be the pickup value minus 2% of VT.
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D> Raise ¥, until the Pickup LED comes on.
This is the pickup voltage of V.

D> Slowly lower ¥, until the Pickup LED goes out.
This reset voltage should be the pickup value minus 2% of VT.

> Raise ¥, until the Pickup LED comes on.
This is the pickup voltage of V.

D> Slowly lower ¥, until the Pickup LED goes out.
This reset voltage should be the pickup value minus 2% of VT.

D> Raise ¥, until the Pickup LED comes on.
This is the pickup voltage of V,,.

Overvoltage (Delta VTs only)

To test Overvoltage for Delta VTs, use the test connections specified in FIGURE 7-2: Relay
Test Wiring - Delta Connection on page 7-5. The following procedure tests Pickup with One
Phase For Operation:

D> Inject ¥, = V5, = 0 into the bus voltage input of the relay.
The Pickup LED should be off.

D> Slowly raise ¥V, until the Pickup LED comes on.
This is the pickup voltage.

D> Lower V,; until the Pickup LED goes out.
This is the reset voltage, which should be the pickup value minus 2% of
VT.

D> Repeat last 3 steps, except adjust V.
The following procedure tests Pickup with Two or Three Phases For Operation:

D> Inject V,, = V4, > pickup into the bus voltage input.
The Pickup LED should be on.

D> Lower ¥, until the Pickup LED goes out.
This is the reset voltage, which should be the pickup value minus 2% of
VT.

D> Slowly raise ¥, until the Pickup LED comes on.
This is the pickup voltage.

D> Repeat last 3 steps, except adjust V.

Overvoltage (Wye and Delta VTs)

To test Overvoltage for Delta and Wye VTs, use the test connections specified in FIGURE 7-
1: Relay Test Wiring - Wye Connection and FIGURE 7-2: Relay Test Wiring - Delta
Connection on page 7-5. The Indications and Operations are as outlined for Phase TOC 1
on page 7-26.
The following procedure tests Blocking From Logic Inputs:

D> Inject voltage to cause a pickup.

D> Assert a logic input to provide a “Block 1 Trip Relay”.

The following procedure tests the element Timing:
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Connect the “Stop Trigger”.
Set the voltage source to the required test voltage, then turn off voltage.

Reset the timer.

v VvV V V

Turn the voltage on in the required number of phases, and measure the
operating time.

v

Repeat Steps 2, 3 and 4 four more times and obtain an average of the
time intervals.

> Reset the relay and disconnect the “Stop Trigger”.

Neutral Displacement (Wye VTs Only)

To test Neutral Displacement (Wye VTs only), use the test connections specified in FIGURE
7-1: Relay Test Wiring - Wye Connection on page 7-4.

The following procedure tests the Pickup Level:

D> Apply a three phase balanced nominal voltage to the relay.

> Reduce one phase voltage slowly until the Neutral Displacement
element operates and note this voltage.

D> Calculate the 37 (neutral voltage, i.e. residual voltage) being supplied
to the relay using the formula:

Vo = Vo +Vy+ V. (EQ 7.2)

D> Repeat last 3 steps, except adjust ¥}, and ¥, in turn.

The following procedure tests Blocking From Logic Inputs:

> Cause a pickup of the Neutral Displacement element.

> Assert a logic input to provide a “Blk Ntr Displacement”.
The Pickup LED should immediately go out.

D> Repeat last 2 steps for logic input “Block 1 Trip Relay” as required.

The following procedure tests element Timing:

B> Connect the Stop Trigger.
D> Preset the neutral (residual) voltage to be 150% of the pickup setting.

D> Inject the preset neutral (residual) voltage into the relay and note the
delay time.

v

Reset the timer.

> Repeat steps 3 and 4 four more times and obtain an average of the time
intervals.

I> Disconnect the stop trigger when finished.
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To test Underfrequency, use the test connections specified in FIGURE 7-1: Relay Test Wiring
- Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5. The
Indications and Operations are as outlined for Phase TOC 1 on page 7-26.

The following procedure checks Minimum Operating Voltage Supervision:

D> Set the injection source well below the pickup frequency.

D> Inject ¥, =0V into the bus voltage input of the relay with 7, =1, =1,

above the Minimum Operating Current level.
The Pickup LED should be off.

Slowly increase the voltage in Phase A until the Pickup LED comes on.
Check that the pickup voltage is the selected Minimum Operating
Voltage.

Slowly reduce the voltage.
Note the voltage at which the Pickup LED goes out. Check that this
dropout voltage is the pickup voltage minus 2 x VT nominal.

> Turn the injection voltage off.

The following procedure checks Minimum Operating Current Supervision:
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D> Set the injection source well below the pickup frequency. Inject ¥, =0

V into the bus voltage input and 7, = I, = I. = 0 A into the phase current
inputs of the relay.
The Pickup LED should be off.

Slowly increase the voltage in Phase A above the selected Minimum
Operating Voltage.
The Pickup LED should remain off.

Slowly increase the Phase A current until the Pickup LED turns on.
This is the Minimum Operating Current level.

Now reduce the current until the Pickup LED turns off.

Note the dropout level, which should be 2% of CT less than the
Minimum Operating Current level when the level is < CT.

When the Minimum Operating Current level is > CT, the dropout level
should be 97 to 98% of the Minimum Operating Current level.

Slowly increase the Phase B current until the Pickup LED turns on.
This is the Minimum Operating Current level.

Now reduce the current until the Pickup LED turns off.

Note the dropout level, which should be 2% of CT less than the
Minimum Operating Current level when the level is < CT.

When the Minimum Operating Current level is > CT, the dropout level
should be 97 to 98% of the Minimum Operating Current level.

Slowly increase the Phase C current until the Pickup LED turns on.
This is the Minimum Operating Current level.
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Now reduce the current until the Pickup LED turns off.

Note the dropout level, which should be 2% of CT less than the
Minimum Operating Current level when the level is < CT.

When the Minimum Operating Current level is > CT, the dropout level
should be 97 to 98% of the Minimum Operating Current level.

¥ For the following Underfrequency test procedures, the injected voltage and currents are
' always above the minimum operating levels.

NOTE

The following procedure tests the Underfrequency Pickup:

>
>

>

Inject voltage at a frequency above the pickup level into phase V,.

Slowly decrease the frequency until the Pickup LED comes on.
Note the pickup value.

Slowly increase the frequency until the Pickup LED goes out.
Note the dropout level, which should be the pickup plus 0.03 Hz.

The following procedure tests Blocking From Logic Inputs:

>

>

>

Inject voltage and current above minimum at a frequency that causes a
pickup.

Assert a logic input to provide a “Block Underfreq 1(2)”.
The Pickup LED should immediately go out.

Repeat last 2 steps for logic input “Block 1 Trip Relay” as required.

The following procedure tests the Underfrequency element Timing:

>
>

>

Frequency Decay

Connect the “Stop Trigger”.

Set the voltage source prefault mode to nominal voltage, current and
frequency.

Set the voltage source fault mode to nominal voltage and current, but
with a frequency below pickup.

Set the source to prefault mode, reset the timer, and apply to the relay.
Jump the source to fault mode and measure the operating time.

Repeat last 2 steps four more times and obtain an average of the time
intervals.

Reset the relay and disconnect the “Stop Trigger”.

To test Frequency Decay, use the test connections specified in FIGURE 7-1: Relay Test
Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5.
The Indications and Operations are as outlined for Phase TOC 1 on page 7-26.

The following procedure checks Minimum Operating Voltage Supervision:

>

>

Inject voltage into the ¥, bus voltage input at a level well below the
Minimum Operating Voltage level.

Also inject [, = I, = 1. at a level well above the Minimum Operating
Current level.
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Starting with the ¥, frequency at a level well below the FREQ DECAY
PICKUP, drop the frequency of V, at a speed greater than the FREQ
DECAY RATE setting.

The pickup indicator should remain off.

Inject voltage into the ¥, bus voltage input at a level well above the
Minimum Operating Voltage level.

Also inject I, = I, = 1. at a level well above the Minimum Operating
Current level.

Starting with the V, frequency at a level well below the FREQ DECAY
PICKUP, drop the frequency of V, at a speed greater than the FREQ
DECAY RATE setting.

The pickup indicator should come on while the ¥, frequency is
dropping.

The following procedure checks the Minimum Operating Current Supervision:

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

>

>

Inject voltage into the ¥, bus voltage input at a level well above the
Minimum Operating Voltage level.

Also inject I, = I, = I,. at a level well below the Minimum Operating
Current level.

Starting with the V, frequency at a level well below the Frequency
Decay Pickup, drop the frequency of Va at a speed greater than the
Frequency Decay Rate setting.

The Pickup LED should remain off.

With the V, voltage at a level well above the Minimum Operating
Voltage level, increase /, to a level well above the Minimum Operating
Current level.

Currents [}, and I, should be well below the Minimum Operating
Current level. Starting with the V, frequency at a level well below the
FREQ DECAY PICKUP, drop the frequency of V, at a speed greater than
the FREQ DECAY RATE setting.

The Pickup LED should come on while the ¥, frequency is dropping.

With the ¥, voltage at a level well above the Minimum Operating
Voltage level, increase I, to a level well above the Minimum Operating
Current level. Currents /, and /.. should be well below the Minimum
Operating Current level.

Starting with the V, frequency at a level well below the FREQ DECAY
PICKUP, drop the frequency of ¥, at a speed greater than the FREQ
DECAY RATE setting.

The Pickup LED should come on while the V, frequency is dropping.

With the ¥, voltage at a level well above the Minimum Operating
Voltage level, increase /. to a level well above the Minimum Operating
Current level.

Currents [, and [;, should be well below the Minimum Operating
Current level. Starting with the V, frequency at a level well below the
FREQ DECAY PICKUP, drop the frequency of ¥, at a speed greater than
the FREQ DECAY RATE setting.

The Pickup LED should come on while the ¥, frequency is dropping.
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i—' For the following Frequency Decay test procedures, the injected voltage and currents are

always above the minimum operating levels.
MNOTE

The following procedure checks the Frequency Decay Pickup:

D> Starting with the ¥, frequency at a level well above the FREQ DECAY
PICKUP, drop the frequency of ¥, at a speed greater than the FREQ
DECAY RATE setting, to a level still well above the FREQ DECAY PICKUP.
The Pickup LED should remain off.

D> Continue dropping the ¥, frequency at a speed greater than the FREQ
DECAY RATE.
When the frequency drops below the FREQ DECAY PICKUP, the Pickup
LED will come on.

The following procedure checks the Frequency Decay Rate:

> With the V, frequency at a level well below the FREQ DECAY PICKUP,
drop the frequency of V, at a speed less than the FREQ DECAY RATE
setting.
The pickup indicator should remain off.

> With the ¥, frequency at a level well below the FREQ DECAY PICKUP,
drop the frequency of V, at a speed greater than the FREQ DECAY RATE
setting.
The pickup indicator will come on.

The following procedure checks Blocking From Logic Inputs:
D> Decrease the Va frequency at a rate to cause a pickup.

D> Assert a logic input to provide a “Block Frequency Decay”.
The Pickup LED should immediately go out.

D> Repeat Steps 1 and 2 for logic input “Block 1 Trip Relay” as required.
The following procedure checks the Frequency Decay Timing:
> Connect the Stop Trigger.

D> Preset the ramp-rate to a minimum of 110% of the pickup and reset the
timer.

D> Inject the preset voltage into the ¥, bus voltage input and note the
measured delay time. Reset the timer.

> Repeat the last step four more times and obtain an average of the time
intervals.

> Disconnect the Stop Trigger.

7.4.8 Breaker Failure

To test Breaker Failure, use the test connections specified in FIGURE 7-1: Relay Test Wiring
- Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5. The
Indications and Operations are as outlined for Phase TOC 1 on page 7-26. This element has
no Trip function.
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D> Ensure the wiring to the circuit breaker trip and close circuits is
complete.

D> Energize the breaker trip and close circuits and close the breaker.

v

Carefully disconnect a wire to open the trip circuit.

D> Set a test current level 3% above the BRKR FAILURE CURRENT setpoint
and inject current into a phase current input (all overcurrent protection
features are “Disabled”).

D> Assert a Trip logic input, which cannot be performed by the breaker.
After a delay the element should generate an output (the delay time can
be checked in the Event Recorder).

> Turn the current off and reset the relay.

P> Reduce the current magnitude to 3% below the BRKR FAILURE
CURRENT setpoint and inject current into a phase current input. Assert a
Trip logic input, which cannot be performed by the breaker.

The element should not generate an output.

7.4.9 Reverse Power

To test the Reverse Power element, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The Indications and Operations are as outlined for Phase TOC 1 on page 7-26.

The following procedure tests Pickup for the Reverse Power element:
> Apply a three phase nominal voltage to the relay.
D> Adjust the phase angle between the voltage and current to be 180°.

D> Inject current into all three phases and increase slowly until Reverse
Power operates.
Note the pickup value.

D> Calculate the power value from the following formula:
p=.3x Vicos(0), where V is the primary line to line voltage, [ is the
pickup value expressed as a primary value, and cos(8) is cos 180° (in
this case, 1.0).

> Express the measured power as a percentage of the rated power
calculated using rated values in the above equation.
The value should be within specifications for this element.

> Adjust the phase angle to 100°, 120°, 240°, and 260°, checking the
current pickup value for each angle.
Calculate the relay pickup power for each angle using the formula given
above.

The following procedure tests the Blocking From Logic Inputs for Reverse Power:
> Cause the reverse power element to pickup.

D> Assert a logic input to provide a “Block Reverse Power”.
The Pickup LED should immediately go out.

> Repeat Steps 1 and 2 for logic input “Block 1 Trip Relay” as required.
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The following procedure checks Timing for the Reverse Power Element:
> Connect the Stop Trigger.

D> Preset the input voltage and current to provide a reverse real power
which is 150% of pickup.

D> Inject the preset voltage and current and note the measured delay time.

v

Reset the timer.

> Repeat last 2 steps four more times and obtain an average of the time
intervals.

> Disconnect the Stop Trigger.
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MONITORING

7.5 Monitoring

7.5.1 Current Monitoring

Phase Current Level

To test Phase Current monitoring, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except
that this element has no Trip function.

D> Set the Delay time to 0.
D> Inject current at a level below the pickup level into Phase A.

D> Slowly increase the current until pickup is reached and the element
generates an output.

D> Slowly reduce the current until the element resets, which should be 2%
of CT less than pickup when pickup < CT or 97 to 98% of pickup when
pickup > CT.

> Repeat Steps 2 to 4 for phase B and C current.
D> Set the Delay timer to the required setting.
The following procedure checks the Phase Current Level Timing:

D> Set the test source to a current at least 110% of pickup.
Turn off and reset the timer.

D> Inject current into the relay and measure the time to operate.

> Repeat Step 2 four more times and obtain an average of the time
intervals

> Disconnect the Stop Trigger.

Neutral Current Level

To test Neutral Current monitoring, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The testing for this element is the same as outlined above for Phase Current Level,
except that current is the residual current injected into the phase current inputs.

7.5.2 Fault Locator

b4

NOTE

To test the Fault Locator, use the test connections specified in FIGURE 7-1: Relay Test
Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5.

Because of the broad range of variables that can be encountered in actual systems a
representative configuration with a set of impedances and instrument transformers have
been chosen to demonstrate these tests. The model used to calculate the voltage and
current phasors for the tests is a radial, 10 km long, three phase, four wire system of 13.8
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kV nominal and 600 A feeder capacity. At the relay location there are wye-connected VTs
rated 14400/120 V and CTs rated 600/5 A. A prefault load of about 8.5 MVA exists on the
feeder. The relay is a 5 A unit.

Model Impedances (<) Zpos = IngG Z75R0O

Source

0.028 +j0.662 0.028 +j0.662

Feeder

1.250 +j5.450 | 5.280 +15.79

The source voltage (ahead of the source impedance) is 14.0 kV.£1.6°. Any overcurrent
feature, all of which can cause a fault location calculation by tripping, set to a pickup
current below the programmed test current, can be used for the tests.

>
>

Program the test set with the following prefault voltages and currents.

Vi = 67.820°% Vy, = 67.8.2240°; V., = 67.82120°; I, = 2.9.2330°; I, =
2.92210°% I, =2.9.290°

Program the test set with the following fault voltages and currents.
This fault is from Phase A to ground, placed 5.0 km from the relay.

V., =59.020% Vy, = 67.42241% V,, = 67.42121° I, = 13.0.£286% I,
=2.92210% I, =2.9290°

Inject the prefault voltages and currents, then apply the fault.
The relay should trip and determine the type of fault (A-G), the distance
to the fault (5.0 km) and the reactance to the fault (2.73 Q).

Program the test set with the following fault voltages and currents.
This fault is Phase B to ground, 6.0 km from the relay.

Vip=67.422° V), = 60.3£242°; V., = 67.4£122° 1,=2.9./330°; I, =
12.0£166°; 1. = 2.9.£90°

Inject the prefault voltages and currents, then apply the fault.
The relay should trip and determine the type of fault (B-G), the distance
to the fault (6.0 km) and the reactance to the fault (3.27 Q).

Program the test set with the following fault voltages and currents.
This fault is Phase C to ground, placed 7.0 km from the relay.

V= 67.422% V), = 67.42242° V,, = 61.3£120% 1, =2.9.£330°% I, =
2.9£210°; 1, =9.9£47°

Inject the prefault voltages and currents, then apply the fault.
The relay should trip and determine the type of fault (C-G), the distance
to the fault (7.0 km) and the reactance to the fault (3.82 Q).

Program the test set with the following fault voltages and currents.
This fault is Phase A to C, 8.0 km from the relay.

V= 60.424% V= 67.42242% V,, = 61.7£117% I, = 11.4253°; I,
=2.9,210%1,= 11.473°

Inject the prefault voltages and currents, then apply the fault parameters.
The relay should trip and determine the type of fault (A-C), the distance
to the fault (8.0 km) and the reactance to the fault (4.36 Q).

Program the test with the following fault voltages and currents.
This fault is Phase A to B, placed 9.0 km from the relay.
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D>V, =622£358% V;, =61.0£244% V,, = 67.4£122° I, =10.3£313°;
I, =10.32133°% I, =2.9./90°

D> Inject the prefault voltages and currents, then apply the fault.
The relay should trip and determine the type of fault (A-B), the distance
to the fault (9.0 km) and the reactance to the fault (4.91 Q).

> Program the test with the following fault voltages and currents.
This fault is Phase A to B to C, 10.0 km from the relay.

> V,=60.3£0° V,,=60.3£240° V,, =60.3£120° I,=10.8.£283°; I,
=10.8£163°; 1, =10.8£43°
D> Inject the prefault voltages and currents, then apply the fault.

The relay should trip and determine the type of fault (A-B-C), the
distance to the fault (10.0 km) and the reactance to the fault (5.45 Q).

7.5.3 Demand Monitoring

Current Demand

To test Current Demand, use the test connections specified in FIGURE 7-1: Relay Test
Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5.
The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except that
this element has no Trip function.

D> Clear demand data registers before starting this test.
D> Inject a fixed value of current.

> Monitor the actual value of the measured demand, and note the level at
which the feature generates an output.

> Turn the current off.

Real Power Demand

To test Real Power Demand, use the test connections specified in FIGURE 7-1: Relay Test
Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5.
The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except that
this element has no Trip function.

D> Clear demand data registers before starting this test.
D> Inject a fixed value of watts.

> Monitor the actual value of the measured demand, and note the level at
which the feature generates an output.

> Turn the current off.

Reactive Power Demand

To test Reactive Power Demand, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except
that this element has no Trip function.
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D> Clear demand data registers before starting this test.

\

Inject a fixed value of vars.

> Monitor the actual value of the measured demand, and note the level at
which the feature generates an output.

> Turn the current off.

Apparent Power Demand

To test Apparent Power Demand, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except
that this element has no Trip function.

D> Clear demand data registers before starting this test.
D> Inject a fixed value of VA.

> Monitor the actual value of the measured demand, and note the level at
which the feature generates an output.

> Turn the current off.

7.5.4 Analog Inputs

Analog Threshold

D> Inject DC mA current at a level below the pickup level into the analog
input.

D> Slowly increase the current until the element generates an output.
Slowly reduce the current until the element reset.

The following procedure tests Analog Threshold Timing:
> Connect the Stop Trigger.

D> Preset the DC mA current source to a minimum of 110% of the pickup
current.

> Turn the current off, and reset the timer.

D> TInject the preset current into the analog input and note the measured
delay time.

> Reset the timer.

> Repeat Step 3 four more times and obtain an average of the time
intervals.

> Disconnect the Stop Trigger.

Analog In Rate

The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except that
this element has no Trip function.

> Connect the output of a DC ramping-current generator to the analog
input.
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Remove the power supply from the relay to ensure the analog input
memory is set to zero, then re-apply power.

Set the ramp-rate below the rate-of-change pickup and inject into the
analog input.

Wait for 90 seconds (fast rate) or 90 minutes (slow rate) to ensure the
relay has properly measured the input ramping-rate.
The relay should not pickup.

Cycle the relay power supply Off then On.

Adjust the ramp-rate to a higher rate and again apply and, if the relay
doesn't pickup, cycle the relay power supply Off then On.

Repeat this procedure until the element generates an output.

The following procedure tests Analog Input Rate Timing:

>

>
>
>

v Vv

7.5.5 Overfrequency Monitoring

Connect the Stop Trigger.
Preset the ramp-rate to a minimum of 110% of the pickup.
Turn the current off, and reset the timer.

Inject the preset current into the analog input and note the measured
delay time.

Reset the timer.

Repeat Step 3 four more times and obtain an average of the time
intervals.

Disconnect the Stop Trigger.

To test Overfrequency monitoring, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except
that this element has no Trip function.

>
>
>

Inject voltage at a frequency below the pickup level into Phase A.
Slowly increase the frequency until the element generates an output.

Slowly reduce the frequency until the element resets.

The following procedure checks the Overfrequency monitoring Timing:

>

v VvV VvV V V

v
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Connect the Stop Trigger.

Preset the voltage source frequency to a minimum of 110% of pickup.
Turn voltage off and reset the timer.

Inject the preset voltage into phase A and note the measured delay time.
Reset the timer.

Repeat Step 3 four more times and obtain an average of the time
intervals.

Disconnect the “Stop Trigger”.



MONITORING

7.5.6 Power Factor

CHAPTER 7: COMMISSIONING

To test Power Factor monitoring, use the test connections specified in FIGURE 7-1: Relay
Test Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page
7-5. The Indications and Operations are as outlined for Phase TOC 1 on page 7-26, except
that this element has no Trip function.

The following procedure checks Minimum Operating Voltage/Current Supervision:

>

>

N

>

Inject fixed values of voltage and current at about nominal values, at
unity power factor.

Slowly increase the lagging current angle, waiting for a time longer than
the delay before each adjustment, until the element generates an output.

Slowly reduce voltage ¥, magnitude until the power factor feature
resets.

Note the dropout voltage, which should be at about 30% of the selected
nominal voltage. Return ¥, to nominal.

Repeat step 3 for V.
Repeat step 3 for V..

Slowly reduce /, and /;, magnitude to 0.
The power factor feature should remain operated.

Slowly reduce /. magnitude to 0.
The power factor feature should reset.

Return /, to nominal.
The power factor feature should operate again. Return /7, and /.. to
nominal.

Decrease the angle of lagging (balanced) current until the feature drops-
out and resets the output relays.

The following procedure checks Power Factor Timing:

>
>

v VvV VvV V

\

7.5.7 VT Failure

Connect the Stop Trigger.

Preset the 3-phase voltage and current inputs to a power factor more
lagging than the pickup level.

Turn voltages and currents off, and reset the timer.
Inject the preset voltage and current and note the measured delay time.
Reset the timer.

Repeat step 3 four more times and obtain an average of the time
intervals.

Disconnect the “Stop Trigger”.

To test VT Failure monitoring, use the test connections specified in FIGURE 7-1: Relay Test
Wiring - Wye Connection or FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5.
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7.5.8 Trip Coil Monitor

\
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Set V,,, = Vp, = V., = nominal voltage at 0°, 120°, and 240° respectively,
and inject into the relay.

With these balanced voltages 120° apart, the positive sequence voltage
(V) is greater than 0.05 x VT.

Setl,=1,=1.=1xCT at 0°, 120°, and 240° respectively, and inject
into the relay.

With these balanced currents 120° apart, the positive sequence current
(y) is greater than 0.05 x CT.

Remove the balanced voltages so the positive sequence voltage (V) is
less than 0.05 x VT.

If this function is set to “Control”, any output relays programmed for
this condition should operate. If the function is set to “Alarm”, check
that the Alarm and Message LEDs are flashing, the VT Failure alarm
message is displayed, and any output relays programmed for this
condition are operated.

Apply the balanced voltages and the VT Failure condition should reset.
Now reduce ¥, until the VT Failure condition returns.

Verify the ratio of the negative sequence voltage (7>) to the positive
sequence voltage (V) is 0.25 at this point.

Return ¥, to nominal and the VT Failure condition should reset.
Repeat last 3 steps for V},, and V..

With V,,, =V}, = V,, returned to nominal voltage at 0°, 120°, and 240°
respectively, reduce ¥, until the VT Failure condition returns.

Now reduce I, until the VT Failure condition resets.

Verify the ratio of the negative sequence current (/,) to the positive
sequence current (/;) > 0.20 at this point.

Return /, to nominal and the VT Failure condition should reset.

Repeat last 3 steps for [, and I...

The Indications and Operations for the Trip Coil Monitor are as outlined for Phase TOC 1 on
page 7-26, except that this element has no Trip function.
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Ensure the wiring to the circuit breaker trip and close circuits is
complete.

Energize the breaker trip and close circuits and close the breaker.

Carefully disconnect a wire to open the trip circuit.
After 5 seconds the element should generate an output.

Restore the open circuit and the element should reset.

If the Open Breaker permissive is “Enabled”, and the trip circuit wiring
has been arranged to permit this operation, open the breaker.

Repeat last 2 steps.
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7.5.9 Close Coil Monitor

The Indications and Operations for the Close Coil Monitor are as outlined for Phase TOC 1
on page 7-26, except that this element has no Trip function.

> Ensure the wiring to the circuit breaker trip and close circuits is
complete.

D> Energize the breaker trip and close circuits and open the breaker.

> Carefully disconnect a wire to open the close circuit.
After 5 seconds the element should generate an output.

> Restore the open circuit and the element should reset.

D> If the Closed Breaker permissive is “Enabled”, and the close circuit
wiring has been arranged to permit this operation, close the breaker.

D> Repeat last 2 steps.

7.5.10 Breaker Operation Failure

The Indications and Operations for the Breaker Operation Failure are as outlined for Phase
TOC 1 on page 7-26, except that this element has no Trip function.

> Ensure the wiring to the circuit breaker trip and close circuits is
complete.

D> Energize the breaker trip and close circuits and open the breaker.
D> Carefully disconnect a wire to open the close circuit.

D> Apply a momentary Close command to the relay.
After a delay the element should generate an output (the delay time can
be checked in the Event Recorder).

Restore the open circuit and reset the relay.
Close the breaker.

Carefully disconnect a wire to open the trip circuit.

v VvV VvV V

Apply a momentary Trip command to the relay.
After a delay the element should generate an output (the delay time can
be checked in the Event Recorder)

[> Restore the open circuit and reset the relay.

D> Open and close the breaker a number of times to confirm the delay time
provides sufficient margin to allow for normal operation of the breaker.

7.5.11 Arcing Current

This test requires equipment which is seldom readily available in the field. It is suggested
that as this feature does not require extreme levels of reliability and security it is not
necessary to be field-tested. A procedure is available upon request from GE Multilin for
those users wishing to perform this test. We suggest the following procedure to confirm
this element is operational.
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The Indications and Operations for the Arcing Current are as outlined for Phase TOC 1 on
page 7-26, except that this element has no Trip function.

>

>
>

7.5.12 Analog Output Channels

v

7.5.13 IRIG-B

7.5.14 Pulse Output
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Check the value displayed under A3 MAINTENANCE [> ARCING CURRENT
> TOTAL ARCING CURRENT for each phase.

Set the Total Arcing Current Limit to a level just above this value.

Now perform a number of overcurrent element tests, with current
maintained after the Trip command, until this element generates an
output.

Be sure to reset the Total Arcing Current memory and setpoint at the end
of this test.

Connect a milli-ammeter to channel output terminals as required.

Follow the test procedures previously outlined for the channel
parameter observing the output on the milli-ammeter.

Disconnect the IRIG-B input to the relay from the signal source.

Under S1 RELAY SETUP > CLOCK manually set the relay date and time to
incorrect values.

Under A1 STATUS > CLOCK check that the relay has accepted the
programmed date and time.

Set the TRIG-B TIME SYNC setpoint to the required signal type - the relay
should display the IRIG-B FAILURE self-test warning.

Connect the IRIG-B input from the signal source to the relay and check
the signal is available at the relay terminals.

The IRIG-B FAILURE self-test warning should be removed from the
display.

Under A1 STATUS > CLOCK check that the relay clock now displays the
correct date and time.

Inject quantity to be used to provide a pulse output.

Observe that the pulses occur at the proper intervals by using the actual
value measurement provided by the relay.
A counter or oscilloscope may also be used to confirm pulse timing.
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7.6 Control Schemes

7.6.1 Setpoint Group Control

b4

NOTE

Make the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye Connection or
FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5.

The relay is defaulted to Setpoint Group 1, and will be using this group for setpoints unless
specifically changed to another group. This procedure assumes the relay initially uses
Group 1 as indicated by the faceplate LED.

> Change the S7 CONTROL [> SETPOINT GROUPS > ACTIVE SETPOINT
GROUP setpoint to “Group 2” and the EDIT SETPOINT GROUP setpoint in
the same menu to “Active Group”.
The faceplate LEDs should now indicate the relay is using Setpoint
Group 2.

> Change at least one protection element setpoint from the setting in
Group 1.

> Repeat Steps 2 and 3 for active setpoint group selections of Group 3 and
Group 4, while monitoring that the LED indicators show the correct
group.

> Check that the operation of the protection feature programmed is
controlled by the setting in group 4.

> Change the S7 CONTROL [> SETPOINT GROUPS [> ACTIVE SETPOINT
GROUP setpoint to “Group 3”.
The LED on the faceplate should now indicate the relay is using
Setpoint Group 3.

> Check that the operation of the protection feature programmed is
controlled by the setting in Group 3.

> Change the S7 CONTROL [> SETPOINT GROUPS > ACTIVE SETPOINT
GROUP setpoint to “Group 2”.
The LED on the faceplate should now indicate the relay is using
Setpoint Group 2.

D> Check that the operation of the protection feature programmed is
controlled by the setting in Group 2.

> Change the S7 CONTROL [> SETPOINT GROUPS [> ACTIVE SETPOINT
GROUP setpoint to Group 1.
The LED on the faceplate should now indicate the relay is using
Setpoint Group 1.

> Check that the operation of the protection feature programmed is
controlled by the setting in Group 1.

D> Assert logic input Setpoint Group 2, and check that the LED indicator
shows Setpoint Group 2.

D> Assert logic input Setpoint Group 3, and check that the LED indicator
shows Setpoint Group 3.
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Assert logic input Setpoint Group 4, and check that the LED indicator
shows Setpoint Group 4.

De-assert logic input Setpoint Group 4, and check that the LED
indicator shows Setpoint Group 3.

De-assert logic input Setpoint Group 3, and check that the LED
indicator shows Setpoint Group 2.

De-assert logic input Setpoint Group 2, and check that the LED
indicator shows Setpoint Group 1.

Check that the changing of setpoint groups is placed in the event
recorder.

If the BRKR OPEN INHIBIT setpoint is to be “Enabled”:

>

>

Assert a breaker state logic input so that the relay determines the breaker
is closed.

Assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is using Setpoint Group 2.

De-assert the breaker state logic input so that the relay determines the
breaker is open.

De-assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is still using Setpoint
Group 2.

Assert the breaker state logic input so that the relay determines the
breaker is closed.

The faceplate LED should indicate the relay is now using Setpoint
Group 1.

If the OVERCURRENT P/U INHIBIT Setpoint is to be “Enabled”:

>

>

>

Assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is using Setpoint Group 2.

Inject current above the pickup setting of an overcurrent element that is
not Disabled.

De-assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is still using Setpoint
Group 2.

Reduce the injected current until the overcurrent element resets.
The LED on the faceplate should indicate the relay is now using
Setpoint Group 1.

Turn current off.

If the OVERVOLT P/U INHIBIT Setpoint is to be “Enabled”:

>

>
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Assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is using Setpoint Group 2.

Inject voltage above the pickup setting of an overvoltage element that is
not Disabled.
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De-assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is still using Setpoint
Group 2.

Reduce the injected voltage until the overvoltage element resets.
The LED on the faceplate should indicate the relay is now using
Setpoint Group 1.

Turn voltage off.

If the UNDERVOLT P/U INHIBIT Setpoint is to be “Enabled”:

>

>

>

Inject voltage above the pickup setting of an undervoltage element that
is not Disabled.

Assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is using Setpoint Group 2.

Reduce voltage below the pickup setting of an undervoltage element
that is not Disabled.

De-assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is still using Setpoint
Group 2.

Increase the injected voltage until the undervoltage element resets.
The LED on the faceplate should indicate the relay is now using
Setpoint Group 1.

Turn voltage off.

If the UNDERFREQ P/U INHIBIT Setpoint is to be “Enabled”:

7.6.2 Synchrocheck

>

>

Inject voltage with frequency above the pickup setting of an
underfrequency element that is not Disabled.

Assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is using Setpoint Group 2.

Reduce frequency below the pickup setting of an underfrequency
element that is not Disabled.

De-assert logic input Setpoint Group 2.
The faceplate LED should indicate the relay is still using Setpoint
Group 2.

Increase the injected frequency until the underfrequency element resets.
The LED on the faceplate should indicate the relay is now using
Setpoint Group 1.

Turn voltage off.

Make the test connections specified in FIGURE 7-1: Relay Test Wiring
— Wye Connection or FIGURE 7-2: Relay Test Wiring — Delta
Connection on page 7-5 and also connect a variable voltage source to
the line voltage input.
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Initially set the function setpoint to Control, the Dead Source
Permissive setpoint to Off and the Maximum Voltage Difference
setpoint to 100 kV.

As there are no input voltages, any selected output relays should now be
operated along with the Out Of Sync control message.

Change the function setting to Alarm.
The alarm message and LED should be displayed, and any selected
output relays should remain operated.

Inject a balanced three-phase voltage at nominal voltage and frequency
into the bus voltage input.

Turn off the voltage and make parallel connections (observing polarity)
from the bus voltage input that corresponds with the selection made
under subheading S2 SYSTEM SETUP [> LINE VT SENSING [> VT
CONNECTION to the line voltage input.

Turn the voltage on and check that these voltages show difference
measurements of 0 under A2 METERING [> VOLTAGE [> SYNCHRO DELTA
(the AV will not be 0 unless the bus and line VTs have identical ratings.
If the difference is not shown as 0, calculate the two equivalent primary
voltage values for the injected voltage; they should be the same.) This
checks that the relay has selected the correct bus voltage input for the
synchrocheck measurements.

Turn the voltage off and remove the parallel connections.

Inject a single-phase voltage at nominal voltage and frequency into the
bus voltage input that corresponds with the selection made under
subheading S2 SYSTEM SETUP [> LINE VT SENSING [> VT CONNECTION.

Inject voltage and frequency into the line voltage input and adjust this
voltage until AV, AF and AF as shown under subheading A2 METERING [>
VOLTAGE [> SYNCHRO DELTA are all 0.

Reduce the line voltage magnitude to 0.
The “Out of Sync” alarm will be displayed as the line voltage is below
the minimum voltage requirement.

Slowly raise this voltage until the “Out of Sync” alarm is no longer
displayed.
This magnitude should be the setpoint value.

Raise the line voltage input to the nominal value, and lower the bus
voltage magnitude to 0.

The “Out of Sync” alarm will be displayed as the bus voltage is below
the minimum voltage requirement.

Slowly raise this voltage until the “Out of Sync” alarm is no longer
displayed.

This magnitude should be the setpoint value.

Enter the required setting of MAX VOLTAGE DIFFERENCE.

The “Out of Sync” alarm will be displayed as the voltage difference is
above the maximum difference requirement.
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While monitoring AV on the display, slowly raise the bus voltage until
the “Out of Sync” alarm is no longer displayed.
Check that the voltage difference is the selected value.

Set the bus voltage magnitude to nominal, and the line voltage to a level
above the minimum required voltage.

The “Out of Sync” alarm will be displayed as the voltage difference is
above the maximum difference requirement.

While monitoring AV on the display, slowly raise the line voltage until
the “Out of Sync” alarm is no longer displayed.
Check that the voltage difference is the selected value.

Set both line and bus voltage magnitude and frequency to nominal.
Adjust the line voltage phase position to lag the bus voltage by 180°.

The “Out of Sync” alarm will be displayed as the angle difference is
above the maximum difference requirement.

While monitoring AF on the display, slowly increase the line voltage
lagging phase position until the “Out of Sync” alarm is no longer
displayed. Check that the angle difference is the selected value. Return
the line voltage angle to 0°.

Set the line voltage frequency to a value lower than allowed by the
maximum frequency difference.

While monitoring AF on the display, slowly increase the line voltage
frequency until the “Out of Sync” alarm is no longer displayed. Check
that the frequency difference is the selected value.

Set the line voltage to a frequency higher than permitted by the
maximum frequency difference.

The “Out of Sync” alarm will be displayed as the frequency difference
is above the maximum difference requirement.

While monitoring AF on the display, slowly decrease the line voltage
frequency until the “Out of Sync” alarm is no longer displayed.
Check that the frequency difference is the selected value.

> Turn voltages off.

If the Dead Source Permissive feature is to be used, set the MAX VOLTAGE DIFFERENCE,
MAX ANGLE DIFFERENCE, and MAX FREQ DIFFERENCE setpoints to the minimum values; and
the DEAD SOURCE PERMISSIVE, DEAD BUS MAX VOLTAGE, DEAD LINE MAX VOLTAGE, LIVE BUS
MIN VOLTAGE, and LIVE LINE MIN VOLTAGE setpoints to the required settings.

For a DEAD SOURCE PERMISSIVE setpoint of “DB & DL”, perform the following steps:

D> Set the bus voltage to a magnitude above the dead-bus level, and

nominal frequency and inject into the relay.

D> Set the line voltage to a magnitude above the dead-line level, 180° out-

of-phase with the bus voltage, at the same frequency, and inject into the
relay.
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This ensures that synchronism cannot be achieved.
The “Out of Sync” alarm will be displayed as both the bus and line
voltages are above their dead-setting limits.

Turn the bus voltage off.
The “Out of Sync” alarm will be displayed as line voltage is above the
dead limit.

Slowly reduce the line voltage, until the “Out of Sync” alarm is no
longer displayed.
This should be at the dead line max volt limit.

Return the voltages to the level prior to the reduction.

The “Out of Sync” alarm will be displayed as both the bus and line
voltages are above their dead-setting limits.

Turn the line voltage off.
The “Out of Sync” alarm will be displayed.

Slowly reduce the bus voltage, until the “Out of Sync” alarm is no
longer displayed.
This should be at the dead bus max volt limit.

Turn the voltages off.

For a DEAD SOURCE PERMISSIVE setpoint of “LL & DB, perform the following steps:

>

>

>

Set the line voltage to nominal magnitude and frequency and inject into
the relay.

Set the bus voltage to a magnitude above the dead-bus level, 180° out-
of-phase with the line voltage, at the same frequency, and inject into the
relay.

This ensures synchronism cannot be achieved.

The “Out of Sync” alarm will be displayed as the bus voltage is above
its dead-setting limit.

Slowly reduce the bus voltage magnitude until the “Out of Sync” alarm
is no longer displayed.
This should be at the dead bus max volt limit.

Turn both voltages off.
The “Out of Sync” alarm will be displayed as the line voltage is below
its minimum voltage setting limit.

Slowly increase the line voltage magnitude until the “Out of Sync”
alarm is no longer be displayed.
This should be at the minimum live line voltage limit.

Turn both voltages off.

For a DEAD SOURCE PERMISSIVE setpoint of “DL & LB”, perform the following steps:

>
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Set the bus voltage to nominal magnitude and frequency and inject into
the relay.
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Set the line voltage to a magnitude above the dead-line level, 180° out-
of-phase with the bus voltage, at the same frequency, and inject into the
relay.

This ensures synchronism cannot be achieved.

The “Out of Sync” alarm will be displayed as the line voltage is above
its dead-setting limit.

Slowly reduce the line voltage magnitude until the “Out of Sync” alarm
is no longer displayed.
This should be at the DEAD LINE MAX VOLTAGE limit.

Turn both voltages off.

The “Out of Sync” alarm will be displayed as the bus voltage is below
its minimum voltage setting limit.

Slowly increase the bus voltage magnitude until the “Out of Sync”
alarm is no longer displayed.
This should be at the minimum live bus voltage limit.

Turn both voltages off.

For a DEAD SOURCE PERMISSIVE setpoint of “DL | DB, perform the following steps:

>

>

>

Set the bus voltage to nominal magnitude and frequency and inject into
the relay.

Set the line voltage to nominal magnitude, 180° out-of-phase with the
bus voltage, at the same frequency, and inject into the relay.
This ensures that synchronism cannot be achieved.

The “Out of Sync” alarm will be displayed as both voltages are above
the dead-setting limits.

Slowly reduce the line voltage magnitude until the “Out of Sync” alarm
is no longer displayed.
This should be at the DEAD LINE MAX VOLTAGE limit.

Increase the line voltage to nominal magnitude.

Slowly reduce the bus voltage magnitude until the “Out of Sync” alarm
is no longer displayed.
This should be at the dead bus max volt limit.

Turn both voltages off.

For a DEAD SOURCE PERMISSIVE setpoint of “DL X DB, perform the following steps:

>

Set the bus voltage to a magnitude above the DEAD BUS MAX VOLTAGE
limit and below the LIVE BUS MIN VOLTAGE limit at nominal frequency
and inject into the relay.

Set the line voltage to a magnitude above the minimum live-line limit,
180° out-of-phase with the bus voltage, at the same frequency, and
inject into the relay.

This ensures that synchronism cannot be achieved.

The “Out of Sync” alarm will be displayed.
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Slowly decrease the bus voltage magnitude until the “Out of Sync”
alarm is no longer displayed.
This should be just below the DEAD BUS MAX VOLTAGE limit.

s

Slowly decrease the line voltage magnitude until the “Out of Sync’
alarm is again displayed.
This should be just below the LIVE BUS MIN VOLTAGE limit.

Decrease the line voltage magnitude to below the DEAD LINE MAX
VOLTAGE limit.
The “Out of Sync” alarm should remain displayed.

Increase the bus voltage magnitude to above the LIVE LINE MIN
VOLTAGE limit at which point the “Out of Sync” alarm is no longer
displayed.

Slowly increase the line voltage magnitude.
At just above the max dead-line limit the “Out of Sync” alarm should be
displayed.

Turn both voltages off.

7.6.3 Manual Close Feature Blocking

Make the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye Connection or
FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5. The following procedure
checks the Manual Close Function and Timer Control:

D> Assert the 52a (or 52b) Contact logic input to simulate an open breaker.

I> If in Local mode, press the front panel CLOSE key momentarily to

generate a close command; if in Remote mode assert a momentary
Remote Close logic input to cause the relay to go into manual close
blocking, and generate an output from this feature.

Check that any selected output relays have operated.

If the function is selected as Alarm, the alarm message should be
displayed with the Alarm LED turned on.

After a time interval equal to the Manual Close Block Time, the above
indications should reset.
This interval can be checked in the Event Recorder.

The procedures below check the control of overcurrent protection features. Use the
following procedure to check Phase I0C 1 Blocking:
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> Set a test current, in the number of phases required to generate an

output, to a level above the pickup of this element then turn the current
off.

> Apply a Close command, as described above, and immediately inject

the test current to the relay.
The element will not pickup as it is blocked by manual close blocking.

Wait until the element operates, as shown by the Pickup LED coming
on, at the end of the programmed Manual Close Block Time.
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> Turn the current off.
The time interval can be checked in the Event Recorder.

For Neutral I0C 1 Blocking, Ground IOC Blocking, Sensitive Ground 10C Blocking, and Neg
Seq I0C Blocking, follow the procedure described for Phase IOC 1 Blocking above, injecting
current as appropriate.

The following procedure checks Phase TOC 1 Raised Pickup:

D> Ensure all other overcurrent features are “Disabled”.
Manual Close Blocking will raise the pickup setting of the curve
normally used by this feature the programmed percentage.

D> Set a test current to a level between the normal pickup setting and the
raised setting, then turn the current off.

D> Apply a Close command, as described above, and immediately inject
the test current into the relay.
Phase TOC will not pickup as the pickup current is raised.

D> Increase the injection current until the Pickup LED comes on, before the
manual close feature times-out and returns the pickup to normal.
Check that the raised pickup level is correct.

> Turn current off, and wait until the alarm is removed from the display.

D> Set a test current to a level between the normal pickup setting and the
raised setting, then turn the current off.

D> Apply a Close command, as described above, and immediately inject
the test current into the relay.
Phase TOC will not pickup as the pickup current is raised.

D> At the end of the programmed MANUAL CLOSE BLOCK TIME, the Pickup
LED should come on, as the pickup setting has returned to normal.
When this happens, reduce the injection current until the Pickup LED
goes out.

The MANUAL CLOSE BLOCK TIME can be checked in the Event
Recorder.

For Neutral TOC 1 Raised Pickup, Ground TOC Raised Pickup, Sensitive Ground TOC Raised
Pickup, and Neg Seq TOC Raised Pickup, follow the procedure outlined for Phase TOC 1
Raised Pickup above, injecting current as appropriate.

To check the Select Setpoint Group function, apply a manual close and verify that the
selected setpoint group becomes active when the breaker closes. Verify that settings
return to the previous setpoint group after the MANUAL CLOSE BLOCK TIME expires.

7.6.4 Cold Load Pickup Blocking

Make the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye Connection or
FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5. The following procedure
checks the Cold Load Pickup Function and Timer Control:

> Enable the COLD LOAD PICKUP setpoint to cause the relay to go into
cold load pickup operation after the OUTAGE TIME BEFORE COLD LOAD
setpoint expires.
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Check that any selected output relays have operated.
If the function is selected as Alarm, the alarm message and LED should
also be turned on.

Inject a current in any phase below 10% of nominal, and slowly
increase.

The relay should go into cold load operation when the current is above
10% of nominal.

The alarm message and LED should reset and any output relays
programmed to operate should dropout after a time interval equal to the
cold load pickup block time.

This interval can be checked in the Event Recorder.

Reduce this current to 3% of nominal and simultaneously start a timer.
This feature should generate an output at the end of the OUTAGE TIME
BEFORE COLD LOAD setting.

The procedures below check the control of overcurrent protection features. The following
checks Phase 10C 1 Blocking:

>

>

Set a test current, in the number of phases required to generate an
output, to a level above the pickup of this element then turn the current
off.

Assert a Cold Load Pickup logic input, and immediately apply the test
current to the relay.

The element will not pickup as it is blocked by cold load pickup
blocking.

Wait until the element operates, as shown by the Pickup LED coming on
at the end of the programmed COLD LOAD PICKUP BLOCK time.

Turn the current off.
The time interval can be checked in the Event Recorder.

For Neutral I0C 1 Blocking, Ground I0C Blocking, Sensitive Ground IOC Blocking, and Neg
Seq 10C Blocking, follow the procedure described above for Phase 10C 1 Blocking, injecting
current as appropriate.

The following procedure checks Phase TOC 1 Raised Pickup for Cold Load Blocking:

>
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Ensure all other overcurrent features are “Disabled”.

(Cold Load Pickup Blocking will raise the pickup setting of the curve
normally used by the programmed percentage.)

Set a test current to a level between the normal pickup setting and the
raised setting, (at least 5% of nominal current) then turn the current off.

Assert a Cold Load Pickup logic input and immediately inject the test
current into the relay.
Phase TOC 1 will not pickup as the pickup current is raised.

Increase the injection current until the Pickup LED comes on, before the
cold load pickup blocking feature times-out and returns the pickup to
normal.

Check that the raised pickup level is correct.
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Turn current off, and wait until the alarm is removed from the display.

Set a test current to a level between the normal pickup setting and the
raised setting, then turn the current off.

Assert a Cold Load Pickup logic input and immediately inject the test
current into the relay.

Phase TOC 1 will not pickup as the pickup current is raised.

At the end of the programmed COLD LOAD PICKUP BLOCK TIME the
Pickup LED should come on, as the pickup setting has returned to
normal.

When this happens, reduce the injection current until the Pickup LED
goes out.

The COLD LOAD PICKUP BLOCK TIME interval can be checked in the
Event Recorder.

For Neutral TOC 1 Raised Pickup, Ground TOC Raised Pickup, Sensitive Ground TOC Raised
Pickup, and Neg Seq TOC Raised Pickup, follow the procedure outlined for Phase TOC 1
Raised Pickup, injecting current as appropriate.

To check the Select Setpoint Group for Cold Load Blocking, apply a Cold Load Pickup logic
input and verify that the selected setpoint group becomes active. Verify that settings return
to the previous setpoint group after the Cold LOAD PICKUP BLOCK TIME interval expires.

7.6.5 Undervoltage Restoration

Description

Make the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye Connection or
FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5. The following procedure
checks Logic and Timers for Undervoltage Restoration:

>

>

Program the Undervoltage 1 function as “Trip” and the Undervoltage 2
function as “Disabled”.

Assert or De-assert a logic input to simulate a closed breaker.

Inject a balanced three-phase voltage at nominal voltage and frequency
into the bus voltage input.

Initially set the undervoltage restoration function setpoint to Alarm, and
other setpoints as required.

Turn the voltage off.

After the programmed delay Undervoltage 1 should cause a trip, which
should not initiate undervoltage restoration as the breaker is closed.
Diagnostic message “Uvolt Restore Init” should not be displayed.

Assert or De-assert a logic input to simulate an open breaker, initiating
undervoltage restoration.

The diagnostic alarm message and LED should be displayed, and output
relays programmed to operate for this condition should operate.
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Change the Undervoltage Restoration function setpoint to Control, and
the diagnostic message should change to control and the Alarm LED
should turn off.

Return this setpoint to Alarm.

Assert logic input Block Restoration.
The diagnostic alarm message and LED should be removed from the
display, and any output relays that operated should reset.

De-assert the logic input.

The alarm message and LED should again be displayed and output
relays operated.

After the delay programmed in Incomplete Sequence Time the alarm
message and LED should be removed from the display and output relays
reset.

Return the reduced voltage to nominal, resetting both the undervoltage
trip condition and undervoltage restoration.

Reduce voltage until Undervoltage 1 trips, then immediately return the
voltage to nominal.

The diagnostic alarm message and LED should be displayed, and output
relays operated.

Provide a Reset to the relay, and the alarm message and LED should be
removed from the display and output relays reset.
Remove the Reset.

Arrange the interval timer to start on appearance of voltage and stop
when the Close Relay operates.

Turn the voltage off to cause an Undervoltage 1 trip, then reset the timer.

Turn the voltage on.
The Close Relay should operate after the delay programmed in setpoint
Undervolt Restore Delay.

If the Undervoltage 2 initiation is to be checked change the
Undervoltage Restoration function setpoint to “Disabled”, Undervoltage
1 function to “Disabled”, Undervoltage 2 function to “Trip” and repeat
Steps 2 through 7.

Make the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye Connection on
page 7-4. The following procedure checks Minimum Voltage with One Phase For

Operation:
>
>
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Assert or De-assert a logic input to simulate an open breaker.
Set UNDERVOLT RESTORE DELAY to “0”.

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V7,
and V., to “0”.
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Slowly raise V,, until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V.

Repeat last 3 steps, except adjust V;, and V,,, in turn.

The following procedure checks Minimum Voltage with Two Phases For Operation:

>
>
>

Assert or De-assert a logic input to simulate an open breaker.
Set UNDERVOLT RESTORE DELAY to “0”.

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set 1,
to 0 and Ven to nominal.

Slowly raise V,,, until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V,,, with V...

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V.,
to 0 and V7, to nominal.

Slowly raise ¥, until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V,,, with V,,,.

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V.,
to 0 and ¥, to nominal.

Slowly raise V7, until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V},, with Van.

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set ¥,
to 0 and V, to nominal.

Slowly raise V7, until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V;,, with V...

Inject V,,, = V},, = V.., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V,,,
to 0 and V7, to nominal.

Slowly raise V., until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V., with V.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL



CHAPTER 7: COMMISSIONING

>

>

>

CONTROL SCHEMES

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V,
to 0 and ¥, to nominal.

Slowly raise V., until the Close Relay operates.
This is the operating level of the UNDERVOLT RESTORE MIN VOLTS
setpoint for V., with V..

The following procedure checks Minimum Voltage with Three Phases For Operation:

>
>
>

For Delta VTs

Assert or De-assert a logic input to simulate an open breaker.
Set UNDERVOLT RESTORE DELAY to “0”.

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set 1,
and V., to nominal.

Slowly raise V,, until the Close Relay operates.
This is the operating level of UNDERVOLT RESTORE MIN VOLTS for V.

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V,,,

and V,, to nominal.

Slowly raise V7, until the Close Relay operates.
This is the operating level of UNDERVOLT RESTORE MIN VOLTS for V7,

Inject V,,, = V},, = V., = nominal voltage into the bus voltage input of
the relay.

Reduce the injected voltages to cause an undervoltage trip, then set V,,
and V,, to nominal.

Slowly raise V., until the Close Relay operates.
This is the operating level of UNDERVOLT RESTORE MIN VOLTS for V.

Make the test connections specified in FIGURE 7-2: Relay Test Wiring - Delta Connection on
page 7-5. The following procedure checks Minimum Voltage with One Phase For

Operation:
>
>
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Assert or De-assert a logic input to simulate an open breaker.
Set UNDERVOLT RESTORE DELAY to 0.

Inject V,;, = V., = nominal voltage into the bus voltage input of the
relay.

Reduce the injected voltages to cause an undervoltage trip, then set V.,
to0 V.

Slowly raise ¥, until the Close Relay operates.
This is the operating level of UNDERVOLT RESTORE MIN VOLTS for V.
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Repeat Steps 3 through 5 except adjust V.,

The following procedure checks Pickup with Two or Three Phases For Operation:

>
>
>

7.6.6 Underfrequency Restoration

Assert or De-assert a logic input to simulate an open breaker.
Set UNDERVOLT RESTORE DELAY to 0.

Inject V,;, = V,;, = nominal voltage into the bus voltage input of the
relay.

Reduce the injected voltages to cause an undervoltage trip, then set V.,
to nominal.

Slowly raise ¥, until the Close Relay operates.
This is the operating level of UNDERVOLT RESTORE MIN VOLTS for V.

Inject V,;, = V., = nominal voltage into the bus voltage input of the
relay.

Reduce the injected voltages to cause an undervoltage trip, then set
to nominal.

Slowly raise V., until the Close Relay operates.
This is the operating level of UNDERVOLT RESTORE MIN VOLTS for V..

Make the test connections specified in FIGURE 7-1: Relay Test Wiring - Wye Connection or
FIGURE 7-2: Relay Test Wiring - Delta Connection on page 7-5. The following procedure
checks Logic and Timers for Underfrequency Restoration:

>

>

Program the UNDERFREQ 1 FUNCTION as “Trip”, MIN VOLTAGE as “0”,
and UNDERFREQ 2 FUNCTION as “Disabled”.

Assert or De-assert a logic input to simulate a closed breaker.

Inject a voltage at nominal voltage and frequency into the bus voltage
Phase A input.

Initially set UNDERFREQ RESTORATION setpoint to Alarm, and other
setpoints as required.

Reduce the frequency to below the underfrequency pickup level.
After the programmed delay Underfrequency 1 should cause a trip,
which should not initiate underfrequency restoration as the breaker is
closed.

Diagnostic message “Ufreq Restore Init” should not be displayed.

Assert or De-assert a logic input to simulate an open breaker, which
should initiate underfrequency restoration.

The diagnostic alarm message and LED should be displayed, and any
output relays programmed to operate for this condition should operate.

Change the UNDERFREQ RESTORE FUNCTION setpoint to “Control”, and
the diagnostic message should change to control and the Alarm LED
should turn off.

Return this setpoint to “Alarm”.
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Assert logic input Block Restoration.
The diagnostic alarm message and LED should be removed from the
display, and any output relays that operated should reset.

De-assert the logic input.

The alarm message and LED should again be displayed and output
relays operated. After the delay programmed in Incomplete Sequence
Time, the alarm message and LED should be removed from the display
and output relays reset.

Return the reduced frequency to nominal, resetting both the
underfrequency trip condition and underfrequency restoration.

Reduce frequency until Underfrequency 1 trips, then immediately return
the frequency to nominal.

The diagnostic alarm message and LED should be displayed, and output
relays operated.

Provide a Reset to the relay, and the alarm message and LED should be
removed from the display and output relays reset. Remove the Reset.

Arrange the interval timer to start on appearance of voltage and stop
when the Close Relay operates.

Turn the voltage, of a frequency to cause an Underfrequency 1 trip, off.
Reset the timer.

Turn the voltage on. The Close Relay should operate after the delay
programmed in UNDERFREQ RESTORE DELAY.

If Underfrequency 2 initiation is to be checked, change Underfrequency
Restoration to Disabled, Underfrequency 1 to Disabled,
Underfrequency 2 to Trip and repeat steps 2 through 8 in this procedure.

The following procedure checks the minimum voltage for underfrequency restoration:

>
>
>

>

Assert or De-assert a logic input to simulate an open breaker.
Set UNDERFREQ RESTORE DELAY to 0.

Inject a voltage below the UNDERFREQ RESTORE MIN VOLTS level into
the bus voltage input of the relay.

Reduce the injected frequency to cause an underfrequency trip, then
increase the frequency to nominal.

Slowly raise ¥, until the Close relay operates.
This is the operating level of setpoint Underfreq Restore Min Volts.

The following procedure checks the minimum frequency for underfrequency restoration:
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>

>
>
>
>

Assert or De-assert a logic input to simulate an open breaker.
Set UNDERFREQ RESTORE DELAY to 0.

Inject nominal voltage into the bus voltage input of the relay.
Reduce the injected frequency to cause an underfrequency trip.

Slowly increase the frequency until the Close Relay operates.
This is the operating level of the UNDERFREQ RESTORE MIN FREQ
setpoint.
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Common Logic

>
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Ensure that the Phase Inst O/C 1, Neutral Inst O/C 1, Line Undervoltage
3, Line Undervoltage 4, Synchrocheck and Logic Input features in the
relays programmed as Incomer 1 and Incomer 2 have been tested and
are Enabled.

Ensure that the Synchrocheck and Logic Input features in the relay
programmed as Bus Tie has been tested and is “Enabled”.

Ensure all circuit breakers are disconnected from their normal positions
in the primary circuit, are open and operating properly, and the close and
trip circuits have been tested and are energized.

De-assert Logic Inputs 1, 2, 3,4, 5, 6, 11, 12, and 13 at both Incomer
relays. De-assert Logic Inputs 1,2, 3,4, 5, 6, and 11 at the Bus Tie relay.

At this time both of the Incomer relays should have Output Relays 1 and
4 operated, Output Relays 5 through 7 reset, and be displaying the
message Transfer Not Ready.

At the Bus Tie breaker relay, Output Relays 4 through 7 should be reset
(de-energized).

Parallel the Line to Bus voltage inputs of the Incomer 1 relay to the Bus
voltage input of the Bus Tie relay and connect this circuit to a voltage
source (Source 1 for these tests).

Do not energize the source.

Parallel the Line to Bus voltage inputs of the Incomer 2 relay to the Line
voltage input of the Bus Tie relay and connect this circuit to a voltage
source (Source 2 for these tests).

Do not energize the source.

Assert Logic Input 5 (Breaker Connected) at the Bus Tie relay; Output
Relays 4 and 6 on the Bus Tie relay should operate.

Assert Logic Input 5 (Breaker Connected) at the Incomer 1 relay.
Nothing should happen.

Assert Logic Input 2 (Remote Close) at the Incomer 1 relay.
Nothing should happen.

Energize Source 1 at nominal voltage.
The Incomer 1 breaker should close, Output Relay 4 should reset and
Output Relays 5 and 7 on the Incomer 1 relay should operate.

Assert Logic Input 5 (Breaker Connected) at the Incomer 2 relay.
Nothing should happen.

Assert Logic Input 2 (Remote Close) at the Incomer 2 relay.
Nothing should happen.

Energize Source 2 at nominal voltage.
The Incomer 2 breaker should close, Output Relay 4 should reset and
Output Relays 5 and 7 on the Incomer 2 relay should operate.
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De-assert Logic Input 5 (Breaker Connected) at the Bus Tie relay.
Output Relays 4 and 6 on the Bus Tie relay should reset, and at both
Incomer relays the message Transfer Not Ready should be displayed.

Assert Logic Input 5 (Breaker Connected) at the Bus Tie relay.

Output Relays 4 and 6 on the Bus Tie relay should operate, and at both
Incomer relays the message Transfer Not Ready should be removed
from the display.

De-assert Logic Input 5 (Breaker Connected) at the Incomer 1 relay.
At the Incomer 1 relay Output Relays 5 and 7 should reset; at both
Incomer relays the message Transfer Not Ready should be displayed.

Assert Logic Input 5 (Breaker Connected) at the Incomer 1 relay.

At the Incomer 1 relay Output Relays 5 and 7 should operate; at both
Incomer relays the message Transfer Not Ready should be removed
from the display.

Momentarily assert Logic Input 3 (Remote Open) at the Incomer 1 relay.
The Incomer 1 breaker should trip and Output Relays 5 and 7 should
reset; at both Incomer relays the message Transfer Not Ready should be
displayed.

Momentarily assert Logic Input 2 (Remote Close) at the Incomer 1
relay.

The Incomer 1 breaker should close and Output Relays 5 and 7 should
operate; at both Incomer relays the message Transfer Not Ready should
be removed.

De-assert Logic Input 5 (Breaker Connected) at the Incomer 2 relay.
At the Incomer 2 relay Output Relays 5 and 7 should reset; at both
Incomer relays the message Transfer Not Ready should be displayed.

Assert Logic Input 5 (Breaker Connected) at the Incomer 2 relay.

At the Incomer 2 relay Output Relays 5 and 7 should operate; at both
Incomer relays the message Transfer Not Ready should be removed
from the display.

Momentarily assert Logic Input 3 (Remote Open) at the Incomer 2 relay.
The Incomer 2 breaker should trip and Output Relays 5 and 7 should
reset; at both Incomer relays the message Transfer Not Ready should be
displayed.

Momentarily assert Logic Input 2 (Remote Close) at the Incomer 2
relay.

The Incomer 2 breaker should close and Output Relays 5 and 7 should
operate; at both Incomer relays, the Transfer Not Ready message should
disappear.

Momentarily assert Logic Input 2 (Remote Close) at the Bus Tie relay.
The Bus Tie breaker should close and Output Relays 5 and 7 should
operate; at both Incomer relays the Transfer Not Ready message should
be displayed.
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Momentarily assert Logic Input 3 (Remote Open) at the Bus Tie relay.
The Bus Tie breaker should trip and Output Relays 5 and 7 should reset,
and at both Incomer relays the Transfer Not Ready message should
disappear.

Assert Logic Input 11 (Block Transfer) at the Incomer 1 relay.
Output Relays 5 and 7 should reset; at both Incomer relays the Transfer
Not Ready message should be displayed.

De-assert Logic Input 11 (Block Transfer) at the Incomer 1 relay.
Output Relays 5 and 7 should operate; at both Incomer relays the
Transfer Not Ready message should be removed from the display.

Assert Logic Input 11 (Block Transfer) at the Incomer 2 relay.
Output Relays 5 and 7 should reset; at both Incomer relays the Transfer
Not Ready message should be displayed.

De-assert Logic Input 11 (Block Transfer) at the Incomer 2 relay.
Output Relays 5 and 7 should operate; at both Incomer relays the
Transfer Not Ready message should be removed from the display.

Check the Event Recorders in the Incomer 1 and 2 and Bus Tie relays
for the correct messages and sequences, then clear the recorders.

Low Voltage Logic

D> Slowly reduce test voltage Source 1 supplying Incomer relay 1.

At the pickup voltage of the Line Undervoltage 3 feature Output Relay 4
should operate.

At this time the Incomer 2 relay should display the Transfer Not Ready
message.

Slowly increase test voltage Source 1.

At the reset voltage of the Line Undervoltage 3 feature Output Relay 4
should reset.

At the Incomer 2 relay after the time delay of setpoint Transfer Delay
Other Source the message Transfer Not Ready should be removed from
the display.

Slowly reduce test voltage Source 2 supplying Incomer relay 2.

At the pickup voltage of the Line Undervoltage 3 feature Output Relay 4
should operate.

At this time the Incomer 1 relay should display the Transfer Not Ready
message.

Slowly increase test voltage Source 2.

At the reset voltage of the Line Undervoltage 3 feature Output Relay 4
should reset.

At the Incomer 1 relay after the time delay of setpoint Transfer Delay
Other Source the message Transfer Not Ready should be removed from
the display.

Turn voltages off.
Incomer breakers 1 and 2 should trip when Undervoltage 4 times out.
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D> Check the Event Recorders in both Incomers and the Bus Tie relay for

the correct messages and sequences, then clear the recorders.

Transfer Initiated by Lockout 86-1

D> Energize both test sources at nominal voltage, close Incomer breakers 1

and 2, and wait until the Transfer Not Ready message is removed from
the display of both Incomer relays.

At the Incomer 1 relay assert Logic Input 12 (Transformer Lockout).
The Incomer 1 relay should trip the Incomer 1 breaker and operate
Output Relay 6 to send a Close From Incomer 1 signal to the Bus Tie
relay.

Output Relay 6 at the Incomer 1 relay should reset when the Incomer 1
breaker trips, removing the signal to the Bus Tie relay.

The Bus Tie breaker should not close as the voltage on its Bus and Line
inputs is too high.

Slowly reduce the test Source 1 voltage.
The Bus Tie breaker should close when the voltage is below the Dead
Bus Max Volts setpoint of its Synchrocheck feature.

Increase the voltage to nominal.

At the Incomer 1 relay de-assert Logic Input No. 12 (Transformer
Lockout).

Momentarily assert Logic Input 3 (Remote Open) at the Bus Tie relay.
The Bus Tie breaker should open.

Momentarily assert Logic Input 2 (Remote Close) at the Incomer 1
relay.
The Incomer 1 breaker should close.

Check the Event Recorders in the Incomer 1 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Transfer Initiated by Lockout 86-2
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D> Energize both test sources at nominal voltage, and wait until the

Transfer Not Ready message is removed from the display of both
Incomer relays.

At the Incomer 2 relay assert Logic Input 12 (Transformer Lockout).
The Incomer 2 relay should trip the Incomer 2 breaker and operate
Output Relay 6 to send a Close From Incomer 2 signal to the Bus Tie
relay.

Output Relay 6 at the Incomer 2 relay should reset when the Incomer 2
breaker trips, removing the signal to the Bus Tie relay.

The Bus Tie breaker should not close as the voltage on its Bus and Line
inputs is too high.

Slowly reduce the test Source 2 voltage.
The Bus Tie breaker should close when the voltage is below the Dead
Line Max Volts setpoint of its Synchrocheck feature.

D> Increase the voltage to nominal.
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At the Incomer 2 relay de-assert Logic Input No. 12 (Transformer
Lockout).

Momentarily assert Logic Input 3 (Remote Open) at the Bus Tie relay.
The Bus Tie breaker should open.

Momentarily assert Logic Input 2 (Remote Close) at the Incomer 2
relay.

The Incomer 2 breaker should close.

Check the Event Recorders in the Incomer 2 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Transfer Initiated by Source Trip No. 1

>

v Vv

Energize both test sources at nominal voltage, and wait until the
Transfer Not Ready message is removed from the display of both
Incomer relays.

At the Incomer 1 relay assert Logic Input 13 (Source Trip).

The Incomer 1 relay should trip the Incomer 1 breaker and operate
Output Relay 6 to send a Close From Incomer 1 signal to the Bus Tie
relay.

Output Relay 6 at the Incomer 1 relay should reset when the Incomer 1
breaker trips, removing the signal to the Bus Tie relay.

The Bus Tie breaker should not close as the voltage on its Bus and Line
inputs is too high.

Slowly reduce the test Source 1 voltage.
The Bus Tie breaker should close when the voltage is below the Dead
Bus Max Volts setpoint of its Synchrocheck feature.

Increase the voltage to nominal.
At the Incomer 1 relay de-assert Logic Input No. 13 (Source Trip).

Momentarily assert Logic Input 3 (Remote Open) at the Bus Tie relay.
The Bus Tie breaker should open.

Momentarily assert Logic Input 2 (Remote Close) at the Incomer 1
relay.
The Incomer 1 breaker should close.

Check the Event Recorders in the Incomer 1 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Transfer Initiated by Source Trip No. 2

>

Energize both test sources at nominal voltage, and wait until the
Transfer Not Ready message is removed from the display of both
Incomer relays.

At the Incomer 2 relay assert Logic Input 13 (Source Trip).

The Incomer 2 relay should trip the Incomer 2 breaker and operate
Output Relay 6 to send a Close From Incomer 2 signal to the Bus Tie
relay.

Output Relay 6 at the Incomer 2 relay should reset when the Incomer 2
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breaker trips, removing the signal to the Bus Tie relay.
The Bus Tie breaker should not close as the voltage on its Bus and Line
inputs is too high.

Slowly reduce the test Source 2 voltage.
The Bus Tie breaker should close when the voltage is below the Dead
Line Max Volts setpoint of its Synchrocheck feature.

Increase the voltage to nominal.
At the Incomer 2 relay de-assert Logic Input No. 13 (Source Trip).

Momentarily assert Logic Input 3 (Remote Open) at the Bus Tie relay.
The Bus Tie breaker should open.

Momentarily assert Logic Input 2 (Remote Close) at the Incomer 2
relay.
The Incomer 2 breaker should close.

Check the Event Recorders in the Incomer 2 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Transfer Initiated by Undervoltage on Source 1

>

Energize both test sources at nominal voltage, and wait until the
Transfer Not Ready message is removed from the display of both
Incomer relays.

Turn test Source 1 off.

The Undervoltage 3 feature of the Incomer 1 relay should operate
Output Relay 4 immediately. At Incomer 2, Output Relay 3 operates and
the Transfer Not Ready message is displayed.

When the Undervoltage 4 feature times out, the Incomer 1 relay should
trip Breaker 1 and operate Output Relay 6 to send a Close From Incomer
1 signal to the Bus Tie relay.

Output Relay 6 should reset when Breaker 1 trips, removing the signal
to the Bus Tie relay.

Upon receiving the signal from the Incomer 1, the Bus Tie relay should
close the Bus Tie Breaker.

Check the Event Recorders in the Incomer 1 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Manual Restoration of Incomer 1
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Turn test Source 1 on and adjust Source 1 to be out-of-synchronism with
Source 2.

At the Bus Tie relay assert Logic Input 6 (Selected To Trip).

At the Incomer 1 relay assert Logic Input 2 (Remote Close).

The Incomer 1 breaker should not close as it cannot pass synchrocheck.
Adjust Source 1 until in-synchronism with Source 2.

At this time the Incomer 1 breaker should close and the Bus Tie breaker
should trip.

Turn off both voltages.
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> At the Bus Tie relay de-assert Logic Input 6 (Selected To Trip).
Check the Event Recorders in the Incomer 1 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Transfer Initiated by Undervoltage on Source 2

D> Energize both test sources at nominal voltage, and wait until the
Transfer Not Ready message is removed from the display of both
Incomer relays.

> Turn test Source 2 off.
The Undervoltage 3 feature of Incomer 2 relay should operate
immediately and operate output relay 4; at the Incomer 1 relay, Output
Relay 3 will operate and the Transfer Not Ready message will be
displayed.
When the Undervoltage 4 feature times-out the Incomer 2 relay should
trip Incomer Breaker 2 and operate Output Relay 6 to send a Close From
Incomer 2 signal to the Bus Tie relay.
Output Relay 6 should reset when Breaker 2 trips, removing the signal
to the Bus Tie relay.
Upon receiving the signal from the Incomer 2 relay the Bus Tie relay
should close the Bus Tie Breaker.

> Check the Event Recorders in the Incomer 2 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Manual Restoration of Incomer 2

D> Turn test Source 2 on and adjust Source 2 to be out-of-synchronism with
Source 1.

> At the Bus Tie relay assert Logic Input 6 (Selected To Trip).

> At the Incomer 2 relay assert Logic Input 2 (Remote Close).
The Incomer 2 Breaker 2 should not close as it cannot pass
synchrocheck.
Adjust Source 2 until in-synchronism with Source 1.
At this time the Incomer 2 breaker should close and the Bus Tie breaker
should trip. Turn off both voltages.

[> At the Bus Tie relay de-assert Logic Input 6 (Selected To Trip).

D> Check the Event Recorders in the Incomer 2 and Bus Tie relays for the
correct messages and sequences, then clear the recorders.

Simultaneous Loss of Both Sources

D> Energize the line voltage input of both incomer relays from a single
source at nominal voltage, and wait until the Transfer Not Ready
message is removed from the display of both relays.

D> Turn the test source off.
The Undervoltage 3 element of both incomer relays should operate
immediately and operate Output Relay 4; at both incomers the Transfer
Not Ready message will be displayed.
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If the BLOCK TRIP ON DOUBLE LOSS setpoint is set to “Disabled”:

¢ When the Undervoltage 4 element times out, the incomer relays
should trip the incomer breakers.
The bus tie breaker should not close.

¢ Check the event recorders in both incomer relays for the correct
sequences, then clear the recorders.
If the BLOCK TRIP ON DOUBLE LOSS setpoint is set to “Enabled”:

¢ When the Undervoltage 4 element times out, the incomer relays
should not trip the incomer breakers.
The bus tie breaker should not close.

¢ Check the event recorders in both incomer relays for the correct
sequences, then clear the recorders.

After-Parallel Tripping of Selected Incomer

>

v

Energize both test sources at nominal voltage, still in-synchronism, and
wait until the Transfer Not Ready message is removed from the display
of both Incomer relays.

At the Incomer 1 relay assert Logic Input 6 (Selected To Trip.)

At the Bus Tie relay assert Logic Input 2 (Remote Close.)
The Bus Tie breaker should close as the voltages are in-synchronism.
After this the Incomer 1 breaker should trip.

At the Incomer 1 relay de-assert Logic Input 6 (Selected To Trip.)
At the Incomer 2 relay assert Logic Input 6 (Selected To Trip.)

At the Incomer 1 relay assert Logic Input 2 (Remote Close).
The Incomer 1 breaker should close as the voltages are in-synchronism.
After this the Incomer 2 breaker should trip.

Turn the voltages off.

Check the Event Recorders in the Incomer 1 and 2 and Bus Tie relays
for the correct messages and sequences, then clear the recorders.

Transfer Blocked by Overcurrent on Incomer 1

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL

>

\

Energize both test sources at nominal voltage, and wait until the
Transfer Not Ready message is removed from the display of both
Incomer relays.

Disable the Neutral IOC 1 feature.
Inject a current into the phase current input of the Incomer 1 relay.

Slowly increase this current until the Phase IOC 1 element operates.
At the Incomer 1 relay and the Transfer Not Ready message should be
displayed.

Slowly decrease the injected current until the Phase IOC 1 element
resets.

At the Incomer 1 relay after the delay time of setpoint Transfer Delay
This Source and the Transfer Not Ready message should be removed
from the display.
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Enable the Neutral IOC 1 feature and Disable the Phase IOC 1 feature.
Inject a current into the phase current input of the Incomer 1 relay.

Slowly increase this current until the Neutral IOC 1 element operates.
At the Incomer 1 relay the Transfer Not Ready message should be
displayed.

Slowly decrease the injected current until the Neutral IOC 1 element
resets.

At the Incomer 1 relay after the delay time of the TRANSFER DELAY THIS
SOURCE setpoint and the Transfer Not Ready message should disappear
from the display.

Transfer Blocked by Overcurrent on Incomer 2

>

\

\

7.6.8 Autoreclose (760 only)

For autoreclose testing, make the test connections specified in FIGURE 7-6: Autoreclose
Test Connections below.

b4

NOTE

Energize both test sources at nominal voltage, and wait until the
Transfer Not Ready message is removed from the display of both
Incomer relays.

Disable the Neutral IOC 1 feature.
Inject a current into the phase current input of the Incomer 2 relay.

Slowly increase this current until the Phase IOC 1 element operates.
At the Incomer 2 relay the Transfer Not Ready message should be
displayed.

Slowly decrease the injected current until the Phase IOC 1 element
resets.

At the Incomer 2 relay after the delay time of setpoint Transfer Delay
This Source and the Transfer Not Ready message should be removed
from the display.

Enable the Neutral IOC 1 feature and Disable the Phase IOC 1 feature.
Inject a current into the phase current input of the Incomer 2 relay.

Slowly increase this current until the Neutral IOC 1 element operates.
At the Incomer 2 relay the Transfer Not Ready message should be
displayed.

Slowly decrease the injected current until the Neutral IOC 1 element
resets.

At the Incomer 2 relay after the delay time of setpoint TRANSFER DELAY
THIS SOURCE and the Transfer Not Ready message should be removed
from the display.

For these tests Output Relay 7 (Auxiliary) is programmed to operate when the relay trips, to
stop the timer. If this is inconvenient, use any other output auxiliary relay.
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The following procedure tests overall operation of the Autoreclose feature:

>

>
>

Check that the relay is in the local control mode, and the Local LED is
on.

Open and close the breaker by pressing the OPEN and CLOSE keys.

Check that the Breaker Open and Breaker Closed LEDs are correctly
displaying the state of the breaker.
Leave the breaker open.

Check that Reclosure Enabled LED is lit and the Reclosure Disabled
LED is off.

Close the breaker by pressing the CLOSE key.

The Reclosure Enabled LED should go out, and the Reclosure Disabled
LED should come on during the AR BLOCK TIME UPON MANUAL CLOSE
value.

Immediately after this interval, check that Reclosure Enabled LED is
on, and the Reclosure in Progress and Reclosure Disabled LEDs are off.
Any output relays programmed to operate for “Reclose Enabled” should
now be operated.

Check the interval of the ‘AR block time upon manual close’ by
observing the Reclosure Enabled LED.

i3 For all further testing, ensure that a reclose is not initiated until after the AR BLOCK TIME
' UPON MANUAL CLOSE value has elapsed, after a manual close.

NOTE

Assert a Block Reclosure logic input.
The Reclosure Enabled LED should go out and the Reclosure Disabled LED come on.

750 FEEDER MANAGEMENT RELAY - INSTRUCTION MANUAL
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De-assert the Block Reclosure logic input.
The Reclosure Enabled LED should come on and the Reclosure
Disabled LED should go out.
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FIGURE 7-6: Autoreclose Test Connections

Assert a Cancel Reclosure logic input.
The Reclosure Enabled LED should go out and the Reclosure Disabled
LED come on.

De-assert the Cancel Reclosure logic input.
The Reclosure Enabled LED should come on and the Reclosure
Disabled LED should go out.

Verify that the A1 STATUS [> AR [> AR SHOT NUMBER IN EFFECT value is
“0”.

Momentarily assert the Initiate Reclosure logic input.

The Reclosure In Progress LED should come on immediately, and any
output relays programmed to operate for Reclose In Progress should
now be operated.

After the delay programmed for INCOMPLETE SEQUENCE TIME, the
Reclosure In Progress LED will go out, as the breaker has not tripped,
and the incomplete sequence timer has canceled the reclose in progress.

Any output relays operated above should now be reset.
Check the interval of the incomplete sequence timer by observing the
Reclosure In Progress LED.

Momentarily assert the Initiate Reclosure logic input causing a reclose
in progress indication.
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Immediately assert the Block Reclosure logic input and the scheme
should become disabled, canceling the reclose in progress.

Assert the Initiate Reclosure logic input and check that the scheme does
not become in progress.

De-assert the Block Reclosure logic input and the scheme should
become in progress.

Assert a Cancel Reclosure logic input and the scheme should become
disabled, canceling the reclose in progress.

De-assert the Cancel Reclosure logic input and the scheme should
become enabled.

Assert the Initiate Reclosure logic input then immediately after assert
the Remote Open logic input, initiating a reclose and tripping the
breaker (the Reclosure In Progress LED is now on).

Verify that the AR SHOT NUMBER IN EFFECT value is “0”.

Before the programmed dead-time interval for Reclosure 1 has elapsed,
press the CLOSE key.

The breaker should not close, as reclose is in progress.

The breaker should reclose at the end of the dead-time interval,
incrementing the shot counter to 1.

Before the scheme resets, verify that the A1 STATUS I> AR [> AR SHOTS
REMAINING value is the number of shots programmed less one.

This reading should change to the number of shots programmed when
the scheme is automatically reset at the end of the reset interval. The
event recorder should have recorded logic input Initiate Reclosure,
Remote Open, the Reclose, and Reclosure Reset. Check the interval of
the autoreclose reset timer in the event recorder.

** Assert the Initiate Reclosure logic input then immediately after assert
the Remote Open logic input, initiating a reclose and tripping the
breaker.

** Check that the breaker trips and later recloses, and that the displayed
number of shots remaining is reduced by one.

** Immediately assert the Initiate Reclosure and Remote Open logic
inputs again, to initiate another trip and reclose and the displayed
number of shots remaining is reduced by one again.

** Repeat this procedure until the programmed number of shots has
been performed.

** Initiate Reclosure once more and the scheme should go to lockout;
the Reclosure Lockout, Reclosure Disabled LEDs should now be on,
and the Reclosure Enabled LED should be off.

Any output relays programmed to operate for Lockout should now be
operated.

The event recorder should have recorded each logic input for Initiate
Reclosure, each Reclose, and Reclosure Lockout.

Check the interval of dead time for each shot in the event recorder.
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Press the RESET key.

Lockout should be canceled and the displayed number of shots should
return to the programmed value (the event recorder should record this
reset.)

Check that the Reclosure Lockout and Reclosure Disabled LEDs are off,
and the Reclosure Enabled LED is now on.
Any output relays operated above should now be de-energized.

Close the breaker.

Repeat the above 5 steps marked **.

Assert a Close command, either locally or remotely, and observe that
lockout is reset at the end of the AR BLOCK TIME UPON MANUAL CLOSE
setpoint, with indications as above.

Set a current level above the pickup threshold of any time overcurrent
element and turn the current off.

Repeat the above 5 steps marked **.

Assert a Close command, either locally or remotely, and turn the current
on.

Check that lockout is not reset at the end of the manual close blocking
time interval, and the breaker eventually trips.

Turn the current off.

If Breaker Operation Failure, and/or Breaker Failure features are Operational, use the

following procedure:

>

>

>

Open test switch SW9 to prevent a trip command from the relay from
operating the breaker.

Enable one of the overcurrent elements by setting its function to “Trip +
AR”.

Inject a current above the pickup level of both the operational
overcurrent feature and the Breaker Failure Current into the relay, until
the feature sends a trip, which will also initiate reclosure.

After the failure delay time, a breaker failure condition will be
determined, which should immediately set the reclose scheme to the
Lockout state, turning the Reclosure Lockout LED on.

Turn the injected current off and Reset the relay.
Disable the overcurrent element and close both the breaker and SW9.

Use the following procedure to test Autoreclose Current Supervision. Note that the number
of reclosure shots setting controls the messages in this group. If four (4) shots are
programmed, all messages are available. If three (3) shots are programmed, the 3 SHOTS
FOR CURRENT ABOVE setpoint is not available on the relay. If two (2) shots are programmed,
the 3 SHOTS FOR CURRENT ABOVE and 2 SHOTS FOR CURRENT ABOVE setpoints are not
available. This procedure assumes four (4) shots are programmed.

>
>

Close the breaker and wait until reclosure is enabled.

Verify that the A1 STATUS > AR [> AR SHOTS REMAINING value is “0”.
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Open SW9 so the breaker cannot trip. Inject current and slowly ramp
higher until an instantaneous feature sends a trip, which also initiates
reclosure.

The value displayed should be 4 (it has not yet decremented).

Continue to very slowly increase the current until the value displayed
becomes 3.

Continue to very slowly increase the current, until the value displayed
sequentially becomes 2 and then 1, at the currents programmed.

Very slowly increase the current, at the current programmed, until the
relay goes to Lockout.

Use the following procedure to test Autoreclose Zone Coordination:
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Set the MAX NUMBER OF RECLOSURE SHOTS to “4”,

Set the test set to a current level above the PHASE CURRENT INCREASE
setpoint, and ensure that the neutral current is below the NEUTRAL
CURRENT INCREASE setpoint by making this value larger.

Turn on the current, then before the MAX FAULT CLEARING TIME has
elapsed, turn off the current.
The AR SHOT NUMBER IN EFFECT should have been incremented.

Reset the relay.

Turn on the current, then after the MAX FAULT CLEARING TIME has
elapsed, turn off the current.
The AR SHOT NUMBER IN EFFECT should not have been incremented.

Reset the relay.

Set the current level below the PHASE CURRENT INCREASE setpoint
value.

Turn the current on and then off.
The AR SHOT NUMBER IN EFFECT value should not change.

Set the current level above the PHASE CURRENT INCREASE setpoint
value, but below the NEUTRAL CURRENT INCREASE setpoint value.

Turn the current on and then off.

The AR SHOT NUMBER IN EFFECT value should increment by one.
Repeatedly turning the current on and then off should continue to
increment the AR SHOT NUMBER IN EFFECT to the MAX NUMBER OF
RECLOSURE SHOTS, and the Autoreclose scheme will go into lockout.

Set the current level so the neutral current is below the NEUTRAL
CURRENT INCREASE setpoint and the phase current below the PHASE
CURRENT INCREASE setpoint.

Turn the current on and then off.
The AR SHOT NUMBER IN EFFECT value should not change.

Set the current level such that the neutral current is above the NEUTRAL
CURRENT INCREASE setpoint and the phase current is below the PHASE
CURRENT INCREASE setpoint.
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> Turn the current on and then off.
The AR SHOT NUMBER IN EFFECT value should increment as above.

Use the following procedure to test Instantaneous Overcurrent Blocking for Autoreclose:
> Select the MAX NUMBER OF RECLOSURE SHOTS to be 4.

[> With PHASE INST OC 1 FUNCTION selected as “Trip + AR”, set the test
set to a current level above the pickup of this element, and inject into a
phase input.

The relay should trip and reclose 4 times.

D> Turn off the current, reset the relay and close the breaker.

\

Enable Phase Inst OC 1 Blocking for Reclosure Shot 1.

D> Turn on the current.
The relay should trip and reclose once.
The Shot in Effect display should show 1 and the Pickup LED off.
Once the AR RESET TIME has expired, the relay will then pickup, trip
and reclose until lockout as the fault current is still present.

v

Turn off the current, reset the relay and close the breaker.

> Disable Phase Inst OC 1 Blocking for Reclosure Shot 1, and Enable for
Reclosure Shot 2.

> Turn on the current.
Reclosure Shot 2 should not operate, and the Pickup LED will be off.

> Turn off the current and reset the relay.

D> Repeat Step 3 using Phase Inst OC 1 Blocking for each of the 4
Reclosure Shot settings.

> Repeat Steps 1 through 4 for each Instantaneous OC Blocking setpoint,
disabling each instantaneous overcurrent element before moving on to
the next.

Use the following procedure to test Raised Pickup of TOC Elements for Autoreclose:
> Keep the MAX NUMBER OF RECLOSURE SHOTS at 4.

> With the PHASE TIME OC 1 FUNCTION selected as “Trip + AR”, set the
test set to a current level above the pickup of this element.

> Turn off the current, reset the relay and close the breaker.

D> In Reclosure Shot 1 settings, select the PHASE TIME OC 1 RAISED PICKUP
such that it brings the pickup level just below the actual current that is
being injected.

> Turn on the current.
The relay should trip and reclose 4 times.

D> InReclosure Shot 1 settings, select the PHASE TIME OC 1 RAISED PICKUP
such that it brings the pickup level just above the actual current that is
being injected.
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Turn on the current.

The relay should trip and reclose once.

The Shot in Effect display should show 1 and the Pickup LED off.
Once the AR RESET TIME has expired, the relay will then pickup, trip,
and reclose until lockout as the fault current is still present.

Turn off the current, reset the relay and close the breaker.

Return PHASE TIME OC 1 RAISED PICKUP to “0” for Reclosure Shot 1,
and set it to a level that is above the actual current for Reclosure Shot 2.

Turn on the current.
Reclosure Shot 2 should not operate, and the Pickup LED will be off.

Turn off the current and reset the relay.

Repeat the last 3 steps using Phase Time OC 1 Blocking for each of the
4 Reclosure Shot settings.

Repeat the last 12 steps (ie - from the beginning of this procedure to the
previous step) for each TIME OC RAISED PICKUP setpoint, disabling each
time overcurrent element before moving on to the next.

The following procedure tests the Select Setpoint Group function for Autoreclose:

>

\
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Keep the MAX NUMBER OF RECLOSURE SHOTS at 4.

In Setpoint Group 1, set PHASE TIME OC 1 FUNCTION to “Trip + AR”.
In Setpoint Group 2, set PHASE TIME OC 2 FUNCTION to “Trip + AR”.
In Setpoint Group 3, set PHASE INST OC 1 FUNCTION to “Trip + AR”.
In Setpoint Group 4, set PHASE INST OC 2 FUNCTION to “Trip + AR”.
Select the same pickup level for each element.

For Reclosure Shot 1 settings, set the SELECT SETPOINT GROUP setpoint
to “Group 2”.

Similarly, set it to “Group 3” for Reclosure Shot 2, “Group 4” for
Reclosure Shot 3, and “Group 1” for Reclosure Shot 4.

Set the test set to a current level above the pickup of these elements.
With the current source off, Reset the relay, and clear the event recorder.

Turn on the current.

The relay will Trip and Autoreclose four times due to the following
elements, in order: Phase TOC 1, Phase TOC 2, Phase IOC 1, Phase
10C 2, Phase TOC 1.

The event recorder will show this sequence of events.

Turn off the current, and reset the relay.
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7.7 Placing the Relay In Service

7.7.1 Description

T3 The procedure outlined in this section is explicitly confined to the operation of the relay,
' and does not include the operation of any equipment external to the relay.

NOTE

>

7.7.2 On-Load Testing

7-94

Cycle through the relay setpoints and set each setpoint in each group to
the required value.

Save all the relay setpoints to a file (or print them) for a final inspection
to confirm that all setpoints are correct.

Set the relay clock (date and time) if IRIG-B is not used or unavailable.

Clear all historical values stored in the relay.

Under subheading S1 RELAY SETUP > CLEAR DATA, set CLEAR ENERGY
USE DATA, CLEAR MAX DMND DATA, and CLEAR EVENT RECORDER
DATA to “Yes”.

Under subheading S1 RELAY SETUP [> INSTALLATION, also set RESET
TRIP COUNTER DATA and RESET ARCING CURRENT DATA to “Yes”.

Turn off all test voltages, and the power supply to the relay.

Remove all test wiring connections, and restore to normal any panel
wiring disturbed for testing.

Perform a complete visual inspection to confirm that the relay is ready
to be placed in service.

Energize the relay power supply circuit and check that the Relay In
Service LED is on, and that the Self-Test Warning LED is off,
establishing that the relay is operating normally.

For complete on-load checking of the relay, it is required to supply load
current to the relay in a known direction of power flow, with a known
approximate value of power factor.

The load current should be high enough to confirm that the main CTs
are connected correctly.

The power system should be arranged to fulfill these conditions before
the feeder to which the relay is connected, is energized.

Advise operators of the possibility of a trip on initial energizing.

If possible, before closing the feeder breaker to supply load, energize
the VT circuit to which the relay is connected.

Check that all relay measurements are as expected.

Under A2 METERING [> VOLTAGE, verify the following:

AB: BC: CA: <Magnitude>, AVERAGE LINE VOLTAGE: <Magnitude>, AN:
BN: CN: <Magnitude>, AVERAGE PHASE VOLTAGE: <Magnitude in kV>,
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LINE A-B VOLTAGE: <Phasor>, LINE B-C VOLTAGE: <Phasor>, LINE C-A
VOLTAGE: <Phasor>, PHASE A-N VOLTAGE: <Phasor>, PHASE B-N
VOLTAGE: <Phasor>, PHASE C-N VOLTAGE: <Phasor>, POS SEQ
VOLTAGE: <Phasor>, NEG SEQ VOLTAGE: <Phasor>, and ZERO SEQ
VOLTAGE: <Phasor>

To have an immediate indication upon closing of the load level and
whether some overcurrent protection is operating, before closing the
feeder breaker display the A2 METERING > CURRENT [> % OF LOAD-TO-
TRIP actual value.

After the feeder circuit breaker is closed and the feeder is carrying load
current, check that all relay measurements are as expected.

Under subheading A2 METERING = CURRENT, verify the following
actual values:

A: B: C: <Magnitude>, AVERAGE CURRENT: <Magnitude>, PHASE A(C)
CURRENT: <Phasor>, NEUTRAL CURRENT: <Phasor>, GND CURRENT:
<Phasor>, SENSTV GND CURRENT: <Phasor>, POS SEQ CURRENT:
<Phasor>, NEG SEQ CURRENT: <Phasor>, and ZERO SEQ CURRENT:
<Phasor>

Under subheading A2 METERING = ¥ PWR, verify that REAL PWR,
REACTIVE PWR, APPARENT PWR, and PWR FACTOR values (for single
and three-phase values) are as expected.

Verify that the A2 METERING [> FREQ [> SYSTEM FREQ actual value is as
expected.

It is very important to confirm that the input CTs are connected properly
to provide correct directional control and metering calculations.

A first check of this connection is to note that the values of watts and
vars as calculated by the relay have the correct sign. This is done by
comparing the relay measurements, which are signed by the conventions
shown in FIGURE 6-3: Power Quantity Relationships on page 6—10, to
the known feeder load characteristics.

After some time has passed, depending on feeder load and demand time
interval settings, check the following measured values:

Under A2 METERING = ¥ ENERGY, verify the POSITIVE WATTHOURS,
POSITIVE WATTHOUR COST, NEGATIVE WATTHOURS, NEGATIVE
WATTHOUR COST, POSITIVE VARHOURS, and NEGATIVE VARHOURS
values.

Under subheading A2 METERING [> DMND [> PHASE A(C) CURRENT,
verify the LAST PHASE A(C) CURRENT DMND and MAX PHASE A
CURRENT DMND values.

Under subheading A2 METERING [> DMND [> REAL PWR, verify the LAST
REAL PWR DMND and MAX REAL PWR DMND values.

Under subheading A2 METERING [> DMND [> REACTIVE PWR, verify the
LAST REACTIVE PWR DMND and MAX REACTIVE PWR DMND values.



PLACING THE RELAY IN SERVICE CHAPTER 7: COMMISSIONING

D> Under subheading A2 METERING [> DMND [> APPARENT PWR, verify the
LAST APPARENT PWR DMND and MAX APPARENT PWR DMND values.

7.7.3 Dielectric Strength Testing

A fully assembled production version of the relay is tested in its metal case. The dielectric
strength of all the input/output terminals are tested with respect to its grounded chassis
and Terminal G12 (safety ground). The test voltage of the tester, from the initial value of
0V AC, is raised to 1.6 kV AC in such a manner (slowly) that no appreciable transients occur.
The voltage is maintained for 1 minute and is then reduced smoothly to zero as rapidly as
possible. According to IEC255-5, the Hi-Pot test is repeated with a voltage not less than
500 V AC.

@ voLTAGE ADWUST
X DO NOT HIPOT TEST

v/ HIPOT TEST AT: 1900 VAC for 1 Second ©
OR 1600 V AC FOR 1 MINUTE (AS PER UL 508) 3
OFF

REMOVE FILTER GROUND (G11) FROM SAFETY
GROUND DURING TEST

IS S
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,—b—h—' UJ
LJ LJ LJ L) L) lEﬂ .m
[PHASE_ AJPHASE B|PHASE C| _ GROUND. PHASE SYNC.
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COIL
C1_|Locic INPUT 1 SUPERVISION
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TRIP

22
+ | G1 v
-]
+[e2| v
? —[r2| v
v e v,
v’ [c& [rooc weur 4 —[F1 é
5 05 | Lok INPUT & 750 1 TRIP {i v
v C6 | Logic INPUT & e F2 M
C7 | ook INPUT 7 7 83
2 CLOSE —
v/ [c8 [reseneo 60 = 5
v/ [t8 [neseveo L E4 | v
v/ [cro] sewon access - 3 AUXILIARY %l 7
v/ [ci1 [ sereowt access + |2 E5
v 2 o v
C12] +32v00 k3 £ 1 F5 | v
v [o1 [tooc neur 8 o é 4 AUXILIARY %i V.
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v o8 LOGIG INPUT 13 F8 | v
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é D11 | ReSERVED E10 ¥
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WARNING | [F12]
ez ¥
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FIGURE 7-7: Dielectric Strength Wiring
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8.1 Relay Mods

8.1.1 Reverse Power

To upgrade the 750/760 to include Mod 008 (Reverse Power), a special 16-digit passcode
must be purchased from the GE Multilin Sales Department. As well, the firmware version
must be 5.00 or higher. The latest firmware for the 750/760 can be obtained from the GE
Multilin website at http://www.GEmultilin.com. Refer to Upgrading Relay Firmware on page
4-31 for details on the firmware upgrade procedure.

To enable Mod 008:

D> Press the SETPOINT key to display enter the relay setup menu:
m SETPOINTS [>1
S1 RELAY SETUP

> Press the MESSAGE V key until the following message appears:
m MOD 008 [>1
UPGRADE

D> Press the ENTER key to display the following message:
ENABLE MOD 0087?
Disabled

D> Press the VALUE ¥ key once to change the setpoint value to “Enabled”:
ENABLE MOD 0087?
Enabled

> Press the ENTER key to save the setpoint value.

The following message will be displayed:
NEW SETPOINT
STORED
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> Press the MESSAGE V key once.
The following message appears:

ENTER PASSCODE:
0000000000000000

> Press the ENTER key to edit this passcode.
Use the VALUE keys to change each digit to match the 16-digit passcode
supplied by GE Multilin.
Press ENTER to move to the next digit.
After entering the last digit, the cursor will return to the first digit of the
code.

> Press the MESSAGE V key once.

The following message will be displayed:
UPGRADE OPTIONS?
No

> Press the VALUE V¥ key once to change the message to:
UPGRADE OPTIONS?
Yes

D> Press the ENTER key to save the new passcode.

The following message will be displayed:
NEW SETPOINT
STORED

[> Wait at least 30 seconds and then cycle power to the relay by turning it
off then back on.
After power-up, verify that the following message is displayed:

GE Multilin

760 REV 7.00 MOD 008

The Reverse Power element is now Enabled. For details on using this element, refer to
Section 5.6.11: Reverse Power on page -91.

Should assistance be required at any time during this procedure, please contact GE Multilin
technical support at 1-800-547-8629 (within the U.S. and Canada) or +1(905) 294-6222
(outside U.S. or Canada). You can also send an e-mail to our technical support department
at multilin.tech@ge.com.
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CONFORMITY

8.2 Conformity

8.2.1 EU Declaration of Conformity

5

GE Multtilin

General Electric Multilin
215 Anderson Ave. Markham, Ontario Canada. L6E 1B3
Tel: (905) 294-6222 Fax: (905) 294-8512

EN 60255-5:2001
EN 50263:1999

EU DECLARATION OF CONFORMITY

Applicable Council Directive(s):  73/23/EEC The Low Voltage Directive
89/336/EEC The EMC Directive

Standards to Which Conformity is Declared:

Insulation Coordination for Measuring Relays and Protection Equipment
EMC Product Standard for Measuring Relays and Protective Equipment

Manufacturer’s Name:  General Electric Multilin

Manufacturer’s Address: 215 Anderson Ave.
Markham, Ontario, Canada
L6E 1B3

Manufacturer’s Representative in the EU:  Jokin Galletero

GE Multilin

Avenida Pinoa 10

48170 Zamudio, Spain

Tel.: 34-94-4858817 Fax: 34-94-4858838

Type of Equipment:  Protection & Control Relay
Model Number:  SR750/760

First Year of Manufacture: 1995

I the undersigned, hereby declare that the equipment specified above
conforms to the above Directives and Standards.

Full Name: Jeff Mazereeuw

Position:  Technology Manager

Signature: }A/(

Place: 5 Anderson Ave.
Markham, Ontario, Canada

L6E 1B3
Date:  February 13, 2006
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8.3

Revision History

8.3.1

8.3.2

Release Dates

Table 8-1: Release Dates

MANUAL GE PART NO. 750/760 RELEASE DATE
REVISION

GEK-106471 1601-0120-A1 6.0x 05 January 2004
GEK-106471A 1601-0120-A2 6.0% 07 January 2004
GEK-106471B 1601-0120-A3 6.0x 17 May 2004
GEK-106471C 1601-0120-A4 7.0x 04 February 2005
GEK-106471D 1601-0120-A5 7.0 31 August 2005
GEK-106471E 1601-0120-A6 7.0x 21 July 2006
GEK-106471F 1601-0120-A7 7.0% 9 February 2007
GEK-106471G 1601-0120-A8 7.2% 19 December 2007
GEK-106471H 1601-0120-A9 7.2% 24 March 2008
GEK-106471J 1601-0120-AA 7.2 27 May 2008
GEK-106471K 1601-0120-AB 7.2X% 28 November 2008
GEK-106471L 1601-0120-AC 7.2% 21 April 2009
GEK-106471M 1601-0120-AD 7.3% 15 January 2010
GEK-106471N 1601-0120-AE 7.4x

Release Notes

Table 8-2: Major Updates for GEK-106471N

SECT | SECT DESCRIPTION

(AD) (AE)

Title Title Manual part number to 1601-0120-AE

2.4.9 2.4.9 Revision: Supercap-backed internal clock information
523 523 Revision: Supercap-backed internal clock information
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Table 8-3: Major Updates for GEK-106471M

SECT | SECT DESCRIPTION
(AC) (AD)

Title Title Manual part number to 1601-0120-AD

553 553 Revised Output Relay Close Logic drawing to 818772AS.

582 | 582 | Revised Synchrocheck Logic drawing to 818008BU.

5.8.7 5.8.7 | Add"Bus Transfer Logic" setting to Settings table.

N/A 5.8.7 | Add Transfer Scheme 2 text (p 5-150).

New drawings added as follows:

N/A 587 Transfer Scheme 2 Incomer No. 1 Logic 818740.0WG (p 5-151)
e Transfer Scheme 2 Incomer No. 2 Logic 818741.DWG (p 5-152)

Transfer Scheme 2 Bus Tie Breaker Logic 818746.0WG (p 5-153)

Table 8-4: Major Updates for GEK-106471L

SECT | SECT DESCRIPTION
(AB) (AC)

Title Title Manual part number to 1601-0120-AC

2.4.2 2.4.2 Add CT Burden table

246 | 246 | Add"Operate Time" to Synchrocheck section

gﬁg 322 Change Timing Accuracy in "Underfrequency” and "Overfrequency"

578 578 Add note to "Coil Monitor" section

578 | 578 thr?gnegse "breaker operation function" and "coil monitor function"

Table 8-5: Major Updates for GEK-106471K (Sheet 1 of 2)

SECT | SECT DESCRIPTION
(AA) (AB)

Title Title Manual part number to 1601-0120-AB.

2.25 2.2.5 Text added

2.2.6 2.2.6 Text added

244 | 244 | Phase/Ground / Neutral / Negative Sequence IOC changes

248 | 2.4.4 | Trip Contact and Service Contact changes

471 | 471 | Warning added
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Table 8-5: Major Updates for GEK-106471K (Sheet 2 of 2)

SECT | SECT DESCRIPTION
(AA) | (AB)
. Gen Loop wire added between case GND and safety GND, on several
wiring diagrams.
Table 8-6: Major Updates for GEK-106471H
PAGE SECT CHANGE DESCRIPTION
(A8) (A9)
Title Title Update Manual part number to 1601-0120-A9.
;Z% ;Z% Change to DC power supply range
Table 8-7: Major Updates for GEK-106471G
PAGE SECT CHANGE DESCRIPTION
(A7) (A8)
Title Title Update Manual part number to 1601-0120-A8.
2-14 2.4.11 | Update Electrostatic Discharge
2-6 23.1 | Update Order Codes (LO voltage)
2-3 2.2.1 Update Processor type change
2-12 2.4.9 Update CPU - 4 Ethernet sessions
3-10 325 Update Drawing 996630 updated to version A5
4-16 453 Update Add: Supports a maximum of 4 TCP/IP sessions
5-31 554 Update Pulsed Output Dwell Time clarified
5.2.3 | Update Clock (Date)
5-10 522 Update Add: Supports a maximum of 4 TCP/IP sessions
(Network Configuration section)
6-31 6.3.4 Update Frequency Decay Rate
6-6 6.2.3 Update Last Trip Data
Table 8-8: Major Updates for GEK-106471F
PAGE PAGE CHANGE DESCRIPTION
(A6) (A7)
Title Title Update Manual part number to 1601-0120-A7.
2-21 2-21 Changes to ELECTROSTATIC DISCHARGE value
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Table 8-9: Major Updates for GEK-106471D

PAGE PAGE CHANGE DESCRIPTION
(A4) (AS)
Title Title Update Manual part number to 1601-0120-A5.
. . Formatting changes only; no changes to content in
this revision
Table 8-10: Major Updates for GEK-106471C
PAGE PAGE CHANGE DESCRIPTION
(A3) (A4)
Title Title Update Manual part number to 1601-0120-A4.
2-6 2-6 Update Update Order Codes to indicate Ethernet option
Updated specifications for Event Recorder and
2-11 11 Update Waveform Capture
2-13 2-13 Update Updated Type Testing specifications
- 3-4 Add Added Ethernet Connection section
- 4-16 Add Added Configuring Ethernet Communications section
- 5-10 Add Added Network Configuration sub-section
Table 8-11: Major Updates for GEK-106471B
PAG PAG CHANGE DESCRIPTION
E E
(A2) (A3)
Title Title Update Manual part number to 1601-0120-A3
- . Formatting changes only; no changes to content in
this revision
Table 8-12: Major Updates for GEK-106471A
PAG PAG CHANGE DESCRIPTION
E E
(A1) (A2)
Title Title Update Manual part number to 1601-0120-A2
Removed communications chapter. This will now be
7- -- Remove available as a separate publication, GEK-106473:
750/760 Communications Guide
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8.4 GE Multilin Device Warranty

8.4.1 Warranty Statement

General Electric Multilin (GE Multilin) warrants each device it manufactures to be free from
defects in material and workmanship under normal use and service for a period of 24
months from date of shipment from factory.

In the event of a failure covered by warranty, GE Multilin will undertake to repair or replace
the device providing the warrantor determined that it is defective and it is returned with all
transportation charges prepaid to an authorized service centre or the factory. Repairs or
replacement under warranty will be made without charge.

The Warranty shall not apply to any device which has been subject to misuse, negligence,
accident, incorrect installation or use not in accordance with instructions, nor to any unit
that has been altered outside of a GE Multilin authorized factory outlet. A label stating,
“Void if Tampered..." is included on the SR750 device in order to make the user aware of the
latter Warranty statement.

GE Multilin is not liable for special, indirect or consequential damages or for loss of profit or
for expenses sustained as a result of a device malfunction, incorrect application or
adjustment.

For complete text of Warranty (including limitations and disclaimers), refer to GE Multilin
Standard Conditions of Sale.
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