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Protection System for Feeder and Motor Protection User Manual

Important User Information

Read this document and the documents listed in the additional resources section about installation, configuration, and
operation of this equipment before you install, configure, operate, or maintain this product. Users are required to familiarize
themselves with installation and wiring instructions in addition to requirements of all applicable codes, laws, and standards.

Activities including installation, adjustments, putting into service, use, assembly, disassembly, and maintenance are required to
be carried out by suitably trained personnel in accordance with applicable code of practice.

If this equipment is used in a manner not specified by the manufacturer, the protection provided by the equipment may be
impaired.

In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages resulting from the use
or application of this equipment.

The examples and diagrams in this manual are included solely for illustrative purposes. Because of the many variables and
requirements associated with any particular installation, Rockwell Automation, Inc. cannot assume responsibility or liability for
actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of information, circuits, equipment, or software
described in this manual.

Reproduction of the contents of this manual, in whole or in part, without written permission of Rockwell Automation, Inc., is
prohibited.

Throughout this manual, when necessary, we use notes to make you aware of safety considerations.

WARNING: Identifies information about practices or circumstances that can cause an explosion in a hazardous environment,
which may lead to personal injury or death, property damage, or economic loss.

ATTENTION: |dentifies information about practices or circumstances that can lead to personal injury or death, property
damage, or economic loss. Attentions help you identify a hazard, avoid a hazard, and recognize the consequence.

> P

IMPORTANT Identifies information that is critical for successful application and understanding of the product.

Labels may also be on or inside the equipment to provide specific precautions.

SHOCK HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that dangerous
voltage may be present.

BURN HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that surfaces may
reach dangerous temperatures.

ARC FLASH HAZARD: Labels ma?/ be on or inside the equipment, for example, a motor control center, to aIertFEeopIe to
potential Arc Flash. Arc Flash will cause severe injury or death. Wear proper Personal Protective Equipment (PPE). Follow ALL
Regulatory requirements for safe work practices and for Personal Protective Equipment (PPE).

B> > P>

N
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Preface

Summary of Changes

Introduction

Topic Page
Updated Firmware version to 13.01_xx 13
Added IEEE/ANSI code 47 17
Added IEEE/ANSI Very Inverse and Extremely Inverse Delay graphics 161
Corrected the Holding Register values 264, 265
Added footnote around Terminal X3 optional power module 325
Added missing ground point 343

The Allen-Bradley” 857 motor and feeder protection system includes the
essential protection functions for feeders and motors in distribution networks
of utilities, heavy industry, power plants, and offshore applications. The device
includes many programmable functions, such as arc protection (option),
thermal, trip circuit supervision, and circuit breaker protection and
communication protocols for various protection and communication
situations.

This user manual contains the following:
o A general description of the functions of the protection system.
e Instructions for the following:

Installation

Operation

Parameterization

Configuration

Change of settings
e Detailed protection function descriptions.
o Application examples.

e Technical data sheets.

This manual is representative of the latest version of 857 Protection System
firmware (13.01_xx and higher). Some features are not available in all previous
version of firmware. Contact your Rockwell Automation representative for
further details.
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These documents contain additional information concerning related products

from Rockwell Automation®.

Resource

Description

SetPointPS Configuration Software Programming Manual, publication
857-PM001

Provides information on configuring,
setting up, troubleshooting, and using
the SetPointPS communication
software

857 Protection System for Feeder and Motor Protection Quick Start,
publication 857-05001

Provides information on mounting,
wiring, and installation of the 857 relay

857 Protection System Specification Guide, publication 857-SR001

Provides specifications on protective
features, measuring and monitoring,
arc flash protection, and cold load
pickup monitoring

857-RAA/857-RAD RTD Scanner User Manual, publication 857-UM002

Provides information on layout, wiring,
installation, configurations, mounting
and 1/0

857-VPA3(G PROFIBUS DP Option Module, publication 857-UM003

Provides information on the PROFIBUS
option modules, including installation,
commissioning, dimensions, and
specifications

Industrial Automation Wiring and Grounding Guidelines, publication
1770-4.1

Provides general quidelines for
installing a Rockwell Automation
industrial system.

Product Certifications website, rok.auto/certifications.

Provides declarations of conformity,
certificates, and other certification
details.

You can view or download publications at rok.auto/literature.
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Chapter 1

Overview

857 Relay Protection System The major features of the 857 Protection System are shown in the following

Features

list.

Digital signal is handled with a 16-bit microprocessor, and 16-bit A/D
conversion technique to measure accuracy on all setting ranges.

Wide setting ranges for the protection functions to a sensitivity of 0.5%.
Integrated fault location for short circuit faults.

The Protection System can match the requirements of the application by
disabling unneeded functions.

Flexible control and digital signal control inputs (DI) and outputs (DO)
for signal blocking.

Flexible signal-grouping matrix in the device makes it adaptable to
various control and alarm systems.

Ability to control up to six objects locally (for example circuit-breakers,
disconnectors).

Status of cight objects (for example circuit breakers, disconnectors,
switches).

Configurable display with six selectable measurement values.
Configurable schemes the are interlocking with basic logic functions.

An event register record of events and fault values that can be read
through the keypad, local HMI, or SetPointPS$ (a free PC-based

configuration software).
All settings, events, and indications are stored in nonvolatile memory.

Configuration, parameterization, and reading of information through
local HMI, or with SetPointPS software interface.

Connection to any automation system through several available
communication protocols. These protocols include Modbus RTU,
ModbusTCP, PROFIBUS DP, IEC 60870-5-103, IEC 60870-5-101,
IEC 61850, SPA-Bus, EtherNet/IP™, or DNP 3.0.

Universal power supply handles any source within the range from
40...265V DC or V AC. An optional alternative power-supply for
18...36V DC is available.

Built-in high-resolution disturbance recorder for evaluating analog and

digital signals.
Arc protection is also provided as an optional feature.

Two different optional 12-channel RTD scanners available.
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SetPointPS

SetPointP$ is a software configuration tool for Rockwell Automation® Bulletin
857 and 865 Protection Systems. All configurations are made with a user-
friendly graphical interface and the created documents can be printed and
saved. User knowledge of the Rockwell Automation® 857 Protection System
model or hardware is not required. SetPointP$ can read all information
directly from the device and configures itself. It can be obtained free of charge
at www.rockwellautomation.com.

It is possible to read and evaluate disturbance recordings from Rockwell
Automation® 857 and 865 Protection System. The built-in evaluator uses
standard COMTRADE files for saving the records. See publication 857-
PMOOI.

User Interface

The 857 Protection System is controlled in the following three ways:

e Locally with the push button on the 857 Protection System front panel,
see 857 Protection System Front Panel on page 23).

e Locally by using a personal computer that is connected to the serial port
on the front panel or on the rear panel of the Protection System. Both
cannot be used simultaneously.

e By remote control over the remote control port on the Protection
System rear panel.
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Setting File and Firmware Compliance

The Settings files from all major revisions of firmware are not upward or
downward compatible between major versions. This statement is true of
products with firmware revision 10, 12, and higher firmware revisions.

IMPORTANT Do not load a Settings file between 857 Protection Systems of one version
into an 857 Protection System with another firmware revision.

Operating Safety

can carry dangerous voltages, even if the auxiliary voltage is switched off. Do
not place a live current transformer secondary-circuit in an open circuit
condition. The disconnection of a live circuit can cause dangerous voltages!
Any operational measures must be conducted according to national and local
directives and instructions

c ATTENTION: The terminals on the rear panel of the 857 Protection System

IMPORTANT  Read the operation instructions before performing any operational
measures.

The comprehensive protection functions of the 857 Protection System
(Table 1) make it ideal for utility, industrial, marine, and offshore power
distribution applications. Because the protection system is designed for global
applications, it includes both ANSI IEEE and IEC protective function
numbers and symbology.

Table 1 - List of Protection Functions

IEEE/ ANSI 1EC Symbol Function Name Note
Code
25 df/dv Synchrocheck
27 U< Undervoltage protection
U<<
U<<<
32 P< Reverse power protection
P<<
37 I< Undercurrent/Load Loss protection
46R 1)> Current unbalance protection - Feeder Only available when
protective mode application mode is feeder
protection
46 1> Current unbalance protection - Motor Only available when
protective mode application mode is motor
protection
46" ly>> Phase reversal / incorrect phase sequence | Only available when
protection application mode is motor
protection
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Table 1 - List of Protection Functions (Continued)

IEEE/ ANSI 1EC Symbol Function Name Note
Code
47 ly>> Phase reversal/incorrect phase sequence Preset to 80% ratio between
protection negative and positive
sequence current
48 I> Stall protection Only available when
application mode is motor
protection
49 > Thermal overload protection
50ARC Arcl> Optional arc fault-protection
50BF (BFP Circuit-breaker failure protection
50N/51N lo> Earth-fault protection External connection method
50G/51G lp>> and protective settings define
5065/5165 | lp>>> protection type.
lg>>>>
50NARC Arcly;> Optional earth-fault protection
Ar(|02>
50NC/51INC l,CAP (apacitor-bank unbalance protection
50/51 1> Overcurrent protection
I>>
>>>
59 U> Overvoltage protection
U>>
U>>>
59N Up> Residual voltage protection
Up>>
66 N> Frequent start protection Only available when
application mode is motor
protection
67 Iq)> Directional overcurrent protection
I(p>>
I(p>>>
I(p>>>>
6/N log> Directional earth-fault protection
lop>>
67NI loint> Directional transient intermittent earth-
fault protection
68F2 Up> Magnetizing In Rush
68F5 Ugs> Transformer overexcitation, 2nd harmonic
79 AR Auto-Reclose
81 f>< Frequency protection, 5th harmonic
f>><<
81L f< Underfrequency protection
f<<
81R df/dt Rate of change of frequency (ROCOF)
protection
86 Lockout Selection All protective elements can be
set for lockout control
99 Prg1...8 Programmable stages

(1) Device 47 protection also provided using parameter feedback.
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400 kV/200 kV
Transmission
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Transmission
Substations

Power Plants
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Secondary
Substation
(Distribution
Transformer)

EU Directive Compliance and Other Standard Compliance

EMC Compliance  2014/30/EU Compliance with the European Commission's EMC Directive.
Product Specific Standards were used to establish conformity:

EN 60255-26: 2013

Product Safety ~ 2014/35/EU Compliance with the European Commission's Low Voltage
Directive. Compliance is demonstrated by reference to generic
safety standards: EN60255-27:2014

CompliesWith  c-UL-us Listed Industrial  Australian Declaration of Conformity (formerly C-Tick)

Controls E334349,UL 508.

Figure 1- Application of the Feeder and Motor Protection Device
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Catalog Number Explanation

Position
1 2 3 4 5 6 7
857 - 3 C 6 A A A -
a b 4 d e f q
a e
Nom Phase Current (A) / Nom DI7-28 Activation Voltage Optional Hardware (Communication port 1)

3 1A/5A/24V Code Description
6 1A/5A/ 110V A TTL/RS-232 (VCMTTL)
7 1A/5A/220V B Plastic/Plastic serial fiber interface (VCM FIBRE PP)

b C N/A

D RS-485 interface (4-wire, VCM 485-4)
Nom Earth-fault Current 1/01 and 1/02 [A]

7 VT £ gl(?)sa{Glass dual serial fiber interface for 857-RAD (857-VCMFIBRE
D 0.2Aand 1A F Rx Plastic/Tx Glass serial fiber interface (VCM FIBRE PG)

C G Rx Glass/Tx Plastic serial fiber interface (VCM FIBRE GP)

Additional 1/0 (X8 Terminal) I RJ45 connection (RS-232, VCM 232)
6 None M ST 100-Mbps Ethernet dual fiber interface including IEC 61850
8 Ten outputs RTD glass fiber interface for 857-RAA (857—V(MRTD)(2)
9 Eight standard inputs and four outputs“) )] Requ?red for connect?on to 857-RAD Enhanced RTD Scanner. Only available in this location.
(2)  Required for connection to the 857-RAA scanner only.

(1)  Some options not UL Listed. Check with your Rockwell Automation® representative.

f
d Optional Hardware (Communication port 2)
Supply Voltage [V] A None
A 40...265V AC/DC C RJ45 connection (RS-232, 857-V(M232)
B 18...36VDC D RS-485 interface (2-wire, 857-VCM485-2)
C 40...265V AC/DC, arc protection option L Built-in RJ45 10-Mbps Ethernet interface"
D 18...36V DG, arc protection option M Builtin RJ45 10-Mbps interface inc. IEC 618507
E 40...265V AC/DG, DI19, DI20, arc channel, optional N RTD interface for 857-RAA (Glass fiber, 857-VCMRTD)@

F 18...36V DC+ DI19, DI20, arc channel, optional

(1) Cannot order in combination with the following optional Communication PORT 1:

(M) ST 100-Mbps EtherNet/IP fiber interface with IEC 61850

(2) Required for connection to the 857-RAA scanner only.

()

Ingress Protection Rating

IP 30 (standard)

IP 54 with conformal coating (optional)

IP 30 with conformal coating (optional)
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Accessories

Available Replacement
Option Modules

Catalogue Number | Description

857-RAA 12-channel external RTD scanner (857 must have VCMRTD fiber interface) ("

857-RAD Enhance external 12-channel RTD scanner, with analog 1/0 (857 must have VCMFIBER
fiber interface) !

857-VEA3(G External EtherNet/IP (external module, requires 857-VX-004-M3 cable) @

857-VPA3(G External PROFIBUS I/P (requires 857-VX-007-F cable)

857-VSE001 External dual fiber-optic interface (requires 857-VX022 cable) @

857-VSE002 External RS485 I/F module (requires 857-VX022 cable) @

857-VSE006 External module IEC 103 to 61850 converter (RJ45 -)

857-VSE010 External single optic interface module via 857-V(M232 @

857-VX003-3 857/SetPointPS programming cable, 3m serial to serial cable

857-VX004-M3 RS-232 converter cable-connects to PLC or 857-VEA3CG

857-VX007-F3 RS-232 converter cable-connects to 857-VPA3(G

857-VX022 RS-232 cable to 857-VSE modules (D9-sub connector at relay end)

857-VX049 RS-232 cable to 857-VSE modules (RJ45 connector at relay end)

857-VA1DA-6 Arc sensor - 6 meter lead wire ¥

857-VA1DA-02 Arc sensor- 20 meter lead wire ¥

857-VYX076 Raising collar - 40 mm @

857-VYX077 Raising collar - 60 mm @

857-VX080 RS-232 cable to 857-VPA3(CG (RJ45 connector at relay end)

857-VYX233 Raising collar - 100 mm

9300-USBS USB to serial converter and cable (required if programming computer does not have a

serial port)

(1) Interconnection to 857 via 62.5 micrometer fiber-optic cables that use ST style of connectors at each end.
(2)  Some configurations can require an 857-VX049 cable, check with the factory.

(3) Maximum two per relay. Relay must have arc flash option, see Catalog Number Explanation on page 20.
(4) See Chapter 11 for further details.

Repair/replacement parts only.

Catalog Number

Description

857-V(M485-4

RS-485 interface (4-wire)

857-VCM485-2

RS-485 interface (2 wire)

857-VCMFIBER Dual Serial fiber interface (Glass/Glass) — dual-fiber
interface to 857-RAD RTD scanner

857-VCMRTD RTD interface (Glass fiber) — single-fiber interface to
857-RAARTD scanner

857-VCMTTL TTL/RS-232 interface

857-VCM 232RS RS-232 with RJ45 connector
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Notes:
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857 Protection System Front
Panel

Local Panel User Interface

Figure 2 shows the front panel of the 857 Protection System and the location
of the user interface elements that are used for local control.

Figure 2 - Front Panel of 857 Protection System

857 %V (€

QO Power

O Error
QO com

O Alarm @ m
O Trip

(<] (a][a) D ]
<Mz o
@ Allen-Bradley

OO

0w

1. LCD dot-matrix display.

2. Keypad.
3. Status indicators.
4. RS-232 serial communication port for connection to a personal
computer.
Display

The backlit 128 x 64 LCD dot-matrix display can show 21 characters per row
and eight rows simultaneously. The display shows the following:

e The single-line diagram of the 857 Protection System with the object
status, measurement values, identification, and so forth (Figure 3).

e The configuration and parameterization values of the 857 Protection

System (Figure 4).
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Figure 3 - Sections of the LCD Matrix Display

—_

Freely configurable single-line diagram.

Five controllable objects.

Six object statuses.

Location identification.

Local/Remote selection.

SN | | B W N

Auto-reclose on/off selection (if applicable).

7 Freely selectable measurement values (max. six values).

Figure 4 - Sections of the LCD Matrix Display

8 Main menu column.

9 The heading of the active menu.

10 The cursor of the main menu.

n Possible navigation directions.

12 Measured/setting parameter.

13 Measured/set value.
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Backlight Control

To turn on the backlight, press any key on the front HMI of the 857 Protection
System. The Display backlight can also be switched on with any digital input
and virtual input or output by using SetPointPS$ software. Go to the
“LOCALPANEL CONEF/Display backlight ctr]” setting, which is used for
selecting the trigger input for backlight control. When the selected input
activates, the display backlight activated for 60 minutes.

Keypad

The keypad is used to control objects and switches on the single-line diagram
display. To navigate in the menu, and set the required parameter values, use the

keypad and the guidance that is given in the display.

Figure 5 - Keys on the Keypad
® | @i SD
- «l

<

<«

The keypad has the following keys and functions:

1 Enter and confirmation key (enter)

2 Cancel key (cancel)

3 Up/Down [Increase/Decrease] arrow keys (up/down)

4 Keys to select submenus [select a digit in a numerical value] (left/right)
5 Additional information key (info)
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Menu Navigation and Pointers

Use the arrow keys up and down to move up and down in the main menu (see
Keypad on page 25). The active main menu option is indicated with a cursor.
The main menu option items are abbreviations, for example Evnt = events.

Figure 6 - Active Menu Options

After any selection, the
arrow symbols show the
possible navigating
directions.

.; 1 The name of the active submenu and a

T possible ANSI code of the selected function.

it The measured and set Thte mleasured and
— parameters. set values.

Operation Status Indicators

The 857 Protection System has eight status indicators (Figure 7) that are listed

in Table 2.
Figure 7 - Operation Status Indicators of the 857 Protection System
O Power
O Error
O Com
O Alarm
O Trip
O A
O s
Oc
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Table 2 - Operation Status Indicators

Status Indicator

Meaning

Remarks

Power The auxiliary power is switched on. Normal operational state

Error Internal fault, operates in parallel with the The Protection System attempts to restart. If
self-supervision output 857 Protection the error indicator remains lit, call for service.
System.

Com The serial bus is in use and is transferring Normal operational state
information.

Alarm One or several signals of the output The indicator is switched off when the signal
Protection System matrix are activated and is | that caused output Al to activate in the
assigned to output AL. One of the signals Output Matrix, for example the START signal,
activates the output. is reset. The resetting depends on the type of
For more information about output matrix, | configuration, which is connected or latched.
see Configuring the Digital Outputs DO on
page 48.

Trip One or several signals of the output The indicator is switched off when the signal

Protection System matrix have been assigned
to output Tr. One of the signals activates the
output. For more information about output
Protection System configuration, see
Configuring the Digital Outputs DO on

page 48.

that caused output Tr to activate, for example
the TRIP signal, is reset. The resetting
depends on the type of configuration, which
is connected or latched.

AB,C(LA, LB, LO)

Application-related indicators.

Configurable

Resetting Latched Indicators and Qutput Protection Elements

All indicators and output protection elements can be given a latching
function (86) in the configuration.

The following are ways to reset latched indicators and protection elements:

e From the alarm list, press and hold the Cancel button for approximately
3 seconds. To reset the latched indicators and output protection
elements press enter.

e To acknowledge each event, press the Enter button the equivalent
number of times. To reset the latched indicators and output protection
elements, press the Enter button in the initial display.

¢ Reset the latched indicators and output protection elements through a
remote communication or through a digital input that is configured for
that purpose.

e Cycle control power.
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Local Panel Operations
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Adjusting the Display Contrast

The readability of the LCD varies with the brightness and the temperature of
the environment. To adjust the contrast with a personal computer, use the
SetPointP$ software GUL To adjust the contrast from the front of the 857
Protection System complete this procedure.

1. Press info then press enter.

2. Enter the configurator password (default password=0002). Use the up,
down, and right arrow keys.

Press enter.
4. Press info.

5. To adjust the display level, use the up and down keys.

The front panel can be used to control objects, change the local/remote status,
read the measured values, set parameters, and to configure 857 Protection
System functions. A personal computer, which is connected to a local
communication port, can set some parameters.

Navigating in Menus

All menu functions are based on the main menu/submenu structure. To
navigate the structure, complete this procedure.

1. Use the arrow keys (up and down) to move up and down in the main
menu.

2. Move to a submenu by repeatedly pressing the right key until the
required submenu is shown. To return to the main menu, press the left

key.
3. DPress enter to confirm the submenu selection.

If there are more than six items in the selected submenu, a black line
appears to the right side of the display (Figure 8). It is then possible to

scroll down in the submenu.

Figure 8 - Example of Scroll Indication

AVd ENABLED STAGES 3
Evnt u> On
DR u>> On
DI u>>> On
DO u< Off
U<< Off |
1> U<<< Off )

4. Cancel the selection by pressing cancel.
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5. Press up or down in any position of a submenu, when it is not selected,
to go one step up or down in the main menu.

The active main menu selection is indicated with black background color. The
possible navigating directions in the menu are shown in the upper-left corner
with black triangular symbols.

Figure 9 - Principles of the Menu Structure and Navigation in the Menus
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6. Obtain additional information about any menu item by pressing info.

7. Revert to the normal display by pressing cancel.
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Main Menu

The general menu structure is shown in Figure 9. The menu is dependent on
the user configuration and the options according to the order code. For
example, only the enabled protection stages appear in the menu.

Table 3 - List of the Local Main Menu

Main Numberof | Description ANSI Code | Note
Menu Menus
1 Interactive mimic display Q)
5 Double size measurements that are user-defined 10
1 Title screen with device name, time, and firmware revision.
p 14 Power measurements
E 4 Energy measurements
| 13 Current measurements
U 15 Voltage measurements
Dema 15 Demand values
Umax 5 Time stamped Minimum and Maximum of voltages
Imax 9 Time stamped Minimum and Maximum of currents
Pmax 5 Time stamped Minimum and Maximum of power and frequency
Mont 21 Maximum values of the last 31 days and the last 12 months
Evnt 2 Events
DR 2 Disturbance recorder @
Runh 2 Hours run. Active time (hours) of a selected digital input and Time
Stamps of the latest start and stop.
TIMR 6 Day and week timers
DI 5 Digital inputs including virtual inputs
DO 4 Digital outputs (Protection Systems) and output matrix @)
ExtAl 3 External analog inputs @
ExtAO 3 External analog outputs )
ExDI 3 External digital inputs @
ExDO 3 External digital outputs @
Prot 27 Protection counters, combined overcurrent status, protection
status, protection enabling, cold load, and inrush detection If2>
and block matrix
1> 5 First overcurrent stage 50/51 Q)
I>> 3 Second overcurrent stage 50/51 Q)
[>>> 3 Third overcurrent stage 50/51 Q)
lp> 6 First directional-overcurrent stage 67 Q)
lo>> 6 Second directional-overcurrent stage 67 Q)
lp>>> |4 Third directional-overcurrent stage 67 Q)
lp>>>> | 4 Fourth directional-overcurrent stage 67 Q)
I< 3 Undercurrent stage 37 Q)
12> 3 Current unbalance stage 46 Q)
> 3 Thermal overload stage 49 Q)
lo> 5 First earth-fault stage 50N/5IN | ©)
506/51G
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Table 3 - List of the Local Main Menu (Continued)

Main Number of | Description ANSI Code | Note
Menu Menus
lo>> 3 Second earth-fault stage SON/5IN- | ©)
506/51G
lo>>> |3 Third earth-fault stage 50N/5IN | ©)
506/51G
lo>>>> |3 Fourth earth-fault stage 50N/5IN - | ©)
506/51G
lop> 6 First directional earth-fault stage 67N Q)
lop>> |6 Second directional earth-fault stage 67N Gl
loint> 4 Transient intermittent E/F 67NI Q)
U> 4 First overvoltage stage 59 )
U>> 3 Second overvoltage stage 59 Q)
U>>> 3 Third overvoltage stage 59 Gl
U< 4 First Undervoltage stage 27 ©)
U<< 3 Second Undervoltage stage 27 Q)
U<<< 3 Third Undervoltage stage 27 Q)
Uo> 3 First residual-overvoltage stage 59N )
Uo>> 3 Second residual overvoltage stage 59N Q)
P< 3 First reverse and underpower stage 32 Q)
P<< 3 Second reverse and underpower stage 32 Q)
f>< 4 First over/under-frequency stage 81 Q)
f>><< |4 Second over/under-frequency stage 81 ©)
f< 4 First underfrequency stage 81L )
f<< 4 Second underfrequency stage 81L Q)
dfdt 3 Rate of change of frequency (ROCOF) stage 81R Q)
Prg1 3 First programmable stage ©)
Prg2 3 Second programmable stage Q)
Prg3 3 Third programmable stage ©)
Prg4 3 Fourth programmable stage )
Prg5 3 Fifth programmable stage ©)
Prg6 3 Sixth programmable stage Q)
Prg7 3 Seventh programmable stage ©)
Prg8 3 Eighth programmable stage )
If2> 3 Second harmonic 0/C stage 68F2 Q)
If5> 3 Fifth harmonic 0/C stage 68F5 Q)
(BFP 3 Circuit breaker failure-protection 50BF ©)
(BWE 4 Circuit breaker wearing-supervision Gl
AR 15 Auto-reclose 79
(sv 1 (T supervisor ©)
VTSV 1 VT supervisor ©)
Arcl> 4 Optional arc protection stage for phase-to-phase faults and 50ARC Q)
delayed light signal.
Arclo1> |3 Optional arc protection stage for earth-faults. Currentinput =101 | 50NARC Q)
Arclo2> |3 Optional arc protection stage for earth-faults. Currentinput =102 | 50NARC ©)
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Table 3 - List of the Local Main Menu (Continued)

Main Number of | Description ANSI Code | Note
Menu Menus

0BJ N Object definitions ©
Lgic 2 Status and counters of the user logic M
CONF 12 Device setup, scaling, and so forth. 0
Bus 13 Serial port and protocol configuration ®
Diag 6 Device self-diagnosis

) Configure with SetPointPS.

) Read recorded files with SetPointPS.
) Configure for N.0. or N.C.
)
)
)

)

The menu is visible only if protocol “External I/0” s selected for one of the serial ports. Serial ports are configured in menu “Bus’”.

The menu is visible only if the stage is enabled.

Objects are circuit breakers, disconnects, and so forth. Their position or status can be displayed and controlled in the interactive

mimic display.

(7) There are two extra menus, which are visible only if the access level “operator” or “configurator” has been opened with the
corresponding password.

(8) Detailed protocol configuration is done with SetPointPS.

Menu Structure of Protection Functions

The general structure of all protection function menus is similar, but the details
differ from stage to stage. For example, the details of the second overcurrent
stage I>> menus are shown in Figure 10.

FIRST MENU OF I>> 50/51 STAGE

Figure 10 - First Menu of 1>>50/51 Stage

AV P >> STATUS 50/51
ExDO | Status -
Prot SCntr 5
1> TCntr 2
SetGrp 1
Iv> SGrpDI -
[|o> Force Off J

The status, start, trip counter, and setting group menu content, as shown in

Figure 10, is explained in the following list:

e Status — The stage is not detecting any fault at the moment. If the
operating level is “Configurator” and the Force flag is set to On, the

stage can be forced to pick up or trip. See Operating Levels on page 36

for more details.

e SCntr5 - The stage has picked-up a fault five times since the last reset of
restart. This value can be cleared if the operating level is at least Setting
Groups on page 64“Operator”.

e TCntr 1 - The stage has tripped twice since the last reset of restart. This
value can be cleared if the operating level is at least “Operator”.

32 Rockwell Automation Publication 857-UM001D-EN-P - June 2020



Local Panel User Interface ~ Chapter 2

e SetGrp 1 — The active setting group is one. This value can be edited if
the operating level is at least “Operator”. How to set groups is explained
in Setting Groups on page 64.

e SGrpDI - A digital input does not control this setting group. This value
can be edited if the operating level is at least “Configurator”

o Force Off - The forcing function for status forcing and output
Protection System forcing are disabled. This force flag status can be set
to “On” or back to “Off” if the operating level is at least “Configurator”
If a front panel key is not pressed within 5 minutes, and there is no
SetPointPS communication, the force flag is set to “Off” position. The

forcing is explained in Signal Forcing Control on page 42.

SECOND MENU OF I>> 50/51 STAGE

Figure 11 - Second Menu (Next to the Right) of I>>50/51 Stage

AV4D [>> SET 50/51
Stage setting group 1
ExDI ILmax 403A
ExDO | Status =
Prot I>> 1013A
[>> 2.50xIgn
CBWE [ t>> 0.60s
| OBJ )

The content of the main setting menu shown in Figure 11 is explained in the
following list:

e Stage setting group 1 — The group 1 setting values. To view the other
setting group, press enter and then right or left. How to set groups is
explained in Setting Groups on page 64.

¢ Ilmax 403A - The maximum of the three measured phase currents is at
the moment 403 A. The value that the stage is supervising.

e Status — The status of the stage. A copy of the status value in the first
menu.

e I>>1013A - The pick-up limit is 1013 A in primary value.

e I>>2.50xI, - The pick-up limit is 2.50 times the rated current of the

protected object. This value can be edited if the operating level is at least
“Operator”. The operating levels are explained in Operating Levels on

page 36.

e t>>0.60s — The total operation delay is set to 600 Ms. This value can be
edited if the operating level is at least “Operator’.
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THIRD MENU OF I>> 50/51 STAGE

Figure 12 - Third and Last Menu (Next to the Right) of I>>50/51 Stage

AV |>> 110G 50/51
FAULT LOG 1

ExDI 2012-09-14

ExDO | 12:25:10.288

Prot Type 1-2

> Flt 2.86xIgn

CBWE | Load 0.99xIgn

OBJ EDly 81%

§ | SetGrp [ J

This menu is for registered values by the I>> stage. Fault logs are explained in
Fault Log on page 36.

e FAULT LOG 1 - The latest of the eight available logs. Press enter and
right or left to move between logs.

e 2012-09-14 - Date of the log.

e 12:25:10.288 - Time of the log.

e Type 1-2 — The overcurrent fault has been detected in phases L1 and L2
(A and B, red and yellow, R and S, u and v).

o Flt2.86 x I, — The fault current has been 2.86 per units.

e Load 0.99 x I, - The average load current before the fault has been
0.99 pu.

o EDIly 81% — The elapsed operation delay has been 81% of the setting
0.60 s = 0.49 s. Any registered elapsed delay less than 100% means that
the stage has not tripped, because the fault duration has been shorter
than the delay setting.

e SetGrp 1 - The setting group has been 1. To reach this line, press enter
and then down several times.
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Setting Groups

Most of the protection functions have four setting groups (SetGrpl, SetGrp2,
SetGrp3, and SetGrp4). These groups are useful, for example, when the
network topology is changed frequently. To change the active group, use a
digital input, through remote communication or locally by using the local
panel.

The active setting group of each protection function can be selected separately.
Figure 13 shows an example where the changing of the I> setting group is
handled with digital input one (SGrpDI). If the digital input is TRUE, the
active setting group is group two. If the digital input is FALSE, the active group
is group one. If no digital input is selected (SGrpDI = -), the active group can
be selected by changing the value of the parameter SetGrp.

Figure 13 - Example of Protection Submenu with Setting Group

AV P > STATUS 51
Evnt Status -
DR SCntr 0
]| TCntr 0
DO SetGrp 1
Prot SGrpDI DI1
Force OFF

Scroll to the desired submenu and press enter to select the submenu. The
selected setting group is in the lower left corner (Figure 14). Setl is setting
group one, Set2 is setting group two, Set3 is setting group three, and Set4 is
setting group four. Press left or right to select another group. Left is used when
the active setting group is 2 and right is used when the active setting group is 1.

Figure 14 - Example of I> Setting Submenu

~

SET I> 51
Setting for stage 1>
ILmax 400A
Status -
> 600A
Set1
1> Type DT
{ t> 0.50s |
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Fault Log

All protection functions include fault logs that can register up to eight
different faults with time stamp information and fault values. The fault logs are
stored in nonvolatile memory, and are not cleared when the power is switched
off. To clear all logs use SetPointPS. Each function has its own logs (see

Figure 15).

Figure 15 - Example of Fault Log

AV<4) > log buffer 51|

Log buffer 1

DR 2013-04-28

DI 11:11:52;251

DO Type 1-2

Prot Fit 0.55 xIn
Load 0.02 xin |

[1>> EDly 24 % )

To see the values of log two, press enter to select the current log (log one). The
current log number is then indicated in the lower left corner of the display (see
Figure 16, Log2 = log two). Press the right once to select Log two.

Figure 16 - Example of Selected Fault Log

I> log buffer
Date
2013-04-24
03:08:21;342
Type 1-2
Log2 [FIt 1.69 xIn
1> |Load 0.95 xin |
EDly 13 %
Operating Levels

The 857 Protection System has three access levels User, Operator, and
Configurator. The access levels mitigate accidental change of protection system
configurations, parameters, or settings.

USER Level

OPERATOR Level

CONFIGURATION Level

Use To read parameter values,
measurements, and events.

Control objects and to
change the settings of the
protection stages.

Needed during the
commissioning of the Protection
System. The scaling of the voltage
and current transformers can be
set by using this level and all
other parameters can be

changed.
Password No; levels permanently Yes; default configuration | Yes; default configuration
Protected? open. password is 0001. password is 0002.
Setting State Press enter Press enter
Logout Closing that is not required. | Automatically closes after | Automatically closes after 10-

10-minutes idle time. To

close enter password 9999.

minutes idle time. To close enter
password 9999.
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To Gain Access

1. Press info and enter on the front panel.

Figure 17 - Opening the Access Level
ENTER PASSWORD

A
*%%0
v

2. Enter the password that is needed for the desired level.
The password can contain four digits. Digits are supplied, one by one.
Move to the position of the digit by using the right key.

4. Set the desired digit value by using the up key.

S. DPress enter.

Password Management

The passwords can only be changed using SetPointPS$ software that is
connected to the local RS-232 port on the 857 Protection System with an 857-
VX003-3 cable.

Restoring a Lost Password

To restore a lost or forgotten password, a special 857 Protection System-script
program is needed and only done by Rockwell Automation service personnel.
Default serial-port settings are 38400 bps, eight data bits, no parity, and one
stop bit. The serial bit rate is configurable by using the front panel of the
Protection System.

Command Description

get pwd_break Get the break code (Example: 6569403)

get serno Get the serial number of the 857 Protection System
(Example: 12345)

Send both the numbers to Rockwell Automation and ask for a password break.
A device-specific break code is sent back. The code is valid for two weeks for
the specific device.

Command Description

set pwd_break=4435876 Restore the default configuration passwords (“4435876"
is just an example; the actual code must be requested
from the Rockwell Automation support team.

Now the passwords are restored to the default values (see Operating Levels on
page 36).
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Operating Measures Control Functions

The default display on the local panel is a single-line (MIMIC) diagram. It
includes the 857 Protection System identification, Local/Remote indication,
Auto-reclose on/off selection, and user-selectable analog measurement values.

The operator password must be active to control the objects, see To Gain
Access on page 37.

Toggling Local/Remote Control

1. Press enter. The previously activated object starts to blink.

2. To select the Local/Remote object (“L” or “R” squared), use the arrow
keys.

3. Pressenter.
The L/R dialog appears.

4, Select “REMOTE” to enable remote control and disable local control.
Select “LOCAL” to enable local control and disable remote control.

5. Press enter. The Local/Remote state changes.

Object Control

1. Press enter. The previously activated object starts to blink.

2. To select the object to control, use the arrow keys. Only controllable
objects can be selected,

3. Pressenter.
A control dialog appears.

4. To select the “Open” or “Close” commands, use the up and down arrow

keys.

5. Press enter to confirm the operation. The state of the object changes.

Toggling Virtual Inputs

1. Press enter, the previously activated object starts to blink.
2. Select the virtual input object (empty or black square)
The dialog appears.

3. Select “VIon” to activate the virtual input or select “VIoff” to deactivate
the virtual input.
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Measured Data

The measured values can be read from the main menus and their submenus.
Any measurement value in this table can be displayed on the main view next to
the single-line diagram. Up to six selectable measurements can be shown on the
default main display and 30 more on addition measurement screens.

Table 4 - Measured Values

Value Menu/Submenu Description

P P/POWER Active power [kW]

Q P/POWER Reactive power [KVAR]

S P/POWER Apparent power [kVA]

? P/POWER Active power angle [?]

PF. P/POWER Power factor [ ]

f P/POWER Frequency [Hz]

Pda P/15 MIN POWER Active power [kW]

Qda P/15 MIN POWER Reactive power [KVAR]

Sda P/15 MIN POWER Apparent power [KVA]

Pfda P/15 MIN POWER Power factor [ ]

fda P/15 MIN POWER Frequency [Hz]

PL1 P/POWER/PHASE 1 Active power of phase 1 [kW]
PL2 P/POWER/PHASE 1 Active power of phase 2 [kW]
PL3 P/POWER/PHASE 1 Active power of phase 3 [kKW]
QL1 P/POWER/PHASE 1 Reactive power of phase 1 [KVAR]
QL2 P/POWER/PHASE 1 Reactive power of phase 2 [kVAR]
Q3 P/POWER/PHASE 1 Reactive power of phase 3 [kVAR]
SL1 P/POWER/PHASE 2 Apparent power of phase 1 [KVA]
SL2 P/POWER/PHASE 2 Apparent power of phase 2 [KVA]
SL13 P/POWER/PHASE 2 Apparent power of phase 3 [kVA]
PF_L1 P/POWER/PHASE 2 Power factor of phase 1[]

PF_12 P/POWER/PHASE 2 Power factor of phase 2 [ ]

PF_L3 P/POWER/PHASE 2 Power factor of phase 3 [ ]

€0s P/COS and TAN Cosine phi[]

tan P/COS and TAN Tangent phi [ ]

cosL1 P/COS and TAN Cosine phi of phase L1[]

cosL2 P/COS and TAN Cosine phi of phase L2[]

cosL3 P/COS and TAN Cosine phi of phase L3 []

Iseq P/PHASE SEQUENCIES Actual, current phase sequence [OK; Reverse;?? |
Useq P/PHASE SEQUENCIES Actual, voltage phase sequence [OK; Reverse;?? ]
lo1p P/PHASE SEQUENCIES 1/0/Uo angle [o]

lo2¢ P/PHASE SEQUENCIES 1/02/Uo angle [o]

fAdop P/PHASE SEQUENCIES Adopted frequency [Hz]

E+ E/ENERGY Exported energy [MWh]
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Table 4 - Measured Values (Continued)

Value Menu/Submenu Description

Eq+ E/ENERGY Exported reactive energy [Mvar]

E- E/ENERGY Imported energy [MWh]

Eq- E/ENERGY Imported reactive energy [Mvar]

E+.nn E/DECIMAL COUNT Decimals of exported energy [ ]

Eq.nn E/DECIMAL COUNT Decimals of reactive energy [ ]

E-nn E/DECIMAL COUNT Decimals of imported energy [ ]

Ewrap E/DECIMAL COUNT Energy control

E+ E/E-PULSE SIZES Pulse size of exported energy [kWh]

Eq+ E/E-PULSE SIZES Pulse size of exported reactive energy [kKVAR]

E- E/E-PULSE SIZES Pulse size of imported energy [kWh]

Eq- E/E-PULSE SIZES Pulse duration of imported reactive energy [ms]

E+ E/E-PULSE DURATION Pulse duration of exported energy [ms]

Eq+ E/E-PULSE DURATION Pulse duration of exported reactive energy [ms]

E- E/E-PULSE DURATION Pulse duration of imported energy [ms]

Eq- E/E-PULSE DURATION Pulse duration of imported reactive energy [ms]

E+ E/E-pulse TEST Test the exported energy pulse [ ]

Eq+ E/E-pulse TEST Test the exported reactive energy [ ]

E- E/E-pulse TEST Test the imported energy [ ]

Eq- E/E-pulse TEST Test the imported reactive energy [ ]

IL1 I/PHASE CURRENTS Phase current ILT[A]

L2 |/PHASE CURRENTS Phase current IL2 [A]

I3 I/PHASE CURRENTS Phase current IL3 [A]

IL1da I/PHASE CURRENTS 15-min average for IL1 [A]

IL2da |/PHASE CURRENTS 15-min average for IL2 [A]

IL3da I/PHASE CURRENTS 15-min average for IL3 [A]

lo1 I/SYMMETRIC CURRENTS Primary value of zero sequence/ residual current 1/0 [A]

lo2 1/SYMMETRIC CURRENTS Primary value of zero-sequence/residual current /02 [A]

loCalc I/SYMMETRIC CURRENTS (alculated ground (earth) current [A]

I I/SYMMETRIC CURRENTS Positive sequence current [A]

12 I/SYMMETRIC CURRENTS Negative sequence current [A]

12/ I/SYMMETRIC CURRENTS Negative sequence current that is related to positive
sequence current (for unbalance protection) [%]

THDIL I/HARM. DISTORTION Total harmonic distortion of the mean value of phase
currents [%]

THDIL1 I/HARM. DISTORTION Total harmonic distortion of phase current IL1[%]

THDIL2 I/HARM. DISTORTION Total harmonic distortion of phase current IL2 [%]

THDIL3 I/HARM. DISTORTION Total harmonic distortion of phase current IL3 [%]

Diagram I/HARMONICS of IL1 Harmonics of phase current IL1[%] (See Figure 18)

Diagram I/HARMONICS of IL2 Harmonics of phase current IL2 [%] (See Figure 18)

Diagram I/HARMONICS of IL3 Harmonics of phase current IL3 [%] (See Figure 18)
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Table 4 - Measured Values (Continued)

Value Menu/Submenu Description

Uline U/LINE VOLTAGES Average value for the three line voltages [V]

U12 U/LINE VOLTAGES Phase-to-phase voltage U12 [V]

U23 U/LINE VOLTAGES Phase-to-phase voltage U23 [V]

U31 U/LINE VOLTAGES Phase-to-phase voltage U31[V]

uL U(PHASE VOLTAGES Average for the three phase voltages [V]

UL U/PHASE VOLTAGES Phase-to-earth voltage UL1 [V]

uL2 U/PHASE VOLTAGES Phase-to-earth voltage UL2 [V]

uLs U/PHASE VOLTAGES Phase-to-earth voltage UL3 [V]

Uo U/SYMMETRIC VOLTAGES Residual voltage Uo [%]

U1 U/SYMMETRIC VOLTAGES Positive sequence voltage [%]

U2 U/SYMMETRICVOLTAGES Negative sequence voltage [%]

u2/u1 U/SYMMETRIC VOLTAGES Negative sequence voltage that is related to positive
sequence voltage [%]

THDU U/HARM. DISTORTION }g/t?l harmonic distortion of the mean value of voltages

b

THDUa U/HARM. DISTORTION Total harmonic distortion of the voltage input a [%]

THDUb U/HARM. DISTORTION Total harmonic distortion of the voltage input b [%]

THDUC U/HARM. DISTORTION Total harmonic distortion of the voltage input ¢ [%]

Diagram U/HARMONICS of Ua Harmonics of voltage input Ua [%] (See Figure 18)

Diagram U/HARMONICS of Ub Harmonics of voltage input Ub [%] (See Figure 18)

Diagram U/HARMONICS of Uc Harmonics of voltage input Uc [%] (See Figure 18)

Count U/VOLT. INTERRupTS Voltage interrupts counter [ ]

Prev U/VOLT. INTERRupTS Previous interruption [ ]

Total U/VOLT. INTERRupTS Total duration of voltage interruptions [days, hours]

Prev U/VOLT. INTERRupTS Duration of previous interruption [s]

Status U/VOLT. INTERRupTS Voltage status [LOW; NORMAL]

Figure 18 - Example of Harmonics Bar Display

HARMONICS of IL1
5

3

\_

35791113 15

J
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Reading the Event Register

The event register can be read from the Event submenu by using the following
steps.

1. DPress the right arrow once.

The EVENT LIST appears. The display contains a list of events that are
configured to be included in the event register.

e N

EVENT LIST <AV

Code: 71E10 !
CB open timeout

2013-02-15 :
00:17:37.530 :

\_ J

2. Press up and down to scroll through the event list.

3. DPress left to exit the even list.

To set the order in which the events are sorted, set the “Order” parameter to
“New-0OlId” In the EVENT LIST, the first event is the most recent event.

Signal Forcing Control

In some menus, it is possible to switch a function on and off by using a force
function. This feature can be used, for instance, for testinga certain function.
The force function can be activated by using these steps:

1. Open the CONFIGURATION access level.

2. Move to the setting state of the desired function, for example DO (see
Configuration and Parameter Setting on page 43).

3. Select the Force function (the background color of the force text is

black).

[ Pick RELAY OUTPUTS 1

Enable forcing
T

T2
T3
T4

(=== =N

A1

DO

4, DPress enter.

5. Press up or down to change from “OFF” to “ON”, to activate the Force
p g
function.
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10.

11.
12.

Press enter to return to the selection list. Choose the signal that Force
controls with the up and down keys, for instance the T1 signal.

Press enter to confirm the selection. Force now controls Signal T1.

Press up or down to change the selection from “0” (not alert) to “1”
(alert) or vice versa.

Press enter to execute the forced control operation of the selected
function. For example, when making the output Protection System of

T1 pickup.

Repeat steps 7 and 8 to alternate between the on and off state of the
function.

Repeat steps 1...4 to exit the Force function.

Return to the main menu by pressing cancel.

control is used. Use ONLY in an off-line test condition.

fi ATTENTION: All interlockings and blockings are bypassed when the force

Configuration and Parameter Setting

The minimum procedure to configure an 857 Protection System is as follows.

1.

Open the access level “Configurator”. The default password for
configurator access level is 0002.

Set the rated values in menu [CONF] including at least current
transformers and a potential (voltage) transformer rating and motor
data if applicable. The date and time settings are in this same main
menu.

Enable the needed protection functions and disable the rest of the
protection functions in main menu [Prot].

Set the setting parameter of the enable protection stages according to the
application.

Connect the output Protection Systems to the start and trip signals of
the enabled protection stages with the output matrix. This connection
can be done in main menu [DO], although the SetPointPS$ program is
recommended for output matrix editing.

Configure the needed digital inputs in main menu [DI].

Configure blocking and interlockings for protection stages with the
block matrix. This configuration can be done in main menu [Prot],
although SetPointPS$ is recommended for block matrix editing.
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Some of the parameters can only be changed through the RS-232 serial port
with the SetPointPS$ software. These parameters (for example passwords,
blockings, and mimic configuration) are normally set only during the
commission process.

Some of the parameters require the restarting of the Protection System, which
is automatic. If a parameter change requires the restarting, of the Protection
System the display shows as Figure 19. A similar warning is displayed when
using SetPointPS.

Figure 19 - Example of Auto-reset Display
Pick PROTOCOL

Change will
cause autoboot

Press: CANCEL

\_ J

To return to the setting view, press CANCEL. If a parameter must be changed,
press enter again. The parameter can now be set. When the parameter change is
confirmed by pressing enter, [RESTART ]- text appears to the top-right corner
of the display to indicate that auto-resetting is pending. If no key is pressed, the
auto-reset is executed within seconds.

WARNING: Do not cycle control power to the 857 Protection System; the
Protection System automatically restarts.

Parameter Setting

SetPointPS software is reccommended to change parameters (see SetPointPS
Personal Computer Software on page 55). It is a more efficient method than
using the front panel controls only.

These instructions use the front panel controls.

1. Press enter to move to the setting state of the desired menu (for example,
CONF/CURRENT SCALING). The Pick text appears in the upper-
left part of the display.

2. DPress info. Enter the password that is associated with the configuration
level by pressing the arrow keys (default value is 0002). Press enter.

For more information about the access levels, see Operating Levels on
page 36.

3. Pressup and down to scroll through the parameters. A parameter can be
set when the background color of the line is black. If the parameter
cannot be set, the parameter is framed.
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4. Press enter to select the desired parameter (for example Inom).

5. Press up and down to change a parameter value. If the value contains
multiple digits, press left and right to shift from digit to digit, and up
and down to change the digits.

6. Press enter to accept a new value. To leave the parameter value
unchanged, exit the edit state by pressing cancel.

Figure 20 - Changing the Parameters

FAV<> CURRENT SCALING
> Inom o ...... N
lo> Isec 5A o
lo2> lonom 100A
CBFP | losec 1.0A L. a ........ i
loinp 1.0A o CONF | loinp 1.0A
|BUS llo2nom 100A lo2nom 100A |
s z
SR
Edit VALUE CHANGE
«l| ENTER cT Fas'afy
e=| CANCEL ’ a
0 200
®

Setting Range Limits

If the given parameter setting values are out-of-range values, a fault message is
shown when the setting is confirmed with the enter key. Adjust the setting so it
is within the allowed range.

Figure 21 - Example of a Fault Message
'Edit VALUE CHANGE

lllegal value !
Lim: 0.10 - 5.00

Press: CANCEL

The allowed setting range is shown in the display in the setting mode. To view
the range, press info. To return to the setting mode press CANCEL.
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Figure 22 - Allowed Setting Ranges Shown in the Display

Info SET I> 51
Setting for stage I>
Type: i32.dd
Range: 0.10
..5.00

ENTER : password
| CANCEL : back to menu

Disturbance Recorder Menu DR

Through the sub menus of the disturbance recorder menu, these functions and
features can be read and set.
1. Disturbance Settings
Manual trigger (ManTrg)
Status (Status)
Clear oldest record (Clear)
Clear all records (CIrAll)

Recording completion (Stored)

S S T

Count of ready records (ReadyRec)
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Sub Menu

Functions/Features

Disturbance recorder

Maximum time (MaxLen)
Sample rate (Rate)

Record time (Time)

Pre trig time (PreTrig)

Manual trigger (MnlTrig)

Count of ready records (ReadyRe)

Rec. Coupling

Add a link to the recorder (AddLink)
Clear all links (ClrLnks)

Available signal links

DO, DI

Uline, Uphase

IL

u2/u1,u2,U1
12/In,12/11,12, 11, loCalc
Cosphi

PES,QPf

Uo

UL3, uL2, U1
U31,U23,U12

102, lo1

113,112, 111

Prms, Qrms, Srms

Tan phi

THDIL1, THDIL2, THDIL3
THDUa, THDUb, THDUC
ILTRMS, IL2RMS, IL3RMS

ILmin, ILmax, ULLmin, ULLmax, ULNmin, ULNmax

U12y, U122, 1y, fz

Configuring the Digital Inputs DI

These functions can be read and set through the submenus of the digital inputs

menu.

e The status of digital inputs (DIGITAL INPUTS 1-20/24/32).

e Operation counters (DI COUNTERS).
¢ Operation delay (DELAYs for Digln).

e The polarity of the input signal (INPUT POLARITY). Normally open
(NO) or normally closed (NC) circuit.

e To enable Fvent, EVENT MASKI1.
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Configuring the Digital Qutputs DO

These functions can be read and set through the submenus of the digital
outputs menu.

e The status of the output protection systems relays (RELAY OUTPUTS
1,2,3,and 4).

e The forcing of the output protection systems relays (RELAY
OUTPUTS 1, 2, 3, and 4) (only if Force = ON):

— Forced control (0 or 1) of the Trip relays.
— Forced control (0 or 1) of the Alarm relays.
— Forced control (0 or 1) of the S relay.

e The configuration of the output signals to the output relays. The
configuration of the status indicators Alarm and Trip and application-
specific alarm status indicators A, B, and C (the output relay matrix).

TIP  The quantity of Trip and Alarm relays depends on the Protection System
type and optional hardware.

Protection Menu (Prot)

These functions can be read and set through the submenus of the Prot menu.
e Resetall counters (PROTECTION SET/CIALL).
e Read the status of all protection functions (PROTECT STATUS 1-x).
e Enable and disable protection functions (ENABLED STAGES 1-x).
e Define the interlockings between signals (only with SetPointPS).
Each stage of the protection functions can be disabled or enabled individually
in the Prot menu. When a stage is enabled, it is in operation immediately

without a need to reset the relay.

The Protection System includes several protection functions. The number of
functions that can be active simultaneously is limited by the processor capacity.
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Configuration Menu (CONF)

The Configuration Menu contains functions and features that can be read and
set through the submenus of the configuration menu, from the front of the 857
Protection System.

Device Setup

e Set the bit rate for the command-line interface in ports X4 and the front
panel. The front panel uses this setting. If SPA-Bus is selected for the
rear-panel local port X4, the bit rate is according to SPA-Bus settings.

e Displays the access level [Acc]

e Personal computer access level [PCAcc]
Language
A list of available languages in the 857 Protection System.

Current Scaling
¢ Rated phase CT primary current (Inom).
¢ Rated phase CT secondary current (Isec).

e Rated input of the relay [Iinput]. 5 A or 1 A, as specified in the order
code of the device.

o Rated value of I; CT primary current (Ionom).
e Rated value of I; CT secondary current (Iosec).

e Rated I input of the Protection System [loinp]. 5 A or 1 A, as specified
in the order code of the device.

¢ Rated value of I, CT primary current (Io2nom).
e Rated value of [, CT secondary current (Io2sec).

e Rated [, input of the Protection System [Io2inp]. 5A, 1 A or 0.2, as
specified in the order code of the device.

The rated input values are equal to the rated secondary value of the CT.

The rated CT secondary can be greater than the rated input, but the
continuous current must be less than four times the rated input. In
compensated, high impedance that is earthed, and isolated networks with a
cable transformer to measure residual current I, a relay used. The relay has 1 A
or 0.2 A input, and the CT is 5 A or 1 A, which increases the measurement
accuracy.

The rated CT secondary can also be less than the rated input, but the
measurement accuracy near zero current decreases.
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Motor Currents

Displayed ONLY if the Protection System is in Motor protective mode.

¢ Rated current of the motor (Imot).

Voltage Scaling
e Rated VT primary voltage (Uprim).
e Rated VT secondary voltage (Usec).
e Rated U VT secondary voltage (Uosec).

¢ Voltage measuring-mode (Umode).

Frequency Adaption
e Mode (Auto, Fixed, Manual).
o Adapted Frequency (fAdop).

Units For Mimic Display
e Unit for voltages. The choices are V (Volt) or kV (kilovolt).

e Scaling for active, reactive, and apparent power [Power]. The choices are

k (for kW, kVAR, and kVA) or M (for MW, Mvar, and MVA).

Fundemantal/RMS
e Energy (Fundamental, RMS).
e Display Fundamental (On/Off).
e Display RMS (On/Off).

Deviceinfo
e Protection System type (857).
o Serial number (SerN).
o Software version (PrgVer).

¢ Bootcode version (BootVer).

Date/Time Setup
e Day, month, and year (Date).
e Time of day (Time).
e Date format (yyyy-mm-dd, dd.mm.yyyy, or mm/dd/yyyy).

Clock Synchronization

o Digital input for minute sync pulse (SyncDI). If any digital input is not

< »

used for synchronization, select “-
e Daylight Savings Time for NTP synchronization (DST).
e Detected source of synchronization (SyScr).
e Synchronization message counter (MsgCnt).

e Latest synchronization deviation (Dev).
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These parameters are visible only when the access level is higher than “User”.
o Offset, that is constant error, of the synchronization source (SyOS).
e Auto adjust interval (AAlntv).
e Average drift direction (AvDrft): “Lead” or “lag”

e Average synchronization deviation (FilDev).

Software Options
e Application Mode (Feeder, Motor).
o Dist. Earth-fault (On/Off).
e MIMIC (On/Off).

Protocol Menu (Bus)

There are multiple communication ports on the rear panel. Protocol
availability depends on the communication options ordered. In addition, there
is a connector in the front panel. This connector takes control when the
857-VX003-3 cable is attached, which overrules the local port in the rear panel.

Remote Port
¢ Communication protocol for remote port X5 [Protocol].

o Message counter [Msg#]. Can be used to verify that the device is
receiving messages.

o Communication error counter [Errors].
e Communication time-out error counter [ Tout].

e Information of bit rate/data bits/parity/stop bits.
This value is not directly editable. An edit is done in the protocol setting
menus. The counters are useful when testing the communication.

Local Port
This port is disabled if the 857-VX003-3 cable is connected to the front panel

connector.

¢ Communication protocol for the local port X4 [Protocol]. For
SetPointPS$ use “None”

e Message counter [Msg#]. Can be used to verify that the device is
receiving messages.

e Communication error counter [Errors].
o Communication time-out error counter [ Tout].

e Information of bit rate/data bits/parity/stop bits.
This value is not directly editable. An edit is done in the protocol setting
menus. For SetPointPS$ and protocol “None”, the setting is done in
Protection System menu CONF/DEVICE SETup.
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Personal Computer (LOCAL/SPA-Bus)

A second menu for local port X4. The SetPointPS communication status is
shown.

e Bytes/size of the transmitter buffer [ Tx].

e Message counter [Msg#]. Can be used to verify that the device is
receiving messages.

e Communication error counter [Errors].
o Communication time-out error counter [ Tout].

e Same information as in the previous menu.

Extension Port'")

¢ Communication protocol for extension port X4 [Protocol]. For
connection to the 857-RAD enhanced RTD scanner, select External
I/O. See publication 857-UMO002 for complete details.

e Message counter [Msg#]. Used to verify that the device is receiving
messages.

e Communication error counter [Errors].
¢ Communication time-out error counter [ Tout].
e Information of bit rate/data bits/parity/stop bits.

e This value is not directly editable. An edit is done in the protocol setting
menus.

Ethernet Port

These parameters are used by the Ethernet interface. For changing the
nnn.nnn.nnn.nnn Ethernet port settings, SetPointPS$ is recommended.

e Ethernet port protocol [Protoc].

e IP Port for protocol [Port].

o IP address [IpAddr].

o Net mask [NetMsk].

e Gateway [Gatew].

e Name server [NameSw].

e Network time protocol (NTP) server [NTPSvr].
o IP Port for SetPointPS [VS Port].

e TCP Keep alive interval [KeepAlive]
o Media access control address [MAC]
e Message counter [Msg#].

e Error counter [Errors].

o Timeout counter [ Tout].

(1) Used with 857-RAD enhanced RTD scanner.

52 Rockwell Automation Publication 857-UM001D-EN-P - June 2020


http://literature.rockwellautomation.com/idc/groups/literature/documents/um/857-um002_-en-p.pdf

Local Panel User Interface ~ Chapter 2

Modbus
e TCP Keep alive interval [Keepalive].
o Modbus address for this slave device [Addr]. This address must be

unique within the system.
e Modbus bit rate [bit/s]. Default is “9600”.
e DParity [Parity]. Default is “Even”.

See Chapter 7 for details.

External I/0 Protocol

External I/O is a set of protocols that are used with the extension I/O modules
that are connected to the extension port. Only one instance of this protocol is
possible. The selectable protocols are:

e Modbus: is a selectable protocol.
— Bit rate [bit/s]. Default is “9600”.
— Parity [Parity]. Default is “Even”.
e RTD Input: This protocol is used together with the 857-RAA scanner.
- Bit rate [bit/s]. Default is “9600”.
— Parity [Parity]. Default is “Even”.

See publication 857-UMO002 for details.
SPA-Bus

Several instances of this protocol are possible.
o SPA-Bus address for this device [Addr]. This address must be unique

within the system.
o Bit rate [bit/s]. Default is “9600”.
e Event number style [Emode]. Default is “Channel”.

See Chapter 7 for details.

IEC60870-5-103

Only one instance of this protocol is possible.

e Address for this device [Addr]. This address must be unique within the
system.

e Bit rate [bit/s]. Default is “9600”.
e Minimum measurement response-interval [Measlnt].

e ASDUG response time mode [SyncRe].
See Chapter 7 for details.
IEC 103 Disturbance Recordings

See Chapter 7 for details.
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PROFIBUS

Only one instance of this protocol is possible.
o [Mode]
e Bit rate [bit/s] must be 2400 bps. This parameter is the bit rate between

the main CPU and the PROFIBUS ASIC. The PROFIBUS master sets
the PROFIBUS bit rate and can be up to 12 Mbit/s.

e Event number style [Emode].
o Size of the PROFIBUS Tx buffer [InBuf].
o Size of the PROFIBUS Rx buffer [OutBuf].

e When configuring the PROFIBUS master system, the lengths of these
buffers are needed. The size of both buffers is set indirectly when
configuring the data items for PROFIBUS.

e Address for this slave device [Addr]. This address must be unique within
the system.

e PROFIBUS converter type [Conv]. If the shown type is a dash “-”:
PROFIBUS protocol has not been selected. Or the device has not
restarted after protocol change. Or there is a communication problem

between the main CPU and the PROFIBUS ASIC.

See PROFIBUS DP on page 275 and Rockwell Automation® publication
857-UMO003 for GSD file content and additional details.

DNP 3.0

Only one instance of this protocol is possible.
e Bit rate [bit/s]. Default is “9600”.
e [Parity].
¢ Address for this device [SIvAddr]. This address must be unique within
the system.

o Master address [MstrAddr].
See Chapter 7 for details.

IEC60870-5-101
¢ Bit rate [bit/s]. Default is “9600”.
e [Parity].
e Link layer address for this device [LLAddr].
e ASDU address [ALAddr].

See Chapter 7 for details.
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SetPointPS Personal
Computer Software

SetPointP$S is a free personal computer program available for configuration and
setting of Allen-Bradley® 857 and 865 protection systems. Obtain the latest
SetPointPS software from www.ab.com. See 857-PM001 for more

information.

The personal computer user-interface can be used for the following tasks:
¢ Do the on-site parameter settings of the protection system.
e Load protection system software from a computer.
o Read measured values, registered values, and events to a computer.
¢ Do a continuous monitoring of all values and events.

e Inject digital voltage and current signals for protection validation and
troubleshooting.

Two RS-232 serial ports can be available for connecting a local personal
computer with SetPointPS$ to the protection system. One on the front panel
(standard) and one on the rear panel of the protection system (optional).
These two serial ports are connected in parallel. If the connection cables are
connected to both ports, only the port on the front panel is active. To connect
a personal computer to a serial port, use a connection cable Bulletin 857-

VX003-3.

The SetPointPS$ program can also use an Ethernet TCP/IP LAN connection.
An optional Ethernet communication-port is required.

Single-line Diagram Editing

The single-line diagram is drawn with the SetPointPS$ software. For more
information, see the SetPointPS manual, publication 857-PM001.

Figure 23 - Single-line Diagram
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=

Blocking and Interlocking Configuration

The configuration of the blockings and interlockings is done with the
SetPointP$ software. Any start or trip signal can be used for blocking the
operation of any protection stage. The interlocking between objects can be
configured in the same blocking matrix of the SetPointPS$ software. For more

information, see publication 857-PM001.
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Webset Through Hypertext
Transfer Protocol (HTTP)
Server

56

The Webset HTTP configuration interface can configure the device with a
web browser (Explorer, Mozilla Firefox, or Google Chrome). The feature is
available on 857 protection systems that are equipped with a built-in or
optional Ethernet card and firmware revision 12.001 or newer installed.
Webset provides a subset of features that are provided by SetPointPS, the
configuration software. The same group lists and group views are available
except for the LOGIC and the MIMIC groups, which are configurable only
through SetPointPS.

For web access to the 857 protection system, configure the protection system
to enable HT TP services.

Enable the HTTP Server

The HT'TP server can be enabled!) within the 857 protection system by using
these methods:

1. With SetPointPS$ — By checking the box to Enable HTTP server in the
PROTOCOL CONFIGURATION group view as seen in Figure 24.

2. With the 857 HMI - By navigating to Bus > ETHERNET PORT >
HTTP srvr and setting the value to Oz.

Figure 24 - Configuration Field for Enabling/disabling the HTTP Server in SetPointPS

PROTOC OL CONFIGURATION

COMM. OPTIONS

| Comm. Option 1 VCM TTL |
REMOTE PORT
| Remote port protocol None |
LOCAL PORT
| Local port protocol None |
ETHERNET PORT
MAC address 001AD3003043
Enable DHCP service [
Enable IP verification service [
IP Address 10.10.6.100
NetMask 255.255.255.0
“ateway T00.0
NTP server 0.0.0.0
HTP server (BackUp) 0.0.0.0
IP port for setting tool 23
TCP keepalive interval 20 s
Eth Port status 10M HD
FTP SERVER
Enable FTP server [
FTP password config
FTP max speed 4 kBis

Enable HTTP server
| Enable HTTP server [« |

Ethernet Protocol 1
Ethernet port protocol
IP port for protocol

44818

EtherNetlP |

Moceana ranntar n

(1) Configurator access level is required to enable the HTTP server. The 857 Protection System requires a restart before this feature is
enabled.
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Connect to the 857 Protection System with a Web Browser

If the Ethernet port connection of the protection system is properly
configured, the protection system connects to a personal computer.

1. Open aweb browser window.

2. In the browser type, the IP address of the protection system. See

Figure 24 for location of the IP address.

3. Press Enter.
A prompt is displayed (Figure 25).

Figure 25 - Authorization Prompts in Various Browser Types

Windows Security { B |

The server 10.10.6.100 at Web Configuration requires a username and
password,

Warning: This server is requesting that your username and password be
sent in an insecure manner (basic authentication without a secure
connection).

| | conf ‘

Cancel

Authentication Required

The server hittp:/710.10.6.100:80 requires & usernames and
password. The sercer says Web Configuretion.
User Mame: | conf

Passwaord:

Log In Cancel

1. In the User Name field type one of the following:
a. For configurator access level, type conf.
b. For operator access level, type operator.

c. For user access level, type user.

2. Enter the password in the password field:

e By default, the password for Configurator Access Level is 2 or 0002,

and for Operator Access Level is 1 or 0001.

o The User Access Level does not require a password.

e These passwords can be changed using the SetPointPS$ software. See

857-PMO001.
3. Press OK or Login. The main page loads in the browser.
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Configure the 857 Protection System Through Webset HTTP Server

Once connected, an interactive interface similar to that of SetPointPS is
displayed (Figure 26). It features the ability to interrogate and revise the
program settings of the 857 Protection System. It also provides the graphical
abilities to monitor metering and energy-related data.

ATTENTION: Unlike the SetPointPS interface, interaction with the web
interface is directly on-line to the857 Protection System. Any changes are
immediately sent to the protection system. It is highly recommended the
process/load being protected by the Protection System is not operating or
being protected when changes are made through Webset.

Figure 26 - Main Page and the Functional Areas of the Configurator Mode on a Bulletin 857
=

[ Webset x

)

€« C fi [} 10.10.6.100/Devicelnfo Fle =

5% Apps ol Kitchener-Waterloo,... ol Westher Radar - Exe.. [ Waterloo Wellingto... g Weather Map
= =

Caption View

DEVICE INFO

» [ Other bookmerks

bset” 857 Bulletin

Logged in as: Configurator Auto-refresh  Refresh menu  Refresh content  Restart device Log out

DEVICE INFO
MEASUREMENTS M ,[
CURRENT HARMONICS enu

[VOLTAGE HARMONICS

Main location mcc#

Content/

COWER G rou p Suplocation Motor XX

PQ-DIAGRAN Name for this device Protected target G rou p
ENERGY =

PHASOR DIAGRAMW LlSt H

RIS MEASURING Device name Bulletin VIeW
MONTH 1MAX & Device type as7

CURRENT MINIUNS and WAXIUNY

VOLTAGE MINIMUMS and MAXIMUNS Application made =

POVIER MINMUNS and MAXIMUNS Installed

DEMAND VALUES

RIS DEMAND VALUES Enatle language for oC Ll

DIGTAL INPUTS

NANES for DIGITAL INPUTS Serial number 1020

VRTUAL NPUTS

NANES for VRTUAL NPUTS Order code
vs

Program version V12001
NANES for QUTPUT RELAYS
VRTUAL OUTPUTS
e e B Winimum setting tool version  [2.2.125
EVENT BUFFER Current setting tool version [22134
DISTURBANCE REC O RDER
INCOMER SC FAULT LOCATOR
DISTANCE TO EARTH FAULT Date, [2014-07.01
FEEDER FAULT LOCATOR Time of day \13:59:51
RUNNING HOUR COUNTER
/OLTAGE NTERRUPTS
[VOLTAGE SAG & SWELL Display contrast [s9
ITIMERS Display backlight ctrl s
PROTECTION STAGE STATUS E—— [User

PROTECTION STAGE STATUS 2
PROGRAMMABLE DELAY CURVES PC access level |CONF
COLD LOAD/NRUSH
OVERCURRENT STAGE I> 50/51

OVERCURRENT STAGE I 50/51 Tested by ‘TL
OVERCURRENT STAGE b=>> 50/51 Calibration date ‘EEI[IQ—‘\EIJ
DIRECTIONAL O/C STAGE Ip> 67
DIRECTIONAL O/C STAGE Ig=> 67
DIRECTIONAL O/C STAGE Ig=>> 67

Change operator passward o
Change configurator password_ |0

|
|
\
|
|
[¥ALD PROTECTION STAGES
|
|
|
|
\
|

DIRECTIONAL O/C STAGE Ig>=>67
DIRECTIONAI 2

Using the Webset HTTP Server

There are several interactive controls that are included with the Webset
configurator. See Figure 26 for the functional areas within the Webset
interface.

Fields that are styled with a light green color and bold font are editable. The

exception is that matrices are shown in this style.
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Caption View

The Caption View in Webset features a row of menu buttons (see Figure 26).
The basic interaction and use of these buttons is as follows(V):

e Auto-Refresh: a toggle-button for enabling/disabling automatic
periodic content refresh from a menu item from the 857 Protection
System. The button changes to a dark green when enabled. If another
menu selection is made, the Auto Refresh is automatically disengaged.
The refresh interval depends on the size of the current page being
displayed. Its use is recommended mostly for monitoring the metering
values, such as those in the MEASUREMENTS group.

¢ Refresh Menu: refreshes the current Group View one time.

¢ Refresh Content: refreshes the Group View menu-item contents, one
time.

e Restart Device: issues a restart command to the 857 Protection System,

after clicking OK in the popup prompt. The Cancel command can be
used from this popup prompt.(z)

¢ Log out: logs the user out of the web-based session.

Menu/Group List

The menu/group list functionality mimics the functions available by using
SetPointP$ programming software (see publication 857-PM001). The list is
generated based on the options that are available in the device connected. To
scroll down the list, use the slider bar on the right side of this portion of the
control window.

Content/Group View

To edit the settings, click the element name in the Content/Group View area.

See Figure 27.

(1) The web interface is an online real-time interaction service. Any changes that are made are sent to the Protection System
immediately. Some pages could take up to 10 seconds to load in some browsers version. Subsecond response is typical.

(2) Configurator access level is required. The 857 Protection System key restarts once the command is initiated which could result in
a change of state of all output 857 Protection Systems.
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Figure 27 - View of Measurements Item

Webset: 857 Bulletin
Logged in as: Configurator

DEVICE INFO

MEASUREMENT.

CURRENT HARMO%:E

WVOLTAGE HARMO

POWER

PQ-DIAGRAM

EMERGY

PHASOR DIAGRAM

RMS MEASURING

MONTH MAX

CURRENT MINIMUMS and MAXIMUMS
WVOLTAGE MINIMUMS and MAXIMUMS
POWER MINIMUNS and MAXIMUMS
DEMAND VALUES

RMS DEMAND WALUES

DIGITAL INPUTS

NAMES for DIGITAL INPUTS
VIRTUAL INPUTS

NAKMES for VIRTUAL INPUTS
RELAYS

MNAMES for OUTPUT RELAY'S
VIRTUAL OUTPUTS

NAKES for VIRTUAL OUTPUTS
EVENT BUFFER
DISTURBANCERECORDER
INCOMER SC FAULT LOCATOR
DISTANCE TO EARTH FAULT
FEEDER FAULT LOCATOR

MEASUREMENTS

Phase current IL1 3ZA

Fhase current IL2 39A

Phase currentIL3 35 A
Line-to-line voltage 12 4159y
Line-to-line voltage U23 7135V
Line-to-line voltage 31 4065V
Phase-to-earth voltage UL1 ov
Phase-to-earth voltage LUL2 4159V
Phase-to-earh voltage UL3 4065V
lo1 residual current 193 A
lo2 residual current 0.000 A
Calculated lo 589 A
Zero sequence voltage 56.8 %
Frequency 50.003 Hz
Adapted frequency 50.0 Hz

To change a parameter, follow these steps.

1. Select the desired main parameter item popup to change.

2. Select the variable within the setting parameter or protection elements.
These areas are shown in light green. A popup window appears which
permits the changing of that given parameter.

3. Shown in figure Figure 28 is the selection of the primary ratio of the
main current transformers. Enter the desired value into the appropriate
area of the editor prompt.

4, Click Submit.

5. The valid range for the specific element being changed is in the area
below the entry box within the window.

Figure 28 - Editing the Parameters

Webset: 857 Bulletin
Logged in as: Configurator

FREQUENCY STAGE 13K 81

UNDERFREQUENCY STAGE f< 1L SCALING 2

UNDERFREQUENCY STAGE fe 81L ,

FREQUENCY STAGE dfidt 218

PROGRAMMABLE STAGE 199 Molonnom cipent 2L Az

PROGRAMMABLE STAGE 2 99 CT primary 200 A

PROGRAMMABLE STAGE 3 29 CT secondary SA d

PROGRAMMABLE STAGE 4 29 -

PROGRAMMABLE STAGE 599 Nominal input SARCT primary

PROGRAMMABLE STAGE 6 99

PROCRAMMABLE STAGE 7 98 T primary ey 1AL

PROGRAMMABLE STAGE & 29 REnaas AL 20000

CB FAILURE PROTECTION S0BF VT secondary 12(gange |

MAGNETISING INRUSH 112> 68F2

DVER EXCTATION IfS> 68FS 11 CT primary 200

DBJECTS

CEWEAR lo1 CT secondary 1.0A

CT SUPERVISOR Mominal lo1 input 104

VT SUPERVISOR 5

RELEASE OUTPUT MATRIX LATCHES 102 CT primary 50A

DUTPUT MATRIX 102 CT secondary 5.0 A

BLOCK MATRIX :

OBJECT BLOCK MATRIX MNominal 102 input 50A

LoGic

MINMIC VTa secondary §9.282 V

LOCAL RANETTNSE A0 Voltage meas. mode 3LN

SCALING Frequency adaptation mode Auto
Adapted frequency 50.0 Hz

EVENT MASKS for OBJECTS
DI EVENT TEXTS
LOGIC EVENT ENABLING
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If a change is made to a given parameter, which affects other values on the page,
these other values do not automatically update. Refresh the content or enable
the Auto-refresh function. This aspect depends on type of change being made.
Updating the page with the browser refresh function is also an option, but can
provide a slower response time than the Webset refresh functionality.

For some parameter changes, the editing of a value requires the 857 Protection
System to restart. In this case, the edited field will turn yellow after the submit
button has been clicked to indicate that a restart is required. The Protection
System protective mode has been changed to Feeder Protection Mode from
Motor Protection Mode. The yellow color (Figure 29) signifies that a restart of
the Protection System is required to initialize this change.

Figure 29 - Parameter Change Requiring Restart

Webset: 857 Bulletin
Logged in as: Configurator

DEVICE INFO DEVICE INFO

MEAZUREMENTS

(CURRENT HAFMONMCS Main location mcc #
WVOLTAGE HARMONICS

POWER % Suplocation Motor XX
PO-DIAGRANM Name for this device Protected target
ENERGY

PHASOR DIAGRAM

RMS MEASURING Device name Bulletin
MONTH MAX = Fy=
CURRENT MINIMUNS and MAXIMUMS

VOLTAGE MINMUMS and MAXIMUMS Application mode SEEIED
POWER MINIMUMS and MAXIMUMS T

DEMAND VALUES

RMS DEMAND VALUES Enable language for PC Off
DIGITAL INPUTS I pree |
MNAMES for DIGITAL INPUTS Phase-to-earth voltage UL3 4065V
VIRTUAL INPUTS

o VIRTUAL RFUTS 101 residual current 1934
NAMES for OUTPUT RELAY'S lo2 residual current 0.000 A
VIRTUAL OUTPUTS

NAMES for VIRTUAL OUTPUTS Calculated lo 5894
EVENT BUFFER Zero sequence voltage 56.8 %
DISTURBANCE RECORDER Frequency 50003 Hz
INCOMER SC FAULT LOCATOR

DISTANCE TO EARTH FAULT Adapted frequency 50.0 Hz
FEEDER FAULT LOCATOR

To restart the protection system follow these steps.

1. Click the Restart Device button on the Webset page
2. Click OK.

3. Refresh to make sure that the views are updated.
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Application

Protection Functions

Protection Functions

Each protection stage can independently be enabled or disabled according to
the requirements of the intended application.

The device limits the maximum number of enabled stages to about 30,

depending on the type of the stages. For more information, see Configuration

and Parameter Setting on page 43.

Table 5 - List of Protection Functions

IEEE/ANSI Code | IEC Symbol Function Name Page
25 df/dv Synchrocheck 138
14 U< Speed switch input 128
27 U< Undervoltage protection
U<<<
32 P< Reverse and underpower protection 131
P<<
37 I< Undercurrent protection 93
38 l2> RTDs 81,82
460 Current unbalance protection
460 @ [2>> Phase reversal / incorrect phase sequence protection | 85
48" lst> Stall protection 86
49 ™ Thermal overload protection 2
50/51 I> Overcurrent protection 70
I>>
>>>
50ARC Arcl> Optional arc overcurrent protection 151
50BF (BFP Circuit-breaker failure protection 141
50N/51N lo> Earth-fault protection 104
50G/51G lo>>
50GS/516GS lo>>>
lo>>>>
50NARC Arclor> Optional earth-fault protection 151
Arclo>
S0NC/5INC (apacitor-bank unbalance protection 114
55PF Power Factor Relay
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Table 5 - List of Protection Functions (Continued)

IEEE/ANSI Code | IEC Symbol Function Name Page
59N Up> Zero sequence voltage protection 18
Up>>
59 u> Overvoltage protection 125
U>>
U>>>
661" N> Frequent start protection 90
67 lp> Directional overcurrent protection 15
I‘p>>
lg>>>
lg>>>>
67N log> Directional earth-fault protection 3
lop>>
67NI loint Directional transient intermittent earth-fault 109
protection
68F2 lp> Second harmonic overcurrent protection 146
68F5 l¢s> Fifth Harmonic Overcurrent Stage 147
81,81H, 81L f>< Frequency protection 132
>><<
79 AR Reclose 132
8iL f< Underfrequency protection
f<<
81R df/dt Rate of change of frequency (ROCOF) protection 134
86 Selective lockout
99 Prg1...8 Programmable stages 148

(1)  Some stages vary between feeder or motor protective modes.
(2) Voltage phase reversal / incorrect phase sequence indication is provided through various parameters. See Appendix A.

Setting Groups

The setting groups are controlled by using digital inputs or other assigned
inputs. Up to four setting groups can be available depending on the version of
the Protection System firmware. When none of the assigned input/inputs is/
are not active, the parameter ‘SetGrp no control state’ defines the active setting
group. When controlled input activates, the corresponding setting group is
activated as well. If multiple inputs are active simultaneously, ‘SetGrp priority’
defines the active setting group. By using virtual I/O, the active setting group
can be controlled. Also by using the local panel display, any communication
protocol, or the built-in programmable logic functions. The status of a
protection stage can be any of the following list:

K="~ Stage is not detecting any fault.

Blocked Stage is detecting a fault but is blocked for some reason.

Start (Alarm) Stage has begun counting the operation delay and is an Alarm state.
Trip Stage has tripped and the fault s still active.
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IMPORTANT  Since the 857 relay is designed to be applied in any global location, the term
‘Start'is used universally throughout the product to indicate that protective
element or condition is in an alarm state or condition. This term is used
throughout the product and this document.

The status of a protective stage can show Blocked. The block can be due to an
active signal through the block matrix from other stages, the programmable

logic, or any digital input. Some stages also have built-in logic for blocking. For
example, an under frequency stage is blocked if the voltage is too low. For more

details about block matrix, see Measurement Functions on page 213.
Forcing a Start or Trip Condition for Testing

The “Force flag” parameter forces the status of any protection stage to be
“start” or “trip” for a half second. By using the parameter, no current or voltage
injection to the Protection System is required check the following:

¢ The output matrix configuration.
e The wiring from the output relays to the circuit breaker or contactor.

¢ The communication protocols are correctly transferring event
information to a remote system.

After testing, the force flag automatically resets 5 minutes after the last local
panel push button activity.

The force flag also enables the forcing of the output relays and the forcing of
the optional mA outputs. Force Flag is found in the Relays menu.

Figure 30 - Force Flag
RELAY S

RELAY S

Trip Relay 1

Trip relay 2

Trip relay 3

Trip relay 4

Alarm relay 1

Alarm relay 2

Line alarm relay
Interlock alarm relay

Process Alarm

0 2 90 9 a4 o 0 9 9O =

Service status output

Enable forcing On
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Start and Trip Signals

Every protection stage has two internal binary-output signals, start and trip.
The start signal is issued when a fault is detected (Alarm condition). The trip
signal is issued after the configured operation delay, unless the fault disappears
before the end of the delay time. These conditions can be configured to Trip or
Alarm relays or virtual outputs.

Output Matrix

The output matrix is used to connect the internal start and trip signals to the
output relays and indicators, see Control Functions on page 231.

Blocking

Any protection function, except arc protection, can be blocked with internal
and external signals when the block matrix is used. See Measurement Functions

on page 213). For example, internal signals are logic outputs and start and trip

signals from other stages and external signals are digital and virtual inputs.

Some protection stages have the blocking functions built-in. For example,
under-frequency protection has the blocking for undervoltage built-in to avoid
tripping when the voltage is off.

When a protection stage is blocked, it does not pick up if a fault condition is
detected. If the blocking is activated during the operation delay, the delay
counting is frozen until the blocking goes off or the pick-up reason. If the stage
is tripping, the blocking has no effect.

Retardation Time

Retardation time is a protection the Protection System requires to notice that a
fault has been cleared during the operation time delay. This parameter is
important when grading the operation time-delay settings between Protection
Systems. If the delay setting was slightly shorter, an unselective trip can occur

(the dash line pulse).
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Figure 31 - Retardation Time
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For example, when there is a large fault in an outgoing feeder, it can start (that
is pick-up both the incoming and outgoing feeder Protection System). Clear
the fault by the outgoing feeder relay. The incoming feeder relay must not trip.
Set the operating delay of the incoming feeder so that it is greater than at the
outgoing feeder. The incoming feeder can still trip if the operation time
difference is inadequate. The difference must be more than the retardation
time of the incoming feeder relay, plus the operating time of the outgoing
feeder circuit breaker.

Figure 31 shows an overcurrent fault as seen by the incoming feeder, when the
outgoing feeder does clear the fault. An unselective trip can happen (the
dashed 40-ms pulse in the figure) if cither the following occurs:

e The operation delay setting is slightly shorter.

e The fault duration is slightly longer than in the figure.

The 857 Protection System retardation time is less than 50 ms.
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Reset Time (Release Time)

Figure 32 shows an example of reset time (release delay) when the Protection
System is clearing an overcurrent fault. When the protection system trip
contacts are closed, the circuit breaker (CB) starts to open. After the CB
contacts are open, the fault current still flows through an arc between the
opened contacts. The current is finally cut when the arc extinguishes at the
next zero -crossing of the current (the start moment of the reset delay). After
the reset delay, the trip contacts and start contact are opened unless the latching
is configured. The reset time varies from fault to fault depending on the fault
size. After a significant fault, the time is longer. The reset time also depends on
the specific protection stage. The maximum reset time for each stage is
specified in Chapter 10. For most stages, it is less than 95 ms.

Figure 32 - Reset Time
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Hysteresis or Deadband

When comparing a measured value against a pick-up value, some amount of
hysteresis is required to avoid oscillation near any equilibrium situation. With
zero hysteresis, any noise in the measured signal or any noise in the
measurement itself would cause unwanted oscillation between a fault-on and
fault-off situation.
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In overcurrent and overvoltage
stages, the hysteresis (deadband)
acts according to this figure

In undercurrent and under
frequency stages, the
hysteresis (deadband) acts
according to this figure

Function Dependencies

Figure 33 - Behavior of a Greater Than Comparator
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Figure 34 - Behavior of a Less Than Comparator
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Application Modes

There are two application modes available within the protection system the
feeder protective mode and the motor protective mode. In feeder protective
mode, all current-dependent protection functions are relative to nominal
current I, derived by CT ratios. The motor protection functions are
unavailable in the feeder protective mode. In the motor protective mode, all
current-dependent protection functions are relative to the nominal current
I,,oc of the motor. The motor protective mode enables motor protection
functions. All functions that are available in the feeder protective mode are also
available in the motor protective mode.

The application mode can be changed with the SetPointPS software or from
CONF menu in the device. To change the application mode, it requires the
configurator password, and a restart of the protection system.
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Current Protection Function Dependencies

The current based protection functions are relative to Iy;opg, which is
dependent on the application mode. In motor protective mode, all current
based functions are relative to Iy;yT, and in the feeder protective mode to I,
with the following exceptions.

L,> (46), I,>> (46), I ;> (48), and N> (66) are dependent on Iy and are

only available when the application mode is motor protection.

Opvercurrent protection is used against short circuit faults and heavy overloads.

The overcurrent function measures the fundamental frequency component of
the phase currents. The protection is sensitive for the highest of the three phase
currents. Whenever this value exceeds the pick-up setting of a particular stage,
this stage picks up and a start signal is issued. If the fault situation remains
longer than the operation delay setting, a trip signal is issued.

IMPORTANT  When the 857 is used for control and protection of fuse and contactor based
configuration (E2), 50/51 protection elements should only be used for
alternative functions or used to block the tripping of the switching device for
currents greater than the switching device's interrupting rating.

Three Independent Stages

There are three adjustable overcurrent stages I>, I>>, and I>>>. The first stage
I> can be configured for definite time (DT) or inverse time operation
characteristic (IDMT). The stages [>> and I>>> have DT operation
characteristic. By using the definite delay type and setting the delay to its
minimum, an instantaneous (ANSI 50) operation is obtained.

Figure 35 shows a functional block diagram of the I> overcurrent stage with
DT and inverse time operation time. Figure 36 shows a functional block
diagram of the I>> and I>>> overcurrent stages with DT operation delay.

Inverse Operation Time

Inverse delay means that the operation time depends on the amount the
measured current exceeds the pick-up setting. The bigger the fault current, the
faster the operation. Accomplished inverse delays are available for the I> stage.
The inverse delay types are described in Inverse Time Operation on page 154.
The device shows the currently used inverse delay curve-graph on the local

panel display.
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Inverse Time Limitation

The maximum measured secondary current is 50 x Iy, which limits the scope

of inverse curves with high pick-up settings. See Inverse Time Operation on

page 154.

Cold Load and Inrush Current Handling

See Cold Load Pick-up and Inrush Current Detection on page 178.

Setting Groups

There are four settings groups available for each stage. Use digital inputs,
virtual inputs (mimic display, communication, logic), and manual control to

switch between setting groups.

Figure 35 - Block Diagram of the Three-phase Overcurrent Stage 1> and I'>
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Figure 36 - Block Diagram of the Three-phase Overcurrent Stage I>> and I>>>
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Table 6 - Parameters of the Overcurrent Stage 1> (50/51)

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F0
Trip f(1)
TripTime s Estimated time to trip
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group st
SGrpDI Digital signal to select the active setting group:
- None
DIx Digital input
Vix Virtual input st
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status, forcing for test purposes. A common flag set®
On for all stages and output relays, too. This flag is automatically
reset 5 minutes after the front panel button are last used.
ILmax A The supervised value. Max. of IL1, IL2, and IL3
1> A Pick-up value that is scaled to primary value
1> xImode | Pick-up setting set®
Curve Delay curve family
DT Definite time
IEC Inverse time. See Inverse Time Operation on page 154.
IEEE Set®
IEEE2 Pre 1996
RI
PrgN
Type Delay type Set®
DT Definite time
NI Inverse time. See Inverse Time Operation on page 154.
Vi Inverse
El Inverse
Tl Long Time Inverse
Parameters
t> s Definite operation time (for Definite Time only) Set®)
k> Inverse delay multiplier (for inverse time only) Set®)
DIy20x S Delay at 20xIset
Dly4x S Delay at 4xIset
Dly2x S Delay at 2xlset
DIy1x S Delay at 1xlset
IncHarm On /Off Include Harmonics
Delay curves Graphic delay curve picture (only local display)
AB,CD,E User constants for standard equations. set®

Type = parameters. See Inverse Time Operation on page 154.

(1) F=Editable when force flag is on
(2) C=(an be cleared to zero.
(3) Set=An editable parameter (password required).
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Missing Recorded Value

Table 7 - Recorded Values

L0G1 Date and time of trip

Type Fault type

Flt xIMODE Fault current

Load xIMODE Pre-fault current

Edly % Elapsed delay time

SetGrp Active set group during default

Table 8 - Parameters of the Overcurrent Stages I>>, I>>> (50/51)

For details on setting ranges, see Protection Stages on page 351.

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start 3
Trip F
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group Set®
SGrpDI Digital signal to select the active setting group Set®
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status, forcing for test purposes. A common Set®)
On flag for all stages and output relays, too. Automatically reset
by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2, and IL3
I>> A Pick-up value that is scaled to primary value
>>>
I>> xImode | Pick-up setting Set®)
I>>>
t>> s Definite operation time Setl
t>>>
IncHarm On Include harmonics Set
off

(1) F=Editable when force flag is on.
(2) C=C(anbe cleared to zero.
(3) Set=An editable parameter (password required).
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Recorded Values of the Latest Eight Faults

Detailed information is available on the eight latest faults: Time stamp, fault
type, fault current, load current before the fault, elapsed delay, and setting

group.

Table 9 - Recorded Values of Overcurrent Stages (Eight Latest Faults) I>, I>>, I>>> (50/51)

Parameter | Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss: ms Time stamp, time of day
Type Fault type:
1-N Ground fault
2-N Ground fault
3-N Ground fault
1-2 Two-phase fault
2-3 Two-phase fault
3-1 Two-phase fault
123 Three-phase fault
Flt ximode Maximum fault current
Load ximode 1-s average phase currents before the fault
EDly % Elapsed time of the operating time setting. 100% = trip
SetGrp 1...4 Active setting group during fault

Remote Controlled Overcurrent Scaling

Pick-up setting of the three overcurrent stages can also be controlled remotely.
In this case, only two coefficients for scaling are possible100% (the scaling is
inactive) and any configured value between 10...200% (the scaling is active).
When scaling is enabled, all settings of group one are copied to group two. But
the pick-up value of group two is changed, according to the given value
(10...200%).

e This feature is enabled/disabled through SetPointPS$ or by using the
local panel. When using SetPointPS, the scaling can be activated and
adjusted in the “protection stage status 2” —menu. The local panel has
similar settings that are found in the “prot” -menu.

e Itisalso possible to change the scaling factor remotely by using the
Modbus TCP —protocol. When changing the scaling factor remotely,
the value of 1% is equal to 1. Check the correct Modbus address for this
application from the SetPointP$ or from the communication parameter
list.
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Directional Overcurrent
Protection Iq,> (67)

Figure 37 - Example of Remote Scaling

Group 2 o/c remote scaling

Enable

Grp. 2 remote scaling / 150 %
Set group DM control - Z/ \
Group 2
Pick-up setting
Pick-up setting 1.00 xin 1.50 xin
Delay curve family IEC IEC
Delay type H 1]
Inv. time coefficient k .20 0.20
Inverse delay (20x) 045 s 045 s
Inverse delay () 99 s 099 s
Inverse delay (1x) 141,83 s 1HM.15 s

| Include harmonics (11§ |

Figure 37 shows the effect of remote scaling. After enabling, group is changed
Figure 37 8 g group 8
from group one to group two and all settings from group one are copied to
group two. The difference is that group two uses scaled pick-up settings.

IMPORTANT  When the remote scaling function is used, all settings of group 2, 3, and 4
are placed. This function cannot be used simultaneously with normal group
changes.

The directional overcurrent protection can be used for directional short circuit
protection. Typical applications are the following:

e Short circuit protection of two parallel cables or overhead lines in a
radial network.

e Short circuit protection of a looped network with one feeding point.

e Short circuit protection of a two-way feeder, which usually supplies
loads but is used in special cases as an incoming feeder.

e Directional earth-fault protection in low impedance earthed networks.
In this case, the device must be connected to line-to-neutral voltages
instead of line-to-line voltages. The voltage measurement mode must be

“3LN” (see Voltage Measurement Mode on page 217).

The stages are sensitive to the amplitude of the highest fundamental frequency
current of the three measured phase currents. The phase angle is based on the

phase angle of the three-phase power phasor. For details of power direction, see
Direction of Power and Current on page 220. A typical characteristic is shown
in Figure 38. The base angle setting is —30°. The stage picks up, if the tip of the

three-phase current phasor gets into the gray area.
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-Inductive

2°

-res.

-res.

90°

TIP  To connect for the right direction for earth-faults:

If the maximum earth-fault current is greater than the most sensitive
directional overcurrent setting, connect the device to the line to neutral
voltages.

For networks having the maximum possible earth-fault current less than
the overcurrent setting, use 67N, the directional earth-fault stages.

Figure 38 - Example of Protection Area of the Directional Overcurrent Function

+90°
-inductive +capaci£i0ve
Set Value
- : 0° +res.
2 liowp
Trip Area
\\\A
Base Angle =-30°
leautr
-Capacitive | +Inductive
-90°

Three modes are available: directional, ,non-directional and directional +
back-up Figure 39. In the non-directional mode, the stage is acting just like an

ordinary overcurrent 50/51 stage.

Directional+back-up mode works the same way as directional mode but it has
undirectional back-up protection in case a close-up fault forces all voltages to
about zero. After the angle memory hold time, the direction would be lost.
Basically the directional+backup mode is required when operation time is set
longer than voltage memory setting and no other undirectional back-up

protection is in use.

Figure 39 - Difference Between Directional Mode and Non-directional Mode

+Capacitive

Directional

Set Value 0°

-Capacitive

76

-90°

+res.
Base Angle =0°

Trip Area

+Inductive
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An example of bi-directional operation characteristic is shown in Figure 40.
The right side stage in this example is the stage I(p> and the left side is I<P> >,
The base angle setting of the I(p> is 0° and the base angle ofI(P> > is set to —180°.

Figure 40 - Bi-directional Application with Two Stages | ,> and | ,>>

+90°
-Inductive. | +Capacitive
40
lpp>>TripArea ~ — 7|
SetValue Set Value
} " 0°
-res. +65.

Base Angle=0°
Base Angle=-180°
Ipi>>Trip Area

-Capacitive | +Inductive.

-90°

The stage picks up and issues a start signal when any of the three phase
currents:

o Exceeds the setting value.

e Isin directional mode and has a phase angle including the base angle
within the active + 88° wide sector.

If this fault situation remains on longer than the delay setting, a trip signal is
issued.

Four Independent Stages
There are four separately adjustable stages available: o> [p>>, [;>>>, and
I(p> >>>,

Inverse Operation Time

Stages 1> and I>> are configured for Definite Time (DT) or inverse time
characteristic. See Inverse Time Operation on page 154 for available inverse
delays. Stages I,>>> and Iy>>>> have DT operation delay. The device shows a
scalable graph of the configured delay on the local panel display.

Inverse Time Limitation

The maximum measured secondary current is 50 x Iyy. This maximum limits

the scope of inverse curves with high pick-up settings. See Inverse Time

Operation on page 154.

Rockwell Automation Publication 857-UM001D-EN-P - June 2020 77



Chapter3  Protection Functions

Cold Load and Inrush Current Handling

See Cold Load Pick-up and Inrush Current Detection on page 178.

Setting Groups

There are four settings groups available for each stage. Use digital inputs,
virtual inputs (mimic display, communication, logic), and manual control to
switch between setting groups. For details on setting ranges, seeProtection

Stages on page 351.

Figure 41 shows the functional block of the Iq)> stage.

Figure 41 - Block Diagram of the Three-phase Overcurrent Stage | ,>
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uz3 Angle » = & | Register
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~ T
Dir/ Base  Setting  pelay Definite/ Multiplier  Enable Events
Not-dir Angle  Idir>s InverseTime  Inverse Time
Characteristics

Table 10 - Parameters of the Directional Overcurrent Stages Iq,>, Iq,>> (67)

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F0)
Trip o
Trip Time S Estimated time to trip
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group Set®
SGrpDI Digital signal to select the active setting group: Set®)
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status forcing for test purposes. A common Set®)
On flag for all stages and output relays, too. Automatically
reset by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, L2, and IL3
lo> A Pick-up value that is scaled to primary value
lg>>
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Table 10 - Parameters of the Directional Overcurrent Stages Iq,>, Iq,>> (67) (Continued)

Parameter | Value Unit Description Note
lo> ximode | Pick-up setting Set®)
lg>>
Curve Delay curve family: Set ¥
DT Definite time
IEC Inverse time. See Inverse Time Operation on page 154.
IEEE
IEEE2
RI
PrgN
Type Delay type: set®)
DT Definite time
NI Inverse time
Vi Very Inverse
El Extremely Inverse
LTl Long Time Inverse
Parameter
s
t> S Definite operation time (for Definite Time only) Set®)
k> Inverse delay multiplier (for inverse time only) set®)
Dly20x s Delay at 20 lyyope
Dly4x s Delay at 4 1,44e
Dly2x s Delay at 2 lyope
Dly]X S Delay at 1XIM0DE
Mode Dir Directional mode (67) Set®)
Undir Undirectional (50/51)
Offset ? Angle offset in degrees Set®
[0} ? Measured power angle
U1 %Un Measured positive sequence voltage
AB,CD,E User constants for standard equations. Type = Set®)

Parameters. See Inverse Time Operation on page 154.

(1)  F=Editable when force flag is on

(2) C=(an be cleared to zero

(3) Set=An editable parameter (password required)

Rockwell Automation Publication 857-UM001D-EN-P - June 2020

79



Chapter 3

Protection Functions

80

Table 11 - Parameters of the Directional Overcurrent Stages Iq,>>>, Iq,>>>> (67)

Parameter | Value | Unit Description Note
Status - Status of the stage
Blocked
Start F)
Trip 3
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group set®
SGrpDI Digital signal to select the active setting group: Set®
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status forcing for test purposes. Force isa common Set®
On flag for all stages and output relays. Automatically reset by a 5-
minute timeout.
ILmax A The supervised value. Max. of IL1, IL2, and IL3
lg>>> A Pick-up value that is scaled to primary value
lg>>>>
lg>>> ximode | Pick-up setting Set®
%>>>>
t>>> S Definite operation time (for Definite Time only) Set®)
t>>>>
Mode Dir Directional mode (67) set®
Undir Undirectional (50/51)
Offset ? Angle offset in degrees set®
[0} ? Measured power angle
U1 %Un Measured positive sequence voltage

(1) F=Editable when force flag is on.

(2) C=(an be cleared to zero.

(3) Set=An editable parameter (password required).

For details on setting ranges, sce Protection Stages on page 351.
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Current Unbalance Stage I,>
(46) in Feeder Protection
Mode

Recorded Values of the Latest Eight Faults

Detailed information is available on the eight latest faults: Time stamp, fault
type, fault current, load current before the fault, which is elapsed delay, and
setting group.

Table 12 - Recorded Values of the Directional Overcurrent Stages (8 Latest Faults)
Iq,>, I(p>>, Iq,>>>, Iq,>>>> (67)

Parameter | Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Type Fault type:
1-N Ground fault
2-N Ground fault
3-N Ground fault
1-2 Two-phase fault
2-3 Two-phase fault
3-1 Two-phase fault
1-2-3 Three-phase fault
Flt xin Maximum fault current
Load xin 1-s average phase currents before the fault
EDly % Elapsed time of the operating time setting. 100% = trip
Angle ? Fault angle in degrees
U1 xUn Positive sequence voltage during fault
SetGrp 1...4 Active setting group during fault

The unbalance stage detects unbalanced load conditions. For example, a
broken conductor or a heavy loaded overhead line if there is no earth-fault.

The operation of the unbalanced load function is based on the negative-phase-
sequence component I, related to the positive-phase sequence component I;.

This function is calculated from the phase currents with the method of
symmetrical components. The function requires that the measuring inputs are
connected correctly so that the rotation directions of the phase currents are as

in apter 9. The unbalance protection has operation characteristic.
Chapter 9. The unbalance protection has DT operation characterist

I

— , where
1

K2 =
=1, +alj, +a%l 5
2= ILI + aZILz + aIL3

a = 1£120° = — % +] 73 , a phasor rotating constant.
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Setting Parameters of
Current Unbalance
Stage |,> (46)

Measured and Recorded
Values of Current Unbalance
Stage |,> (46)

Current Unbalance
Protection 1,> (46) in Motor
Protection Mode

82

Table 13 - Parameter Value Unit-default Description

Parameter Value Unit Default Description

lh/ly 2...70 % 20 Setting value, I/l

> 1.0...600.0 s 10.0 Definite Operating

Time

Type DT — DT The selection of time
INV characteristics

S_On Enabled/Disabled — Enabled Start on event

S_off Enabled/Disabled — Enabled Start off event

T_On Enabled/Disabled — Enabled Trip on event

T_off Enabled/Disabled — Enabled Trip off event

Table 14 - Parameter Value Unit-default Description

Parameter Value Unit Description
Measured Value /1 % Relative negative-
sequence component
Recorded Values SCntr Cumulative start
counter
TCntr Cumulative start
counter
Fit % Maximum I/l fault
component
EDly % Elapsed time as
compared to the set
operating time,
100% = tripping

Current unbalance in a motor causes double frequency currents in the rotor.
This unbalance warms up the surface of the rotor. The available thermal
capacity of the rotor is much less than the thermal capacity of the whole motor.
An rms only current based overload protection (see Thermal Overload
Protection T> (49) on page 121) cannot prevent a motor from a current
unbalance.

The current unbalance protection is based on the negative sequence of the base
frequency phase-currents. Both definite and inverse time characteristics are
available. Incorrect current phase sequencing to the 857 can result in abnormal
and extreme unbalanced values.
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Inverse Delay
Equation 3.1

The inverse delay is based on this equation.

K
T = __1__2_1____ , where
Eum
IMO

T = Operation time (in seconds).

K, = Delay multiplier.

I, = Measured and calculated negative sequence phase current of
fundamental frequency.

Ivor = Nominal current of the motor.

K, = Pick-up setting I, > in pu. The maximum allowed degree of
unbalance.

Example:

Kl = 15s

Iz = 22.9% =0.229 x IMOT

Kz = 5% = 0.05 x IMOT

t = 15 = 300.4 seconds

2
(0.2129) 005

The operation time in this example is 5 minutes.

More Stages (DT Delay Only)

If multiple DT delay stages are needed for current unbalance protection, the
freely programmable stages (99) can be used (see Programmable Stages (99) on

page 148).

Setting Groups

There are four settings groups available for each stage. Use digital inputs,
virtual inputs (mimic display, communication, logic), and manual control to
switch between setting groups.
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The longest delay is
limited to 1000 seconds
(16 Min 40s).

Operation Time
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Figure 42 - Inverse Operation Delay of Current Unbalance Stage I,>

0 20 40 60 80 100
Negative Sequence current; | (%)
Table 15 - Parameters of the Current Unbalance Stage |,> (46)
For details on setting ranges, see Protection Stages on page 351.
Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F0)
Trip o
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group Set®
SGrpDI Digital signal to select the active setting group: set®
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status forcing for test purposes. A common flag for set®
on all stages and output relays, too. Automatically reset by a 5-
minute timeout.
I/ lmot %Imot | The supervised value.
ly> %Imot | Pick-up setting Set®
t> S Definite operation time (Type=DT) Set®)
Type DT Definite time set®
INV Inverse time (See Equation 3.1)
K1 s Delay multiplier (Type =INV) Set®)

(1) F=Editable when force flag is on.

(2) C=(an be cleared to zero.

(3) Set=An editable parameter (password required).
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Incorrect Phase Sequence
Protection I,>> (46)

Incorrect Phase Sequence
(Voltage Based)

Recorded Values of the Latest Eight Faults

Detailed information is available on the eight latest faults: Time stamp,
unbalance current, elapsed delay, and setting group.

Table 16 - Recorded Values of the Current Unbalance Stage (8 Latest Faults) I,> (46) in Motor
Protection Mode

Parameter | Value Unit | Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Flt %Imot | Maximum unbalance current
EDly % Elapsed time of the operating time setting. 100% = trip
SetGrp 12 Active setting group during the fault

The phase sequence stage helps prevent the motor from running in the wrong
direction. When the ratio between negative and positive sequence current
exceeds 80%, the phase sequence stage starts and trips after 100 ms. Visual
indication of correct voltage and current phase sequencing is provided through
the relay measurement functions.

Table 17 - Parameters of the Incorrect Phase Sequence Stage: I,>> (46)

Parameter | Value/unit | Description
Measured 12/ % Negative phase sequence current/positive phase sequence
value current
Recorded SCntr Start counter (Start) reading
values
TCntr Trip counter (Trip) reading
Flt % Max. value of fault current
EDly % Elapsed time as compared to the set operate time, 100% =
tripping

A 857 relay also provides functional feedback related to desired phase sequence
requirements based on three phase voltage references voltage, similar to IEEE
device 47. The 857 relay provides voltage phase sequence verification via
several parameters within the Ethernet/IP™, Modbus, and IEC 61850 protocol
stacks as well as on the front display of the relay. These indicators include
values for:

e Dositive Sequence Voltage
e Negative Sequence Voltage
e Percentage of Negative Sequence Voltage to Positive Sequence Voltage

e Voltage Phase Sequence condition indication (OK, Reversed, or
Unknown).

Refer to the Parameter Listing in Appendix A.
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The stall protection (unit I;>) measures the fundamental frequency

component of the phase currents.

Protection (stage I,>) can be configured for definite time or inverse time

operation characteristic.

The stall protection stage helps protect the motor against prolonged full voltage
starts caused by a stalled rotor. The pickup setting I, > is the current detection
level for a motor start, too high of load inertia, or too low of system voltage. This
protection stage is sensitive to the fundamental frequency component of the
phase currents. The I > stage can be configured for definite operation time or
inverse-time operation characteristics. For a weak power system voltage, the
inverse characteristic is useful. This characteristic allows more start time when the
voltage drop decreases the starting current, and increases the starting time.
Figure 43 shows an example of the inverse characteristics.

If the measured current is less than the specified start current (IgragrT), the
operation time is longer than the specified start time (TgyagrT) and vice versa.
While the current has been under 10% of Iy o, and Ig,,,, is exceeded by

200 milliseconds. The stall protection stage starts to count the operation time
TgrarT according to Equation 3.2 . The equation is also drawn in Figure 43.
When current drops below 120% x Iy, the stall protection stage releases. Stall
protection is active only during the start of the motor.

Equation 3.2

2
T = (I—ST——ART) Tgrirr , where

IMEAS
T = Operation time in seconds
IgTART = Start current of the motor. Default 6.00 x Iy;ot
IMEAS = Measured current during start
TorarTr = Maximum allowed start time for the motor
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Figure 43 - Operation Time Delay of the Stall Protection Stage I ;>
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If the measured current is less than the specified start current Iga g, the
operation time is longer than the specified start time Tga g and vice versa.

Figure 44 - Block Diagram of the Stall Protection Stage I ;>
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Table 18 - Parameters of the Stall Protection Stage: 1> (48)

Parameter | Value/unit | Description

Setting ImotSt xImot Nom motor starting current
values Ist> %Imot Motor start detection current. Must be less than initial motor
starting current.
Type DT Operation characteristic /definite time
Inv Operation characteristic/ inverse time
tDT> S Operation time [s]
tnv> S Time multiplier at inverse time
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Parameter | Value/unit | Description
Recorded SCntr Start counter (Start) reading
values
TCntr Trip counter (Trip) reading
Flt ximot Max. value of fault.
EDly % Elapsed time as compared to the set operate time, 100% = tripping

Motor status is defined internally as Stopped, Starting, or Running.

Motor Stopped | The average current for the motor is less than 10% of the Nom current, Ir.

Motor Starting | To achieve this status condition, the motor must be in the Motor Stopped status for at least
500 ms before starting. The motor average current must increase above the setting for start
detection current within 200 ms. This status continues to be reported until the conditions for
the running state are reached.

Motor Running | The running status is achieved from the stop or start condition. The low limit for Motor
Running is 20% of the motor nominal current, ;o7 The high limit for Motor Running is 120%
of the motor nominal current, lyqr.

Figure 45 - Motor Status in SetPointPS Displayed on the Local Panel of the Protection System
MOTOR STATUS

Phase current IL oA HI:ITI:IE STHTI—IS

e i ExAQ |IL BH

e 2 ExDI [Status Storred

Elapsed time from motor start 9999 min E::{Dl:l Sl:r-lt-r-\I E

Motor starts in last hour 0 ih El:r-lt.r-\_ E )
Event enabling IEEE“'L 999-9[‘1 1K1

Ix Mot strs M.k
Trr

Mot start event
Mot started event

Motor running event

RRRR

Motor stopped event

The status of the motor can be viewed through the SetPointP$S software or by
the Mgt status display on the Protection System. These motor status
conditions are also found in the Output and Block Matrix. These status signals
can be used for tripping, indication, or for purpose of protection blocking.

Figure 46 - Motor Status in the Output and Block Matrix
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Motor Nominal Current (100%)

Motor Running Limit (20%)

Motor Stopped Speed Limit (10%)
Motor Current ILT+IL2+IL3/3

Motor Start Detection (Setting Value)

Motor Running Limit (120%)
Motor Nom Current (100%)

Motor Stopped Limit (10%)
Motor Current IL1+IL2+IL3 /3

Soft Starting

Frequency converter drives and voltage-based soft starters do not initiate the
Motor Starting status due to the lower currents during the starting of the
motor. The motor status changes directly from the Motor Stopped to Motor
Running position when the current increases to a certain level.

Figure 47 - Impact of a Soft Starting Profile

RUN

S \ STOP

Normal Starting Sequence

The default value for Start Detection is a value of six times the motor Nom
current (6 x Iy;o1)-

Figure 48 - Normal Start Sequence

Starting

Siop ]

l—pi
Must be less than 200 ms

The problem with various soft starting methods is the impact to the traditional
full voltage motor starting current profile. This will generally cause the 857 not
to engage the Motor Starting status indication.

As well, the protection settings tend to be done related to a full voltage start
and a normal runninglevel of protection. Thus, an alternative signal is required
to accomplish the blocking during starting.
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The most straightforward way is to provide an externally wetted (120...240V
sourced) contact to one of the digital inputs (DI7 through DI18). An Up to
Speed or bypass contactor status contact must be fed to a digital input on the
857. This can be used augment the motor start detection characteristics within

the 857.

In most cases, the soft starters and adjustable speed drives are already providing
good levels of start protection that is based on specific protection algorithms in
their control firmware. In most of these types of applications, the 857 is
providing a level of redundant start protection. However, the 857 can
accommodate these types of applications in several different ways. Many of the
857 protection elements can be adjusted to have multiple programmed
protective conditions if the customer so desires. The user can select from
Group 1 (default) through Group 4 setting by using any one of the digital

inputs as a switching command.

The most effective method is to use one or more control signals to Block select
protection elements during a given condition or state. In this case, a reduce
voltage or variable frequency start.

This is accomplished by using the Block Matrix feature. Any protection
function, except arc protection elements, can be blocked with internal control
and/or status signals or via external control signals. Internal and external
elements, conditions or status from items like logic outputs, protective
elements, start and trip signals and external digital and virtual inputs are
constantly monitored by the 857.

The most common way to start an asynchronous motor is to switch the stator
windings to the supply voltages. Each start heats up the motor considerably
because the initial currents are higher than the rated current.

If the motor manufacturer defines the maximum number of starts within 1
hour and/or the minimum time between two consecutive starts, this stage
helps prevent frequent starts.

When the motor current has been less than 10% of I;oT and then exceeds
Ig>, the situation is recognized as a Start. When the current is less than
10% x IyoTs the motor is regarded as stopped. See Motor Status on page 88
for additional details.

This stage produces a signal when the second last start has been completed. A
trip signal is normally activated and released when there are no starts left.

Figure 49 shows an application.
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Figure 49 - Application to Prevent Frequent Starts, Using N> Stage - Breaker Control
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The Frequent Start Protection must be adapted for use with electrically held
breakers or contactors. This adaption is due to the initiation or trigger point

that is used within the firmware. See Figure 50.

Figure 50 - Application to Prevent Frequent Starts, Using the N> Stage - Contactor Control

120 Vac 0Vac
857
T sTop “:17 START
_
et N a
®
11
4 1

The A1 contact, which is shown in Figure 50, is used to block subsequent starts
after the last programmed available start. The Al contact is mapped to the
“N>motor start inhibition” status signal in the output matrix.
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Table 19 - Parameters of the Frequent Start Protection: N> (66)

Parameter | Value/unit | Description
Measured Mot strs Motor starts in last hour
value - -
T Min Elapsed time from motor start
Setting values | Sts/h Max. starts in 1 hour
Interval Min Min. interval between two consecutive starts
Recorded SCntr Start counter (Start) reading
values - - -
TCntr Trip counter (Trip) reading
Descr 1StartLeft One start that is left, activates the N> start signal
MaxStarts | Max. start trip, activates the N> trip signal
Interval Min. interval between two consecutive starts has not yet been
elapsed, activates the N> trip signal
Tot Mot Strs Number of total motor starts
Mot Strs/h Number of motor starts in last hour
El. Time Min Elapsed time from the last motor start
from mot
Strt
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Undercurrent Protection
1< (37)

Directional Earth-fault
Protection lo,> (67N)

e undercurrent unit measures the fundamental frequency component of the
The und tunit the fund tal frequency tof th
phase currents.

The stage I< can be configured for DT characteristic.

The undercurrent stage helps protect the motor driven device, for example a
submersible pump, rather than the motor itself.

Table 20 - Parameters of the Undercurrent Stage: 1< (37)

Parameter | Value/unit | Description
Measured value | ILmin A Min. value of phase currents IL1...IL3 in primary value
Setting values | I< xImode Setting value as per times Imot
t< S Operation time [s]
Recorded values | SCntr Start counter (Start) reading
TCntr Trip counter (Trip) reading
Type 1-N Fault type/single-phase fault, for example, 1-N = fault on
2-N phase L1
3N
1-2 Fault type/two-phase fault, for example: 2-3 = fault between
2-3 [2and L3
1-3
1-2-3 Fault type/three-phase fault
Flt % Min. value of fault current as per times I,
Load % 1sis the mean value of pre-fault currents IL1—IL3
EDly % Elapsed time as compared to the set operate time, 100% =
tripping

The directional earth-fault-protection is used for earth-faults. This protection
is used in networks or motors where a selective and sensitive earth-fault-
protection is needed in applications with network structures and lengths that
vary.

The device consists of versatile protection functions for earth-fault-protection
in various network types.

The function is sensitive to the fundamental frequency component of the
residual current and zero sequence voltage, and the phase angle between them.
The attenuation of the third harmonic is more than 60 dB. When the Ijand
U size and the phase angle between I and —Uj, fulfills the pick-up criteria: the
stage picks up and a start signal is issued. If the fault situation remains on
longer than the setting for operation time delay, a trip signal is issued.
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Polarization

The negative zero sequence voltage —Uj is used for polarization, which is the
angle reference for I. The-Uj, voltage can be measured in two ways, by the
energizing input Uy or calculated from the phase voltages internally. The

measurement mode depends on the selected voltage measurement mode (see
Voltage Measurement Mode on page 217):

e LN: the zero sequence voltage is calculated from the phase voltages so

separate zero sequence voltage transformers are not needed. The setting
values are relative to the configured voltage transformer (V'T) voltage/

V3.

LL+Uj: The zero sequence voltage is measured with voltage

transformer, for example, fault-protection that uses a broken (open)
delta connection. The setting values are relative to the VT secondary

voltage that is defined in the configuration settings.

TIP  The Uysignal (X1-17 and X1-18) must be connected according to the
connection diagram (Figure 188 on page 341) to get a correct polarization.
The negative Ug, —Up, is connected to the device.

Modes for Different Network Types

The available modes are the following:

o ResCap

This mode consists of two sub modes, Res and Cap. A digital signal can
be used to switch dynamically between these two sub modes. This
feature can be used with compensated networks, when the use of a
Petersen coil or other system is temporarily switched off.

— Res
The stage is sensitive to the resistive component of the selected I,
signal. This mode is used with compensated networks (resonant
grounding) and networks that are earthed with a high resistance. In
this context, “high resistance” means that the earth-fault current is
limited to be less than the rated phase current. Compensation is done
with a Petersen coil or grounded resistor between the neutral point of
the main transformer and earth. The trip area is a half plane as shown
in Figure 52. The base angle is set to zero degrees.

- Cap
The stage is sensitive to the capacitive component of the selected I,
signal. This mode is used with unearthed/ungrounded networks.
The trip area is a half plane as shown in Figure 52. The base angle is

s€t to zero ngI‘CCS.
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e Sector
This mode is used with networks that are earthed with a small/low
resistance. In this context “small” means that the earth-fault current can
be more than the rated phase currents. The trip area has a shape of a
sector as shown in Figure 53. The base angle is set to zero degrees or
slightly on the lagging inductive side (that is negative angle).

e Undir
This mode makes the stage equal to the undirectional stage I>. The
phase angle and U amplitude setting are discarded. Only the amplitude
of the selected I input is supervised.

Input Signal Selection

Each stage can be connected to supervise any of these inputs and signals:

e Input Iy for all networks other than rigidly earthed.
e Input I, for all networks other than rigidly earthed.

o Calculated signal I, for rigidly and low impedance earthed
networks. IOCaIc = ILI + ILZ + IL3 = 310

Intermittent Earth-fault Detection

Intermittent earth-faults make the protection to “start” (to pick up), but does
not cause a trip. Here an intermittent fault means one cycle or more. For
shorter than 1-ms transient type of intermittent earth-faults in compensated
networks, there is a dedicated stage I ;> 67NI. When starting happens with
enough frequency, such intermittent faults can be cleared using the
intermittent time setting. When a new “start” happens within the set
intermittent time, the operation delay counter is not cleared between adjacent
faults and finally the stage trips.

Two Independent Stages

There are two separately adjustable stages: ;> and I>>. Both the stages can be
configured for definite time (DT) delay or inverse time delay operation.

Inverse Operation Time

Inverse delay means that the operation time depends on the amount the
measured current exceeds the pick-up setting. The bigger the fault current is
the faster the operation. Accomplished inverse delays are available for both
stages Ioo> and [oy>>. The inverse delay types are described in Inverse Time
Operation on page 154. The device shows a scalable graph of the configured
delay on the local panel display.
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Inverse Time Limitation

The maximum measured secondary residual current is 10 x Iy and maximum
measured phase current is 50 x I This setting limits the scope of inverse

curves with high pick-up settings. See Inverse Time Operation on page 154 for

more information.

Setting Groups

There are two settings groups available for each stage. Use digital inputs, virtual
inputs (mimic display, communication, logic), and manual control to switch
between setting groups.

Figure 51 - Block Diagram of the Directional Earth-fault Stages ly,> and lp,>>
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Figure 52 - Operation Characteristic of the Directional Earth-fault-protection in Res or Cap
Mode
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Figure 53 - Examples of Operation Characteristics of the Directional Earth-fault Stages in

Sector Mode
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TIP  The drawn |, phasor in both figures is inside the trip area.
The angle offset and half sector size are parameters that are user-defined.

Table 21 - Parameters of the Directional Earth-fault Stages Io(p>, Io(p>> (67N)

TRIP AREA

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F0
Trip F0)
TripTime S Estimated time to trip
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group Set®
SGrpDI Digital signal to select the active setting group: Set?
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status forcing for test purposes. A common Set®
On flag for all stages and output relays, too. Automatically
reset by a 5-minute timeout.
lo pu The supervised value according to the parameter “Input”.
lo2
loCalc
loPeak (lgy> only)
lo2Peak (log> only)
loRes pu Resistive part of | (only when “InUse”=Res)
loCap pu Capacitive part of I (only when “InUse”=(ap)
log> A Pick-up value that is scaled to primary value
log> pu Pick-up setting relative to the parameter “Input”and the set®
corresponding (T value
Uo> % Pick-up setting for Uy Set®
Uo % Measured Uy
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Table 21 - Parameters of the Directional Earth-fault Stages qu,>, qu,>> (67N) (Continued)

Parameter | Value Unit Description Note
Curve Delay curve family: Set )
DT Definite time
IEC Inverse time. See Inverse Time Operation on page 154.
IEEE
IEEE2
RI
PrgN
Type Delay type: Set®)
DT Definite time
NI Inverse time. See Inverse Time Operation on page 154.
Vi
El
Tl
Parameters
t> s Definite operation time (for Definite Time only) Set®
k> Inverse delay multiplier (for inverse time only) Set®)
Mode ResCap High impedance earthed nets Set®
Sector Low impedance earthed nets
Undir Undirectional mode
Offset ? Angle offset (MTA) for RecCap and Sector modes set®
Sector Default=88 | +° Half sector size of the trip area on both sides of the offset Set®
angle
ChCtrl Res/Cap control in mode ResCap: Set®)
Res Fixed to Resistive characteristic
Cap Fixed to Capacitive characteristic
DI...32 Controlled by digital input
Vi...4 Controlled by virtual input
InUse Selected submode in mode ResCap:
- Mode is not ResCap
Res Submode = resistive
Cap Submode = capacitive
Input lo1 X6-7,8,9.X1-7 and 8. See Applications on page 307. Set?)
lo2 X6-10, 11,12
loCalc ILT+I12+13
lo1Peak X6-7,8, 9 peak mode (Io(p> only)
l02Peak X6-10, 11,12 peak mode (1gy> only)
Intrmt s Intermittent time Set®)
DIy20x S Delay at 20xloset
Dly4x S Delay at 4xloset
Dly2x s Delay at 2xloset
DlyTx S Delay at 1xloset
AB,CDE User-defined constants for standard equations. Type = Set®)
parameters. See Inverse Time Operation on page 154.

(1) F=Editable when force flag is on.
(2) C=(an be cleared to zero.

(3) Set=An editable parameter (password required).

For details on setting ranges, sce Protection Stages on page 351.
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Recorded Values of the Latest Eight Faults

There is detailed information available of the eight latest earth-faults: Time
stamp, fault current, elapsed delay, and setting group.

Table 22 - Recorded Values of Directional Earth-fault Stages (Eight Latest Faults)

log>rlop>> (67N)
Parameter Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Flt pu Maximum earth-fault current
EDly % Elapsed time of the operating time setting. 100% = trip
Angle ? Fault angle of Ip. —Uy = 0°
Uo % Max. Uy voltage during the fault
SetGrp 1...4 Active setting group during fault

Table 23 - Directional Phase Overcurrent l¢> (67)

Parameter | Value Unit Description Note
lp>, lp>> ximode | Pick-up value that is scaled to primary value
lp>, lp>> Pick-up setting set
Curve Delay curve family: SetV
DT Definite time
IEC, IEEE, Inverse time. See Inverse Time Operation on page 154.
IEEE2, RI,
PrgN
Type Delay type set!
DT Definite time
NI, VI, I, Inverse time. See Inverse Time Operation on page 154.
LTl
Parameters
> k> s Definite operation time (for Definite Time only) Set”
DIy20x Inverse delay multiplier (for inverse time only) st
Dly4x S Delay at 20xImode
Dly2x s Delay at 4xImode
DlyTx S Delay at 2xImode
Mode S Delay at 1xImode
Dir Directional mode (67) st
Undir Undirectional (50/51)
Dir+back- Directional and undirectional back-up
up
Offset Angle offset in degrees
U/langle Measured U1/I1 angle
U1 Measured positive sequence voltage
A B CD,E User-defined constants for standard equations. set

Type=Parameters. See Inverse Time Operation on
page 154.

(1) Set=An editable parameter (password required).
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Table 24 - Parameters of the Directional Overcurrent Stages lo>>>, lo>>>> (67)

Parameter | Value Unit Description Note
Status Status of the stage
Blocked
Start F0
Trip F0
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1.4 Active setting group set
SqrpDI Digital signal to select the active setting group set®)
-Dix None
Vix Digital input
LEDx Virtual input
Vox Status Indicator indicator signal
off Virtual output
Force On Force flag for status forcing for test purposes. A common Set®)
flag for all stages and output relays, too.
Automatically reset by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2, and IL3
lp>>>> A Pick-up value that is scaled to primary value
lp>>>>
lp>>>> ximode | Pick-up setting st
lo>>>>
t>>> s Definite operation time (for Definite Time only Setd)
t>>> Dir
Mode Directional (67) Set®)
Undir Undirectional (50/571)
Dir+back- Directional and undirectional back-up
up
Offset ° Angle offset in degrees Set®
U/langle ° Measured U1/I1 angle
U1 % Un Measured positive sequence voltage

(1) F=Editable when force flag is on. For details of setting ranges, see Chapter 12.3 Protection functions.

(2) C=(an be cleared to zero.

(3) Set=An editable parameter (password required).
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Recorded Values of the Latest Eight Faults

There is detailed information available of the eight latest faults: Time stamp,
fault type, fault current, load current before the fault, elapsed delay, and setting

group.

Table 25 - Recorded Values of the Directional Overcurrent Stages (8 Latest Faults)

lp>, lp>>, lp>>>, lp>>>> (67)

Parameter | Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Type Fault type
1-N Ground fault
2-N Ground fault
3-N Ground fault
1-2 Two-phase fault
2-3 Two-phase fault
3-1 Two-phase fault
1-2-3 Three-phase fault
1-2-N Two-phase fault with earth contact
2-3-N Two-phase fault with earth contact
3-1N Two-phase fault with earth contact
1-2-3-N Three-phase fault with earth contact
Flt xIn Maximum fault current
Load Xin 1-s average phase currents before the fault
EDly % Elapsed time of the operating time setting. 100% = trip
Angle ° Fault angle in degrees
U1 xUn Positive sequence voltage during fault
SetGrp 1...4 Active setting group during fault
Direction Dir, undir, and dir+back-up
mode
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A faulty phase is initially recognized when a zero sequence overcurrent is
detected. The faulted phase or phases are detected in a two stage system:

1. Algorithm is using delta principle to detect the faulty phase/phases.

2. Algorithm confirms the faulty phase with neutral current angle
comparison to the suspected faulted phase.

On an Ideal Grounded Network

If thereisa forward earth-faultin phase L1, its current increases to create calculated
or measured zero sequence current at phase angle of 0°. If there is reverse earth-
fault in phase L1, its current decreases to create calculated or measured zero
sequence current at a phase angle of 180°.

If thereis forward earth-fault in phase L2, its current increases to create calculated
or measured zero sequence current at phase angle of -120°. If there is reverse
earth-fault in phase L2, its current decreases to create calculated or measured zero
sequence current at a phase angle of 60°.

If there is a forward earth-faultin phase L3, its current increases to create
calculated or measured zero sequence current. In phase current decreases to
create calculated or measured zero sequence current at a phase angle of -60°.

Implementation

When afaulty phase is recognized, it is recorded in the SO-N protection element
faultlog (also in eventlist and alarm screen). Toenable or disable the faulted
phase and the direction record function, use the Io>>, Io>>>, and Io>>>>
protection stage settings.

For compensated ground networks, the results of this algorithm are not
accurate or reliable. The algorithm depends on the network compensation
degree. For compensated networks, turn off this feature to avoid confusion or
false indications.

For high impedance earthed networks, the protection element includes a pull-
down menu in both setting groups. To permit the selection of grounding
network between RES or CAP. The RES selection is default selection and it is
for earthed networks. When the CAP selection is used, theI/O angle will be
corrected to theinductive direction of90°. After that, the faulty phase detection is
made.

Rockwell Automation Publication 857-UM001D-EN-P - June 2020



Protection Functions ~ Chapter 3

The possible detection, identification, and associated details for each condition
are listed in Table 26.

Table 26 - Earth-fault Phase Conditions

Condition Identification and Associated Details

FWDL1 Phase L1 increases above the set limit and two other phases remain inside the set (delta)
limit. The 1/0 current angle is +/- 60° from L1 phase angle.

FOW L2 Phase L2 increases above the set limit and two other phases remain inside the set (delta)
limit. The 1/0 current angle is +/- 60° from L2 phase angle.

FOW L3 Phase L3 increases above the set limit and two other phases remain inside the set (delta)
limit. The I/0 current angle is +/- 60° from L3 phase angle.

FWDL1-L2 Phase L1 and L2 increase above the set limit and phase L3 remains inside the set (delta)
limit. The /0 current angle is between L1 and L2 phase angles.

FWDL2-13 Phase L2 and L3 increase above the set limit and phase L1 remains inside the set (delta)
limit. The /0 current angle is between L2 and L3 phase angles.

FWD L3-L1 Phase L3 and L1 increase above the set limit and phase L2 remains inside the set (delta)

limit. The 1/0 current angle is between L3 and L3 phase angles.

FWD L1-12-13 All three phase currents increase above the set delta limit.

REV 1 (any one phase) | One phase decreases below the set delta limit and other two phases remain inside the
delta limit.

REV 2 (any two phases) | Two phases decrease below the set delta limit and third phase remains inside the delta
limit.

REV 3 (all three phases) | All three phase currents decrease below the set delta limit.

Figure 54 ... Figure 56 illustrates three simulated fault scenarios.

Figure 54 - Phase L1 Forward
IL1-IL3 -~ lo - IL1-IL3 - lo -

\ ey -

108.167 21.35 |1.55093e-...| -13.46 .364.725 -4477 | 303241 | £0.16

|

Figure 55 - Phase L2 Forward
B3 - o = L1-L3 - Io =

e ) D D D H
108.166 | 141.3 |1.70597e-...| -11.86 364727 | -164.8| 303243 | 179.8

Figure 56 - Phase L3 Forward
L1-L3 - Io - L - o =

D@0 4 D | oom A
108.166 | -98.65 | 1.5399%e-...| -21.9 364.728 | 75.23 303.243 59.84
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Block

Undirectional earth-fault-protection is used to detect earth-faults in low
impedance earthed networks. In high impedance earthed networks,
compensated networks, and isolated networks, undirectional earth-fault can be
used as back-up protection.

The undirectional earth-fault function is sensitive to the fundamental
frequency component of the residual current 31. The attenuation of the third
harmonic is more than 60 dB. Whenever this fundamental value exceeds the
pick-up setting of a particular stage, this stage picks up and a start signal is
issued. If the fault situation remains longer than the operation time-delay
setting, a trip signal is issued.

Figure 57 - Block Diagram of the Earth-fault Stage l,>
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-—th- —L — & T\ Bvent
1 »Trip
L— [ L
> _ / Register
g — & Event
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Time Inverse
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Characteristics

Figure 58 - Block Diagram of the Earth-fault Stages 1o>>, lp>>>, and I;>>>>
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Block

> [ ft &
ts tr L .
,_O & , Register
] Event
" L > Trip
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1 &

:

Setting lo>>s Delay Enable Events

Figure 57 shows a functional block diagram of the 15> earth overcurrent stage
with definite and inverse time operation. Figure 58 shows a functional block
diagram of the Iy>>, [)>>>, and [>>>> earth-fault stages with Definite
Time operation delay. This element can be configured to provide 50/51 G, GS
and N protection, depending on configuration.
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Input Signal Selection

Each stage can be connected to supervise any of these inputs and signals:
e Input Iy for all networks other than rigidly earthed.
e Input I, for all networks other than rigidly earthed.
o Calculated signal I, for rigidly and low impedance earthed networks
locate = Ioy + 12 + I3,

Intermittent Earth-fault Detection

Intermittent earth-faults cause protection to start, but does not cause a trip.
Here, a short fault means one cycle or more. For transient types of intermittent
earth-faults (shorter than 1 ms) in compensated networks, use a dedicated
stage I ;> 67NT. When engagement happens enough times, such intermittent
faults can be cleared using the intermittent time setting. When a new
engagement happens within the set intermittent time, the operation delay
counter is not cleared between adjacent faults and finally the stage trips.

By using I; peak OR I, peak, a 1-ms current peak is enough to start the stage
and increase the delay counter by 20 ms. For example, if the operating time is
120 ms. And the time between two peaks does not exceed the intermittent
time setting, the six peaks would initiate a trip.

Four or Six Independent Undirectional Earth-fault Overcurrent
Stages

There are four separately adjustable earth-fault stages: 1>, Ip>>, [;>>>, and
Ip>>>>. The first stage I)> can be configured for Definite Time (DT) or
inverse-time operation characteristic IDMT). The other stages have DT
operation characteristic. By using the definite delay type and setting the delay
to its minimum, an instantanecous (ANSI 50) operation is obtained.

When using the directional earth-fault stages (Chapter 10) in undirectional
mode, two or more stages with inverse-time operation delay are available for
undirectional earth-fault-protection.

Inverse Operation Time (l,> Stage only)

Inverse delay means that the operation time depends on the amount the
measured current exceeds the pick-up setting. The bigger the fault current is,
the faster the operation. Accomplished inverse delays are available for the I>
stage. The inverse delay types are described under Inverse Time Operation on
page 154. The Protection System shows a scalable graph of the configured
delay on the local panel display.
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Inverse Time Limitation

The scope of inverse curves with high pick-up settings is limited by:

e The maximum the measured secondary residual current 10 x Iy, and

e The maximum measured phase current 50 x Iy

See Inverse Time Operation on page 154 for more information.

Setting Groups

There are two settings groups available for each stage. Use digital inputs, virtual
inputs (mimic display, communication, logic), and manual control to switch
between setting groups.

Table 27 - Parameters of the Undirectional Earth-fault Stage Ip> (50N/51N)

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F@
Trip @
TripTime S Estimated time to trip
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group set™
Set
SGrpDI Digital signal to select the active setting group: Set™
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status for test purposes. A common flag for all Set
On stages and output relays. Automatically reset by a 5-minute
timeout.
lo pu The supervised value according to the parameter “Input”.
lo2
loCalc
loPeak
lo2Peak
I'oCalc
lo> A Pick-up value that is scaled to primary value
lo> pu Pick-up setting relative to the parameter “Input” and the Set

corresponding (T value
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Table 27 - Parameters of the Undirectional Earth-fault Stage 1> (S0N/51 N)“) (Continued)

Parameter | Value Unit Description Note
Curve Delay curve family: Set™
DT Definite time
IEC Inverse time. See Local Panel User Interface on page 23.
IEEE
IEEE2
RI
PrgN
Type Delay type: Set™
DT Definite time
NI Inverse time. See Local Panel User Interface on page 23.
Vi
El
Tl
Paramete
s
t> s Definite operation time (for Definite Time only) set
k> Inverse delay multiplier (for inverse time only) Set
Input lo1 X1-7 and 8. See Applications on page 307. Set™
lo2 X1-9and 10
loCalc ILT+I12+113
lo1Peak X1-7 and 8 peak mode
lo2Peak X1-9 and 10 peak mode
I'oCalc LT+ 12+113
Intrmt s Intermittent time Set¥
DIly20x s Delay at 20xIset
Dly4x S Delay at 4xlset
Dly2x S Delay at 2xlset
Dly1x s Delay at 1xlset
AB,CD,E User-defined constants for standard equations. Type = Set™
parameters.
See Local Panel User Interface on page 23.

(1) Provides 50/51 G, GS, and N protection depending on configuration
(2) F=Editable when force flag is on

(3) C=(an be cleared to zero.

(4)  Set=An editable parameter (password required).

For details on setting ranges, see Connections on page 321.

Table 28 - Parameters of the Undirectional Earth-fault Stage 1,>>, 1y>>>, 19>>>>
(50N/51N)

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F@
Trip F@
TripTime S Estimated time to trip
SCntr Cumulative start counter @@
TCntr Cumulative trip counter @
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Table 28 - Parameters of the Undirectional Earth-fault Stage 1,>>, 15>>>, 1>>>>
(50N/51N)" (Continued)

Parameter | Value Unit Description Note
SetGrp 1...4 Active setting group Set
Set
SGrpDI Digital signal to select the active setting group: Set®
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status forcing for test purposes. A common flag for Set®
On all stages and output relays, too. Automatically reset by a 5-
minute timeout.
lo pu The supervised value according to the parameter “Input”.
lo2
loCalc
lo>> A Pick-up value that is scaled to primary value
lo>>>
lo>>>>
lo>> pu Pick-up setting relative to the parameter “Input”and the set®
lo>>> corresponding (T value
lo>>>>
t> S Definite operation time (for Definite Time only) Set®)
Input o1 X1-7 and 8. See Connections on page 321. Set )
lo2 X1-9and 10
loCalc ILT+1L2+1L3
I'oCalc LT+ 12+ 113
(1) Provides 50/51 G, GS, and N protection depending on configuration
(2) F=Editable when force flag is on
(3) C=Canbe cleared to zero.
(4) Set=An editable parameter (password required).

For details on setting ranges, see Protection Stages on page 351.

Recorded Values of the Latest Eight Faults

Detailed information is available on the eight latest earth-faults: Time stamp,
fault current, elapsed delay, and setting group.

Table 29 - Parameters of the Undirectional Earth-fault Stages (Eight Latest Faults)
lg>, 1g>>,1g>>>, 1p>>>> (50N/51N)

Parameter | Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Flt pu Maximum earth-fault current
EDly % Elapsed time of the operating time setting. 100% = trip
SetGrp 1.4 Active setting group during the fault
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Directional Transient
Intermittent Earth-fault-
protection ;> (67NI)

Residual current of the
faulty feeder and the zero
sequence voltage U0 during
two transient earth-faults in
phase L1. In this case, the
network is compensated.

TIP  This function is available only in voltage measurement modes. The modes
include direct -Uy measurement, for example, 2U;; +Uy, but not, for
example, in mode 3U,y. See Voltage Measurement Mode on

page 217.

The directional intermittent transient earth-fault-protection is used to detect
short intermittent transient faults in compensated cable networks. The
transient faults are self-extinguished at some zero crossing of the transient part
of the fault current I, .. The fault duration is typically only 0.1...1 ms.
Normal directional earth-fault function, by using only the fundamental
frequency components of Iy and U, cannot recognize such short duration
faults.

Although a transient fault usually self-extinguishes within less than 1 ms, in
most cases a new fault happens when the phase-to-earth voltage of the faulty

phase has recovered (Figure 59).

Figure 59 - Typical Phase to Earth Voltages
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Direction Algorithm

The function is sensitive to the instantaneous sampled values of the residual
current and residual voltage. The selected voltage measurement mode must
include a direct —-U measurement.

o Pick-up Sensitivity

The sampling time interval of the relay is 625 ps at 50 Hz/520 ps at 60 Hz
(32 samples/cycle). The I current spikes can be short compared to this
sampling interval. Fortunately, the current spikes in cable networks are high.
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While the anti-alias filter of the relay attenuates the amplitude, the filter also
makes the pulses wider. When the current pulses are high enough, it is possible
to detect pulses, which have duration of >20% of the sampling interval.
Although the measured amplitude can be only a fraction of the actual peak
amplitude. It does not disturb the direction detection. The algorithm is more
sensitive to the sign and the timing of the I transient than sensitive to the
absolute amplitude of the transient. Thus a fixed value is used as a pickup level
for the I,.

Co-ordination with Uy> Backup Protection

In a fully compensated situation, the zero sequence voltage back up protection
stage U> for the bus cannot release between consecutive faults. The Uy> can
do an unselective trip if the intermittent transient stage Io;y> doesn’t operate
fast enough. The actual operation time of the Ij;1> stage is dependent on the
behavior of the fault and the intermittent time setting. The co-ordination
between Ug> and Igpnr> is simple. The start signal of the transient stage
IoinT> in an outgoing feeder can be used to block the Uy> backup protection.

Co-ordination with the Normal Directional Earth-fault-protection

Based on Fundamental Frequency Signals, the intermittent transient earth-
fault-protection stage IOINT> must be used together with the normal
directional earth-fault-protection stages 1¢>, I¢>>. The transient stage
IOINT> can (in worst case) detect the start of a steady earth-fault in the wrong
direction, but will not trip. The peak value of a steady state sine-wave I0 signal
must also exceed the corresponding base frequency component peak-value to

make the IOINT> trip.

The operation time of the transient stage Io;y> must be lower than the
settings of any directional earth-fault-stage. This setting avoids any unnecessary
trip from the I(p>, I<P> > stages. The start signals from the Iy> stage can also
be used to block Ig>, I,>> stages of parallel functions.

Auto Reclosing

The start signal of any 1> stage initiating auto-reclosing (AR) can be used to
block the Iopn1> stage. This AR avoids the Ig1> stage with a long
intermittent setting, from interfering with the AR cycle in the middle of
discrimination time.

Usually the Iojn> stage itself is not used to initiate any AR. For transient
faults, the AR does not help because the fault phenomenon includes repeated
self-extinguishing.
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Intermittent Time

Single transient-faults make the protection pick up, but does not cause a trip if
the stage has time to release between to successive faults. When starting
happens enough times, such intermittent faults can be cleared using the
intermittent time setting.

When a new fault happens within the set intermittent time, the operation

delay counter is not cleared between adjacent faults and finally the stage trips.
One transient fault is enough to start the stage and increase the delay counter
by 20 ms. For example, if operating time is 140 ms. And the intermittent time
setting between two peaks is not exceeded, then the seventh peak (in a 50-Hz

system) causes a trip (Figure 63).

Peak Amount Counter, Operation Time, and Intermittent Time
Coordination

Algorithm has three independently settable parameters: operation delay,
required amount of peaks and intermittent time. All requirements must be
satisfied before the stage issues a trip signal. There is a settable reset delay that
makes sure the stage does not release before the circuit breaker has operated.
The setting range for the required number of peaks is 1...20 and for operational
delay is 0.04...300 s. Reset delay setting range is 0.06...300 s. Intermittent time
setting is 0.00...300 s.

If the setting for the following has the:
o DPeakissetto2.
e Operation delay is set to 160 ms.

e Intermittent time is set to 200 ms.

The function starts operation delay calculation from the first peak. After the
second peak, in 80 ms the peak amount criteria is satisfied. At 160 ms, full-
operation time criteria is satisfied and the stage issues trip (Figure 60).

If the second peak does not come before the operational delay becomes full, the
stage is released after intermittent time has come full. But if the second peak
comes after operation time has come full but still inside intermittent time then

a trip is issued instantly (Figure 61).

If intermittent time comes full before operation delay comes full, the stage is
released (Figure 62). There are limitations to avoid incorrect settings. The
Algorithm assumes that peaks cannot come more often than 10 ms. If peak
amount is set to 10, then operation delay does not accept value less than

100 ms. If operational delay is set to 40 ms, it is not possible to set a higher peak
amount setting than 4. This setting prohibits the usage of settings that can
never be satisfied.
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Figure 60 - Stage Issues a Trip.
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Figure 61 - Stage Issues Instant Trip
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Setting Groups

There are two settings groups available for each stage. Use digital inputs, virtual
inputs (mimic display, communication, logic), and manual control to switch
between setting groups.

Figure 63 - Block Diagram of the Directional Intermittent Transient Earth-fault Stage l ;>
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Table 30 - Parameters of Directional Intermittent Transient Earth Fault Stage l;,,> (67NI)

Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F0)
Trip F)
SCntr Cumulative start counter @@
TCntr Cumulative trip counter @
SetGrp 1...4 Active setting group set®)
SGrpDI Digital signal to select the active setting group: set®
- None
DIx Digital input
Vix Virtual input
LEDx Status indicator signal
VOx Virtual output
Force off Force flag for status forcing for test purposes. A common flag Set®
on for all stages and output relays, too. Automatically reset after a
5-minute timeout.
lo1 pu The detected 10 value according to the parameter “Input”.
lo2
Uo % The measured Uy value. Upy = 100%
Uo> % Uy pickup level. Ugy = 100% Set)
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Table 30 - Parameters of Directional Intermittent Transient Earth Fault Stage l;,.> (67NI)

Parameter | Value Unit Description Note

t> s Operation time. Actually the number of cycles including faults x set®)
20 ms. When the time between faults exceeds 20 ms, the
actual operation time is longer.

loinput loTPeak lo7 Connectors X1-7 and 8 Set®)
lo2Peak Iy, Connectors X1-9 and 10
Intrmt s Intermittent time. When the next fault occurs within this time, Set®)

the delay counting continues from the previous value.

(1) F=Editable when force flag is on.
(2) C=(an be cleared to zero.
(3) Set =An editable parameter (password required).

For details on setting ranges, sce Protection Stages on page 351.

Recorded Values of the Latest Eight Faults

There is detailed information available of the eight latest detected faults: Time
stamp, U voltage, elapsed delay, and setting group.

Table 31 - Recorded Values of the Directional Intermittent Transient Earth-fault Stage
(Eight Latest Faults) lg;,.> (67NI)

Parameter | Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Flt pu Maximum detected earth-fault current
EDly % Elapsed time of the operating time setting. 100% = trip
Uo % Max. U voltage during the fault
SetGrp 1...4 Active setting group during fault

The versatile capacitor, filter, and reactor bank protection can be enabled with
five current measurement inputs. The fifth input is useful for unbalance
current measurement of a double wye connected unearthed bank. The
unbalance protection is highly sensitive to internal faults of a bank because of
the natural unbalance compensation. The location method gives the
protection a new dimension and enables easy maintenance monitoring for a

bank.

This protection scheme is used in double wye connected capacitor banks. The
unbalance current is measured with a dedicated current transformer (could be
like SA/5A) between two startpoints of the bank. System unbalance does not
affect the unbalance current. However, due to manufactured tolerances, some
amount of natural unbalance current exists between the startpoints. This

natural unbalance current affects the settings, so the setting must be increased.
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Figure 64 - Typical, Capacitor Bank Protection Application with the 857 Protection System
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Compensation Method

The method for unbalance protection is to compensate the natural unbalance
current. The compensation is triggered manually when commissioning. The
phasors of the unbalance current and one phase current are recorded, because
one polarizing measurement is needed. When the phasor of the unbalance
current is related to I} ;, the frequency changes or deviations have no effect on

the protection.

After recording, the measured unbalance current corresponds the zero-level so
the setting of the stage can be sensitive.

Compensation and Location

The most sophisticated method is to use the same compensation method as
previously mentioned. The add-on feature is to locate the branch of each
broken fuse.

This feature is implemented to the stage I>>>>, while the other stage [>>>

can still function as a normal unbalance protection-stage with compensation
method. Normally, the I>>>> could be set as an alarming stage while stage

Iy>>> trips the circuit-breaker.

Set the stage I>>>> based on the calculated unbalance current change of one
faulty element. The calculated setting must be approximately 10% smaller than
the calculated value. There are tolerances in the primary equipment and in the
Protection System measurement circuit. The time setting of I5>>>> is not
used for tripping. The time setting specifies, how long the device must wait
until it is certain that there is a faulty element in the bank. After this time has
elapsed, the stage Iy>>>> makes a new compensation automatically, and the
measured unbalance current for this stage is now zero.

IMPORTANT  The automatic compensation does not effect on the measured unbalance
current of stage lp>>>.

When an element failure in the bank occurs, the algorithm checks the phase
angle of the unbalance current. This check is related to the phase angle of the
phase current I ;. Based on this angle, the algorithm can increase the
corresponding faulty elements counter (there are six counters).

Set for the stage I)>>>> to the allowed number of faulty elements. For
example if set to three elements, the fourth fault element issues the trip signal.

The fault location is used with internal fused capacitor and filter banks. There
is no need to use it with fuseless or external fused capacitor and filter banks,
nor with the reactor banks.
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Table 32 - Setting Parameters of Capacitor Bank Unbalance Protection:
lg>>>,19>>>> (50N/51N)

Parameter Value Unit | Default Description
Input lo1 - lo2 Current measurement input.
lo2 Do not use the calculated value, which is only for
loCalc earth-fault-protection purposes
lo>>> 0.01...8.00 0.10 (lo>>>) | Setting value
(Input o, 102)
lo>>>> 0.01...20.0 pu {020
(Input loCalc) (lo>>>>)
t> 0.08...300.00 s 0.50 (lo>>>) | Definite operating time
1.00
(lo>>>>)
(Mode 0ff; On (lo>>>) | - off Compensation selection
0ff; Normal
Location
(lo>>>>)
SaveBa - - - Trig the phasor recording
Get
SetBal 0.010...3.000 pu | 0.050 Compensation level
S_On On - On Start on event
off
S_off On - On Start off event
off
T_On On - On Trip on event
off
T_off On - On Trip off event
off
DloSav On - off Recording triggered event
off
DloSav On - off Recording ended event
off

Table 33 - Measured and Recorded Values of Capacitor Bank Unbalance Protection:

102>, 102>> (50N/51N)
Parameter Value Unit | Default Description
Measured lo Pu Unbalance current (including the natural
values unbalance current)
dlo A Compensated unbalance current
Display lo>>> A Setting value
lo>>>>
Recorded values | SCntr - Cumulative start counter
TCntr - Cumulative trip counter
Flt pu The max. fault value
EDly % Elapsed time as compared to the set operating
time; 100% = tripping
Isaved A Recorded natural unbalance current
SavedA deg Recorded phase angle of natural unbalance

current
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Zero Sequence Voltage
Protection Uy>, Uy>>(59N)

Table 33 - Measured and Recorded Values of Capacitor Bank Unbalance Protection:
102>, 102>> (50N/51N) (Continued)

Parameter Value Unit | Default Description
Recorded values | Faults (lo>>>> - Allowed number of element failures
only)
Total (lo>>>> - Actual number of element failures in the bank
only)
Clear (lo>>>> | - - Clear the element counters
only) Clear

L1-B1 (lo>>>>
only)

Number of element failures in phase L1in
branch 1 (left side)

L1-B2 (lo>>>>
only)

Number of element failures in phase L1in
branch 2 (right side)

12-B1 (lo>>>>
only)

Number of element failures in phase L2 in
branch 1 (left side)

12-B2 (lo>>>>
only)

Number of element failures in phase L2 in
branch 2 (right side)

13-B1 (lo>>>>
only)

Number of element failures in phase L3 in
branch 1 (left side)

13-B2 (lo>>>>
only)

Number of element failures in phase L3 in
branch 2 (right side)

Locat (lo>>>>
only)

Changed unbalance current (after automatic
compensation)

LocAng
(lo>>>> only)

Changed phase angle of the unbalance current

(after automatic compensation)

The zero sequence voltage protection is used as unselective backup for earth-

faults. And for selective earth-fault-protections for motors having a unit
transformer between the motor and the busbar.

This function is sensitive to the fundamental frequency component of the zero
sequence voltage. The attenuation of the third harmonic is more than 60 dB.
3n harmonics exist between the neutral point and earth also when there is no
earth-fault.

When the measured value exceeds the pick-up setting of a particular stage, this

stage picks up and a start signal is issued. If the fault situation remains on
longer than the setting for the operation time delay, a trip signal is issued.
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Uo

Blocking

Measure Residual Voltage

The zero sequence voltage can be measured with three voltage transformers,
one voltage transformer between the neutral point of the motor and earth. Or
calculated from the measured phase-to-neutral voltages according to the
selected voltage measurement mode (see Voltage Measurement Mode on
page 217):
e Phase: the zero sequence voltage is calculated from the phase voltages a
separate zero sequence voltage transformer is not needed. The setting
values are relative to the configured voltage transformer (VT) voltage/

V3.

e Line + Uy: The zero sequence voltage is measured with voltage
transformer, for example with a broken delta connection. The setting
values are relative to the VTO secondary voltage defined in
configuration.

TIP  The Uy signal must be connected according to the connection diagram
(Figure 188 on page 341) to get a correct polarization. Connect —Uj to the
device.

Two Independent Stages

There are two separately adjustable stages: Uy> and U>>. Both stages can be

configured for Definite Time operation characteristic. The zero sequence
voltage function comprises two separately adjustable zero sequence voltage
stages (stage Uy> and Ujy>>).

Setting Groups

Each stage has four settings groups. Use digital and virtual inputs (mimic
display, communication, logic), and manual control to switch between setting

groups.

Figure 65 - Block Diagram of the Zero Sequence Voltage Stages Uy> and Uyp>>

— _

o > | 1 & L » Start
s tr’_o & > Register
] Event

—— » Trip

—>
Register
] & > Event
Setting Uo>s  Release Delay Delay Enable Events
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Table 34 - Parameters of the Residual Overvoltage Stages Uy>, Uy>> (59N)

Parameter | Value Unit Description Note
Status - Status of the stage

Blocked

Start F)

Trip 3
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
SetGrp 1.4 Active setting group set®
SGrpDI Digital signal to select the active setting group: set®)

- None

DIx Digital input

Vix Virtual input

LEDx Status indicator signal

VOx Virtual output
Force off Force flag for status forcing for test purposes. A common flag Set®

On for all stages and output relays. Automatically reset by a 5-

minute timeout.

Uo % The supervised value relative to UnA 3
Uo> % Pick-up value relative to Un/\' 3 Set®
Uo>>
t> s Definite operation time Setld
t>>

(1) F=Editable when force flag is on.
(2) C=(an be cleared to zero.
(3) Set=An editable parameter (password required).

For details on setting ranges, sce Protection Stages on page 351.

Recorded Values of the Latest Eight Faults

Detailed information is available on the eight latest faults: Time stamp, fault
voltage, elapsed delay, and setting group.

Table 35 - Recorded Values of the Residual Overvoltage Stages Uy>, Uy>> (59N)

Parameter | Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss:ms Time stamp, time of day
Flt % Fault voltage relative to UnA 3
EDly % Elapsed time of the operating time setting. 100% = trip
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Thermal Overload Protection The thermal overload function helps protects the motor in the motor mode or

> (49)

cables in the feeder mode against excessive heating.

Thermal Model

The temperature is calculated using rms values of phase currents and a thermal
model according to IEC 60255-8. The rms value is calculated using harmonic
components up to the 15th.

2 2
Trip time: t=171eln 3

I'-a
Alarm: a=kekgel . e.alarm (Alarm60% = 0.6)
Trip: a = k [ ] k@ o Imode

2

2
|
Release time: t=1 OCTO(IH 2P J
a -1

Trip release: a = .095e k@ * L ode

Start release: a = ,095ekgel .. ®~alarm (Alarm 60% = 0.6)

T = Operation time.

T = Thermal time constant tau (setting value).

In = Natural logarithm function.

I = Measured rms phase current (max. value of three phase
currents).

Ip = Preload current,I, = @ ® kg ® I, (If temperature rise is
120%-> 6=1.2). This parameter is the memory of the
algorithm and corresponds to the actual temperature rise.

k = Overload factor (Maximum continuous current), which is
service factor (setting value).

kg = Ambient temperature factor (permitted current due to
tamb). See Figure 66.

IvoDpE = The rated current (I or Lyior)-

C. = Protection System constant for time to cool

(constant = C_xT).
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Time Constant for Cooling Situation

If the fan motor is stopped, the cooling is slower than with an active fan.
Therefore there is a coefficient C_ for thermal constant available. The
coefficient to be used as a cooling time constant, when current is less than 0.3 x

Imor-

Heat Capacitance, Service Factor, and Ambient Temperature

The maximum allowed continuous current Iy oy determines the trip level. The
trip level corresponds to the 100% temperature rise ©ryp that is the heat
capacitance of the transformer. Iy s x depends on the given service factor k and
ambient temperature @ 5 (g and settings Inga x40 and Iygax7g according to the
equation:

Ivax = kKekgeIyopp

The value of the ambient temperature compensation-factor k® depends on the
ambient temperature O 5 \p and settings Iy;ax40 and Iygaxo (Figure 66).

Ambient temperature is not in use when k® = 1. This factor is true when:

° IMAX40 is 1.0.
e Samb is “N/A” (no ambient temperature sensor used).
° TAMB is 40 QC (104 OF).

Figure 66 - Ambient Temperature Correction of the Overload Stage T>
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Example of a Behavior of the Thermal Model

Figure 67 shows an example of the thermal model behavior. In this example

T = 30 minutes, k = 1.06, and k® = 1. The current has been zero for a long
time and thus the initial temperature rise is 0%. At time = 50 minutes, the
current changes to 0.85xIy(opg. The temperature rise starts to approach value
(0.85/1.06) = 64% according to the time constant. At time = 300 min., the
temperature is stable, and the current increases to 5% over the maximum. The
rated current and the service factor k define the maximum. The temperature
rise starts to approach value 110%. At about 340 minutes, the temperature rise
is 100% and a trip follows.

Initial Temperature Rise After Restart

When the Protection System is switched on, an initial temperature rise of 70%
is used. Depending on the actual current, the calculated temperature rise then
starts to approach the final value.

Alarm Function

The thermal overload stage contains a separately settable alarm function.
When the alarm limit is reached, the stage activates its start signal.
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Figure 67 - Example of the Thermal Model Behavior
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Table 36 - Parameters of the Thermal Overload Stage T> (49)
Parameter | Value Unit Description Note
Status - Status of the stage
Blocked
Start F0)
Trip o
Time Hour (hh) Estimated time to trip
Minute
(mm)
Second (SS)
SCntr Cumulative start counter @
TCntr Cumulative trip counter @
Force off Force flag for status forcing for test purposes. A common set®)
On flag for all stages and output relays, too. Automatically
reset by a 5-minute timeout.
T % (alculated temperature rise. Trip limit is 100%. o
MaxRMS Arms | Measured current. Highest of the three phases.
Imax A kxIgn. Current corresponding to the 100% temperature rise.
k> xin Allowed overload (service factor) Set®
Alarm % Alarm level set®)
tau min Thermal time constant set®)
ctau xtau Coefficient for the cooling time constant. Default = 1.0 Set®
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Overvoltage Protection
U> (59)

Table 36 - Parameters of the Thermal Overload Stage T> (49) (Continued)

Parameter | Value Unit Description Note
kTamb xin Ambient temperature corrected max. allowed continuous
current

Imax40 %In Allowed load at Tamb 40°C. Default = 100%. Set®)
Imax70 %In | Allowed load at Tamb 70°C. Set®
Tamb °C Ambient temperature. Editable Samb=n/a. Default = 40°C set®)
Samb Sensor for ambient temperature: st

n/a No sensor in use for Tamb

ExtAl1...16 External analog input 1...16

(1)  F=Editable when force flag is on.
(2) C=(an be cleared to zero.
(3) Set=An editable parameter (password required).

For details on setting ranges, see Protection Stages on page 351.

The overvoltage function measures the fundamental frequency component of
the line-to-line voltages regardless of the voltage measurement mode (see
Voltage Measurement Mode on page 217). By using line-to-line voltages, any
phase-to-ground overvoltages during earth-faults have no effect (the earth-
fault-protection functions take care of earth-faults). Whenever any of these
three line-to-line voltages exceeds the pick-up setting of a particular stage, this
stage picks up and a start signal is issued. If the fault situation remains on

longer than the operation-time delay setting, a trip signal is issued.

In solidly earthed 4-wire networks, with loads between phase and neutral,
overvoltage protection can be needed for phase-to-ground voltages, too. In

these applications, the programmable stages can be used. See Programmable

Stages (99) on page 148.

Three Independent Stages

There are three separately adjustable stages: U>, U>>, and U>>>. All stages
can be configured for Definite Time operation characteristic.

Configurable Release Delay

The U> stage has a settable release delay that enables the detection of
intermittent faults. The time counter of the protection function does not reset
immediately after the fault is cleared, but resets after the release delay has
elapsed. If the fault appears again before the release delay time has elapsed, the
delay counter continues from the previous value. The function trips if faults
occur frequently.
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Configurable Hysteresis

The deadband is 3% by default. An overvoltage fault is regarded as a fault until
the voltage drops below 97% of the pickup setting. In a sensitive alarm
application, a smaller hysteresis is needed. If the pickup setting is about only 2%
above the normal voltage level, hysteresis must be less than 2%. Otherw