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D90PUS Line Distance Protection System

Chapter 1: Introduction

This chapter outlines safety and technical support information for the D90PIYS Line
Distance Protection System™.

Safety symbols and definitions

Before attempting to install or use the device, review all safety indicators in this document
to help prevent injury, equipment damage, or downtime.

The following safety and equipment symbols are used in this document.

Indicates a hazardous situation which, if not avoided, will result in death or serious
A DANGER injury.

Indicates a hazardous situation which, if not avoided, could result in death or serious

AWARNING injury.

Indicates a hazardous situation which, if not avoided, could result in minor or

ACAUTION moderate injury.
Indicates practices not related to personal injury.
NOTICE

For further assistance

For product support, contact the information and call center as follows:

GE Grid Solutions

650 Markland Street

Markham, Ontario

Canada L6C OM1

Worldwide telephone: +1 905 927 7070

Europe/Middle East/Africa telephone: +34 94 485 88 54
North America toll-free: 1 800 547 8629

Fax: +1 905 927 5098

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL 1



FOR FURTHER ASSISTANCE CHAPTER 1: INTRODUCTION

Worldwide e-mail: multilin.tech@ge.com
Europe e-mail: multilin.tech.euro@ge.com
Website: http://gegridsolutions.com/multilin
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D90PUS Line Distance Protection System

Chapter 2: Product description

This chapter outlines the product, order codes, and specifications.

Product description

Designed for superior performance and ease-of-use, the D90PUs is @ single platform
solution for protecting transmission lines from medium voltage (MV) to extra high voltage
(EHV) and cables of various voltage levels. It allows transmission limits to be maintained or
even increased while respecting the transient stability limits of the power system.

The scalable platform consists of protection, control, automation, monitoring,
communication, digital fault recorder, and security functionality. This incremental scaling
allows advanced customization to suit specific user requirements. The convergent
platform integrates multiple devices, eliminating external devices and reducing the
footprint of relay panels, resulting in reduced wiring, commissioning, and capital costs. The
unigue sub-cycle distance algorithm can trip in less than one power system cycle for
source impedance ratios (SIR) up to 30.

The key benefits of the D9IOS are

e Secure subcycle protection ensures trip times less than one cycle

¢ Reliable and secure protection on lines equipped with series compensation

e Superior phase selection algorithm ensures secure high speed single-pole tripping

¢ Simplified programmable automation controller eliminates the need for substation
programmable logic controller

e Configurable alarm annunciator eliminates the need for separate annunciator panel

¢ Intuitive and easy-to-use large front panel color display with preconfigured
information on metering, fault records, event records, and separate control screen for
bay control

¢ High-end fault and disturbance recording, including internal relay operating signals,
eliminating the need for redundant recording devices

e Reduced installation space requirements through compact design

e True convergence of protection, metering, automation, bay control functions, multiple
input and output options, and extensive communications capability

e Built-in phasor measurement unit streaming synchrophasors as per IEEE C7.118

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL 3



PRODUCT DESCRIPTION CHAPTER 2: PRODUCT DESCRIPTION

Firmware architecture

The D9OPUS is @ sub-cycle distance protection and advanced automation controller that is
organized into six functions.

e  Protection

e Automation

e Metering

e Digital fault recorder (DFR)
e  Equipment manager

e Front panel interface

These functions operate independently from one another. Each function has its own
configuration settings and generates it own output signals. All functions share the
hardware and the communications facilities within the device.

The protection function contains the necessary elements required to detect faults in the
power system and send tripping signals to isolate the fault. This is the primary sub-system
for many users. The protection function also has its own dedicated FlexLogic engine that
runs at the same scan rate as the protection (16 times per power system cycle). Protection
FlexLogic is used to create custom logic schemes for protection purposes.

The automation function is divided into two major sub-groupings: control schemes and
automation logic. Control schemes are hard-coded general purpose schemes responsible
for automatic control within the substation. These include breaker and disconnect switch
control, interlocking, and synchrocheck. Automation logic is intended for development of
custom or advanced automatic schemes where the user requires a level of functionality
beyond that provided in the hard-coded schemes. Automation logic generally requires a
lower execution rate than protection logic but with expanded functionality and lines of
logic.

The metering function generates a range of real-time power system measurements,
including voltage, current, frequency, complex power, and energy. It also incorporates a
data logger that provides historical recording of selected metering quantities and includes
statistical (maximum, minimum, and average) and alarm capabilities. The metering
function also provides synchrophasor capabilities in accordance with IEEE C37.118-2005.

The digital fault recorder (DFR) function incorporates transient recorder, disturbance
recorder, and fault report capabilities. The transient recorder is intended to capture short
events, such as a fault at a high sampling rate (up to 256 samples per cycle). The
disturbance recorder captures longer events, such as a power swing at a lower sampling
rate. The channel assignments and triggering of these features can be independently
configured. The fault report facility provides a comprehensive record of the key
measurements associated with an event, including fault type, fault location, pre-fault and
post-fault quantities, and clearing time.

The equipment manager function monitors important parameters of the station battery
under normal operation and can be used to detect incipient failures.

Despite their logical separation, signals can be exchanged among these functions. For
instance, it is useful for the digital fault recorder to record the output of protection
functions. Consequently, a pre-determined set of signals is available as inputs to each
function. The figure illustrates these signals.

4 D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL



CHAPTER 2: PRODUCT DESCRIPTION PRODUCT DESCRIPTION

Figure 1: Functional architecture
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The D90PS also includes shared operand functionality. Output signals from the various
functions can be assigned as shared operands available to all functions. These signals can
then be assigned as inputs within other functions.

For example, assume that the PHASE TOC1 OP protection FlexLogic operand is required as a
signal within the automation function. This signal is then assigned as a shared operand. As
such, the PHASE TOC1 OP operand subsequently becomes available to the automation
function by appearing in the list of available operands.

Hardware architecture

The unit is a microprocessor-based device. It has a modular design, its chassis containing
discrete modules that interface over a common bus. Each module has a specific purpose.
Several modules are required for basic operation of the device, while others are optional.

The power supply module receives AC or DC power from an external supply and produces
conditioned 12 V DC power for all modules in the chassis. The power supply also generates
48V DC power for external contact wetting. The output contact indicating a critical failure
of the unit also resides on this module.
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The AC module measures AC currents and voltages derived from CTs and VTs. These
signals are sampled and digitized and sent over the device’s bus to the CPU module for
further processing. A version is available that accepts nominal 5 A current and another
that accepts nominal 1 A current.

Input and output modules monitor digital (on and off) signals from external devices (field
contacts or other IEDs), control external devices such as breakers, and send digital signals
to other devices. Input and output modules are subdivided into protection inputs and
outputs and automation inputs and outputs, with several variations of each type.

The CPU module contains the firmware for the D90PUS. The firmware contains the
algorithms required for the various functions provided by the device. The CPU receives
analog and digital data from the AC and input/output modules. The CPU processes the
data and resulting control actions are sent back to the input-output modules. The CPU has
one rear Ethernet port that is used for configuration and record retrieval and one rear
RS485 port supporting the Modbus and DNP protocols. The CPU also contains the IRIG-B
port required for clock synchronization.

The communications module is required for communicating with external devices over
Ethernet using the trivial file transfer protocol (TFTP), HTTP, Parallel Redundancy Protocol
(PTP), IEC 61850, DNP 3.0, or IEC60870-5-104 protocol. This module is also required for
peer-to-peer GSSE/GOOSE messaging. This module contains its own microprocessor that is
dedicated to handling communications tasks. It also contains two redundant Ethernet
ports. Each port supports 100Base-FX over multi-mode fiber and 10/100Base-TX over
twisted pair, with auto-negotiation. These ports can additionally be configured for single IP
or dual IP redundancy.

The D9OPIUs requires one power supply module, one CPU module, one AC module, and at
least one protection input/output module. Communications modules are optional.

The front panel interface consists of an annunciator display, a main display, and an
EnerVista USB port. The annunciator display collects alarm indications from the

D90PIYS internal functions and presents them using a standard annunciator format. Alarms
and their corresponding messages are entirely user-configurable. The main display allows
the user to view metering data collected by the D90PIUS, It also provides access to the
control functions via dedicated control pushbuttons. The USB port allows the user to
interface with the DIOPUS using the EnerVista software running on a computer.
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Figure 2: D90P!US block diagram
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Figure 3: D90P!US hardware overview
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An option of the D90PIUs is support for the Parallel Redundancy Protocol (PRP) of IEC 62439-
3 (clause 4, 2012). The PRP allows high availability in substation automation networks. It
applies to networks based on Ethernet technology (ISO/IEC 8802-3).
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Communications overview

SUBSTATION A

The EnerVista URPIUS Setup software can communicate with the relay through three ports:
the front panel USB port, the rear Ethernet port, and the rear RS485 port. Both rear ports
are located in slot D.

Figure 4: Communications overview
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To communicate through the D90PIYS rear RS485 port from a computer’s RS232 port, the
GE Multilin RS232/RS485 converter box is required. This device (catalog number F485)
connects to the computer using a straight-through serial cable. A shielded twisted-pair (20,
22, or 24 AWG) connects the F485 converter to the DI0PIYS rear communications port. The
converter terminals (+, -, GND) are connected to the D90PUS communication module (+, -,
COM) terminals. Terminate the line with a 120 Q, 1 nF R-C network.

Communications via Ethernet requires a connection to an Ethernet network using a
standard copper or fiber cable. The Ethernet port can also connect directly to a computer
using a cross-over cable.

To communicate via the faceplate USB port, use a standard USB serial cable. No converter
box is required.

For additional information, refer to:
Main processor module on page 44.

Front panel interface

Information is displayed on the D90PIUS front panel through two display panels. One serves
as a digital annunciator and the other reflects display and control functions. The panels
provide easy access and visualization of device information, ranging from the large display
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of metered values, such as voltage, current, demand, energy, and sequence components,
to a comprehensive display of fault reports, sequence of events, and transient recorded
waveforms. The front panel interface also displays device health information with critical
and non-critical alarm status. The panels allow access to comprehensive information
without having to navigate through conventional displays and keypads.

Annunciator

The D9OPUs provides an embedded, configurable color LCD annunciator on the front panel
of the device, eliminating the need for LEDs and separate annunciators in the panel.

Any contact, direct input, remote input, or internally generated operand can be assigned
to the annunciator. Up to 288 targets can be assigned. The display can be configured for
12, 24, or 48 alarms per page to a maximum of 24 pages. A separate self-test message
page displays error messages about device health. This page also provides a graphical
representation of the error messages, which assists in identifying and correcting problems.

Figure 5: Typical annunciator display
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Control functions

The front panel interface contains a mimic diagram that provides status and control for
2 breakers and up to 6 disconnect switches. Many different bay configurations can be
realized through the setting of the device. Tagging of a device and substitution of device
status can also be carried out through front panel. Status and control of the autoreclose
function is also available through the mimic diagram.

Figure 6: Front panel control example
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USB port

The front panel provides a USB 2.0 port for local connection to a computer.
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Figure 7: Front panel USB connection
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Protection features

The D9OPUS is designed for superior performance and ease-of-use, providing a single
platform solution for protecting transmission lines from medium voltage (MV) to extra high
voltage (EHV) and cables of various voltage levels. The scalable platform consists of
protection, control, automation, monitoring, communication, digital fault recorder (DFR)
and security functionality. The incremental scaling allows customization in building the
device to suit specific requirements. The convergent platform integrates multiple devices,
eliminating external devices, and reduces the footprint of relay panels, resulting in reduced
wiring, commissioning, and capital costs.

Distance protection

The core of the D90PS relay is the subcycle distance function providing a high degree of
sensitivity and selectivity for all types of faults. The distance function features five zones of
phase distance and ground distance protection, providing the user the utmost flexibility of
making each zone directional, non directional, or reverse. This allows customization to a
variety of applications, including primary line protection, backup protection for busbars,
and backup protection for generators, transformers, and reactors. The D90PIUS can be
applied to power systems with different earthing conditions, lines with in-zone
transformers or tapped transformer feeders and overhead lines with series compensation.
Each zone element for the phase and ground distance can be set to the quadrilateral or
mho characteristic with the flexibility of designing different characteristic shapes to suit for
different power system conditions.

The advanced comparator based distance elements provide utmost security, sensitivity,
and selectivity for different types of faults. Superior digital filtering techniques provide
secure and optimum reach accuracy even under worst-case CVT transients without
compromising the operating time. Secure direction detection is achieved by using positive
sequence memory voltage polarization providing reliable directionality for worst-case
close-in faults. The D90OPUS employs a well-proven algorithm for phase selection, which
provides fast, secure, and reliable faulted phase identification for single pole tripping and
proper fault distance calculation for a variety of power system conditions. An additional
voltage monitoring function provides extra security to the distance element, which can be
used to block the distance elements under voltage transformer fuse failure conditions.

For additional information, refer to:
Distance elements on page 185
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Distance elements on page 1

Application to series-compensated lines

The D9OPIUs provides enhanced stability and security by employing an adaptive distance
reach control to cope with the overreaching and sub-synchronous oscillations when
applied to, or in the vicinity of, series compensated lines. For directional integrity, the relay
uses memory voltage polarization, and a multi-input comparator is used to deal with
current inversion issues in series compensated lines.

For additional information, refer to:
Series compensated line protection application guidelines on page 225
Series compensated lines on page 649

In-zone transformer compensation

Phase distance elements in the D90PUS can be used to detect faults through different types
of three-phase wye or delta transformers, allowing application of the D90PUS for backup
protection on generators. VTs and CTs can be installed independently of each other on
either side of the power transformer. The relay automatically compensates for transformer
connections, to guarantee accurate reach for any type of fault.
For additional information, refer to:

Phase distance on page 188

Phase distance applied to power transformers on page 642

Load encroachment

The reliable load encroachment feature offers excellent discrimination between keep
loading conditions and fault conditions especially for long lines under heavy loads by
supervising the distance elements or any overcurrent element. This prevents unwarranted
tripping under heavy line load conditions and enables optimum operation of the line while
meeting regulatory requirements for the loading.

The figure illustrates distance quadrilateral characteristics supervised by the load
encroachment function.

Figure 8: Load encroachment characteristic example
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For additional information, refer to:

Load encroachment on page 218

Fault locator

The integrated fault locator provides the distance to the fault in kilometers or miles.
For additional information, refer to:
Fault report on page 506
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Communication aided (pilot) schemes
The D90PUS supports different pilot scheme functions for fast fault clearance for any faults
within the protected line. The following types of pilot-aided schemes are available:
e Direct under-reaching transfer trip (DUTT)
e Permissive under-reaching transfer trip (PUTT)
e Permissive over-reaching transfer trip (POTT)

e Hybrid permissive over-reaching transfer trip (hybrid POTT) with permissive echo and
transient blocking logic

e  Directional comparison blocking scheme
e Directional comparison unblocking scheme (DCUB)

All communication-aided schemes can be programmed for single-bit, two-bit, or four-bit
communications. This allows transmission of phase selective information for reliable
single-pole tripping if required.
For additional information, refer to:

Pilot-aided schemes on page 291

Communications channels for pilot-aided schemes on page 657

Power swing detection

Dynamic transients in the power system due to short-circuits, circuit switching, or load
fluctuations can travel across the power network as power swings characterized by
fluctuating currents and voltages. This can result in unwanted tripping since distance
elements can respond to these power swings as faults. The D90P'!S power swing detection
element provides both power swing blocking and out-of-step tripping functions. The
element measures the positive sequence apparent impedance and traces its locus with
respect to either a two or three step user-selectable mho or quadrilateral operating
characteristics.

For additional information, refer to:
Power swing detect on page 209

Line pickup

The line pickup feature uses a combination of undercurrent and undervoltage to identify a
line that has been de-energized (line end open). Three instantaneous overcurrent elements
are used to identify a previously de-energized line that has been closed onto a fault.

For additional information, refer to:
Line pickup on page 181

Overvoltage and undervoltage protection

Long lines under lightly loaded conditions or no-load can experience acceptably voltages
exceeding the rated per unit voltage level of the line. The phase overvoltage element of the
D90PIYS can be used to initiate a local trip as well as a remote trip using direct transfer trip.
The D90PUS also provides additional voltage functions including neutral overvoltage,
negative-sequence overvoltage, and phase undervoltage.

For additional information, refer to:
Voltage elements on page 264
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Overfrequency and underfrequency protection

The multiple stages of underfrequency and overfrequency elements can be used to initiate
load shedding or remedial action schemes or frequency-based load restoration schemes
during lack of generation in the network or due to sudden load drops. When combined
with the advanced automation capabilities of the D90PIUs, flexible special protection
schemes can be built.

For additional information, refer to:

Underfrequency on page 360
Overfrequency on page 362

Overcurrent functions

The D9OPIUs provides overcurrent functions for phase, neutral, and ground that can runin
parallel with distance protection or can be programmed to provide primary protection
under conditions when distance elements are blocked during fuse-failure conditions.
Functions include

e Instantaneous and timed overcurrent elements for phase, neutral, ground, and
negative-sequence protection

e Directional supervision is available for phase, neutral, and negative-sequence
elements

e Time overcurrent elements can be set individually to use IEEE, IEC, or custom
FlexCurves

For additional information, refer to:
Current elements on page 228

Autoreclose

The D9OPIUs provides multi-shot autoreclosing for single-pole or three-pole autoreclose on
all types of faults with independently programmable dead times for each shot.
Autoreclosing also can be dynamically blocked by user-programmable logic. Four different
autoreclose modes are available, enabling the user to select the reclosing mode of their
practice.

For additional information, refer to:

Autoreclose on page 337

Breaker failure

The D90PUS can be used to carry out fully independent breaker failure protection over the
breakers associated with the line when connected to a substation with a breaker-and-a-
half or ring bus arrangement. The D9QPIus provides the required current source inputs,
digital inputs and outputs, and elements to perform two independent breaker failure
functions.

For additional information, refer to:

Breaker failure on page 275

Multi-breaker configurations

The D9OPIUS supports multi-breaker busbar configurations, such as breaker-and-a-half and
ring bus arrangements, providing dual breaker autoreclose, dual synchrocheck elements,
and dual independent breaker failure elements.
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Figure 9: Breaker-and-a-half configuration example
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Single-pole tripping

The D90P!US relay uses an advanced phase selection algorithm that provides fast and
accurate fault type identification even under weak-infeed conditions. The pilot schemes
for single pole tripping offer an option to send the permissive/blocking signal using one,
two or four bits of information. This allows more information sharing between the terminal
relays and improves the accuracy of single-pole tripping on cross-country faults. A built-in
trip function coordinates actions of the key elements of the single-pole tripping package.

Automation features

A separate automation engine with powerful Boolean and math functions allows the user
to easily engineer custom automation schemes. This includes advanced interlocking
schemes, remedial action schemes, and advanced load shedding schemes.

Execution of the automation logic is independent of protection elements and protection
logic. The automation capability is segmented into seven independent modules to simplify
implementation and testing of complex schemes in which each module is independently
editable and password protected. While building and compiling these modules, intelligent
error detection automatically notifies the user of errors, such as overflows, type mismatch,
division by zero, and square root of a negative number, allowing the user to achieve
maximum optimization. The programming interface complies with the global standard
IEC 61131 for industrial control programming and also allows for embedded comments.
Easy to use online and offline debugging and simulation tools provide extensive testing
capabilities of complex schemes. This includes forcing of input variables, simulation of
analog values and visualization of live logic states and live analog values.

Synchrocheck and breaker control, disconnect switch control, and local/remote breaker
control are available as hard-coded schemes as part of the D90PUS qutomation
capabilities.
For additional information, refer to:

Automation specifications on page 1

Automation on page 429

Synchronism check

The synchrocheck elements typically are used at locations where the two parts of the
system are interconnected through at least one other point in the system, which are to be
joined by the closure of one or more circuit breakers. The D9QPIus provides the required
voltage source inputs, digital inputs and outputs, and elements to monitor differences in
voltage magnitudes, phase angles, and frequencies to perform synchronism check across
two breakers. The D90PUS can be used to carry out full independent control over the
breakers associated to the line when connected to a substation with a breaker-and-a-half
or ring bus arrangement.
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For additional information, refer to:
Synchrocheck on page 450

Scalable hardware

The D90PUS is available with a multitude of input and output configurations to suit the
most demanding application needs. The expandable modular design allows for easy
configuration and future upgrades. Types of digital outputs include trip-rated form-A and
solid-state (SSR) relays available with optional circuit continuity monitoring and current
detection to verify continuity and health of the associated circuitry.

Equipment manager features

Critical assets, such as circuit breakers and the station battery, are monitored with the
D90PUS, The DIOPUS processes the interrupted current of the breaker, the auxiliary contact
status of the breakers, spring compressor operating time and frequency, compressor
motor current, SF6 pressure stages and the circuit breaker trip and close coil monitoring to
alert the operator of an impending circuit breaker problem. Up to two breakers, associated
trip, close coils and station battery can be monitored in real time. These features are
available through the front panel interface in real time, allowing operating personnel to
detect any abnormality and take corrective action. A comprehensive equipment-
monitoring feature of D90PUS reduces the downtime of your assets and improves the
availability of the power system.

% Only the battery monitor and breaker arcing current features are supported in the current

version of the DIOPUS,
NOTE

Figure 10: Circuit breaker monitoring example
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For additional information, refer to:

Equipment manager on page 493

Metering and monitoring features

Voltage, current, and power metering are built into the protection platform as a standard
feature. Current parameters are available as total waveform RMS magnitude, or as
fundamental frequency only RMS magnitude and angle (phasor).

Measured values include
e Voltage phasors
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e Voltage symmetrical components

e  Current phasors

e Current symmetrical components

e Current true one-cycle RMS values

e  Active, reactive, and apparent power

e Power factor (all power values per phase and total)
e  Four-quadrant energy

e Frequency

e Synchrophasors

e Datalogger

The measured signals are available for larger local display in the color LCD, accessible
remotely using communications.

Figure 11: Phasors display example
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Energy metering

Phasors

The metered values for real, reactive, and apparent power, as well as power factor, are
displayed via the front panel interface or through the EnerVista URPlus Setup software.

The metered values and phasor representations for phase current, ground current, phase
voltage, and auxiliary voltage are displayed on the front panel and in the EnerVista URPlus
Setup software.

Sequence components metering

The metered values and phasor representations for negative-sequence current and
voltage, positive-sequence current and voltage, and zero-sequence current and voltage
are displayed on the front panel and in the EnerVista URPYS Setup software.

Digital fault recorder features

16

The data acquisition and computing platform of the D9oPIus provides high-resolution
recording of power system parameters, replacing the need for an expensive stand-alone
digital fault recorder (DFR), resulting in capital cost savings. The digital fault recorder
features a high-resolution transient recorder (fast scan), a long-term disturbance recorder
(slow scan), and a longer sequence of events with up to 8,000 events. The internal clock
used for time-tagging events can be synchronized with an IRIG-B signal or via the SNTP
protocol over the Ethernet port. This precise time stamping allows the sequence of events
to be determined throughout the system.
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Figure 12: Typical front panel fault report display
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Sequence of events recorder

The D90PUS contains an advanced sequence of events recorder with the capability to
record up to 8,000 events.

Event information can be accessed either through the front panel or the EnerVista
Launchpad software. The very high sampling rate and large amount of storage capacity
available for data recording in the D90PUS can eliminate the need for installing costly
stand-alone event recording equipment.

Fault reports and fault locator

The D9OPIUs supports a fault report and associated fault location data. The fault report
stores data pertinent to an event that is triggered and provides the distance to the fault
location. A maximum of 15 records are stored in the nonvolatile memory providing a
comprehensive summary of events associated with a fault.

Transient recorder

The transient recorder captures critical system data during a transient event. It is tailored
to capture shorter duration events, such as faults at high resolution. The transient recorder
can be programmed to sample at 256 samples per cycle. The D90PIYS can store up to 64
records in nonvolatile memory with up to one minute of storage capacity for all 16 analog
channels and 128 digital channels. The transient recorder incorporates integrated
triggering. Any monitored channel can be configured to trigger the recorder.

Disturbance recorder

Longer-term events are monitored by disturbance recorders and include voltage sag,
swell, and overloading. Any configured analog or digital channel can trigger the
disturbance recorder. The D90PIYS can store up to 64 records in nonvolatile memory with up
to five minutes of storage capacity.

Communications features

The D90PS communications module is dedicated to processing the IEC 61850, DNP 3.0,
and IEC 60870-5-104 protocols. This module provides redundant Ethernet ports, each with
10/100Base-TX and 100Base-FX connectors.

Modbus RTU and DNP 3.0 are also available as default protocols through the RS485 port or
the CPU Ethernet ports (slot D).
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Order codes

The order code indicates the product options applicable.

The D90PUS is available as a 19-inch horizontal rack-mount unit. It consists of a number of
required and optional modules. Module options are specified at the time of ordering.

S The order codes shown are subject to change without notice. See the ordering page at
i? http://www.gegridsolutions.com/multilin/order.htm for the latest options.

Figure 13: Order codes
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Specifications

Specifications are subject to change without notice.

Protection specifications

AUTORECLOSURE

Applications: two breakers

Tripping schemes: single-pole and three-pole
Reclose attempts: up to 4 before lockout
Reclosing mode: selectable

Breaker sequence: selectable

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL
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AUXILIARY OVERVOLTAGE
Pickup level:
Dropout level:
Level accuracy:

SPECIFICATIONS

0.000 to 1.100 pu in steps of 0.001
<98% of pickup
+0.5% of reading from 10 to 208 V

Pickup delay:
Reset delay:
Timing accuracy:
Operate time:

AUXILIARY UNDERVOLTAGE
Pickup level:
Dropout level:
Level accuracy:

0.00 to 600.00 seconds in steps of 0.01

0.00 to 600.00 seconds in steps of 0.01

+3% of operate time or +4 ms (whichever is greater)
<2 cycles at 1.10 x pickup at 60 Hz

0.000 to 1.100 pu in steps of 0.001
>102% of pickup
+0.5% of reading from 10 to 208 V

Curve shapes:
Curve multiplier:
Timing accuracy:

BREAKER FAILURE
Mode:

Current SUPEIVISION: ......ccoovvevnreeeeeennrresens
Supervision pickup:

Supervision accuracy at 0.1 to 2.0 x CT:..
Supervision accuracy at >2.0 x CT...........
Time accuracy:

GE IAV inverse, definite time
0.00 to 600.00 in steps of 0.01
+3% of operate time or +4 ms (whichever is greater)

single-pole, three-pole

phase current, neutral current
0.001 to 30.000 pu in steps of 0.001
<98% of pickup

+2% of rated

+2.5% of reading

+3% or 4 ms (whichever is greater)

BREAKER FLASHOVER
Operating quantity:
Pickup level voltage: ...
Dropout level voltage:
Pickup level current: ...

Level accuracy:

phase current, voltage, and voltage difference

.0.000 to 1.500 pu in steps of 0.001
....97 10 98% of pickup

0.000 to 1.500 pu in steps of 0.001
97 to 98% of pickup
+0.5% or +0.1% of rated (whichever is greater)

Pickup delay:
Time accuracy:

0.000 to 65.535 seconds in steps of 0.001
+3% or +42 ms (whichever is greater)

Operate time:

CONTACT INPUTS
Input rating:
On threshold:
Off threshold:
Bounce threshold:
AZ threshold:

Maximum current:
Nominal voltage:
Input impedance:
Recognition time:
Debounce timer:
Chatter detection timer:
Chatter state chaNges: ............weeeeeeeeeeseenennnnns

DISTURBANCE DETECTOR (50DD)
Type:
Range:

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL

<42 ms at 1.10 x pickup at 60 Hz

300 V DC maximum

70% of nominal voltage setting or 20 V (whichever is greater)
30% of nominal voltage setting or 15 V (whichever is greater)
50% of nominal voltage setting or 20 V (whichever is greater)
80% of nominal voltage setting

130% of nominal voltage setting or 285 V maximum

10 mA during turn on, 0.5 mA steady-state

2410 250V

active

<lms

1.50 to 16.00 ms in steps of 0.25

...1to 100 seconds

10 to 100

sensitive current disturbance detector
0.004 to 0.04 pu (twice the current cut-off level threshold)
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FLEXCURVES™
Number:
Reset points:
Operate points:
Time delay:

FLEXELEMENTS™
Elements:

Operating signal:

Operating mode:
Comparator detection: ......eevvvvesseeennn
Pickup level:
Hysteresis:
Delta dt:
Pickup delay:
Dropout delay:

FLEXMATRIX
Principle:

Timing accuracy:

FLEX STATES
Number:

Programmability:

GROUND DISTANCE
Characteristic:

Zones:

Directionality:

Limit angle:
Z0/Z1 magnitude:
Z0M/Z1 angle:
ZOM/Z1 Magnitude: ...
Z0/21 angle:
Right and left blinder reach:................ccccc.e
Right and left blinder characteristic
angle:
Time delay:
Timing accuracy:
Current supervision leVel: ...,
Current supervision pPickup: ...,
Memory duration:

Operation time:
Reset time:

DgoPLUS

CHAPTER 2: PRODUCT DESCRIPTION

4 (A through D)

40 (0 through 1 of pickup)
80 (1 through 20 of pickup)
0to 65535 ms in steps of 1

16

any analog actual value, or two values in differential mode
signed or absolute value

level, delta

over, under

-90.000 to 90.000 pu in steps of 0.001

0.1t0 50.0% in steps of 0.1

20 ms to 60 days

0.000 to 65.535 seconds in steps of 0.001

0.000 to 65.535 seconds in steps of 0.001

aggregates and conditions signals for tripping and auxiliary
functions
+lms

up to 256 logical variables grouped under 16 Modbus
addresses

any logical variable, contact, or virtual input

mho (memory polarized or offset) or quad (memory polarized
or non-directional), selectable individually per zone
negative-sequence or zero-sequence current

-40 to 40° in steps of 1

5

forward, reverse, or non-directional per zone

0.02 to 250.00 ohms in steps of 0.01

+5%, including the effect of CVT transients up to an SIR of 30
forV<1.1x Vnommm

30to0 90°in steps of 1

..30t0 90° in steps of 1

30to 90°in steps of 1

30to 90°in steps of 1

0.00t0 10.00 in steps of 0.01

-90 to0 90° in steps of 1

0.00 to 7.00 in steps of 0.01

-90 to 90° in steps of 1

0.02 to 500.00 ohms in steps of 0.01

60 to 90° in steps of 1

0.000 to 65.535 seconds in steps of 0.001

+3% or 4 ms (whichever is greater)

neutral current (31_0)

0.050 to 30.000 pu in steps of 0.001

5to 25 cycles in steps of 1

0 to 5.000 pu in steps of 0.001 (series compensation
applications)

1to 1.5 cycles (typical)

1 power cycle (typical)

LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL
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Figure 14: Ground distance operating curves

Standard ground distance
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CHAPTER 2: PRODUCT DESCRIPTION

GROUND INSTANTANEOUS OVERCURRENT

Pickup level:
Dropout level:
Level accuracy at 0.1t0 2.0 x CT:..cccoeeenee.
Level accuracy at >2.0 x CT:.ueeeeeeeveveenennnennns
Overreach:
Pickup delay:
Reset delay:
Operate time:
Timing accuracy for operation at 1.5 x

pickup:

GROUND TIME OVERCURRENT
Current:
Pickup level:
Dropout level:
Level accuracy at 0.1t0 2.0 x CT:....cccveeeee
Level accuracy at >2.0 x CTruweveeevevevveeennnnnnns
Curve shapes:

Curve multiplier:
Reset type:
Timing accuracy for 1.03 to 20 x pickup:

LINE PICKUP
Phase instantaneous overcurrent.............

Undervoltage picKUP: .........cueeeeeeeeeeeemeseesmsnnnnnns
Overvoltage delay:

LOAD ENCROACHMENT
Responds to:
Minimum voltage:
Reach:
IMpedance ACCUraCY:....mreerreesssssssnes
Angle:
Angle accuracy:
Pickup delay:
Reset delay:
Timing accuracy:
Operate time:

DgoPLUS

0.000 to 30.000 pu in steps of 0.001

<98% of pickup

+0.5% of reading or +1% of rated (whichever is greater)
+1.5% of reading

<2%

0.00 to 600.00 seconds in steps of 0.01

0.00 to 600.00 seconds in steps of 0.01

<16 ms at 3 x pickup at 60 Hz

+3% or +4 ms (whichever is greater)

phasor or RMS

0.000 to 30.000 pu in steps of 0.001

<98% of pickup

+0.5% of reading or +1% of rated (whichever is greater)
+1.5% of reading

IEEE Moderately Inverse, IEEE Very Inverse, IEEE Extremely
Inverse, IEC (BS) A, IEC (BS) B, IEC (BS) C, IEC Short Inverse, IAC
Inverse, IAC Short Inverse, IAC Very Inverse, IAC Extremely
Inverse, 1°t, FlexCurves™ (programmable), definite time (0.01
second base curve)

0.01 to 600.00 in steps of 0.01

instantaneous/timed (per IEEE)

+3.5% of operating time or £1 cycle (whichever is greater)

0.000 to 30.000 pu in steps of 0.001
0.000 to 3.000 pu in steps of 0.001
0.000 to 65.535 seconds in steps of 0.001

positive-sequence quantities

0.000 to 3.000 pu in steps of 0.001

0.02 to 250.00 ohms in steps of 0.01 (secondary ohms)
+5%

510 50°in steps of 1

+2°

0.000 to 65.535 seconds in steps of 0.001

0.000 to 65.535 seconds in steps of 0.001

+3% or +4 ms (whichever is greater)

<30 ms at 60 Hz

LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL



CHAPTER 2: PRODUCT DESCRIPTION SPECIFICATIONS

NEGATIVE-SEQUENCE DIRECTIONAL OVERCURRENT

Directionality: co-existing forward and reverse
Polarizing: voltage

Polarizing voltage: V_2

Operating current: |2

Level sensing (zero-sequence)................ [I_0] - Kx|I_1]

Level sensing (negative-sequence)............ [I_2] - Kx|I_1]

Restraint, K: 0.000 to 0.500 in steps of 0.001
Characteristic angle:...........ccccccccvviiinnnnn.. 0 10 90° in steps of 1

Limit angle: 40 to 90° in steps of 1, independent for forward and reverse
Angle accuracy: +2°

Offset impedance: 0.00 to 250.00 ohms in steps of 0.01
Pickup level: 0.05 to 30.00 pu in steps of 0.01
Dropout level: <98%

Operation time: <16 ms at 3 x pickup at 60 Hz

NEGATIVE-SEQUENCE INSTANTANEOUS OVERCURRENT

Pickup level: 0.000 to 30.000 pu in steps of 0.001
Dropout level: <98% of pickup
Level accuracy at 0.1t0 2.0 x CT................. +0.5% of reading or +1% of rated (whichever is greater)
Level accuracy at >2.0 x CT:..vevevevvvvvrnnnns +1.5% of reading
Overreach: <2%
Pickup delay: 0.00 to 600.00 seconds in steps of 0.01
Reset delay: 0.00 to 600.00 seconds in steps of 0.01
Operate time: <20 ms at 3 x pickup at 60 Hz
Timing accuracy for operation at 1.5 x
pickup: +3% or £4 ms (whichever is greater)

NEGATIVE-SEQUENCE OVERVOLTAGE

Pickup level: 0.000 to 1.250 pu in steps of 0.001

Dropout level: <98% of pickup

Level accuracy: +0.5% of reading from 10 to 208 V

Pickup delay: 0.00 to 600.00 seconds in steps of 0.01

Reset delay: 0.00 to 600.00 seconds in steps of 0.01

Timing accuracy: +3% or £20 ms (whichever is greater)

Operate time: <30 ms at 1.10 x pickup at 60 Hz
NEGATIVE-SEQUENCE TIME OVERCURRENT

Pickup level: 0.000 to 30.000 pu in steps of 0.001

Dropout level: <98% of pickup

Level accuracy at 0.1t0 2.0 x CT................ +0.5% of reading or +1% of rated (whichever is greater)
Level accuracy at >2.0 x CTr..vvveveevervenenns +1.5% of reading

Curve shapes: IEEE Moderately Inverse, IEEE Very Inverse, IEEE Extremely

Inverse, IEC (BS) A, IEC (BS) B, IEC (BS) C, IEC Short Inverse, IAC
Inverse, IAC Short Inverse, IAC Very Inverse, IAC Extremely
Inverse, 1°t, FlexCurves™ (programmable), definite time (0.01
second base curve)

Curve multiplier: 0.01 to 600.00 in steps of 0.01

Reset type: instantaneous/timed (per IEEE) and linear

Timing accuracy for 1.03 to 20 x pickup: +3.5% of operating time or +1 cycle (whichever is greater)

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL 23
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NEUTRAL DIRECTIONAL OVERCURRENT

Directionality:

Polarizing:

Polarizing voltage:

Polarizing current:

Operating current:

Level sensing:

Restraint (K):

Limit angle:
Angle accuracy:

Offset impedance:
Pickup level:

Dropout level:

Operation time:

co-existing forward and reverse

voltage, current, dual

V_0orVX

IG

|0

3 x(|I_0] - K x |I_1]), IG; independent for forward and reverse
0.000 to 0.500 in steps of 0.001

-90 to 90° in steps of 1

40 to 90° in steps of 1, independent for forward and reverse
+2°

0.00 to 250.00 ohms in steps of 0.01

0.002 to 30.000 pu in steps of 0.01

<98%

<16 ms at 3 x pickup at 60 Hz

NEUTRAL INSTANTANEOUS OVERCURRENT

Pickup level:
Dropout level:

Level accuracy at 0.1to 2.0 x CT:......
Level accuracy at >2.0 x CT:.eeeeveeeeveenenns

Overreach:
Pickup delay:

Reset delay:

Operate time:

Timing accuracy for operation at 1.5 x

pickup:

NEUTRAL OVERVOLTAGE

Pickup level:
Dropout level:

Level accuracy:
Pickup delay:

Reset delay:

Timing accuracy:
Operate time:

NEUTRAL TIME OVERCURRENT
Current:

Pickup level:

Dropout level:

Level accuracy at 0.1t0 2.0 x CT:...cccoeeeee.
Level accuracy at >2.0 x CT:.eeeeeeeeeveeennns

Curve shapes:

Curve multiplier:

Reset type:

Timing accuracy at 1.03 to 20 x pickup:.

NON-VOLATILE LATCHES

Type:
Number:

Output:

0.000 to 30.000 pu in steps of 0.001
<98% of pickup
+0.5% of reading or +1% of rated (whichever is greater)

..... +1.5% of reading

<2%

0.00 to 600.00 seconds in steps of 0.01
0.00 to 600.00 seconds in steps of 0.01
<20 ms at 3 x pickup at 60 Hz

+3% or £4 ms (whichever is greater)

0.000 to 1.250 pu in steps of 0.001

<98% of pickup

+0.5% of reading from 10 to 208 V

0.00 to 600.00 seconds in steps of 0.01 (definite time) or
user-defined curve

0.00 to 600.00 seconds in steps of 0.01

+3% or +20 ms (whichever is greater)

<3 cycles at 1.10 x pickup

phasor or RMS

0.000 to 30.000 pu in steps of 0.001

<98% of pickup

+0.5% of reading or +1% of rated (whichever is greater)

..... +1.5% of reading

IEEE Moderately Inverse, IEEE Very Inverse, IEEE Extremely
Inverse, IEC (BS) A, IEC (BS) B, IEC (BS) C, IEC Short Inverse, IAC
Inverse, IAC Short Inverse, IAC Very Inverse, IAC Extremely
Inverse, 1%t, FlexCurves™ (programmable), definite time (0.01
second base curve)

0.01 to 600.00 in steps of 0.01

instantaneous/timed (per IEEE)

+3.5% of operating time or +1 cycle (whichever is greater)

set-dominant or reset-dominant

16 (individually programmed)

stored in non-volatile memory

as input prior to protection, control, and FlexLogic™
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OPEN POLE DETECTOR
Functionality:

Current pickup 18Vel........eeeeeeeeeeeeeeereereseennnnnnns
Line capacitive reactances:........oovevennen.
Remote current pickup level.......................
Current dropout level:..............ccririns

OVERFREQUENCY
Elements:
Pickup level:
Dropout level:
Level accuracy:
Time delay:
Timer accuracy:

SPECIFICATIONS

detects an open pole condition, monitoring breaker auxiliary
contacts, the current in each phase and optional voltages on
the line

0.000 to 30.000 pu in steps of 0.001

300.0 t0 9999.9 secondary ohms in steps of 0.1

0.000 to 30.000 pu in steps of 0.001

pickup + 3%; not less than 0.05 pu

2

20.00 to 65.00 Hz in steps of 0.01
pickup level - 0.03 Hz

+0.01 Hz

010 65.535 seconds in steps of 0.001
+3% or 4 ms (whichever is greater)

PHASE DIRECTIONAL OVERCURREN
Relay connection:
QuAdrature VORAGE: .........wwveeevveseesssssssssssssennees

Polarizing voltage threshold:.........ccc..........
Current sensitivity threshold:........cccccccccceees
Characteristic angle:............weeemmmmmmmmmemmnnnnns
Angle accuracy:

T
90° (quadrature)

phase A (Vgc), phase B (Vca), phase C (Vg) for ABC phase
sequence; phase A Vg, phase B (Vac), phase C (Vg,) for ACB
phase sequence

0.000 to 3.000 pu in steps of 0.001

0.05 pu

0to 359°in steps of 1

+2°

Tripping operation time: ...,
Blocking operation time: ............vvvvevevveveens

PHASE DISTANCE
Characteristic:

Zones:
Directionality:
Reach:
Reach accuracy:

Distance characteristic angle.......................

Directional supervision characteristic
angle:

Directional supervision limit angle:............
Right and left blinder reach.......................
Right and left blinder characteristic
angle:
Time delay:
Timing accuracy:

<12 ms, typically (reverse load, forward fault)
<8 ms, typically (forward load, reverse fault)

mho (memory polarized or offset) or quad (memory polarized
or non-directional), selectable individually per zone

5

forward, reverse, or non-directional per zone

0.02 to 250.00 ohms in steps of 0.01 (secondary ohms)

5%, including the effect of CVT transients up to an SIR of 30
for V< 1.1 x Viominal

3010 90°in steps of 1

3010 90°in steps of 1

30to0 90°in steps of 1
30to 90°in steps of 1
0.02 to 500.00 ohms in steps of 0.01

60 to 90° in steps of 1
0.000 to 65.535 seconds in steps of 0.001
+3% or 4 ms (whichever is greater)

Current supervision Pickup: ...
Memory duration:
CT location:
VT location:
Voltage supervision pickup: ...,

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL

line-to-line current

0.050 to 30.000 pu in steps of 0.001

51to 25 cycles in steps of 1

all delta-wye and wye-delta transformers

all delta-wye and wye-delta transformers

0.000 to 5.000 pu in steps of 0.001 (series compensation
applications)
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Figure 15: Phase distance operating curves
Standard phase distance

20 T
18T SIR =30
SIR =20
16t SIR=10
8 14—
[}
o
w 12T SIR=10
£ SIR=0.1
et
£
S
@
8— SIR = source
0.6 impedance
ratio
04 +
02 T
0 t t t t t t t j
10 20 30 40 50 60 70 80
Fault location (% of relay setting))
50 + Sub-cycle phase distance with CVT filter
18 T
- SIR=30
@
S SIR =20
ko)
[V}
£
o
£
5 SIR=10
g SIR=1.0
S SIR=0.1
02 T
0 t t t t t t t |
0 10 20 30 40 50 60 70 80
Fault location (% of relay setting)
50 - Sub-cycle phase distance without CVT filter
SIR=30
18 T SIR =20
R SIR=10
8
E\ 14 +
g 12 f
o SIR=1.0
£
kS
2
o // SIR=0.1
0.4
02 +
0 t t t t t t t |
0 10 20 30 40 50 60 70 80

26

Fault location (% of relay setting) 870730A1.CDR

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL



CHAPTER 2: PRODUCT DESCRIPTION

SPECIFICATIONS

PHASE INSTANTANEOUS OVERCURRENT

Pickup level: 0.000 to 30.000 pu in steps of 0.001

Dropout level: <98% of pickup

Level accuracy at 0.1t0 2.0 x CTieveeeeeee +0.5% of reading or +1% of rated (whichever is greater)
Level accuracy at >2.0 x CT:..vvvevevvvvrrnnnes +1.5% of reading

Overreach: <2%

Pickup delay: 0.00 to 600.00 seconds in steps of 0.01

Reset delay: 0.00 to 600.00 seconds in steps of 0.01

Operate time:

<16 ms at 3 x pickup at 60 Hz

Timing accuracy for operation at 1.5 x

pickup: +3% or +4 ms (whichever is greater)
PHASE OVERVOLTAGE
Voltage: phasor only
Pickup level: 0.000 to 3.000 pu in steps of 0.001
Dropout level: <98% of pickup

Level accuracy:

+0.5% of reading from 10 to 208 V

Pickup delay:

Operate time:

Timing accuracy:

0.00 to 600.00 seconds in steps of 0.01
<3 cycles at 1.10 x pickup
+3% or +4 ms (whichever is greater)

PHASE SELECTOR
Function:

PHASE TIME OVERCURRENT

determines the fault type for the trip output scheme, fault
locator, and fault report

Current: phasor or RMS

Pickup level: 0.000 to 30.000 pu in steps of 0.001

Dropout level: <98% of pickup

Level accuracy at 0.1t0 2.0 x CTieeeeeeees +0.5% of reading or +1% of rated (whichever is greater)

Level accuracy at >2.0 x CT..........

Curve shapes:

Curve multiplier:

Reset type:

Timing accuracy at 1.03 to 20 x pickup:..

PHASE UNDERVOLTAGE

Pickup level:
Dropout level:

......... +1.5% of reading

IEEE Moderately Inverse, IEEE Very Inverse, IEEE Extremely
Inverse, IEC (BS) A, IEC (BS) B, IEC (BS) C, IEC Short Inverse, IAC
Inverse, IAC Short Inverse, IAC Very Inverse, IAC Extremely
Inverse, 12t, FlexCurves™ (programmable), definite time (0.01
second base curve)

0.01 to 600.00 in steps of 0.01

instantaneous/timed (per IEEE)

+3.5% of operating time or 1 cycle (whichever is greater)

0.000 to 1.100 pu in steps of 0.001
>102% of pickup

Level accuracy:
Curve shapes:

Curve multiplier:

Timing accuracy for operation at <0.90

x pickup:

PILOT-AIDED SCHEMES
Available schemes:

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL

+0.5% of reading from 10 to 208 V
GE IAV Inverse; Definite Time (0.1 second base curve)
0.00 to 600.00 in steps of 0.01

+3.5% of operate time or +4 ms (whichever is greater)
Direct Underreaching Transfer Trip (DUTT) Permissive
Underreaching Transfer Trip (PUTT), Permissive Overreaching

Transfer Trip (POTT), Hybrid POTT, Directional Comparison
Blocking, Directional Comparison Unblocking
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POWER SWING DETECT
Functions:

CHAPTER 2: PRODUCT DESCRIPTION

power swing block, out-of-step trip

Characteristic:

Measured impedance..............

Blocking and tripping modes
Tripping mode:

mho or quadrilateral
........................ positive-sequence
et two-step or three-step
early or delayed

Current supervision pickup:...
Current supervision dropout:..........ccceee....

Forward reach:

........................ 0.050 to 30.000 pu in steps of 0.001
<98% of pickup

Reverse reach:

0.10 to 500.00 ohms in steps of 0.01 (secondary ohms)
0.10 to 500.00 ohms in steps of 0.01 (secondary ohms)

Left and right blinders..............
Impedance accuracy:..............

........................ 0.10 to 500.00 ohms in steps of 0.01 (secondary ohms)
................. +5%

Forward angles:
Reverse angles:

40 to 90° in steps of 1
40 to 90° in steps of 1

+2°

Angle accuracy:

Characteristic limit angles: ...

Timers:

....................... 40 to 140°in steps of 1

Timing accuracy:

0.000 to 65.535 seconds in steps of 0.001
+3% or 4 ms (whichever is greater)

PROTECTION FLEXLOGIC™

Programming:

Reverse Polish Notation with graphical visualization (keypad

Lines of code:

programmable)
512

Internal variables:

64

Supported operations.............

Inputs:

........................ NOT, XOR, OR (2 to 16 inputs), AND (2 to 16 inputs), NOR (2 to
16 inputs), NAND (2 to 16 inputs), latch (reset-dominant),
edge detectors, timers

any logical variable, contact, or virtual input

Number of timers:

32

Pickup delay:

0 to 60000 (ms, seconds, or minutes) in steps of 1

Dropout delay:

0 to 60000 (ms, seconds, or minutes) in steps of 1

PROTECTION VIRTUAL IN
Input points:

PUTS
64

Programmability:

self-reset or latched

PROTECTION VIRTUAL OUTPUTS

96

Output points:
Programmability:

output of a protection FlexLogic™ equation or input to a

REMOTE INPUTS (IEC 618
Input points:

protection FlexLogic™ equation

50 GSSE/GOOSE)
64

Remote devices:

32

Default states on loss of
communications:

on, off, latest/off, latest/on

REMOTE OUTPUTS (IEC 61850 GSSE/GOOSE)
Standard output points: ... 32

User output points:

32

TRIP OUTPUT
Functionality:

collects trip and reclose input requests and issues outputs to

control tripping and reclosing

Communications timer delay: .......ccooou.... 0to 65535 seconds in steps of 0.001

Evolving fault timer:. .o

Timing accuracy:

0.000 to 65.535 seconds in steps of 0.001
+3% or 4 ms (whichever is greater)

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL



CHAPTER 2: PRODUCT DESCRIPTION

UNDERFREQUENCY
Elements:

Minimum signal:

Pickup level:

Dropout level:

Level accuracy:

Time delay:

Timer accuracy:

SPECIFICATIONS

2

0.10to 1.25 pu in steps of 0.01

20.00 to 65.00 Hz in steps of 0.01
pickup level + 0.03 Hz

+0.01 Hz

0 to 65.535 seconds in steps of 0.001
+3% or 4 ms (whichever is greater)

VT FUSE FAILURE SUPERVISION

Elements:

1 per source

WATTMETRIC ZERO-SEQUENCE DIRECTIONAL

Measured power:
Elements:

Characteristic angle:..........eeeveeememmmmesnennnnnnns

Minimum power:

Pickup level accuracy: ..o,

Hysteresis:

Pickup delay:

Inverse time multiplier:......erennennns

Time accuracy:

zero-sequence
2

0 to 360° in steps of 1

0.001 to 1.200 pu in steps of 0.001

+1% or 0.0025 pu (whichever is greater)

3% or 0.001 pu (whichever is greater)

definite time (0 to 600.00 seconds in steps of 0.01), inverse
time, or FlexCurve™

.0.01 to 2.00 seconds in steps of 0.01

+3% or £20 ms (whichever is greater)

Operate time:

Automation specifications

AUTOMATION LOGIC

Logic type:

Programming language: ....................

Execution rate:

Variable types:

Boolean operations: ...

Control operations:
Boolean inputs:

Analog inputs:

Virtual inputs:
Virtual outputs:

Remote inputs:

Remote outputs:

Remote devices:

AUTOMATION VIRTUAL INPUTS

Input points:

Programmability:
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<30 ms at 60 Hz

4096

1

yes

cyclic

proprietary

50 ms

Boolean, IEEE floating point

NOT, XOR, OR, AND, NOR, NAND, any contact input, any
direct input, any teleprotection input, any remote input, any
virtual input, any automation logic operand

add, subtract, multiply, divide, negation, absolute value,
square root, exponent, logarithm, sine, cosine, tangent,
arcsine, arccosine, arctangent, natural logarithm, base 10
logarithm, modulo, ceiling, floor

latch, timer, comparator, absolute timer functions

any contact input, direct input, teleprotection input, remote
input, virtual input, or automation logic operand

any FlexAnalog™ quantity

128

255

64

64

32

128
self-reset or latched
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AUTOMATION VIRTUAL OUTPUTS

Output points:

Programmability:

BREAKER CONTROL
Mode:

Control:

Control seal-in:

BREAKER INTERLOCKING
Interlocking inputs:

DISCONNECT CONTROL
Mode:

Control:

Control seal-in:

DISCONNECT INTERLOCKING
Interlocking inputs:

SELECTOR SWITCH

Selecting mode:

Time-out timer:

Control inputs:

Power-up mode:

SYNCHROCHECK
Elements:

Maximum frequency difference.............

Hysteresis for maximum frequency
difference:

Equipment manager

BATTERY MONITOR
Principle:

Hysteresis:

Timing accuracy:

BREAKER ARCING CURRENT
Elements:

Principle:

Auxiliary contact compensation:................

Alarm threshold:

Fault duration acCuracy:........eeeeeeeees

CHAPTER 2: PRODUCT DESCRIPTION

255
output of an automation logic equation or input to an
automation logic equation

single-pole, three-pole
open/close, local/SCADA
0 to 2000 ms in steps of 1

single-pole, three-pole
open/close, local/SCADA
0to 2000 ms in steps of 1

1to 7instepsof 1

time-out or acknowledge

3.0 t0 60.0 seconds in steps of 0.1

step-up and three-bit

restore from non-volatile memory or synchronize to a three-
bit control input or synchronize/restore mode

2

0 to 100000 volts in steps of 1
0to 100°in steps of 1

0.00 to 2.00 Hz in steps of 0.01

0.00 to 0.10 Hz in steps of 0.01
none, LV1 & DV2, DV1 & LV2, DV1 or DV2, DV1 xor DV2, DV1 &
DV2 (L = live, D = dead)

monitors battery voltage and auxiliary alarms
5%
1cycle

1 per breaker (to a maximum of 2)

accumulates contact wear (/,t), measures fault magnitude
and duration

0to 50 msin steps of 1

0 to 50000 kA%-cycle in steps of 1

..... 0.25 of power cycle
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Metering specifications

CURRENT METERING

Type:

Accuracy at 0.1t0 2.0 x CTucvveerrerreeeene.

Accuracy at >2.0 X CT:eveeeeeeeneecenens

DATA LOGGER
Channels:

Parameters:

Statistics:

Alarms:

ENERGY METERING
Type:

SPECIFICATIONS

phase and ground RMS current

...... +0.25% of reading or £0.1% of rated (whichever is greater) at

50/60 Hz nominal frequency

““““ +1.0% of reading, at 50/60 Hz nominal frequency

1to 16

any FlexAnalog value

maximum and time of maximum, minimum and time of
minimum, average

high, high-high, low, low-low

positive and negative watt-hours and var-hours

Accuracy:
Range:

Parameters:

Update rate:

FREQUENCY METERING

Accuracy at V=0.81t0 1.2 pUi...cccouerveenne.
Accuracy at/=0.1t0 0.25 pU: .coemeveeenee

Accuracy at /> 0.25 pU: e

PHASOR MEASUREMENT UNIT
Output format:

Channels:

Triggering:

Reporting rate:

Number of clients:

AC ranges:

Network reporting format: ..........ccccooeeeeee.

Post-filtering:
Calibration:

+2.0% of reading

-2.0 x 10? t0 2.0 x 102 MWh/Mvarh
three-phase only

50 ms

““““ +0.001 Hz (when voltage signal is used for frequency

measurement)

...... +0.05 Hz (when current signal is used for frequency

measurement)
+0.001 Hz (when current signal is used for frequency
measurement)

per IEEE C37.118 standard

14 synchrophasors, 8 analogs, 16 digitals

<1%

frequency, voltage, current, power, rate of change of
frequency, user-defined

1,2,5,10, 12, 15, 20, 25, 30, 50, or 60 times per second
One over TCP/IP port, two over UDP/IP ports

as indicated in appropriate specifications sections
16-bit integer or 32-bit IEEE floating point numbers

..rectangular (real and imaginary) or polar (magnitude and

angle) coordinates
none, 3-point, 5-point, 7-point
+5°

POWER METERING

Real pOWer ACCUraCY: ..
Reactive power accuracy: ...
Apparent POWer QCCUraCY:.......owweeerrrnne

VOLTAGE METERING
Type:

Accuracy:

+1.0% of reading at -1.0 < PF<0.8and 0.8 <PF< 1.0

...... +1.0% of reading at -0.2 < PF<0.2
...... +1.0% of reading

RMS voltage
+0.5% of reading from 30 to 208 volts at 50/60 Hz nominal

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL
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Digital fault recorder specifications

DISTURBANCE RECORDER

Storage capacity:

Maximum records:

Sampling rate:

Sampling accuracy:

Analog channels:

Analog channel data: ...

Digital channels:

Digital channel data:.............cccooeererrevvvvercire.

Triggers:

Storage modes:

Triggering modes:

Data storage:

EVENT RECORDER
Storage capacity:

Time tag:
Triggers:

Data storage:

FAULT REPORT
Records:

Data:

Triggers:

Data storage:

FAULT LOCATOR
Method:

Accuracy:

Units:

Trigger:

Data storage:

one record with all available channels at 60 samples per
second for 40 seconds

64

1 sample per cycle

<1 ms per second of recording

64

any FlexAnalog™ quantity

32

any contact input, direct input, remote input, virtual input,
automation logic operand, or FlexLogic™ operand

any digital change of state (user-programmable),
undervoltage, overvoltage, undercurrent, overcurrent,
underfrequency, overfrequency, rate of change of
frequency, 1 user-programmable trigger, 1 block
automatic overwrite, protected

time window from rising edge of trigger, continuous
recording as long as trigger is active

0to 100%

non-volatile memory

8192 events

tolms

any contact input, direct input, remote input, virtual input,
logic operand, or self-test event

non-volatile memory

15

station and circuit ID, date and time of trip, fault type, active
setting group at time of trigger, pre-fault current and voltage
phasors (2 cycles before 50DD associated with fault report
source), fault current and voltage phasors (1 cycle after
trigger), protection elements operated at time of trigger,
firmware revision

user-selected operand

non-volatile memory

single-ended

2% of line length
miles or kilometers
from fault report
non-volatile memory
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TRANSIENT RECORDER
Storage capacity:

Number of records:
Sampling rate:
Timestamp accuracy:
Analog channels:
Analog channel data:
Digital channels:
Digital channel data....vvvvveveeeveeveeevvererssnnnnns

Sampled channels:
Sampled channel data:.. .
Triggers:

Storage modes:
Triggering modes:

Pre-trigger window:
Data storage:

Front panel interface

ANNUNCIATOR
Inputs:
Windows per page:
Pages:
Sequence:
Off indication:
Flashing indication:

On indication:

Priority:
Data storage:

CONTROL DISPLAY
Devices:
Pushbuttons:
Functionality:

SPECIFICATIONS

one record with all available channels at 32 samples per
cycle for 1 minute

1to 64

16 to 256 samples per power cycle

<10 ps per second of recording

up to twelve 16-bit, unprocessed, AC input channels

any FlexAnalog quantity

up to 128

any contact input, direct input, remote input, virtual input,
automation logic operand, or FlexLogic™ operand

up to 24

16-bit, unprocessed sampled channels

any digital channel change of state, undervoltage,
overvoltage, undercurrent, overcurrent, underfrequency,
overfrequency, rate of change of frequency, one user-
programmable, one block

automatic overwrite, protected

time window from rising edge of trigger, continuous
recording as long as trigger is active

0to 100%

non-volatile memory

288

12 to 48

up to 24

manual reset, locking

alarm inactive and reset

alarm active and not acknowledged, alarm inactive and not
acknowledged

alarm active and acknowledged, alarm inactive and not
reset

by active window and page number
non-volatile memory

status and control of up to 8 power system devices
30 dedicated user-programmable pushbuttons
supports select-before-operate functionality

DIGITAL FAULT RECORDER DISPLAY

Sequence of events: ..
Fault reports:

Transient records:
Disturbance records:

EQUIPMENT MANAGER DISPLAY
Battery monitoring:
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....displays the stored sequence of events record

display and retrieval of the critical metrics of a stored fault
report

retrieval of a stored transient record

retrieval of a stored disturbance record

displays the current battery voltage and alarm states
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METERING DISPLAY
Summary:

Phasors:

Energy:

Demand:

MAINTENANCE DISPLAY

Input and output status: .........ccceeeeererervvveennnn.

Hardware specifications

AC CURRENT
CT rated primary:

Relay burden:

Conversion range:
Current withstand:

AC VOLTAGE

VT ratio:

Nominal frequeNnCy:............vvvevnnnnns

Relay burden:

Conversion range:

Voltage withstand:

CONTACT INPUTS
Input rating:

Selectable thresholds:......c..e.

Maximum current:

Recognition time:

Debounce timer:

CHAPTER 2: PRODUCT DESCRIPTION

displays present values of voltage, current, real power,
reactive power, power factor, and frequency on a per-phase
and total basis

digital and graphical display of present voltage and current
magnitudes and angles

displays present magnitudes and angles of current and
voltage sequence components

four-quadrant display of accumulated energy

present and peak demand values for current and real,
reactive, and apparent power

displays the current status of all contact inputs and outputs

1to 50000 A

1Aor5A

50 or 60 Hz

<0.2 VA secondary

0.02 to 46 x CT rating RMS symmetrical

20 ms at 250 x rated, 1 second at 100 x rated, continuous at
3 x rated

50.0to 2400V
1.00 to 24000.0
50 or 60 Hz
<0.25VAat 120V
1to 275V

continuous at 260 V to neutral, 1 minute per hour at 420 V
neutral

300 V DC maximum

2410 250V

10 mA during turn on, 0.5 mA steady-state
<1lms

1.50to 16.00 ms in steps of 0.25

CONTACT OUTPUTS: CRITICAL FAILURE RELAY

Make and carry for 0.2 S: .....eeeeeeeenns

Continuous carry:

Break at L/R Of 40 MS: ...

Operate time:

Contact material:

........... 10A

6A

0.250 Aat 125V DC; 0.125Aat 250V DC
<8 ms

silver alloy

CONTACT OUTPUTS: FORM-A RELAY

Make and carry for 0.2 S: ..ens

Continuous carry:

Break at L/R Of 40 MS: ...

Operate time:
Contact material:

........... 30 A as per ANSI C37.90

6A

0.250 Aat 125V DC; 0.125Aat 250V DC
<4'ms

silver alloy
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SPECIFICATIONS

CONTACT OUTPUTS: SOLID-STATE RELAY

Operate time:
Contact material:

CONTROL POWER EXTERNAL OUTP
Capacity:
Isolation:

CRITICAL FAILURE RELAY

Carry continuous:
Break at L/R of 40 ms:

Operate time:
Contact material:

ETHERNET PORTS
Standard:
Optional:

100Base-FX medid type: ......wwvevvvvevvervrennns

10/100Base-TX medid type: ...
Power budget:
Maximum optical input power:.....................
Receiver sensitivity:
Typical distance:

Carry continuous:
Break at L/R of 40 ms:
Operate time:
Contact material:

IRIG-B INPUT

DC shift:
Input impedance:
Isolation:

POWER SUPPLY

Maximum DC VORAGE: ...,
Nominal AC vOltage: .......ccoeeerrevvvvveecreeennreeeeenees

Voltage withstand:
Voltage loss hold-up:..
Power CONSUMPLION: ..cooccecerreeeeeeereseeeeeres
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30 A as per ANSI C37.90
6A

10Aat 250V DC

<100 ps

silver alloy

ut
100 mADCat 48V DC
2 kv

30 A as per ANSI C37.90

6A

0.250 ADC at 125V DC; 0.125 ADC at 250 V DC; 0.10 A DC
maximum at 125V

<8 ms

silver alloy

1 port supporting Modbus RTU and DNP 3.0

2 ports supporting TFTP, HTTP, SNTP, PRP, DNP 3.0, IEC 60870-
5-104, IEC 61850, or PRP on communications module
1300 nm, multi-mode, half/full-duplex, fiber optic with ST
connector

RJ45 connector

10dB

-14 dBm

-30dBm

2.0 km

<10 ms typical

30 A per ANSI C37.90

6A

0.250 ADC at 125V DC; 0.125 ADC at 250V DC
<4ms

silver alloy

1to 10V pk-pk
TTL

50 kQ

2 kv

125to0 250V

80V

300V

100 to 240V at 50/60 Hz

80V at48to 62 Hz

275V at481to 62 Hz

2 x highest nominal voltage for 10 ms

....200 ms duration at nominal

30 VA typical, 65 VA maximum
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RS485 PORT
Baud rates: 300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600,
115200
Protocol: Modbus RTU and DNP 3.0
Distance: 1200 m
Isolation: 2 kv
SOLID-STATE RELAY
Make and carry for 0.2 S: ...cccvccssssssens 30 A as per ANSI C37.90
Carry continuous: 6A
Break at L/R of 40 MS: ...oooovvovccoveeeeeeeeeeeeeeee 10.0 ADC at 250 V DC
Operate time: <100 ps
USB PORT
Standard: type B USB connector for EnerVista software
Communications specifications

DIRECT INPUTS
Input points: 96 per channel
Remote devices: 16
Default states on loss of

communications: On, Off, Latest/On, Latest/Off
Ring configuration: yes, no
Data rate: 64 or 128 kbps
CRC: 32-bit
CRC alarm: responding to rate of messages failing the CRC
CRC alarm monitoring message count:... 10 to 10000 in steps of 1
CRC alarm threshold:.......cccooeeeeeseserenne. 1to0 1000 in steps of 1
Unreturned messages alarm:................... responding to rate of unreturned messages in the ring
Unreturned messages alarm monitoring

message count: 10 to 10000 in steps of 1

Unreturned messages alarm threshold:.. 1 to 1000 in steps of 1

DIRECT OUTPUTS
Output points: 96 per channel

MODBUS USER MAP
Number: up to 256 Modbus addresses
Programmability: any setting or actual value in decimal

REMOTE INPUTS (IEC 61850 GSSE/GOOSE)

Input points: 64
Remote devices: 32
Default states on loss of
communications: On, Off, Latest/Off, Latest/On
Remote double-point status inputs........... 16

REMOTE OUTPUTS (IEC 61850 GSSE/GOOSE)
Standard output points: ... 32
User output points: 32
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TELEPROTECTION
Input points: 16 per channel
Remote devices: 3
Default states on loss of
COMMUNICALIONS: e On, Off, Latest/On, Latest/Off
Ring configuration: No
Data rate: 64 or 128 kbps
CRC: 32-bit

PARALLEL REDUNDANCY PROTOCOL (PRP) (IEC 62439-3 CLAUSE 4, 2012)
Ports used: 2and 3
Networks used: 10/100 MB Ethernet

Inter-relay communications specifications

TYPICAL DISTANCE

RS422 interface: 1200 m (based on transmitter power; does not take into
consideration the clock source provided by the user)

G.703 interface: 100 m

850 nm laser (multimode) interface..........2.0 km (50/125 pm cable with ST connector);

2.9 km (62.5/125 pm cable with ST connector)

S The typical distances shown are based on the assumptions for system loss shown below.
i? As actual losses vary from one installation to another, the distance covered by your system
NOTE may vary.

LINK LOSSES (850 NM LASER, MULTIMODE MODULE)

ST CONNECLOr |0SSES: ..ovvvveveverrrrrrreses i 2 dB (total of both ends)

50/125 um fiber l0SS: .oooevveeeeeseeeeeesreeeee 2.5 dB/km

62.5/125 um fiber l0SS: ..o 3.0 dB/km

Splice loss: one splice every 2 km, at 0.05 dB loss per splice

System margin: 3 dB of additional loss was added to calculations to
compensate for all other losses, including age and
temperature

LINK POWER BUDGET (850 NM LASER, MULTIMODE MODULE)

Maximum optical input power.:..................... -9dBm

Minimum transmit POWET:............cccoooomrrreveveees -22 dBm (into 50 um fiber), -18 dBm (into 62.5 um fiber)
Maximum receiver sensitivity: ... -32dBm

Power budget: 10 dBm (for 50 um fiber), 14 dBm (for 62.5 um fiber)

% These power budgets are calculated from the manufacturer’s worst-case transmitter

power and worst-case receiver sensitivity.
NOTE

Test specifications

PRODUCTION TESTS
Thermal: products go through a 12 hour burn-in process at 60°C
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TYPE TESTS

Vibration: IEC 60255-21-1, 1G (class Bm)

Shock / bump: IEC 60255-21-2, 10G (class Bm)

Seismic (single axis): .......coevreeersseerssnnnn IEC60255-21-3, 1G / 3.5 mm (class 1)

Make and carry (30 Al...eeeeeeeeeeveesseeseessesnnnnns IEEE C37.90

Conducted IMMUNILY: oo IEC 61000-4-6 / IEC60255-22-6, class 3 (10 V RMS)

Surge: IEC 61000-4-5 or IEC 60225-22-5, 1.2/50 test up to level 4
(4 kv)

Burst disturbance (1 MHz oscillatory): ......IEC60255-22-1 up to 2.5 kV at 1 MHz damped

Fast transients: ANSI/IEEE C37.90.1, EC61000-4-4 class 4, (2 kV, 5 kHz / 4 kv,
2.5 kHz, 2 kV on data control ports and inputs/outputs), IEC
60255-22-4

Radiated immunity: ........ccccccosevcerrssssnnnnn. [EC 61000-4-3 / 1EC 60255-22-3 class 3 (10 V/m) or IEEE
C37.90.2 radiated RFI (35 V/m)

Power frequency disturbance:............... IEC 61000-4-8 (30 A/m) class 4

Radiated/conducted emissions...............[EC 60255-25 / CISPR 11/22 class A

Insulation resistance:........eeerrerreenenn [EC 60255-5

Dielectric strength: IEC 60255-5, ANSI/IEEE C37.90

Dielectric across relay contacts:...............|[EEE C37.90 (1.6 kV)

Electrostatic discharge: ... EN 61000-4-2, IEC60255-22-2 8 kV C, 15 kV A, L4

Voltage dips/interruptions/variations: .....IEC 61000-4-11 (30% 1 cycle), IEC 60255-11

AC ripple: IEC 61000-4-17 (standard)

Interruptions on DC pOWeT: ..........cccomrveeennnn. IEC61000-4-29

Damped magnetic immunity:...................|EC61000-4-10 (level 5, 100A/m)

Impulse voltage withstand: ..................... EN/IEC60255-5 (5 kV)

Humidity cyclic: IEC60068-2-30, 6 days 55°C, 95%RH (variant 1)

Environmental specifications

OPERATING TEMPERATURE

Cold: IEC 60068-2-1, 16 hours at -40°C

Dry heat: IEC 60068-2-2, 16 hours at 80°C

OTHER ENVIRONMENTAL SPECIFICATIONS

Altitude: up to 2000 m

Installation category:.........eeereerssrirnnns I

IP rating: IP30 for front, IP10 for back

Noise: Negligible

Approvals and certification

APPROVALS
UL508 17th edition and C22.2 No.14-05: UL listed for the USA and Canada

CERTIFICATION
CE LVD 2006/95/EC: EN/IEC 61010-1:2001 / EN60255-5:2000
CE EMC 89/336/EEC: ..covvvrerrrsserrersserersssienres EN 60255-26:2004-08
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D90PUS Line Distance Protection System

Chapter 3: Installation

This chapter outlines installation of hardware and software. You unpack, check, mount,
and wire the unit, then install the software and configure settings.

Unpack and inspect

Use this procedure to unpack and inspect the unit.

1. Open the relay package and check that the following items have been delivered:

D90PIYS Line Distance Protection System

Mounting screws

GE EnerVista™ CD (software and documentation)

Instruction Manual (soft copy on the CD; printed copy if ordered)

Communications Guide (soft copy on the CD; printed copy if Instruction Manual
ordered)

Certificate of Calibration
Test Report
EC Declaration of Conformity

Inspect the unit for physical damage.

3. Verify that the correct model has been delivered.

For any issues, contact GE Grid Solutions as outlined in the For Further Assistance
section in chapter 1.
5. Check that you have the latest copy of the Instruction Manual and the

Communications Guide, for the applicable firmware version, at
http://gegridsolutions.com/multilin/manuals/index.htm

The Instruction Manual outlines how to install, configure, and use the unit. The
Communications Guide is for advanced use with communications protocols. The warranty
is included at the end of this instruction manual and on the GE Grid Solutions website.

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL
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PANEL CUTOUTS

CHAPTER 3: INSTALLATION

Panel cutouts

AWARNING

The D90PUS is available as a 19-inch rack horizontal mount unit. The modular design allows
the relay to be easily upgraded and repaired by qualified service personnel. The faceplate
is hinged to allow access to the removable modules.

To minimize risk of electrical shock from contact with the power terminals, install the
unit in an electrical closet/enclosure whereby the terminal connections are not readily
accessible.

Dimensions

sl ool [ [ ([ (g F

The case dimensions are shown here, along with panel cutout details for panel mounting.
When planning the location of your panel cutout, ensure that provision is made for the
faceplate to swing open without interference to or from adjacent equipment.

Mount the D90P'US such that the faceplate sits semi-flush with the panel or switchgear
door, allowing the operator access to the front panel keys and USB communications port.
Secure the D90PS to the panel with the use of four screws supplied with the relay.

Leave alU (1 rack-unit) space below the chassis when mounting for ventilation and to
allow the front panel to swing open without obstruction.

Figure 16: D90P'YS dimensions

9.80” [249 mm]
11.43” [290 mm]

AT

7.50” [190 mm] 7.00° [178 mm]
oo O & :
: /1A, .
» 18.31” [465 mm] >
18.86” [479 mm] > Mounting bracket Terminal blocks

40

870706A2.CDR
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Figure 17: Panel cutout dimensions
4 x 0.28" diameter

(7.1 mm)
18.37"
(466.6 mm)
Ri=
7.13" 4.00"
(181.1 mm) cuTout (101.6 mm)

< =S

L 17.75" i b s

r (450.8 mm) L (39.8 mm)

870725A2.CDR

Rear terminal layout

Terminal number assignments in the D90PIUs gre represented by three characters,
assigned in order by module slot position, row number, and column letter. The figure
provides an example of rear terminal assignments.

Figure 18: Rear terminal view

Grounding post
IRIG-B

Ethernet Port 2

Ethernet Port 1
—— Ethernet Port 3

Contact input/output modules CPU module Power supply module

Communications module
870824A3 COR

Slot A houses the power supply module.

Slot B houses the inter-relay communication module (not shown).
Slot C houses the communications module.

Slot D houses the main processing card.

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL 41



WIRING CHAPTER 3: INSTALLATION

Wiring
Typical wiring

The figure provides an example of how to wire the D90PUS. Actual wiring varies with
application.
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Figure 19: Typical wiring diagram
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Dielectric strength

Dielectric strength is the maximum electric strength that can be sustained without
breakdown. It is measured in volts.
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The table shows the dielectric strength of the URPIUS_series module hardware.

Table 1: Dielectric strength for URPYS-series hardware

Function Terminals Dielectric strength
from to

Power supply module high (+), low (+), (<) chassis 2000 V AC for 1 minute
Power supply module 48V DC (+) and (-) chassis 2000V AC for 1 minute
Power supply module relay terminals chassis 2000 V AC for 1 minute
Main CPU RS485 port chassis 2000 V AC for 1 minute
Main CPU RJ45 port chassis 1500V AC for 1 minute
Main CPU IRIG-B port chassis 2000V AC for 1 minute
Front panel USB port chassis 2000 V AC for 1 minute
Contact inputs/outputs all chassis 2000 V AC for 1 minute
AC module all chassis 2000 V AC for 1 minute
Communications module | RS45 ports chassis 1500 V AC for 1 minute
G.703 module all except 1a, 8a chassis 1000V AC for 1 minute
RS422 module all except 1a, 8a chassis 1500V AC for 1 minute

Filter networks and transient protection clamps are used in the hardware to prevent
damage caused by high peak voltage transients, radio frequency interference (RFl), and
electromagnetic interference (EMI).

The protective components can be damaged by application of any test voltage for a
period longer than the specified minute.

Main processor module

The main processor module in slot D contains ports for Ethernet communications, serial
RS485 communications, and IRIG-B connection.

Ethernet port

ACAUTION
?

NOTE

RS485 port

The fiber optic communication ports allow for fast and efficient communications between
relays at 100 Mbps. Optical fiber can be connected to the relay supporting a wavelength of
1310 nm in multi-mode.

The optical fiber sizes supported are 50/125 ym and 62.5/125 um. The fiber optic port is
designed such that the response times do not vary for any core that is 62.5 um or less in
diameter. For optical power budgeting, splices are required every 1 km for the transmitter-
receiver pair. When splicing optical fibers, the diameter and numerical aperture of each
fiber must be the same. In order to engage or disengage the ST type connector, only a
quarter turn of the coupling is required.

Observing any fiber transmitter output can injure the eye.

Ensure the dust covers are installed when the fiber is not in use. Dirty or scratched
connectors can lead to high losses on a fiber link.

RS485 data transmission and reception are accomplished over a single twisted-pair wire
with transmit and receive data alternating over the same two wires. Through the use of
this port, continuous monitoring and control from a remote computer, SCADA system, or
Power Line Carrier (PLC) is possible.
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To minimize errors from noise, the use of shielded twisted-pair wire is recommended.
Correct polarity must also be observed. For instance, the relays must be connected with all
RS485 “+" terminals connected together, and all RS485 “-" terminals connected together.
Though data is transmitted over a two-wire twisted-pair, all RS485 devices require a shared
reference, or common voltage. This common voltage is implied to be a power supply
common. Some systems allow the shield (drain wire) to be used as common wire and to
connect directly to the D90PUS COM terminal (3al; others function correctly only if the
common wire is connected to the D90P1US COM terminal, but insulated from the shield.

To avoid loop currents, ground the shield at only one point. If other system considerations
require the shield to be grounded at more than one point, install resistors (typically 100
ohms) between the shield and ground at each grounding point. Each URPYS-series device
needs to be daisy-chained to the next one in the link. A maximum of 32 devices can be
connected in this manner without exceeding driver capability. For larger systems,
additional serial channels must be added. It is also possible to use commercially available
repeaters to have more than 32 devices on a single channel. Avoid star or stub
connections entirely.

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

Terminate both ends of the RS$485 circuit with an impedance as shown in the figure.

Figure 20: RS485 serial connection

SCADA / PLC / computer URPIUS_series IED
Shield Twisted-pair cable

. : A DE;ZSSRSA:5+ Opt | Dat:
Data| Optocoupler -— por ptocoupler |Data
- D_2a| RS485 -

a|RS485 COMMON

Ground shield at
SCADA/ PLC / computer only

or at URPIUS_series IED only. RS485 +

(*) Terminating impedance at each end

(typically 120 ohms and 1 nF). COMP 485COM
Up to 32 devices,
maximum 4000 feet
(1200 m)

| [ comp 485coM

Last device

870851A2.CDR
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IRIG-B port

IRIG-B is a standard time code format that allows stamping of events to be synchronized
among connected devices. The IRIG-B code allows time accuracies of up to 100 ns. The
IRIG time code formats are serial, pulse width-modulated codes that can be either DC level
shifted or amplitude modulated (AM).

Third party equipment is available for generating the IRIG-B signal; this equipment can use
a global positioning system (GPS) satellite system to obtain the time reference so that
devices at different geographic locations can be synchronized.

Figure 21: IRIG-B connection

e

\ .
GPS connection K GPS satellite system
(optional)

URPIUS_series device

4B | IRIG-B (+)

IRIG-B
TIME CODE . .
GENERATOR RG58/59 coaxial cable | Receiver
! BNC (IN)
(DCshiftor [ bkl ks
amplitude modulated S~
signal can be used) \ iy BNC (OUT) [ Repeater |

To other devices
(DC shift only)

870827A1.CDR

For additional information, refer to:
Real-time clock on page 145

Communications module

The communications module in slot C contains two ports for Ethernet communications,
designated as port 2 and port 3. These are fully independent from each other and from
port 1 on the main processor module. The communications module ports support
redundancy and several protocols not supported by port 1.

The fiber optic ports allow for fast and efficient communication between devices at
100 Mbps. Optical fiber can be connected to the DI0PUS supporting a wavelength of
1310 nm in multimode.

The optical fiber sizes supported are 50/125 ym and 62.5/125 um. The fiber optic port is
designed such that the response time does not vary for any core that is 62.5 um or less. For
optical power budgeting, splices are required every 1 km for the transmitter-receiver pair.
When splicing optical fibers, the diameter and numerical aperture of each fiber must be
the same. In order to engage or disengage the ST type connector, only a quarter turn of the
coupling is required.

Observing any fiber transmitter output can injure the eye.

ACAUTION

. Ensure the dust covers are installed when the fiber is not in use. Dirty or scratched
% connectors can lead to high losses on a fiber link.

Power supply module

The power supply module in slot A provides power to the relay and supplies power for dry
contact input connections. It can be connected to any of the following standard power
sources:
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e DCpower: 110, 125, 220, or 250 V DC
e ACpower:115o0r230VAC

Control power supplied to the relay must be connected to the matching power supply
range of the relay. If the voltage is applied to the wrong terminals, damage can occur.

The D90PS system, like almost all electronic relays, contains electrolytic capacitors. These
capacitors are well known to deteriorate over time if voltage is not applied periodically.
Deterioration can be avoided by powering up the relay at least once a year.

The power supply module provides 48 VV DC power for dry contact input connections and a
critical failure relay (see Typical Wiring Diagram earlier). The critical failure relay is a form-C
device that is energized once control power is applied and the relay has successfully
booted up with no critical self-test failures. If on-going self-test diagnostic checks detect a
critical failure or control power is lost, the relay de-energizes.

Figure 22: Control power connection

AC or DC
NOTE:

14 gauge stranded
wire with suitable

disconnect devices

is recommended.

\ A8 | A7 | A6 \

+ [+
Low | High

Control power
URPIUS _series

/ J7 protection system

—s— //\///\//"

Switchgear
ground bus 870038A2.CDR

AC modules

An AC module has voltage inputs on channels 8 through 12 inclusive. Channel 10 is
intended for connection to a source that represents phase A voltage of the power system
(produced by a VT or CVT). Likewise, channel 11 is intended for connection to phase B, and
channel 12 is intended for connection to phase C. The phase voltage channels are used for
most metering and protection purposes.

Channels 8 and 9 are intended for connection to single-phase sources. In the D90P1Ys, eqch
of these inputs typically is used to measure the voltage on the side of the breaker opposite
to the line terminal. Each of these channels is labeled as an auxiliary voltage (VX). The
auxiliary voltage channels are used as inputs for synchrocheck, but can also be used for
auxiliary undervoltage or overvoltage elements.

An AC module has current inputs on channels 1 through 7 inclusive. In a single breaker
application, channel 1 is intended for connection to a source representing the phase A
current of the power system (produced by a CT). Likewise, channel 2 is intended for
connection to phase B, and channel 3 is intended for connection to phase C. In a breaker-
and-a-half application, channels 1 through 3 are connected to the phase A, B, and C
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currents from one breaker, while channels 4 through 6 are connected to the phase A, B,
and C currents from the second breaker. The phase current channels are used for most
metering and protection purposes.

Channel 7 can be used for either of two purposes. First, it can be connected to a CT that is
directly measuring system ground current. It can also be connected to the CT residual
circuit of a parallel line.

If connected to the CT residual circuit of a parallel line, the input provides a signal for zero-
sequence mutual coupling compensation for the distance element. If this compensation is
required, the zero-sequence current from the parallel line (31_0) measured in the direction
of the zone being compensated must be connected to the ground input CT of the CT bank
configured as the distance source.

Verify that the connection made to the relay nominal current of 1 A or 5 A matches the
secondary rating of the connected CTs. Unmatched CTs can result in equipment damage
or inadequate protection.

The CT secondaries should be connected to the AC terminals of the D90P'Us through a
shorting-type test switch or shorting-type terminal blocks in order to facilitate safe
withdrawal of the AC module.

There are no internal ground connections on the current inputs. Current transformers with
1to 50000 A primaries and 1 A or 5 A secondaries can be used.

CT connections for both ABC and ACB phase rotations are identical, as shown in the Typical
Wiring Diagram.

The exact placement of a zero-sequence core balance CT to detect ground fault current is
shown below. Twisted-pair cabling on the zero-sequence CT is recommended.

Figure 23: Zero-sequence core-balance CT installation
UNSHIELDED CABLE SHIELDED CABLE

Ground connection to neutral
Source must be on the source side

A B C N G A

B C
Ground
outside CT 1

[

Stress cone
Source shields

v

— — '  Toground;
LOAD must be on

load side

LOAD 996630A6.CDR

The phase voltage channels are used for most metering and protection purposes. The
auxiliary voltage channel is used as an input for features such as synchrocheck, volts per
hertz, and auxiliary undervoltage.

A typical AC module wiring diagram is shown as follows. Substitute the tilde “~" symbol
with the slot position of the AC module.
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Figure 24: Typical AC module wiring
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Contact input and output modules

Each contact input/output module has 24 terminal connections. They are arranged in two
terminals per row, with twelve rows in total. A given row of two terminals can be used for
the outputs of one relay. There are options of using current or voltage detection for feature
supervision, depending on the module ordered.

All inputs and outputs are isolated from one another with each input and output having
two dedicated terminals. Since an entire module row is used for a single contact input or
output, the name is assigned using the module slot position and row number.
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Form-A and solid-state relay output contacts

f’

NOTE

Some form-A and solid-state relay (SSR) outputs include circuits to monitor the DC voltage
across the output contact when it is open, and the DC current through the output contact
when it is closed. Each of the monitors contains a level detector whose output is set to
logic 1 (on) when the current in the circuit is above the threshold setting. The voltage
monitor is intended to check the health of the overall trip circuit, and the current monitor
can be used to seal-in the output contact until an external contact has interrupted current
flow.

Figure 25: Form-A relay contact input functions

~#a ,_7 ~#a
n ~#b —\_— ~#b

Voltage and current monitoring No monitoring

870039A1.CDR

Figure 26: Solid-state relay contact input functions

(8)

{1

Voltage and current monitoring

~#a

~#b

870037A1.CDR

The operation of voltage and current monitors is reflected with the corresponding
FlexLogic operands (Cont Op ### VVon, Cont Op ### Voff, Cont Op ### lon, and Cont Op ### |off)
that can be used in protection, control, and alarm logic. The typical application of the
voltage monitor is breaker trip circuit integrity monitoring; a typical application of the
current monitor is seal-in of the control command.

Relay contacts are unsafe to touch when the unit is energized. If the relay contacts
need to be used for low voltage accessible applications, it is the customer’s
responsibility to ensure proper insulation levels.

When current monitoring is used to seal-in the form-A and solid-state relay contact
outputs, give the FlexLogic operand driving the contact output a reset delay of 10 ms to
prevent damage of the output contact (in situations when the element initiating the
contact output is bouncing, at values in the region of the pickup value).

Contact inputs wiring

Contact inputs are not polarity sensitive. A dry contact has one side connected to terminal
A_5. This is the positive 48 V DC voltage rail supplied by the power supply module. The
other side of the dry contact is connected to either of the contact input terminals. The
other contact input terminal is connected to the DC negative terminal (A_4) of the power
supply module. When a dry contact closes, a 10 mA current initially flows through the
associated circuit. Once the relay has validated the state change of the contact, the input
current is reduced to 1 mA.

A wet contact has one side connected to the positive terminal of an external DC power
supply. The other side of this contact is connected to the one of the contact input
terminals. In addition, the negative side of the external source must be connected to the
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other contact input terminal. The maximum external source voltage for this arrangement
is 300 V DC. The voltage threshold at which each group of four contact inputs will detect a
closed contact input is programmable as from 24 to 250 V DC.

u n

Wherever a tilde “~" symbol appears, substitute with the slot position of the module.

Figure 27: Dry and wet contact input connections

PROTECTION or AUTOMATION WET) PROTECTION or AUTOMATION
(E:Fiv) INPUT/OUTPUT MODULE INPUT/OUTPUT MODULE
I L0l | CONTACT~ 1 101+ CONTACT~ 1
~20] + 1 conTACT~ 2 2410 ~20] + 1 conTACT~ 2
~2b| - 250V ~2b| -
Al <
I ; CRITICAL
N FAILURE
A4 |+ | 48vDC
A5 -] OurtPuT |5
AG g
0 HH - conTROL (S5
ATIOH “oower |2
A5 - «
A9 NOT USED %
A_10 NOTUSED | &

870852A2.CDR

Contact outputs wiring

i?

NOTE

Contact outputs can be ordered as form-A or solid-state relays. Depending on the module
ordered, these contacts can be connected for external circuit supervision. These contacts
are provided with voltage and current monitoring circuits used to detect the loss of DC
voltage in the circuit, and the presence of DC current flowing through the contacts when
the form-A contact closes. If enabled, the current monitoring can be used as a seal-in
signal to ensure that the form-A contact does not attempt to break the energized inductive
coil circuit and weld the output contacts.

There is no provision in the relay to detect a DC ground fault on 48 V DC control power
external output. We recommend using an external DC supply.

Contact input/output module configuration

There are six types of contact input and output modules available for the D9OPIs,

e Type A — Eight contact inputs, four form-A contact outputs with voltage and current
monitoring

e Type B — Eight contact inputs, four solid-state (SSR) contact outputs with voltage and
current monitoring

e Type C — Eight contact inputs, four form-A contact outputs
e Type D — Four contact inputs, eight form-A contact outputs
e Type E — 23 contact inputs

e Type F — 12 form-A contact outputs

The following figure and table show the terminal block pin assignments for all module
types.
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Figure 28: Terminal block pin view
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Table 2: Module configuration
Pi | Contact input/output module
n Type A Type B Type C Type D Type E Type F
1A| Form-Aoutput| SSR output 1 +| Form-A output| Form-Aoutput| Contact input | Form-A output
1+ 1+ 1+ 1+ 1+
1B| Form-Aoutput| SSR output 1- | Form-A output| Form-Aoutput| Contact input | Form-A output
1- 1- 1- 2+ 1-
2A| Form-Aoutput| SSR output 2 +| Form-A output| Form-A output| Contact input | Form-A output
2+ 2+ 2+ 3+ 2+
2B| Form-Aoutput| SSR output 2- | Form-A output| Form-A output| Contact input | Form-A output
2- 2- 2- 4+ 2-
3A| Form-Aoutput| SSR output 3 +| Form-A output| Form-A output| Contact input | Form-A output
3+ 3+ 3+ 5+ 3+
3B| Form-Aoutput| SSR output 3- | Form-A output| Form-A output| Contact input | Form-A output
3- 3- 3- 6+ 3-
4A| Form-A output| SSR output 4 +| Form-A output| Form-A output| Contact input | Form-A output
4+ 4+ 4+ 7+ 4+
4B| Form-A output| SSR output 4- | Form-A output| Form-A output| Contact input | Form-A output
4 - 4 - 4 - 8+ 4 -
5A| Contactinput | Contactinput | Contact input | Form-A output| Contact input | Form-A output
1+ 1+ 1+ 5+ 9+ 5+
5B| Contact input | Contactinput | Contact input | Form-A output| Contact input | Form-A output
1- 1- 1- 5- 10 + 5-
6A| Contact input | Contact input | Contact input | Form-A output| Contact input | Form-A output
2+ 2+ 2+ 6+ 11+ 6+

52
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Pi | Contact input/output module

n Type A Type B TypeC Type D Type E Type F

6B| Contact input | Contact input | Contact input | Form-A output| Contact input | Form-A output
2 - 2 - 2 - 6 - 12 + 6-

7A| Contact input | Contact input | Contact input | Form-A output| Contact input | Form-A output
3+ 3+ 3+ 7+ 13+ 7+

7B| Contact input | Contact input | Contact input | Form-Aoutput| Contact input | Form-A output
3- 3- 3- 7- 14 + 7-

8A| Contact input | Contact input | Contact input | Form-A output| Contact input | Form-A output
4+ 4+ 4+ 8+ 15+ 8+

8B| Contact input | Contact input | Contact input | Form-A output| Contact input | Form-A output
4 - 4 - 4 - 8- 16 + 8-

9A| Contact input | Contact input | Contact input | Contact input | Contact input | Form-A output
5+ 5+ 5+ 1+ 17 + 9+

9B| Contact input | Contact input | Contact input | Contact input | Contact input | Form-A output
5- 5- 5- 1- 18 + 9-

10| Contact input | Contact input | Contact input | Contact input | Contact input | Form-A output

A |6+ 6+ 6+ 2+ 19 + 10+

10| Contact input | Contact input | Contact input | Contact input | Contact input | Form-A output

B |6- 6- 6- 2 - 20 + 10 -

11| Contactinput | Contactinput | Contactinput | Contact input | Contact input | Form-A output

A7+ 7+ 7+ 3+ 21+ 11+

11| Contact input | Contact input | Contact input | Contact input | Contact input | Form-A output

B |7- 7- 7- 3- 22+ 11-

12| Contact input | Contact input | Contact input | Contact input | Contact input | Form-A output

A |8+ 8+ 8+ 4+ 23+ 12+

12| Contact input | Contactinput | Contact input | Contact input | Common - Form-A output

B |8- 8- 8- 4 - 12 -

Inter-relay communication modules

The inter-relay communication modules support high-speed, direct communication
between URPYS-series devices. The direct inputs and outputs feature uses the
communication channels provided by these modules to exchange digital state
information. This feature is available on all URPYS-series devices.

The communications channels are normally connected in a ring configuration as shown in
the following figure. The transmitter of one module is connected to the receiver of the next
module. The transmitter of this second module is then connected to the receiver of the

next module in the ring. This is continued to form a communications ring.

The interconnection for dual-channel communication modules is shown. Two channel
modules allow for a redundant ring configuration. That is, two rings can be created to
provide an additional independent data path. The required connections are: URPlus1-Tx1
to URPlus2-Rx1, URPlus2-Tx1 to URPlus3-Rx1, URPlus3-Tx1 to URPlus4-Rx1, and URPlus4-
Tx1 to URPlus1-Rx1 for the first ring; and URPlus1-Tx2 to URPlus4-Rx2, URPlus4-Tx2 to
URPlus3-Rx2, URPlus3-Tx2 to URPlus2-Rx2, and URPlus2-Tx2 to URPlus1-Rx2 for the
second ring.
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Figure 29: Direct input and output dual channel connection

URPlus1

URPlus2

URPIlus3

URPlus4

869746A1.CDR

The interconnection requirements are described in further detail in this section for each
inter-relay communication module, which is specified at the time of ordering. The table
lists these modules. All fiber modules use ST type connectors.

Table 3: Inter-relay communication modules

Order code
option

Specification

B

G.703, 64/128 kbps, two channels

C

RS422, 64/128 kbps, two channels, two clock inputs

D

850 nm, 64/128 kbps, ST multimode laser, two channels with DDMI

The 850 nm module uses a class 1 VCSEL laser that is harmful to the eye. Observing any
A DANG ER fiber transmitter output can cause serious injury to the eye.

Direct input and output link LEDs

The link LEDs for channels 1 and 2 are located on the rear of the inter-relay
communications card, which is located in slot B.
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Figure 30: Link LEDs for fiber, RS422, and G.703 modules

Link LEDS ———
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Fiber module

O

The table describes the operation of the link LEDs.
Table 4: Link LED operation

CH1® @CH2

RS422 and G.703
module

870704A1.CDR

Protocol | LED indications
Red, solid | Green, solid Green, blinking Yellow, blinking
IEEE Loss of Signal detected, | Signal detected Signal detected, receiving valid
C37.94 | signal but not receiving | and receiving valid| data and the received yellow bit
valid data data; yellow bit alarm is set; the yellow bit indicates
alarm not set that remote unit is not receiving
valid data
Direct Loss of Signal detected, | Signal detected Not used
fiber signal but not receiving | and receiving valid
valid data data
G.703 Loss of Signal detected, | Signal detected Not used
signal but not receiving | and receiving valid
valid data data
RS422 Loss of Clock detected, Clock detected Not used
clock but not receiving | and receiving valid
valid data data
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G.703 communication interface

AWG 24 twisted shielded pair is recommended for external connections, with the shield
grounded only at one end. Connecting the shield to pin B1a or B8a grounds the shield since
these pins are internally connected to ground. Thus, if pin B1a or B8a is used to ground the
shield at one end, do not ground the shield at the other end. The G.703 module chassis is
protected by surge suppression devices.

The following figure shows the 64 kbps ITU G.703 co-directional interface configuration.

Figure 31: G.703 module connections

@ Shield | Bla
T - B3a
G.703
channel 1 Tx+ B3b
2 Rx - B4a
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*é RX + B4b
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3
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S| channel 2 Rx - B7a
§ RX + B7b
] Shield B8a

869747A1.CDR
The G.703 octet timing and timing mode are set using the Protocol Encoding setting.

The following figure shows the typical pin interconnection between two G.703 interfaces.
All pin interconnections are to be maintained for a connection to a multiplexer.

Figure 32: Typical pin interconnection between two G.703 interfaces

@ Shield Bla Bla Shield o
TX - B3a B3a TX -
G.703 G.703
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G.703 G.703
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> Pin nomenclature differs from one manufacturer to another. It is not uncommon to see
? pinouts numbered TxA, TxB, RxA, and RxB. In such cases, assume that “A” is equivalent to

“ n

NOTE “+" and “B” is equivalent to

RS422 communication interface

The RS422 inter-relay communications module is a dual-channel dual-clock RS422
interface. The module can be configured to run at 64 or 128 kbps. AWG 24 twisted shielded
pair cable is recommended for external connections. The module is protected by an
optically-isolated surge suppression device.

The two-channel two-clock RS422 interface is intended for use with two independent
channel banks with two independent clocks. It is intended for situations where a single
clock for both channels is not acceptable.

The shield pins (B1a and B8a) are connected internally to chassis ground. Proper shield
termination is as follows:

e Site 1 — Terminate shield to pin Bla

e Site 2 — Connect COM pin B1b to site 1 COM pin B1b. Note that pins B1b and B8b are
connected internally.

Match the clock terminating impedance with the impedance of the line.
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Figure 33: RS422 interface connections

[aa]

RS422 communications

Shield Bla
COM Blb
Clock- | B2a
Eﬁéﬁﬁd 1 Clock+ | B2b
TX - B3a
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Clock- | B5a
Clock + | BSb
Tx - B6a
Rx - B7a
RX + B7b
Shield B8a
COM B8b
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WIRING

The following figure shows the typical pin interconnection between two dual-channel
RS422 interfaces. All pin interconnections are to be maintained for a connection to a

Figure 34: Typical connection between two RS422 interfaces

multiplexer.

© Shield | Bla
COM B1b

Clock- | B2a

Rsé2 |1 [ clock+ [ B2b

Tx - B3a

T + B3b

Rx - B4a

R + Bab

Clock- [ B5a

g Clock+ | B5b
‘§ TX - B6a
c Rx - B7a
3 Rx + B7b
g shield | B8a
& COM B8b

a——
rrr

64 or
128 kbps

F—
1T

64 or
128 kbps

Bla | Shield =
B1b | COM

B2a | Clock -

B2b | Clock+ | Ro422 .

B3a Tx -

B3b | Tx+

B4a Rx -

Bab | Rx+

B5a | Clock -

B5b | Clock+ g
B6a | Tx- ‘§
o | o | 52, |2
B7a | Rx- g
B7b | Rx+ 3
B8a_| Shield S
B8b | COM Q

869749A2.CDR

Each channel of the RS422 interface accepts a clock input for transmit timing. It is
important that the rising edge of the 64 kHz transmit timing clock of the multiplexer

interface is sampling the data in the center of the transmit data window. Therefore, it is
important to confirm clock and data transitions to ensure proper system operation. For

example, the following figure shows the positive edge of the Tx clock in the center of the Tx

data bit.

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL

57



WIRING CHAPTER 3: INSTALLATION

Figure 35: Clock and data transitions

Tx clock P

Tx data f-
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The RS422 interface utilizes NRZI-MARK modulation code and therefore does not rely on an
Rx clock to recapture data. NRZI-MARK is an edge-type, invertible, self-clocking code.

To recover the Rx clock from the data-stream, an integrated digital phase lock loop (DPLL)
circuit is utilized. The DPLL is driven by an internal clock, which is 16-times over-sampled,
and uses this clock along with the data-stream to generate a data clock that can be used
as the serial communication controller (SCC) receive clock.

Fiber communication interface

The URPMS_series communication module is designed to interface with IEEE C37.94
compliant digital multiplexers or an IEEE C37.94 compliant interface converter for use with
direct input and output applications when the Protocol Encoding setting is “C37.94" or for
direct fiber interfaces using the Differential Manchester protocol when the Protocol
Encoding setting is “Direct Fiber.” The IEEE C37.94 standard defines a point-to-point optical
link for synchronous data between a multiplexer and a teleprotection device. This data is
typically 64 kbps, but the standard provides for speeds up to 64n kbps, wheren=1, 2,..., 12.
The URPUS-series C37.94 communication modules are either 64 kbps (with n fixed at 1) for
128 kbps (with n fixed at 2). The frame is a valid International Telecommunications Union
(ITU-T) recommended G.704 pattern from the standpoint of framing and data rate. The
frame is 256 bits and is repeated at a frame rate of 8000 Hz, with a resultant bit rate of
2048 kbps.

The specifications for the module are as follows:

e |EEE standard — C37.94 for 2 x 64/128 kbps optical fiber interface

» Differential Manchester protocol — 2 x 64/128 kbps optical fiber interface

e  Fiber optic cable type — 50 mm or 62.5 mm core diameter optical fiber

e  Fiber optic mode — Multimode

e  Fiber optic cable length — Up to 2 km

e  Fiber optic connector — Type ST

¢ Wavelength — 850 nm VCSEL laser

e Connection — As per all fiber optic connections, a Tx to Rx connection is required

The URPUS-series C37.94 communication module can be connected directly to any
compliant digital multiplexer that supports the IEEE C37.94 standard. The figure shows the
concept.

Figure 36: IEEE C37.94 connection to compliant digital multiplexer

|IEEE C37.94
fiber interface

Digital

URPlus-series multiplexer,

|IEEE C37.94
compliant

device

up to 2 km

869752A1.CDR
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The URPUS-series C37.94 communication module can be connected to the electrical
interface (G.703, RS422, or X.21) of a non-compliant digital multiplexer via an optical-to-
electrical interface converter that supports the IEEE C37.94 standard. The following figure
shows the concept.

Figure 37: IEEE C37.94 connection to non-compliant digital multiplexer

IEEE C37.94 RS422
fiber interface interface

Digital
URPlus-series IEEE C37.94 multiplexer

device converter with EIA-422
interface

869753A1.CDR

The Protocol Encoding setting is used to set the protocol and clock option for the IEEE
C37.94 protocol selection. If the setting is programmed as “C37.94 Internal Clock”, then the
system clock is generated internally. For an external or loop timing scheme, the system
clock is derived from the received line signal. For these cases, the program the setting to
“C37.94 External Clock” or “Default” for connection to higher-order systems.

The URPS-series direct fiber module can be connected directly to another URPS-series or
UR-series device with an installed direct fiber module.

Figure 38: Direct fiber to direct fiber connection

Direct fiber interface
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up to 2 km
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Install software

The EnerVista URPIUS Setup software provides tools to monitor the status of your protected
asset, maintain the device, and integrate information measured by the D90P1US into DCS or
SCADA monitoring systems. Convenient COMTRADE and sequence of events viewers are
an integral part of the software included with every D90PUS, This allows the user to carry
out post-mortem event analysis to ensure proper protection system operation.

System requirements

The relay front panel EnerVista URPlus Setup software can be used to communicate with
the D90P1YS, The software is the preferred method to edit settings and view actual values
because the computer monitor can display more information.

The minimum system requirements for the EnerVista software are as follows:

e Pentium class or higher processor (Pentium Il 300 MHz or higher recommended)
e Windows XP, Vista, 7 (64-bit), or Server 2008 (64-bit)

e Internet Explorer 4.0 or higher

e 128 MB of RAM (256 MB recommended)

e 200 MB of available space on system drive and 200 MB of available space on
installation drive

e 800 x 600 display or higher in high-color mode (16-bit color)
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e USB 2.0 or Ethernet port
e Internet access or CD drive

The software and unit are backwards-compatible with URPUS-series devices having any
previous firmware version.

Install software

After ensuring that the requirements for using EnerVista URPlus Setup software are met,
install the software from the CD, or download EnerVista Launchpad software from
http://gegridsolutions.com/multilin and install it. To install the software from the CD:

1. Insert the CD into the CD-ROM drive of your computer.

2. Click the Install Now button and follow the instructions.

3. When installation is complete, start the EnerVista Launchpad application.
4. Click the IED Setup button in the Launch Pad window.

Figure 39: Adding a device in Launchpad window

SOFTWARE & DOCUMENT MANAGEMENT

s

DOCUMENT SOFTWARE o e
IED SETUP LIBRARY e SUBSCRIPTIONS

SITE MANAGEMENT

DEVICE SETTINGS FILE

/ICE 5
DEVICE SETUP MANAGEMENT MANAGEMENT

5. Inthe EnerVista Launch Pad window, click the Add Product button and select the
“D90PIYS Line Distance Protection System” from the Install Software window. Select the
Web option to ensure the most recent software release, or select CD if you do not
have an Internet connection, then click the Add Now button to list software items for
the D90PIYS, EnerVista Launchpad obtains the software from the Internet or CD and
automatically starts the installation program.
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Figure 40: Identifying the device type
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DFF Digital Frequency Relay

DFP200 Digital Feeder Protection [Discontinued)

DGR Digital Generatar Pratection
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DMS Digital Multifunction System

DRS Mumernical Single-Phaze and Three-Phaze Recloz
DTP-B Digital Transformer Protection

DTR Tranzformer Tap Changer Controller LI

indicates Set-up Program exists in Software Library

Add Now

6. Select the complete path, including the new directory name, where the EnerVista
URPIUS Setup s to be installed.

7. Click the Next button to begin the installation. The files are installed in the directory
indicated, and the installation program automatically creates icons and adds an entry
to the Windows start menu.

8.  Click Finish to complete the installation. The URPIUS_series device is added to the list of
installed intelligent electronic devices (IEDs) in the EnerVista Launchpad window, as
follows.
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Figure 41: URP'YS_series device added to Launchpad window
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Connect for first time with Quick Connect

The most convenient way to establish communication to the DI0OP!!S for the first time using
the EnerVista URPIUS Setup software is to use the USB interface located on the front of the
relay. Once communications has been established the settings for the RS485 and Ethernet
port can then be configured as described in the following sections. This procedure
assumes the EnerVista URP!S Setup software has been installed.

1. Ensure that the USB cable is not connected to the DIOPIUS.
2. Start EnerVista URPUS Setup software.
3. Connect the USB cable between the computer and the front panel of the D9OPIus,
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Figure 42: Computer and device connected with USB cable

iy
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4. The first time that the computer is connected, a hardware configuration wizard opens.
Complete the wizard. For the driver location, browse to the EnerVista URPlus
Setup software location and locate the USB Driver folder that contains the
SerialUSB.inf driver file. The path is typically C:/Program Files/GE Power
Management//USB Driver, or for Windows 7 64-bit C:/Program Files/GE Power
Management//USB Driver 64-bit.

If an error message displays and the wizard does not complete, the Multilin Relay USB
Serial Emulation driver software is being blocked. The following fix uses Windows XP
Service Pack 3 as an example. Access the Control Panel application in Windows, then
click System, click the Hardware tab, then click the Driver Signing button. Change the
setting to Warn or Ignore. Then restart the hardware wizard in the Control Panel by
clicking Administrative Tools, then Computer Management, then Device Manager,
and search for the GE Protective Relay entry. Reinstall the driver.

5. Launch the EnerVista software, and click the Quick Connect icon to open the Quick
Connect window.

6. The EnerVista software creates a site named “Quick Connect” with a corresponding
device also named “Quick Connect” and displays them on the upper-left corner of the
screen. Expand the sections to view data directly from the D90PUS device.

Each time the EnerVista URPIUS Setup software is initialized, click the Quick Connect button
to establish direct communications to the D9OPUS. This ensures that configuration of the
EnerVista URPIUS Setup software matches the D90PYS model number.

Configure the D90PUS for software access

You connect remotely to the D9oPlus through the rear Ethernet port with a computer
running the EnerVista URPUS Setup software. The D90OPUS also can be accessed locally with

a computer through the front panel USB port or the rear Ethernet port using the Quick
Connect feature. The following options are outlined:

Configure the D90PUS for remote access via the rear Ethernet port
e Configure the D90PIUS for local access with a computer through the front USB port

Configure Ethernet communication
You connect the cable, define a site, then add the D90PUS as a device at that site.

1. Connect the Ethernet network cable to the Ethernet port on the back of the device
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Device Setup ﬂ

CHAPTER 3: INSTALLATION

(slot C communications module).

On the computer, select the “URPIUS” device from the EnerVista Launchpad to start
EnerVista URPYS Setup.

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

Enter a site name in the “Site Name” field.

If required, a short description of site can also be entered along with the display order
of devices defined for the site.

Click the OK button when complete.
The new site appears in the upper-left list in the EnerVista URPlus Setup window.

Click the Device Setup button then select the new site to re-open the Device Setup
window.

Click the Add Device button to define the new device.
Enter a name in the “Device Name” field and a description (optional) of the site.
Select “Ethernet” from the Interface drop-down list.

& Addsite | & Add Device | @ Delete |

gy, Device Name: IIED2

[=1- Station 1

Description: IDSDF’Ius Line Distance Pratection System

IED 2 Color: - I'
Interface: I Ethermet i l

IF Address: 3. 94 243 160

Slave address: |254 = Modbus Port: |502

Connected via Ethernet / Serial Gateway: Mo -

Order Code: |DSDF'-HE-AEDSUDS-XHDAEDABD‘IE

‘ersion: 17 - Read Order I'.'-'Ddsl

o ok | X Cancel |

10.

11.

12.

13.

This displays a number of interface parameters that must be entered for proper
Ethernet functionality.

Enter the device IP address specified in the Settings > Communications > Network >
Addressing menu in the “IP Address” field.

Enter the relay slave address and Modbus port address values from the respective
settings in the Settings > Communications > Modbus > Protocol menu.
Click the Read Order Code button to connect to the D90OPUS device and upload the

order code. If an communications error occurs, ensure that the three EnerVista URPIUS
Setup values entered in the previous steps correspond to the relay setting values.

Click OK when the relay order code has been received. The new device is added to the
Site List window (or Online window) located in the top left corner of the main EnerVista
URPIUS Setup window.
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The Site Device has now been configured for Ethernet communications. Proceed to the
Connect to the D90PUS section to begin communications.

Configure serial communication

You connect the cable, add the site, then the device. To use the RS485 port at the back of
the D90PIYS, a GE Grid Solutions F485 converter (or compatible RS232-to-RS485 converter)
is required. See the F485 instruction manual for details.

1.

Connect the computer to the F485 and the F485 to the RS485 terminal on the back of
the D9OPUS,

Select the “D90P!US” device from the EnerVista Launchpad to start EnerVista URP!US
Setup.

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

Enter a site name in the “Site Name” field. Optionally add a short description of site
along with the display order of devices defined for the site. This example uses
“Location 1" as the site name. When done, click the OK button. The new site appearsin
the upper-left list in the EnerVista URPlus Setup window.

Click the Device Setup button, then select the new site to re-open the Device Setup
window.

Click the Add Device button to define the new device.
Enter a name in the “Device Name” field and a description (optional) of the site.

Select “Serial” from the Interface drop-down list. This displays a number of interface
parameters that must be entered for serial communications.

Device Setup #|
‘ ARIE | “dﬂmﬂ'ﬂl u ekl | - Dievice Hams: |NE\H’DE’\J’iCE]
:: E:E:"‘IUUI:T Clescription: |NE:\.N' davica for locagon 1
Hew Dievice 1
[ [§
wiedace | |
Slerss pdress  [254 3:
CO Far: 1 5:
Baud Rala: 18200 - Fanby: Fore -
Eiita: ] - SiopBi: |1 -
Pos Tarminal ¥'indove: I
Ordar Code: |
VaErsion: - Fead Order Code
= Ok | * r:m:l
9. Enterthe relay slave address, COM port, baud rate, and parity settings from the
Settings > Communications > Serial Ports menu in their respective fields.
10. Click the Read Order Code button to connect to the D90P!US device and upload the

order code to the software. If a communications error occurs, ensure that the
EnerVista URPIUS Setup serial communications values entered in the previous step
correspond to the relay setting values.
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11. Click OK button when the relay order code has been received. The new device is
added to the Site List window (or Online window) located in the top left corner of the
main EnerVista URPYS Setup window.

The device has now been configured for serial communications. Proceed to the Connect to
the D90P!US section to begin communication.

Activate the D90P!us

The relay is in the default “Not Programmed” state when it leaves the factory. When
powered up in this state, a UNIT NOT PROGRAMMED self-test message displays. Activate
the relay as follows.

1. Inthe EnerVista software, navigate to Settings > Protection > Power System >
Installation.

Set the Relay Settings field to “Programmed.”
3. Save the change.

Connect to the D90PIUs

This example shows how to connect to the D90PUs and configure the breaker settings.

1. Open the Breakers window through the site list tree.

=1 Frer R Pl St - Installation // Station 12 Distance 12 Seltings: Protection: Power System |0l x|
(e rine ofine yw gcton Secuty window Hep |

BOG G aaR EanE b alki

Enarlista,

= __smnonl - t ) | GE Multilin UHFL“SETUP

Expand the site list by double-clicking
= Fil H H

R — the item or selecting the [+] box
(- DODP_2 urs : D\Documernts oes
[=1- DABP_3 urs : DADocuments eex
- DI0P_durs | DADOCUM@S aex.

UR-L On
[T
1003
OFF
OFF
1003
Disabled
OFF
1005
Ensbled

Communications status indicator:
Green = OK; Red = no communications
URPlus icon = report open

Distancs 1| Settings: Automation: Bresier

£

_ﬂ »l T ek [ nstallabo.[
For Help, press F1 [ o 4

The breaker configuration window opens and a status indicator displays on the lower
left of the EnerVista URPUS Setup window.

2. If the status indicator is red, verify that the Ethernet network cable is properly
connected to the Ethernet port on the back of the device and that the D90PIUS has
been properly setup for communications.

If a relay icon appears in place of the status indicator, than a report (such as an
oscillography or event record) is open. Close the report to re-display the green status
indicator.

3. The breaker settings can now be edited, printed, or changed according to user
specifications.
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See the software chapter or the EnerVista URPUS Setup help file for more information
about the using the software interface.

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL 67



INSTALL SOFTWARE

68

CHAPTER 3: INSTALLATION

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL



D90PUS Line Distance Protection System

Chapter 4: Front panel interface

This chapter explains use of the front panel interface.

Front panel

The front panel provides an interface with the D90PUS, It includes two color liquid crystal
displays (LCDs) (annunciators) and two sets of user-programmable pushbuttons. This
interface provides immediate access to all major D90PUS functions.

The pushbuttons located at the bottom of the display are for navigation. The pushbuttons
located at both sides of the display are for control functions.

The annunciators are color LCDs that provides alarm and trip information. They also
provide indication of any active self-diagnostic messages and include a product
information screen.

The front panel contains a USB port for communication with a computer running the
EnerVista software.

No settings are entered on the front panel; use the software instead.
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Figure 43: Front panel interface

Configurable color annunciator User-programmable Large, high-resolution color
display eliminates the need pushbuttons display for comprehensive Rugged chassis
for LEDs and hard-coded labels for bay control visualization (-42°C to 85°C)

Alarm navigation panel Navigation keys for Full-speed
single-click viewing USB port for
of IED information fast data transfer

870849A3.COR

Front panel operation

The front panel has two displays and several pushbuttons.

The control pushbuttons are shown only in the control menu. Otherwise, the menu
navigation pushbuttons are shown. The number of control pushbuttons depends on the
number of disconnects and breakers in the selected mimic diagram.
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Figure 44: Front panel interface operation
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The following figure shows a typical menu structure. The structure for any specific
D90PUS varies according to its order code.

Figure 45: Menu structure

Metering Control DFR 1/0 Status Equipment
+ User page ¢ Primary * Summary ¢ Summary + Battery
+ Energy + Pushbutton 1 + SOE + 1/O States monitor
+ Phasors ¢ Pushbutton 2 * Fault report + IRCInfo
+ Sequence + Pushbutton 3 + Transient
components records
+ Disturbance
records
870727A2.COR

Metering menu

The system metering quantities are available from the front panel in the metering menu.
These values are derived automatically from the metering source. There are four user-
configurable metering summary screens and three fixed metering screens available.

There are four user-configurable metering pages. Each location in the metering grid can
be either text or an actual value. The EnerVista URPIUS Setup software provides the ability to
configure each of the metering display pages.
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The following three fixed metering screens are also available:
e The energy page displays and allows the user to reset four quadrant energy values

e The phasor screen graphically displays the phasor components of the system voltage
(phase-neutral) and current for the selected metering source

The sequence screen graphically displays the sequence components of the system
voltage and currents for the selected metering source

Control menu

The control menu provides the option to select a control diagram view or one of the user-

programmable pushbutton views. The menu names are user-configurable. The following
figure shows the overview window.

Figure 46: Control menu overview display
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The user accesses the mimic diagram and dedicated control pushbuttons through the
primary control menu. The mimic page provides status of circuit breakers and disconnect
switches. Operation of these devices also is available through the control pushbuttons.

Figure 47: Mimic page - operate example
* CONTROL - DIAGRAM PAGE

=

BRI 2
Contral in

LOCAL
—_ —1
Autoreclose Osc2
an

The configurable selected component display allows the user to position the selected
control element and display other diagram components like metering values, breakers,

disconnect switches, local/remote status, or autoreclose. The following figure shows the
selected component display.

Figure 48: Mimic page - Selected breaker with operate actions menu and dynamic
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display of current phase angle

* CONTROL

]« 2] [BaHGE]

E o

LIME b Angle = 152,600 deg

BRE 1 selected to operate

The front panel control pushbuttons can be placed under password security. When
password security is enabled, the front panel requests the command password before
performing any actions. Use the Next button to access additional alphanumeric
characters.

Figure 49: Command password entry screen

COMMAND PASSWORD

Please enter your password

Fassward accepted
Flease wait...

Enter:

Digital fault recorder menu

The digital fault recorder menu provides access to records stored within the D9OPIus,
including sequence of events, fault report, transient records, and disturbance records. The
summary page displays the status of each function, as follows:

e Agreenindicator indicates that the function is enabled and more than 20% of the
memory is available

e Avyellow indicator indicates that the available memory is between zero and 20%

e Aredindicator indicates that the memory is full

If the function is configured for protected mode, then the enabled indicator also switches
to red indicating that new records can be captured. If the function is configured for
automatic overwrite, then the element overwrites old records and the enabled LED
remains green.

For details on the indicators for the fault report, transient recorder, and disturbance
recorder, see Digital fault recorder on page 505.

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL 73



74

DIGITAL FAULT RECORDER MENU

CHAPTER 4: FRONT PANEL INTERFACE

Figure 50: Digital fault recorder - example summary page

» DFR - SUMMARY

FAULT REPORT Q

TRANSIENT RECORDER Q

DISTURBANCE RECORDER [+ ]

Recards a

EVENTS 2007/08/08 10:59:23 111419
FAULTS 2007/08/08 10:559:03 43420
TRAMSIENTS 2007/08/08 10:55:25 a

DISTURBAMNCES Mo records available -

SUTINERY, 510 Al b Fepar: Trafisient W Disturbence

The sequence of events record can be accessed from this page. Using the navigations

keys, scroll or page through the events list. Two cursors are provided for measurement of
the time difference between events.

Figure 51: Example of sequence of events record

»  DFR - SEQUENCE OF EVENTS
loete 0oy, 000000000000 Events 112283 & 112283 ||

Lrateime

=
112283 &ug 08 2007 11:39:35.096375 AR ZONE 1 EXTENT
112252 &ug 05 2007 11:39:35.096375 AR ENABLED
112281 4ug 03 2007 11:39:33.095112 MAN CLOSE  Off
112280 4ug 0F 2007 11:39:32.895133 AR RESET
112279 4ug 03 2007 11:39:32.895133 AR DISABLED
112275 4ug 03 2007 11:39:32.8939658 MaN CLOSE  On
112277 &ug 08 2007 11:39:32.893868 BRR1 CLOSED
112276 &ug 08 2007 11:35:54 785677 AR BRR1 BLK
112275 &ug 08 2007 11:35:54 757440 BKR1 SUBST ON
112274 dug 08 2007 11:35:54.757440 BRR1 OFENED

Down ietrieye acklEursor IMatE

Principal fault information measured by D90P1YS can also be accessed from the digital fault
recorder menu.

Figure 52: Example of fault record

* DFR - FAULT REPORT - FAULT 43640

Aug 05 2007 11:01:53.002147

Cansze of Trip: TRIF 3-FOLE

Location: 3547 Tepe: ECG
Protive Setting Group: 1 Shot Count:0
Erefault

Yan 252452 KV 3601 - la 370874 A 10E6=
VYhn 252573 RN 2400¢ Ih 373163 A 2506 @
VWen 252407 KNV 1200 Ic 3720094 131.3°

Yan 286431 KV 02° la JE4.003 A 3532¢°

Yhn 250418 KW 2385° Ib 2317 KA 1667 @

Yon 254867 KV 1248« Ic 2070 Ka 187«
Curation: T2

P

The digital fault recorder menu transient record menu lists all of the records currently
stored in the D90P!YS. It also indicates the status of the trigger, where:

e Greenindicates that the trigger is not active
¢ Redindicates an active trigger
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Records can be retrieved and deleted, and triggers can be generated manually from this
screen.

Figure 53: Example of transient record

» DFR - TRANSIENT RECORDER

Channel sctive @

B Drate

45 Moy 14 2008 10:24:51
44 Mo 14 20058 102445
43 Moy 14 2008 10:24:34
42 Mo 14 2008 102433
41 Moy 14 2008 10:24:27
40 Moy 14 2008 10:24.21
38 Movv 14 2008 10:24:15
38 Mo 14 2008 10:24:09
a7 Moy 14 2008 10:24:03
368 Mo 14 2008 10:23.57

“ Tettieye Clear & | Faree Trig

The digital fault recorder menu disturbance record menu lists all disturbance records
stored in the D90PS. It also indicates the status of the trigger, where:

e Green indicates that the trigger is not active

e Redindicates an active trigger

Records can be retrieved and deleted, and triggers can be manually generated from this
screen.

Figure 54: Example of disturbance record

* DFR - DISTURBANCE RECORDS

Channel Active (@

Record Date
1 Moy 14 2008 10:44:31
10 Mow 14 2008 10:43:41
9 Mow 14 2008 10:42:35

g Moy 14 2005 10:41:05
7 Moy 14 2008 10:40:44
<] Moy 14 2005 10:40:05
5 Mow 14 2008 10:39:54
4 Maow 14 2005 10:39:43
3 Moy 14 2008 10:39:28
2 Maow 14 2005 10:38:10

D {ETHEYE [ [F TR Fatee Trig

Equipment manager menu

This menu provides access to the battery monitor function. There are three status
indicators, colored red, yellow, and green.

e Agreen indication denotes no alarms for the device
¢ Avyellow indication denotes at least one non-critical alarm and no critical alarms
e Aredindication denotes at least one critical alarm

The battery monitor page displays the state of all battery monitor alarms for a particular
device. Alarms can be reset from this page.
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Figure 55: Equipment manager battery alarms example

*  EQUIPMENT MANAGER - BATTERY MONITOR

rafter) Alar

PRESENT VALUE 46 Volts

HIGH VOLTAGE o
LOW VOLTAGE o
SUPPLY VOLTAGE o
CHARGER FAIL o
DC BREAKER TRIP o
DC GND FAULT 9

Annunciator

An annunciator is a color panel on the front of the unit.

Annunciator operation

The annunciator supports three types of alarms: self-reset, latched, and acknowledgeable.
Each location in an annunciator display page can be configured to be one of the three
alarm types and can also display an optional metered value. The value of each self-reset
alarm is refreshed approximately every half second.

Alarms are organized in a table and numbered increasing from left to right horizontally and
then top to bottom. The first alarm in the top left corner of the first page is denoted as
indicator 1 by the EnerVista URPlus Setup software. The top left location of the next page is
the bottom right alarm number on the previous page plus one. Up to 288 individual alarms
or metered values can be configured.

Each location in the alarm table can be configured as an alarm only, metering only, or
mixed content. With the exception of metering only table entries, a FlexLogic alarm input
operand is required for each alarm table location. Selecting an operand of “None” hides
the entry from view.

Alarms can display up to three lines of text using specified foreground and background
colors. A configured metering value replaces the specified line of text. The figure shows a
typical annunciator display.

Figure 56: Typical annunciator display

Fuse = =L IFault
Failure ftive ° Report

e Mest Page

There are three control buttons at the bottom of the display.

e The Next Page button navigates through the configured alarm, self-test, and product
information pages. Pages that contain no configured alarms are not displayed.
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ANNUNCIATOR

The Next Alarm button navigates horizontally through the current alarms that are

active, from left-to-right, starting with the first row of alarms. A border is drawn
around the current alarm.

The Ack/Reset button is used to acknowledge alarms or reset latched and
acknowledgeable alarms that are in the ringback state.

The annunciator alarm sequence conforms to ISA 18.1-1979 (R1992) standard, type R.

Reset

Figure 57: Annunciator alarm sequence

Process: Normal
| Sequence: Normal
Visual: Off

Process: Normal
Sequence: Ringback
Visual: Slow Flash

A

Return

| Acknowledge while Normal

Return to Abnormal  =————

To Abnormal
Y
Process: Abnormal or Normal
Sequence: Alarm
Visual: Fast Flash

to Normal

Process:  Abnormal or Normal
Sequence: Acknowledged
Visual: Oon

Acknowledge
while Abnormal

The table outlines annunciator states.

Table 5: Acknowledgeable alarm states

870754A2.CDR

Sequence (initial | Process (status) | Pushbutton Sequence (final | Visual indication
state) (input) state)

Normal Normal N/A N/A Off
Normal Abnormal N/A Alarm Fast flash
Alarm Normal N/A Alarm Fast flash
Alarm Normal Acknowledged Normal Off

Alarm Abnormal Acknowledged Acknowledged On
Acknowledged Abnormal N/A Acknowledged On
Acknowledged Normal N/A Ringback Slow flash
Ringback Normal Reset Normal Off
Ringback Abnormal N/A Acknowledged On

The visual indications display as follows:

Off — Grey text on a darker grey background

On — User-configurable

Fast flash — Alternating between off and on state two times per second

Slow flash — Alternating between off and on state one time per second

In the event of an alarm, the page containing the alarm is promoted to active page. If there
are multiple pages with alarms, the page with the lowest page number is promoted.

If there are alarms on multiple pages, and alarms on some pages have already been

acknowledged (but not cleared) by the user, then the pages with active alarms move ahead
of the pages that have acknowledged alarms. The user always has to navigate through the
pages of alarms to view them.

Display of alarm pages is prioritized according to active window (unacknowledged or
flashing alarm) and page number (for example, if two pages have an unacknowledged
alarm, the page with the lowest number is promoted automatically as the displayed page).
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Self-test page

This page displays any active self-test alarms as well as the time of occurrence and the
severity of the alarm (yellow for non-critical and red for critical).

Figure 58: Self-test page example

» SELF TEST SUMMARY

Detail Down Mext Fage

Product information page

The product information page contains data describing the device, including the order
code, serial number, device identification name, setting configuration name, time of last
change, firmware version, and firmware release date.

Figure 59: Sample product information page
» PRODUCT INFORMATION
Order Code: DY0P-HE-S
Unit Serial Humber:

Relay 1D: LR

Configuration: Initial

Configuration Date: :

Finnwrare Version:

Finmwrare Date:

The Relay ID value reflects the string entered as the Relay Name in the Settings >
Protection > Power System > Installation menu. The Configuration value reflects the
string entered as the User Configuration Name in the Settings > Protection > Power
System > Installation menu. The setup program automatically updates the Configuration
Date after each setting change. The current D90PUS date and time display on all
annunciator pages, as does the total number of active self-tests and alarms.

Communication status page

This page outlines the available TCP/IP connections for the supported protocols and the IP
addresses of the ports used.

The D9OPIUs supports up to five Manufacturing Message Specification (MMS) connections,
four Modbus connections, two Distributed Network Protocol (DNP) connections, and one

Phasor Measurement Unit (PMU) connection. The DNP connections are shown as available
if the protocol has been enabled and the D9IOS restarted.
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The configured IP protocol values display for each of the available Ethernet ports. Ethernet
port 1is the port on the main CPU card in slot D, while port 2 is located at the top of the slot
C communications processor and port 3 at the bottom. The displayed MAC address is for
Ethernet port 1. The MAC address of Ethernet port 2 is the MAC address of Ethernet port 1

incremented by 1. The MAC address of Ethernet port 3 is the MAC address of Ethernet port
1incremented by 2.

Figure 60: Communication status page
» COMMUNICATION STATUS

Remaining Connections

tdodhus Add L]

todhus IP Part, 502
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Chapter 5: EnerVista software

This chapter describes the EnerVista URPYS Setup software.

Introduction

The EnerVista URPIUS Setup software provides a graphical user interface (GUI) to configure,
monitor, maintain, and troubleshoot the operation of URPIUS_series devices connected
locally to a computer or over local or wide area communications networks. The software
can be initiated in either offline (not communicating) or online [communicating) modes
with a URPYS-series device. In offline mode, a device settings file can be created or
configured for eventual downloading to that device. In online mode, the settings and
actual values of a URPS-series device can be configured or monitored utilizing real-time
communications. The software provides the tools to integrate information measured by
the D90PIUS into DCS or SCADA monitoring systems. Convenient COMTRADE and sequence
of events viewers are integrated. This allows the user to carry out post-mortem event
analysis to ensure proper protection system operation.

Settings templates

Settings file templates simplify the configuration and commissioning of multiple devices
that protect similar assets. An example is a substation that has 10 similar feeders
protected by 10 URPIUS_series relays.

In these situations, typically 90% or greater of the settings are identical among devices.
The templates allow engineers to configure and test these common settings, then lock
them so that they are not available to users. For example, locked settings can be hidden
from view for field engineers, allowing them to quickly identify and concentrate on specific
settings.

The remaining settings (typically 10% or less) can be specified as editable and made
available to field engineers installing the devices. These are settings such as protection
element pickup values and CT and VT ratios.
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The settings template mode allows the user to define which settings are visible in the
software. Settings templates can be applied to both settings files (settings file templates)
and online devices (online settings templates). The functionality is identical for both
purposes.

Settings file conversion from previous firmware versions is supported.

Enable the settings template in offline mode

The settings file template feature is disabled by default. It can be enabled in offline or
online mode.

The following procedure outlines how to enable in offline mode the settings template for
URPIUS_series settings files.

1. Select a settings file from the offline window of the EnerVista URPYS Setup main
screen.

2. Right-click the selected settings file and select the Settings File Template > Create
Template option.

The settings file template is now enabled and the file menus displayed in light blue. A
message displays. The settings file is now in template editing mode.

Enable the settings template in online mode

Alternatively, the settings template can be applied to online settings, as follows.

1. Select an installed device in the online window of the EnerVista URPIUS Setup window.

2. Right-click the selected device and select the Template Mode > Create Template
option.

The software prompts for a template password. This password is required to use the
template feature and must be at least four characters in length.

Figure 61: Entering a settings file password

Enter Template Password |
Encrypted Paszward: INr:qk[wtktXrn

Mew Fassword: I

Fe-enter Mew Pazsword: I

Ok, I Cancel |

3. Enter and re-enter the new password, then click OK to continue.
The online settings template is now enabled. The device is now in template editing mode.

Edit the settings template

82

The settings template editing feature allows the user to specify which settings are
available for viewing and modification in EnerVista URPUS Setup. By default, all settings
except the FlexLogic equation editor settings are locked.

1. Select an installed device or a settings file from the menu on the left side of the
EnerVista URPUS Setup window.

2. Right-click and select the Template Mode > Edit Template option (online mode) or the
Settings File Template > Edit Template option (offline mode) to place the device in
template editing mode.

D90PLYS LINE DISTANCE PROTECTION SYSTEM - INSTRUCTION MANUAL



CHAPTER 5: ENERVISTA SOFTWARE SETTINGS TEMPLATES

3. If prompted, enter the template password then click OK.
Open the relevant settings windows that contain settings to be specified as viewable.
By default, all settings are specified as locked and displayed against a grey
background. The icon on the upper right of the settings window also indicates that the
EnerVista software is in EDIT mode. The following example shows the phase time
overcurrent settings window in edit mode.

—=Phase TOC // URplus01.urs : D:GE Multilin\,URplus: Protection: Elements: Group 13 CUrrent

Default | LIl Reset EDIJ,__,,_:

Function
Signal Source
It

Pickup

Curye

TO Muttiplier
Reset
“oltage Restraint
Block &

Block B

Black C

Events

4]

|URpIule.urs |Pr0tectinn: Elements: Group 1@ Current S

5. Specify settings to make viewable by clicking them.
A setting available to view is displayed against a yellow background.

plus01.urs ; D:GE Multilin URplus®,: Protection: Elements: Group 1: Current
& Save | & Restore Default | il Reset ED!;._I;:!&:

Function
Signal Source
It

Pickup

Curve

TO Multiplier
Reset

“oltage Restraint
Black &

Block B

Black C

Ewernt=

l

|URpIule.urs |Prntection: Elements: Group 1: Current S

1.000 pu
IEEE Mod Iny

1.000 pu
IEEE Mod Inw

6. Click the Save button to save changes to the settings template.
7. Continue through any other settings window to specify all viewable settings.

Add password protection to a template
It is highly recommended that templates be saved with password protection to maximize
security.

The following procedure outlines how to add password protection to a settings file
template.

1. Select a settings file from the offline window on the left of the EnerVista URPlus
Setup window.

2. Select the Settings File Template > Password Protect Template option.
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The software prompts for a template password. This password must be at least four
characters in length.

Figure 62: Template password entry window

x
Enciypted Pazzsword: Iquk[wtan
Mew Password: |
Re-enter Mew Password: I
’TI Cancel |

3. Enter and re-enter the new password, then click OK to continue.
The settings file template is now secured with password protection.

f? When templates are created for online settings, the password is added during the initial

template creation step. It does not need to be added after the template is created.
NOTE

View the settings template
Once all necessary settings are specified for viewing, users are able to view the settings
template on the online device or settings file.

To display only the settings available for editing:

1. Select an installed device or a settings file from the menu on the left of the EnerVista
URPIUS Setup window.

2. Select the Template Mode > View in Template Mode option (online) or the Settings
File Template > View in Template Mode option (offline).

3. Enter the template password then click OK to apply the template.

Once the template has been applied, users are limited to view and edit the settings
specified by the template. The effect of applying the template to the phase time
overcurrent settings is shown.

Figure 63: Applying templates using the View in Template Mode command

—=Phase TOC // URplusL.urs : D:4GE Multilin\URplus\; Protection: Elements: Gro =[5 |

—=Phase TOC // URplus01.urs : D:4GE Multilin', URplus';: Protection: Elements: Gro o =]

% Save

& Re-smml & Dnlm.rlll 4 Reset |

% Save | i3 estore | (&0 petaunt | 39 Reser | VIEALL .

PARAMETER PHASE TOC1

PHASE TOC2

PARAMETER

PHASE TOC1

PHASE TOC2

Disablest

Disahled

Iiur\won
Signal Source

SRE1(SRET)

SRE1 (SRE1)

Iium:hun
Signal Source

Disablest

Disabled

SRC1 (SRC1)

SRC 1 (SRC 1)

Input

Phasar

Prazor

It

Phasor

Pheasor

Fickup

11000 pu

1.000 pu

Fickup

1.000 pu

1.000 pu

Curve

EEE Modl Inv

IEEE Modl Iy

Curve

1EEE Madl Inv

IEEE Modl Iy

TD Multialier

1.00

1.00

D Muliplier

1.00

100

Resst

Reset

Voltage Restraint

Disablext

Disabled

Block &

OFF

OFF

Block B

OFF

OFF

Block C

OFF

OFF

Voltage Restraint

Disablest

Disabled

Black &

OFF

OFF

Block B

oFF

OFF

Block ©

OFF

OFF

Everts

Disabled

Disahled

Everts

Disablest

Disahled

|

<

URplusD1.urs [Protection: Elements: Group 1: Current

RS

URplUsD1.rs [Protection: Elemerts: Group 1: Current

-
4

Phase time overcurrent settings window without template applied.

84

Phase time overcurrent window with template applied via the

View In Template Mode command. The template specifies that only

the Pickup and Curve settings be available.

870863A1.COR
Viewing the settings in template mode also modifies the settings menu, showing only the

settings categories that contain editable settings. The effect of applying the template to a
typical settings menu is shown as follows.
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Figure 64: Applying templates using the View in Template Mode settings command

[ Offine Windaw % | Ofine Window . x|
=) Files - [=]-- Files
= URplus urs : D:AGE Multilin U Rphist E| URplus01.urz : DAGE MultiinhUR plus',
Devi