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HVC360 UL charging solution
The power to make a difference

The HVC360 is specially designed for heavy duty fleets, such as buses or
trucks, delivering up to 360 kW of continuous charging power. This ultra
compact power cabinet supports the connection of up to four charging
stations at a distance of up to 150 m (500 ft). The HVC360 supports all
charging interfaces simultaneously, from CCS to pantograph, offering
ultimate flexibility for any site layout or use case. The HVC360 is
available with Buy America Compliance.

HVC CCS Control box
o ) = | . Up to 200A
HVC Depot box /" Tﬁ‘-———____________ » « Ceiling/Gantry mounted
. Up to 200A el | 5 |
. Wall/ Pedestal mounting -

HVC Depot box dual outlet
« Up to 200A
« Pedestal mounting

HVC CCS cable retractor
« Up to 200A CCS

» Ceiling/Gantry mounted
« Indoor and outdoor use

HVC 400A Depot pantograph kit —

- Up to 400A Depot pantograph The diagram on the left
- Kitted product for ease of installation illustrates several charging
« Lighter weight for Ceiling/Gantry mounting interfaces that the flexible,

compact HVC360 high
power charging equipment
can support.
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Technical specifications

HVC200-2D HVC200-4D HVC300-2D HVC300-4D HVC360-2D HVC360-4D
Charging interface compatibility
HVC Depot box Yes Yes Yes Yes Yes Yes
HVC Depot box dual outlet Yes Yes Yes Yes Yes Yes
HVC CCS control box Yes Yes Yes Yes Yes Yes
HVC Cable retractor Yes Yes Yes Yes Yes Yes
HVC 400A Pantograph Kit Yes Yes Yes Yes Yes Yes
Charging methods
Parallel charging Yes Yes Yes Yes Yes Yes
Dynamic charging Yes Yes Yes Yes Yes Yes
Product information
DC output power rating (per cabinet) 200 kW 200 kW 300 kW 300 kW 360 kw 360 kw
DC output voltage (per Cabinet) 150-940V 150-940 V 150-940V 150-940V 150-940V 150-940V
DC output current (per Cabinet) (1) 285 A 285 A 430A 430 A 500 A 500 A
DC output power rating (max per outlet) 200 kW 200 kW 300 kW 300 kW 360 kW 360 kw
DC output voltage (per outlet) 150-940 V 150-940 V 150-940 V 150-940 V 150-940 V 150-940 V
DC output current (per outlet) max (1) 285 A 285 A 430 A 430 A 500 A 500 A

Input voltage range

Input AC connection

Input AC Current / Power
Recommended upstream circuit
breaker(s)

Power factor (2)

Current THD*

Short circuit current rating
Efficiency

Distance between charger & charging
interface

480Y/277 VAC +/- 10%, 3-ph 60 Hz
L1,L2,L3, GND (no neutral)

262 A; 218 kVA 262 A; 218 kVA
350 A or 300 A (100% rated)

0.97 0.97
IEEE 519 Compliant;
<8%; option for 5%

25 kA; 65 kA optional
94-96% 94-96%
100 m standard; up to 150 m with
long distance option

480Y/277 VAC +/- 10%, 3-ph 60 Hz

L1,L2,L3, GND (no neutral)
392 A; 326 kVA
500 A or 400 A (100% rated)

0.97 0.97
IEEE 519 Compliant;
<8%; option for 5%

25 kA; 65 kA optional
94-96% 94-96%
100 m standard; up to 150 m with
long distance option

392 A; 326 kVA

480Y/277 VAC +/- 10%, 3-ph 60 Hz
L1,L2,L3, GND (no neutral)

470 A; 391 kVA 470 A; 391 kVA
600 A or 500 A (100% rated)

0.97 0.97
IEEE 519 Compliant;
<8%; option for 5%

25 kA; 65 kA optional
94-96% 94-96%
100 m standard; up to 150 m with
long distance option

General characteristics

Enclosure rating

Enclosure type

Operational attitude

Operation temperature range (3)
Recommended storage conditions

Humidity
Dimensions (H x W x D)

NEMA 3R (IP-54 and IK-10)
Stainless steel
Up to 2000 m
-35°C to +55°C
-10°Cto +70°C / 14 °F to +158 °C
(dry environment)
5% to 95%, non-condensing

2180x 1170 x 770 mm
(85.8”x46.1”x 30.3”)

NEMA 3R (IP-54 and IK-10)
Stainless steel
Up to 2000 m
-35°C to +55°C
-10°Cto +70°C / 14 °F to +158 °C
(dry environment)
5% to 95%, non-condensing

2180x 1170 x 770 mm
(85.8"x46.1” x 30.3")

NEMA 3R (IP-54 and IK-10)
Stainless steel
Up to 2000 m
-35°C to +55°C
-10°Cto +70°C / 14 °F to +158 °C
(dry environment)
5% to 95%, non-condensing

2180x 1170 x 770 mm
(85.8” x 46.1” x 30.3”)

Mass 830 kg / 1830 Ibs 890 kg / 1962 Ibs 950 kg / 2094 Ibs
Color RAL 9002 RAL 9002 RAL 9002
User interface

Connectivity
Communication protocols
LED

Internet access via 4G / 3G / Ethernet

OCPP 1.6]

RGD LED on the charger, 1 per outlet

Internet access via 4G / 3G / Ethernet

OCPP 1.6]

RGD LED on the charger, 1 per outlet

Internet access via 4G / 3G / Ethernet

OCPP 1.6]
RGD LED on the charger, 1 per outlet

Configuration

Software update
Control and configuration

Over-the-air updates via ABB E-mobility web portal, OCPP 1.6
ABB E-mobility web portal, on-board service portal, OCPP 1.6

Certification and standards

Charging system
Communication to the EV
Communication to the backend
Electro-Magnetic Compatibility
Compliance

IEC 61851-1 ed 3,|IEC 61851-21-2 ed 1, IEC 61851-23 ed 1, IEC 61851-24 ed 1, IEC 62196-2, IEC 62196-3, IEC 61000
DIN 70121,1SO/IEC 15118 series ed 1 with PnC and EIM

OCPP 1.6 JISON

Standard: EMC-Class A Conducted and Radiated; Optional: EMC-Class B Conducted with external filter
CSA No. 107.1-16 and UL 2202 certified by TUV; SAE J3105-1; 1SO 15118 and BA Rule 49 CFR Part 661.5 (optional)

(1) Maximum output current could be limited by the charging interface

(2) Power factor at Output power = 10 kW

(3) Measured according to IEC 62196-1, current rating and duration at higher temperatures is highly dependent on the charging interface and vehicle inlet.

(4) De-rating is dependent on multiple variables such as charging interface (cable/pantograph), vehicle inlet, temperature and duration. This can only be properly calculated on a system level.

ABB E-mobility Inc.

950 W Elliott Road, Suite 101
Tempe, AZ, 85284

United States

Phone: 800-435-7365
E-mail: US-evci@abb.com

e-mobility.abb.com

ABB E-mobility Inc.

800 Hymus Boulevard
Saint-Laurent, QC H4S OB5
Canada

Phone: 800-435-7365
E-mail: CA-evci@abb.com

We reserve the right to make technical
changes or modify the contents of this
document without prior notice. We
reserve all rights in this document and
in the subject matter and illustrations
contained therein. Any reproduction,
disclosure to third parties or utilization
of its contents —in whole orin parts —is
forbidden without prior written
consent of ABB. Copyright© 2023 ABB.
Allrights reserved.
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PRODUCT LEAFLET

Electric Vehicle Infrastructure
HVC Depot (UL) charging for electric fleets

HVC Depot
Boxes and power
cabinets, lined up
at a depot site.

A practical solution for busy depots

ABB Heavy Vehicle Charger (HVC) products enable
electric buses and trucks to charge at the depot
ensuring flexibility and scale for every fleet operation
that is transitioning to zero-emission transportation.

Key Benefits

+ Smart charging

+ Small infrastructure footprint at vehicle interface
+ Flexible design for roof and floor mounting

+ SAE J1772 CCS and OCPP 1.6 compliant

+ Remote diagnostics and management tools

Sequential Charging

Improving total cost of ownership is easy using the
sequential charging feature offered by ABB’s depot
chargers. This feature allows connection of up to
three depot charge boxes with a single power
cabinet and vehicles are charged sequentially over
time. The system can follow an embedded,
predefined charging process or remote triggers sent
by a fleet management system via OCPP 1.6.

« Vehicles are charged with high power, maximizing
vehicle availability

« The required grid connection is smaller, reducing
upfront investments and operational costs

« The compact depot box is easy to install at sites
with space constraints

« Optimal utilization of installed infrastructure
meaning lower investments in charging equipment.

AL HR IR
rfRpmw

ABB HVC-C Depot charging systems
offer a highly reliable, intelligent and
cost-effective solution to charge
large EV fleets such as buses, trucks
and other commercial vehicles.

Buy America

ABB can offer the HVC-C Depot Charging Solution
with compliance to the Buy America Act Rule

49 CFR Part 661.5.

Future-proof modular design

Power cabinets can be upgraded from 100 or 150 kW
in the field, as well as add additional depot charge
boxes, allowing operators to scale their operation
and to spread investments over time.

Safe and reliable operation

ABB fast chargers are designed to the highest
international electrical, safety, and quality standards,
and are certified by notified bodies - guaranteeing
safe and reliable operation.

Connectivity and remote services

ABB chargers come with an extensive suite of
connectivity features including remote services such
as monitoring, management, diagnostics and
software upgrades. These advanced services provide
equipment owners with powerful insights into their
charging operations while enabling high uptime.

ABB E-mobility is your experienced partner

ABB HVC products are based on a decade of high
power experience in EV charging solutions. ABB has
sold over 50,000 DC fast charging systems in more
than 85 countries —and is the leading EV
infrastructure technology supplier globally.



Overnight charging 100 kW - 150 kW
Flexible choices for bus and fleet charging demands

HVC 100C

HvVC 150C

HVC 150C*

*150 kW overnight charging system
_ with three depot charge boxes;

shown mounted on pedestal option.

Technical specifications

Configurations

HVC 100C HVC 150C

Maximum output power
AC Input voltage

AC Input connection
Rated input power
Rated input current

Recommended upstream circuit breaker(s)

Output voltage range
Maximum DC output current
Power Factor

Current THD

Short circuit current rating
Efficiency

Vehicle connection interface
Userinterface

Cable length
DC connection standard
Environment
Operating temperature

Protection

Humidity

Altitude

Network connection
Communication
Compliance and Safety

UL:132 A/ CSA: 108 A
UL:1x200A /CSA:1x150A

100 kW 150 kW
UL: 3-phase, 480Y/277 VAC +/- 10% (60 Hz)
CSA: 3-phase, 600Y/347 VAC +/-10% (60 Hz)

L1,L2,L3, GND (no neutral)

117 kVA 170 kVA

UL: 198 A/ CSA: 168 A
UL:1x250A /CSA:1x250A
150-850VDC

166 A 200 A

>0.97

IEEE 519 Compliant; <8%; option for 5%
25 kA; 65 kA optional
95%
CCS-1
RGB beacon light system indicates:
1) Ready to charge; 2) Handshake; 3) Charging and 4) Error
3.5m (11.5 ft) standard; 7 m (23 ft) optional
SAE J1772 - IEC 61851-23 / DIN 70121 - 1SO 15118
Indoor/OQutdoor
Standard: -10 °C to +50 °C (de-rating characteristic applies)
Optional: -35°C to +50 °C
Power Cabinet: IP54 - IK10 (equivalent to NEMA 3R)
Depot Charge Box: IP65 - IK10
5% to 95%, non-condensing
2500 m (8200 ft)
GSM/3G modem | 10/100 base-T Ethernet

OCPP 1.6 Core and Smart Charging Profiles; Autocharge via OCPP
CSA No. 107.1-16 and UL 2202 certified by TUV; SAE J1772 - IEC 61851-23 / DIN

70121 -1SO 15118; BA Rule 49 CFR Part 661.5 (optional)

Dimensions

Power Cabinet

Depot Charge Box
(without pedestal)
Depot Charge Box
(with pedestal)

Dimensions (H x W x D)
Weight
Dimensions (H x W x D)
Weight
Dimensions (H x W x D)
Weight

2030x 1170x 770 mm / 79.9x46.1 x30.3in
1340 kg / 2954 Ibs
800x600x210mm /31.5x23.6x8.3in
61 kg / 134.5 Ibs (with 7 m / 23 ft cable)
1914 x 600 x 400 mm / 75.4 x 23.6 x 16.3in
181 kg / 398 Ibs (with 7 m / 23 ft cable)

ABB E-mobility Inc.

950 W Elliott Road, Suite 101
Tempe, AZ, 85284

United States

Phone: 800-435-7365
E-mail: US-evci@.abb.com

e-mobility.abb.com

ABB E-mobility Inc.
800 Hymus Boulevard
Saint-Laurent, QC H4S O0B5

Canada

Phone: 800-435-7365
E-mail: CA-evci@abb.com

We reserve the right to make technical
changes or modify the contents of this
document without prior notice. We
reserve all rights in this document and
in the subject matter and illustrations
contained therein. Any reproduction,
disclosure to third parties or utilization
of its contents —in whole orin parts —is
forbidden without prior written
consent of ABB. Copyright© 2023 ABB.
All rights reserved.
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PRODUCT SPECIFICATIONS

All specifications and descriptions contained in this document are verified to be accurate at the time of
printing. However, because continuous improvement is a goal at Tesla, we reserve the right to make
product or documentation modifications at any time, with or without notice.

The images provided in this document are for demonstration purposes only. Depending on product version
and market region, details may appear slightly different.

This document does not create contractual obligations for Tesla or its affiliates, except to the extent
expressly agreed in a contract.

LATEST REVISIONS

Documents are periodically updated. To ensure you have the latest revision of this document, visit the Tesla
Partner Portal at https.//partners.tesla.com/.

ERRORS OR OMISSIONS

To communicate inaccuracies or omissions in this document, reach out to your Tesla representative.

COPYRIGHT
©2022 TESLA, INC. All rights reserved.

All information in this document is subject to copyright and other intellectual property rights of Tesla, Inc.
and its licensors. This material may not be modified, reproduced or copied, in whole or in part, without the
prior written permission of Tesla, Inc. and its licensors. Additional information is available upon request. The
following are trademarks or registered trademarks of Tesla, Inc. in the United States and other countries:

TESLA
All other trademarks contained in this document are the property of their respective owners and their use

herein does not imply sponsorship or endorsement of their products or services. The unauthorized use of
any trademark displayed in this document or on the product is strictly prohibited.
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SYSTEM DESCRIPTION '

1 System Description

Tesla Megapack 2 XL (Megapack) is an all-in-one utility-scale energy storage system optimized for cost and
performance. It scales to the space, power, and energy requirements of any site from 1.3 MWh to 1 GWh+.
The product includes a custom enclosure, batteries, bi-directional inverter, and thermal system. At the site
level, a Tesla Site Controller with intelligent software allows the coordination and operation of the Megapack.

This turnkey system is designed to maximize savings and prolong battery life. Megapacks have the most
advanced battery technology and dispatch optimization software to quickly learn and predict a facility’s
energy patterns. Tesla’s proprietary storage dispatch software can charge and discharge autonomously to
maximize customer value.

Megapack’s architecture consists of battery cells aggregated into modules, and power electronics modules.
Both are thermally managed by an integrated liquid cooling and heating system for thermal safety, enhanced
performance, and reliability. The architecture also includes sensors supporting embedded monitoring and
controls as well as electrical interface equipment including an industry standard breaker for AC protection.

1.1 Applications

Megapack is designed for utilities and large-scale commercial projects. Our team of experts will help you
design a system that meets your project goals and maximizes your site potential.

Megapack applications include:

* Renewable Smoothing - Balance the flow of renewables to the grid by storing and discharging energy
 Demand Support - Discharge energy during peak demand to support distribution infrastructure

 Infrastructure Investment - Postpone costly grid infrastructure upgrades by storing power at a single
location

e Voltage & Frequency Regulation - Stabilize voltage levels by absorbing reactive power and adjusting
output

» Market Participation - Provide energy support to the grid in response to system operator alerts
* Microgrid - Build a localized grid that can disconnect from the main power grid

1.2 Capacity Maintenance

Megapacks can be augmented with a Capacity Maintenance Agreement (CMA), which guarantees power
and energy capacity over the life of the product. A capacity-maintained system requires the addition of
battery modules over time to maintain power and energy for up to 20 years. Technical details and
characteristics differ between a product with Capacity Maintenance Agreement and a product without.
These differences are highlighted in the relevant sections within this specification. Capacity maintenance is
only offered for projects with a minimum size of 10 MWh.

1.3 Constituent Parts

Each Megapack system includes the following components provided by Tesla:
* Smart inverter
* AC main breaker
e Battery modules
e Thermal system

Megapack 2 XL Specification CONFIDENTIAL INFORMATION - SHARED UNDER NDA ONLY 2
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* Low-voltage customer interface panel
* Tesla Site Controller

1.4 Definitions

AC-rated real power (kW) - Nominal nameplate AC real power rating of the system. Throughout Megapack
documentation, the term real/ power may be used synonymously with the term active power.

Apparent power (kVA) - Nominal nameplate AC apparent power rating of the system.

Battery cell - The smallest non-divisible energy component of the Megapack, assembled into a battery
module in series and parallel arrays.

Battery module - A field-replaceable unit that integrates battery cells, fusing, and battery management
system functions. The battery module interfaces are output electrical connections, thermal interface, and
communication connections.

CMA - Capacity Maintenance Agreement, used to define a custom power and energy guarantee over the life
of the system.

Efficiency degradation (%) - Represented with a stated efficiency value at the beginning of life and the
minimum seen over 10 years and 365 cycles/year.

Fully operational - The operating condition where the system is capable of discharging or charging at full
power.

Heat mode - A software control feature of the Megapack that is used to regulate battery cell temperature in
order to maintain AC-rated real power and/or energy at low ambient temperatures.

Inverter or PCS - Bi-directional power conversion system that couples each Megapack with the power grid
(AC power).

Megapack - The complete AC-coupled system, inclusive of enclosure, battery modules, inverter, and thermal
system.

Megapack energy consumption - Self-discharge and energy consumption of the Megapack to power its
thermal system and internal auxiliary loads.

Profilecop - The ambient temperature daily profile for cold weather standby use, indicative of winter in
Grand Forks, ND, is defined below:

Figure 1. Cold Daily Temperature Profile

-15C

-30C

6 hr 12 hr 18 hr 24 hr
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Profileyot - The ambient temperature daily profile for hot weather standby use, indicative of summer in
Palm Springs, CA, is defined below:

Figure 2. Hot Daily Temperature Profile

45C

30C

6 hr 12 hr 18 hr 24 hr

Round-trip efficiency (RTE, %) - Defined as charging of the system from 0% SOE to 100% SOE at AC-rated
real power, immediately followed by discharging of the system from 100% SOE to 0% SOE at AC-rated real
power. The round-trip AC-AC energy efficiency shall be measured at the AC terminals of the inverter and
shall include parasitic loads.

SOE with CMA - Battery State of Energy: Available energy / Rated energy (0-100%).
SOE without CMA - Battery State of Energy: Available energy / Full Megapack energy (0-100%).

STC - Standard Test Conditions, defined as the system soaked at 25°C and 1 atmosphere (101.3 kPa) of
pressure.

System duration - The amount of time the Megapack can continuously charge or discharge power at AC-
rated real power when new.

TamMBcoLD - The ambient temperature for cold weather performance is defined as the system soaked at

-20°C. This temperature definition is used to define the system performance in a nominally cold temperature
climate. This temperature does not define the operating limitation or temperature rating of the system.

TameHOT - The ambient temperature for hot weather performance is defined as the system soaked at 45°C.

This temperature definition is used to define the system performance in a nominally hot temperature climate.
This temperature does not define the operating limitation or temperature rating of the system.

Tesla Site Controller - Site-level control interface that is the single point of feedback and control for a

physical installation. It is also responsible for collecting feedback data from each individual Megapack,
running algorithms to optimize the system operation, and providing commands to inverters.

1.5 Standards and Regulations

The system and components are or will be compliant with the standards and directives listed in the
Megapack 2 XL Compliance Packet, to be found on the Tesla Partner Portal at https://partners.tesla.com/.

Megapack 2 XL Specification CONFIDENTIAL INFORMATION - SHARED UNDER NDA ONLY 4
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2 Electrical Specifications

Megapack is rated in terms of net-delivered power and minimum energy at its AC output terminals. Loads
and losses, including power conversion, thermal system losses, auxiliary loads, and chemical/ionic losses are
considered internal to the system and ratings are net of these loads. Losses between the AC output
terminals and the point of interconnection with the customer/utility are site-dependent and excluded from
the rated power and energy.

2.1 Power and Energy

System ratings are defined in kW and kWh as measured at the AC terminals of the Megapack. The given
energy ratings (kWh) in this document are minimum initial energy ratings.

Megapack is capable of providing AC minimum initial energy (kWh) at AC-rated real power (kW) when
discharged from 100% SOE at STC. Megapack is capable of charging or discharging at AC-rated real power
for the life of the system. The maximum duration of charge/discharge will decrease over the life of the
system. The kW is net of thermal loads and can be achieved throughout life.

A fully populated Megapack has the following nominal ratings at 480 V AC:

Table 1. Nominal Fully Populated Ratings
System Duration Max. Configurable AC Apparent AC-Rated Real Power AC Minimum Initial Energy

Power (kVA) (kW) (kWh)
2-hour 2400.0 1927.2 3854.4
4-hour 1512.0* 979.2 3916.8

* The apparent power rating of the inverter is expected to increase in 2023 manufacturing from 63 kvA to 68
kVA. This will increase the total Max. Configurable AC Apparent Power to 1632.0 kVA. To understand how this
changes system configuration capability, refer to Battery Module Configurations on page 15,

2.1.1 Scaling Power and Energy

Megapack can be requested with lower factory-configured inverter ratings. See /nverter Configurations on
page 13 for more details.

Megapack can be requested with fewer battery modules. See Battery Module Configurations on page 15
for more details.

2.2 Round-Trip Efficiency and Energy Consumption

2.2.1 Round-Trip Efficiency

Round-trip efficiency (RTE) is defined as the relative difference in energy charged to the system from 0%
SOE to 100% SOE at AC-rated real power, immediately followed by energy discharged of the system from
100% SOE to 0% SOE at AC-rated real power. The guotient of energy discharged over energy charged is the
RTE.

The round-trip efficiency, inclusive of thermal system load and all internal auxiliary loads during the cycle, is
specified in the table below:

Megapack 2 XL Specification CONFIDENTIAL INFORMATION - SHARED UNDER NDA ONLY 5
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Table 2. Round-Trip Efficiency

Parameter 2-Hour System 4-Hour System
STC: 92.0% STC: 93.5%
Minimum Round-Trip Efficiency at Year O TameHoT: 90.5% TaMBHOT: 92.5%
TamecoLD: 92.0% TamecoLD: 93.0%
STC: 90.0% STC: 92.0%
Round-Trip Efficiency at Year 15* TaMBHOT: 88.5% TAMBHOT: 90.5%
TaMBcOLD: 89.5% TamBcoLD: 91.5%

* Indicative figures. Exact value will depend on battery utilization and climate over the 15 years.

Indicative round-trip efficiency (year O and year 10) under STC for a single Megapack at different power
levels is shown in the graphs below.
Figure 3. Round-Trip Efficiency: 2-hour Megapack
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Figure 4. Round-Trip Efficiency: 4-hour Megapack

845
{2 ar

——2zr 15

Roundtrip Efficiency (%)
L

o
=
L

0 100 200 300 400 500 600 700 800 900 1000

Power (kW)

2.2.2 Energy Consumption

. NOTE: All specifications below assume heat mode is not enabled by the user. Additional energy
consumption due to heat mode is detailed in Charge and Discharge Limitations on page 9.

When Megapack is not actively charging or discharging, the Megapack may still self-discharge and consume
energy, which is referred to as Megapack energy consumption (kWh).

Megapack energy consumption (kWh) was evaluated for the following two operating states:

e Active: The system will remain in Active state and keep its inverters powered on. Commanding the
Megapack to remain in Active mode will result in increased energy consumption due to inverter
switching.

e Standby: When the system does not receive any command within five minutes, the system will
automatically move to Standby and power down its inverters to reduce energy consumption.

Pre-condition is defined as how the system was operated immediately before the 24-hour period during
which Megapack energy consumption is calculated:

* No cycle: The system was not charging or discharging power.

¢ One full cycle: The system was charged from 0% SOE to 100% SOE at AC-rated real power (kW) and
was immediately discharged from 100% SOE to 0% at AC-rated real power (kW).

Megapack energy consumption over a 24-hour period is detailed in the tables for various scenarios below.

Table 3. Megapack Energy Consumption, Standby, No Cycle

System Duration Ambient Conditions Energy Consumption [kWh/day]
4-Hour STC 23
4-Hour TAMBCOLD 17

Megapack 2 XL Specification CONFIDENTIAL INFORMATION - SHARED UNDER NDA ONLY 7
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System Duration Ambient Conditions Energy Consumption [kWh/day]
4-Hour TAMBHOT 77
2-Hour STC 25
2-Hour TAMBCOLD 7
2-Hour TAMBHOT 81

Table 4. Megapack Energy Consumption, Standby, One Full Cycle

System Duration Ambient Conditions Energy Consumption [kWh/day]
4-Hour STC 63
4-Hour TAMBCOLD 21
4-Hour TAMBHOT 122
2-Hour STC 67
2-Hour TAamBCOLD 19
2-Hour TAMBHOT 173

Table 5. Megapack Energy Consumption, Active, No Cycle

System Duration Ambient Conditions Energy Consumption [kWh/day]
4-Hour STC 154
4-Hour TAMBCOLD 153
4-Hour TAMBHOT 208
2-Hour STC 287
2-Hour TAaMBCOLD 287
2-Hour TAMBHOT 343

Table 6. Megapack Energy Consumption, Active, One Full Cycle

System Duration Ambient Conditions Energy Consumption [kWh/day]
4-Hour STC 197
4-Hour TAMBCOLD 192
4-Hour TAMBHOT 256
2-Hour STC 338
2-Hour TAMBCOLD 327
2-Hour TAMBHOT 443

Finally, in addition to the Megapack energy consumption, the Tesla Site Controller has the following energy
consumption per unit over a 24-hour period:

Table 7. Auxiliary Load per Tesla Site Controller
Parameter 2-Hour System Duration  4-Hour System Duration

Auxiliary Load for Tesla Site Controller [kWh/day] 0.5 0.5

Megapack 2 XL Specification CONFIDENTIAL INFORMATION - SHARED UNDER NDA ONLY



—

ELECTRICAL SPECIFICATIONS '

2.3 Charge and Discharge Limitations

Megapack’s thermal management system may be used to maintain the battery’s charge and discharge
capabilities across the system’s rated ambient temperature range. In cold ambient conditions, operating in
this state results in lower overall efficiency due to increased parasitic loads.

By activating heat mode, the 2-hour or 4-hour Megapack can be preconditioned from the following starting
temperatures to allow rated charge power:

Table 8. Charge Power

Starting Time to Full Charge Preheat Energy 24-Hr Heating Energy
Temperature Power Capability Consumption to Full Charge Consumption for Maintaining
Power Capability Full Charge Power Capability
-30°C 9 hours 328 kWh 445 kWh
-20°C 6 hours 218 kWh 334 kWh
-10°C 3 hours 115 kWh 222 kWh
0°C O hours 0 kWh 0 kWh
10°C O hours 0 kWh 0 kWh
20°C O hours 0 kWh 0 kWh
30°C O hours 0 kWh O kWh

Similarly, the 2-hour or 4-hour Megapack can be preconditioned to allow rated discharge power:

Table 9. Discharge Power

Starting Time to Full Discharge Preheat Energy 24-Hr Heating Energy
Temperature Power Capability Consumption to Full Consumption for Maintaining
Discharge Power Capability Full Discharge Power
Capability
-30°C 4 hours 152 kWh 269 kWh
-20°C 2 hours 66 kWh 173 kWh
-10°C O hours 0 kWh 0 kWh
0°C O hours 0 kWh 0 kWh
10°C O hours 0 kWh 0 kWh
20°C O hours 0 kWh 0 kWh
30°C O hours 0 kWh 0 kWh

Finally, the 2-hour or 4-hour Megapack can be preconditioned from the following starting temperatures to
maximize the discharge energy:

Table 10. Discharge Energy

Starting Time to Full Discharge Preheat Energy 24-Hr Heating Energy
Temperature Energy Capability Consumption to Full Consumption for Maintaining
Discharge Energy Capability Full Discharge Energy
Capability
-30°C 19 hours 730 kWh 768 kWh
-20°C 15 hours 563 kWh 639 kWh
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Starting Time to Full Discharge Preheat Energy 24-Hr Heating Energy
Temperature Energy Capability Consumption to Full Consumption for Maintaining
Discharge Energy Capability Full Discharge Energy
Capability
-10°C 11 hours 420 kWh 541 kWh
0°C 8 hours 294 kWh 409 kWh
10°C 5 hours 180 kWh 302 kWh
20°C 2 hours 70 kWh 169 kWh
30°C O hours 0 kWh 0O kWh

2.4 Inverter Specifications

Table 11. Inverter Specifications

Max Continuous Output Current

Overload Capability
Nominal AC Voltage
Output Voltage Range
Nominal Frequency (configurable)
Frequency Range
Phases

System Configuration

Full Load Efficiency

California Energy Commission Weighted
Efficiency

Power Factor at Full Load
Adjustable Power Factor (Controller Feature)
Total Current Harmonic Distortion (THD)
Power Regulation Accuracy
Overvoltage Category

Maximum Short Circuit Current Withstand

2.4.1 AC Interface

2.4.1.1 Medium Voltage Transformer Connection

Factory-configurable (See /nverter Configurations on
page 13)

120% of rated current (10 sec max)
480 V

422-552 V AC

50 or 60 Hz

45-66 Hz

3

3-wire, Wye

Note: Grounded Wye required at transformer
secondary

98.3%
98.5%

> 99%

-1to +1

< 5%

< 2%

Category Il up to 3000 m
85 KAIC

If Megapack is connected to a medium-voltage transformer, the transformer must be a grounded wye
transformer and the connection must be made via a 3-wire circuit (3 phases, ground) connection.
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It is possible to parallel multiple Megapacks on the low-voltage side of a transformer without providing
additional galvanic isolation.

2.4.1.2 AC Breaker

Each Megapack includes an AC breaker with the following features:

85 KAIC interrupting capacity (2-hour and 4-hour Megapacks)
GND fault detection

e Shunt trip

Pad lockable

2.4.1.3 Volitage Ride Through

Megapack High-Voltage Ride Through (HVRT) and Low-Voltage Ride Through (LVRT) settings are
adjustable and programmed during the commissioning process to meet IEEE 1547-2018 requirements and/or
comply with applicable grid code. All per-unit (pu) voltages are defined with respect to 480 V AC L-L.*

Table 12. Default HVRT Settings

Voltage Range (% of Base Value) Response Time
Category Il
117.5<V<=120 0.2s
115<V<=117.5 0.5s
1NO<V<=115 1s
Category lll
110<V<=120 0.083s-12s
Table 13. Default LVRT Settings
Voltage Range (% of Base Value) Response Time

Category Il

65<=V<88 Linear slope of 8.7s/1 p.u voltage starting at 3s @0.65 p.u

45<=V<65 0.32s

30<=V<45 0.16s
Category lll

70<=V<88 20s

50<=V<70 10s

V<50 0.083s - 1s
Table 14. Setting Ranges
Parameter Setting Range Resolution
Voltages 0.00-Maximum HVRT Allowed 0.01 per unit
Times 0.00-60.00 sec* 0.01sec
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* Time allowed a specific per-unit voltage depends on the nominal voltage rating. Typically, default settings
and acceptable ranges are tested as part of a specific certification. For deviations from certified settings in a
region, contact your Tesla sales engineer for more information.

Table 15. Trip Accuracy

Trip Setting Accuracy
Voltage +/- 1% of nominal voltage
Frequency +/- 0.01Hz
Reconnection Time 1% of set point
Trip Time

.16 seconds for <5 seconds

1% of set point for >5 seconds

Active Power +/- 5% of rated apparent power

Reactive Power +/- 5% of rated apparent power

2.4.1.4 Frequency Ride Through

The Megapack inverter is capable of staying connected to the distribution provider’s distribution or
transmission system while the grid is within the frequency-time range indicated in the table below and will
disconnect from the electric grid during a high or low frequency event that is outside that frequency-time
range.

The Megapack inverter allows for a minimum of 3 under-frequency and 3 over-frequency trip points and
times, as well as 1 under-frequency instantaneous trip and 1 over-frequency instantaneous trip.

Table 16. Frequency Ride Through

Trip Point Frequency Range Time (sec) Notes
Instantaneous UF Trip 40 Hz-70 Hz Instantaneous 0.1 Hz resolution, filtering as necessary
UF Trip Time 3 40 Hz-70 Hz 0-600 0.1 Hz and 0.01 second resolution
UF Trip Time 2 40 Hz-70 Hz 0-600 0.1 Hz and 0.01 second resolution
UF Trip Time 1 40 Hz-70 Hz 0-600 0.1 Hz and 0.01 second resolution
OF Trip Time 1 40 Hz-70 Hz 0-600 0.1 Hz and 0.01 second resolution
OF Trip Time 2 40 Hz-70 Hz 0-600 0.1 Hz and 0.01 second resolution
OF Trip Time 3 40 Hz-70 Hz 0-600 0.1 Hz and 0.01 second resolution
Instantaneous OF Trip 40 Hz-70 Hz Instantaneous 0.1 Hz resolution, filtering as necessary

2.4.1.5 Anti-Islanding Features
The Megapack inverter includes these anti-islanding features:
e Reconnection delay timer
e Active anti-islanding: Sandia Frequency Shift implemented on all systems
» Passive anti-islanding: Configurable Rate of Change of Frequency (ROCOF) preferences

The reconnection delay timer is configurable with the following settings:
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Feature Name

Reconnect Time
Delay

Reconnect Min.
Voltage

Reconnect Max.
Voltage

Reconnect Min.
Frequency

Reconnect Max.
Frequency

Table 17. Reconnection Delay Timer Default Settings

Effect

Setting
Range

The amount of time Megapack waits before reconnection, 0-600 sec
after the grid returns within the Frequency and Voltage

Ride Through windows defined above

The minimum voltage at which Megapack interprets the 0-150%

grid is within tolerable conditions

The maximum voltage at which Megapack interprets the 0-150%

grid is within tolerable conditions

The minimum frequency at which Megapack interprets the 40-70 Hz

grid is within tolerable conditions

The maximum frequency at which Megapack interprets the 40-70 Hz

grid is within tolerable conditions

Default

300 sec

88.33%

105.83%

59.3 Hz

60.5 Hz

Sandia Frequency Shift is enabled by default, but can be disabled if required for the application. ROCOF is

configurable with the following settings:

Feature Name

Table 18. ROCOF Settings

Effect

ROCOF Enable Turns ROCOF on or off

ROCOF Fault Limit Sets the rate of change required for a trip

ROCOF Time Delay

2.4.1.6 Inverter Configurations

Sets how long the rate of change has to be present for the
inverter to trip

Setting Range

n/a

Default
Off

0.1-100.0 Hz/sec 1Hz/sec

0O-1second

1 second

The configurations listed below are example inverter configurations. Megapack can be requested to be
factory-configured with other current limits lower than the maximum below to de-rate to meet particular
project needs. Starting at the minimum factory configuration of 400 kVA, Megapack is available in 50 kVA

increments up to the maximum configuration of 2400 kVA.

The Megapack inverter should be configured with a kVA rating at least 60 kVA (2-hour systems) or 25 kVA
(4-hour systems) higher than the site requirement, to ensure the Megapack can supply enough AC current to
simultaneously run the thermal system and discharge in accordance with commands.

Megapacks with fewer battery modules will have a lower absolute maximum, as indicated in Battery Module
Configurations on page 15.

Power Configuration

P240
P230
P220
P210
P200
P163

Configured Inverter
Factory Product Code Power Rating [kVA]

2400.0
2300.0
2200.0
2100.0
2000.0
1632.0

2886.8
2766.5
2646.2
25259
2405.6
1963.0

Maximum
Continuous Output
Current [A]

Table 19. Example Inverter Configurations

Applicable Megapack System Duration

2-Hour Maximum
2-Hour
2-Hour
2-Hour
2-Hour

4-Hour Maximum and 2-Hour
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Power Configuration  Configured Inverter
Factory Product Code Power Rating [kVA]

P140 1400.0
P136 1363.2
P130 1300.0
P120 1200.0
P110 1100.0
P100 1000.0
P0O40 400.0

Maximum
Continuous Output
Current [A]

1683.9
1639.4
1563.7
1443.4
1323.1
1202.8
481.1

4-Hour and 2-Hour
4-Hour and 2-Hour
4-Hour and 2-Hour
4-Hour and 2-Hour
4-Hour and 2-Hour
4-Hour and 2-Hour

4-Hour and 2-Hour Minimum

Applicable Megapack System Duration
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2.4.1.7 Battery Module Configurations
Table 20. Current Available Battery Configurations

Configuration Battery 2-Hour Megapack Rating 4-Hr Megapack Rating
RIS s oSl AC Rated Real AC Minimum Max. AC AC Rated AC Minimum Max. AC
Power (kW) Initial Energy Apparent Power Real Power Initial Energy Apparent Power
(kWh) (kVA) (kW) (kWh) (kVA)
ECOS8 8 642.4 1284.8 1008 326.4 1305.6 504
ECO9 9 722.7 1445.4 134 367.2 1468.8 567
EC10 10 803 1606 1260 408 1632 630
ECN 1 883.3 1766.6 1386 448.8 1795.2 693
EC12 12 963.6 1927.2 1512 489.6 1958.4 756
EC13 13 1043.9 2087.8 1638 530.4 2121.6 819
EC14 14 124.2 2248.4 1764 571.2 2284.8 882
ECI15 15 1204.5 2409 1890 612 2448 945
EC16 16 1284.8 2569.6 2016 652.8 2611.2 1008
EC17 17 1365.1 2730.2 2142 693.6 2774.4 1071
EC18 18 1445.4 2890.8 2268 734.4 2937.6 1134
EC19 19 1525.7 30514 2394 775.2 3100.8 197
EC20 20 1606 3212 2400 816 3264 1260
EC21 21 1686.3 33726 2400 856.8 3427.2 1323
EC22 22 1766.6 3533.2 2400 897.6 3590.4 1386
EC23 23 1846.9 3693.8 2400 938.4 3753.6 1449
EC24 24 1927.2 3854.4 2400 979.2 3916.8 1512
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Table 21. Planned Available Battery Configurations: 2023
Configuration Battery 2-Hour Megapack Rating 4-Hr Megapack Rating

FSEIet _M_uwﬂﬂ_ﬂm AC Rated AC Minimum Max. Configurable AC Rated AC Minimum Max. Configurable
Real Power Initial Energy AC Apparent Power Real Power Initial Energy  AC Apparent Power
(kW) (kWh) (kVA) (kW) (kWh) (kVA)

ECOS8 8 642.4 1284.8 1088 326.4 1305.6 544

ECO9 9 722.7 1445.4 1224 367.2 1468.8 612

EC10 10 803 1606 1360 408 1632 680
ECN n 883.3 1766.6 1496 448.8 1795.2 748

EC12 12 963.6 1927.2 1632 489.6 1958.4 816

EC13 13 1043.9 2087.8 1768 530.4 2121.6 884

EC14 14 1124.2 2248.4 1904 571.2 2284.8 952

EC15 15 1204.5 2409 2040 612 2448 1020
ECl16 16 1284.8 2569.6 2176 652.8 2611.2 1088
EC17 17 1365.1 2730.2 2312 693.6 2774.4 1156
EC18 18 1445.4 2890.8 2400 734.4 2937.6 1224
EC19 19 1525.7 30514 2400 775.2 3100.8 1292
EC20 20 1606 3212 2400 816 3264 1360
EC21 21 1686.3 3372.6 2400 856.8 3427.2 1428
EC22 22 1766.6 3533.2 2400 897.6 3590.4 1496
EC23 23 1846.9 3693.8 2400 938.4 3753.6 1564
EC24 24 1927.2 3854.4 2400 979.2 3916.8 1632
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3 Environmental Specifications

3.1 Ambient Temperature

Megapack is capable of meeting rated power in ambient temperatures between -30°C and 50°C, and in
relative humidity of up to 100% condensing.

In high altitudes, at low air pressure, the cooling capability of Megapack may be reduced, but is no worse
than standard altitude-temperature de-rate as specified by standard atmosphere conditions as indicated
below:

Table 22. Ambient Temperature

Altitude [m] Maximum Ambient Temperature During Operation [°C]
0-999 50.0
1000-1999 48.5
2000-2999 42.0
3000 35.5

At no time, including during shipping, may storage conditions exceed the ranges indicated below.

- NOTE: The system must be at a specified level of charge prior to 12-month storage. Contact your
Tesla representative for information on long-term storage.

Table 23. Storage Conditions

Duration Temperature Range During Storage Maximum Humidity
[°C]
o . .
Up to 12 months (365 days) -30 to 50 Up t0100% relative humidity,

condensing

3.2 Elevation

Megapack provides rated power up to 3000 m elevation above sea level in ambient temperature conditions
per Ambient Temperature on page 17.

3.3 Seismic, Shock, and Vibration

Megapack meets the high seismic, shock, and vibration performance levels per the following standards:
* Qualification Level - IEEE 693-2018 High PL: ZPA=1.0 g 5% damping
* Certification Level - ICC-ES AC 156-2018 Sps=2.50 g z/h=0 /p=1.5

3.4 Wind

If installed as a standalone enclosure, Megapack is able to withstand Category 5 hurricane sustained wind
speeds of up to 157 mph (252 km/h).
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3.5 Roof Loading

Megapack is able to withstand a snow load of up to 732.3 kilograms per square meter (150 pounds per
square foot, or 7.18 kNgarth/m?) on its roof or other surface.

Megapack is designed to ensure that its roof can withstand a person of up to 300 lbs (136 kg) gross weight
in clearly designated areas.

3.6 Solar Loading

Megapack provides full rated power in all ambient temperature conditions (Ambient Temperature on page
17), and at maximum elevation (Elevation on page 17) under up to 1200 W/m?2 solar loading, in any direction.
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4 Mechanical Specifications

4.1 Dimensions and Mass

. NOTE: Mass as listed is maximum mass. Megapack can be configured for lighter shipping mass based
on project-specific requirements.

. NOTE: Enclosure dimensions are provided for nominal design guidance only. For precise dimensions,
see Megapack 2 XL Drawings on the Partner Portal.

Table 24. Megapack Dimensions and Mass (Weight)

Width Depth Height Max. Shipping Mass
8800 mm 1650 mm 2785 mm 38,100 kg
(346 12 in) (65in) (Mo in) (84,000 Ib)

4.2 Transportation
Megapack is a non-divisible structure. No disassembly for transport is required.

Megapack is over-height on a normal flat rack, so for ocean shipping use of an adjustable-height flat rack
(“Super Rack”) is recommended if available.

Megapack has 6 compliant ISO 1161 type lifting points for effective rigging and will be certified to
AS4991-2004.

4.3 Installation

NOTE: Site design and installation guidance will be provided in the Megapack 2 XL Design and
Installation Manual. Until available, refer to the Megapack 2 Design and Installation Manual for
indicative guidance only.

4.3.1 Anchoring

Megapack has a total of 12 anchor brackets to be structurally affixed to a foundation. Each anchor bracket
supports a total of three anchoring points, totaling 36 potential anchor points. In general, there are four
types of foundations to which a Megapack may be anchored:

1. Concrete slab

2. Steel I-Beam

3. Concrete or steel pile

4. HDPE beams with ground screws

The number of anchors that will be used should be defined by a project’s Structural Engineer of Record
through the site Spg value and AHJ requirements.
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4.3.2 Electrical Termination

Megapack is designed with two above-ground wireways through which to route AC cabling to LV
transformer termination and communications cabling. The wireways do not require any site trenching
construction. Each wireway is 410 mm x 101 mm (16 1/8 in x 4 in) and runs from each side of the Megapack

into the conduit opening in the Customer Interface Bay. Circuits using wireways must be designed and
installed in accordance with local code.

4.4 Enclosure

4.4.1 Ingress Protection
The Megapack thermal system has an ingress protection rating of IP20, while the enclosure has an ingress

protection rating of IP66 and is classified to NEMA 3R certification (including rain and sprinkler test
immunity).

4.4.2 Impact Protection

The Megapack enclosure has a minimum IK rating of IKO9 for impact protection.

4.4.3 Salt and Fog

The Megapack enclosure is able to withstand over 1,000 hours of salt fog application per a C5M system.

4.4.4 Corrosion Resistance and Paint

The paint system of the Megapack enclosure is compliant with ISO 12944: C5I (industrial) and C5M (coastal)
standards.

4.5 Audible Noise

The audible noise of Megapack, measured 10 meters from any side surface of the enclosure, is less than 75
dBA (SPL sound pressure) at full thermal system performance.
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5 Communication and Control

5.1 Tesla Site Controller

The Tesla Site Controller is the single point of interface for the utility, network operator, or customer SCADA

systems to control and monitor the entire energy storage site. It hosts the control algorithm that dictates the
charge and discharge functions of the battery system units, aggregating real-time information and using the
information to optimize the commands sent to each individual battery unit.

The battery system communicates with the Tesla Site Controller over a private TCP network via Modbus,
DNP3, or REST API interfaces.

Refer to the Tes/a Energy Controls and Communications Manual for details on the following topics:

e Available battery operational data points and definitions
¢ Available control modes and associated setpoints
* Protocols supported for monitoring and controls

5.2 Powerhub

Powerhub is a cloud-based monitoring platform that provides site-level data for single sites or aggregated
across portfolios of sites. Historical data can be reviewed in a graphing interface, providing visibility into site-
level behavior and allowing those data to be exported.

Access to Powerhub is included for all Megapacks. For more information, see the Powerhub User Manual.
The Powerhub API provides programmatic access to the same site-level data available via Powerhub, with
the ability to send event-based controls as well. Purchasing access to the Powerhub API includes controls

capabilities via the Powerhub user interface.

For questions about Powerhub or the Powerhub API, contact powerhub_support@tesla.com.
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Revision History

Revision Date

1.8 May 13, 2022 .
1.7 April 6, 2022 R
1.6.4 November 9, .

2021

1.6.3 July 21, 2021 .
1.6.2 07-14-2021 .
1.6.1 05-04-2021 .

Description
Updated round-trip efficiency section, including graphs (Round-Trip
Efficiency and Energy Consumption on page 5)

Simplified roof live-load language (Roof Loading on page 18)

Modified 4-hour energy rating (Power and Energy on page 5)

Modified Voltage Ride Through settings (Vo/tage Ride Through on page
m

Modified audible noise specification (Audib/e Noise on page 20)

Updated kVA increments from 100 kVA to 50 kVA (/nverter
Configurations on page 13)

Modified enclosure dimensions (Dimensions and Mass on page 19)

Minor updates to product language and definitions (System Description
on page 2)

Updated nominal ratings with max configurable power to have time
dependency (Power and Energy on page 5)

Modified round-trip efficiency figures and added more detailed energy
consumption figures (Round-Trip Efficiency and Energy Consumption on
page 5)

Updated battery module configurations; increased minimum allowable
product configuration to 400 kVA (Battery Module Configurations on
page 15, Inverter Configurations on page 13)

Improved language and made minor updates to environmental
specifications (Electrical Specifications on page 5)

Updated Roof Loading on page 18 and Sol/ar Loading on page 18
Provided additional transportation details (Transportation on page 19)
Created installation section (/nstallation on page 19)

Provided additional communication and control information
(Communication and Contro/ on page 21)

Real power / energy ratings update
RTE update (Round-Trip Efficiency and Energy Consumption on page 5)
Audible noise spec update (Audibl/e Noise on page 20)

Updated unit height

Ratings & RTE update

Ratings update

New language in inverter section
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distributed
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becoming a distributed
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Beyond central generation, it's
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the Energy Internet opens
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interconnected devices and
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power to the world.
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THE PERFORMANCE
ADVANTAGE: FLEXIBILITY

Flexibility management harnesses
data to balance the Energy Internet

How do you balance supply and demand across a complex, distributed,
dynamic and unpredictable network like the Energy Internet?

You manage energy flexibility. In a world where both supply and demand are unpredictable and
potentially out of your control, the key to balance is harnessing data to flex with the ebb and flow
of energy.

Flexibility management software mines the Energy Internet’s rich data lode to extract flexibility
capacity from DERs. Capacity that can balance supply and demand in real time, increase the
productivity of every energy asset, and deliver new energy services and new value to customers.

Flexibility management is the killer app for the Energy Internet.

What successful flexibility management looks like:
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Comprehensive, Personalized Prediction, Modern, modular
optimizing all customer optimization architecture AUTOGRID
assets, programs experience and control of for rapid HELPS US
and customers to motivate resources at deployment
as a portfolio of integration of scale, in real GET A HIGHER
flexible resources customer-owned  time RETURN ON OUR
e RENEWABLE
ASSETS.
NEW APPROACH: FLEXIBILITY MANAGEMENT -
Dutch utility Eneco
deployed AutoGrid
VLSS ENERGY ASSETS Virtual Power Plant to
monetize 100 MW of
$$ y Solar, DG balancing capacity in
Transmission / the wholesale market,
& Distribution Battery Storage helping balance
Combined Heat intermittent wind power
Wholesale & Power Plants In response to market
Energy AutoGrid signals every 4 seconds.
Markets Flex™ Electric Vehicles
= Thermostats °
Behind-the- Water Heaters LK
wetsrCoss | (g Resource otneco
Reduction N Flexibility Demand
Response O




AUTOGRID FLEX™
APPLICATION SUITE

All DERs. All Services. All Customer Segments.
One Solution.
AutoGrid Flex™ is the energy industry's first truly integrated flexibility management application suite.

With three applications built expressly for the top flexibility use cases, AutoGrid Flex sifts the highest
value from all DERs, including distributed generation, battery storage and demand response resources.

AutoGrid DROMS™. Delivers AutoGrid DERMS™. Provides AutoGrid VPP™. Aggregates
comprehensive, “dispatch- the broadest solution to myriad DERs into a virtual
grade” demand-response connect and manage any type flexible resource that can be
management. of DER, from any vendor. controlled and monetized in
1. Provides load shed 1. Avoids vendor lock-in with energy markets n reaftime.
forecasts you can bank on. an open, plug-and-play 1. Increases profitability by
2. Increases customer architecture that makes it easy getting maximum value
participation rates and to add new DERs, from assets.
program yield. 2. Makes the most effective 2. Creates new revenue
3. Future proofs DR programs use of the distribution system streams.
as assets and needs change. to ensure reliapility and 3. Increases flexible capacity.

4. Reduces program eliminate capital upgrades.

administration costs. 3. Accelerates time-to-market of
ancillary services.

AUTOGRID HELPS US

ENABLE CUSTOMERS TO

w DEVELOP INTELLIGENT
FLEXIBILITY

AutoGrid

MANAGEMENT CURTAILMENT PLANS.
Flex" APPLICATION SUITE

NextEra's C&l demand

| response program is powered
by AutoGrid DROMS, which gets
the highest program yield by
delivering a superior customer
experience throughout the DR
program lifecycle.

Vi

AutoGrid
DERMS™

Vs

AutoGrid
VPP™

Vi

AutoGrid
DROMS™

Demand Response Distributed Energy Resource Virtual
Optimization System Management System Power Plant

~~ AutoGrid Energy Internet Platform™ = er%
ENERGYZ




THE ENERGY INTERNET, SOLVED

Flexible Capacity. Reliable Energy.
Happy Customers.

LEADING

REGULATED UTILITIES PROVIDER OF
"%’l ‘ N ENERGY INTERNET

Create open, renewables-friendly distribution APPLICATIONS

networks.

Seamlessly link customer-side distributed AutoGrid builds software

generation, storage and demand-side flexibility applications that enable a

resources. smarter Energy Internet.

A The world's leading energy
Engage and retain customers. companies use AutoGrid's

award-winning software
to deliver cheap, clean

ENERGY SERVICE PROVIDERS .
and reliable energy by

Acquire, engage and satisfy customers through managing connected

differentiated and personalized programs. energy resources in real
_ _ time and at scale.
Rapidly launch new value-added services to grow

revenue and profitability. WORLD
ECONOMIC
FORUM

NEW ENERGY DEVELOPERS

Exploit the entire portfolio of storage, distributed
generation (DG) and demand response (DR) assets
to generate revenue across all available value
streams.

Increase project RO s
'WINNER 8

LET'S CONNECT.
Speak to an AutoGrid sales executive, schedule a demonstration
or get more information at sales@auto-grid.com.

Address
AutoGrid Systems, Inc. Contact

255 Shoreline Dr., Suite 350 E: sales@auto-grid.com ’~ :
Redwood City, CA 94065 www.auto-grid.com U O rI



SG625 | 33.9L | 625 kW

INDUSTRIAL SPARK-IGNITED GENERATOR SET
EPA Certified Stationary Emergency and Non-Emergency

GENERAC | INDUSTRIAL
— ]

DEMAND RESPONSE READY

Standby Power Rating
625 kW, 781 kVA, 60 Hz

Demand Response Rating
625 kW, 781 kVA, 60 Hz

ENGINEERED
& BUILT*

“Assembled in the USA using
domestic and foreign parts

Codes and Standards

Not all codes and standards apply to all configura-
tions. Contact factory for details.

44444

CSA C22.2,B149

BS5514 and DIN 6271

SAE J1349

m NFPA 37, 70, 99, 110

® NEC700, 701, 702, 708

2 NEMA ICS10, MG1, 250, ICS6,

ANSI ANSI C62.41

Powering Ahead

Generac ensures superior quality by designing and manufacturing
most of its generator components, such as alternators, enclosures,
control systems and communications software. Generac also
makes its own spark-ignited engines, and they can be found on
every Generac gaseous-fueled generator. We engineer and manu-
facture them from the block up — all at our facilities throughout
Wisconsin. Applying natural gas and LP-fueled engines to genera-
tors requires advanced engineering expertise to ensure reliability,
durability and necessary performance. By designing specifically for
these dry, hotter-burning fuels, the engines last longer and require
less maintenance. Building our own engines also means we control
every step of the supply chain and delivery process, so you benefit
from single-source responsibility.

Plus, Generac Industrial Power’s distribution network provides all
parts and service so owners don’t have to deal with third-party
suppliers. It all leads to a positive owner experience and higher
confidence level. Generac spark-ignited engines give more options
in commercial and industrial generator applications as well as ex-
tended run time from utility-supplied natural gas.
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SG625 | 33.9L | 625 kW

INDUSTRIAL SPARK-IGNITED GENERATOR SET
EPA Certified Stationary Emergency and Non-Emergency

STANDARD FEATURES

GENERAC
—_— ]

INDUSTRIAL

DEMAND RESPONSE READY

ENGINE SYSTEM
Qil Drain Extension
 Heavy Duty Air Cleaner
* Level 1 Fan and Belt Guard (Open Set Only)
« Stainless Steel Flexible Exhaust Connection
« Radiator Duct Adapter (Open Set Only)
« Critical Silencer/Catalyst
 Coolant Heater Ball Valves
« Factory Filled Qil and Coolant
« Qil Temperature Sender with Indication Alarm

FUEL SYSTEM

 Primary and Secondary Fuel Shutoff

COOLING SYSTEM

* Closed Coolant Recovery System
 Factory-Installed Radiator

* Radiator Drain Extension

« 50/50 Ethylene Glycol Antifreeze

ELECTRICAL SYSTEM
 Battery Charging Alternator
* Battery Cables
 Battery Tray
« Rubber-Booted Engine Electrical Connections
 Solenoid Activated Starter Motor

ALTERNATOR SYSTEM
UL2200 GENprotect™

* Class H Insulation Material

* 2/3 Pitch

» Skewed Stator

» Permanent Magnet Excitation

 Sealed Bearings

e Amortisseur Winding

» Low Temperature Rise < (120 °C)

GENERATOR SET

 Spring Isolators Under Frame

Separation of Circuits - High/Low Voltage
Separation of Circuits - Multiple Breakers
Wrapped Exhaust Piping (Enclosed Units Only)
Standard Factory Testing

2 Year Limited Warranty (Standby and Demand
Response Rated Units)

Ready to Accept Full Load in <10 Seconds

ENCLOSURE (If Selected)

Structural Steel Sub-Base

Sub-Base Lifting Eyes

Enamel Finish

Zinc Plated Fasteners

Zinc Plated Cast Aluminum Keylock Door Handles
Heavy Duty Stainless Steel Hinges with
Removable Brass Pins

Modular Construction

RhinoCoat™ - Textured Polyester Powder Coat
Paint

CONTROL SYSTEM

Power Zone® Pro Sync Controller

* NFPA 110 Level 1 Compliant

 Engine Protective Functions

* Alternator Protective Functions

« Digital Engine Governor Control

« Digital Voltage Regulator

 Multiple Programmable Inputs and Outputs

» Remote Display Capability

« Remote Communication via Modbus® RTU,
Modbus TCP/IP, and Ethernet 10/100

 Alarm and Event Logging with Real Time
Stamping

» Expandable Analog and Digital Inputs and Outputs

« Remote Wireless Software Update Capable

» BMS and Remote Telemetry

* Built-In Programmable Logic Eliminates the Need
for External Controllers Under Most Conditions

« Ethernet Based Communications Between
Generators

« Programmable I/0 Channel Properties

* Built-In Diagnostics

* Arc Flash Maintenance Mode (When Correctly
Equipped)

Alarms and Warnings

* Low Oil Pressure

¢ Low Coolant Level

* High/Low Coolant Temperature

 Sensor Failure

 Qil Temperature

* Qver/Under Speed

« Qver/Under Voltage

* Over/Under Frequency

« Qver/Under Current

¢ Qver Load

 High/Low Battery Voltage

« Battery Charger Current

 Phase to Phase and Phase to Neutral Short
Circuits (12T Algorithm)

7 Inch Color Touch Screen Display

Resistive Color Touch Screen
Sunlight Readable (1400 NITS)
Easily Identifiable Icons
Multi-Lingual

On Screen Editable Parameters
Key Function Monitoring

Key Function Monitoring

Three Phase Voltage, Amperage, kW, kVA, and
KVAr

Selectable Line to Line or Line to Neutral
Measurements

Frequency

Engine Speed

Engine Coolant Temperature

Engine Oil Pressure

Engine Oil Temperature

Battery Voltage

Hourmeter

Warning and Alarm Indication
Diagnostics

Maintenance Events/Information
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SG625 | 33.9L | 625kW GENERAC | INDUSTRIAL
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INDUSTRIAL SPARK-IGNITED GENERATOR SET

EPA Certified Stationary Emergency and Non-Emergency

CONFIGURABLE OPTIONS DEMAND RESPONSE READY
ENGINE SYSTEM CIRCUIT BREAKER ENCLOSURE
 Engine Coolant Heater  Main Line Circuit Breaker Level 0 Sound Attenuated
* Qil Heater « 2" Main Line Circuit Breaker  Level 1 Sound Attenuated
 Level 1 Fan and Belt Guards (Enclosed Units Only) * Shunt Trip and Auxiliary Contact * Level 2 Sound Attenuated
« Two Stage Air Cleaner « Electronic Trip Breaker  Level 1 Sound Attenuated with Motorized
« Air Filter Restriction Indicator Dampers
* Radiator Stone Guard (Open Set Only) GENERATOR SET * Level 2 Sound Attenuated with Motorized
* Shipped Loose Catalyst Silencer (Enclosed Units « Spring Vibration Isolator Dampers
Only) « Extended Factory Testing * Steel Enclosure
« 24 Position Load Center * Aluminum Enclosure
ELECTRICAL SYSTEM * AC Enclosure Lighting Kit
« 20A UL Listed Battery Charger CONTROL SYSTEM * Enclosure Heaterg (Motorized pampers Only)
* Battery Warmer NFPA 110 Level 1 Compliant 21-Light Remote " Upto 200 mph Wind Load Rating (Contact
Annunciator Factory for Availability)
FUEL SYSTEM » Remote Output Relays (8 or 16)
« NPT Flexible Fuel Line » Remote E-Stop (Break Glass-Type, Surface WARRANTY (Standby Gensets Only)
Mount) * 2 Year Extended Limited Warranty
ALTERNATOR SYSTEM « Remote E-Stop (Red Mushroom-Type, Surface * 9 Year Limited Warranty
o Mount) * 5 Year Extended Limited Warranty
* Alternator Upsizing 7 Year E Limited W
. Anti- i « Remote E-Stop (Red Mushroom-Type, Flush * 7 Year Extended Limited Warranty
Anti-Condensation Heater .
Mount) » 10 Year Extended Limited Warranty

* 10A Engine Run Relay

¢ Ground Fault Annunciator

» Damper Alarm Contacts (With Motorized Dampers
Only)

* 100 dB Alarm Horn

* 120V GFCI and 240V Outlets

ENGINEERED OPTIONS
CONTROL SYSTEM GENERATOR SET
* Additional Spare Inputs/Outputs * Special Testing
« Battery Disconnect Switch » Battery Box
ALTERNATOR SYSTEM ENCLOSURE
« 3 Main Line Circuit Breakers  Door Open Alarm Horn

« 4™ Main Line Circuit Breakers
 Unit Mounted Load Banks
¢ Medium Voltage Alternators
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SG625 | 33.9L | 625 kW

INDUSTRIAL SPARK-IGNITED GENERATOR SET
EPA Certified Stationary Emergency and Non-Emergency

APPLICATION AND ENGINEERING DATA

GENERAC | INDUSTRIAL
—_— ]

DEMAND RESPONSE READY

ENGINE SPECIFICATIONS
General
Make Generac
Cylinder # 12
Type 4 cycle
Displacement - in® (L) 2,068 (33.9)
Bore: in (mm) 5.9 (150)
Stroke: in (mm) 6.30 (160)
Compression Ratio 10.0:1
Intake Air Method Turbocharged/Aftercooled
Number of Main Bearings 7
Cylinder Head 4 Valve
Ignition Electronic
Piston Type Cast Aluminum Alloy
Crankshaft Type Chromium Molybdenum Steel
Lifter Type Solid

Intake Valve Material

Proprietary Alloy

Exhaust Valve Material

Proprietary Alloy

Hardened Valve Seats

Engine Governing

Proprietary Alloy

Governor Electronic

Frequency Regulation (Steady State)  +0.25%

Lubrication System

Q0il Pump Type Gear Driven

Qil Filter Type Full Flow Spin-On Cartridge

Engine Qil Capacity with filter: gt (L)

126.8 (120)

Cooling System

Cooling System Type

Forced Circulation by Centrifugal Pump

Fan Type Pusher

Fan Speed (rpm) 1,080

Fan dDiameter - in (mm) 64 (1,626)
Fuel System

Fuel type Natural Gas
Carburetor Down Draft
Secondary Fuel Regulator Standard
Fuel Shutoff Solenoid Standard

Operating Fuel Pressure - in H20 (kPa) 14-20 (3.5-5.0)

rail.

Engine Electrical System

*QOperating fuel pressure measured at the generator fuel inlet located on the frame
I

System Voltage 24 VDC

Battery Charger Alternator Standard

Battery Size See Battery Index 0161970SBY
Battery Voltage (4)-12VDC

Ground Polarity Negative

ALTERNATOR SPECIFICATIONS

Standard Model K0732124Y22 Standard excitation Permanent Magnet
Poles 4 Bearings Single

Field type Rotating Coupling Direct via Flexible Disc
Insulation class - Rotor H Prototype short circuit test Yes

Insulation class - Stator H Voltage regulator type Full Digital

Total harmonic distortion <5% Number of sensed phases All

Telephone Interference Factor (TIF) <50 Regulation accuracy (steady state) +0.25%
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INDUSTRIAL SPARK-IGNITED GENERATOR SET
EPA Certified Stationary Emergency and Non-Emergency

OPERATING DATA DEMAND RESPONSE READY

POWER RATINGS — NATURAL GAS
Standby/Demand Response

Three-Phase 120/208 VAC @0.8pf 625 kW/781 kVA Amps: 2,171
Three-Phase 120/240 VAC @0.8pf 625 kW/781 kVA Amps: 1,882
Three-Phase 277/480 VAC @0.8pf 625 kW/781 kVA Amps: 941
Three-Phase 346/600 VAC @0.8pf 625 kW/781 kVA Amps: 753

MOTOR STARTING CAPABILITIES (SKVA)

skVA vs. Voltage Dip

277/480 VAC 30% 208/240 VAC 30%

K0732124Y22 2,450 K0820124Y22 2,560

K0912124Y22 3,250 K0912124Y22 3,250
K1000124Y22 3,900

FUEL CONSUMPTION RATES*
Natural Gas — scfh (m3/hr)

Percent Load Standby/Demand Response
25% 2,725 (77.2)
50% 3,923 (111.1)
75% 5,294 (149.9)
100% 6,847 (193.9)

*Fuel supply installation must accommodate fuel
consumption rates at 100% load.

COOLING
Standby/Demand Response

Air Flow (Fan Air Flow Across Radiator) — Open Set cfm (m%/min) 34,000 (962.8)
Coolant Flow gpm (Lpm) 291 (1,101)
Coolant System Capacity gal (L) 55 (208)
Maximum Operating Ambient Temperature °F (°C) 122 (50)
Maximum Operating Ambient Temperature (Before Derate) See Bulletin No. 0199270SSD
Maximum Radiator Backpressure in Hy0 (kPa) 0.5(0.12)

COMBUSTION AIR REQUIREMENTS
Standby/Demand Response

Flow at Rated Power ¢fm — (m?/min) 1,394 (39.5)
ENGINE EXHAUST
Standby Standby
Rated Engine Speed rpm 1,800 Exhaust Flow (Rated Output) cfm (mé/min) 4067 (115)
Horsepower at Rated kW** hp 941 Maximum Allowable Back Pressure (Post Silencer) in H20 (kPa) 0.75 (2.5
Piston Speed ft/min (m/min) 1,890 (576) Exhaust Temp (Rated Output - Post Silencer) °F (°C) 1,166 (63
BMEP psi (kPa) 188 (1,301)

** See “Emissions Data Sheet” for maximum bHP for EPA and
SCAQMD permitting purposes.
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Deration — Operational characteristics consider maximum ambient conditions. Derate factors may apply under atypical site conditions.

Please contact a Generac Power Systems Industrial Dealer for additional details. All performance ratings in accordance with IS03046, BS5514, 1IS08528, and DIN6271 standards.
Standby - See Bulletin 0187500SSB

Demand Response - See Bulletin 10000018250
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INDUSTRIAL SPARK-IGNITED GENERATOR SET

EPA Certified Stationary Emergency and Non-Emergency

DIMENSIONS AND WEIGHTS* DEMAND RESPONSE READY
——m OPEN SET
LxW x H-in (mm) 178.3 (4,528) x 82.6 (2,098) x 1103 (2,801)
! Weight Ibs (kg) 14,352 - 14,932 (6,510 - 6,733)
WEATHER PROTECTED ENCLOSURE
I LxWxH - in (mm) 201.0 (5,105) x 96.0 (2,438) x 155.2 (3,941)
: Steel: 18,051 - 18,631 (8,188 - 8,451
@[ Weight Ibs (ko) Aluminum: 17,220 - 17,80(0 (7,811 - 8,0)74)
) 0
- [ |
L
LEVEL 1 SOUND ATTENUATED ENCLOSURE
T LxW x H - in (mm) 287.0 (7,290) x 96.0 (2,438) x 153.0 (3,886)
& : Steel: 21,876 - 22,456 (9,923 - 10,186)
idchin ' Weight Ibs (kg) Aluminum: 19,193 - 19,773 (8,706 - 8,969)
I[) Ql Q
L
—yet
\\ ¢ =al = ) | [t Bip: LEVEL 2 SOUND ATTENUATED ENCLOSURE
;; . o LxWxH - in (mm) 340.0 (8,636) x 151.4 (3,845) x 153.0 (3,886)
i3 ; : i : Steel: 22,901 - 23,481 (10,388 - 10,651)
—% T 2 ‘ ‘ Weight Ibs (kg) Aluminum: 19,634 - 20,214 (8,906 - 9,169)
X

* All measurements are approximate and for estimation purposes only.

YOUR FACTORY RECOGNIZED GENERAC INDUSTRIAL DEALER

Specification characteristics may change without notice. Dimensions and weights are for preliminary purposes only. Please consult a Generac Power Systems Industrial Dealer for detailed installation drawings
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Product data sheet

Specifications

Circuit breaker frame, MasterPact
MTZ2 20N1 fixed for MicroLogic X,
2000A, 42kA/415VAC (Icu), 3P

Main

LV848056

Range

MasterPacT

Product name

MasterPact MTZ2

Device short name

MTZ2 20 N1

Product or Component Type

Circuit breaker

Device Application

Power distribution protection

poles description

3P

Control unit

Without control unit

Product compatibility

control unit MicroLogic 2.0 X
control unit MicroLogic 5.0 X
control unit MicroLogic 6.0 X
control unit MicroLogic 7.0 X
control unit MicroLogic 2.0 Xi
control unit MicroLogic 5.0 Xi
control unit MicroLogic 6.0 Xi
control unit MicroLogic 7.0 Xi

Line Rated Current

2000 A 104.0000000000 °F (40 °C)

Performance type

N142 kA 415V AC

[Ue] rated operational voltage

690 V AC 50/60 Hz

Suitability for isolation

Yes EN/IEC 60947-2

Selectivity category

Category B

Control Type

Push-button

Mounting Mode

Complementary

Fixed

[lcu] rated ultimate short-circuit
breaking capacity

42 kA 220/415 V AC 50/60 Hz
42 kA 440 V AC 50/60 Hz

42 kA 500/525 V AC 50/60 Hz
42 kA 660/690 V AC 50/60 Hz

[lcs] rated service breaking
capacity

42 kA 220/415 V AC 50/60 Hz
42 kA 440 V AC 50/60 Hz

42 kA 500/525 V AC 50/60 Hz
42 kA 660/690 V AC 50/60 Hz

[lcw] rated short-time withstand
current

42kA05s
42kA1s
22kA3s

[lcm] rated short-circuit making
capacity

Price is “List Price” and may be subject to a trade discount — check with

Jul 25, 2024

88 kA 220/415 V AC 50/60 Hz
88 kA 440 V AC 50/60 Hz

88 kA 500/525 V AC 50/60 Hz
88 kA 660/690 V AC 50/60 Hz

Lifels®n | Schneider
ZEl

ectric

your local distributor or retailer for actual price.

Disclaimer: This documentation is not intended as a substitute for and is not to be used for determining suitability or reliability of these products for specific user applications



Sensor rating

1000 A
1250 A
1600 A
2000 A

[Ui] rated insulation voltage

1000 V AC 50/60 Hz

[Uimp] rated impulse withstand 12 kV
voltage
Power dissipation in W 250 W
Maximum breaking time 25 ms
Maximum closing response time 70 ms
Mounting Support Rails
Base plate
Upside connection Front
Rear
downside connection Front
Rear

Connection pitch

4.5in (115 mm)

Mechanical durability

20000 cycles with periodic preventive maintenance

Electrical durability

AC-3 6000 cycles 440/690 V AC 50/60 Hz EN/IEC 60947-3
6000 cycles 690 V AC 50/60 Hz EN/IEC 60947-2

8000 cycles 440 V AC 50/60 Hz EN/IEC 60947-2

AC-23A 6000 cycles 690 V AC 50/60 Hz EN/IEC 60947-3
AC-23A 8000 cycles 440 V AC 50/60 Hz EN/IEC 60947-3

Height 13.9in (352 mm)
Width 16.6 in (422 mm)
Depth 11.8in (300 mm)
Net Weight 110.2 Ib(US) (50 kg)
Standards EN/IEC 60947-1

EN/IEC 60947-2
EN/IEC 60947-2 Annex H
IEC 61557-12

Product Certifications

Environment

CE
IECEE CB Scheme

IP degree of protection

IP30 conforming to EN 60529

Pollution degree

3 1EC 60947-1

Ambient Air Temperature for
Operation

-13.0000000000...158.0000000000 °F (-25...70 °C)

Ambient Air Temperature for
Storage

-40.0000000000...185.0000000000 °F (-40...85 °C)

Operating altitude

0...6561.68 ft (0...2000 m) without derating

2000...5000 m with derating

Ordering and shipping details

GTIN 3606480806704
Packing Units
Unit Type of Package 1 PCE

Number of Units in Package 1

Package 1 Height

11.6in (29.5 cm)

Life Is ®n Scl'éneider

lectric

Jul 25, 2024



Package 1 Width 12.008 in (30.5 cm)

Package 1 Length 14.8 in (37.5 cm)

Package 1 Weight 104.173 Ib(US) (47.252 kg)

Jul 25, 2024 Life Is ®n Scl&nﬁeider

ectric



Green Premium™ label is Schneider Electric’s commitment to delivering products with best-in-
class environmental performance. Green Premium promises compliance with the latest regulations,
transparency on environmental impacts, as well as circular and Iow-CO2 products.

Guide to assessing product sustainability is a white paper that clarifies global eco-label
standards and how to interpret environmental declarations.

Transparency RoHS/REACh

Well-being performance

Mercury Free

Rohs Exemption Information

Pvc Free

Certifications & Standards

Reach Regulation
Eu Rohs Directive Compliant with Exemptions

China Rohs Regulation

Product out of China RoHS scope. Substance declaration for your information.

Environmental Disclosure
Circularity Profile

California Proposition 65 WARNING: This product can expose you to chemicals including: DINP, which is
known to the State of California to cause cancer, and DIDP, which is known to the
State of California to cause birth defects or other reproductive harm. For more
information go to www.P65Warnings.ca.gov

4 Life Is ®n Scl&neider Jul 25, 2024

lectric


https://www.se.com/us/en/work/support/green-premium/
https://www.se.com/us/en/work/support/green-premium/
https://www.se.com/us/en/work/support/green-premium/
https://www.se.com/us/en/work/support/green-premium/
https://www.se.com/us/en/work/support/green-premium/
https://www.se.com/us/en/work/support/green-premium/
https://www.se.com/us/en/about-us/sustainability/guide-to-product-sustainability.jsp
https://www.se.com/us/en/about-us/sustainability/guide-to-product-sustainability.jsp
https://www.se.com/us/en/about-us/sustainability/guide-to-product-sustainability.jsp
https://www.se.com/us/en/about-us/sustainability/guide-to-product-sustainability.jsp
https://www.se.com/us/en/about-us/sustainability/guide-to-product-sustainability.jsp
https://www.se.com/us/en/about-us/sustainability/guide-to-product-sustainability.jsp
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_ROHS_DECLARATION&p_FileName=LV848056_ROHS_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_ROHS_DECLARATION&p_FileName=LV848056_ROHS_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_ROHS_DECLARATION&p_FileName=LV848056_ROHS_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_REACH_DECLARATION&p_FileName=LV848056_REACH_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_REACH_DECLARATION&p_FileName=LV848056_REACH_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_REACH_DECLARATION&p_FileName=LV848056_REACH_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_ROHS_CHINA_DECLARATION&p_FileName=LV848056_ROHS_CHINA_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_ROHS_CHINA_DECLARATION&p_FileName=LV848056_ROHS_CHINA_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Declaration+of+Conformity+%28Sustainability%29&p_Doc_Ref=LV848056_ROHS_CHINA_DECLARATION&p_FileName=LV848056_ROHS_CHINA_DECLARATION_US_en-US.pdf
https://download.schneider-electric.com/files?p_enDocType=Environmental+Disclosure&p_Doc_Ref=ENVPEP2307020EN
https://download.schneider-electric.com/files?p_enDocType=Environmental+Disclosure&p_Doc_Ref=ENVPEP2307020EN
https://download.schneider-electric.com/files?p_enDocType=Environmental+Disclosure&p_Doc_Ref=ENVPEP2307020EN
https://download.schneider-electric.com/files?p_enDocType=Circularity+Profile&p_Doc_Ref=ENVEOLI2307020EN
https://download.schneider-electric.com/files?p_enDocType=Circularity+Profile&p_Doc_Ref=ENVEOLI2307020EN
https://download.schneider-electric.com/files?p_enDocType=Circularity+Profile&p_Doc_Ref=ENVEOLI2307020EN

FL SEL-700G Family of Generator and
Intertie Protection Relays

Basic to Comprehensive Intertie Basic Dual-Feeder
Protection Protection Overcurrent Protection

SEL-7TOOGW

WIND GENERATOR RELAY

SEL-700GO, SEL-700G1 SEL-700GT SEL-700GW

Small, Medium, and

Large Generators Intertie and Generator Wind Generator

New Features

» IEC 61850 simulation mode, local/remote control authority, and functional naming support for easy commissioning
and control.

» Rapid Spanning Tree Protocol (RSTP) provides faster recovery in response to network changes and failures in
switched mode applications.

» Disconnect control from the Bay Screens application.

» Three-position disconnects for increased safety.

» A built-in web server that simplifies access to relay data and supports firmware upgrade.

» Faster firmware downloads via the Ethernet port.

» IEEE 1588-2008 firmware-based Precision Time Protocol (PTP) provides ease of integration.
» EtherNet/IP provides ease of integration for industrial automation applications.

» Visualization of system parameters and synchronization of your generator to your system with built-in Synchroscope/
Auto Synchronizer applications on the touchscreen display.

Schweitzer Engineering Laboratories, Inc. SEL-700G Data Sheet
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Major Features and Benefits

The SEL-700G family of protection relays provides unsurpassed protection, integration, and control features in a
flexible, compact, and cost-effective package.

>

Basic Generator Protection Features (SEL-700G0): Ground differential; sensitive restricted earth fault;
thermal overload; phase, negative-sequence, residual-ground, and neutral-ground overcurrent elements for
backup; residual-ground and neutral-ground time-overcurrent elements; directional residual-ground and neutral-
ground overcurrent elements; current unbalance element; voltage-controlled, voltage-restrained time-overcurrent
element for backup protection; breaker failure protection for three-pole breaker; under- and overvoltage
elements; inverse-time over- and undervoltage elements; loss-of-potential element; volts/hertz or overexcitation
protection; directional power elements; loss-of-field; over- and underfrequency protection elements; off-
frequency time accumulators; rate-of-change-of- frequency elements; vector shift elements for islanding detec-
tion; inadvertent energization protection; RTD protection (requires internal or external SEL-2600 RTD option);
field ground using an SEL-2664 Field Ground Module.

Optional Generator Protection Features (SEL-700G0+, SEL-700G1, SEL-700G1+): Generator synchronism-
check elements; synchronism-check under- and overvoltage elements; inverse-time over- and undervoltage
elements; autosynchronism; synchroscope; backup compensator distance elements; out-of-step elements; vector
shift elements for islanding detection; 100% stator ground protection elements; and dual-slope current differen-
tial protection with harmonic blocking and restraint elements to provide sensitive and secure protection. The
high-security mode provides additional security against CT saturation during external events including external
transformer energization, external faults, etc.

Intertie Protection Features (SEL-700GT): Phase, negative-sequence, and residual-ground overcurrent
elements for overcurrent, time-overcurrent, and directional overcurrent protection; breaker failure protection for
three-pole breaker; under- and overvoltage elements; inverse-time over- and undervoltage elements; loss-of-
potential element; directional power elements; over- and underfrequency protection elements; rate-of-change-of-
frequency elements; vector shift elements for islanding detection; tie synchronism-check elements; synchroscope; and
RTD protection (requires internal or external SEL-2600 RTD option).

Optional Intertie Protection Features (SEL-700GT+). Addition of basic generator protection features, as
shown above for the SEL-700G0, to create intertie and generator protection. The relay also includes generator
synchronism-check, synchroscope, and autosynchronism functions.

Wind Generator Protection Features (SEL-700GW). The SEL-700GW is configured with two sets of phase,
negative-sequence, and residual-ground overcurrent elements, and phase, negative-sequence, and residual-ground
time-overcurrent elements to provide dual-feeder protection in a multiple wind generator network application. The relay
also includes three-pole breaker failure protection for two breakers.

Generator Monitoring. Monitor ambient and generator winding temperature using optional analog inputs or
RTDs and protect the generator from thermal damage. Use off-frequency time accumulators and protect steam
turbine blades from fatigue failures because of off-frequency vibration.

Operator Controls. Eight programmable front-panel pushbuttons each with two programmable tricolor LEDs
allow for a wide variety of uses, including easy trip and close control and status indications for a breaker. Imple-
ment local and remote operator control schemes using 32 local and 32 remote control bits.

Integrated Web Server. Log in to the built-in web server to view metering and monitoring data and to download
events, Sequential Events Recorder (SER), etc. Use the web server to view relay settings and to perform relay
firmware upgrades.

Relay and Logic Settings Software. ACSELERATOR QuickSet® SEL-5030 Software reduces engineering costs
for relay settings and logic programming. The tools in QuickSet make it easy to develop SELOGIC® control equa-
tions. Use the built-in phasor display to verify proper CT polarity and phasing. Use the synchroscope to watch
the autosynchronism controls.

Metering and Reporting. Built-in metering functions eliminate separately mounted metering devices. Analyze
Sequential Events Recorder (SER) reports and oscillographic event reports for rapid commissioning, testing, and
post-fault diagnostics. Unsolicited SER protocol allows station-wide collection of binary SER messages.
Front-Panel HMI. Navigate the relay HMI using a 2 x 16-character LCD or optional 5-inch, color, 800 x 480-
pixel touchscreen display.

SEL-700G Data Sheet Schweitzer Engineering Laboratories, Inc.
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> Additional Standard Features. Includes Modbus® RTU, Event Messenger support, MIRRORED BITs® commu-
nications, built-in web server and communications, load profile report, 128 remote analogs, support for
12 external RTDs (SEL-2600 module), IRIG-B input, advanced SELOGIC, configurable labels,
IEEE C37.118-compliant synchrophasor protocol, and fiber-optic serial port.

» Optional Features. Select from a wide offering of optional features, including SNTP (Simple Network Time
Protocol), IEEE 1588-2008 firmware-based PTP, IEC 61850 Edition 2, Modbus® TCP/IP, EtherNet/IP, DNP3
LAN/WAN, DNP3 serial, IEC 60870-5-103, RSTP, PRP, 10 internal RTDs, voltage/current inputs, additional
EIA-232 or EIA-485 communications ports, and single or dual, copper wire or fiber-optic Ethernet ports. Several
analog and digital I/O options are available. These include 4 Al/4 AO, 4 DI/4 DO, 8 DI, 8 DO, 3 DI/4 DO/1 AO,
4 DI/3 DO, and 14 DI. Conformal coating for chemically harsh and/or high-moisture environments is available
as an option.

» Language Support. Choose English or Spanish for your serial ports, including the front-panel serial port. The
standard relay front-panel overlay is in English; a Spanish overlay is available as an ordering option.

Intertie Standards and Compliance

The SEL-700GT Intertie Protection Relay provides comprehensive multifunction
protection, control, and monitoring for intertie applications as well as intertie
generator applications. The SEL-700GT Relay capabilities meet or exceed the
protection and control requirements specified in the ANSI/IEEE Std 1547-2018,
Standard for Interconnecting Distributed Resources with Electric Power Systems.

Schweitzer Engineering Laboratories, Inc. SEL-700G Data Sheet
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Functional Overview
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Figure1 SEL-700GO, SEL-700G1 Generator Protection Relay
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SEL-700GT Intertie and Generator Protection Relay

Schweitzer Engineering Laboratories, Inc.

e Battery-Backed Clock, IRIG-B Time
Synchronization

* Instantaneous Metering, Demand Metering

* Eight Programmable Pushbuttons Each With
Two Tricolor LEDs

» 0Off-Frequency Operation Time Accumulators

* Advanced SELocic Control Equations

e 32 Programmable Display Messages

e MIRRORED BiTs Communications

* Synchrophasor (IEEE C37.118)

* Breaker Wear Monitor

* Event Messenger Compatible

* Front-Panel HMI With 2 x 16-Character LCD or
Optional 5-Inch, Color, 800 x 480-Pixel
Touchscreen Display

*Optional
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Figure 3 SEL-700GW Wind Generator Protection Relay
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Protection Features

AC Analog Inputs
The SEL-700G has between 6 and 14 analog inputs,
depending on the model and options selected. All analog
inputs are recorded for event reporting and oscillography.

Table 1 shows the current and voltage inputs for the
different models available. Current inputs are 1 A or 5 A
nominal rating and voltage inputs are 300 V continuous

rating.

Table 1 Current (ACI) and Voltage (AVI) Card Selection for SEL-700G Models
Slot Z Card Slot E Card
Model Description (MOT Digits) Slot Z Inputs (MOT Digits) Slot E Inputs
700G0 Basic generator protection 4 ACI/3 AVI TAX, IBX, ICX, IN, (0X)
(81, 82,85,86) | VAX, VBX, VCX
700G0+ | Basic generator protection plus 4 ACI/3 AVI TIAX, IBX, ICX, IN, 2 AVI (74) VS, VN
(see Table 2 for additional (81, 82,85,86) | VAX, VBX, VCX
protection elements)
700G1 Full generator protection 4 ACI/3 AVI TIAX, IBX, ICX, IN, 3 ACIE IAY, IBY, ICY
(81, 82,85,86) | VAX, VBX, VCX (73,77)
700G 1+ | Full generator protection plus 4 ACI/3 AVI IAX, IBX, ICX, IN, 3 ACI/2 AVI IAY, IBY, ICY, VS, VN
(see Table 2 for additional (81, 82, 85, 86) VAX, VBX, VCX (72, 76)
protection elements)
700GT | Intertie protection 1 ACI (84, 88) IN 3 ACI/4 AVI IAY, IBY, ICY,
(71,75) VS, VAY, VBY, VCY
700GT+ | Intertie and generator protection 4 ACI/3 AVI TAX, IBX, ICX, IN, 3 ACl/4 AV IAY, IBY, ICY,
(81, 82,85,86) | VAX, VBX, VCX (71,75) VS, VAY, VBY, VCY
700GW | Basic wind generator protection 3 ACIZ (83, 87) | IAX, IBX, ICX 3 ACIE (73,77) | IAY, IBY, ICY

The SEL-700G offers an extensive variety of protection features, depending on the model and options selected. Table 2
shows the protection features available in the different models.

Table 2 SEL-700G Protection Elements (Sheet 1 of 3)

Basic Basic With . Intertie and Wind
e A e s
700G0 | 700GO+ | 700Gt 700G1+ 700GT 700GT+ 700GW
87 Phase Differential X X
87N | Ground Differential X X X X X
REF | Restricted Earth Fault X X X X X
64G | 100% Stator Ground X X
64F [ Field Ground X X X X X X
40 Loss of Field X X X X X
49T | Thermal Overload X X X X X
49RTD |[RTDs X X X X X X X
46 Current Unbalance X X X X X
24 Volts/Hz X X X X X
78 Out of Step X X X
78VS [ Vector Shift X X X X X X
INAD [Inadvertent Energization X X X X X
21C | Compensator Distance X X X
51C | Voltage-Controlled TOC X X X X X
51V [ Voltage-Restrained TOC X X X X X
51PX [Phase Time-Overcurrent X
Schweitzer Engineering Laboratories, Inc. SEL-7006 Data Sheet



Table 2 SEL-700G Protection Elements (Sheet 2 of 3)

Basic Basic With Intertie and Wind
Protection Elements Protection | 646,78 | - 87 |64, 76, 57| Protection | Protection | Protection
700G0 | 700GO+ | 700Gt 700G1+ 700GT 700GT+ 700GW
51PY [Phase Time-Overcurrent X X X
51QX | Neg.-Seq. Time-Overcurrent X
51QY |Neg.-Seq. Time-Overcurrent X2 X X
51GX | Ground Time-Overcurrent X* X? X X X* X
51GY | Ground Time-Overcurrent X? X X
SIN | Neutral Time-Overcurrent X X? X X X X
50PX | Phase Overcurrent X X X X X X
50PY | Phase Overcurrent X X X X X
67PY | Directional Phase Overcurrent X X
50QX | Neg.-Seq. Overcurrent X X X X X X
50QY |Neg.-Seq. Overcurrent X X X X X
67QY | Directional Neg.-Seq. Overcurrent X X
50GX | Ground Overcurrent X X X X X X
67GX | Directional Ground Overcurrent X X X X X
50GY | Ground Overcurrent X X X X X
67GY | Directional Ground Overcurrent X X
50N | Neutral Overcurrent X® x® Xt Xt X X®
67N | Directional Neutral Overcurrent X X X X X
27X | Undervoltage X X X X X
27Y | Undervoltage X X
278 Synchronism Undervoltage X X X X
271 Inverse-Time Undervoltage® X X X X X X
59X [ Overvoltage (P, Q, G) X X X X X
59Y Overvoltage (P, Q, G) X X
59S Synchronism Overvoltage X X X X
591 Inverse-Time Overvoltage® X X X X X X
32X | Directional Power X X X X X
32Y | Directional Power X X
81X | Over/Underfrequency X X X X X
81Y | Over/Underfrequency X X
81RX [ Rate-of-Change of Frequency X X X X X
81RY [Rate-of-Change of Frequency X X
BFX [ Breaker Failure X X X X X X
BFY | Breaker Failure X X X
60LOPX | Loss of Potential X X X X X
60LOPY | Loss of Potential X X
25 GEN | Synchronism Check X X X
25 TIE | Synchronism Check X X

SEL-700G Data Sheet Schweitzer Engineering Laboratories, Inc.



Table 2 SEL-700G Protection Elements (Sheet 3 of 3)

Basic

Basic With Intertie and Wind

Protection Elements

Generator | 21C, 25, | 21C, 78,
Protection | 64G, 78 87

21C, 25, Intertie Generator | Generator
640G, 78, 87| Protection | Protection | Protection

700G0 | 700GO+ | 700Gt 700G1+ 700GT 700GT+ 700GW
Autosynchronizer X X
Off-Frequency Accumulators X X X X

©

These inverse time-overcurrent elements have directional control.

o o

number).

synchronism voltage VS, depending on the part number).

Overcurrent Protection

The SEL-700G provides complete overcurrent protection
with as many as two sets of three-phase CTs and one
neutral CT input. Phase overcurrent protection is
provided for both three-phase inputs. The following
overcurrent elements are provided.

Instantaneous Overcurrent Elements

The following instantaneous overcurrent elements are

provided in the SEL-700G as shown in Table 2. All

instantaneous overcurrent elements provide torque
control and definite-time delay settings.

» As many as six instantaneous phase overcurrent
elements (50P) with peak detection algorithms to
enhance element sensitivity during high-fault current
conditions where severe CT saturation may occur.

» As many as four instantaneous negative-sequence
overcurrent (50Q) elements.

» As many as four residual-ground instantaneous over-
current (50G) elements. These elements use calcu-
lated residual (310) current levels.

» As many as two neutral instantaneous overcurrent
elements (50N).

Directional Instantaneous Overcurrent Elements

The following directional overcurrent elements are

available in the SEL-700G with directional control (see

Table 2).

» As many as three directional phase overcurrent
elements (67P).

» As many as two directional negative-sequence over-
current elements (67Q).

» As many as four directional residual-ground overcur-
rent elements (67G).

» As many as two directional neutral-ground overcur-
rent elements (67N).

Schweitzer Engineering Laboratories, Inc.

The 50N element uses the 67NnP and 67NnT Relay Word bits for the SEL-700GO0, SEL-700G0+, SEL-700G1, SEL-700G1+, and SEL-700GT+ models.
Two elements are available (select X- and/or Y-side phase, phase-to-phase, positive sequence, or synchronism voltage VS, depending on the part

Two elements are available (select X- and/or Y-side phase, phase-to-phase, residual, positive sequence, negative sequence, neutral voltage VN, or

Time-Overcurrent Elements

The SEL-700G provides the time-overcurrent elements
listed in Table2. These time-overcurrent elements
support the IEC and US (IEEE) time-overcurrent
characteristics. Electromechanical disc reset capabilities
are provided for all time-overcurrent elements.

» As many as two phase time-overcurrent (51P)
elements are provided. These phase elements operate
on the maximum of phase currents. One 51P element
has directional control.

» As many as two negative-sequence time-overcurrent
(51Q) elements are provided. These elements operate
on the calculated negative-sequence current for each
set of three-phase inputs. One 51Q element has direc-
tional control.

» As many as two residual time-overcurrent (51G) ele-
ments are provided. These elements use calculated
residual (310) current levels. Both 51G elements have
directional control.

» One neutral time-overcurrent (5IN) element is
provided with directional control.

Differential Protection (87)

When specified, the SEL-700G detects stator faults using
a secure, sensitive current differential function. This
function has a sensitive percentage-restrained differential
element and an unrestrained element. The differential
function provides the unique capability of power trans-
former and CT connection compensation. This allows
you to conveniently include the unit step-up transformer
in the generator differential zone using wye-connected
CTs for both input sets. The relay allows you to choose
harmonic blocking, harmonic restraint, or both,
providing a reliable differential protection during trans-
former inrush conditions. Even-numbered harmonics
(second and fourth) provide security during energization,
while fifth harmonic blocking provides security for over-
excitation conditions. Set second-, fourth-, and fifth-
harmonic thresholds independently. The dual-slope
percentage restraint characteristic improves element
security for through-fault conditions. The high-security

SEL-700G Data Sheet
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mode provides additional security against CT saturation
during external events including external transformer
energization, external faults, etc.

Restricted Earth Fault (REF) Protection

Apply the REF protection feature for sensitive detection
of internal ground faults on grounded wye-connected
windings. The neutral current CT provides the operating
current. Polarizing current is derived from the residual
current calculated for the protected winding. A sensitive
directional element determines whether the fault is
internal or external. Zero-sequence current thresholds
and selectable CT saturation logic supervise tripping.

Ground Differential Protection (87N)

SEL-700G relays with generator protection are equipped
with a ground differential function that provides selective
ground fault detection for solidly grounded and low-
impedance grounded generators. This function helps
protect generators on multimachine buses, because the
element does not respond to ground faults on the parallel
generators.

Generator Synchronism Check (25G)

You can specify the SEL-700G with a built-in generator
synchronism-check function (25G). The synchronism-
check function is extremely accurate and provides super-
vision for acceptable voltage window and maximum
percentage difference, maximum and minimum allow-
able slip frequency, target closing angle, and breaker
closing delay. The synchronism-check report gives
complete information on the three latest paralleling oper-
ations, including the generator and system voltages and
frequencies, slip frequency, and phase angle when the
close was initiated. The relay also keeps a running
average of the breaker close time.

Intertie Synchronism Check (25T)

The intertie model of the SEL-700G has the tie synchro-
nism-check function (25T), which provides the closing
window for the bus-tie breaker when connecting to the
utility system.

Autosynchronizer and Synchroscope

Selected SEL-700G models have the built-in autosyn-
chronizer function, which provides output contact inter-
faces for the generator field voltage regulator and the
prime mover speed control governor. Frequency, voltage,
and phase are automatically synchronized and the gener-
ator is connected to the power system with this function.
The relay also provides generator autosynchronism
reports to record the automatic synchronizing event. The

SEL-700G Data Sheet

generator synchronization process can be viewed on a
PC-based synchroscope (see example in Figure 4) with
QuickSet.

w B -
SEL-T00G Synchroscope s Frequency
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Figure 4 QuickSet Synchroscope

Relays equipped with the touchscreen display come with
a built-in Synchroscope application in the Monitor
folder, which displays a graphical representation of the
phasor difference between the bus and the generator or
tie. You can also use the Auto Synchronization
application in the Control folder to initiate auto-
synchronization of your generator and your system.

100 Percent Stator Ground Detection (64G)

The SEL-700G detects stator ground faults on high-
impedance grounded generators using a conventional
neutral-overvoltage element and a third-harmonic
voltage differential detection scheme for 100 percent
stator winding coverage. The neutral overvoltage
element detects winding ground faults in approximately
85 percent of the winding. Faults closer to the generator
neutral do not result in high neutral voltage but are
detected using third harmonic neutral and terminal volt-
ages. The combination of the two measuring methods
provides ground fault protection for the full winding.

Use the SEL-2664S Stator Ground Protection Relay for
100 percent stator ground protection using a multisine
signal injection method for a superior solution that is
independent of third-harmonic voltage magnitude. This
relay works with the generator in or out of service and
during generator ramp up without any blind spots.

Field Ground Protection (64F)

The SEL-700G, with the SEL-2664 Field Ground
Module, detects field ground faults by measuring field
insulation-to-ground resistance using the switched dc
voltage injection method. Two-level protection for alarm
and trip functions is provided.

Schweitzer Engineering Laboratories, Inc.



Directional Power Detection (32)

Sensitive directional power elements in the SEL-700G
provide antimotoring and/or low forward power tripping.
As many as eight elements (four each for the X side and
Y side) for detecting real (Watts) or reactive (VARS)
directional power flows, having independent time-delays
and sensitivities are provided. Directly trip the generator
under loss-of-prime mover conditions to prevent prime
movers from motoring, or use low forward power indica-
tion as a tripping interlock when an orderly shutdown is
required.

Over-Excitation Protection (24)

The SEL-700G provides one definite-time for alarm and
one composite inverse-time volts/hertz element. The
composite inverse-time characteristic may be enabled
with a two-step definite-time characteristic, a definite/
inverse-time characteristic, or a simple inverse-time
characteristic. A custom curve option is also available.

Loss-of-Field Protection (40)

Two offset positive-sequence mho elements detect
loss-of-field conditions. Settable time-delays help reject
power swings that pass through the machine impedance
characteristic. By using the included directional supervi-
sion, one of the mho elements can be set to coordinate
with the generator minimum excitation limiter and its
steady-state stability limit.

Out-of-Step Protection (78)

SEL-700G relays use a single or a double-blinder
scheme, depending on user selection, to detect an out-of-
step condition. In addition to the blinders, the scheme
uses a mho circle that restricts the coverage of the out-of-
step function to the desired extent. Furthermore, both
schemes contain current supervision and torque control
to supervise the operation of the out-of-step element.

Negative-Sequence Overcurrent Protection (46)

Negative-sequence current heats the rotor at a higher rate
than positive-sequence or ground current. The negative-
sequence definite-time element provides alarm for early
stages of an unbalanced condition. The inverse time-
overcurrent element provides tripping for sustained
unbalance conditions to prevent machine damage.
The inverse-time negative-sequence element provides
industry standard (I,)* * t protection curves.

System Backup Protection (21C, 51V, 51C)

The SEL-700G offers you the choice of three methods
for performing system backup protection. Compensator

Schweitzer Engineering Laboratories, Inc.
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distance elements (21C), a voltage-restrained phase time-
overcurrent element (51V), and a voltage-controlled
phase time-overcurrent (51C) element are all available;
you simply enable the element you wish to use.

Over- and Undervoltage Protection (27, 59)

Phase, phase-to-phase, and positive-sequence under-
voltage (27), overvoltage (59), residual overvoltage
(59G) and negative-sequence overvoltage (59Q)
elements help you create protection and control schemes,
such as undervoltage load shedding, or standby genera-
tion start/stop commands.

» Phase and phase-to-phase undervoltage elements
operate with the minimum of the measured voltage
magnitudes; these elements operate when any single
measurement falls below the set thresholds.

» Phase and phase-to-phase overvoltage elements
operate with the maximum of the measured voltage
magnitudes.

» The positive-sequence undervoltage elements operate
when the calculated positive-sequence voltage V1
drops below the set thresholds.

» The positive-sequence overvoltage elements operate
when the calculated positive-sequence voltage V1
exceeds the set thresholds.

» The negative-sequence overvoltage elements operate
when the calculated negative-sequence voltage V2
exceeds set thresholds.

» The residual-ground voltage element operates when
the zero-sequence voltage 3V0 exceeds the set point.

» Inverse-time overvoltage (59I) and inverse-time
undervoltage (27I) elements that operate on the
measure phase-to-neutral voltages, phase-to-phase
voltages, or VS channel voltage, depending on the
relay part number.

All voltage elements provide definite-time delay
settings.

Loss-of-Potential Logic (60LOP)

Relay functions that use phase voltages or symmetrical
component voltages rely on valid inputs to make the
correct decisions. The LOP logic detects open voltage
transformer fuses or other conditions that cause a loss of
relay secondary voltage input. The SEL-700G with
voltage inputs, includes loss-of-potential logic that
detects one, two, or three potentially blown fuses. This
patented logic is unique and is universally applicable. It
also offers a SELOGIC setting to block the LOP logic
under user-defined conditions. The LOP feature allows
for the blocking of protection elements to add security
during fuse failure.

SEL-700G Data Sheet
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Breaker Failure Protection (BF)

The SEL-700G offers breaker failure protection for up to
two three-pole breakers. Use the breaker failure detection
to issue re-trip commands to the failed breaker, or to trip
adjacent breakers using the relay’s contact output logic
or communications-based tripping schemes.

Inadvertent Energization Detection

Occasionally, the unit breaker for an out-of-service
generator is closed inadvertently. The SEL-700G detects
this condition using voltage, current, and other supervi-
sory conditions you select through an SELOGIC control
equation.

Frequency Protection (81)

Six levels of over- or underfrequency elements detect
abnormal frequency operating conditions. Use the inde-
pendently time-delayed output of these elements to trip
or alarm. Phase undervoltage supervision prevents unde-
sired frequency element operation during start-up, shut-
down, and faults, and while the field is de-energized.
SEL-700G frequency elements have high accuracy (less
than 0.01 Hz).

Rate-of-Change-of-Frequency Protection (81R)

Four independent rate-of-change-of-frequency elements
are provided with individual time delays for use when
frequency changes occur, for example, when there is a
sudden imbalance between generation and load. They
call for control action or switching action such as
network decoupling or load shedding. Each element
includes logic to detect either increasing or decreasing
frequency and above or below nominal frequency.

Vector Shift Protection (78VS)

When distributed generators (DG) are connected in the
utility network, the vector shift element (78VS) is used to
detect islanding conditions and trip the DG. Failure to
trip islanded generators can lead to problems such as
personnel safety, out-of-synchronization reclosing, and
degradation of power quality. Based on the change in the
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angle of the voltage waveform, the islanding condition
can be detected by the vector shift function. Use the
vector shift element with the 81RF element as a backup
for fast and secure islanding detection. The vector shift
element operates within three cycles, which is fast
enough to prevent reclosing out-of-synchronism with the
network feeders to avoid generator damage.

Off-Frequency Accumulators

The SEL-700G tracks the total time-of-operation in up to
six off-nominal frequency bands. If the off-nominal time
of operation exceeds one of the independent time set
points, the relay can trip or alarm.

Thermal Overload Protection (49T)

The SEL-700G thermal element provides generator over-
load protection based on the thermal model described in
IEC standard 60255-8. The model can be biased by
ambient temperature if the RTD option is used.

The relay operates a thermal model with a trip value
defined by the relay settings and a present heat estimate
that varies with time and changing generator current.

RTD Thermal Protection

When the SEL-700G is equipped with either an optional
10 RTD input expansion card or an external SEL-2600
RTD Module with up to 12 RTD inputs, as many as
12 thermal elements in the relay can be programmed for
two levels of thermal protection per element. Each RTD
input provides an alarm and trip thermal pickup setting in
degrees C, provides open and shorted RTD detection,
and is compatible with the following three-wire RTD
types:

» PT100 (100 Q platinum)

» NI100 (100 Q nickel)

» NI120 (120 Q nickel)

» CU10 (10 Q copper)

Additionally, the winding RTDs and the ambient
temperature RTD can be configured and used to bias the
generator thermal model and thermal protection.

Schweitzer Engineering Laboratories, Inc.
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Operator controls eliminate traditional panel control
switches. Eight conveniently sized operator controls are
located on the relay front panel (see Figure 5). The SER
can be set to track operator controls. Change operator
control functions using SELOGIC control equations.

[e) O ENABLED NOTE: All text
OO AUX 2 (:.o !EQLSEK can be changed
with the

OO AUX 3 OO AUX1 configurable
o) o) labels Kit.
O QO GENBRKR CLOSED)
O AUX 4 @ CLOSE
o QO BLOCK cLOSE
O QO GENBRKROPEN
O AUX 5 (:. TRIP
o (©)

Figure 5 Operator Controls (Shown for the SEL-700GO,
SEL-700G1 Models)

The following operator control descriptions are for
factory-set logic for the model shown.

LOCK: The LOCK operator control blocks selected
functions. Press it for at least three seconds to engage or

Built-In Web Server

disengage the lock function. While locked in position,
the following operator controls cannot change state if
pressed: TRIP and CLOSE.

AUX: The AUX operator control and LEDs are user
programmable.

CLOSE and TRIP: Use the CLOSE and TRIP operator controls
to close and open the connected circuit breaker. They can
be programmed with intentional time delays to support
operational requirements for breaker-mounted relays.
This allows the operator to press the CLOSE or TRIP
pushbutton, then move to an alternate location before the
breaker command is executed.

In the SEL-700G with the touchscreen display, you can
also use the front-panel operator control pushbuttons to
jump to a specific screen while also using them for
LOCK/CLOSE/TRIP operations, etc. You can program
the selectable operator pushbutton screen settings under
the Touchscreen settings category in QuickSet and map
the button to a specific screen.

Every Ethernet-equipped SEL-700G includes a built-in
web server. Use any standard web browser to interface
with the relay and perform the following actions:

» Log in with password protection.
» Safely read the relay settings.

» Verify the relay self-test status and view the relay
configuration.

» Inspect meter reports.
» Download SER and event reports.
» Upload new firmware (firmware upgrade).

Figure 6 shows the fundamental metering screen that can
be accessed by clicking Meter > Fundamental. Use the
Meter menu to view all the available relay metering sta-
tistics.

Schweitzer Engineering Laboratories, Inc.
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Figure 6 Fundamental Meter Report Webpage

Figure 7 shows the Group 1 settings webpage. You can
view the settings of each relay settings class by selecting
Settings and the respective relay settings class.

SEL-700G Data Sheet
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Figure 7 Group 1 Settings Webpage

Relay and Logic Settings Software

You can upgrade the relay firmware through the relay
web server by clicking System > File Management and
selecting the firmware upgrade file. Figure 8 shows the
firmware upgrade webpage.

- | o0 SEL- 005 File Manzgerrent

Upgrade Firmware
Cusrrent Firmware: SEL-700G-X394-V0-Z007004-D20101004

Fermware File:

b Settings [ Browse...
L [ ]
File Mansgement

Figure 8 Upgrade the Relay Firmware From the File
Management Webpage

QuickSet Software simplifies settings and provides anal-
ysis support for the SEL-700G. With QuickSet you have
several ways to create and manage relay settings:

» Develop settings off-line with an intelligent settings
editor that only allows valid settings.

» Create SELOGIC control equations with a drag-and-
drop text editor.

» Configure proper settings using online help.

» Organize settings with the relay database manager

» Load and retrieve settings using a simple PC commu-
nications link.

With QuickSet you can verify settings and analyze events;
and analyze power system events with the integrated
waveform and harmonic analysis tools.

The following features of QuickSet can monitor,

commission, and test the SEL-700G:

» The PC interface remotely retrieves power system
data.

» The HMI monitors meter data, Relay Word bits, and
output contacts status during testing. The control window
allows resetting of metering quantities, and other control
functions.

SEL-700G Data Sheet

» The synchroscope screen provides a visual display of
the autosynchronizer function.

» Bay control allows you to design new bay screens and
edit existing bay screens by launching ACSELERATOR
Bay Screen Builder SEL-5036 Software for the
SEL-700G relays with the touchscreen display.

ACSELERATOR Bay Screen Builder SEL-5036
Software

The SEL-700G with the touchscreen display layout
option provides you with the ability to design bay config-
uration screens to meet your system needs. You can
display the bay configuration as a single-line diagram
(SLD) on the touchscreen. You can use ANSI and IEC
symbols, along with analog and digital labels, for the
SLD to indicate the status and control of the breaker and
two- or three-position disconnects, bus voltages, and
power flow through the breaker. In addition to SLDs, you
can design the screens to show the status of various relay
elements via Relay Word bits or to show analog quanti-
ties for commissioning or day-to-day operations. You
can design these screens with the help of Bay Screen
Builder in conjunction with QuickSet. Bay Screen
Builder provides an intuitive and powerful interface to
design bay screens to meet your application needs.

Schweitzer Engineering Laboratories, Inc.
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Metering and Monitoring

The SEL-700G, depending on the model selected,
provides extensive metering capabilities. See Specifica-
tions on page 36 for metering and power measurement
accuracies. As shown in Table 3, metered quantities
include voltages and currents; sequence voltages and

Table 3 SEL-700G Metered Values

currents; power, frequency, and energy; and maximum/
minimum logging of selected quantities. The relay
reports all metered quantities in primary quantities
(current in A primary and voltage in V primary).

Types of Metering

Instantaneous Differential Max/Min Analog Inputs
Remote Analogs Math Variables Synchrophasors Thermal
Demand and Peak Demand Energy RMS Harmonics
Quantities Description

Currents: IAn, IBn, ICn, IGn, IN

Voltages: VAn, VBn, VCn, VN
Voltages: VABn, VBCn, VCAn
Voltage VS

Power kWAn, Bn, Cn, 3Pn
kVARAnR, Bn, Cn, 3Pn
kVAAnR, Bn, Cn, 3Pn

Energy MWhAnR, Bn, Cn, 3Pn
MVARWAR, Bn, Cn, 3Pn
MVAhAn, Bn, Cn, 3Pn

Power Factor PFAn, Bn, Cn, 3Pn
Sequence I1n, 312, 3101, V1n, 3V2n, 3VO0n

Frequency FREQn, FREQS (Hz)

V/Hz

VPX3, VN3
Gen TCU %
Rf kOhm
AXx01-AXx04
MV01-MV32
RAO001-RA128

RTDn (n=1to 12)

Phase currents, calculated residual currents
(IG =310 =IA + IB + IC) and neutral current, forn = X and Y

Wye-connected voltage inputs for n = X and Y
Delta-connected voltage inputs for n = X and Y
Synchronism-check voltage input

Single and three-phase kilowatts, kilovars, and kilovolt-amps for
n=XandY

Single and three-phase real, reactive and apparent energy for
n=XandY

Single and three-phase power factor for n = X and Y

Positive, negative and zero-sequence currents and voltages for
n=XandY

Instantaneous power system frequency for n = X and Y and for
synchronism-check voltage input VS

Calculated volts/hertz in percent, using highest measured voltage and
measured frequency

Phase and neutral third harmonic voltage for stator ground protection
Generator thermal capacity used (%)

Field winding insulation resistance to ground (kOhm)

Analog inputs

Math variables

Remote analogs

RTD temperature measurement (degrees C)

Load Profile

The SEL-700G features a programmable Load Profile
(LDP) recorder that records as many as 17 metering
quantities into nonvolatile memory at fixed time

intervals. The LDP saves several days to several weeks of

the most recent data depending on the LDP settings
(9800 entries total).

SEL-700G Data Sheet

Synchronized Phasor Measurement

Combine the SEL-700G with an SEL IRIG-B time
source to measure the system angle in real time with a
timing accuracy of +10 ps. Measure instantaneous
voltage and current phase angles in real time to improve
system operation with synchrophasor information.
Replace state measurement, study validation, or track

Schweitzer Engineering Laboratories, Inc.



system stability. Use SEL-5077 SYNCHROWAVE® Server
Software or SEL-5078-2 SYNCHROWAVE® Console Soft-
ware to view system angle at multiple locations for
precise system analysis and system-state measurement
(see Figure 10).

” 60.003 Hz 59996 Hz

Pullman, WA Chicago, IL Philadelphia, PA

60.015 Hz 60.007 Hz

Monterrey, Mexico San Antonio, TX Tampa, FL

Figure 10 View of System Angle at Multiple Locations

Send synchrophasor data using IEEE C37.118-2005
protocol to SEL synchrophasor applications. These
include the SEL-3378 Synchrophasor Vector Processor
(SVP), SEL-3530 Real-Time Automation Controller
(RTAC), and the SEL-5078-2 SYNCHROWAVE Central
Visualization and Analysis Software suite.

The SEL-3373 Station Phasor Data Concentrator (PDC)
and the SEL-5073 SYNCHROWAVE PDC software
correlate data from multiple SEL-700G relays and
concentrate the result into a single output data stream.
These products also provide synchrophasor data
archiving capability. The SEL-3378 SVP enables control
applications based on synchrophasors. Directly measure
the oscillation modes of your power system and then act
on the result. Use wide-area phase angle slip and
acceleration measurements to properly control islanding
of distributed generation. With the SVP, you can
customize a synchrophasor control application according
to the unique requirements of your power system.

The data rate of SEL-700G synchrophasors is selectable
with a range of 1-60 messages per second. This
flexibility is important for efficient use of
communication capacity.

Improve Situational Awareness

17

The SEL-700G phasor measurement accuracy meets the
highest IEEE C37.118-2005 Level 1 requirement of
1 percent total vector error (TVE). This means you can
use any SEL-700G model in an application that
otherwise would require purchasing a separate dedicated
phasor measurement unit (PMU).

Use the SEL-700G with SEL communications
processors, or the SEL-3530 RTAC, to change nonlinear
state estimation into linear state estimation. If all
necessary lines include synchrophasor measurements
then state estimation is no longer necessary. The system
state is directly measured.

Vi 1
V. d
2 | =h (V.0) +error —| * | =h(V0)
P, — 1 —
State State
Q12 V2
—— ——
Measurements Measurements

10 Minutes 1Second

Figure 11 Synchrophasor Measurements Turn State
Estimation into State Measurement

Generator Operating Statistics Monitoring

The SEL-700G relay, having generator elements, tracks
the performance and utilization of the protected
generator by tracking the following generator operating
statistics.

» Total generator running hours
» Total generator stopped hours
» Generator full load hours

» Percent of time running

> Accumulated generator I, » t

» Average real and reactive power outputs
» Average power factor

Provide improved information to system operators.
Advanced synchrophasor-based tools produce a real-time
view of system conditions. Use system trends, alarm
points, and preprogrammed responses to help operators
prevent a cascading system collapse and maximize
system stability. Awareness of system trends provides
operators with an understanding of future values based
on measured data.

Schweitzer Engineering Laboratories, Inc.

» Increase system loading while maintaining adequate
stability margins.

» Improve operator response to system contingencies
such as overload conditions, transmission outages, or
generator shutdown.

» Advance system knowledge with correlated event
reporting and real-time system visualization.

» Validate planning studies to improve system load
balance and station optimization.

SEL-700G Data Sheet
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Event Reporting and SER

Event reports and the SER simplify post-fault analysis
and improve understanding of simple and complex
protective scheme operations. In response to a user-
selected trigger, the voltage, current, frequency, and
element status information contained in each event report
confirms the relay scheme and system performance for
every fault. Decide how much detail is necessary when
you request an event report (e.g., 1/4-cycle or 1/32-cycle
resolution, filtered or raw analog data, respectively).

The relay stores as many as 6 of the most recent
180-cycle event reports, 18 of the most recent 64-cycle
event reports, or 74 of the most recent 15-cycle event
reports in nonvolatile memory. The relay always appends
relay settings at the time of the event to the bottom of
each event report.

The following analog data formats are available:

» 1/4-cycle or 1/32-cycle resolution, filtered or unfil-
tered analog, ASCII or Compressed ASCII reports

» 1/32-cycle resolution COMTRADE reports

The relay SER feature stores the latest 1024 entries. Use
this feature to gain a broad perspective at a glance. An

SEL-700G Data Sheet

SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout.

Synchronized Measurements

The IRIG-B time-code input synchronizes the SEL-700G
time to within +5 ms of the time-source input.
A convenient source for this time code is an SEL-2401
Satellite-Synchronized Clock, the SEL-3530 Real Time
Automation Controller (RTAC), or the SEL-2032,
SEL-2030, or SEL-2020 Communications Processor (via
Serial Port 3 on the SEL-700G).

Generator Autosynchronism Report

The SEL-700G with the autosynchronism function
generates a generator autosynchronism report with all the
relevant analog and digital signals for a quick analysis of
the event. The sample rate can be selected between 0.25,
1, and 5 cycles. The report captures 4800 time-stamped
data points.
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Figure 14 Graphical Display of Generator Synchronizer
Report

IEC 61850 Test Mode

Test Mode allows you to test an in-service relay without
accidentally operating control output contacts. Test
Mode includes five different modes:

On: In On mode, the relay operates as normal; it reports
IEC 61850 Mode/Behavior status as On and processes
all inputs and outputs as normal. If the quality of the
subscribed GOOSE messages satisfies the GOOSE
processing, the relay processes the received GOOSE
messages as valid.

Blocked: This mode is similar to On mode, except that
the device does not trip any physical contact output.

Test: In Test mode, the relay processes valid incoming
test signals and normal messages and operates physical
contact outputs, if the outputs are triggered.

Schweitzer Engineering Laboratories, Inc.



Test/Blocked: This is similar to Test mode, except that
the device does not trip any physical contact outputs.

Off: The device does not process any incoming data or
control commands (except commands to change the
mode). All protection logic is disabled and all data
quality is marked as invalid.

Simulation: In this mode, the relay continues to process
normal GOOSE messages until a simulated GOOSE

Touchscreen Display

19

message is received for a subscription. Once a simulated
GOOSE message is received, only simulated GOOSE
messages are processed for that subscription. The
simulated mode only terminates when LPHDSIM is
returned to FALSE. When the relay is not in simulation
mode, only normal GOOSE messages are processed for
all subscriptions.

You can order the SEL-700G Generator Protection Relay
with an optional touchscreen display (5-inch, color,
800 x 480 pixels). The touchscreen display makes relay
data metering, monitoring, and control quick and effi-
cient. The touchscreen display option in the SEL-700G
features a straightforward application-driven control
structure and includes intuitive and graphical screen
designs.

The touchscreen display allows you to:

» View and control bay screens

» Access metering and monitoring data

» Inspect targets

» View event history, summary data, and SER informa-
tion

» View relay status and configuration

» Control relay operations

» View and edit settings

» Enable the rotating display

» Program control pushbuttons to jump to a specific
screen

» Visualize and synchronize your generator to the
system with built-in Synchroscope/Auto Synchronizer
applications

You can navigate the touchscreen by selecting the
folders and applications. The folders and applications of
the Home screen are shown in Figure 15. Folders and
applications are labeled according to functionality.
Additional folder and application screens for the
SEL-700G touchscreen display option can be seen in
Figure 16 through Figure 25.

Schweitzer Engineering Laboratories, Inc.
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Figure 15 Home (Default FPHOME Screen)

Bay Screens Application

The SEL-700G with the touchscreen display option
provides you with the ability to design bay configuration
screens to meet your system needs. The bay configura-
tion can be displayed as an SLD on the touchscreen. You
can create as many as five bay screens with up to two
controllable breakers, eight controllable two-position
disconnects, and two controllable three-position discon-
nects. ANSI and IEC symbols, along with analog and
digital labels, are available for you to create detailed
SLDs of the bay to indicate the status and control of the
breaker and disconnects, bus voltages, and power flow
through the breaker. Figure 16 shows the default SLD for
the touchscreen display option.

SEL-700G Data Sheet
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Bay Screen 1

bW RID : SEL-700G
TID : GENERATOR RELAY
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Figure 16 Default Bay Screen

Meter Folder Applications

The applications in the Meter folder are part-number
dependent. Only those metering applications specific to
your part number appear in the Meter folder. Select an
application in the Meter folder to display the report for
that particular application. Select the Phasor application
to view the current and voltage phasors (see Figure 17).

Phasors 8 | 10:37:55

W VAX 6825.2V 0°
120° &0°

} u VBX 68199V -120°

B VCX 68163V  119°

[ VS 0.0V 0°

180° o

1AX 12523A -28°

W [BX 125654 -148°

mICX 12543A 91°

iR [ 2ac

Figure 17 Meter Phasors

Select the Energy application to view the energy
metering quantities (see Figure 18). A reset feature is
provided for the Energy, Max/Min, Thermal, Demand,
and Peak Demand applications. Press the Reset button
(see Figure 18) to navigate to the reset confirmation
screen. Once you confirm the reset, the data are reset to
Zero.

Energy Metering

103/27/2018 |10:48:02

Positive MWHX (MWh)
1.688

Positive MVARHX (MVARh)

0.898

Negative MWHX (MWh)
0.000|

Negative MVARHX (MVARh)
0.000|

LAST RESET

03/27/2018 10:46:11

LR | 2AC

Figure 18 Meter Energy
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Reports Folder Applications

Select the Reports folder to navigate to the screen where
you can access the Events and SER applications. Use
these applications to view events and SERs. To view the
event summary (see Figure 19) of a particular event
record, you can select the event record on the Event
History screen. You can also trigger an event report from
the Event History screen.

03/30/2018 |

Ref _MNum 10081 Event Volt/Hz 24 Tri
Date 03/30/2018 Time 16:28:47.356
TARGETS 11000101

IAX (A) 1246.3 VAX (V) 6825

IBX (A) 12525 VEBX (V) 6820

ICX (A) 1254.0 VCX (V) 6815

IGX (A) 5.6 VGEX (V) 5

IAY (A) 1251.0 VAY (V) 6782

“ iR [ acc

Figure 19 Event Summary

Select the Sequential Events Recorder application to
view a history of the SER reports (see Figure 20).

DATE TIME ELEMENT
1 03/30/2018 16:28:48356  3PWRX2T Asserted

2 03/30/2018 16:28:47356 24D1T Deasserted
3 03/30/2018 16:28:47356 24C2T Deasserted
4 03/30/2018 162847356  3PWRX2T Deasser ted
5 03/30/2018 16:2847.356 Relay Settings Changed
6 03/30/2018 162734766 3PWRX2T Asserted
7 03/30/2018 162734754 24D1T Asserted
8 03/30/2018 16:2733.008 24C2T Asserted

iR acc

Figure 20 Sequential Events Recorder

Select the Trash button, shown in Figure 19, on the
Event History and Sequential Events Recorder screens
and confirm the delete action to remove the records from
the relay.

Control Folder Applications

Select the Control folder to navigate to the screen where
you can access the Breaker Control, Disconnect Control,
Output Pulsing, Local Bits, Auto Synchronizer, and
Reset TCU applications. Use the applications to perform
breaker control operations, pulse output contacts
(Figure 21), control the local bits (Figure 22), and reset
TCU for the thermal overload element.

Schweitzer Engineering Laboratories, Inc.
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Digital Output Pulsing - Slot A

D ouT101 ouT1I02 OouT1I03
1 0 0

Tap an output button.

Figure 21 Digital Output Pulsing-Slot A

Local Bits

LOCAL BIT NAME STATE
LBO1 SPERV SW OPEN
LBOZ FAN START OFF

Tap a row.

Figure 22 Local Bits

iR 2nc |

Use the Auto Synchronizer application to initiate auto-
synchronization of your generator to the system.
Throughout the process, you can see the phasor
difference between the bus and the generator via the
Synchroscope.

04/M5/2

Autosynchronizer

s v : Breaker Status  Open S]

\"\\ | / Bus Frequency  60.00 Hz

‘\‘ [ Gen Frequency  60.22 Hz
SLIP - 021Hz T ., Bus Voltage 69.10 V

",f;_ AGTO9SBT T Genvoltage 6560 V
"/_/ riime A \‘-\:\‘ ) Delta Voltage =353 v

FEEAA Voltage A
SEARE Frequency

Generator Synchronizing...

Figure 23 Auto Synchronizer

Schweitzer Engineering Laboratories, Inc.
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Device Info Folder Applications

Select the Device Info folder to navigate to the screen
where you can access specific device information appli-
cations (Status, Configuration, and Trip & Diag.
Messages) and the Reboot application.

Select the Status application to view the relay status,
firmware version, part number, etc. (see Figure 24).

Device Status 8 (165115

Relay Enabled

Serial No 3162580026

FID String SEL-700G-X346-V0-Z006003-D2018031
Part Number 0700GT1B1X0OX7585A33X

SEL Display 1.0.40700.3450

Customer Display 1540384993

IEC-61850 CID

Figure 24 Status

To view the trip and diagnostic messages, select the Trip
& Diag. Messages application (see Figure 25). When a
diagnostic failure, trip, or warning occurs, the relay
displays the diagnostic message on the screen until it is
either overriden by the restart of the rotating display, or
the inactivity timer expires.

Trip, Warning, & Diagnostic Messages | 03/30/2018 | 16:52:46

¥ TYPE DATE TIME EVENT

TRIP 03/30/2018 16:27:33.912 Volt/Hz 24 Trip

View Events or Status reports for details.

iR 2ac

Figure 25 Trip and Diagnostics

SEL-700G Data Sheet
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Automation

Flexible Control Logic and Integration
The SEL-700G can be ordered with as many as four
independently operated serial ports:

The relay does not require special communications
software. You can use any system that emulates a
standard terminal system. Establish communication by

» EIA-232 port on the front panel

» EIA-232 or EIA-485 port on the Slot B in the rear

» EIA-232 fiber-optic port on Slot B card in the rear

» EIA-232 or EIA-485 port on the optional communica-
tions card in Slot C in the rear

Optionally, the relay supports single or dual, copper or

connecting: computers, modems, protocol converters,
printers, an SEL Real-Time Automation Controller
(RTAC), SEL communications processor, SEL
computing platform, SCADA serial port, and RTUs for
local or remote communication. Refer to Table 4 for a
list of communications protocols available in the
SEL-700G.

fiber-optic Ethernet ports.

Table 4 Communications Protocols (Sheet 1 of 2)

Type Description

Simple ASCII Plain language commands for human and simple machine communications. Use for metering, setting,
self-test status, event reporting, and other functions.

Compressed ASCII Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an appropriate
format for direct import into spreadsheets and database programs. Data are checksum protected.

Extended Fast Meter Binary protocol for machine-to-machine communications.

and Fast Operate

Fast SER Protocol

Fast Message Protocol

DNP3

Modbus

IEC 61850 Edition 2

Synchrophasors

Event Messenger

DeviceNet

SNTP

IEEE 1588-2008
firmware-based PTP
PRP

IEC 60870-5-103

SEL-700G Data Sheet

Quickly updates SEL communications processors, RTUs, and other substation devices with metering
information, relay element, I/O status, time-tags, open and close commands, and summary event reports.

Data are checksum protected. Binary and ASCII protocols operate simultaneously over the same
communications lines so control operator metering information is not lost while a technician is
transferring an event report.

Direct communications with the SEL-2600 RTD Module are possible using the unsolicited Fast Meter
protocol to read incoming temperature data from the SEL-2600.

Provides SER events to an automated data collection system.

Use this protocol to write remote analog data from other SEL relays or communications processors via
unsolicited writes.

Serial or Ethernet-based DNP3 protocols.

Provides default and mappable DNP3 objects that include access to metering data, protection elements,
Relay Word bits, contact I/O, targets, SER, relay summary event reports, and setting group selection.

Serial- or Ethernet-based Modbus with point remapping. Includes access to metering data, protection
elements, contact I/O, targets, SER, relay summary event reports, and setting groups.

Ethernet-based international standard for interoperability between intelligent devices in a substation.
Operates remote bits and I/0. Monitors Relay Word bits and analog quantities.

IEEE C37.118-compliant synchrophasors for system state, response, and control capabilities.

The use of SEL-3010 Event Messenger allows you to receive alerts directly on your cell phone. Alerts can
be triggered through relay events and can include quantities measured by the relay.

Allows for connection to a DeviceNet network for access to metering data, protection elements,
contact I/O, targets, and setting groups. (The DeviceNet option has been discontinued and is no longer
available to order as of September 25, 2017.)

Ethernet-based protocol that provides time synchronization of the relay.

Ethernet-based protocol that provides time synchronization of the relay.

Provides seamless recovery from any single Ethernet network failure in a dual redundant Ethernet
network, in accordance with IEC 62439-3.

Serial communications protocol-international standard for interoperability between intelligent devices in
a substation.

Schweitzer Engineering Laboratories, Inc.
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Type Description
EtherNet/IP Ethernet-based protocol that includes access to metering data, protection elements, targets, and
contact I/0.
RSTP Provides faster recovery in response to changes and failures in switched mode dual redundant Ethernet

networks in accordance with IEEE 802.1Q-2014.

Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper
connection between the hub and the SEL-700G
(Figure 26).

The communications processor supports external
communications links including the public switched
telephone network for engineering access to dial-out
alerts and private line connections of the SCADA
system.

Dial-Up ASCII Link —| |/ SCADA Link

SEL Communications Processor

ASCII Reports Plus
Interleaved Binary Data

‘ IED | | IED | | [ED | | SEL-700G |

Figure 26 Example Communications System

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.SEL-700G control
logic improves integration in the following ways:

» Replaces traditional panel control switches. Elimi-
nate traditional panel control switches with 32 local
bits. Set, clear, or pulse local bits with the front-panel
pushbuttons and display. Program the local bits into
your control scheme with SELOGIC control equations.
Use the local bits to perform functions such as a trip
test or a breaker trip/close.

» Eliminates RTU-to-relay wiring. Eliminate RTU-to-
relay wiring with 32 remote bits. Set, clear, or pulse
remote bits using serial port commands. Program the
remote bits into your control scheme with SELOGIC
control equations. Use remote bits for SCADA-type
control operations such as trip, close, and settings
group selection.

» Replaces traditional latching relays. Replace up to
32 traditional latching relays for such functions as
“remote control enable” with latch bits. Program latch
set and latch reset conditions with SELOGIC control
equations. Set or reset the nonvolatile latch bits using
optoisolated inputs, remote bits, local bits, or any

Schweitzer Engineering Laboratories, Inc.

programmable logic condition. The latch bits retain
their state when the relay loses power.

» Replaces traditional indicating panel lights.
Replace traditional indicating panel lights with
32 programmable displays. Define custom messages
(e.g., Breaker Open, Breaker Closed) to report
power system or relay conditions on the front-panel
display. Use Advanced SELOGIC control equations to
control which messages the relay displays.

> Eliminates external timers. Eliminate external
timers for custom protection or control schemes with
32 general purpose SELOGIC control equation timers.
Each timer has independent time-delay pickup and
dropout settings. Program each timer input with any
desired element (e.g., time qualify a current element).
Assign the timer output to trip logic, transfer trip
communications, or other control scheme logic.

> Eliminates settings changes. Selectable setting
groups make the SEL-700G ideal for applications
requiring frequent setting changes and for adapting
the protection to changing system conditions.

The relay stores three setting groups. Select the active
setting group by optoisolated input, command, or other
programmable conditions. Use these setting groups to
cover a wide range of protection and control
contingencies.

Switching setting groups switches logic and relay
element settings. Program groups for different operating
conditions, such as station maintenance, seasonal
operations, emergency contingencies, loading, source
changes, and downstream relay setting changes.

Fast SER Protocol

SEL Fast SER Protocol provides SER events to an auto-
mated data collection system. SEL Fast SER Protocol is
available on any rear serial port. Devices with embedded
processing capability can use these messages to enable
and accept unsolicited binary SER messages from
SEL-700G relays.

SEL relays and communications processors have two
separate data streams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people
using a terminal or terminal emulation package. The

SEL-700G Data Sheet
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binary data streams can interrupt the ASCII data stream
to obtain information, and then allow the ASCII data
stream to continue. This mechanism allows a single
communications channel to be used for ASCII
communications (e.g., transmission of a long event
report) interleaved with short bursts of binary data to
support fast acquisition of metering or SER data.

Ethernet Network Architectures

Fast Message Protocol

SEL Fast Message Protocol is a method to input or
modify remote analogs in the SEL-700G. These remote
analogs can then be used in SEL Math or SELOGIC
control equations. Remote analogs can also be modified
via Modbus, DNP3, and IEC 61850.

( NETWORK ; i’

Cat 5 shielded twisted pair (STP)
cables with RJ45 connectors
(SEL-C627/C628) for

copper Ethernet ports
OR

Ethernet Switch

Fiber-optic Ethernet cables with
LC connectors (SEL-C808) for
fiber-optic Ethernet ports

Port 1 Port 1 Port 1

Port1 Port 1 Port1

SEL-787

SEL-751A

SEL-700G

SEL-T51 SEL-T10

SEL-751A

Set Port 1 (Ethernet) settings in each relay.

Figure 27 Simple Ethernet Network Configuration

( NETWORK ; i'

Cat 5 shielded twisted pair (STP) cables with RJ45
connectors (SEL-C627/C628) for copper Ethernet ports

Fiber-optic Ethernet cables with LC connectors
(SEL-C808) for fiber-optic Ethernet ports

Ethernet Switch A

1A B 1A 1B

OR

i

y
Ethernet Switch B

1B

| seLsia | | seL7o06

1B
SEL-787
| e

1A 1B 1A 1B 1A
SEL-T51A | SEL-751 | | SEL-T10 ‘

Set Port 1(Ethernet) settings in each relay.
Figure 28 Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

SEL-700G Data Sheet
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( NETWORK O)

Cat 5 shielded twisted pair (STP) cables
with RJ45 connectors (SEL-C627/C628)

for copper Ethernet ports

Ethernet Switch (Managed) OR

Fiber-optic Ethernet cables with
LC connectors (SEL-C808) for
fiber-optic Ethernet ports

/'\/'\m/'\/'\

1B

’SELYSA‘ |SELYOOG| ’ SEL-787 ‘ ’ SEL?S]A‘ ’ SEL751 ‘ ’ SEL-710 ‘

Set Port 1(Ethernet) settings in each relay.
Figure 29 Ethernet Network Configuration With Ring Structure (Switched Mode)

Additional Features

MIRRORED BITS Relay-to-Relay Communications

The SEL-patented MIRRORED BITS communications
technology provides bidirectional relay-to-relay digital
communications. MIRRORED BITS can operate inde-
pendently on as many as two EIA-232 rear serial ports
and one fiber-optic rear serial port on a single

SEL-700G.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtual inputs (received
MIRRORED BITS) for each serial port operating in the
MIRRORED BITS mode (see Figure 30). Use these
MIRRORED BITS to transmit/receive information between
upstream relays and a downstream relay to enhance
coordination and achieve faster tripping for downstream
faults. MIRRORED BITS technology also helps reduce
total scheme operating time by eliminating the need to
assert output contacts to transmit information.

SEL-7006 SEL-351R Relay 2
TMBI TMBI
TMB2 TMB2
Transmit ; - Transmit
TMB8 TMB8
RMBI RMBI
) RMB2 RMB2 .
Receive - - Receive
RMB8 RMB8

Figure 30 MIRRORED BITS Transmit and Receive Bits

Schweitzer Engineering Laboratories, Inc.

Status and Trip Target LEDs

The SEL-700G includes 24 tricolor status and trip target
LEDs on the front panel. When shipped from the factory,
all LEDs are predefined and fixed in settings. You can
reprogram these LEDs for specific applications. This
combination of targets is explained and shown in
Figure 33. Some front-panel relabeling of LEDs may be
needed if you reprogram them for unique or specific
applications—see Configurable Labels.

Event Messenger Points

The SEL-700G, when used with the SEL-3010 Event
Messenger, can allow for ASCII-to-voice translation of as
many as 32 user-defined messages, along with analog data
that have been measured or calculated by the relay. With this
combination, you can receive voice messages on any phone
for alerts to transition of any Relay Word bits in the relay.

Verbal notification of breaker openings, fuse failures, RTD
alarms, etc. can now be sent directly to your cell phone
through the use of your SEL-700G and SEL-3010 (must be
connected to an analog telephone line). In addition, messages
can include an analog value such as current, voltage, or
power measurements made by the SEL-700G.

Configurable Labels

Use the configurable labels to relabel the operator
controls and LEDs (shown in Figure 33) to suit the
installation requirements. This feature includes
preprinted labels (with factory-default text), blank label
media, and a Microsoft® Word template on CD-ROM.
This allows quick, professional-looking labels for the
SEL-700G. Labels may also be customized without the
use of a PC by writing the new label on the blank stock
provided. The ability to customize the control and indica-
tion features allows specific utility or industry proce-

SEL-700G Data Sheet
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dures to be implemented without the need for adhesive
labels. All of the figures in this data sheet show the
factory-default labels of the SEL-700G, including the
standard model shown in Figure 33.

Web Server

Web Server allows you to communicate with the relay
via the Ethernet Port without the need for additional
communication software (web browser required). Web

Relay Dimensions

Server allows you to access metering and monitoring
data, and also supports firmware upgrades.

Firmware Download Via Ethernet Ports

Relay firmware can be securely downloaded to your
relay via the Ethernet port. The firmware is digitally
signed to prevent malicious modification. Additionally,
the Ethernet firmware download allows you to access
and update all your network relays simultaneously.

"
7.56in 7.361i
(192.0 mm) FRONT SIDE g (187?§rl:m) PANEL CUTOUT
B
! ]
5.67in 1.12in . 5.80in 547in
(144.0 mm) (28.5 mm) (147.4 mm) (139.0 mm)
Figure 31 SEL-700G Dimensions for Rack- and Panel-Mount Models
SEL-700G Data Sheet Schweitzer Engineering Laboratories, Inc.
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1-12 RTDs

IRIG-B Time Source
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Figure 32 Typical Connection Diagram

Schweitzer Engineering Laboratories, Inc.

SEL-700G Data Sheet



28

Relay Panel Diagrams
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(A) Front Panel With Default Configuration Labels
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Figure 33 Dual-Fiber Ethernet, Fast Hybrid 4 DI/4 DO, 10 RTDs, 3 ACI/2 AVI, 4 ACI/3 AVI

(Relay MOT 0700G11ACA9X76850830)
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SEL-700GT Intertie

(A) Front Panel With Default Configuration Labels
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Figure 34 Dual Copper Ethernet, 4 DI/4 DO, 8 DO, 3 ACI/4 AVI, 4 ACI/3 AVI (Relay MOT 0700GT1A2X7585A630)
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SEL-700GW Wind Generator

(A) Front Panel With Default Configuration Labels
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Figure 35 Copper Ethernet, 4 DI/4 DO, 4 Al/4 AO, 3 ACIE, 3 ACIZ (Relay MOT 0700GW1A1A6X77870310)
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SEL-700G1 Generator Relay—Example 1

Generator
Phase-Input CTs A 87-Input CTs A
Neutral Grounding PT 8 B
I|==V¥VY 52
= MM ¢ ¢
to A,
= 9 EAESE s.
X X = i % orC
[ i - if il
EREEERRCEIEEREE I R B EEEIEIENEE
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= = o j==) = w n
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= ] g = 2 2 0=
Slot Z: 4AC1/3 AVI card Slot E: 3AC1/2AV1 card

Figure 36 SEL-700G1 Relay Typical AC Current and Four-Wire Wye Voltage Connection
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Figure 37 SEL-700G1 Typical DC External Connections

Schweitzer Engineering Laboratories, Inc.

NOTES:

+ IN101-102 and OUT 101-103 are in the
“base” relay-Slot A Power Supply card.

+ Slot C-Select 8D0 card, 0UT301-0UT308.

- Slot D-Select 3DI/4D0/1A0, IN401-IN403,
0UT401-0UT404, or A0401.

+ Spares IN403, 0UT403-404, A0401,
0UT308.

« Use Ethernet Port 1for Synchrophasors,
Modbus, DNP or IEC 61850.

+ Use Port 2 for SEL-2600 RTD Module.

+ Use Port 3 for SEL-2664 Field Ground
Module (with a SEL-2812MR or 2812MT
and a C805 fiber-optic cable).

+ Settings changes required are not
shown.

- Additional 1/0 and relay logic may be
necessary for a specific application.

SEL-700G Data Sheet
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SEL-700G1 Generator Relay—Example 2

Generator 2 A B C
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Figure 38 SEL-700G1+ Relay AC Connection Example, Multiple High-Impedance Grounded Generators Connected to a
Common Bus, With 67N and Other Protection
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SEL-700GT Intertie Relay
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Figure 39 SEL-700GT Relay Typical A

Schweitzer Engineering Laboratories, Inc.
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E Slot: 3 ACI/4 AVI

Z Slot: 4 ACI/3 AVI

Current and Four-Wire Wye Voltage Connection
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+DC -DC
BKR X
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U BKR Y
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| | C | card in Slot C or D.
A08  ouTio3! I TRIPX  AQ7 ! - IN101-102 and OUT 101103 are in the
X Breaker 52 “"base” relay.
I Trip Coil Tc y | - Additional 1/0 and relay logic may be
outxxx! I TRIPY necessary for a specific application.
52bx Y Breaker - Settings changes are not shown.
N : Trip Coil + RTD Inputs-requires SEL-2600 RTD
oUTxxx! I CLOSE X ¢ Module or RTD input card in Slot D.
X Breaker
N Close Coil 52by
AO6 OUTI02! [ CLOSEY Q5 «
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y m Close Coil
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Relay Alarm
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Figure 40 SEL-700GT Typical DC External Connections
SEL-700GW Wind Generator Relay
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Figure 41 SEL-700GW Dual Feeder AC Current Connections
SEL-700G Data Sheet Schweitzer Engineering Laboratories, Inc.
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Figure 42 SEL-700GW Typical DC External Connections

Schweitzer Engineering Laboratories, Inc.
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NOTES:

+ OUTxxx requires an additional /0
card in Slot C or D.

+ IN101-102 and OUT 101-103 are in the
"base” relay.

- Additional 1/0 and relay logic may be
necessary for a specific application.

« Settings changes are not shown.

« Field ground element (64F) requires
SEL-2664 Field Ground Module.

+ RTD Inputs-requires SEL-2600 RTD
Module or RTD input card in Slot D.

SEL-700G Data Sheet
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Specifications

Compliance
Designed and manufactured under an ISO 9001 certified quality
management system
47 CFR 15B, Class A
Note: This equipment has been tested and found to comply with the
limits for a Class A digital device, pursuant to part 15 of the FCC
Rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can
radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful
interference to radio communications. Operation of this equipment
in a residential area is likely to cause harmful interference in which
case the user will be required to correct the interference at his own
expense.
CE Mark in accordance with the requirements of the European Union
RCM Mark in accordance with the requirements of Australia
UKCA Mark in accordance with the requirements of United
Kingdom
Normal Locations
UL Listed to U.S. and Canadian safety standards (File E212775,
NRGU, NRGU7)
Hazardous Locations

UL Certified Hazardous Locations to U.S. and Canadian standards
CL1, DIV 2; GP A, B, C, D; T3C, maximum surrounding
temperature of 50°C (File E470448)

EU
SEL 19 ATEX 0001X
@II 36
ExecnCIICT3 Ge
EN 60079-0:2012 + A11:2013, EN 60079-7:2015,
EN 60079-15:2010, EN 60079-11:2012
Ambient air temperature shall not exceed —20°C < Ta < 50°C

Note: Where so marked, ATEX and UL Hazardous Locations
Certification tests are applicable to rated supply specifications only
and do not apply to the absolute operating ranges, continuous
thermal, or short circuit duration specifications.

General

AC Current Input
Phase and Neutral Currents
Inom = 1 A or 5 A secondary depending on the model
Measurement Category: I
Inow=5A

Continuous Rating: 3+ Iyom @ 85°C

4+ Iyom @ 55°C
A/D Measurement Limit: 217 A peak (154 A rms) symmetrical

Saturation Current Rating: ~ Linear to 96 A symmetrical

1-Second Thermal: 500 A
Burden (per Phase): <0.1VA@S A
INOM =1A

Continuous Rating: 3+ Iyom @ 85°C

4+ Iyom @ 55°C
A/D Measurement Limit: 43 A peak (31 A rms) symmetrical
Saturation Current Rating:  Linear to 19.2 A symmetrical
1-Second Thermal: 100 A

Burden (per Phase): <0.01VA@!1A

AC Voltage Inputs

Vnowm (L-L secondary) 20-250 V (if DELTA_Y := DELTA)
Range: 20-440 V (if DELTA_ Y = WYE)

Rated Continuous Voltage: 300 Vac

SEL-700G Data Sheet

10-Second Thermal: 600 Vac
Burden: <0.1 VA

Input Impedance: 2 MQ single-ended (phase-to-neutral)

4 MQ differential (phase-to-phase)

Power Supply

Relay Start-Up Time: Approximately 5—10 seconds (after
power is applied until the ENABLED

LED turns on)
High-Voltage Supply

Rated Supply Voltage: 110-240 Vac, 50/60 Hz

110-250 Vde
Input Voltage Range 85-264 Vac
(Design Range): 85-275 Vdc
Power Consumption: <50 VA (ac)
<25 W (dc)
Interruptions: 50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc
Low-Voltage Supply
Rated Supply Voltage: 24-48 Vdc
Input Voltage Range
(Design Range): 19.2-60 Vdc
Power Consumption: <25 W (dc)
Interruptions: 10 ms @ 24 Vdc

50 ms @ 48 Vdc

Fuse Ratings
LV Power Supply Fuse

Rating: 3.15A
Maximum Rated Voltage: 300 Vdc, 250 Vac
Breaking Capacity: 1500 A at 250 Vac
Type: Time-lag T
HV Power Supply Fuse
Rating: 3.15A
Maximum Rated Voltage: 300 Vdc, 250 Vac
Breaking Capacity: 1500 A at 250 Vac
Type: Time-lag T
Output Contacts

The relay supports Form A, B, and C outputs.
Dielectric Test Voltage: 2500 Vac
Impulse Withstand Voltage

(Upmp): 5000 V
Mechanical Durability: 100,000 no-load operations

Standard Contacts
Pickup/Dropout Time: <8 ms (coil energization to

contact closure)

DC Output Ratings

Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2-275 Vdce
Rated Insulation Voltage: 300 Vdc
Make: 30 A @ 250 Vdc per IEEE C37.90
Continuous Carry: 6 A@ 70°C
4A @ 85°C
1-Second Thermal: 50A

Contact Protection: 360 Vdc, 115 T MOV protection across

open contacts
Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24 Vdc 0.75A L/R = 40 ms
48 Vdc 0.50 A L/R = 40 ms
125 Vde 030A L/R = 40 ms
250 Vdc 020 A L/R= 40 ms

Schweitzer Engineering Laboratories, Inc.



Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24 Vdc 0.75A L/R = 40 ms
48 Vdc 0.50 A L/R= 40 ms
125 Vde 030A L/R = 40 ms
250 Vdc 020 A L/R= 40 ms

AC Output Ratings

Maximum Operational

Voltage (U,) Rating: 240 Vac
Insulation Voltage (U;)

Rating (excluding

EN 61010-1): 300 Vac
1-Second Thermal: 50A

Contact Rating Designation: B300

B300 (5 A Thermal Current, 300 Vac Max)
Maximum Current Max VA
Voltage 120 Vac 240 Vac —
Make 30A 15A 3600
Break 3A 1.5A 360
PF <0.35, 50-60 Hz
Utilization Category: AC-15
AC-15
Operational Voltage (Ue) 120 Vac 240 Vac
Operational Current (Ie) 3A 1.5A
Make Current 30A 15A
Break Current 3A 1.5A
Electromagnetic loads > 72 VA, PF < 0.3, 50-60 Hz

Voltage Protection Across
Open Contacts: 270 Vac, 11517

Fast Hybrid (High-Speed, High-Current Interrupting)
DC Output Ratings
Rated Operational Voltage: 250 Vdc

Rated Voltage Range: 19.2-275 Vdc
Rated Insulation Voltage: 300 Vde
Make: 30 A @ 250 Vdc per IEEE C37.90
Continuous Carry: 6 A@ 70°C
4A@85°C
1-Second Thermal: 50 A

Open State Leakage Current: <500 pA
MOV Protection (Maximum

Voltage): 250 Vac/330 Vdc
Pickup Time: <50 ps, resistive load
Dropout Time: <8 ms, resistive load
Break Capacity (10,000 Operations) per IEC 60255-0-20:1974:
48 Vdc 10.0A L/R= 40 ms
125 Vdc 10.0 A L/R= 40 ms
250 Vdc 10.0 A L/R= 20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle
for Thermal Dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0A L/R= 40 ms
125 Vde 10.0 A L/R= 40 ms
250 Vde 10.0A L/R= 20 ms

AC Output Ratings
See AC Output Ratings for Standard Contacts.

Schweitzer Engineering Laboratories, Inc.
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When Used With DC Control Signals

Pickup/Dropout Time:
250 V:

220 V:

125 V:

110V:

48 V:

24'V:

Depends on the input debounce
settings
ON for 200-312.5 Vdc
OFF below 150 Vdc
ON for 176-275 Vdc
OFF below 132 Vdc
ON for 100-156.2 Vdc
OFF below 75 Vdc
ON for 88-137.5 Vdc
OFF below 66 Vdc
ON for 38.4-60 Vdc
OFF below 28.8 Vdc

ON for 15-30 Vdc
OFF for <5 Vdc

When Used With AC Control Signals

Pickup Time:
Dropout Time:
250 V:

220 V:
125 V:
110V:
48 V:
24V:

Current Draw at
Nominal DC Voltage:

Rated Impulse Withstand
Voltage (Ujpp):

Analog Output (Optional)

Current:
Voltage:

Load at 1 mA:
Load at 20 mA:
Load at 10 V:
Refresh Rate:

% Error, Full Scale, at 25°C:

Select From:

Analog Input (Optional)

Maximum Input Range:

Input Impedance:

Accuracy at 25°C
With user calibration:

Without user calibration:

Accuracy Variation With
Temperature:

2 ms
16 ms

ON for 170.6-312.5 Vac
OFF below 106 Vac

ON for 150.2-275 Vac
OFF below 93.3 Vac

ON for 85-156.2 Vac
OFF below 53 Vac

ON for 75.1-137.5 Vac
OFF below 46.6 Vac

ON for 32.8-60 Vac
OFF below 20.3 Vac

ON for 14-30 Vac
OFF below 5 Vac

2 mA (at 220-250 V)

4 mA (at 48-125 V)

10 mA (at 24 V)

4000 V

1A0 4A0
4-20 mA +20 mA
— +10V
— 0-15 kQ
0-300 Q 0-750 Q
— >2000 Q
100 ms 100 ms
<=1% <+0.55%

Analog quantities available in the relay

+20 mA
+10V
Operational range set by user

200 Q (current mode)
>10 kQ (voltage mode)

0.050% of full scale (current mode)
0.025% of full scale (voltage mode)

Better than 0.5% of full scale at 25°C

+0.015% per °C of full scale
(+20 mA or £10 V)

Frequency and Phase Rotation

System Frequency:
Phase Rotation:

Frequency Tracking:

50, 60 Hz
ABC, ACB
15-70 Hz

SEL-700G Data Sheet
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Time-Code Input

Format: Demodulated IRIG-B
On (1) State: Vin222V
Off (0) State: V<08V
Input Impedance: 2kQ
Synchronization Accuracy
Internal Clock: +1 ps
Synchrophasor Reports
(e.g., MET PM): +10 ps
All Other Reports: +5 ms
SNTP Accuracy: +1 ms (in an ideal network)
PTP Accuracy: +1 ms
Unsynchronized Clock Drift
Relay Powered: 2 minutes per year, typically

Communications Ports
Standard EIA-232 (2 Ports)

Location: Front Panel
Rear Panel
Data Speed: 300-38400 bps
EIA-485 Port (Optional)
Location: Rear Panel
Data Speed: 300-19200 bps

Ethernet Port (Optional)

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Standard Multimode Fiber-Optic Port

Communications Protocols

SEL, Modbus, DNP, FTP, TCP/IP, Telnet, SNTP, IEEE 1588-2008
firmware-based PTP, IEC 61850 Edition 2, IEC 60870-5-103, PRP,
IEEE 802.1Q-2014 Rapid Spanning Tree Protocol (RSTP).
MIRRORED BITS, EVMSG, EtherNet/IP, C37.118 (synchrophasors),
and DeviceNet

Operating Temperature

IEC Performance Rating: —40° to +85°C (—40° to +185°F)
(per IEC/EN 60068-2-1 and
60068-2-2)
NOTE: Not applicable to UL applications
NOTE: The front-panel display is impaired for temperatures below
—20°C and above +70°C

DeviceNet Communications

Card Rating:

+60°C (140°F) maximum

Optoisolated Control Inputs: As many as 26 inputs are allowed in

Operating Environment
Insulation Class:
Pollution Degree:
Overvoltage Category:
Atmospheric Pressure:
Relative Humidity:

ambient temperatures of 85°C or
less.

As many as 34 inputs are allowed in
ambient temperatures of 75°C or
less.

As many as 44 inputs are allowed in
ambient temperatures of 65°C or
less.

I
2
I
80-110 kPa

5%-95%, noncondensing

Location:
Data Speed:

Rear Panel
300-38400 bps

Maximum Altitude Without

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet
Wavelength: 1300 nm
Optical Connector Type: LC

Fiber Type: Multimode
Link Budget: 16.1 dB
Typical TX Power: —-15.7 dBm
RX Min. Sensitivity: -31.8 dBm
Fiber Size: 62.5/125 pm
Approximate Range: ~6.4 km
Data Rate: 100 Mbps
Typical Fiber Attenuation: -2 dB/km
Port 2 Serial
Wavelength: 820 nm
Optical Connector Type: ST
Fiber Type: Multimode
Link Budget: 8dB
Typical TX Power: —16 dBm
RX Min. Sensitivity: —24 dBm
Fiber Size: 62.5/125 um
Approximate Range: ~1 km
Data Rate: 5 Mbps

Typical Fiber Attenuation: ~ —4 dB/km
Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications
card
Option 2: DeviceNet communications card
SEL-700G Data Sheet

Derating (Consult the

Factory for Higher Altitude

Derating):
Dimensions

2000 m

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight
2.7 kg (6.0 1b)

Relay Mounting Screw (#8-32) Tightening Torque

Minimum:
Maximum:
Terminal Connections
Terminal Block

Screw Size:
Ring Terminal Width:

1.4 Nm (12 in-Ib)
1.7 Nm (15 in-Ib)

#6

0.310 inch maximum

Terminal Block Tightening Torque

Minimum:

Maximum:

0.9 Nm (8 in-1b)
1.4 Nm (12 in-1b)

Compression Plug Tightening Torque

Minimum:

Maximum:

0.5 Nm (4.4 in-1b)
1.0 Nm (8.8 in-Ib)

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.18 Nm (1.6 in-1b)
Maximum: 0.25 Nm (2.2 in-1b)
Product Standards
Electromagnetic IEC 60255-26:2013
Compatibility: 1IEC 60255-27:2013

UL 508
CSA C22.2 No. 14-05

Schweitzer Engineering Laboratories, Inc.



Type Tests

Environmental Tests

Enclosure Protection:

Vibration Resistance:

Shock Resistance:

Seismic (Quake Response):

Cold:

Dry Heat:

Damp Heat, Steady State:

Damp Heat, Cyclic:

Change of Temperature:

IEC 60529:2001 + CRDG:2003

IP65 enclosed in panel (2-line display
models)

IP54 enclosed in panel (touchscreen
display models)

IP50 for terminals enclosed in the dust
protection assembly (protection
against solid foreign objects only)
(SEL Part #915900170). The 10°C
temperature derating applies to the
temperature specifications of the
relay.

TP10 for terminals and the relay rear
panel

1P20 for terminals and the relay rear
panel with optional terminal block
cover

IEC 60255-21-1:1988

IEC 60255-27:2013, Section 10.6.2.1
Endurance: Class 2
Response: Class 2

IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3
Withstand: Class 1
Response: Class 2
Bump: Class 1

IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4
Response: Class 2

IEC 60068-2-1:2007

TEC 60255-27:2013, Section 10.6.1.2

IEC 60255-27:2013, Section 10.6.1.4
—40°C, 16 hours

1EC 60068-2-2:2007

TEC 60255-27:2013, Section 10.6.1.1

IEC 60255-27:2013, Section 10.6.1.3
85°C, 16 hours

IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5
40°C, 93% relative humidity, 10 days

IEC 60068-2-30:2001

TEC 60255-27:2013, Section 10.6.1.6
25°-55°C, 6 cycles, 95% relative
humidity

IEC 60068-2-14:2009

IEC 60255-1:2010, Section 6.12.3.5
—40° to 85°C, ramp rate 1°C/min,
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (HiPot):

Impulse:

IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005
1.0 kVac on analog outputs, Ethernet
ports
2.0 kVac on analog inputs, IRIG
2.5 kVac on contact I/O
3.6 kVdc on power supply, current,
and voltage inputs

IEC 60255-27:2013, Section 10.6.4.2
0.5 J, 5 kV on power supply, contact
/0, ac current, and voltage inputs
0.5, 530 V on analog outputs

IEEE C37.90:2005
0.5J,5kV
0.5 J, 530 V on analog outputs

Schweitzer Engineering Laboratories, Inc.

RFI and Interference Tests
EMC Immunity

Electrostatic Discharge
Immunity:

Radiated RF Immunity:

Fast Transient, Burst
Immunity®:

Surge Immunity®:

Surge Withstand Capability
Immunity®:

Conducted RF Immunity:

Magnetic Field Immunity:

Power Supply Immunity:

EMC Emissions

Conducted Emissions:

Radiated Emissions:

39

IEC 61000-4-2:2008
IEC 60255-26:2013, Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4

8 kV contact discharge

15 kV air discharge

IEC 61000-4-3:2010

IEC 60255-26:2013, Section 7.2.4
10 V/im

IEEE C37.90.2-2004
20 V/m

IEC 61000-4-4:2012

IEC 60255-26:2013, Section 7.2.5
4kV @ 5.0 kHz
2kV @ 5.0 kHz for comm. ports

1IEC 61000-4-5:2005

TEC 60255-26:2013, Section 7.2.7
2 kV line-to-line
4 kV line-to-earth

TIEC 61000-4-18:2010

TEC 60255-26:2013, Section 7.2.6
2.5 kV common mode
1.0 kV differential mode
1.0 kV common mode on comm.
ports

IEEE C37.90.1-2012
2.5 kV oscillatory
4.0 kV fast transient

IEC 61000-4-6:2008
IEC 60255-26:2013, Section 7.2.8
10 Vrms

IEC 61000-4-8:2009
IEC 60255-26:2013, Section 7.2.10
Severity Level:
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz
IEC 61000-4-9:2001
Severity Level:
1000 A/m
IEC 61000-4-10:2001
Severity Level:
100 A/m (100 kHz and 1 MHz)

IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

TEC 60255-26:2013 Class A

FCC 47 CFR Part 15.107 Class A
Canada ICES-001 (A) / NMB-001 (A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A

CISPR 32:2015 Class A

TIEC 60255-26:2013 Class A

FCC 47 CFR Part 15.109 Class A
Canada ICES-001 (A) / NMB-001 (A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A

CISPR 32:2015 Class A
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Processing Specifications and Oscillography

AC Voltage and

Current Inputs: 32 samples per power system cycle

Analog Inputs: 4 samples per power system cycle

Frequency Tracking Range: 15-70 Hz

One-cycle cosine after low-pass analog
filtering. Net filtering (analog plus
digital) rejects dc and all harmonics
greater than the fundamental.

Digital Filtering:

Processing interval is 4 times per
power system cycle (except for math
variables and analog quantities,
which are processed every 25 ms).
The protection elements 40, 51, and
78 are processed twice per cycle.
Analog quantities for rms data are
determined through use of data
averaged over the previous 8 cycles.

Protection and
Control Processing:

Oscillography
Length: 15, 64, 180 cycles

Sampling Rate: 32 samples per cycle unfiltered
4 samples per cycle filtered
Trigger: Programmable with Boolean
expression
Format: ASCII and Compressed ASCII
Binary COMTRADE (32 samples per
cycle unfiltered)
Time-Stamp Resolution: 1 ms
Time-Stamp Accuracy: +5 ms

Sequential Events Recorder
Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy

(With Respect to Time

Source) for all RWBs

except those corresponding

to digital inputs (INxxx):  +5 ms
Time-Stamp Accuracy

(With Respect to Time

Source) for RWBs

corresponding to digital

inputs (INxxx): 1 ms

Relay Elements

Instantaneous/Definite Time-Overcurrent (50P, 50G, 50N, 50Q)
Pickup Setting Range, A secondary

5 A models: 0.50-96.00 A, 0.01 A steps
1 A models: 0.10-19.20 A, 0.01 A steps
Accuracy: +5% of setting plus £0.02 * Iyopm A
secondary (steady-state pickup)
Time Delay: 0.00-400.00 seconds, 0.01 seconds

steps, £0.5% plus +0.25 cycle

0.10-400.00 seconds, 0.01 seconds
steps, £0.5% plus +0.25 cycle for
50Q

Pickup/Dropout Time: <1.5 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)
Pickup Setting Range, A secondary

5 A models: 0.50-16.00 A, 0.01 A steps
1 A models: 0.10-3.20 A, 0.01 A steps
Accuracy: +5% of setting plus £0.02  Iyopm A

secondary (steady-state pickup)
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Time Dial
UsS: 0.50-15.00, 0.01 steps
IEC: 0.05-1.00, 0.01 steps
Accuracy: +1.5 cycles plus +4% between 2 and

30 multiples of pickup (within rated
range of current)

Differential (87)
Unrestrained Pickup Range: 1.0-20.0 in per unit of TAP
Restrained Pickup Range: ~ 0.10-1.00 in per unit of TAP
Pickup Accuracy (A secondary)

5 A Model: +5% plus £0.10 A

1 A Model: +5% plus £0.02 A
TAP Range (A secondary)

5 A Model: 0.5-31.0 A

1 A Model: 0.1-6.2 A

Unrestrained Element
Pickup Time: 0.8/1.0/1.9 cycles (Min/Typ/Max)

Restrained Element (With Harmonic Blocking)
Pickup Time: 1.5/1.6/2.2 cycles (Min/Typ/Max)

Restrained Element (With Harmonic Restraint)

Pickup Time: 2.62/2.72/2.86 cycles (Min/Typ/Max)
Harmonics
Pickup Range (% of
fundamental): 5%—-100%
Pickup Accuracy (A secondary)
5 A Model: +5% plus +£0.10 A of harmonic current
1 A Model: +5% plus +£0.02 A of harmonic current
Time Delay Accuracy: +0.5% plus £0.25 cycle

Restricted Earth Fault (REF)

Pickup Range (per unit of
Inom of neutral current

input, IN): 0.05-3.00 per unit, 0.01 per-unit steps
Pickup Accuracy (A secondary)
5 A Model: +5% plus £0.10 A
1 A Model: +5% plus £0.02 A
Timing Accuracy
Directional Output
Maximum Pickup/
Dropout Time: 1.75 cycles

ANSI Extremely Inverse  +5 cycles plus 5% between 2 and 30
TOC Curve (U4 With 0.5 multiples of pickup (within rated
Time Dial): range of current)

Undervoltage (27P, 27PP, 27V1, 27S)

Pickup Range: Off, 2.0-300.0 V (2.0-520.0 V for
phase-to-phase wye connected;
2.0-170.0 V positive-sequence, delta
connected)

Accuracy: +5% of setting plus £2 V

Pickup/Dropout Time: <1.5 cycle

Time Delay: 0.00-120.00 seconds, 0.01 second
steps

Accuracy: +0.5% plus +£0.25 cycle

Overvoltage (59P, 59PP, 59V1, 595, 590, 59G)

Pickup Range: Off, 2.0-300.0 V (2.0-520.0 V for
phase-to-phase wye connected;
2.0-170.0 V positive sequence, delta
connected)

Pickup Range (59G, 59Q):  Off, 2.0-200.0 V

Accuracy: +5% of setting plus £2 V

Pickup/Dropout Time: <1.5 cycle

Schweitzer Engineering Laboratories, Inc.



Time Delay:

Accuracy:

0.00-120.00 seconds, 0.01 second
steps

+0.5% plus +0.25 cycle

Inverse-Time Undervoltage (271)

Setting Range:

Accuracy:
Time Dial:

Accuracy:

OFF, 2.00-300.00 V (Phase elements,
positive-sequence elements, phase-
to-phase elements with delta inputs
or synchronism voltage input)

OFF, 2.00-520.00 V (Phase-to-phase
elements with wye inputs)

+1% of setting plus +0.5 V

0.00-16.00 s

+1.5 cyc plus £4% between 0.95 and
0.1 multiples of pickup

Inverse-Time Overvoltage (591)

Setting Range:

Accuracy:
Time Dial:

Accuracy:

Volts/Hertz (24)
Definite-Time Element
Pickup Range:

Steady-State Pickup
Accuracy:

Pickup Time:
Time-Delay Range:
Time-Delay Accuracy:
Reset Time Range:

Inverse-Time Element
Pickup Range:

Steady-State Pickup
Accuracy:

Pickup Time:
Curve:
Factor:

Timing Accuracy:

Reset Time Range:

Composite-Time Element

OFF, 2.00-300.00 V (Phase eclements,
sequence elements, or phase-to-phase
elements with delta inputs, neutral
voltage input, or synchronism
voltage input)

OFF, 2.00-520.00 V (Phase-to-phase
elements with wye inputs)

+1% of setting plus £0.5 V
0.00-16.00 s

+1.5 cyc plus 4% between 1.05 and
5.5 multiples of pickup

100%-200%

+1% of set point

25 ms @ 60 Hz (Max)
0.04-400.00 s

+0.1% plus 4.2 ms @ 60 Hz
0.00-400.00 s

100%-200%

+1% of set point

25 ms @ 60 Hz (Max)
0.5, 1.0, 0r 2.0
0.1-10.0's

+4% plus +25 ms @ 60 Hz, for V/Hz
above 1.2 multiple of pickup setting,
and for operating times >4 s

0.00-400.00 s

Combination of Definite-Time and Inverse-Time specifications

User-Definable Curve Element

Pickup Range:

Steady-State Pickup
Accuracy:

Pickup Time:

Reset Time Range:
Vector Shift (78VS)

Pickup Setting Range:

Accuracy:

Voltage Supervision
Threshold:

Pickup Time:

100%—-200%

+1% of set point
25 ms @ 60 Hz (Max)
0.00-400.00 s

2.0°-30.0°, 0.1° increment

+10% of the pickup setting, +1 degree

20.0%-100.0% « VNOM

<3 cycles

Schweitzer Engineering Laboratories, Inc.
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Directional Power (32)

Instantaneous/Definite Time, 3 Phase Elements

Type: +W, —-W, +VAR, —VAR
Pickup Settings Range, VA secondary
5 A Model: 1.0-6500.0 VA, 0.1 VA steps

1 A Model: 0.2-1300.0 VA, 0.1 VA steps

Accuracy: +0.10 A « (L-L voltage secondary) and
+5% of setting at unity power factor
for power elements and zero power
factor for reactive power element
(5 A nominal)

+0.02 A « (L-L voltage secondary) and
+5% of setting at unity power factor
for power elements and zero power
factor for reactive power element
(1 A nominal)

Pickup/Dropout Time: <10 cycles

Time Delay: 0.00-240.00 seconds, 0.01 second
steps

Accuracy: +0.5% plus +0.25 cycle

Frequency (81)

Setting Range: Off, 15.00-70.00 Hz

Accuracy: +0.01 Hz (V1> 60 V)

Pickup/Dropout Time: <4 cycles

Time Delay: 0.00—-400.00 seconds, 0.01 second
steps

Accuracy: +0.5% plus £0.25 cycle

RTD Protection

Setting Range: Off, 1°-250°C
Accuracy: +2°C
RTD Open-Circuit
Detection: >250°C
RTD Short-Circuit
Detection: <-50°C
RTD Types: PT100, NI100, NI1120, CU10
RTD Lead Resistance: 25 ohm max. per lead
Update Rate: <3s
Noise Immunity on RTD To 1.4 Vac (peak) at 50 Hz or greater
Inputs: frequency
RTD Fault/Alarm/Trip Time
Delay: Approx. 12's

Distance Element (21)

Two zones of compensator distance elements with load
encroachment block

Reach Pickup Range: 5 A model: 0.1-100.0 ohms
1 A model: 0.5-500.0 ohms
Offset Range: 5 A model: 0.0-10.0 ohms

1 A model: 0.0-50.0 ohms

Steady-State Impedance 5 A model: £5% plus 0.1 ohm
Accuracy: 1 A mode: +5% plus +0.5 ohm

33 ms at 60 Hz (Max)
0.00-400.00 s
Accuracy: +0.1% plus £0.25 cycle

5 Amodel: 0.5 A
1 Amodel: 0.1 A

Pickup Time:
Definite-Time Delay:

Minimum Phase Current:

Maximum Torque Angle
Range: 90°-45°, 1° step

Loss-of-Field Element (40)

Two Mho Zones

Zone 1 Offset: 5 A model: —50.0 to 0.0 ohms

1 A model: —250.0 to 0.0 ohms

5 A model: —50.0 to 50.0 ohms
1 A model: —250.0 to 250.0 ohms

Zone 2 Offset:
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Zone 1 and Zone 2 Diameter: 5 A model: 0.1-100.0 ohms

Steady-State Impedance
Accuracy:

Minimum Pos.-Seq. Signals:

Directional Element Angle:
Pickup Time:

Zone 1 and Zone 2 Definite-
Time Delays:

Accuracy:

1 A model: 0.5-500.0 ohms

5 A model: £ 0.1 ohm plus
+5% of (offset + diameter)

1 A model: £0.5 ohm plus
+5% of (offset + diameter)

5 Amodel: 0.25 V (V1), 0.25 A (I11)
1 A model: 0.25 V (V1), 0.05 A (I1)

—20.0° to 0.0°
3 cycles (Max)

0.00-400.00 s
+0.1% plus £1/2 cycle

Voltage-Restrained Phase Time-Overcurrent Element (51V)

Phase Pickup (A secondary):
Steady-State Pickup
Accuracy:

Time Dials:

Accuracy:

Linear Voltage Restraint
Range:

5 A Model: 2.0-16.0 A
1 AModel: 0.4-3.2 A

5 A Model: £5% plus £0.10 A
1 A Model: £5% plus £0.02 A

US: 0.50-15.00, 0.01 steps
1IEC: 0.05-1.00, 0.01 steps

+4% plus £1.5 cycles for current

between 2 and 20 multiples of pickup

(within rated range of current)

0.125-1.000 per unit of VNOM

Voltage-Controlled Phase Time-Overcurrent Element (51C)

Phase Pickup (A secondary):
Steady State Pickup
Accuracy:

Time Dials:

Accuracy:

5 A Model: 0.5-16.0 A
1 AModel: 0.1-3.2 A

5 A Model: +5% plus £0.10 A
1 A Model: +5% plus £0.02 A

US: 0.50-15.00, 0.01 steps
IEC: 0.05-1.00, 0.01 steps

+4% plus £1.5 cycles for current

between 2 and 20 multiples of pickup

(within rated range of current)

100 Percent Stator Ground Protection (64G)

Neutral Fundamental
Overvoltage (64G1):

Steady-State Pickup
Accuracy:

Pickup Time:
Definite-Time Delay:
Accuracy:

Third-Harmonic Voltage
Differential or Third-
Harmonic Neutral
Undervoltage Pickup
64G2:

Steady-State Pickup
Accuracy:

Third-Harmonic Voltage
Differential Ratio Setting
Range:

Pickup Time:

Definite-Time Delay:

Accuracy:

Field Ground Protection (64F)

OFF, 0.1-150.0 V

+5% plus £0.1 V

1.5 cycles (Max)
0.00-400.00 s

+0.1% plus £0.25 cycle

0.1-20.0 V

+5% plus £0.1 V

0.0 to 5.0

3 cycles (Max)
0.00-400.00 s

+0.1% plus +0.25 cycle

(Requires SEL-2664 Field Ground Module)

Field Ground Protection
Element:

Pickup Accuracy:
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0.5-200.0 kilohms, 0.1 kilohm step

+5% plus £500 ohms for
48 < VF <825 Vdc
+5% plus £20 kilohms for
825 < VF < 1500 Vdc
(VF is the generator field winding
excitation dc voltage)

Pickup Time:

Definite-Time Delay:

Maximum Definite-Time
Delay Accuracy:

Out-of-Step Element (78)

Forward Reach:
Reverse Reach:

Single Blinder
Right Blinder:

Left Blinder:

Double Blinder

Outer Resistance Blinder:
Inner Resistance Blinder:

Steady-State Impedance
Accuracy:

Pos.-Seq. Current
Supervision:

Pickup Time:

Definite Time Delay:
Trip Delay Range:
Trip Duration Range:
Definite-Time Timers:

2 s if the injection frequency in the
SEL-2664 is selected at 1 Hz

8 s if the injection frequency in the
SEL-2664 is selected at 0.25 Hz

0.0-99.0's

+0.5% plus +5 ms

5 A model: 0.1-100.0 ohms
1 A model: 0.5-500.0 ohms

5 A model: 0.1-100.0 ohms
1 A model: 0.5-500.0 ohms

5 A model: 0.1-50.0 ohms
1 A model: 0.5-250.0 ohms

5 A model: 0.1-50.0 ohms
1 A model: 0.5-250.0 ohms

5 A model: 0.2-100.0 ohms
1 A model: 1.0-500.0 ohms

5 A model: 0.1-50.0 ohms
1 A model: 0.5-250.0 ohms

5 A model: +0.1 ohm plus £5% of
diameter

1 A model: £0.5 ohm plus £5% of
diameter

5 A model: 0.25-30.00 A
1 A model: 0.05-6.00 A

3 cycles (Max)
0.00-1.00 s, 0.01 s step
0.00-1.00's, 0.01 s step
0.00-5.00's, 0.01 s step
+0.1% plus +1/2 cycle

Ground Differential Elements (87N)

Ground Differential Pickup:

Steady-State Pickup
Accuracy:

Pickup Time:
Time Delay Range:
Time Delay Accuracy:

5 A Model:
0.10*CTR/CTRN - 15.00 A

1 A Model:
0.02*CTR/CTRN —3.00 A

(Ratio CTR/CTRN must be within
1.0-40.0)

5 AModel: +5% plus £0.10 A
1 A Model: £5% plus £0.02 A

1.5 cycles (Max)
0.00-5.00 s
+0.5% plus £1/4 cycle

Negative-Sequence Overcurrent Elements (46)

Definite-Time and Inverse-
Time Neg.-Seq. I? Pickup:

Generator Rated Secondary
Current:

Steady-State Pickup
Accuracy:

Pickup Time:

Definite-Time Delay Setting
Range:

Maximum Definite-Time
Delay Accuracy:

Inverse-Time Element Time
Dial:

Linear Reset Time:

Inverse-Time Timing
Accuracy:
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2%—100% of generator rated
secondary current

5 A Model: 1.0-10.0 A secondary
1 A Model: 0.2-2.0 A secondary

5 A Model: £0.025 A plus £3%
1 A Model: £0.005 A plus +3%

50 ms at 60 Hz (Max)
0.02-999.90 s
+0.1% plus +4.2 ms at 60 Hz

K=1t0100s
240 s fixed

+4% plus +50 ms at 60 Hz for | I, |
above 1.05 multiples of pickup



Rate-of-Change of Frequency (81R)

Pickup Setting Range:
Accuracy:

Trend Setting:
Pickup/Dropout Time:

Pickup/ Dropout Delay
Range:

Voltage Supervision

(Positive Sequence) Pickup

Range:

Off, 0.10-15.00 Hz/s
+100 mHz/s plus +3.33% of pickup
INC, DEC, ABS

3-30 cycles, depending on pickup
setting

0.10-60.00/0.00-60.00 s, 01 s
increments

Off, 12.5-300.0 V, 0.1 V increments

Synchronism Check (25Y) for Tie Breaker
Synchronism-Check Voltage VAY, VBY, VCY, VABY, VBCY,

Source:

Voltage Window High
Setting Range:

Voltage Window Low Setting

Range:

Steady-State Voltage
Accuracy:

Maximum Percentage
Voltage Difference:

Maximum Slip Frequency:

Steady-State Slip Accuracy:

Close Acceptance Angle
1,2:
Breaker Close Delay:

Steady-State Angle
Accuracy:

VCAY or angle from VAY or VABY
0.00-300.00 V
0.00-300.00 V
+5% plus £2.0 V (over the range

of 12.5-300 V)

1.0-15.0%
—0.05 Hz to 0.50 Hz
+0.02 Hz

0°-80°
0.001-1.000 s

+2°

Synchronism Check (25X) for Generator Breaker
Synchronism-Check Voltage VAX, VBX, VCX, VABX, VBCX,

Source:

Voltage Window High
Setting Range:

Voltage Window Low Setting

Range:

Steady-State Voltage
Accuracy:

Maximum Percentage
Voltage Difference:

Minimum Slip Frequency:

Maximum Slip Frequency:

Steady-State Slip Accuracy:

Close Acceptance Angle 1,
2:

Target Close Angle:
Breaker Close Delay:
Close Failure Angle:

Steady-State Angle
Accuracy:

VCAX or angle from VAX or VABX
0.00-300.00 V

0.00-300.00 V

+5% plus +2.0 V (over the range of
12.5-300 V)

1.0-15.0%

—1.00 Hz to 0.99 Hz
—0.99 Hz to 1.00 Hz
+0.02 Hz

0°-80°
—15°to 15°
0.001-1.000 s
3°-120°

+2°

Generator Thermal Model (49T)

Thermal Overload Trip
Pickup Level:

TCU Alarm Pickup Level:
Time-Constant Range (2):

Time Accuracy Pickup/
Dropout Time:

30-250% of full load current
(full load current Iy range:
0.2-2.0 * Iyopm, Where Iyon = 1 Aor
5A)

50-99% Thermal Capacity Used

1-1000 minutes

+(5% + 25 ms) at multiple-of-pickup
>2, 50/60 Hz (pre-load = 0)
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Autosynchronizing

Frequency Matching
Speed (Frequency) Control Outputs:

Raise: Digital output, adjustable pulse
duration and interval
Lower: Digital output, adjustable pulse

duration and interval
Frequency Synchronism

Timer: 5-3600 s, 1 s increments
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Frequency Adjustment Rate: 0.01-10.00 Hz/s, 0.01 Hz/s increment

Frequency Pulse Interval: 1-120 s, 1 s increment
Frequency Pulse Minimum: 0.10-60.00 s, 0.01 s increment
Frequency Pulse Maximum: 0.10-60.00 s, 0.01 s increment
1-120's, 1 s increments
0.02-2.00 s, 0.01 s increments

0.02-2.00 s, 0.01 s increments

Kick Pulse Interval:
Kick Pulse Minimum:
Kick Pulse Maximum:
Voltage Matching
Voltage Control Outputs:

Raise: Digital Output, adjustable pulse
duration and interval
Lower: Digital Output, adjustable pulse

duration and interval
Voltage Synchronized Timer: 5-3600 s, 1 s increments

Voltage Adjustment Rate

(Control System): 0.01-30.00 V/s, 0.01 V/s increment

Voltage Pulse Interval: 1-120s, 1 s increment

Voltage Control Pulse
Minimum: 0.10-60.00 s, 0.01 s increment
Voltage Control Pulse

Maximum: 0.10-60.00 s, 0.01 s increment

Timing Accuracy: +0.5% plus +1/4 cycle

Inadvertent Energization

Generator De-Energization

Setting Range: 0.00-100.00 s, 0.01 s increment
Inadvertent Energization

Setting Range: 0.00-10.00 s, 0.01 s increment

Accuracy: +0.5% of settings plus +£0.25 cycle

Metering Accuracy

Accuracies are specified at 20°C, nominal frequency, ac currents
within (0.2-20.0) « Iyom A secondary, and ac voltages within
50-250 V secondary unless otherwise noted.

+1% of reading, +1°
(£2.5° at 0.2-0.5 A for relays with
Inom=1A4)

+1% of reading

+5% of reading plus +0.1 A (5§ A
nominal), +0.02 A (1 A nominal)

+5% of reading plus £0.1 A (5 A
nominal), £0.02 A (1 A nominal)

Phase Currents:

3-Phase Average Current:

Differential Quantities:

Current Harmonics:

1G (Residual Current): +2% of reading, +2° (£5.0° at 0.2—
0.5 A for relays with Iygn = 1 A)
IN (Neutral Current): +1% of reading, +1°
(£2.5° at 0.2-0.5 A for relays with
Inom =1A)
312 Negative-Sequence
Current: +2% of reading

System Frequency: +0.01 Hz of reading for frequencies

within 20-70 Hz (V1 > 60 V)

Line-to-Line Voltages: +1% of reading, +1° for voltages

within 24-264 V
3-Phase Average Line-to- +1% of reading for voltages
Line Voltage: within 24-264 V

Line-to-Ground Voltages: +1% of reading, +1° for voltages

within 24-264 V
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3-Phase Average Line-to- +1% of reading for voltages
Ground Voltages: within 24-264 V

+5% of reading plus 0.5 V

3V2 Negative-Sequence +2% of reading for voltages
Voltage: within 24-264 V

Real 3-Phase Power (kW):  +3% of reading for 0.10 < pf < 1.00
Reactive 3-Phase

Voltage Harmonics:

Power (kVAR): +3% of reading for 0.00 < pf <0.90
Apparent 3-Phase

Power (kVA): +3% of reading
Power Factor: +2% of reading
RTD Temperatures: +2°C

Synchrophasor Accuracy

Maximum Message Rate
Nominal 60 Hz System: 60 messages per second

Nominal 50 Hz System: 50 messages per second

Accuracy for Voltages

Level 1 compliant as specified in [EEE C37.118 under the following
conditions for the specified range.

Conditions
» At maximum message rate

» When phasor has the same frequency as the positive-sequence
tracking quantity (see Table K.10)

» Frequency-based phasor compensation is enabled
(PHCOMP :=Y)

» The narrow bandwidth filter is selected (PMAPP := N)

a

Range
Frequency: +5.0 Hz of nominal (50 or 60 Hz)
Magnitude: 30 V=250 V
Phase Angle: —179.99° to 180°
Out-of-Band Interfering
Frequency (Fs): 10 Hz<Fs < (2 « FNOM)

Accuracy for Currents

Level 1 compliant as specified in IEEE C37.118 under the following
conditions for the specified range.

Conditions
» At maximum message rate

» When phasor has the same frequency as the positive-sequence
tracking quantity (see Tuble K.10)

» Frequency-based phasor compensation is enabled
(PHCOMP :=Y)

» The narrow bandwidth filter is selected (PMAPP := N)
Range

Frequency: +5.0 Hz of nominal (50 or 60 Hz)
Magnitude: (0.4-2) « Inom UInom = 1 Aor 5A)
Phase Angle: —179.99° to 180°

Out-of-Band Interfering

Frequency (Fs): 10 Hz < Fs £ (2 « FNOM)

Front port serial cable (non-fiber) lengths assumed to be <3 m.
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SEL-735 Power Quality and
Revenue Meter

Precise Metering for High-Value
Power Systems

EL-735 SEL-735

W TY Ab N— RO el eifires
POWER QUALITY AND REVENUE METER AL JENUE METER
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35.00

® ENABLED
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SN: 202004372 51121870507

Five-inch, color touchscreen display model Formattable 1- and 3-line monochromatic LCD display model

Key Features and Benefits

The SEL-735 Power Quality and Revenue Meter combines leading power quality capabilities with exceptional revenue
metering accuracy at an economical price.

» Easily access data. An optional touchscreen interface displays real-time waveforms, metered data, alarms,
notifications, and settings.

» Accurately allocate energy costs. The SEL-735 outperforms ANSI and IEC accuracy standard requirements with
a 0.06 percent Wh guarantee. It complies with ANSI C12.20-2015 Class 0.1 and IEC 62053-22 0.1 S accuracy
class requirements over an extended operating range.

» Capture every power quality disturbance. Power quality reports with IEC 61000-4-30 Class A compliance and
as much as 1 GB of onboard storage help visualize system conditions and store years of data.

» Share critical information securely. Simultaneously communicate with as many as ten other devices by using
industry standard protocols, including DNP3, IEEE C37.118.1a-2014 synchrophasor measurements, Modbus, and
IEC 61850. Port security settings allow three permission levels that provide controlled read and write access to the
ports.

» One meter for multiple applications. Standardize on one meter across multiple applications with wide current
and voltage measurement ranges, field upgradability, retrofit options, and software-based wiring form changes.

Schweitzer Engineering Laboratories, Inc. SEL-735 Data Sheet



One Package, Three Flexible Solutions

Three SEL-735 variants provide a meter for any application and any budget. The 5.0" color touchscreen model comes
standard with the Advanced PQ and Recording package.

Table1 SEL-735 Power Quality and Recording Options

PQ and Recording SEL-735 Basic SEL-735 Intermediate SEL-735 Advanced
Memory 128 MB 256 MB 1GB
Max Harmonic Order 15th 63rd 63rd
Interharmonic Quantities No No Yes
Harmonic Angles No No Yes
Power Harmonics No No Yes
Waveform Capture Event Reports
Samples Per Cycle 16 16, 128 16, 128, 512
Duration (cycles) 15 15-600 15-600
Number of Events 256 33-6,200 101-10,000
COMTRADE Reports Y Y Y
Wave View Oscillography N N Y
Load Profile Recorder
Recorders x channels 1x16 12x 16 32x 16

Acquisition rates

1-120 minutes

3-59 s, 1-120 minutes

3-59 s, 1-120 minutes

Storage duration for 10 minute interval data

16 channels 10 years 20 years 20 years
192 channels N/A 1.5 years 9.5 years
512 channels N/A N/A 3.5 years
Voltage Sag, Swell, Interruption (VSSI) Recorder
Typical number of summary events 260 260 600
Number of detailed rows 60,000 60,000 130,000
Minimum disturbance duration 1/4 cycle 1/4 cycle 1/4 cycle

Sampling rate

4 samples/cycle—1 sample/
day, adaptive

4 samples/cycle—1 sample/
day, adaptive

4 samples/cycle—1 sample/
day, adaptive

Sequential Events Recorder

Number of events

> 80,000

> 80,000

> 80,000

Number of channels monitored

<72

<72

<72

SEL-735 Data Sheet
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Table 2 SEL-735 Compliance With IEC 61000-4-30 Power Quality Standard
“A" in the table refers to IEC 61000-4-30:2015 Class A compliance?

IEC 61000-4-30 Requirement

SEL-735 Basic PQ

SEL-735 Intermediate PQ

SEL-735 Advanced PQ

General
150/180-cycle, 10-min. aggregation - A A
2-hour aggregation - A A
Real-time clock uncertainty A A A
Power Quality Parameters
Power frequency A A A
Magnitude of the supply voltage A A A
Flicker - A (10 min, 2 hr updates) A (1 min, 10 min,
2 hr updates)
Supply voltage interruptions, dips, and swells A A A
Supply voltage unbalance A A A
Voltage harmonics A A A
Voltage interharmonics - - A
Magnitude of current A A A
Harmonic currents A A A
Interharmonic currents - - A
Current unbalance A A A

@ For additional IEC 61000-4-30 testing and measurement details, see Section 5: Metering in the SEL-735 Instruction Manual.

Schweitzer Engineering Laboratories, Inc.
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Product Overview
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Figure 1 Product Features
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Features

High-Accuracy Metering

The SEL-735 exceeds the requirements of ANSI 0.1 and
IEC 0.1 S class accuracy standards over a wide current
range. The meter outperforms the new non-sinusoidal
requirements of ANSI C12.20 and provides high accu-
racy over an extended operating range and other influ-
encing quantities, as listed in ANSI and IEC revenue
metering standards. All meters ship with individual calibra-
tion certificates.
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Watt-Hour Error Percentage

Accuracy-test results of approximately 1,000 SEL-735 Meters report a maximum
error of 0.025 percent, outperforming ANSI 0.1and IEC 0.1S accuracy
class requirements.

Figure 2 Accuracy Test

Uninterrupted Communications

Advanced communications deliver critical and historical
information in real time to virtually any communications
system. Simultaneously communicate with as many as
ten other devices by using industry standard protocols
including DNP3, synchrophasor measurements, Modbus,
and [EC 61850. Improve real-time situational awareness
of system conditions with IEEE C37.118.1a-2014 synchro-
phasors.

Schweitzer Engineering Laboratories, Inc.

Security Gateway

SEL-3620

Telnet and
Modbus/TCP Real-Time Automation
Controller (RTAC)
Remote

1/0 Module

MIRRORED BITS
Communications

Serial Shield®
Figure 3 Integrate With Many Paths

Power Quality Monitoring®

» Measure and record IEC 61000-4-30 Class A-
compliant current, voltage, power, frequency,
supply voltage interruptions, dips and swells,
harmonics, interharmonics, flicker, and unbalance

» Measurement aggregation in 50/60 Hz, 3-second,
10-minute, and 120-minute intervals

» High-speed load profile recording with 3-second
resolution

» Harmonic phase angles for voltage and current

» High-resolution, 512-samples/cycle waveform
capture

» Total harmonic distortion (THD), crest factor, and
K-factor metering with as much as 63rd harmonic
content

» Voltage sag, swell, interruption
» Symmetrical components
» System unbalance

» Real-time waveforms with the Wave View
oscillography functionality

Advanced On-Board Logging

Capture and log years of data with 512 logging channels,
10,000 event reports, and more than 130,000 voltage
events with 1 GB of storage. Trend averages, minimums,
maximums, changes, and snapshots at a rate of once
every 3 seconds with independent load profile loggers.

Cyber Secure

Four password levels provide controlled access to meter-
ing data and ensure protection of critical meter configu-
ration and data. Port security settings allow three
permission levels that provide controlled read and write

@ Includes optional features. See 7ab/e 7and Table Zfor details.

SEL-735 Data Sheet



access to the ports. The meter verifies the authenticity
and integrity of firmware files during upgrades by using
a checksum and cryptographic signature.

Transformer/Line-Loss Compensation

When the contractual billing point differs from the meter
location, use transformer and line-loss compensation
(TLLC) to optimize the metering location and reduce the
instrument transformer costs. Both compensated and
uncompensated values are stored in the meter to simplify
site verification.

Software-Configurable Meter Form

Internal connections of meter elements (CT and PT pair)
can be changed in the field depending on the type of ser-
vice. The FORM terminal command configures the
meter as Form 5, 9, or 36.

Substation

IN (Delivered)
High Voltage \
Transmission Line:
degr> =
Power
) ‘ XD Transmission '

Substation

W -
| Substation With

e Distribution
. i 4 Distribu
IN (Delivered)

Figure 4 Choose From Four Billing and Metering Points
With TLLC

A { l A A A A A
% B ' B3 w B B % w B B g
c ¢ =C c-= [ c=
N N N
Form 5, 2-Element, Three-Wire Delta Form 9, 3-Element, Four-Wire Wye Form 36, 2 1/2-Element, Four-Wire Wye

Figure 5 Software-Configurable Metering Form

SEL-735 Data Sheet

Schweitzer Engineering Laboratories, Inc.



Touchscreen Features

A real-time display on an 800 x 480 color touchscreen
display provides visual indication of power quality and
waveform signatures by using a menu-based interface.

Real-Time Oscilloscope

Waveform displays voltage and current waveforms in
real time, creating oscilloscope-like functionality.

06/19/2020 | 08:00:03

——
170 v

/

Wave View

Showing 256 samples/cycle at 59.88 Hz.

Figure 6 Waveform Display

Phasor Display

Easily access metering phasors for commissioning, trou-
bleshooting, and power system monitoring with real-time
phasors. The color display is specially designed to sup-
port color-blindness.

07/31/2020 |11:02:10

1A 189.4 A 19°
mB 2096A -100°
mIC 1995A 139°
HVA 35.0kvV 0°
m VB 34.9kv-120°
mVvC 349kv 119°

X acc|

Figure 7 Phasor Display

Test Mode

Simplify accuracy testing with visualization of infrared
test pulses, accumulated energy, and instantaneous sig-
nals. When in Test Mode, the SEL-735 freezes billing
quantities to isolate test input from revenue billing.

Schweitzer Engineering Laboratories, Inc.

e [] @

Test Mode - Energy

3 Test Quantity KET

|WH3_DEL | |1 8000 | . OFF @
Delivered : 34.0454 Wh
Pulses : 18
Reset

»a—>

Test mode active.

Figure 8 Test Mode Display

Four-Quadrant Metering

The SEL-735 supports four-quadrant metering to moni-
tor power and energy accumulation in each quadrant for
bidirectional metering.

Four Quadrant Energy

10/31/2020 | 10:33:46

kVARh DEL
1215.50
KVARh 248.40 967.10 KVARh
Q2
kWh REC 159,52 4052.55 kwWh DEL
KVARR 61.15 1084.92 KVARh
1146.08
kVARR REC

X]acd

Figure 9 Four-Quadrant Metering

Large Three-Line Display

Customizable screens with useful defaults and large
fonts allow continuous monitoring from a distance.

12/31/2020 11:59:59

100.20 kv
100.43 kv
100.22 kv

Line Voltage

Figure 10 Three-Line Display
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Predictive Demand

The predictive demand function monitors accumulated
demand and alarms when the demand exceeds a user-
defined limit. The SEL-735 can then shut down loads or
peak-shave with generation to avoid demand charges, as
shown in Figure 11. The predictive demand alarm is
available through IEC 61850, Modbus, DNP3, MIR-
RORED BITS communications, or the front-panel LEDs.

Avoided
Demand
Charge

Load

New Peak Predicted

Figure 11 Reduce Peak Demand Charges With the
Predictive Demand Alarm

Daily Load Profile

Programmable Logic (SELoGIC
Control Equations)

The meter provides user-programmable logic to combine
meter calculations, contact inputs, remote command
inputs, and timers to control internal logic and contact
outputs. The logic allows the following operations:

» Logic (OR, AND, NOT)

» Math (+, —, x, /)

» Analog compare (>, <, <>, =, >=, <=)

» Triggers (RISING EDGE, FALLING EDGE)
» Sixteen latches

» Sixteen remote-control logic units

» Sixteen programmable logic variables with pickup
and dropout timers

» Sixteen programmable analog variables

SEL-735 Data Sheet

Time of Use

Record demand and energy consumption with a user-
defined calendar; use time-of-use metering to bill con-
sumption at different rates based on season, day type,
and time of day. The program automatically self-reads
and resets demand; there is no need to manually reset
meters.

Software Features

Monitor the state of the power system by using no-cost
ACSELERATOR QuickSet® SEL-5030 Software.

Waveform Capture and Analysis

Quickly analyze event records, status bits, spectral analy-
sis, and harmonic content by using QuickSet. Convert
event reports to oscillography with time-coordinated
Device Word bit assertion and phasor/sequence element
diagrams.

View event records and
waveform captures of
system anomalies.

VSSI reports detail
system interruptions
with 1 ms resolution.

Figure 12 Event Reports and Analysis

Trend Log Monitoring

Independent load profile recorders in the SEL-735 allow
simultaneous meter and power quality logging of as
many as 512 data channels. Trend averages, minimums,
maximums, changes, and snapshots are recorded at a rate
of once every 3 seconds. All possible configurations are
shown in Table 1.

Schweitzer Engineering Laboratories, Inc.



QuickSet offers a fast and simple method to retrieve,
plot, and export load profile data to .hhf or .csv formats.
Itron MV-90 meter reading software communicates to
any SEL-735 communications port and automates meter
reads for large-scale metering installations

’ Vil A by
Vi WannaanivV

—ha WMANRMAMUAN, ,'\qu.',n-*.h\'-‘\*'\-",'\-

A
v ~ [HAM3_1A (EOL 35) %
v [HRM5 1A (EOL 35) %
el V_IMB (AVG, 35) ?«_
L — g 9 A e ————
| m— (] IMB (AVG, 35) %

Figure 13 Trend Log

VSSI Monitoring

Correlate system disturbances with the VSSI recorder.
The SEL-735 stores and reports residual voltage, dura-
tion, affected phases, CBEMA/ITIC reports, and time
stamp of occurrence.

Schweitzer Engineering Laboratories, Inc.

VSS| Summary Report

Prohibited Region
Events may demage equipment

N,
Safe Region

Events do no

1

No Damage Region
Events are beyond equipment
talerance for steady state .

intesrupt equipment
function

Figure 14 VSSI Summary Report

Flicker and Harmonics Monitoring

Monitor, record, and control using individual harmonic
values, THD, and K-factor with resolution as high as the
63rd harmonic. Measure, record, and control using
Group THD. Measure interharmonics from 1 Hz to
3800 Hz in 1 Hz sampling bins. Retrieve interharmonics
with 1 Hz resolution through the Wave View functional-
ity, available only on the Advance PQ option SEL-735
Meters.

2390 - Harmonic Spectral Analysis
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Figure 15 Harmonic Spectral Analysis
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Application Examples

The SEL-735 accurately reports bidirectional energy
even in the presence of harmonics and distorted wave-
forms. When tested with peaked waveform distortion, the
SEL-735 reports with a typical error of just 0.006 per-
cent.

0ms 5ms 10 ms 15 ms 20 ms 25ms
ANSI Test #41 Peaked Current Waveform

-100 y \
50 L~ ] T

0ms 5ms 10 ms 15 ms 20 ms 25ms
ANSI Test #41 Peaked Voltage Waveform

Figure 16 Current and Voltage Waveforms

Table 3 SEL-735 Performance With Peaked Waveform
Distortion

Voltage Current 0.1 Accuracy SEL-735
Waveft?rm Waveform Class Reference | Measured
Performance (%) | Error (%)
Sinusoidal Sinusoidal +0.05 0.003
Sinusoidal | Peaked Current +0.2 0.006
Waveform
Peaked Peaked Current +0.3 0.006
Voltage Waveform
Waveform

Power Quality Monitoring and
Troubleshooting

Use programmable triggers, such as voltage interrup-
tions, to record as many as 10,000 oscillography events.
The VSSI recorder time-stamps voltage excursions with
as much as 4 ms resolution and records indefinitely by
using an adaptive sampling rate. Settings include trigger
thresholds and hysteresis as a percentage of the nominal
value and an automatic recording duration dependent on
the length of the voltage excursion.

SEL-735 Data Sheet

Distributed Generation Control

Provide automatic start and remote control to distributed
generation facilities. SELOGIC control equations support
any logical or mathematical combination of measured
quantities and set points to control a generator or load
switch.

cE

—

Site Load

[ Power
JJ [ I System

) S 1

Control Signal

Figure 17 Distributed Generation Control

Optimize Energy and Resources

Combine SEL meters with pulse-type or DNP3-enabled
devices to monitor consumption of other resources, such
as water, air, gas, and steam (WAGES). The SEL-735
includes as many as six pulse inputs. Data loggers pro-
vide as much as 20 years of storage with 512 channels to
assist with tracking efficiency measures, unused
resources, and performance efficiency such as kWh per
cubic meters of water pumped. Use ACSELERATOR
Meter Reports SEL-5630 Software to analyze data, pre-
dict system trends, and make planning decisions.

Figure 18 WAGES Report

Schweitzer Engineering Laboratories, Inc.
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Retrofit Applications
Outdoor Enclosure

» Replace socket meters with a low-cost enclosure
and prewired FT-1 test switch.

» Quickly install the meter with the support of
thoughtful design details, such as DIN rails for
accessories; a lockable, stainless steel latching
system; wall-mount brackets; prewiring from the
meter to the test switch; and wire clamps. The fully
sealed enclosure complies with NEMA 4X,

IEC 529, and IP66 protection requirements.

Hinge meter down.

Remove quick disconnects. Easily extract the meter.

Figure 20 EXM Option Instructions

Mounting Options and Accessories

Refer to the Metering Accessory Catalog, available at
selinc.com/products/73x/meter-options/, for more infor-

mation on brackets, retrofit bezels, cover plates, and
Figure 19 Outdoor Enclosure Mounting other accessories.

Easily Extractable Meter (EXM) =

» Extractable in less than one minute.

» Safer than draw-out and socket meters.
» Self-shorting CT connector.

» Clearly marked wires.

» Easier to install and half the cost of a draw-out
meter.

» Simplified field testing with integrated connectors.
Kit 915900136

» Simple retrofit brackets replace draw-out meters.

Kit 915900063

Horizontal Meter and Test Switch Vertical Bezels

Figure 21 Mounting Options and Accessories

Schweitzer Engineering Laboratories, Inc. SEL-735 Data Sheet
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Portable Power Quality Meter

Monitor power quality anywhere with the rugged
SEL-735 Portable Power Quality Meter. You can pin-
point power quality problems and energy consumption
on subcircuits with clamp-on CTs and clip-on voltage

leads. In addition, the portable meter lets you log years’

worth of data with 1 GB of onboard memory.

Diagrams and Dimensions

Rugged travel enclosure

Safety jacks for
voltage and current

Power factor, harmonic,
imbalance, and flicker
trending

120/240 Vac
line power 16B of data storage

Standard Ethernet port for
rapid data retrieval

200:1,1,000:5, 2,000:5,
and 3,000:5 CT options

Figure 22 Portable Power Quality Meter

s SEL-735
FOWER QUALITY AND REVENJE METER

756 in (192 mm)

Sie: JOIB0AZET)

5.67 in (144 mm)

Figure 23 SEL-735 Vertical Dimensions

SEL-735 Data Sheet

5.84in (148.3 mm)

PANEL CUTOUT

756 in (192 mm)
7.36in (187 mm)

547 in (139 mm)

1.38in (35.0 mm)
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5.67in (144 mm)

PANEL CUTOUT

547 in (139 mm)

5.80 in (147.4 mm)

7.36in (187 mm)

756 in (192 mm)

Figure 24 SEL-735 Horizontal Dimensions

Specifications

0.84 in (21.4 mm)

/N\CAUTION

Underwriter’s UL Listed to U.S. and Canadian safety

American National
Standards Institute
(ANSI)

Australian National
Measurement Institute

Australia and New Zealand

California ISO (CAISO)

Canada

Comision Federal de
Electricidad (CFE)

Electric Reliability
Council of Texas
(ERCOT)

European Union (EU)

Federal Institute of
Metrology (METAS)

International
Electrotechnical
Commission

ISO 9001

New York

Observe ratings prior to commissioning.

Compliance

ANSI C12.1-2014 for Electric Meters,
Code for Electricity Metering and ANSI
C12.20-2015 for Electricity Meters—
0.1,0.2, and 0.5 Accuracy Classes
verified compliant by an accredited
third-party test laboratory

NMI M6-1 Electricity Meters: Part 1:
Metrological and Technical
Requirements verified by an accredited
third-party test laboratory

RCM Mark

CAISO Compliant
(applies to Blondel-compliant Form 5
and Form 9 only)

ICES-001(A) / NMB-001(A)

G0000-48-2010 verified compliant by
Laboratorio de Pruebas de Equipos y
Materiales (LAPEM)

ERCOT Compliant
(applies to Blondel-compliant Form 5
and Form 9 only)

CE: Mark—EMC Directive (2014/30/
EU), Low Voltage Directive (2014/35/
EU)

Certified to IEC 61000-4-30 Ed. 3.0
(2015) Class A, Testing according to
IEC 62586-2 Ed. 2.0 (2017). Certified to
IEC 62052-11:2020,

IEC 62053-22:2020,

IEC 62053-24:2020,

AS 62052.11:2018, AS 62053.22:2018,
and AS 62052.31:2017.

IEC 62052-11:2020, Electricity metering
equipment (AC) - General requirements,
tests and test conditions

Designed and manufactured under an
ISO 9001 certified quality management
system

New York State Department of Public
Service Commission (applies to
Blondel-compliant Form 5 and Form 9
only)

Schweitzer Engineering Laboratories, Inc.

Laboratories, Inc.
(Normal Locations)

Underwriter’s
Laboratories, Inc.

(Hazardous Locations)

United Kingdom
General
AC Voltage Inputs

Measurement Category:

Maximum Rating:

standards (File E220228, FTRZ,
FTRZ7, NRAQ, NRAQ7, PICQ,
PICQ7)

ANSI/ISA 12.12.01-2015 and CSA
C22.2 No. 213-15 Class I Division 2
Hazardous Locations (File E475839,
NRAG, NRAG7).

UKCA Mark

1T

300 VN, 520 V_; continuous
600 V,_N, 1039 Vy_; for 10 seconds

PT input has only been evaluated for a maximum of 300 L-N Vac input

rating by UL.
Range:
Revenue:
Measurement:
Burden:

AC Current Inputs

Measurement Category:

Maximum Rating:

Range

28-300 Vy _x, 48-520 Vi 1.
11-300 V; _y, 19-520 Vy ;.
10MQ

111

20 A continuous, per UL 61010
500 A for 1 second (thermal)
100 A for 25 seconds (thermal)

Current Class CL2/CL10/CL20, optimized for low-end accuracy

Revenue:

Measurement:

0.010-22 A
0.001-22 A continuous

Current Class CL10/CL20, optimized for 100 A fault recording

Revenue:

Measurement:

Burden:

Frequency and Rotation

0.050-22 A

0.005-22 A continuous
22-100 A symmetrical (with saturation)

<0.5 VA

60 or 50 Hz system frequency specified at time of order. User-
selectable ABC/ACB phase rotation.
Frequency tracking range: 40 to 70 Hz based on V5 or V.

SEL-735 Data Sheet
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Power Supply
UL Ratings
120/240 Vac: 50/60 Hz, 60 VA
125/250 Vdc: 25 W
24/48 Vdc: 2W
12/24 Vde: 2W

Typical Power Consumption
<20 VA/T W typical
<30 VA/9 W typical (color touchscreen model)

Startup Time to Begin
Energy Metering: < 5 seconds
Continuous Operating Limits

110-240 Vac/Vdc: 85-264 Vac (50/60 Hz)

85-275 Vdc
24/48 Vdc: 19-58 Vdc
12/24 Vdc: 9.6-30 Vdc
Interruption 50 ms at 125 Vac/Vdc
(IEC 60255-11:1979): 50 ms at 48 Vdc
10 ms at 24 Vdc

2 ms at 12 Vdc

Ripple

(IEC 60255-11:1979): 12% for dc inputs
Terminal Voltage Dropout: <40 V within 1 minute of power removal

Rated Insulation Voltage

(IEC 60664-1:2020): 300 Vac
100BASE-FX Fast Ethernet Fiber-Optic Port
Fiber Type: Multimode
Data Rate: 100 Mbps
Wavelength: 1300 nm
Optical Connector Type: LC
Link Budget: 11.8 dB
Fiber Size: 62.5/125 pm or 50/125 um
Approximate Range: 2km
TX Power (Max): —14 dBm average
TX Power (Min): —20 dBm average (62/125)
TX Power (Min): —23.5 dBm average (50/125)
RX Sensitivity: —31 dBm average
RX Power Input (Max): —14 dBm average

Communications Protocols

SEL ASCII/Compressed ASCII, SEL Fast Operate/Fast Meter,
MIRRORED BITS, SEL Distributed Port Switch (LMD), Modbus RTU/
TCP, DNP3 serial and LAN/WAN, FTP, TCP/IP, Y-Modem, SNTP,
IEC 61850, Telnet, MV-90, and IEEE C37.118-2014 (Synchrophasor
measurements)

Output Contacts
Ratings determined by IEC 60255-23:1994

Standard (Electromechanical)
250 Vac, 30 Vdc, 3 A resistive

Make: 30 A per IEEE C37.90-1989

3.6kVA, Cos 6 =0.3
Break Rating: 360 VA, Cos ¢ =0.3

Breaking Capacity (10000 Operations):

12/24 Vde  0.75 A L/R =40 ms
48 Vdc 0.50 A L/R =40 ms
125 Vdc 0.30 A L/R =40 ms
250 Vdc 020 A L/R =40 ms

Carry: 3 A at 120 Vac, 50/60 Hz
1.5 A at 240 Vac, 50/60 Hz
50 A for 1 second

SEL-735 Data Sheet

Durability: >10,000 cycles at rated conditions
Pickup/Dropout Time: <16 ms
Maximum Operating
Voltage (Ue): 250V
Current (Ie): 3A
Rated Insulation Voltage
(Ui) (Excluding EN
61010):
300V
Optional (Solid State)
Voltage: 250 Vdc/Vac
Current: 100 mA maximum
Capacity: 0.6 VA at 25°C, 0.2 VA at 85°C
Pulse Rate: 20 pulses per second
Maximum On Typical: 50 Q
Resistance: Guaranteed: <100 Q
Minimum Off
Resistance: 10 MQ
Pickup/Dropout Time: <25 ms
Analog Outputs
Maximum Firmware 100 ms
Update Rate:
Maximum Settling Time
for Full Range Change to
0.1% Full Scale: 500 ms
Bandwidth: 0to4 Hz
+1 mA Output
Range: +1.2 mA
Minimum Output
Impedance: 100 MQ
Maximum Load: 10 kQ, 100 uH

Accuracy: +0.15% +2.0 pA at 25°C
4-20 mA Output
Range: +24 mA

Minimum Output
Impedance: 100 MQ

500 Q, 100 pH
Accuracy: +0.20% +10 pA at 25°C

Optoisolated Input Ratings (Digital Input Ratings)
DC Control Signal 250 Vac/Vdc (Signal Level)

Maximum Load:

250 Vdc: Pickup 200-275 Vdc
Dropout 150 Vdc

220 Vdc: Pickup 176-242 Vdc
Dropout 132 Vdc

125 Vdc: Pickup 100-137.5 Vdc
Dropout 75 Vdc

110 Vdc: Pickup 88-121 Vdc
Dropout 66 Vdc

48 Vdc: Pickup 38.4-52.8 Vdc
Dropout 28.8 Vdc

24 Vdc: Pickup 15-30 Vdc
Dropout <5 Vdc

12 Vdc: Pickup 9.6-16.7 Vdc
Dropout <6 Vdc

AC Control Signal

250 Vac: Pickup 170.6-300 Vac
Dropout 106 Vac

220 Vac: Pickup 150.3-264 Vac
Dropout 93.2 Vac

125 Vac: Pickup 85-150 Vac
Dropout 53 Vac

Schweitzer Engineering Laboratories, Inc.



110 Vac: Pickup 75.1-132 Vac
Dropout 46.6 Vac

48 Vac: Pickup 32.8-57.6 Vac
Dropout 20.3 Vac

24 Vac: Pickup 14-27 Vac

Dropout <5 Vac

Current Draw at
Nominal DC Voltage: 2-6 mA

Time-Code Input

Meter accepts demodulated IRIG-B time-code input at EIA-232 Port 3,
Port 2, or dedicated IRIG-B port (2-pin Phoenix connector).

IRIG Port Electrical Characteristics

Nominal Voltage: 5 Vdc
Maximum Voltage: 8 Vdc
Input Resistance: >2 kQ

Dedicated IRIG Port:
On (1) State: Vih 235V
Off (0) State: Vil<1.5V
IRIG Pins on Port 2 and Port 3

On (1) State: Vih >2.0V
Off (0) State Vil<0.8 V
Time Accuracy
Clock Drift With No 4 minutes per year, typical
Time Input:
IRIG Accuracy: +2 Uus

Simple Network Time Protocol (SNTP) Accuracy

Manycast or Unicast: +5 ms (when directly connected to SNTP

server)
Broadcast:
Operating Temperature
IEC 60068-2-1&2:1993:

No specified accuracy

—40° to +85°C (—40° to +185°F)
Note: Not applicable to UL applications.

LCD/Color Touchscreen

Operating Temperature: —20° to +70°C (—4° to +158°F)

Dimensions: 3.86" x 0.902"
Operating Environment
Insulation/ Protective
Class: 1
Pollution Degree: 2

CAT III: Color touchscreen model
Power supply input, output contact, and
digital input voltages must all be HLV
or must all be SELV (no mixing of
HLV and SELV).
No option cards installed.
CAT II: All other vertical and horizontal
configurations.
SELV = non-hazardous low voltage.
HLV = hazardous voltage, >60 Vdc,
>30 Vac (specified for dry
environments)

Indoor Use (Atmospheric Pressure: 80-110 kPa)

Overvoltage Category:

Maximum Humidity: 95% RH non-condensing

Maximum Altitude:

Altitude Working Voltage
0-2000 M 300 Vac
20004000 M 150 Vac

Schweitzer Engineering Laboratories, Inc.

Weight

2.3kg (5.01b)
Dimensions

Refer to Figure 2.1 and Figure 2.2 for meter dimensions.
Terminal Connections

Rear Screw-Terminal Tightening Torque

Current Input Terminal Block (Ring Terminals Are Recommended)

Minimum: 0.9 Nm (8 in-1b)

Maximum: 1.4 Nm (12 in-1b)
Connectorized®

Minimum: 0.5 Nm (4.4 in-1b)

Maximum: 1.0 Nm (8.8 in-1b)

Compression Plug Mounting Ear
0.18 Nm (1.6 in-Ib)
0.25 Nm (2.2 in-Ib)

Minimum:
Maximum:
Connectorized terminals accept wire size 12-24 AWG.

User terminals or stranded copper wire should be at a minimum
temperature rating of 105°C (221°F).

Synchrophasor Measurements

Compliance: P Class Synchrophasor data compliant
with IEEE C37.118.1-2011 as amended

by IEEE C37.118.1a-2014.

IEEE C37.118.2-2011 (Backward
compatible with IEEE C37.118-2005)
60 Hz: 1, 2,4,5,10, 12, 15, 20, 30, 60
messages per second

50Hz: 1, 2, 5, 10, 25, 50 messages per
second

Data Transfer:

Message Rates:

Measurement Category
Nominal Voltage:
120 V when VBASE < 180
240 V when 180 < VBASE < 250
250 V when VBASE 2> 250
Voltage Range:
80%—-120% of Nominal Voltage
Nominal Current:

ANSI CL2/20 and IEC 1 A/2 A/5 A nominal configurations.
(1 A,2 A, and 5 A are the preferred nominal current ratings for
transformer-connected IEC meters in IEC 62052-11.)

Processing Specifications
AC Voltage and Current Inputs
512 samples per power system cycle.
Control Processing
1/2-cycle processing interval

SELoclIc Pickup and Accuracies

SELOGIC Timers: +1/2 cycle
Analog Values: +3%
Metering/Monitoring
Voltage, Current, and Power Accuracy
Unity Power Factor: +0.06%
0.5 Power Factor: +0.16%

Energy Accuracy (Form 5 and Form 9 Only)

Unity Power Factor: +0.06% guaranteed

+0.02% typical

0.5 Power Factor: +0.16% guaranteed

+0.06% typical

SEL-735 Data Sheet
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ANSI C12.20-2015 Accuracy Class 0.1 Power Frequency ANSICI12.1
Magnetic Field ANSI C12.20
IEC 62053-22 Accuracy Class 0.1 S Immunity: IEC 61000-4-8

IEC 62053-24 Accuracy Class 0.5 S
IEEE 519 PQ Compliance with pre-programmed settings
Frequency Accuracy

100 A/m for 60 seconds
1000 A/m for 3 seconds
Maximum deviation as specified in

ANSI C12.20
FREQ_PQ: +0.001 Hz Radiated RF Immunity: ~ ANSICI2.1
FREQ: +0.01 Hz IEC 61000-4-3
_ IEEE C37.90.2
Power Quality
IEC 61000-4-30:2015 Class A Frequency (MHz) | Field Strength Modulation
Flicker 0.2-80 15 V/im AM 90% 1 kHz sine
PST: 3% over the range 0.5-25 Pgy 80-2000 20 V/m AM 80% 1 kHz sine
(10-min interval) AM 90% 1 kHz sine
PLT: 5% over the range 0.5-25 Py p 80-2000 30 V/m Continuous wave
(2-hour interval)
2000-10000 15V/m Continuous wave
Type Tests
80-2000 20 V/m Keyed 0.5 s on 0.5 s off
Electromagnetic Compatibility Immunity 80/160/380/450/900/ 20 V/m AM 80% 1 kHz sine
Product Standards: ANSI C12.20-2015 1850/1890/2150/2600/
IEC 62052-11:2020 3500/3800/5000
IEC 60255-26:2013 900/1732/1800/1890/ 20 V/im Pulse Mod. 50%
IEC 61000-6-2:2005 +AC:2005 9310/2450/5800
IEC 61000-6-4:2006 +A1:2010
IEEE C37.90-2005 Ring Wave (100kHz):  ANSI C12.1

Conducted Radio IEC 61000-4-6,
Frequency Immunity: 150 kHz to 80 MHz, 1 kHz 80% AM
10 Vrms
Spot Frequencies: 27 MHz and
68 MHz

Damped Oscillatory Wave  ANSI C12.1

Immunity: IEC 61000-4-18
1IEEE C37.90.1
Current: +2.5 kV common
Voltage: +2.5 kV common,
+2.5 kV differential
Power: +2.5 kV common,
+2.5 kV differential
Input: +2.5 kV common,
+2.5 kV differential
Output: +2.5 kV common,
+2.5 kV differential
Communication: +2.5 kV common
Signal: +2.5 kV common

Electrical Fast Transient ANSIC12.1
Burst: IEC 61000-4-4
IEEE C37.90.1

Power, Input/Output,

Voltage/Current
Circuits: +4 kV @ 5kHz
Communication: +2kV @ 5 kHz
Electrostatic Discharge: ANSIC12.1

IEC 61000-4-2

IEEE C37.90.3
Contact Discharge: +8 kV
Air Discharge: £15 kV

Emissions: ANSI C63.4
CISPR 11/22/32
EN 55011/22/32
Class A or B (configuration-dependent)
Canada ICES-001(A) / NMB-001(A)
SEL-735 Data Sheet

Startup and Shutdown:

Surge Immunity:

Power, Voltage/Current
Circuits:

Ethernet:

EIA-232, EIA-485,
IRIG-B:

Input/Output:

Environmental

Product Standards:

Environmental:

Object Penetration:

Enclosed in Panel With
Available Gasket
(P/N: 915900097)
(Monochrome Model):

IEC 61000-4-12
IEEE C62.41.2
(Location Category B, Table 2)
Power, Voltage/Current Circuits:
+6kV (12 Q)LL
+6kV (12 Q)LE
+4 kV with barrier-style Euro plugs
installed
IEC 60255-26
60 s ramp/5 min power off
ANSICI12.1
IEC 61000-4-5
IEEE C62.41.2
(Location Category B, Table 3)
+6kV (2Q)LL
+6kV (2Q)LE
+4 kV with barrier-style Euro plugs
installed

+6 kV

+2kV

+2kVLL
+4kV LE

ANSI C12.20-2015
IEC 62052-11:2020
1EC 60255-27:2014
ANSICI2.1
IEC 60068-2-1
IEC 60068-2-2
IEC 60068-2-30
—40° to +85°C
5% to 95% relative humidity (37°C
dew point)

IEC 60529

1P65

Schweitzer Engineering Laboratories, Inc.



Enclosed in Panel With
Available Gasket (P/N
915900097) and Cover
for Front USB-C Port
(Touchscreen Models):

Without Gasket:
Back (Terminals):

Seismic:

Shock/Bump:

Vibration:

Accuracy
ANSI C12.20-2015

IEC 62053-22:2020
IEC 62053-24:2020

IEC 61000-4-30:2015
IEC 62586-2:2017

Safety
Product Standards:

Dielectric Strength/
Impulse:

Current Inputs:
Voltage Inputs:
Inputs and Outputs:
Analog Outputs:
Power Supply:
EIA-485 Port:

Insulation Resistance:

Flammability of Insulating
Materials:

Max Temperature of Parts
and Materials:

Protective Bonding/
Continuity:

1P54
1P41
1P20

IEC 60255-21-3
Class 2 Quake Response

ANSIC12.1

IEC 60068-2-27

IEC 60255-21-2
Class 1 Shock Withstand
Class 2 Shock Response
Class 1 Bump

ANSIC12.1

IEC 60068-2-6

IEC 60255-21-1
Class 2 Endurance
Class 2 Response

Accuracy Class 0.1; CL2/10/20, and
CL10/20 (applies to Blondel-compliant
Form 5 and Form 9 only)

Class 0.1 S
Class 0.5 S
Class A

ANSI/ISA 12.12.01-2015 and
CSA C22.2 No. 213-15 Class I
Division 2 Hazardous Locations

CAN/CSA-C22.2 No. 61010-1-12:2018

IEC/UL 61010-1:2010

IEC/UL 61010-2-030:2010 (300 V,
Measurement Category IIT)

IEC/UL 61010-2-201:2013

IEC 62052-11:2020

1EC 60255-27:2014

IEEE C37.90-2005

IEC 61010-1
IEC 62052-11
IEC 60255-27
IEC 60664-1
IEEE C37.90

Routine Dielectric Test Levels

2.2kVdc
2.2 kVac
2.2 kVac
3.11 kVdc
3.11 kVdc
1.50 kVdc

IEC 61010-1
IEC 60255-27
Meets applicable levels

IEC 61010-1
IEC 62052-11
IEC 60255-27
Meets applicable levels
IEC 61010-1
IEC 62052-11
IEC 60255-27
Meets applicable levels, normal use
IEC 61010-1
IEC 60255-27
Meets applicable levels

Schweitzer Engineering Laboratories, Inc.
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Technical Support

We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court

Pullman, WA 99163-5603 U.S.A.

Tel: +1.509.338.3838

Fax: +1.509.332.7990

Internet: selinc.com/support

Email: info@selinc.com

SEL-735 Data Sheet Schweitzer Engineering Laboratories, Inc.
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Notes
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mSELJSI Feeder Protection Relay

Comprehensive Feeder Protection and Control
With Arc-Flash Detection

Five-Inch, Color Touchscreen Display Model Five-Inch, Color Touchscreen Display Model
With Four Pushbuttons With Eight Pushbuttons

Two-Line Display Model With Four Pushbuttons Two-Line Display Model With Eight Pushbuttons

New Features

Added the ability to use the VBAT channel as an ac voltage input with the over- and undervoltage elements.
Added manual closing voltage check conditions and voltage difference supervision to the synchronism-check
elements.

Introduced the SISAT setting to enable or disable time-overcurrent curve saturation.

Introduced the AUTO2 directional control setting for systems with a weak negative-sequence source.
Extended the maximum event report length to 300 power system cycles.

Added the 97FM element to monitor the magnitude of user-selected frequency components in different analog
signals.

vy

YYVYY

Schweitzer Engineering Laboratories, Inc. SEL-751 Relay
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Major Features and Benefits

The SEL-751 Feeder Protection Relay provides a comprehensive combination of protection, fault-locating features,
monitoring, control, and communication in an industrial package.

» Standard Protection Features. Protect lines and equipment with an extensive range of protection elements,
including:

» Overcurrent elements » Cold-load pickup
» Over- and underfrequency elements » Incipient cable fault detection
» Second- and fifth-harmonic current blocking » Frequency component detection
(inrush blocking) » Breaker failure protection
» Demand metering elements » SELoGIC® control equations
» Breaker failure protection » Cable or line thermal elements that conform to
» Phase discontinuity detection the IEC 60255-149 standard

» Additional Protection Features. Use the SEL-751 with one of the voltage input options to protect lines and
equipment with rate-of-change of frequency elements, fast rate-of-change of frequency elements, definite-time
and inverse-time over- and undervoltage elements, and load-encroachment and directional power elements. Also
take advantage of the vector shift elements to aid in islanding detection.

» Optional Directional Control. Use overcurrent elements with directional control to optimize radial and looped
network protection for lines and equipment. Best Choice Ground Directional Element® logic optimizes direc-
tional element performance and eliminates the need for many directional settings.

» Optional High-Impedance Fault Detection. Use the high-impedance fault (HIF) detection element to detect
small current ground faults typically resulting from downed conductors on ground surfaces, such as earth, rein-
forced concrete, or other poorly conductive materials. HIF event data are available in COMTRADE or Com-
pressed ASCII format.

» Optional Arc-Flash Protection. Reduce or eliminate damage from arc-flash events with the optional four- or
eight-channel fiber-optic arc-flash detector inputs and protection elements. Settable arc-flash phase and neutral
overcurrent elements, combined with arc-flash light detection elements, provide secure, reliable, and fast arc-
flash event protection.

» Optional Broken Conductor Detection. The broken conductor detection (BCD) element identifies high-imped-
ance downed conductors when combined with the Arc Sense™ technology (AST) option on wye-connected ser-
vices. This detector operates on three-phase and single-conductor services and can help reduce the possibility of
a public hazard, including fire.

» Optional Low-Energy Analog (LEA) Voltage Inputs. Measure voltages as high as 8 Vac rms.

» Optional LEA Voltage Sensor Inputs, Rogowski Coil/LPCT Currents Inputs, and Conventional 200 mA
Sensitive Neutral Input. LEA input range for voltages is as high as 8 Vac rms. LEA current channel inputs sup-
port multiple gains supporting a wide range of primary currents.

» Optional Synchronism Check and DC Station Battery Monitor. Check single-phase voltage across a circuit
breaker, measure dc voltage levels in the substation battery, or use as an additional ac voltage measurement with
over- and undervoltage elements.

» Operator Controls and Reclosing. Trip and close the breaker easily with four or eight programmable front-
panel pushbuttons, each with two tricolor LEDs. Implement remote and local control functions, and selectively
reclose with synchronism and voltage checks.

» Integrated Web Server. View settings and metering and monitoring data, download event reports, and upgrade
relay firmware with an intuitive password-protected web server.

> Relay and Logic Settings Software. Reduce engineering costs by using ACSELERATOR QuickSet® SEL-5030
Software for relay settings and logic programming and to simplify development of SELOGIC control equations.

» Metering and Monitoring. Use built-in metering functions to eliminate separately mounted metering devices.
Analyze Sequential Events Recorder (SER) reports and oscillographic event reports for rapid commissioning,
testing, and post-fault diagnostics. Unsolicited SER protocol allows station-wide collection of binary SER mes-
sages.

» Optional Fault Location. Reduce fault location and repair time with built-in impedance-based fault location and
faulted phase indication.

SEL-751 Data Sheet Schweitzer Engineering Laboratories, Inc.



» Wye or Delta Voltage Inputs. Connect voltage inputs that are wye-connected, open-delta-connected, or single
voltage.

» Additional Standard Features. Improve your feeder protection with these additional standard features in every
SEL-751: Modbus RTU, Event Messenger support and MIRRORED BITs® communications, load profile and
breaker wear monitoring, support for 12 external RTDs (SEL-2600), IRIG-B input, advanced SELOGIC, and
IEEE C37.118-2005-compliant synchrophasor protocol to provide real-time measurement data.

» Optional Communications Protocols. Optional communications protocols include IEC 61850 Edition 2,
Modbus TCP/IP, Simple Network Time Protocol (SNTP), IEEE 1588-2008 firmware-based PTP, EtherNet/IP,
DNP3 LAN/WAN, DNP3 serial, IEC 60870-5-103, RSTP, and PRP. With an Ethernet equipped relay, use the
integrated web server to view settings and metering and monitoring data, download reports, and upgrade firm-
ware.

» Optional Communications Ports. Elective communications ports include EIA-232 or EIA-485 multimode
fiber-optic serial port and single or dual, copper or fiber-optic Ethernet ports.

» Optional I/O Cards. Digital and analog I/O options include 4 Al/4 AO, 4 DI/4 DO, 8 DI, 8 DO, 8 Al, 3 DI/
4 DO/1 AO, 4 DI/3 DO, and 14 DI. An optional 10 internal RTD card is also available for the SEL-751. Confor-
mal coating for chemically harsh and/or high moisture environments is also available as an option.

» Supported Languages. Choose English or Spanish for your serial ports, including the front-panel serial port.
The standard relay front-panel overlay is in English; a Spanish overlay is available as an ordering option.

Model Comparison Guide: Exploring the SEL-751 Options

The SEL-751 protection features depend on the model selected. The models are configured with specific current/voltage
input cards. The SEL-751 supports both conventional current and potential transformer inputs and low-energy analog
sensor inputs. Table 1 shows current (ACI) and voltage (AVI) card selections for the SEL-751 models.

Table 1 Current (ACI) and Voltage (AVI) Card Selection for SEL-751 Models

Slot Z Card Option Slot E Card Option
Model Description (MOT String Digits Slot Z Inputs | (MOT String Digits | Slot E Inputs
Number 14, 15) Number 12, 13)
Base SEL-751 AC Currents Only 4 ACI IA, IB, IC, IN None (0X) None
(A1, A2, A3, A5, A6, A7)
SEL-751 With AC Voltages (300 Vac) 4 ACI/3 AVI 1A, IB, IC, IN, None (0X) None
(81, 82, 83, 85, 86, 87) VA, VB, VC
SEL-751 With LEA AC Voltages (8 Vac) 4 ACI/3 AVI IA, IB, IC, IN, [ None (0X) None
(L1,L2,L3,L5,L6,L7) [ VA, VB, VC
SEL-751 With AC Phase Voltages (300 Vac), | 4 ACl/3 AVI IA,IB, IC, IN, |2 AVI/4 AFDI (70) VS, VBAT, AF1,
Vsync (300 Vac), Vbat (300 V) Input, and (81, 82, 83, 85, 86, 87) VA, VB, VC AF2, AF3, AF4
4 Arc-Flash Detection Inputs
SEL-751 With LEA AC Phase Voltages 4 ACI/3 AVI 1A, IB, IC, IN, |2 AVI/4 AFDI (L0) VS, VBAT, AFI1,
(8 Vac), LEA Vsync (8 Vac), Vbat (300 V) (L1,L2,L3,L5,L6,L7) VA, VB, VC AF2, AF3, AF4
Input, and 4 Arc-Flash Detection Inputs
SEL-751 With LEA Voltage Sensor Inputs, 4 ACI/3 AVI (7L) IA,IB,IC,IN, |2 AVI/7DI(LA,LB, | VS, VBAT,7DI
Rogowski Coil or Low Power Current Inputs, VA, VB, VC LC,LD, LG, LH)

200 mA Neutral Inputs, and 7 Digital Inputs

For the LEA option, the current sensors are based on Rogowski coils/low-power current transformers (LPCT), and the
voltage sensors are based on resistive or capacitive voltage dividers.

Schweitzer Engineering Laboratories, Inc. SEL-751 Data Sheet
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Figure I shows Slot Z, LEA current input, with Rogowski coil connection.

Figure 1

Slot Z LEA Card With Rogowski Coil Connection for Current Input

L

The SEL-751 offers an extensive variety of protection features, depending on the model and options selected. Table 2
lists the protection features available in each model.

Table 2 SEL-751Protection Elements (Sheet 1of 2)

Shot (ZC:r:‘:"t Slot Z4ACI/ | SlotZ4ACl/ | Slotz 4 Acl/
Protection Element Only Model) 3 AVI Card With | 3 AVI Card With | 3 AVI LEA Card
With:'A or 5 A 1Aor5A 200 mA Neutral | With 200 mA
Neutral Channel Neutral Channel Channel Neutral Channel

50P Max. Phase Overcurrent X X X X

67P Max. Phase Overcurrent With X2 xb xb
Directional Control

50Q Neg.-Seq. Overcurrent X X X X

67Q Neg.-Seq. Overcurrent With X xP xP
Directional Control

50G Residual Overcurrent X X X X

67G Residual Overcurrent With X2 X X
Directional Control

50N Neutral Overcurrent X X X X

67N Neutral Overcurrent With xP xP
Directional Control

50INC Incipient Cable Fault Detection X X X X

51mP Phase Time Overcurrent (m = A, B, C) X X X X

51P Max. Phase Time Overcurrent X X X X

51P Max. Phase Time Overcurrent With X2 xP xP
Directional Control

51G Residual Time Overcurrent X X X X

51G Residual Time Overcurrent With X2 xP xP

Directional Control

SEL-751 Data Sheet
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Table 2 SEL-751Protection Elements (Sheet 2 of 2)

o . | setzaacy | sitzaacy | swotzaacy
Protection Element Only Model) 3 AVI Card With | 3 AVI Card With | 3 AVI LEA Card
With¥A or 5 A 1Aor5A 200 mA Neutral With 200 mA
Neutral Channel Neutral Channel Channel Neutral Channel

51Q Neg.-Seq. Time Overcurrent X X X X

51Q Neg.-Seq. Time Overcurrent With x4 xb xb
Directional Control

5IN Neutral Time Overcurrent X X X X

51N Neutral Time Overcurrent With xb xP
Directional Control

SEF Sensitive Earth Fault X X

HBL Second- and Fifth-Harmonic Blocking X X X X

FLOC Fault Locator X X X

27 Undervoltage X X X
(Phase, Phase-to-Phase, Vsync)

59 Overvoltage (Phase, Phase-to-Phase, X X X
Seq., Vsync)

271 Inverse Time Undervoltage X X X

591 Inverse Time Overvoltage X X X

60LOP Loss of Potential X X X

32 Directional Power X X X

49T IEC Thermal (Line/Cable) X X X X

55 Power Factor X X X

78VS Vector Shift X X X

81 Over- and Underfrequency X X X X

81R Rate-of-Change of Frequency X X X

81RF Fast Rate-of-Change of Frequency X X X

25 Synchronism Check X¢ X X

BF Breaker Failure X X X X

49RTD Resistance Temperature Detectors x4 x4 x4 x4
(RTDs)

79 Reclosing x4 x4 x4 x4

HIF AST | High-Impedance Fault Detection With x4 x4 x4
Arc Sense Technology

AFT Arc-Flash Detection x4 x4 x4 x4

PPD Phase Discontinuity Detection X X X

BCD Broken Conductor Detection xd e x4 e xde

CLPU Cold-Load Pickup Element X X X X

97FM Frequency Component Detection X X X

a

grounded systems, depending on the available fault current level.

b

impedance grounded, and Petersen coil-grounded applications.

o a o

Schweitzer Engineering Laboratories, Inc.

Available with the 2 AV1/4 AFDI or 2 AVI/7 DI card in Slot E.
Available as ordering options.
Available only for models with Arc Sense technology.

Available when ordered with the directional option. The 1 A/5 A neutral channel is suitable for solidly grounded systems and also impedance-

Available when ordered with the directional option. The 200 mA neutral channel is suitable for ungrounded, low-impedance grounded, high-

SEL-751 Data Sheet



The SEL-751 offers four front-panel HMI layouts that are MOT dependent. Table 3 lists the HMI options for the

SEL-751 front panel.

Table 3 SEL-751Front-Panel Options

Front-Panel Option
Model/Display Description? (MOT String Digit Number of Pushbuttons LED Type
Number 16)
SEL-751With Two-Line Display 0 8 Tricolor
(2 x 16 characters)
SEL-751 With Two-Line Display 1 4 Tricolor
(2 x 16 characters)
SEL-751 With Touchscreen Display A 8 Tricolor
(5-inch, color, 800 x 480 pixels)
SEL-751With Touchscreen Display B 4 Tricolor
(5-inch, color, 800 x 480 pixels)

@ For ordering options, refer to the SEL-751 MOT.

SEL-751 Data Sheet
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Functional Overview

Figure 2

Bus
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SEL-751

Low-Energy Analogs (LEA) for AC Voltage
Inputs (8 Vac RMS)*

LEA Voltage Sensor Inputs, Rogowski Coil/LPCT
Current Inputs, and Conventional 200 mA
Sensitive Neutral Input

Sequential Events Recorder

Event Reports and Load Profile

Web Server

SEL ASCII, Modbus RTU, Ethernet*,

Modbus TCP*, IEC 61850 Edition 2*,

DNP LAN/WAN*, DNP3 Serial*, SNTP*,

IEEE 1588-2008 Firmware-Based PTP*, Telnet*,
IEC 60870-5-103*, EtherNet/IP*, RSTP*, PRP*,
FTP*, and DeviceNet Communications*

Event Messenger Compatible

Two Inputs and Three Outputs Standard

I/0 Expansion*—Additional Contact Inputs/
Outputs, Analog Inputs/Outputs, and

RTD Inputs

ST Fiber-Optic Communication Port*

Single or Dual Ethernet, Copper or Fiber-Optic
Communications Port*

Battery-Backed Clock, IRIG-B Time
Synchronization

Functional Diagram

Schweitzer Engineering Laboratories, Inc.

EIA-232

TOO®
— ©O®
| ©G®

Ethernet™! IRIG-B

EIA-485

Instantaneous Metering

Four or Eight Programmable Front-Panel
Pushbuttons and Tricolor LED Indicators
Advanced SELocic® Control Equations

32 Programmable Display Messages

Station Battery Monitor*

Breaker Wear Monitoring

Synchrophasor Protocol (IEEE C37.118-2005)
Arc-Flash Protection*

Peak Demand, Demand Metering

Cold-Load Pickup

Load Encroachment

High-Impedance Fault Detection*

Phase Discontinuity Detection

Broken Conductor Detection*

Fault Locator

Directional Protection*

MIRRORED BiTs Communications

Front-Panel Tricolor LED Programmable Targets
Front-Panel HMI with 2 x 16 Character LCD
5-Inch, Color, 800 x 480 Touchscreen Display*
Frequency Component Detection (97FM)

*Optional
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Protection Features

Overcurrent Elements

The SEL-751 includes a robust set of phase, negative-
sequence, residual, and neutral overcurrent elements.
Each element type has four levels of instantaneous protec-
tion with individual torque control and definite-time delay
settings. Each element type has two inverse-time overcur-
rent elements (except negative-sequence, which has one
time-overcurrent element). Table 4 lists the curves avail-
able in the SEL-751.

Table 4 Inverse-Time Overcurrent Curves

us IEC IEEE

Moderately Inverse | Standard Inverse Moderately Inverse

Inverse Very Inverse Very Inverse

Very Inverse Extremely Inverse | Extremely Inverse

Extremely Inverse | Long-Time Inverse

Short-Time Inverse | Short-Time Inverse

The SEL-751 has two reset characteristic choices for each
time-overcurrent element. One choice resets the elements
if current drops below pickup for at least one cycle. The
other choice emulates electromechanical induction disc
elements, where the reset time depends on the time dial
setting, the percentage of disc travel, and the amount of
current.

Overcurrent Elements for Phase Fault
Detection

The SEL-751 provides the tools necessary for sensitive
fault protection while accommodating heavily loaded cir-
cuits. Where heavy loading prevents sufficiently sensitive
setting of the phase overcurrent elements to detect lower
magnitude phase-to-ground faults, residual-ground over-
current elements are available to provide sensitive ground
fault protection without tripping under balanced heavy
load conditions. Similarly, when heavy loading prevents
sufficiently sensitive setting of the phase overcurrent ele-
ments to detect lower magnitude phase-to-phase faults,
negative-sequence overcurrent elements are available to
provide more sensitive phase-to-phase fault detection
without tripping under balanced heavy load conditions.
You can set phase overcurrent element pickup sufficiently
high to accommodate heavy load while retaining sensitiv-
ity to higher magnitude three-phase faults.

On extremely heavily loaded feeders, SEL-751 load-
encroachment logic adds security in cases when you can-
not set phase overcurrent elements to provide adequate
three-phase fault sensitivity while also accommodating
load. With this logic, you can set the phase overcurrent
elements below peak load current so that the relay can
detect end-of-line phase faults in heavily loaded feeder

SEL-751 Data Sheet

applications. This load-encroachment logic uses positive-
sequence load-in and load-out elements to discriminate
between load and fault conditions based on the magnitude
and angle of the positive-sequence impedance. When the
measured positive-sequence load impedance (Z1) is
within a region the load-encroachment settings define,
load-encroachment logic blocks the phase overcurrent
elements. As Figure 3 shows, a phase fault causes Z1 to
move from a load region to the line angle and leads to
operation of the phase overcurrent elements.

?Bf Fault

| e

5 Line
[l
SEL-751

X1 A Line
Positive-Sequence Fault _
Impedance Plane .  Maximum Load-Out

X, Minimum Load
x_Impedance (Z1)

Va 7

Load-In
Region

Load-Out
Region

Figure 3 Load Encroachment Characteristics

Overcurrent Elements for Ground Fault
Detection

Residual-ground (I) and neutral (Iy) overcurrent ele-
ments detect ground faults. Increase security by con-
trolling these elements using optoisolated inputs or the
internal ground directional element. The SEL-751 protec-
tion system includes patented Best Choice Ground Direc-
tional Element logic, providing a selection of negative-
sequence impedance, zero-sequence impedance, and
zero-sequence current polarizing techniques for optimum
directional ground element control.

Directional Elements Increase
Sensitivity and Security

Phase and ground directional elements come standard in
an SEL-751 with the directional control option. An auto-
matic setting mode (EDIR = AUTO or AUTO2) sets all
directional threshold settings according to replica posi-
tive-sequence and zero-sequence line impedance settings
(ZIMAG, Z1ANG, ZOMAG, and ZOANG) for line pro-
tection applications. For all non-line protection applica-
tions, set EDIR=Y to enable and set appropriate
directional element thresholds. Phase directional elements
provide directional control to the phase- and negative-
sequence overcurrent elements.

Schweitzer Engineering Laboratories, Inc.



Phase directional characteristics include positive-
sequence and negative-sequence directional elements
working together. The positive-sequence directional ele-
ment memory provides a reliable output for close-in, for-
ward, or reverse three-phase faults where each phase
voltage is zero.

Ground directional elements provide directional control
to the residual-ground and neutral overcurrent elements.
Patented negative-sequence, zero-sequence impedance
directional elements, and the zero-sequence current direc-
tional element use the same principles proven in our SEL
transmission line relays. Our patented Best Choice
Ground Directional Element logic selects the best avail-
able ground directional element for the ORDER setting
you provide.

Directional Protection for Various
System Grounding Practices

Current channel IN, ordered with an optional 0.2 A sec-
ondary nominal rating, provides directional ground pro-
tection for the following systems:

» Ungrounded systems

» High-impedance grounded systems

» Petersen coil-grounded systems

» Low-impedance grounded systems

This optional directional control allows the faulted feeder
to be identified on a multifeeder bus with an SEL-751 on
each feeder (Figure 4). Alarm or trip for the ground fault
condition with sensitivity down to 5 mA secondary.

|
| Core-Balance CT

aar="—4 I_ZI
== 4]

_Bg_ 3hsc N
3 | SEL751 | Reverse

e

®-3t

Core-Balance CT

M-QZ.- [T] N
94— |_,
: ABC N — \Ground
5 L_SEL751 | Forward Fault
- — — — - — - - — — — - 'l
|
Petersen
Coil Impedance Ungrounded

Figure 4 Apply SEL-751 Relays to Petersen
Coil-Grounded, Impedance-Grounded, and Ungrounded
Systems for Directional Control
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Line/Cable Thermal Elements

Power lines and cables are designed to operate under a
certain temperature range. Because equipment is often
used as close to the operating limits as possible, the
importance of protecting equipment against thermal over-
loads becomes more critical. The thermal overload pro-
tection element is used to protect the overhead lines and
cables against thermal damage (including insulation deg-
radation and loss of equipment life) and to monitor the
thermal state of the overhead lines and cables. The tem-
perature is calculated using a thermal model according to
IEC 60255-149.

Incipient Cable Fault Detection

Cable insulation degrades over time. The incipient cable
fault detection element can monitor for self-extinguish-
ing, half-cycle overcurrent events that precede typical
cable insulation failure. Monitoring the number of incipi-
ent faults can provide an early warning of cable insulation
breakdown. This information can be used for preventative
maintenance.

Cold-Load Pickup Element

Cold-load pickup is the phenomenon that takes place
when a distribution circuit is re-energized following an
extended outage of that circuit. It can result in current lev-
els that are significantly higher than normal peak load lev-
els. This excess amount of current draw could be falsely
identified as an overcurrent condition by the relay. The
cold-load pickup element identifies possible cold-load
pickup events as per the settings in a distribution line after
an outage. The logic provides Relay Word bits that can be
used in programmable torque-control equations of the
overcurrent element to enable new trip level settings for
the cold-loading period.

Wye or Open-Delta Voltages

You can apply wye-connected (four-wire) voltages or
open-delta-connected (three-wire) voltages to three-phase
voltage inputs VA, VB, VC, and N, as shown in Figure 5.
You only need to make a setting change
(DELTA_Y =WYE or DELTA_Y =DELTA) and an
external wiring change—no internal relay hardware
changes or adjustments are necessary. Thus, a single
SEL-751 model meets all your distribution protection
needs, regardless of available three-phase voltages.

SEL-751 Data Sheet
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/~ SEL-751 Relay

VA | 209

ERd
IERd

VB 210

ve |z11

\ (Setting DELTA_Y = WYE)

/ SEL-751 Relay

VA Z09

é ]
I} LL %

Z12

(Setting DELTA_Y = DELTA)

Figure 5 Connect Wye or Open-Delta Voltages to
SEL-751 Three-Phase Voltage Inputs

Figure 6 shows the connections for a 3V0 broken delta
input.

Open-Delta and Broken-Delta (3V0) VT Connections
(Set DELTA_Y := DELTA and VSCONN := 3V0)

SEL-751 Relay

ABC 209
VA
? o _L ]
F2 ~ \glz10
‘\-3 [ ]
F3 711
T —Er )
712
Broken-Delta _N:|
[ ] [ ]
_§ VAl R vs | E01
D Co T ]
Y vs NS |_E02
3 oy _L \
\e =

Figure 6 Broken-Delta Connections
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In addition, the SEL-751 supports single voltage input.
For customers with a single PT input, the SEL-751
assumes balanced voltage input for all protection and
metering functions.

Loss-of-Potential Logic

The SEL-751 includes loss-of-potential (LOP) logic that
detects one, two, or three blown potential fuses. This pat-
ented LOP logic is unique because it does not require set-
tings and is universally applicable. The LOP feature
allows the blocking of protection elements to add security
during fuse failure.

Synchronism Check

When you order the Vsync, Vbat Voltage Input and
4 Arc-Flash Detection Inputs card (SELECT2 AVI/
4 AFDI), single-phase voltage (phase-to-neutral or phase-
to-phase) is connected to voltage input VS/NS for syn-
chronism check across a circuit breaker (or hot/dead line
check). You can use synchronism-check voltage to coor-
dinate reclosing with the optional recloser control.

Voltage and Frequency Elements for
Extra Protection and Control

Over- and Undervoltage Elements

Phase-to-ground, phase-to-phase, negative-sequence, and
residual overvoltage (59) and phase-to-ground or phase-
to-phase undervoltage (27) elements in the SEL-751 can
be used to create the following protection and control
schemes.

» Trip/alarm or event report triggers for over- and
undervoltage conditions.

» Undervoltage (27) load shedding scheme (having
both 27 and 81U load shedding schemes allows
detection of system MVAR- and MW-deficient
conditions).

Inverse-Time Over- and Undervoltage Elements

Custom programmable, IEC equation-based inverse-time
overvoltage (591) and undervoltage (271) elements in the
SEL-751 add flexibility in voltage protection and control
schemes.

Over- and Underfrequency Protection

Six levels of secure overfrequency (810) or underfre-
quency (81U) elements detect true frequency
disturbances. Use the independently time-delayed output
of these elements to shed load or trip local generation.
The SEL-751 uses the voltage input to make frequency
measurements; it switches automatically to current input
when voltages are insufficient.

Schweitzer Engineering Laboratories, Inc.



Implement an internal multistage frequency trip/restore
scheme at each breaker location using the multiple over-
and underfrequency levels. This method avoids the cost of
wiring a complicated trip and control scheme from a sep-
arate frequency relay.

Rate-of-Change-of-Frequency Protection

Four independent rate-of-change-of-frequency elements
are provided with individual time delays for use when
frequency changes occur (e.g., when there is a sudden
unbalance between generation and load). The elements
can call for control action or switching action such as net-
work decoupling or load shedding. Each element includes
logic to detect either increasing or decreasing frequency
and above or below nominal frequency.

Fast Rate-of-Change-of-Frequency Protection

for Aurora Vulnerability Mitigation

The fast rate-of-change-of-frequency protection, 81RF,
provides a faster response compared to frequency (81)
and rate-of-change-of-frequency (81R) elements. Fast
operating speed makes the 81RF element suitable for
detecting islanding conditions. The element uses a char-
acteristic (see Figure 7) based on the frequency deviation
from nominal frequency (DF = FREQ — FNOM) and the
rate-of-change of frequency (DF3C) to detect islanding
conditions.

DF3C Hz/s
(df/dt calculated over 3-cycle window)
/

+81RFPR

. e = DF (FREQ — FNOM) Hz
+81RFDFP

“Trip Region 2/~

7///// “-81RFPR

Figure 7 81RF Characteristic Power Element Protection

A time window of three cycles is used to calculate the
value of DF3C. Under steady state conditions, the operat-
ing point is close to the origin. During islanding condi-
tions, depending on the islanded system acceleration, the
operating point enters Trip Region 1 or Trip Region 2 of
the characteristic. 81RFDFP (in Hz) and 81RFRP
(in Hz sec) are the settings used to configure the charac-
teristic.

Schweitzer Engineering Laboratories, Inc.
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Frequency Component Detection With the 97FM

Element

The 97FM elements monitor the magnitude of a user-
selected frequency component in different analog signals
by evaluating an individual term of the discrete Fourier
transform (DFT). You can use 97FM elements to detect
low-frequency power oscillation resulting from sub-syn-
chronous resonance or load oscillations.

Vector Shift (78VS) Protection

When distributed generators (DG) are connected to a util-
ity network, the vector shift (78VS) element is used to
detect islanding conditions and trip the DG. Failure to trip
islanded generators can lead to problems such as person-
nel safety, out-of-synchronization reclosing, and degrada-
tion of power quality. Based on the change in the angle of
the voltage waveform, the islanding condition can be
detected by the vector shift function.

Use the vector shift element with the 81RF element as a
backup for fast and secure islanding detection. The vector
shift element operates within three cycles, which is fast
enough to prevent reclosing out-of-synchronism with the
network feeders to avoid generator damage.

Harmonic Blocking Elements Secure
Protection During Transformer
Energization

Transformer inrush can cause sensitive protection to oper-
ate. Use the second- and fifth-harmonic blocking feature
to detect an inrush condition and block selected tripping
elements until the inrush subsides. Select the blocking
threshold as a percentage of fundamental current, and
optimize security and dependability with settable pickup
and dropout times. Use the programmable torque control
equation only to enable the blocking element immediately
after closing the breaker.

Power Element Protection

The SEL-751 provides two power elements for detecting
real (watts) or reactive (VARS) positive- or negative-
power flow levels for the feeder application. Each power
element has a definite-time delay setting.

High-Impedance Fault (HIF) Detection

High-impedance faults are short-circuit faults with fault
currents smaller than what a traditional overcurrent pro-
tective relay can detect. The main causes of HIFs are tree
branches touching a phase conductor; dirty or failing
insulators that cause flashovers between a phase conduc-
tor and the ground; or downed conductors touching the
ground. The SEL-751 with the Arc Sense technology
(AST) option includes logic that can detect HIF signa-
tures without being affected by loads or other system

SEL-751 Data Sheet
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operation conditions. A running average provides a stable
prefault reference, and adaptive tuning learns and tunes
out feeder ambient noise conditions. Decision logic dif-
ferentiates an HIF condition from other system conditions
such as switching operations and noisy loads. The relay
stores as many as 20 minutes of HIF activity in 2-cycle
resolution Compressed ASCII and COMTRADE formats
and it stores a summary of HIF activity that you can
access through the use of ASCII commands.

Phase Discontinuity Detection (PDD)
Element

The PDD element uses current unbalance to detect an
open conductor. The PDD logic detects a phase disconti-
nuity only for cases that result in an open-phase condition
for a minimum of eight power system cycles.

Broken Conductor Detection (BCD)

Element

The BCD algorithm is only available for SEL-751 models
with the Arc Sense technology (AST) option included.
BCD uses the charging current of the line to reliably
detect and estimate the location of broken conductors. It
can be used to trip the breakers before the conductor
touches the ground and creates a shunt fault. Thus, the
algorithm can prevent such faults and block any attempt
to reclose the line. The BCD function is designed for sin-
gle-conductor line configurations and can help in mitigat-
ing a possible fire or other public hazard.

Arc-Flash Protection

An arcing short circuit or a ground fault in low- or
medium-voltage switchgear can cause serious equipment
damage and personal injury, resulting in prolonged and
expensive downtime.

The best way to minimize the impact of an arc-flash event
is to reduce the detection and circuit breaker tripping
times. Conventional protection may need several cycles to
detect the resulting overcurrent fault and trip the breaker.
In some cases, there may not be sufficient current to
detect an overcurrent fault. Tripping may be delayed hun-
dreds of milliseconds for sensitivity and selectivity rea-
sons in some applications.

The arc-flash detection-based (AFD) protection can act
on the circuit breaker in a few milliseconds (2-5 ms).
This fast response can limit the arc-flash energy, thus pre-
venting injury to personnel and limiting or eliminating
equipment damage.

The arc-flash protection option in the SEL-751 adds four-
or eight-channel fiber-optic AFD inputs and protection
elements. Each channel has a fiber-optic receiver and an
LED-sourced fiber-optic transmitter that continuously
self-tests and monitors the optical circuit to detect and
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alarm for any malfunction. There are two types of appli-
cations supported by the SEL-751: point sensor applica-
tions and fiber sensor applications.

Point Sensor Application

The arc is detected by transmitting the arc-flash light cap-
tured by the optical diffuser (located appropriately in the
switchgear) over a 1000 um plastic fiber-optic cable to the
optical detector in the relay. The relay performs sensor
loopback tests on the optical system using an LED-based
transmitter to transmit light pulses at regular intervals to
the point-sensor assembly (through a second fiber-optic
cable). If the relay optical receiver does not detect this
light, the relay declares a malfunction and alarms.
Figure 8 (top) shows a diagram for the point sensor appli-
cation.

Fiber Sensor Application

Fiber sensor AFD uses a clear-jacketed 1000 um plastic
fiber-optic cable located in the switchgear equipment.
One end of the fiber is connected to the optical detector in
the relay and the other end is connected to the LED trans-
mitter in the relay. The LED transmitter injects periodic
light pulses into the fiber as a sensor loopback test to ver-
ify the integrity of the loop. The relay detects and alarms
for any malfunction. Figure 8 (bottom) shows a diagram
for the clear-jacketed fiber sensor application.

Point Sensgr _ / SEL-751
(SEL-C804) Application \3_| Optical Arc-Flash
—U] {>| Detector
| lack-Jacketed Light Fiby
: “ Black-Jacketed Light Fibers | ch, 1 « LED Gircuit for
Diffuser | 1000 pm h
X —()] Continuous
Self-testing
N
L QS |ch2 2
© ® S 8
S so—Kl X
5 € [a)
P= 5} D =
s Po—D  §
) ‘a2 |ch3 =
Fiber Sensor o \ >
— > <<
(SEL-C804) Application o—K I
ST—ST Connector = b
= DI (TN
Clear-Jacketed Fiber Black-Jacketed Fibers Ch. 4 d
1000 pm 1000 pm : % [75)

Figure 8 SEL-751 Arc-Flash Detection System

The SEL-751 AFD system provides four or
eight channels per relay that can be configured for the
point sensor or the clear-jacketed fiber sensor applica-
tions. The optional fast hybrid outputs (high-speed and
high-current) of the relay provide fast-acting trip outputs
to the circuit breaker (less than 50 ps). The fast breaker
tripping can prevent serious damage or personal injury in
case of an arc-flash event. The relay also provides light
metering and light event capture to aid in setting the relay
and capturing the arc-flash event for records and analysis.
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Settable arc-flash phase and neutral overcurrent elements
are combined with arc-flash light detection elements to
provide secure, reliable, and fast acting arc-flash event
protection.

RTD Thermal Protection

When the SEL-751 is equipped with either an optional 10
RTD input expansion card or an external SEL-2600 RTD
Module with as many as 12 RTD inputs, you can program
as many as 12 thermal elements in the relay for two levels

Operator Controls and Reclosing
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of thermal protection per element. Each RTD input pro-
vides an alarm and trip thermal pickup setting in degrees
Celsius, open and shorted RTD detection, and is compati-
ble with the following three-wire RTD types:

>» PT100 (100 Q platinum)
» NI100 (100 €2 nickel)

» NI120 (120 Q nickel)

» CU10 (10 Q copper)

Operator controls eliminate traditional panel control
switches. Four or eight conveniently sized operator con-
trols, each with two programmable tricolor LEDs, are
located on the relay front panel (see Figure 9). You can
set the SER to track operator controls. Use SELOGIC con-
trol equations to change operator control functions. Use
configurable labels to change all of the text shown in
Figure 9.

Without Reclosing Control

O O
Qo | QL
O O
O QO ENABLED
Q|
@] QO DIsABLED
[@) (O BLOCK CLOSE
O AUX 3 O CLOSE
O (O BREAKER CLOSED
O O
O AUX 4 O TRIP
O (O BREAKER OPEN

Only available
in models with
8 pushbuttons

(PBO5—-PB08)

O
AUX1

o

0
AUX 2

o

0

AUX 3
o
0

AUX 4
o

Figure 9 Operator Controls for Standard Model and
Optional Reclosing Control Model

With Reclosing Control
OO
O ENABLED
@ LOCK
(O DISABLED
O BLOCK CLOSE
O CLOSE
O BREAKER CLOSED

@)
TRIP

(O BREAKER OPEN

RECL RESET

RECL LOCKOUT

In the non-reclosing control SEL-751, you can program
the top right operator control and its corresponding two
LEDs. When the SEL-751 is ordered with optional reclos-
ing, the two LEDs are programmed to give the status of
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the reclosing. The two LEDs, RECL RESET and RECL LOCK-
0UT, indicate whether the recloser is in the Reset or Lock-
out state.

The following operator control descriptions are for
factory-set logic.

LOCK: The LOCK operator control blocks selected functions.
Press it for at least three seconds to engage or disengage
the lock function. When the LOCK pushbutton is engaged,
the TRIP and CLOSE operators are blocked.

CLOSE and TRIP: Use the CLOSE and TRIP operator controls
to close and open the circuit breaker. You can program
these controls with intentional time delays to support
operational requirements for breaker-mounted relays.
This allows you to press the CLOSE or TRIP pushbutton,
then move to an alternate location before the breaker
command is executed.

AUXn: You can program the AUXn (n = 1, 2, 3, or 4) push-
buttons for additional control of your specific application.

In the SEL-751 with the touchscreen display, you can use
the front-panel operator control pushbuttons to jump to a
specific screen while also using them for LOCK/TRIP/
CLOSE operations, etc. You can program the selectable
operator pushbutton screen settings under the
Touchscreen settings category in QuickSet to map the
button to the specific screen.

Programmable Autoreclosing

When ordered with optional reclosing, the SEL-751 can
autoreclose a circuit breaker as many as four times before
lockout. Use SELOGIC control equations to program the
SEL-751 to perform the following reclosing functions.

» Allow closing, e.g., when the load-side line is
dead, or when the two systems are in synchronism
(optional).

» Advance the shot counter without tripping,
e.g., when another protective relay clears a fault,
also known as sequence coordination.

» Initiate reclosing, e.g., for particular protection
trip operations.
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» Drive-to-lockout, e.g., when an optoisolated input
is deasserted.

» Delay reclosing, e.g., after a trip caused by a
close-in, high-current fault.

» Flexible reclose supervision failure scheme that
allows going to lockout or moving to the next
available shot.

Built-In Web Server

The reclosing shot counter controls which protective ele-
ments are involved in each reclose interval. Applications
include fuse- and trip-saving schemes. The front-panel
LEDs (RECL RESET and RECL LOCKOUT) track the reclosing
state.

Every Ethernet-equipped SEL-751 includes a built-in web
server. Interface with the relay by using any standard web
browser to perform the following actions:

» Log in with password protection.
» Safely read the relay settings.

» Verify the relay self-test status and view the relay
configuration.

» Inspect meter reports.
» Download SER and event reports.
» Upload new firmware (firmware upgrade).

Figure 10 shows the fundamental metering screen that
can be accessed by clicking Meter > Fundamental. Use
the Meter menu to view all the available relay metering
statistics.

Figure 10 Fundamental Meter Report Webpage

Figure 11 shows the Group 1 settings webpage. You can
view the settings of each relay settings class by selecting
Settings and the respective relay settings class.

O SE1-751 Geoup | Seftings

« ¢ o

SLARS
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1= U3 LT 1= 3,00 IWE 1= w
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Figure 11 Group 1 Settings Webpage

You can upgrade the relay firmware through the relay web
server by clicking System > File Management (available
at Access Level 2) and selecting the firmware upgrade
file. Figure 12 shows the firmware upgrade webpage.

O SEL-TH File Management

€ ¢ o T & 103954116 L - moe =
et - e
+ ports
|" . Upgrade Firmware
| Current Firmware: SEL-751-X480-V1-2008004-D20191024
| [* Rolay Status Firmware File:
i}m Browsa | No Fle selected.
| |

|| i Haragemant

Figure 12 Upgrade the Relay Firmware From the File
Management Webpage

Relay and Logic Settings Software

QuickSet simplifies settings and provides analytical sup-
port for the SEL-751. There are several ways to create and
manage relay settings with QuickSet.

» Develop settings offline with an intelligent set-
tings editor that only allows valid settings.

» Create SELOGIC control equations with a drag-
and-drop text editor.

» Configure proper settings using online help.

SEL-751 Data Sheet

» Organize settings with the relay database man-
ager.

» Load and retrieve settings using a simple PC com-
munications link.

With QuickSet, you can verify settings and analyze power
system events with the integrated waveform and harmonic
analysis tools.
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Use the following features of QuickSet to monitor,
commission, and test the SEL-751.

» Use the HMI to monitor meter data, Relay Word
bits, and output contact statuses during testing.

» Use the PC interface to remotely retrieve power
system data.

» Use the Event Report Analysis tool for easy
retrieval and visualization of ac waveforms and
digital inputs and outputs the relay processes.

» Use the graphical current phasor display in the
HMI to visualize differential current relationships.

» Use bay control to design new bay screens and
edit existing bay screens by launching
ACSELERATOR Bay Screen Builder SEL-5036
Software for SEL-751 relays with the touchscreen
display.

Ch |25l

RID : 1234567812345678

Bay Screen 5

TID : 1234567812345678

5] AcSLerstor Gay Scroen Bulder® - DeloUR 510 751 751 =Lt )
S S DR b
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ACSELERATOR Bay Screen Builder
SEL-5036 Software

The SEL-751 with the touchscreen display option pro-
vides you with the ability to design bay configuration
screens to meet your system needs. You can display the
bay configuration as a single-line diagram (SLD) on the
touchscreen. You can use ANSI and IEC symbols, along
with analog and digital labels, for the SLD to indicate the
status of the breaker and disconnects, bus voltages, and
power flow through the breaker. In addition to SLDs, you
can design the screens to show the status of various relay
elements via Relay Word bits or to show analog quantities
for commissioning or day-to-day operations. You can
design these screens with the help of Bay Screen Builder
in conjunction with QuickSet. Bay Screen Builder pro-
vides an intuitive and powerful interface to design bay
screens to meet your application needs.
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Figure 13 Bay Screen Builder

Metering and Monitoring

The SEL-751 provides extensive metering capabilities.
See Specifications on page 34 for metering and power
measurement accuracies. As shown in Table 5, metered
quantities include phase voltages and currents; neutral
current, sequence voltages and currents; power, fre-
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quency, and energy; and maximum/minimum logging of
selected quantities. The relay reports all metered quanti-
ties in primary quantities (current in A primary and volt-
age in V primary).

SEL-751 Data Sheet
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Table 5 SEL-751 Metered Values (Model Dependent)

Types of Metering

Instantaneous Light Analog Inputs Energy

Math Variables RMS Remote Analogs Thermal

Demand and Peak Demand Synchrophasors Max/Min HIF (High-Impedance Fault)
Quantities Description

Currents IA, 1B, IC Phase current magnitude and angle, primary A

IN Neutral current magnitude and angle, primary A

1G Residual-ground fault current and angle, primary A (IG = 310 =IA + IB + IC)

Currents IAV, UBI

Voltages VA, VB, VC

Voltages VAB, VBC, VCA
Voltages VAVE, UBV

Voltage VS

Power kVA, kW, kVAR?

Energy MWh, MVARh, MVAh
Power Factor PF?

Sequence 11, 312, 310, V1, 3V2, 3V0
Voltage VDC

Frequency FREQ
Frequency FREQS
Light Intensity (%) LS1-LS8
AIx01-AIx08 (x =3, 4, or 5)
MV01-MV64
RAO01-RA128
Thermal Element x

Current THIEQx pu

TCU THTCUx%

Trip Time THTRIPx s

Release Time THRLSx s
RTDI-RTDI12

Average current magnitude, current unbalance

Phase voltage and angles, primary volts, for wye-connected voltage inputs

Phase-to-phase voltages and angles, primary volts, for delta-connected voltage inputs
Average voltage magnitude, voltage unbalance

Synchronism-check voltage magnitude and angle, primary volts

Calculated apparent, real, and reactive power scales to primary values (single and three-phase)
Three-phase positive and negative megawatt-hours, megavar-hours, and megavolt-amp-hours
Single and three-phase power factor (leading or lagging)

Positive-, negative-, and zero-sequence currents and voltages

Station battery voltage or VBAT channel ac voltage depending on the Global setting
EDCMON

Instantaneous system frequency (Hz)

Instantaneous frequency (Hz) of synchronism-check voltage channel

Arc-flash light inputs in percentage of full scale

Analog inputs

Math variables

Remote analogs

Element x pu current level, thermal capacity, time to trip, and time to reset values,

where x=1, 2, or 3

RTD temperature measurement (degrees C)

@ Single-phase power and power factor quantities are not available when delta-connected PTs are used.

Load Profile

The SEL-751 features a programmable Load Data Profile
(LDP) recorder that records as many as 17 metering quan-
tities into nonvolatile memory at fixed time intervals. The
LDP saves several days to several weeks of the most
recent data depending on the LDP settings (6500 entries
total).

Synchrophasor Measurements

Combine the SEL-751 with an SEL-IRIG-B time source
to measure the system angle in real time with a timing
accuracy of +10 ps. Measure instantaneous voltage and
current phase angles in real time to improve system oper-
ation with synchrophasor information. Replace state mea-
surement, study validation, or track system stability. Use
SEL-5703 Synchrowave Monitoring software to view
system angles at multiple locations for precise system
analysis and system-state measurement (see Figure 14).

SEL-751 Data Sheet

59.996 Hz 60.003 Hz 59996 Hz

Pullman, WA Chicago, IL Philadelphia, PA

60015 Hz 60007 Hz

Monterrey, Mexico San Antonio, TX Tampa, FL

View system angle at multiple locations.
Figure 14 View of System Angle at Multiple Locations

Use IEEE C37.118-2005 protocol to send synchrophasor
data to SEL synchrophasor applications. These include
the SEL-3378 Synchrophasor Vector Processor (SVP),
SEL-3530 Real-Time Automation Controller (RTAC),
and the SEL-5078-2 SYNCHROWAVE® Central Visualiza-
tion and Analysis Software suite.

Schweitzer Engineering Laboratories, Inc.



The SEL-3373 Station Phasor Data Concentrator (PDC)
and the SEL-5073 SYNCHROWAVE PDC software cor-
relate data from multiple SEL-751 relays and concentrate
the result into a single output data stream. These products
also provide synchrophasor data archiving capability. The
SEL-3378 SVP enables control applications based on
synchrophasors. Directly measure the oscillation modes
of your power system and then act on the result. Use
wide-area phase angle slip and acceleration measure-
ments to properly control islanding of distributed genera-
tion. With the SVP, you can customize a synchrophasor
control application according to the unique requirements
of your power system.

The data rate of SEL-751 synchrophasors is selectable
with a range of 1-60 messages per second. This flexibility
is important for efficient use of communication capacity.

The SEL-751 phasor measurement accuracy meets the
highest IEEE C37.118-2005 Level 1 requirement of
1 percent total vector error (TVE). This means you can

Improve Situational Awareness
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use any SEL-751 model in an application that otherwise
would require purchasing a separate dedicated phasor
measurement unit (PMU).

Use the SEL-751 with SEL communications processors
or RTACs to change nonlinear state estimation into linear
state estimation. If all necessary lines include synchro-
phasor measurements then state estimation is no longer
necessary. The system state is directly measured.

V1 67

% d
> | =h(Ve) +error —m| > | =h(V.8)
12 —— 1 ——

State State
Q12 V2
—— —_——
Measurements Measurements

10 Minutes

Figure 15 Synchrophasor Measurements Turn State
Estimation Into State Measurement

1Second

Provide improved information to system operators.
Advanced synchrophasor-based tools produce a real-time
view of system conditions. Use system trends, alarm
points, and preprogrammed responses to help operators
prevent a cascading system collapse and maximize sys-
tem stability. Awareness of system trends provides
operators with an understanding of future values based on
measured data.

» Increase system loading while maintaining ade-
quate stability margins.

» Improve operator response to system contingen-
cies such as overload conditions, transmission
outages, or generator shutdown.

» Advance system knowledge with correlated event
reporting and real-time system visualization.

» Validate planning studies to improve system load
balance and station optimization.

w—
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Figure 16 Visualization of Phase Angle Measurements
Across a Power System
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Figure 17 SEL-5078 sYNCHROWAVE Console Real-Time,
Wide-Area Visualization Tool

Event Reporting and SER

Event reports and the SER simplify post-fault analysis
and improve understanding of simple and complex pro-
tective scheme operations. In response to a user-selected
trigger, the voltage, current, frequency, and element status
information contained in each event report confirms relay,
scheme, and system performance for every fault. Decide
how much detail is necessary when you request an event
report (e.g., 1/4-cycle or 1/32-cycle resolution, filtered or
raw analog data, respectively).

The relay stores asmanyas 5 of the most recent
300-cycle event reports, 8 of the most recent 180-cycle
event reports, 20 of the most recent 64-cycle event
reports, or 40 of the most recent 15-cycle event reports in
nonvolatile memory. The relay always appends relay set-
tings to the bottom of each event report.

SEL-751 Data Sheet
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The following analog data formats are available:

» 1/4-cycle or 1/32-cycle resolution, filtered or
unfiltered analog, ASCII or Compressed ASCII
reports

» 1/32-cycle resolution COMTRADE reports

The relay SER feature stores the latest 1,024 entries. Use
this feature to gain a broad perspective at a glance. An
SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout.

Synchronized Measurements

The IRIG-B time-code input synchronizes the SEL-751
internal clock time to within =1 ps of the time-source
input. Convenient sources for this time code are an
SEL-2401 Satellite-Synchronized Clock, an SEL commu-
nications processor, or an SEL RTAC (via Serial Port 2 or
3 on the SEL-751). For time accuracy specifications for
metering, synchrophasors, and events, see Specifications.

Substation Battery Monitor

The SEL-751 relays that include the enhanced voltage
option with the monitoring package measure and report
the substation battery voltage connected to the VBAT ter-
minals. The relay includes two programmable threshold
comparators and associated logic for alarm and control.
For example, if the battery charger fails, the measured dc
falls below a programmable threshold. The SEL-751
alarms to alert operations personnel before the substation
battery voltage falls to unacceptable levels. Monitor these
thresholds with an SELL communications processor and
trigger messages, telephone calls, or other actions.

The measured dc voltage appears in the meter display and
the Vdc column of the event report. Use the event report
column data to see an oscillographic display of the battery
voltage. This display shows how much the substation bat-
tery voltage drops during trip, close, and other control
operations.

Circuit Breaker Contact Wear Monitor

Circuit breakers experience mechanical and electrical
wear every time they operate. Intelligent scheduling of
breaker maintenance takes into account a manufacturer’s
published data of contact wear versus interruption levels
and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-751 breaker
monitor feature compares this input data to the measured
(unfiltered) ac current at the time of a trip and the number
of close-to-open operations.

Every time the breaker trips, the relay integrates the mea-
sured current information. When the result of this integra-
tion exceeds the breaker wear curve threshold (see
Figure 18), the relay alarms via output contact, communi-

SEL-751 Data Sheet

cations port, or front-panel display. This kind of informa-
tion allows timely and economical scheduling of breaker
maintenance.

Breaker Manufacturer's
Maintenance Curve

(Set Point 1)

(Set Point 2)
e

(Set Point 3)

Close to Open Operations

kA Interrupted

Figure 18 Breaker Contact Wear Curve and Settings

The relay also provides analog quantities that calculate
the mechanical operate and close time for the circuit
breaker. The operate and close time Relay Word bits can
also be accessed via SELoGIC, HMI, display point, Fast
Meter, Modbus, DNP3, EtherNet/IP, or IEC 61850.

Fault Locator

The SEL-751 provides a valuable estimate of fault loca-
tion even during periods of substantial load flow. The
fault locator uses fault type, replica line impedance set-
tings, and fault conditions to calculate fault location. This
feature, which operates without the use of communica-
tions channels, special instrument transformers, or pre-
fault information, contributes to efficient dispatch of line
crews and fast restoration of service. The fault locator
uses three-phase voltage inputs. Wye-connected voltages
are necessary for phase and ground fault distance calcula-
tions.

Only phase fault distance calculations are available with
delta-connected voltages. The fault locator is unavailable
in the absence of voltage or single-phase voltage connec-
tions.

IEC 61850 Test Mode

Test Mode allows you to test an in-service relay without
operating control output contacts. Test Mode includes five
different modes.

On: In On mode, the relay operates as normal; it reports
IEC 61850 Mode/Behavior status as On and processes all
inputs and outputs as normal. If the quality of the sub-
scribed GOOSE messages satisfies the GOOSE process-
ing, the relay processes the received GOOSE messages as
valid.

Blocked: This mode is similar to On mode, except that
the device does not trip any physical contact outputs.

Schweitzer Engineering Laboratories, Inc.



Test: In Test mode, the relay processes valid incoming
test signals and normal messages and operates physical
contact outputs, if the outputs are triggered.

Test/Blocked: This is similar to Test mode, except that
the device does not trip any physical contact outputs.

Off: The device does not process any incoming data or
control commands (except commands to change the
mode). All protection logic is disabled and all data quality
is marked as invalid.

Touchscreen Display

19

Simulation: In this mode, the relay continues to process
normal GOOSE messages until a simulated GOOSE mes-
sage is received for a subscription. Once a simulated
GOOSE message is received, only simulated GOOSE
messages are processed for that subscription. The simu-
lated mode only terminates when LPHDSIM is returned
to FALSE. When the relay is not in simulation mode, only
normal GOOSE messages are processed for all subscrip-
tions.

You can order the SEL-751 Feeder Protection Relay with
an optional touchscreen display (5-inch, color,
800 x 480 pixels). The touchscreen display makes relay
data metering, monitoring, and control quick and effi-
cient. The touchscreen display option in the SEL-751 fea-
tures a straightforward application-driven control
structure and includes intuitive and graphical screen
designs.

The touchscreen display allows you to:
» View and control bay screens
» Access metering and monitoring data
» Inspect targets
» View event history, summary data, and SER infor-
mation
» View relay status and configuration
» Control relay operations
» View and edit settings
» Enable the rotating display

» Program control pushbuttons to jump to a specific
screen

You can navigate the touchscreen by tapping the folders
and applications. The folders and applications of the
Home screen are shown in Figure 19. Folders and appli-
cations are labeled according to functionality. Additional
folder and application screens for the SEL-751 touch-
screen display option can be seen in Figure 20 through
Figure 28.

Schweitzer Engineering Laboratories, Inc.
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Tap a folder or an application.
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Rotating
Display

<

Tap a folder or an application.

Figure 19 Home (Default FPHOME Screen)

Bay Screens Application

The SEL-751 with the touchscreen display option pro-
vides you with the ability to design bay configuration
screens to meet your system needs. The bay configuration
can be displayed as an SLD on the touchscreen. You can
create as many as five bay screens with one controllable
breaker, eight controllable two-position disconnects, and
two controllable three-position disconnects. ANSI and
IEC symbols, along with analog and digital labels, are
available for you to create detailed SLDs of the bay to
indicate the status of the breaker and disconnects, bus
voltages, and power flow through the breaker. Figure 20
shows the default SLD for the touchscreen display option.

SEL-751 Data Sheet
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Bay Screen 1

W RID : SEL-751
TID :FEEDER RELAY

Figure 20 Default Bay Screen

Meter Folder Applications

The applications in the Meter folder are part-number
dependent. Only those metering applications specific to
your part number appear in the Meter folder. Tapping an
application in the Meter folder shows you the report for
that particular application. Tap the Phasor application to
view the current and voltage phasors (see Figure 21).

Meter Phasors

Figure 21

Tap the Energy application to view the energy metering
quantities (see Figure 22). A reset feature is provided for
the Energy, Max/Min, Demand, and Peak Demand appli-
cations. Tap the Reset button (see Figure 22) to navi-
gate to the reset confirmation screen. Once you confirm
the reset, the data are reset to zero.

02/08/2017 | 08:34:16

MWh3P-OUT (Mwh)
0.017
MVARN3P-OUT (MVARh)

0.002

LAST RESET

Energy Metering

MWh3P-IN (MWh)
0.000
MVARh3P-IN (MVARH)
0.000
MVAh3P (MVAh)
0.017 o1/24/2017 14:49:13

e ace|

Figure 22 Meter Energy
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Reports Folder Applications

Tapping the Reports folder navigates you to the screen
where you can access the Events, HIF Events (if avail-
able), and SER applications. Use these applications to
view events and SERs. To view the event summary (see
Figure 23) of a particular event record, tap the event
record on the Event History screen (for Events and HIF
Events). You can also trigger an event report from the
Event History screen.

/2017 | 08:50:47

Ref _MNum 10061 Event 27 Trip
Date 01/25/2017 Time 11:50:28.732
Location $355% Targets 11000000
1A (A} 248 VAN (V) 178

1B (A) 251 VEN (V) 180

IC (A) 2438 VCN (V) 176

IN (A) 0.12 VG (V) 6

1G {A) 0.49 Freq {Hz) 60.0

“iR acc |

Figure 23 Event Summary

Tap the Sequential Events Recorder application to view
a history of the SER reports (see Figure 24).

Sequential Events Recorder
DATE TIME

017 [08:31:56

ELEMENT STATE

105 01/25/2017 081930061 51G1T Asserted
106 01/25/2017 08:19:29.194 SALARM Deasserted
107 01/25/2017 081928198 51G1T Deasserted
108 01/25/2017 081928194 SALARM Asserted
109 01/25/2017 0819:28.194 Relay Settings Changed
110 01/25/2017 081910604 51G1T Asserted
111 01/25/2017 0816:02.792 SALARM Deasserted I
112 01/25/2017 0816:01.792 SALARM Asserted

iR acc

Figure 24 Sequential Events Recorder

Tapping the Trash button, shown in Figure 23, on the
Event History, HIF Event History, and Sequential Events
Recorder screens and confirming the delete action
removes the records from the relay.

Control Folder Applications

Tapping the Control folder navigates you to the screen
where you can access the Breaker Control, Output Puls-
ing, and Local Bits applications. Use the applications to
perform breaker control operations, pulse output contacts
(Figure 25), and control the local bits (Figure 26).

Schweitzer Engineering Laboratories, Inc.



Digital Output Pulsing - Slot A

S  outwol oUTI02
1 0

02/08/2017 |

OouT1I03
0

Tap an output button.

iR [ 2ac

Figure 25 Digital Output Pulsing-Slot A

Local Bits

LOCAL BIT NAME STATE
LBO1 SPERV SW OPEN
LBOZ FAN START OFF

Tap a row.

iR [ 2nc

Figure 26 Local Bits

Device Info Folder Applications

Tapping the Device Info folder navigates you to the
screen where you can access specific device information
applications (Status, Configuration, Arc-Flash Diagnos-
tics, and Trip & Diag. Messages) and the Reboot applica-
tion. Tap the Status application to view the relay status,
firmware version, part number, etc. (see Figure 27).

Automation

21

Device Status 02/08/2017 | 14:05:22

Relay Enabled

Serial No 3162580033

FID String SEL-751-X391-V0-Z007002-D20170201
Part Number 751601A1X4X7085A63X

SEL Display 1.0.0.813

1.539168099.0.0
ICD-751-R200-V0-Z111006-D20151112

“iR [ acc

Customer Display

IEC-61850 CID

Figure 27 Device Status

To view the trip and diagnostic messages, tap the Trip &
Diag. Messages application (see Figure 28). When a
diagnostic failure, trip, or warning occurs, the relay dis-
plays the diagnostic message on the screen until it is
either overridden by the restart of the rotating display or
the inactivity timer expires.

Trip, Warning, & Diagnostic Messages | 02/08/2017 | 11:05:03

oW TYPE DATE TIME EVENT

TRIP  02/08/2017 11:04:54.544 ABCT

WARN 02/08/2017 11:04:52.489  Arc Flash Status

View Events or Status reports for details.

Figure 28 Trip and Diagnostics

Flexible Control Logic and Integration Features

The SEL-751 can be ordered with as many as four inde-
pendently operated serial ports:
» EIA-232 port on the front panel
» EIA-232 or EIA-485 port on the Slot B card in the
rear
» EIA-232 fiber-optic port on the Slot B card in the
rear

» EIA-232 or EIA-485 port on the optional commu-
nications card in Slot C in the rear

Schweitzer Engineering Laboratories, Inc.

Optionally, the relay supports single or dual, copper or
fiber-optic Ethernet ports. The relay does not require spe-
cial communications software. You can use any system
that emulates a standard terminal system for engineering
access to the relay. Establish local or remote communica-
tion by connecting computers, modems, protocol convert-
ers, printers, an SEL RTAC, SEL communications
processor, SEL computing platform, SCADA serial port,
or RTUs. Refer to Table 6 for a list of communications
protocols available in the SEL-751.

SEL-751 Data Sheet
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Table 6 Communications Protocols

Type Description

Simple ASCIT Plain language commands for human and simple machine communications. Use for metering, setting, self-test
status, event reporting, and other functions.

Compressed ASCIT Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an appropriate format for
direct import into spreadsheets and database programs. Data are checksum protected.

Extended Fast Meter and | Binary protocol for machine-to-machine communications.

Fast Operate Quickly updates SEL communications processors, RTUs, and other substation devices with metering
information, relay elements, I/O status, time-tags, open and close commands, and summary event reports. Data
are checksum protected. Binary and ASCII protocols operate simultaneously over the same communications
lines, so control operator metering information is not lost while a technician is transferring an event report.

Fast SER Protocol Provides SER events to an automated data collection system.

DNP3 Serial or Ethernet-based DNP3 protocols.

Provides default and mappable DNP3 objects that include access to metering data, protection elements,
Relay Word bits, contact 1/0, targets, SER, relay summary event reports, and setting group selection.

Modbus Serial- or Ethernet-based Modbus protocol with point remapping. Includes access to metering data, protection

IEC 61850 Edition 2

Synchrophasors

Event Messenger

DeviceNet

SNTP
IEEE 1588-2008

firmware-based PTP
PRP
RSTP

IEC 60870-5-103

EtherNet/IP

elements, contact I/O, targets, SER, relay summary event reports, and setting groups.

Ethernet-based international standard for interoperability between intelligent devices in a substation. Operates
remote bits and I/0. Monitors Relay Word bits and analog quantities.

Supports Fixed GOOSE peer-to-peer communication with eight setting selectable analog quantities and Relay
Word bits.

IEEE C37.118-2005-compliant synchrophasors for system state, response, and control capabilities.

The use of SEL-3010 Event Messenger allows you to receive alerts directly on your cell phone. Alerts can be
triggered through relay events and can include quantities measured by the relay.

Allows for connection to a DeviceNet network for access to metering data, protection elements, contact I/O,
targets, and setting groups. (The DeviceNet option has been discontinued and is no longer available to order as
of September 25, 2017.)

Ethernet-based protocol that provides time synchronization of the relay.

Ethernet-based protocol that provides time synchronization of the relay.

Provides seamless recovery from any single Ethernet network failure in a dual redundant Ethernet network, in
accordance with IEC 62439-3.

Provides faster recovery in response to changes and failures in switched mode dual redundant Ethernet networks
in accordance with IEEE 802.1Q-2014.

Serial communications protocol—international standard for interoperability between intelligent devices in a
substation.

Ethernet-based protocol that provides access to metering data, protection elements, targets, and contact I/O.

Apply an SEL communications processor as the hub of a
star network with a point-to-point fiber or copper
connection between the hub and the SEL-751 (see
Figure 29).

The communications processor supports external
communications links, including the public switched tele-
phone network, for engineering access to dial-out alerts
and private line connections of the SCADA system.

SEL-751 Data Sheet

Dial-Up ASCII Link §| |/ SCADA Link

ASCII Reports Plus
Interleaved Binary Data

SEL Communications
Processor

o] L2 e

Figure 29 Example Communications System

SEL 751

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.

SEL-751 control logic improves integration in the
following ways.

Schweitzer Engineering Laboratories, Inc.



» Replaces traditional panel control switches.

Eliminate traditional panel control switches with
32 local bits. Set, clear, or pulse local bits with the
front-panel pushbuttons and display. Program the
local bits into your control scheme with SELOGIC
control equations. Use the local bits to perform
functions such as a trip test or a breaker trip/close.

» Eliminates RTU-to-relay wiring with 64 remote

bits. Set, clear, or pulse remote bits using serial
port commands. Program the remote bits into your
control scheme with SELOGIC control equations.
Use remote bits for SCADA-type control opera-
tions such as trip, close, and settings group selec-
tion.

> Replaces traditional latching relays. Replace as

many as 64 traditional latching relays for such
functions as remote control enable with latch bits.
Program latch set and latch reset conditions with
SELOGIC control equations. Set or reset the non-
volatile latch bits using optoisolated inputs,
remote bits, local bits, or any programmable logic
condition. The latch bits retain their state when the
relay loses power.

Replaces traditional indicating panel lights.
Replace traditional indicating panel lights with 32
programmable displays. Define custom messages
(e.g., Breaker Open, Breaker Closed) to report
power system or relay conditions on the front-
panel display. Use advanced SELOGIC control
equations to control which messages the relay dis-

plays.

>» Eliminates external timers. Eliminate external

timers for custom protection or control schemes
with 64 general purpose SELOGIC control equa-
tion timers. Each timer has independent time-
delay pickup and dropout settings. Program each
timer input with the element you want (e.g., time

Schweitzer Engineering Laboratories, Inc.
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qualify a current element). Assign the timer output
to trip logic, transfer trip communications, or
other control scheme logic.

> Eliminates setting changes. Selectable setting
groups make the SEL-751 ideal for applications
requiring frequent setting changes and for adapt-
ing the protection to changing system conditions.
The relay stores four setting groups. Select the
active setting group by optoisolated input, com-
mand, or other programmable conditions. Use
these setting groups to cover a wide range of pro-
tection and control contingencies. Switching set-
ting groups switches logic and relay element
settings. Program groups for different operating
conditions, such as feeder paralleling, station
maintenance, seasonal operations, emergency
contingencies, loading, source changes, and
downstream relay setting changes.

Fast SER Protocol

SEL Fast SER provides SER events to an automated data
collection system. SEL Fast SER protocol is available on
any rear serial port. Devices with embedded processing
capability can use these messages to enable and accept
unsolicited binary SER messages from SEL-751 relays.

SEL relays and communications processors have two
separate data streams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people using
a terminal or terminal emulation package. The binary data
streams can interrupt the ASCII data stream to obtain
information, and then allow the ASCII data stream to
continue. This mechanism allows a single communica-
tions channel to be used for ASCII communications
(e.g., transmission of a long event report) interleaved with
short bursts of binary data to support fast acquisition of
metering or SER data.

SEL-751 Data Sheet
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Ethernet Network Architectures

Cat 5 shielded twisted pair (STP) ]

cables with RJ45 connectors
(SEL-C627/C628) for copper

Etherne: ports Ethernet Switch
fiber-optic Ethernet cables with
LC connectors (SEL-C808) for
fiber-optic Ethernet ports
Port 1 Port 1 Port 1 Port 1
| SEL- 751A| |SEL 700G | | SEL-787 | |SEL 751A | | SEL-751 | | SEL-710 ‘

Set Port 1 (Ethernet) settings in each relay.
Figure 30 Simple Ethernet Network Configuration

_ newore ()

Cat 5 shielded twisted pair (STP) cables with
RJ45 connectors (SEL-C627/C628) for copper
Ethernet ports
OR
fiber-optic Ethernet cables with LC connectors
(SEL-C808) for fiber-optic Ethernet ports

Ethernet Switch A Ethernet Switch B

1A 1B 1A 1B 1A 1B 1A 1B 1A 1B 1A 1B
SEL-751A SEL-700G SEL-787 SEL-751A SEL-751 SEL-710

Set Port 1 (Ethernet) settings in each relay.

Figure 31 Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

( nework ()

Cat 5 shielded twisted pair (STP) cables with R145
connectors (SEL-C627/C628) for copper Ethernet
ports

OR Ethernet Switch (Managed)

fiber-optic Ethernet cables with LC
connectors (SEL-C808) for
fiber-optic Ethernet ports

Y C Y Y Y (D

1A 1B 1A 1B 1A 1B 1A 1B 1A 1B 1A 1B
SEL-751A SEL-700G SEL-787 SEL-751A SEL-751 SEL-710

Set Port 1 (Ethernet) settings in each relay.
Figure 32 Ethernet Network Configuration With Ring Structure (Switched Mode)
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MIRRORED BITS Relay-to-Relay
Communications

The SEL-patented MIRRORED BITS communications tech-
nology provides bidirectional relay-to-relay digital com-
munications. MIRRORED BITS communications can
operate independently on as many as two EIA-232 rear
serial ports and one fiber-optic rear serial port on a single
SEL-751.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtual inputs (received MIRRORED
BITS) for each serial port operating in the MIRRORED BITS
mode (see Figure 33). Use these MIRRORED BITS to trans-
mit/receive information between upstream relays and a
downstream recloser control (e.g., SEL-351R) to enhance
coordination and achieve faster tripping for downstream
faults. MIRRORED BITS technology also helps reduce total
scheme operating time by eliminating the need to assert
output contacts to transmit information.

SEL-751 SEL-351R
TMB1 TMB1
TMB2 TMB2

Transmit ; : Transmit
TMBS TMBS
RMB1 RMB1
RMB2 RMB2

Receive - - Receive

RMBS8 RMB8

Figure 33 MIRRORED BITs Transmit and Receive Bits

Schweitzer Engineering Laboratories, Inc.

Status and Trip Target LEDs

The SEL-751 includes 24 status and trip target tricolor
LEDs on the front panel. When shipped from the factory,
all LEDs are predefined and fixed in settings. You can
reprogram these LEDs for specific applications. This
combination of targets is explained and shown in
Figure 36. Some front-panel relabeling of LEDs may be
needed if you reprogram them for unique or specific
applications—see Configurable Labels.

Configurable Labels

Use the configurable labels to relabel the operator con-
trols and LEDs (shown in Figure 36) to suit your installa-
tion requirements. This feature includes preprinted labels
(with factory-default text), blank label media, and a Mic-
rosoft Word template. The Microsoft Word template is
available at selinc.com. This allows you to create quick,
professional-looking labels for the SEL-751. Labels may
also be customized without the use of a PC by writing the
new label on the blank stock provided with the configu-
rable label kit. The ability to customize the control and
indication features allows specific utility or industry pro-
cedures to be implemented without the need for adhesive
labels.

Web Server

The web server allows you to communicate with the relay
via the Ethernet port without the need for additional com-
munication software (web browser required). The web
server allows you to access metering and monitoring data
and to perform firmware upgrades.

Firmware Download Via Ethernet Ports

Relay firmware can be securely downloaded to your relay
via the Ethernet port. The firmware is digitally signed to
prevent malicious modification. Additionally, the Ether-
net firmware download allows you to access and update
all your network relays simultaneously.

SEL-751 Data Sheet
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Relay Dimensions

7.56
5.67
(144.0)

1.12
(28.5)

CHASSIS
>
5
>
SIDE 3
>
]
5.80
= (147.4) =
LEGEND

in

——(mm

Figure 34 SEL-751 Dimensions for Rack- and Panel-Mount Models

SEL-751 Data Sheet

7.36
(187.0) PANEL CUTOUT
5.47
~ (13909
19089b

Schweitzer Engineering Laboratories, Inc.



27

Hardware Overview

ST
Typical Wiring
52B J‘52A
@ LTI
Prot. To SEL-C804
Alarm /  Close Trip Sensors
= | Cir?uit Cirf:uit
Power Supply — >
110-240 Vac @ AO1 |A02 |[AO03 |A04 | AO5 |A06 | AO7 | AO8 | A09 | A10 | A1l | Al12 g E % Ea
2a4gvdc oo+l [ NI [ TN [ B Lol o] [ 185 F
110-250 vdc OUT101 | OUT102 0UT103 IN101 IN102 Slrls E3
81
Input Power Output Contacts Control Inputs a
SNl o &
| S —
Font 5 <|m x
o (%) o , s
SEL-751 Feeder Protection Relay ol wl &
Port 3 Z|<|E|x
0G0 2
tional -
@ (%p Af}gas) ’ Optional Input / Output Cards ‘
8 Digital Outputs
IRIG-BTime o O .
e senree O (O Res A1 1]
] 10 RTDs
@ oINS A R A NI NIV NI
Optional Ethernet (single or dual) |.|_||.|_||.|_||.|_”.|_| |.|_”.|_”.|_”.|_”.|_|
—— 4 Digital Inputs / 4 Digital Outputs
1-12 RTDs * [9° OOt
ML p— Copper Wire  Multimode Fiber 3 Digital Inputs / 4 Digital Outputs / 1 Analog Output
WAV eremaimomoaue | 21090 | 1O h rararara
m_ With ST Option /(_)\Cssb—li Optional ST 14 Digital Inputs
(Optional) F able ! "
Fber.optic FOTOTOTOTOTOTOTOOT O OO

: X @ Inputs 8 Arc-Flash Detectors

@ 999

X R TX RX X RK X RX X R TX RX X RK X RX

m— g 4 Digital Inputs / 3 Digital Outputs
oo | 3| 1 -1
ook | v | & 8 Analog Inputs
v @ f2h f2h fi8h f8h f4h f8h foh
™™+ 8 4 Analog Inputs / 4 Analog Outputs
x |ils (B (B (B (B By (B (@ (B
w |38 7 or 8 Digital Inputs
101101 107 101 191 107 1O 101
** SEL Fiber-Optic Cables Current Inputs
240-1506 — 1. m (3.3 ) ST/ST 1A 1B IC IN \oltage Inputs (Optional) | Voltage Inputs (Optional)
24015075 m (16410 STIST [ J [ J [ ] [ ] VA | VB | VC N VS | NS |[VBAT|VBAT
240-1508 — 15 m (49.2 ft) ST/ST
Other lengths available by request 201|202| Z03 |ZO4| 205|ZO6| ZO7|208 EO3 | EO4
i I s 17
I [
1 + @
I [
A |
, - Bus | B ' > Line
A diagram for a four-wire wye C A - I

connection is also available in | . N
the instruction manual. | Open-Delta Potential, VS, VBAT, and CT Connections |

Figure 35 SEL-751 Wiring Diagram

Schweitzer Engineering Laboratories, Inc. SEL-751 Data Sheet



28

Relay Panel Diagrams
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Figure 40 No Ethernet, EIA-232 Serial Communications, EIA-232/EIA-485 Communications Card,
8 DI Card, and 8 DO Card (Form A) (Relay MOT 751401AA03A2A850000)
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Figure 41 Dual Copper Ethernet, 4 DI/4 DO Card, 14 DI Card, 8 AFDI Card With Arc-Flash Detector Inputs,

4 ACI/3 AVI Card With 5 A Phase, 200 mA Neutral, and 3-Phase AC Voltage Inputs (300 Vac)
(Relay MOT 7515S1A1A4A77870671)
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Figure 42 Dual Copper Ethernet, 14 DI Card, 8 DO (Form B) Card, 2 AVI/4 AFDI Card With LEA Vsync, Vbat Inputs, and
4 Arc-Flash Detection Inputs, 4 ACI/3 AVI Card With 5 A Phase, 200 mA Neutral, and 3-Phase LEA Voltage Inputs
(8 Vac) (Relay MOT 751501A4A2BLOL70671)
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Figure 43 Dual10/100 Base-T Ethernet, EIA-232 Rear Port, Without Single Multimode ST Fiber-Optic Serial Port Rear,
With DeviceNet Card, Fast Hybrid 4 DI/4 DO Card, 8 DI Card, and 4 ACI Card (No Voltage Inputs)
(Relay MOT 751001AA3CA3AA50F30)
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(B) Rear-Panel Layout

Figure 44 Dual10/100 Base-T Ethernet, EIA-232 Rear Port, 4 DI/4 DO Card, Fast Hybrid 4 DI/4 DO Card, LEA Vsync/
Vbat (300 Vdc) 7 DI Card, and 4 ACI/3 AVI LEA Card (Relay MOT 751001A1ACALA7LAF30)

Applications

Figure 45 shows some typical protection applications for
the SEL-751. You can use the SEL-751 directional and
non-directional overcurrent functions to protect virtually
any power system circuit or device including lines,
feeders, transformers, capacitor banks, reactors, and gen-
erators. Over- and underfrequency, over- and undervolt-
age, vector shift elements, rate-of-change-of-frequency
elements, and synchronism-check elements are well
suited for applications at distributed generation sites.
Directional power elements make the relay suitable for
utility and customer interface protection in applications
with customer generation. IEC cable/line thermal ele-
ments can be used to prevent insulation damage.

SEL-751 Data Sheet

Special relay versions can be ordered to provide sensitive
earth fault (SEF) protection on high-impedance grounded
systems, and directional overcurrent ground fault protec-
tion on ungrounded, high-impedance grounded and tuned
reactance (Petersen coil) grounded systems.

The SEL-751 Feeder Protection Relay offers an extensive
variety of protection and control features depending on
the model and options selected. The SEL-751 can be con-
figured to meet or exceed the protection and control
requirements specified in the ANSI/IEEE Std 1547-2018,
IEEE Standard for Interconnection and Interoperability
of Distributed Energy Resources with Associated Electric
Power System Interfaces.

You can use powerful SELOGIC control equations in all
SEL-751 models for custom protection and control appli-
cations. SEL application guides and technical support
personnel are available to help with unique applications.

Schweitzer Engineering Laboratories, Inc.
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Specifications

Compliance

Designed and manufactured under an ISO 9001 certified quality
management system

47 CFR 15B, Class A

Note: This equipment has been tested and found to comply with the
limits for a Class A digital device, pursuant to part 15 of the FCC
Rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can
radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful
interference to radio communications. Operation of this equipment in
a residential area is likely to cause harmful interference in which case
the user will be required to correct the interference at his own
expense.

CE Mark in accordance with the requirements of the European Union
RCM Mark in accordance with the requirements of Australia

UKCA Mark in accordance with the requirements of United Kingdom

Normal Locations
UL Listed to U.S. and Canadian safety standards (File E212775,
NRGU, NRGU7)

Note: UL has not yet developed requirements for products intended to
detect and mitigate an arc flash; consequently, UL has not evaluated
the performance of this feature. While UL is developing these
requirements, it will place no restriction on the use of this product for
arc-flash detection and mitigation. For test results performed by an
independent laboratory and other information on the performance and
verification of this feature, please contact SEL customer service.

Hazardous Locations

UL Certified for Hazardous Locations to U.S. and Canadian standards
CL 1, DIV 2; GP A, B, C, D; T3C, maximum surrounding air
temperature of 50°C (File E470448)

EU
@SEL 19 ATEX 0001X
1136
ExecnCIIC T3 Gc
EN 60079-0:2012 + A11:2013, EN 60079-7:2015,
EN 60079-15:2010, EN 60079-11:2012
Ambient air temperature shall not exceed —20°C < Ta < +50°C

Note: Where so marked, ATEX and UL Hazardous Location
Certification tests are applicable to rated supply specifications only
and do not apply to the absolute operating ranges, continuous thermal,
or short circuit duration specifications.

General

AC Current Input

Inom =200 mA, 1 A, or 5 A secondary, depending on the model.
Measurement Category: 11

Phase and Neutral Currents

Inom=5A

Continuous Rating: 3 ¢ Iyom @ 85°C
4+ Iyom @ 55°C

A/D Measurement Limit: 217 A peak (154 Arms symmetrical)

Saturation Current Rating: Linear to 96 A symmetrical

1-Second Thermal: 500 A
Burden (per phase): <0.1VA@S5SA
SEL-751 Data Sheet

IN0M=1A

Continuous Rating:

A/D Measurement Limit:
Saturation Current Rating:
1-Second Thermal:

Burden (per phase):
INOM =200 mA

Continuous Rating:

A/D Measurement Limit:
Saturation Current Rating:
1-Second Thermal:

Burden (per phase):

3« Iyom @ 85°C

4« Iyom @ 55°C

43 A peak (31 Arms symmetrical)
Linear to 19.2 A symmetrical

100 A

<0.0lVA@1A

4A

8.4 A peak (6 Arms symmetrical)
Linear to 4 A symmetrical

500 A

<0.0l VA@0.2 A

Rogowski Coil-Based AC Current Inputs—Phase Currents

Continuous Rating:
Nominal Input Voltage:
Number of Gain Ranges:
Full Scale Voltage:

A/D Measurement Limit:
10-Second Thermal:
Input Impedance:

Standard Compliance:

30 Vrms

65 mV to 4.16 Vrms

6

4,8, 16, 32, 64, 128 Vrms
*185 Vpeak

200 Vac

2 MQ)J|50 pF

IEC 61869-6
IEC 61869-13

Low-Power Current Transformer (LPCT) Inputs—Phase Currents

Continuous Rating:
Nominal Input Voltage:
Number of Gain Ranges:
Full Scale Voltage:

A/D Measurement Limit:
10-Second Thermal:
Input Impedance:

Standard Compliance:

AC Voltage Input

Vnowm (L-L) Setting Range:

300 Vac Voltage Inputs
Rated Continuous Voltage:
10-Second Thermal:

4 Vrms

16 mV to 260 mVrms
4

1,2,4, 8 Vrms

*11.3 Vieak

200 Vac

2 MQ||50 pF

IEC 61869-6
IEC 61869-13

20-250 V (if DELTA_Y :=DELTA)
20-480 V (if DELTA_Y = WYE)

300 Vac (phase-to-neutral)
600 Vac (phase-to-neutral)

Input Impedance | Input Impedance
Burden (Per Phase) (Phase-to-Phase)
Vphase | 0.008 VA @ 120 Vac 2 MQ 4 MQ
Vbat/Vs | 0.003 VA @ 120 Vac 5MQ

Low-Energy Analog (LEA) Voltage Inputs (Euro Connector Input)

Rated Continuous Voltage:
Nominal LEA Voltage:
Input Range:

10-Second Thermal:

Input Impedance:

8 Vac (phase-to-neutral)

0.5-6.8 Vrms (phase-to-neutral)
£12 Vpear
300 Vac (phase-to-neutral)

2 MQ single-ended (phase-to-neutral)
4 MQ differential (phase-to-phase)
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Low-Energy Analog Voltage Sensor Inputs (RJ45 Input)

Continuous Rating:
Nominal Input Voltage:
Full-Scale Voltage:

A/D Measurement Limit:
10-Second Thermal:
Input Impedance:

Standard Compliance:

Power Supply
Relay Start-Up Time:

High-Voltage Supply
Rated Supply Voltage:

Input Voltage Range
(Design Range):

Power Consumption:

Interruptions:

Low-Voltage Supply
Rated Supply Voltage:

Input Voltage Range
(Design Range):

Power Consumption:

Interruptions:

Fuse Ratings

8 Vrms

0.5-6.8 Vrms

8 Vrms

+12 Voo @ 60 Hz
200 Vac

2 MQJ|50 pF

IEC 61869-6
IEC 61869-13

Approximately 5-10 seconds (after
power is applied until the ENABLED
LED turns on)

110-240 Vac, 50/60 Hz
110-250 Vdc

85-264 Vac
85-300 Vdc

<55 VA (ac)
<25 W (dc)

50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

24-48 Vdc
19.2-60.0 Vdc

<25 W (dc)

10 ms @ 24 Vdc
50 ms @ 48 Vdc

Low-Voltage Power Supply Fuse

Rating:

Maximum Rated Voltage:
Breaking Capacity:

Type:

3.5A

300 Vdc, 250 Vac
1500 A at 250 Vac
Time-lag T

High-Voltage Power Supply Fuse

Rating:

Maximum Rated Voltage:
Breaking Capacity:

Type:

Output Contacts

General

3.A5A

300 Vdc, 250 Vac
1500 A at 250 Vac
Time-lag T

The relay supports Form A, B, and C outputs.

Dielectric Test Voltage:

Impulse Withstand Voltage
(Uimp):

Mechanical Durability:

Standard Contacts

Pickup/Dropout Time:

DC Output Ratings

Rated Operational Voltage:
Rated Voltage Range:
Rated Insulation Voltage:

2500 Vac

5000 V
100,000 no-load operations

<8 ms (coil energization to contact
closure)

250 Vdc
19.2-275 Vdc
300 Vde

Schweitzer Engineering Laboratories, Inc.

Make:
Continuous Carry:

1-Second Thermal:

Contact Protection:

30 A @ 250 Vdc per IEEE C37.90

6A@ 70°C
4A@85°C
50 A

360 Vdc, 115 I MOV protection across

open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24Vde 0.75A
48Vde 0.50A
125Vde 0.30A
250 Vde 0.20A

L/R =40 ms
L/R =40 ms
L/R =40 ms
L/R =40 ms

Cyclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:

24Vde 0.75A
48Vde 0.50A
125Vde 0.30A
250 Vde 0.20A

AC Output Ratings

Maximum Operational
Voltage (U,) Rating:

Insulation Voltage (U;) Rating

(excluding EN 61010-1):
1-Second Thermal:

Contact Rating Designation:

L/R =40 ms
L/R =40 ms
L/R =40 ms
L/R =40 ms

240 Vac

300 Vac
50 A
B300

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA
Voltage 120 Vac 240 Vac —
Make 30 A ISA 3600
Break 3A 1.5A 360
PF <0.35, 50-60 Hz
Utilization Category: AC-15
AC-15
Operational Voltage (Ue) 120 Vac 240 Vac
Operational Current (Ie) 3A 1.5A
Make Current 30A ISA
Break Current 3A 1.5A

Electromagnetic loads > 72 VA, PF < 0.3, 50-60 Hz

Voltage Protection Across
Open Contacts:

270 Vac, 40 J

Fast Hybrid (High-Speed, High-Current Interrupting)

DC Output Ratings

Rated Operational Voltage:
Rated Voltage Range:
Rated Insulation Voltage:
Make:

Carry:

1-Second Thermal:

Open State Leakage Current:

MOV Protection (maximum
voltage):

Pickup Time:

Dropout Time:

250 Vdc

19.2-275 Vde

300 Vdc

30 A @ 250 Vdc per IEEE C37.90
6 A @ 70°C

4A @ 85°C

S0A

<500 pA

250 Vac/330 Vdc
<50 ps, resistive load

<8 ms, resistive load

Breaking Capacity (10,000 Operations):

48 Vdc 10.0 A
125 Vde 10.0 A
250 Vde 10.0 A

L/R =40 ms
L/R =40 ms
L/R =20 ms
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Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for

Thermal Dissipation): Analog Inputs (Optional)
48 Vdc 10.0 A L/R =40 ms Maximum Input Range: +20 mA
125 Vde 10.0 A L/R =40 ms +10V
250 Vde 10.0A L/R =20 ms Operational range set by user
AC Output Ratings Input Impedance: 200 Q (current mode)
See AC Output Ratings for Standard Contacts. >10 kQ (voltage mode)
Accuracy at 25°C
Optoisolated Control Inputs With User Calibration: 0.05% of full scale (current mode)

0.025% of full scale (voltage mode)
Without User Calibration: ~ Better than 0.5% of full scale at 25°C

When Used With DC Control Signals
Pickup/Dropout Time: Depends on the input debounce settings

250 V- ON for 200.0-312.5 Vdec A;zlrgazﬁayir;?tion With +0.015% per °C of full-scale
OFF below 150 Vdc perature: (20 mA or £10'V)
220V: ON for 176-275 Vdc Arc-Flash Detectors (Optional)
OFF below 132 Vdc
Multimode fiber-optic receiver/transmitter pair
125Vv: ON for 100.0-156.2 Vdc
OFF below 75 Vdc Fiber Type: 1000 um diameter, 640 nm wavelength,
plastic, clear-jacketed, or black-
110 V: ON for 88.0-137.5 Vdc jacketed
OFF below 66 Vdc
Connector Type: V-pin
48 V: ON for 38.4-60.0 Vdc
OFF below 28.8 Vde Frequency and Phase Rotation
24V: ON for 15-30 Vdc
OFF below 5 Vde System Frequency: 50, 60 Hz
. ) Phase Rotation: ABC, ACB
When Used With AC Control Signals .
Frequency Tracking: 15-70 Hz
Pickup Time: 2 ms
Dropout Time: 16 ms Time-Code Input
250 V: ON for 170.6-312.5 Vac Format: Demodulated IRIG-B
OFF below 106 Vac On (1) State: V222V
220 V: ON for 150.2-275 Vac Off (0) State: V<08V
OFF below 93.3 Vac
Input Impedance: 2kQ
125V: ON for 85-156.2 Vac
OFF below 53 Vac Synchronization Accuracy
110 V: ON for 75.1-137.5 Vac Internal Clock: +1 s
OFF below 46.6 Vac Synchrophasor Reports
48V ON for 32.8-60 Vac (e.g., MET PM): +10 us
OFF below 20.3 Vac All other reports: +5 ms
24 V: ON for 14-30 Vac SNTP Accuracy: +1 ms (in an ideal network)
OFF below 5 Vac PTP Accuracy: +1 ms for firmware-based PTP
Current Draw at Nominal DC 2 mA (at 220-250 V) +250 ns for hardware-based PTP
Voltage: 4 mA (at 48-125 V) Unsynchronized Clock Drift
10 mA (at 24 V) Relay Powered: 2 minutes per year typical
Rated Impulse Withstand
Voltage (Uypy): 4000 V Communications Ports
Anang 0utput (0pt|0na|) Standard EIA-232 (2 ports)
1 A0 4A0 Location: Front Panel
Rear Panel
C t: 4-20 mA +20 mA
urren m Data Speed: 300-38400 bps
Voltage: — 10V
EIA-485 Port (optional)
Load at 1 mA: — 0-15 kQ
Location: Rear panel
Load at 20 mA: 0-300 Q 0-750 Q
Data Speed: 300-19200 bps
Load at 10 V: — >2000 Q
Refresh Rate: 100 ms 100 ms Ethernet Port (optional)
% Error, Full Scale, at 25°C:  <£1% <+0.55% S}ngle/Dual 10/100BASE-T copper (RJ45 connector)
. . ) Single/Dual 100BASE-FX (LC connector)
Select From: Analog quantities available in the relay
EIA-232 Multimode Fiber-Optic Port (Optional)
Location: Rear panel
Data Speed: 300-38400 bps
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Fiber-Optic Ports Characteristics
Port 1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm
Optical Connector Type: LC

Fiber Type: Multimode
Link Budget: 16.1 dB
Typical TX Power: —15.7 dBm
RX Min. Sensitivity: -31.8 dBm
Fiber Size: 62.5/125 pm
Approximate Range: ~6.4 km
Data Rate: 100 Mbps
Typical Fiber Attenuation: —2 dB/km
Port 2 Serial

Wavelength: 820 nm
Optical Connector Type: ST

Fiber Type: Multimode
Link Budget: 8dB
Typical TX Power: —16 dBm
RX Min. Sensitivity: —24 dBm
Fiber Size: 62.5/125 pm
Approximate Range: ~1 km

Data Rate: 5 Mbps

Typical Fiber Attenuation: —4 dB/km
Channels 1-8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength: 640 nm
Optical Connector Type: V-pin
Fiber Type: Multimode
Typical TX Power: —12 dBm

Point Sensor

Minimum Receive

Sensitivity: -52.23 dB
Point Sensor Diagnostic

Worst Case Loss: —28dB
Link Budget: 12.23 dB
Black-Jacketed Fiber Worst

Case Loss: —0.19 dBm
Black-Jacketed Fiber Typical

Loss: —0.17 dBm
ST or V-Pin Connector Splice

Loss: -2.00dB
Approximate Range: As much as 35 m

Fiber Sensor

Minimum Receive

Sensitivity: -29.23dB
Link Budget: 17.23 dB
Clear-Jacketed Fiber Worst

Case Loss: —0.19 dBm
Clear-Jacketed Fiber Typical

Loss: —0.17 dBm
ST or V-Pin Connector Splice

Loss: -2.00dB
Approximate Range: As much as 70 m

Schweitzer Engineering Laboratories, Inc.
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Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications
card
Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus RTU and TCP/IP, DNP3 serial and LAN/WAN, FTP,
Telnet, SNTP, PTP, IEC 61850 Edition 2, IEC 60870-5-103, EtherNet/
1P, PRP, IEEE 802.1Q-2014 RSTP, MIRRORED BITS, EVMSG,

IEEE C37.118-2005 (synchrophasors), and DeviceNet

Operating Temperature

IEC Performance Rating: —40° to +85°C (—40° to +185°F)
(per IEC/EN 60068-2-1 and
IEC/EN 60068-2-2)

Note: Not applicable to UL applications.
Note: The front-panel display is impaired for temperatures below
—20°C and above +70°C.

DeviceNet Communications
Card Rating: +60°C (+140°F) maximum
Optoisolated Control Inputs: ~ As many as 26 inputs are allowed in
ambient temperatures of 85°C or less
As many as 34 inputs are allowed in
ambient temperatures of 75°C or less
As many as 44 inputs are allowed in
ambient temperatures of 65°C or less

Operating Environment

Insulation Class: 1
Pollution Degree: 2
Overvoltage Category: 1T
Atmospheric Pressure: 80-110 kPa
Relative Humidity: 5%-95%, noncondensing
Maximum Altitude Without
Derating (Consult the
Factory for Higher Altitude
Derating): 2000 m
Dimensions

144.0 mm (5.67 in) x 192.0 mm (7.56 in) x 147.4 mm (5.80 in)

Weight
2.7 kg (6.0 1b)

Relay Mounting Screw (#8-32) Tightening Torque
Minimum: 1.4 Nm (12 in-Ib)
Maximum: 1.7 Nm (15 in-Ib)

Terminal Connections

Terminal Block
Screw Size: #6

Ring Terminal Width: 0.310-inch maximum

Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-1b)
Maximum: 1.4 Nm (12 in-Ib)
Compression Plug Tightening Torque
Minimum: 0.5 Nm (4.4 in-1b)
Maximum: 1.0 Nm (8.8 in-1b)
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Compression Plug Mounting Ear Screw Tightening Torque

Minimum:
Maximum:

Product Standards

Electromagnetic
Compatibility:

Safety Standards:

Type Tests

Environmental Tests

Enclosure Protection:

0.18 Nm (1.6 in-Ib)
0.25 Nm (2.2 in-Ib)

1EC 60255-26:2013

IEC 60255-27:2013
UL 508
CSA C22.2 No. 14-05

1EC 60529:2001 + CRDG:2003

IP65 enclosed in panel
(2-line display models)

IP54 enclosed in panel
(touchscreen models)

IP50 for terminals enclosed in the dust-
protection assembly (protection
against solid foreign objects only)
(SEL Part #915900170). The 10°C
temperature derating applies to the

temperature specifications of the relay.

IP10 for terminals and the relay rear
panel

1P20 for terminals and the relay rear
panel with optional terminal block
cover

Note: If rear terminals are accessible during normal use, the product
must be mounted in a locked enclosure or restricted area accessible by
trained maintenance or operation personnel only.

Vibration Resistance:

Shock Resistance:

Seismic (Quake Response):

Cold:

Dry Heat:

Damp Heat, Steady State:

Damp Heat, Cyclic:

Change of Temperature:

SEL-751 Data Sheet

IEC 60255-21-1:1988

TEC 60255-27:2013, Section 10.6.2.1
Endurance: Class 2
Response: Class 2

IEC 60255-21-2:1988
IEC 60255-27:2013, Section 10.6.2.2
IEC 60255-27:2013, Section 10.6.2.3
Withstand: Class 1
Response: Class 2
Bump: Class 1

IEC 60255-21-3:1993
IEC 60255-27:2013, Section 10.6.2.4
Response: Class 2

1EC 60068-2-1:2007

IEC 60255-27:2013, Section 10.6.1.2

1IEC 60255-27:2013, Section 10.6.1.4
—40°C, 16 hours

1IEC 60068-2-2:2007

TEC 60255-27:2013, Section 10.6.1.1

IEC 60255-27:2013, Section 10.6.1.3
85°C, 16 hours

1IEC 60068-2-78:2001
IEC 60255-27:2013, Section 10.6.1.5
40°C, 93% relative humidity, 10 days

1IEC 60068-2-30:2001

TIEC 60255-27:2013, Section 10.6.1.6
25° to 55°C, 95% relative humidity,
6 cycles

IEC 60068-2-14:2009

TIEC 60255-1:2010, Section 6.12.3.5
—40° to +85°C, ramp rate 1°C/min,
5 cycles

Dielectric Strength and Impulse Tests

Dielectric (Hi-Pot):

Impulse:

RFI and Interference Tests

Electrostatic Discharge
Immunity:

Radiated RF Immunity:

Fast Transient, Burst
Immunity®:

Surge Immunity®:

Surge Withstand Capability
Immunity®:

Conducted RF Immunity:

Magnetic Field Immunity:

Schweitzer Engineering Laboratories, Inc.

IEC 60255-27:2013, Section 10.6.4.3
IEEE C37.90-2005
1.0 kVac on analog outputs, Ethernet
ports, Port 3, IRIG
2.0 kVac on analog inputs
2.5 kVac on contact I/0
3.6 kVdc on power supply, current,
and voltage inputs

IEC 60255-27:2013, Section 10.6.4.2
0.5 J, 5 kV on power supply, contact
1/0, ac current, and voltage inputs
0.5J, 1 kV on Port 3, RTD, and IRIG
ports
0.5 J, 530 V on analog outputs

IEEE C37.90:2005
05J,5kV
0.5, 530 V on analog outputs

IEC 61000-4-2:2008
1IEC 60255-26:2013; Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4

8 kV contact discharge

15 kV air discharge

IEC 61000-4-3:2010

1IEC 60255-26:2013; Section 7.2.4
10 V/m

IEEE C37.90.2-2004
20 V/m

IEC 61000-4-4:2011

IEC 60255-26:2013; Section 7.2.5
4kV @ 5.0kHz
2 kV @ 5.0 kHz for comm. ports

IEC 61000-4-5:2005
1IEC 60255-26:2013; Section 7.2.7
2 kV line-to-line
4 kV line-to-earth
EN 61000-4-18:2010
IEC 60255-26:2013; Section 7.2.6
2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports
IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient
Comm. ports, IRIG, and PTC ports
Zone B, 2 kV line-to-earth
LEA ports compliant with
1IEC 61869-13 tested to 1 kV, 1 MHz
common mode

IEC 61000-4-6:2008
IEC 60255-26:2013; Section 7.2.8
10 Vrms

IEC 61000-4-8:2009
IEC 60255-26:2013, Section 7.2.10
Severity Level:
1000 A/m for 3 seconds
100 A/m for 1 minute; 50/60 Hz
IEC 61000-4-9: 2001
Severity Level: 1000 A/m
IEC 61000-4-10:2001
Severity Level: 100 A/m
(100 kHz and 1 MHz)



IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000
IEC 60255-26:2013, Section 7.2.11
IEC 60255-26:2013, Section 7.2.12
IEC 60255-26:2013, Section 7.2.13

Power Supply Immunity:

EMC Emissions

IEC 60255-26:2013 Class A

FCC 47 CFR Part 15.107 Class A
Canada ICES-001 (A) / NMB-001 (A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A

CISPR 32:2015 Class A

1IEC 60255-26:2013 Class A

FCC 47 CFR Part 15.109 Class A
Canada ICES-001 (A) / NMB-001 (A)
EN 55011:2009 + A1:2010 Class A
EN 55022:2010 + AC:2011 Class A
EN 55032:2012 + AC:2013 Class A
CISPR 11:2009 + A1:2010 Class A
CISPR 22:2008 Class A

CISPR 32:2015 Class A

Conducted Emissions:

Radiated Emissions:

Processing Specifications and Oscillography

AC Voltage and

Current Inputs: 32 samples per power system cycle

Frequency Tracking Range:  15-70 Hz

Digital Filtering: One-cycle cosine after low-pass analog
filtering. Net filtering (analog plus
digital) rejects dc and all harmonics
greater than the fundamental.

Protection and
Control Processing:

Processing interval is 4 times per power
system cycle (except for math
variables and analog quantities, which
are processed every 25 ms). Analog
quantities for rms data are derived
from data averaged from the previous
8 cycles.

Arc-Flash Processing: Arc-Flash light is sampled 32 times per
cycle
Arc-Flash current, light, and 2 fast

hybrid outputs are processed 16 times

per cycle
Phase Discontinuity Processing rate is once every 2 power
Detection: system cycles.
Cold Load Pickup: Processing rate is once every 2 power

system cycles.

Processing Rate: Once every 2 power system cycles

Oscillography

Length: 15, 64, 180, or 300 cycles
Sampling Rate: 32 samples per cycle unfiltered
4 samples per cycle filtered
Trigger: Programmable with Boolean expression
Format: ASCII and Compressed ASCIT

Binary COMTRADE (32 samples per
cycle unfiltered)

Note: Binary COMTRADE format as per IEEE C37.111-2013,
IEEE Standard Common Format for Transient Data Exchange
(COMTRADE) for Power Systems.

Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy: +5 ms

Schweitzer Engineering Laboratories, Inc.
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Sequential Events Recorder
Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy (With
Respect to Time Source): +1 ms

Functional Requirements

Over- and Undercurrent IEC 60255-151:2009

Protection:

Over- and Undervoltage IEC 60255-127:2010

Protection:

Frequency Protection: IEC 60255-181:2019

Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 50Q)
Supported and Effective Setting Range, A Secondary:

5 A models: 0.25-100.00 A, 0.01 A steps
1 A models: 0.05-20.00 A, 0.01 A steps
200 mA models: 0.010-4.000 A, 0.001 A steps (50N)
Accuracy: +3% of setting plus £0.02 * Iyom A
secondary (steady state)
+5% of setting plus £0.02  Iyom A
secondary (transient)
+6% of setting plus £0.02 « Iyom A
secondary (transient for 50Q)
Time Delay: 0.00-400.00 seconds, 0.01 seconds
steps
Pickup/Dropout Time: <1.75 cycles (with fast hybrid output

contacts)

Reset Ratio: 95% for setting 20.1  Iyom

90% for setting <0.1 * Iyom
Transient Overreach: <15% for X/R = 10-120

Overshoot Time: 5 ms

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)
Pickup Setting Range, A Secondary:
5 A models: 0.50-100.00 A, 0.01-A steps
1 A models: 0.10-20.00 A, 0.01 A-steps

Accuracy: 0 to +10% of setting plus £0.02 « Iyom
A secondary (steady state pickup)

Pickup/Dropout Time: 2-5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1-TOL8)

Pickup Setting Range, % of  3.0-80.0% (point sensor)
Full Scale: 0.6-80.0% (fiber sensor)

Pickup/Dropout Time: 2-5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)
Supported Setting Range, A Secondary:

5 A models: 0.25-24.00 A, 0.01 A steps
1 A models: 0.05-4.8 A, 0.01 A steps
200 mA models: 10-960 mA, 0.01 mA steps (51N)

Effective Setting Range (IEC), A Secondary:

5 A models: 0.5-5.165 A, 0.01 A steps
1 A models: 0.1-1.03 A, 0.01 A steps
200 mA models: 10-206 mA, 0.01 mA steps (51N)

Lowest Value of Input
Energizing Quantity for
which the Relay is
Guaranteed to Operate (Gr): 1.30 times setting
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Threshold at which the Relay
Switches from Dependent
Time Operation to
Independent Time

Operation (Gp): >30 times setting
Accuracy: +5% of setting plus £0.02 « Iyopm A
secondary (steady state pickup)
Time Dial
U.S./IEEE: 0.50-15.00, 0.01 steps
IEC: 0.01-1.50, 0.01 steps
Accuracy (Operate +1.5 cycles, +4% between 2 and 30
Time): multiples of pickup (within A/D

measurement limit)

Accuracy (Reset Time):  £1.5 cycles, £4% between 0.5 and 0
multiples of pickup

95% for setting > 0.1 « I NOM
90% for setting <0.1 « I NOM

<15% for X/R = 10-120

Overshoot Time: 5-30 ms

Reset Ratio:

Transient Overreach:

Breaker Failure Instantaneous Overcurrent
Pickup Setting Range, A Secondary:

5 A models: 0.10-10.00 A, 0.01 A steps
1 A models: 0.02-2.00 A, 0.01 A steps
Accuracy: +3% of setting plus £0.02 « Iyopm A
secondary (steady state)
Time Delay: 0.00-2.00 seconds, 0.01 second steps
Pickup/Dropout Time: <1.5 cycles

IEC Thermal Element (491EC)

Setting Range: Trip pickup, 1%—150%
Alarm pickup, 1%—100%
Pickup Accuracy: +2% (for I = Iyom)

+5% (for 0.4 « Iyon <1< Iyom)

Time to Trip/Reset Accuracy: +5% plus +£0.5 s of the calculated value

Undervoltage (27P, 27PP, 27S)

Supported and Effective OFF, 2.00-300.00 V, 0.01 V steps
Setting Range: (phase elements, phase-to-phase
elements with delta inputs or
synchronism voltage input)
OFF, 2.00-520.00 V, 0.01 V steps
(phase-to-phase elements with wye
inputs)
Accuracy: +1% of setting plus £0.5 V
Time Delay: 0.00-120.00 seconds, 0.01-second steps
Pickup/Dropout Time: <1.75 cycles (with fast hybrid output
contacts)
Reset Ratio: 106% for setting < 10 V
101% for setting > 10 V
Overshoot: 35 ms
SEL-751 Data Sheet

Overvoltage (59P, 59PP, 596, 59Q, 595)

Supported and Effective

Setting Range:

Accuracy:
Time Delay:
Pickup/Dropout Time:

Reset Ratio:

Overshoot:

OFF, 2.00-300.00 V, 0.01 V steps
(phase elements, phase-to-phase
elements with delta inputs or
synchronism voltage input)

OFF, 2.00-520.00 V, 0.01 V steps
(phase-to-phase elements with wye
inputs)

+1% of setting plus +0.5 V

0.00-120.00 seconds, 0.01 second steps

<1.75 cycles (with fast hybrid output
contacts)

96% for setting < 10 V
99% for setting > 10 V

35 ms

Incipient Cable Fault (50INC)

Pickup Setting Range,
A Secondary:

Accuracy:

Pickup time:

OFF, 0.50-50.00 A (phase),
0.01-A steps for 5 A

OFF, 0.10-10.00 A (phase),
0.01-A steps for 1 A

+5% of setting A secondary
<1/2 cycle

Inverse-Time Undervoltage (271)

Supported and Effective

Setting Range:

Accuracy:

Pickup/Dropout Time:

Time Dial:

Accuracy:

Reset Ratio:

Overshoot Time:

OFF, 2.00-300.00 V, 0.01 V steps
(phase elements, positive-sequence
elements, phase-to-phase elements
with delta inputs or synchronism-
check voltage input)

OFF, 2.00-520.00 V, 0.01 V steps
(phase-to-phase elements with wye
inputs)

+1% of setting plus £0.5 V

<1.75 cycles (with fast hybrid output
contacts)

0.00-16.00 s

+1.5 cyc plus £4% between 0.95 and
0.1 multiples of pickup

103% for setting < 10 V
102% for setting > 10 V

5-30 ms

Inverse-Time Overvoltage (591)

Supported and Effective

Setting Range:

Accuracy:
Time Dial:

Accuracy:

Pickup/Dropout Time:

Reset Ratio:

Overshoot Time:

OFF, 2.00-300.00 V, 0.01 V steps
(phase elements, sequence elements,
or phase-to-phase elements with delta
inputs or synchronism voltage input)

OFF, 2.00-520.00 V, 0.01 V steps
(phase-to-phase elements with wye
inputs)

+1% of setting plus £0.5 V
0.00-16.00 s, 0.01 s steps

+1.5 cyc plus £4% between 1.05 and
5.5 multiples of pickup

<1.75 cycles (with fast hybrid output
contacts)

96% for setting < 10 V
99% for setting > 10 V

5-30 ms

Schweitzer Engineering Laboratories, Inc.



Harmonic Blocking

Pickup Range (% of
fundamental):

5%-100%

Pickup Accuracy (A secondary):

5 A models:
1 A models:

Time Delay Accuracy:

Vector Shift (78VS)
Pickup Setting Range:
Accuracy:

Voltage Supervision
Threshold:

Pickup Time:

Power Elements (32)

Instantaneous/Definite Time,
Three-Phase Elements Type:

+5% plus £0.10 A of harmonic current
+5% plus £0.02 A of harmonic current

+0.5% plus +£0.25 cycle

2.0°-30.0°, 0.1-degree increment
+10% of the pickup setting, +1 degree
20.0%-100.0% « VNOM

<3 cycles

+W, —W, +VAR, “VAR

Pickup Setting Range, VA Secondary:

5 A models:
1 A models:

Accuracy:

Time Delay:
Pickup/Dropout Time:

Power Factor (55)
Setting Range:

Accuracy:

Time Delay:

Frequency (81)
Setting Range:

Accuracy:

Time Delay:
Pickup/Dropout Time:

Reset Hysteresis:

1.0-6500.0 VA, 0.1 VA steps
0.2-1300.0 VA, 0.1 VA steps

+0.10 A « (L-L voltage secondary) plus
+5% of setting at unity power factor
for power elements and zero power
factor for reactive power elements
(5 A nominal)

+0.02 A« (L-L voltage secondary) plus
+5% of setting at unity power factor
for power elements and zero power
factor for reactive power elements
(1 A nominal)

0.0-240.0 seconds, 0.1-second steps

<10 cycles

OFF, 0.05-0.99

+5% of full scale
for current > 0.5 * Iyom

1-240 seconds, 1-second steps

Off, 15.00-70.00 Hz

+0.01 Hz (V1 >60 V) with voltage
tracking

+0.05 Hz (I1 >0.8 * Iyon) With current
tracking

0.00-400.00 seconds, 0.01-second steps

<5.5 cycles (with fast hybrid output
contacts)

<0.02 Hz

Rate-of-Change of Frequency (81R)

Setting Range:
Accuracy:

Time Delay:

OFF, 0.10-15.00 Hz/s
+100 mHz/s, plus £3.33% of pickup
0.10-60.00 seconds, 0.01-second steps

Schweitzer Engineering Laboratories, Inc.

Synchronism Check (25)

Pickup Range, Secondary
Voltage:

41

0.00-300.00 V

Pickup Accuracy, Secondary  +1% plus £0.5 V

Voltage:

(over the range of 2-300 V)

Slip Frequency Pickup Range: 0.05 Hz—0.50 Hz

Slip Frequency Pickup
Accuracy:

Phase Angle Range:
Phase Angle Accuracy:

+0.02 Hz
0°-80°
+40

Load-Encroachment Detection

Pickup Setting Range
5 A Model:

1 A Model:

Forward Load Angle:
Forward Load Angle:
Accuracy

Impedance Measurement:

Angle Measurement:

0.10-128.00 Q secondary,
0.01 Q steps

0.50-640.00 Q secondary,
0.01 Q steps

-90° to +90°
+90° to +270°

+5% plus £0.5 Q
+3°

Phase Discontinuity Detection

Pickup Setting Range:
Accuracy:

Processing rate:

Broken Conductor Detection

Sensitivity (Minimum Line
Charging Current Required

for Broken Conductor
Detection):

Operating Time (After the
Conductor Breaks and

Series Arc Extinguishes):

Time Delay for Zone 2:
Timer Accuracy:

Processing Rate:

Cold-Load Pickup
Pickup Setting Range:
Accuracy:

Processing rate:

0.01-1.00 pu, 0.01 steps
+5% of setting above 0.15 pu

Once every 2 power system cycles

15 mA secondary for 5 A
3 mA secondary for 1 A

4-8 cycles
OFF, 0-600 cycles, 1-cycle steps
+2 cycles

Once every 2 power system cycles

0-500 minutes, 1-minute steps
0.5% +2 cycles

Once every 2 power system cycles

Station Battery Voltage Monitor

Operating Range:
Pickup Range:
Pickup accuracy:

Timers
Setting Range:

Accuracy:

0-350 Vdc (300 Vdc for UL purposes)
20.00-300.00 Vdc
+2% of setting plus 2 Vdc

Various

+0.5% of setting plus +1/4 cycle

SEL-751 Data Sheet
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RTD Protection
Setting Range: Off, 1°-250°C
Accuracy: +2°C

RTD Open-Circuit Detection: >250°C

RTD Short-Circuit Detection: <-50°C

RTD Types: PT100, NI100, NI120, CU10

RTD Lead Resistance: 25 Q max. per lead

Update Rate: <3s

Noise Immunity on RTD As high as 1.4 Vac (peak) at 50 Hz or
Inputs: greater frequency

RTD Fault/Alarm/Trip Time ~ Approx. 12 s
Delay:

Metering

Accuracies are specified at 20°C, nominal frequency, ac currents within
(0.2-20.0) * Iyom A secondary, and ac voltages within 50-250 V
secondary (1.33-6.67 V secondary with 8 V LEA option), unless
otherwise noted.

Phase Currents: +1% of reading, +1° (£2.5° at 0.2-0.5 A

for relays with Iyop = 1 A)

Three-Phase Average Current: +1% of reading

1G (Residual Current): +2% of reading, +2° (£5.0° at 0.2-0.5 A
for relays with Iyop = 1 A)
IN (Neutral Current): +1% of reading, +1° (+£2.5° at 0.2-0.5 A

for relays with Iyop = 1 A)
+1.6 mA and £1% (0.04-4.0 A) (0.2 A
nominal channel IN current input)

I1 Positive-Sequence Current: +2% of reading

312 Negative-Sequence
Current: +2% of reading

System Frequency: +0.01 Hz of reading for frequencies

within 15-70 Hz (V1 > 60 V)
Line-to-Line Voltages: +1% of reading, +1° for voltages

Three-Phase Average +1% of reading for voltages within

Line-to-Line Voltage: 24-264 V
Line-to-Ground Voltages: +1% of reading, £1° for voltages within
24-264 V (0.64-7.04 V for LEA
inputs)

Three-Phase Average
Line-to-Ground Voltages:

+1% of reading for voltages within
24-264 V (0.64-7.04 V for LEA
inputs)

Voltage Imbalance (%): +2% of reading

V1 Positive-Sequence +2% of reading for voltages within

Voltage: 24-264 V (0.64-7.04 V for LEA
inputs)
3V2 Negative-Sequence +2% of reading for voltages within
Voltage: 24-264 V (0.64-7.04 V for LEA
inputs)
Real Three-Phase Power
(kW): +3% of reading for 0.10 < pf < 1.00
Reactive Three-Phase Power
(kVAR): +3% of reading for 0.00 < pf <0.90
Apparent Three-Phase Power
(kVA): +3% of reading
Power Factor: +2% of reading
RTD Temperatures: +2°C

SEL-751 Data Sheet

Energy Meter

Accumulators: Separate IN and OUT accumulators
updated once per second, transferred
to nonvolatile storage 4 times per day

ASCII Report Resolution: 0.001 MWh

Accuracy: The accuracy of the energy meter

depends on applied current and power
factor as shown in the power metering
accuracy specifications above. The
additional error introduced by
accumulating power to yield energy is
negligible when power changes
slowly compared to the processing
rate of once per second.

Synchrophasor Accuracy

Maximum Message Rate

Nominal 60 Hz System: 60 messages per second

Nominal 50 Hz System: 50 messages per second

The voltage accuracy specifications are only applicable for the model
options with standard voltage inputs (not applicable to LEA option).

The current accuracy specifications are applicable for all 1 A and 5 A
options.

Note: For the SEL-751 current only model, the accuracy specifications
for currents are only applicable when the applied signal frequency
equals FNOM.

Accuracy for Voltages

Level 1 compliant as specified in IEEE C37.118 under the following
conditions for the specified range.

Conditions

» At maximum message rate

» When phasor has the same frequency as the positive-sequence
voltage

» Frequency-based phasor compensation is enabled PHCOMP :=Y)

» The narrow bandwidth filter is selected (PMAPP := N)

Range
Frequency: +5.0 Hz of nominal (50 or 60 Hz)
Magnitude: 30 V=250V
Phase Angle: —179.99° to 180.00°
Out-of-Band Interfering
Frequency (Fs): 10 Hz< Fs < (2 « FNOM)

Accuracy for Currents

Level 1 compliant as specified in IEEE C37.118 under the following
conditions for the specified range.

Conditions

» At maximum message rate
» When phasor has the same frequency as the positive-sequence

voltage
» Frequency-based phasor compensation is enabled
(PHCOMP :=Y)
» The narrow bandwidth filter is selected (PMAPP := N)
Range
Frequency: +5.0 Hz of nominal (50 or 60 Hz)
Magnitude: (0.4-2) « Iyom Inom =1 A0r 5A)
Phase Angle: —179.99° to 180.00°
Out-of-Band Interfering
Frequency (Fs): 10 Hz<Fs < (2 « FNOM)

@ Front port serial cable (non-fiber) lengths assumed to be <3 m.

Schweitzer Engineering Laboratories, Inc.
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Technical Support

We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court

Pullman, WA 99163-5603 U.S.A.

Tel: +1.509.338.3838

Fax: +1.509.332.7990

Internet: selinc.com/support

Email: info@selinc.com

Schweitzer Engineering Laboratories, Inc. SEL-751 Data Sheet
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SEL-2407

Satellite-Synchronized Clock

SEL-2407

ENABLED SATELLITE SYNCHRONIZED CLOCK

. SATELLITE
LOCK

HOLDOVER

Accurate time synchronization and display
In harsh substation environments

» Synchronize relays, phasor measurement units,
automation controllers, and other devices with 100 ns
average timing accuracy.

* Use one modulated and six demodulated IRIG-B outputs
to synchronize intelligent electronic devices (IEDs).

* Apply the SEL-2407 with confidence—it exceeds
IEEE C37.90 and IEC 60255 protective relay standards.




Features

Reliability
The SEL-2407 exceeds the IEEE C37.90
and IEC 60255 protective relay
standards. It operates accurately from
—40° to +80°C (—40° to +176°F), and
its universal power supply operating
range is 10—-300 Vdc or 85—264 Vac.

Accuracy

Apply the SEL-2407 for synchrophasors,
relay event correlation, and other
high-accuracy timing applications.

Its demodulated IRIG-B outputs with
=+100 ns accuracy will meet existing
and future timing needs.

Low Price for High
Functionality

The SEL-2407 provides six demodulated
IRIG-B outputs, three of which can be
set to either 1 PPS or 1 kPPS. It also
includes a large LED time display.
These features come standard, rather
than as high-priced options.

A

SEL-9524 L
GNSS Antenna SEL-2407 B scL 3355

‘ Substation HMI Computer

Digital Fault
Recorder SEL-3530

Real-Time Automation

Controller (RTAC)

REIEVS] | ==
SEL-735 SEL-351A Other IED

Meter Synchrophasor PMU

SEL-2407 substation application example




Product Overview

SEL-2407
® ENABLED ; ; SATELLITE SYNCHRONIZED CLOCK
SATELLITE

LOCK
HOLDOVER

Simple LED status indicators Large, easy-to-read LED display

Wide-range power supply:
Antenna connection (TNC) 10—300 Vdc or 85—264 Vac

FIBER / SERIAL

Optional fiber- Six demodulated (three Form C alarm contact or
optic port (ST), programmable) outputs (BNC) Form A pulse output
compatible with
SEL-2812 Fiber-
Optic Transceivers
With IRIG-B

Modulated IRIG-B output Serial port (DB-9)



SEL-2407 Specifications

General

Display

Time Ports

Environmental

Alarm Contact
Power Supply

Accuracy

LED time display

EIA-232 serial port

Optional ST fiber-optic port

One modulated IRIG-B output
Three demodulated IRIG-B outputs

Three programmable demodulated IRIG-B outputs (IRIG-B,
1 PPS, or 1 kPPS)

—40° to +80°C (—40° to +176°F) operating temperature
IEEE C37.90 compliance
IEC 60255 compliance

FormC,6 A
18—300 Vdc or 85—264 Vac

Demodulated IRIG-B: 100 ns average, =500 ns peak
Modulated IRIG-B : #1 s peak
PPS output: 100 ns average, =500 ns peak

SEL| SCHWEITZER ENGINEERING LABORATORIES

Making Electric Power Safer, More Reliable, and More Economical
+1.509.332.1890 | info@selinc.com | selinc.com

© 2007—-2018 by Schweitzer Engineering Laboratories, Inc.
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SEL-2730U 24-Port Unmanaged
SEL Ethernet Switch

Reliable Ethernet Communication
for Substation and Plant Networks

SEL2TICU UNMANAGED ETHERNET SWITCH

The SEL-2730U Unmanaged Ethernet Switch is designed for the harsh environments commonly found in the
energy and utility industries. The SEL-2730U supports communications infrastructures built for engineering
access, supervisory control and data acquisition (SCADA), and offers the same reliability found in SEL pro-
tective relays.

» Reliable. Increase availability with the SEL-2730U, which is designed, built, and tested to function in
harsh environments such as substations. Optional hot-swappable, dual power supplies provide for pri-
mary and backup power sources.

» Flexible. Maximize flexibility by using SEL-2730U ordering options to meet different network config-
urations. Order the SEL-2730U with Ethernet ports in combinations of copper, single-mode fiber, and
multimode fiber. Add even more flexibility by using the four small form-factor pluggable (SFP) mod-
ules to change port configurations when network designs change.

» Easy to Use. Simply plug Ethernet devices into the SEL-2730U to start communications. There are no
settings or configurations.

Functional Overview

SEL-2TI0U UNMANAGED ETHERNET SWITCH

B sevzraou (N

Gigabit SFP Ports, ~ 1000BASE-T Configurable in Groups of Four: Redundant, Hot-Swappable
SMor MM + 10/100BASE-T Power Supply
+ 100BASE-FX

Figure 1 Functional Diagram

Schweitzer Engineering Laboratories, Inc. SEL-2730U Data Sheet



The base-model SEL-2730U has 4 Gigabit Ethernet
copper ports and 16 10/100 Mbps copper Ethernet ports,
built as 4-port modules. You can order each of the
10/100 Mbps copper port modules as single- or multi-
mode fiber-optic ports to meet the unique requirements
of your network. You can also add as many as four fiber-
optic Gigabit Ethernet ports via SFP modules, for a total
of 24 ports.

» Four SFP ports. Ports 1-4 are compatible with the
single- or multimode fiber SFP modules orderable
from SEL.

Four Gigabit Ethernet ports. Ports 5-8 support
10/100/1000 Mbps copper Gigabit Ethernet.

Sixteen 10/100 Mbps ports. Ports 9-24 can be
ordered in combinations of 4-port groups of either
copper or fiber. When fiber is ordered for the
10/100 Mbps ports, far end fault indication (FEFI)
is supported on those ports.

Redundant, hot-swappable power supplies.
Optional redundant power supplies provide
failover protection. Connect a separate power
source to each power supply. If one source fails,

the other continues to keep the switch operational.
The power supply has an estimated MTBF of 3000
years.

» Reversible mounting. The SEL-2730U comes
with reversible mounting ears to support both front
and rear-panel installations.

SEL manufactures the SEL-2730U using the same high
standards as those for SEL protective relays and backs it
with the same 10-year worldwide warranty.

The SEL-2730U supports far end fault indication (FEFI)
on the 10/100 fiber ports. This is enabled by default. If
you do not want FEFI, you can turn it off by removing
the top panel, locating jumper J16, and asserting
position 3 when you are facing the front of the product
and counting from left to right.

The SEL-2730U meets or exceeds the IEEE 1613
Class 1, IEC 61850-3, and IEC 60255 industry standards
for communications devices in electrical substations for
vibration, electrical surges, fast transients, extreme tem-
peratures, and electrostatic discharge.

Front- and Rear-Panel Diagrams

I T
O (SEL] SEL-2730U UNMANAGED ETHERNET SWITCH O
e 50005 womms
= 0000 0 0 0 o LNKACT
O O ENABLED OPWRA [0 0 0 0 0 0 0 01Gbps [0 0 0 © 6 0 © O 100Mbps
OPWRB [0 0 O O © O O OLNKIACTO 0 0 0O 0 0O O O LNKACT
O 1.2 3 456 78 9 10 1112 13 14 15 16 O
I A
i7199b
Figure 2 SEL-2730U Front-Panel Diagram
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Figure 3 SEL-2730U Rear-Panel Diagrams
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Dimens

ions

RACK-MOUNT CHASSIS

WALL/SURFACE-MOUNT CHASSIS
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Figure 4 SEL-2730U Dimensions
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Specifications

Compliance

Designed and manufactured under an ISO 9001 certified quality
management system

47 CFR 15B, Class A

Note: This equipment has been tested and found to comply with the limits for

a Class A digital device, pursuant to Part 15 of the FCC Rules. These limits
are designed to provide reasonable protection against harmful interference
when the equipment is operating in a commercial environment. This
equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause
harmful interference to radio communications. Operation of this equipment
in a residential area may be likely to cause harmful interference in which
case the user will be required to correct the interference at his own expense.
Any changes or modifications not expressly approved by the manufacturer
can void the user’s authority to operate the equipment.

UL Listed to U.S. and Canadian safety standards
(File E220228; NRAQ/NRAQ?7) (rack-mount configuration only)

UKCA Mark

CE Mark
General
Operating Environment
Pollution Degree: 2
Overvoltage Category: 11
Dimensions
1U Rack Mount
Height: 43.7 mm (1.72 in)
Depth: 232.1 mm (9.14 in)
Width: 482.5 mm (19 in)
1U Panel Mount
Height: 80 mm (3.15 in)
Depth: 261.9 mm (10.31 in)
Width: 502.9 mm (19.80 in)
Weight

1.96 kg (4.3 Ib)
Switching Properties

Switching Method: Store and Forward
Switching Latency: <7 ps
Switch Fabric
Throughput: 19.2 Gbps
MAC Address Table
Size: 8192 Addresses
Warranty
10 Years
Network
IEEE 802.3u: 100BASE-T and 100BASE-FX
IEEE 802.3: 10BASE-T
IEEE 802.x: Flow control
RJ45 Ports

Recommended Cable:

Auto Negotiation:

SEL-2730U Data Sheet

Category 5(e) Shielded Twisted Pair Cable

(STP) (SEL-C627)

10 or 100 MBps, full- or half-duplex and

MDI/MDI-X crossover

Fiber Optics
Class 1 LASER/LED
Product: IEC 60825-1:1993 + A1:1997 + A2:2001
Data Rate: 100 Mbps
Connector Type: LC
Wavelength: 1300 nm
Multimode Option: 62.5 pum fiber
Lowest TX Level: —20 dBm

Lowest RX Sensitivity: ~ —-31 dBm
Optical Budget: 11 dBm
Max Distance: 2 km

Single-Mode Option: 9 um fiber
Lowest TX Level: —-15 dBm
Lowest RX Sensitivity: ~ —25 dBm
Optical Budget: 10 dBm
Max Distance: 15 km

Communications Ports
Ethernet Ports

Ports: 24 rear

Data Rate: 10, 100, or 1000 Mbps

Rear Connectors: RJ45 Female or LC Fiber (single-mode or
multimode)

Standard: IEEE 802.3

Power Supply
125-250 Volt Power Supply
Rated Supply Voltage: 125-250 Vdc; 120-240 Vac, 50/60 Hz
Input Voltage Range: ~ 88-300 Vdc or 85-264 Vac

Power Consumption: ~ AC: <60 VA
DC: <45 W

50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

Input Voltage
Interruptions:

24-48 Volt Power Supply
Rated Supply Voltage: 24-48 Vdc (polarized)
Input Voltage Range:  19.2 Vdc to 57.6 Vdc
Power Consumption: <45 W

Input Voltage
Interruptions:

Environmental

50 ms @ 48 Vdc

Operating Temperature

—40° to +85°C (—40° to +185°F)
Relative Humidity

0% to 95% non-condensing
Altitude

2000 m
Green Product

Compliant with the European Union’s RoHS directive

Schweitzer Engineering Laboratories, Inc.



Type Tests

Communication Product Testing

IEC 61850-3:2002
IEEE 1613, Class 1

Electromagnetic Compatibility Emissions
IEC 60255-25:2000

CFR 47 Part 15
Severity Level: Class A
Canada ICES-001(A) / NMB-001(A)

Generic Emissions:

Electromagnetic Compatibility Immunity

Conducted RF Immunity: TEC 60255-22-6:2001
Severity Level: 10 Vrms
IEC 6100-4-6:2008
Severity Level: 10 Vrms

Electrostatic Discharge ~ IEC 60255-22-2:2008
Immunity: Severity Level: 2, 4, 6, 8 kV contact;

2,4,8,15kV air

IEC 61000-4-2:2008
Severity Level: 2, 4, 6, 8 kV contact;
2,4,8, 15KV air

IEEE C37.90.3:2001
Severity Level: 2, 4, and 8 kV contact;
4,8, and 15 kV air

Fast Transient/Burst IEC 60255-22-4:2008

Immunity: Severity Level: Class A - 4kV, 5 kHz;
2 kV, 5 kHz on communications ports
IEC 61000-4-4:2011
Severity Level: 4 kV, 5 kHz
Magnetic Field TEC 61000-4-10:2001
Immunity: Severity Level: 100 A/m

TEC 61000-4-8:2009
Severity Level: 1000 A/m for 3 seconds,
100 A/m for 1 minute

1IEC 61000-4-9:2001
Severity Level: 1000 A/m

Power Supply Immunity: IEC 60255-11:2008
IEC 61000-4-11:2004
IEC 6100-4-29:2000

IEC 60255-22-3:2007
Severity Level: 10 V/m

IEC 61000-4-3:2010
Severity Level: 10 V/m

IEEE C37.90.2:2004
Severity Level: 35 V/m

TIEC 60255-22-5:2008
Severity Level: 1 kV line-to-line,
2 kV line-to-earth

IEC 61000-4-5:2005
Severity Level: 1 kV line-to-line,
2 kV line-to-earth

IEC 60255-22-1:2007
Severity Level: 2.5 kV peak common
mode, 1.0 kV peak differential mode
IEEE C37.90.1:2002
Severity Level: 2.5 kV oscillatory,
4 XV fast transient waveform

Radiated Radio
Frequency Immunity:

Surge Immunity:

Surge Withstand
Capability Immunity:

Environmental

Cold: IEC 60068-2-1:2007
Severity Level: 16 hours at —-40°C

IEC 60068-2-30:2005
Severity Level: 25°C
Relative Humidity: 93%
Duration: 4 days

Damp Heat, Cyclic:

Schweitzer Engineering Laboratories, Inc.

Dry Heat:

Vibration (Front-Panel
Mount Only):

Safety

Dielectric Strength:

Impulse:

Laser (LED) Safety:

Safety:

IEC 60068-2-2:2007
Severity Level: 16 hours at +85°C

IEC 60255-21-1:1988
Severity Level: Class 1 endurance,
Class 2 response
IEC 60255-21-2:1988
Severity Level: Class 1 - Shock withstand,
bump, and Class 2 - Shock response
IEC 60255-21-3:1993
Severity Level: Class 2 (quake response)

IEC 60255-5:2000
3100 Vdc on power supply.
Type tested for 1 minute.
IEEE C37.90:2005
3100 Vdc on power supply.
Type tested for 1 minute.

IEC 60255-5:2000

Severity Level: 0.5 Joule, 5 kV
IEEE C37.90:2005

Severity Level: 0.5 Joule, 5 kV

IEC 60825-1:1993 +A1:1997 + A2:2001
[BS EN 60825-1:1994 + A1:1996 +
A2:1997 + A3:2002]

Complies with 21 CFR Chapter 1,
Subchapter J, Part 1040.10.

CLASS 1

LASER PRODUCT

IEC 61010-1:2010
[IEC 61010-2:201:2010]

SEL-2730U Data Sheet
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Technical Support

We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court

Pullman, WA 99163-5603 U.S.A.

Tel: +1.509.338.3838

Fax: +1.509.332.7990

Internet: selinc.com/support

Email: info@selinc.com

SEL-2730U Data Sheet Schweitzer Engineering Laboratories, Inc.
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EL SEL-3555-2 Real-Time
Automation Controller (RTAC)

“y
SEL-3555

REALTIME AUTOMATION

CONTROLLER (=)

9 _'}_. RTAC

The SEL-3555-2 Real-Time Automation Controller (RTAC) is a powerful automation platform that combines the best
features of the high-performance x86-64 architecture, embedded microcomputer, embedded real-time operating system,
and secure communications framework with IEC 61131-3 PLC programmability.

Major Features and Benefits

» Multiple Device Functions. Use a single
SEL-3555-2 RTAC as a protocol gateway, RTU,
logic processor, PAC, engineering port server,
event processor, and system-wide SER
logger/viewer.

> Proven Reliability. Rely on the robust hardware of
the SEL-3555-2 RTAC, designed and tested to
withstand vibration, electrical surges, fast
transients, and extreme temperatures that meet or
exceed protective relay standards and IEEE 1613,
Standard Environmental and Testing Requirements
for Communications Networking Devices in
Electric Power Substations.

» Integrated Local Display. Build custom human-
machine interface (HMI) displays quickly and
easily without the need for mapping data tags.
Because the HMI uses the local video port and is
also web-based, no special software is needed for
viewing HMI displays.

> Protection Against Malware and Other
Cybersecurity Threats. Protect your RTAC
system with exe—GUARD®, which uses advanced
cryptographic algorithms to authorize the
execution of any program or service on the system.
Any tasks not approved by the whitelist are
blocked from operation.

» Standard IEC 61131-3 Logic Design. Create
innovative logic solutions directly in
ACSELERATOR QuickSet RTAC by using any of
the editor tools: Tag Processor, Structured Text,
Ladder Logic, or Continuous Function Chart.

Schweitzer Engineering Laboratories, Inc.

» Single-Point Engineering Access. Gain
engineering access to station IEDs through a single
serial port, external modem, or high-speed network
connection.

» User Security. Assign individual user and role-
based account authentication and strong
passwords. Use Lightweight Directory Access
Protocol (LDAP) for central user authentication.

» Integrated Security Management. Comply with
NERC/CIP user authentication, logging, and port
control requirements.

» IEC 61850. Integrate high-speed control schemes
between the RTAC and relays with IEC 61850
GOOSE peer-to-peer messaging. Poll and send
data sets and reports from other IEDs with
IEC 61850 MMS client/server.

» Redundant Power Supply. Apply redundant
power support with two load-sharing, hot-
swappable power supply modules, enabling you to
power the SEL-3555-2 RTAC from two
independent power sources for maximum
availability and without inverters.

» Synchrophasor Technology. Use the IEEE
C37.118 client protocol to integrate synchrophasor
messages from relays or PMUs in your system.
These messages can be used for logic and control
in the station or converted to DNP3 or other
protocol for SCADA usage.

SEL-3555-2 Data Sheet



» Standard Data Management. Map and scale data
points easily between protocols in small and large
systems. You can also normalize IED data into
common data types, time-stamp formats, and time
zones.

» Simple Setup With ACSELERATOR QuickSet
RTAC® SEL-5033 Software. Build a system
quickly by using preconfigured device templates
for SEL relays and other communications
connections. The Tag Processor provides methods
to map data relationships between communications
protocols visually.

» PCle Expandability. Employ as many as four
standard PCI/PCle form factor expansion cards,
enabling you to add as many as eight fiber-optic or
copper Ethernet ports or 18 additional rear-panel
(RJ45) serial ports.

Product Overview

» Remote Management. Use remote access with
Intel vPro Active Management Technology to give
you full access to system video, keyboard, mouse,
and storage.

» Versatile Display Interfaces. Connect to a Digital
Visual Interface (DVI) or DisplayPort to use
simultaneous independent high-definition display
interfaces. Other video connections, such as High
Definition Multimedia Interface (HDMI), are
available when using interface adapters. The two
front-panel and four rear-panel USB ports provide
keyboard and mouse control.

> Flexible Protocol Conversion. Apply any
available client or server protocol on any serial or
Ethernet port. Each serial port on the expansion
card can be used in software-selectable EIA-232 or
EIA-485. The two rear Ethernet ports can
optionally be copper or fiber-optic connectors.

Functional Diagram

Synchronized Time

A

/

IEC 61131 Logic Engine

As depicted in the functional diagram, each RTAC
includes an IEC 61131 logic engine that is preconfigured
to have access for all system tags, IED data, diagnostics,
alarms, security events, and communications statistics
for use integrating your system. The system has no func-
tional separation between those tags mapped for commu-
nications protocols and those used in programmable
logic. This architecture greatly simplifies system config-
uration effort because no additional selection is required
to identify tags used by the logic engine. You simply use
any needed IED data, calculated values, and system tags
in deterministic logic for the control of critical applica-
tions.

SEL-3555-2 Data Sheet
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Management of the task-processing sequence and solve
rate in the RTAC is similar to that for traditional PLCs or
PACs. The fastest processing rate is 4 ms for the main
task and 1 ms for the automation task. Optimize the
processor utilization by setting the processing rate no
faster than necessary for your application.

Task processing in the logic engine includes protocol
I/O, system management, and any custom logic
programs you create using Structured Text (ST), Ladder
Logic Diagram (LD), or Continuous Function Charts
(CFC). CFC programs are a type of IEC 61131-3
Function Block Diagram (FBD) that provide more
programming flexibility than standard FBDs. The
ACSELERATOR QuickSet RTAC software includes the
IEC 61131-3 and Tag Processor editors you will use to
manage any protocol information and custom logic
needed for your system.

Schweitzer Engineering Laboratories, Inc.



Manage User Accounts and

Alarms in Web Server

The built-in RTAC web interface provides the ability to
manage user accounts and system alarms remotely. Each
user account has a unique username, password, and
assigned role that defines system permissions. The RTAC
can also be configured to use LDAP central authentica-
tion for user account management. The system includes
web pages for monitoring user logs and maintaining net-
work policies.

Logged tag values and system events provide a system-
wide Sequence of Events report. View logs online or use
ODBC connectivity to download them to a central database.

You can also configure Ethernet connections and monitor
system status from the web interface. All of the Ethernet
ports can operate on independent networks, or you can
bind them for failover operation.

Flexible Engineering Access

Access Point Routers in the RTAC provide a means for
creating transparent connections between any two ports.
A transparent connection is a method for using the RTAC
as a port server to connect remotely to an IED. Simple
logic in the RTAC enables remote engineering access
only through supervisory commands.

Seamless System Configuration

ACSELERATOR QuickSet RTAC is a Microsoft Windows
compatible configuration software for offline and online
use with the SEL-3555-2 RTAC. A project in ACSELER-
ATOR QuickSet RTAC contains the complete configura-
tion, settings, and logic for an individual RTAC device.
Preconfigured device templates are available for you to
add all device and master connections to the project tree view.

| B N N N LM U R v
" ag drockm.

B oszssszszssys

Figure 1 Map Source and Destination Tags Using Tag

Processor or Copy SCADA Maps Directly From Spreadsheet

Schweitzer Engineering Laboratories, Inc.

Once you create the settings for a specific device
connection, improve engineering efficiency by saving a
custom device template for later use with similar
projects. Share custom templates via email or network
for even greater savings.

The Tag Processor view facilitates the mapping of
operational data quickly between IEDs and SCADA.
ACSELERATOR QuickSet RTAC is compatible with
Microsoft Excel and other programs, so you can save
time and increase accuracy by copying SCADA maps
from the source.

There is no need to install or learn more than one
software interface. Use the Structured Text, Ladder
Diagram, or Continuous Function Chart editors included
with ACSELERATOR QuickSet RTAC to develop custom
IEC 61131 logic.

Data Concentration and Protocol
Conversion

Configure each serial or Ethernet port to use any of the
client, server, or peer-to-peer protocols available for the
RTAC. For example, when you use IEEE C37.118 proto-
col to receive synchrophasor messages, you can map
analog or Boolean tags and time stamps to DNP3 and
send the data to SCADA very efficiently. You can also
map data to IEC 61850 GOOSE messages for high-speed
control schemes.

Additionally, when you need to define relay connections
in a primary/backup arrangement, use the Tag Processor
to map relay tags so that the master stations will receive
power system information only from the active relay.

SCADA_1DHF.BL 0000

SCADA_1_DNP:BL 0001

SCADA_1 DNF.AL 0000

SCADA_1_DHF.AL 0001

SCADA_1_DIP.B0_000.cperTrip

SCADA_1_DNP.BD_D000.operCivss
DNP Server Tags

|Sourcs Exprassion
[Foadar_1_C37_118.P5\34
|Feadar_1_C37_118.FSV33

L |Feadar_1_C37_118.1A5PM

i [Feader_1_C37_118.165°
|SCADA_t_DHEBO_0000.0perTrip
|SCADA_1_DHF.B0_0000.apariioss

Dastination Tag Nama
E: 0

[SCADA_LDNFALDOOL
Feeder_1_C37_118.FSV34.0parTrip
Fesder_1_C37_118.F5V34 oparClose

Tag Processor Mapping
Feeder_1_C37_118.F5V34
Feeder_1_C37_118F5V33
Feeder_1_C37_118.JASFM
Feeder 1 C37_118.1B5PM
Feeder_1 C37_118.FSV34.0parTrg
Feeder_1_C37_118.FSV34.0perclose

37.118 Client Tags
t
"

37.118 Synchrophasor 1ED

Figure 2 Synchrophasor Data Map Seamlessly Into
SCADA Connections
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Applications

Substation SCADA, Report Retrieval, Engineering Access,

and Alarm Notification

The RTAC can act as a data concentrator by
using protocols such as IEC 61850 MMS
client, Modbus, DNP3, IEC 61850 GOOSE
or MIRRORED BITS® communications to
integrate both serial and Ethernet IEDs.
Enable logging on any system or IED tag to
view and archive a station-wide event
record.

The RTAC Ethernet connection provides a
means to remotely access the system to
monitor logs and diagnostics. First,
establish a remote connection with any IED
connected to the RTAC through Engineering
Access communications channels. Then use
the ACSELERATOR QuickSet QuickSet®
SEL-5030 Software suite to manage
protection and control settings for these
relays remotely.

Engineering Access

o}
<» mm
T, m
°0

'
' o o | o o ] ]
'

SCADA Master

A SEL-2725 Five-Port
Ethernet Switch

-+ SEL-2440
SEL-451

SEL-351

ED

Micro-Grid Automation and Control

The SEL-3555-2 RTAC provides the control
and monitoring capabilities necessary to
automate a micro-grid. Implement capacitor
bank control, load-shedding schemes,
power-grid reconfigurations, and power-
source selection with the built-in logic
processor in the RTAC. Coupled with the
secure, redundant, and self-healing network
capabilities of the SEL ICON®, as well as
accurate time distribution to all IEDs, the
RTAC provides the capability to control and
monitor all aspects of a micro-grid as well
as display data with the optional built-in
HMI. Built-in protocols provide a gateway
to local and remote SCADA systems. To
complete system integration, control and
monitor remote I/O with the SEL-2240
Axion and collect event reports from
connected IEDs with ACSELERATOR
TEAM® SEL-5045 Software.

SEL-3555-2 Data Sheet
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Real-Time Control and Logic Processing

The built-in logic processor provides high-
speed control and transfer of signals from
SEL MIRRORED BITS devices, or other pro-
tocols. The RTAC can serve as the system
controller and SCADA gateway to eliminate

Local HMI

. . Engineerin
costly equipment (such as breakers, inter- Access
posing relays, and wiring) while also reduc-
: 3 : CEE) EI1A-232 MIRRORED BITS
ing engineering and labor costs. o e Pk
The intuitive ACSELERATOR QuickSet L[

SEL-2725 Five-Port
Ethernet Switch

RTAC software provides simple setup of
analog and binary tags from any device in
the system. Integrated tools scale values and v
create logic in a flexible IEC 61131-3 [~ {
configuration environment.

4 5EL-2440

You can take advantage of multiprotocol
4SEL-2440

support to collect SCADA information,
process control commands, and use NTP
time synchronization through a single

communications link to each Ethernet Transducers/ o100

device. Motors Actuators

Secure Communications and User Management

The RTAC and SEL accessories offer secu-

rity for your automation network. Per-user

security profiles provide compliance with Untrusted \ e SEL-3620
role-based requirements. The system can Ethernet e ) R

Secure

employ intrusion detection, notification, and re
Communication

logging to help maintain perimeter integrity.

SCADA and

The RTAC includes security features so that Engineering Access

your system complies with NERC/CIP
requirements for auditing, logging, port
control, web authentication, and password
restrictions. The RTAC also supports central
authentication through your existing LDAP
server. . e

SEL-3401 GPS Clock

By including SEL serial and wireless
encrypting devices with the RTAC, you can
protect remote serial communication to
recloser controls or other connected
devices.

SEL-2725 Five-Port
Ethernet Switch

|
SEL-751A
. ——
Serial 003>
Encryption —

Sensors

Door
Panel/Cabinet
- Motion

- Fence

Alarms
- Visible
- Audible
- Lighting

Schweitzer Engineering Laboratories, Inc. SEL-3555-2 Data Sheet
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Control Systems

The custom logic and communications proto-
cols in the SEL-3555-2 RTAC, along with the
I/O in the SEL-2411 and SEL-2440, permit
you to implement complete control systems,
whether you perform discrete sequences, con-
tinuous control, monitoring, or asset manage-
ment. SEL subjects its products to tests for
harsh environments, so you can be confident
that your control system will work reliably in
tough applications. Minimize loop wiring and
simplify commissioning by installing controls
close to process equipment and integrating
them with industry standard communications
protocols. Additionally, the SEL-3555-2
RTAC can provide HMI and data archiving
functions.

Use a powerful IEC 61131 logic engine to
design custom control programs in the RTAC.
You can set the logic solve rate and program
execution order to meet your system
requirements. Operate the RTAC as a master
controller, and use SELoGIC®  control
equations in the SEL-2411 and SEL-2440 to
perform distributed sequential or continuous
control algorithms.

With a variety of physical interfaces and open
protocol options, such as IEC 61850 GOOSE
messaging, the RTAC makes system
integration simple. It will reduce engineering
time and complexity, so that you can focus on
improving productivity and efficiency rather
than on fixing communications problems.

SEL-3555-2 Data Sheet
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Front- and Rear-Panel Diagrams
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=
!
® @ 0 O ©®® @ ©

@ LAMP TEST Button. Press and hold to test front-panel LEDs. Can be programmed to be an on/off or reset button.

@ ENABLED and ALARM LEDs provide operational status. A green ENABLED LED indicates normal operation. The ALARM LED
illuminates red when a nonoptimal system condition exists.

® ETHERNET Status Indicators. Link (LNK) indicates that the port is connected, and activity (ACT) indicates when data are
being transmitted and received.

@ SERIAL Status indicators. Transmit (TX) and receive (RX) LEDs indicate activity on serial ports.

® PINHOLE Button. Provides reset and power functions; requires a pushpin to prevent accidental use.

® HDD Activity Indicator. [lluminates when SATA drives are accessed.

@ AUXILIARY Status Indicators. Three programmable, bicolor LEDs for your custom application.

USB Ports. Two easily accessible ports to connect USB 3.1 peripherals.

(© SATA Drive Bay. Removable cover plate enables easy access to SATA drives from the front panel.

Figure 3 SEL-3555-2 Front Panel
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@ DVI-D. Connect digital monitors by using native DVI or an HDMI adapter.

@ ETH1 and ETH2. Onboard independent Gigabit Ethernet interfaces.

® USB Ports. Connect as many as four USB 3.1 peripherals at the rear panel.

@ AUDIO Ports. Line Input (blue), Line Output (green), and Microphone Input (pink).

® COM1 and COM2. Standard EIA-232 serial ports with configurable +5 Vdc power on Pin 1.

® DISPLAYPORT. Connect new digital monitors supporting the DisplayPort interface.

@ ALARM. The Form C alarm contact output can be wired either normally closed or normally open.

PCI Expansion Slots. Install SEL PCI Express expansion cards for additional network and serial 1/0.

© Earth Ground Terminal Screw. The earth ground connection for the device.

POWER Supply Modules. The rated input voltage is clearly marked on the chassis near the terminals.

Figure 4 SEL-3555-2 Rear Panel

Schweitzer Engineering Laboratories, Inc. SEL-3555-2 Data Sheet
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Product Dimensions

RACK-MOUNT CHASSIS

11.35
[288.4]
94
[23.9] TOP
19.00
[482.6]
A ©
5.22
[132.6] |
'
18.31
[465.1]
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[mm]

Figure 5 SEL-3555-2 Dimensions for Rack- and Panel-Mount Models
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Specifications

Compliance

Designed and manufactured under an ISO 9001 certified quality
management system

47 CFR 15B, Class A

Note: This equipment has been tested and found to comply with
the limits for a Class A digital device, pursuant to part 15 of the
FCC Rules. These limits are designed to provide reasonable
protection against harmful interference when the equipment is
operated in a commercial environment. This equipment
generates, uses, and can radiate radio frequency energy and, if
not installed and used in accordance with the instruction manual,
may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause
harmful interference, in which case the user will be required to
correct the interference at his own expense.

UL Recognized to U.S. and Canadian safety standards
(File E220228; NRAQ)

CE Mark

UKCA Mark
RoHS Compliant
RCM Mark

General
Supported Operating Systems

SEL Linux with real-time preemption patches

CPU
Intel Xeon E3-1505L Quad-Core
Speed: 2.0 GHz base, 2.8 GHz turbo
Cache: 1 MB L2, 8 MB L3
Intel Xeon E3-1505M Quad-Core
Speed: 2.8 GHz base, 3.7 GHz turbo
Cache: 1 MB L2, 8 MB L3
RAM
8-64 GB DDR4 ECC PC4-17000 (2133 MHz)
Chipset

Intel CM236 Chipset
Expansion Cards

5 Half-Length, Full- 2 PClIe x4 (Revision 2.0)
Height PCI Expansion 2 PCIe x1 (Revision 2.0)
Card Slots: 1 32-bit 5 V PCI

Mass Storage

Internal Drive Bay: Supports four 2.5-inch SATA drives,
four industrial-grade drives, or two
consumer-grade drives

Intel CM236 SATA Controller provides
standard AHCI and Inte] RST RAID
modes

SATA 11 3.0 Gb/s

RAID level 0, 1, 5, 10

Hot-swap support

Schweitzer Engineering Laboratories, Inc.

Optional SATA Drives: Industrial-Grade SLC SSD
30-250 GB
10-year warranty
Industrial-Grade pSLC SSD
120-480 GB
5-year warranty
Industrial-Grade 3D TLC SSD
240-1920 GB
5-year warranty
Consumer-Grade MLC SSD
240-1920 GB
3-year warranty

Real-Time Clock/Calendar

Battery Type: IEC No. BR-2330A Lithium
Battery Life: 10 years with power
2 years without power
Drift: 200 ppm
BIOS
AMI UEFI

Trusted Platform Module
Infineon SLM 9670AQ TPM 2.0
Intel Active Management Technology
Intel AMT v11, accessible through ETH1
Security Features

Account Management: ~ User Accounts
User Roles
LDAP Central Authentication
RADIUS Central Authentication
Strong Passwords
Inactive Account Logouts

Intrusion Detection: Access/Audit Logs
Alarm LED
Alarm Contact
Encrypted SSL/TLS, SSH
Communications: HTTPS

Automation Features
Protocols
Client

DNP3 Serial, DNP3 LAN/WAN, Modbus RTU, Modbus TCP,
SEL ASCII, SEL Fast Messaging, LG 8979, IEEE C37.118,
1IEC 61850 MMS, CP2179, IEC 60870-5-101/104, SNMP,
SES-92, CDC Type II, Courier, IEC 60870-5-103,
EtherNet/IP Explicit Message Client

Server

DNP3 Serial, DNP3 LAN/WAN, Modbus RTU, Modbus TCP,
SEL Fast Messaging, LG 8979, SES-92, IEC 61850 MMS,
IEC 60870-5-101/104, IEEE C37.118, FTP, SFTP, CDC
Type I, EtherNet/IP Implicit Message Adapter, OPC UA

Peer-to-Peer

1IEC 61850 GOOSE, SEL MIRRORED BITS Communications,
Network Global Variables (NGVL), Parallel Redundancy
Protocol

Fieldbus
EtherCAT Client

SEL-3555-2 Data Sheet
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Engineering Access

Modes: SEL Interleaved, Direct
Port Server: Map Serial Ports to IP Ports
Secure Web Server: Diagnostic and Communications Data
Network Time Protocol (NTP) Modes
NTP Client: As many as three configurable servers
NTP Server

Simple Network Time Protocol (SNTP) Accuracy

+1 ms: This does not take into account external
factors such as network switches and
topologies

Precise Time Protocol (PTP)

PTP Client: Peer delay request and end-to-end path
delay supported

Operating Environment
Operating Temperature Range
With E3-1505L CPU: —40° to +75°C (—40° to +167°F)*

* Requires Industrial-Grade SSDs. See SEL Application Note,
“Determining Solid-State Drive (SSD) Lifetimes for SEL
Automation Controllers” (AN2016-03).

Note: UL ambient 40°C. See the instruction manual safety
information for additional restrictions.

Storage Temperature —40° to +85°C (—40° to +185°F)

Range:
Relative Humidity: 5% to 95% noncondensing
Insulation Class: 1
Pollution Degree: 2

Overvoltage Category:

Categor Maximum Atmospheric
gory Altitude Pressure
Category 11 5,000 m 80-110 kPa
Weight 9 kg (20 1b) maximum

Peripheral Connections

Video
Intel P530 Graphics Controller

As many as three total DVI-D outputs:

displays using any One display per output

combmat-lon of DVI Maximum resolution*: 1920 x 1080
and/or DisplayPort @ 60 Hz

outputs: Digital output only; does not support

passive VGA adapters
DisplayPort 1.2 output
As many as three displays via
DisplayPort MST
Maximum resolution*: 4096 x 2304
@ 60 Hz (one display)
1920 x 1200 @ 60 Hz (three displays)
Cable length < 10 m for Surge
Immunity compliance.

*High-resolution displays require high-quality cables. Ensure your
display cables are as short as possible and rated for the required
screen resolution.

SEL-3555-2 Data Sheet

Audio
TSI (IDT) 92HD91 HD Audio Codec

3 Analog 3.5 mm TRS Line input
Jacks: Line/headphone output
Microphone input
Cable length <2 m for Electromagnetic
Compatibility Immunity compliance

Intel Display Audio
Digital Audio Outputs: DVI-D1, DVI-D2, DisplayPort
uss

4 Rear-Panel Ports, 2 Front-Panel Ports
USB 3.2 Gen 1 (SuperSpeed USB 5 Gbps)
2000 mA Maximum Current Each
Cable Length <2 m for Electromagnetic Compatibility Immunity
compliance
2 Internal Ports on 1 Main Board Header
USB 2.0 (High Speed USB 480 Mbps)

Communications Ports

Ethernet
2 Rear-Panel 1 Gb Copper RJ45 Ports
ETHI: Intel WGI219LM, 10/100/1000 Mbps
RJ45 copper
ETH2: Intel WGI210IT, 10/100/1000 Mbps
RJ45 copper

Optional SEL-3390E4 As many as 8 additional
PClIe x4 Expansion 10/100/1000 Mbps ports, copper or
Cards: LC fiber SFP

Optional SEL-3390T: 2 additional 10/100/1000 Mbps ports,
copper or LC fiber. BNC IN and BNC
ouT

Note: See the SEL-3390E4 Instruction Manual and the SEL-3390T
Instruction Manual for additional information.

Serial Ports

Standard Ports: 2 EIA-232 ports, DB-9 connectors

300 to 115200 bps

Optional SEL-3390S8 As many as 24 additional
PCIe x1 Expansion EIA-232/422/485 ports, RJ45
Cards: connectors 300 to 921600 bps

(Meets EIA/TIA-562 Specifications)

Note: See the SEL-3390S8 Instruction Manual for additional
information.

Time Code Inputs and Outputs
SEL-3390S8 Expansion Card (Input/Output)

Connector: RJ45 serial port

Time Code: Demodulated IRIG-B TTL compatible
SEL-3390T Time and Ethernet Adapter Card (Input/Output)

Connector: BNC Input/BNC Output

Time Code: Demodulated IRIG-B

Note: See the SEL-3390S8 Instruction Manual and the SEL-3390T
Instruction Manual for additional information.

Note: Output generated from either IRIG-B input or SEL-3555-2
clock.

Power Supplies
See Table 1 for additional burden information.
SEL-9331160 W LV Power Supply
Voltage Rating: 48 Vdc
Voltage Range: 38-58 Vdc

Schweitzer Engineering Laboratories, Inc.



Maximum Constant
Burden:

Maximum Peak Burden:

DC Ripple:
Peak Inrush:

Insulation:

Input Isolated From
Chassis Ground:

178 W
225 W
<15% rated voltage

15.5 A peak, 48 ms duration. Measured
per IEC 60255-1, Section 6.10.
Quiescent current level derived from
40 W input.

3600 Vdc

Yes

SEL-9331160 W HV Power Supply

Voltage Ratings:

DC Range:

Maximum DC Dropout:
AC Range:

Frequency Range:

Maximum Constant
Burden:

Maximum Peak Burden:

DC Ripple:
Peak Inrush:

Insulation:
Power Factor:

Input Isolated From
Chassis Ground:

125/250 Vdc or 120/220/240 Vac;
50/60 Hz

100-300 Vdc
88 Vdc
85-264 Vac
45-65 Hz

188 W, 194 VA
240 W, 248 VA
<15% Rated Voltage

16.6 A peak, 4 ms duration, 240 Vac

12.8 A peak, 9 ms duration, 250 Vdc

Measured per IEC 60255-1. Section
6.10. Quiescent current level derived
from 75 W input.

3600 Vdc
>0.9 (at full load)

Yes

Recommended External Overcurrent Protection

Breaker Type:
Breaker Rating:

Current Breaking
Capacity:

Grounded Neutral
Systems:

DC and Isolated
Systems:

Fuse Ratings
LV Power Supply Fuse
Rating:

Maximum Rated
Voltage:

Breaking Capacity:
Type:

HV Power Supply Fuse
Rating:

Maximum Rated
Voltage:

Breaking Capacity:
Type:
Heater Fuses F2, F3:

Standard
20 A at 250 Vdc

10 kKA

Device in series with the HOT or
energized conductor

Device in series with both conductors

I5A

500 Vdc, 500 Vac
20 kA at 500 Vdc
Time-lag T

5A

250 Vdc, 277 Vac
1500 A at 277 Vac
Time-lag T

5 A, 125V slow blow
125 Vdc/50 A break rating

Contact Inputs and Outputs

Alarm Output Contact
Output Type:
Pilot Duty Ratings*:

3

Rated Voltage™:

Relay, Form C, break-before-make

B300 (UL)
R300 (UL)

24-250 Vdc
110-240 Vrms

Note: The voltage across any of the contact output terminals must
not exceed the operational voltage.

Operational Voltage**:
Contact Protection:
Continuous Carry ™™

Pickup/Dropout Time™":
Power Supply Burden™":

. ek
Mechanical Endurance” :

Make (Short Durat*i*on
Contact Current) :

0-300 Vdc
0-264 Vrms

MOV protection across open contacts
264 Vrms continuous voltage
300 Vdc continuous voltage

6A @70°C,4 A @85°C
<6 ms (resistive load)
<1W

10,000 no-load operations

30 Adc
1,000 operations @ 250 Vdc
2,000 operations @ 125 Vdc

Note: 200 ms on, 15 ms off, current interrupted by independent

means.

Short-Time Thermal

Fuses are not serviceable.

Schweitzer Engineering Laboratories, Inc.

Withstand ™" 50 Afor 1's
Limiting Making
Capacity**: 1,000 W @ 250 Vdc (L/R =40 ms)
Limiting Breaking 10,000 operations
Capacity/E_lSCtrical 10 operations in 4 s,
Endurance ™ : followed by 2 min idle
Inductive Break
Rated Voltage Resistive Break |L/R =40 ms (DC)
PF = 0.4 (AC)
24 Vde 1.25 Adc 1.25 Adc
48 Vdc 0.63 Adc 0.63 Adc
125 Vde 0.30 Adc 0.30 Adc
250 Vdc 0.20 Adc 0.20 Adc
110 Vrms 0.30 Arms 0.30 Arms
240 Vrms 0.20 Arms 0.20 Arms
* Per UL 508.

** Parameters verified by SEL per IEC 60255-1:2009 and

IEEE C37.90-2005.
Terminal Connections

Compression Screw Terminal

Power Wiring
Insulation:
Size:

Alarm Wiring
Insulation:
Size:

Tightening Torque
Minimum:

Maximum:

300 V min.
12-18 AWG

300 V min.
12-18 AWG

0.6 Nm (5 in-Ib)
0.8 Nm (7 in-Ib)

Crimp Ferrule Recommended

n

SEL-3555-2 Data Sheet
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Mounting Ear Tightening Torque

Minimum:
Maximum:
Grounding Screw
Ground Wiring
Insulation:
Size:
Tightening Torque
Minimum:

Maximum:

0.18 Nm (1.6 in-Ib)
0.25 Nm (2.2 in-Ib)

300 V min.

12 AWG, length <3 m

0.9 Nm (8 in-Ib)
1.4 Nm (12 in-Ib)

Ring Terminal Recommended

Serial Port
Tightening Torque
Minimum:
Maximum:
Video Port
Tightening Torque
Minimum:
Maximum:

Product Standards

Communications

Equipment in Utility

Substations:

Industrial Environment:

Electrical Equipment for
Measurement, Control,
and Laboratory Use:

Measuring Relays and
Protection Equipment:

Type Tests

0.6 Nm (5 in-1b)
0.8 Nm (7 in-1b)

0.6 Nm (5 in-1b)
0.8 Nm (7 in-1b)

IEC 61850-3:2013
IEEE 1613-2009
Severity Level: Class 1

IEC 61000-6-2:2005
IEC 61000-6-4:2006

IEC 61010-1:2010/AMD1:2016/
COR:2019
UL 61010-1:2019,
C22.2 No. 61010-1:12
IEC 61010-2-201:2017
UL 61010-2-201:2017,
C22.2 No. 61010-2-201:14

IEC 60255-26:2013
IEC 60255-27:2013

Note: To ensure good EMI and EMC performance, type tests were
performed using shielded Ethernet and serial cables with the shell
grounded at both ends of the cable, and the USB, video, and audio
cables with ferrite chokes. Double-shielded cables are
recommended for best EMI and EMC performance.

Electromagnetic Compatibility Emissions

Conducted and Radiated CISPR 11:2009 + A1:2010

Emissions:

Harmonic Current:

Voltage Flicker:

CISPR 22:2008
CISPR 32:2015
IEC 61000-6-4:2006
IEC 61850-3:2013
FCC 15.107:2014
FCC 15.109:2014
Severity Level: Class A
Canada ICES-001 (A) / NMB-001 (A)

IEC 61000-3-2:2014
Severity Level: Class A

IEC 61000-3-3:2013

Electromagnetic Compatibility Immunity

Conducted RF:

SEL-3555-2 Data Sheet

IEC 61000-4-6:2013
Severity Level: 10 Vrms

Electrostatic Discharge:

Fast Transient/Burst:

Magnetic Field:

Power Supply:

Radiated Radio
Frequency:

Surge Withstand
Capability:

Surge Immunity:

Environmental

Change of Temperature:

Cold, Operational:

Cold, Storage:

Damp Heat, Cyclic:

Damp Heat, Steady:

Dry Heat, Operational:

Dry Heat, Storage:

IEC 61000-4-2:2008
1IEEE C37.90.3-2001
Severity Level:
2,4, 6, 8 kV contact discharge;
2,4, 8, 15 kV air discharge

TEC 61000-4-4:2012
Severity Level: Class A
4kV, 5 kHz on power supply and
outputs;
2kV, 5 kHz on communications
lines

IEC 61000-4-8:2009
Severity Level:

1000 A/m for 3 s

100 A/m for 1 m

IEC 61000-4-11:2004

IEC 61000-4-
17:1999+A1:2001+A2:2008

IEC 61000-4-29:2000

IEC 61000-4-3:2006+A1:2007
Severity Level: 10 V/m
IEEE C37.90.2-2004
Severity Level: 20 V/m

IEC 61000-4-18:2006+A1:2010
Severity Level:
Power supply and outputs
2.5 kV peak common mode
1.0 kV peak differential mode
Communications ports
1.0 kV peak common mode
IEEE C37.90.1-2012
Severity Level:
2.5 kV oscillatory
4 kV fast transient

IEC 61000-4-5:2005
1 kV line-to-line
2 kV line-to-earth
2 kV communications ports

IEC 60068-2-14:2009
Severity Level:
5 cycles, 1°C per minute ramp
—40°C to +60°C (E3-1505M CPU)
—40°C to +75°C (E3-1505L CPU)

IEC 60068-2-1:2007
Severity Level: 16 hours at —-40°C

IEC 60068-2-1:2007
Severity Level: 16 hours at —-40°C

IEC 60068-2-30:2005
Severity Level:
12 + 12-hour cycle
25° to 55°C, 6 cycles, >93% r.h.

IEC 60068-2-78:2012

Severity Level:
40°C, 240 hours, >93% r.h.

IEC 60255-1:2009
IEC 61850-3:2013
IEC 60068-2-2:2007
Severity Level:
16 hours at 60°C (E3-1505M CPU)
16 hours at 75°C (E3-1505L CPU)

IEC 60255-1:2009
IEC 61850-3:2013
IEC 60068-2-2:2007
Severity Level: 16 hours at 85°C

Schweitzer Engineering Laboratories, Inc.
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Free Fall: IEEE 1613-2009
Severity Level: 100 mm
Vibration: IEC 60255-21-1:1988

Severity Level:
Endurance Class 2
Response Class 2
IEC 60255-21-2:1988
Severity Level:
Shock Withstand, Bump Class 1
Shock Response Class 2
IEC 60255-21-3:1993
Severity Level:
Quake Response Class 2

Safety

Enclosure Protection: IEC 60529:2001 + CRGD:2003
Severity Level: IP30

Dielectric Strength: IEC 60255-27:2013
IEEE C37.90-2005
Severity Level:
3600 Vdc on power supply
2500 Vac on contact output
1500 Vac Ethernet ports
Type tested for one minute

Impulse: IEC 60255-27:2013
IEEE C37.90-2005
Severity Level:
5 kV common mode, power supply,
contact outputs
1.5 kV Ethernet ports

Table1 System Power Consumption

Power Consumption (Watts)?

Component Minimum Typical Maximum

Base System

(E3-1505L CPU, 1 PSU, 4 GB RAM, 1 SATA Drive): 25 W 35W 50 W
Additional Consumption From Optional Components
2nd Power Supply +10 W +10 W +13 W
SEL-3390E4 Ethernet Card +6 W +8 W +10 W
SEL-3390S8 Serial Card or SEL-3390T Expansion +4 W +5W +7TW
Card
Chipset Heater”
cold startup (<5°C [41°F]): N/A N/A +90 W
continuous operation (0°C [32°F]): ow +5W +10 W
continuous operation (—40°C [-40°F]): ow +20 W +40 W

2 Minimum: 0% load on all components; minimum power consumption started and idle.
Typical: 25-50% load on all components; good indication of most application loads.
Maximum: 100% load on all components; generally cannot be reached in normal applications.
b Chipset heaters operate at low temperatures to keep the CPU and PCH within specified operating limits.

Table 2 Peripheral Connection Rated Current Output

Connection Current Limit

DVI-D 0.2 A, +5 Vdc, 1 W total for both

DisplayPort 0.6A,+33Vdce,2 W

COM 1 and COM 2 0.5 A, +5 Vdc, 2.5 W each

USB Ports 2 A, +5 Vdc, 10 W each, 25 W all ports combined

Schweitzer Engineering Laboratories, Inc. SEL-3555-2 Data Sheet
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Notes
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/ STP 33-US-41 / STP 50-US-41 / STP 62-US-41

Fully integrated

* No additional racking required for rooftop installation

* Integrated DC and AC disconnects and overvoltage protection
* 12 direct string inputs for reduced labor and material costs

* Up to 60% faster commercial PV system installation

Increased power, flexibility

* Six MPP trackers for flexible stringing and maximum power production

* ShadeFix, SMA's proprietary shade management solution,
optimizes at the string level

* Intelligent string monitoring fo pinpoint array performance issues

Enhanced safety, reliability
* Integrated SunSpec PLC signal for module-level rapid shutdown
* DC AFCI arcfault protection certified to Standard UL 1699B Ed. 1

Smart monitoring, control, service
* |-V curve diagnostic function to visualize and document
PV string electrical characteristics
* Increased ROI with SMA ennexOS cross sector energy management platform
* SMA Smart Connected proactive O&M solution reduces time spent
diagnosing and servicing in the field

\

Sunny Tripower
CORE1-US

33 /50 / 62

It stands on its own

/ New! Complies with IEEE 15472018
and UL 1741 SB standards

GUS

SMA E= ]
@ Smart Connected ‘an SMA ShadeMle

The Sunny Tripower CORET is the world’s first free-standing
PV inverter for commercial rooftops, carports, ground
mount and repowering legacy solar projects.

From distribution to construction to operation, the Sunny Tripower
CORE1 enables logistical, material, labor and service cost
reductions, and is the most versatile, cost-effective commercial
solution available. Integrated SunSpec PLC for rapid shutdown
and enhanced DC AFCI arc-fault protection ensure compliance to
the latest safety codes and standards. With Sunny Tripower CORET1
and SMA's ennexQOS cross sector energy management platform,
system integrators can deliver comprehensive commercial energy
solutions for increased ROI.

; uL 3741
Rapid LISTED

PV Hazard

SunSpec Modbus
for 1547 Shutdown

CERTIFIED CERTIFIED Confrol




Technical data Sunny Tripower CORE1 33-US  Sunny Tripower CORE1 50-US  Sunny Tripower CORE1 62-US

Input (DC)

Maximum array power 50000 Wp STC 75000 Wp STC 93750 Wp STC
Maximum system voltage 1000V

Rated MPP voltage range 330V...800V 500V...800V 550V...800V
MPPT operating voltage range 150V...1000V

Minimum DC voltage / start voltage 150V/ 188V

MPP trackers / strings per MPP input 6/2

Maximum usable operating input current/ per MPP tracker 120A/20 A

Maximum short circuit current per MPPT / per string input 32A/30A

Output (AC)

AC nominal power 33300 W 50000 W 62500 W
Maximum apparent power 33300 VA 53000 VA 66000 VA
Output phases/ line connections 3/3-(N)-PE

Nominal AC voltage 480V /277 V WYE

AC voltage range 244V..305V

Maximum output current 40 A 64 A 80 A
Rated grid frequency 60 Hz

Grid frequency/range 50 Hz, 60 Hz /-6 Hz...+6Hz

Power factor at rated power / adjustable displacement 1/0.0 leading...0.0 lagging

Harmonics THD <3%

Efficiency

CEC efficiency 97.5% 97.5% 97.5%
Protection and safety features

Load rated DC disconnect .

Load rated AC disconnect .

Ground fault monitoring: Riso / Differential current o/

DC AFCI arc-fault protection .

SunSpec PLC signal for rapid shutdown °

DC reverse polarity protection °

AC short circuit protection °

DC surge protection: Type 2 / Type 142 o/0

AC surge protection: Type 2 / Type 1+2 o/0

Protection class / overvoltage category (as per UL 840) 1/1V

General data

Device dimensions (W /H /D) 621 mm/733 mm/569 mm (24.4in x 28.8 in x 22.4 in)

Device weight 84 kg (185 Ibs)

Operating temperature range 25 °C...+60 °C (-13 °F...+140 °F)

Storage temperature range -40 °C...+70 °C (-40 °F...+158 °F)

Audible noise emissions (full power @ Tm and 25 °C) 65 dB(A)

Topology Transformerless

Cooling concept OptiCool (forced convection, variable speed fans)

Enclosure protection rating Type 4X, 35X (as per UL 50E)

Corrosivity classification according to IEC 61701 C3*

Maximum permissible relative humidity (non-condensing) 100%

Additional information

Mounting Free-standing with included mounting feet
DC connection Amphenol UTX PV or H4Plus connectors
AC connection Screw terminals - 4 AWG to 4/0 AWG CU/AL
LED indicators (Status / Fault/ Communication) °

Network interfaces: Ethernet/ WLAN /RS485 ® (2 ports) /A /O

Data protocols: SMA Modbus / SunSpec IEEE 1547 Modbus /Webconnect e/0/0

ShadeFix technology for string level optimization °

Intelligent string performance monitoring o

I-V curve diagnostic function o

Integrated Plant Control /Q on Demand 24/7 o/0

SMA Smart Connected (proactive monitoring and service support) .

Certifications

Certifications and approvals UL 1741, UL 1699B Ed. 1, UL 1998, CSA 22.2 107-1, PV Rapid Shutdown System Equipment, UL 3741
FCC compliance FCC Part 15 Class A

Grid interconnection standards IEEE 1547-2018, UL 1741 SA/SB - CA Rule 21, HECO SRD V2.0

Advanced grid support capabilities L/HFRT, L/HVRT, Volt-VAr, Volt-Watt, Frequency-Watt, Ramp Rate Control, Fixed Power Factor
Warranty

Standard 10 years

Optional extensions 15/ 20 years

O Optional features ® Standard features - Not available A Subject to availability Data at nominal conditions - status: 08/2023 * 2 2 km from the coast
Type designation STP 33-US-41 STP 50-US-41 STP 62-US-41

Accessories

SMA Data Manager M SMA Sensor Module Universal Mounting System AC Surge Protection Module Kit
EDMM-US-10 MD.SEN-US-40 N: )_i :" UMS_KIT-10 AC_SPD_KIT1-10, AC_SPD_KIT2_T1T2
@ DC Surge Protection Module Kit
a DC_SPD_KIT4-10, DC_SPD_KIT5_T1T2

Toll Free +1 888 4 SMA USA
www.SMA-America.com SMA Americq, LLC



Vantage Vue®
Weather Station

6250
6351

6357

VANTAGE VUE®

The Vantage Vue® (#6250) wireless weather station includes two components: the Sensor Suite (#6357) which houses
and manages the external sensor array, and the console (#6351) which provides the user interface, data display, and
calculations. The Vantage Vue sensor suite and console communicate via an FCC-certified, license-free frequency-
hopping transmitter and receiver. Frequency-hopping spread-spectrum (FHSS) technology provides greater
communication strength over longer distances and areas of weaker reception. User-selectable transmitter ID codes
allow up to eight stations to coexist in the same geographic area. (The Vantage Vue console can also receive and display
data from any Vantage Pro2™ or Vantage Pro2 Plus sensor suite. The Vantage Pro2 Plus includes two additional
sensors: the UV sensor and the solar radiation sensor.) The console may be powered by batteries or by the included AC-
power adapter. The wireless sensor suite is solar-powered with a battery backup. Use WeatherLink Live™ or
WeatherLink® data loggers to let your weather station interface with a computer, to log weather data, and upload

weather information to the internet.

The Vantage Vue station relies on passive shielding to reduce solar-radiation induced temperature errors in the outside

temperature sensor readings.

Integrated Sensor Suite (ISS)

Operating Temperature
Non-operating (Storage) Temperature
CUITENE DIaW .ooeiiiciiii e

Solar Power Panel ...
Battery
Battery Life (3-Volt Lithium cell)

Wind Speed Sensor

Wind Direction Sensor

Rain Collector Type

Temperature Sensor Type
Relative Humidity Sensor Type
Housing Material
ISS Dimensions
Package weight: ...

Console Specifications

-40° to +150°F (-40° to +65°C)

-40° to +158°F (-40° to +70°C)

0.20 mA (average), 30 mA (peak) at 3.3 VDC
0.5 Watts

CR-123 3-Volt Lithium cell

8 months without sunlight - greater than 2 years depending on solar
charging

Wind cups with magnetic detection
Wind vane with magnetic encoder

Tipping spoon, 0.01" per tip (0.2 mm with metric rain cartridge, Part
No. 7345.319), 18.0 in® (116 cm?) collection area

PN Junction Silicon Diode

Film capacitor element

UV-resistant ABS & ASA plastic

12.95" x 5.75" x 13.40" (329 mm x 146 mm x 340 mm)
5.44 Ibs (2.47 kg)

Console Operating Temperature
Non-Operating (Storage) Temperature
Console Current Draw

Power Adapter
Battery Backup
Battery Life (no AC power)
Housing Material
Console Display Type
Display Backlight
Dimensions:
Console (with antenna)
Console (with antenna) mounted on wall
Display
Weight (with batteries)

+32° to +140°F (0° to +60°C)
+14° to +158°F (-10° or +70°C)

0.9 mA average, 30 mA peak,
(add 120 mA for display lamps, add 0.125 mA for each transmitter
station received by console) at 4.4 VDC

5VDC, 1000 mA

3 C-cells

Up to 9 months (approximately)
UV-resistant ABS plastic

LCD Transflective

7.5"x5.75" x 4.5" (190 mm x 146 mm x 114 mm)
7.5"x7.0"x3.0" (190 mm x 178 mm x 76 mm)
4.13" x 3.0" (105 mm x 76 mm)

1.48 Ibs. (.67 kg)

DavVisl..

3465 Diablo Avenue, Hayward, CA 94545-2778 USA « 510-732-9229 » www.davisinstruments.com

DS6250_63576351, (Rev. R, 6/22/21)



Data Displayed on Console

Data display categories are listed with General first, then in alphabetical order.

General
Historical Data ..........oiiiiiiiii e Includes the past 25 values plus the current value listed unless
otherwise noted; all can be cleared and all totals reset
Daily Data........oiiiiiiiii e Includes the earliest time of occurrence of highs and lows; period
begins/ends at 12:00 am
Monthly Data .....cooouiiiii e Period begins/ends at 12:00 am on the first of the month
Yearly Data....co..uiiiiiiiiieee e Period begins/ends at 12:00 am on the first of January unless
otherwise noted
CUIrent Data .....ooeviieiiiiiie e Current data appears in the right most column in the console graph
and represents the latest value within the last period on the graph;
totals can be set or reset
Graph Time Interval ... 10 min., 1 hour, 1 day, 1 month, 1 year (user-selectable, availability
depends upon variable selected) (2.5 seconds for Last 25 Wind
Speeds)
Graph Time SpPan.......cccuoiiiiiiiiii e 26 Intervals (Current Interval plus 25 past values included; see
Graph Intervals to determine time span)
Graph Variable Span (Vertical Scale).........ccccoooeiiviiiinnenn. Automatic (varies depending upon data range); Maximum and
Minimum value in range appear in Weather Center
Alarm Indication ... Alarms sound for only 2 minutes (except for time) if operating on
battery power. Alarm message is displayed in Weather Center as
long as threshold is met or exceeded. Alarms can be silenced (but
not cleared) by pressing the DONE key.
Transmission Interval...........cccoooiiiiiiiiiiiii e Varies with transmitter ID code from 2.25 seconds (#1=shortest), to
3 seconds (#8=longest)
Update Interval .........coooviiiiiii e Varies with sensor - see individual sensor specs
Barometric Pressure
Resolution and Units...........euuuiiiiiiiiiiiiiiiien 0.01" Hg, 0.1 mm Hg, 0.1 hPa/mb (user-selectable)
RANGE ... 16.00" to 32.50" Hg, 410 to 820 mm Hg, 540 to 1100.0 hPa/mb
Elevation Range .........coouiiiiiiiiiiiii -999’ to +15,000’ (-600 m to +4570 m). (Note that console screen
limits entry of lower elevation to -999’ when using feet as elevation
unit.)
Uncorrected Reading ACCUIaCy .........ccoveeeeeeeiiieieeiiiiiiiiianenn +0.03" Hg (0.8 mm Hg, £1.0 hPa/mb) (at room temperature)
Sea-Level Reduction Equations Used .................ceeeeeeee. United States Method employed prior to use of current "R Factor"
method ("NOAA"), Altimeter Setting
NOAA Equation SOUICEe..........coeuuiiiiiiiiiiieeeeiiie e Smithsonian Meteorological Tables
NOAA Equation ACCUIACY .......uuuuueiiiiiieeiiiiiiiiiiiiiiie e +0.01" Hg (0.3 mm Hg, 0.3 hPa/mb)
NOAA Elevation Accuracy Required...........ccccovvvviiiinnnnnnnn. +10’ (3m) to meet equation accuracy specification
Overall ACCUTACY .......cccoviiiiiiiiiiiieiae et +0.03" Hg (0.8 mm Hg, £1.0 hPa/mb)
Trend (change in 3 hours) ... Change 0.06" (2 hPa/mb, 1.5 mm Hg) = Rapidly
Change 0.02" (0.7hPa/mb, 0.5 mm Hg)= Slowly
Trend INdication .........cooooiiiiiiiii e 5 position arrow: Rising (rapidly or slowly), Steady, or Falling (rapidly
or slowly)
Update Interval ........ocooiiiiiiiiiiii 1 minute
Current Data .....oovvviiiiiiii Instant and Hourly Reading; Daily, Monthly, Yearly High and Low;
Barometer change 24-hour
Historical Data ..........oviiiiiiiii e 15-min. and Hourly Reading; Daily, Monthly Highs and Lows
ATBIMS e High Threshold from Current Trend for Storm Clearing (Rising Trend
Low Threshold from Current Trend for Storm Warning (Falling Trend)
Range for Rising and Falling Trend Alarms .............cccc...... 0.01 to 0.25" Hg (0.1 to 6.4 mm Hg, 0.1 to 8.5 hPa/mb)
Clock
ResOolIUtion ... 1 minute
UNIES e Time: 12 or 24 hour format (user-selectable)
DAt US or International format (user-selectable)
ACCUTACY ...ttt e e +8 seconds/month
AdJUSIMENS ..o Time: Automatic Daylight Savings Time (for users in North America

and Europe that observe itin AUTO mode, MANUAL setting available
for all other areas.) Date: Automatic Leap Year

ATBIMS e Once per day at set time when active



Dewpoint (calculated)

Resolution and Units ... 1°F or 1°C (user-selectable)

RENGE ..o -105° to +130°F (-76° to +54°C)

ACCUTACY ...ttt ettt e e e e e e eeenens +2°F (£1°C) (typical)

Update Interval..........coooiiiii e 10 to 12 seconds

SOUICE ..t World Meteorological Organization (WMO)

Equation Used ......cooeviiiiiiie e WMO Equation with respect to saturation of moist air over water
Variables Used........cooouiiiiiiiii e Instant Outside Temperature and Instant Outside Relative Humidity
CUrent Data ....ocooeiiiiiiiiiiiii e Instant Calculation; Daily, Monthly High and Low

Historical Data ...........oooeiiiiiiiiie e Hourly Calculations; Daily, Monthly, Yearly Highs and Lows

ALBIMS e High and Low Threshold from Instant Calculation

Evapotranspiration (calculated, requires Vantage Pro2 ISS with solar radiation sensor)

Resolution and Units ...........oooiiiiiiiiiiiii e 0.01" or 0.1 mm (user-selectable)

RANGE et Daily to 32.67" (999.9 mm); Monthly & Yearly to 199.99" (1999.9 mm)

ACCUFACY ..ttt Greater of 0.01" (0.25 mm) or +5%, Reference: side-by-side
comparison against a CIMIS ET weather station

Update Interval.............. 1 hour

Modified Penman Equation as implemented by CIMIS (California
Irrigation Management Information System) including Net Radiation

Calculation and Source

calculation
CUrent Data .....oooviiiiiiiiiiii e Latest Hourly Total Calculation, Daily, Monthly, Yearly Total
Historical Data ...........ccooeeiiiiiiiie e Hourly, Daily, Monthly, Yearly Totals
AJBIM L High Threshold from Latest Daily Total Calculation
Forecast
Variables Used........cooouiiiiiiiiii e Barometric Reading & Trend, Wind Speed & Direction, Rainfall,
Temperature, Humidity, Latitude & Longitude, Time of Year
Update Interval..........coooiiiiiiiiii e 1 hour
Display Format..........coooeiiiiiiiii e Icons on top center of display; displays weather conditions that may
occur for the next 12 hours.
Variables Predicted ... Sky Condition, Precipitation
Heat Index (calculated)
Resolution and Units ... 1°F or 1°C (user-selectable)
RANGE .. -40° to +165°F (-40° to +74°C)
ACCUFACY ..ttt +2°F (£1°C) (typical)
Update Interval..........ooeiiiiiiiii e 10 to 12 seconds
SOUMCE i United States National Weather Service (NWS)/NOAA
Formulation Used ..., Steadman (1979) modified by US NWS/NOAA and Davis Instruments
to increase range of use
Variables Used............coiiiiiiiiiiiiiiiiiiiicce e Instant Outside Temperature and Instant Outside Relative Humidity
Current Data .....ooooiiiiiiiiiie Instant Calculation; Daily, Monthly High
Historical Data .........ccooooiiiiiiiiiicce e Hourly Calculations; Daily, Monthly, Yearly Highs
ALBIIN L High Threshold from Instant Calculation
Humidity
Inside Relative Humidity (sensor located in console)
Resolution and Units............cccoiiiiiiiiiii 1%
RANGE ....ciiiiiiiii e 1to 100% RH
ACCUFACY ....ciiiiiiiiiiiiit e +2%
Update Interval ... 1 minute
Current Data ........ooeeuiiiiiiiii e Instant (user adjustable) and Hourly Reading; Daily, Monthly High and
Low
Historical Data ..........cc.oviiiiiiiii Hourly Readings; Daily, Monthly, Yearly Highs and Lows

ALBIMS oo High and Low Threshold from Instant Reading



Outside Relative Humidity (sensor located in ISS)

Resolution and Units ... 1%

RENGE .o 1to 100% RH

ACCUFACY ... +2%

Drift +0.25% per year

Update Interval.........ccooeiviiiiiiiiie e 50 seconds to 1 minute

Current Data........coooiiiiiiiiiiii e Instant (user adjustable) and Hourly Reading; Daily, Monthly, Yearly
High and Low

Historical Data.........cuuuiiiiiiiiiie e Hourly Readings; Daily, Monthly Highs and Lows

AlBIMS e High and Low Threshold from Instant Reading

Moon Phase

AcCUracy.......cccoeeeeevennnn.

Rainfall

Update Interval .............

Storm Determination Method.............cccoooviiiiiiiiiiiin .

Current Data.................

Historical Data ..............
Alarms ......ccooeeiieiinnennn,

Range for Rain Alarms..

Rain Rate

Accuracy.......cccoeeeeevennnn.
Update Interval .............
Calculation Method

1/8 (12.5%) of a lunar cycle, 1/4 (25%) of lighted face on console

0.09% of a lunar cycle, 0.18% of lighted face maximum (depends on
screen resolution)

New Moon, Waxing Crescent, First Quarter, Waxing Gibbous, Full
Moon, Waning Gibbous, Last Quarter, Waning Crescent

+38 minutes

0.01" or 0.2 mm (user-selectable) (1 mm at totals > 2000 mm)
0 to 199.99" (0 to 6553 mm)

For rain rates up to 10"/hr (250 mm/hr): 4% or one tip of the spoon
(0.01"/0.2 mm), whichever is greater

20 to 24 seconds

0.02" (0.5 mm) begins a storm event, 24 hours without further
accumulation ends a storm event

Totals for Past 15-min, Past 24-hour, Daily, Monthly, Yearly (start
date user-selectable) and Storm (with begin date); Umbrella is
displayed when 15 minute total exceeds zero

Totals for 15-min, Daily, Monthly, Yearly (start date user-selectable)
and Storm (with begin and end dates)

High Threshold from Latest Flash Flood (15-min. total, default is
0.50", 12.7 mm), 24-hour Total, Storm Total,

0 to 99.99" (0 to 999.7 mm)

0.01" or 0.1 mm (user-selectable) at typical rates (see Fig. 1)
0 to 30"/hr (0 to 762 mm/hr)

+5% when rate is under 10"/hr (254 mm/hr)

20 to 24 seconds

Measures time between successive tips of rain collector. Elapsed
time greater than 15 minutes or only one tip of the rain collector
constitutes a rain rate of zero.

Instant and Hourly, Daily, Monthly and Yearly High
Hourly, Daily, Monthly and Yearly Highs
High Threshold from Instant Reading

Solar Radiation (requires Vantage Pro2 ISS with solar radiation sensor)

Cosine Response..........
Temperature Coefficient

Update Interval .............
Current Data

0 to 1800 W/m?

+5% of full scale (Reference: Eppley PSP at 1000 W/m?)

up to +2% per year

+3% for angle of incidence from 0° to 75°

-0.)067% per °F (-0.12% per °C); reference temperature = 77°F (25
°C

50 seconds to 1 minute (5 minutes when dark)

Instant Reading and Hourly Average; Daily, Monthly High



Sunrise and Sunset

ReSOIUtiON ......iiiii 1 minute
ACCUTACY ..ottt ettt e e e +1 minute
REfEIENCE ....viiiii i United States Naval Observatory
Temperature
Inside Temperature (sensor located in console)
Resolution and Units............cooviiiiiiiiiiiiiiicceeeee Current Data: 0.1°F or 1°F or 0.1°C or 1°C (user-selectable)
Historical Data and Alarms: 1°F or 1°C (user-selectable)
RANGE ....ciiiiiiiiiii +32° to +140°F (0° to +60°C)
SENSOr ACCUTACY ...ttt +0.5°F (+0.3°C)
Update Interval ... 1 minute
CUrrent Data .......ooouuuiiiiiii s Instant Reading (user adjustable); Daily, Monthly, Yearly High and
Low
Historical Data ...........c.oviiiiiiiii e Hourly Readings; Daily and Monthly Highs and Lows; Highs and Lows
for Last 25 Days; Temp change per hour, Temp change for last 24
hours.
ATBIMS e High and Low Thresholds from Instant Reading
Outside Temperature (sensor located in ISS)
Resolution and Units............cooviiiiiiiiiiiiiiiceceeeee Current Data: 0.1°F or 1°F or 0.1°C or 1°C (user-selectable) nominal
(see Fig. 1) Historical Data and Alarms: 1°F or 1°C (user-selectable)
RANGE ....ciiiiiiiiiiie -40° to +150°F (-40° to +65°C)
SENSOr ACCUTACY ... ieeeiiiiieeiiiiiite e +1°F (£0.5°C) above +20°F (-7°C); +2°F (x1°C) under +20°F (-7°C)
(see Fig. 2)
Radiation Induced Error (Passive Shield)................... +4°F (2°C) at solar noon (insolation = 1040 W/m?, avg. wind speed <

2 mph (1 m/s)) (reference: RM Young Model 43408 Fan-Aspirated
Radiation Shield)

Update Interval ...........oooiiiiiiiiiii e 10 to 12 seconds

CUurrent Data ........couuuiiiiiiii e Instant Reading (user adjustable); Daily, Monthly, Yearly High and
Low

Historical Data ..........ccoeiiiiiieiiii e Hourly Readings; Daily, Monthly, Yearly Highs and Lows

ALBIMS e High and Low Thresholds from Instant Reading

Ultra Violet (UV) Radiation Index (requires Vantage Pro2 ISS with UV sensor)

Resolution and Units ... 0.1 Index

RANGE ot 0 to 16 Index

ACCUFACY ..ottt +5% of full scale (Reference: Yankee UVB-1 at UV index of 10
(Extremely High))

COoSiNE RESPONSE ....ccoviiiiiiiiiiiiiiiee e +4% (0° to 65° incident angle); 9% (65° to 85° incident angle)

Update Interval...........ccciiiiiiiiii e 50 seconds to 1 minute (5 minutes when dark)

Current Data ......ooooiiiiiiiiiii e Instant Reading



Wind
Wind Chill (Calculated)
Resolution and Units ..........cooviiiiiiiiiiiieees 1°F or 1°C (user-selectable)
RANGE ..o -110° to +135°F (-79° to +57°C)
ACCUTACY ..ot +2°F (£1°C) (typical)
Update Interval. 10 to 12 seconds
Source ............. United States National Weather Service (NWS)/NOAA
Equation Used.. Osczevski (1995) (adopted by US NWS in 2001)
Variables Used .........cooouuiiiiiiiiiiiei e Instant Outside Temperature and 10-min. Avg. Wind Speed
Current Data........oouuiiiiiiiii e Instant Calculation; Hourly, Daily, Monthly, Yearly Low
Historical Data ... Hourly, Daily and Monthly Lows
AJGIM L Low Threshold from Instant Calculation
Wind Direction
Display Resolution...........cciiiiiiiiiiiiiii e 16 points (22.5°) on compass rose, 1° in numeric display
RaANGE i 1-360°
ACCUFACY ...t e +3°
Update Interval.........ccooeeiiiiiiiiii e 2.5 to 3 seconds
Current Data........coooviiiiiiiiiic Instant Reading (user adjustable); 10-min. Dominant; Hourly, Daily,
Monthly Dominant
Historical Data.........c.uuoiiiiiiiiiiii e Past 6 10-min. Dominants on compass rose only; Hourly, Daily,

Monthly Dominants
Wind Speed

Resolution and Units ..........ccoooiiiiiiiiiiiii e, 1 mph, 1 km/h, 0.5 m/s, or 1 knot (user-selectable)

RaANGE .o 0 to 200 mph, 0 to 173 knots, 0 to 89 m/s, 0 to 322 km/h

Update Interval..........cooooiiiiiiiiiii e Instant Reading: 2.5 to 3 seconds, 10-minute Average: 1 minute
ACCUFACY ...ttt +2 mph (2 kts, 3 km/h, 1 m/s) or +5%, whichever is greater
Current Data........cooiviiiiiiiiii Instant Reading; 10-minute and Hourly Average; 10-minute High

Gust with Direction of Gust; 2-minute Average; Hourly High; Daily,
Monthly and Yearly High with Direction of High; Beaufort Scale

Historical Data............ooviiiiiiiii e 2.5 sec., 10 min. and Hourly Averages; Hourly Highs; Daily, Monthly
and Yearly Highs with Direction of Highs
ALBIMS e High Thresholds from Instant Reading and 10-minute Average

Wireless Communication Specifications

Transmit/Receive Frequency

USModels .. ... e 902 - 928 MHz FHSS,
EUModels . ....... .. 868.0 - 868.6 MHz FHSS
JapanModels. ....... ... ... . ... . 928.1 - 928.9 MHz FHSS
NZModels . ....... ... . 921 - 928 MHz FHSS
IndiaModels. . . ......... ... .. . 865.0 - 867.0 MHz FHSS
RussiaModels .. ....... ... ... ... ........ 868.7 -869.2 MHz FHSS
ID Codes Available . .......... ... ... .. ... ..... 8
Qutput Power
USModels . ....... .. .. i 902 - 928 MHz FHSS: FCC-certified low power, less than 8 mW, no
license required
EUModels . . ... ... ... i 868.0 - 868.6 MHz FHSS. CE-certified, less than 8 mW, no license
required.
Australia/Brazil Models. . .. ................... 918.0 - 926.0MHz FHSS, less than 1 mW, no license required
JapanModels. .. ..... ... ... . 928.1 - 928.9 MHz FHSS, less than 1 mW, no license required.
NZModels . ....... ... . 921- 928MHz FHSS, less than 10mW, no license required.
IndiaModels .......... ... ... ... ... ... ... ... 865.0 - 867.0 MHz, less than 10mW, no license required.
RussiaModels . .. ...... ... ... ... .. ... .... 868.7 - 869.2 MHz, less than 8mW,no license required
Range: All models except Japan
Lineof Sight. . ... ... ... . ... . . ... ... ... ... up to 1000 feet (300 m)
ThroughWalls . ...... ... .. .. ... . . ... . ... 200 to 400 feet (60 to 120 m)
Range: Japan models
Lineof Sight. . ... ... ... .. ... . . . ... .. ... ... up to 300 feet (100 m)
ThroughWalls .. .......... ... . ... 50 to 200 feet (15 to 60m)

Sensor Inputs
RF Filtering .. ... ... ... RC low-pass filter on each signal line



Sensor Charts

Rain Rate Resolution
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Product # Package I?imensiotls Package Weight UPC Codes
(Length x Width x Height)

6250 Complete Station 011698 00912 1
6250AU 0 11698 01051 6
6250EU 0 11698 00920 6
6250JP 011698 01134 6
6250M (45.71 o 164 o x 304 cm) (g.g4l?<sg) 011698 00920 6
6250ND 01 1698 01159 9
6250NZ 0 11698 00987 9
6250RU 011698 01484 2
6250UK 0 11698 00917 6
6351 Console 011698 00913 8
6351AU 011698 01209 1
6351EU 011698 00918 3
203 SR o il
6351M 011698 00921 3
6351NZ 011698 01275 6
6351UK 011698 00919 0
63571SS 011698 00914 5
6357AU 011698 01212 1
6357JP 18.00" x 7.00" x 15.13" 450 Ibs 011698 01213 8
6357M (45.7 cm x 17.8 cm x 38.4 cm) (2.04 kg) 0 11698 00922 0
63570V 0 11698 00923 7
6357RU 011698 01425 5
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