‘Q t«d‘ﬂhi;

SIPROTEC 5

Protection, Control, Automation,
Monitoring, Power Quality — Basic

Catalog ¢ Edition7

siemens.com/siprotec


Stamp

Stamp


Content

SIPROTEC 5 Device SiPROTEC 5
Series

Protection, Control,
A u to.m a ..tl O n I SIPROTEC 5 Devices and Fields of Application
Monitoring, and Power
Quality — Basic

SIPROTEC 5 - V8.4 — Catalog Edition 7

Invalid:

Edition 6

SIPROTEC 5 System

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 3



Content

- SIPROTEC 5 - Engineering

SIPROTEC 5 — Hardware

4 | SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7



Editorial

Editorial

SIPROTEC has been a recognized brand leader in digital protec-
tion and bay units on the energy market for decades. The
Siemens high-performance SIPROTEC devices cover the entire
power spectrum and can be implemented in a wide range of
fields — from power generation to transmission of very high
voltages, distribution network, and industrial applications.

SIPROTEC 5 is an active component of the secure smart power
system, and an important building block in the complexity of
distributed energy-supply systems and networks solutions.

The SIPROTEC 5 generation of devices provides you with a
modern platform of both hardware and software. This platform
offers an excellent solution to the challenges associated with
evolving grid structures and workflows. The quality, reliability,
and proven functions of the SIPROTEC 4 device range have been
preserved. Innovative approaches including holistic workflow,
safety and security, and network-stability monitoring (PMU func-
tionality) have been added.

E_CC_SIP5_GD_SS_LED, 2, — ] Integrated and upgradeable functionalities for your efficient
network operation:

® Various sensitive ground fault and ground-fault location
methods for fast fault location

® \/oltage control for transformers for cost optimization — also
for parallel transformers

® PMU function for network-stability monitoring

e Adaptive adaptation of the protection parameters via
IEC 61850 to increase the network load

® Protection of complex network structures, such as capacitance
banks or multi-end topologies

® Process-bus applications according to IEC 61850-9-2 digitize
the measured data directly at the measuring point

e |oT interface to cloud applications such as MindSphere with
the standard protocol OPC UA PubSub for easy use of data
from the bay, for example SIPROTEC Dashboard

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,

signed firmware, or authenticated IEEE 802.1x network
E_CC_SIP5_PAS_Gruppe, 2, -_--] access.

With the SIPROTEC 5 generation, you are well equipped to meet
the growing economic and availability requirements imposed on
your power systems. The philosophy of SIPROTEC 5 is reflected
in the modularity and flexibility of its hardware and software
components. Perfectly tailored fit — the custom fit for your
switchgear and requirements for the application and standardi-
zation of power automation.

Ingo Erkens

Smart Infrastructure
Digital Grid

[ph_Nesplen, 1, --_-]
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SIPROTEC 5

Introduction

The Benchmark for Protection, Automation, and Monitoring

The SIPROTEC 5 series is based on the long-term field experience
of the SIPROTEC device series and has specifically been designed
for the new requirements of modern power systems. For this
purpose, SIPROTEC 5 is equipped with extensive functionalities
and device types. With the integrated and consistent DIGSI 5
engineering tool, a solution has also been provided for increas-
ingly complex processes, from design through to the engi-
neering phase, up to testing and operation.

Thanks to the high degree of hardware and software modu-
larity, the functionality of the device types can be tailored to the
requested application and adjusted to the ever-changing
requirements throughout the entire lifecycle.

In addition to the reliable and selective protection and the
complete automation function, SIPROTEC 5 offers an extensive
database for operating and monitoring modern power systems.
Synchrophasors (PMU), power-quality data, and extensive
equipment data are included in the functionality.

e Powerful protection functions ensure the safety of equipment
and staff

Individually configurable devices save money on the initial
investment and on spare-parts storage, maintenance, exten-
sion, and adaptation of your plant

® Arc protection, transient ground-fault detection, transformer
control, and process bus can easily be integrated and retro-
fitted

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Increased reliability and quality of the engineering process

® High operational safety due to the consistent safety imple-
mentations

® Highest availability even under extreme environmental condi-
tions due to the coating on the electronic modules

® Integrated switch for low-cost and redundant optical and elec-
trical Ethernet rings

® Redundancy protocols RSTP, PRP, and HSR for maximum avail-
ability

e Efficient operating concepts due to flexible engineering of
IEC 61850 Edition 2

e Comprehensive database for monitoring modern power
systems, also with loT cloud connection

® Optimal smart automation platform for your power systems
based on integrated Phasor Measurement Unit (PMU) and
Power Quality functions.

SIP5_Gruppe, 2, -_--]

Figure 1.1/1 SIPROTEC 5 — Modular Hardware

E_CC_SIP5_19Zoll_KomMod, 1, --_~-]

Figure 1.1/2 SIPROTEC 5 — Modular Process Connection
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SIPROTEC 5

Innovation Highlights

Holistic Workflow

End-to-end engineering from system design to operation makes
your work easier throughout the entire process.

The highlight of SIPROTEC 5 is the improved emphasis on daily
ease of operation. SIPROTEC 5 provides holistic support along all
the work steps, allowing for system-view management and
configuration down to the details of individual devices, saving
time and improving cost-effectiveness without compromising
quality (Figure 1.2/17).

Holistic workflow in SIPROTEC 5 means:

® Integrated, consistent system and device engineering — from
the single-line diagram of the unit all the way to device
parameterization

e Simple, intuitive graphical linkage of primary and secondary
equipment

® Supplied and user-defined application templates for the most
frequently used applications

® |[EC 61850 System Configurator independent from manufac-
turers, for simple system engineering

® Open-circuited interfaces for seamless integration into your
process environment

® Integrated tools for testing during engineering and commis-
sioning and for simulating operational scenarios, such as
system incidents or switching operations.

® SIPROTEC DigitalTwin for virtually testing SIPROTEC 5 devices
in the cloud

dw_Holisitic-workflow, 1, en_US]

Figure 1.2/1 End-to-End Tools — from Design to Operation

Holistic workflow in SIPROTEC 5 means for you:

An end-to-end tool from system design to operation — even
across department boundaries — saves time and ensures data
security and transparency throughout the entire lifecycle of your
plant.

Perfectly Tailored Fit

Individually configurable devices provide you with cost-effective
solutions that match your needs precisely throughout the entire
lifecycle. SIPROTEC 5 sets new standards in cost savings and
availability with its innovative modular structure and flexible
hardware, software, and communication. SIPROTEC 5 provides a
perfectly tailored fit for your switchgear and applications that is
unequaled by any other system.

Perfectly tailored fit in SIPROTEC 5 means:

® Modular system design in hardware, functionality, and
communication ensures the perfect fit to your needs

® Functional integration of various applications, such as protec-
tion, control, measurement, power quality or fault recorder,
voltage controller, ground-fault method

® Frequency-tracked protection functions over a wide frequency
range (10 Hz to 80 Hz) and the option to assign the protection
functions in a single device to different frequency tracking
groups

® The same extension and communication modules for all
devices in the family

® |nnovative terminal technology ensures easy assembly and
interchangeability at the highest possible degree of safety

® |dentical functions throughout the entire system family mean
fewer training requirements and increased safety.
Example: Identical automatic reclosing (AREC) for line protec-
tion devices 7SD8, 7SA8, 7SL8.

Perfectly tailored fit in SIPROTEC 5 means:

Individually configurable devices that save money on initial
investment, spare-parts storage, maintenance, extension, and
adaptation of your system.

Innovationsschwerpunkte, 1, --_--]

Figure 1.2/2 SIPROTEC 5 — Innovation Highlights

Designed to Communicate

The trendsetting system architecture places communication
firmly under your control. Powerful, flexible, and above all, reli-
able communication is the prerequisite for distributed and
decentralized system topologies such as Smart Grids. In the
system architecture of SIPROTEC 5, we have attached immense
importance to communication, and we have gone to excep-
tional lengths to ensure that you are ideally equipped for the
communication demands of today and the future.

Designed to communicate in SIPROTEC 5 means:

e |oT interface to cloud applications such as MindSphere with
the standard protocol OPC UA PubSub for easy use of data
from the bay, for example SIPROTEC Dashboard

e Adaptation to the topology of your communication structure
using parameters (ring, star, network, etc.)

® Scalable redundancy in hardware and software (protocols to
match your requirements)

® Multiple communication channels to various higher-level
systems at station and control-center level, as well as cloud
applications

® Pluggable and upgradeable communication modules also for
process-bus solutions according to IEC 61850-9-2
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SIPROTEC 5

Innovation Highlights

® Hardware modules decoupled from the currently used
communication protocol

® 2 independent Ethernet protocols in one module

® Extensive routines for test connections, functions, and oper-
ating workflows

Designed to communicate in SIPROTEC 5 means for you:
Communication as an integral component of the system archi-
tecture provides you with the flexibility and security you need in
densely networked systems, today and in the future.

SIP5_Kommunikationsschnittst, 1, --_~]

Figure 1.2/3 SIPROTEC 5 Device with Extensive Communication Inter-
faces

Safety Inside

Multilayer safety mechanisms in all links of the system safety
chain provide you with the highest possible level of safety and
availability. Human safety and plant safety, as well as maximum
availability, are the top priorities. As the plant landscape
becomes more and more open and complex, conventional
security mechanisms are no longer adequate. For this reason, a
safety concept has been integrated in the SIPROTEC 5 device
architecture that is designed to address and implement these
multilayer aspects in a holistic approach.

Safety Inside in SIPROTEC 5 means:

® Proven functions that protect plants and personnel, which
have been continuously developed over 5 generations

® Long-lasting, rugged hardware (housings, modules, plugs)
and a sophisticated layout of the entire electronics for high
resilience against voltage, EMC, climate, and mechanical
stress

® Sophisticated self-monitoring routines identify and report
device faults immediately and reliably

Comprehensive Cybersecurity

Cyberattacks on the energy infrastructure are real and are now
regularly present in the media. Cybersecurity in the case of
SIPROTEC 5 is therefore considered holistically in all cases. This
includes the processes, personnel, and technologies.

The infrastructure used to develop the SIPROTEC 5 product
family is protected in accordance with ISO/IEC 27001. Critical
data, such as the software and firmware source files, are
protected against unauthorized manipulation.

In addition, the following precautionary, continuous measures
arein place:

® Secure development

® Security-patch management

® Antivirus and Windows patch compatibility checks
® Product hardening

® Independent security validation

The cybersecurity functions implemented in the components are
state of the art and interoperable.

These include the following features:

® TLS-encrypted communication between DIGSI 5 and the
SIPROTEC 5 device

® Support on the device side for role-based access control with
central user management and emergency access

® Configurable read and write access restriction for DIGSI 5 and
IEC 61850-MMS connections at device-port tier

® | ogging of security-relevant events via syslog and in a non-
erasable security buffer internal to the device

® Built-in crypto chip for secure information storage and trans-
mission

® Device uses keys stored in the crypto chip to load only firm-
ware signed by Siemens

® Separation of process and service communication

® Secure access with operation via the device display and Web
browser

Smart Automation for Grids

Climate change and dwindling fossil fuels are forcing a total re-
evaluation of the energy-supply industry, from generation to
distribution and consumption. This is having fundamental
effects on the structure and operation of the power systems.

Smart automation, the intelligent power automation system, is
a major real-time component designed to preserve the stability
of these power systems and at the same time conserve energy
and reduce costs.

With SIPROTEC 5 and the unique spectrum of integrated func-
tionality, you have the optimum smart automation platform for
your smart power systems.

Smart Automation for Grids in SIPROTEC 5 means:

® Open-circuited, scalable architecture for IT integration and
new functions

® Smart functions, for example for network operation, analysis
of faults or power quality (power-system monitoring, power-
control unit, fault location)

® |ntegrated automation with optimized logic blocks based on
the IEC 61131-3 standard

® High-precision acquisition and processing of process values
and power transmission to other components in Smart Grid

® Protection, automation, and monitoring in Smart Grid

SIPROTEC 5 devices have specifically been designed to meet the
requirements of the modern grid, secure the future, and offer
the necessary automation platform.
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SIPROTEC 5

Innovation Highlights

The elements that connect the 5 mentioned innovation high-
lights are IEC 61850 Edition 2 and its thoroughly designed, user-
oriented implementation in SIPROTEC 5.

Systemkomponente, 1, -_-]

Figure 1.2/4 SIPROTEC 5 as a System Component of the Smart Power
System

IEC 61850 - Simply Usable

Siemens, the pioneer of IEC 61850, makes the full potential of
this global standard easily usable for you.

The IEC 61850 standard is more than just a substation automa-
tion protocol. It comprehensively defines data types, functions,
and communication in station networks. In Edition 2, the influ-
ence of the standard is extended to more domains and applica-
tions of the energy-supply industry.

Siemens was actively involved in the process of standardization
from Edition 1 to Edition 2, and with the largest number of
completed installations in the world, our experience as a manu-
facturer in the field is unsurpassed. Jointly with key customers,
we designed its implementation in SIPROTEC 5, paying close
attention to interoperability, flexibility, and compatibility
between Editions 1 and 2.

Besides the standard protocol IEC 61850-8-2 (station bus) and
IEC 61850-9-2 (process bus), SIPROTEC 5 also supports other

protocols, such as IEC 60870-5-103, IEC 60870-5-104,
DNP3 (serial or TCP), or Modbus TCP.

IEC61850 Symbol, 1, --_~]

IEC 61850 - Simply usable means:

® A stand-alone IEC 61850 System Configurator that allows
IEC 61850 configuration of SIPROTEC 5, SIPROTEC 4,
SIPROTEC Compact, and third-party device

® Full compatibility with Editions 1 and 2

® Open-circuited interfaces to IEC 61850 ensure system config-
urations and interoperability that is independent from manu-
facturers

® Conversion of the complexity of the IEC 61850 data model
into your familiar user language

® Flexible object modeling, degrees of freedom in object
addressing, and flexible communication services warrant the
highest possible degree of interoperability and effective
exchange and extension concepts.

e Handling optimization based on many projects and close
cooperation with customers from all fields of application

® Protection settings via IEC 61850
® Using several communication modules in Edition 2

The implementation of IEC 61850 Edition 2 unleashes the full
potential of this standard by optimally supporting your opera-
tional needs and simplifying handling.
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SIPROTEC 5

Innovation Highlights

IEC61850 Edition 2 Certificate Level A, 1, ~_-]

Figure 1.2/5 First IEC 61850 Certificate Edition 2 Worldwide
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SIPROTEC 5 Devices and Fields of Application
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SIPROTEC 5 Devices and Fields of Application

Device Types

dw_sip5_anwendung, 5, en_US]

Figure 2.1/1 Fields of Application of the SIPROTEC 5 Devices

The graphic gives an overview of the utilization of

SIPROTEC 5 devices in the power system. With renewable-
energy producers, in particular, there is power infeed into the
grid at all voltage levels. Protected objects are busbars, over-
head lines or cables, and transformers. The corresponding
protection device are allocated to these objects.

Device Types

A short 5-digit code permits easy identification of the
SIPROTEC 5 devices. The first digit (6 or 7) stands for digital
technology. The 2 letters describe the functionality and the
last 2 digits identify typical properties (Figure 2.1/2). You can

find further details in the catalog section of the related device
description.

Main protection functions

Distinguishing features

7 [XX] [YY J¢—

dw_device_typ, 1, en_US]

Figure 2.1/2 Definition of the Device Types by their Designation
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SIPROTEC 5 Devices and Fields of Application

Device Types

Overcurrent and Feeder Protection

Overcurrent protection designed for the protection of feeders and lines in
medium-voltage and high-voltage systems; with PMU" and control

751812, 75182, 75)85

Line Protection

Distance protection for the protection of lines in medium-voltage and high-
voltage systems; with a PMU" and control

7SA82, 7SA86, 7SA87

Line differential protection for the selective protection of lines and cables with a
single-side and multi-side infeed in medium-voltage and high-voltage systems;
with a PMU' and control

75D82, 7SD86, 7SD87

Combined line differential and distance protection for the protection of lines in
medium-voltage and high-voltage systems; with a PMU" and control

75182, 75L86, 7S5L87

Switch management device for managing switches; with a PMU" and control

7VK87

Overcurrent protection for lines with PMU’

75)86

Transformer Differential Protection

Transformer differential protection for the protection of two-winding and multi-
winding transformers (up to 5 sides); with a PMU’, control, and monitoring

7UT82, 7UT85, 7UT86, 7UT87

Motor Protection

Motor protection devices for the protection of motors of all sizes; with PMU" and
control

7SK82, 7SK85

Generator Protection

voltage systems, and systems for very high voltages

Generator protection device for the protection of generators and power units; 7UM85
with PMU'

Paralleling Device

Paralleling device for the synchronization of generators (power units) with the | 7VE85
electricity-supply system or synchronization of 2 electricity-supply systems

Busbar Protection

Busbar protection for busbar short circuits in medium-voltage systems, high- 75585

Bay Controllers

Bay controllers for control/interlocking tasks with PMU', monitoring, and protec-
tion functions’

6MD85, 6MD86

Merging Unit

The merging unit is the interoperable interface between the primary and secon-
dary equipment for process-bus solutions in accordance with IEC 61869 und
IEC 61850-9-2 standards

6MU85

Fault Recorder

Fault recorders with integrated measurement of synchrophasors (PMU) in
accordance with IEEE C37.118 and power-quality measurement in accordance
with IEC 61000-4-30.

7KE85

Table 2.1/1 Available Device Types in the SIPROTEC 5 System

1 Optional
2 Without PMU

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7
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SIPROTEC 5 Devices and Fields of Application

Device Selection Table

Protection functions for 3-pole tripping 3-pole
Protection functions for 1-pole tripping 1-pole
Hardware quantity structure expandable 110
Process Bus Client Protocol (Note: This function requires at | PB client
least one dedicated ETH-BD-2FO plug-in module, with
V8.0)
Process Bus Client Protocol 7SS85 CU (Note: This function | PB client
requires a dedicated ETH-BD-2FO, with V8.40)
IEC61850-9-2 Merging Unit stream (Note: This function MU
requires a dedicated ETH-BD-2FO per stream, with V8.0)
IEC61850-9-2 Merging Unit stream 75585 CU (Note: Only | MU
for communictation with 7SS85 CU, This function requires
a dedicated ETH-BD-2FO, with V8.40)

14 Locked rotor 1>+ n<

21/21N Distance protection Z<, V< 1> 2(V,1)
Automatic adjustment of the synchronization voltage
when using a tap changer

21T Impedance protection for transformers <

24 Overexcitation protection Vif

25 Synchrocheck, synchronization function Sync

25 Synchronization function with balancing commands Sync

25 Synchrocheck, synchronization function with balancing Sync
commands (from V7.82)

25 Paralleling function 1.5 channel for each sync. location Sync
(significant feature: up to 4 sync. locations)

25 Paralleling function 1.5 channel for each sync. location Sync
(significant feature: up to 8 sync. locations)

25 Paralleling function 2 channel for each sync. location Sync
(significant feature: up to 4 sync. locations)

25 Paralleling function 2 channel for each sync. location Sync
(significant feature: up to 8 sync. locations)
Balancing commands for each sync. location

27 Undervoltage protection: "3-phase” or "positive-sequence | V<
system V1" or "universal Vx"

27 Undervoltage protection: "3-phase” or "universal Vx" V<

27 Undervoltage protection: "3-phase” or "positive-sequence | V<
system V1"

27R, 59R Rate-of-voltage-change protection (from V8.30) dv/dt
Undervoltage-controlled reactive power protection Q>/IV<

32,37 Power protection active/reactive power P<>, Q<>

32R Reverse-power protection -P<

37 Undercurrent I<

37 Power-plant disconnection protection -dP

38 Temperature supervision 0>

40 Underexcitation protection 1/xd

46 Negative-sequence overcurrent protection 12>

46 Unbalanced-load protection (thermal) 122 t>

46 Negative-sequence overcurrent protection with direction 12>, ~(V2,12)

47 Overvoltage protection, negative-sequence system V2>

47 Overvoltage protection, negative-sequence/positive- V2IV1>
sequence system

47 Overvoltage protection: "negative-sequence V2" or V2>; V2IV1>
"negativ-sequence V2/positiv-sequence V1"

48 Starting-time supervision for motors I2start

49 Thermal overload protection 0, 12t




SIPROTEC 5 Devices and Fields of Application

Device Selection Table
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SIPROTEC 5 Devices and Fields of Application

Device Selection Table

49 Thermal overload protection, user-defined characteristic 0, 17t
49 Thermal overload protection for RLC filter elements of a 0, It
capacitor bank
49H Hot spot calculation Oh, 12t
49R Thermal overload rotor protection (motor) OR
49F Field-winding overload protection IF2t
49S CG Stator overload protection with cold-gas consideration 0, It
49R CG Rotor overload protection with cold-gas consideration 0, IR?t
50/51 TD Overcurrent protection, phases 1> | ]
Instantaneous tripping at switch onto fault SOTF ] [ ]
50HS Instantaneous high-current tripping 1>>> | ]
50/51 TD Overcurrent protection with positive-sequence current 11 | 11> ]
(from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> ] ]
50Ns/ 51Ns Sensitive ground-current detection for systems with reso- | INs> | ]
nant or isolated neutral systems incl. a) 310>, b) admit-
tance YO>, c) 310-harm> (from V7.8)
50Ns/ 51Ns Sensitive ground-current detection for systems with reso- | INs>
nant or isolated neutral systems incl. a) 310>, b) admit-
tance YO>
50Ns/ 51Ns Sensitive ground-current protection for systems with reso- | INs>
nant or isolated neutral systems
Ground-fault detection via pulse pattern detection; Note: | IN-pulse [ ] ]
this stage additionally requires the function 50Ns/51Ns or
67Ns "Sensitive ground-fault detection for systems with
resonant or isolated neutral”
Intermittent ground-fault protection lie> | [ ]
50/51 TD Overcurrent protection for RLC filter elements of a capa- 1>
citor bank
50GN Shaft-current protection INs>
50/27 Inadvertent energization protection I>, V<reset
50N DC, 27,59F DC | Direct-current/ direct-voltage protection IDC<>, VDC <>
50 Startup overcurrent protection |-Start >
50BF Circuit-breaker failure protection, 3-pole CBFP [ ] [ ]
50BF Circuit-breaker failure protection, 1-/3-pole CBFP
50BF Inherent circuit-breaker failure protection CBFP
50EF End-fault protection
50EF End-fault protection (Note: Only useable for distributed
busbar protection with 75585 CU with V8.40)
50RS Circuit-breaker restrike protection CBRS [ ] [ ]
50L Load-jam protection I>L
51V Overcurrent protection, voltage dependent t=f(1,V) [ ] ]
59, 59N Overvoltage protection: "3-phase” or "zero-sequence V> ] ]
system V0" or "universal Vx"
59, 59N Overvoltage protection: "3-phase" or "zero-sequence V>
system V0"
59 Overvoltage protection: "3-phase" or "positive-sequence V>
system V1" or "universal Vx"
59C Peak overvoltage protection, 3-phase, for capacitors V> cap.
59N, 67Ns Stator ground-fault protection (non-directional, directi- V0>, ~(VO0,l0)

onal)

27TH, 59TH, 59THD

Stator ground-fault protection with 3rd harmonic

V03.H<, VO3.H>;
AVO3.H

59N IT

Turn-to-turn fault protection

V0>




SIPROTEC 5 Devices and Fields of Application

Device Selection Table
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SIPROTEC 5 Devices and Fields of Application

Device Selection Table

60C Current-unbalance protection for capacitor banks lunbal>
60 Voltage-comparison supervision AU> | ]
64S Stator ground-fault protection 100 % (20Hz) RSG<
64F, frated Rotor ground-fault protection (IRgnd>, fn) IRG>
64F, frated Rotor ground-fault protection (Rgnd<, fn) RRG<
64F (1-3Hz) Rotor ground-fault protection (1 - 3 Hz) RRG<
66 Restart inhibit for motors 12t
67 Directional overcurrent protection, phases 1>, 2(V,I) [ ] [ ] [ ] | ] n
67N Directional overcurrent protection, ground IN>, 2(V,1) [ ] ] ]
67N Directional overcurrent protection for ground faults in IN>, 2(V,1) ] [
grounded systems
67Ns Dir. sensitive ground-fault detection for systems with reso- ] ]
nant or isolated neutral incl. a) 310>, b) VO>, ¢) Cos-/
SinPhi, d) Transient ground-fault fct., e) Phi(V,1), f) admit-
tance
Directional stage with a harmonic; Note: this stage additio- | ~(VOh,I0h) [ ]
nally requires the function "67Ns Dir. sensitive ground-
fault detection for systems with resonant or isolated
neutral"
Directional intermittent ground-fault protection lie dir> ] ]
68 Power-swing blocking AZIAt | [ ]
74TC Trip-circuit supervision TCS [ ] ] [ ] ] [ ] ]
78 Out-of-step protection AZIAt ] [ ]
74CC Closed-circuit supervision (from V7.9) CcCS ] ] ] ]
79 Automatic reclosing, 1-/3-pole AR ] [ ]
79 Automatic reclosing, 3-pole AR [ ] [ ] | ] [ ]
SAD Secondary Arc Detection (SAD) during 1-pole AR-cycles SAD
(from V8.30); Note: SAD additionally requires the function
points for "Automatic reclosing, 1-/3-pole"
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> [ ] ] [ ] u
81 AF Abnormal frequency protection fBand
81U Underfrequency load-shedding f<(UFLS) [ ] ] ] [ ]
Vector-jump protection Ap> [ ] [ ]
85/21 Teleprotection for distance protection [ ] ]
85/27 Weak or no infeed: echo and tripping Wi | ]
85/67N Teleprotection for directional ground fault protection | ]
87B Busbar differential protection Al
878B Busbar differential protection for 7UM85 (from V8.01) Al
87B Bus coupler differential protection Al
Bay
Cross stabilization
86 Lockout [ ] u [ ] ] | |
87T Transformer differential protection Al
87T Differential protection for special transformers Al
87T Node Differential protection (Node protection for auto trans- Al Node
former)
87T Transformer differential protection for phase angle regula- | Al
ting transformer (single core)
87T Differential protection for phase-angle regulating trans- Al
former (two core)
87NT Restricted ground-fault protection AIN [ ] [ ]
87M Motor differential protection Al
87G Generator differential protection Al
87C Differential protection, capacitor bank Al
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Device Selection Table

" =
" = E = " = | = = ® | = = | = n = = = = =
n
. |
n
. |
" = u
| = = = = = | = = | m = ®m | =m ®m = n = = | = l‘
E | = = | = n n | = | =
" = ] m = | = n = | = n
" | = = =® | = =  ®m| = ®m ®m &= n | = | =
" E = m = | = = ®m | = = | = n = | =
" = = | = = = | = =  m| = ®m ®m = n | = | =
" = = | = n = = | = |
" = = = = = | ®s = | = = ®m | = = | = = | = | = = | = m
= = = | = n |
n n = | = | =m|®m | ®m | = E ® | = | = | ®m | =
u n u "
u n " = = = | = = | == | = | =
™ n n m
T = = == = | ®m | ® ®m| = = | = n | = | = = | =
n m = | = |
" = | = = = | = = | = | = = | = u | = | = n
" = = = = | = = ®m| s = ®m | = n = = = = =
" | = | = | = | =
" = = | = = | = |
" = n = = | = = = | =
" = |
n
" |
u n
" = |
" = = = = = | s = | ®m | = ®m | = = | = = | = | = = | = m
= = | = = = |
| = | =
E = = | =
E | = = | =
n
" E = = | = = | ® | = = | = " | = | = = | = n
n = = = = | = |
= | = | = = | =
" = |

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 ‘ 19



transformer
Option for line differential protection charging-current Al

SIPROTEC 5 Devices and Fields of Application

Device Selection Table

87V Voltage differential protection, capacitor bank AV

87L Line differential protection for 2 line ends Al
87L Differential protection for lines with 2 ends for 7UT8 Al
(communication with 7SD82,85,86, 7SL86,87)

87L Differential protection for lines with 3 to 6 ends (depen- Al
dent on significant properties)

87LI1 87T Option for line differential protection including power Al

compensation

Broken-wire detection for differential protection

87 STUB Stub-fault differential protection (for breaker-and-a-half
scheme)

90V Automatic voltage controller for two-winding transformer [ ] [ ] ] [ ] ]

90V Automatic voltage controller for two-winding transformer | | [ | |
with parallel operation

Number of two-winding transformers with parallel opera- [ ] ] [ ] ]
tion (Note: only together with the function "Automatic
voltage controller for two-winding transformer with
parallel operation")

90V Automatic voltage controller for three-winding trans- | | [ | ]
former

90V Automatic voltage controller for grid coupling transformer [ ] ] ] ]

FL Fault locator, single-sided FL-one
FL Fault locator plus (from V7.9) FL plus
PMU Synchrophasor measurement PMU
AFD Arc-protection (only with plug-in module ARC-CD-3FO)
Measured values - standard

Measured values - extended: Min, Max, Avg

Switching statistic counters

PQ-Basic measured values: THD (Total Harmonic Distor-
tion) and harmonics (from V8.01) THD voltage aggrega-
tion values (from V8.40)

PQ-Basic measured values: Voltage unbalance (from [ ] ] ] ]
V8.40)
PQ-Basic measured values: Voltage variations - voltage ] [ ] ] ]
dips, swells and interruptions (from V8.40)

PQ-Basic measured values: TDD - Total Demand Distortion [ ] [ ] ] [ ]
(from V8.40)

CFC (Standard, control) [ ] [ ] | ] [ ] [ ] [ ] | ]
CFC arithmetic
Circuit-breaker wear monitoring 2Ix, 12t, 2P

CFC Switching sequences

Switching sequences function

Inrush current detection

External trip initiation

Control
PoW Point-on-wave switching (from V7.90) PoW
Circuit-breaker [ ]

1 Circuit-breaker object (Qty. not extendable)

Circuit-breaker paralleling

Disconnector/Grounding switch ] ] u ] ] ]

3 Disconnector/Gnd. switch objects (Qty. not extendable)

Fault recording of analog and binary signals | | ] [ | | | ]

Monitoring and supervision n | ] [ ] [ ] | ]
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Device Selection Table
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SIPROTEC 5 Devices and Fields of Application

Device Selection Table

Protection interface, serial ] | ] [ ] u [
Protection functions for 2-pole tripping 2-pole ]

FSR Fast-scan recorder FSR [ ]

SSR Slow-scan recorder SSR ]

CR Continuous recorder CR ]

TR Trend recorder TR |

PQR Power Quality recordings (functionalities) PQR [ ]

Splitter for harmonics and interharmonics (from V8.01) [ ]

Sequence of events recorder SOE [ ]

ExTrFct Extended trigger functions ExTrFct [ |
Region France: Overload protection for lines 'PSL-PSC' | ]
Region France: Overcurrent protection 'MAXI-L' ] ]
Region France: Power-system decoupling protection 'PDA' | ]
Region France: Overload protection for transformers ] ]
Frequency-tracking groups (from V7.8) | ] ] [ ] | | ]
Transformer side 7UT85
Cyber Security: Role-Based Access Control (from V7.8) [ ] | ] n [ ] [ ] | ] n
Temperature acquisition via communication protocol [ ] ] [ ] [ ] ]
Transformer side 7UT86
Transformer side 7UT87
Cyber Security: IEEE 802.1X based network authentication | ] [ | | |
(from V8.3)
Transformer side 7UM85
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Medium Voltage

Medium-Voltage Application for all Network Types

dw_Mittelspg-01_Var3, 2, en_US]

Figure 2.3/1 Medium-Voltage Application for all Network Types

Properties
® Reliable detection of transient and stationary ground faults

® Cost savings thanks to integrated transient ground-fault func-
tion

® Directional and non-directional protection and control func-
tions available

® Recording and transmission of PMU parameters possible
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Medium Voltage

Protection and Control of Several Feeders with one Device

dw_Mittelspg-03, 3, en_US]

Figure 2.3/2 Protection and Control of Several Feeders with one Device

Properties

® Reduced investment with one device for several feeders
® Fasy parameterization

® Shorter commissioning times

® Cost reduction due to protection of up to 9 feeders with a
single device
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Medium Voltage

Fast Fault Clearing in Lines with Infeed at Both Ends (Closed Ring Feeders)

dw_Mittelspg-02, 3, en_US]

Figure 2.3/3 Fast Fault Clearing in Lines with Infeed at 2 Ends

Properties

® Directional definite-time overcurrent protection/inverse-time
overcurrent protection without grading times

® Fast fault clearing
e Cost-effective due to integrated protection interface
® Monitored data exchange

® Adaptable to various communication infrastructures
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Medium Voltage

Central Control of Multiple Feeders and Dedicated Protection

dw_zentrale-Steuerung, 3, en_US]

Figure 2.3/4 Central Control of Multiple Feeders and Dedicated Protection

Properties
® Protection per bay
e Central control for several feeders

® High availability, as backup protection functions can be acti-
vated in the electronic control unit
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Motor Protection

Induction Motor: Protection and Control

dw_Motor-01, 3, en_US]

Figure 2.3/5 Induction Motor: Protection and Control

Properties

® Reduced investment due to protection and control in one
device

® Thermal motor protection functions for safe monitoring of the
motor

® Thermal motor protection functions with direct connection of
temperature sensors
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Motor Protection

Motor Protection with Differential Protection

dw_Motor-03, 3, en_US]

Figure 2.3/6 Motor Protection with Differential Protection

Properties
® Independent differential protection functions

e Differential protection function provides high responsivity and
short tripping time

® Separate detection and monitoring of the current trans-
formers
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Motor Protection

Motor Protection and Easier Differential Protection

dw_Motor-02, 4, en_US]

Figure 2.3/7 Protection and Control of Several Feeders with one Device

Properties

e Differential protection function provides high responsivity and
short tripping time

® Cost reduction due to integration of the differential protection
function in a separate function group
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Motor Protection

Differential Motor Protection with Korndorfer Starter

dw_Motordiff-mit-starter, 4, en_US]

Figure 2.3/8 Differential Motor Protection with Korndorfer Starter

Properties
® Capturing, monitoring, and controlling all circuit breakers

e Differential protection function also available during startup
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Transformer Protection

Two-Winding Transformer

dw_Trafo1, 4, en_US]

Figure 2.3/9 Two-Winding Transformer

Properties

® Clear assignment of the functions to the primary element
® Reduced investment

® Easy parameterization

® Reduced wiring and shortened commissioning
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Application Examples — Transformer Protection

Two-Winding Transformer with 2 Infeeds (for Example Dual Circuit-Breaker System)

dw_Trafo2, 4, en_US]

Figure 2.3/10 Two-Winding Transformer with 2 Infeeds (for example Dual Circuit-Breaker System)

Properties

® Separate capturing, monitoring, and controlling of all circuit
breakers

® High responsivity for 1-pole restricted ground-fault protection
® Cost reduction due to 87T and 87T N in one device
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Transformer Protection

Auto-Transformer Bank

dw_Trafo3, 3, en_US]

Figure 2.3/11 Auto-Transformer Bank

® Reduced investment due to integration of the differential and
nodal-point protection function in one device
(87 and 87 Node)

® High sensitivity for 1-pole restricted ground-fault protection
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Application Examples — Transformer Protection

Protection and Backup Protection Solution for Three-Winding Transformers

dw_Trafo4, 2, en_US]

Figure 2.3/12 Protection and Backup Protection Solution for Three-Winding Transformers

Properties

® Free design options for the protection and backup-protection
concept

® Consultation of the line protection devices
® |ncreased availability

® |t can be implemented in the merging units as a process-bus
solution with backup-protection functions
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Transformer Protection

Three-End Line Differential Protection with Transformer in the Protection Range (87T)

dw_Trafo5, 2, en_US]

Figure 2.3/13 Three-End Line Differential Protection with Transformer in the Protection Range (87T)

Properties

® Protection of a transformer far from the switchgear due to
line differential protection

e Transformer differential protection with widely spaced current
transformers

® |ntegrated adaptation to vector groups and different current
transformer ratios

® Cost and space reduction due to integration of the trans-
former protection function in the line protection device
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Application Examples — Transformer Protection

Three-Winding Transformer with Differential Protection 87T and Distance Protection 21

dw_kat-three-wind_7ut86, 3, en_US]

Figure 2.3/14 Three-Winding Transformer with Differential Protection 87T and Distance Protection 21

Properties
® Integrated backup protection function for the power system
® Fasy engineering

e Increased flexibility for different plant versions
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Application Examples — Generator Protection

Unit Connection of a Small-Power Generator

dw_appl-01_simplified, 3, en_US]

Figure 2.3/15 Unit Connection of a Small-Power Generator

Properties
e All functions in a device keep investments low.
® Basic hardware (1/3 x 19")

e Preconfigured with the Generator basis application template
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Application Examples — Generator Protection

Unit Connection of a Medium-Power Generator

dw_simplified_appl-03, 3, en_US]

Figure 2.3/16 Unit Connection of a Medium-Power Generator

Properties
e All functions in a device keep investments low.
® Basic hardware (1/2 x 19")

e Preconfigured with the Generator unit connection basis
application template

® Stator ground-fault protection protects 100 % of the stator
winding by evaluating the residual voltage via the funda-
mental component and the 3rd harmonic (59N, 27TH)

e Differential protection via generator and generator trans-
former with function 87T

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 39



SIPROTEC 5 Devices and Fields of Application

Application Examples — Generator Protection

Unit Connection of a Generator of Medium to High Power

dw_simplified_appl-04, 2, en_US]

Figure 2.3/17 Unit Connection of a Generator of Medium to High Power

Properties
e All functions in a device keep investments low.
® Minimum hardware (2/3 x 19")

e Preconfigured with the Enhanced generator unit connec-
tion application template

e Stand-alone differential protection for generator (87G) and
generator transformer (87T)

® Real 100 % stator ground-fault protection by coupling a 20-
Hz voltage

® Stator ground-fault protection possible at plant standstill

® Synchrocheck release by the device during manual synchroni-
zation

® Redundancy by device doubling
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Application Examples — Generator Protection

Unit Connection of a Generator with Auxiliary Transformer

dw_simplified_appl-04_2, 3, en_US]

Figure 2.3/18 Unit Connection of a Generator with Auxiliary Transformer

Properties ® Synchrocheck release by the device during manual synchroni-

zation

e All functions in a device keep investments low. o Redundancy by device doubling
® Minimum hardware (2/3 x 19")

e Modification of the Enhanced generator unit connection
application template

e Stand-alone differential protection via generator (87G) and
generator transformer (87T)

® Implementation of the transformer differential protection as
teed-feeder differential protection

® Real 100 % stator ground-fault protection for coupling a 20-
Hz voltage

e Stator ground-fault protection possible at standstill
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SIPROTEC 5 Devices and Fields of Application

Application Examples — Generator Protection

Busbar Connection of a Generator

dw_simplified_appl-02_2, 3, en_US]

Figure 2.3/19 Busbar Connection of a Generator

Properties
e All functions in a device keep investments low.
® Basic hardware (1/2 x 19")

e Preconfigured with the Generator busbar connection appli-
cation template

e Stand-alone differential protection for the generator (87G)
e Directional stator ground-fault protection (67Ns)

e Redundancy by device doubling
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Application Examples — Generator Protection

Protection of a High-Power Generator

dw_simplified_appl-04_3, 3, en_US]

Figure 2.3/20 Protection of a High-Power Generator

Properties ® Synchrocheck release by the device during manual synchroni-
® The delivery includes the generator, excitation, and generator zation
protection of a plant in unit connection for a steam turbine ® Redundancy by device doubling

e All functions in a device keep investments low.
® Minimum hardware (2/3 x 19")

® Modification of the Enhanced generator unit connection
application template

® Sensitive reverse-power protection by connection to a sepa-
rate instrument transformer

® Separate protection for the exciting transformer
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Application Examples — Line Protection

Separate Protection and Control

dw_LS-getrennt, 2, en_US]

Figure 2.3/21 Separate Protection and Control

Properties
® Clear assignment of protection and control in separate devices

® | ess external components due to acquisition and selection of
the bus voltage in the device

® High security due to backup protection functions in the bay
controller SIPROTEC 6MD8

® High availability due to emergency control in the protection
device SIPROTEC 7SL8
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Application Examples — Line Protection

Cost-Effective Protection and Device Redundancy

dw_LS-guenstige-variante, 2, en_US]

Figure 2.3/22 Cost-Effective Protection and Device Redundancy

Properties
® High availability due to protection and device redundancy
® Cost effective, as only 2 devices needed for 2 lines

e Safe due to parallel processing of the protection functions in
the devices
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Application Examples — Line Protection

Distance Protection of 2 Parallel Lines with a Device

dw_LS-parallel, 4, en_US]

Figure 2.3/23 Distance Protection of 2 Parallel Lines with a Device

Properties

® Cost-effective due to the protection of both lines in one
device

® Stable due to consideration of the influences of the parallel
line for the distance-protection function
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Application Examples — Line Protection

Self-Repairing Multi-End Configurations

dw_Diff-Schutz-Ringschaltung, 2, en_US]

Figure 2.3/24 Self-Repairing Multi-End Configurations

Properties

® Flexible communication of the protection interface
® Direct connection via optical fiber

e Two-wire (via communication converter)

® Communication networks on Synchronous Digital Hierarchy
(SDH) and Multiprotocol Label Switching (MPLS) basis (optical
or electrical)

® Cost effective as existing IT infrastructure can be used

® Change from the SDH to the MPLS power system possible
without parameterization of the devices

® Redundant communication possible

® Interoperability of the protection interface of SIPROTEC 5 and
SIPROTEC 4 devices allow simple migration and expansion
solutions
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Application Examples — Line Protection

Impedance Protection for the Low-Voltage Side of a Transformer

dw_z-prot-transf-lv-side_7sa86_090115, 2, en_US]

Figure 2.3/25 Impedance Protection

Properties

e Effective backup protection with zones that reach into the
transformer

® A 2nd impedance protection device can be used in the same
function group to protect the busbar at the low-voltage side
with reverse interlocking (85-21 RI).

® Provides the imperative backup protection for the medium-
voltage feeders with highly sensitive defect detection and
stability under a heavy load.
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Application Examples — Line Protection

Applications with Double Circuit Breaker

dw_dual-breaker-applications_7sa86_090115, 2, en_US]

Figure 2.3/26 Applications with Double Circuit Breaker

Properties

® Separate measurement of the current-transformer current
from both circuit breakers allows end-fault protection

® Separate measurement of the current-transformer currents
improves stability in the case of external errors and strong
current flow from one busbar to the other when both circuit
breakers are closed.
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Application Examples — Breaker-and-a-Half

Modular and Decentralized Protection and Control Solution

dw_ein-einhalb-LS, 2, en_US]

Figure 2.3/27 Modular and Decentralized Protection and Control Solution

Properties

® Clearly arranged due to the clear assignment of protection
and control

® Highly available due to protection redundancy
® Simple and secure central control of the entire switching unit

® Safe due to emergency control for each line in the protection
device

® Reduced wiring effort due to integrated voltage selection
® System-wide exchange via IEC 61850:

— Isolated data exchange

— Reduced wiring effort

— Easy expandability
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Application Examples — Breaker-and-a-Half

Low-Cost Device and Protection Redundancy in Breaker-and-a-Half Arrangements

dw_kostenguenstige-geraete, 3, en_US]

Figure 2.3/28 Low-Cost Device and Protection Redundancy in Breaker-and-a-Half Arrangements

Properties

® Unambiguous allocation of the main protection function (line
differential protection 87) to a line in a device

® The distance-protection function (21) is implemented in the
protection device of the other line by a 2nd Line function
group.

e High availability and safety by device and protection redun-
dancy

® | ow costs due to protection and controlling of a complete
diameter with only 2 devices
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Application Examples — Point-On-Wave Switching (PoW)

Point-on-Wave Switching (PoW)

dw_Appl_point-on-wave-switching_simple, 1, en_US]

Figure 2.3/29 Application Example: Point-on-Wave Switching on/off

Properties:
® 1-pole point-on-wave switching on and off

® Minimizing electro-dynamic and dielectric loads on equipment
(overvoltages and inrush surge currents)

e Cost-effective integration of the function into SIPROTEC 5
protection devices and substation controllers
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Application Examples — Capacitor Banks

Protection of a Capacitor Bank in H-Bridge Connection

dw_CapBank_SLE_vereinfacht, 2, en_US]

Figure 2.3/30 Protection of a Capacitor Bank in H-Bridge Connection

Properties

® Precise fit due to own function group and application-specific
protection function, such as peak overvoltage protection
(ANSI 59C) and current-unbalance protection for capacitor
banks (ANSI 60C)

® | ow costs due to the integration of all necessary functions in
one device
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Application Examples — Capacitor Banks

Protection of an MSCDN Capacitor Bank (MSCDN = Mechanically Switched Circuit Breaker with Damping Network)

dw_mscdn-app-temp_75j85_090115, 2, en_US]

Figure 2.3/31 Protection of an MSCDN Capacitor Bank

Properties

® Optimum protection of complex banks and filter circuits with
flexible hardware and a flexible function design

® | ow costs due to the integration of all necessary functions in
one device for up to nine 3-phase current measuring points

® Generation of current sum and current difference at the
current interface of the protection function group 3-phase V/I

® Detection of current and voltage signals up to the 50th
harmonic with a high accuracy for protection and operational
measured values.
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Application Examples — Busbar Protection

Central Protection of a Double Busbar with Bus Coupler

dw_Verbindungen-Feld-Koppl, 3, en_US]

Figure 2.3/32 Central Protection of a Double Busbar with Bus Coupler

Properties
® Central busbar protection

e Summary of all primary components of a bay in the central
station bay

e 1 device for up to 20 measuring points

® Flexible adaptation to the topology (up to 6 busbar sections
and 6 busbar couplers are configurable)

® |ntegrated disconnector image

e Comfortable graphical project engineering with DIGSI 5
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Application Examples — Busbar Protection

Project Engineering for a Quadruple Busbar in the Distributed Solution

dw_4xSS-Anlagen_Verbindungen-Feld-Koppl, 1, en_US]

Properties — Every modular SIPROTEC 5 device
® Decentralized process-data acquisition using: ® Simple extension of existing SIPROTEC 5 plants using
— SIPROTEC Merging Unit distributed busbar protection

® Engineering using DIGSI 5 and automated routing in the
IEC 61850 system configurator
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Application Examples — Process Bus

Process-Bus Application in Line Differential Protection

dw_appl-exampl_line-diff-prot, 2, en_US]

Figure 2.3/33 Process-Bus Application in Line Differential Protection

Properties

® Process-bus solution for line differential protection with
digital protection interface

® Increased safety due to process-oriented connection of the
conventional current and voltage transformers to merging
units

® Interoperable process bus according to the protocols
IEC 61850-9-2 and PRP
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Application Examples — Process Bus

Process_Bus Application in Line Differential Protection with SIPROTEC 5

dw_line-diff-prot_SIP5-config, 1, en_US]

Figure 2.3/34 Process-Bus Application in Line Differential Protection with SIPROTEC 5

Properties
® |ine differential protection with a digital protection interface

® A mixed solution from the process bus and conventional
connection allows simple migration by gradually converting
systems

® |ncreased safety due to process-oriented connection of the
current and voltage transformers to merging units

® Interoperable process bus according to the protocols
IEC 61850-9-2 and PRP
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Application Examples — Process Bus

Decentralized Fault Recorder

dw_decentr-fault-recorder, 1, en_US]

Figure 2.3/35 Decentralized Fault Recorder

Properties

® |nteroperable fault-recorder solution based on the process bus
according to IEC 61850-9-2

® Decentralized process-data acquisition with:
— SIPROTEC Merging Unit
— Merging units from third-party manufacturers

® Simple extension of existing SIPROTEC 5 plants using central-
ized fault recorder

® Engineering using standard IEC 61850 configuration tools and
DIGSI 5
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Application Examples — Process Bus

Centralized Protection using IEC 61850-Compatible Decentralized Process Connection

dw_decentr-busbar, 2, en_US]

Figure 2.3/36 Centralized Protection using IEC 61850-Compatible Decentralized Process Connection

Properties

® Interoperable busbar-protection solution based on the process
bus according to IEC 61850-9-2

® Decentralized process-data acquisition using:
— SIPROTEC Merging Unit
— Every modular SIPROTEC 5 device
— Merging units from third-party manufacturers

® Simple extension of existing SIPROTEC 5 plants using
distributed busbar protection

® Engineering using standard IEC 61850 configuration tools and
DIGSI 5
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Application Examples — Process Bus

Central Protection for Small Stations

dw_appl-exampl_micro-central-prot_with_7ss85, 1, en_US]

Figure 2.3/37 Central Protection for Small Stations

Properties
® Busbar protection
e Central impedance protection (21) for the feeders

e Reduced wiring effort by decentralized data acquisition using
the merging units 6MU85

® |ncreased safety due to process-oriented connection of the
conventional current and voltage transformers to merging
units

e Redundancy due to backup protection in the merging units

® Easy to expand due to the interoperable process bus
according to the protocols IEC 61850-9-2 and PRP
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Application Examples — Process Bus

Central Protection for a Small Station with a Transformer

dw_appl-exampl_micro-central-prot, 2, en_US]

Figure 2.3/38 Central Protection for a Small Station with a Transformer

Properties

® Feeder, transformer, and line protection in a single
SIPROTEC 5 protection device for the complete station

® Reduced wiring effort by decentralized data acquisition using
the merging units 6MU85

® Measured-value acquisition and circuit-breaker control via the
process bus

® Redundancy due to backup protection in the merging units

® Easy to expand due to the interoperable process bus
according to the protocols IEC 61850-9-2 and PRP
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Application Examples — Power-System Monitoring and PMU

Power-System Monitoring and PMU

dw_netzmonitor-mit-pmu, 2, en_US]

Figure 2.3/39 Principle of the Distributed Phasor Measurement

Properties

® Every SIPROTEC 5 device can be equipped or retrofitted with
the PMU function.

® Online and offline evaluation of PMU data in the monitoring
system SIGUARD PDP
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Application Examples — Power-System Monitoring and PMU
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Overcurrent and Feeder Protection

dw_7SJ_anwendung, 4, en_US]

Figure 2.4/1 Fields of Application of the SIPROTEC 5 Devices

SIPROTEC 75J81, 75J82, 75J85

The main protection functions of the

SIPROTEC 7SJ81/82/85 devices are based on the overcurrent-
protection principle. Although they primarily protect feeders and
lines in the distribution system, they can also be used in a high-
voltage power system without any problems. The hardware
quantity structure can be extended flexibly and permits several
feeders to be protected with one device. Due to the large
number of available functions and the great flexibility, the
device is suitable for a multitude of additional protection and
monitoring applications. Specifically for usage as backup and
emergency protection for line protection, we recommend using
the SIPROTEC 75J86 device. The large number of automatic
functions allows the device to be used in all fields of energy

supply.
The devices contain all important auxiliary functions that are
necessary for safe network operation today. This includes func-

tions for protection, control, measurement, and monitoring. The
large number of communication interfaces and communication
protocols satisfies the requirements of communication-based
selective protection as well as automated operation.

Commissioning and maintenance work can be completed safely,
quickly, and thus cost-effectively with high-performance test
functions. Their modular surface mounting allows

SIPROTEC 5 devices to be always adapted flexibly to the indi-
vidual requirements.

Distinquishing features

The 3 device models differ in the configurability of their hard-
ware quantity structure.

75J81 Different hardware quantity structures for binary inputs and outputs are available in the 1/3 base module, 1 plug-in module posi-
tion; 12 LEDs; no function keys; no PMU or voltage controller

75182 Different hardware quantity structures for binary inputs and outputs are available in the 1/3 base module. Adding 1/6 expansion
modules is not possible

75185 Flexible configuration of the hardware quantity structure for analog inputs, binary inputs and outputs, measuring transducers, and
communications due to expandability by 1/6 expansion modules
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Overcurrent and Feeder Protection — SIPROTEC 7SJ81

Description

The SIPROTEC 7SJ81 has been designed for a cost-effective and
compact protection of feeders and lines in medium-voltage
systems. With its flexibility and the powerful DIGSI 5 engi-
neering tool, the SIPROTEC 5 device offers future-oriented solu-
tions for protection, control, automation, monitoring, and
Power Quality — Basic.

Main function Feeder and overcurrent protection

Inputs and outputs 4 current transformers, 11 binary inputs,

9 binary outputs

4 current transformers, 18 binary inputs,
14 binary outputs

4 current transformers, 4 voltage transformers,
11 binary inputs, 9 binary outputs

4 current transformers, 4 voltage transformers,
16 binary inputs, 11 binary outputs

Hardware flexibility Different hardware quantity structures for
binary inputs and outputs are available in the
1/3 base module. 1 plug-in module position,

available with large or small display

Housing width 1/3 x 19 inches

Benefits
® Compact and low-cost overcurrent protection
e Safety due to powerful protection functions

e Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity according to NERC CIP and BDEW Whitepaper
requirements (for example, logging security- related events
and alarms)

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Directional and non-directional overcurrent protection with
additional functions

® Detection of ground faults of any type in isolated or arc-
suppression-coil-ground power systems using the following
functions: 310>, VO>, transient ground-fault function, cos o,
sin @, dir. detection of intermittent ground faults, harmonic
detection, and admittance measurement

® Detection of intermittent ground faults with automatic
blocking of statically measuring functions to avoid message
and fault-record flooding

® Arc protection (note the resulting communication restrictions)
e QOvervoltage and undervoltage protection

® Frequency protection and frequency change protection for
load shedding applications

® Power protection, configurable as active or reactive power
protection

SIP5_GD_W3, 2, -]

Figure 2.4/2 SIPROTEC 75J81

Directional reactive power undervoltage protection (QU
protection)

Control with switchgear interlocking protection
Synchrocheck
Circuit-breaker failure protection

Detection of current and voltage signals up to the 50th
harmonic with high accuracy for selected protection functions
and operational measured values

PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

Graphical logic editor to create powerful automation func-
tions in the device

Single-line representation in small or large display

Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology

1 optional plug-in module for either a) communication
protocol or b) for arc protection

Redundant and simple communication protocols according to
IEC 61850, IEC 60870-5-103, IEC 60870-5-104, Modbus TCP,
DNP3 serial and TCP, PROFINET IO

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access

Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages
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® Time synchronization using IEEE 1588

e Standard fault recording (buffer for a max. record time of
approx. 40 sec. at 2 kHz)

e Auxiliary functions for simple tests and commissioning

Applications

® Detection and selective 3-pole tripping of short circuits in
electrical equipment of star networks, lines with infeed at one
or two ends, parallel lines and open-circuited or closed ring
systems of all voltage levels

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Backup protection for differential protection devices of all

kind for lines, transformers, generators, motors, and busbars
® Universal power protection

® Simple load shedding applications

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

Application templates are available in DIGSI 5 for standard appli-
cations. They contain basic configurations and default settings.

The following application templates are available:

e Non-directional definite-time overcurrent protection/inverse-
time overcurrent protection (4*1)

e Non-directional definite-time overcurrent protection/inverse-
time overcurrent protection (4*1, 4*V)
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Overcurrent and Feeder Protection — SIPROTEC 7SJ81

Application Example

Protection and Control on a Single Busbar

The following application example (Figure 2.4/3) shows the
functional scope and the basic configuration of a
SIPROTEC 7SJ81 device for busbar protection and control.

dw_75J81_mit EinfachSS, 1, en_US]

Figure 2.4/3 Application Example: Overcurrent Protection 7SJ81 on a Busbar
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Protection functions for 3-pole tripping 3-pole ]
25 Synchrocheck, synchronization function Sync ]
27 Undervoltage protection: "3-phase" or "positive- | V< [ |

sequence system V1"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt [ ]

Undervoltage-controlled reactive power protec- | Q>/V< u

tion
32,37 Power protection active/reactive power P<>, Q<> |
37 Undercurrent I< ]
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> [ ]
47 Overvoltage protection, negative-sequence V2> ]

system
49 Thermal overload protection 0, It ]
50/51 TD Overcurrent protection, phases 1> ]

Instantaneous tripping at switch onto fault SOTF [ |
50HS Instantaneous high-current tripping 1>>> [ |
50N/ 51N TD Overcurrent protection, ground IN> [ |
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> ]

suppression coils and isolated power systems

including a) 310> b) admittance YO>

Intermittent ground-fault protection IIE> [ |
50BF Circuit-breaker failure protection, 3-pole CBFP ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> ]

sequence system VO" or "positive-sequence

system V1"
67 Directional overcurrent protection, phases I>, 2(V, 1) [ ]
67N Directional overcurrent protection, ground IN>, 2(V, 1) [ ]
67 Ns Sensitive ground-fault detection for grounded arc [ ]

suppression coils and isolated power systems

including a) 310> b) V0>, c) cos/sine Phi, d) tran-

sient ground fault, e) Phi(V, 1), f) admittance

Directional Intermittent Ground-Fault Protection | IlEdir> [ ]
74TC Trip-circuit supervision |
79 Automatic reclosing, 3-pole AREC [ |
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> [ |

Vector-jump protection Ap> ]
86 Lockout ]
FL Fault Locator, single-side FL-one [
AFD Arc protection (only with plug-in module ARC- [ |

CD-3FO)

Measured values, standard [

Switching statistics counter [ |

PQ - Basic measured values: THD (Total Harmonic [ ]

Distortion) and harmonic component (starting

with V8.01) and THD voltage average values

(starting with V8.40)

PQ - Basic measured values: Voltage unbalance [ |

(starting with V8.40)

PQ - Basic measured values: Voltage changes — [ |

monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)
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Overcurrent and Feeder Protection — SIPROTEC 7SJ81

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)
CFC arithmetic
Circuit-breaker wear monitoring >Ix, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

1 circuit breaker object (number cannot be
expanded)

3 disconnector/grounding conductor objects ]

(number cannot be expanded)
Fault recording of analog and binary signals [ ] ] [ ]
Monitoring [ ] [ ] ]

Cyber security: Role-Based Access Control (from [ |
V7.8)
Temperature recording via communication ]
protocol

Cyber security: Authenticated network access [ ]
using IEEE 802.1X (starting from V8.3)

Function point class: 0 0

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.4/1 SIPROTEC 7SJ81 - Functions, Application Templates
(1) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection (4*1)

(2) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection (4*1, 4*V)

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 71


https://geetech.com.tr/siemens-protection-relays/

Contains the following modules: base module with |0101, PS101, 10112
Al3 1/3, 11 BI, 9 BO, 4|, 4V
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Overcurrent and Feeder Protection — SIPROTEC 7SJ81

Standard Variants for SIPROTEC 7SJ81

Al 1/3,11BI,9B0, 41
Housing width 1/3 x 19"

11 binary inputs
9 binary outputs (1 life contact, 8 standard)
4 current-transformer inputs

Contains the following modules: base module with PS101 and [0101

Al2 1/3, 18 BI, 14 BO, 4 |
Housing width 1/3 x 19"

16 binary inputs
11 binary outputs (1 life contact, 10 standard)

4 current-transformer inputs

Housing width 1/3 x 19"

11 binary inputs

9 binary outputs (1 life contact, 8 standard)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with 10102 and PS101

Al4 1/3,16 BI, 11 BO, 41,4 V
Housing width 1/3 x 19"

10 binary inputs

14 binary outputs (1 life contact, 13 standard)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with [0102, PS101, and
10113

Table 2.4/2 Standard Variants for SIPROTEC 75J81

You can find the technical data of the devices in the manual
www.siemens.com/siprotec.
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Overcurrent and Feeder Protection — SIPROTEC 75J82

Description

The SIPROTEC 7SJ82 overcurrent protection has been designed
specifically for a cost-effective and compact protection of
feeders and lines in medium-voltage and high-voltage systems.
With its flexibility and the high-performance DIGSI 5 engineering
tool, the SIPROTEC 7SJ82 device offers future-oriented solutions
for protection, control, automation, monitoring, and Power
Quality — Basic.

Feeder and overcurrent protection for all
voltage levels

Main function

4 current transformers, 4 voltage transformers
(optional), 11 or 23 binary inputs, 9 or
16 binary outputs, or

Inputs and outputs

8 current transformers, 7 binary inputs,
7 binary outputs

Different hardware quantity structures for
binary inputs and outputs are available in the
1/3 base module. Adding 1/6 expansion
modules is not possible; available with large or
small display.

Hardware flexibility

Housing width 1/3 x 19 inches

Benefits
e Compact and low-cost overcurrent protection
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity according to NERC CIP and BDEW Whitepaper
requirements (for example, logging security-related events
and alarms)

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Directional and non-directional overcurrent protection with
additional functions

® Optimized tripping times due to directional comparison and
protection communication

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground-fault function, cos @, sin @,
dir. detection of intermittent ground faults, harmonic detec-
tion, and admittance measurement

® Ground-fault detection using the pulse-detection method

® Detection of intermittent ground faults with automatic
blocking of statically measuring functions to avoid message
and fault-record flooding

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

SIP5_7xx82_GD_W3, 2, -]

Figure 2.4/4 SIPROTEC 75J82

® QOvervoltage and undervoltage protection

® Frequency protection and frequency-change protection for
load-shedding applications

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Power protection, configurable as active or reactive-power
protection

® Protection functions for capacitor banks, such as overcurrent,
overload, current-unbalance, peak overvoltage, or differential
protection

e Directional reactive-power undervoltage protection (QU
protection)

® Control, synchrocheck, and switchgear interlocking protec-
tion, circuit-breaker failure protection

e Circuit-breaker failure protection

® Circuit-breaker reignition monitoring

® Graphical logic editor to create high-performance automation
functions in the device

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as peak overvoltage protection for capacitors)
and operational measured values

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® 2 optional, pluggable communication modules, usable for
different and redundant protocols (IEC 61850,
IEC 60870-5-103, IEC 60870-5-104, Modbus TCP, DNP3 serial
and TCP, PROFINET 10)
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® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology

® Reliable data transmission via PRP and HSR redundancy proto-
cols

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Whitepaper Phasor Measurement Unit (PMU) for synchro-
phasor measured values and IEEE C37.118 protocol

2.4
- ® Time synchronization using IEEE 1588
e Control of power transformers

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

® Auxiliary functions for simple tests and commissioning

Applications

® Detection and selective 3-pole tripping of short circuits in
electrical equipment of star networks, lines with infeed at 1 or
2 ends, parallel lines, and open-circuited or closed ring
systems of all voltage levels

® Detection of ground faults in isolated or arc-suppression-coil-
ground systems in star, ring, or meshed arrangement

® Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars

® Protection and monitoring of simple capacitor banks
® Phasor Measurement Unit (PMU)

® Reverse-power protection

® | oad shedding applications

® Automatic switchover

® Regulation or control of power transformers (two-winding
transformers)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include basic configurations and default settings.

The following application templates are available:

Non-directional definite-time overcurrent protection/inverse-
time overcurrent protection

® Qvercurrent protection (non-directional) for phases and
ground

e Transformer inrush-current detection

Directional definite-time overcurrent protection/inverse-time
overcurrent protection — grounded power system

e Overcurrent protection (directional and non-directional) for
phases and ground

® Transformer inrush-current detection
® Measuring-voltage failure detection

Directional definite-time overcurrent protection/inverse-time
overcurrent protection — arc-suppression-coil-ground systems/
isolated systems

e Overcurrent protection (directional and non-directional) for
phases

® Directional sensitive ground-fault detection for static ground
faults

® Directional sensitive ground-fault detection for transient and
static ground faults

® Transformer inrush-current detection
® Measuring-voltage failure detection

Capacitor bank. H-bridge

® Qvercurrent protection for phases and ground
® Capacitor-bank phase unbalance protection

® Peak overvoltage protection

® QOverload protection

® Undercurrent protection
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Application Example

Directional Comparison Protection via Protection Interfaces
for Power Line with an Infeed at Both Ends

With the direction determination of the directional overcurrent
protection, you can implement directional comparison protec-
tion for power line with an infeed at both ends (Figure 2.4/5).
Directional comparison protection is used for the selective isola-
tion of a faulty line section (for example, subsections of closed

rings). Sections are isolated quickly, that is, they do not suffer
the disadvantage of long grading times. This technique requires
that directional information can be exchanged between the indi-
vidual protection stations. This information exchange can, for
example, be implemented via a protection interface. Alterna-
tives for the protection interface are IEC 61850 GOOSE or
exchange via pilot wires for signal transmission, with an auxil-
iary-voltage loop.

52 52
SIPROTEC SIPROTEC
1st stage » <« 1ststage
T=0s T=0s
Backward  Forward Forward  Backward
<] [>] <] [>]
2nd stage » <« 2nd stage
T=03s T=0s
Transfer of the forward
information
dw_DwDOCP07, 1, en_US]

52 52
SIPROTEC SIPROTEC
1st stage » <« 1ststage
T=0s T=0s
Backward  Forward Forward  Backward
<] [>] <] [>]
2nd stage » <« 2nd stage
T=0s T=03s
Transfer of the forward
information

Figure 2.4/5 Principle of Directional Comparison Protection for Power Line with Infeed at 2 Ends

The following application example (Figure 2.4/6) shows the
functional scope and the basic configuration of a

SIPROTEC 7SJ82 device for this application. The Directional
definite-time overcurrent protection/inverse-time overcur-
rent protection — grounded power system application
template is used as the basis. In addition, the device must be
equipped with a communication module for protection commu-

nication. The protection communication function group is
created automatically when the module is configured. The
Communication mapping DIGSI editor is used to determine the
information that must be transmitted to the opposite end and
received from the opposite end. The received information can
directly be combined with the binary input signals of the direc-
tional overcurrent protection. No additional logic with a CFC
chart is necessary.
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dw_75J82_mit Wirkkom, 3, en_US]

Figure 2.4/6 Application Example: Directional Comparison Protection for Power Line with Infeed at 2 Ends and Protection Communication
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Protection functions for 3-pole tripping 3-pole ] ] [ ] ] ] [ ]
24 Overexcitation protection VIt [ ]
25 Synchrocheck, synchronization function Sync |
25 Synchrocheck, synchronization function with Sync |
adjusting commands (from V7.82)
27 Undervoltage protection: "3-phase" or "positive- | V< |
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt [ ]
Undervoltage-controlled reactive power protec- | Q>/V< ]
tion
32,37 Power protection active/reactive power P<>, Q<> [ |
32R Reverse-power protection -P< [ ]
37 Undercurrent I< | |
38 Temperature supervision 0> [ ]
46 Negative-sequence system overcurrent protection |12> [ ] u
46 Unbalanced-load protection (thermal) 122 t> [ ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) [ ]
protection with direction
47 Overvoltage protection: "Negative-sequence V2>; V2IV1> [ |
system V2" or "negative-sequence system V1/posi-
tive-sequence system V1"
49 Thermal overload protection 0, It ] ]
49 Thermal overload protection, user-defined charac- | 6, It ]
teristic curve
49 Overload protection for RLC filter circuit elements |6, 12t [ ]
of a capacitor bank
50/51 TD Overcurrent protection, phases 1> [ ] ] ] ] ] ]
Instantaneous tripping at switch onto fault SOTF [ ]
50HS Instantaneous high-current tripping 1>>> ]
50/51 TD Overcurrent protection with positive-sequence 11> |
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ] u [ ] u u
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> |
suppression coils and isolated power systems
including a) 310> b) admittance YO>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse [ ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IlE> |
50/51 TD Overcurrent protection for RLC filter circuit 1> [ ]
elements of a capacitor bank
50BF Circuit-breaker failure protection, 3-pole CBFP |
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> ]
sequence system VO" or "positive-sequence
system V1" or "universal Vx"
59C Peak overvoltage protection, 3-phase, for capaci- | V> cap. | ]
tors
60C Current-unbalance protection for capacitor banks |lunbal> | ]
60 Voltage-comparison supervision AV> |
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67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ] ] [ ]

67N Directional overcurrent protection, ground IN>, 2(V, 1) [ ] ]

67 Ns Sensitive ground-fault detection for grounded arc | [ |
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic; ~(VOh,I0h) | ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"

Directional Intermittent Ground-Fault Protection | IlEdir>

74TC Trip-circuit supervision

81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<>
81U Underfrequency load shedding f<(ULS)
Vector-jump protection Ap>

86 Lockout
87NT Restricted ground-fault protection AIN
87C Differential protection for capacitor banks Al

90V Voltage controller for two-winding transformer

90V Voltage controller for two-winding transformer
with parallel control

Number of two-winding transformers with
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

FL Fault Locator, single-side FL-one
FL Fault Locator Plus (from V7.9) FL plus
PMU Synchrophasor measurement PMU

AFD Arc protection (only with plug-in module ARC-
CD-3F0)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance [ ]
(starting with V8.40)

PQ - Basic measured values: Voltage changes — u
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)
CFC arithmetic
Circuit-breaker wear monitoring SIx, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker
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Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication n
protocol

Cyber security: Authenticated network access n
using IEEE 802.1X (starting from V8.3)

Function point class: 0 0 30 50 100
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.4/3 SIPROTEC 7SJ82 — Functions, Application Templates

(1) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection (4*1)

(2) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection (4*1, 4*V)

(3) Directional definite-time overcurrent protection/inverse-time overcurrent protection — grounded power system

(4) Directional definite-time overcurrent protection/inverse-time overcurrent protection - grounded arc suppression coils/isolated power
systems

(5) Capacitor bank: H-bridge
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Standard Variants for SIPROTEC 7SJ82

V1 1/3, 11 BI,9BO, 41
Housing width 1/3 x 19"

11 binary inputs
9 binary outputs (1 life contact, 8 standard)
4 current-transformer inputs

Contains the following modules: base module with PS101 and 10101

V2 1/3,238BI, 16 BO, 4 |
Housing width 1/3 x 19"

23 binary inputs
16 binary outputs (1 life contact, 15 standard)

4 current-transformer inputs

V3 1/3,11BI,9BO, 41,4V
Housing width 1/3 x 19"

11 binary inputs

9 binary outputs (1 life contact, 8 standard)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS101 and 10102

V4 1/3,23BI,16BO, 41,4V
Housing width 1/3 x 19"

23 binary inputs

16 binary outputs (1 life contact, 15 standard)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS101, 10102, and
10110.

V5 1/3,7BI, 7BO, 81
Housing width 1/3 x 19"

7 binary inputs
7 binary outputs (1 life contact, 6 standard)
8 current-transformer inputs

Contains the following modules: base module with PS101 and 10103

Table 2.4/4 Standard Variants for SIPROTEC 75J82

You can find the technical data of the devices in the manual
www.siemens.com/siprotec.
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Description

The SIPROTEC 7SJ85 overcurrent protection has been designed
specifically for the protection of feeders and lines. With its
modular structure, flexibility, and the high-performance DIGSI 5
engineering tool, the SIPROTEC 75J85 device offers future-
oriented solutions for protection, control, automation, moni-
toring, and Power Quality — Basic.

Main function Feeder and overcurrent protection for all

voltage levels

5 predefined standard variants with 4 current
transformers, 4 voltage transformers,
11 to 59 binary inputs, 9 to 33 binary outputs

Inputs and outputs

Flexibly adjustable and expandable /O quantity
structure within the scope of the modular
SIPROTEC 5 system; 1/6 expansion modules
can be added, available with large or small
display, or without display

Hardware flexibility

Housing width 1/3 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Directional and non-directional overcurrent protection with
additional functions

® Protection of up to 9 feeders with up to 40 analog inputs

® Optimized tripping times due to directional comparison and
protection communication

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground-fault function, cos o, sin @,
dir. detection of intermittent ground faults, harmonic detec-
tion, and admittance measurement

® Ground fault detection using the pulse detection method

® Detection of intermittent ground faults with automatic
blocking of statically measuring functions to avoid message
and fault-record flooding

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection
® Overvoltage and undervoltage protection

® Power protection, configurable as active or reactive-power
protection

SIP5_GD_SS_W3, 2, -1

Figure 2.4/7 SIPROTEC 5 Device with Expansion Module

® Frequency protection and frequency-change protection for
load-shedding applications

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Protection functions for capacitor banks, such as overcurrent,
overload, current-unbalance, peak overvoltage, or differential
protection

e Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as peak overvoltage protection for capacitors)
and operational measured values

® PQ - Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Point-on-wave switching

® Control, synchrocheck, and switchgear interlocking protection
® Circuit-breaker failure protection

e Circuit-breaker reignition monitoring

® Graphical logic editor to create high-performance automation
functions in the device

® Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® 2 slots for optional communication modules, usable for
different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET IO, PROFINET IO
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)
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® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology

® Reliable data transmission via PRP and HSR redundancy proto-
cols

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access.

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor measurement unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588
e Control of power transformers

e High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

® Auxiliary functions for simple tests and commissioning

Applications

® Detection and selective 3-pole tripping of short circuits in
electrical equipment of star networks, lines with infeed at 1 or
2 ends, parallel lines, and open-circuited or closed ring
systems of all voltage levels up to AC 400 V

® Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars

® Protection and monitoring of capacitor banks
® Phasor Measurement Unit (PMU)

® Reverse-power protection

® | oad shedding applications

® Automatic switchover

® Regulation or control of power transformers (two-winding
transformers, three-winding transformers, grid coupling
transformers)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include basic configurations and default settings.

The following application templates are available:

Non-directional definite-time overcurrent protection/inverse-
time overcurrent protection

e Overcurrent protection (non-directional) for phases and
ground

e transformer inrush-current detection

Directional definite-time overcurrent protection/inverse-time
overcurrent protection — grounded power system

e Overcurrent protection (directional and non-directional) for
phases and ground

e transformer inrush-current detection
® Measuring-voltage failure detection

Directional definite-time overcurrent protection/inverse-time
overcurrent protection — arc-suppression-coil-ground systems/
isolated systems

e Overcurrent protection (directional and non-directional) for
phases

® Directional sensitive ground-fault detection for static ground
faults

® Directional sensitive ground-fault detection for transient and
static ground faults

e Transformer inrush-current detection
® Measuring-voltage failure detection
Capacitor bank H-bridge + 1 x RLC

® QOvercurrent protection for phases and ground
® Capacitor-bank phase unbalance protection

® Peak overvoltage protection

® QOverload protection

® Undercurrent protection

MSCDN capacitor bank

® Overcurrent protection for phases and ground
® Capacitor-bank phase unbalance protection

e Differential protection for capacitor

® Peak overvoltage protection

® QOverload protection

e Undercurrent protection
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Application Examples

Directional Comparison Protection via Protection Interfaces
for Power Line with an Infeed at Both Ends

With the direction determination of the directional overcurrent
protection, you can implement directional comparison protec-
tion for power line with an infeed at both ends (Figure 2.4/8).
Directional comparison protection is used for the selective isola-
tion of a faulty line section (for example, subsections of closed

rings). Sections are isolated quickly, that is, they do not suffer
the disadvantage of long grading times. This technique requires
that directional information can be exchanged between the indi-
vidual protection stations. This information exchange can, for
example, be implemented via a protection interface. Alterna-
tives for the protection interface are IEC 61850 GOOSE or
exchange via pilot wires for signal transmission, with an auxil-
iary-voltage loop.

52 52
SIPROTEC SIPROTEC
1st stage » <« 1ststage
T=0s T=0s
Backward  Forward Forward  Backward
<] [>] <] [>]
2nd stage » <« 2nd stage
T=03s T=0s
Transfer of the forward
information
dw_DwDOCP07, 1, en_US]

52 52
SIPROTEC SIPROTEC
1st stage » <« 1ststage
T=0s T=0s
Backward  Forward Forward  Backward
<] [>] <] [>]
2nd stage » <« 2nd stage
T=0s T=03s
Transfer of the forward
information

Figure 2.4/8 Application Example: Principle of Directional Comparison Protection for Power Line with an Infeed at Both Ends

The application example for SIPROTEC 7SJ82 (Figure 2.4/6)
shows the functional scope and the basic configuration for this
application.

Protection and Control at a Double Busbar

In the Figure 2.4/9, a double-busbar feeder is protected and
additionally controlled by a SIPROTEC 7SJ85 device. This
example is based on the application template Directional defi-
nite-time overcurrent protection/inverse-time overcurrent
protection - grounded power system. In addition to the appli-

cation template, the functions Circuit-breaker failure protection,
Automatic reclosing, and Synchrocheck in the circuit-breaker
function group are required and configured. These functions
can easily be added via drag and drop from the DIGSI 5 function
library. Operational measured values and energy metered values
are calculated in the Voltage-current 3ph function group. They
are available for the output on the display, the transmission to
the substation automation technology, and the processing in
the CFC. A switching sequence stored in the CFC that is acti-
vated via a function key starts an automatically running busbar
switchover process.
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dw_75J85_mit DoppelSS, 2, en_US]

Figure 2.4/9 Application Example: Overcurrent Protection 7SJ85 at a Double-Busbar Feeder

Protection of a Capacitor Bank Properties:

Figure 2.4/10 shows the protection of an H-bridge capacitor ® Short-circuit protection (ANSI 50, 50N) for phase and ground
bank. For this application, the device provides special functions faults

for the protection of capacitor banks. Thanks to the modular. e Peak overvoltage protection (ANSI 59C) to protect the dielec-
structure and performance of SIPROTEC 5, the complete applica- tric medium of the bank against dangerous peak overvoltage,
tion can be protected with one single device. in particular caused by the harmonic components with consid-

eration up to the 50th harmonic component. The peak
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voltage is calculated from the current by calculating the inte- e Undercurrent protection (ANSI 37) to trip the local circuit
gral. breaker when the infeed is disconnected providing protection
e Overload protection (ANSI 49) to protect the bank against against hazardous voltage at the non-discharged bank, for
thermal overload example, in phase opposition
e Highly sensitive current-unbalance protection (ANSI 60C) to e Circuit-breaker failure protection (ANSI 50BF)

detect the failure of individual capacitor elements as moni-
toring and protection function; manual and automatic adjust-
ment in the bay. The automatic adjustment permits dynamic
unbalances (caused by temperature influence, for example) to
be considered.

dw_CapBank_SLE_Normal, 1, en_US]

Figure 2.4/10 Application Example: Protection of an H-Bridge Capacitor Bank
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dw_CapBank_MSCDN, 1, en_US]

Figure 2.4/11 Application Example: MSCDN Capacitor Bank

Protection of an MSCDN Capacitor Bank (MSCDN = Properties:
Mechanically Switched Circuit Breaker with Damping
Network)

In Figure 2.4/11, the SIPROTEC 7SJ85 device protects the capac-
itor bank in H-bridge connection as well as the associated
damping network. Thanks to the modular structure and
performance of SIPROTEC 5, the complete application can be
protected with a single device.

® Acquisition of up to nine 3-phase current measuring points

® Short-circuit protection (ANSI 50, 50N) for phase and ground
faults
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® Peak overvoltage protection (ANSI 59C) to protect the dielec-
tric medium of the bank against dangerous peak overvoltage,
in particular caused by the harmonic components, with
consideration up to the 50th harmonic component. The peak
voltage is calculated from the current by calculating the inte-
gral.

e QOverload protection (ANSI 49) to protect the bank against
thermal overload

® Highly sensitive current-unbalance protection (ANSI 60C) to
detect the failure of individual capacitor elements as moni-
toring and protection function; manual and automatic adjust-
ment in the bay. The automatic adjustment permits dynamic
unbalances (caused by temperature influence, for example) to
be considered.

e Differential protection (87C) over the entire capacitor bank to
protect against short circuits inside the entire installation

® Overload and overcurrent protection via the 2 resistors and a
simple differential protection to detect a failure of one of the
2 resistors. For this purpose, current sum and current differ-
ence are determined with the current measuring points in the
R branches, at the inputs of the V/I 3-phase function groups.

e Undercurrent protection (ANSI 37) to trip the local circuit
breaker when the infeed is disconnected, providing protection
against hazardous voltage at the non-discharged bank, for
example, in phase opposition

e Circuit-breaker failure protection (ANSI 50BF)
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Protection functions for 3-pole tripping 3-pole ]
Expandable hardware quantity structure 110 [ ]
Process bus client protocol (hint: PB client requires | PB client |
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU [ ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU |
(hint: Only for communication with a 75585 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
24 Overexcitation protection VIf [ |
25 Synchrocheck, synchronization function Sync |
25 Synchrocheck, synchronization function with Sync |
adjusting commands (from V7.82)
27 Undervoltage protection: "3-phase" or "positive- | V< n
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt |
Undervoltage-controlled reactive power protec- | Q>/V< [ ]
tion
32,37 Power protection active/reactive power P<>, Q<> [ ]
32R Reverse-power protection - P< ]
37 Undercurrent I< n
38 Temperature supervision 0> [ ]
46 Negative-sequence system overcurrent protection | 12> ]
46 Unbalanced-load protection (thermal) 122 t> [ ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) [ ]
protection with direction
47 Overvoltage protection, negative-sequence V2> |
system
49 Thermal overload protection 0, 12t ]
49 Thermal overload protection, user-defined charac- | 6, It [ ]
teristic curve
49 Overload protection for RLC filter circuit elements |6, 12t | ]
of a capacitor bank
50/51 TD Overcurrent protection, phases 1> [ ]
Instantaneous tripping at switch onto fault SOTF |
50HS Instantaneous high-current tripping 1>>> |
50/51 TD Overcurrent protection with positive-sequence 11> [ ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> n
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse [ ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IIE> [ ]
50/51 TD Overcurrent protection for RLC filter circuit 1> [ ]
elements of a capacitor bank
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50BF Circuit-breaker failure protection, 3-pole CBFP ] [ ]

50EF End-fault protection (hint: For use only in decen- ]
tralized busbar protection with a 75585 CU
starting with V8.40)

50RS Circuit breaker restrike monitoring CBRM n
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> [ ] [ ]

sequence system VO" or "positive-sequence
system V1" or "universal Vx"

59C Peak overvoltage protection, 3-phase, for capaci- | V> cap. | [ | |
tors

60C Current-unbalance protection for capacitor banks | lunbal> | | ]

60 Voltage-comparison supervision AV> [ ]

67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ] [ ] [ ]

67N Directional overcurrent protection, ground IN>, 2(V, I) [ ] [ ]

67 Ns Sensitive ground-fault detection for grounded arc [ ] ]

suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic; ~(V0Oh,I0h) ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"

Directional Intermittent Ground-Fault Protection | [IEdir> ]
74TC Trip-circuit supervision [ ]
74CC Single circuit monitoring (from V7.9) [ ]
79 Automatic reclosing, 3-pole AREC [ ]
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; df/dt<> [ ]
81U Underfrequency load shedding f<(ULS) |
Vector-jump protection Ap> |
86 Lockout [ ] | [ ] | [ ] u
87NT Restricted ground-fault protection AIN [ ]
87C Differential protection for capacitor banks Al ] ]
87V Voltage differential protection for capacitor banks | AV |
90V Voltage controller for two-winding transformer |
90V Voltage controller for two-winding transformer u
with parallel control
Number of two-winding transformers with |
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)
90V Voltage controller for three-winding transformer n
90V Voltage controller for grid coupling transformer n
FL Fault Locator, single-side FL-one [ ]
FL Fault Locator Plus (from V7.9) FL plus ]
PMU Synchrophasor measurement PMU |
AFD Arc protection (only with plug-in module ARC- |
CD-3FO)
Measured values, standard [ ] [ ] [ ] [ ] [ ] [ ]
Measured values, extended: Min, max, average |
Switching statistics counter [ ]
PQ - Basic measured values: THD (Total Harmonic | ]

Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 89



S

PROTEC 5 Devices and Fields of Application

Overcurrent and Feeder Protection — SIPROTEC 7SJ85

PQ - Basic measured values: Voltage unbalance ]
(starting with V8.40)
PQ - Basic measured values: Voltage changes — |
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)
PQ - Basic measured values: TDD - Total Demand | ]
Distortion (starting with V8.40)
CFC (standard, control) [ ] ] [ ] ] [ ] ]
CFC arithmetic |
Circuit-breaker wear monitoring >Ix, 12t, 2P [ ]
Switching sequence function n
Inrush-current detection [ | ] [ ] ]
External trip initiation [ ]
Control u ] [ ] [ ] [ ] ]
PoW Point-on-wave switching (starting with V7.90) PoW |
Circuit breaker | ] n ] [ | ]
Disconnector/grounding conductor [ ] ] ] [ ]
Fault recording of analog and binary signals [ ] u [ ] u [ ] | ]
Monitoring | ] | ] | ]
Protection interface, serial [ ]
Frequency group tracking (from V7.8) [ ]
Cyber security: Role-Based Access Control (from [ ]
V7.8)
Temperature recording via communication n
protocol
Cyber security: Authenticated network access n
using IEEE 802.1X (starting from V8.3)
Function point class: 0 30 50 100 300
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.4/5 SIPROTEC 7SJ85 — Functions, Application Templates

(M
(2
3)

4)
(5)

Non-directional definite-time overcurrent protection/inverse-time overcurrent protection (4*1, 4*V)
Directional definite-time overcurrent protection/inverse-time overcurrent protection — grounded power system

Directional definite-time overcurrent protection/inverse-time overcurrent protection - grounded arc suppression coils/isolated power
systems

Capacitor bank: H-bridge + 1*RLC
Capacitor bank: MSCDN
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Standard Variants for SIPROTEC 7SJ85
S1 113,11 BI,9BO, 41,4V
Housing width 1/3 x 19"

11 binary inputs

9 binary outputs (1 life contact, 2 standard, 6 fast)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS201 and 10202
S2 112,17 BI, 16 BO, 41,4 V
Housing width 1/2 x 19"

17 binary inputs
16 binary outputs (1 life contact, 9 standard, 6 fast)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS201 and 10202
Expansion modules 10206

S3 112,27 BI,17BO, 41,4V

Housing width 1/2 x 19"

27 binary inputs

17 binary outputs (1 life contact, 10 standard, 6 fast)

4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS201 and 10202

Expansion modules 10207
S4 2/3,43BI, 25B0, 41,4V
Housing width 2/3 x 19"

43 binary inputs

25 binary outputs (1 life contact, 18 standard, 6 fast)

4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS201 and 10202

Expansion modules 2x 10207
S5 5/6, 59 BI, 33BO, 41,4V
Housing width 5/6 x 19"

59 binary inputs

33 binary outputs (1 life contact, 26 standard, 6 fast)
4 current-transformer inputs

4 voltage-transformer inputs

Contains the following modules: base module with PS201 and 10202

Expansion modules 3x 10207

Table 2.4/6 Standard Variants for SIPROTEC 75J85

You can find the technical data of the devices in the manual
www.siemens.com/siprotec.

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 91


https://geetech.com.tr/siemens-protection-relays/

SIPROTEC 5 Devices and Fields of Application

Line Protection

dw_LineProt_anwendung, 3, en_US]

Figure 2.5/1 Fields of Application of the SIPROTEC 5 Devices

SIPROTEC 7SA8, 75D8, 7SL8, 7VK8, 75J86

SIPROTEC 5 line protection devices protect overhead lines and
cables on all voltage levels with highest possible selectivity. The
large number of available protection and automatic functions
allows their utilization in all line protection sections. The devices
contain all important auxiliary functions that are necessary for
safe network operation today. This includes control, measure-
ment, and monitoring functions. The large number of communi-
cation interfaces and communication protocols satisfies the
requirements of communication-based selective protection and
of automated operation. Commissioning and maintenance work
can be completed safely, quickly, and thus cost-effectively with
high-performance test functions. Their modular surface
mounting permits SIPROTEC 5 line protection devices to be
always adapted flexibly to the individual requirements.

Distinguishing features

The device types are defined by their main-protection functions
and by essential differentiating characteristics. For devices with

flexible configurability of the hardware quantity structure, you
can select various standard variants when ordering. Expanda-
bility through expansion modules allows for individual adapta-
tion to specific applications such as more analog channels for
breaker-and-a-half layouts, or more binary contacts (see Table
2.5/4 and Table 2.5/5).

Main protection functions

Distinguishing features

7 [XX] [YY J¢—

dw_device_typ, 1, en_US]

Figure 2.5/2 Definition of the Device Types by their Designation
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Line Protection

Main protection

7 SA Distance protection

7 SD Differential protection

7 SL Distance and differential protection
7 SJ Overcurrent protection

7 VK Circuit-breaker management

Essential Differentiating Characteristics

7 82 e Exclusively 3-pole tripping

e 2 hardware variants available
7 86 e Exclusively 3-pole tripping

e Hardware quantity structure flexibly configurable
7 87 e 1-pole and 3-pole tripping

Hardware quantity structure flexibly configurable

Table 2.5/1 Differentiating Characteristics of the Line Protection Devices

Distance protection [ | [ ] [ ] ] n ]

Differential protection [ ] [ ] ] [ ] n ]

Overcurrent protection | [ | | | ] | | ] | ]
for lines

Circuit-breaker manage- [ ]

ment

3-pole trip command [ ] ] [ ] ] [ ] ] ]
1-/3-pole trip command u ] ] [ ]
Point-on-wave switching ] ] ] |

Flexibly configurable [ | ] [ | ] [ | ] | [ |
hardware

Table 2.5/2 Essential Differentiating Characteristics of the Main Protection Types
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Line Protection — Compatibility

Compatibility between SIPROTEC 5 Line Protection and
SIPROTEC 4 Line Protection

Introducing the firmware version V7.90 in the SIPROTEC 5 line
protection means that now, for the first time, mixed configura-
tions comprising line protection devices from the SIPROTEC 5
series and the old SIPROTEC 4 series can be operated.

A distinction can be drawn between 2 use cases:
® Replacing individual devices of an existing topology

® Expanding an existing SIPROTEC 4 topology by one or more
SIPROTEC 5 devices

Use case 1: Replacing individual devices of an existing topology
(retrofitting existing systems with SIPROTEC 5 technology)

The differential protection of the remaining differential-protec-
tion topology remains in operation due to functionally logging
off the device to be replaced from the topology. Now, the
device that has been logged off or the complete switchgear can
be upgraded to SIPROTEC 5. The complete topology is now
protected in mixed operation after activating the parameterized
SIPROTEC 5 line protection device.

The switchgears can be gradually replaced as a result, while
maintaining the differential protection. As a result, down times
and protection interruptions are reduced to a minimum.

dw_interoper_SIP4-and-SIP5_example_step-by-step_conversion_systems, 1, en_US]

Figure 2.5/3 Replacing Individual Devices of an Existing Topology

Use case 2: Expanding existing SIPROTEC 4 topologies by
SIPROTEC 5 devices

If an existing topology is intended to be expanded by one or
more ends (up to a max. of 6), then this can be carried out with
SIPROTEC 5 devices from V7.90 upwards. This ensures that
switchgear design and engineering is focused on the future.

dw_interoper_SIP4-and-SIP5_example_integr_single-feeder, 1, en_US]

Figure 2.5/4 Expanding Existing SIPROTEC 4 Topologies by SIPROTEC 5

Devices.
7SA522 IFF 470"
7SA6 IEE 470"
7SD52/53 IEE 4.70
75D610 /DD 4.70

Table 2.5/3 Hardware Releases and Firmware Versions on the
SIPROTEC 4 Side

(1) Older versions are also feasible in theory, but they have not
been tested by Siemens.

Protection-Interface Modules

The existing communication converters can remain on the
SIPROTEC 4 side for establishing the communication link. Adap-
tation can be carried out on the new SIPROTEC 5 line side in
each case.

All of the communication modules that are currently available
are supported on the SIPROTEC 4 side. Either the USART-AD-1FO
or USART-AE-2FO FO5 module is required on the SIPROTEC 5
side. FO5 modules can be connected directly to the SIPROTEC 5
devices using optical fiber in this case.

FO30 modules are also going to be supported for direct connec-
tion to communication networks in accordance with
IEEE C37.94 standard in one of the upcoming releases.

Appropriate repeaters must be used on the SIPROTEC 5 side to
connect the FO17, FO18, and FO19 long-distance modules.
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Line Protection — Standard Variants

Type 1 13,11 BI,9BO, 41,4V

Type 2 1/3,238BI,16BO, 41,4V

Table 2.5/4 Standard Variants for SIPROTEC 75x82 S Line Protection Devices
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4 current transformers
4 voltage transformers

SIPROTEC 5 Devices and Fields of Application

Line Protection — Standard Variants

Standard Variants for SIPROTEC 7SA86, 7SD86, 7SL86, 7SA87, 7SD87, 7S5L87, 7VK87

Type 1 1/3,7BI, 14 BO, 16 LED, 4 1, 4V
Housing width 1/3 x 19"

7 binary inputs

14 binary outputs (1 life contact, 5 standard, 8 fast)
16 LEDs

4 current transformers

4 voltage transformers

Contains the following modules: base module with PS201 and 10208

Type 2 1/3, 11 BI,9BO, 16 LED, 4 1,4V
Housing width 1/3 x 19"

11 binary inputs
9 binary outputs (1 life contact, 2 standard, 6 fast)
16 LEDs

Contains the following modules: base module with PS201 and 10202

Type 3 1/2,13 BI, 21 BO, 16 LED, 41,4V
Housing width 1/2 x 19"

13 binary inputs

21 binary outputs (1 life contact, 12 standard, 8 fast)

16 LEDs

4 current transformers

4 voltage transformers

Contains the following modules: base module with PS201 and 10208
Expansion module 10206

Type 4 1/2, 19 BI, 30 BO, 16 LED, 41, 4V
Housing width 1/2 x 19"

19 binary inputs

30 binary outputs (1 life contact, 21 standard, 8 fast)

16 LEDs

4 current transformers

4 voltage transformers

Contains the following modules: base module with PS201 and 10208
Expansion module 10205

Type 6 1/2,15BI, 18 BO (4 HS), 16 LED, 41, 4 V
Housing width 1/2 x 19"

15 binary inputs

18 binary outputs (1 life contact, 5 standard, 8 fast, 4 high-speed)
16 LEDs

4 current transformers

4 voltage transformers

Contains the following modules: base module with PS201 and 10208

Expansion module 10209
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Line Protection — Standard Variants

Type 7 1/2, 15 BI, 20 BO, 16 LED, 81,8V
Housing width 1/2 x 19"

15 binary inputs

20 binary outputs (1 life contact, 5 standard, 14 fast)

16 LEDs

8 current transformers

8 voltage transformers

Contains the following modules: base module with PS201 and 10208

Expansion module 10202
Type 8 2/3,31BI,46 BO, 16 LED, 41,4V
Housing width 2/3 x 19"

31 binary inputs
46 binary outputs (1 life contact, 37 standard, 8 fast)
16 LEDs

4 current transformers

4 voltage transformers

Contains the following modules: base module with PS201 and 10208
Expansion modules 10205, 10205

Type 10 2/3,27BIl,34BO (4 HS), 16 LED, 4 1,4 V

Housing width 2/3 x 19"

27 binary inputs

34 binary outputs (1 life contact, 21 standard, 8 fast, 4 high-speed)
16 LEDs

4 current transformers

4 voltage transformers

Contains the following modules: base module with PS201 and 10208

Expansion modules 10205, 10209
Type 11 2/3, 27 Bl, 36 BO, 16 LED, 81, 8 V
Housing width 2/3 x 19"

27 binary inputs

36 binary outputs (1 life contact, 21 standard, 14 fast)

16 LEDs

8 current transformers

8 voltage transformers

Contains the following modules: base module with PS201 and 10208

Expansion modules 10202, 10205
Type 12 516, 27 Bl, 33 BO (8 HS), 16 LED, 81,8V
Housing width 5/6 x 19",

27 binary inputs

33 binary outputs (1 life contact, 8 standard, 16 fast, 8 high-speed)
16 LEDs

8 current transformers

8 voltage transformers

Contains the following modules: base module with PS201 and 10208
Expansion modules 10208, 10209, 10209

Table 2.5/5 Standard Variants for Line Protection Devices 7SA86, 7SD86, 75L86, 7SA87, 7SD87, 7SL87, 7VK87
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Line Protection — Standard Variants

Type 1 113,11 BI,9BO, 16 LED, 41, 4 V

Type 2 112,17 Bl, 16 BO, 16 LED, 4 I, 4 V

Type 3 112,23 BI, 25BO, 16 LED, 41,4 V

Table 2.5/6 Standard Variants for SIPROTEC 75J86 Line Protection Devices

You can find the technical data in the manual
www.siemens.com/siprotec.
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Distance Protection — SIPROTEC 7SA82

Description

The SIPROTEC 7SA82 distance protection has been designed
particularly for the cost-optimized and compact protection of
lines in medium-voltage and high-voltage systems. With its flexi-
bility and the high-performance DIGSI 5 engineering tool, the
SIPROTEC 7SA82 device offers future-oriented solutions for
protection, control, automation, monitoring, and Power Quality
— Basic.

Main function Distance protection for medium-voltage and

high-voltage applications

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 3-pole, minimum tripping time: 19 ms

Inputs and outputs 4 current transformers, 4 voltage transformers,

11 or 23 binary inputs, 9 or 16 binary outputs

Hardware flexibility Different hardware quantity structures for
binary inputs and outputs are available in the
1/3 base module. Adding 1/6 expansion
modules is not possible; available with large or

small display.

Housing width 1/3 x 19 inches

Benefits
® Compact and low-cost distance protection
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

® High investment security and low operating costs due to
future-oriented system solutions

Functions

DIGSI 5 permits all functions to be configured and combined as

required and as per the functional scope that has been ordered.

® Minimum tripping time: 19 ms

® 6 independent measuring loops (6-system distance protec-
tion)

e Several distance-protection functions can be selected: Classic,
reactance method (RMD), impedance protection for trans-
formers

® Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos ¢, sin ¢, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

® Ground-fault detection using the pulse-detection method
® Adaptive power-swing blocking

SIP5_GD_W3, 2, -]

Figure 2.6/1 SIPROTEC 7SA82

® Detection of current-transformer saturation for fast tripping
with high accuracy

® Fault locator Plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead line
section reclosing (AREC)

® Arc protection

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Power protection, configurable as active or reactive-power
protection

® Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Ground fault detection using the pulse detection method
® Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create high-performance automation
functions in the device

@ Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® 2 optional, pluggable communication modules, usable for
different and redundant protocols (IEC 61850,
IEC 60870-5-103, IEC 60870-5-104, Modbus TCP, DNP3 serial
and TCP, PROFINET 10)
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Distance Protection — SIPROTEC 7SA82

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94, and
others), including automatic switchover between ring and
chain topology

® Reliable data transmission via PRP and HSR redundancy proto-
cols

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access.

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

Applications

® Detection and selective 3-pole tripping of short circuits in
electrical equipment of star networks, lines with infeed at one
or 2 ends, parallel lines, and open-circuited or closed ring
systems of all voltage levels

® Detection of ground faults in isolated or arc-suppression-coil-
ground systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include basic configurations and default settings.

The following application templates are available:
® Basic

® Distance protection for resonant/isolated grounded power
systems, with automatic reclosing

® Distance protection with reactance method for overhead lines
in grounded electrical power systems
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Distance Protection — SIPROTEC 7SA82

Application Example

dw_7SA82_Ltg, 1, en_US]

Figure 2.6/2 Application Example: Distance Protection for Overhead Line
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Protection functions for 3-pole tripping 3-pole ]

21/21N Distance Protection Z<, V< I>] 2V, u
)

21T Impedance protection for transformers < ]

25 Synchrocheck, synchronization function Sync [ ]

27 Undervoltage protection: "3-phase" or "positive- | V< ]

sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt |

Undervoltage-controlled reactive power protec- | Q>/V< u

tion
32,37 Power protection active/reactive power P<>, Q<> | |
37 Undercurrent I< ]
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) [ ]

protection with direction
47 Overvoltage protection, negative-sequence V2> u
system
49 Thermal overload protection 0, It ]
50/51 TD Overcurrent protection, phases 1> ]

Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> ]
50/51 TD Overcurrent protection with positive-sequence 11> ]

current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ]
50N/ 51N TD Overcurrent protection, 1-phase IN> ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> |

suppression coils and isolated power systems

including a) 310> b) admittance Y0>, c) 310-harm>

(from V7.8)

Sensitive ground-fault detection via pulse detec- | IN pulse ]

tion; hint: this stage also requires the func-

tion 50Ns/51Ns or 67Ns "sensitive ground-fault

detection for grounded arc suppression coils and

isolated power systems"

Intermittent ground-fault protection IIE> |
50BF Circuit-breaker failure protection, 3-pole CBFP [ ]
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) |
59, 59N Overvoltage protection: "3-phase” or "zero- V> |

sequence system V0" or "positive-sequence

system V1" or "universal Vx"

60 Voltage-comparison supervision AV> ]

67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]

67N Directional ground-fault protection in grounded IN>, 2(V, 1) | ]
power systems

67 Ns Sensitive ground-fault detection for grounded arc |
suppression coils and isolated power systems

including a) 310> b) V0>, c) cos/sine Phi, d) tran-

sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic; ~(VOh,I0h) ]

hint: this stage also requires the function "67Ns

sensitive ground-fault detection for grounded arc

suppression coils and isolated power systems"

Directional Intermittent Ground-Fault Protection | IlEdir> |
68 Power-swing blocking AZIAt |




SIPROTEC 5 Devices and Fields of Application

Distance Protection — SIPROTEC 7SA82

74TC

Trip-circuit supervision

78

Out-of-step protection

AZIAt

74CC

Single circuit monitoring (from V7.9)

79

Automatic reclosing, 3-pole

AREC

81

Frequency protection: "f>" or "f<" or "df/dt"

f<>; dfldt<>

81U

Underfrequency load shedding

f<(ULS)

Vector-jump protection

Ap>

85/21

Teleprotection scheme for distance protection

85127

Weak or no infeed: Echo and tripping

85/67N

Teleprotection scheme for directional ground-
fault protection

86

Lockout

8/NT

Restricted ground-fault protection

AIN

0V

Voltage controller for two-winding transformer

90V

Voltage controller for two-winding transformer
with parallel control

Number of two-winding transformers with
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

FL

Fault Locator, single-side

FL-one

FL

Fault Locator Plus (from V7.9)

FL plus

PMU

Synchrophasor measurement

PMU

AFD

Arc protection (only with plug-in module ARC-
CD-3F0)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance
(starting with V8.40)

PQ - Basic measured values: Voltage changes —
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring

2lx, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for 'PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection
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Distance Protection — SIPROTEC 7SA82

Region, France: 'PDA' system decoupling protec-
tion

Region, France: Overload protection for trans-
formers

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Cyber security: Authenticated network access
using IEEE 802.1X (starting from V8.3)

Function point class:

0

100

200

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.6/1 SIPROTEC 7SA82 — Functions, Application Templates

(1) Basic

(2) DIS Res.lIsol. Power systems, with AREC

(3) DIS RMD Overhead Line, grounded power systems
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Distance Protection — SIPROTEC 7SA86

Description

The SIPROTEC 7SA86 distance protection has been designed
specifically for the protection of lines. With its modular struc-
ture, flexibility and the high-performance DIGSI 5 engineering
tool, the SIPROTEC 7SA86 device offers future-oriented solutions
for protection, control, automation, monitoring, and Power
Quality — Basic.

Main function Distance protection

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 3-pole, minimum tripping time: 9 ms

Inputs and outputs 12 predefined standard variants with 4/4 or
8/8 current transformers/voltage transformers,

5 to 31 binary inputs, 8 to 46 binary outputs

Hardware quantity
structure

Flexibly adjustable I/0 quantity structure within
the scope of the SIPROTEC 5 modular system

Housing width 113 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as

required and as per the functional scope that has been ordered.

® Minimum tripping time: 9 ms

® 6 independent measuring loops (6-system distance protec-
tion)

® Several distance-protection functions can be selected: Classic,
reactance method (RMD), impedance protection for trans-
formers

® Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos @, sin ¢, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

® Ground-fault detection using the pulse-detection method
e Adaptive power-swing blocking, out-of-step protection

® Detection of current-transformer saturation for fast tripping
with high accuracy

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead line
section reclosing (AREC)

® Arc protection

SIP5_GD_SS_W3, 2, -1

Figure 2.6/3 SIPROTEC 5 Device with Expansion Module

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Power protection, configurable as active or reactive-power
protection

® Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® 3-pole automatic reclosing function
® Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create high-performance automation
functions in the device

@ Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET |0, PROFINET IO
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring feeder
and chain topology

® Reliable data transmission via PRP and HSR redundancy proto-
cols
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Distance Protection — SIPROTEC 7SA86

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access.

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

® Detection and selective 3-pole tripping of short circuits in
electrical equipment of star networks, lines with infeed at one
or 2 ends, parallel lines, and open-circuited or closed ring
systems of all voltage levels

® Detection of ground faults in isolated or arc-suppression-coil-
ground systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include basic configurations and default settings.

The following application templates are available:
® Basic

® Distance protection for resonant/isolated-grounded power
systems, with automatic reclosing

® Distance protection with reactance method for overhead lines
in grounded electrical power systems

® Distance protection with reactance method for overhead lines
in grounded electrical power systems and applications with
breaker-and-a-half layout

® Distance protection with MHO distance zone characteristic for
overhead lines in grounded electrical power systems and
applications with breaker-and-a-half layout
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Application Examples

dw_7SA86_Ltg, 1, en_US]

Figure 2.6/4 Application Example: Distance Protection for Overhead Line
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dw_75A86_1-5L5, 1, en_US]

Figure 2.6/5 Application Example: Distance Protection for Overhead Line with Breaker-and-a-Half Layout
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Protection functions for 3-pole tripping 3-pole ] ] [ ] ] ] [ ]
Expandable hardware quantity structure 110 [ ] u [ ] u [ ] [ ]
Process bus client protocol (hint: PB client requires | PB client u
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU [ ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU |
(hint: Only for communication with a 75585 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
21/21N Distance Protection Z<, V< 1> 2(V, u | u | u u
)
21T Impedance protection for transformers < [ ]
25 Synchrocheck, synchronization function Sync | ] | |
27 Undervoltage protection: "3-phase" or "positive- | V< |
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt |
Undervoltage-controlled reactive power protec- | Q>/V< [ ]
tion
32,37 Power protection active/reactive power P<>, Q<> [ ]
37 Undercurrent I< |
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> ]
46 Negative-sequence system and overcurrent 12>, 2(V2, 12) [ ]
protection with direction
47 Overvoltage protection, negative-sequence V2> [ ]
system
49 Thermal overload protection 0, It [ ] ] ] ] ]
50/51 TD Overcurrent protection, phases 1> [ ] u [ ] ] ] [ ]
Instantaneous tripping at switch onto fault SOTF |
50HS Instantaneous high-current tripping 1>>> | ] n ] | ]
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ] [ ] [ ] [ ] [ ] | ]
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse [ ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IlE> u
50BF Circuit-breaker failure protection, 3-pole CBFP [ ] ] ] [ ] ]
50EF End-fault protection (hint: For use only in decen- ]
tralized busbar protection with a 75585 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> [ ]
sequence system VO" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> |
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67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]

67N Directional ground-fault protection in grounded | IN>, 2(V, I) [ ] u ] ]
power systems

67 Ns Sensitive ground-fault detection for grounded arc [ ] ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic; ~(VOh,I0h) [ ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"

Directional Intermittent Ground-Fault Protection |IIEdir>

68 Power-swing blocking AZIAt

74TC Trip-circuit supervision
78 Out-of-step protection AZIAt
74CC Single circuit monitoring (from V7.9)

81U Underfrequency load shedding f<(ULS)
Vector-jump protection Ap>

85/21 Teleprotection scheme for distance protection

85/27 Weak or no infeed: Echo and tripping

85/67N Teleprotection scheme for directional ground-
fault protection

86 Lockout
87/NT Restricted ground-fault protection AIN

87 STUB Stub fault differential protection (for breaker-and- [ ] [ ] | ]
a-half layouts)

90V Voltage controller for two-winding transformer |

90V Voltage controller for two-winding transformer |
with parallel control

Number of two-winding transformers with |
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

90V Voltage controller for three-winding transformer

90V Voltage controller for grid coupling transformer

FL Fault Locator, single-side FL-one
FL Fault Locator Plus (from V7.9) FL plus
PMU Synchrophasor measurement PMU

AFD Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ — Basic measured values: Voltage unbalance [ ]
(starting with V8.40)
PQ — Basic measured values: Voltage changes — ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand | ]
Distortion (starting with V8.40)
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CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring

2lx, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for ‘PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection

Region, France: 'PDA' system decoupling protec-
tion

Region, France: Overload protection for trans-
formers

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Cyber security: Authenticated network access
using IEEE 802.1X (starting from V8.3)

Function point class:

0

100

200

350

350

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.6/2 SIPROTEC 7SA86 — Functions, Application Templates

(M
()
3)
4)
(5)

DIS Res./Isol. Power systems, with AREC
DIS RMD Overhead Line, grounded power systems

DIS RMD Overhead Line, grounded power systems, 1.5 CB
DIS MHO, overhead line, grounded power systems, 1.5 CB
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Description

The SIPROTEC 7SA87 distance protection has been designed
specifically for the protection of lines. With its modular struc-
ture, flexibility and the high-performance DIGSI 5 engineering
tool, the SIPROTEC 7SA87 device offers future-oriented solutions
for protection, control, automation, monitoring, and Power
Quality — Basic.

Main function Distance protection

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

1-pole and 3-pole, minimum tripping time:
9 ms

Tripping

12 predefined standard variants with 4/4 or
8/8 current transformers/voltage transformers,
5 to 31 binary inputs, 8 to 46 binary outputs

Inputs and outputs

Hardware flexibility Flexibly adjustable I/O quantity structure within

the scope of the SIPROTEC 5 modular system

Housing width 1/3 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as

required and as per the functional scope that has been ordered.

® Minimum tripping time: 9 ms

® 6 independent measuring loops (6-system distance protec-
tion)

e Several distance-protection functions can be selected: Classic,
reactance method (RMD), impedance protection for trans-
formers

® Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos ¢, sin @, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

® Ground-fault detection using the pulse-detection method
e Adaptive power-swing blocking, out-of-step protection

® Detection of current-transformer saturation for fast tripping
with high accuracy

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

SIP5_GD_SS_W3, 2, -1

Figure 2.6/6 SIPROTEC 5 Device with Expansion Module

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Power protection, configurable as active or reactive-power
protection

® Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® 1-pole automatic reclosing function with secondary arc detec-
tion (SAD)
® Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create high-performance automation
functions in the device

® Single-line representation in the small or large display
® Point-on-wave switching

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET |0, PROFINET IO
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)
® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and

others), including automatic switchover between ring and
chain topology.
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® Reliable data transmission via PRP and HSR redundancy proto-
cols

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access.

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

e High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

® Detection and selective 1-pole and 3-pole tripping of short
circuits in electrical equipment of star networks, lines with
infeed at one or 2 ends, parallel lines, and open-circuited or
closed ring systems of all voltage levels

® Detection of ground faults in isolated or arc-suppression-coil-
ground systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include basic configurations and default settings.

The following application templates are available:
® Distance protection basis

® Distance protection with reactance method for overhead lines
in grounded electrical power systems

® Distance protection with reactance method for overhead lines
in grounded electrical power systems and applications with
breaker-and-a-half layout
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Application Examples

dw_7SA87_Ltg, 1, en_US]

Figure 2.6/7 Application Example: Distance Protection for Overhead Line
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dw_7SA87_1-5L5, 1, en_US]

Figure 2.6/8 Application Example: Distance Protection for Overhead Line with Breaker-and-a-Half Layout
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Protection functions for 3-pole tripping 3-pole ] [ ]
Protection functions for 1-pole tripping 1-pole ] [ ]
Expandable hardware quantity structure 110 u u
Process bus client protocol (hint: PB client requires | PB client |
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU |
(hint: Only for communication with a 7SS85 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
21/121N Distance Protection Z<, V< 1> 2(V, u |
)}
21T Impedance protection for transformers < |
25 Synchrocheck, synchronization function Sync |
27 Undervoltage protection: "3-phase" or "positive- | V< ]
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt ]
Undervoltage-controlled reactive power protec- Q>IV< [ ]
tion
32,37 Power protection active/reactive power P<>, Q<> | ]
37 Undercurrent I< |
38 Temperature supervision 0> ]
46 Negative-sequence system and overcurrent 12>, 2(V2, 12) ]
protection with direction
47 Overvoltage protection, negative-sequence V2> [ ]
system
49 Thermal overload protection 0, It [ ]
50/51 TD Overcurrent protection, phases 1> ] ]
Instantaneous tripping at switch onto fault SOTF |
50HS Instantaneous high-current tripping 1>>> | ]
50/51 TD Overcurrent protection with positive-sequence 11> [ ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns “"sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IIE> |
50BF Circuit-breaker failure protection 1-pole/3-pole CBFP |
50EF End-fault protection (hint: For use only in decen- |
tralized busbar protection with a 75585 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> ]
sequence system VO" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> |
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1 2 3
67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]
67N Directional ground-fault protection in grounded | IN>, 2(V, I) | ] [ ] ]
power systems
67 Ns Sensitive ground-fault detection for grounded arc ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; ~(VOh,I0h) ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | IlEdir> ]
68 Power-swing blocking AZIAt ] [ | [ |
74TC Trip-circuit supervision ]
78 Out-of-step protection AZIAt ]
79 Automatic reclosing, 1-pole/3-pole AREC ] [ ] ]
SAD Secondary arc detection (SAD) in 1-pole auto- SAD u
matic reclosing cycles starting with V8.30; note:
SAD also requires the function points for “79 auto-
matic reclosing, pole/3-pole”
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> |
81U Underfrequency load shedding f<(ULS) ]
Vector-jump protection Ap> ]
85/21 Teleprotection scheme for distance protection ] [ ] [ ] [ ]
85/27 Weak or no infeed: Echo and tripping ] [ ] [ ] ]
85/67N Teleprotection scheme for directional ground- ] ] [ ] |
fault protection
86 Lockout ]
8/NT Restricted ground-fault protection AIN ]
87 STUB Stub fault differential protection (for breaker-and- | ] | ]
a-half layouts)
90V Voltage controller for two-winding transformer ]
90V Voltage controller for two-winding transformer |
with parallel control
Number of two-winding transformers with ]
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)
90V Voltage controller for three-winding transformer |
90V Voltage controller for grid coupling transformer ]
FL Fault Locator, single-side FL-one [ ] [ ] [ ] [ ]
FL Fault Locator Plus (from V7.9) FL plus | ]
PMU Synchrophasor measurement PMU ]
AFD Arc protection (only with plug-in module ARC- ]
CD-3FO)
Measured values, standard n [} [ [ ]
Measured values, extended: Min, max, average | ]
Switching statistics counter ] ] ] ]
PQ - Basic measured values: THD (Total Harmonic | ]
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)
PQ — Basic measured values: Voltage unbalance ]
(starting with V8.40)
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PQ — Basic measured values: Voltage changes —
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring

2lx, 12, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

PoW

Point-on-wave switching (starting with V7.90)

PoW

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for 'PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection

Region, France: 'PDA' system decoupling protec-
tion

Region, France: Overload protection for trans-
formers

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Cyber security: Authenticated network access
using IEEE 802.1X (starting from V8.3)

Function point class:

0

225

400

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.6/3 SIPROTEC 7SA87 — Functions, Application Templates

(1) Basic

(2) DIS RMD Overhead Line, grounded power systems
(3) DIS RMD Overhead Line, grounded power systems, 1.5 CB
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Description

The SIPROTEC 7SD82 line differential protection has been
designed particularly for the cost-optimized and compact
protection of lines in medium-voltage and high-voltage systems.
With its flexibility and the high-performance DIGSI 5 engineering
tool, the SIPROTEC 7SD82 device offers future-oriented solutions
for protection, control, automation, monitoring, and Power
Quality — Basic.

Main function Differential protection for medium-voltage and

high-voltage applications

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 3-pole, minimum tripping time: 19 ms

Inputs and outputs 4 current transformers, 4 voltage transformers,

11 or 23 binary inputs, 9 or 16 binary outputs

2 different quantity structures for binary inputs
and outputs are available in the 1/3 base
module. Adding 1/6 expansion modules is not
possible; housing width available with large or
small display.

Hardware flexibility

Housing width 1/3 x 19 inches

Benefits
® Compact and low-cost line differential protection
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Minimum tripping time: 19 ms

® Main protection function is differential protection with adap-
tive algorithm for maximum sensitivity and stability even with
the most different transformer errors, current-transformer
saturation, and capacitive charging currents

® Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos @, sin o, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

Ground fault detection using the pulse detection method
® Detection of current-transformer saturation

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

SIP5_GD_W3, 2, -]

Figure 2.7/1 SIPROTEC 7SD82 Line Differential Protection Device

® Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Power protection, configurable as active or reactive-power
protection

e Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Control, synchrocheck, and switchgear interlocking protection

Graphical logic editor to create high-performance automation
functions in the device

® Single-line representation in the small or large display

Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

2 optional pluggable communication modules, usable for
different and redundant protocols (IEC 61850,

IEC 60870-5-103, IEC 60870-5-104, Modbus TCP, DNP3 serial
and TCP, PROFINET 10)

Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology.

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access.
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® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

Applications
® |ine protection for all voltage levels with 3-pole tripping

® Phase-selective protection of overhead lines and cables with
single-ended and multi-ended infeed of all lengths with up to
6 line ends

® Transformers and compensating coils in the protection zone

Application Example

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
e Differential protection basis

e Differential protection for overhead line

dw_7SD82_Ltg, 1, en_US]

Figure 2.7/2 Application Example: Line Differential Protection for Overhead Line
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1 2
Protection functions for 3-pole tripping 3-pole ] ] ]
25 Synchrocheck, synchronization function Sync ] ]
27 Undervoltage protection: "3-phase" or "positive- | V< [ |
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt [ ]
Undervoltage-controlled reactive power protec- | Q>/V< u
tion
32,37 Power protection active/reactive power P<>, Q<> |
37 Undercurrent I< ]
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> [ ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) ]
protection with direction
47 Overvoltage protection, negative-sequence V2> [ ]
system
49 Thermal overload protection 0, It ] ]
50/51 TD Overcurrent protection, phases 1> ] ] ]
Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> [ | [ | [ |
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ] ] ]
50N/ 51N TD Overcurrent protection, 1-phase IN> ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ |
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IIE> [ |
50BF Circuit-breaker failure protection, 3-pole CBFP ] ]
50RS Circuit breaker restrike monitoring CBRM ]
51V Voltage-controlled overcurrent protection t=f(l, V) ]
59, 59N Overvoltage protection: "3-phase"” or "zero- V> ]
sequence system V0" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) ]
67N Directional ground-fault protection in grounded IN>, 2(V, 1) [ ]
power systems
67 Ns Sensitive ground-fault detection for grounded arc [ ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; ~(V0Oh,I0h) ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | llEdir> [ |
74TC Trip-circuit supervision [ ]
74CC Single circuit monitoring (from V7.9) [ ]
79 Automatic reclosing, 3-pole AREC ] ]
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; df/dt<> [ ]
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81U Underfrequency load shedding f<(ULS)

Vector-jump protection Ap>

86 Lockout

87/NT Restricted ground-fault protection AIN

87L Line differential protection for 2 line ends Al

87L Line differential protection for 3 to 6 line ends Al
(dependent on significant properties)

87L1 87T Option for line differential protection with Trans- | Al [ ]
former in the Protection Range

Option for line differential protection with Al [ ]
charging-current compensation

Broken-wire detection for differential protection [ |

90V Voltage controller for two-winding transformer [ |

90V Voltage controller for two-winding transformer [ ]
with parallel control

Number of two-winding transformers with [ |
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-

former with parallel control”)
FL Fault Locator, single-side FL-one ]

FL Fault Locator Plus (from V7.9) FL plus

PMU Synchrophasor measurement PMU

AFD Arc protection (only with plug-in module ARC-
CD-3F0)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ — Basic measured values: Voltage unbalance ]
(starting with V8.40)

PQ - Basic measured values: Voltage changes — [ |
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring >Ix, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for 'PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection

Region, France: 'PDA' system decoupling protec- [ |
tion
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Region, France: Overload protection for trans- ]
formers
Frequency group tracking (from V7.8) |
Cyber security: Role-Based Access Control (from ]
V7.8)
Temperature recording via communication ]
protocol
Cyber security: Authenticated network access [ |
using IEEE 802.1X (starting from V8.3)
Function point class: 0 150

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.7/1 SIPROTEC 7SD82 — Functions, Application Templates
(1) Basic
(2) DIFF Overhead Line
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Description

The SIPROTEC 7SD86 line differential protection has been
designed specifically for the protection of lines. With its modular
structure, flexibility and the high-performance DIGSI 5 engi-
neering tool, the SIPROTEC 7SD86 device offers future-oriented
solutions for protection, control, automation, monitoring, and
Power Quality — Basic.

Main function Differential protection

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 3-pole, minimum tripping time: 9 ms

Inputs and outputs 12 predefined standard variants with 4/4 or
8/8 current transformers/voltage transformers,

5 to 31 binary inputs, 8 to 46 binary outputs

Hardware flexibility Flexibly adjustable I/0 quantity structure within

the scope of the SIPROTEC 5 modular system

Housing width 113 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Minimum tripping time: 9 ms

® Main protection function is differential protection with adap-
tive algorithm for maximum sensitivity and stability even with
the most different transformer errors, current-transformer
saturation, and capacitive charging currents

Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos @, sin @, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

Ground-fault detection using the pulse detection method
® Detection of current-transformer saturation

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Power protection, configurable as active or reactive-power
protection

SIP5_GD_SS_W3, 2, -1

Figure 2.7/3 SIPROTEC 5 Device with Expansion Module

® Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values
PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

3-pole automatic reclosing function

Control, synchrocheck, and switchgear interlocking protection

Graphical logic editor to create high-performance automation
functions in the device

Single-line representation in the small or large display

Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,

IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET IO, PROFINET IO
S2 redundancy)

Virtual network partitioning (IEEE 802.1Q - VLAN)

Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology.

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access

Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

124 | SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7




SIPROTEC 5 Devices and Fields of Application

Line Differential Protection — SIPROTEC 7SD86

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable 1/0 quantity structure

Applications
® |ine protection for all voltage levels with 3-pole tripping

® Phase-selective protection of overhead lines and cables with
single-ended and multi-ended infeed of all lengths with up to
6 line ends

® Also used in switchgear with breaker-and-a-half layout
® Transformers and compensating coils in the protection zone

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
e Differential protection basis
e Differential protection for overhead line

e Differential protection for overhead line with transformer in
the protection range

e Differential protection for overhead line, for applications with
breaker-and-a-half layout
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Application Examples

dw_75D86_Ltg, 1, en_US]

Figure 2.7/4 Application Example: Line Differential Protection for Overhead Line
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dw_75D86_1-5LS, 1, en_US]

Figure 2.7/5 Application Example: Line Differential Protection for Overhead Line with Breaker-and-a-Half Layout
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Protection functions for 3-pole tripping 3-pole ]

Expandable hardware quantity structure 110 ]

Process bus client protocol (hint: PB client requires | PB client [ |

a separate ETH-BD-2FO plug-in module, from

V8.0)

IEC61850-9-2 Merging Unit Stream (hint: Each MU ]

stream requires a separate ETH-BD-2FO plug-in

module, from V8.0)

IEC61850-9-2 Merging Unit Stream 75585 CU MU [ ]

(hint: Only for communication with a 75585 CU. A

separate ETH-BD-2FO plug-in module is required

starting with V8.40)

25 Synchrocheck, synchronization function Sync |
27 Undervoltage protection: "3-phase" or "positive- | V< [ |

sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt [ |

Undervoltage-controlled reactive power protec- | Q>/V< ]

tion
32,37 Power protection active/reactive power P<>, Q<> ]
37 Undercurrent I< [ |
38 Temperature supervision 0> [ ]
46 Negative-sequence system and overcurrent 12>, 2(V2, 12) ]

protection with direction
47 Overvoltage protection, negative-sequence V2> [ ]
system
49 Thermal overload protection 0, It ]
50/51 TD Overcurrent protection, phases 1> [ ]

Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> [ |
50/51 TD Overcurrent protection with positive-sequence 11> [ |

current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> [ |
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> ]

suppression coils and isolated power systems

including a) 310> b) admittance Y0>, c) 310-harm>

(from V7.8)

Sensitive ground-fault detection via pulse detec- | IN pulse ]

tion; hint: this stage also requires the func-

tion 50Ns/51Ns or 67Ns "sensitive ground-fault

detection for grounded arc suppression coils and

isolated power systems"

Intermittent ground-fault protection IIE> [ |
50BF Circuit-breaker failure protection, 3-pole CBFP ]
50EF End-fault protection (hint: For use only in decen- u

tralized busbar protection with a 75585 CU

starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM [ |
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> [ ]

sequence system VO" or "positive-sequence

system V1" or "universal Vx"

60 Voltage-comparison supervision AV> [ |
67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]
67N Directional ground-fault protection in grounded IN>, 2(V, 1) [ ]

power systems
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67 Ns

Sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic;
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"

~(VOh,I0h)

Directional Intermittent Ground-Fault Protection

IIEdir>

74TC

Trip-circuit supervision

74CC

Single circuit monitoring (from V7.9)

79

Automatic reclosing, 3-pole

AREC

81

Frequency protection: "f>" or "f<" or "df/dt"

f<>; dfidt<>

81U

Underfrequency load shedding

f<(ULS)

Vector-jump protection

Ap>

86

Lockout

87NT

Restricted ground-fault protection

AIN

87L

Line differential protection for 2 line ends

Al

87L

Line differential protection for 3 to 6 line ends
(dependent on significant properties)

Al

87L1 87T

Option for line differential protection with Trans-
former in the Protection Range

Al

Option for line differential protection with
charging-current compensation

Al

Broken-wire detection for differential protection

87 STUB

Stub fault differential protection (for breaker-and-
a-half layouts)

0V

Voltage controller for two-winding transformer

0V

Voltage controller for two-winding transformer
with parallel control

Number of two-winding transformers with
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

0V

Voltage controller for three-winding transformer

0V

Voltage controller for grid coupling transformer

FL

Fault Locator, single-side

FL-one

FL

Fault Locator Plus (from V7.9)

FL plus

PMU

Synchrophasor measurement

PMU

AFD

Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance
(starting with V8.40)

PQ — Basic measured values: Voltage changes —
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 129



o formers
. Frequency group tracking (from V7.8) ]

SIPROTEC 5 Devices and Fields of Application

Line Differential Protection — SIPROTEC 7SD86

CFC arithmetic

Circuit-breaker wear monitoring JIx, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for ‘PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection

Region, France: 'PDA' system decoupling protec- [ ]
tion

Region, France: Overload protection for trans- ]

Cyber security: Role-Based Access Control (from ]
V7.8)

Temperature recording via communication ]
protocol

Cyber security: Authenticated network access [ ]
using IEEE 802.1X (starting from V8.3)

Function point class: 0 150 250 300

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.7/2 SIPROTEC 7SD86 — Functions, Application Templates
(1) Basic

(2) DIFF Overhead Line

(3) DIFF Overhead Line with Transformer

(4) DIFF Overhead Line, breaker-and-a-half layout
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Description

The SIPROTEC 7SD87 differential protection device is suitable for
the selective protection of overhead lines and cables with single-
ended and multi-ended infeed of all lengths with up to 6 ends.
Transformers and compensating coils in the protection range
are also possible. With its modular structure, flexibility and the
high-performance DIGSI 5 engineering tool, the SIPROTEC
7SD87 device offers future-oriented solutions for protection,
control, automation, monitoring, and Power Quality — Basic.

Main function Differential protection

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 1-pole and 3-pole, minimum tripping time:
9 ms
Inputs and outputs 12 predefined standard variants with 4/4 or

8/8 current transformers/voltage transformers,
5 to 31 binary inputs, 8 to 46 binary outputs

Hardware flexibility Flexibly adjustable I/O quantity structure within
the scope of the SIPROTEC 5 modular system

Housing width 1/3 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Minimum tripping time: 9 ms
® Main protection function is differential protection with adap-
tive algorithm for maximum sensitivity and stability even with

the most different transformer errors, current-transformer
saturation, and capacitive charging currents

® Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos ¢, sin o, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

Ground-fault detection using the pulse detection method
® Detection of current-transformer saturation

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

SIP5_GD_SS_W3, 2, -1

Figure 2.7/6 SIPROTEC 5 Device with Expansion Module

® Power protection, configurable as active or reactive-power
protection

® Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ - Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® 1-pole automatic reclosing function with secondary arc detec-
tion (SAD)

® Point-on-wave switching

e Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create high-performance automation
functions in the device

® Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET |0, PROFINET 10
S2 redundancy)

® Virtual network partitioning (IEEE 802.1Q - VLAN)
® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and

others), including automatic switchover between ring and
chain topology.

Reliable data transmission via PRP and HSR redundancy proto-
cols
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® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

® |ine protection for all voltage levels with 1-pole and 3-pole
tripping
® Phase-selective protection of overhead lines and cables with

single-ended and multi-ended infeed of all lengths with up to
6 line ends

® Also used in switchgear with breaker-and-a-half layout
® Transformers and compensating coils in the protection zone

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
e Differential protection basis
e Differential protection for overhead line

e Differential protection for overhead line, for applications with
breaker-and-a-half layout
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Application Examples

dw_7SD87_Ltg, 1, en_US]

Figure 2.7/7 Application Example: Line Differential Protection for Overhead Line
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dw_75D87_1-5LS, 1, en_US]

Figure 2.7/8 Application Example: Line Differential Protection for Overhead Line with Breaker-and-a-Half Layout
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Protection functions for 3-pole tripping 3-pole ] [ ]
Protection functions for 1-pole tripping 1-pole ] [ ]
Expandable hardware quantity structure 110 u u
Process bus client protocol (hint: PB client requires | PB client ]
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU |
(hint: Only for communication with a 7SS85 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
25 Synchrocheck, synchronization function Sync |
27 Undervoltage protection: "3-phase" or "positive- | V< ]
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt |
Undervoltage-controlled reactive power protec- Q>IV< [ ]
tion
32,37 Power protection active/reactive power P<>, Q<> ]
37 Undercurrent I< |
38 Temperature supervision 0> [ ]
46 Negative-sequence system overcurrent protection |12> | ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) ]
protection with direction
47 Overvoltage protection, negative-sequence V2> |
system
49 Thermal overload protection 0, It ]
50/51 TD Overcurrent protection, phases 1> ] [ ]
Instantaneous tripping at switch onto fault SOTF |
50HS Instantaneous high-current tripping 1>>> | [ ]
50/51 TD Overcurrent protection with positive-sequence 11> [ ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse |
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IlE> ]
50BF Circuit-breaker failure protection 1-pole/3-pole CBFP |
50EF End-fault protection (hint: For use only in decen- |
tralized busbar protection with a 7SS85 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) ]
59, 59N Overvoltage protection: "3-phase” or "zero- V> ]
sequence system VO" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]
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67N

Directional ground-fault protection in grounded
power systems

IN>, 2(V, )

67 Ns

Sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic;
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"

~(V0Oh,I0h)

Directional Intermittent Ground-Fault Protection

IIEdir>

74TC

Trip-circuit supervision

79

Automatic reclosing, 1-pole/3-pole

AREC

SAD

Secondary arc detection (SAD) in 1-pole auto-
matic reclosing cycles starting with V8.30; note:
SAD also requires the function points for “79 auto-
matic reclosing, pole/3-pole”

SAD

81

Frequency protection: "f>" or "f<" or "df/dt"

f<>; dfidt<>

81U

Underfrequency load shedding

f<(ULS)

Vector-jump protection

Ap>

86

Lockout

87N T

Restricted ground-fault protection

AIN

87L

Line differential protection for 2 line ends

Al

87L

Line differential protection for 3 to 6 line ends
(dependent on significant properties)

Al

8711 87T

Option for line differential protection with Trans-
former in the Protection Range

Al

Option for line differential protection with
charging-current compensation

Al

Broken-wire detection for differential protection

87 STUB

Stub fault differential protection (for breaker-and-
a-half layouts)

90V

Voltage controller for two-winding transformer

0V

Voltage controller for two-winding transformer
with parallel control

Number of two-winding transformers with
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

0V

Voltage controller for three-winding transformer

0V

Voltage controller for grid coupling transformer

FL

Fault Locator, single-side

FL-one

FL

Fault Locator Plus (from V7.9)

FL plus

PMU

Synchrophasor measurement

PMU

AFD

Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ — Basic measured values: Voltage unbalance
(starting with V8.40)
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PQ — Basic measured values: Voltage changes — ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)
CFC arithmetic
Circuit-breaker wear monitoring >Ix, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

PoW Point-on-wave switching (starting with V7.90) PoW

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for 'PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection

Region, France: 'PDA' system decoupling protec-
tion

Region, France: Overload protection for trans- ]
formers

Frequency group tracking (from V7.8) ]

Cyber security: Role-Based Access Control (from ]
V7.8)

Temperature recording via communication ]
protocol

Cyber security: Authenticated network access ]
using |EEE 802.1X (starting from V8.3)

Function point class: 0 150 325
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.7/3 SIPROTEC 7SD87 — Functions, Application Templates
(1) Basic

(2) DIFF Overhead Line

(3) DIFF Overhead Line, breaker-and-a-half layout
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Description

The combined SIPROTEC 7SL82 line differential and distance
protection has been designed particularly for the cost-optimized
and compact protection of lines in medium-voltage and high-
voltage systems. With its flexibility and the high-performance
DIGSI 5 engineering tool, SIPROTEC 75L82 offers future-oriented
solutions for protection, control, automation, monitoring, and
Power Quality — Basic.

Main function Differential protection and distance protection
for medium-voltage and high-voltage applica-

tions

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 3-pole, minimum tripping time: 19 ms

Inputs and outputs 4 current transformers, 4 voltage transformers,

11 or 23 binary inputs, 9 or 16 binary outputs

Hardware flexibility Different hardware quantity structures for
binary inputs and outputs are available in the
1/3 base module. Adding 1/6 expansion
modules is not possible; available with large or

small display.

Housing width 113 x 19 inches

Benefits
e Compact and low-cost line differential and distance protection
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Minimum tripping time: 19 ms

® Main protection function is differential protection with adap-
tive algorithm for maximum sensitivity and stability even with
the most different transformer errors, current-transformer
saturation, and capacitive charging currents

Several distance-protection functions selectable as backup
protection or secondary main protection: Classic, reactance
method (RMD), impedance protection for transformers

® Directional backup protection and various additional functions

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos @, sin @, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

Ground-fault detection using the pulse detection method

® Detection of current-transformer saturation for fast tripping
with high accuracy

SIP5_GD_W3, 2, -]

Figure 2.8/1 SIPROTEC 5 Device

® Adaptive power-swing blocking

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

e Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ - Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create high-performance automation
functions in the device

@ Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® 2 optional pluggable communication modules, usable for
different and redundant protocols (IEC 61850,
IEC 60870-5-103, IEC 60870-5-104, Modbus TCP, DNP3 serial
and TCP, PROFINET 10)

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology.

Reliable data transmission via PRP and HSR redundancy proto-
cols
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® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

Applications
® Line protection for all voltage levels with 3-pole tripping

® Phase-selective protection of overhead lines and cables with
single-ended and multi-ended infeed of all lengths with up to
6 line ends

® Transformers and compensating coils in the protection zone

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
® Basic differential and distance protection

e Differential and distance protection for overhead line in
grounded power systems
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Application Example

dw_75L82_Ltg, 1, en_US]

Figure 2.8/2 Application Example: Combined Line Differential and Distance Protection for Overhead Line
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1 2
Protection functions for 3-pole tripping 3-pole ] ] ]
21/21N Distance Protection Z<, V< 1>] 2V, u u u
)
21T Impedance protection for transformers < [ ]
25 Synchrocheck, synchronization function Sync ] ]
27 Undervoltage protection: "3-phase" or "positive- | V< [ |
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt [ ]
Undervoltage-controlled reactive power protec- | Q>/V< |
tion
32,37 Power protection active/reactive power P<>, Q<> |
37 Undercurrent I< [ |
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> [ ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) [ ]
protection with direction
47 Overvoltage protection, negative-sequence V2> ]
system
49 Thermal overload protection 0, It ] ]
50/51 TD Overcurrent protection, phases 1> [ ] ] ]
Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> [ | [ | [ |
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ] ] ]
50N/ 51N TD Overcurrent protection, 1-phase IN> ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]
suppression coils and isolated power systems
including a) 310> b) admittance YO>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse [ ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IIE> [ |
50BF Circuit-breaker failure protection, 3-pole CBFP ] ]
50RS Circuit breaker restrike monitoring CBRM ]
51V Voltage-controlled overcurrent protection t=f(l, V) ]
59, 59N Overvoltage protection: "3-phase” or "zero- V> [ |
sequence system V0" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) ]
67N Directional ground-fault protection in grounded  |IN>, 2(V, I) [ | ]
power systems
67 Ns Sensitive ground-fault detection for grounded arc |
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; ~(V0Oh,I0h) ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | IlEdir> [ |
68 Power-swing blocking AZIAt [ | [ |
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74TC Trip-circuit supervision

78 Out-of-step protection AZIAt

74CC Single circuit monitoring (from V7.9)

79 Automatic reclosing, 3-pole AREC

81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<>

81U Underfrequency load shedding f<(ULS)

Vector-jump protection Ap>

85/21 Teleprotection scheme for distance protection

85127 Weak or no infeed: Echo and tripping

85/67N Teleprotection scheme for directional ground-
fault protection

86 Lockout

87NT Restricted ground-fault protection AIN

87L Line differential protection for 2 line ends Al

87L Line differential protection for 3 to 6 line ends Al
(dependent on significant properties)

87LI1 87T Option for line differential protection with Trans- | Al
former in the Protection Range

Option for line differential protection with Al

90V Voltage controller for two-winding transformer

FL Fault Locator, single-side FL-one

FL Fault Locator Plus (from V7.9) FL plus

PMU Synchrophasor measurement PMU

AFD Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance ]
(starting with V8.40)

PQ — Basic measured values: Voltage changes — ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring 2lIx, 1%t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial
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Region, France: Overload protection for 'PSL-PSC' ]

lines

Region, France: 'MAXI-L' overcurrent protection [ ]

Region, France: 'PDA' system decoupling protec- ]

tion

Region, France: Overload protection for trans- [ ]

formers

Frequency group tracking (from V7.8) [ |

Cyber security: Role-Based Access Control (from [ ]

V7.8)

Temperature recording via communication [ |

protocol

Cyber security: Authenticated network access [ |

using IEEE 802.1X (starting from V8.3)
Function point class: 0 200
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.8/1 SIPROTEC 7SL82 — Functions, Application Templates
(1) Basic

(2) DIFF/DIS RMD Overhead Line, grounded power systems -
2.8
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Description

The combined SIPROTEC 7SL86 line differential and distance
protection has been designed specifically for the protection of
lines. With its modular structure, flexibility and the high-
performance DIGSI 5 engineering tool, the SIPROTEC 7SL86
device offers future-oriented solutions for protection, control,
automation, monitoring, and Power Quality — Basic.

Main function Differential and distance protection

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 3-pole, minimum tripping time: 9 ms

Inputs and outputs 12 predefined standard variants with 4/4 or
8/8 current transformers/voltage transformers,

5 to 31 binary inputs, 8 to 46 binary outputs

Hardware flexibility Flexibly adjustable I/0 quantity structure within

the scope of the SIPROTEC 5 modular system

Housing width 113 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Minimum tripping time: 9 ms

® Main protection function is differential protection with adap-
tive algorithm for maximum sensitivity and stability even with
the most different transformer errors, current-transformer
saturation, and capacitive charging currents

Several distance-protection functions selectable as backup
protection or secondary main protection: Classic, reactance
method (RMD), impedance protection for transformers

® Directional backup protection and various additional functions
e Adaptive power-swing blocking, out-of-step protection

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos ¢, sin @, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

Ground-fault detection using the pulse detection method

® Detection of current-transformer saturation for fast tripping
with high accuracy

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

SIP5_GD_SS_W3, 2, -1

Figure 2.8/3 SIPROTEC 5 Device with Expansion Module

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® Directional reactive-power undervoltage protection (QU
protection)

® Detection of current and voltage signals up to the
50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® 3-pole automatic reclosing function
® Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create high-performance automation
functions in the device

@ Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET |0, PROFINET 10
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology.

® Reliable data transmission via PRP and HSR redundancy proto-
cols
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® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access.

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications
® Line protection for all voltage levels with 3-pole tripping

® Phase-selective protection of overhead lines and cables with
single-ended and multi-ended infeed of all lengths with up to
6 line ends

® Also used in switchgear with breaker-and-a-half layout

® Transformers and compensating coils in the protection zone

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
® Basic

e Differential protection and distance protection with reactance
method for overhead lines in grounded electrical power
systems

e Differential protection and distance protection with reactance
method for overhead lines in grounded electrical power
systems and applications with breaker-and-a-half layout
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Application Examples

dw_75L86_Ltg, 1, en_US]

Figure 2.8/4 Application Example: Combined Line Differential and Distance Protection for Overhead Line
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dw_75L86_1-5L5, 1, en_US]

Figure 2.8/5 Application Example: Combined Line Differential and Distance Protection for Overhead Line with Breaker-and-a-Half Layout
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1
Protection functions for 3-pole tripping 3-pole ] [ ]
Expandable hardware quantity structure 110 ] ]
Process bus client protocol (hint: PB client requires | PB client ]
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU [ ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU |
(hint: Only for communication with a 75585 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
21/21N Distance Protection Z<, V< 1> 2(V, u u
)}
21T Impedance protection for transformers VAS |
25 Synchrocheck, synchronization function Sync |
27 Undervoltage protection: "3-phase" or "positive- | V< |
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt |
Undervoltage-controlled reactive power protec- | Q>/V< ]
tion
32,37 Power protection active/reactive power P<>, Q<> | ]
37 Undercurrent I< |
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> | ]
46 Negative-sequence system and overcurrent 12>, 2(V2, 12) ]
protection with direction
47 Overvoltage protection, negative-sequence V2> [ ]
system
49 Thermal overload protection 0, It [ ]
50/51 TD Overcurrent protection, phases 1> [ ] ]
Instantaneous tripping at switch onto fault SOTF |
50HS Instantaneous high-current tripping 1>>> | ]
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse [ ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns “"sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IIE> |
50BF Circuit-breaker failure protection, 3-pole CBFP [ ]
50EF End-fault protection (hint: For use only in decen- ]
tralized busbar protection with a 7SS85 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) ]
59, 59N Overvoltage protection: "3-phase” or "zero- V> [ ]
sequence system VO" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> |
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67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]
67N Directional ground-fault protection in grounded | IN>, 2(V, I) | ]
power systems
67 Ns Sensitive ground-fault detection for grounded arc ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; ~(VOh,I0h) ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | IlEdir> ]
68 Power-swing blocking AZIAt ]
74TC Trip-circuit supervision ]
78 Out-of-step protection AZIAt ]
74CC Single circuit monitoring (from V7.9) [ ]
79 Automatic reclosing, 3-pole AREC ]
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> |
81U Underfrequency load shedding f<(ULS) ]
Vector-jump protection Ap> [ ]
85/21 Teleprotection scheme for distance protection ] [ ]
85/27 Weak or no infeed: Echo and tripping [ ] [ ]
85/67N Teleprotection scheme for directional ground- ] ]
fault protection
86 Lockout ]
8/NT Restricted ground-fault protection AIN ]
87L Line differential protection for 2 line ends Al ] [ ]
87L Line differential protection for 3 to 6 line ends Al ] [ ]
(dependent on significant properties)
87L/ 87T Option for line differential protection with Trans- | Al ]
former in the Protection Range
Option for line differential protection with Al ]
charging-current compensation
Broken-wire detection for differential protection |
87 STUB Stub fault differential protection (for breaker-and- | ]
a-half layouts)
90V Voltage controller for two-winding transformer |
90V Voltage controller for three-winding transformer ]
90V Voltage controller for grid coupling transformer |
FL Fault Locator, single-side FL-one ] [ ]
FL Fault Locator Plus (from V7.9) FL plus ]
PMU Synchrophasor measurement PMU ]
AFD Arc protection (only with plug-in module ARC- |
CD-3FO)
Measured values, standard [ ] [
Measured values, extended: Min, max, average |
Switching statistics counter ] [ ]
PQ - Basic measured values: THD (Total Harmonic [ ]
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)
PQ — Basic measured values: Voltage unbalance ]
(starting with V8.40)
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PQ - Basic measured values: Voltage changes - L]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)
PQ - Basic measured values: TDD - Total Demand | |
Distortion (starting with V8.40)
CFC (standard, control) | ] [ ] ] [ ]
CFC arithmetic |
Circuit-breaker wear monitoring >Ix, 12t, 2P | ]
Switching sequence function ]
Inrush-current detection u
External trip initiation ] ] | ]
Control | | [ ] ]
Circuit breaker | | [ ] [ ]
Disconnector/grounding conductor ] [ ]
Fault recording of analog and binary signals ] ] [ ] [ ]
Monitoring ] ] [ ] n
Protection interface, serial | ] [ ] [ ] [ ]
Region, France: Overload protection for 'PSL-PSC' ]
lines

o Region, France: 'MAXI-L' overcurrent protection ]

: Region, France: 'PDA' system decoupling protec- ]
tion
Region, France: Overload protection for trans- ]
formers
Frequency group tracking (from V7.8) ]
Cyber security: Role-Based Access Control (from ]
V7.8)
Temperature recording via communication ]
protocol
Cyber security: Authenticated network access ]
using IEEE 802.1X (starting from V8.3)
Function point class: 0 200 350
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.8/2 SIPROTEC 7SL86 — Functions, Application Templates

(1) Basic

(2) DIFF/DIS RMD Overhead Line, grounded power systems

(3) DIFF/DIS RMD Overhead Line, grounded power systems, 1.5 CB
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Line Differential and Distance Protection — SIPROTEC 7SL87

Description

The combined SIPROTEC 7SL87 differential and distance protec-
tion has specifically been designed for the protection of lines.
With its modular structure, flexibility and the powerful DIGSI 5
engineering tool, the SIPROTEC 7SL87 device offers future-
oriented solutions for protection, control, automation, moni-
toring, and Power Quality — Basic.

Main function Differential and distance protection

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices

Tripping 1-pole and 3-pole, minimum tripping time: 9
ms
Inputs and outputs 12 predefined standard variants with 4/4 or

8/8 current transformers/voltage transformers,
5 to 31 binary inputs, 8 to 46 binary outputs

Hardware flexibility Flexibly adjustable I/O quantity structure within
the scope of the SIPROTEC 5 modular system

Housing width 1/3 x 19 inches to 2/1 x 19 inches

SIP5_GD_SS_WS3, 2, - -]
Benefits Figure 2.8/6 SIPROTEC 5 Device with Expansion Module
e Safety due to powerful protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power

generation into consideration

e Directional reactive power undervoltage protection (QU

protection)
® Highest availability even under extreme environmental condi-

o . .
tions by standard coating of the modules Detection of current and voltage signals up to the

50th harmonic with high accuracy for selected protection

. functions (such as thermal overload protection) and opera-

Functions .
tional measured values

DIGSI 5 permits all functions to be configured and combined as

. . ® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
required and as per the functional scope that has been ordered.

dip, interruption; TDD, THD, and harmonics

® Minimum tripping time: 9 ms e 1-pole automatic reclosing function with secondary arc detec-

® Main protection function is differential protection with adap- tion (SAD)
tive algorithm for maximum sensitivity and stability even with °
the most different transformer errors, current-transformer
saturation, and capacitive charging currents

Point-on-wave switching
® Control, synchrocheck, and switchgear interlocking protection

® Graphical logic editor to create powerful automation func-
tions in the device

Several distance-protection functions selectable as backup
protection or secondary main protection: Classic, reactance
method (RMD), impedance protection for transformers ® Single-line representation in the small or large display

® Directional backup protection and various additional functions ® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET |0, PROFINET IO
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)
® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and

others), including automatic switchover between ring and
chain topology.

e Adaptive power-swing blocking, out-of-step protection

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos ¢, sin ¢,
harmonic, dir. detection of intermittent ground faults,
harmonic detection, and admittance measurement

Ground-fault detection using the pulse detection method

® Detection of current-transformer saturation for fast tripping
with high accuracy

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line

section reclosing (AREC) ® Reliable data transmission via PRP and HSR redundancy proto-

. cols
® Arc protection
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® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access.

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

e Powerful fault recording (buffer for a max. record time of 80 s
at 8 kHz or 320 s at 2 kHz)

® Auxiliary functions for simple tests and commissioning

® Flexibly adjustable 1/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

® |ine protection for all voltage levels with 1-pole and 3-pole
tripping

® Phase-selective protection of overhead lines and cables with

single-ended and multi-ended infeed of all lengths with up to
6 line ends

® Also used in switchgear with breaker-and-a-half layout

® Transformers and compensating coils in the protection zone

® Detection of ground faults in isolated or arc-suppression-coil-
ground power systems in star, ring, or meshed arrangement

® Serial protection communication with
SIPROTEC 5 and SIPROTEC 4 devices over different distances
and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

® Phasor Measurement Unit (PMU)

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
® Basic differential and distance protection

e Differential protection and distance protection with reactance
method for overhead lines in grounded electrical power
systems

e Differential protection and distance protection with reactance
method for overhead lines in grounded electrical power
systems and applications with breaker-and-a-half layout
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Application Examples

dw_75L87_Ltg, 1, en_US]

Figure 2.8/7 Application Example: Combined Line Differential and Distance Protection for Overhead Line
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dw_75L87_1-5L5, 1, en_US]

Figure 2.8/8 Application Example: Combined Line Differential and Distance Protection for Overhead Line with Breaker-and-a-Half Layout
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Protection functions for 3-pole tripping 3-pole ] [ ]
Protection functions for 1-pole tripping 1-pole ] [ ]
Expandable hardware quantity structure 110 u u
Process bus client protocol (hint: PB client requires | PB client ]
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU [ ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU |
(hint: Only for communication with a 7SS85 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
21/121N Distance Protection Z<, V< 1> 2(V, | ] [ ]
)}
21T Impedance protection for transformers < |
25 Synchrocheck, synchronization function Sync |
27 Undervoltage protection: "3-phase" or "positive- | V< ]
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt ]
Undervoltage-controlled reactive power protec- Q>IV< [ ]
tion
32,37 Power protection active/reactive power P<>, Q<> | ]
37 Undercurrent I< |
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> ]
46 Negative-sequence system and overcurrent 12>, 2(V2,12) ]
protection with direction
47 Overvoltage protection, negative-sequence V2> |
system
49 Thermal overload protection 0, 12t ]
50/51 TD Overcurrent protection, phases 1> [ ] [ ]
Instantaneous tripping at switch onto fault SOTF |
50HS Instantaneous high-current tripping 1>>> ] [ ]
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> |
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> ]
suppression coils and isolated power systems
including a) 310> b) admittance YO>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse |
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IlE> [ ]
50BF Circuit-breaker failure protection 1-pole/3-pole CBFP |
50EF End-fault protection (hint: For use only in decen- |
tralized busbar protection with a 7SS85 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM u
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase” or "zero- V> ]
sequence system V0" or "positive-sequence
system V1" or "universal Vx"
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1
60 Voltage-comparison supervision AV> ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) | ]
67N Directional ground-fault protection in grounded IN>, 2(V, 1) | ]
power systems
67 Ns Sensitive ground-fault detection for grounded arc ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; ~(V0Oh,I0h) |
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | IlEdir> ]
68 Power-swing blocking AZIAt |
74TC Trip-circuit supervision ]
78 Out-of-step protection AZIAt [
79 Automatic reclosing, 1-pole/3-pole AREC ]
SAD Secondary arc detection (SAD) in 1-pole auto- SAD |
matic reclosing cycles starting with V8.30; note:
SAD also requires the function points for “79 auto-
matic reclosing, pole/3-pole”
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> ]
81U Underfrequency load shedding f<(ULS) ]
Vector-jump protection Ap> ]
85/21 Teleprotection scheme for distance protection ] [ ]
85/27 Weak or no infeed: Echo and tripping ] ]
85/67N Teleprotection scheme for directional ground- | [ |
fault protection
86 Lockout ]
8/NT Restricted ground-fault protection AIN |
87L Line differential protection for 2 line ends Al [ ] [ ]
87L Line differential protection for 3 to 6 line ends Al [ ] [ ]
(dependent on significant properties)
87L/ 87T Option for line differential protection with Trans- | Al ]
former in the Protection Range
Option for line differential protection with Al [ ]
charging-current compensation
Broken-wire detection for differential protection ]
87 STUB Stub fault differential protection (for breaker-and- ]
a-half layouts)
90V Voltage controller for two-winding transformer ]
90V Voltage controller for three-winding transformer |
90V Voltage controller for grid coupling transformer ]
FL Fault Locator, single-side FL-one n n
FL Fault Locator Plus (from V7.9) FL plus | ]
PMU Synchrophasor measurement PMU [ ]
AFD Arc protection (only with plug-in module ARC- ]
CD-3FO)
Measured values, standard | [ ]
Measured values, extended: Min, max, average ]
Switching statistics counter ] [ ]
PQ - Basic measured values: THD (Total Harmonic | ]
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)
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PQ — Basic measured values: Voltage unbalance ]
(starting with V8.40)

PQ - Basic measured values: Voltage changes — ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)
CFC arithmetic
Circuit-breaker wear monitoring SIx, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

PoW Point-on-wave switching (starting with V7.90) PoW

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for 'PSL-PSC'
lines

Region, France: 'MAXI-L' overcurrent protection

Region, France: 'PDA' system decoupling protec-
tion

Region, France: Overload protection for trans- [ ]
formers

Frequency group tracking (from V7.8) ]

Cyber security: Role-Based Access Control (from ]
V7.8)

Temperature recording via communication ]
protocol

Cyber security: Authenticated network access ]
using IEEE 802.1X (starting from V8.3)

Function point class: 0 225 400
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.8/3 SIPROTEC 7SL87 — Functions, Application Templates

(1) Basic

(2) DIFF/DIS RMD Overhead Line, grounded power systems

(3) DIFF/DIS RMD Overhead Line, grounded power systems, 1.5 CB
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Description

The circuit-breaker management device SIPROTEC 7VK87 has
specifically been designed for circuit-breaker management. With
its modular structure, flexibility and the high-performance

DIGSI 5 engineering tool, the SIPROTEC 7VK87 device offers
future-oriented solutions for protection, control, automation,
monitoring, and Power Quality — Basic.

Main function Automatic reclosing function, synchrocheck,

circuit-breaker failure protection

Tripping 1-pole and 3-pole or 3-pole

Inputs and outputs 12 predefined standard variants with 4/4 or
8/8 current transformers/voltage transformers,

5 to 31 binary inputs, 8 to 46 binary outputs

Hardware flexibility Flexibly adjustable I/O quantity structure within

the scope of the SIPROTEC 5 modular system

Housing width 1/3 x 19 inches to 2/1 x 19 inches

Benefits
® Safe and reliable automation and control of your systems

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® 1-pole automatic reclosing function with secondary arc detec-
tion (SAD)

® Circuit-breaker failure protection for 1-pole and 3-pole trip-
ping

® Point-on-wave switching

e Control, synchrocheck, and switchgear interlocking protection

® \/oltage controller for transformers

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection
® \/oltage protection

® Graphical logic editor to create high-performance automation
functions in the device

® Single-line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

® Up to 4 optional, pluggable communication modules, usable
for different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET IO, PROFINET 10
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)

SIP5_GD_SS_W3, 2, -1

Figure 2.9/1 SIPROTEC 5 Device with Expansion Module

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology.

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Reliable data transmission via PRP and HSR redundancy proto-
cols

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

e Automatic reclosing after 1/3-pole tripping

® Synchrocheck before reclosing

e Circuit-breaker failure protection

® Also used in switchgear with breaker-and-a-half layout

® Backup overcurrent and voltage protection
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® Serial protection communication with Application Template

SIPROTEC 5 and SIPROTEC 4 devices over different distances

and physical media, such as optical fiber, two-wire connec-
tions, and communication networks

. F IPROTEC 7VK87, the followi licati | ists:

e Phasor Measurement Unit (PMU) or SIPROTEC 87, the following application template exists

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

® Detection and recording of power-quality data in the medium- Basic Circuit-breaker management device

voltage and subordinate low-voltage power system

Application Example

dw_7VK87_Ltg, 1, en_US]

Figure 2.9/2 Application Example: Circuit-Breaker Failure Protection
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Protection functions for 3-pole tripping 3-pole ]
Protection functions for 1-pole tripping 1-pole ]
Expandable hardware quantity structure 110 u
Process bus client protocol (hint: PB client requires | PB client ]
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 75585 CU MU ]
(hint: Only for communication with a 7SS85 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
25 Synchrocheck, synchronization function Sync ]
27 Undervoltage protection: "3-phase" or "positive- | V< [ ]
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt ]
32,37 Power protection active/reactive power P<>, Q<> ]
37 Undercurrent I< ]
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> u
46 Negative-sequence system and overcurrent 12>, 2(V2,12) [ ]
protection with direction
47 Overvoltage protection, negative-sequence V2> ]
system
50/51 TD Overcurrent protection, phases 1> ]
Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> ]
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> ]
50N/ 51N TD Overcurrent protection, 1-phase IN> u
50BF Circuit-breaker failure protection 1-pole/3-pole CBFP u
50EF End-fault protection (hint: For use only in decen- ]
tralized busbar protection with a 7SS85 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> ]
sequence system VO" or "positive-sequence
system V1" or "universal Vx"
60 Voltage-comparison supervision AV> | ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) n
67N Directional ground-fault protection in grounded | IN>, ~(V, I) ]
power systems
74TC Trip-circuit supervision ]
79 Automatic reclosing, 1-pole/3-pole AREC ]
SAD Secondary arc detection (SAD) in 1-pole auto- SAD [ ]
matic reclosing cycles starting with V8.30; note:
SAD also requires the function points for “79 auto-
matic reclosing, pole/3-pole”
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> [ ]
81U Underfrequency load shedding f<(ULS) ]
Vector-jump protection Ap> ]
86 Lockout ]
87NT Restricted ground-fault protection AIN ]
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1
90V Voltage controller for two-winding transformer ]
90V Voltage controller for two-winding transformer ]
with parallel control
Number of two-winding transformers with u
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)
90V Voltage controller for three-winding transformer [ ]
90V Voltage controller for grid coupling transformer ]
FL Fault Locator, single-side FL-one [ ]
PMU Synchrophasor measurement PMU ]
AFD Arc protection (only with plug-in module ARC- u
CD-3FO)
Measured values, standard u [ ]
Measured values, extended: Min, max, average ]
Switching statistics counter ] ]
PQ — Basic measured values: THD (Total Harmonic ]
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)
PQ - Basic measured values: Voltage unbalance ]
(starting with V8.40)
PQ — Basic measured values: Voltage changes — ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)
PQ - Basic measured values: TDD - Total Demand ]
Distortion (starting with V8.40)
CFC (standard, control) | ] [ ]
CFC arithmetic u
Circuit-breaker wear monitoring 3lIx, 1%t, 2P [ ]
Switching sequence function ]
Inrush-current detection ]
External trip initiation ] [ |
Control ] ]
PoW Point-on-wave switching (starting with V7.90) PoW [ ]
Circuit breaker ] [ ]
Disconnector/grounding conductor ] |
Fault recording of analog and binary signals ] n
Monitoring ] [ ]
Protection interface, serial [ ]
Region, France: Overload protection for 'PSL-PSC' ]
lines
Region, France: 'MAXI-L' overcurrent protection ]
Region, France: 'PDA' system decoupling protec- ]
tion
Region, France: Overload protection for trans- ]
formers
Frequency group tracking (from V7.8) ]
Cyber security: Role-Based Access Control (from ]
V7.8)
Temperature recording via communication ]
protocol
Cyber security: Authenticated network access ]

using IEEE 802.1X (starting from V8.3)
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Function point class: 0

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.9/1 SIPROTEC 7VK87 — Functions, Application Templates
(1) Basic (AREC, Sync., Circuit-breaker failure protection)
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Overcurrent Protection as Backup Protection for Line Protection — SIPROTEC 7SJ86

Description

The SIPROTEC 7SJ86 overcurrent protection has specifically been
designed as backup or emergency protection for the line protec-
tion devices. With its modular structure, flexibility and the high-
performance DIGSI 5 engineering tool, the SIPROTEC 75J86
device offers future-oriented solutions for protection, control,
automation, monitoring, and Power Quality — Basic.

Main function Overcurrent protection (definite-time overcur-
rent protection/inverse-time overcurrent

protection)

Tripping 3-pole

Inputs and outputs 3 predefined standard variants with 4/4 current
transformers/voltage transformers, 11 to

23 binary inputs, 9 to 25 binary outputs

Hardware flexibility Flexibly adjustable and expandable /O quantity
structure within the scope of the SIPROTEC 5

modular system.

Housing width 1/3 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

e Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

® Qvercurrent protection as backup / emergency line protection
for all voltage levels with 3-pole tripping

® Optimized tripping times due to directional comparison and
protection communication

® Detection of ground faults of any type in compensated or
isolated electrical power systems using the following func-
tions: 310>, VO>, transient ground fault, cos @, sin ¢, dir.
detection of intermittent ground faults, harmonic detection,
and admittance measurement

® Ground-fault detection using the pulse-detection method

® Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

® Arc protection

e Automatic frequency relief for underfrequency load shedding,
taking changed infeed conditions due to decentralized power
generation into consideration

® QOvervoltage and undervoltage protection

® Frequency protection and frequency-change protection for
load-shedding applications

® Power protection, configurable as active or reactive-power
protection

Figure 2.10/1

SIP5_GD_SS_W3, 2, -1

SIPROTEC 5 Device with Expansion Module

Directional reactive-power undervoltage protection (QU
protection)

Detection of current and voltage signals up to the

50th harmonic with high accuracy for selected protection
functions (such as thermal overload protection) and opera-
tional measured values

PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

Control, synchrocheck, and switchgear interlocking protection
Circuit-breaker failure protection
Circuit-breaker reignition monitoring

Graphical logic editor to create high-performance automation
functions in the device

Single-line representation in the small or large display

Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

4 optional, pluggable communication modules, usable for
different and redundant protocols (IEC 61850-8-1,

IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET 10, PROFINET IO
S2 redundancy)

Virtual network partitioning (IEEE 802.1Q - VLAN)

Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access
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® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® Time synchronization using IEEE 1588

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable /O quantity structure within the scope of
the SIPROTEC 5 modular system

Applications
® Backup and emergency protection for line protection

® Detection and selective 3-pole tripping of short circuits in
electrical equipment of star networks, lines with infeed at 1 or
2 ends, parallel lines and open-circuited or closed ring
systems of all voltage levels

® Used in switchgear with breaker-and-a-half layout configura-
tion

® Detection of ground faults in isolated or arc-suppression-coil-
ground systems in star, ring, or meshed arrangement

® Serial protection communication with SIPROTEC 5
and SIPROTEC 4 devices over different distances and physical
media, such as optical fiber, two-wire connections, and
communication networks

® Backup protection for differential protection devices of all
kind for lines, transformers, generators, motors, and busbars

® Phasor Measurement Unit (PMU)
® Reverse-power protection

® Detection and recording of power-quality data in the medium-
voltage and subordinate low-voltage power system

Application Templates

DIGSI 5 provides application templates for standard applications.
They include all basic configurations and default settings.

The following application templates are available:
® SIPROTEC 7SJ86 Non-directional overcurrent protection
® SIPROTEC 7SJ86 Directional overcurrent protection

Application Example

Figure 2.10/2 shows an application example for directional
protection of an overhead line. The functional scope is based on
the application template Directional overcurrent protection.
The functions Instantaneous high-current tripping, Fault
locator, and Automatic reclosing from the DIGSI 5 library are
also used.
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dw_75J86_Ltg, 2, en_US]

Figure 2.10/2 Application Example: Directional Overcurrent Protection for Overhead Line
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power systems

Protection functions for 3-pole tripping 3-pole ]

Expandable hardware quantity structure 110 ]

Process bus client protocol (hint: PB client requires | PB client [ |

a separate ETH-BD-2FO plug-in module, from

V8.0)

IEC61850-9-2 Merging Unit Stream (hint: Each MU ]

stream requires a separate ETH-BD-2FO plug-in

module, from V8.0)

IEC61850-9-2 Merging Unit Stream 75585 CU MU ]

(hint: Only for communication with a 75585 CU. A

separate ETH-BD-2FO plug-in module is required

starting with V8.40)

25 Synchrocheck, synchronization function Sync [ |
27 Undervoltage protection: "3-phase" or "positive- | V< [ |

sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt [ |

Undervoltage-controlled reactive power protec- | Q>/V< [ |

tion
32,37 Power protection active/reactive power P<>, Q<> ]
37 Undercurrent I< [ |
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> [ ]
46 Negative-sequence system and overcurrent 12>, 2(V2, 12) ]

protection with direction
47 Overvoltage protection, negative-sequence V2> [ ]
system
49 Thermal overload protection 0, It ]
50/51 TD Overcurrent protection, phases 1> [ ]

Instantaneous tripping at switch onto fault SOTF [ |
50HS Instantaneous high-current tripping 1>>> [ |
50/51 TD Overcurrent protection with positive-sequence 11> [ ]

current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ |
50N/ 51N TD Overcurrent protection, 1-phase IN> [ ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]

suppression coils and isolated power systems

including a) 310> b) admittance Y0>, c) 310-harm>

(from V7.8)

Sensitive ground-fault detection via pulse detec- | IN pulse ]

tion; hint: this stage also requires the func-

tion 50Ns/51Ns or 67Ns “sensitive ground-fault

detection for grounded arc suppression coils and

isolated power systems"

Intermittent ground-fault protection IIE> [ |
50BF Circuit-breaker failure protection, 3-pole CBFP ]
50EF End-fault protection (hint: For use only in decen- [ ]

tralized busbar protection with a 7SS85 CU

starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM [ |
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> ]

sequence system VO" or "positive-sequence

system V1" or "universal Vx"

60 Voltage-comparison supervision AV> [ |
67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]
67N Directional ground-fault protection in grounded | IN>, 2(V, I) ]
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67 Ns Sensitive ground-fault detection for grounded arc [ ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance

Directional tripping stage with one harmonic; ~(VOh,I0h) [ ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"

Directional Intermittent Ground-Fault Protection |IIEdir>

74TC Trip-circuit supervision

74CC Single circuit monitoring (from V7.9)

79 Automatic reclosing, 3-pole AREC

81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<>

81U Underfrequency load shedding f<(ULS)

Vector-jump protection Ap>

85/67N Teleprotection scheme for directional ground-
fault protection

86 Lockout

8/NT Restricted ground-fault protection AIN

90V Voltage controller for two-winding transformer

90V Voltage controller for three-winding transformer

90V Voltage controller for grid coupling transformer

FL Fault Locator, single-side FL-one

FL Fault Locator Plus (from V7.9) FL plus

PMU Synchrophasor measurement PMU

AFD Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance [ |
(starting with V8.40)

PQ - Basic measured values: Voltage changes — [ ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring 21X, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Region, France: Overload protection for 'PSL-PSC'
lines
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Region, France: 'MAXI-L' overcurrent protection [ ]

Region, France: 'PDA' system decoupling protec- ]

tion

Region, France: Overload protection for trans- [ ]

formers

Frequency group tracking (from V7.8) [ ]

Cyber security: Role-Based Access Control (from [ ]

V7.8)

Temperature recording via communication [ ]

protocol

Cyber security: Authenticated network access [ |

using IEEE 802.1X (starting from V8.3)
Function point class: 0 50
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.10/1 SIPROTEC 75J86 — Functions, Application Templates
(1) Non-directional definite-time overcurrent protection/inverse-time overcurrent protection (4*1, 4*V)

(2) Directional definite-time overcurrent protection/inverse-time overcurrent protection — grounded power system
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dw_7UT_anwendung, 4, en_US]

Figure 2.11/1 Fields of Application of the SIPROTEC 5 Devices

SIPROTEC 7UT82, 7UT85, 7UT86, 7UT87

SIPROTEC 5 transformer differential protection devices are multi-
functional devices whose main protection functions are based
on the differential protection principle. They protect different
types of transformer variants, such as two-winding, three-
winding, and multi-winding transformers with different
numbers of measuring points and, besides standard power
transformers, also auto transformers.

The devices can be used at all voltage levels. The large number
of protection and automatic functions allows the usage in all
sections of electric power supply. The devices contain all impor-
tant auxiliary functions that are necessary for safe network oper-
ation today. This includes control, measurement, and moni-
toring functions. The large number of communication interfaces
and communication protocols satisfies the requirements of
communication-based selective protection and of automated
operation.

Commissioning and maintenance work can be completed safely,
quickly, and thus cost-effectively with high-performance test

functions. Their modular surface mounting allows
SIPROTEC 5 transformer differential protection devices always to |58
be adapted flexibly to the requirements.

When ordering, you can select the devices from various
standard variants. Additional expansion modules allow you to
adapt the device to your specific applications (see Tables of the
Standard Variants).

Main protection functions

Distinguishing features

7 [XX] [YY J¢—

dw_device_typ, 1, en_US]

Figure 2.11/2 Definition of the Device Types by their Designation
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7TU82 | Two-winding transformer (2 sides and a maximum of 2 measuring points) 2 2 - -

7TU85 | Two-winding transformer (2 sides and a maximum of 5 measuring points; expandable 5 3 3 2
to 3 sides)

7TU86 | Three-winding transformer (3 sides and a maximum of 6 measuring points; expandable 6 4 4 3
to 4 sides)

7TU87 Multi-winding transformer (5 sides and a maximum of 9 measuring points) 9 5 5 3

Table 2.11/1 Essential Differentiating Characteristics
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Description

The SIPROTEC 7UT82 transformer differential protection has
been designed specifically for the protection of two-winding
transformers. It is the main protection for the transformer and
contains many other protection and monitoring functions. The
additional protection functions can also be used as backup
protection for subsequent protected objects (such as short
cables and lines, reactance coil (shunt reactors)). The modular
expandability of the hardware supports you in this process. With
its modular structure, flexibility, and the high-performance
DIGSI 5 engineering tool, SIPROTEC 7UT82 offers future-
oriented solutions for protection, control, automation, moni-
toring, and Power Quality — Basic.

1 differential protection function (standard or
auto transformer) with additional stabilization;
up to 2 restricted ground-fault protection func-
tions

Main function

Usable measuring
points

2 x 3-phase current measuring points, 2 x
1-phase current measuring points

Inputs and outputs 1 predefined standard variant with 8 current

transformers, 7 binary inputs, 7 binary outputs

The 1/3 base module is available with the
10103 module; it is not possible to add 1/6
expansion modules, available with large and
small display

Hardware flexibility

1/3 x 19 inches

Housing width

Benefits
e Compact and low-cost transformer differential protection
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

e Transformer differential protection for two-winding trans-
formers with versatile, additional protection functions

e Transformer differential protection for phase-angle regulating
transformers of the single-core transformer type

® Universal usability of the permissible measuring points
e Applicable from average up to extra-high voltage

® Protection of standard power transformers, auto trans-
formers, short lines, cables, shunt reactor and motors

® |ncreased sensitivity with ground faults near the neutral point
through a separate restricted ground-fault protection

® Flexible adaptation to the transformer vector group
e Controlling closing and overexcitation processes

ph_SIPROTEC 7UT82, 3, --_~]

Figure 2.11/3 SIPROTEC 7UT82 Transformer Differential Protection (1/3
Device = Standard Variant W1)

e Safe behavior in case of current-transformer saturation with
different degrees of saturation

e Adaptive adaptation of the operate curve to the transformer
tap position

® Arc protection

® Graphical logic editor to create high-performance automation
functions in the device

® Single line representation in the small or large display

® Fixed integrated electrical Ethernet RJ45 interface for DIGSI 5
and IEC 61850 (reporting and GOOSE)

e Up to 2 optional pluggable communication modules, usable
for different and redundant protocols (IEC 61850,
IEC 60870-5-103, IEC 60870-5-104, Modbus TCP, DNP3 serial
and TCP, PROFINET 10)

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology

® PQ — Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access

Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Time synchronization using IEEE 1588
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® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

® Auxiliary functions for simple tests and commissioning

Applications

e Protection of special transformers (phase shifters, FACTS and
converter transformers, electric arc furnace transformers,
HVDC transformers)

® As backup protection for motor and generator differential
protection applications

® For the protection of short cables and lines

Application templates are available in DIGSI 5 for standard appli-
cations. These include basic configurations and default settings
that you can use straight away, or as a template for adjustments
depending on the application. The available measuring points
make varied applications possible. Before ordering a device,
please configure the application with DIGSI 5. The table Func-
tion overview shows the functional scope of the device. Use
the configurator to determine the necessary function points.

Application Templates

The following application templates are available for the
device 7UT82 in the DIGSI 5 function library:

® Two-winding transformer base (Diff. protection)

® Two-winding transformer with restricted ground-fault protec-
tion (Diff. protection, CBFP, REF)

e Motor (DIFF protection)

Application Examples

The following examples show the typical structure of an applica-
tion template, the measuring points used, the function groups
used, their internal circuiting, and the predefined functions.

Two-winding transformer basis

e Differential protection

® Overload protection, backup protection for the downstream
power system

Two-winding transformer with restricted ground-fault protec-
tion (REF) Figure 2.11/5

e Differential protection

® Restricted ground-fault protection on the neutral side

® Overload protection, backup protection for the downstream
power system

® Circuit-breaker failure protection
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dw_two-winding-temp_01, 2, en_US]

Figure 2.11/4 Application Example: Protection of a Two-Winding Transformer
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dw_two-winding-temp_02, 3, en_US]

Figure 2.11/5 Application Example: Protection of a Two-Winding Transformer with Restricted Ground-Fault Protection
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3
37 Undercurrent I< ]
38 Temperature supervision 0> ]
46 Negative-sequence system overcurrent protection | 12> u
46 Unbalanced-load protection (thermal) 122 t> | ]
49 Thermal overload protection 0, It ] [ ]
49 Thermal overload protection, user-defined charac- | 6, It ]
teristic curve
49H Hotspot calculation Oh, 12t ]
50/51 TD Overcurrent protection, phases 1> ] [ ]
Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> |
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Intermittent ground-fault protection IIE> ]
50BF Circuit-breaker failure protection, 3-pole CBFP [ ]
50RS Circuit breaker restrike monitoring CBRM ]
74TC Trip-circuit supervision ] [ ]
74CC Single circuit monitoring (from V7.9) | ]
86 Lockout | ]
87T Transformer Differential Protection Al ]
87T Node Differential protection (nodal point protection for | Al nodes |
auto transformer)
87T Differential protection for phase-angle regulating | Al ]
transformers (single core)
87NT Restricted ground-fault protection AIN ]
87M Differential motor protection Al ] [ |
87G Generator differential protection Al ]
AFD Arc protection (only with plug-in module ARC- ]
CD-3FO)
Measured values, standard | | [ ]
Measured values, extended: Min, max, average ]
Switching statistics counter ] ]
PQ — Basic measured values: THD (Total Harmonic | ]
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)
PQ — Basic measured values: Voltage unbalance ]
(starting with V8.40)
PQ — Basic measured values: Voltage changes — ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)
PQ - Basic measured values: TDD - Total Demand | ]
Distortion (starting with V8.40)
CFC (standard, control) [ | ]
CFC arithmetic |
Circuit-breaker wear monitoring 3lx, 12t, 2P ]
Switching sequence function [ ]
Inrush-current detection ] ]
External trip initiation |
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Control

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Cyber security: Authenticated network access ]
using IEEE 802.1X (starting from V8.3)

Function point class: 0 30 0

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.11/2 SIPROTEC 7UT82 - Functions, Application Templates
(1) 2-Winding Transformer Base (DIFF protection)

(2) 2-Winding Transformer (DIFF protection, SVS, REF)

(3) Motor (DIFF protection)

Standard Variant for SIPROTEC 7UT82

W1 1/3,7BI, 7BO, 81
Housing width 1/3 x 19"

7 binary inputs
7 binary outputs (1 life contact, 6 standard)

8 current transformers

Contains the following modules: Base module with PS101 and 10103

Table 2.11/3 Standard Variants for Transformer Differential Protection Devices

You can find the technical data of the devices in the manual
www.siemens.com/siprotec.
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Description

The SIPROTEC 7UT85 transformer differential protection device
has been designed specifically for the protection of two-winding
transformers (2 sides). It is the main protection for the trans-
former and contains many other protection and monitoring
functions. The additional protection functions can also be used
as backup protection for subsequent protected objects (such as
short cables and lines, reactance coil (shunt reactors)).

With its modular structure, flexibility, and the high-performance
DIGSI 5 engineering tool, SIPROTEC 7UT85 offers future-
oriented solutions for protection, control, automation, moni-
toring, and Power Quality — Basic.

1 differential protection function (standard or
auto transformer) with additional stabilization;
up to 2 restricted ground-fault protection func-
tions

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices when using the line
differential protection function in the 7UT85,
86, 87

Main function

Usable measuring
points

5 x 3-phase current measuring points, 3 x
1-phase current measuring points, 3 x 3-phase
voltage measuring points; expandable to 3
sides

Inputs and outputs 2 predefined standard variants with 8 current
transformers, 7 to 19 binary inputs, 7 to

23 binary outputs

Hardware flexibility Flexibly adjustable and expandable I/O quantity
structure within the scope of the SIPROTEC 5

modular system.

Housing width 1/3 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

With the Disconnection of measuring points function, you can
disconnect the I-3ph measuring point from a protection function
group. If the measuring point has been disconnected, you can
perform any work without influencing the work of the protec-
tion functions that have been assigned to the measuring point.
After disconnection of the measuring point, the differential
protection, for example, stops taking the measured values of
this measuring point into account for calculating the differential
current.

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

SIP5_GD_SS_W3, 2, -1

Figure 2.11/6 SIPROTEC 7UT85 Transformer Differential Protection (1/2
Device = Standard Variant P1)

® Transformer differential protection for two-winding trans-
formers with versatile, additional protection functions;
expandable to 3 windings

® Transformer differential protection for phase-angle regulating
transformers of the single-core type and special transformers

® Universal usability of the permissible measuring points

® Applicable from average up to extra-high voltage

® Protection of standard power transformers, auto trans-
formers, short lines, cables, shunt reactor, and motors

e Typical properties of a transformer differential protection such
as flexible adaptation to the transformer vector group, control
of inrush and overexcitation processes, safe behavior in case
of current-transformer saturation with different degrees of
saturation

Adaptive adaptation of the operate curve to the transformer
tap position

Increased sensitivity with ground faults near the neutral point
through a separate restricted ground-fault protection

Point-on-wave switching

Additional current and voltage inputs can be added for
standard protection functions, such as overcurrent, voltage,
frequency protection, etc.

Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

Arc protection

Voltage-controller function ANSI 90V for two-winding trans-
formers, three-winding transformers, and grid coupling trans-
formers with parallel control (master/follower, circulating
reactive current minimization)
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® Dynamic voltage control (DSR) for adaptation of the voltage
set point value using a characteristic curve that depends on
the power direction with a large infeed of renewable ener-
gies.

Graphical logic editor to create high-performance automation
functions in the device

Up to 4 pluggable communication modules, usable for
different and redundant protocols (IEC 61850-8-1,

IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET IO, PROFINET 10
S2 redundancy)

e Virtual network partitioning (IEEE 802.1Q - VLAN)

® Reliable data transmission via PRP and HSR redundancy proto-
cols

® Extensive cybersecurity functionality, such as role-based
access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network
access

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology

PQ - Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruption; TDD, THD, and harmonics

® Detecting operational measured variables and protection-
function measured values to evaluate the systems, to support
commissioning, and to analyze faults

® Frequency tracked protection functions over a wide frequency
range (10 Hz to 90 Hz) and the option to assign the protection
functions in a single device to different frequency tracking
groups.

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

® Protection of special transformers (phase shifters, FACTS and
converter transformers, electric arc furnace transformers,
HVDC transformers)

® As backup protection for motor and generator differential
protection applications

® For the protection of short cables and lines

® \/oltage control for two-winding and three-winding trans-
formers with parallel control

® As additional line protection function such as distance and
line differential protection

Application templates are available in DIGSI 5 for standard appli-
cations. These include basic configurations and default settings
that you can use straight away, or as a template for adjustments
depending on the application. The available measuring points
make varied applications possible. Before ordering a device,
please configure the application with DIGSI 5. The table Func-
tion overview shows the functional scope of the device. Use
the configurator to determine the necessary function points.

Application Templates

The following application templates are available for the
device 7UT85 in the DIGSI 5 function library:

® Two-winding-transformer base (Diff. protection)

e Two-winding transformer with restricted ground-fault protec-
tion (Diff. protection, CBFP, REF)

e Two-winding transformer 1.5 CB (DIFF protection, CBFP, REF)
e Two-winding-transformer (Diff. protection, voltage controller)
® Motor (DIFF. protection, CBFP)

Application Examples

The following examples show the typical structure of an applica-
tion template, the measuring points used, the function groups
used, their internal circuiting, and the predefined functions.

Two-winding transformer basis (Figure 2.11/7)

e Differential protection

® QOverload protection, backup protection for the downstream
power system

Two-winding transformer with restricted ground-fault protec-

tion (REF) (Figure 2.11/8)

e Differential protection

® Restricted ground-fault protection on the neutral side

® Overload protection, backup protection for the downstream
power system

® Circuit-breaker failure protection

Two-winding transformer in breaker-and-a-half layout (Figure
2.11/9)

e Differential protection

® Restricted ground-fault protection on the neutral side

® Overload protection, backup protection for the downstream
power system

® Circuit-breaker failure protection
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dw_two-winding-temp_01, 2, en_US]

Figure 2.11/7 Application Example: Protection of a Two-Winding Transformer
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dw_two-winding-temp_02, 3, en_US]

Figure 2.11/8 Application Example: Protection of a Two-Winding Transformer with Restricted Ground-Fault Protection
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dw_two-winding-temp_03, 3, en_US]

Figure 2.11/9 Application Example: Protection of a Two-Winding Transformer in Breaker-and-a-Half Layout
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Expandable hardware quantity structure 110 ]
Process bus client protocol (hint: PB client requires | PB client ]
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU n
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 7SS85 CU MU [ ]
(hint: Only for communication with a 7SS85 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
21/21N Distance Protection Z<, V< 1I>] 2V, u
)
21T Impedance protection for transformers < [ ]
24 Overexcitation protection VIf [ ]
25 Synchrocheck, synchronization function Sync |
27 Undervoltage protection: "3-phase" or "positive- | V< | ]
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt |
Undervoltage-controlled reactive power protec- | Q>/V< [ ]
tion
32,37 Power protection active/reactive power P<>, Q<> [ ]
32R Reverse-power protection - P< ]
37 Undercurrent I< n
37 Power-plant disconnection protection -dP [ ]
38 Temperature supervision 6> |
46 Negative-sequence system overcurrent protection | 12> ] u
46 Unbalanced-load protection (thermal) 122 t> [ ]
47 Overvoltage protection, negative-sequence V2> [ ]
system
47 Overvoltage protection, negative-sequence V2IV1> |
system/positive-sequence system
49 Thermal overload protection 0, 17t [ ] [ ] [ ] [ ] [ ] | ]
49 Thermal overload protection, user-defined charac- | 0, It ]
teristic curve
49H Hotspot calculation 6h, 12t [ ]
50/51 TD Overcurrent protection, phases 1> [ ] [ ] [ ] [ ] ] [ ]
Instantaneous tripping at switch onto fault SOTF [ ]
50HS Instantaneous high-current tripping 1>>> [ ]
50/51 TD Overcurrent protection with positive-sequence 11> |
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> | ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> |
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse [ ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IlE> |
50BF Circuit-breaker failure protection, 3-pole CBFP [ ] [ ] [ ] [ ] [ ]
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50EF End-fault protection (hint: For use only in decen- [ ]
tralized busbar protection with a 75585 CU
starting with V8.40)
50RS Circuit breaker restrike monitoring CBRM |
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> [ ] ] [ ]
seqguence system VO" or "positive-sequence
system V1" or "universal Vx"
59 Overvoltage protection: "3-phase” or "positive- V> [ ]
sequence system V1" or "universal Vx"
60 Voltage-comparison supervision AV> [ ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) [ ]
67N Directional overcurrent protection, ground IN>, 2(V, 1) [ ] [ ]
67N Directional ground-fault protection in grounded IN>, 2(V, 1) [ ]
power systems
67 Ns Sensitive ground-fault detection for grounded arc |
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; 2(VOh,I0h) [ ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | IlEdir> n
68 Power-swing blocking AZIAt [ ]
74TC Trip-circuit supervision ] u [ ] u [ ]
74CC Single circuit monitoring (from V7.9) |
79 Automatic reclosing, 3-pole AREC |
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> [ ] ]
81 AF Abnormal frequency protection fBand [ ]
81U Underfrequency load shedding f<(ULS) n
Vector-jump protection Ap> |
85/21 Teleprotection scheme for distance protection [ ]
85/27 Weak or no infeed: Echo and tripping [ ]
85/67N Teleprotection scheme for directional ground- [ ]
fault protection
86 Lockout [ ] u [ ] u [ ]
87T Transformer Differential Protection Al [ ] [ ] [ ] ] [ ]
87T Differential protection for special transformers Al n
87T Node Differential protection (nodal point protection for | Al nodes |
auto transformer)
87T Differential protection for phase-angle regulating | Al |
transformers (single core)
87NT Restricted ground-fault protection AIN ] [ ] ]
87M Differential motor protection Al | ]
87G Generator differential protection Al ]
87L Line differential protection for 2 line ends Al [ ]
for 7UT8 (communication
with 7SD82, 85, 86, 7SL86, 87)
Option for line differential protection with Al [ ]
charging-current compensation
87 STUB Stub fault differential protection (for breaker-and- [ ]
a-half layouts)
90V Voltage controller for two-winding transformer | ]
90V Voltage controller for two-winding transformer [ ]
with parallel control
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Number of two-winding transformers with [ ]
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

90V Voltage controller for three-winding transformer

90V Voltage controller for grid coupling transformer

FL Fault Locator, single-side FL-one
FL Fault Locator Plus (from V7.9) FL plus
PMU Synchrophasor measurement PMU

AFD Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance n
(starting with V8.40)
PQ - Basic measured values: Voltage changes — [ ]
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)
CFC arithmetic
Circuit-breaker wear monitoring 2Ix, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

PoW Point-on-wave switching (starting with V7.90) PoW

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Frequency group tracking (from V7.8)
Transformer side 7UT85

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication |
protocol

Cyber security: Authenticated network access |
using IEEE 802.1X (starting from V8.3)

Function point class: 0 30 30 175 50
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.11/4 SIPROTEC 7UT85 — Functions, Application Templates
(1) 2-Winding Transformer Base (DIFF protection)

(2) 2-Winding Transformer (DIFF protection, SVS, REF)

(3) 2-Winding Transformer 1.5 CB (DIFF protection, SVS, REF)
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(4) 2-Winding Transformer (DIFF. Protection, Voltage Controller)
(5) Motor (DIFF protection, CBFP, voltage protection)
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Table 2.11/5 Standard Variants for Transformer Differential Protection Devices

You can find the technical data in the manual
www.siemens.com/siprotec.
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Description

The SIPROTEC 7UT86 transformer differential protection has
been designed specifically for the protection of three-winding
transformers (3 sides). It is the main protection for the trans-
former and contains many other protection and monitoring
functions. The additional protection functions can also be used
as backup protection for subsequent protected objects (such as
short cables and lines, reactance coil (shunt reactors)). The
modular expandability of the hardware also supports you in this
process. The device supports all SIPROTEC 5 system characteris-
tics. With its modular structure, flexibility, and the high-perform-
ance DIGSI 5 engineering tool, SIPROTEC 7UT86 offers future-
oriented solutions for protection, control, automation, moni-
toring, and Power Quality — Basic.

1 differential protection function (standard)
with additional stabilization; up to 3 restricted
ground-fault protection functions

Main function

For auto transformer applications, 2 differen-
tial protection functions can be processed in an
auto transformer function group.

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices when using the line
differential protection function in the 7UT85,
86, 87

Usable measuring
points

7 x 3-phase current measuring points, 7 x 1-
phase current measuring points, 7 x 3-phase
and 7 x 1-phase voltage measuring points;
expandable to 4 sides

Inputs and outputs 2 predefined standard variants with 12 current
transformers, 4 voltage transformers, 11 to

23 binary inputs, 18 to 34 binary outputs

Flexibly adjustable and expandable I/O quantity
structure within the scope of the SIPROTEC 5
modular system.

Hardware flexibility

Housing width 112 x 19 inches to 2/1 x 19 inches

Benefits
e Safety due to high-performance protection functions

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.

e Transformer differential protection for three-winding trans-
formers with versatile, additional protection functions;
expandable to 4 sides

® Transformer differential protection for phase-angle regulating
transformers of the single-core type and special transformers

® Universal usability of the permissible measuring points

® Applicable from average up to extra-high voltage

SIP5_GD_SS_W3, 2, -1

Figure 2.11/10 SIPROTEC 7UT86 Transformer Differential Protection
(1/2 Device = Standard Variant P1)

® Protection of standard power transformers, auto trans-
formers, short lines, cables, shunt reactor, and motors

® Typical properties of a transformer differential protection such
as flexible adaptation to the transformer vector group, control
of inrush, and overexcitation processes, safe behavior in case
of current-transformer saturation with different degrees of
saturation

e Adaptive adaptation of the operate curve to the transformer
tap position

® |ncreased sensitivity with ground faults near the neutral point
through a separate restricted ground-fault protection

® Point-on-wave switching

e Additional current and voltage inputs can be added for
standard protection functions, such as overcurrent, voltage,
frequency, protection etc.

® Dynamic voltage control (DSR) for adaptation of the voltage
set point value using a characteristic curve that depends on
the power direction with a large infeed of renewable ener-
gies.

Graphical logic editor to create high-performance automation
functions in the device

Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

Arc protection

® \/oltage-controller function ANSI 90V for two-winding trans-
formers, three-winding transformers, and grid coupling trans-
formers with parallel control (master/follower, circulating
reactive current minimization)
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® Up to 4 pluggable communication modules, usable for
different and redundant protocols (IEC 61850-8-1,
IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET |0, PROFINET IO
S2 redundancy)

Virtual network partitioning (IEEE 802.1Q - VLAN)

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access

Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

Secure serial protection communication, also over great
distances and all available physical media (optical fiber, two-
wire connections, and communication networks)

PQ - Basic: Voltage unbalance; voltage changes: overvoltage,
dip, interruptions; TDD, THD, and harmonics

Detecting operational measured variables and protection-
function measured values to evaluate the systems, to support
commissioning, and to analyze faults

Frequency tracked protection functions over a wide frequency
range (10 Hz to 90 Hz) and the option to assign the protection
functions in a single device to different frequency tracking
groups.

® Phasor Measurement Unit (PMU) for synchrophasor measured
values and IEEE C37.118 protocol

® High-performance fault recording (buffer for a max. record
time of 80 s at 8 kHz or 320 s at 2 kHz)

e Auxiliary functions for simple tests and commissioning

® Flexibly adjustable I/0 quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

® Protection of special transformers (phase shifters, FACTS and
converter transformers, electric arc furnace transformers,
HVDC transformers)

® As backup protection for motor and generator differential
protection applications
® For the protection of short cables and lines

® \/oltage control for two-winding and three-winding trans-
formers with parallel control

® As additional line protection function such as distance and
line differential protection

Application templates are available in DIGSI 5 for standard appli-
cations. These include basic configurations and default settings
that you can use straight away, or as a template for adjustments
depending on the application. The available measuring points

make varied applications possible. Before ordering a device,
please configure the application with DIGSI 5. The table Func-
tion overview shows the functional scope of the device. Use
the configurator to determine the necessary function points.

Application Templates

Besides the application templates for SIPROTEC 7UT85, the
following application templates are also available:

® Three-winding transformer base (DIFF protection)

® Three-winding transformer 1.5 CB (DIFF. protection, CBFP,
REF)

® Three-winding transformer (DIFF. protection, CBFP, REF, DIS)
e Auto transformer (DIFF. protection, CBFP, REF)

e Auto transformer 1.5 CB (2 DIFF. protection, CBFP, voltage
protection, frequency protection)

Application Examples

The following examples show the typical structure of an applica-
tion template, the measuring points used, the function groups
used, their internal circuiting, and the predefined functions.

Three-winding transformer basis

e Differential protection

Auto transformer with stabilizing winding

e Differential protection for the complete transformer (auto
transformer winding + stabilizing winding)

® Restricted ground-fault protection (neutral point + maximum
side current)

® QOverload protection, backup protection for the downstream
power system

® Circuit-breaker failure protection

Three-winding transformer in breaker-and-a-half layout

e Differential protection
® Restricted ground-fault protection on the neutral side

e Ground-current protection on the neutral side as backup
protection for the electrical power system

® QOverload protection
® Circuit-breaker failure protection
® Frequency and voltage protection on the neutral side

Figure 2.11/11 shows the template for the protection of a three-
winding transformer in a breaker-and-a-half layout. You can
recognize the 3 required function groups for the transformer
side, the integration of the restricted ground-fault protection,
the internal circuiting, and selected functions. In addition, a
voltage transformer is available on the upper-voltage side. Here,
for example, voltage and frequency limits can be monitored.
The required protection settings are made as required by the
system.
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dw_Kat-three-wind, 2, en_US]

Figure 2.11/11 Application Example: Protection of a Three-Winding Transformer in Breaker-and-a-Half Layout
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Expandable hardware quantity structure 110 [ ]
Process bus client protocol (hint: PB client requires | PB client u
a separate ETH-BD-2FO plug-in module, from
V8.0)
IEC61850-9-2 Merging Unit Stream (hint: Each MU ]
stream requires a separate ETH-BD-2FO plug-in
module, from V8.0)
IEC61850-9-2 Merging Unit Stream 7SS85 CU MU ]
(hint: Only for communication with a 7SS85 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)
21/21N Distance Protection Z<, <52V, | m u
)
21T Impedance protection for transformers < u
24 Overexcitation protection VIf [ ]
25 Synchrocheck, synchronization function Sync ]
27 Undervoltage protection: "3-phase" or "positive- | V< ]
sequence system V1" or "universal Vx"
27R, 59R Voltage change protection (starting with V8.30) | dV/dt ]
Undervoltage-controlled reactive power protec- | Q>/V< ]
tion
32,37 Power protection active/reactive power P<>, Q<> [ ]
32R Reverse-power protection -P< ]
37 Undercurrent I< ]
37 Power-plant disconnection protection -dP ]
38 Temperature supervision 6> ]
46 Negative-sequence system overcurrent protection | 12> u
46 Unbalanced-load protection (thermal) 122 t> [ ]
47 Overvoltage protection, negative-sequence V2> [ ]
system
47 Overvoltage protection, negative-sequence V2IV1> ]
system/positive-sequence system
49 Thermal overload protection 0, 17t [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
49 Thermal overload protection, user-defined charac- | 0, It [ ]
teristic curve
49H Hotspot calculation 6h, 12t [ ]
50/51 TD Overcurrent protection, phases 1> [ ] [ ] [ ] [ ] [ ] [ ] ] [ ] ]
Instantaneous tripping at switch onto fault SOTF ]
50HS Instantaneous high-current tripping 1>>> [ ]
50/51 TD Overcurrent protection with positive-sequence 11> ]
current 11 (from V7.9)
50N/ 51N TD Overcurrent protection, ground IN> [ ] [ ]
50N/ 51N TD Overcurrent protection, 1-phase IN> ] ] | ] ]
50 Ns/ 51Ns Sensitive ground-fault detection for grounded arc | INs> [ ]
suppression coils and isolated power systems
including a) 310> b) admittance Y0>, c) 310-harm>
(from V7.8)
Sensitive ground-fault detection via pulse detec- | IN pulse ]
tion; hint: this stage also requires the func-
tion 50Ns/51Ns or 67Ns "sensitive ground-fault
detection for grounded arc suppression coils and
isolated power systems"
Intermittent ground-fault protection IIE> [ |
50BF Circuit-breaker failure protection, 3-pole CBFP [ ] [ ] [ ] [ ] [ ] [ ] ] [ ]
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50EF End-fault protection (hint: For use only in decen- [ ]
tralized busbar protection with a 75585 CU
starting with V8.40)

50RS Circuit breaker restrike monitoring CBRM ]
51V Voltage-controlled overcurrent protection t=f(l, V) [ ]
59, 59N Overvoltage protection: "3-phase" or "zero- V> [ ] ] ] ] [ ]

sequence system VO" or "positive-sequence
system V1" or "universal Vx"

59 Overvoltage protection: "3-phase” or "positive- V> ]
sequence system V1" or "universal Vx"
60 Voltage-comparison supervision AV> [ ]
67 Directional overcurrent protection, phases 1>, 2(V, 1) n
67N Directional overcurrent protection, ground IN>, 2(V, 1) [
67N Directional ground-fault protection in grounded IN>, 2(V, 1) n
power systems
67 Ns Sensitive ground-fault detection for grounded arc ]
suppression coils and isolated power systems
including a) 310> b) V0>, c) cos/sine Phi, d) tran-
sient ground fault, e) Phi(V, 1), f) admittance
Directional tripping stage with one harmonic; ~(VOh,I0h) [ ]
hint: this stage also requires the function "67Ns
sensitive ground-fault detection for grounded arc
suppression coils and isolated power systems"
Directional Intermittent Ground-Fault Protection | IlEdir> ]
68 Power-swing blocking AZIAt u
74TC Trip-circuit supervision u [ ] u [ ] u [ ] u [ ] ] [ ]
74CC Single circuit monitoring (from V7.9) ]
79 Automatic reclosing, 3-pole AREC ]
81 Frequency protection: "f>" or "f<" or "df/dt" f<>; dfldt<> ] ] [ ] [ ]
81 AF Abnormal frequency protection fBand ]
81U Underfrequency load shedding f<(ULS) [ ]
Vector-jump protection Ap> ]
85/21 Teleprotection scheme for distance protection [ ]
85/27 Weak or no infeed: Echo and tripping [ ]
85/67N Teleprotection scheme for directional ground- [ ]
fault protection
86 Lockout u [ ] u [ ] u [ ] u [ ] u [ ]
87T Transformer Differential Protection Al [ ] [ ] ] [ ] u [ ] ] [ ] ] ]
87T Differential protection for special transformers Al ]
87T Node Differential protection (nodal point protection for | Al nodes [ ] |
auto transformer)
87T Differential protection for phase-angle regulating | Al ]
transformers (single core)
87NT Restricted ground-fault protection AIN [ ] [ ] ] [ ] ] ]
87M Differential motor protection Al ]
87G Generator differential protection Al ]
87L Line differential protection for 2 line ends Al [ ]
for 7UT8 (communication
with 7SD82, 85, 86, 7SL86, 87)
Option for line differential protection with Al [ ]
charging-current compensation
87 STUB Stub fault differential protection (for breaker-and- n
a-half layouts)
90V Voltage controller for two-winding transformer [ ] ]
90V Voltage controller for two-winding transformer [ ]

with parallel control
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Number of two-winding transformers with
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

0V

Voltage controller for three-winding transformer

90V

Voltage controller for grid coupling transformer

FL

Fault Locator, single-side

FL-one

FL

Fault Locator Plus (from V7.9)

FL plus

PMU

Synchrophasor measurement

PMU

AFD

Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard

Measured values, extended: Min, max, average

Switching statistics counter

PQ — Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance
(starting with V8.40)

PQ - Basic measured values: Voltage changes —
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring

2lIx, 12t, 2P

Switching sequence function

Inrush-current detection

External trip initiation

Control

PoW

Point-on-wave switching (starting with V7.90)

PoW

Circuit breaker

Disconnector/grounding conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Transformer side 7UT86

Cyber security: Authenticated network access
using |EEE 802.1X (starting from V8.3)

Function point class:

0

50

150

30

30

0

30

30

175

The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.com/siprotec.

Table 2.11/6 SIPROTEC 7UT86 — Functions, Application Templates

(1) 3-winding transformer Base (DIFF protection)
(2) 3-winding transformer 1.5 CB (DIFF protection, SVS, REF)
(3) 3-winding transformer (DIFF protection, SVS, REF, DIS)
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(4) Auto transformer (DIFF protection, SVS, REF)

(5) Auto transformer, 1.5 CB (2 DIFF protection, SVS, voltage protection, frequency protection)
(6) 2-Winding Transformer Base (DIFF protection)

(7) 2-Winding Transformer (DIFF protection, SVS, REF)

(8) 2-Winding Transformer 1.5 CB (DIFF protection, SVS, REF)

(9) 2-Winding Transformer (DIFF. Protection, Voltage Controller)
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Table 2.11/7 Standard Variants for Transformer Differential Protection Devices

You can find the technical data in the manual
www.siemens.com/siprotec.
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Description

The SIPROTEC 7UT87 transformer differential protection has
been designed specifically for the protection of multi-winding
transformers (up to 5 sides). Furthermore, it is to be used where
numerous measuring points (up to 11 3-phase current meas-
uring points) are required. Another application is simultaneous
protection of 2 parallel transformers (additional fast backup
protection). The SIPROTEC 7UT87 is the main protection for the
transformer and contains many other protection and monitoring
functions. The additional protection functions can also be used
as backup protection for subsequent protected objects (such as
short cables and lines, reactance coil (shunt reactors)). With its
modular structure, flexibility, and the high-performance DIGSI 5
engineering tool, SIPROTEC 7UT87 offers future-oriented solu-
tions for protection, control, automation, monitoring, and
Power Quality — Basic.

Up to 3 differential protection functions with
additional stabilization (in different trans-
former function groups); up to 5 restricted
ground-fault protection functions.

Main function

For auto transformer applications, 2 differen-
tial protection functions can be processed in an
Auto transformer function group.

Interoperability of SIPROTEC 4 and SIPROTEC 5
line protection devices when using the line
differential protection function in the 7UT85,

86, 87
Usable measuring 11 x 3-phase current measuring points, 11 x 1-
points phase current measuring points, 11 x 3-phase

and 11 x 1-phase voltage measuring points

2 predefined standard variants with 20 current
transformers, 4 voltage transformers, 15 to
27 binary inputs, 22 to 38 binary outputs

Inputs and outputs

Flexibly adjustable and expandable /O quantity
structure within the scope of the SIPROTEC 5
modular system.

Hardware flexibility

Housing width 2/3 x 19 inches to 2/1 x 19 inches

Benefits
® Safe and reliable automation and control of your systems

® Purposeful and easy handling of devices and software thanks
to a user-friendly design

® Cybersecurity in accordance with NERC CIP and BDEW White-
paper requirements

® Highest availability even under extreme environmental condi-
tions by standard coating of the modules

® Full compatibility between IEC 61850 Editions 1, 2.0, and 2.1

Functions

DIGSI 5 permits all functions to be configured and combined as
required and as per the functional scope that has been ordered.
In SIPROTEC 7UT87, 2 transformer function groups can be used.

SIP5_GD_SS_LED_W3, 2, -]

Figure 2.11/12 SIPROTEC 7UT87 Transformer Differential Protection
(213 Device = Standard Variant Q1)

® Transformer differential protection for multi-winding trans-
formers with versatile, additional protection functions (multi-
winding transformers are typical in power-converter applica-
tions (such as HVDCQ))

e Transformer differential protection for phase-angle regulating
transformers of the single-core and 2-core types, and special
transformers

® Transformer-protection applications with up to 11 3-phase
current measuring points

e Simultaneous differential protection for 3 parallel trans-
formers (such as 3 two-winding transformers)

Universal usability of the permissible measuring points

Applicable from average up to extra-high voltage

Protection of standard power transformers, auto trans-
formers, short lines, cables, shunt reactor, and motors

Typical properties of a transformer differential protection such
as flexible adaptation to the transformer vector group, control
of inrush and overexcitation processes, safe behavior in case
of current-transformer saturation with different degrees of
saturation

Fault locator plus for accurate fault location with inhomoge-
nous line sections and targeted automatic overhead-line
section reclosing (AREC)

Arc protection

Voltage-controller function ANSI 90V for two-winding trans-
formers, three-winding transformers, and grid coupling trans-
formers with parallel control (master/follower, circulating
reactive current minimization)

e Adaptive adaptation of the operate curve to the transformer
tap position

® Increased sensitivity with ground faults near the neutral point
through a separate restricted ground-fault protection

® Point-on-wave switching

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 195



2.11

SIPROTEC 5 Devices and Fields of Application

Transformer Differential Protection — SIPROTEC 7UT87

Additional current and voltage inputs can be added for
standard protection functions, such as overcurrent, voltage,
frequency, protection etc.

Dynamic voltage control (DSR) for adaptation of the voltage
set point value using a characteristic curve that depends on
the power direction with a large infeed of renewable ener-
gies.

Graphical logic editor to create high-performance automation
functions in the device

Up to 4 pluggable communication modules, usable for
different and redundant protocols (IEC 61850-8-1,

IEC 61850-9-2 Client, IEC 60870-5-103, IEC 60870-5-104,
Modbus TCP, DNP3 serial and TCP, PROFINET 10, PROFINET IO
S2 redundancy)

Virtual network partitioning (IEEE 802.1Q - VLAN)

Reliable data transmission via PRP and HSR redundancy proto-
cols

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access

Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

Secure s