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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 extra-high voltage transmis-
sion and distribution network applications.

"Smart automation for grids" is the Siemens response to the
present and future challenges to achieve a reliable and efficient
energy supply. SIPROTEC 5 is an active component of the
energy-efficient smart grid and an important building block in
the complex distributed energy supply systems and networks
solutions.

The next generation of SIPROTEC devices, SIPROTEC 5, is based
on the proven properties of SIPROTEC 4 to provide you with a
new, modern platform of 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 former system have been
preserved. Innovative approaches including holistic workflow,
safety and security, and network stability monitoring (PMU func-
tionality) have been added.

The pioneering system architecture puts you in full control of
switchgear communications. A powerful, reliable communica-
tion infrastructure, combined with the flexible engineering
capabilities serves as the basis for handling distributed, decen-
tralized system structures. For you, "Designed to communicate"
in SIPROTEC 5 means: Communication is the central component
of the system architecture to provide the flexibility, safety and
security needed now and in future, automated distributed
network solutions.

With SIPROTEC 5, you are using a new generation of intelligent,
digital multifunction bay units. The new operating tool DIGSI 5
gives you the individual support you want – it handles your
specific workflow requirements, from system design to device
selection and testing, covering the entire device lifecycle. The
new tool offers cost savings over the entire lifecycle without
compromising safety or system availability.

With the new SIPROTEC 5 generation, you are well equipped to
meet the growing economic and availability demands imposed
on your networks. 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

General Manager
Energy Management
Digital Grid
Automation Products
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Solutions for the power systems of today and the future

SIPROTEC has been established on the energy market for
decades as a powerful and complete system family of digital
protection relays and bay units from Siemens. SIPROTEC protec-
tion devices from Siemens can be used consistently throughout
all applications in medium and high voltage. With SIPROTEC,
operators have their plants firmly and safely under control, and
have the basis to implement cost-effective solutions for all tasks
in modern, intelligent and "smart" power systems. Users can
combine the units of the individual SIPROTEC device series at
will for solving a variety of tasks – SIPROTEC stands for
continuity, openness and future-proof design.

As the innovation driver and trendsetter in the field of power
system protection for 100 years, Siemens helps you to design
your power systems in an intelligent, ecological, reliable and
efficient way, and to operate them economically. As a pioneer,
Siemens has decisively influenced the development of digital
power system protection (Figure 1.1/2). The first application
went into operation in Würzburg, Germany, in 1977. Consistent
integration of protection and control functions for all SIPROTEC
devices was the innovation step in the 90s. After the release of
the IEC 61850 communication standard in 2004, Siemens was
the first manufacturer worldwide to put a system with this
communication standard into operation. More than 500,000
Siemens devices with IEC 61850 are in operation throughout
the world.

Many users have approved SIPROTEC protection devices for use
in their power systems. The devices have also been certified by
independent test institutes and universities (KEMA, EPRI, LOYD,
UR Laboratories).

[SIP_Schutz_Gruppe, 1, --_--]

Figure 1.1/1 SIPROTEC family

How can you benefit from this experience?

• Proven and complete applications

• Optimum cooperation of the components in the system

• Highest quality of hardware and functionality

• Excellent operator friendliness of devices and tools

• Easy data exchange between applications

• Excellent consistency of product and system

• Reduced complexity due to simple operation

• Siemens as a reliable, worldwide operating party.

Information about the SIPROTEC 4 and SIPROTEC Compact
product families can be found in the related catalogs or at:
www.siemens.com/siprotec

SIPROTEC 5
Introduction – Solutions for the power systems of today and the future
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Figure 1.1/2 SIPROTEC – pioneer for generations
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The new benchmark for protection, automation and
monitoring

The SIPROTEC 5 series is based on 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 engi-
neering tool DIGSI 5, a solution has also been provided for the
increasingly complex processes, from design through engi-
neering up to test and operation.

Thanks to the high degree of modularity of hardware and soft-
ware, 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), network quality data and extensive
equipment data are included in the increments of the function-
ality.

• 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, expan-
sion and adaptation of your plant

• Arc protection, detection of transient ground faults, and
process bus can easily be integrated and retrofitted

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

• Increased reliability and quality of the engineering process

• Consistent implementation of high safety and security mecha-
nisms

• Powerful communication components ensure safe and effec-
tive solutions

• Full compatibility between IEC 61850 Editions 1 and 2

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

• Redundancy protocols RSTP, PRP and HSR for maximum availa-
bility

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

• Comprehensive database to monitor modern power systems

• Optimal smart automation platform for your power systems
based on integrated synchrophasor measurement units (PMU)
and Power Quality functions.

[SIP5_Gruppe, 1, --_--]

Figure 1.1/3 SIPROTEC 5 – Modular hardware
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Figure 1.1/4 SIPROTEC 5 - Modular process connection
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With SIPROTEC 5, Siemens is writing another chapter in the
successful history of protection technology, representing the
5th digital generation and over 100 years of experience in
protection. SIPROTEC 5 represents the next logical step in this
development. With SIPROTEC 5, we have combined a function-
ality that has been proven and refined over years with a high-
performance and flexible new platform, extended with trendset-
ting innovations for present and future demands.

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 greater-than-ever emphasis
on daily ease of operation. SIPROTEC 5 provides holistic support
along all the steps in the workflow, allowing for system view
management and configuration down to the details of indi-
vidual devices, saving time and cost without compromising
quality (Figure 1.2/1).

Holistic workflow in SIPROTEC 5 means:

• Integrated, consistent system and device engineering – from
the single line of the plant all the way to device parameteriza-
tion

• Simple, intuitive graphical linking of primary and secondary
equipment

• Supplied application templates for the most frequently used
applications

• Manufacturer-independent tool for easy system engineering

• Open interfaces for seamless integration into your process
environment

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

[Holistic 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, assures 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 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 a wide range of applications, such as
protection, control, measurement, power quality or fault
recording

• The same expansion and communication modules for all
devices in the family

• Innovative terminal technology ensures easy assembly and
interchangeability at the highest possible degree of safety

• Identical functions throughout the entire system family mean
fewer training requirements and increased safety. Example:
Identical automatic reclosing (AREC) for the line protection
devices 7SD8, 7SA8, 7SL8

• Functions can be edited to be customized individually for your
specific requirements

• Innovations are made available to all devices at the same time
and can easily be retrofitted as needed via libraries

Perfectly tailored fit in SIPROTEC 5 means for you: Individually
configurable devices 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:

• 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)

SIPROTEC 5
Innovation Highlights – Holistic workflow
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• Multiple communication channels to various higher-level
systems

• Pluggable and upgradeable communication modules

• 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

• Expansion module for process-bus communication

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 safeguards 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 and security inside

Multilayer safety mechanisms in all links of the system safety
chain provide you with the highest possible level of safety and
availability. Safety for humans and the plant, and maximum
availability, are the top priorities. As the plant systems become
more open and complex, conventional safety 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 and security inside in SIPROTEC 5 means:

• Proven functions to protect plants and personnel, continu-
ously developed over five generations.

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

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

• Conformity with the stringent Cyber Security requirements in
accordance with the industry standards and regulations, such
as the BDEW Whitepaper and NERC CIP

• Encryption along the entire communication route between
DIGSI 5 and device, in accordance with the recommendations
of industry standards and best practices

• Automatic logging of access attempts and safety-critical oper-
ations on the devices and systems.

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, scalable architecture for IT integration and new func-
tions

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

• Integrated automation with optimized logic blocks based on
the IEC 61131-3 standard

• High-precision acquisition and processing of process values
and 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.

The elements that connect the five 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 grid

IEC 61850 – Simply usable

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

SIPROTEC 5
Innovation Highlights – Safety and security inside
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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, SIPROTEC 5 also
supports other protocols, such as IEC 60870-5-103, IEC
60870-5-104, DNP 3 (serial or TCP) or Modbus TCP.

[IEC61850 Symbol, 1, --_--]

"IEC 61850 – Simply usable" in SIPROTEC 5 means:

• A stand-alone IEC 61850 system configurator allows
IEC 61850 configuration of SIPROTEC 5, SIPROTEC 4 and
devices from other vendors

• Full compatibility with Editions 1 and 2

• Open interfaces to IEC 61850 guarantee manufacturer-inde-
pendent system configuration and interoperability

• 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 ensure the
highest possible degree of interoperability and effective
exchange and expansion concepts

• 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.

SIPROTEC 5
Innovation Highlights – IEC 61850 – Simply usable
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[IEC61850 Edition 2 Certificate Level A, 1, --_--]

Figure 1.2/5 First IEC 61850 certificate Edition 2 worldwide

SIPROTEC 5
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Feeder and Overcurrent Protection



[dw_7SJ_anwendung, 2, en_US]

Figure 2.4/1 Fields of application of the SIPROTEC 5 devices

SIPROTEC 7SJ82, 7SJ85

The main protection functions of the SIPROTEC 5 overcurrent
protection devices are based on the overcurrent protection prin-
ciple. 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, which can flexibly be extended, 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 utilization as backup
and emergency protection for line protection, we recommend
using the SIPROTEC 7SJ86. The large number of automatic func-
tions permits the device to be used in all fields of energy supply.

The devices contain all important auxiliary functions that are
necessary today for safe network operation. 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 structure permits SIPROTEC 5 devices
always to be adapted flexibly to the individual requirements.

Features

The difference between the two device models SIPROTEC 7SJ82
and SIPROTEC 7SJ85 is in the configurability of their hardware
quantity structure.

Essential differentiating characteristics

7SJ82 Different hardware quantity structures for binary inputs and
outputs are available in the 1/3 base module

7SJ85 Flexible configuration of the hardware quantity structure for
analog inputs, binary inputs and outputs, measuring trans-
ducers and communication due to expandability with 1/6
expansion modules

SIPROTEC 5 Devices and Fields of Application
Feeder and Overcurrent Protection – SIPROTEC 7SJ82, 7SJ85
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Description

The SIPROTEC 7SJ82 overcurrent protection has specifically been
designed for a cost-effective and compact protection of feeders
and lines in medium-voltage and high-voltage systems. With its
flexibility and the powerful DIGSI 5 engineering tool, SIPROTEC
7SJ82 offers future-oriented system solutions with high invest-
ment security and low operating costs.

Main function Feeder and overcurrent protection for all
voltage levels

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

8 current transformers, 7 binary inputs,
7 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 × 19"

Benefits

• Compact and low-cost overcurrent protection

• Safety due to powerful protection functions

• Data security and transparency over the entire lifecycle of the
plant save time and money

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

• Increased reliability and quality of the engineering process

• Consistent implementation of high safety and security mecha-
nisms

• Powerful communication components ensure safe and effec-
tive solutions

• Full compatibility between IEC 61850 Editions 1 and 2

• High investment security and low operating costs due to
future-oriented system solution.

Functions

DIGSI 5 permits all functions to be configured and combined as
required.

• Directional and non-directional overcurrent protection with
additional functions

• Optimized tripping times due to directional comparison and
protection data communication

• Detection of static, intermittent and transient ground faults
(fleeting contact function) in arc-suppression-coil-ground and
isolated power systems

• Arc protection

• Overvoltage and undervoltage protection

• Frequency protection and frequency change protection for
load shedding applications

• 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

• Reactive power-undervoltage protection (QU protection)

• Control, synchrocheck and switchgear interlocking protection,
circuit-breaker failure protection

• Circuit-breaker failure protection

• Circuit-breaker reignition monitoring

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

• Recognition 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

• Single line representation in small or large display

• Integrated electrical Ethernet RJ45 for DIGSI 5 and IEC 61850
(reporting and GOOSE)

• Two 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))

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

• Redundancy protocols PRP and HSR

• Cyber security in accordance with NERC CIP and BDWE White-
paper requirements

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

• Time synchronization with IEEE 1588

• Powerful fault recording (buffer for a max. record time of 80 s
at 8 kHz or 320 s at 2 kHz)

• Auxiliary functions for easy tests and commissioning.

[SIP5_7xx82_GD_W3, 1, --_--]

Figure 2.4/2 SIPROTEC 7SJ82
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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 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

• Protection and monitoring of simple capacitor banks

• Phasor Measurement Unit (PMU)

• Reverse-power protection

• Load shedding applications

• Automatic switchover

Application templates

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

The following application templates are available:

Non-directional overcurrent protection

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

• Transformer inrush current detection

Directional overcurrent protection – grounded system

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

• Transformer inrush current detection

• Measuring voltage failure supervision.

Directional overcurrent protection – resonant-grounded /
isolated system

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

• Sensitive directional ground fault detection for static ground
faults

• Sensitive directional ground fault detection for transient and
static ground faults („transient“ function)

• Transformer inrush current detection

• Measuring voltage failure supervision.

Capacitor bank: H connection

• Overcurrent protection for phase and ground

• Current-unbalance protection for capacitor banks

• Peak overvoltage protection

• Overload protection

• Undercurrent protection.

[dw_DwDOCP07, 1, en_US]

Figure 2.4/3 Application example: Principle of directional comparison protection for power line runs with infeed at two ends

Application examples

Directional comparison protection via protection interface
for power line runs with infeed at two ends

Using the direction determination of the directional overcurrent
protection, you can implement directional comparison protec-
tion for power line runs with infeed at two ends. Directional
comparison protection is used for the selective isolation of a
faulty line section (subsections of closed rings, for example).
Sections are isolated in fast time, 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 of the protection interface are IEC 61850 GOOSE or, via
pilot wires for signal transfer, with an auxiliary voltage loop.

Figure 2.4/4 shows the functional scope and the basic configu-
ration of a SIPROTEC 7SJ82 for this application. The "Directional
V /inverse time-overcurrent protection – grounded system"
application template is used as the basis. In addition, the device
must obviously be equipped with a communication module for
protection communication. The protection communication func-
tion group is created automatically when the module is config-
ured. The "Communication mapping" editor in DIGSI 5 is used to
determine the information that must be transferred to the oppo-
site end and received from the opposite end. The received infor-
mation can directly be combined with the binary input signals of

SIPROTEC 5 Devices and Fields of Application
Feeder and Overcurrent Protection – SIPROTEC 7SJ82
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the directional overcurrent protection. Additional logic with a
CFC chart is not necessary.

[dw_7SJ82_mit WirkKom, 2, en_US]

Figure 2.4/4 Application example: Directional comparison protection for power line runs with infeed at two ends and protection communication
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Functions, application templates

ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3 4 5

Protection functions for 3-pole tripping 3-pole ■ ■ ■ ■ ■ ■
24 Overexcitation protection V/f ■
25 Synchrocheck, synchronizing function Sync ■
27 Undervoltage protection: "3-phase" or "pos.seq.

V1" or "universal Vx"
V< ■

Undervoltage-controlled reactive power protec-
tion

Q>/V< ■

32, 37 Power protection active/reactive power P<>, Q<> ■
32R Reverse power protection - P< ■
37 Undercurrent I< ■ ■
38 Temperature Supervision θ> ■
46 Negative sequence overcurrent protection I2> ■ ■
46 Unbalanced-load protection (thermal) I2² t> ■
46 Negative sequence overcurrent protection with

direction
I2>, ∠(V2,I2) ■

47 Overvoltage protection, negative-sequence
system

V2> ■

49 Thermal overload protection θ, I²t ■ ■
49 Thermal overload protection for RLC filter

elements of a capacitor bank
θ, I²t ■

50/51 TD Overcurrent protection, phases I> ■ ■ ■ ■ ■ ■
50N/ 51N TD Overcurrent protection, ground IN> ■ ■ ■ ■ ■
50HS High speed instantaneous overcurrent protection I>>> ■

Instantaneous tripping at switch onto fault SOTF ■
50N/ 51N TD Overcurrent protection, 1-phase IN> ■
50Ns/ 51Ns Sensitive ground-current protection for systems

with resonant or isolated neutral
INs> ■

Intermittent ground fault protection Iie> ■
50/51 TD Overcurrent protection for RLC filter elements of a

capacitor bank
I> ■

50BF Circuit-breaker failure protection, 3-pole CBFP ■
50RS Circuit-breaker restrike protection CBRS ■
51V Voltage dependent overcurrent protection t=f(I,V) ■

Peak overvoltage protection, 3-phase, for capaci-
tors

V> cap. ■ ■

59, 59N Overvoltage protection: "3-phase" or "zero seq.
V0" or "pos.seq. V1" or "universal Vx"

V> ■

60C Current-unbalance protection for capacitor banks Iunbal> ■ ■
67 Directional overcurrent protection, phases I>, ∠(V,I) ■ ■ ■
67N Directional overcurrent protection, ground IN>, ∠(V,I) ■ ■
67Ns Dir. sensitive ground-fault detection for systems

with resonant or isolated neutral incl. a) 3I0>, b)
V0>, c) Cos-/SinPhi, d) Transient fct., e) Phi(V,I), f)
admittance

■ ■

Directional intermittent ground fault protection Iie dir> ■
74TC Trip circuit supervision TCS ■
79 Automatic reclosing, 3-pole AR ■
81 Frequency protection: "f>" or "f<" or "df/dt" f>,<; df/dt>,< ■
86 Lockout ■ ■ ■ ■ ■ ■
87N T Restricted ground-fault protection ΔIN ■
87C Differential protection, capacitor bank ΔI ■
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ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3 4 5

90V Automatic voltage control for 2 winding trans-
former

■

FL Fault locator, single-ended measurement FL-one ■
PMU Synchrophasor measurement (1 PMU can be used

for max. 8 voltages and 8 currents)
PMU ■

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

■

Measured values, standard ■ ■ ■ ■ ■ ■
Measured values, extended: Min, Max, Avg ■
Switching statistic counters ■
Circuit breaker wear monitoring ΣIx, I²t, 2P ■
CFC (Standard, Control) ■ ■ ■ ■ ■ ■
CFC arithmetic ■
Switching sequences function ■
Inrush current detection ■ ■ ■ ■ ■
External trip initiation ■
Control ■ ■ ■ ■ ■ ■
Fault recording of analog and binary signals ■ ■ ■ ■ ■ ■
Monitoring and supervision ■ ■ ■ ■ ■ ■
Protection interface, serial ■
Circuit Breaker ■ ■ ■ ■ ■ ■
Disconnector ■ ■ ■ ■ ■

Function-points class: 0 0 30 50 100

The configuration and function points for your application can be ascertained in the SIPROTEC 5 order configurator under: www.siemens.com/siprotec

Table 2.4/1 SIPROTEC 7SJ82 - Functions and application templates

1 Non-directional OC (4*I)

2 Non-directional OC (4*I, 4*V)

3 Directional OC - grounded system

4 Directional OC - resonant-grounded / isol. system

5 Capacitor bank: H-bridge

SIPROTEC 5 Devices and Fields of Application
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Standard variants

Standard variants for SIPROTEC 7SJ82

U1 1/3, 11 BI, 9 BO, 4 I

Housing width 1/3 x 19”

11 binary inputs,

9 binary outputs (1 life contact, 8 standard)

4 current transformer inputs

Contains the modules: Base module with PS101 and IO101

U2 1/3, 23 BI, 16 BO, 4 I

Housing width 1/3 x 19”

23 binary inputs,

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

4 current transformer inputs

Contains the modules: Base module with PS101, IO101 and IO110

U3 1/3, 11 BI, 9 BO, 4 I, 4 V

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 modules: Base module with PS101 and IO102

U4 1/3, 23 BI, 16 BO, 4 I, 4 V

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 modules: Base module with PS101, IO102 and IO110

U5 1/3, 7 BI, 7 BO, 8 I

Housing width 1/3 x 19”

7 binary inputs,

7 binary outputs (1 life contact, 6 standard),

8 current transformer inputs,

Contains the modules: Base module with PS101 and IO103

Table 2.4/2 Standard variants for SIPROTEC 7SJ82

The technical data of the devices can be found 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. Due to its
modular structure and flexibility and the powerful engineering
tool DIGSI 5, SIPROTEC 7SJ85 offers future-oriented system solu-
tions with high investment security and low operating costs.

Main function Feeder and overcurrent protection for all
voltage levels

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

Hardware flexibility I/O quantity structure that can flexibly be
adapted and expanded within the scope of the
modular SIPROTEC 5 system. 1/6 expansion
modules can be added, available with large,
small or without display

Housing width 1/3 × 19" to 2/1 × 19"

Functions

DIGSI 5 permits all functions to be configured and combined as
required.

• 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 data communication

• Detection of static and transient ground faults (fleeting
contact function) in arc-suppression-coil-ground and isolated
power systems

• Arc protection

• Overvoltage and undervoltage protection

• Power protection, configurable as active or reactive power
protection

• Frequency protection and frequency change protection for
load shedding applications

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

• Reactive power-undervoltage protection (QU protection)

• Recognition 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.

• Control, synchrocheck and switchgear interlocking protection

• Circuit-breaker failure protection

• Circuit-breaker reignition monitoring

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

• Single line representation in small or large display

• Integrated electrical Ethernet RJ45 for DIGSI 5 and IEC 61850
(reporting and GOOSE)

• Two 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))

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

• Redundancy protocols PRP and HSR

• Cyber security in accordance with NERC CIP and BDWE White-
paper requirements

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

• Time synchronization with IEEE 1588

• Powerful fault recording (buffer for a max. record time of 80 s
at 8 kHz or 320 s at 2 kHz)

• Auxiliary functions for easy 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 or closed ring systems of
all voltage levels

• 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

• Load shedding applications

• Automatic switchover

[SIP5_GD_W3, 1, --_--]

Figure 2.4/5 SIPROTEC 7SJ85
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Application templates

Application templates are available in DIGSI for standard applica-
tions. They comprise all basic configurations and default
settings.

The following application templates are available:

Non-directional overcurrent protection

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

• Transformer inrush current detection

Directional overcurrent protection – grounded system

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

• Transformer inrush current detection

• Measuring voltage failure supervision

Directional overcurrent protection – resonant-grounded /
isolated system

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

• Sensitive directional ground fault detection for static ground
faults

• Sensitive directional ground fault detection for transient and
static ground faults („transient“ function)

• Transformer inrush current detection

• Measuring voltage failure supervision.

Capacitor bank: H connection + 1 x RLC

• Time-overcurrent protection for phases and ground

• Capacitor bank unbalance protection

• Peak overvoltage protection

• Overload protection

• Undercurrent protection.

Capacitor bank: MSCDN

• Overcurrent protection for phase and ground

• Current-unbalance protection for capacitor banks

• Differential protection for capacitor

• Peak overvoltage protection

• Overload protection

• Undercurrent protection.

Application examples

Direction comparison protection via protection data inter-
face for lines supplied from two sides

Direction comparison protection can be realized with the help of
direction determination of the directional overcurrent protection
in the case of lines which are supplied from two sides. The direc-
tion comparison protection is designed to selectively isolate a
faulty line section (e.g., sections of rings) in high speed, i.e. no
long graded times will slow down the tripping process. The
precondition of this procedure is that direction information can
be exchanged between the individual protective relays. This
information exchange can be realized via an protection data
interface, for instance. Alternatives to the protection data inter-
face are IEC 61850 GOOSE or pilot wires for signal transmission
with an additional voltage loop.

[dw_DwDOCP07, 1, en_US]

Figure 2.4/6 Application example: Principle of the direction comparison protection of doubly fed line sections

The SIPROTEC 7SJ82 application example(Figure 2.4/4) shows
the functions and the basic configuration for this application.
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[dw_7SJ85_mit DoppelSS, 1, en_US]

Figure 2.4/7 Application example: Overcurrent protection 7SJ85 at a double busbar feeder

Protection and control at a double busbar

In the Figure 2.4/7, a double busbar feeder is protected and
additionally controlled by a SIPROTEC 7SJ85. This example is
based on the application template "Directional V/inverse time-
overcurrent protection - grounded power system". In addition to
the application template, the functions Circuit-breaker failure
protection, Automatic reclosing and Synchrocheck in the circuit-
breaker function group are needed and configured. These func-
tions 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" func-
tion group. They are available for output on the display, transfer
to the substation automation technology, and processing in the
CFC. A switching sequence stored in the CFC that is activated via
a function key starts an automatically executing busbar switch-
over process.

SIPROTEC 5 Devices and Fields of Application
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Protection of a capacitor bank

Figure 2.4/8 shows protection of a capacitor bank in an H
connection. For this application, the device has special functions
for the protection of capacitor banks. Thanks to the modularity
and performance of SIPROTEC 5, the complete application can
be protected by one device.

Properties:

• Short-circuit protection (ANSI 50, 50N) for phase and ground
faults

• Peak voltage protection (ANSI 59C), for protection of the
dielectric of the bank from harmful peak voltages, in partic-
ular, caused by harmonics; consideration of harmonics up to
the 50th order, the peak voltage being calculated from the
current by integration

• Overload protection (ANSI 49) for protection of the bank from
thermal overload

• Very sensitive current-unbalance protection (ANSI 60C) for
detecting the failure of a single capacitor element, as a moni-
toring and protection function; manual and automatic
comparison in the bay. The automatic comparison permits
consideration of dynamic unbalances, e.g. caused by temper-
ature influences

• Undercurrent protection (ANSI 37) for tripping the local circuit
breaker when the incoming feeder is disconnected; and there-
fore protection from hazardous energization of the nondis-
charged bank, e.g. in phase opposition

• Circuit-breaker failure protection (ANSI 50BF).

[dw_CapBank_SLE_Normal, 1, en_US]

Figure 2.4/8 Protection of a capacitor bank in H connection
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[dw_CapBank_MSCDN, 1, en_US]

Figure 2.4/9 Application example: MSCDN capacitor bank

Protection of an MSCDN capacitor bank (MSCDN = Mechani-
cally Switched Capacitor with Damping Network)

In Figure 2.4/9, the SIPROTEC 7SJ85 protects the capacitor bank
in H connection and additionally the associated damping
network. Thanks to the modular structure and performance of
SIPROTEC 5, the complete application can be protected with one
single device.

Properties:

• Capturing up to seven 3-phase measuring points

• Short-circuit protection (ANSI 50, 50N) for phase and ground
faults

• 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 consid-
eration of up to the 50th harmonic component. The peak
voltage is calculated by integration of the current.
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• Overload protection (ANSI 49) to protect the bank against
thermal overload

• Very sensitive current-unbalance protection (ANSI 60C) to
detect the outage of individual capacitor elements as moni-
toring and protection function. Manual and automatic adjust-
ment in the bay. Automatic adjustment permits dynamic
unbalances (caused by temperature influence, for example) to
be taken into account

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

• Overload and overcurrent protection via the two resistors and
a simple differential protection that is to detect an outage of
one of the two resistors. For this purpose, current sum and
current difference are determined with the current measuring
points in the R branches, at the inputs of the V/I 3-phase func-
tion groups

• 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

• Circuit-breaker failure protection (ANSI 50BF).

SIPROTEC 5 Devices and Fields of Application
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Functions, application templates

ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3 4 5 6

Protection functions for 3-pole tripping 3-pole ■ ■ ■ ■ ■ ■ ■
Hardware quantity structure expandable I/O ■ ■ ■ ■ ■ ■ ■

24 Overexcitation protection V/f ■
25 Synchrocheck, synchronizing function Sync ■
27 Undervoltage protection: "3-phase" or "pos.seq.

V1" or "universal Vx"
V< ■

Undervoltage-controlled reactive power protec-
tion

Q>/V< ■

32, 37 Power protection active/reactive power P<>, Q<> ■
32R Reverse power protection - P< ■
37 Undercurrent I< ■ ■ ■
38 Temperature Supervision θ> ■
46 Negative sequence overcurrent protection I2> ■ ■ ■
46 Unbalanced-load protection (thermal) I2² t> ■
46 Negative sequence overcurrent protection with

direction
I2>, ∠(V2,I2) ■

47 Overvoltage protection, negative-sequence
system

V2> ■

49 Thermal overload protection θ, I²t ■ ■ ■
49 Thermal overload protection for RLC filter

elements of a capacitor bank
θ, I²t ■ ■

50/51 TD Overcurrent protection, phases I> ■ ■ ■ ■ ■ ■ ■
50N/ 51N TD Overcurrent protection, ground IN> ■ ■ ■ ■ ■ ■
50HS High speed instantaneous overcurrent protection I>>> ■

Instantaneous tripping at switch onto fault SOTF ■
50N/ 51N TD Overcurrent protection, 1-phase IN> ■
50Ns/ 51Ns Sensitive ground-current protection for systems

with resonant or isolated neutral
INs> ■

Intermittent ground fault protection Iie> ■
50/51 TD Overcurrent protection for RLC filter elements of a

capacitor bank
I> ■

50BF Circuit-breaker failure protection, 3-pole CBFP ■ ■
50RS Circuit-breaker restrike protection CBRS ■
51V Voltage dependent overcurrent protection t=f(I,V) ■

Peak overvoltage protection, 3-phase, for capaci-
tors

V> cap. ■ ■ ■

59, 59N Overvoltage protection: "3-phase" or "zero seq.
V0" or "pos.seq. V1" or "universal Vx"

V> ■ ■

60C Current-unbalance protection for capacitor banks Iunbal> ■ ■ ■
67 Directional overcurrent protection, phases I>, ∠(V,I) ■ ■ ■
67N Directional overcurrent protection, ground IN>, ∠(V,I) ■ ■
67Ns Dir. sensitive ground-fault detection for systems

with resonant or isolated neutral incl. a) 3I0>, b)
V0>, c) Cos-/SinPhi, d) Transient fct., e) Phi(V,I), f)
admittance

■ ■

Directional intermittent ground fault protection Iie dir> ■
74TC Trip circuit supervision TCS ■
79 Automatic reclosing, 3-pole AR ■
81 Frequency protection: "f>" or "f<" or "df/dt" f>,<; df/dt>,< ■
86 Lockout ■ ■ ■ ■ ■ ■ ■
87N T Restricted ground-fault protection ΔIN ■
87C Differential protection, capacitor bank ΔI ■ ■
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ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3 4 5 6

87V Voltage differential protection, capacitor bank ΔV ■
90V Automatic voltage control for 2 winding trans-

former
■

90V Automatic voltage control for 3 winding trans-
former

■

90V Automatic voltage control for grid coupling trans-
former

■

FL Fault locator, single-ended measurement FL-one ■
PMU Synchrophasor measurement (1 PMU can be used

for max. 8 voltages and 8 currents)
PMU ■

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

■

Measured values, standard ■ ■ ■ ■ ■ ■ ■
Measured values, extended: Min, Max, Avg ■
Switching statistic counters ■
Circuit breaker wear monitoring ΣIx, I²t, 2P ■
CFC (Standard, Control) ■ ■ ■ ■ ■ ■ ■
CFC arithmetic ■
Switching sequences function ■
Inrush current detection ■ ■ ■ ■ ■
External trip initiation ■
Control ■ ■ ■ ■ ■ ■ ■
Fault recording of analog and binary signals ■ ■ ■ ■ ■ ■ ■
Monitoring and supervision ■ ■ ■ ■ ■ ■ ■
Protection interface, serial ■
Circuit Breaker ■ ■ ■ ■ ■ ■ ■
Disconnector ■ ■ ■ ■ ■

Function-points class: 0 0 30 50 100 300

The configuration and function points for your application can be ascertained in the SIPROTEC 5 order configurator under: www.siemens.com/siprotec

Table 2.4/3 SIPROTEC 7SJ85 - Functions and application templates

1 Non-directional OC (4*I)

2 Non-directional OC (4*I, 4*V)

3 Directional OC - grounded system

4 Directional OC - resonant-grounded / isol. system

5 Capacitor bank: H-bridge + 1*RLC

6 Capacitor bank: MSCDN
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Standard variants

Standard variants for SIPROTEC 7SJ85

S1 1/3, 11 BI, 9 BO, 4 I, 4 V

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 modules: Base module with PS201 and IO202

S2 1/2, 17 BI, 16 BO, 4 I, 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 modules: Base module with PS201 and IO202

Expansion modules IO206

S3 1/2, 27 BI, 17 BO, 4 I, 4 V

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 modules: Base module with PS201 and IO202

Expansion modules IO207

S4 2/3, 43 BI, 25 BO, 4 I, 4 V

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 modules: Base module with PS201 and IO202

Expansion modules 2x IO207

S5 5/6, 59 BI, 33 BO, 4 I, 4 V

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 modules: Base module with PS201 and IO202

Expansion modules 3x IO207

Table 2.4/4 Standard variants for SIPROTEC 7SJ85

The technical data of the devices can be found in the manual
www.siemens.com/siprotec
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[dw_7UT_anwendung, 2, 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 transformers, such as two-winding, three-winding and
multi-winding transformers with different numbers of meas-
uring points and, besides standard power transformers, also
auto transformers.

The devices can be used in all voltage levels. The large number
of protection and automatic functions permits use in all fields of
electric power supply. The devices contain all important auxiliary
functions that today are necessary for safe network operation.
This includes control, measurement and monitoring functions.
The large number of communication interfaces and communica-
tion 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 structure permits SIPROTEC 5 trans-
former differential protection devices always to be adapted flex-
ibly to the requirements.

For your order, you can select the devices from various standard
variants. Additional expansion modules permit the device to be
adapted to your specific application (see "Overview of the
Standard Variants").

Definition of the device types by their designation

[dw_device_typ, 1, en_US]

Essential differentiating characteristics

7 UT 82 Two-winding transformer (2 sides and
maximum 2 measuring points)

7 UT 85 Two-winding transformer (2 sides and
maximum 5 measuring points; expandable to
3 sides)

7 UT 86 Three-winding transformer (3 sides and
maximum 6 measuring points; expandable to
4 sides)

7 UT 87 Multi-winding transformer (5 sides and
maximum 9 measuring points)
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Description

The SIPROTEC 7UT85 transformer differential protection 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 protected downstream objects (such as
cables, line). In this process, you are also supported by the
modular expandability of the hardware. With its modular struc-
ture, flexibility and the powerful DIGSI 5 engineering tool,
SIPROTEC 7UT85 offers future-oriented system solutions with
high investment security and low operating costs.

Main function 1 differential protection function (standard or
auto transformer) with additional stabilization;
up to 2 ground fault differential protection
functions

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 × 19" to 2/1 × 19"

Benefits

• Safety due to powerful protection functions

• Data security and transparency over the entire lifecycle of the
plant save time and money

• Purposeful and simple operation of the devices and software
thanks to user-friendly design

• Increased reliability and quality of the engineering process

• Consistent implementation of high safety and security mecha-
nisms

• Powerful communication components ensure safe and effec-
tive solutions

• Full compatibility between IEC 61850 Editions 1 and 2

• Highly available Ethernet communication due to integrated
Ethernet redundancy protocols PRP and HSR.

Functions

DIGSI 5 permits all functions to be configured and combined as
required.

• 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 transformers
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 the
case of current-transformer saturation with different degrees
of saturation

• Adaptive adaptation of the operate curve to the transformer
tap position

• Increased sensitivity with near-neutral-point ground faults
through a separate ground fault differential protection

• Additional current and voltage inputs can be supplements for
standard protection functions, such as overcurrent, voltage
frequency, etc.

• Arc protection

• Voltage controller function ANSI 90V for two-winding trans-
formers, three-winding transformers and grid coupling trans-
formers

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

• Up to 4 pluggable communication modules, usable for
different and redundant protocols (IEC 61850, IEC 60870-
5-103, IEC 60870-5-104, DNP3 (serial and TCP), Modbus TCP)

• Redundancy protocols PRP and HSR

• Cyber security in accordance with NERC CIP and BDWE White-
paper requirements

• Secure serial protection data communication, also over great
distances and all available physical media (fiber-optic cable, 2-
wire connections and communication networks)

• Capturing operational measured variables and protection
function measured values to evaluate the plant state, to
support commissioning, and to analyze faults

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

• Powerful fault recording (buffer for a max. record time of 80 s
at 8 kHz or 320 s at 2 kHz)

[SIP5_GD_W3, 1, --_--]

Figure 2.11/5 SIPROTEC 7UT85 transformer differential protection
(1/3 device = standard variant O1)
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• Auxiliary functions for simple tests and commissioning

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

Applications

Application templates are available in DIGSI for standard applica-
tions. They contain basic configurations and default settings.
These can be used directly or as a template for application-
related adaptation. The available measuring points make varied
applications possible. Prior to ordering a device, please
configure the application with DIGSI. Table "Functions and appli-
cation templates" shows the functional scope of the device. Use
the configurator to determine the necessary function points.

Application examples

Two-winding transformer basis (Figure 2.11/6)

• Differential protection

• Overload protection, backup protection for the downstream
electrical power system

Two-winding transformer with restricted ground-fault differen-
tial protection (REF) (Figure 2.11/7)

• Differential protection

• Ground fault differential protection on the star side

• Overload protection, backup protection for the downstream
electrical power system

• Circuit-breaker failure protection

Two-winding transformer in breaker-and-a-half application
(Figure 2.11/8)

• Differential protection

• Ground fault differential protection on the star side

• Overload protection, backup protection for the downstream
electrical power system

• Circuit-breaker failure protection.

The Figure 2.11/6 shows the typical structure of an application
template, the measuring points used, the function groups used,
their internal interconnection, and the predefined functions.
The example shows the two-winding transformer with ground
fault differential protection.

[dw_two-winding-temp_01, 2, en_US]

Figure 2.11/6 Application example: Protection of a Two-Winding Transformer
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[dw_two-winding-temp_02, 2, en_US]

Figure 2.11/7 Application example: Protection of a two-winding transformer with ground fault differential protection

SIPROTEC 5 Devices and Fields of Application
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[dw_two-winding-temp_03, 2, en_US]

Figure 2.11/8 Application example: Protection of a two-winding transformer in breaker-and-a-half layout

SIPROTEC 5 Devices and Fields of Application
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Functions and application templates

ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3 4 5

Hardware quantity structure expandable I/O ■
21/21N Distance protection Z<, V< /I>/∠

(V,I)
■

21T Impedance protection for transformers Z< ■
87L Line differential protection for 2 line ends ΔI ■
24 Overexcitation protection V/f ■
25 Synchrocheck, synchronizing function Sync ■
27 Undervoltage protection: "3-phase" or "pos.seq.

V1" or "universal Vx"
V< ■ ■

32, 37 Power protection active/reactive power P<>, Q<> ■
32R Reverse power protection - P< ■
37 Undercurrent I< ■
38 Temperature Supervision θ> ■
46 Negative sequence overcurrent protection I2> ■ ■
46 Unbalanced-load protection (thermal) I2² t> ■
47 Overvoltage protection, negative-sequence

system
V2> ■

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

V2/V1> ■

49 Thermal overload protection θ, I²t ■ ■ ■ ■ ■ ■
49H Hot spot calculation θh, I²t ■
50/51 TD Overcurrent protection, phases I> ■ ■ ■ ■ ■ ■
50N/ 51N TD Overcurrent protection, ground IN> ■ ■
50HS High speed instantaneous overcurrent protection I>>> ■

Instantaneous tripping at switch onto fault SOTF ■
50N/ 51N TD Overcurrent protection, 1-phase IN> ■ ■
50Ns/ 51Ns Sensitive ground-current protection for systems

with resonant or isolated neutral
INs> ■

Intermittent ground fault protection Iie> ■
50BF Circuit-breaker failure protection, 3-pole CBFP ■ ■ ■ ■ ■
50RS Circuit-breaker restrike protection CBRS ■
51V Voltage dependent overcurrent protection t=f(I,V) ■
59, 59N Overvoltage protection: "3-phase" or "zero seq.

V0" or "pos.seq. V1" or "universal Vx"
V> ■ ■ ■

59 Overvoltage protection: "3-phase" or "pos.seq. V1"
or "universal Vx"

V> ■

67 Directional overcurrent protection, phases I>, ∠(V,I) ■
67N Directional overcurrent protection for ground

faults in grounded systems
IN>, ∠(V,I) ■

67N Directional overcurrent protection, ground IN>, ∠(V,I) ■ ■
67Ns Dir. sensitive ground-fault detection for systems

with resonant or isolated neutral incl. a) 3I0>, b)
V0>, c) Cos-/SinPhi, d) Transient fct., e) Phi(V,I), f)
admittance

■

Directional intermittent ground fault protection Iie dir> ■
68 Power-swing blocking ΔZ/Δt ■
74TC Trip circuit supervision TCS ■ ■ ■ ■ ■
79 Automatic reclosing, 3-pole AR ■
81 Frequency protection: "f>" or "f<" or "df/dt" f>,<; df/dt>,< ■ ■
85/21 Teleprotection for distance protection ■
85/27 Weak or no infeed: Echo and Tripping WI ■

SIPROTEC 5 Devices and Fields of Application
Transformer Differential Protection – SIPROTEC 7UT85
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ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3 4 5

85/67N Teleprotection for directional ground fault protec-
tion

■

86 Lockout ■ ■ ■ ■ ■
87T Transformer differential protection ΔI ■ ■ ■ ■ ■
87T Transformer differential protection for phase

angle regulating transformer (single core)
ΔI ■

87T Transformer differential protection for special
transformers

ΔI ■

87T Node Differential protection (Node protection for Auto-
transformer)

ΔI Node ■

87N T Restricted ground-fault protection ΔIN ■ ■ ■
87M Motor differential protection ΔI ■ ■
87G Generator differential protection ΔI ■

Option for line differential protection:charging-
current compensation

ΔI ■

87 STUB STUB Differential protection (for one-and-half
circuit-breaker applications)

■

90V Automatic voltage control for 2 winding trans-
former

■ ■

90V Automatic voltage control for 3 winding trans-
former

■

90V Automatic voltage control for grid coupling trans-
former

■

FL Fault locator, single-ended measurement FL-one ■
PMU Synchrophasor measurement (1 PMU can be used

for max. 8 voltages and 8 currents)
PMU ■

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

■

Measured values, standard ■ ■ ■ ■ ■ ■
Measured values, extended: Min, Max, Avg ■
Switching statistic counters ■ ■ ■ ■
Circuit breaker wear monitoring ΣIx, I²t, 2P ■
CFC (Standard, Control) ■ ■ ■ ■ ■ ■
CFC arithmetic ■
Switching sequences function ■
Inrush current detection ■ ■ ■ ■ ■
External trip initiation ■ ■
Control ■ ■ ■ ■ ■ ■
Fault recording of analog and binary signals ■ ■ ■ ■ ■ ■
Monitoring and supervision ■ ■ ■ ■ ■ ■
Protection interface, serial ■
Circuit Breaker ■ ■ ■ ■ ■ ■
Disconnector ■
Transformer Side 7UT85 ■

Function-points class: 0 30 30 175 50

The configuration and function points for your application can be ascertained in the SIPROTEC 5 order configurator under: www.siemens.com/siprotec

Table 2.11/2 SIPROTEC 7UT85 - Functions and application templates

1 Two winding transformer basic (87T)

2 Two winding transformer (87T, 50BF, 87N)

3 Two winding transformer 1,5CB (87T, 50BF, 87N)

SIPROTEC 5 Devices and Fields of Application
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4 Two winding transformer (87T, 50BF, 87N, 90V)

5 Motor DIFF (87M, 50BF, 27, 81, 46, 49)

SIPROTEC 5 Devices and Fields of Application
Transformer Differential Protection – SIPROTEC 7UT85
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[dw_6md_anwendung, 2, en_US]

Figure 2.15/1 Fields of application of the SIPROTEC 5 devices

SIPROTEC 6MD85, 6MD86

SIPROTEC 5 bay controllers control and monitor plants of all
voltage levels. The large number of automatic functions permits
the device to be used in all fields of energy supply.

The devices contain all important auxiliary functions that are
necessary for safe grid operation today. This includes functions
for protection, control, measurement and monitoring. The large
number of communication interfaces and communication proto-
cols satisfies the requirements of communication-based selec-
tive protection and of automated operation.

Commissioning and maintenance work can be completed safely,
quickly and thus cost-effectively with high-performance test
functions. Because of a modular structure design, the
SIPROTEC 5 bay controllers can always be flexibly adapted to
specific requirements.

Overview of the SIPROTEC 6MD85 and 6MD86 devices

The SIPROTEC 5 bay controllers are based on the flexible and
powerful SIPROTEC 5 modular system. When ordering, you can
select from among various standard variants. Expandability
through supplemental modules allows for individual adaptation
to specific applications.

Sets of devices

The bay controllers are differentiated into SIPROTEC 6MD85 and
SIPROTEC 6MD86 product groups.

Although the SIPROTEC 6MD85 devices are tailored for applica-
tions in distribution systems, they can also be used in high-
voltage and extra-high voltage applications.

The SIPROTEC 6MD86 devices are designed for applications in
the power transmission system. They can be used with a
maximum variety of auxiliary functions. Both device types can
be flexibly configured in your hardware implementation.

Type 6MD85 6MD86

Circuit-breaker failure protection - Optional

Automatic reclosing - Optional

Switching Sequences Optional ■
CFC arithmetic Optional ■
Measured-value Processing Optional ■
Number of switching devices
greater than 4

Optional ■

Synchrocheck Optional ■

Table 2.15/1 Essential differentiating characteristics

Common points:

• Configuration of a large number of protection functions

• Modular expansion of the quantity structure

• Optionally usable as phasor measurement unit (PMU)

• Powerful automation with CFC.

SIPROTEC 5 Devices and Fields of Application
Bay Controllers – SIPROTEC 6MD85, 6MD86
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Description

The SIPROTEC 6MD85 bay controller is a general-purpose control
and automation device with protection function. It has been
designed for utilization on all voltage levels, from distribution to
transmission. As a part of the SIPROTEC 5 family, it allows the
use of a large number of protection functions from the
SIPROTEC library. The modular hardware permits action-related
IOs to be integrated. Adapt the hardware exactly to your
requirements and rely on future-oriented system solutions with
high investment security and low operating costs.

Main function Bay controller for medium voltage and high to
extra-high voltage switchgear with integrated
operation and extensive protection functions.
Powerful automation, simple configuration
with DIGSI 5

Inputs and outputs 5 predefined standard variants with 4 current
transformers, 4 voltage transformers, 11 to
75 binary inputs, 9 to 41 binary outputs

Hardware flexibility Flexibly adjustable and expandable I/O quantity
structure within the scope of the SIPROTEC 5
modular system. For great requirements placed
on the quantity structure, the device can be
extended in the second row. For example, this
permits an additional 240 binary inputs (and
more) to be used with the IO230 (see chapter
"Hardware")

Housing width 1/3 × 19" to 2/1 × 19"

Functions

DIGSI 5 permits all functions to be configured and combined as
required.

• Integrated bay controller with versatile protection function
from medium to extra-high voltage

• Control of switching devices

• Synchrocheck and switchgear interlocking protection

• Integrated electrical Ethernet RJ45 for DIGSI 5 and IEC 61850
(reporting and GOOSE)

• Up to 4 pluggable communication modules, usable for
different and redundant protocols (IEC 61850,
IEC 60870-5-103, IEC 60870-5-104, DNP3 (serial and TCP),
Modbus TCP)

• Redundancy protocols PRP and HSR

• Arc protection

• Cyber security in accordance with NERC CIP and BDWE White-
paper requirements

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

• Optional overcurrent protection for all voltage levels with 3-
pole tripping

• Also used in switchgear with breaker-and-a-half configuration

• Selective protection of overhead lines and cables with single-
ended and multi-ended feeders using protection communica-
tion

• Overcurrent protection also configurable as emergency func-
tion

• Secure serial protection data communication, also over great
distances and all available physical media (fiber-optic cable, 2-
wire connections and communication networks)

• Capturing operational measured variables and protection
function measured values to evaluate the plant state, to
support commissioning, and to analyze faults

• Synchrophasor measured values integrated with IEEE C37.118
protocol (PMU)

• 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 I/O quantity structure within the scope of
the SIPROTEC 5 modular system

Applications

The SIPROTEC 6MD85 bay controller is a general-purpose control
and automation device with protection function on the basis of
the SIPROTEC 5 system. The standard variants of the SIPROTEC
6MD85 are delivered with instrument transformers. Further-
more, protection-class current transformers are also possible in
SIPROTEC 6MD85 so that protection functions can be used. Due
to its high flexibility, it is suitable as selective protection equip-
ment for overhead lines and cables with single-ended and multi-
ended infeed with two ends when protection communication is
used. The device supports all SIPROTEC 5 system properties. It
enables future-oriented system solutions with high investment
security and low operating costs.

Application example

Application templates are available in DIGSI for standard applica-
tions. They comprise all basic configurations and default
settings.

The following application templates are available:

[SIP5_GD_SS_W3, 1, --_--]

Figure 2.15/2 SIPROTEC 6MD85 bay controller (1/3 device with
1/6 expansion module with key switch operation panel)

SIPROTEC 5 Devices and Fields of Application
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SIPROTEC 6MD85 standard

• Double-busbar feeder with switchgear interlocking.

SIPROTEC 6MD85 extended control

• Additionally to 6MD85 standard, this includes the CFC blocks
for switching sequences and arithmetic

• Switching sequence for automatic busbar transfer preconfig-
ured (started by function key).

Application example with switching sequence

Figure 2.15/3 shows a simple application example with a
6MD85 on a double busbar. The circuit-breaker function group

contains the synchrocheck. The disconnectors are also
controlled by one function group each. Operational measured
values and energy measured values are calculated in the func-
tion group VI_3-phase, and are available for output on the
display, transmission to the station automation system and
processing in the CFC. A switching sequence stored in the CFC
which is triggered via a function key causes an automatic busbar
transfer.

[dw_6MD8-Bsp-Application-1, 1, en_US]

Figure 2.15/3 Application example: Bay controller 6MD85 for double busbar with switching sequence for busbar transfer

SIPROTEC 5 Devices and Fields of Application
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Functions, application templates

ANSI Functions Abbr.

A
va

ila
bl

e Template

1 2 3

Protection functions for 3-pole tripping 3-pole ■ ■ ■ ■
Hardware quantity structure expandable I/O ■ ■ ■ ■

25 Synchrocheck, synchronizing function Sync ■
27 Undervoltage protection: "3-phase" or "universal

Vx"
V< ■

32, 37 Power protection active/reactive power P<>, Q<> ■
38 Temperature Supervision θ> ■
46 Negative sequence overcurrent protection I2> ■
49 Thermal overload protection θ, I²t ■
50/51 TD Overcurrent protection, phases I> ■
50N/ 51N TD Overcurrent protection, ground IN> ■
50HS High speed instantaneous overcurrent protection I>>> ■

Instantaneous tripping at switch onto fault SOTF ■
51V Voltage dependent overcurrent protection t=f(I,V) ■
59 Overvoltage protection: "3-phase" or "pos.seq. V1"

or "universal Vx"
V> ■

74TC Trip circuit supervision TCS ■
81 Frequency protection: "f>" or "f<" or "df/dt" f>,<; df/dt>,< ■
86 Lockout ■
90V Automatic voltage control for 2 winding trans-

former
■

90V Automatic voltage control for 3 winding trans-
former

■

90V Automatic voltage control for grid coupling trans-
former

■

PMU Synchrophasor measurement (1 PMU can be used
for max. 8 voltages and 8 currents)

PMU ■

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

■

Measured values, standard ■ ■ ■
Measured values, extended: Min, Max, Avg ■ ■
Switching statistic counters ■ ■ ■
Circuit breaker wear monitoring ΣIx, I²t, 2P ■
CFC (Standard, Control) ■ ■ ■
CFC arithmetic ■
Switching sequences function ■ ■
Inrush current detection ■
External trip initiation ■
Control ■ ■ ■
Fault recording of analog and binary signals ■ ■ ■
Monitoring and supervision ■ ■ ■
Protection interface, serial ■
Circuit Breaker ■ ■ ■
Disconnector ■ ■ ■

Function-points class: 0 0 20

The configuration and function points for your application can be ascertained in the SIPROTEC 5 order configurator under: www.siemens.com/siprotec

Table 2.15/2 SIPROTEC 6MD85 - Functions and application templates

1 Standard

2 Not Configured

3 Extended Control

SIPROTEC 5 Devices and Fields of Application
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Fault recorder

The fault recording in protection devices and bay controllers
stores analog and binary data during a fault event, for example,
in the event of short circuits or ground faults, and preserves the
records, including high-precision time stamps for subsequent
analysis. Calculated measurands, for example power or
frequency, can also be incorporated into the fault recording
function. Analysis takes place after the data is read out from the
device by DIGSI using SIGRA. Recorded data is archived to
prevent data loss in the event of supply voltage failure. Analog
and binary signal traces for recording are freely configurable,
and pre-trigger record duration and seal-in time can be
programmed within a very wide range. SIPROTEC 5 fault
recording provides long recording times with outstanding accu-
racy.

• Recording of all analog channels

• Sampling frequencies from 1 kHz to 8 kHz

• High recording capacity for individual records of 20 s for
24 channels at an 8 kHz sampling frequency

• Storage capacity for up to 128 fault records

• The recording duration for all records is limited by the avail-
able storage capacity of the device, and depends on the
number of configured channels and sampling frequency.
Example
- Line protection with 8 analog channels (4 I, 4 V),
- Sampling frequency 1 kHz, 6 measured value and 20 binary
channels: resulting recording capacity of the device about
890 s!

• Up to 100 freely configurable binary and 50 additional meas-
ured value tracks

• Due to the high number of up to 120 measured values, a
different record duration results for SIPROTEC 7SS85

• The SIPROTEC 7KE85 Fault Recorder has yet more proper-
ties:

– Expanded trigger criteria: Gradient trigger (ΔM/Δt), binary
trigger, network trigger, etc.

– Higher sampling frequency of 16 kHz for up to 40 analog
channels

– Substantially longer record duration due to the additionally
installed mass storage.

The descriptions for the fast-scan, slow-scan, and continuous
recorder as well as for the trigger functions are in the
"SIPROTEC 7KE85 Fault Recorder".

Time synchronization

In order to be able to compare the recordings of fault recorders
at different locations to each other, a very exact time synchroni-
zation of all devices is necessary. Thus, the time synchronization
is an important property and must be done with a high degree
of accuracy. In particular, the use of the Phasor Measurement
Unit (PMU) function requires a precise time stamping Figure
3.6/2.

The time synchronization can be done using 1 or 2 timers.
Depending on time source, an accuracy from 1 ms to 1 μs is
attained. Events are logged with a date and time with 1 ms reso-
lution.

The time synchronization is optionally realized via:

• DCF77 signal

• IRIG-B signal

• SNTP protocol

• Substation automation protocol (for example,
IEC 60870-5-103, IEC 61850)

• IEEE 1588 protocol (accuracy: 1μs)

• Seconds pulse (for special high-precision applications)

• DIGSI 5 protocol (not cyclical)

• Timing master of a protection interface

• Internal time with integrated quartz crystal

Time synchronization in the device has a battery back-up. Thus,
the internal clock continues to run with the quartz accuracy of
the device even in case of outage of the auxiliary voltage.

[Time_settings, 1, --_--]

Figure 3.6/2 Time settings in DIGSI 5

GPS time signal receiver for IRIG-B, DCF77

The recommended GPS time signal receiver from Meinberg
(Figure 3.6/3) synchronizes the internal time of all connected
protection devices. The internal clock of the protection devices
are updated using the respective telegram (IRIG-B, DCF77).
Optical fiber can also be used to transmit time signals (tele-
grams or second intervals) without interference even over larger
distances and in electromagnetically polluted environments.
SIPROTEC 5 devices generally support redundant time synchroni-
zation. The time information can be provided by two external
timers. One functions as the primary time source. If it fails,
switchover to the second (secondary) timer is performed.

SIPROTEC 5 System
Data Acquisition and Recording
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[dw_7KE85_GPS, 2, en_US]

Figure 3.6/3 SIPROTEC 5 device with IRIG-B or DCF77 time synchroniza-
tion

Event-log buffer

Event-log buffers mark important events with a time stamp
(accurate to 1 ms) for subsequent analysis.

The long recording length is achieved with large event-log
buffers and separate logs for different event categories. The
events to be logged are freely configurable and provide
improved manageability. Configuration of user-specific event-
log buffers for cyclical or event-driven recording is also
supported.

Convenient, thorough analysis

Event-log buffers of different categories enable easier, targeted
analysis. Changes to parameters and configuration data are
recorded.

Maintainability

Hardware and software are constantly monitored and irregulari-
ties are detected immediately. In this way, extremely high levels
of security, reliability and availability are achieved at the same
time. Important information about essential maintenance activi-
ties (for example, battery supervision), hardware defects
detected by internal monitoring or compatibility problems are
separately recorded in the diagnostic log. All entries include
specific take-action instructions. The following table provides an
overview of the typical log.

The log entries and fault records are retained even if there is an
outage of the auxiliary and battery voltage.

Operational log 2000 messages Cyclical logging of operational
indications (for example,
control processes)

Fault log 1000 messages per
fault

Event-driven recording of
faults. A maximum of
128 faults can be stored. A
maximum of 1000 messages
can be recorded for each
fault.

User-specific log 200 messages Option of cyclical or event-
driven recording of user-
defined signals

Sensitive Ground-
Fault Log

100 messages per
ground fault

Event-driven recording of
ground faults. A maximum of
10 ground faults can be
stored. A maximum of
100 messages can be
recorded for each ground
fault.

Parameterization
history log
(cannot be
deleted)

200 messages Logging of all parameter
changes and configuration
downloads

Communication
Log

500 messages Logging the status of all
configured communication
connections, such as distur-
bances that arise, testing and
diagnostic operation and
communication loads

Security log
(cannot be
deleted)

500 messages Logging the successful and
unsuccessful attempts to
access areas of the device
with conditional access rights.

Diagnostic log 500 messages Logging and display of
specific take-action instruc-
tions in case of necessary
maintenance (for example,
battery supervision), detected
hardware defects or compati-
bility problems.

Table 3.6/1 Overview of typical logs

SIPROTEC 5 System
Data Acquisition and Recording
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Current Inputs

All current, voltage, and power data are specified as RMS values.

Rated frequency frated 50 Hz, 60 Hz

16.7 Hz (for rail protection devices only)

Protection-class
current transformers

Rated current
Irated

Measuring
range of the
modular
devices

Measuring
range of the
non-modular
devices

5 A

1 A

0 A to 500 A

0 A to 100 A

0 A to 250 A

0 A to 50 A

Instrument trans-
formers

5 A

1 A

0 A to 8 A

0 A to 1.6 A

0 A to 8 A

0 A to 1.6 A

Power consumption
per current circuit at
rated current

Approx. 0.1 VA

Thermal rating

(protection and instru-
ment transformers)

500 A for 1 s

150 A for 10 s

20 A continuously

25 A for 3 min

30 A for 2 min

Dynamic load-carrying
capacity

1250 A one half wave

Measuring-Transducer Inputs (via Module ARC-CD-3FO)

Connector type AVAGO AFBR-4526Z

Number of trans-
ceivers

3

Fiber type Polymer Optical Fiber (POF) 1 mm

Receiver

Maximum -10 dBm ± 2 dBm

Minimum -40 dBm ± 2 dBm

Spectrum 400 nm to 1100 nm

Attenuation In the case of plastic optical fibers, you can
expect a path attenuation of 0.2 dB/m Addi-
tional attenuation comes from the plug and
sensor head.

Optical budget 1 Minimal 25 dB

Analog sampling rate 16 kHz

ADC type 10-bit successive approximation

Transmitter

Type LED

Wavelength λ = 650 nm

Transmit power Minimum 0 dBm

Maximum 2 dBm

Numerical aperture 0.5 2

Signal rate connection
test

1 pulse per second

Pulse duration connec-
tion test

11 μs

Comment:

1 All values in combination with sensors approved by Siemens.

2 Numerical aperture (NA = sin θ (launch angle))

Measuring-Transducer Inputs (via Module ANAI-CA-4EL)

Connector type 8-pin multiple contact strip

Differential current
input channels

4

Measuring range DC -24 mA to +24 mA

Fault < 0.5 % of measuring range

Input impedance 140 Ω
Conversion principle Delta-sigma (16 bit)

Permissible potential
difference between
channels

DC 20 V

Galvanic separation
from ground/housing

DC 700 V

Permissible overload DC 100 mA continuously

Measurement repeti-
tion

200 ms

Voltage Input

All current, voltage, and power data are specified as RMS values.

Rated frequency frated 50 Hz, 60 Hz

16.7 Hz (for rail-protection devices only)

Input and output
modules

IO202/IO208/IO211/
IO214

IO215

Measuring range 0 V bis 200 V 0 V bis 7,07 V

Input impedance 200 kΩ 7 kΩ
Thermal rating 230 V continuously 20 V continuously

Integrated Power Supply

For modular devices, the following printed circuit-board assemblies
have a power supply:

PS201 – Power supply of the base module and of the 1st device row

PS203 – Voltage supply of 2nd device row

CB202 – Plug in module assembly with integrated power supply, for
example, to accommodate communication modules

Permissible
voltage ranges

(PS201, PS203,
CB202)

DC 19 V
to DC 60 V

DC 48 V to DC 300 V

AC 80 V to AC 265 V, 50 Hz/60 Hz

Auxiliary rated
voltage VH

(PS201, PS203,
CB202)

DC 24 V/DC 48 V DC 60 V/DC 110 V/DC 125 V/
DC 220 V/

DC 250 V or

AC 100 V/AC 115 V/AC 230 V,
50 Hz/60 Hz

Permissible
voltage ranges
(PS101)

DC 19 V
to DC 60 V

DC 48 V to 150
V

DC 88 V
to DC 300 V

AC 80 V to
AC 265 V, 50 Hz/
60 Hz

Appendix
Technical data – Current Inputs
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Integrated Power Supply

Auxiliary rated
voltage VH

(PS101)

DC 24 V/DC 48 V DC 60 V/DC
110 V/

DC 125 V

DC 110 V/ DC
125 V/

DC 220 V/DC
250 V

or

AC 100 V/AC
115 V/

AC 230 V, 50 Hz/
60 Hz

Superimposed alternating voltage,
peak-to-peak, IEC 60255-11

≤ 15% of the DC auxiliary rated
voltage (applies only to direct
voltage)

Inrush current ≤ 18 A

Recommended external protection Miniature circuit breaker 6 A, char-
acteristic C according to IEC 60898

Internal fuse

– DC 24 V
to DC 48 V

DC 60 V
to DC 125 V

DC 24 V
to DC 48 V

AC 100 V to AC
230 V

PS101 4 A intert,
AC 250 V,
DC 150  V,

UL recognized

SIBA
type 179200 or
Schurter
type SPT 5x20

2 A time-lag, AC 250 V, DC 300 V,
UL recognized

SIBA type 179200 or Schurter
type SPT 5x20

PS201, PS203,
CB202

2 A time-lag, AC 250 V, DC 300 V, UL recognized

SIBA type 179200 or Schurter type SPT 5x20

Power consumption (life relay active)

– DC AC 230 V/50 Hz AC 115 V/50 Hz

1/3 base
module, non-
modular

Without plug-in
modules

7.0 W 16 VA 12.5 VA

1/3 base
module,
modular

Without plug-in
modules

13 W 33 VA 24 VA

1/6 expansion
module

3 W 6 VA 6 VA

1/6 plug-in
module
assembly
without plug-in
modules
(modules
CB202)

3.5 W 14 VA 7 VA

Plug-in module
for base module
or plug-in
module
assembly (for
example,
communication
module)

< 5 W < 6 VA < 6 VA

Integrated Power Supply

Stored-energy time for auxiliary
voltage outage or short circuit,
modular devices

For V „ DC 24 V „ 50 ms

For V „ DC 110 V „ 50 ms

For V „ AC 115 V „ 50 ms

Stored-energy time for auxiliary
voltage outage or short circuit,
non-modular devices

For V „ DC 24 V „ 20 ms

For V „ DC 60 V/DC 110 V „ 50 ms

For V „ AC 115 V „ 200 ms

Rated voltage range DC 24 V to 250 V

The binary inputs of SIPROTEC 5 are bipolar
with the exception of the binary inputs on the
IO230 and on the IO231.

Current consumption,
excited

Approx. DC 0.6 mA to 1.8 mA (independent of
the operating voltage)

Power consumption,
max.

0.6 VA

Pickup time Approx. 3 ms

Dropout time Approx. 4 ms

Switching thresholds Adjustable with DIGSI 5

Range 1 for 24 V, 48
V, and 60 V

Operating voltage

Vlow ≤ DC 10 V

Vhigh „ DC 19 V

Range 2 for 110 V and
125 V

Operating voltage

Vlow ≤ DC 44 V

Vhigh „ DC 88 V

Range 3 for 220 V and
250 V

Operating voltage

Vlow ≤ DC 88 V

Vhigh „ DC 176 V

Maximum permitted
voltage

DC 300 V

The binary inputs contain interference suppression capacitors. In order
to ensure EMC, use the terminals shown in the terminal diagrams/
connection diagrams to connect the binary inputs to the common
potential.

Power Relay (for Direct Control of Motor Switches)

Switching capacity for permanent and periodic operation

250 V/4.0 A

220 V/4.5 A

110 V/5.0 A

60 V/5.0 A

48 V/5.0 A

24 V/5.0 A

1000 W

1000 W

550 W

300 W

240 W

120 W

In order to prevent any damage,
the external protection circuit
must switch off the motor in case
the rotor is blocked.

Turn on switching power for 30 s, recovery time until switching on
again is 15 minutes.

For short-term switching operations, an impulse/pause ratio of 3 %
must be considered.

100 V/9.0 A

60 V/10.0 A

48 V/10.0 A

24 V/10.0 A

1000 W

600 W

480 W

240 W

Continuous and inching operation
is not permitted.

In order to prevent any damage,
the external protection circuit
must switch off the motor in case
the rotor is blocked.

AC and DC contact voltage 250 V

Permissible continuous current per
contact

5 A
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Permissible current per contact
(switching on and holding)

30 A for 1 s

Short-time current across closed
contact

250 A for 30 ms

Total permissible current for
contacts connected to common
potential

5 A

Switching time OOT (Output
Operating Time)

Additional delay of the output
medium used

≤ 16 ms

Rated data of the output contacts
in accordance with UL certification

DC 300 V, 10 A, Resistive

DC 250 V, 1 hp motor - 30 s ON,
15 min OFF

DC 110 V, 3/4 hp motor - 30 s ON,
15 min OFF

DC 60 V, 1/2 hp motor - 30 s ON,
15 min OFF

DC 48 V, 1/3 hp motor - 30 s ON,
15 min OFF

DC 24 V, 1/6 hp motor - 30 s ON,
15 min OFF

Interference suppression capaci-
tors across the contacts

4.7 nF, ± 20 %, AC 250 V

The power relays operate in interlocked mode, that is, only one relay of
each switching pair picks up at a time thereby avoiding a power-supply
short circuit.

High-Speed Relay with Semiconductor Acceleration (Type
HS)

Switching capacity On/Off: 1000 W/VA

Contact voltage AC 200 V, DC 250 V

Permissible current per contact
(continuous)

5 A

Permissible current per contact
(switching on and holding)

30 A for 1 s (make contact)

Short-time current across closed
contact

250 A for 30 ms

Total permissible current for
contacts connected to common
potential

5 A

Switching time OOT (Output
Operating Time)

Additional delay of the output
medium used

Closing time, typical: 0.2 ms

Opening time, typical: 6 ms

Maximum: ≤ 9 ms

Rated data of the output contacts
in accordance with UL certification

B150

Q300

Fast Relay (Type F)

Switching capacity On: 1000 W/VA

Off: 30 VA; 40 W ohmic;

30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage 250 V

Permissible current per contact
(continuous)

5 A

Permissible current per contact
(switching on and holding)

30 A for 1 s (make contact)

Short-time current across closed
contact

250 A for 30 ms

Total permissible current for
contacts connected to common
potential

5 A

Switching time OOT (Output
Operating Time)

Additional delay of the output
medium used

Closing time, typical: 4 ms

Opening time, typical: 2 ms

Maximum: ≤ 5 ms

Rated data of the output contacts
in accordance with UL certification

AC 120 V, 8.5 A, General Purpose

AC 277 V, 6 A, General Purpose

AC 277 V, 0.7 hp

AC 347 V, 4.5 A, General Purpose

B300

R300

Interference suppression capaci-
tors across the contacts

4.7 nF, ± 20 %, AC 250 V

Supervision 2-channel activation with cyclic
testing (only for make contact)

Standard Relay (Type S)

Switching capacity On: 1000 W/VA

Off: 30 VA; 40 W ohmic;

30 W/VA at L/R ≤ 40 ms

AC and DC contact voltage 250 V

Permissible current per contact
(continuous)

5 A

Permissible current per contact
(switching on and holding)

30 A for 1 s (make contact)

Short-time current across closed
contact

250 A for 30 ms

Total permissible current for
contacts connected to common
potential

5 A

Switching time OOT (Output
Operating Time)

Additional delay of the output
medium used

≤ 10 ms

Max. rated data of the output
contacts in accordance with UL
certification

DC 24 V, 8 A, General Purpose

DC 48 V, 0.8 A, General Purpose

DC 240 V, 0.1 A, General Purpose

AC 240 V, 5 A, General Purpose

AC 120 V, 1/3 hp

AC 250 V, 1/2 hp

B300

R300

Interference suppression capaci-
tors across the contacts

4.7 nF, ± 20 %, AC 250 V

Expansion Module

Status Color Quantity

Routable Red 16 optional
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Base Module

Status Color Quantity

RUN Green 1

ERROR Red 1

Routable (adjustable
with DIGSI 5)

Only the defined color
can be used in opera-
tion.

2-colored: red or green 16

Signal
Levels/

Burdens

Signal Rated Input Voltage, DC

5 V 12 V 24 V

VIHigh 6.0 V 15.8 V 31.0 V

VILow 1.0 V at

IILow = 0.25 mA

1.4 V at

IILow = 0.25 mA

1.9 V at

IILow = 0.25 mA

IIHigh 4.5 mA to 9.4 mA 4.5 mA to 9.3 mA 4.5 mA to 8.7 mA

RI 890 Ω at VI = 4 V 1930 Ω at VI = 8.7

V

3780 Ω at VI = 17

V

640 Ω at VI = 6 V 1700 Ω at VI =

15.8 V

3560 Ω at VI = 31

V

Pin Signal Signal Description

1 P24-TSIG DC 24 V input

2 P5-TSIG DC 5 V input

3 M-TSIG Return line Pxx-TSIG

4 M-TSYNC 4 Return line for P-TSYNC

5 Screen Shield potential

6 – –

7 P12-TSIG DC 12 V input

8 P-TSYNC DC 24 V input

9 Screen Shield potential

Table 4.6/1 Time-Synchronization Connection

Time-Synchronization Interface (Port G)

Time Synchronization External synchronization sources, for example,
DCF77

IRIG-B signal

Internal RTC (real time)

Connection Rear

D-sub 9

Rated signal voltages DC 5 V, DC 12 V, or DC 24 V (optional)

Test voltage AC 500 V at 50 Hz

EMC Electromagnetic Emission Tests (Type Tests, Test under
Mounting Conditions)

Standards IEC 60255-26 (product
standard)

IEC 61000-6-4
(generic standard)

Conducted emission on auxiliary-voltage lines

CISPR 22

150 kHz to 30 MHz
limit class A

Radiated emission CISPR 11 30 MHz to 1 000 MHz
limit class A

CISPR 22 1 GHz to 6 GHz limit
class A

Loading effect in electricity-supply systems,
harmonics

Harmonic current emissions

Does not apply!

(see EN 61000-3-2,
section 7, power
consumption < 75 W)

Loading effect in electricity-supply systems,
voltage fluctuations

Flicker

Does not apply!

(see EN 61000-3-3,
section 6, no signifi-
cant voltage fluctua-
tions)

EMC Immunity Tests (Type Tests, Test under Mounting
Conditions)

Standards IEC 60255-1 and -26 (product standards)

EN 61000-6-2 (generic standard)

Electrostatic discharge
test

IEC 61000-4-2

Contact discharge:

• Front-side modular and non-modular
devices 8 kV

• Back-side modular devices 8 kV

• Back-side non-modular devices 6 kV

Air discharge 15 kV

Both polarities

150 pF

Ri = 330 Ω
Radiated electromag-
netic field immunity

Frequency sweep

IEC 61000-4-3

20 V/m, 80 MHz to 1 GHz

10 V/m, 1 GHz to 2.7 GHz

80 % AM

1 kHz

Radiated electromag-
netic field immunity

Spot frequencies

IEC 61000-4-3

20 V/m, 80 MHz/160 MHz/380 MHz/450 MHz/
900 MHz

10 V/1.85 GHz/2.15 GHz

80 % AM

1 kHz

Dwell time „ 10 s

4 Only for the PPS signal (GPS)
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Electrical fast tran-
sient/

burst immunity

IEC 61000-4-4

4 kV

5 ns/50 ns

5 kHz

Burst length 15 ms

Repetition rate 300 ms

Both polarities

Ri = 50 Ω

Test duration „ 5 min

High-energy surge
voltages

IEC 61000-4-5

Pulse: 1.2 µs/50 µs

Auxiliary voltage Common mode: 4 kV,
12 Ω, 9 µF

Differential mode:
1 kV, 2 Ω, 18 µF

Measuring inputs,
binary inputs, and

relay outputs (no
differential mode
testing)

Common mode: 4 kV,
42 Ω, 0.5 µF

Differential mode:
1 kV, 42 Ω, 0.5 µF

or varistor

Conducted RF, amplitude-modulated

IEC 61000-4-6

10 V, 150 kHz to
80 MHz, 80 % AM,
1 kHz

Conducted RF, amplitude-modulated

IEC 61000-4-6

Spot frequencies

27 MHz/68 MHz at 10
V, dwell time „ 10 s

80 % AM, 1 kHz

Power frequency
magnetic field
immunity test

IEC 61000-4-8

100 A/m (continuous)

1000 A/m for 3 s

Pulsed magnetic field IEC 61000-4-9

1500 A/m, 6.4 µs/16 µs

Standard for Surge
Withstand Capability
(SWC)

IEEE Std C37.90.1

2.5 kV (peak value)

1 MHz

τ = 15 µs

400 impulses per s

Test duration „ 10 s

Ri = 200 Ω

Common mode and differential mode test

Standard for Fast Tran-
sient Surge Withstand
Capability

IEEE Std C37.90.1

4 kV

5 ns/50 ns

5 kHz

Burst length 15 ms

Repetition rate 300 ms

Both polarities

Ri = 50 Ω

Test duration 60 s

Common mode and differential mode test

Standard for With-
stand Capability or
Relay Systems to Radi-
ated Electromagnetic
Interference from
Transceivers (Keying
test)

IEEE Std C37.90.2

20 V/m

80 MHz to 1 GHz

Pulse modulation

Damped oscillatory
wave immunity test

IEC 61000-4-18

1 MHz, 2.5 kV (peak value)

3 MHz, 10 MHz, 30 MHz, 2 kV (peak value)

Test duration „ 60 s

Power-frequency
disturbance test

IEC 61000-4-16

Zone A

150 V (differential mode)

300 V (common mode)

Insulation and Safety Tests

Standards IEC 60255-27

Voltage test (routine test), current measure-
ment inputs, voltage measurement inputs,
relay outputs

AC 2.5 kV

50 Hz

Voltage test (routine test),

Auxiliary voltage, binary inputs

DC 3.5 kV

Voltage test (routine test), only isolated
communication and time-synchronization
interfaces and analog inputs (module position
E, F, M, N, and P)

DC 700 V

Surge immunity test (type testing), all circuits
except communication and time-synchroniza-
tion interfaces and analog inputs, class III

5 kV (peak value)

1.2 µs/50 µs

0.5 J

3 positive and 3 nega-
tive impulses at inter-
vals of 1 s

Insulation resistance > 100 MΩ @ DC 500 V

Resistor of protective-equipotential-bonding < 0.1 Ω @ DC 12 V,
30 A after 1 min.

Installation Requirements

Overvoltage category III

Degree of pollution 2

Protection class 1

Standards

IEC 60255 (product standard)

IEEE Std C37.90

UL 508

Additional standards are listed for the individual tests.

Vibration and Shock Stress During Transport

Standards IEC 60255-21 and IEC 60068

Vibration Test (sinusoidal)

IEC 60255-21-1, class 2 1

and

IEC 60068-2-6

Sinusoidal 5 Hz to 8 Hz: ± 7.5 mm ampli-
tude

8 Hz to 150 Hz: 20 m/s2 acceleration

Frequency sweep 1 octave/min

20 cycles in 3 axes perpendicular to one
another

Shock Test

IEC 60255-21-2, class 1 and

IEC 60068-2-27

Semi-sinusoidal

Acceleration 150 m/s2

Duration 11 ms

3 shocks each in both directions of the
3 axes
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Continuous shock

IEC 60255-21-2, class 1 and

IEC 60068-2-27

Semi-sinusoidal

Acceleration 100 m/s2

Duration 16 ms

1000 shocks each in both directions of the
3 axes

Comment:

1 The non-modular devices in the assembly frame meet class 1.

Vibration and Shock Stress in Stationary Use

Standards IEC 60255-21 and IEC 60068

Vibration Test (sinusoidal)

IEC 60255-21-1, class 2 1

and

IEC 60068-2-6

Sinusoidal 10 Hz to 60 Hz: ± 0.075 mm
amplitude

60 Hz to 150 Hz; 10 m/s2 acceleration

Frequency sweep 1 octave/min

20 cycles in 3 axes perpendicular to one
another

Shock Test

IEC 60255-21-2, class 1

Semi-sinusoidal

Acceleration 50 m/s2

Duration 11 ms

3 shocks each in both directions of the
3 axes

Seismic Tests

IEC 60255-21-3, class 2 and

IEC 60068-3-3

Sinusoidal 3 Hz 2 to 35 Hz:

Frequency sweep 1 octave/min

1 cycle in 3 axes perpendicular to one
another

3 Hz to 8 Hz: ± 7.5 mm amplitude (hori-
zontal axes)

3 Hz to 8 Hz: ± 3.5 mm amplitude (vertical
axis)

8 Hz to 35 Hz: 20 m/s2 acceleration (hori-
zontal axes)

8 Hz to 35 Hz: 10 m/s2 acceleration
(vertical axis)

Comment:

1 The non-modular devices in the assembly frame meet class 1.

2 For technical reasons, the frequency range is raised from 1 Hz to 3 Hz
at the lower limit.

Other Environmental Information

Maximum altitude above sea level 2000 m (6561.68 ft)

Minimum admissible atmospheric
pressure

783.8 hPa

Humidity

Permissible humidity stress

(according to IEC 60068-2-30)

≤ 75 % relative humidity on the
annual average

Up to 93 % relative humidity on
56 days a year

Devices subjected to condensation
are not to be operated!

Arrange the devices so that they
are not exposed to direct sunlight
or extreme temperature changes.
This will prevent condensation in
the device.

Constant humid heat, 56 days 40 °C, 93 % relative humidity

Humid heat, cyclical 12 h + 12 h cycles

25 °C/55 °C/95 % relative humidity

Temperatures

Type test, in operation

(in compliance with IEC 60068-2-1
and IEC 60068-2-2, test Ad for
16 h and test Bd for 16 h)

-25 °C to +85 °C

Temporarily permissible during
operation (tested for 96 h)

-20 °C to +70 °C

Load conditions for the non-
modular devices: With surrounding
temperatures above 55 °C, no
more than 50 % of the binary
inputs and relay outputs per
assembly are allowed to be contin-
uously active.

Readability of the display may be
impaired below -10 °C and above
+55 °C.

Recommended for uninterrupted
duty

(in compliance with IEC 60255-1)

-10 °C to +55 °C

Temperatures for continuous
storage

-25 °C to +55 °C

Type test, transport and storage
for 96 h

-40 °C to +70 °C

Heat-related limitations for the binary inputs on the IO230 input
module (modular devices)

Switching
thresholds

Up to 40 °C Up to 55 °C Up to 70 °C

Range 1 for
24 V, 48 V, and
60 V operating
voltage

All 48 binary
inputs usable for
uninterrupted
duty

All 48 binary
inputs usable for
uninterrupted
duty

All 48 binary
inputs usable for
uninterrupted
duty
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Range 2 for 110
V and 125 V
operating
voltage

All 48 binary
inputs usable for
uninterrupted
duty

All 48 binary
inputs usable for
uninterrupted
duty

36 binary inputs
usable for unin-
terrupted duty

(max. 3 in each
group of 4 at the
same time)

Range 3 for 220
V and 250 V
operating
voltage

36 binary inputs
usable for unin-
terrupted duty

(max. 3 in each
group of 4 at the
same time)

24 binary inputs
usable for unin-
terrupted duty

(max. 2 in each
group of 4 at the
same time)

12 binary inputs
usable for unin-
terrupted duty

(max. 1 in each
group of 4 at the
same time)

ii
NOTE

At an ambient temperature of 55 °C to 70 °C, a
maximum of 36 relays per row may be switched
on simultaneously.

Heat-related limitations for the binary inputs on the IO231 input
module (modular devices)

Switching
thresholds

Up to 40 °C Up to 55 °C Up to 70 °C

Range 1 for
24 V, 48 V, and
60 V operating
voltage

All 24 binary
inputs usable for
uninterrupted
duty

All 24 binary
inputs usable for
uninterrupted
duty

All 24 binary
inputs usable for
uninterrupted
duty

Range 2 for 110
V and 125 V
operating
voltage

All 24 binary
inputs usable for
uninterrupted
duty

All 24 binary
inputs usable for
uninterrupted
duty

18 binary inputs
usable for unin-
terrupted duty

(max. 3 in each
group of 4 at the
same time)

Range 3 for 220
V and 250 V
operating
voltage

18 binary inputs
usable for unin-
terrupted duty

(max. 3 in each
group of 4 at the
same time)

12 binary inputs
usable for unin-
terrupted duty

(max. 2 in each
group of 4 at the
same time)

6 binary inputs
usable for unin-
terrupted duty

(max. 1 in each
group of 4 at the
same time)

Degree of Protection to IEC 60529

For equipment in the surface-
mounting housing

IP50

For equipment in the flush-
mounting housing

Front IP51

Back side of the modular devices
IP50

Back side of the non-modular
devices IP40

For operator protection IP2x for current terminal (installed
removed)

IP1x for voltage terminal
(removed/without cover)

IP2x for voltage terminal
(removed/with cover)

IP2x for voltage terminal (installed)

Degree of pollution, IEC 60255-27 2

Maximum altitude above sea level 2000 m (6561.68 ft)

Minimum Bending Radii of the Connecting Cables Between
the On-Site Operation Panel and the Base Module

Fiber-optic cable R = 50 mm

Pay attention to the length of the
cable protection sleeve, which you
must also include in calculations.

D-Sub cable R = 50 mm (minimum bending
radius)

Plug-In Module Dimensions

Type of Construction (Maximum
Dimensions)

Width x Height x Depth (in Inches)

USART-Ax-xEL, ETH-Bx-xEL 61 mm x 45 mm x 120.5 mm (2.4
x 1.77 x 4.74)

USART-Ax-xFO, ETH-Bx-xFO
(without protection cover)

61 mm x 45 mm x 132.5 mm (2.4
x 1.77 x 5.22)

ANAI-CA-4EL 61 mm x 45 mm x 119.5 mm (2.4
x 1.77 x 4.7)

ARC-CD-3FO 61 mm x 45 mm x 120.5 mm (2.4
x 1.77 x 4.74)

Expansion Module Dimensions

Type of Construction (Maximum
Dimensions)

Width x Height x Depth 5 (in
Inches)

Flush-mounting device 75 mm x 268 mm x 229 mm (2.95
x 10.55 x 9.02)

Surface-mounted device with inte-
grated on-site operation panel

75 mm x 314 mm x 337 mm (2.95
x 12.36 x 13.27)

Surface-mounted device with
detached on-site operation panel

75 mm x 314 mm x 230 mm (2.95
x 12.36 x 9.06)

Dimensions of Device Rows

Type of
Construc-
tion

(Maximu
m Dimen-
sions)

Width over all x Height over all x Depth 6(in Inches)

Type of
construc-
tion

1/3 1/2 2/3 5/6 1/1

Flush-
mounting
device

150 mm x
268 mm x
229 mm
(5.91 x
10.55 x
9.02)

225 mm x
268 mm x
229 mm
(8.86 x
10.55 x
9.02)

300 mm x
268 mm x
229 mm(1
1.81 x
10.55 x
9.02)

375 mm x
268 mm x
229 mm
(14.76 x
10.55 x
9.02)

450 mm x
268 mm x
229 mm
(17.72 x
10.55 x
9.02)

5Width and depth rounded to whole numbers in mm
6Width and depth rounded to whole numbers in mm
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Type of
Construc-
tion

(Maximu
m Dimen-
sions)

Width over all x Height over all x Depth 6(in Inches)

Surface-
mounted
device
with inte-
grated on-
site opera-
tion panel

150 mm x
314 mm x
337 mm
(5.91 x
12.36 x
13.27)

225 mm x
314 mm x
337 mm
(8.86 x
12.36 x
13.27)

300 mm x
314 mm x
337 mm
(11.81 x
12.36 x
13.27)

375 mm x
314 mm x
337 mm
(14.76 x
12.36 x
13.27)

450 mm x
314 mm x
337 mm
(17.72 x
12.36 x
13.27)

Surface-
mounted
device
with
detached
on-site
operation
panel

150 mm x
314 mm x
230 mm
(5.91 x
12.36 x
9.06)

225 mm x
314 mm x
230 mm
(8.86 x
12.36 x
9.06)

300 mm x
314 mm x
230 mm
(11.81 x
12.36 x
9.06)

375 mm x
314 mm x
230 mm
(14.76 x
12.36 x
9.06)

450 mm x
314 mm x
230 mm
(17.72 x
12.36 x
9.06)

Dimensions of the Basic and 1/3 Modules

Type of Construction (Maximum
Dimensions)

Width over all x Height over all x
Depth 7(in Inches)

Flush-mounting device 150 mm x 268 mm x 229 mm
(5.91 x 10.55 x 9.02)

Surface-mounted device with inte-
grated on-site operation panel

150 mm x 314 mm x 337 mm
(5.91 x 12.36 x 13.27)

Surface-mounted device with
detached on-site operation panel

150 mm x 314 mm x 230 mm
(5.91 x 12.36 x 9.06)

Masses

Device Size

Weight of the Modular Devices

Type of construction 1/3 1/2 2/3 5/6 1/1

Flush-mounting device 4.8 kg 8.1 kg 11.4 kg 14.7 kg 18.0 kg

Surface-mounted
device with integrated
on-site operation
panel

7.8 kg 12.6 kg 17.4 kg 22.2 kg 27.0 kg

Surface-mounted
device with detached
on-site operation
panel

5.1 kg 8.7 kg 12.3 kg 15.9 kg 19.5 kg

Size Weight

Detached on-site oper-
ation panel

1/3 1.9 kg

Detached on-site oper-
ation panel

1/6 1.1 kg

Device Size

Weight of the Non-Modular Devices 7xx82

Type of construction 1/3

Flush-mounting device 3.7 kg

Bracket for non-
modular surface-
mounting variant

1.9 kg

UL Note

Type 1 if mounted into a door or front cover of an enclosure.

When expanding the device with the 2nd device row, then they must
be mounted completely inside an enclosure.

6Width and depth rounded to whole numbers in mm
7Width and depth rounded to whole numbers in mm

Appendix
Technical data – Dimensions of the Basic and 1/3 Modules
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Transformer Differential Protection
Setting Values

Operate curve
Threshold value I/Irated,obj 0.05 to 2.00 Increments of 0.01
Slope 1 0.00 to 0.80 Increments of 0.01
Intersection 1 Irest I/Irated,obj 0.00 to 5.00 Increments of 0.01
Slope 2 0.25 to 0.95 Increments of 0.01
Intersection 2 Irest I/Irated,obj 1.00 to 20.00 Increments of 0.01
Startup detection
Startup detection threshold value I/Irated,obj 0.1 to 2.0 Increments of 0.1
Characteristic curve increase
factor

1.0 to 5.0 Increments of 0.1

Maximum starting time 0.1 s to 180.0 s Increments of 0.1 s
DC-component detection
Characteristic curve increase
factor DC

1.0 to 5.0 Increments of 0.1

Inrush-current detection
2nd harmonic content 10 % to 45 % Increments of 1 %
Crossblk. time 2nd har. 0.00 s to 200.00 s or ∞ Increments of 0.01 s
Overexcitation blocking
3rd harmonic content 10 % to 80 % Increments of 1 %
Crossblk. time 3rd har. 0.00 s to 200.00 s or ∞ Increments of 0.01 s
5th harmonic content 10 % to 80 % Increments of 1 %
Crossblk. time 5th har. 0.00 s to 200.00 s or ∞ Increments of 0.01 s
Idiff limit 3rd, 5th harm. I/Irated,obj 0.5 to 20.0 Increments of 0.1 
Detection of external faults
Add-on stabilization threshold
value

I/Irated,obj 1.00 to 20.00 Increments of 0.01

Add-on stabilization time 0.00 s to 5.00 s or ∞ Increments of 0.01 s
Crossblk. time additional stabili-
zation

0.00 s to 2.00 s or ∞ Increments of 0.01 s

Operate curve See Figure 11-1

Functional Measured Values

Measured Value Description
_:2311:300 A, B, C Differential current
_:2311:301 A, B, C Restraint current

I-DIFF Fast

Threshold value I/Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

I-DIFF Unrestrained

Threshold value I/Irated,obj 0.5 to 35.0 Increments of 0.1
Tripping delay 0.00 s to 60.00 s Increments of 0.01 s

11.2
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Response Tolerance

For preset characteristic curve parameters; for 2 sides
with 1 measuring point each
I-DIFF stage and characteristic curve 2 % of the setting value
I-DIFF fast stage 2 % of the setting value

Time Delays

I-DIFF stage 0.00 s to 60.00 s Increments of 0.01 s
I-DIFF fast stage 0.00 s to 60.00 s Increments of 0.01 s 
Timer tolerance 1 % of the setting value or 10 ms

[dwdifaus-030912-01.tif, 1, en_US]

Figure 11-1 Operate Curve of the Differential Protection

Operating Times

Operate times for one-sided supply
I-DIFF stage, min 50 Hz

60 Hz
23 ms + OOT55

20 ms + OOT
I-DIFF fast stage, min 50 Hz

60 Hz
8 ms + OOT
8 ms + OOT

I-DIFF unrestrained stage, min 50 Hz
60 Hz

8 ms + OOT
8 ms + OOT

Dropout time, approx. 50 Hz
60 Hz

29 ms
26 ms

55 Refer to protection functions, for example overcurrent protection

Technical Data
11.2 Transformer Differential Protection
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Dropout ratio Approx. 0.7

Adaptation for Transformers

Vector-group adaptation 0 to 11 (x 30°) Increments of 1
Neutral-point treatment Grounded or not grounded (for each winding)

Frequency Operating Range

0.9 ≤ f/frated ≤ 1.1 According to specified tolerances
10 Hz ≤ f < 0.9 frated

1.1 frated < f ≤ 80 Hz
Slightly expanded tolerances

f < 10 Hz
f > 80 Hz

Active

Frequency tracking 10 Hz to 80 Hz

[sctrdffq-030414-01, 2, en_US]

Figure 11-2 Frequency Influence when Using Transformer Differential Protection
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If, for the time set in the Dropout delay curr.crit. parameter, the maximum phase current falls below
the threshold value Dropout threshold current, the parameter set for the Cold-load pickup detection
function block is also deactivated. As a result, if the load current is very low, the action time Dropout delay
curr.crit. of the >Activate cold-load indication can be shortened.

Application and Setting Notes (Cold-Load Pickup Detection)

ii
NOTE
The settings and indications described in this chapter are only available when using the optional Cold-load
pickup detection function block.

Parameter: Operating mode

• Default setting (_:101) Operating mode = I open

With the Operating mode parameter, you set the criteria with which the Closure-detection function block
operates.
Parameter Value Description
I open When the Current-flow criterion function block detects a clearing open

condition, the decision is made for pickup. For this setting, make sure that
the Current thresh. CB open parameter is set lower than the
possible load current. If this is not the case, open is detected continuously
and each fault current that exceeds the Current thresh. CB open
parameter is interpreted as closure.

CB and I open Closure is detected if one of the following conditions is met:
• Analysis of the circuit-breaker auxiliary contact detects a clearing open

condition in at least one phase.
• The current-flow criterion detects a clearing open condition.

Parameter: Dropout threshold current

• Default setting (_:102) Dropout threshold current = 1.00 A

With the Dropout threshold current parameter, you set the threshold at which the output signal
Cold-load pickup is deactivated when the current in at least one phase falls below this threshold.

Parameter: Dropout delay current criterion

• Default setting (_:103) Dropout delay curr.crit. = 600 s 

With the Dropout delay curr.crit. parameter, you set the time for which the actual value must be
below the Dropout threshold current threshold so that the output signal Cold-load pickup can be
deactivated prematurely.

Parameter: Dropout delay CB closed

• Default setting (_:104) Dropout delay CB closed = 3600 s 

With the Dropout delay CB closed parameter, you set the action time for the dynamic parameter set
switching in the event of cold-load pickup detection.

Parameter: Min. CB open time

• Default setting (_:105) Min. CB-open time = 3600 s 

With the Min. CB-open time parameter, you set the time after which the dynamic parameter set is acti-
vated in the event of cold-load pickup when the line is opened.

5.8.9
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Settings

Addr. Parameter C Setting Options Default Setting
Cold-load PU
_:1 Cold-load PU:Mode • off

• on
• test

off

_:101 Cold-load PU:Operating
mode

• I open
• CB and I open

I open

_:102 Cold-load PU:Dropout
threshold current

1 A @ 100 Irated 0.030 A to 10.000 A 1.000 A
5 A @ 100 Irated 0.15 A to 50.00 A 5.00 A
1 A @ 50 Irated 0.030 A to 10.000 A 1.000 A
5 A @ 50 Irated 0.15 A to 50.00 A 5.00 A
1 A @ 1.6 Irated 0.001 A to 1.600 A 1.000 A
5 A @ 1.6 Irated 0.005 A to 8.000 A 5.000 A

_:103 Cold-load PU:Dropout
delay curr.crit.

1 s to 600 s 600 s

_:104 Cold-load PU:Dropout
delay CB closed

1 s to 21600 s 3600 s

_:105 Cold-load PU:Min. CB-
open time

0 s to 21600 s 3600 s

Information List

No. Information Data Class
(Type)

Type

Cold-load PU
_:81 Cold-load PU:>Block stage SPS I
_:500 Cold-load PU:>Block fast dropout SPS I
_:501 Cold-load PU:>Activate cold-load SPS I
_:54 Cold-load PU:Inactive SPS O
_:52 Cold-load PU:Behavior ENS O
_:53 Cold-load PU:Health ENS O
_:300 Cold-load PU:Cold-load pickup SPS O

5.8.10
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Automatic Reclosing
Function specifications Cyclic automatic reclosing function

Automatic reclosing function with adaptive dead time (ADT)
Operation with External Automatic Reclosing Function

Number of reclosings Max. 8, per individual settings
Type (depending on the order
variation)

1-pole, 3-pole, or 1-/3-pole

Operating mode of the automatic
reclosing function

With trip command, without action time
With trip command, with action time
With pickup, without action time
With pickup, with action time

Reclaim time after reclosing 0.50 s to 300.00 s Increments of 0.01 s
Blocking time after dynamic
blocking

0.5 s -

Blocking time after manual closure 0.00 s to 300.00 s Increments of 0.01 s
Start supervision time 0.01 s to 300.00 s Increments of 0.01 s
Circuit-breaker supervision time 0.01 s to 300.00 s Increments of 0.01 s
Evolving-fault detection With trip command

with Pickup
Reaction to evolving faults Blocks automatic reclosing function

Start, evolving fault, dead time
Action times (separated for all
cycles)

0.00 s to 300.00 s or oo (ineffec-
tive)

Increments of 0.01 s

Dead times after trip command
(separated for all types and all
cycles)

0.00 s to 1 800.00 s or oo (ineffec-
tive)

Increments of 0.01 s

Dead time after evolving-fault
detection (separated for all cycles)

0.00 s to 1 800.00 s Increments of 0.01 s

Synchrocheck after 3-pole dead
time

None
Internal
External

Transmission delay, inter close
command

0.00 s to 300.00 s or oo (ineffec-
tive)

Increments of 0.01 s

Dead-line check/reduced dead time Without
Reduced dead time (VWE)
Dead line checking

Voltage supervision warning time 0.10 s to 30.00 s Increments of 0.01 s
Limiting value for fault-free line 0.3 V to 340.0 V Increments of 0.1 V
Limiting value for zero potential 0.3 V to 340.0 V Increments of 0.1 V

12.52
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