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Disclaimer of liability
We have checked the text of this manual against the hardware and 
software described. However, deviations from the description 
cannot be completely ruled out, so that no liability can be accepted 
for any errors or omissions contained in the information given.
The information given in this document is reviewed regularly and 
any necessary corrections will be included in subsequent editions. 
We appreciate any suggestions for improvement.
We reserve the right to make technical improvements without 
notice.
Document Version 4.10.03
Release date 11.2007

Copyright
Copyright © Siemens AG 2007. All rights reserved.
Dissemination or reproduction of this document, or evaluation and 
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pressly permitted. Violations are liable for damages. All rights re-
served, particularly for the purposes of patent application or trade-
mark registration.

Registered Trademarks
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Preface

Purpose of this Manual

This manual describes the functions, operation, installation, and commissioning of devices 7VE61 and 7VE63. 
In particular, one will find:

• Information regarding the configuration of the scope of the device and a description of the device functions 
and settings → Chapter 2; 

• Instructions for Installation and Commissioning → Chapter 3; 

• Compilation of the Technical Data → Chapter 4; 

• As well as a compilation of the most significant data for advanced users → Appendix A.

General information with regard to design, configuration, and operation of SIPROTEC 4 devices are set out in 
the SIPROTEC 4 System Description /1/.

Target Audience

Protection engineers, commissioning engineers, personnel concerned with adjustment, checking, and service 
of selective protective equipment, automatic and control facilities, and personnel of electrical facilities and 
power plants.

Applicability of this Manual

This manual applies to: SIPROTEC 4 Multifunction Paralleling Devices 7VE61 and 7VE63; firmware version 
V4.60.

Indication of Conformity

This product complies with the directive of the Council of the European Communities on the 
approximation of the laws of the Member States relating to electromagnetic compatibility (EMC 
Council Directive 89/336/EEC) and concerning electrical equipment for use within specified 
voltage limits (Low-voltage Directive 73/23 EEC).
This conformity has been established by means of tests conducted by Siemens AG in accor-
dance with Article 10 of the Council Directive in agreement with the generic standards EN 
61000-6-2 and EN 61000-6-4 for the EMC directive, and with the standard EN 60255-6 for the 
low-voltage directive. 
The device has been designed and produced for industrial use.
The product conforms with the international standards of the series IEC 60255 and the German 
standard VDE 0435.

Additional Standards IEEE Std C37.90-*
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Additional Support

Should further information on the System SIPROTEC 4 be desired or should particular problems arise which 
are not covered sufficiently for the purchaser's purpose, the matter should be referred to the local Siemens rep-
resentative.

Our Customer Support Center provides a 24-hour service. 

Phone: 01 80/5 24 70 00 

Fax: 01 80/5 24 24 71 

e-mail: support.energy@siemens.com 

Training Courses

Enquiries regarding individual training courses should be addressed to our Training Center: 

Siemens AG 

Power Transmission and Distribution Power 

Training Center 

Humboldt Street 59 

90459 Nuremberg 

Telephone:0911 / 4 33-70 05 

Fax:0911 / 4 33-79 29 

Internet: www.ptd-training.de 

Safety Information

This manual does not constitute a complete index of all required safety measures for operation of the equip-
ment (module, device), as special operational conditions may require additional measures. However, it com-
prises important information that should be noted for purposes of personal safety as well as avoiding material 
damage. Information that is highlighted by means of a warning triangle and according to the degree of danger, 
is illustrated as follows. 

DANGER!
Danger indicates that death, severe personal injury or substantial material damage will result if proper precau-
tions are not taken. 

WARNING!
indicates that death, severe personal injury or substantial property damage may result if proper precautions are 
not taken. 
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Caution!
indicates that minor personal injury or property damage may result if proper precautions are not taken. This 
particularly applies to damage to or within the device itself and consequential damage thereof.

 Note

indicates information on the device, handling of the device, or the respective part of the instruction manual 
which is important to be noted. 

 

WARNING!
Qualified Personnel

Commissioning and operation of the equipment (module, device) as set out in this manual may only be carried 
out by qualified personnel. Qualified personnel in terms of the technical safety information as set out in this 
manual are persons who are authorized to commission, activate, to ground and to designate devices, systems 
and electrical circuits in accordance with the safety standards. 

Use as prescribed 

The operational equipment (device, module) may only be used for such applications as set out in the catalogue 
and the technical description, and only in combination with third-party equipment recommended or approved 
by Siemens. 

The successful and safe operation of the device is dependent on proper handling, storage, installation, opera-
tion, and maintenance. 

When operating an electrical equipment, certain parts of the device are inevitably subject to dangerous voltage. 
Severe personal injury or property damage may result if the device is not handled properly. 

Before any connections are made, the device must be grounded to the ground terminal. 

All circuit components connected to the voltage supply may be subject to dangerous voltage. 

Dangerous voltage may be present in the device even after the power supply voltage has been removed (ca-
pacitors can still be charged). 

Operational equipment with exposed current transformer circuits may not be operated. 

The limit values as specified in this manual or in the operating instructions may not be exceeded. This aspect 
must also be observed during testing and commissioning. 

Typographic and Symbol Conventions

The following text formats are used when literal information from the device or to the device appear in the text 
flow:

Parameter Names

Designators of configuration or function parameters which may appear word-for-word in the display of the 
device or on the screen of a personal computer (with operation software DIGSI), are marked in bold letters in 
monospace type style. The same applies to the titles of menus.

1234A

Parameter addresses have the same character style as parameter names. Parameter addresses contain the 
suffix A in the overview tables if the parameter can only be set in DIGSI via the option Display additional set-
tings.

Parameter Optionsww . 
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Possible settings of text parameters, which may appear word-for-word in the display of the device or on the 
screen of a personal computer (with operation software DIGSI), are additionally written in italics. The same 
applies to the options of the menus.

„Messages“

Designators for information, which may be output by the relay or required from other devices or from the switch 
gear, are marked in a monospace type style in quotation marks.

Deviations may be permitted in drawings and tables when the type of designator can be obviously derived from 
the illustration.

The following symbols are used in drawings:

Besides these, graphical symbols are used in accordance with IEC 60617-12 and IEC 60617-13 or similar. 
Some of the most frequently used are listed below: 

Device-internal logical input signal

Device-internal logical output signal

Internal input signal of an analog quantity

External binary input signal with number (binary input, input indication)

External binary output signal with number (device indication)

External binary output signal with number (device indication) used as 
input signal

Example of a parameter switch designated FUNCTION  with address 
1234 and the possible settings ON and OFF
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analog input values

AND-gate operation of input values

OR-gate operation of input values

Exclusive OR gate (antivalence): output is active, if only one of the 
inputs is active

Coincidence gate: output is active, if both inputs are active or inactive 
at the same time

Dynamic inputs (edge-triggered) above with positive, below with nega-
tive edge

Formation of one analog output signal from a number of analog input 
signals

Limit stage with setting address and parameter designator (name)

Timer (pickup delay T, example adjustable) with setting address and 
parameter designator (name)

Timer (dropout delay T, example non-adjustable)

Dynamic triggered pulse timer T (monoflop)

Static memory (RS-flipflop) with setting input (S), resetting input (R), 
output (Q) and inverted output (Q)
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Introduction 1
This chapter introduces the SIPROTEC 4 7VE61 and 7VE63. It provides an overview of the scopes of applica-
tion, features and of the functional scope.

1.1 Overall Operation 18

1.2 Application Scope 21

1.3 Characteristics 24
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1.1 Overall Operation

The multi-functional protection devices SIPROTEC 4 7VE61 and 7VE63 are equipped with a powerful micro-
processor. All tasks, such as the acquisition of the measured quantities, issuing of commands to circuit break-
ers and other primary power system equipment, are processed fully digitally. Figure 1-1 shows the basic struc-
ture of the device.

Analog Inputs

The measuring inputs (MI) are galvanically isolated, transform the voltages from the primary transformers and 
adapt them to the internal processing level of the device. Six voltage inputs are available in the MI section.

Figure 1-1 Hardware structure of the digital Multifunction Paralleling Devices 7VE61 and 7VE63 (maximal configura-
tion)

The IA input amplifier group allows high impedance connection for analog input values and contains filters op-
timized for measured value processing bandwidth and speed.

The AD analog digital converter group contains high resolution Σ∆ digital converters (22 bits) and memory com-
ponents for data transfer to the microcomputer. ww . 
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Micro Computer System

The implemented software is processed in the microcomputer system (µC) Essential functions are:

• Filtering and preparation of the measured quantities

• Continuous monitoring of the measured quantities

• Processing of the algorithms for the synchrocheck function

• Monitoring of the pickup conditions for the individual protective functions

• Interrogation of limit values and sequences in time

• Controlling signals for logic functions

• Output of control commands for switching devices

• Signalling of synchronization and protection behaviour via LEDs, LCD, relays or serial interfaces

• Recording of messages, fault data and fault values for analysis

• Management of the operating system and the associated functions such as data recording, real-time clock, 
communication, interfaces, etc.

Binary Inputs and Outputs

Binary inputs and outputs from and to the computer system are routed via the I/O modules (inputs and outputs). 
The computer system obtains the information from the system (e.g remote resetting) or the external equipment 
(e.g. blocking commands). Outputs are mainly commands that are issued to the switching devices and mes-
sages for remote signalling of events and states.

Front Elements

Light-emitting diodes (LEDs) and a display (LCD) on the front panel provide information on the functional status 
of the device and report events, states and measured values. The integrated control keys and numeric keys in 
conjunction with the LCD enable local interaction with the device. They allow the user to retrieve any kind of 
information from the device such as configuration and setting parameters, operational indications and fault 
messages (see also SIPROTEC 4 System Description /1/) and to change setting parameters. 

Serial Interfaces

A personal computer running the DIGSI software can be connected to the serialoperator interface (PC port) on 
the front panel to conveniently operate all device functions.

A separate service interface can be provided for remote communication with the device via a personal comput-
er using DIGSI 4. This interface is especially well suited for a permanent connection of the devices to the PC 
or for operation via a modem.

All data can be transferred to a central control or monitoring system via the serial system interface. Various 
protocols and physical arrangements are available for this interface to suit the particular application.

A further interface is provided for time synchronization of the internal clock through external synchronization 
sources.

Further communication protocols can be implemented via additional interface modules.

Analog Outputs

Depending on the ordering variant and configuration, ports B and D can be equipped with analog output 
modules for the output of selected measured values (0 to 20 mA or 4 to 20 mA).
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Power Supply

The functional units described are supplied by a power supply PS with the necessary power in the different 
voltage levels. Voltage dips may occur if the voltage supply system (substation battery) becomes short-circuit-
ed. Usually, they are bridged by a capacitor (see also Technical Data).  
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1.2 Application Scope

The digital paralleling devices 7VE61 and 7VE63 of the SIPROTEC 4 family are multifunctional compact devic-
es, which may be used for parallel switching systems and generators. Its technical version warrants a high se-
curity during parallel switching. This can be reached by means of the 11/2 channel measurement technique in 
device 7VE61 or the two-channel measurement technique in 7VE63 and a special hardware design. Addition-
ally, numerous monitoring functions serve as support.

Except for the synchronizing functions, in the devices 7VE61 and 7VE63 are available optional voltages and 
frequency functions. Thus, the devices can be used for the protection function and for network decoupling 
tasks.

The devices are recommended for the different applications:

7VE61:
• Synchrocheck monitoring for systems and manual synchronization. In this option a total of 3 synchronizers 

can parallel operate.

• Parallel switching for systems

• Systems Disconnection and Automatic Re-synchronization

• Automatic synchronization of small to medium generators.

7VE63:
• Operation with increased safety requirements through a two-channel feature.

• Parallel switching for high-voltage and extra high-voltage systems.

• Automatic synchronization of large generators.

• Operation of several synchronizers by a device (up to 8 are possible).

• Visualization of the condition system through a graphic display and local control.

Synchronization Functions

The devices recognize automatically the operating conditions and react depending on the pre-settings.

• In the operation mode „Synchrocheck“ will be checked the validity of a restart according to different consid-
erations.

• In the operation mode „Switching Synchronous Systems“ will be determined the frequency difference with 
high accuracy. The connection will take place if the difference frequency is for a long time near to 0.

• If asynchronous conditions are available as in the case of synchronization for generators and systems, thus 
the speed can bring near automatically at the system frequency and the generator voltage at the system 
voltage. A considering factor of the circuit breaker closing time is that the generator will be switched to a 
point of synchronism.

• A very high security for recognition of a de-energized line or bus is achieved via the multi-voltage circuit and 
the multiple inquiries of the voltage. As a result, a connection of the network is trouble-free reestablished.

Protection and Automation Functions

Except for the synchronizing functions, in the devices 7VE61 and 7VE63 are available optional voltages and 
frequency functions. Thus, the devices can be used for the protection function and for network decoupling 
tasks. 

The devices include the following basic functions:

• Overvoltage protection U>

• Undervoltage protection U<

• Overfrequency f>

• Underfrequency protection f<ww . 
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• Rate-of-frequency df/dt>; –df/dt<

• Vector jump protection ∆ϕ

• Fast threshold supervision of the voltages (U>; U<)

Control Functions

The device is equipped with control functions which operate, close and open, switchgear via the integrated op-
erator panel, the system interface, binary inputs, and using a personal computer with DIGSI software.

The status of the primary equipment can be transmitted to the device via auxiliary contacts connected to binary 
inputs. The present status (or position) of the primary equipment can be displayed on the device, and used for 
interlocking or plausibility monitoring. The number of the operating equipment to be switched is limited by the 
binary inputs and outputs available in the device or the binary inputs and outputs allocated for the switch posi-
tion indications. Depending on the primary equipment being controlled, one binary input (single point indication) 
or two binary inputs (double point indication) may be used for this process.

The capability of switching primary equipment can be restricted by a setting associated with switching authority  
(Remote or Local), and by the operating mode (interlocked/non-interlocked, with or without password request).

Processing of interlocking conditions for switching (e.g. system  interlocking) can be established with the aid of 
integrated, user-configurable logic functions.

Messages and Measured Values; Fault Recording

The indication list provides information about conditions in the power system and the device. Measurement 
quantities and values that are calculated can be displayed locally and communicated via the serial interfaces.

Device messages can be allocated to a number of LEDs, externally processed via output contacts, linked with 
user-definable logic functions and/or issued via serial interfaces.

During a generator or network fault (fault in the power system), important events and state changes are stored 
in a fault annunciation buffer. The instantaneous or rms measured values during the fault are also stored in the 
device and are subsequently available for fault analysis. 

Communication

Serial interfaces are available for the communication with operating, control and memory systems. 

Front Interface

A 9-pin DSUB socket on the front panel is used for local communication with a personal computer. By means 
of the SIPROTEC 4 operating software DIGSI, all operational and evaluation tasks can be executed via this 
operator interface, such as specifying and modifying configuration parameters and settings, configuring user-
specific logic functions, retrieving operational and fault messages and measured values, readout and display 
of fault recordings, querying of devices statuses and measured values.   

Rear Interfaces

Depending on the individual ordering variant, additional interfaces are located at the rear side of the device. 
They serve to establish an extensive communication with other digital operating, control and memory compo-
nents:

The service interface can be operated via electrical data lines and also allows communication via modem. For 
this reason, remote operation is possible via personal computer and the DIGSI operating software, e.g. to 
operate several devices via a central PC.
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The system interface ensures the central communication between the device and the substation controller. It 
can be operated via data lines or fibre optic cables. Several standard protocols are available for the data trans-
fer:

• IEC 61850

An EN 100 module allows to integrate the devices into 100 Mbit Ethernet communication networks used by 
process control and automation systems and running IEC 61850 protocols. In parallel to the process control 
integration of the device, this interface can also be used for communication with DIGSI and for inter-relay 
communication via GOOSE.

• IEC 60870-5-103

This profile also integrates the devices into the substation automation systems SINAUT LSA and SICAM. 

• Profibus DP

This protocol of automation technology allows transmission of indications and measured values.

• Modbus ASCII/RTU

This protocol of automation technology allows transmission of indications and measured values. 

• DNP 3.0

This protocol of automation technology allows transmission of indications and measured values. 

• It is also possible to provide an analog output (2 x 20 mA) for output of measured values.

ww . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
SIPROTEC, 7VE61 and 7VE63, Manual
C53000-G1176-C163-2, Release date 11.2007

23



Introduction
1.3 Characteristics

om
1.3 Characteristics

General Characteristics

• Powerful 32-bit microprocessor system.

• Complete digital measured value processing and control, from sampling and digitalizing of measured values 
up to the switchon and switchoff decisions for power breakers and other switchgear.

• Total electrical separation between the internal processing stages of the device and the external transformer, 
control and DC supply circuits of the system because of the design of the binary inputs, outputs, and the DC 
converters.

• Easy device operation via an integrated operator panel or by means of a connected personal computer with 
the DIGSI operating program.

• Continuous computation and display of measured quantities.

• Storage of fault messages and instantaneous or rms values for fault recording.

• Continuous monitoring of measured values as well as of the hardware and software of the device.

• Communication with central control and memory storage equipment via serial interfaces, optionally via data 
cable, modem, or optic fibre lines.

• Battery-buffered real time clock that can be synchronized with an IRIG-B (or DCF77) signal, binary input 
signal, or system interface command.

• Statistics: Starting and trip commands from the device are counted.

• Operating Hours Counter: Tracking of operating hours of the device.

• Commissioning aids such as connection check, field rotation check, status display of all binary inputs and 
outputs, and test measurement recording.

Synchrocheck, Dead Line/Bus 

• Settable minimum and maximum voltage;

• Verification of the synchronous conditions or the de-energized state is also possible before the manual 
closing of the circuit breaker, with separate limit values;

• Fast measuring of voltage difference Udiff of the phase angle difference αdiff and frequency difference fdiff

• Measurement via transformer (integrated vector group adaptation)

• Measuring voltages optionally for phase-phase or phase-earth.

Controlling Synchronous Networks

• Fast measuring of the voltage difference Udiff and of the phase angle difference αdiff

• The operating mode is automatically activated (pre-settings), if the frequency difference is fdiff ≈ 0

• Measurement via transformer (integrated vector group adaptation)

• Measuring voltages optionally for phase-phase or phase-earth.

Controlling Asynchronous Networks

• Fast measuring of the voltage difference Udiff and of the frequency difference fdiff

• Consideration of the angle difference with prediction of the point of synchronism;

• Measurement via transformer (integrated vector group adaptation)ww . 
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• Measuring voltages optionally for phase-phase or phase-earth

Undervoltage Protection 27

• Two-stage undervoltage measurement for one of the 6 input voltages of the device

• Separated tripping delay time

• Settable drop-off to pickup for both stages

Overvoltage Protection 59

• Two-stage overvoltage measurement for one of the 6 input voltages of the device

• Separated tripping delay time

• Settable drop-off to pickup for both stages

Frequency Protection 81 O/U

• Monitoring on undershooting (f<) and/or overshooting (f>) with 4 frequency limits and delay times that are 
independently adjustable.

• Insensitive to harmonics and abrupt phase angle changes.

• Settable undervoltage threshold.

Frequency Change Protection

• Monitors whether the frequency overshoots (df/dt>) and/or undershoots (df/dt<) a set limit value, with 4 in-
dividually settable limit values or delay times. 

• Variable measuring windows

• Coupling to frequency protection pickup. 

• Settable undervoltage threshold.

Vector Jump

• Sensitive phase jump detection to be used for network disconnection.

Analog Outputs

• Output of up to four analog operational measured values (depending on the variant ordered).

Threshold Value Monitoring

• 6 freely assignable messages for threshold monitoring. 

• Implementation of fast monitoring tasks via CFC.

User-defined Functions

• Internal and external signals can be logically combined to establish user-defined logic functions.

• All common logic functions (AND, OR, NOT, Exclusive OR, etc.).

• Time delays and limit value interrogations.

• Processing of measured values, including zero suppression, adding a knee characteristic for a transducer 
input, and live-zero monitoring.ww . 
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Breaker Control

• Circuit breakers can be opened and closed manually via  programmable function keys, via the system inter-
face (e.g. by SICAM or LSA), or via the operating interface (using a PC with DIGSI).

• Feedback information on circuit breakers states via the breaker auxiliary contacts.

• Plausibility monitoring of the circuit breaker position and monitoring of interlocking conditions for switching 
operations.

Monitoring

• Availability of the device is greatly increased by monitoring of the internal measurement circuits, auxiliary 
power supply, hardware, and software

• Monitoring of the input voltage circuit through double connection and opposite control

• Checking of the phase sequence

• Permanent monitoring of both closing relays BO1 and BO2;

• Opposite monitoring of the parallel starting algorithms

■
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Functions 2
This chapter describes the individual functions of the SIPROTEC 4 device 7VE61 and 7VE63.  It shows the 
setting possibilities for each function in maximum configuration. Guidelines for establishing setting values and, 
where required, formulae are given.

Based on the following information, it can also be determined which of the provided functions should be used.

2.1 General 28

2.2 Synchronization Functions 37

2.3 Protection and Automation Functions 87

2.4 Analog Outputs 111

2.5 Supervision 117

2.6 Protection Function Control 123

2.7 Additional Functions 126

2.8 Command Processing 137
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2.1 General

The settings associated with the various device functions may be modified by using the operating or service 
interface in DIGSI. The procedure is set out in detail in the SIPROTEC System Description /1/. For changing 
configuration parameters in the device, password no. 7 (for parameter set; default setting: 000000) is required. 
Without the password, the settings may be read, but may not be modified and transmitted to the device.

The settings associated with the various device functions, limit values, etc. can be modified using the controls 
on the front panel of the device or by using the operator interface with DIGSI in conjunction with a personal 
computer. Password No. 5 (for single parameter; default setting: 000000).

2.1.1 Functional Scope

2.1.1.1 Functional Description

 

The devices 7VE61 and 7VE63 can have depending on the order variant except for the synchronization func-
tion over numerous protective and additional functions. The hardware and firmware is designed for this scope 
of functions.

Also individual functions can be enabled or disabled during configuration. Functions not needed can be thus 
be deactivated. 

The available protection and synchronizing functions must be configured as Enabled or Disabled. For indi-
vidual functions a choice between several alternatives is possible, as described below. 

Functions that are configured as disabled are not processed by the 7VE61 and 7VE63: There are no indica-
tions, and corresponding settings (functions, limit values) are not queried during configuration.

2.1.1.2 Setting Notes

Setting of the Functional Scope

Configuration settings can be entered using a PC and the software program DIGSI and transferred via the front 
serial port or the rear service interface. The operation via DIGSI is explained in the SIPROTEC 4 System De-
scription.

For changing configuration parameters in the device, password no.7 is required (for parameter set). Without 
the password, the settings may be read, but may not be modified and transmitted to the device.

The functional scope with the available options is set in the Functional Scope dialog box to match plant re-
quirements.

Peculiarities

Most settings are self-explanatory. The special cases are described below.  

If the setting group change function has to be used, address 103 Grp Chge OPTION must be set to Enabled. 
In service, simple and fast change, over between up to four different groups of settings is possible. Only one 
setting group may be selected and used if this option is Disabled.
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 Note

Available functions, default settings and selection possibilities depend on the ordered device variant (see Ap-
pendix A.1 for details). The following table shows the configuration settings of the maximal configuration.

 

Parameter 104 FAULT VALUE is used to specify whether the oscillographic fault recording should record 
Instant. values or RMS values. If RMS values are stored, the available recording time increases by the 
factor 10.

The parameter 145 df/dt Protect. establishes for the frequency change protection whether this is to 
contain two or four stages or is Disabled.

Up to 8 SYNC function groups are available for the synchronizing function. They are enabled in addresses 016x 
(x = 1 ... 8). Parameters 161 SYNC function 1 to 168 SYNC function 8 are used in addition to preselect 
the mode of operation:

1ph Sync check corresponds to the classical synchronizing function with in each case single-phase connec-
tion of the voltages to be compared.

3ph Sync check corresponds to the classical synchronizing function with in each case multi-phase connec-
tion of the voltages to be compared.

 Note

A mixed parametrization of single-phase and three-phase synchrocheck between function groups is inadmis-
sible and leads to an error indication.

 

1,5chan.Synchr with the 7VE61 or 2chan.Synchr. with the 7VE63 corresponds to operation as a parallel 
device. Connection is multiphase, processing of data command issuing is done 11/2-channel with the 7VE61 or 
2-channel with the 7VE63.

 Note

A mixed parametrization of three-phase synchrocheck and 11/2 or 2-channel synchronising function is possible 
due to the identical connection.

 

If a function is not needed, Disabled is set. A synchronizing function group thus rendered ineffective is ex-
cluded in the menu item Synchronization, all other groups are displayed. The maximum number of the existing 
synchronising function groups is established by the device variant (see section „Function description of the syn-
chronizing function“).

2.1.1.3 Settings

Addr. Parameter Setting Options Default Setting Comments
103 Grp Chge OPTION Disabled

Enabled
Disabled Setting Group Change Option

104 FAULT VALUE Disabled
Instant. values
RMS values

RMS values Fault values

140 UNDERVOLTAGE Disabled
Enabled

Enabled Undervoltage Protection

141 OVERVOLTAGE Disabled
Enabled

Enabled Overvoltage Protectionww . 
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142 FREQUENCY Prot. Disabled
Enabled

Enabled Over / Underfrequency Protection

145 df/dt Protect. Disabled
2 df/dt stages
4 df/dt stages

2 df/dt stages Rate-of-frequency-change protec-
tion

146 VECTOR JUMP Disabled
Enabled

Enabled Jump of Voltage Vector

160 BALANC. (MLFB) Disabled
Enabled

Disabled Balancing Commands (Siemens 
only MLFB)

161 SYNC function 1 Disabled
1ph Sync check
3ph Sync check
1,5chan.Synchr
2chan.Synchr.

Disabled SYNC Function group 1

162 SYNC function 2 Disabled
1ph Sync check
3ph Sync check
1,5chan.Synchr
2chan.Synchr.

Disabled SYNC Function group 2

163 SYNC function 3 Disabled
1ph Sync check
3ph Sync check
1,5chan.Synchr
2chan.Synchr.

Disabled SYNC Function group 3

164 SYNC function 4 Disabled
3ph Sync check
1,5chan.Synchr
2chan.Synchr.

Disabled SYNC Function group 4

165 SYNC function 5 Disabled
3ph Sync check
2chan.Synchr.

Disabled SYNC Function group 5

166 SYNC function 6 Disabled
3ph Sync check
2chan.Synchr.

Disabled SYNC Function group 6

167 SYNC function 7 Disabled
3ph Sync check
2chan.Synchr.

Disabled SYNC Function group 7

168 SYNC function 8 Disabled
3ph Sync check
2chan.Synchr.

Disabled SYNC Function group 8

173 ANALOGOUTPUT B1 Disabled
Enabled

Disabled Analog Output B1 (Port B)

174 ANALOGOUTPUT B2 Disabled
Enabled

Disabled Analog Output B2 (Port B)

175 ANALOGOUTPUT D1 Disabled
Enabled

Disabled Analog Output D1 (Port D)

176 ANALOGOUTPUT D2 Disabled
Enabled

Disabled Analog Output D2 (Port D)

185 THRESHOLD Disabled
Enabled

Enabled Threshold Supervision

186 EXT. TRIP 1 Disabled
Enabled

Enabled External Trip Function 1

187 EXT. TRIP 2 Disabled
Enabled

Enabled External Trip Function 2

Addr. Parameter Setting Options Default Setting Comments
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2.1.2 Power System Data 1

The P.System Data 1 include settings associated with all functions rather than a specific synchronizing, pro-
tection, control or monitoring function.

2.1.2.1 Setting Notes

General

The Power System Data 1 can be changed from the operator or service interface with a personal computer 
using DIGSI.

In DIGSI double-click on Settings to display the relevant selection.

Rated System Frequency

The nominal frequency of the system is set in Address 270 Rated Frequency. The factory setting of the 
model variant must only be changed if the device is to be used for a purpose other than intended when ordering.

Command Duration

In address 280 the minimum trip command duration TMin TRIP CMD is set. This duration is valid for all pro-
tection functions which can issue a trip command.

2.1.2.2 Settings

2.1.2.3 Information List

188 EXT. TRIP 3 Disabled
Enabled

Enabled External Trip Function 3

189 EXT. TRIP 4 Disabled
Enabled

Enabled External Trip Function 4

Addr. Parameter Setting Options Default Setting Comments

Addr. Parameter Setting Options Default Setting Comments

270 Rated Frequency 50 Hz
60 Hz
16,7 Hz

50 Hz Rated Frequency

280 TMin TRIP CMD 0.01 .. 32.00 sec 0.15 sec Minimum TRIP Command Dura-
tion

No. Information Type of In-
formation

Comments

361 >FAIL:Feeder VT SP >Failure: Feeder VT (MCB tripped)
501 Relay PICKUP OUT Relay PICKUP
511 Relay TRIP OUT Relay GENERAL TRIP command
5588 >FAIL: VT Ua SP >Failure: VT Ua (MCB tripped)
5589 >FAIL: VT Ub SP >Failure: VT Ub (MCB tripped)ww . 
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2.1.3 Change Group

Up to four independent setting groups can be created for establishing protection function settings.

Setting groups enable the user to save the various function settings for different applications and to retrieve 
these settings quickly. All setting groups are stored in the device. Only one setting group is active.

2.1.3.1 Description

Changing Setting Groups     

During operation the user can locally switch between setting groups, using the operator panel, binary inputs (if 
so configured), the service interface per PC, or via the system interface.

A setting group includes the setting values for all functions that have been selected as Enabled during con-
figuration (see Section 2.1.1.2). In 7VE61 and 7VE63 devices, four independent setting groups (A to D) are 
available. Whereas setting values may vary, the selected functions of each setting group remain the same.

2.1.3.2 Setting Notes

General

If multiple setting groups are not required, group A is the default selection. Then, the rest of this section is not 
applicable.

If the changeover option is desired, group changeover must be set to Grp Chge OPTION = Enabled (address 
103) when the function extent is configured. For the setting of the function parameters, each of the required 
setting groups A to D (a maximum of 4) must be configured in sequence. The SIPROTEC 4 System Description 
gives further information on how to copy setting groups or reset them to their status at delivery and also how 
to change from one setting group to another.

Subsection 3.1 of this manual tells you how to change between several setting groups externally via binary 
inputs.

5590 >FAIL: VT Uc SP >Failure: VT Uc (MCB tripped)
5591 >FAIL: VT Ud SP >Failure: VT Ud (MCB tripped)
5592 >FAIL: VT Ue SP >Failure: VT Ue (MCB tripped)
5593 >FAIL: VT Uf SP >Failure: VT Uf (MCB tripped)
25007 U1: VI Voltage U1 at switch on
25008 f1: VI Frequency f1 at switch on
25009 U2: VI Voltage U2 at switch on
25010 f2: VI Frequency f2 at switch on
25011 dU: VI Voltagedifference at switch on
25012 df: VI Frequencydifference at switch on
25013 dα: VI Angledifference at switch on
25059 >Break. Contact SP >Breaker contacts

No. Information Type of In-
formation

Comments

ww . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
SIPROTEC, 7VE61 and 7VE63, Manual
C53000-G1176-C163-2, Release date 11.2007

32

w



Functions
2.1 General

w

2.1.3.3 Settings

2.1.3.4 Information List

2.1.4 Oscillographic Fault Records

The devices 7VE61 and 7VE63 are equipped with a fault memory which scans either the instantaneous values 
or the rms values of various measured quantities for storage in a ring buffer.

2.1.4.1 Functional Description

Mode of Operation

The instantaneous values of all 6 voltage measurement inputs and the associated voltage differences 

ua, ub, uc, ud, ue, uf and (ua – ud); (ub – ue); (uc – uf), ∆U, ∆f, ∆α 

are sampled at intervals of 1 ms (for 50 Hz) or 1.04 ms (for 60 Hz), and stored in a ring buffer (20 samples per 
cycle). For a fault, the data are recorded for a set period of time, but not for more than 10 seconds.

The rms values of measured values  

U1, U2, f1, f2, ∆U, ∆f, ∆α

can be deposited in a ring buffer, one measured value per half cycle. For a fault, the data are recorded for a set 
period of time, but not for more than 100 seconds.

Up to 8 fault records can be recorded in this buffer. The fault record memory is automatically updated with every 
new fault, so no acknowledgment is required. The fault record buffer can also be started via binary input, inte-
grated operator interface or via serial interface.

The data can be retrieved via the serial interfaces by means of a personal computer and evaluated with the 
protection data processing program DIGSI and the graphic analysis software SIGRA. The latter graphically pro-
cesses the data recorded during the system fault. Signals are additionally recorded as binary tracks (marks) 
e.g. „Pickup“, „Trip“, „CLOSE Command“, „Balancing Commands“ among others.

Addr. Parameter Setting Options Default Setting Comments

302 CHANGE Group A
Group B
Group C
Group D
Binary Input
Protocol

Group A Change to Another Setting Group

No. Information Type of In-
formation

Comments

- GroupA act IntSP Setting Group A is active
- GroupB act IntSP Setting Group B is active
- GroupC act IntSP Setting Group C is active
- GroupD act IntSP Setting Group D is active
7 >Set Group Bit0 SP >Setting Group Select Bit 0
8 >Set Group Bit1 SP >Setting Group Select Bit 1
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If the device has a serial system interface (IEC 60870–5–103), fault recording data can be passed on to a 
central device (e.g. SICAM) via this interface. Data are evaluated by appropriate programs in the central device. 
Voltages are referred to their maximum values, scaled to their rated values and prepared for graphic presenta-
tion. Binary signal traces (marks) are also recorded.

Transfer to a central device can be polled automatically, either after each fault detection by the protection, or 
only after a trip.

2.1.4.2 Setting Notes

Fault Recording

Fault recording (waveform capture) will only take place if address was set to 104 FAULT VALUES = In-
stantaneous values or RMS values. Other settings pertaining to fault recording (waveform capture) 
are found in the OSC. FAULT REC. submenu of the PARAMETER menu. Waveform capture makes a dis-
tinction between the trigger for an oscillographic record and the criterion to save the record (address 401 
WAVEFORMTRIGGER). Normally the trigger is the pickup of a protective element, i.e. when a protective 
element picks up the time is 0. The criterion for saving may be both the device pickup (Save w. Pickup) 
or the device trip (Save w. Pickup). A trip command issued by the device can also be used as trigger 
instant (Save w. Pickup); in this case it is also the saving criterion.

For the synchronising functions, two trigger criteria are likewise established. The indication "Syx running" 
(170.2022) corresponds to the "protection pickup". It is forced when the synchronizing function is started. The 
"protection tripping" corresponds to triggering with the CLOSE command. With the 11/2- and 2-channel 
version this is the AND combination Sync CloseRel 1 & Sync CloseRel 2.

If the course of the CLOSE command is to be always recorded the setting Start w. TRIP is selected.

In 7VE61 and 7VE63, a waveform capture includes the complete course of a fault. Recording of an oscillo-
graphic fault record starts with the pickup by a protective function and ends with the dropout of the last pickup 
of a protective function.

The actual storage time encompasses the pre-fault time PRE. TRIG. TIME (address 404) ahead of the 
reference instant and and ends at the post-fault time POST REC. TIME (address 405) after the storage cri-
terion has reset. The maximum recording duration to each fault (MAX. LENGTH) is set at address 403. The 
setting depends on the criterion for storage, the delay time of the protective functions and the desired number 
of stored fault events. The largest value here is 10 s for fault recording of instantaneous values, 100 s for re-
cording of r.m.s. values (see address 104). A total of 8 records can be saved in this time.

Note: These times apply for 50 Hz. They will be different with another frequency. If RMS values are stored, 
the times stated for parameters 403 to 406 will be 10 times longer.

An oscillographic record can be triggered by a change in status of a binary input, or through the operating in-
terface via PC. Storage is then triggered dynamically. The length of a record for these special triggers is set at 
address 406 BinIn CAPT.TIME (upper bound is MAX LENGHT, address 403). Pre- and post-fault times 
must still be added. If the binary input time is set to 8 , then the length of the record equals the time that the 
binary input is activated (static), or the MAX LENGHT (address 403), whichever is shorter.
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2.1.4.3 Settings

2.1.4.4 Information List

2.1.5 EN100-Modul 1

2.1.5.1 Function Description

An EN100-Modul 1 allows to integrate the 7VE61 and 7VE63 into 100 Mbit communication networks used by 
process control and automation systems in accordance with IEC 61850. This standard provides consistent 
inter-relay communication without gateways or protocol converters. This allows open and interoperable use of 
SIPROTEC 4 devices even in heterogeneous environments. In parallel to the process control integration of the 
device, this interface can also be used for communication with DIGSI and for inter-relay communication via 
GOOSE.

2.1.5.2 Setting Notes

Interface Selection

No settings are required for operation of the Ethernet system interface module (IEC 61850 EN100-Modul 1).  
If the device is equipped with such a module (see MLFB), the module is automatically configured to the inter-
face available for it, namely Port B.

Addr. Parameter Setting Options Default Setting Comments

401 WAVEFORMTRIGGE
R

Save w. Pickup
Save w. TRIP
Start w. TRIP

Start w. TRIP Waveform Capture

403 MAX. LENGTH 0.30 .. 10.00 sec 10.00 sec Max. length of a Waveform 
Capture Record

404 PRE. TRIG. TIME 0.05 .. 5.00 sec 5.00 sec Captured Waveform Prior to 
Trigger

405 POST REC. TIME 0.05 .. 2.00 sec 2.00 sec Captured Waveform after Event

406 BinIn CAPT.TIME 0.10 .. 10.00 sec; ∞ 10.00 sec Capture Time via Binary Input

No. Information Type of In-
formation

Comments

- FltRecSta IntSP Fault Recording Start
4 >Trig.Wave.Cap. SP >Trigger Waveform Capture
30053 Fault rec. run. OUT Fault recording is running
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2.1.5.3 Information List

No. Information Type of In-
formation

Comments

009.0100 Failure Modul IntSP Failure EN100 Modul
009.0101 Fail Ch1 IntSP Failure EN100 Link Channel 1 (Ch1)
009.0102 Fail Ch2 IntSP Failure EN100 Link Channel 2 (Ch2)
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2.2 Paralleling Functions

The paralleling facility is the main function of the 7VE61 and 7VE63 devices. A high degree of reliability and 
flexible adaptation to power system conditions allow different application areas. The following modes of oper-
ation are covered:

• Synchrocheck

• Switching Synchronous Systems

• Switching Asynchronous Systems

• Switching to dead line/dead busbar

2.2.1 Functional Description

When connecting generator and power system or two power systems, the synchronism check verifies that the 
switching does not endanger the generator or the stability of the power system. For this purpose the voltage 
vectors of the power system sections to be synchronised are checked within definite limits for compatibility.

2.2.1.1 Connection and definitions

 

Depending on the device variants, parametrization possibilities are provided for up to eight different synchro-
nizing functions. The following describes the function and mode of operation for the first synchronising function 
(SYNC Function group 1). The same applies to function groups 2 to 8.

For proper functioning of the parallel devices 7VE61 and 7VE63 special conditions must be adhered to on con-
nection to the voltage transformer circuits and the power breaker close coils.

Figure 2-1 shows a three-phase connection. The measuring voltage is the phase-to-phase voltage UL12 which 
is used for the synchronization function. The voltage inputs Ua and Ub can be connected on the side 1 and the 
voltage inputs Ud and Ue on the side 2. Since the winding sense of the voltage inputs Ub and Ue is changed 
opposite the other inputs, the connection of the corresponding second voltage input (Ub or Ue) takes place in 
inverse polarity (also anti-parallel). The sum of these voltages rotated by 180° to each other on each side must 
be zero. This allows a steady check of the measurement circuit as well as of the whole measuring channel of 
the voltage transformer circuit up to the recording of the measuring values.

At each third measurement input, for three-phase power systems a second phase-to-phase voltage (voltage 
UL23) can be connected which — together with each first voltage — allows the phase sequence to be checked. 
For two or single-phase power systems (16.7 Hz) the third measurement input remains unused (see connec-
tion example in appendix A.3). 

The device can also be connected to a V-connection (open delta connection) using two phase-phase voltages 
(see connection example in appendix A.3).
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Figure 2-1 Connection to three phase voltage transformers (standard connection)

A possible special connection category for the synchrocheck is explained further below in this Function De-
scription 2.2.1.8.

For the realization of the two-channel feature and the use of the monitoring functionality, the output relays BO1 
(R1) and BO2 (R2) must be exclusively used for the CLOSE command. A typical connection is shown in figure 
2-2.

Figure 2-2 Interconnection of relays for the ON command

Important for understanding of the following versions is the definition of the values. In accordance with the 
figure 2-1 side 1 is the reference side. This is indexed with 1. This results for voltage U1 the frequency f1 and 
the phase angle α1. For the side to be synchronised index 2 is defined. The electrical values of side 2 are then 
the voltage U2, the frequency f2 and the phases angle α2.

Formation of the difference values requires definition of the absolute measurement error (∆x = measure value 
– true value). The reference value and thus the true value is side 1. This results in the following calculation 
regulations:

Difference voltage dU = U2 – U1

A positive result means that voltage U2 is larger than voltage U1. Otherwise the result is negative.ww . 
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Difference frequency df = f2 – f1

A positive result means that for example the generator frequency is greater than the power system frequency. 
This would be the oversynchronous case. If undersynchronous conditions prevail, the result of the difference 
frequency is negative.

Phase angle difference dα = α2 – α1

Display is limited to ±180°. A positive result means that α2 leads by a maximum of 180°. A negative result 
causes α2 to lag by a maximum of 180°. Details are shown in figure 2-3. Phase angle α1 was set on the zero 
axis as a reference system.

If synchronous networks are present and the frequency f2 is greater than f1, this means that the angle dα 
changes from negative value to zero and then to a positive value. As illustrated in Figure 2-3, this is a counter-
clockwise rotation (= mathematically positive). With f2 < f1 the rotation is in the counter-clockwise. By visual-
ization of the synchroscope in the WEB-Browser (see „Commissioning Aids “) the illustration is rotated in Figure 
2-3 in order to keep the usual phase sequence from conventional synchroscope (f2 > f1 — correction angle in 
counter-clockwise rotation).

Figure 2-3 Phase angle difference representation dα

For the setting parameters only positive values were used. For unequivocal characterisation of the setting pa-
rameters the above mentioned value description was modified somewhat. Inequalities were used. The repre-
sentation is explained using a difference voltage example. To allow asymmetrical settings, two setting thresh-
olds are required. 

A  positive value for dU produces the condition U2 > U1. The parameter for the setting e.g. for  asynchronous 
power systems is dU ASYN U2>U1 (address 6130). For the second setting parameter which corresponds to 
a negative dU, the inequality U2 < U1 applies. The associated setting parameter for asynchronous power 
systems is dU ASYN U2<U1 (address 6131).

An analogous procedure was used for the difference frequency and the difference phase angle.
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2.2.1.2 Synchronization via Transformers

 

There are also power systems where in addition a power transformer is located between the voltage measuring 
points of the circuit breaker being synchronised. This is possible for example with unit connections if synchro-
nization is done using the high-voltage circuit breaker (see figure 2-4).

Figure 2-4 Synchronisation via a transformer

The 7VE61 and 7VE63 device takes into consideration via the entry of the parameter 6122 ANGLE ADJUSTM. 
the angle rotation and thus the vector group for the transformer. For transformers with tap changer the setting 
can be also notified to the device for example via binary code and other codes (implemented in the 7VE63). In 
the event of deviations from the rated transformation ratio the voltage amplitude is adapted accordingly.

Apart from the via the binary input, the tap changer information to the device can also be transmitted via the 
serial interface (e.g. Profibus DP). Logical allocation of binary tap changer information from the bus to the 
logical binary inputs is to be implemented via the CFC (Connect module).

 Note

For transformers with tap changers for a quadrature or phase angle control the additional angle rotation in the 
voltage cannot be corrected. Here synchronism should always be done with the rated position of the tap 
changer (no angle rotation). Unrestricted synchronisation is always possible if voltage transformers are located 
on both sides of the circuit breaker.

 

2.2.1.3 11/2– and 2–channel Version

 

A high degree of safety and reliability are achieved in the devices 7VE61 and 7VE63 by virtue of the multichan-
nel capability. For this purpose a two-out of-two decision is implemented. Two independent conditions must 
always be fulfilled for the closure command. For the 7VE61 and 7VE63 devices and the two-out of-two decision 
is implemented differently. The following diagram shows the principal structure of the two versions used.
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Figure 2-5 Design of a multi-channel redundancy

To distinguish the two versions, the terms 11/2-channel capability and 2-channel capability were introduced. 
They are explained in more detail in the following. 

11/2–channel Version

In the 11/2- channel version of the 7VE61 the paralleling function issues the closure command. The synchro-
check function operates as an enable criterion and is set coarsely in the monitoring limits. The existing depen-
dences for the setting values of the enable angle, the permissible frequency difference and the circuit breaker 
closing time make a little narrow the working range of the 7VE61 compared with the 2 channels 7VE63 ( see 
the Seting Notes of the synchocheck).

2-channel Version

In 2-channel version of the 7VE63 two procedures independent of one another operate in parallel. The closure 
command is issued if both procedures decide for closure. The uniformity of the two channel device design is 
shown in the following figure.
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Figure 2-6 Two channel version

Uniform Multichannel Redundancy

To ensure high safety and reliability, not only the software was developed in diverse forms, but also essential 
hardware components were duplicated. In accordance with figure 2-6 or figure 2-1 the voltage inputs (U1 and 
U1 as well as U2 and U2) are duplicated and fed to two analog/digital converters. Measurement procedure 1 
operates exclusively with voltages U1 and U2 and measurement procedure 2 with voltages rotated by 180° (U1 
or U2). In the 11/2 channel version in measurement procedure 1 the synchrocheck function is applied and in 
measurement procedure 2 the parallel switch function. With the 2-channel version in measurement procedures 
1 and 2 different parallel switch algorithms are processed.

If both procedures decide for closure, enabling is allocated for activating the breaker semiconductors. Two 
closure relays are activated each by two semiconductors. This avoids overfunctioning by semiconductor short-
ing. Further safety is provided acc. to figure 2-6 by the relay activation using the cross measurement procedure. 
The closure coils are activated by the contacts of the two relays. External interconnection is to be done such 
that the plus pole and the minus pole are separately switched.

Measurement Methods

To conform to multichannel redundancy, two diverse measurement algorithms are used. This excludes over-
functioning due to systematic errors. At the same time measurement procedures of different programmers are 
used, processed in independent tasks, and use different memory parts.

The different versions of the FIR-Filter (Finite Impulse Response), takeover a central function which is charac-
terised by a defined impulse response, linear phase and high stability. The filter was so designed that DC com-
ponents and higher frequency disturbance signals which differ from the rated frequency, are effectively sup-
pressed. In addition the "decimation filter" incorporated in the analog digital converter is of help in disturbance 
signal suppression.

The following table gives an overview of measurement conversion.
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Table 2-1 Overview of the two measurement procedures

2.2.1.4 Monitoring Procedure

 

In figure 2-6 in addition essential monitoring procedures are shown which are explained in the following. The 
measure values are fed to 2 analog/digital converters (ADC) where the second ADC processes value rotated 
by180° (U1; U2). The monitoring procedures checke the entire transformer circuits including internal acquisition 
and storage, for plausibility, and block the measurement procedures in the event of deviations.

With the Sampled value monitoring for each sampled value the following equations are processed for the two 
voltages U1 and U2: 

I u1(k) + u1(k) I ≤ ∆u

I u1(k) + u1(k) I ≤ ∆u

If an admissible voltage ∆u is exceeded, an error must be present in measured value acquisition or storage 
(voltage transformer, ADC, memory). If this fault occurs several times, a disturbance indication (25037 „Sync 
Fail Ch U1“; 25038 „Sync Fail Ch U2“) is created for each channel and the synchronizing functions are 
blocked.

This channel monitoring is only used with configuration as a parallel switching device. This monitoring is not 
provide for single-phase synchrocheck applications.

The Jump monitoring (data continuity monitoring) is intended to register a flipping of higher value bits which 
can falsely produce a large sampled value and thus lead to amplitude and angle measurement errors. Possible 
causes are: ADC errors, memory errors or induced disturbances (EMC). Consecutive sampled values are mon-
itored in accordance with the following relationship.

I ua(k) – ua(k–1) I ≤ ∆umax

I ub(k) – ub(k–1) I ≤ ∆umax

I ud(k) – ud(k–1) I =∆umax

I ue(k) – ue(k–1) I = ∆umax

Measurement procedure 1 Measurement procedure 2
Voltage measurement With two orthogonal FIR filters (filter 

length 1 cycle and frequency correction) 
the real and imaginary components of the 
voltage vector are established. This pro-
duces the amplitude value (fundamental 
harmonic).

With two orthogonal FIR filters (filter 
length 1.25 cycles implemented using 
two displaced lowpass filters and fre-
quency correction) the real and imaginary 
components of the voltage vector are es-
tablished. This produces the amplitude 
value (fundamental harmonic).

Frequency Measure-
ment

The frequency is calculated using a 
special filter procedure with series 60th 
order bandpass (3 cycles filter). The 
measurement procedure tolerates devia-
tions from the rated frequency.

The frequency is determined by an angle 
difference measurement of the voltage 
vector(delta interval three cycles). Devia-
tions from the rated frequency are cor-
rected accordingly.

Angle Measurement The arctan of the angle is established 
using the frequency corrected vector of 
the above FIR filter.

The arctan of the angle is established 
using the frequency corrected vector of 
the above FIR filter.

Connection „asynchro-
nous power systems“

The connection condition is the angle, 
with the current measure value ∆f the 
closure time of the breaker is converted 
to an angle, if the measured angle agrees 
with the „CB angle“ the closure command 
results.

Connection condition  is the time, using 
∆f ∆α is converted to a time; if the time 
proportional to the angle agrees with the 
CB closure time, the closure command 
results.
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If the number of faults per cycle are exceeded, the closure command is blocked and an indication issued 
(25054 „Sync Fail Data“).

This monitoring is only used with configuration as a parallel switching device. This function is not provide for 
single-phase synchrocheck applications.

Not shown in figure 2-6, an additional ADC monitoring is effective for inputs U1 and U2. This monitoring op-
erates for all connection variants. For this purpose each free fourth analog channel of the ADC is interconnect-
ed. For each sampled value of the voltage inputs Ua (corresponds to U1) and Ue (corresponds to U2), consis-
tency with the original channels is checked for the other ADC.

I ua(k)ADC1 – ua(k)ADC2 I ≤ ∆u

I ue(k)ADC1 – ue(k)ADC2 I ≤ ∆u

If the limit is transgressed, the synchronizing function is blocked and at the same time the device is terminated 
(live contact is activated), since an error is assumed in the ADCs. An alarm is issued in parallel with this 
(25036.„Error ADC“). 

The Phase sequence check detects connection and other faults. It is effective if a multi-phase voltage con-
nection results (see figure 2-1) and the parameter 6113 PHASE SEQUENCE is set to L1 L2 L3 for a clockwise 
phase sequence or L1 L3 L2 for an anticlockwise phase sequence. If different phase sequences or those 
other than the setting are established at inputs U1 and U2, the synchronising function is blocked and corre-
sponding indications are issued (25039 „SyncSeq U1 fail“;25040 „SyncSeq U2 fail“). For checking 
purposes the phase sequence appears as an operational measured value for both inputs.

The measurement algorithms and logic functions are in to be found in the displayed measure procedures 1 and 
2. Different measurement procedures are used in accordance with the two-channel capability in order to 
exclude overfunctioning caused by process conditioned (systematic) errors. In addition other procedures are 
effective in the background. The closure monitoring checks the Consistency of both measurement proce-
dures. If both procedures do not result in the closure command within a prescribed period, this causes a rejec-
tion and an indication („Sync sup. α“) is issued.

Additionally, it is monitored whether both measuring procedures are operating in the same mode (SYNCHRO-
NOUS or ASYNCHRONOUS). If this is not the case, message „Sync sup.asym.“ is generated and no close 
commands can be issued. Should this condition prevail for one minute, the synchronization is terminated with 
the fault message e.g. „Sy1 Error“.

The start input must be activated again for continuation of synchronisation. These monitorings are operative 
with two channel mode.

Overfunctionings of Relay triggering are avoided by the two-channel activation of both closure relays. With 
this both measurement procedures cross activate the semiconductors. In addition in the background coil acti-
vation is monitored. For this purpose the semiconductors are activated individually and the response is read 
back. Both interruptions and a shorted semiconductor are detected. Detected errors result in a blocking of the 
device and a corresponding indication („Error Relay R1“ or „Error Relay R2“) is issued.

Furthermore monitoring is supported by a Plausibility settings check as well as by the Number of synchro-
nizing function groups:

• Check for uniquivocality of the function group (only one in each case may be selected)

• Check of configuration (mixed configuration single-phase/multi-phase is not permitted)

• Parametrization check (valid limits)

• Evaluation of monitoring functions

On absent or multiple selection of synchronizing function group the indication „Sy1 active“ drops out. On 
synchronisation start in addition the indication „Sync FG-Error“ is output.

In the event of configurations errors the indication „Sy1 active“ drops out and the indication „Sync 
Fail.Conf.“ appears.ww . 
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Furthermore, specific thresholds and settings of the selected function group are checked with regard to param-
etrization. If there is a condition which is not plausible, the indication „Sy1 active“ drops out and the indi-
cation „Sy1 ParErr“ is output additionally.

If a voltage transformer fault appears at the device via binary inputs (mcb tripping) „>FAIL: VT Ua“ to 
„>FAIL: VT Uf“, likewise synchronization is not started. Note here that of the 6 available binary inputs those 
are allocated whose associated voltages Ua to Uf are referred to for synchronization.

During privatisation of the device (annunciation „Level-2 change“) synchronisation is not permitted for 
safety reasons.

All these indications lead to a stopping and resetting of the synchronising function.

A summary of all monitorings is given in section 2.5.

2.2.1.5 Multiple Synchronizing Points

 

Depending on the scope of delivery (see table2-2) multiple synchronising points can be operated. The setting 
parameters are deposited here for each circuit breaker being synchronised, in so-called synchronising function 
groups. In the maximum variant the 7VE63 operates up to 8 synchronising points. Selection uses either binary 
inputs or the serial interface.

Table 2-2 Maximum number of synchronising function groups

However, several synchronizing functional groups may be used for one synchronizer/switching object if syn-
chronization is to be performed with different parameters. Allocation of switchgear component and SYNC func-
tion group must then be accomplished dynamically (whichever is the function group to operate with) via one of 
the binary inputs from „>Sy1 activ“ to „>Sy8 activ“.

If the assignment to the SYNC function groups is clear, the binary inputs are not required.

Selecting one SYNC function group several times, causes output of an error indication („Sync FG-Error“).

Synchronization of Power Units

On synchronizing large power units it is recommended in principle that one parallel switching device (7VE63) 
is used per unit. This results in two typical synchronizing points: The generator circuit breaker or the power 
system circuit breaker.

The paralleling device is connected to the voltage transformer or the circuit breaker via external auxiliary relays. 
On selecting the synchronizing point the measured values are connected and connection to the circuit breaker 
being synchronised results. This starts the synchronizing procedure. In principle the device also allows a test 
synchronising. In addition to the start input (Annunciation 222.2011 „>Sync Start“) the commissioning input 
for test synchronising (Annunciation 222.2340 „>COM Test sync.“) has to be pressed.

The logic functionality (CFC) allows also the parallel switch device to undertake activation of the switchover 
relays. The corresponding logic must be provided for this in accordance with application. This method has ad-
vantages for activation of the parallel switched device via the serial interface.

Device 7VE61* 7VE63*
14. Order No position A B or C D A B or C D
Number of Sync function groups 3 2 4 3 2 8
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2.2.1.6 Operating Range/Measured values 

Operating Range

The operating range of the synchronizing function is defined by the configured voltage limits Umin and Umax, 
and the fixed frequency band fN ± 3 Hz.

If measurement is started and one or both voltages are outside the operating range, or one voltage leaves the 
permissible range, corresponding messages indicate this behaviour („Sync. f1>>“, „Sync. f1<<“, 
„Sync. U1>>“, „Sync. U1<<“, etc.).

Measured Values

The measured values of the synchrocheck are displayed in separate boxes for primary and secondary mea-
sured values and percentages. The measured values are displayed and updated only while a synchrocheck is 
requested.

The following is displayed:

• Value of reference voltage U1

• Value of the voltage to be synchronized U2

• Frequency value f1 and f2

• Differences of Voltage, Frequency and Angle

• Phase Rotation U1 and U2

• The active synchronizing functional groups

The models featuring a four-line display have pre-defined default displays which show in different combinations 
the above mentioned measured values comprised on one display (see Appendix A.4).

2.2.1.7 Synchrocheck

 

The synchrocheck function is used for example for additional enabling on manual close or manual synchroniz-
ing for safety reasons. 

In this mode the variables ∆U, ∆f and ∆ϕ  are checked before connecting both power system components. 
When the setting values are reached an enabling command is issued for the duration when all conditions for 
synchronization are fulfilled, but at least for an adjustable time period.

The corresponding logic is shown in figure 2-7.
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Figure 2-7 Logic diagram of the synchronization function (illustration for one channel)

If the corresponding conditions are fulfilled the indications „Sync. Udiff ok“, „Sync. fdiff ok“ and 
„Sync. α ok“ are issued. ww . 
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The indications in the left part of the logic diagram describe if general conditions are fulfilled or not. This indi-
cation category will be explained using two examples. The annunciation „Sync. U2<<“ shows that the 
voltage U2 is outside the operating range and is smaller than the set minimum threshold. The annunciation 
„Sync U2<U1“ is produced if the difference voltage is outside the setting limits. Here the lower setting value 
6151 dU SYNC U2<U1 is not reached. This indication contains indirect information that voltage U2 must un-
conditionally be increased for a successful synchronisation. Thus this indication category can be used for 
remote indications. This is useful if galvanically isolated power systems are to be synchronised.

Application Instruction 1

The synchrocheck function is incorporated in the software package of the paralleling device and uses the 
closure logic of the paralleling function. If the synchronizing function group (synchrocheck) was selected and a 
measurement request or a start command issued, the synchrocheck function is active and issues an enabling 
if the conditions are fulfilled. This is followed automatically by a termination of the device. If enabling is to be 
used again, a further measurement request must be issued. For this reason activation is recommended for 
manual synchronising (manual close) in accordance with figure 2-8. The point to be synchronised is selected 
via the binary input (e.g. „>Sy1 activ“). With this information the internal measurement software is started 
and checks the synchronizing conditions in accordance with the above logic (figure 2-7). A measurement 
request is started automatically with the manual close signal and thus the internal logic started. Since synchro-
nization conditions exist with proper handling, the parallel switch device immediately allocates enabling. The 
internal signal operating time is less than 10 ms. There must be between selection of the synchronizing function 
group and measurement request, a time of at least 100 ms.

Figure 2-8 Connection — Manual synchronization

Application Instruction 2

If a release message is to be generated as soon as the synchrocheck conditions (∆U, ∆f, ∆α) have been met, 
the message „Sync synchron 1“ must be configured on the respective release contact. Another prerequi-
site is to activate the binary input message „>BLK Sync CLOSE“. This can be done directly via a binary input 
or it can be derived from the CFC. A further prerequisite is the selection of the point to be synchronized and the 
start of the synchrocheck function via the measurement request or start command. As long as the measure-
ment request remains, or the synchrocheck function has been started and not stopped, or the monitoring time ww . 
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has elapsed, the message „Sync synchron 1“ is generated upon compliance with the synchrocheck con-
ditions.

The following figure illustrates a possible example of using the CFC.

Figure 2-9 Connection in continuous activation

2.2.1.8 Switching to Dead Line/Busbar

 

Connecting two components of a power system is also possible if at least one of the both components is de-
energized. No voltage is recognized, if the measured voltage is smaller than the threshold 6105 U<. Three 
phase connection increases safety since multiple voltages must meet the conditions.

Besides release under synchronous conditions, the following additional release conditions can be selected for 
the check:

SYNC U1>U2< = Release on the condition that component U1 is energized and component U2 
is de-energized.

SYNC U1<U2> = Release on the condition that component U1 is de-energized and compo-
nent U2 is energized.

SYNC U1<U2< = Release on the condition stating that component U1 and component U2 are 
de-energized.

Each of these conditions can be enabled or disabled individually; combinations are thus also possible (e.g., 
release if SYNC U1>U2< or SYNC U1<U2> are fulfilled).

The threshold below which a power system component is considered as de-energized is defined by parameter 
U<. If the measured voltage exceeds the threshold U>, a power system component is energized. Thus, with a 
multiple-phase connection at side U1 and with activated phase sequence monitoring, all three voltages have to 
be placed via the threshold U>, so that the side U1 is recognized as energized (see Figure 2-10). With single-
phase connection, of course, only one voltage has to exceed the pickup value.
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