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About “Relematika”

Who we are

The company ”Relematika” is:

•  one of the leading manufacturers and developers on the 
Russian market of microprocessor relay protection,

•  well-known Russian research centre of electro-technical 
science,

• modern and upcoming company .

We develop and produce a complete range of relay 
protection and automation systems for power facilities 
6-750 kV . When creating solutions we have considered all 
the current trends and standards, have tested our devices 
for compatibility with the products of the leading global 
suppliers .

Welcome to ”Relematika”, 
the world of flexible solutions and reliable protection!
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What we do

The main products are:

•  relay protection and automation microprocessor IEDs
•  relay protection and automation cubicles for network up 

to 750 kV (stations and substations)
•  modern SCADA for substations
•  power line fault location devices
•  hardware-software system solutions for fault location in 

power line grids
•  single-phase fault selector devices for isolated and 

compensated neutral networks
•  software for fault currents and settings calculation

Where we are

Relematika is situated in the town of Cheboksary, Russia, 
which was de facto the “capital” of relay protection R&D and 
production in former USSR . Nowadays effective scientific-
research school provides high staff skills and knowledge

How we work

Being a fast-growing company now we have:

• about 7000 sq . meters of production and office areas;

• high-tech equipment for production and research;

• quality management system is certified and complies to 
ISO 9001:2008;

• more than 400 qualified employees .
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Our personnel

We are proud of the scientific and creative potential of 
our employees . In “Relematika” they conduct fundamental 
research in the theory of digital relay protection, which 
brings their results in the form of innovative devices and 
software products . A big part of the staff is engaged in the 
research and development of future products . 14 employees 
have a degree of Ph . D ., scientific and technical council of 
the company is headed by Doctor of Technical Sciences (Dr .
habilitated), Professor Yuri LYAMETS . About 10% of total 
profits the company annually invests into R&D . Achievements 
of our experts make a great contribution to the development 
of the industry as a whole .

Our achievements

Annual growth in sales (on average 15 - 20%) on the 
largest Russian power facilities and growing exports testify 
to the quality and reliability of the products . The reliability 
of our products conforms to the strictest requirements of 
the Russian power systems and international standards . 
Our products have all necessary certificates of quality, 
they are 100% finally inspected and included in the lists of 
recommended equipment of all the major power companies in 
Russian Federation .

Our company is a collective member of CIGRE and takes an 
active part in the Russian National Committee B5 (Protection 
and Automation) . Thus, the company participates in the 
development of international industry standards and has the 
possibility to use them in its products .

Why Relematika?

The equipment meets all modern requirements in terms 
of IEC 61850 support, provides compatibility with devices 
from other manufacturers, has friendly interface, can be 
simply integrated in Automatic Process Control System . Relay 
cubicles are based on TOR 300 device, which allows you to 
create advanced solutions in relay protection, opens up new 
possibilities in the field of automation and control facilities, 
changes the view of the electric power industry today .

Distinctive features of our products are: reliability, 
modernity and compatibility . Our own innovative solutions, 
own microprocessor IEDs, proprietary software components 
of leading world manufacturers – all this allows us to provide 
the customer with exceptionally modern and reliable devices 
that are adapted to his specific tasks . Company Relematika 
offers also non-standard types of our devices, able to solve 
non-trivial tasks of the customer .
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Customers
The devices, designed and manufactured by Relematika, 

installed in hundreds of power facilities in all regions 
of Russia . Among the customers are the largest Russian 
companies: ROSSETI, Federal Grid Company, MRSK 
(Interregional Grid Companies), MOESK, GAZPROM, Russian 
Railways (RZD), LUKOIL, ROSNEFT and others . Products are 
exported to Kazakhstan, Kyrgyzstan, Uzbekistan, Belarus, 
Tajikistan, Turkmenistan, Mongolia, Afghanistan, Moldova, 
India .

▸  HV/EHV Substations
▸  Transmission lines 

over 12000 relay cubicles
▸   Distribution networks 

over 70 000 IEDs and auxiliary devices

▸   Railway substations 
over 600 relay cubicles

▸   Oil and gas-production 
substations 
over 500 relay cubicles

▸   Thermal Power Plants
▸   Hydro Power Plants
▸   Nuclear Power Plants 

 over 150 relay cubicles
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Geography of Supplies
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There are over 80 000 pcs of our IEDs and additional 
equipment in 11 countries . We deliver about 11 000 IEDs, 
1200 Relay Cubicles annually .
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▸
High voltage / Extra high

voltage Solutions



10

TOR 300 is a microprocessor-based device (also IED or terminal) intended for relay protection, wide-area protection, control and 
alarm functions in 6-750 kV power networks . The IED is to be installed in relaying compartments of stationary attendant chambers, 
switchgears, switchgears for outdoor installation, on boards, in cubicles and control boards of power plants and substations, as well 
as for installation in smart grids and digital substations .

Powerful
TOR 300 platform allows to protect MV, HV and EHV power equipment, to combine main and backup protection in a single device . It 

also gives a lot of additional functions, such as fault location, remote and local breaker control, LED signaling, disturbance and event 
recording, non-commercial energy measuring, etc .

Flexible
The terminal is freely programmable . Functional logical diagrams have been developed with the use of graphical programming tool 

allowing the configuration of binary inputs and outputs, analog inputs, control buttons, LEDs, disturbance recorder, event recorder, 
user interface . Freely programmable logic makes it possible to modify typical functional logical diagrams considering a peculiar nature 
of the protected object . Four basic types of standard 19� case allow to choose the most appropriate solution .

 TOR 300 — Smart Device for Relay Protection, 
Automation and Measurement

Three Devices in One

RPA Device Bay Controller Measuring Device

Relay protection of connection of any 
type with maximum functionality

Local and remote automatic control 
of switching devices with operative 

blocking

Measurement of analog signals with 
high accuracy

Fault location, disturbance and 
events recorder

Monitoring of mechanical and 
switching life-time of circuit breakers

Data acquisition and transmission of 
signals by various communication

protocols
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Excellent Hardware Capabilities and Reliability
The terminals can be applied on substations with AC, rectified AC and DC auxiliary voltage .

Event and Disturbance Recorder
•  registration and storage of 400s of disturbance records (up to 48 analog signals, 

256 input and output binary signals with a sampling frequency of 1000, 2000 or 4000 Hz)
• real-time based event recording

View

19” case type 1/4 1/2 3/4 full

Analog inputs 13 16 up to 48 48

Binary Inputs 20 56 80 140

Binary Outputs 17 53 77 137

Front LEDs 16 32 64 96

Programmable
buttons - 4 8 12

Breaker control
buttons - 2 2 2

Display 6x21 6x21 320x240 pix 6x21 320x240 pix 6x21 320x240 pix

Temperature 
range

Faceplate protec-
tion level

Binary circuits 
voltage

Operative power supply

Average
 recovery time 

Mean time to 
failure

Voltage range
Interruption time 

without reset

-40 . . .+55 °С IP 40
220/110/
48/24 V

AC/DC
88…242 V

0,5 s 0,5 h 25 000 h
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Communicative
TOR 300 device contains up to 7 communication ports (RS-485, optical fi ber link, Ethernet Tх/Fх) to integrate into diff erent process 

control systems . The necessary isolation and interference immunity are provided for operation with communication interfaces .

TOR 300 as Relay Protection IED
•  up to 16 settings groups for diff erent 

network operation modes
• Known and unique relay protection algorithms
• Built-in automaton functions
• Editable matrix of output actions

See below (pg . 14) about all types of relay protection 
realized on TOR 300 IED .

TOR 300 as a part of Digital Substation
The support of IEC 61850-8-1 (MMS, GOOSE) protocol allows to perform data exchange 

via the substation bus (lower and upper level) . The device can receive and transmit up 
to 16 GOOSE messages (up to 300 signals in each GOOSE-message) . Port pairs can 
operate in redundancy mode according to IEC 62439-3 PRP standard . TOR 300 device can 
simultaneously support the connection of up to 6 clients (e .g .: main and backup server of 
SCADA, main and backup server of the workstation) .

Supporting of IEC 61850-9-2 (SV) allows IED connection to “digital” current and voltage 
transformers . TOR 300 can receive up to 16 SV-messages according to IEC 61850-9-2 LE .

TOR 300 supports various time synchronization methods (PPS, NTP/SNTP, PTP) with 
synchronization accuracy up to 1 ms (PPS) .

TOR 300 as a Bay Controller
•  local control from remote keys and faceplate buttons
•  remote control from the automated process 

control and monitoring system
•  free confi guration logic of operative 

blockings (incl . IEC 61850)
• blocking of multiple breaker switching
•  monitoring of control circuits (close circuit 

supervision, trip circuit supervision), 
automatic latching of trip circuit

•  prohibition of switching on when the 
power busbar is switched off  and during 
malfunction of the closing circuits 

•  possibility of action on the second 
trip coil of the breaker

•  circuit breaker status monitoring (control 
circuit, SF6 pressure, tripping time and etc .)

•  circuit breaker mechanical and 
switching life-time monitoring;

Communication interfaces Supported protocols Maximum speed of data exchange

USB internal (for service software) up to 115200 b/s

RS-485 Modbus RTU, ASCII
IEC 60870-5-103 up to 1 Mb/s

Optical fi ber link

Ethernet
copper/optics

IEC 60870-5-104

100 Base-T Ethernet
100 Base-F Ethernet

up to 100 Mb/s

Modbus TCP/IP

IEC 61850-8-1 (MMS, GOOSE)

IEC 61850-9-2 (SV)

IEEE.C37.94
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TOR 300 as a Measuring Device
TOR 300 device is included in the Russian National Register of Measuring Equipment under No 67307-17 and it measures analog 

signals with the following accuracy figures:

6-year calibration interval allows to minimize withdrawal time of the device .
The calibration of the device as a measuring instrument can be coincided with the maintenance cycle of the device as an RPA device .
Separate analog inputs for the connection of current transformer measurement winding (0 .01-1 .2∙In range) and relay winding (0 .01-

60∙In range) allow to perform RPA functions independently .

TOR 300 Data Acquisition Device
• receiving and transmitting the status of up to 

140 binary signals from different equipment
• binary signals reception and transmission 

according to IEC 61850-8-1 (GOOSE)
• transmission of data on the position of switching 

devices according to IEC 61850-8-1 (MMS)
• time marks providing with 1 ms accuracy
• different devices “digital” scanning possibility

Automatic Testing by REST Complex
TOR 300 devices can be tested automatically by means of 

the special automated complex REST . It can be used during 
acceptance tests, commissioning and maintenance of an RPA 
device during operation . For detailed information please see 
page 48 .

Application
Implementation of TOR 300 device allows to reduce the 

amount of equipment installed in the cubicle while preserving 
all the functions performed .

TOR 300 device has been successfully used by different 
cubicles manufacturers . Typical connection schemes to 
various equipment have been developed . It is possible to 
change the typical logic to adapt to a specific object .

Value Range Accuracy, %

alternating voltage (0 .05-1 .2)∙Un ±0.2

alternating current (0 .01-1 .2)∙In ±0.2

direct current
from -5 to +5mA
from -20 to +20mА

±0.2
±0.1

power (active, reactive, phase and complete phase) ±0.5

active power factor ±0.5

frequency 45 – 55 Hz ±0.01 Hz
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TOR 300 DP — Distance protection

TOR 300 DP can provide backup protection of over-head 
double- or multi-ended electrical power lines and cables 
in HV and UHV networks . Also, it can be used as a backup 
protection of transformer, shunt reactor, capacitor bank, 
bus-section or bypass breaker protection . By using HF-
carrier telecommunications channels two or more TOR 300 
DP devices can provide main protection of power line . If 
required, TOR 300 DP also can provide automatic control 
of three-phase/single-phase breaker with three-phase 
autoreclosing .

Distance protection
Distance protection operates selectively at all types of faults in protected objects; does not operate at external faults, open-wire 

conditions, power reverse, power swing, asynchronous conditions, out-of-phase closing and at operating switching, and functioning 
correctly at switch-on-fault conditions .

Each of distance protection stages includes three impedance measuring units for single phase-to-earth faults and three impedance 
measuring units for phase-to-phase faults . Distance protection implements impedance measurement principle, polygonal impedance 
relay operation principle and directional units to ensure direction of DP measuring units .

Directional zero sequence overcurrent protection
Directional zero sequence overcurrent (ZSOP) protection is used for power object protection from earth faults . Eight ZSOC protection 

stages are realized in TOR 300 DP, and each zone settings are independent from each other by direction and reach zone .
TOR 300 DP is provided with automatic (at circuit breaker fi rst closing) and operative (when main protection of bay is disabled) 

acceleration modes of DP and ZSOP stages .
Available components of a full-function device are the following:

•  fi ve stages of phase-to-phase and phase-to-ground distance protection (DP) provided 
with high-frequency carrier intertripping (CIT) and HF-interlocking logic;

•  eight stages of directional zero-sequence overcurrent protection (ZSOP) 
provided with carrier intertripping and HF-interlocking logic;

•  DP and ZSOP acceleration and remote tripping algorithms via communication 
channels with protection at the opposite end of the line;

• instantaneous overcurrent protection;
• non-directional time overcurrent protection (OCP),
• circuit breaker failure protection (CBFP);
• undervoltage protection (UVP);
• sectionalizing protection (SP);
• automatic load transfer (ALT);
•  double-acting three-phase/single-phase autoreclosing (AR) including voltage / no-voltage 

control of the bay and busbar, as well as synchronism control and capture;
• automatic breaker control (ABC);
•  protection of circuit breaker tripping and closing electromagnets, open-phase 

protection (OPP) and phase non-switching protection (PNSP);
• circuit breaker opening and closing time check;
• disturbance and event recording function .

Breaker control automation generates signals to trip or close a circuit breaker with due regard to commands received from 
protections and telecontrol devices or from remote control key . It is possible to use the device for both three-phase and single-phase 
controlled breakers .

If required, TOR 300 DP devices can be provided in assembled, tested and pre-confi gured relay protection cubicles fully adapted 
to your project .
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TOR 300 DPL — Line differential protection
TOR 300 DPL realizes the main protection of overhead 

lines and cables in HV and EHV networks with absolute 
selectivity . The TOR 300 DPL terminal is intended to provide 
longitudinal differential protection and backup staged 
protection of lines with single-breaker bay, bypass breaker 
transfer, two-breaker bay or bay with a maintenance switch .

Longitudinal differential current protection
Each device has one subset of longitudinal current differential 

protection . Line differential protection provides selective line 
tripping from all sides at all types of internal faults and does not 
trip at all types of external faults . Line differential protection does 
not trip falsely at power swings and loss of synchronism on power 
transmission line . Each device carries out a comparison of phase 
currents at its line end (local currents) with currents received from 
remote terminal by value and by phase .

Line differential protection is implemented with the use of 
sensitive (differential unit with restraint) and high-set measuring 
units (unrestrained differential current unit) . Sensitive measuring 
unit is made with directional restraint to avoid tripping at external 
faults due to CT saturation . Differential current operating value 
changes depending on calculated restraining current value . 
Unrestrained differential current unit is designed for fast clearing 
of fault with high short circuit currents . It responds to calculated 
differential current value and has no restraint .

The terminals provide parallel operation via two communication 
channels with continuous backup .

Communication may be provided both using dedicated 
optical communication lines between devices, or using digital 
transmission network — networks with multiplexer equipment . 
Terminal communication ports always operate using the standard 
IEEE C37 .94 . Using specialized optical amplifiers (not included), 
the communication via dedicated channel can be performed at 
distance up to 170 km .

TOR 300 DPL also may include multi-staged full functional 
distance protection (see TOR 300 DP) for independent backup 
protection of line in case of communication failure . The device may 
be provided with the unit of line fault detection in order to prevent 
false tripping of line differential protection during short circuit over 
tap transformer on the protected line .

If required, TOR 300 DPL devices can be provided in 
assembled, tested and pre-configured relay protection 
cubicles fully adapted to your project .

Functions of TOR 300 DPL protection device
are the following:

• longitudinal differential current 
protection of the line (DPL);

•  three stages of phase-to-phase and phase-
to-ground distance protection (DP);

•  four stages of directional zero-sequence 
overcurrent protection (ZSOP);

• instantaneous overcurrent protection;
• non-directional overcurrent protection (OCP);
• voltage transformer failure blocking (VTFB);
• long-time voltage unavailability blocking (LVUB);
• open-wire protection (OWP);
• circuit breaker failure protection (CBFP);
• automatic load shedding (ALS);
• disturbance and event recording function .

Main advantages:
• fast solution
•  up to 32 binary signals can be transmitted to 

remote IED (12 signals with high priority)
• zero time of switching to reserve channel
•  up to 80 km for IED-to-IED connection 

(without amplifiers)
• disturbance recording of remote currents
• compensation of line capacitive current
• built-in open-wire protection and VT monitoring
• numerical equalization of CT ratio
• built-in fault location function

IEEE C37 .94
via 2 channels
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TOR 300 PDP — Phase differential protection 
of line

TOR 300 PDP is intended to provide fast main protection of HV and EHV double- or multi-ended overhead lines with or without 
tapping transformers .

One TOR 300 PDP is to be installed on each line end . It uses HF transceiver to communicate with remote IEDs on the other ends . 
The main advantage of this method is in usage of phase wire or lighting protection cable for communication . TOR 300 PDP does not 
require any special communication cable (such as Optic) – it uses existing HF equipment .

TOR 300 PDP contains Damaged Phase Selector for single-phase tripping . Also, it provides single-phase AR in case of single-pole 
breakers usage . 

TOR 300 PDP is a perfect solution for relay protection of long distance overhead lines from all internal faults .

Main advantages:

• Fast solution - about 40 ms to trip .
• Selectivity and sensitivity for all types of internal and external faults
•  Operates correctly in open-phase modes, with power reversal, with cascading outages on bypass 

connections, asynchronous inclusions, and in single-way switching mode without a short circuit
• No unnecessary or false operations in case of voltage circuits failure
• Protection blocking:
    ▸ at short-circuit behind tapping transformers,
    ▸ in case of a fault in the HF channel .
• Available operation in the network of power supply of traction load .
• TOR 300 PDP can be used with almost all types of HF Transceivers .
• Compensation of line capacitive current
• Built-in fault location function

If required, TOR 300 PDP devices can be provided in assembled, tested and pre-configured relay protection cubicles fully adapted 
to your project .
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TOR 300 DPT — Transformer protection

TOR 300 DPT terminal provides main and backup protection functions of a two or three-winding transformers and autotransformers . 
This device is intended to protect a transformer, including its bus arrangement and current limiting reactor .

Differential current protection
Current differential protection operates selectively at internal faults in a protected transformer and all types of short circuits 

on its leads and does not operate at external faults, magnetizing current inrushes, open-phase conditions, power swings, loss of 
synchronism, out-of-phase closings and at operative switching .

Current differential protection is three-phase, with maximum current restraint . There is current unrestrained differential current 
unit implemented without restraint for fast clearing of faults with heavy short circuit current (usually on transformer outputs) . 
Compensation of winding connection groups and fine numerical equalization of differential protection side currents can be configured 
in TOR 300 DPT . The second and fifth harmonic and current waveform blocking are available to prevent unwanted operations during 
magnetizing current inrush conditions and transformer overexcitation . CT circuit supervision allows to define a break or a fault of 
secondary current circuits .

Buchholz protection
Buchholz protection (BP) is designed for protection from 

faults inside the transformer tank accompanied by gas 
emission . It is connected to circuits of leakage current relay, 
tripping and alarm elements of Buchholz relay . At tripping, 
BP acts on circuit breaker tripping at all sides of protected 
element with autoreclosing disabling, and starts CBFP of 
power supply side breaker .

Available functions of TOR 300 DPT:
• differential current protection of transformer (DPT);
• Buchholz protection (BP);
• overcurrent protection (OCP);
• zero-sequence overcurrent protection (ZSOP);
• logic busbar protection (LBP);
• circuit breaker failure protection (CBFP); 
• combined voltage triggering (CVT);
• technological protection (TP);
• power directional units;
• a package of various current and voltage relays;
• disturbance and event recording function .

Main advantages:

• fast solution
•  up to 3 differential zones in one IED
•   up to 5 protected sides in one IED 

(for T with split winding)
• built-in CT circuit supervision functions (fast and slow)
•  the second and fifth harmonic and current waveform 

blocking .
• numerical equalization of CT ratio (50 to 500%)

If required, TOR 300 DPT devices can be provided in assembled, tested and pre-configured relay protection cubicles fully adapted 
to your project . Also, it is possible to combine main (TOR 300 DPT) and backup (TOR 300 DP) IEDs in one relay protection cubicle .

Differential
current

Unrestrained
value
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TOR 300 DPB — Busbar differential protection

TOR 300 DPB terminal is used for MV, HV and UHV busbar protection from all types of internal faults . This device is designed to 
protect different bus systems with max . number of bays being 24 .

• double bus system equipped with a bus coupler circuit breaker (BCB) and transfer bus, with variable bay fixation;
• double sectionalized bus system with BCB and transfer bus;
• double sectionalized bus system with two circuit breakers instead of BCB;
• double bus system with two circuit breakers (similarly “one-and-a-half-breaker” busbar system) and etc .

Differential protection
Each differential zone of DPB consists of main differential unit, sensitive current unit and differential current relay for CT circuit 

supervision . Fine numerical equalization of bay currents is implemented . Differential unit allows changing fixation of bay currents, i .e . 
their inclusion in certain differential zone . Sensitive current units are designed for automatic increase of sensitivity of DPB in busbar 
autoreclosing cycle, and for consecutive tripping of bays with smaller fault current . Sensitive current units may also be used for tripping 
the bay at switch-on-fault at busbar . CT circuit supervision prevents unnecessary operation of DPB if current circuits failure happens .

Other protection functions are as follows:
• CBFP of all bays;
• bay switch-on-fault logic;
• inhibit of busbar autoreclosing .

Subject to agreement, it is possible to implement other protection functions (for ex ., current relay for bar switch-on-fault trip or bay 
OCP) or logic chains by means of configurable logic . A terminal also provides disturbance and event recording function . Incorporated 
protection functions provide selective tripping of the protected bus system during its fault .

Main advantages:

• fast solution
• up to 24 bays with configurable fixation
• simple current restrain calculation
•  built-in CT circuit supervision 

functions (fast and slow)
• numerical equalization of CT ratio (50 to 500%)
•  no unnecessary or false operations during 

external faults with CTs saturation, cause of 
patented know-how algorithm of blocking .

If required, TOR 300 DPB devices can be provided in 
assembled, tested and pre-configured relay protection 
cubicles fully adapted to your project .

For small busbars
One TOR 300 DPB can provide three-phase differential restrained protection of bus arrangement (DPB) and protect all three 

phases of small busbar:
• for busbar up to 4 bays (TOR 300 DPB in 1/2 of 19� case)
• for busbar up to 8 bays (TOR 300 DPB in 3/4 of 19� case)

For large busbars
In case of busbar with more than 8 bays, bus differential protection is implemented separately for all three phases, i .e . each phase is 

protected by separate terminal TOR 300 DPB . The terminal implements selective protection of one phase of two bus systems (sections) . 
It includes three single-phase differential zones for this purpose: check-zone and selective zones of 1st and 2nd bus systems:

•  for busbar up to 16 bays (one TOR 300 DPB in 3/4 of 19� case for three phases)
•  for busbar up to 18 bays (one TOR 300 DPB in 3/4 of 19� case for each phase)
•  for busbar up to 24 bays (one TOR 300 DPB in full 19� case for each phase)
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TOR 300 BC — Breaker protection and control

TOR 300 BC terminal provides protection and control of 
circuit-breaker . The device can be used for full bay control 
according to relay protection commands, remote control 
commands and manual switching .

Breaker control functions:
•  three-phase/single-phase autoreclosing (AR) including 

voltage / no-voltage control of the bay and busbar, as 
well as synchronism control and capture;

•  protection of circuit breaker tripping and closing 
electromagnets, open-phase protection (OPP) and phase 
non-switching protection (PNSP);

• circuit breaker opening and closing time check;
• breaker monitoring; 
• mechanical and switching life-time monitoring;
• breaker open/close pick-up;
• circuit breaker failure protection (CBFP);
•  analysis of all types of faults generated by the breaker 

drive;
• measurement of solenoid currents .
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TOR 300 CP — Capacitor bank protection

TOR 300 SIP — Local system
integrity protection

TOR 300 CP terminal is intended to protect MV and HV capacitor banks . Depending on functionality the TOR 300 CP terminal can 
provide main differential and backup staged protection as well as circuit-breaker control .

TOR 300 SIP is designed to prevent system crashes upon detection of deviations from normal network operation .
The complex consists of:

• protection against asynchronous conditions;
• thermal overload protection;
• high/low voltage protection;
• high/low frequency protection;
• automatic control of frequency and power and other .

Available components of a full-function device are the fol-
lowing:

•  differential current protection with maximum current 
restraint, unrestrained differential current protection and 
CT circuits supervision;

• two-stage unbalance protection from internal faults;
• three-stage overcurrent protection;
• negative and zero-sequence overcurrent protection;
• overload protection;
• over- and under-voltage protection;
• circuit breaker failure protection;
• circuit breaker protection and control (see TOR 300 BC) .



21

Ready-made relay protection cubicle
Ready-made relay protection cubicles are usually in-stalled 

at HV/UHV Substation Control Center or in station main control 
room .

Relay cubicle is a metal construction (by RITTAL) which can 
be one of the standard sizes depending on the number of IEDs 
and type of protection .

Relay cubicle can be one-sided or two-sided service with 
metal, glass or windowed front door . Relay cubicle can consist 
of two cubicles coupled together .

Advantages of relay protection cubicles by Relematika

• all cubicles are powerful TOR 300 IED based
• customized solutions according to specific requirements
• fully adapted to your project
•  all assembling, testing and pre-configuring is already 

done
• all required equipment is inside the cubicle

Beside one or more TOR 300 IEDs inside the cubicle and on 
its front or back board may be placed:

• HF transceivers,
• control switches and buttons,
• test blocks,
• signal lamps,
• power relays,
• insulation monitoring relays,
• communication equipment,
• metering equipment,
• auxiliary power equipment,
• power socket,
• lighting lamp,
• document pocket and etc .

Standard relay cubicle sizes

Width, mm Depth, mm Height, mm

606 600 2005 (+ 200)

806 600 2005 (+ 200)

1006 600 2005 (+ 200)

1206 600 2005 (+ 200)

1606 600 2005 (+ 200)
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Medium Voltage Solutions ▸
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TOR 200 – Relay Protection and Automation 
IED for MV substations

Description
TOR 200 is a microprocessor-based device designed to provide protection functions for all types of primary equipment, control and 

signaling at medium voltage power facilities . 
TOR 200 is to be installed in all types of relay compartments of stationary attendant chambers, switchgears, switchgears for outdoor 

installation, on boards, in cubicles and control boards of power plants and substations, as well as for installation in smart grids and 
digital substations . TOR 200 IEDs are suitable for networks with resistance and reactance earthed, arc compensated, isolated and 
solidly earthed neutral .

TOR 200 provides communication via IEC 61850 protocol, allows free configuration of operational logic, binary inputs/outputs  as 
well as LED indication with electronic key buttons on the faceplate .

Protected Equipment
•  overhead and cable power lines, lines to auxiliary 

transformers and static capacitor banks
•  input breakers and busbar sectionalizing circuit 

breakers with automatic circuit breaker control
•  motors (up to and above 5 MW, two-

speed), small generators
•  power transformers up to 80 MVA
•  voltage transformers;

Main functions
•  current protections: directional/non-

directional overcurrent protection, zero 
sequence overcurrent protection

•  distance protection
•  transformer / motor differential protection
•  thermal motor protection
•  transformer winding load tap changing
•  frequency load shedding controller and 

voltage reduction automation
•  local and remote circuit breaker control
•  circuit breaker status monitoring (control 

circuit, SF6 pressure, tripping time and etc .)
•  circuit breaker mechanical and 

switching life-time monitoring;
•  disturbance and event recorder
•  fault location

Monoblock for rear connection

RPA device TOR 200 (back view) Remote control boardRPA device TOR 200 (front view)

With remote control for front connection

Hardware Platform
•  number of input relays – 8/13/19/25
•  number of output relays– 6/14/22/30
•  number of CT and VT inputs – 14/15
•  USB, 2хRS-485/optical fiber link, 2хEthernet(Tх/Fх) 

communication ports with SPA, ModBus, IEC 60870-
5-103, IEC 60870-5-104, IEC 61850 protocol support

•  faceplate components:
 ▸  6-line display, 4 programmable buttons/

keys, 16 two-colored configurable LEDs .
 ▸  3 buttons for circuit breaker local control 

and ‘OPEN/CLOSE’ status indication LEDs .
•  2 types of cases:
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Disturbance and Event Recording
All measured and calculated channels, logic signals of the protection logic (starts and triggering of protection, automation, alarms 

etc ., overall up to 256 additional signals) are recorded . The disturbance recorder starts automatically after one of 29 start conditions 
occur . Automatic archiving function and circular recording of the waveforms is realized .

Time step of event recording – is 1 ms . The maximum capacity of the recorder is 1000 events, at least 256 logical signals are 
registered . The list of registered signals is set by means of the service software . All events with time markers are available for viewing 
on the device with a human-machine interface and are also transferred to the automated process control and monitoring system .

TOR 200 as a part of Digital Substation
Supporting IEC 61850-8-1 (MMS, GOOSE) allows the device to perform the data exchange over the substation busbar . TOR 200 

device can simultaneously support the connection of up to 6 clients (e .g .: main and backup server of the SCADA, main and backup 
server of automated workstation) . Furthermore, the device can receive and transmit up to 16 GOOSE messages (up to 300 signals in 
each GOOSE message) .

Temperature Range
The device operates properly in the industrial temperature from -40°С to +70°C with the allowable humidity of 80% (the upper 

operating value is no more than 98% at 25°С) .
Dust-Proof and Water Resistance : IP54 protection degree in the front part and IP20 in other parts of the device (according to IEC 

60529) .

Interference Immunity
High interference immunity of the devices is confirmed by multiple tests with maximum degrees of severity (more than 16 types of 

tests according to GOST R 51317 .6 .5 in extended scope) .

Self-Testing
The device is equipped with an advanced system of internal self-diagnostics . The built-in software and hardware provide the 

constant monitoring of the correct functioning of the main parts of the device, ensuring high operation reliability and readiness of 
protection to trip .

Automatic Testing by REST Complex
TOR 200 devices can be tested automatically by means of the special automated complex REST . It can be used during acceptance 

tests, commissioning and maintenance of an RPA device during operation . For detailed information please see page 48 .

Advantages
•  full set of relay protection functions for all types of 

primary equipment of the MV substation and automatic 
control of circuit breakers .

•  freely-programmable logic for adaptation to the project 
specifications and creation of non-typical performances

•  flexible purpose of binary inputs/outputs, LEDs and 
buttons

•  high EMC immunity according to IEC 61000
•  IEC 61850 protocol support (MMS, GOOSE) . Certified by 

KEMA™ .
•  power supply from USB-port (configuring, data reading)
•  device power supply from CT for usage at substations 

with AC power supply
•  small installation depth of 160 mm (suitable for almost 

all compartments)
•  operating temperature range from -40 °С to +70 °С
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A TOR 200 LB device is intended to provide relay protection and automatic control of 6 - 35 kV electrical cable lines, overhead lines 
and auxiliary transformer lines . Also it is able to provide current protection of small motors and lines to capacitor bank .

A TOR 200 IB device is intended to provide relay protection and automatic control of 6 - 35 kV input breaker .

Functions :
•  three-stage overcurrent protection (OCP) 

with acceleration and voltage triggering;
•  two-stage zero-sequence overcurrent protection;
•  negative sequence overcurrent protection;
•  voltage protection;
•  zero sequence overvoltage protection;
•  circuit breaker failure protection;

Functions:
•  three-stage overcurrent protection (OCP) 

with acceleration and voltage triggering;
•  two-stage zero-sequence overcurrent protection;
•  negative sequence overcurrent protection;
•  undervoltage protection;
•  zero sequence overvoltage protection;
•  circuit breaker failure protection;

A TOR 200 SB device is intended to provide relay protection 
and automatic control of 6 - 35 kV section breaker .

Functions:
•  three-stage overcurrent protection (OCP) 

with acceleration and voltage triggering;
• two-stage zero-sequence overcurrent protection;
• negative sequence overcurrent protection;
• undervoltage protection;
• zero sequence overvoltage protection;

TOR 200 LB — Line protection

TOR 200 IB — Input breaker protection

TOR 200 SB — Bus-section breaker protection

•  autoreclosing (AR);
•  open-wire protection;
•  section voltage monitoring;
•  breaker control and monitoring;
•  reception of arc protection sensor signal;
•  control of static capacitor banks;
•  automatic load transfer .

•  autoreclosing (AR);
•  open-wire protection;
•  logical busbar protection;
•  section voltage monitoring;
•  breaker control and monitoring;
•  reception of arc protection sensor signal .

• circuit breaker failure protection;
• autoreclosing (AR);
• current conductor open-wire protection;
• logical busbar protection;
• section voltage monitoring;
• breaker control and monitoring;
• reception of arc protection sensor signal .
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A TOR 200 VT device is intended to provide relay 
protection and automatic control of 6 - 35 kV instrument 
voltage transformer .

Functions:
•  voltage triggering for bay OCPs;
•  two-stage under/overvoltage protection;
•  earth fault protection using zero-sequence voltage;
•  ferro-resonance protection;
•  supervision of VT open delta winding circuit integrity;
•  tripping of input breaker for automatic load transfer;
•  negative sequence overvoltage protection;
•  four-stage automatic underfrequency load 

shedding and frequency autoreclosing, 
protection by frequency change rate;

•  automatic underfrequency load 
shedding acceleration;

•  reception of arc protection sensor signal and etc .

A TOR 200 MD device is intended to provide relay 
protection and automatic control of 6 - 35 kV synchronous 
and asynchronous motors above 5 MVA .

Functions:

•  differential current protection;
•  overextended motor start protection;
•  thermal overload protection;
•  starting restriction protection;
•  current inrush control;
•  three-stage overcurrent protection;
•  two-stage zero-sequence overcurrent protection;
• negative sequence overcurrent protection;
• undercurrent protection;
• circuit breaker failure protection;
• locked rotor protection;
• loss-of-synchronism protection
• breaker control and monitoring and etc .

TOR 200 VT — Voltage transformer protection

TOR 200 MD — Motor differential protection
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An arc fault is the heaviest type of accidents in electrical installations as it is accompanied by catastrophic damage to equipment, 
possibility of personnel injury, fire and substantial property damage . Relematika has developed a device of arc fault protection for MV 
metal-clad installations panels . 

To exclude unnecessary operations after receiving signal 
from sensor BKR-1 waits for permission from OCP of input or 
section breaker protection (triggering by current) .

The main features of the device are constant self-
diagnostic and ease of installation.

The device is of modular composition . The main module of 
the system is the control and registration unit BKR-1 (1 piece 
per panel of metal-clad switchgear), to which up to 4 optical 
sensors are connected (they are installed in the high-voltage 
compartments of the switchgear) . The sensors respond to the 
excess of the threshold of illumination by the light flux of the 
electric arc . Thus, the device performs continuous monitoring 
of the illumination level at the places of possible damage .

Arc protection sensor features
•  the threshold illumination of operation is 

500 ÷ 5000 lux
• response time 1 ms
•  sector of view 120°
•  built-in illumination elements for monitoring 

the integrity and purity of the photosensor
•  connection via a simple two-wire cable

Automatic diagnostics of the sensor
•  monitoring communication line integrity
•  monitoring of the absence of short 

circuits in the communication line
•  monitoring of photodetector correctness
•  control of the absence of contamination 

of the photodetector

Self-diagnosis of the device . Failure signal is generated in 
the following conditions:

•  internal self-diagnostics of BKR-1
•  damage of permission circuit
•  damage or disconnection of any sensor
•  fault or open-wire on sensor connection line

Remote Access
•  RS-485 interface (up to 115 kbps)
•  log for 2000 events
•  possibility of integration into the 

automated control system

Main Advantages
•  low cost and easy installation and setup 

(compared to fiber-optic-based systems)
•  no need for periodic maintenance thanks to 

constant self-diagnostics of all components
•  high protection response time 

(10 ms + TCurrent trigger)
•  selective tripping from a particular sensor with the 

formation of signals of CBFP, prohibition of AR / ALT
•  guaranteed triggering parameters with the 

ability to adjust to the requirements
•  distance from sensor to BKR-1 is up to 150 m
•  no fiber-optic – No need for special 

tools and special skills

ZDZ-01 – Arc Fault Protection
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Unique Solutions ▸
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Description
Elaboration of the centralized RPA for substations is one of the most prospective lines of relay protection technologies development . 

The centralized performing of RPA functions provides variation flexibility of the structure and amount of the signals in real time mode 
which can be processed in RPA algorithms . In addition to it, centralized RPA for the substations allows to obtain high economic rates 
with capital investments and operating costs reduction .

Centralized RPA Functionality (in one TOR 300 IED)
•  main protection of power transmission lines: phase-comparison differential protection (PDP)
•  staged protection set (DP and OCP)
•  line fault location
•  main and backup transformer protections: transformer differential protection (DPT), transformer gas protection
•  busbar differential protection
•  automatic breaker control: line circuit breaker, busbar sectionalizing circuit breaker
•  technological protections of the transformer, the circuit breaker
•  operation logic variation in repair conditions

Centralized RPA Advantages
•  relay protection and automation of one section in one device
•  RPA equipment amount reduction in two or three times
•  reduction of expenses for substations upgrading (including survey and design 

works, construction and installation works and commissioning)
•  substation arrangement according to 5N* scheme – 4 RPA cubicles with 100% duplication
•  major construction cost reduction (substation control houses of lesser size)
•  RPA maintenance cost reduction
•  constructional design simplification: type integrated design and engineering solutions
•  observability level increase
•  protections reliability increase (100% backup, high speed of operation)

Examples of Centralized RPA Devices Implementation

* 5N is the following electrical diagram: a bridge with circuit breakers in the line circuits and a repair jumper on the side of the lines
** 4N is the following electrical diagram: of two units with switches and a non-automatic jumper on the side of the lines

Centralized Protection of Typical Substation
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Purpose
The cable-overhead lines automatic reclosing device is intended for increase of reliability of power supply of megacities . This device 

automatically diagnoses the cable-overhead line and gives a permission to automatic reclosing function in case of transient (self-
removing) short circuits of the overhead section of the line . AR is forbidden in case of cable short circuit or permanent short circuit in 
the overhead line section .

Expanded Functionality
•  automatic breaker control
• active fault diagnostics
• control of the automatic reclosing modes
• determination of short circuit location

Means for Determining the Short Circuit Location
•  module for determination of the damaged 

section with absolute selectivity
• traveling wave fault location
•  fault location based on power 

transmission lines active probing 
•  fault location based on the emergency 

operation parameters

Permanent Faults Diagnosing
• power transmission lines active probing 

Lines Configuration
• branches
• one or more cable sections
• parallel lines

Intelligent Adaptive Automatic Reclosing of 
Cable-Overhead Lines

Conditions of Automatic Reclosing Prohibit
• short circuit at cable section
• overhead line section permanent faults

Full-Scale Automatic Breaker Control, including
• a backup device in case of the circuit breaker failure
• voltage monitoring and synchronism capture
• closing and tripping coils protection
•  protection against incomplete phase 

and non-switching phases
• circuit breaker supervision
• circuit breaker life-time monitoring

Main advantages of the Automatic Reclosing of Cable-
Overhead Lines Device

• cost saving when restoring cable-overhead lines
• saving the resource of power equipment
• increase the success of automatic reclosing
• improving the power supply reliability
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TOR 110-EFP - Earth Fault Protection 

Description
Microprocessor device TOR 110-EFP is designed for 

selective protection of overhead and underground lines under 
single-phase earth faults (permanent and transient) and 
double earth faults regardless of the operation mode of the 
neutral, as well as for indication of the line phase current .

Operational Principle
Microprocessor device TOR 110-EFP fixes the direction 

of the transient wave transmission that occurs at the short 
circuit location to detect the direction of the single phase-
to-earth fault . The fact of a single-phase earth fault is 
accompanied by the appearance of residual voltage 3U0 of 
power frequency, which is used to pick up the start of the 
device .

For substations without voltage transformers, 
microprocessor devices operate in the centralized protection 
mode against single-phase earth fault with signals exchange 
organization .

Specifications

•  the device is installed on the door, in the 
place of an ammeter or a counting register

•  the device is connected to voltage and to 
zero sequence current (to a residual current 
transformer or to the sum of phase currents)

•  connection to the measuring circuits is monitored 
by the phasing control function of the device

•  monitoring of open delta circuits 
discontinuity is provided

•  TOR 110-EFP can operate to tripping 
of damaged line and signaling .

•  a digital indicator shows the instantaneous values 
of the voltage and zero sequence current in the 
emergency mode (capacity current of a section)

•  a built-in disturbance recorder of a single 
phase-to-earth fault, and the event recorder 
allows to analyze the protection operation .

•  the device can connect to SCADA via IEC 60870-
103 protocol using communication port RS-485

•  for signaling, there are LEDs indicating the 
tripping, short circuit in in the forward and 
reverse direction, cutoff operation by zero 
sequence, voltage circuits failures

•  operational power supply: 24-270 V (AC/DC)
•  overall dimensions: 90х90х175 mm
•  temperature range: -40…+55°С

Earth Fault Protection in
MV Networks with all types of Neutral
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Fault Location ▸
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Application and Operating Principle
Overhead lines fault location system is intended for 

operative determination a 3-35 kV distribution network 
section where a short circuit or a single-phase earth fault has 
occurred . The system is intended for operation in distribution 
networks with single power supply . The components of the 
system are: 

•  overhead lines fault indicators
•  transmitters
•  topographic fault location software

Overhead lines fault indicators are installed over a certain distance directly on the overhead line wires on three phases:
•  at each tapping
•  the long-distance sections
•  at hard-to-reach section boundaries .

Overhead lines fault indicators mounting can be made without voltage removal with the help of the fitting kit . Therefore, the 
transmitters are installed on the support near the indicators . A transmitter is powered by a built-in battery which in its turn is recharged 
by a solar battery .

The overhead lines fault indicators communicate with the transmitter through the radio channel and transmit the information about 
their operation and the type of fault . The transmitter relays the information about failure through the GSM communication channel . 
The topographic fault location program processes the incoming information, presents the faulted section on the map with a reference 
to the terrain map and informs personnel via SMS and E MAIL . 

According to its operating principles, an overhead lines fault indicator does not actuate neither under load current rise, nor under 
magnetizing in-rush current, nor under external short circuits . Overhead lines fault indicators distinguish between a short circuit and 
a single-phase earth fault .

Fault location system components .

Main Technical Features

Overhead lines fault indicator Transmitter with a solar battery Information system of fault location

Fault Location System for 3-35 kV
Overhead Lines

Description Parameter
Operation Operation temperature range -45°…+70 °С

Overhead Line 

Parameters

Electric line voltage ≤35кV

Line operating mode Dead-end / Radial

Minimum load current 0 A

Wire diameter 8 – 30mm

Overhead Lines Fault Indicator

Minimum current surge under short circuit/single-phase earth fault 120А / 20А

Maximum permissible current 25kA / 0,2s

Indication 8 flashing LEDs

Reset time 2…24 h

Indication visibility min 500 m

Weight 0 .56 kg

Radio transmission distance up to 30 m

Transmitter

Weight 4,5 kg

Daylight hours >4,5 h

Electric battery 3,7 V / 5,5 Ah
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Application
TOR 300 FL devices are designed to determine the 

location of damages of overhead lines 6-750 kV with one-
way or two-way power supply . They can be used to service 
overhead lines of complex configuration, including powerful 
branches, inductive coupling with other lines . They provide 
high accuracy of location and are built into centralized fault 
location systems . The devices are used at power facilities 
with alternating, rectified alternating or direct current control 
power .

Objects of Fault Location 
•  phase-to-phase and three-phase short 

circuits on 6-35 kV transmission lines 
in networks with isolated neutral

•  all kinds of faults (including single-phase) on 110-
750 kV transmission lines with a length of up to 
800 km in networks with a solid-earthed neutral

 Fault location devices make it possible to specify up to 32 
sections to take into account the complex line configuration 
caused by the heterogeneity of specific parameters of the 
line, the presence of branches with different grounding modes 
of the transformer neutral, the presence of inductive coupling 
with parallel lines .

Determining the Fault Location
•  automatic calculation of the fault location
•  displaying information about the damage
•  formation of a fault location report 

with the following information:
  -  the distance to the fault location and the 

transient resistance in the place of short circuit
  - type of damage
  - date and time of the damage occurrence
  - duration of the fault mode
  -  values of vectors of phase and symmetrical 

components of voltages and currents 
of fault and pre-fault modes

•  function of the selector of the damaged phases

Device Features
•  selective and independent modes 

of oscilloscope starting;
•  start by level and increment of currents, and 

also when switching an external signal;
•  determination of faults on branches .

TOR 300 FL — Fault Location for Overhead 
Power Transmission Lines 6-750 kV

Metering 
•  measuring the distance to the fault site
•  measurement of primary and secondary values, 

their phase and symmetrical components
•  indication of analog values of voltages and 

currents in primary and secondary values
Additional Functions

•  self-diagnostics 
•  alarm in case of malfunctions in current 

and voltage measuring circuits
•  re-calculation of the fault location 

according to the user task

Maximum number of lines and sections
•  up to 4 lines
•  up to 32 sections of each line

Event and Disturbance Recorder

Additional Info
•  maximum usage of available information, including fault 

and pre-fault network modes
•  it is possible to draw measurements from one and both 

ends of the line, automatic collection and analysis of 
data in devices

•  application of a detailed model of the observed network 
fragment using the primary parameters of the object

•  extended analysis of nonstationary (multi-stage) short-
circuit processes

•  confident operation over a wide range of transition 
resistances
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Relay Protection
and Automation of Station Equipment ▸



38

TOR 300 GP – Synchronous Generator
or Generator-Transformer Unit Protection

Application
TOR 300 GP device provides a complex of relay protection functions of a synchronous generator combined with a step-up transformer 

or operating directly at the busbar . 
Based on TOR 300GP 510 (for medium and low power generator protection) or TOR 300 GP 511 (universal protection) we produce 

cubicle, which is a complex of microprocessor relay protection of a synchronous generator operating directly on busbars or in a unit . 
As a rule, the cubicle includes two identical protection systems with independent operational, measuring and output circuits, i .e . the 
principle of duplication is implemented .

The cubicle supply package includes recommendations for calculating the settings of the synchronous generator protection .

Functions
•  longitudinal differential current 

protection of the generator; 
•  single-system transverse differential 

current protection; 
•  overcurrent protection with voltage triggering; 
•  distance protection with power swing blocking; 
•  stator winding earth fault protection 

of the unit generator; 
•  zero-sequence current earth fault 

protection of the stator; 
•  two-point earth fault protection of the rotor; 
•  stator overload protection; 
•  asymmetric overload protection by negative 

sequence overcurrent protection; 
•  excitation current overload protection of the rotor; 
•  overvoltage protection; 
•  undervoltage protection; 
•  over-excitation protection; 
•  negative active power protection; 
•  field-loss protection; 
•  protection against asynchronous 

conditions without loss of excitation; 
•  over- and underfrequency protection; 
•  protection against unintentional 

starting of the generator; 
•  generator breaker failure protection; 
•  voltage circuit failure blocking; 
•  synchronism detection; 
•  overcurrent protection of the rectifier transformer;
•  disturbance and event recording function .

Protected Equipment 
•  generator-transformer units of various 

configurations, installed both at TPP and HPP
•  synchronous generators connected 

directly to busbars
• sutonomous synchronous generators
• protection of step-up transformers,
• protection of auxiliary supply transformers
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TOR 300 GP 503 – Excitation System
Protection

Application 
ТОR 300 GP 503 device can be applied

•  in the protection cubicle of the synchronous generator excitation system to perform all the necessary protections functions
•  in the electric protection cubicle of the synchronous generator to perform the function 

of excitation circuits protection from single earth fault

Main Functions
•  excitation circuits protection 

against single earth fault 
•  rotor protection against double earth fault 
•  rotor protection against overload 

by excitation current 
•  rotor backup protection against overload by 

excitation current with  connection to the 
instrument shunt in the excitation circuit 
through the converter to a current of 4-20 mA 

•  rotor backup protection against overload by 
excitation current, calculated via Potier diagram

•  protection agaist excitation loss by 
measuring the complex resistance

•  current protection against excitation loss
•  consumed reactive power limitation
•  maximum current protection and current 

cutoff of rectifier transformer 
•  excitation forcing start while operating 

with backup excitation
•  frequency diversity (rise,drop) protection
•  overvoltage protection
•  protection against unlimited time-

bsed excitation forcing 
•  protection against unlimited current 

forcing the excitation 
•  protection from unsuccessful inverting

Connection scheme

Features
•  excitation circuits protection 

against single earth fault 
 ▸  excitation circuits insulation resistance 

measuring by the automated method of three 
voltmeters (RU 2508587 patent for invention)

 ▸  excitation circuits insulation resistance 
measuring in the range of 1 kOhm to 10 
MOhms with a basic relative error of 20%

 ▸  the value of measured insulation resistance 
is displayed on the remote digital 
indicator, installed in the control panel – 
to control the insulation resistance of the 
whole excitation circuit in real time

•  three ways of excitation current measurement
 ▸  by current transformers
 ▸   with connection to the instrument shunt in the 

excitation circuit by means of 4-20 mA converter
 ▸  by calculations using Potier diagram 

(for rotor backup  protection against 
excitation current overload)

Patent for invention
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TOR 300 AGS – Automatic Generator Switch-
ing for Synchronous Operation

Description
Relematika produces automatic control devices for 

switching synchronous generators for parallel operation 
based on the microprocessor IED . Their main purpose is to 
connect synchronous generators to the network by means of 
precise synchronization . Also, the device is used to connect 
synchronous compensators to the network in stopping 
regime .

Implementation options
• as a separate device TOR 300 AGS
•  within the cabinet of automatic control 

of the generator circuit-breaker
•  in the form of a synchronization panel

Basic Functions of the Automatic Synchronization Device
•  regulation of the generator frequency by issuing 

control pulses acting on the speed controller
•  regulation of the generator voltage by issuing control 

pulses acting on the automatic excitation controller
•  issuing a controlling action to switch on the generator 

circuit-breaker with a predetermined lead time when 
the conditions of precise synchronization are reached

•  disturbance recording of the generator 
synchronization process

Main Characteristics of the Synchronization Device
•  intrinsic error of voltage measuring is not more 

than 0 .5% in the frequency range 45  . . . 55 Hz
•  intrinsic error of frequency measurement 

is not more than 0,01 Hz
•  intrinsic error in the angle of generator 

switching is not more than 3� 

Example of the Automatic Synchronization Device Operation

Advantages
•  disturbance recording of the phase currents of the 

generator during synchronization with the sampling 
frequency of 1000/2000/4000 Hz at maximum 
duration of one oscillogram up to 20 seconds

•  freely configurable logic
•  high EMC immunity
•  wide temperature range from - 40 °C to +70 °C
•  developed system of self-diagnostics



41

Automation Solutions ▸Automation Solutions 
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UniSCADA – Automated Control System

The software and hardware complex UniSCADA developed 
by Relematika is designed to perform integrated automation 
of power facilities . It can be used to build automated complex 
systems of substations, electrical part of power plants, multi-
level systems of automated dispatch management system, 
power supply systems for enterprises . 

Functions
•  operational and dispatching control
•  archiving and storing data
•  diagnostics of UniSCADA components
•  redundancy of the components
•  monitoring of primary equipment
•  integration with adjacent subsystems 

via communication protocols / OPC 
technology / through databases  

•  drawing reports
•  automated workstations functions 
 ▸  for operative staff
 ▸  relay protection engineers
 ▸  automated process control and
 ▸ monitoring system operators

Components 
•  measuring transducers
•  connection controllers
•  process interface unit (controllers 

of telemechanics and PLCs)
•  devices for measuring, collecting and 

processing analog and discrete information
•  microprocessor-based RPA devices with or 

without automatic breaker control function
•  local area network (LAN) hardware
•  universal coordinated time synchronization devices
•  mid-level controllers (station, functional)
•  telemetering servers
•  devices for data collection, processing 

and archiving (servers, gateways);
•  devices for presenting information 

to users (automated workstations, 
printers, shared screens, etc .)

•  information collection and transmission systems
•  devices of adjacent systems integrated into the 

automated process control and monitoring system

Advantages
•  single solution for systems of any complexity, 

allowing step-by-step development:
 ▸  automated process control and monitoring 

system of the power facility
 ▸  information collection and transmission systems
 ▸  relay protection engineer tools 

(automated workstations)
•  wide opportunities for integration 

and communication:
 ▸ built-in SCADA protocols
 ▸  own universal medium of data transmission
 ▸  communication modules of our own design
 ▸  possibility of third-party software implementing
•  flexibility and the possibility of modernization 
•  own configurator

Manufacturer Devices types 

Relematika All series devices

ABB SPAC 8xx, REx670 

Schneider Electric Sepam 40, 80, 1000, 2000 

Siemens S7-200, S7-300 

SATEC Electric power meter SATEC 

Other Suppliers Controllers, RPA devices, metering devices
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ICTS - Information Collection and
Transmission System

Functions
The ICTS complex allows to perform the following 

functions:
•   data collection from microprocessor 

devices (records, events, settings);
•  intermediate processing, temporary 

storage of information;
• data transfer to the workplace of personnel;
•  time synchronization .

The ICTS complex for maintenance-free distribution MV substations is designed to provide remote access and data collection 
from microprocessor-based relay protection devices through wireless communication channels .

Advantages
•  saving time when receiving data from RPA devices 

installed on remote distribution substations
•  reducing the cost of travel to 

unattended distribution substations
•  access to devices at any time
•  minimal adjustment when using standard solutions

•  ICTS complex allows to integrate RPA 
devices of various manufacturers from 
several distribution substations .

•  data transfer is arranged through 
a secure wireless network 
(WAN) of a mobile operator

Standard Design Solutions
Standard solutions based on communication cubicles 

“SH2800 04 .0X H” were developed for implementation of 
the complex at the facilities . When using a standard cubicle, 
communication equipment is protected from unauthorized 
access, temperature and humidity drops . The equipment 
arrives in a high degree of readiness with the completed 
mounting of internal circuits .

Structure of the Complex

Cubicle Type SH2800 04.001H SH2800 04.002H

Cubicle arrangement Outdoor Indoor

Climatic category From – 50 to + 50°С From – 10 to + 40°С

Heating cabinet, the presence of elements of monitoring and temperature control Available Non-available

Main / backup input voltage 220V AC/DC

Dimensions, mm 1000x600x200

Weight, kg, not exceeding  20

Lifespan, years 20



44



45

User Software ▸
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Service Software

RelayTool – parameterization and monitoring
•  monitor IEDs on site;
•  view and set (edit) settings;
•  upload and view disturbances, trigger disturbance 

recording, change disturbance recorder parameters;
•  monitor signals (view their current values), 

diagnose communication channels with devices;
•  upload and view event logs;
•  configure signals for binary inputs, 

outputs, LEDs, disturbance recorder, event 
recorder, protocols configuration .

Complex of user software is intended to help user to configure device properly, to operate with it and to analyze faults, abnormal 
conditions and IED behavior .

BSCOPE – disturbance records viewer
BSCOPE program is designed for viewing and analyzing 

of disturbance records recorded in COMTRADE format . The 
program performs the following main functions:

•  reading of COMTRADE format records
• multi-view display of the record file
•  dynamic display of parameters of electrical 

signals (instantaneous value, RMS value, 
phase, primary/secondary values)

• calculation of power system frequency
•  drawing of phasor diagrams of currents and 

voltages, as well as their symmetrical components
•  calculation of arbitrary signals
• spectral analysis of signals
• hodograph tool
• attachment of several disturbance records
• preview and print of records
• signal export to new record

PCAP – logic editor
PCAP program is designed for:

•  viewing and editing of logical diagram of IEDs
•  adding/deleting protection functions and modules;
•  configuring device main parameters, i .e . 

input/ output signals, internal signals, 
disturbance recorder, LEDs, buttons and etc .

•  checking of logical diagram and uploading it to IEDs .
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Software for settings and fault 
conditions calculation

PSC software is intended for the automated calculation 
of the parameters of relay protection devices operation . 
The program has a user-friendly interface and a flexible 
support system containing program manual and calculation 
methodology, calculated expressions and recommended 
values of the coefficients .

The program consists of a kernel and calculation modules, 
each of which is responsible for calculating the response 
parameters of a certain relay protection device . The single 
kernel provides the same program interface when working 
with modules calculating the settings of RPA devices of various 
manufacturers, and the modularity allows the customer to 
acquire the necessary modules . Additional modules to the 
already purchased set can be ordered separately .

Main Functions
•  automated calculation of the response parameters 

according to the approved guidelines and 
recommendations of the manufacturer

•  control of input parameters for a given range 
and for compliance with recommendations 
for the calculation of settings

•  control of estimated sensitivity coefficients in 
accordance with regulatory documentations

•  graphical display of response characteristics for 
remote and differential measuring devices

•  possibility of using the calculation 
results (currents, voltages, resistances) 
of the emergency mode patterns

•  formation of protocols for settings 
calculation in MS Word format: filling in the 
setting form and an explanatory note

Advantages
•  saving of the user’s labor costs in 

preparation and input of initial data
•  maximum reduction of «human» factor errors
•  accuracy of calculation
•  rapid creation of reports, forms of settings 

in the formats of firm-manufacturers of relay 
protection and automation devices

•  saving performed calculations, prompt 
return and refinement of the coefficients 
and parameters used for offset

•  visibility of calculations
•  accelerated analysis of response parameters
•  possibility of connection to application software 

for obtaining results of calculation of emergency 
regimes and their further use as the initial data
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REST – Testing Automation Software for Relay 
Protection

Application
Software and hardware complex REST is intended for 

automatic testing of an RPA device or some of its functions . 
The test is executed by means of simulating a sequence of 
conditions characterized by combinations of analog and 
binary signals sent by the test system for a certain period of 
time, and also by means of an assessment of the accuracy and 
timeliness of the RPA device response .

Software and hardware suite REST can be used during 
acceptance tests, commissioning and maintenance of an RPA 
device during operation .

Functions
•  controls testing and verified equipment in order to 

minimize operator involvement, reads settings of the 
device therefore adapting and optimizing the test program 
for the verified RPA device

•  provides the operator with visual instructions, photo and 
video materials of the methodology and results of tests

•  contains a library of programs for testing devices and 
typical cubicles of RPA and allows to adapt them for non-
typical devices testing

•  performs operability test of the hardware modules of 
RPA devices, measuring units, protection logic and 
communication ports

•  visualizes the testing process, also it shows the estimated 
testing time and the time till the nearest operator action

•  configurates test reports in the format of the RPA device 
manufacturer or the operating organization

Test Types
•  test-bench assembly accuracy and the operability of 

analog and binary channels of the test installation and 
the verified device

•  simple measuring protection units (current relay and 
voltage relay of maximum and minimum functioning)

•  measuring units for increment and harmonics of currents 
and voltages 

•  frequency and frequency change relay
•  distance protection with impedance relay operating/reset 

characteristics construction (circular, polygonal, general 
fault criteria characteristic), power swing blocking and 
the directivity element of distance protection with error 
calculation

•  directional power relay with reverse and forward 
directional characteristic

•  restraint characteristics of differential protections
•  dependent and independent time relays
•  testing the RPA device operation logic and the whole 

device in various test modes
•  checking the communication ports of the device 

Components
• REST automated testing software
• RETOM 51 (61/61M) test installation (or other)
• laptop or PC

Advantages
•  reduced time for carrying out acceptance tests, 

commissioning and periodic maintenance
•  minimization of personnel errors during the tests
•  verifiability of all setting groups during the tests
•  current test status saving with further test continuation 

possibility
•  automated generation of the detailed test report 
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Summary ▸
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Relematika .
Flexible solutions . Reliable protection .

I . Yakovleva prospekt 1, Cheboksary,
Chuvash republic, 428020,
Russia
+7 (8352) 24-06-50
+7 (8352) 24-02-43 (fax)
info@relematika .ru (reception)
market@relematika .ru (sales department)
relematika .com

Products:
•  powerful TOR 300 IED for Relay Protection, 

Automation and Measurement
•  ready-made relay protection 

cubicles based on TOR 300
•  adaptive TOR 200 IED for Relay 

protection of MV Substations
•  fault location solutions in Transmission 

and Distribution Networks
• arc protection
• unique solutions and R&D works
•  relay protection and automation of station equipment
• remote control and automation of data acquisition
•  software for settings and fault conditions calculation

Manufacturing:
• 7000 m2 of production and office area
•  11 000 IEDs and 1200 relay 

protection cubicles annually
• software for auto-testing 

Experience:
• over 10 years on market
• 80 000 installed devices in 11 countries

R&D:
• about 15 R&D projects every year
• 1 D .Sc . and 14 Ph .D .

Personnel:
• over 400 employees
• 30% of personnel in R&D
• 33 years - average age

Educational center
• different educational programs
• fully-equipped laboratories and training stands





2018


