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MULTIFUNCTION PROTECTION RELAYS FOR  
CAPACITATOR BANKS 

 
 
Description 

 

Thanks to our rich experience in development and 

application of protection relays, the research and 

development team of the company KONCAR ï 

Electronics and informatics, Inc., has developed a 

series of devices, which answer all requests set for 

this sort of equipment. The protection relay type RFC 

is a part of KONPRO generation of protection relays, 

built for protection of capacitator banks. RFC offers 

the complete range of protection functions necessary 

for reliable protection of capacitator banks and ability 

of oversight and control of complete switchgear. 

Thanks to its circuit architecture and modular 

software support, it is suitable for protection of power 

grids with all types of grounding. Aside from its 

primary protective role, RFC enables several other 

options required from present-day protection relays, 

allowing reduction of devices needed in the field, 

which in turn reduces equipment maintenance costs. 

Key options include local and remote display of all 

current measured values, supervision of devices 

connected in the field, switchgear management, and 

fault record of electric values during the time of 

failure, circuit breaker wear monitoring and transfer 

of data to the SCADA system. Delayed operation 

time characteristics in accordance with IEC and IEEE 

standards allow simple integration of the relay into 

existing protection systems, while retaining time 

selectivity applied in the system. Three levels of 

protective functions parameters allow quick 

protection adaptation to changes in the system. High 

level of programmability using the integrated program 

matrix allows simple signal interconnection to binary 

inputs and relay outputs of the device. 

Predefined switchgear schemes add to the simplicity 

of relay configuration with the possibility of adding 

new schemes if current ones do not comply with 

buyersô demands. Modular design of the circuits and 

software architecture of the relay allow 

implementation of additional protection functions 

along with implementation of basic protection 

functions, which are part of the common 

programming package of the device, in accordance 

with customer needs. Integrated software support 

allows change of most parameters of protection 

functions using the control panel. Complete 

parameterization and parameter read-out is achieved 

using a computer. 

 

Protective functions 

 

Quick adaptation of the relay with regards to facility 

conditions is enabled using three levels of settings. 

The change of settings group is possible using 

communication means or via binary input. All three 

groups have the following protection functions on 

disposal: 

 

¶ Overcurrent protection 

   (ANSI No. 50, 51) 

¶ Directional overcurrent protection 

   (ANSI No. 67-DT, 67-IT) 

¶ Overvoltage protection 

   (ANSI No. 59) 

¶ Undervoltage protection 

   (ANSI No. 27) 

¶ Negative sequence overcurrent protection 

   (ANSI No. 46-DT, 46-IT) 

¶ Undercurrent protection 

   (ANSI No. 37B) 

¶ Capacitator bank reconnection inhibit function 

   (RecInh) 

¶ Unbalance current protection for capacitor bank 

   (ANSI No. 51NC-1)  

¶ Zero voltage unbalance protection for cap. bank 

   (ANSI No. 59NC) 

¶ Circuit breaker failure protection 

   (ANSI No. 50BF) 

¶ Trip circuit supervision 

   (ANSI No. 74TCS) 
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Management/supervision functions 

 

¶ Predefined binary inputs for switch state 

supervision (BI1 & BI2), 

¶ Predefined relay outputs for switch energization 

(RO1 & RO4), 

¶ Programmable binary inputs & relay outputs for 

switchgear control and signalization, 

¶ Programmable binary inputs for signal acquisition, 

¶ Programmable signalization output relays 

¶ Management of relay outputs for switch 

energization, local and remote. 

 

 

Measurement functions 

 

¶ Voltage: IL1, IL2, IL3, IE, 

¶ Current: UL1N, UL2N, UL3N, UE, 

           UL1L2, UL2L3, UL3L1, 

¶ Symmetric components: I1, U1 , I2, U2, 

¶ Current P, Q, S, current factor cos ű, 

¶ Energy Wp+, Wp-, Wq+, Wq-, Ws, 

¶ Frequency. 

 

 

Failure analysis functions 

 

¶ Event registration: 

 

- Event recorder, 

- Trip recorder, 

- Overview on device display and using PC 

software support. 

 

¶ Disturbance registration: 

 

- Disturbance recorder, 

- Overview using PC software support, 

- Tripping possibility using binary input. 

 

 

 

Communications 

 

¶ Local: 

- Front panel 

  (foil keypad, LCD), 

- Front user interface 

  COM1 (USB) 

 

 

 

¶ Remote: 

Back optical interfaces: 

- COM 0 (system / service interface) 

- COM 2 (system / service interface) 

 

 

¶ Supported communication protocol: 

- IEC 60870-5-103, 

 - IEC 61850 

 

 

Other functions 

 

¶ Time synchronization 

   IRIG B, front panel, software support, 

¶ Continuous self-supervision, 

¶ Testing capability using PC software support. 

 

 

User interface 

 

¶ Graphic LCD ï 160x128 pixels, 

¶ 2 predefined switchgear schemes, 

¶ Possibility of adding new schemes, 

¶ 8 predefined and 8 programmable LED's, 

¶ Separate password protected parameter setting 

and switch management. 

 

 

Measurement inputs 

 

¶ Four current inputs ï 1A, 5A  (0.2A)** 

¶ Four voltage inputs ï 100V (200V)**. 

 

 

Binary inputs and outputs 

 

¶ 8 binary inputs 

(5 programmable, 52a, 52b, IRIG), 

¶ 8 relay outputs 

(5 programmable, CB TRIP, CB CLOSE, IRF), 

¶ Possible addition up to two BI/BO outputs type  A, 

B or C, 

¶ Type A ï  8 binary inputs and 8 relay outputs, 

¶ Type B ï 16 binary inputs, 

¶ Type C ï 16 relay outputs. 

 
 
Modular hardware and software architecture allows 
the optimization of relay function to the place of use 
(protecting). 
 
 
 
 
 
 
 
 
 
 
 
(A detailed description of the differences can be seen 
from the ordering tags and tables with a list of 
functions) 

 
** on demand 
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Device enclosure & connectivity 

 
The device enclosure is specified for mounting 

plate installation, with foil keypad on front and 

connectivity clamps on the rear side. 

 

¶ Size (dimensions): 

(H x W x D = 296.5 x 176.8 x 222.9 mm). 

 

The mounting plate opening dimensions are 

268x174mm. Navigation keys on the front panel 

allow simple browsing of relay menus, while local 

parameters and measured value data readout is 

displayed on a graphic LCD and additional 16 LED 

diodes. 

 

¶ The relays connect to the facility using connectivity 

clamps for lead reception with a cross section of 

10 mm
2 

(on measurement inputs), 4mm
2
 (on relay 

outputs) and 2.5mm
2
 (on binary inputs). The 

embedded analogue input unit allows reception of 

current and voltage signals with 1A, 5A & 0.2A** 

rated current for all device types.  

 

¶ An USB interface is used for local communication 

with a computer. Remote communication is 

realized using a fibre-optic interface for reception 

of an optic plastic conduit with a V-Pin connector, 

on the rear side of the device. It is possible to 

deliver a special relay on demand, allowing 

connectivity for a fibre-optic glass conduit with ST 

connector. 

 

¶ The device circuit architecture is modular, allowing 

exchange of hardware modules, which as a result 

allows cheaper maintenance and simple 

customization of the device to the needs of almost 

any facility. 

 

¶ Thanks to such configuration the RFX relay can be 

installed for protection of almost any insulated and 

earthed grid. Additional current input for ground 

current measurement, as well as the voltage input 

for measurement of ground voltage allows 

earthfault detection on various failure types. 

 

¶ If the facility (installation) has no open delta 

voltage transformer installed, the ground voltage is 

calculated from measured values of phase voltage. 

Thus the calculated value of ground voltage is 

used for all necessary signal generations, 

associated with earthfault events. 

 
 

 
 

Fig. 1: Front panel of the relay 

 
 
 
 

 

 
 

Fig. 2: Rear side of the relay 
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Fig. 3: Block diagram of the RFC relay 
 
 

 
 
 
¶ By simply changing parameters describing the 

connection of the relay to the power transformers, 

the relay adapts to the set of power transformers in 

the facility. It is possible to connect linear or phase 

voltages to the power measurement inputs. If 

linear voltage is connected to the relay, phase 

voltages are calculated using an appropriate 

algorithm based on symmetric voltage 

components.  

¶ While setting voltage protection for pickup value it 

is possible to choose the effect on size of linear 

voltage, and direct or inverse voltage component. 

Common relay connection options are shown on 

fig. 4 and 5. 

 
 
Protection of torodial and radial networks 

 

¶ Directional protection functions for radial network 

protection are realized for protection from short-

circuit and earthfault events. Setting of a distinctive 

angle from -90Á to +90Á, as well as direction of 

operation parameters (forward/reverse), covers all 

four quadrants of the directional protection 

operation. 

 

 
 
 

 

¶ Advanced failure analysis 
 

In order to enable quality event analysis in case 

of disturbances or failures in the facility, the 

device has an implemented event log list, as well 

as a trip log. 

Each list can store a maximum of 512 events, 

with expansion capability according to the usersô 

wishes. Events are stored on lists in 2ms 

intervals. The selection of events that are to be 

stored is chosen via software support. 

The integrated battery allows storing of all events 

even after auxiliary device power supply failure or 

disappearance. 

 

 

¶ Time synchronization 
 

In order to keep internal relay time synchronized 

with the time of other relays in the facility, remote 

synchronization using communications (SCADA) 

or the provided binary input prepared for IRIG-B 

time code is enabled. 

Time setting is possible using software support or 

using the front panel. The integrated battery 

backup allows undisturbed work of the clock 

mechanism even after auxiliary power failure or 

disappearance. 
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Fig. 4: Relay connection schematic RFC with ground 
voltage transformer 

 
 

Fig. 5: Relay connection schematic RFC without 
ground voltage transformer

 
 
 
 
 
 
Overview of protection functions for RFC 
 

ANSI  relay indication IEC indication Function 

50 ï Phase OC I>/>>/>>> Overcurrent protection with definite time characteristic 

51 ï Phase OC I> Overcurrent protection with inverse time characteristic 

67DT ï Dir. OC Idir>/>>/>>> Directional overcurrent protection with definite time char. 

67IT ï Dir. OC Idir> Directional overcurrent protection with inverse time char. 

59 ï Phase OV U> Overvoltage protection 

27 ï Phase UV U< Undervoltage protection 

46DT ï Neg. Seq. I2>/>> Negative sequence overcurrent protection with definite time 
characteristic 

46IT ï Neg. Seq. I2> Negative sequence overcurrent protection with inverse time 
characteristic 

37B Phase UC I< Capacitor bank undercurrent protection 

RecInh RecInh Capacitor bank reconnection inhibit function 

51NC-1 Cap. bank unb. dI>C Capacitor bank unbalance current protection 

59NC Cap. bank volt. unb. dU>C Zero voltage unbalance protection for capacitor banks 

50BF CBFP Circuit breaker failure protection 
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¶ Overcurrent protection with definite time 
characteristic (50 ï Phase OC) 
 
The function is derived by measuring the current 

in all three phases, and comparing measured 

values with preset ones. Inter-independent 

algorithms for each phase enable shortest failure 

detection time. Three levels of settings for pickup 

current and time threshold allow selective 

protection settings. In order to enable proper 

protection start-up in case of intermitting failure, 

the t-drop parameter is added, keeping the 

function in start-up during set period of time after 

pickup disappearance. Thus protection start-up is 

enabled in case of brief consecutive short-

circuits. The start-up time delay is independent 

towards current size. 

 

 
 

Fig. 6: Pickup characteristics of overcurrent 
protection with definite time 

 
 

¶ Overcurrent protection with inverse time 
characteristic (51 ï Phase OC) 
 
Inter-Independent algorithms supervise current 

values in all three phases. Implemented 

characteristics enable delayed pickup time 

depending on current size or in regard to 

characteristics set by IEC or ANSI standards. The 

protection function is enabled in case when the 

current surpasses the set value by 10%. The 

pickup releases after current drops under value 

1.05 I>. The derived pickup characteristics are 

shown in Table 1. 

 

 
 

Fig. 7: Pickup characteristics of overcurrent    
protection with inverse time

 
Table 1. Implemented pickup characteristics of overcurrent protection 

 

IEC a b  

Normal inverse 

 

0.02 0.14  

Very inverse 1 13.5  

Extremely inverse 2 80  

Long time inverse 1 120  

ANSI a b g 

Normal inverse 

 

2.0938 8.9341 0.17966 

Short inverse 1.2969 0.2663 0.03393 

Long inverse 1 5.6143 2.18592 

Moderately inverse 0.02 0.0103 0.0228 

Very inverse 2 3.922 0.0982 

Extremely inverse 2 5.64 0.02434 

Definite inverse 1.5625 0.4797 0.21359 
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¶ Directional overcurrent protection with 
definite time characteristic 
(67DT ï Dir. OC) 
 
The aforementioned function is activated when 

two conditions are met. First ï measured current 

exceeds preset value, and second ï the direction 

of the current matches the direction of the 

protection. The direction of protection system is 

set using direction parameters, i.e. the Relay 

Characteristic Angle. Setting of said parameter is 

possible within limits of -90Áõ90Á, enabling 

coverage in all four quadrants with 

forward/reverse direction change capability. 

Three groups of settings, with three direction  

 

parameters meet the demands of even the most 

complex protection cases in both directions and 

with different current and time settings. The 

direction is set using the faulted phase current 

and line voltage of two healthy phases. If said 

voltage amount is too small to determine failure 

current direction (three phase fault) with certainty, 

the appropriate voltage is used, stored in device 

memory before failure. Pickup characteristic of 

this protection, for failure in phase A, is shown on 

Fig. 8. 

 

 
  
Fig. 8: Pickup characteristic of directional overcurrent 

protection 

 
 

¶ Directional overcurrent protection with 
inverse time characteristic 
(67IT ï Dir. OC) 
 
Directional overcurrent protection with inverse 

time characteristic is also activated when terms of 

direction and conditions of current, described in 

function 67DT ï Dir. OC. are met. Current 

condition will be fulfilled when the current value 

surpasses the set value by 10%. Time delay for 

pickup is set using characteristics determined by 

IEC and ANSI standards, equal to those of non-

directional overcurrent protection. 

 

¶ Overvoltage protection (59) 
 
Overvoltage protection is realized in two degrees 

with the definite time characteristic. Three inter-

independent algorithms process the measured 

voltage on each measurement input. It is possible 

to use linear voltages or inverse voltage 

component U2 as pickup value. The calculated 

value of voltage U2 will be accurate only in case 

when the relay is connected to three phase 

voltages. If the relay is connected to linear 

voltages, the value of calculated voltage U2 will 

differ from real voltage value for the ground 

component. Wide latitude of settings for voltage 

and time, as well as setting of pickup/release (R-

drop) ratios, allow adequate protection in almost 

all installation conditions. 

 

 
 
Fig. 9: Pickup characteristic of overvoltage protection 

 
 

¶ Undervoltage protection (27-Phase UV) 
 
Undervoltage protection is implemented in two 

degrees with the definite time characteristic. 

Linear voltages or direct voltage component can 

be used as measured values. In order to avoid 

unnecessary pickup caused by trip circuit 

activation or any other reason, the protection 

algorithm supervises current through the switch. 

If current through the switch is smaller than set 

value, the Current threshold function concludes 

that the protected field is out of commission and 

does not generate any signals connected to the 

protection pickup. If the undervoltage protection 

has to be active regardless of the trip circuit state 

or current, the current supervision through the trip 

circuit can be turned off. 
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¶ Negative sequence overcurrent 
protection with definite time 
characteristic 

     (46DT-NEG. SEQ.) 
 
In order to allow desired operation of protection in 

all failure conditions, the protection is realized in 

two degrees with definite time characteristic. Said 

protection is used to detect failure conditions that 

can lead to damage of equipment powered by 

electric energy. Those states can arise from e.g. 

phase interruption, unsymmetrical phase load, or 

absence of switching in all three poles of the trip 

switch. Based on measured phase currents, the 

function algorithm calculates the inverse 

component I2 value, and compares it to preset 

value. The pickup in case of intermittent current I2 

occurrence is realized through the prolongation of 

pickup, set by the t-drop parameter. 

 
 

 
 

Fig 10: The calculation of current I2 with one phase 
missing 

 
 
 

¶ Negative sequence overcurrent 
protection with inverse time 
characteristic 

     (46IT-NEG. SEQ.) 
 
Said protection for inverse component I2 

calculation uses the same algorithm as the 

protection described before. The difference being 

in time delay of trip, which depends on the 

current (inverse time) in this case, in accordance 

with IEC standard characteristics. The protection 

will generate adequate pickup signals, when the 

inverse current component exceeds 10% above 

preset value. 

 
 
 
 
 

¶ Capacitator bank undercurrent protection 

(37B ï Phase UC) 

 

Undercurrent protection for capacitor banks is 
used for triping capacitor banks in case of 
prolonged low-voltage on capacitator bank which 
is reflected by a small current. The functions 
inputs are TRMS values for comparison with the 
parameter. 
 
Protection function is achieved with one degree 
for triping capacitor banks with an integrated 
"definite time" time chacacteristic.  
Imput measured units used are all three phase 
currents. As input values for the comparison 
TRMS values of current are used. 
 
 
 

¶ Capacitator bank reconection inhibit 

function 

(RecInh) 
 

Capacitator bank reconection function detects 
bank disconection from the network and protects 
a charged bank from being reconectoed before 
being discharged. Function uses TRMS current 
values to detect whether the bank is connected to 
the network.  
 
The function is performed with one degree that is 
designed to block energization of capacitor banks 
with integrated "definite time" time characteristic. 
Imput measured units used are all three phase 
currents. As input values for the comparison 
TRMS values of current are used. 

 
 

 

¶ Capacitor bank current unbalance 

protection 

(51NC-1 Cap. bank unb) 

 

Protection of capacitor banks using the current 

imbalance is used in the capacitor connected to a 

double star. Protection function is performed with 

two degrees of tripping as an incentive to take the 

value of the current imbalance.  

 

The first stage is designed as an alarm stage with 

integrated definite time characteristics. The 

second level of protection is provided for 

disconnecting the capacitor bank with integrated 

"inverse time" characteristics (using the IEC 

inverse time characteristics from Table 1). 
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¶ Zero voltage unbalance protection for 
capacitor banks 
(51NC-1 Cap. bank unb) 
 
Protection of capacitor banks using imbalance 

zero sequence voltage is used in capacitors 

connected in a non-grounded star. Protection 

function is performed with two degrees of tripping 

as an incentive to take the size of the voltage is 

calculated using the relation: 

 

 
 

Where: 

 

     

B

A

B

A
AB

X

X

Z

Z
k º= ; 

C

A

C

A
AC

X

X

Z

Z
k º=  

 

The first stage is designed as an integrated alarm 

with definite time characteristics. The second 

stage is scheduled for disconnection of capacitor 

banks and is also integrated with a definite time 

characteristics. 

 

 

¶ Trip circuit failure protection 
(50BF-CBFP) 
 
After the general trip warrant generation, it is 

possible that the trip circuit does not trip for some 

reason. Circuit failure reasons can be various, 

from line braking towards tripping coil, to a fault in 

the circuit itself. In order to cut power supply to 

the failed area, the trip circuit failure protection is 

activated, whose task is to control whether the 

trip based on warrant is realized, and if not to 

either trip the breaker trough the  second tripping 

circuit, or to trip the corresponding next trip circuit 

that supplies power to the failure. The trip circuit 

supervision is also possible based on signal 

contact, and current size through the switch. If 

the value ON is chosen for parameter CB-

contact, the switch state function deduces based 

on the state of the signal switch. If the chosen 

value is OFF, the function deduces the state of 

the switch based on measured current through 

the switch. If that current exceeds the parameter 

set by function Current threshold (0,05ln=default), 

the function deduces that the switch remains 

closed. After the expiration of time function set by 

parameter t-BF, the function will generate the trip 

signal on the corresponding relay output. 

 
 
 
 

¶ Trip circuit supervision 
(74TC-Trip C.S.) 
 
In case of trip circuit failure, the trip command will 

not cause breaker tripping. Such a state is 

extremely dangerous; therefore trip circuit 

supervision is used in order to alert personnel to 

failure as soon as possible. Trip circuit control is 

realized using adequate binary inputs. Depending 

on binary input state, the function deduces 

whether the trip circuit is in sound or erroneous 

state.  

Two connectivity schemes are possible ï with 

one or two binary inputs. When supervising the 

trip circuit with one binary input (TCS2), the 

binary input shall be in lead state, with a working 

trip circuit with the breaker on and off, required 

that the TRIP contact is not closed.  

In order to avoid trip circuit signal failure on 

protection pickup, a definite time characteristic 

time delay is integrated. 

TC failure signal will be generated after expiration 

of the time delay. It is necessary to set the time 

delay so it is longer than the duration of TRIP 

relay closure. Such connectivity keeps the TC 

failure signal even in case the TRIP relay 

contacts remain permanently closed after 

tripping. 

 
 

 
 

Fig. 11: Trip circuit supervision with TCS2 
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Oper. selectivity is achieved using two binary 

inputs and the Meas. mode parameter. When 

monitoring via two binary inputs (TCS1 & TCS2), 

the function deduces that the TC is sound if at 

least one binary input operates in lead state. In 

addition, a request in case of TC failure is the 

need to block the breaker closing next to the 

failed TC. Breaker closing blockade, on given 

command and with TCS function, is achieved by 

setting TC fail blk. to state ON. 

 

 
 

Fig. 12: Trip circuit supervision w/TCS1 & TCS2 

 
 

¶ Complete adjustment to facility 
equipment 
 
The circuit and software architecture of protective 

relays allows adjustment of protection to 

implemented measurement transformers and 

switches in the facility. 

With regards to the power transformers in the 

facility, the relay can be connected to a set of two 

pole isolated power transformers, and a set of 

one pole isolated power transformers, i.e. three 

wire and four wire. Selection of connectivity 

modes is performed using VT conn. parameter. If 

the relay is connected to a set of one pole 

isolated power transformers, and voltage 

measurement UE is unavailable, said voltage can 

be calculated from measured phase voltage 

using VT conn. = 3P-UE-C. All relay types from 

RFX series are equipped with analogue current 

inputs for rated current 1A and 5A (0.2A on 

demand), as well as voltage inputs for rated 

voltage 100V (200V on demand). 

Circuit breaker tripping/closing is often realized 

using auxiliary relays, therefore it is sometimes 

necessary to ensure a sufficient time interval for 

trip/close command impulse. Close command 

impulse duration can be adjusted. The factory 

setting for trip/close impulse duration is 250ms. 

 

 

¶ Apparatus wear monitoring 
 
Circuit breaker wear monitoring  function, which 

is usually performed as an additional function in 

the relay protection, gives a good enough insight 

into the MV circuit breaker, and as such allows 

the rationalization of maintenance costs. Circuit 

breaker wear usually depends on the tripping 

current and therefore tripping currents in all three 

phases are taken as measuring inputs of the 

specified function. With circuit wear monitoring 

over current an overview of the number of trips, 

operating time and number of manipulations for 

all other apparatus is given. 

 

 

¶ Energy metering 
 
The function of electrical energy measurement is 

increasingly being used in devices of this type. 

The purpose of the function is the ability to track 

active and reactive energy at a measurement 

point. Energy is obtained by integrating measured 

values of power in the time period and summing 

the obtained values. Energy is measured in all 

four quadrants. 
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¶ Communications capabilities 
 

 The layout and markings of keys on the front panel allow intuitive usage of the local communications 

interface. The USB interface on front panel, and optical interface on the rear, allow local and remote 

communications using IEC 60870-5-103 (61850 optional) protocol. This protocol is accepted as the international 

standard for protection parameter transfer and failure recording. 

 
 

 
 

Fig. 13: Communications connection schematic for facilities 

 
 

The figure 18 shows one kind of relay interconnection using the communications inverter. In order to 

achieve optimal characteristics, we recommend usage of communications converters from the KONCOM series. 

The image illustrates a relay, which is equipped with two optical ports (service and system port), allowing relays to 

be connected to the SCADA system and to a remote PC used by protection engineer. 
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Fig. 14: Common connectivity schematic of basic relay types to measurement transformers,  
with breaker state monitoring 
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¶ Expansion of binary input and relay output number 
 
The figure above shows the schematic of basic relay type, without additional expansion boards with binary 

inputs and outputs. Present-day power facilities demand relays to receive and compute a large number of 

signals, and send a lot of signals as well. In order to fulfil all potential demands, relays allow expansion of 

circuitry with additional binary input and relay output expansion boards.  

We offer three types of units, as shown on figure 21. Basic circuit and software architecture are adapted to 

receive up to two additional expansion boards of same or different type, depending on demand shown on order 

description. The next two pictures show all the basic and additional relay modules. 

 

 
 

Fig. 15: Schematic of basic and additional relay modules 

 
 
 
 
 

 
 


