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USED SYMBOLS 

USED SYMBOLS 

 

Additional information 

 

 

Useful information for settings. 

 

 

Important part for proper usage. 
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OPERATION PRINCIPLE 

1 Operation principle 

The negative sequence overcurrent protection function (TOC46) block operates if the negative 
sequence current is higher than the preset starting value. 

In the negative sequence overcurrent protection function, definite-time or inverse-time 
characteristics are implemented, according to IEC or IEEE standards. The function evaluates a 
single measured current, which is the RMS value of the fundamental Fourier component of the 
negative sequence current. The characteristics are harmonized with IEC 60255-151, Edition 1.0, 
2009-08. 

1.1 Operating characteristics 

1.1.1 Definite time characteristic 

𝑡(𝐺) = 𝑡𝑂𝑃  when  𝐺 < 𝐺𝑆 

 

Figure 1-1 Overcurrent definite time characteristic 

Where 

tOP (seconds) theoretical operating time if G> GS, fix, according to the preset 
parameter, 

G measured value of the characteristic quantity, Fourier base 
harmonic of the negative sequence current, 

GS preset starting value of the characteristic quantity 
(TOC46_StCurr_IPar_, Start current). 
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OPERATION PRINCIPLE 

1.1.2 Standard dependent time characteristics 

Operating characteristics: 

𝑡(𝐺) = 𝑇𝑀𝑆 [
𝑘

(
𝐺𝐷
𝐺𝑆

)
∝

−1
+ 𝑐]  when   𝐺 > 𝐺𝑆 

Where 

t(G)(seconds)  theoretical operate time with constant value of G, 

k, c   constants characterizing the selected curve (in seconds), 

α   constant characterizing the selected curve (no dimension), 

G measured value of the characteristic quantity, Fourier base 
harmonic of the negative sequence current (INFour), 

GS preset value of the characteristic quantity 
(TOC46_StCurr_IPar_, Start current), 

TMS preset time multiplier (no dimension). 

Table 1-1 The constants of the standard dependent time characteristics 

 IEC 

REF 
TITLE KR C α 

1 A IEC Inv 0,14 0 0,02 

2 B IEC VeryInv 13,5 0 1 

3 C IEC ExtInv 80 0 2 

4  IEC LongInv 120 0 1 

5  ANSI Inv 0,0086 0,0185 0,02 

6 D ANSI ModInv 0,0515 0,1140 0,02 

7 E ANSI VeryInv 19,61 0,491 2 

8 F ANSI ExtInv 28,2 0,1217 2 

9  ANSI LongInv 0,086 0,185 0,02 

10  ANSI LongVeryInv 28,55 0,712 2 

11  ANSI LongExtInv 64,07 0,250 2 

The end of the effective range of the dependent time characteristics (GD) is:  

𝐺𝐷 = 20 ∗ 𝐺𝑆 

Above this value the theoretical operating time is definite: 

𝑡(𝐺) = 𝑇𝑀𝑆 [
𝑘

(
𝐺𝐷
𝐺𝑆

)
∝

−1
+ 𝑐]  when  𝐺 > 𝐺𝐷 = 20 ∗ 𝐺𝑆 

The inverse characteristic is valid above GT =1,1* Gs. Above this value the function is guaranteed 
to operate. 
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OPERATION PRINCIPLE 

Resetting characteristics: 

𝑡𝑟(𝐺) = 𝑇𝑀𝑆 [
𝑘𝑟

1−(
𝐺

𝐺𝑆
)
∝]  when  𝐺 < 𝐺𝑆 

Where 

tr(G)(seconds)  theoretical reset time with constant value of G, 

kr   constants characterizing the selected curve (in seconds), 

α   constant characterizing the selected curve (no dimension), 

G measured value of the characteristic quantity, Fourier base 
harmonic of the phase current, 

GS preset starting value of the characteristic quantity 
(TOC51_StCurr_IPar_, Start current), 

TMS preset time multiplier (no dimension). 

Table 1-2 The resetting constants of the standard dependent time characteristics 

 IEC 

REF 
TITLE KR α 

1 A IEC Inv Resetting after fix time delay, 
according to preset parameter 
CapUnB1_Reset_TPar_ 
“Reset Time” 

2 B IEC VeryInv 

3 C IEC ExtInv 

4  IEC LongInv 

5  ANSI Inv 0,46 2 

6 D ANSI ModInv 4,85 2 

7 E ANSI VeryInv 21,6 2 

8 F ANSI ExtInv 29,1 2 

9  ANSI LongInv 4,6 2 

10  ANSI LongVeryInv 13,46 2 

11  ANSI LongExtInv 30 2 

The inverse type characteristics are also combined with a minimum time delay, the value of which 
is set by user parameter TOC46_MinDel_TPar_ (Min. Time Delay). 

  



 

 

8 Negative sequence overcurrent protection function 

www.protecta.hu 

OPERATION PRINCIPLE 

1.2 Structure of the negative sequence overcurrent protection 
algorithm 

Figure 1-2 shows the structure of the negative sequence overcurrent protection (TOC46) 
algorithm.  

IL1

INegFourIL2

IL3

Fourier
Negative 

Sequence

Preparation

 

INegFour

Status signals

Parameters

Status signals

Charact.
Decision

Logic

TOC46

 

Figure 1-2 Structure of the negative sequence overcurrent protection algorithm 

For the preparation (not part of the TOC46 function): 

The inputs are  

• the sampled values of the three phase currents (IL1, IL2, IL3), 

The output is  

• the RMS value of the fundamental Fourier components of the negative sequence 
component of the phase currents.  

For the TOC46 function: 

The inputs are  

• the RMS value of the fundamental Fourier component of the negative sequence 
component of the phase currents, 

• parameters, 

• status signals. 

The outputs are  

• the binary output status signals.  
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OPERATION PRINCIPLE 

The software modules applied in the negative sequence overcurrent protection function are: 

Fourier calculations  

These modules calculate the basic Fourier current components of the phase currents. 

Negative sequence  

This module calculates the basic Fourier current components of the negative sequence current, 
based on the Fourier components of the phase currents. 

Characteristics  

This module calculates the required time delay based on the Fourier components of the negative 
sequence current. 

Decision logic 

The decision logic module combines the status signals to generate the trip command of the 
function. 

The following description explains the details of the individual components. 
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OPERATION PRINCIPLE 

1.3 The Fourier calculation (Fourier) 

These modules calculate the basic Fourier current components of the phase currents individually. 
These modules belong to the preparatory phase. 

IL1

IL2

IL3

Fourier

IL1Four

IL2Four

IL3Four

 

Figure 1-3 Schema of the Fourier calculation 

The inputs are the sampled values of:  

• The three phase currents of the primary side (IL1, IL2, IL3) 

The outputs are the basic Fourier components of the analyzed currents (IL1Four, IL2Four, 
IL3Four). 
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OPERATION PRINCIPLE 

1.4 The negative phase sequence calculation (Negative 

sequence) 

This module calculates the negative phase sequence components based on the Fourier 
components of the phase currents. This module belongs to the preparatory phase. 

The inputs are the basic Fourier components of the phase currents (IL1Four, IL2Four, IL3Four). 

The output is the basic Fourier component of the negative sequence current component 
(INegFour). 

INegFour

IL1Four

IL2Four
Negative 

sequence
IL3Four

 

Figure 1-4 Schema of the negative sequence component calculation 
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OPERATION PRINCIPLE 

1.5 The definite time and the inverse type characteristics 

(Characteristics) 

This module calculates the required time delay based on the Fourier components of the negative 
sequence current. The formulas applied are described in Chapter 1.1. 

The input is the basic Fourier component of the negative sequence current (INegFour) and 
parameters. 

The outputs are the internal status signals of the function. These indicate the started state and 
the generated trip command if the time delay determined by the characteristics expired. 

Binary outputs

INegFour

Parameters
Characterictics

 

Figure 1-5 Schema of the characteristic calculation 

Table 1-3 The enumerated parameters of the negative sequence overcurrent protection 
function 

PARAMETER NAME TITLE SELECTION RANGE DEFAULT 

Parameter for type selection 

TOC46_Oper_EPar_ Operation 

Off, DefinitTime, IEC Inv,  
IEC VeryInv, IEC ExtInv, 
IEC LongInv, ANSI Inv, 
ANSI ModInv, ANSI VeryInv,  
ANSI ExtInv, ANSI LongInv,  
ANSI LongVeryInv, ANSI LongExtInv 

Off 

Table 1-4 The integer parameters of the negative sequence overcurrent protection 
function 

PARAMETER NAME TITLE UNIT MIN MAX STEP DEFAULT 

Starting current parameter 

TOC46_StCurr_IPar_ Start Current % 10 1000 1 50 

 

Table 1-5 The Float parameter of the negative sequence overcurrent protection 

PARAMETER NAME TITLE UNIT MIN MAX STEP DEFAULT 

Time multiplier of the inverse characteristics (OC module) 

TOC46_Multip_FPar_ Time Multiplier  - 0.05 15.00 0.01 1.00 

*Valid for inverse type characteristics  
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OPERATION PRINCIPLE 

Table 1-6 The timer parameters of the characteristics calculation module 

PARAMETER NAME TITLE UNIT MIN MAX STEP DEFAULT 

Minimal time delay for the inverse characteristics 

TOC46_MinDel_TPar_ 
Min Time 
Delay* 

msec 40 60000 1 100 

Definite time delay 

TOC46_DefDel_TPar_ 
Definite Time 
Delay** 

msec 40 60000 1 100 

Reset time delay for the inverse characteristics 

TOC46_Reset_TPar_ Reset Time* msec 60 60000 1 100 

*Valid for inverse type characteristics  
**Valid for definite type characteristics only  

Table 1-7 The binary output status signals of the characteristics calculation module 

BINARY OUTPUT SIGNAL SIGNAL TITLE EXPLANATION 

TOC46_GenSt_GrI_ General Start Starting of the function  

TOC46_GenTr_GrI_ General Trip Trip command of the function  

 



 

 

14 Negative sequence overcurrent protection function 

www.protecta.hu 

OVERVIEW 

2 Overview 

The function block of the negative sequence overcurrent protection function is shown in Figure 
2-1. This block shows all binary input and output status signals that are applicable in the graphic 
equation editor.  

 

Figure 2-1 The function block of the negative sequence overcurrent protection function 

2.1 Settings 

2.1.1 Parameters 

The parameters are listed as they are seen on the local or remote HMI. 

Table 2-1 Parameters of the negative sequence overcurrent protection function 

TITLE DIM RANGE STEP DEFAULT EXPLANATION 

Operation - 

Off, DefinitTime, 
IEC Inv,  
IEC VeryInv,  
IEC ExtInv,  
IEC LongInv,  
ANSI Inv,  
ANSI ModInv, 
ANSI VeryInv, 
ANSI ExtInv, ANSI 
LongInv,  
ANSI LongVeryInv, 
ANSI LongExtInv 

- Off Parameter for type selection 

Start Signal Only - TRUE, FALSE - FALSE  

Start Current % 10 - 1000 1 50 Starting current parameter 

Time Multiplier - 0.05 – 15.00 0.01 1.00 
Time multiplier of the inverse 
characteristics (OC module) 

Min Time Delay* msec 40 - 60000 1 100 
Minimal time delay for the 
inverse characteristics 

Definite Time Delay** msec 40 - 60000 1 100 Definite time delay 

Reset Time* msec 60 - 60000 1 100 
Reset time delay for the 
inverse characteristics 

*Valid for inverse type characteristics  
**Valid for definite type characteristics only  
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OVERVIEW 

2.2 Function I/O 

This section describes briefly the analogue and digital inputs and outputs of the function block. 

2.2.1 Analogue inputs 

Graphic Analogue inputs (only from firmware version 2.10.2.3010 and up) 

The sources of the analogue inputs are defined by the user, applying the graphic equation editor 
(Logic Editor). Parts written in bold are seen on the left side of the function block in the Logic 
editor. 

The function uses the following analogue signal as input: 

Table 2-2 Analogue input signal of the negative sequence overcurrent protection function 

ANALOGUE INPUT SIGNAL SIGNAL TITLE EXPLANATION 

TOC46_I123_AnIn_ 3phase current Input for 3-phase currents 

The applied analogue connectors must be identical to the analogue input type (i.e. voltage to 
voltage input etc.), Invalid connections are not allowed. 

2.2.2 Analogue outputs (measurements) 

The function has no analogue output signals. 

2.2.3 Binary input signals (graphed output statuses) 

The conditions of the inputs are defined by the user, applying the graphic equation editor (logic 
editor). The part written in bold is seen on the function block in the logic editor. 

Table 2-3 Binary input status signal of the negative sequence overcurrent protection 
function 

BINARY INPUT SIGNAL EXPLANATION 

TOC46_Blk_GrO_  
Output status of a graphic equation defined by the user to 
disable the negative sequence overcurrent protection function. 

2.2.4 Binary output signals (graphed input statuses) 

The binary output status signals of the of the negative sequence overcurrent protection function. 
Parts written in bold are seen on the function block in the logic editor. 

Table 2-4 Binary output status signals of the negative sequence overcurrent protection 
function 

BINARY OUTPUT SIGNAL SIGNAL TITLE EXPLANATION 

TOC46_GenSt_GrI_ General Start General starting of the function 

TOC46_GenTr_GrI_ General Trip General trip command of the function 
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OVERVIEW 

2.2.5 On-line data 

Visible values on the on-line data page: 

Table 2-5 The displayed on-line data of the negative sequence overcurrent protection 
function 

SIGNAL TITLE DIMENSION EXPLANATION 

General Start Off, On General starting of the function 

General Trip Off, On General trip command of the function 

Current input 
assignment 

 
Status of the graphical analogue input (if exists) 
(Complete if OK, Missing if not connected) 

2.2.6 Events 

The following events are generated in the event list, as well as sent to SCADA according to the 
configuration. 

Table 2-6 Events of the negative sequence overcurrent protection function 

EVENT VALUE EXPLANATION IEC61850 DATA ATTRIBUTES 

General Start Off, On 
General starting of the 
function 

I2PTOC1$ST$Str 

General Trip Off, On 
General trip command of 
the function 

I2PTOC1$ST$Op 
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OVERVIEW 

2.3 Technical data 

Table 2-7 Technical data of the negative sequence overcurrent protection function 

FUNCTION VALUE ACCURACY 

Operating accuracy 10 ≤ Gs [%] ≤ 200 < 2 % 

Operate time accuracy   
±5% or ±15 ms, 

whichever is greater 

Reset ratio 0,95  

Reset time * 
 Dependent time charact. 
 Definite time charact. 

 
 

approx. 60 ms 

<2 % or ±35 ms, 
whichever is greater 

Transient overreach  < 2 % 

Pickup time at 2* Gs <40 ms  

Overshot time 
 Dependent time charact. 
 Definite time charact. 

 
25 ms 
45 ms 

 

Influence of time varying value of 
the input current  
(IEC 60255-151) 

 < 4 % 

*Measured with signal contacts 

2.3.1 Notes for testing 

Additional notes for Graphic Analogue inputs (only from firmware version 2.10.2.3010 and 
up): 

Starting from the firmware version 2.10.2.3010, the majority of the function blocks can be updated 
to be equipped with graphic analogue inputs which allow the user to assign the functions’ 
analogue inputs by applying the graphic equation editor.  

The analogue connections of these functions can be checked by examining the source that is 
connected to their inputs (just like examining the source of a logic signal). 

These functions must be placed in the Logic Editor and their graphic analogue inputs must be 
connected to make them operate. If a connection is intact, the online status of the corresponding 
analogue input will show “Complete”. If it is missing, the status will be “Missing” and the function 
will not operate. 

Note that these graphical inputs do not exist in the earlier firmware/function versions! Checking 
and modifying the analogue assignments in these cases are done by using the EuroCAP Software 
Configuration menu. 

 


