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OPERATION PRINCIPLE

1 Operation principle

The overcurrent protection function realizes definite time or inverse time characteristics according
to IEC or IEEE standards, based on three phase currents. The characteristics are harmonized
with IEC 60255-151, Edition 1.0, 2009-08. This function can be applied as main protection for
medium-voltage applications or backup or overload protection for high-voltage network elements.

1.1 Operating characteristics

1.1.1 Independent time characteristic
t(G):tOP when G>GS

t(G) 4
top 7——————- |
|
|
|
f » G
Gs
Figure 1-1 Overcurrent independent time characteristic
Where
tor (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
phase currents,
Gs preset value of the characteristic quantity (“Start current” parameter).
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OPERATION PRINCIPLE

1.1.2 Standard dependent time characteristics

Operating characteristics:

k

t(G) =TMS G—a+C when G > Gg
@) -
Gs
Where
t(G)(seconds) theoretical operate time with constant value of G,
k, c constants characterizing the selected curve (in seconds),
a constants characterizing the selected curve (no dimension),
G measured value of the characteristic quantity, Fourier base harmonic of the
phase currents (IL1Four, IL2Four, IL3Four),
Gs preset value of the characteristic quantity (“Start current” parameter),
TMS preset time multiplier (no dimension).
Table 1-1 The constants of the standard dependent time characteristics
IECREF | TITLE kr c o
1 A IEC Inv 0,14 0 0,02
2 B IEC Verylnv 13,5 0 1
3 C IEC Extlnv 80 0 2
4 IEC Longlnv 120 0 1
5 ANSI Inv 0,0086 0,0185 0,02
6 D ANSI ModlInv 0,0515 0,1140 0,02
7 E ANSI Verylnv 19,61 0,491 2
8 F ANSI Extinv 28,2 0,1217 2
9 ANSI Longlnv 0,086 0,185 0,02
10 ANSI LongVerylnv 28,55 0,712 2
11 ANSI LongExtinv 64,07 0,250 2

The end of the effective range of the dependent time characteristics (Gp) is:
GD == 20 * GS

Above this value the theoretical operating time is definite:

o+ ¢| whenG > Gp = 20 * Gg

Additionally, a minimum time delay can be defined by parameter “Min Time Delay”. This delay is
valid if it is longer than t(G), defined by the formula above.

t(G) =TMS

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

Resetting characteristics:

e For IEC type characteristics the resetting is after a fix time delay defined by “Reset delay”,
o for ANSI types however according to the formula below:
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OPERATION PRINCIPLE

t(G) = TMS |— | when G < Gj

1‘(a—s)a

Where
t(G)(seconds) theoretical reset time with constant value of G,
kr constants characterizing the selected curve (in seconds),
a constants characterizing the selected curve (no dimension),

measured value of the characteristic quantity, Fourier base harmonic of the
phase currents,

Gs preset value of the characteristic quantity (“Start current” parameter),
TMS preset time multiplier (no dimension).
Table 1-2 The resetting constants of the standard dependent time characteristics
IECREF | TITLE kr | a
1 A IEC Inv
2 B IEC Verylnv Resetting after fix time delay,
according to preset parameter
3 C IEC Extinv “Reset delay”
4 IEC LongInv
5 ANSI Inv 0,46 2
6 ANSI ModInv 4,85 2
7 E ANSI Verylnv 21,6 2
8 F ANSI Extinv 29,1 2
9 ANSI Longlnv 4,6 2
10 ANSI LongVerylnv 13,46 2
11 ANSI LongExtinv 30 2
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OPERATION PRINCIPLE

1.2 Structure of the overcurrent protection algorithm

Fig.1-2 shows the structure of the overcurrent protection (TOC51) algorithm.

TOC51

IL1Four L
Characteristics L1
IL2Four o ..
ou Characteristics L2 DeC|§|on
logic
IL3Four ._ Binary outputs
Characteristics L3
Parameters

Status signals

Figure 1-2 Structure of the overcurrent protection algorithm

The inputs are

e the RMS value of the fundamental Fourier component of three phase currents,
e parameters,
e status signals.

The outputs are
e the binary output status signals.

The software modules of the overcurrent protection function:

[Characteristics|

This module calculates the required time delay based on the Fourier components of the phase
currents.

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 definite time and the inverse type characteristics
(Characteristics))

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

The inputs are the RMS value of the fundamental Fourier component of the phase currents
(IL2Four, IL2Four, IL3Four) and parameters.

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

IL1Four
IL2Four
IL3Four

! Binary outputs

Characteristics

Parameters

Figure 1-3 Schema of the characteristic calculation

The inverse type characteristics are also presented graphically on the following pages. These
diagrams assume 100% setting value for the Start current parameter (GS), 1 for the Time
multiplier (TMS) and 0 for the Min. time delay.
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Overcurrent characteristics according to

[EC 60255-151
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Figure 1-4 Overcurrent characteristics according to IEC 60255-151
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OPERATION PRINCIPLE

Overcurrent characteristics according to ANSI standard
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Figure 1-5 Overcurrent characteristics according to ANSI standard
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OPERATION PRINCIPLE

Overcurrent characteristics according to ANSI standard
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Figure 1-6 Overcurrent characteristics according to ANSI standard
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Overcurrent resetting characteristics according to ANSI standard
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Figure 1-7 Overcurrent resetting characteristics according to ANSI standard
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OPERATION PRINCIPLE

Overcurrent resetting characteristics according to ANSI standard
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Figure 1-8 Overcurrent resetting characteristics according to ANSI standard

13 | Three-phase overcurrent protection
www.protecta.hu




OPERATION PRINCIPLE

1.4 The decision logic (Decision logic])

The decision logic module combines the status signals to generate the general start signal and
general trip command of the function.

TOC51_StL1_Grl_

TOC51_StL2_Grl_ OR AND TOC51_GenSt_Grl_

TOC51_StL3_Grl_

TOC51 _TrL1_Grl_

TOC51_TrL2_Grl_ OR AND TOC51_GenTr_Grl_

TOC51_TrL3_Grl_

TOC51_Blk_GrO_ NOT
TOC51_StL1_Grl_
TOC51_StL2_Grl_
TOC51_StL3_Grl_

Figure 1-9 The logic scheme of the overcurrent protection function

Table 1-3 The binary input status signals of the overcurrent protection function

BINARY INPUT SIGNALS SIGNAL TITLE EXPLANATION

TOC51_StL1_Grl_ Start L1 Starting of the function in phase L1
TOC51_TrL1_Grl_ Trip L1 Trip command of the function in phase L1
TOC51_StL2 _Grl_ Start L2 Starting of the function in phase L2
TOC51_TrL2_Grl_ Trip L2 Trip command of the function in phase L2
TOC51_StL3_Grl_ Start L3 Starting of the function in phase L3
TOC51_TrL3 _Grl_ Trip L3 Trip command of the function in phase L3
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OPERATION PRINCIPLE

Binary status signals

The overcurrent protection function has a binary input signal, which serves the purpose of
disabling the function. The conditions of disabling are defined by the user, applying the
graphic equation editor.

Table 1-4 The binary input signal of the overcurrent protection function
BINARY STATUS SIGNAL EXPLANATION

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

TOC51_Blk_GrO_

Table 1-5 The binary output status signals of the overcurrent protection function

BINARY OUTPUT SIGNALS SIGNAL TITLE EXPLANATION

TOC51_StL1_Grl_ Start L1 Starting of the function in phase L1
TOC51_StL2_Grl_ Start L2 Starting of the function in phase L2
TOC51_StL3 Grl_ Start L3 Starting of the function in phase L3
General signals

TOC51_GenSt_Grl_ Gen. Start General starting of the function
TOC51_GenTr_Grl_ Gen. Trip General trip command of the function
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3PH OVERCURRENT
PROTECTION FUNCTION

OVERVIEW

2 3ph overcurrent protection function overview

The function block of the three-phase 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 overcurrent protection function

2.1 Settings

2.1.1 Parameters

Table 2-1 Parameters of the 3ph overcurrent protection function
TITLE DiM RANGE STEP | DEFAULT | EXPLANATION

Off,

Definite Time,
IEC Inv,

IEC Verylnv,
IEC Extlinv,
IEC Longlnv,
Operation - ANSI Inv, - Off
ANSI ModlInv,
ANSI Verylnv,
ANSI Extinv,

ANSI Longlnv,
ANSI LongVeryinv,
ANSI LongExtinv

Enabling the function by
choosing the characteristics.

Select FALSE to generate

Start Signal Only - FALSE, TRUE - FALSE .
trip command

Start Current % |10-3000 1 200 Starting current of the
function.

. - Time multiplier of the inverse
Time Multiplier - 0.05 -15.00 0.01 | 1.00 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 Time delay setting for the

definite time characteristics
Reset Time msec | 60 — 60000 1 100 Reset time for the |EC

inverse characteristics
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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 signals as inputs:

Table 2-2 Analogue input signal of the loss of excitation function
ANALOGUE INPUT SIGNAL SIGNAL TITLE EXPLANATION

TOC51 1123 Anin_ 3phase current Input for three-phase current

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 block has no analogue output signal.

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 The binary input status signal of the 3ph overcurrent protection function
BINARY INPUT SIGNAL EXPLANATION

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

TOC51_BIk_GrO_

2.2.4 Binary output signals (graphed input statuses)

The binary output status signals of the three-phase overcurrent protection function, parts written
in bold are seen on the function block in the logic editor.

Table 2-4 The binary output status signals of the 3ph overcurrent protection function

BINARY OUTPUT SIGNALS SIGNAL TITLE EXPLANATION

TOC51_StL1 _Grl_ Start L1 Starting of the function in phase L1
TOC51_TrL1_Grl_ Trip L1 Trip command of the function in phase L1
TOC51_StL2 _Grl_ Start L2 Starting of the function in phase L2
TOC51_TrL2_Grl_ Trip L2 Trip command of the function in phase L2
TOC51_StL3_Grl_ Start L3 Starting of the function in phase L3
TOC51_TrL3 Grl_ Trip L3 Trip command of the function in phase L3
TOC51_GenSt_Grl_ General Start General start of the function
TOC51_GenTr_Grl_ 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 On-line data of the 3ph overcurrent protection function

SIGNAL TITLE DIMENSION EXPLANATION

Start L1 - Starting of the function in phase L1

Trip L1 - Trip command of the function in phase L1

Start L2 - Starting of the function in phase L2

Trip L2 - Trip command of the function in phase L2

Start L3 - Starting of the function in phase L3

Trip L3 - Trip command of the function in phase L3
General Start - General start of the function

General Trip - General trip command of the function
Curentput assignment | - Gy ooy ot (1t

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 3ph overcurrent protection function
EVENT VALUE EXPLANATION IEC61850 DATA ATTRIBUTES

General start of thg three-phase F3PTOC1$STSSHr
overcurrent protection function

Start of the three-phase overcurrent
Start L1 off, on protection function in measuring F3PTOC1$ST$Str$phsA
element L1

Start of the three-phase overcurrent
Start L2 off, on protection function in measuring F3PTOC1$ST$Str$phsB
element L2

Start of the three-phase overcurrent
Start L3 off, on protection function in measuring F3PTOC1$ST$Str$phsC
element L3

General trip command of the three-
General Trip off, on phase overcurrent protection F3PTOC1$ST$Op
function

General Start off, on
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2.3 Technical data

Table 2-7 Technical data of the 3ph overcurrent protection function
FUNCTION VALUE ACCURACY
Operating accuracy 20=GS <1000 <2%

5% or 15 ms,
whichever is greater

Operate time accuracy

Reset ratio 0,95
Reset time * 0
Dependent time char. W;icsh/eovc()arriir;3 ; rr::t,er
Definite time char. Approx. 60 ms 9
Transient overreach <2%
Pickup time * <40 ms
Overshot time
Dependent time char. 30 ms
Definite time char. 50 ms

Influence of time varying value of the
input current (IEC 60255-151)
* Measured with signal relay contact

<4 %

2.3.1 Notes for testing

Normally in the EuroProt+ devices the trip contacts are assigned to the Trip Logic function block,
and not to the protection function blocks. Because of this, the testing personnel must make sure
that the Trip Logic is switched on (‘Operation’ parameter is set to other than ‘Off’) before starting
the testing, otherwise there will be no physical trip on the relay.

The reset time of the IDMT characteristics can be tested only indirectly by injecting the same fault
currents again after a successful trip: if the time elapsed between the two injections is less than
the reset time, the second injection will result in a quicker operation than the first.

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.
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