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1 Configuration description

The DV7500 protection device is a member of the EuroProt+ product line, made by Protecta
Co. Ltd. The EuroProt+ type complex protection in respect of hardware and software is a
modular device. The modules are assembled and configured according to the requirements,
and then the software determines the functions. This manual describes the specific
application of the DV7500 factory configuration.

1.1 Application

The members of the DTRV product line are configured to protect and control high
voltage/medium voltage transformers.

1.1.1 Protection functions

The DV7500 configuration measures three phase currents, the zero sequence current
component from both sides of a two winding, three-phase transformer and additionally three
phase voltages and the zero sequence voltage component. These measurements allow, in
addition to the current- and voltage-based functions, directionality extension of the residual
overcurrent function.

The main protection functions are transformer differential protection and restricted earth-fault
protection functions.

Based on the voltage measurement also the frequency is evaluated to realize frequency-
based protection functions.

The realized current-based and voltage-based protection functions, including thermal replica
protection function, frequency functions and differential functions, are listed in the Table
below.

This configuration is extended also with tap-changer controller function.

Protection functions IEC ANSI | DV7500
Three-phase instantaneous overcurrent protection | >>> 50 X
Three-phase time overcurrent protection [ >, 1>> 51 X
Residual instantaneous overcurrent protection o >>> 50N X
Residual time overcurrent protection lo >, lo >> 51N X
Residual directional overcurrent protection lo Dir > >, lo Dir >> 67N X
Negative sequence overcurrent protection 2> 46 X
Thermal protection T> 49 X
Transformer differential 3ldaT > 87T 2w
Restricted earth fault REF 87N X
Definite time overvoltage protection U>,uU>> 59 X
Definite time undervoltage protection U<, U<< 27 X
Residual overvoltage protection Uo >, Uo >> 59N X
Negative sequence overvoltage protection Uz> a7 X
Overexcitation V/Hz 24 X
Current unbalance protection 60 X
Breaker failure protection CBFP 50BF X

Table 1 The protection functions of the DV7500 configuration
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The configured functions are drawn symbolically in the Figure below.
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Figure 1 Implemented protection functions
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1.1.2 Measurement functions
Based on the hardware inputs the measurements listed in Table below are available.

Measurement functions DV7500
Current (11, 12, 13, l0) X
Voltage (U1, U2, U3, U12, U23, U31, Uo, Useq) and frequency X
Supervised trip contacts (TCS) X

Table 2 The measurement functions of the DV7500 configuration

1.1.3 Hardware configuration

The module arrangement of the DV7500 configuration is shown below.
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Figure 2 Basic module arrangement of the DV7500 configuration (rear view)

1.1.4 The applied hardware modules
The applied modules are listed in Table 3.

The technical specification of the device and that of the modules are described in the
document “Hardware description”.

Module identifier Explanation

PS+ 1602 Power supply unit

R4MC+01 Signal relay output module

012+ 1101 Binary input module

R4+ 01 Signal relay output module

R8+ 00 Signal relay output module

TRIP+ 2101 Trip relay output module

COM+1335 Remote 1/0 (RIO) server host module
VT+ 2211 Analog voltage input module

CT + 5151 Analog current input module

CT + 1500 Analog current input module

CPU+ 1101 Processing and communication module

Table 3 The applied modules of the DV7500 configuration
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1.1.4.1 Connector allocation

"A""B"  PS+/1602

No.

Name

Term.

AuxPS+

AuxPS-

Fault Relay Common

Fault Relay NO

g~ WIN |-

Fault Relay NC

IIEII

012+/1101

No.

Name

Term.

Open position of 52HV

Closed position of 52HV

Open position of 52MV

Opto-(1-3)

Closed position of 52MV

DPX

27VSC

Opto-(4-6)

O 0[N0 |~ WIN|[FP

SNI

[N
o

SNC

=Y
[N

Inib_Vo

=
N

Opto-(7-9)

=
w

K/K'

H
S

=
(6}

Bin_E12

=
(e}

Opto-(10-12)

npn

012+/1101

No.

Name

Term.

Local HV Open command

Local HV Close command

Local MV Open command

Opto-(1-3)

Local MV Close command

Local control mode DC

TC reset

Opto-(4-6)

AR disable

Local mode

Remote mode

Opto-(7-9)

Man Voltage up

Man Voltage down

Man TC Comm Enable

Opto-(10-12)
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"Gr

R4+/01

No.

Name

Term.

Local HV/MV Open NO

Local HV/MV Open NC

Local HV/MV Open Common

BOut_G02 NO

BOut_G02 NC

BOut_G02 Common

BOut_G03 NO

BOut_G03 NC

©|00 N |0~ W|IN|F

BOut_G03 Common

=
o

BOut_G04 NO

=
=

BOut_G04 NC

[EnN
N

BOut_G04 Common

"

R8+/00

No.

Name

Term.

BOut_HO1 Common

BOut_HO1 NO

BOut_HO02 Common

BOut_HO02 NO

BOut_HO03 Common

BOut_HO3 NO

BOut_HO04 Common

BOut_HO04 NO

OO0 N W|IN (P

BOut_HO05 Common

=Y
o

BOut_HO5 NO

=
=

BOut_HO06 Common

=
N

BOut_HO06 NO

=
w

BOut_HO7 Common

[ERN
D

BOut_HO7 NO

=
(¢}

BOut_HO08 Common

=
(3]

BOut_HO08 NO
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"I"  TRIP+/2101

No. Name Term.

Trip MV +

Trip MV -

Trip MV NO

Close MV +

Close MV -

Close MV NO

LowDC Trip3 MV +

LowDC Trip3 MV -

©|00 N |0~ W|IN|F

LowDC Trip3 MV NO

=
o

BOut_|08 +

=
=

BOut_108 -

[EnN
N

BOut_I108 NO

"J"  TRIP+/2101

No. Name Term.

Trip HV +

Trip HV -

Trip HV NO

Close HV +

Close HV -

Close HV NO

Trip2 HV +

Trip2 HV -

OO0 N W|IN (P

Trip2 HV NO

10 LowDC Trip3 HV +

11 LowDC Trip3 HV -

12 LowDC Trip3 HV NO

"O"  VT+/2211

No. Name Term.

phase voltage 4 MV->

phase voltage 4 MV<-

phase voltage 8 MV->

phase voltage 8 MV<-

phase voltage 12 MV->

phase voltage 12 MV<-

U4 Mv->

O INO O WIN|F

U4 MV<-
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npr

CT+/1500

No.

Name

Term.

phase current 4 MV meas->

phase current 4 MV meas<-

phase current 8 MV meas->

phase current 8 MV meas<-

phase current 12 MV meas->

phase current 12 MV meas<-

NU

O INOO | O WIN |-

NU

"R

CT+/5151

No.

Name

Term.

phase current 4 MV->

phase current 4 MV<-

phase current 8 MV->

phase current 8 MV<-

phase current 12 MV->

phase current 12 MV<-

14 MV->

0N WIN (-

14 MV<-

wpn

CT+/5151

No.

Name

Term.

phase current 4 HV->

phase current 4 HV<-

phase current 8 HV->

phase current 8 HV<-

phase current 12 HV->

phase current 12 HV<-

14 HV->

0N 0D WIN|F

14 HV<-
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1.2 Meeting the

device

The basic information for working with the EuroProt+ devices are described in the document
“Quick start guide to the devices of the EuroProt+ product line”.

Figure 3 The 84 inch rack of EuroProt+ family

1.3 Software co

nfiguration

1.3.1 Protection and control functions

The implemented protection and control functions are listed in Table 4. The function blocks
are described in details in separate documents. These are referred to also in this table.

Name Title Document

I0C50 3ph Instant.OC Three-phase instantaneous overcurrent
protection function block description

TOC51D_HV1 3ph Overcurr Three-phase definite time overcurrent

TOC51D_HV2 protection function block description

TOC51D_MV1

TOC51D_MV2

IOC50N Residual Instant.OC | Residual instantaneous overcurrent
protection function block description

TOC51IN_low Residual TOC Residual overcurrent protection function

TOCS51N_high block description

TOC67N_low Dir.Residual TOC Directional residual overcurrent

TOC67N_high protection function block description

TOC46_HV Neg. Seq. OC Negative sequence overcurrent protection
function block description

TTR49L_HV Thermal overload Line thermal protection function block
description

DIF87_2w Transformer Transformer differential protection

Differential function block description

INR6G8 Inrush detection Inrush current detection function block
description

DIF87N_MV Restricted EF Restricted Earth Fault protection function
block description

TOV59 _MV1 Overvoltage Definite time overvoltage protection

TOV59 MV2 function block description

TUV27_MV1 Undervoltage Definite time undervoltage protection

TUV27 MV2 function block description

TOV59N V Overvoltage Definite time zero sequence overvoltage

DV7500_CONFIG_V1.3
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TOV59N_W protection function block description

TOV59N_U4

VPH24 Overexcitation Overexcitation protection function block
description

VCB60 Current Unbalance Current unbalance function block
description

BRF50 Breaker failure Breaker failure protection function block
description

TRC94 Trip Logic Trip logic function block description

PD Pole discordance Pole discordance detection function block
description

DLD Dead line detection Dead line detection protection function
block description

VTS VoltageSupervision Voltage transformer supervision and dead
line detection function block description

REC79MV MV autoreclosing Automatic reclosing function for medium
voltage networks, function block
description

ATCCIT Tap Change Control | Automatic tap-changer controller function
block description

Table 4 Implemented protection and control functions

DV7500_CONFIG_V1.3
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1.3.1.1 Three-phase instantaneous overcurrent protection function (I0C50)

The three-phase instantaneous overcurrent protection function (I0C50) operates immediately
if the phase currents are higher than the setting value.

The setting value is a parameter, and it can be doubled by graphic programming of the
dedicated input binary signal defined by the user.

The function is based on peak value selection or on the RMS values of the Fourier basic
harmonic calculation, according to the parameter setting. The fundamental Fourier
components are results of an external function block.

Parameter for type selection has selection range of Off, Peak value and Fundamental value.
When Fourier calculation is selected then the accuracy of the operation is high, the operation
time however is above one period of the network frequency. If the operation is based on peak
values then fast sub-cycle operation can be expected, but the transient overreach can be
high.

The function generates trip commands without additional time delay if the detected values are
above the current setting value.

The function generates trip commands for the three phases individually and a general trip
command as well.

The instantaneous 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.

Technical data

Function | | Accuracy
Using peak value calculation
Operating characteristic Instantaneous <6%
Reset ratio 0.85
Operate time at 2*Is <15 ms
Reset time * <40 ms
Transient overreach 90 %
Using Fourier basic harmonic calculation
Operating characteristic Instantaneous <2%
Reset ratio 0.85
Operate time at 2* Is <25 ms
Reset time * <60 ms
Transient overreach 15 %

*Measured with signal contacts
Table 5 Technical data of of the instantaneous overcurrent protection function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default

Parameter for type selection

IOC50 Oper_EPar_ | Operation | Off, Peak value, Fundamental value | Peak value
Table 6 The enumerated parameter of the instantaneous overcurrent protection

function

Integer parameter

Parameter name | Title | Unit | Min | Max [ Step | Default

Starting current parameter:

IOC50_StCurr_IPar_ | Start Current | % | 20 | 3000 |1 | 200

Table 7 The integer parameter of the instantaneous overcurrent protection function
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1.3.1.2 Three-phase time overcurrent protection function (TOC51)

The definite (independent) time characteristic has a fixed time delay when the current is
above the starting current Is previously set as a parameter.

The binary output status signals of the three-phase overcurrent protection function are
starting signals of the three phases individually, a general starting signal and a general trip
command.

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.

Technical data

Function Value Accuracy
Operating characteristic accuracy DT <2%
Reset ratio 0,95

< 5% or £15 ms,

Operating time accuracy whichever is greater

Reset time 16-25ms

Table 8 Technical data of of the definite time overcurrent protection function

Parameters
Enumerated parameters
Parameter name | Title | Selection range | Default

Parameter for type selection

TOC51D_Oper_EPar

Operation | Off, On On
Table 9 The enumerated parameters of the definite time overcurrent protection
function
Integer parameter
Parameter name | Title | Unit [ Min [ Max | Step | Default
Starting current parameter:
TOC51D_StCurr_IPar_ | Start Current | % |20 [1000 |1 | 200

Table 10 The integer parameter of the definite time overcurrent protection function

Timer parameters

Parameter name | Title | Unit [ Min [ Max | Step | Default
Definite time delay:
TOC51D DefDel TPar | Definite Time Delay | msec |0 | 60000 | 1 | 100

Table 11 The timer parameters of the definite time overcurrent protection function
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1.3.1.3 Residual instantaneous overcurrent protection function (IOC50N)

The residual instantaneous overcurrent protection function (IOC50N) block operates
immediately if the residual current (3l0) is above the setting value. The setting value is a
parameter, and it can be doubled by a dedicated binary input signal defined by the user
applying the graphic programming.

The function is based on peak value selection or on the RMS values of the Fourier basic
harmonic component of the residual current, according to the parameter setting. The
fundamental Fourier component calculation is not part of the IOC50N function.

Parameter for type selection has selection range of Off, Peak value and Fundamental value.

The function generates a trip commands without additional time delay if the detected values
are above the current setting value.

The residual instantaneous 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.

Technical data

Function Accuracy
Using peak value calculation
Operating characteristic (1>0.1 In) Instantaneous <6%
Reset ratio 0.85
Operate time at 2*Is <15 ms
Reset time * <35ms
Transient overreach 85 %
Using Fourier basic harmonic calculation
Operating characteristic (1>0.1 In) Instantaneous <3%
Reset ratio 0.85
Operate time at 2*Is <25 ms
Reset time * <60 ms
Transient overreach 15 %

*Measured with signal contacts
Table 12 Technical data of the residual instantaneous overcurrent protection function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Parameter for type selection

IOC50N_Oper EPar_ | Operation | Off, Peak value, Fundamental value | Peak value

Table 13 The enumerated parameter of the residual instantaneous overcurrent
protection function

Integer parameter

Parameter name | Title | Unit [ Min | Max | Step [ Default
Starting current parameter:
IOC50N_StCurr_IPar | Start Current | % |10 [400 |1 | 200

Table 14 The integer parameter of the residual instantaneous overcurrent protection
function
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1.3.1.4 Residual overcurrent protection function (TOC51N)

The residual delayed overcurrent protection function can realize definite time or inverse time
characteristics according to IEC or IEEE standards, based on the RMS value of the
fundamental Fourier component of a single measured current, which can be the measured
residual current at the neutral point (310) or the calculated zero sequence current component.
The characteristics are harmonized with IEC 60255-151, Edition 1.0, 2009-08.

The definite (independent) time characteristic has a fixed time delay when the current is
above the starting current Is previously set as a parameter.

The standard operating characteristics of the inverse time overcurrent protection function are
defined by the following formula:

t(G) =TMS| ——+c | when G > G

where

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

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

a constant characterizing the selected curve (no dimension),
G measured value of the characteristic quantity, Fourier base harmonic

of the residual current (INFour),
Gs preset value of the characteristic quantity (Start current),
TMS preset time multiplier (no dimension).
IEC « c a

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 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 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 LongVerylinv 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:
G, =20*G,

Above this value the theoretical operating time is definite:

t(G) =TMS ————+c | when G > G, =20*G4

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

Resetting characteristics:
o for IEC type characteristics the resetting is after a fix time delay,
o for ANSI types however according to the formula below:

DV7500_CONFIG_V1.3 16/86
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t.(G) =TMS| ——— | when G < Gg

where
t(G)(seconds) theoretical reset time with constant value of G,
kr constants characterizing the selected curve (in seconds),
a constant characterizing the selected curve (no dimension),
G measured value of the characteristic quantity, Fourier base harmonic
of the residual current,
Gs preset value of the characteristic quantity (Start current),
TMS preset time multiplier (no dimension).
IEC
ref e a

1 A IEC Inv Resetting after fix time delay,

2 B IEC Verylnv according to preset parameter

3 C IEC Extlnv TOC51_Reset_TPar_

4 IEC Longlnv “Reset delay”

5 ANSI Inv 0,46 2

6 D ANSI Modlnv 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

The binary output status signals of the residual overcurrent protection function are the general
starting signal and the general trip command if the time delay determined by the

characteristics expired.

The residual 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.

Technical data

Function

Value Accuracy

Operating accuracy *

20 = Gs = 1000 <3%

Operate time accuracy

5% or £15 ms,
whichever is greater

Reset ratio

0,95

Reset time *

Dependent time char.
Definite time char.

< 2% or £35 ms,

Approx 60 ms whichever is greater

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 <49%
input current (IEC 60255-151)
* Measured in version In = 200 mA

Table 15 The technical data of the residual overcurrent protection function
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Parameters
Enumerated parameters

Parameter name | Title | Selection range | Default

Parameter for type selection

Off, DefinitTime, IEC Inv,

IEC Verylnv, IEC Extinv, IEC Longlnv,
TOC51N_Oper_EPar_ | Operation | ANSI Inv, ANSI ModInv, ANSI Verylnv,
ANSI Extinv, ANSI Longlinv,

ANSI LongVerylnv, ANSI LongExtinv

Definite
Time

Table 16 The enumerated parameters of the residual overcurrent protection function

Integer parameter

Parameter name | Title | Unit [ Min | Max | Step | Default
Starting current parameter:

TOCS51IN_StCurr_IPar_ Start Current * % 5 200 1 50
TOCS51N_StCurr_IPar Start Current ** % 10 1000 | 1 50

* INn=1Ao0or5A

xx INn=200mAorlA

Table 17 The integer parameter of the residual overcurrent protection function

Float point parameter

Parameter name | Title | Unit [ Min [ Max | Step | Default
Time multiplier of the inverse characteristics (OC module)
TOC51IN_Multip FPar_ | Time Multiplier |sec  [0.05 [999 [0.01 [1.0

Table 18 The float parameter of the residual overcurrent protection function

Timer parameters

Parameter name | Title [ Unit | Min [ Max [ Step [ Default
Minimal time delay for the inverse characteristics:

TOC5IN _MinDel TPar [ Min Time Delay* | msec [0  [60000 | 1 | 100
Definite time delay:

TOC51N_DefDel_TPar ngﬁ Time msec |0 60000 | 1 100
Reset time delay for the inverse characteristics:

TOC5IN Reset TPar | Reset Time* |msec [0  [60000 |1 | 100

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

Table 19 The timer parameters of the residual overcurrent protection function
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1.3.1.5 Residual directional overcurrent protection function (TOC67N)

The main application area of the directional residual delayed overcurrent protection function is
an earth-fault protection.

The inputs of the function are the RMS value of the Fourier basic harmonic components of the
zero sequence current (IN=3lo) and those of the zero sequence voltage (UN=3Uo0).

The block of the directional decision generates a signal of TRUE value if the UN=3Uo zero
A sequence voltage and the IN=3lo zero
sequence current are above the limits
needed for correct directional decision,
and the angle difference between the
vectors is within the preset range. The
decision enables the output start and
trip signal of an overcurrent protection
function block (TOC51N). This non-
directional residual overcurrent
protection function block is described in
a separate document.

jlm

The directional decision  module
calculates the phase angle between the
residual voltage and the residual
current. The reference signal is the
» Re residual voltage according to the Figure.

The output of the directional decision module is OK, namely it is TRUE if the phase angle
between the residual voltage and the residual current is within the limit range defined by the
preset parameter OR if non-directional operation is selected by the preset parameter
(Direction=NonDir).

Technical data

Function | Value Accuracy
Operating accuracy <2 %
Operate time accuracy 15% or 115. ms,
whichever is greater
Accuracy in minimum time range +35 ms
Reset ratio 0,95
Reset time Approx 50 ms +35 ms
Transient overreach <2%
Pickup time 25-30 ms
Angular accuracy
l0<0.11In <%10°
0.1In<lo <0.41n < £5°
04In<lo < +2°
Angular reset ratio
Forward and backward 10°
All other selection 5°

Table 20 The technical data of the residual directional overcurrent protection
function
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Parameters
Enumerated parameters

Parameter name | Title | Selection range | Default

Directionality of the function

NonDir,Forward-Angle,Backward-
Angle,Forward-I*cos(fi),Backward-
TOC67N_Dir_EPar_ Direction I*cos(fi),Forward-I*sin(fi),Backward-
I*sin(fi),Forward-I*sin(fi+45),Backward-
I*sin(fi+45)

Forward-
Angle

Operating characteristic selection of the TOC51N module

Off,DefiniteTime,|IEC Inv,IEC Verylnv,IEC
Extinv,IEC LongIinv,ANSI Inv,ANSI
TOC67N_Oper_EPar_ Operation Modinv,ANSI Verylnv,ANSI Extinv,ANSI DefiniteTime
Longlnv,ANSI LongVerylnv,ANSI
LongExtinv

Table 21 The enumerated parameters of the residual directional overcurrent
protection function

Short explanation of the enumerated parameter “Direction”

Selected value Explanation
NonDir, Operation according to non-directional TOC51N
See Figure, set RCA (Characteristic Angle) and ROA (Operating Angle)

Forward-Angle 4
as required

RCAactual=RCAset+180°, set RCA (Characteristic Angle) and ROA

Backward-Angle (Operating Angle) as required

Forward-I*cos(fi) RCA=0°fix, ROA=85°fix, the setting values RCA and ROA are not applied

. , RCA=180°fix, ROA=85°fix, the setting values RCA and ROA are not
Backward-1*cos(fi) applied

. RCA=90°fix, ROA=85°fix, the setting values RCA and ROA are not
Forward-I*sin(fi) applied

- RCA=-90°fix, ROA=85°fix, the setting values RCA and ROA are not
Backward-I*sin(fi) applied
Forward-I*sin(fi+45) Ziﬁ:;w fix, ROA=85°fix, the setting values RCA and ROA are not
Backward-I*sin(fi+45) z&)ﬁzy% fix, ROA=85°fix, the setting values RCA and ROA are not

Table 22 The short explanation of the enumerated parameters of the residual
directional overcurrent protection function

Integer parameters

Parameter name | Title | Unit | Min | Max | Step | Default

The threshold value for the 3Uo zero sequence voltage, below which no directionality is possible.
% of the rated voltage of the voltage transformer input

TOC67N_UoMin_IPar_ | URes Min | % |1 | 10 |1 | 2

The threshold value for the 3lo zero sequence current, below which no operation is possible.
% of the rated current of the current transformer input

TOC67N_loMin_IPar | IRes Min | % |1 | 50 |1 | 5

Operating angle (See Figure)

TOC67N_ROA_IPar | Operating Angle | deg |30 |80 |1 | 60

Characteristic angle (See Figure)

TOC67N_RCA IPar_ | Characteristic Angle | deg |-180 [180 [1 | 60

Start current (TOC51N module)

TOC67N_StCurr_IPar_ | Start Current | % |5 200 |1 | 50
Table 23 The integer parameters of the residual directional overcurrent protection

function
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Float point parameter

Parameter name | Title | Unit [Min | Step [Step | Default
Time multiplier of the inverse characteristics (TOC51N module)
TOC67N_Multip_FPar__ | Time Multiplier | sec |0.05 [999 Jo0.01 J1.0
Table 24 The float point parameter of the residual directional overcurrent protection
function

Timer parameters

Parameter name | Title | Unit [ Min [ Max [ Step | Default

Minimal time delay for the inverse characteristics (TOC 51N module):

TOC67N_MinDel TPar_ | Min Time Delay [msec  [50 | 60000 |1 | 100

Definite time delay (TOC 51N module):

TOC67N_DefDel TPar_ | Definite Time Delay [msec |0 | 60000 [ 1 | 100

Reset time delay for the inverse characteristics (TOC 51N module):

TOC67N_Reset TPar | Reset Time |msec [0 | 60000 | 1 | 100
Table 25 The timer parameters of the residual directional overcurrent protection

function
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1.3.1.6 Negative sequence overcurrent protection function (TOC46)

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.

The definite (independent) time characteristic has a fixed delaying time when the current is

above the starting current Gs previously set as a parameter.

The standard dependent time characteristics of the negative sequence overcurrent protection

function are as follows.

t(G) =TMS ka +C | when G > Gg
Gj _1
G,
where
t(G)(seconds) theoretical operate time with constant value of G,
k, c constants characterizing the selected curve (in seconds),
a 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 starting value of the characteristic quantity,
TMS preset time multiplier (no dimension).

IrE;: 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 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 Verylnv 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 LongVerylnv 28,55 0,712 2
11 ANSI LongExtinv 64,07 0,250 2

A parameter (Operation) serves for choosing overcurrent function of independent time delay

or dependent one with type selection above.

Table 26 The constants of the standard dependent time characteristics

Time multiplier of the inverse characteristics (TMS) is also a parameter to be preset.

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

G, =20*G,
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Above this value the theoretical operating time is definite. 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).

The negative phase sequence components calculation is based on the Fourier components of
the phase currents.

The binary output status signals of the negative sequence overcurrent protection function are
the general starting and the general trip command of the function.

The negative sequence 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.

Technical data

Function Value Accuracy

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

+5% or +15 ms,

Operate time accuracy whichever is greater

Reset ratio 0,95
Reset time * o
Dependent time charact. :v%n c/ohg\r/;;rsii r;rZater
Definite time charact. approx. 60 ms
Transient overreach <2%
Pickup time at 2* Gs <40 ms
Overshot time
Dependent time charact. 25 ms
Definite time charact. 45 ms

Influence of time varying value of the

0,
input current (IEC 60255-151) <4%

* Measured with signal contacts

Table 27 Technical data of the negative sequence overcurrent protection function

Parameters
Enumerated parameter

Parameter name | Title | Selection range | Default

Parameter for type selection

Off, DefinitTime, IEC Inv,

IEC Verylnv, IEC Extinv, IEC Longlnv,
TOC46_Oper_EPar_ Operation ANSI Inv, ANSI Modinv, ANSI Verylnv,
ANSI Extlnv, ANSI Longlnv,

ANSI LongVerylnv, ANSI LongExtinv

Definit
Time

Table 28 The enumerated parameter of the negative sequence overcurrent protection

function
Integer parameter
Parameter name | Title | Unit | Min | Max | Step | Default
Starting current parameter:
TOC46_StCurr_IPar__ | Start Current | % | 5 200 |1 | 50

Table 29 The integer parameter of the negative sequence overcurrent protection
function
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Timer parameters

Parameter name | Title | Unit [ Min | Max | Step [ Default
Minimal time delay for the inverse characteristics:

TOC46 MinDel TPar_ | MinTime Delay* [msec [0  [60000 | 1 | 100
Definite time delay:

TOC46_DefDel_TPar_ ng‘fe Time msec | 0 60000 | 1 100
Reset time delay for the inverse characteristics:

TOC46 Reset TPar_ | Reset Time* |msec [0  [60000 |1 | 100
Time multiplier for the inverse characteristics:

TOC46_Multip_TPar_ | Time Multiplier* | msec [ 100 [ 60000 |1 | 100

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

Table 30 The timer parameter of the negative sequence overcurrent protection

function
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1.3.1.7 Line thermal protection function (TTR49L)

Basically, line thermal protection measures the three sampled phase currents. RMS values
are calculated and the temperature calculation is based on the highest RMS value of the
phase currents.

The temperature calculation is based on the step-by-step solution of the thermal differential
equation. This method yields “overtemperature”, meaning the temperature above the ambient
temperature. Accordingly, the temperature of the protected object is the sum of the calculated
“overtemperature” and the ambient temperature.

If the calculated temperature (calculated “overtemperature”+ambient temperature) is above
the threshold values, alarm, trip and restart blocking status signals are generated.

For correct setting, the following values must be measured and set as parameters: rated load
current is the continuous current applied for the measurement, rated temperature is the
steady state temperature at rated load current, base temperature is the temperature of the
environment during the measurement and the time constant is the measured heating/cooling
time constant of the exponential temperature function.

When energizing the protection device, the algorithm permits the definition of the starting
temperature as the initial value of the calculated temperature. The parameter Startup Term. is
the initial temperature above the temperature of the environment as compared to the rated
temperature above the temperature of the environment

The ambient temperature can be measured using e.g. a temperature probe generating
electric analog signals proportional to the temperature. In the absence of such measurement,
the temperature of the environment can be set using the dedicated parameter
TTR49L_Amb_IPar_ (Ambient Temperature). The selection between parameter value and
direct measurement is made by setting the binary Boolean parameter.

The problem of metal elements (the protected line) exposed to the sun is that they are
overheated as compared to the ,ambient” temperature even without a heating current;
furthermore, they are cooled mostly by the wind and the heat transfer coefficient is highly
dependent on the effects of the wind. As the overhead lines are located in different
geographical environments along the tens of kilometers of the route, the effects of the sun
and the wind cannot be considered in detail. The best approximation is to measure the
temperature of a piece of overhead line without current but exposed to the same
environmental conditions as the protected line itself.

The application of thermal protection of the overhead line is a better solution than a simple
overcurrent-based overload protection because thermal protection “remembers” the
preceding load states of the line and the setting of the thermal protection does not need so a
high security margin between the permitted current and the permitted continuous thermal
current of the line. In a broad range of load states and in a broad range of ambient
temperatures this permits the better exploitation of the thermal and consequently current
carrying capacity of the line.

The thermal differential equation to be solved is:

de® 1 I1%(t)R L _ _ cm
—==( —®), and the definition of the heat time constantis: T =—
dt T hA hA

In this differential equation:

I(t) (RMS) heating current, the RMS value usually changes over time;

R resistance of the line;

c specific heat capacity of the conductor;

m mass of the conductor;

) rise of the temperature above the temperature of the environment;

h heat transfer coefficient of the surface of the conductor;

A area of the surface of the conductor;

t time.
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The solution of the thermal differential equation for constant current is the temperature as the
function of time (the mathematical derivation of this equation is described in a separate
document):
I?R - -
o) = l1-eT [+Oe T
hA

where
®o is the starting temperature.

Remember that the calculation of the measurable temperature is as follows:
Temperature(t) = O(t)+Temp_ambient
where

Temp_ambient is the ambient temperature.

In a separate document it is proven that some more easily measurable parameters can be
introduced instead of the aforementioned ones. Thus, the general form of equation above is:

2 t t
H(t):%:l—2 l-eT +%e T
®n I n ®n

where:

H(t) is the ,thermal level” of the heated object, this is the temperature as a percentage
of the ©n reference temperature. (This is a dimensionless quantity but it can also
be expressed in a percentage form.)

On is the reference temperature above the temperature of the environment, which
can be measured in steady state, in case of a continuous In reference current.

In is the reference current (can be considered as the nominal current of the heated
object). If it flows continuously, then the reference temperature can be measured
in steady state.

O ) i

@— is a parameter of the starting temperature related to the reference temperature

The RMS calculations modul calculate the RMS values of the phase currents individually. The
sampling frequency of the calculations is 1 kHz; therefore, theoretically, the frequency
components below 500Hz are considered correctly in the RMS values. This module is not part
of the thermal overload function; it belongs to the preparatory phase.

The Max selection module selects the maximal value of the three RMS phase currents.

The Thermal replica module solves the first order thermal differential equation using a simple
step-by-step method and compares the calculated temperature to the values set by
parameters. The temperature sensor value proportional to the ambient temperature can be an
input (this signal is optional, defined at parameter setting).

The function can be disblaed by parameter, or generates a trip pulse if the calculated
temperature exceeds the trip value, or generates a trip signal if the calculated temperature
exceeds the trip value given by a parameter but it resets only if the temperature cools below
the “Unlock temperature”.

The line thermal protection function has two binary input signals. The conditions of the input
signal are defined by the user, applying the graphic equation editor. One of the signals can
block the line thermal protection function, the other one can reset the accumulated heat and
set the temperature to the defined value for the subsequent heating test procedure.
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Technical data

Function Accuracy

Operate time at 1>1.2*Itrip <3 % or <+ 20 ms

Table 31 Technical data of the line thermal protection function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Parameter for mode of operation

TTR49L Oper EPar | Operation | Off, Pulsed, Locked | Pulsed

Table 32 The enumerated parameter of the line thermal protection function

The meaning of the enumerated values is as follows:

Off the function is switched off; no output status signals are generated;

Pulsed the function generates a trip pulse if the calculated temperature exceeds the
trip value

Locked the function generates a trip signal if the calculated temperature exceeds the
trip value. It resets only if the temperature cools below the “Unlock
temperature”.

Integer parameters

Parameter name | Title | Unit | Min | Max | Step | Default
Alarm Temperature

TTR49L Alm_IPar | Alarm Temperature | deg [ 60 [200 |1 | 80
Trip Temperature

TTRA9L_Trip_IPar | Trip Temperature [deg [60 [200 [1 | 100
Rated Temperature

TTR49L_Max_IPar_ | Rated Temperature | deg [60 [200 |1 | 100
Base Temperature

TTR49L Ref IPar_ | Base Temperature  [deg [0  [40 |1 | 25
Unlock Temperature

TTR49L_Unl_IPar | Unlock Temperature [ deg  [20 [200 |1 | 60
Ambient Temperature

TTR49L_Amb_IPar | Ambient Temperature [deg [0 |40 |1 | 25
Startup Term.

TTR49L_Str_IPar | Startup Term | % o [60 |1 I
Rated Load Current

TTR49L_Inom_IPar | Rated Load Current | % |20 150 |1 | 100
Time constant

TTR49L_pT IPar_ | Time Constant Imin  [1  [999 [1 | 10

Table 33 The integer parameters of the line thermal protection function

Boolean parameter

Boolean parameter | Signal title | Selection range | Default
Parameter for ambient temperature sensor application
TTR49L Sens_BPar | Temperature Sensor | No, Yes | No

Table 34 The boolean parameter of the line thermal protection function
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1.3.1.8 Transformer differential protection function (DIF87_2w)

The differential protection function provides main protection for transformers, generators or
large motors, but it can also be applied for overhead lines and cables of solidly grounded
networks or for the protection of any combination of the aforementioned objects.

Version DIF87_3w can be applied to protect three-winding transformers. The simpler version
DIF87_2w does not process analogue inputs from the tertiary side.

The three-phase power transformers transform the primary current to the secondary side
according to the turns ratio and the vector group of the transformers. The Y (star), D (delta) or
Z (zig-zag) connection of the three phase coils on the primary and secondary sides causes
the vector shift of the currents. The numerical differential protection function applies matrix
transformation of the directly measured currents of one side of the transformer to match them
with the currents of the other side.

In Protecta’s transformer differential protection the target of the matrix transformation is the
delta (D) side. Thus the problem of zero sequence current elimination in case of an external
ground fault is also solved.

The method of the matrix transformation is defined by the ,Code” parameter identifying the
transformer vector group connection.

The differential current can be high during the transients of transformer energizing (inrush
current) due to the current distortion caused by the transformer iron core asymmetrical
saturation. In this case, the second harmonic content of the differential current is applied to
disable the false operation of the differential protection function.

The differential current can be high in case of the over-excitation of the transformer due to the
current distortion caused by the transformer iron core symmetrical saturation. In this case, the
fifth harmonic content of the differential current is applied to disable the false operation of the
differential protection function.

The harmonic analysis calculates the basic Fourier components of the three differential
currents. These results are needed for the high-speed differential current decision and for the
second and fifth harmonic restraint calculation.

The software modules evaluate and compare the result with the parameter values set for the
second and fifth harmonic. If the harmonic content relative to the basic harmonic component
of the differential currents is high, a restraint signal is generated immediately and a timer is
started at the same time. If the duration of the active status is at least 25 ms, then the
resetting of the restraint signal is delayed by an additional 15 ms.

The decision logic module decides if the differential current of the individual phases is above
the characteristic curve of the differential protection function. It compares the magnitudes of
the differential currents and those of the restraint currents for evaluation of the “percentage
differential characteristics”. This curve is the function of the restraint current, which is
calculated based on the sum of the magnitude of the phase-shifted phase currents (see
Figure below).
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The characteristic curve has four sections. The first section is the base sensitivity, the second
one serves to compensate the turns ratio deviation e.g. due to the operation of the on-load
tap changer, the third is to eliminate false operation caused by the CT saturation and the
fourth one is the unrestricted differential function. The slope of the third section is constant, it
is 2.

The differential 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.

Measured values

Measured value Dim. Explanation
diff. L1 In % The calculqted differential current in phase L1 (after vector group
) compensation)
diff. L2 In % The calculqted differential current in phase L2 (after vector group
) compensation)
diff. L3 In % The calculqted differential current in phase L3 (after vector group
) compensation)
Ibias L1 In % The calculqted restraint current in phase L1 (after vector group
compensation)
Ibias L2 In % The calculqted restraint current in phase L2 (after vector group
compensation)
Ibias L3 In % The calculqted restraint current in phase L3 (after vector group
compensation)

Remark: The evaluated basic harmonic values of the measured input phase currents (without
vector group compensation) help the commissioning of the differential protection function.
These evaluations however are performed by an independent software measuring module, so
this chapter excludes the description of these measurements.

Table 35 The measure values of the transformer differential protection function
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Enumerated parameters

Parameter name | Title | Selection range | Default
Parameter to enable the differential protection function:
DIF87 Op EPar_ | Operation | Off, On | On

Parameter to select connection group of the transformer coils in primary-secondary relation:

Pri-Sec Dy1,Dy5,Dy7,Dy11,Dd0,Dd6,Dz0,Dz2,Dz4,
DIF87_VGrSec_EPar_ VGroup* Dz6,Dz8,D0z10,Yy0,Yy6,Yd1,Yd5,Yd7,Yd11, | DdO
Yz1,Yz5,Yz7,Yz11
Parameter to select connection group of the transformer coils in primary-tertiary relation:
Pri-Ter Dy1,Dy5,Dy7,Dy11,Dd0,Dd6,Dz0,Dz2,Dz4,
DIF87_VGrTer_EPar_ VGroup* Dz6,Dz8,D0z10,Yy0,Yy6,Yd1,Yd5,Yd7,Yd11, | DO
Yz1,Yz5,Yz7,Yz11

* |f the connection of the primary winding in primary-secondary and primary tertiary relation is
selected in contradiction then the protection function is automatically disabled, and the
function generates a warning signal.

Table 36 The enumerated parameters of the transformer differential protection
function

Boolean parameter

Parameter name

Title

Default

Explanation

DIF87_0Seq_BPar_

Zero Seq Elimination

True

See Chapter Error! Reference s
ource not found.

Table 37 The boolean parameter of the transformer differential protection function

Integer parameters

Parameter name | Title | Unit [ Min [ Max [ Step | Default
Parameters for the current magnitude compensation:

DIF87 TRPr_IPar_ TR Primary Comp % 20 500 1 100
DIF87 TRSec IPar TR Secondary Comp % 20 500 1 100
DIF87 _TRTer IPar_ TR Tertiary Comp % 20 200 1 100
Parameter of the second harmonic restraint:

DIF87 2HRat_IPar | 2nd Harm Ratio | % 5 ][50 1 | 15
Parameter of the fifth harmonic restraint:

DIF87 5HRat_IPar | 5th Harm Ratio | % |5 |50 1 | 25
Parameters of the percentage characteristic curve:

Base sensitivity:

DIF87 f1_IPar | Base Sensitivity | % 10 |50 1 | 20
Slope of the second section of the characteristics:

DIF87 f2_IPar | 1st Slope | % 10 [50 1 | 20
Bias limit of the first slope:

DIF87 f3 IPar_ | 1st Slope Bias Limit | % | 200 | 2000 |1 | 200
Unrestrained differential protection current level:

DIF87 HCurr_IPar_ | UnRst Diff Current | % | 800 | 2500 |1 | 800

Table 38 The integer parameters of the transformer differential protection function

Function Value Accuracy
Operating characteristic 2 breakpoints

Reset ratio 0,95

Characteristic accuracy <2%

Operate time, unrestrained

Typically 20 ms

Reset time, unrestrained

Typically 25 ms

Operate time, restrained

Typically 30 ms

Reset time, restrained

Typically 25 ms

Table 39 The functions of the transformer differential protection function
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1.3.1.9 Inrush detection function (INR2)

When an inductive element with an iron core (transformer, reactor, etc.) is energized, high
current peak values can be detected. This is caused by the transient asymmetric saturation of
the iron core as a nonlinear element in the power network. The sizing of the iron core is
usually sufficient to keep the steady state magnetic flux values below the saturation point of
the iron core, so the inrush transient slowly dies out. These current peaks depend also on
random factors such as the phase angle at energizing. Depending on the shape of the
magnetization curve of the iron core, the detected peaks can be several times above the
rated current peaks. Additionally, in medium or high voltage networks, where losses and
damping are low, the indicated high current values may be sustained at length. Figure below
shows a typical example for the inrush current shapes of a three-phase transformer.
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A typical inrush current

As a consequence, overcurrent relays, differential relays or distance relays may start, and
because of the long duration of the high current peaks, they may generate an unwanted trip
command.

The inrush current detection function can distinguish between high currents caused by
overload or faults and the high currents during the inrush time.

The operating principle of the inrush current detection function is based on the special shape
of the inrush current.

The typical inrush current in one or two phases is asymmetrical to the time axis. For example,
in IT of the Figure above the positive peaks are high while no peaks can be detected in the
negative domain.

The theory of the Fourier analysis states that even harmonic components (2", 4t etc.) are
dominant in waves asymmetrical to the time axis. The component with the highest value is the
second one.

Typical overload and fault currents do not contain high even harmonic components.

The inrush current detection function processes the Fourier basic harmonic component and
the second harmonic component of the three phase currents. If the ratio of the second
harmonic and the base Fourier harmonic is above the setting value of the parameter 2nd
Harm Ratio, an inrush detection signal is generated.
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The signal is output only if the base harmonic component is above the level defined by the
setting of the parameter IPh Base Sens. This prevents unwanted operation in the event that
low currents contain relatively high error signals.

The function operates independently using all three phase currents individually, and
additionally, a general inrush detection signal is generated if any of the phases detects inrush
current.

The function can be disabled by the binary input Disable. This signal is the result of logic
equations graphically edited by the user.

Using the inrush detection binary signals, other protection functions can be blocked during the
transient period so as to avoid the unwanted trip.

Some protection functions use these signals automatically, but a stand-alone inrush detection
function block is also available for application at the user’s discretion.

Technical data

Function Range Accuracy

Current accuracy 20 ... 2000% of In +1% of In

Table 40 Technical data of the inrush detection function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Disabling or enabling the operation of the function

INR2_Op_EPar | Operation | Off,On | On

Table 41 The enumerated parameter of the inrush detection function

Integer parameters

Parameter name | Title | Unit [ Min | Max | Step | Default
Ratio of the second and basic harmonic Fourier components

INR2 2HRat_IPar_, | 2ndHarmRatio [% |5 [50 |1 | 15
Basic sensitivity of the function

INR2_MinCurr_IPar _ |IPhBaseSens |[% [20 [100 |1 |30

Table 42 The integer parameter of the inrush detection function
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1.3.1.10 Rectricted earth fault protection function (DIF87N)

IL1 The restricted earth-fault protection function is
<— basically a low-impedance differential
—’?ﬂﬂi\— protection function based on zero sequence
current components. It can be applied to
1 protect one side winding of transformers with
_rm— grounded neutral against single-phase-to-earth
fault (see Figure). The function compares the
IL3 measured neutral current at the star point (IN)
<+ and the calculated zero sequence current
—’?ﬂﬂi\— component of the phase currents (IL1, IL2, IL3)
and generates a trip command if the difference

IN of these currents is above the characteristics.

) i The function performs the necessary
D|fferent|aLCurrent calculations for the evaluation of the
“percentage differential characteristics”,
and decides to trip if the differential current
is above the characteristic curve of the
zero sequence differential protection
function. This curve is the function of the
restraint (Bias) current, which is the
. maximum of the phase currents and the
— Bias Current  ¢yrrent of the neutral point.

»
|

Differential Current = IL1Four + IL2Four + IL3Four + INFour

Bias Current = MAX(IL1Four, IL2Four, IL3Four, INFour)
Note: Four = Fourier

Additionally the function compares the direction of the neutral current and that of the
calculated zero sequence current. In case of small zero sequence component of the high fault
currents in the phases, this decision improves the stability of the function.

blocking In this system, if the angle between the calculated zero
area sequence current 3lo and the measured neutral current
IN is out of the range of +90 degrees, then the
310 calculated restricted earth fault protection can be blocked (see the
> Figure). For the directional decision, the positive
directions are drawn in Figure above. The output signal
of the directional decision module can block the

restricted earth-fault protection function.

IN measured

A Boolean parameter of the restricted earth-fault protection function serves to enable the
directional checking of the measured and calculated zero sequence currents.

The restricted earth-fault protection function generates a trip signal if the differential current as
the function of the bias current is above the differential characteristic lines and the function is
not blocked by the directional decision. Additionally the operation of the function is enabled by
parameter setting. The conditions of enabling are defined by the user applying the graphic
equation editor.
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Technical data

Function Value Accuracy
Operating characteristic 1 breakpoint

Reset ratio 0,95

Characteristic accuracy <2%
Operate time, restrained typically 20 ms

Reset time, restrained typically 25 ms

Table 43 The technical data of the restricted earth fault protection function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Parameter to enable the zero sequence differential protection function:

DIF87N_Oper EPar_ [ Operation | Off, On | On

Table 44 The enumerated parameter of the restricted earth fault protection function

Boolean parameter

Parameter name Title Default | Explanation
Enabling the directional
DIF87N_DirCheck_BPar Directional check True checking of the measured
— — - and calculated zero sequence
currents

Table 45 The boolean parameter of the restricted earth fault protection function

Integer parameters

Parameter name | Title | Unit [ Min | Max | Step | Default
Parameters for the current magnitude compensation:

DIF87N_TRPri_IPar lo Primary Match % 20 500 1 100
DIF87N_TRNeut_IPar_ Neutral Match % 100 1000 |1 500
Base sensitivity:

DIF87N_f1_IPar | Base Sensitivity | % 10 |50 1 | 30
Slope of the second section of the characteristics:

DIF87N_f2 IPar_ | Slope | % |50 [100 [1 | 70
Break point of the characteristic line:

DIF87N_f2Brk_IPar | Base Sens Bias Limit | % | 100 [200 |1 | 125

Table 46 The integer parameters of the restricted earth fault protection function
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1.3.1.11 Definite time overvoltage protection function (TOV59)

The definite time overvoltage protection function measures three voltages. The measured
values of the characteristic quantity are the RMS values of the basic Fourier components of
the phase voltages.

The Fourier calculation inputs are the sampled values of the three phase voltages (UL1, UL2,
UL3), and the outputs are the basic Fourier components of the analyzed voltages (UL1Four,
UL2Four, UL3Four). They are not part of the TOV59 function; they belong to the preparatory
phase.

The function generates start signals for the phases individually. The general start signal is
generated if the voltage in any of the three measured voltages is above the level defined by
parameter setting value.

The function generates a trip command only if the definite time delay has expired and the
parameter selection requires a trip command as well.

The overvoltaget 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.

Technical data

Function Value Accuracy
Pick-up starting accuracy <+0,5%
Blocking voltage <+15%
Reset time

U< — Un 60 ms

U<—0 50 ms
Operate time accuracy <+20ms
Minimum operate time 50 ms

Table 47 Technical data of the definite time overvoltage protection function

Parameters
Enumerated parameter
Parameter name | Title | Selection range | Default
Enabling or disabling the overvoltage protection function
TOV59 Oper EPar | Operation | Off, On | On
Table 48 The enumerated parameter of the definite time overvoltage protection
function
Integer parameter
Parameter name Title Unit Min Max Step Default

Voltage level setting. If the measured voltage is above the setting value, the function generates
a start signal.

TOV59 StVol IPar | Start Voltage [ % | 30 | 130 [ 1 | 63

Table 49 The integer parameter of the definite time overvoltage protection function

Boolean parameter

Parameter name | Title | Default
Enabling start signal only:
TOV59 StOnly BPar | Start Signal Only | FALSE

Table 50 The boolean parameter of the definite time overvoltage protection function

Timer parameter

Parameter name | Title | Unit | Min [ Max | Step | Default
Time delay of the overvoltage protection function.
TOV59 Delay TPar | Time Delay | ms I | 60000 |1 | 100

Table 51 The timer parameter of the definite time overvoltage protection function
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1.3.1.12 Definite time undervoltage protection function (TUV27)

The definite time undervoltage protection function measures the RMS values of the
fundamental Fourier component of three phase voltages.

The Fourier calculation inputs are the sampled values of the three phase voltages (UL1, UL2,
UL3), and the outputs are the basic Fourier components of the analyzed voltages (UL1Four,
UL2Four, UL3Four). They are not part of the TUV27 function; they belong to the preparatory
phase.

The function generates start signals for the phases individually. The general start signal is
generated if the voltage is below the preset starting level parameter setting value and above
the defined blocking level.

The function generates a trip command only if the definite time delay has expired and the
parameter selection requires a trip command as well.

The operation mode can be chosen by the type selection parameter. The function can be
disabled, and can be set to “1 out of 3”, “2 out of 3", and “All”.

The overvoltage 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.

Technical data

Function Value Accuracy
Pick-up starting accuracy <+x05%
Blocking voltage <+t15%
Reset time

U>— Un 50 ms

U>—-0 40 ms
Operate time accuracy <+20ms
Minimum operate time 50 ms

Table 52 Technical data of the definite time undervoltage protection function
Parameters
Enumerated parameter
Parameter name | Title | Selection range | Default
Parameter for type selection
TUV27 Oper EPar_ | Operation | Off, 1 out of 3, 2 out of 3, All | 1 outof3
Table 53 The enumerated parameter of the definite time undervoltage protection
function

Integer parameters
Parameter name | Title | Unit [ Min [ Max [ Step [ Default
Starting voltage level setting
TUV27 StVol IPar_ | Start Voltage | % | 30 130 |1 | 52
Blocking voltage level setting
TUV27 BIkVol IPar_ | Block Voltage | % [0 | 20 |1 | 10

Table 54 The integer parameters of the definite time undervoltage protection function

Boolean parameter

Parameter name | Title | Default
Enabling start signal only:
TUV27 StOnly BPar_ | Start Signal Only | FALSE

Table 55 The boolean parameter of the definite time undervoltage protection function

Timer parameters

Parameter name | Title | Unit | Min [ Max | Step | Default
Time delay of the undervoltage protection function.
TUV27 Delay TPar | Time Delay [ ms I | 60000 |1 | 100

Table 56 The timer parameter of the definite time undervoltage protection function
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1.3.1.13 Residual definite time overvoltage protection function (TOV59N)

The residual definite time overvoltage protection function operates according to definite time
characteristics, using the RMS values of the fundamental Fourier component of the zero
sequence voltage (UN=3Uo0).

The Fourier calculation inputs are the sampled values of the residual or neutral voltage
(UN=3Uo) and the outputs are the RMS value of the basic Fourier components of those.

The function generates start signal if the residual voltage is above the level defined by
parameter setting value.

The function generates a trip command only if the definite time delay has expired and the
parameter selection requires a trip command as well.

The residual overvoltage 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.

Technical data

Function Value Accuracy
Pick-up starting accuracy 2-8% <x2%
8-60% <+15%
Reset time
U>— Un 60 ms
U>—-20 50 ms
Operate time 50 ms <+20ms

Table 57 Technical data of the residual definite time overvoltage protection function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Parameter for enabling/disabling:

TOV59N Oper EPar | Operation | Off, On | On

Table 58 The enumerated parameter of the residual definite time overvoltage
protection function

Integer parameter

Parameter name | Title | Unit [ Min [ Max | Step | Default
Starting voltage parameter:
TOV59N_StVol IPar_ | Start Voltage | % | 2 |60 |1 | 30
Table 59 The integer parameter of the residual definite time overvoltage protection
function
Boolean parameter
Parameter name | Title | Default
Enabling start signal only:
TOV59N_StOnly BPar | Start Signal Only | FALSE
Table 60 The boolean parameter of the residual definite time overvoltage protection
function
Timer parameter
Parameter name [ Title [Unit [ Min [ Max | Step | Default
Definite time delay:
TOV59N_Delay TPar | Time Delay Ims |0  [60000 |1 | 100
Table 61 The time parameter of the residual definite time overvoltage protection
function
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1.3.1.14 Current unbalance function (VCBG60)

The current unbalance protection function (VCB60) can be applied to detect unexpected
asymmetry in current measurement.

The applied method selects maximum and minimum phase currents (RMS value of the
fundamental Fourier components). If the difference between them is above the setting limit,
the function generates a start signal. It is a necessary precondition of start signal generation
that the maximum of the currents be above 10 % of the rated current and below 150% of the
rated current.

The Fourier calculation modules calculate the RMS value of the basic Fourier current
components of the phase currents individually. They are not part of the VCB60 function; they
belong to the preparatory phase.

The analog signal processing module processes the RMS value of the basic Fourier current
components of the phase currents to prepare the signals for the decision. It calculates the
maximum and the minimum value of the RMS values and the difference between the
maximum and minimum of the RMS values of the fundamental Fourier components of the
phase currents as a percentage of the maximum of these values (Al>). If the maximum of the
currents is above 10 % of the rated current and below 150% of the rated current and the Al>
value is above the limit defined by the preset parameter (Start Current Diff) an output is
generated to the decision module.

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

The trip command is generated after the defined time delay if trip command is enabled by the
Boolean parameter setting.

The function can be disabled by parameter setting, and by an input signal programmed by the
user with the graphic programming tool.

Technical data

Function Value Accuracy
Pick-up starting accuracy at In <2%
Reset ratio 0.95

Operate time 70 ms

Table 62 Technical data of the current unbalance function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Selection of the operating mode

VCB60_Oper_EPar_ | Operation | Off, On | On

Table 63 The enumerated parameter of the current unbalance function

Boolean parameter

Parameter name | Title | Explanation | Default
Selection for trip command
VCB60_StOnly_BPar_ | Start Signal Only | 0 to generate trip command | 0

Table 64 The boolean parameter of the current unbalance function
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| Max | Step | Default

Integer parameter
Parameter name | Title
Phase difference current setting

VCB60_StCurr_IPar_ | Start Current Diff | 10 [90 1

Table 65 The integer parameter of the current unbalance function

| Unit_ | Min

| 50

Timer parameter

Parameter name | Title | Unit | Min | Max | Step [ Default
Time delay

VCB60_Del_TPar_ | Time Delay [ msec  [100 | 60000 | 100 | 1000

Table 66 The timer parameter of the current unbalance function
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1.3.1.15 Breaker failure protection function (BRF50)

After a protection function generates a trip command, it is expected that the circuit breaker
opens and the fault current drops below the pre-defined normal level.

If not, then an additional trip command must be generated for all backup circuit breakers to
clear the fault. At the same time, if required, a repeated trip command can be generated to
the circuit breakers which are a priori expected to open.

The breaker failure protection function can be applied to perform this task.

The starting signal of the breaker failure protection function is usually the trip command of any
other protection function assigned to the protected object. The user has the task to define
these starting signals using the graphic equation editor, or if the operation of the individual
phases is needed, then the start signals for the phases individually.

Two dedicated timers start at the rising edge of the start signals at the same time, one for the
backup trip command and one for the repeated trip command, separately for operation in the
individual phases. During the running time of the timers the function optionally monitors the
currents, the closed state of the circuit breakers or both, according to the user’s choice. The
selection is made using an enumerated parameter.

If current supervision is selected by the user then the current limit values must be set
correctly. The binary inputs indicating the status of the circuit breaker poles have no meaning.

If contact supervision is selected by the user then the current limit values have no meaning.
The binary inputs indicating the status of the circuit breaker poles must be programmed
correctly using the graphic equation editor.

If the parameter selection is “Current/Contact”, the current parameters and the status signals
must be set correctly. The breaker failure protection function resets only if all conditions for
faultless state are fulfilled.

If at the end of the running time of the backup timer the currents do not drop below the pre-
defined level, and/or the monitored circuit breaker is still in closed position, then a backup trip
command is generated.

If repeated trip command is to be generated for the circuit breakers that are expected to open,
then the enumerated parameter Retrip must be set to “On”. In this case, at the end of the
retrip timer(s) a repeated trip command is also generated in the phase(s) where the retrip
timer(s) run off.

The pulse duration of the trip command is not shorter than the time defined by setting the
parameter Pulse length.

The breaker failure protection function can be disabled by setting the enabling parameter to
“Off”.

Dynamic blocking (inhibition) is possible using the binary input Block. The conditions are to be
programmed by the user, using the graphic equation editor.

Technical data

Function Effective range Accuracy
Current accuracy <2 %
Retrip time approx. 15 ms

BF time accuracy +5ms
Current reset time 20 ms

Table 67 Technical data of the breaker failure protection function
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Parameters

Enumerated parameters

Parameter name | Title | Selection range | Default
Selection of the operating mode

BRF50 Oper EPar _ | Operation | Off, Current, Contact, Current/Contact | Current
Switching on or off of the repeated trip command

BRF50 ReTr EPar | Retrip | Off, On | On

Table 68 The enumerated parameters of the breaker failure protection function

Integer parameters

Parameter name | Title | Unit | Min [ Max | Step [ Default
Phase current setting

BRF50 StCurrPh IPar_ [ Start Ph Current | % | 20 200 |1 | 30
Neutral current setting

BRF50_StCurrN_IPar_ | Start Res Current | % | 10 [200 1 | 20

Table 69 The integer parameters of the breaker failure protection function

Timer parameters

Parameter name | Title | Unit | Min [ Max [ Step | Default
Time delay for repeated trip command generation

BRF50 TrDel TPar_ | Retrip Time Delay [ msec [0 | 10000 |1 | 200
Time delay for trip command generation for the backup circuit breaker(s)

BRF50 BUDel TPar | Backup Time Delay | msec [ 60 [ 10000 |1 | 300
Trip command impulse duration

BRF50 Pulse_TPar_ | Pulse Duration [msec [0 | 60000 |1 | 100

Table 70 The timer parameters of the breaker failure protection function
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1.3.1.16 Dead

line detection function (DLD)

The “Dead Line Detection” (DLD) function generates a signal indicating the dead or live state
of the line. Additional signals are generated to indicate if the phase voltages and phase
currents are above the pre-defined limits.

The task of the “Dead Line Detection” (DLD) function is to decide the Dead line/Live line state.

Criteria of “Dead line” state: all three phase voltages are below the voltage setting

value AND all three currents are below the current setting value.

Criteria of “Live line” state: all three phase voltages are above the voltage setting value.

The details are described in the document Dead line detection protection function block

description.

Technical data

Function Value Accuracy
Pick-up voltage 1%
Operation time <20ms
Reset ratio 0.95
Table 71 Technical data of the dead line detection function
Parameters
Integer parameters
Parameter name | Title | Unit | Min [ Max [ Step | Default
Integer parameters of the dead line detection function
DLD ULev_|Par Min. Operate Voltage % 10 100 1 60
DLD ILev_IPar Min. Operate Current % 2 100 1 10

Table 72 The integer parameters of the dead line detection function

1.3.1.17 Pole discordance detection function

In high voltage networks pole discordance is usually not allowed as a continuous mode of
operation. It means that a trip command for the circuit breaker is to be generated if the circuit
breaker is closed only in one phase, or if the circuit breaker is open only in one phase.

The pole discordance protection function receives status signals from the poles of the circuit
breaker. From each pole, the open and closed state is received. Pole discordance is detected
based on these status signals. Pole discordance can be either single phase open or double
phase open state. Separate time delays (Delay 1ph, Delay 2ph) can be set for the two states
and the operation of the function for the two modes can be enabled or disabled separately. If
the dedicated timer expires, the function generates a trip command

The single pole open state detection is enabled by parameter “Trip 1ph” and the single pole
closed detection is by parameter “Trip 2ph”.

Additionally, in some applications an external device processes the status signals of the
circuit breaker poles. In the event of pole discrepancy, the output signal of that external
device (Common) is received by this function. If this external (common) mode of operation is
enabled by Boolean parameter (Common Input) setting, a trip command of the specified
duration is generated. If the dedicated timer (Delay Comm.) expires, the function generates a
trip command.

For these three modes of operation, the duration of the trip command is defined by parameter
setting, and the application of the common “Blk” input signal disables operation.
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The output signals of the function are:
e single phase open state after a specified time delay,
e single phase closed state after a specified time delay,
e general trip command of a given duration after a specified time delay.

Technical data

Function Accuracy
Timer accuracy 5% or £15 ms, whichever is greater
Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Parameter for enabling/disabling
PD Op EPar | Operation | Off, On | On

Boolean parameters

Parameter name Title Default | Explanation

PD_1ph_BPar_ Trip 1ph True Err)]:rt])hng operation if single phase is
PD_2ph_BPar _ Trip 2ph True Egeartl)lmg operation if two phases are
PD_Comlinp_BPar_ Common Input | False E;ﬁtt)lmg the application of the common
Timer parameters

Parameter name | Title | Unit [ Min [ Max [ Step [ Default
Time delay if the common input is applied

PD_DelCom TPar_ | Delay Comm. [ msec | 100 [ 60000 |1 [ 500
Time delay for operation if single phase is open

PD_Dellph TPar_ | Delay 1ph | msec [ 100 | 60000 |1 | 500
Time delay for operation if two phases are open

PD Del2ph TPar_ | Delay 2ph | msec | 100 [ 60000 |1 | 1000
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1.3.1.18 Trip logic (TRC94)

The simple trip logic function operates according to the functionality required by the IEC
61850 standard for the “Trip logic logical node”. This simplified software module can be
applied if only three-phase trip commands are required, that is, phase selectivity is not
applied.

The function receives the trip requirements of the protective functions implemented in the
device and combines the binary signals and parameters to the outputs of the device.

The trip requirements are programmed by the user, using the graphic equation editor. The
aim of the decision logic is

e to define a minimal impulse duration even if the protection functions detect a very
short-time fault.

Technical data

Function | | Accuracy

Impulse time duration | Setting value | <3ms

Table 73 Technical data of the simple trip logic function

Parameters

Enumerated parameter

Parameter name | Title | Selection range | Default
Selection of the operating mode

TRC94 Oper EPar | Operation | Off, On | On

Tables 74 The enumerated parameter of the decision logic

Timer parameter

Parameter name | Title [Unit [ Min  [Max | Step | Default
Minimum duration of the generated impulse
TRC94 TrPu_TPar__ | Min Pulse Duration | msec | 50 | 60000 |1 | 150

Table 75 Timer parameter of the decision logic
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1.3.1.19 Auto-reclose protection (REC79MV)

The MV automatic reclosing function can realize up to four shots of reclosing for medium-
voltage networks. The dead time can be set individually for each reclosing and separately for
earth faults and for multi-phase faults. All shots are of three phase reclosing.

The starting signal of the cycles can be generated by any combination of the protection
functions or external signals of the binary inputs.

The automatic reclosing function is triggered if as a consequence of a fault a protection
function generates a trip command to the circuit breaker and the protection function resets
because the fault current drops to zero or the circuit breaker’s auxiliary contact signals open
state. According to the preset parameter values, either of these two conditions starts counting
the dead time, at the end of which the MV automatic reclosing function generates a close
command automatically. If the fault still exits or reappears, then within the "Reclaim time” the
protection functions picks up again and the subsequent cycle is started. If the fault still exists
at the end of the last cycle, the MV automatic reclosing function trips and generates the signal
for final trip. If no pickup is detected within this time, then the MV automatic reclosing cycle
resets and a new fault will start the procedure with the first cycle again.

At the moment of generating the close command, the circuit breaker must be ready for
operation, which is signaled via the binary input “CB Ready“. The preset parameter value “CB
Supervision time“ decides how long the MV automatic reclosing function is allowed to wait at
the end of the dead time for this signal. If the signal is not received during this dead time
extension, then the MV automatic reclosing function terminates.

Depending on binary parameter settings, the automatic reclosing function block can
accelerate trip commands of the individual reclosing cycles. This function needs user-
programmed graphic equations to generate the accelerated trip command.

The duration of the close command depends on preset parameter value “Close command
time“, but the close command terminates if any of the protection functions issues a trip
command.

The MV automatic reclosing function can control up to four reclosing cycles. Depending on
the preset parameter values “EarthFaults Rec,Cycle* and “PhaseFaults Rec,Cycle®, there are
different modes of operation, both for earth faults and for multi-phase faults:

Disabled No automatic reclosing is selected,

1. Enabled Only one automatic reclosing cycle is selected,
1.2. Enabled Two automatic reclosing cycles are activated,
1.2.3. Enabled Three automatic reclosing cycles are activated,
1.2.3.4. Enabled All automatic reclosing cycles are activated.

The function can be switched Off /On using the parameter “Operation”.

The user can also block the MV automatic reclosing function applying the graphic equation
editor. The binary status variable to be programmed is “Block”.

Depending on the preset parameter value “Reclosing started by, the MV automatic reclosing
function can be started either by resetting of the TRIP command or by the binary signal
indicating the open state of the circuit breaker.

If the reset state of the TRIP command is selected to start the MV automatic reclosing
function, then the conditions are defined by the user applying the graphic equation editor. The
binary status variable to be programmed is “AutoReclosing Start”.

If the open state of the circuit breaker is selected to start the MV automatic reclosing function,
then additionally to programming the “AutoReclosing Start* signal, the conditions for detecting
the open state of the CB are defined by the user applying the graphic equation editor.
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For all four reclosing cycles, separate dead times can be defined for line-to-line faults and for
earth faults. The dead time counter of any reclosing cycle is started by the starting signal but
starting can be delayed.

Reclosing is possible only if the conditions required by the “synchro-check” function are
fulfilled. The conditions are defined by the user applying the graphic equation editor. The HV
automatic reclosing function waits for a pre-programmed time for this signal. This time is
defined by the user. If the “SYNC Release” signal is not received during the running time of
this timer, then the “synchronous switch” operation is started. If no synchronous switching is
possible, then the MV automatic reclosing function resets.

In case of a manual close command which is assigned to the binary input “Manual Close*
using graphic equation programming, a preset parameter value decides how long the MV
automatic reclosing function should be disabled after the manual close command.

The MV automatic reclosing function can be blocked by a binary input. The conditions are
defined by the user applying the graphic equation editor.

Technical data

Function Accuracy

Operating time +1% of setting value or +30 ms

Table 76 Technical data of the auto-reclosing protection function

Parameters

Enumerated parameters
Parameter name | Title | Selection range | Default
Switching ON/OFF the MV automatic reclosing function
REC79 Op EPar | Operation | Off, On | On
Selection of the number of reclosing sequences in case of earth faults
REC79_EFCycEn_EPar | EarthFault | Disabled, 1. Enabled, 1.2. Enabled, 1 Enabled

RecCycle 1.2.3. Enabled, 1.2.3.4. Enabled '

Selection of the number of reclosing sequences in case of line-to-line faults
REC79_PhFCycEn_EPa | PhaseFault | Disabled, 1. Enabled, 1.2. Enabled, 1 Enabled

r RecCycle 1.2.3. Enabled, 1.2.3.4. Enabled

Selection of triggering the dead time counter (trip signal reset or circuit breaker open position)

REC79_St_EPar_ Reclosing

Started by Trip reset, CB open Trip reset

Table 77 The enumerated parameters of the auto-reclosing protection function
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Timer parameters

Parameter name Title Unit Min | Max Ste | Defaul
p t

Dead time setting for the first reclosing cycle for line-to-line fault

REC79 PhDT1 TPar_ | 1. Dead Time Ph Imsec [0 [100000 |10 |[500

Dead time setting for the second reclosing cycle for line-to-line fault

REC79 PhDT2 TPar_ | 2. Dead Time Ph I msec [10 [100000 |10 | 600

Dead time setting for the third reclosing cycle for line-to-line fault

REC79 PhDT3 TPar_ | 3. Dead Time Ph I msec |10 [100000 |10 | 700

Dead time setting for the fourth reclosing cycle for line-to-line fault

REC79 PhDT4 TPar_ | 4. Dead Time Ph I msec |10 [100000 |10 | 800

Dead time setting for the first reclosing cycle for earth fault

REC79 EFDT1 TPar_ | 1. Dead Time EF Imsec [0 [100000 |10 [ 1000

Dead time setting for the second reclosing cycle for earth fault

REC79 EF DT2 TPar_ | 2. Dead Time EF I msec [10 [100000 |10 [ 2000

Dead time setting for the third reclosing cycle for earth fault

REC79 EF DT3_TPar_ | 3. Dead Time EF I msec [10 [100000 |10 [ 3000

Dead time setting for the fourth reclosing cycle for earth fault

REC79 EF DT4 TPar_ | 4. Dead Time EF | msec [10 [100000 |10 [ 4000

Reclaim time setting

REC79 Rec TPar | Reclaim Time | msec | 100 | 100000 |10 [ 2000

Impulse duration setting for the CLOSE command

REC79 Close TPar_ | Close Command Time |msec |10 [10000 [10 | 100

Setting of the dynamic blocking time

REC79 DynBIk_TPar_ | Dynamic Blocking Time | msec |10 [100000 |10 [ 1500

Setting of the blocking time after manual close command

REC79 MC TPar_ | Block after Man Close [ msec [0 | 100000 |10 [ 1000

Setting of the action time (max. allowable duration between protection start and trip)

REC79 Act TPar | Action Time Imsec [0 [20000 [10 [ 1000

Limitation of the starting signal (trip command is too long or the CB open signal received too

late)

REC79 MaxSt TPar | Start Signal Max Time | msec |0 [10000 |10 [ 1000

Max. delaying the start of the dead-time counter

REC79 DtDel TPar | DeadTime Max Delay [ msec [0 | 100000 |10 [ 3000

Waiting time for circuit breaker ready to close signal

REC79 CBTO TPar_ | CB Supervision Time | msec |10 [100000 |10 [ 1000

Waiting time for synchronous state signal

REC79 SYN1 TPar_ | SynCheck Max Time | msec | 500 | 100000 | 10 | 10000

Waiting time for synchronous switching signal

REC79 SYN2 TPar_ | SynSW Max Time | msec | 500 | 100000 |10 | 10000

Table 78 The timer parameters of the auto-reclosing protection function

Boolean parameters

Parameter name Title Default | Explanation

REC79 CBState BPar CB S_tat_e 0 Enable”CB state monitoring for “Not
- - — | Monitoring Ready” state

REC79_Accl_BPar_ Accelerate 1.Trip 0 ﬁ\;szlirate trip command at starting

REC79_Acc2_BPar_ Accelerate 2.Trip 0 ?;é:lczlzrate trip command at starting

REC79_Acc3_BPar_ Accelerate 3.Trip 0 ?;é:lilzrate trip command at starting

REC79_Acc4 _BPar_ Accelerate 4.Trip 0 ?;;‘Zlirate trip command at starting

REC79 Acc5 BPar Accelerate FinTrip 0 Accelerate final trip command

Table 79 The boolean parameters of the auto-reclosing protection function
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1.3.1.20 Voltage transformer supervision function (VTS60)

The voltage transformer supervision function generates a signal to indicate an error in the
voltage transformer secondary circuit. This signal can serve, for example, as a warning,
indicating disturbances in the measurement, or it can disable the operation of the distance
protection function if appropriate measured voltage signals are not available for a distance
decision.

The voltage transformer supervision function is designed to detect faulty asymmetrical states
of the voltage transformer circuit caused, for example, by a broken conductor in the
secondary circuit.

(Another method for detecting voltage disturbances is the supervision of the auxiliary contacts
of the miniature circuit breakers in the voltage transformer secondary circuits. This function is
not described here.)

The user has to generate graphic equations for the application of the signal of this voltage
transformer supervision function.

This function is interconnected with the “dead line detection function”. Although the dead line
detection function is described fully in a separate document, the explanation necessary to
understand the operation of the VT supervision function is repeated also in this document.

The voltage transformer supervision function can be used in three different modes of
application:
Zero sequence detection (for typical applications in systems with grounded neutral):
“VT failure” signal is generated if the residual voltage (3U0) is above the preset voltage
value AND the residual current (310) is below the preset current value.

Negative sequence detection (for typical applications in systems with isolated or
resonant grounded (Petersen) neutral): “VT failure” signal is generated if the negative
sequence voltage component (U2) is above the preset voltage value AND the negative
sequence current component (12) is below the preset current value.

Special application: “VT failure” signal is generated if the residual voltage (3Uo) is
above the preset voltage value AND the residual current (31o) AND the negative
sequence current component (12) are below the preset current values.

The voltage transformer supervision function can be activated if “Live line” status is detected
for at least 200 ms. This delay avoids mal-operation at line energizing if the poles of the circuit
breaker make contact with a time delay. The function is set to be inactive if “Dead line” status
is detected.

If the conditions specified by the selected mode of operation are fulfilled (for at least 4
milliseconds) then the voltage transformer supervision function is activated and the operation
signal is generated. (When evaluating this time delay, the natural operating time of the
applied Fourier algorithm must also be considered.)

NOTE: For the operation of the voltage transformer supervision function the “ Dead line
detection function” must be operable as well: it must be enabled by binary parameter setting,
and its blocking signal may not be active.
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If, in the active state, the conditions for operation are no longer fulfilled, the resetting of the
function depends on the mode of operation of the primary circuit;

e Ifthe “Live line” state is valid, then the function resets after approx. 200 ms of time
delay. (When evaluating this time delay, the natural operating time of the applied
Fourier algorithm must also be considered.)

e Ifthe “Dead line” state is started and the “VTS Failure” signal has been continuous
for at least 100 ms, then the “VTS failure” signal does not reset; it is generated
continuously even when the line is in a disconnected state. Thus, the “VTS Failure”
signal remains active at reclosing.

e Ifthe “Dead line” state is started and the “VTS Failure” signal has not been
continuous for at least 100 ms, then the “VTS failure” signal resets.

Technical data

Function Value Accuracy
Pick-up voltage
l0=0A <1%
12=0A <1%
Operation time <20ms
Reset ratio 0.95

Table 80 Technical data of the voltage transformer supervision function

Parameters

Integer parameters

Parameter name | Title | Unit | Min | Max | Step | Default
Integer parameters of the dead line detection function

DLD ULev IPar Min Operate Voltage % 10 100 1 60
DLD ILev IPar_ Min Operate Current % 2 100 1 10
Starting voltage and current parameter for residual and negative sequence detection:
VTS Uo IPar Start URes % 5 50 1 30
VTS lo_IPar Start IRes % 10 50 1 10
VTS Uneg_IPar Start UNeg % 5 50 1 10
VTS Ineg_IPar Start INeg % 10 50 1 10

Table 81 The integer parameters of the voltage transformer supervision function

Enumerated parameter

Parameter name | Title | Selection range | Default

Parameter for type selection

Off, Zero sequence, Neg. sequence, | Zero
Special sequence

VTS _Oper_EPar_ Operation

Table 82 The enumerated parameter of the voltage transformer supervision function
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1.3.1.21 Automatic tap-changer controller function (ATCC)

One criterion for power quality is to keep the voltage of selected points of the networks within
the prescribed limits. The most common mode of voltage regulation is the application of
transformers with on-load tap changers. When the transformer is connected to different taps,
its turns ratio changes and supposing constant primary voltage, the secondary voltage can be
increased or decreased as required.

Voltage control can take the actual load state of the transformer and the network into
consideration. As a result, the voltage of a defined remote point of the network is controlled
assuring that neither consumers near the busbar nor consumers at the far ends of the
network get voltages out of the required range.

The voltage control function can be performed automatically or, in manual mode of operation,
the personnel of the substation can set the network voltage according to special
requirements.

The automatic tap changer controller function can be applied to perform this task.

The automatic tap changer controller function receives the following analog inputs:

UL1L2 Line-to-line voltage of the controlled secondary side of the transformer

IL1L2 Difference of the selected line currents of the secondary side of the
transformer for voltage drop compensation

IHV Maximum of the phase currents of the primary side of the transformer for

limitation purposes
The parameter “U Correction” permits fine tuning of the measured voltage.

The function performs the following internal checks before control operation (see Figure
below):

e If the voltage of the controlled side UL1L2 is above the value set by the parameter “U
High Limit”, then control to increase the voltage is disabled.

e If the voltage of the controlled side UL1L2 is below the value set by the parameter “U
Low Limit”, then control to decrease the voltage is disabled.

e If the voltage of the controlled side UL1L2 is below the value set by the parameter “U
Low Block”, then the transformer is considered to be de-energized and automatic
control is completely disabled.

e If the current of the supply side IHV is above the limit set by the parameter |
Overload”, then both automatic and manual controls are completely disabled. This is
to protect the switches inside the tap changer.

Automatic control mode

Voltage compensation in automatic control mode
The function gets the Fourier components of the busbar voltage and those of the current:

e UL1L2re and UL1L2im
e IL1L2re and IL1L2im

In automatic control mode the voltage of the controlled side UL1L2 is compensated by the

current of the controlled side IL1L2. This means that the voltage of the “load center” of the

network is controlled to be constant, in fact within a narrow range. This assures that neither

the voltage near to the busbar is too high, nor the voltage at far-away points of the network is

too low. The voltage of the “load center”, i.e. the controlled voltage is calculated as:
|Ucontrol| = |Ubus — Udrop|
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There are two compensation modes to be selected: “AbsoluteComp” and “ComplexComp”.

e If the parameter “Compensation” is set to “AbsoluteComp”, the calculation method
is as follows:

In this simplified method the vector positions are not considered correctly, the formula above
is approximated with the magnitudes only:

|Ucontrol| = |Ubus — Udrop| ® |Ubus| — |Udrop|
% |Ubus| — |I| * (R)CompoundFactor

where
(R) Compound Factor is a parameter value.

If the current is above the value defined by the parameter “I Comp Limit”, then in the formulas
above this preset value is considered instead of the higher values measured.

The method is based on the experiences of the network operator. Information is needed: how
much is the voltage drop between the busbar and the “load center” if the load of the network
is the rated load. The parameter “(R) Compound Factor” means in this case the voltage drop
in percent.

e If the parameter “Compensation” is set to “ComplexComp”, the calculation method
is as follows:

In this simplified method the vector positions are partly considered. In the formula above the
voltage drop is approximated with the component of the voltage drop, the direction of which is
the same as the direction of the bus voltage vector. (This is “length component” of the voltage
drop; the “perpendicular component” of the voltage drop is neglected.)

|Ucontrol| = |Ubus
— [IL1L2;, = (R)CompoundFactor — IL1L2, * XCompoundFactor]|

where
(R) Compound Factor is a parameter value
X Compound Factor is a parameter value

The voltage of the “load center” of the network is controlled to be within a narrow range. This
assures that neither the voltage near to the busbar is too high, nor the voltage at far-away
points of the network is too low.

The method is based on the estimated complex impedance between the busbar and the “load
center”.

The parameter “(R) Compound Factor” means in this case the voltage drop in percent,
caused by the real component of the rated current.

The parameter “X Compound Factor” means in this case the voltage drop in percent,
caused by the imaginary component of the rated current.

NOTE: if the active power flows from the network to the busbar then in “AbsoluteComp” mode
no compounding is performed.
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Voltage checking in automatic control mode

In automatic control mode the calculated | Ucontrol | voltage is checked to see if it is outside
the limits. The limits are defined by parameter values:

U Set is the setting value defining the centre of the permitted range
U Deadband is the width of the permitted range in both + and — directions
Deadband Hysteresis is the hysteresis decreasing the permitted range of the ,U

Deadband” after the generation of the control command.
If the calculated | Ucontrol | voltage is outside the limits, then timers are started.

In an emergency state of the network, when the network elements are overloaded, the Uset
value can be driven to two lower values defined by the parameters “Voltage Reduction 1” and
“Voltage Reduction 2”. “U Set” is decreased by the parameter values if the binary inputs
“VRed 1” or “VRed 2” enter into active state. These inputs must be programmed graphically

by the user.
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Time delay in automatic control mode

In automatic control mode the first and every subsequent control command is processed
separately.

For the first control command:

The voltage difference is calculated:
Udiff= |Ucontrol- Uset|

If this difference is above the U Deadband value, and depending on the setting of parameter
“T1 Delay Type”, three different timing modes can be selected:

e “Definite” this definite time delay is defined by parameter T1
e ‘“Inverse” standard IDMT characteristic defined by the parameters:
o T1 maximum delay defined by the parameter
o U Deadband is the width of the permitted range in both + and — directions
o Min Delay minimum time delay
Tdelay = %ﬁlﬂ" but minimum Min Delay
Udeadband

e “2powerN”
(q—__Udiff
TﬂfEEﬂ.}-‘ =T1*2" Udeadband'

The binary parameters “Fast Lower Enable” and/or “Fast Higher Enable” enable fast
command generation if the voltage is above the parameter value “U High Limit” or below the
“U Low Limit”. In this case, the time delay is a definite time delay defined by parameter “T2”.
For subsequent control commands:

In this case, the time delay is always a definite time delay defined by parameter “T2” if the

subsequent command is generated within the ,Reclaim time” defined by a parameter.

The automatic control mode can be blocked by a binary signal received via binary input
+AutoBlk” and generates a binary output signal “AutoBlocked (ext)”

Manual control mode

In manual mode, the automatic control is blocked. The manual mode can be “Local” or
“Remote”. For this mode, the input “Manual” needs to be in active state (as programmed by
the user).

In the local mode, the input “Local” needs to be in active state. The binary inputs “ManHigher”
or “ManLower” must be programmed graphically by the user.

In the remote mode, the input “Remote” needs to be in active state as programmed by the
user. In this case manual commands are received via the communication interface.
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Command generation and tap changer supervision

The software module “CMD&TC SUPERV” is responsible for the generation of the
“HigherCmd” and “LowerCmd” command pulses, the duration of which is defined by the
parameter “Pulse Duration”. This is valid both for manual and automatic operation.

The tap changer supervision function receives the information about the tap changer position
in six bits of the binary inputs “Bit0 to Bit5”. The value is decoded according to the
enumerated parameter “CodeType”, the values of which can be: Binary, BCD or Gray. During
switchover, for the transient time defined by the parameter “Position Filter”, the position is not
evaluated.

The parameters “Min Position” and “Max Position” define the upper and lower limits. In the
upper position, no further increasing command is generated and the output “Max Pos
Reached” becomes active. Similarly, in the lower position, no further decreasing command is
generated and the output “Min Pos Reached” becomes active.

The function also supervises the operation of the tap changer. Depending on the setting of
parameter “TC Supervision”, three different modes can be selected:

e TCDrive the supervision is based on the input “TCRun”. In this case, after
command generation the drive is expected to start operation within one
quarter of the value defined by the parameter “Max Operating Time”
and it is expected to perform the command within “Max Operating
Time”

e Position the supervision is based on the tap changer position in six bits of the
binary inputs “Bit0 to Bit5”. It is checked if the tap position is
incremented in case of a voltage increase, or the tap position is
decremented in case of a voltage decrease, within the “Max Operating
Time”.

e Both in this mode the previous two modes are combined.

In case of an error detected in the operation of the tap changer, the “Locked” input becomes

active and no further commands are performed. To enable further operation, the input “Reset”
must be programmed for an active state by the user.
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Technical data

Function Range Accuracy
Voltage measurement 50 % <U<130% <1%
Definite time delay <2% or £20 ms, whichever is greater
Inverse and “2powerN” time delay 12 % < U < 25% <5%
25 % < U < 50% <2% or £20 ms, whichever is greater

Table 83 Technical data of the automatic tap-changer controller function

Parameters

Enumerated parameters
Parameter name | Title | Selection range | Default
Control model, according to IEC 61850
ATCC_ctIMod_EPar_ ControlModel Direct normal, Direct enhanced, | Direct normal

SBO enhanced

Select before operate class, according to IEC 61850

ATCC sboClass EPar | sboClass | Operate-once, Operate-many | Operate-once

Parameter for general blocking of the function

ATCC_Oper_EPar | Operation | Off,On | Off

Parameter for time delay mode selection

ATCC T1Type EPar | T1 Delay Type | Definite, Inverse, 2powerN | Definite

Selection for compensation mode

ATCC Comp_EPar | Compensation | Off, AbsoluteComp, ComplexComp [ Off

Tap changed supervision mode selection

ATCC_TCSuper EPar | TC Supervision | Off, TCDrive, Position, Both | Off

Decoding of the position indicator bits

ATCC_CodeType EPar | CodeType | Binary, BCD, Gray | Binary
Table 84 The enumerated parameters of the automatic tap-changer controller

function

Boolean parameters

Parameter name Title Explanation Default

ATCC_FastHigh BPar_ | Fast Higher Enable | Enabling fast higher control command | O

ATCC FastLow BPar Fast Lower Enable Enabling fast lower control command | O

Table 85 The boolean parameters of the automatic tap-changer controller function

Integer parameters

Parameter name | Title | Unit | Min | Max [ Step | Default
Code value of the minimum position

ATCC_MinPos_lpar_ | Min Position | |1 |32 |1 |1
Code value of the maximum position

ATCC_MaxPos_lIpar _ | Max Position | |1 |32 |1 | 32

Table 86 The integer parameters of the automatic tap-changer controller function

Timer parameters

Parameter name | Title [ Unit  [Min [Max | Step | Default
Time limit for tap-change operation

ATCC_TimOut_TPar | Max Operating Time | msec | 1000 | 30000 |1 | 5000
Command impulse duration

ATCC_Pulse TPar_ | Pulse Duration | msec [ 100 [ 10000 |1 | 1000
Time overbridging the transient state of the tap changer status signals

ATCC_MidPos_TPar_ | Position Filter | msec | 1000 | 30000 |1 | 3000
Select before operate timeout, according to IEC 61850

ATCC_SBOTimeout TPar | SBO Timeout | msec | 1000 | 20000 |1 | 5000

Table 87 The timer parameters of the automatic tap-changer controller function
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Float point parameters

Parameter name | Title [ Unit [ Min [ Max | Digits | Default
Factor for fine tuning the measured voltage:

ATCC Ubias_FPar_ | U Correction | - ] 0.950 [1.050 [3 | 1.000
Set-point for voltage regulation, related to the rated voltage (valid at I=0):

ATCC_USet FPar_ | U Set | % |80.0 1150 |1 | 100.0
Dead band for voltage regulation, related to the rated voltage:

ATCC_UDead FPar_ | U Deadband | % | 0.5 | 9.0 |1 | 3.0
Hysteresis value for the dead band, related to the dead band:

ATCC DeadHyst FPar | Deadband Hysteresis | % | 60 | 90 I | 85
Parameter for the current compensation:

ATCC_URinc_FPar _ | (R) Compound Factor | % | 0.0 |150 |1 | 5.0
Parameter for the current compensation:

ATCC_UXinc_FPar_ | X Compound Factor | % | 0.0 [150 |1 | 5.0
Reduced set-point 1 for voltage regulation (priority), related to the rated voltage:

ATCC_VRedl FPar | Voltage Reduction1 | % | 0.0 |100 [1 | 5.0
Reduced set-point 2 for voltage regulation, related to the rated voltage:

ATCC_VRed2 FPar | Voltage Reduction 2 | % | 0.0 |100 [1 | 5.0
Maximum current value to be considered in current compensation formulas:
ATCC_ICompLim_FPar_ | | Comp Limit | % 000 150 |oO |1
Current upper limit to disable all operation:

ATCC_IHVOC FPar _ | | Overload | % | 50 150 |0 | 100
Voltage upper limit to disable step up:.

ATCC_UHigh FPar_ | U High Limit | % 190.0 1200 |1 | 110.0
Voltage lower limit to disable step down:

ATCC ULow_FPar | U Low Limit | % |70.0 1100 |1 | 90.0
Voltage lower limit to disable all operation:

ATCC UBlock_FPar | U Low Block | % |50.0 [100.0 [1 | 70.0
Time delay for the first control command generation:

ATCC T1 FPar | T1 [sec [1.0 [600.0 |1 | 10.0
Definite time delay for subsequent control command generation or fast operation (if it is enabled):
ATCC_T2 FPar_ | T2 [sec  [1.0 1000 |1 | 10.0
In case of dependent time characteristics, this is the minimum time delay

ATCC_MinDel FPar_ | Min Delay [sec  [1.0 | 1000 |1 | 10.0

After a control command, if the voltage is out of the range within the reclaim time, then the command
is generated after T2 time delay

ATCC Recl FPar_ | Reclaim Time |sec [1.0 | 1000 |1 | 10.0

Table 88 The float point parameters of the automatic tap-changer controller function
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1.3.2 Measuring functions

The measured values can be checked on the touch-screen of the device in the “On-line
functions” page, or using an Internet browser of a connected computer. The displayed values
are secondary voltages and currents, except the blocks MXU_IT; MXU_C; ATCCIT”. This
specific block displays the measured values in primary units, using CT and VT primary value
settings.

VT4 module MV

Voltage Ch - Ul

RMS value of the Fourier fundamental harmonic
voltage component in phase L1

Angle Ch - U1

Phase angle of the Fourier fundamental harmonic
voltage component in phase L1*

Voltage Ch - U2

RMS value of the Fourier fundamental harmonic
voltage component in phase L2

Angle Ch - U2

Phase angle of the Fourier fundamental harmonic
voltage component in phase L2*

Voltage Ch - U3

RMS value of the Fourier fundamental harmonic
voltage component in phase L3

Angle Ch - U3

Phase angle of the Fourier fundamental harmonic
voltage component in phase L3*

Voltage Ch - U4

RMS value of the Fourier fundamental harmonic
voltage component in Channel U4

Angle Ch - U4

Phase angle of the Fourier fundamental harmonic
voltage component in Channel U4*

CT4 module HV

Current Ch - 11

RMS value of the Fourier fundamental harmonic
current component in phase L1

Angle Ch - 11

Phase angle of the Fourier fundamental harmonic
current component in phase L1*

Current Ch - 12

RMS value of the Fourier fundamental harmonic
current component in phase L2

Angle Ch - 12

Phase angle of the Fourier fundamental harmonic
current component in phase L2*

Current Ch - 13

RMS value of the Fourier fundamental harmonic
current component in phase L3

Angle Ch - I3

Phase angle of the Fourier fundamental harmonic
current component in phase L3*

CurrentCh - 14

RMS value of the Fourier fundamental harmonic
current component in Channel 14

Angle Ch - 14

Phase angle of the Fourier fundamental harmonic
current component in Channel 14*

CT4 module MV

CurrentCh - 11

RMS value of the Fourier fundamental harmonic
current component in phase L1

Angle Ch - 11

Phase angle of the Fourier fundamental harmonic
current component in phase L1*

Current Ch - 12

RMS value of the Fourier fundamental harmonic
current component in phase L2

Angle Ch - 12

Phase angle of the Fourier fundamental harmonic
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current component in phase L2*

Current Ch - I3

RMS value of the Fourier fundamental harmonic
current component in phase L3

Angle Ch - I3

Phase angle of the Fourier fundamental harmonic
current component in phase L3*

Current Ch - 14

RMS value of the Fourier fundamental harmonic
current component in Channel 14

Angle Ch - 14

Phase angle of the Fourier fundamental harmonic
current component in Channel 14*

CT4 module HV Meas.

Current Ch - 11

RMS value of the Fourier fundamental harmonic
current component in phase L1

Angle Ch -1

Phase angle of the Fourier fundamental harmonic
current component in phase L1*

Current Ch - 12

RMS value of the Fourier fundamental harmonic
current component in phase L2

Angle Ch - 12

Phase angle of the Fourier fundamental harmonic
current component in phase L2*

Current Ch - I3

RMS value of the Fourier fundamental harmonic
current component in phase L3

Angle Ch - I3

Phase angle of the Fourier fundamental harmonic
current component in phase L3*

Current Ch - 14

RMS value of the Fourier fundamental harmonic
current component in Channel 14

Angle Ch - 14

Phase angle of the Fourier fundamental harmonic
current component in Channel 14*

CT4 module MV Meas.

Current Ch - 11

RMS value of the Fourier fundamental harmonic
current component in phase L1

Angle Ch -1

Phase angle of the Fourier fundamental harmonic
current component in phase L1*

Current Ch - 12

RMS value of the Fourier fundamental harmonic
current component in phase L2

Angle Ch - 12

Phase angle of the Fourier fundamental harmonic
current component in phase L2*

Current Ch - I3

RMS value of the Fourier fundamental harmonic
current component in phase L3

Angle Ch - I3

Phase angle of the Fourier fundamental harmonic
current component in phase L3*

Current Ch - 14

RMS value of the Fourier fundamental harmonic
current component in Channel 14

Angle Ch - 14

Phase angle of the Fourier fundamental harmonic
current component in Channel 14*

Differential 2w

The calculated differential current in phase L1

| Diff L1 )
(after vector group compensation)
: The calculated differential current in phase L2
| Diff L2 )
(after vector group compensation)
| Diff L3 The calculated differential current in phase L3
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(after vector group compensation)

The calculated restraint current in phase L1 (after

| Bias L1 :
vector group compensation)
. The calculated restraint current in phase L2 (after
| Bias L2 .
vector group compensation)
| Bias L3 The calculated restraint current in phase L3 (after

vector group compensation)

Restricted EF MV

Diff Current The calculated differential current
Bias Current The calculated restraint current
Thermal Overload HV
Calc Temperature Calculated temperature
Power Supply
Auxiliary voltage Auxiliary voltage

Voltage Control (here the displayed information means primary value)

True RMS value of the voltage between phases

U Bus L1 L2 on MV bus
U Controlled
Uset actual Setting voltage

Transformer meas (here the displayed information means primary value)
(Secondary side of the transformer)

Active Power - P Three-phase active power

Reactive Power - Q Three-phase reactive power

Current L1 True RMS value of the current in phase L1

Current L2 True RMS value of the current in phase L2

Current L3 True RMS value of the current in phase L3

Voltage L12 True RMS value of the voltage between phases
L1L2

Voltage L23 True RMS value of the voltage between phases
L2 L3

Voltage L31 I;uisMS value of the voltage between phases

Current measurementHV (here the displayed information means primary value)
(Primary side of the transformer)

Current L1 True RMS value of the current in phase L1
Current L2 True RMS value of the current in phase L2
Current L3 True RMS value of the current in phase L3
Residual Current True RMS value of the residual current

* The refernce angle is the phase angle of “Voltage Ch - U1”
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1.3.2.1 Voltage input function (VT4)

If the factory configuration includes a voltage transformer hardware module, the voltage input
function block is automatically configured among the software function blocks. Separate
voltage input function blocks are assigned to each voltage transformer hardware module.

A voltage transformer hardware module is equipped with four special intermediate voltage
transformers. (See Chapter 6 of the EuroProt+ hardware description document.) As usual, the
first three voltage inputs receive the three phase voltages (UL1, UL2, UL3), the fourth input is
reserved for zero sequence voltage or for a voltage from the other side of the circuit breaker
for synchron switching. All inputs have a common parameter for type selection: 100V or 200V.

Additionally, there is a correction factor available if the rated secondary voltage of the main
voltage transformer (e.g. 110V) does not match the rated input of the device.

The role of the voltage input function block is to
e setthe required parameters associated to the voltage inputs,
e deliver the sampled voltage values for disturbance recording,
e perform the basic calculations
o Fourier basic harmonic magnitude and angle,
o True RMS value;
e provide the pre-calculated voltage values to the subsequent software modules,
e deliver the basic calculated values for on-line displaying.

Operation of the voltage input algorithm

The voltage input function block receives the sampled voltage values from the internal
operating system. The scaling (even hardware scaling) depends on parameter setting. See
the parameter VT4_Type EPar_ (Range). The options to choose from are 100V or 200V.
This parameter influences the internal number format and, naturally, accuracy. (A small
voltage is processed with finer resolution if 100V is selected.)

The connection of the first three VT secondary winding must be set to reflect actual physical
connection. The associated parameter is VT4_Ch13Nom_EPar_ (Connection U1-3). The
selection can be: Ph-N, Ph-Ph or Ph-N-Isolated.

The Ph-N option is applied in solidly grounded networks, where the measured phase voltage
is never above 1.5-Un. In this case the primary rated voltage of the VT must be the value of
the rated PHASE-TO-NEUTRAL voltage.

The Ph-N option is applied in compensated or isolated networks, where the measured phase
voltage can be above 1.5-Un even in normal operation. In this case the primary rated voltage
of the VT must be the value of the rated PHASE-TO-PHASE voltage.

If phase-to-phase voltage is connected to the VT input of the device, then the Ph-Ph option is
to be selected. Here, the primary rated voltage of the VT must be the value of the rated
PHASE-TO-PHASE voltage. This option must not be selected if the distance protection
function is supplied from the VT input.

The fourth input is reserved for zero sequence voltage or for a voltage from the other side of
the circuit breaker for synchron switching. Accordingly, the connected voltage must be
identified with parameter setting VT4_Ch4Nom_EPar_ (Connection U4). Here, phase-to-
neutral or phase-to-phase voltage can be selected: Ph-N,Ph-Ph

If needed, the phase voltages can be inverted by setting the parameter VT4 _Ch13Dir_EPar_
(Direction U1-3). This selection applies to each of the channels UL1, UL2 and UL3. The fourth
voltage channel can be inverted by setting the parameter VT4_Ch4Dir_EPar_ (Direction U4).
This inversion may be needed in protection functions such as distance protection, differential
protection or for any functions with directional decision, or for checking the voltage vector
positions.
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Additionally, there is a correction factor available if the rated secondary voltage of the main
voltage transformer (e.g. 110V) does not match the rated input of the device. The related
parameter is VT4_CorrFact_IPar_ (VT correction). As an example: if the rated secondary
voltage of the main voltage transformer is 110V, then select Type 100 for the parameter
“Range” and the required value to set here is 110%.

These sampled values are available for further processing and for disturbance recording.

The performed basic calculation results the Fourier basic harmonic magnitude and angle and
the true RMS value of the voltages. These results are processed by subsequent protection
function blocks and they are available for on-line displaying as well.

The function block also provides parameters for setting the primary rated voltages of the main
voltage transformer. This function block does not need that parameter setting. These values
are passed on to function blocks such as displaying primary measured values, primary power
calculation, etc. Concerning the rated voltage, see the instructions related to the parameter
for the connection of the first three VT secondary winding.

Parameters
Enumerated parameters

Parameter name | Title | Selection range | Default

Rated secondary voltage of the input channels. 100 V or 200V is selected by parameter
setting, no hardware modification is needed.

VT4 Type EPar | Range | Type 100,Type 200 | Type 100
Connection of the first three voltage inputs (main VT secondary)

. Ph-N, Ph-Ph,
VT4_Ch13Nom_EPar_ | Connection U1-3 Ph-N-Isolated Ph-N
Selection of the fourth channel input: phase-to-neutral or phase-to-phase voltage
VT4 Ch4Nom EPar | Connection U4 | Ph-N,Ph-Ph | Ph-Ph
Definition of the positive direction of the first three input channels, given as normal or inverted
VT4 Ch13Dir EPar_ | Direction U1-3 | Normal,Inverted | Normal
Definition of the positive direction of the fourth voltage, given as normal or inverted
VT4 Ch4Dir EPar | Direction U4 | Normal,Inverted | Normal

Table 89 The enumerated parameters of the voltage input function

Integer parameter

Parameter name | Title | Unit [ Min | Max | Step | Default
Voltage correction
VT4 CorrFact IPar_ | VT correction | % | 100] 115 1 [ 100

Table 90 The integer parameter of the voltage input function

Floating point parameters

Parameter name | Title | Dim. [ Min | Max | Default
Rated primary voltage of channell

VT4 PriUl _FPar | Rated Primary U1 | kV |1 | 1000 | 100
Rated primary voltage of channel2

VT4 PriU2_FPar | Rated Primary U2 | kV |1 ]1000 | 100
Rated primary voltage of channel3

VT4 PriU3_FPar | Rated Primary U3 | kV |1 ]1000 | 100
Rated primary voltage of channel4

VT4 PriU4 FPar | Rated Primary U4 | kV |1 | 1000 | 100

Table 91 The floating point parameters of the voltage input function
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NOTE: The rated primary voltage of the channels is not needed for the voltage input function
block itself. These values are passed on to the subsequent function blocks.

Function Range Accuracy

Voltage accuracy 30% ... 130% <05%

Table 92 Technical data of the voltage input

Measured values

Measured value | Dim. Explanation

Voltage Ch - Ul V(secondary) Fourier basic component of the voltage in channel UL1
Angle Ch - Ul degree Vector position of the voltage in channel UL1

Voltage Ch — U2 | V(secondary) Fourier basic component of the voltage in channel UL2
Angle Ch — U2 degree Vector position of the voltage in channel UL2

Voltage Ch — U3 | V(secondary) Fourier basic component of the voltage in channel UL3
Angle Ch — U3 degree Vector position of the voltage in channel UL3

Voltage Ch — U4 | V(secondary) Fourier basic component of the voltage in channel U4
Angle Ch-U4 degree Vector position of the voltage in channel U4

Table 93 The measured analogue values of the voltage input function

NOTEL: The scaling of the Fourier basic component is such if pure sinusoid 57V RMS of the
rated frequency is injected, the displayed value is 57V. (The displayed value does not depend
on the parameter setting values “Rated Secondary”.)

NOTE2: The reference vector (vector with angle 0 degree) is the vector calculated for the first
voltage input channel of the first applied voltage input module.

The figure below shows an example of how the calculated Fourier components are displayed
in the on-line block. (See the document EuroProt+ “Remote user interface description”.)

[-]1 ¥T4 module

Valtage Ch - U1 BE.75 ¥
angle Ch - U1 0 deg
Waoltage Ch - U2 51.46 ¥
Angle Ch - U2 -112 deg
Waoltage Ch - U3 G054 ¥
angle Ch - U3 128 deg
Yoltage Ch - U4 0.a0 ¥
angle Ch - Ug ] deg
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1.3.2.2 Current input function (CT4)

If the factory configuration includes a current transformer hardware module, the current input
function block is automatically configured among the software function blocks. Separate
current input function blocks are assigned to each current transformer hardware module.

A current transformer hardware module is equipped with four special intermediate current
transformers. (See Chapter 5 of the EuroProt+ hardware description document.) As usual, the
first three current inputs receive the three phase currents (IL1, IL2, IL3), the fourth input is
reserved for zero sequence current, for the zero sequence current of the parallel line or for
any additional current. Accordingly, the first three inputs have common parameters while the
fourth current input needs individual setting.

The role of the current input function block is to

e set the required parameters associated to the current inputs,

o deliver the sampled current values for disturbance recording,

e perform the basic calculations

o Fourier basic harmonic magnitude and angle,

o True RMS value;
provide the pre-calculated current values to the subsequent software modules,
deliver the basic calculated values for on-line displaying.

Operation of the current input algorithm

The current input function block receives the sampled current values from the internal
operating system. The scaling (even hardware scaling) depends on parameter setting. See
parameters CT4_Ch13Nom_EPar_ (Rated Secondary 11-3) and CT4_Ch4Nom_EPar_ (Rated
Secondary 14). The options to choose from are 1A or 5A (in special applications, 0.2A or 1A).
This parameter influences the internal number format and, naturally, accuracy. (A small
current is processed with finer resolution if 1A is selected.)

If needed, the phase currents can be inverted by setting the parameter CT4_Ch13Dir_EPar_
(Starpoint 11-3). This selection applies to each of the channels IL1, IL2 and IL3. The fourth
current channel can be inverted by setting the parameter CT4_Ch4Dir_EPar (Direction 14).
This inversion may be needed in protection functions such as distance protection, differential
protection or for any functions with directional decision.

These sampled values are available for further processing and for disturbance recording.

The performed basic calculation results the Fourier basic harmonic magnitude and angle and
the true RMS value. These results are processed by subsequent protection function blocks
and they are available for on-line displaying as well.

The function block also provides parameters for setting the primary rated currents of the main
current transformer. This function block does not need that parameter setting. These values
are passed on to function blocks such as displaying primary measured values, primary power
calculation, etc.

Technical data

Function Range Accuracy

Current accuracy 20 — 2000% of In +1% of In

Table 94 Technical data of the current input
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Parameters
Enumerated parameters

Parameter name | Title | Selection range | Default

Rated secondary current of the first three input channels. 1A or 5A is selected by parameter
setting, no hardware modification is needed.

CT4 Ch13Nom EPar_ | Rated Secondary 11-3 | 1A5A | 1A

Rated secondary current of the fourth input channel. 1A or 5A is selected by parameter setting,
no hardware modification is needed.

1A,5A

(0.2A or 1A) 1A

CT4_Ch4Nom_EPar_ Rated Secondary 14

Definition of the positive direction of the first three currents, given by location of the secondary
star connection point

CT4_Ch13Dir EPar | Starpoint 11-3 | Line,Bus | Line
Definition of the positive direction of the fourth current, given as normal or inverted
CT4_Ch4Dir_EPar | Direction 14 | Normal,Inverted | Normal

Table 95 The enumerated parameters of the current input function

Floating point parameters

Parameter name | Title | Dim. | Min | Max | Default
Rated primary current of channell

CT4_Prill_FPar_ | Rated Primary 11 | A | 100 | 4000 | 1000
Rated primary current of channel2

CT4 _Pril2_FPar | Rated Primary 12 | A | 100 | 4000 [ 1000
Rated primary current of channel3

CT4_Pril3_FPar | Rated Primary 13 | A | 100 | 4000 | 1000
Rated primary current of channel4

CT4_Pril4_FPar_ | Rated Primary 14 | A | 100 | 4000 | 1000

Table 96 The floating point parameters of the current input function

NOTE: The rated primary current of the channels is not needed for the current input function
block itself. These values are passed on to the subsequent function blocks.

The measured values of the current input function block.

Measured value | Dim. Explanation

Current Ch - 11 A(secondary) Fourier basic component of the current in channel IL1
Angle Ch - 11 degree Vector position of the current in channel IL1

Current Ch — 12 A(secondary) Fourier basic component of the current in channel IL2
Angle Ch —12 degree Vector position of the current in channel IL2

Current Ch — 13 A(secondary) Fourier basic component of the current in channel IL3
Angle Ch—13 degree Vector position of the current in channel IL3

Current Ch—14 A(secondary) Fourier basic component of the current in channel 14
Angle Ch — 14 degree Vector position of the current in channel 14

Table 97 The measured analogue values of the current input function

NOTE1: The scaling of the Fourier basic component is such that if pure sinusoid 1A RMS of
the rated frequency is injected, the displayed value is 1A. (The displayed value does not
depend on the parameter setting values “Rated Secondary”.)

NOTE2: The reference of the vector position depends on the device configuration. If a
voltage input module is included, then the reference vector (vector with angle 0 degree) is the
vector calculated for the first voltage input channel of the first applied voltage input module. If
no voltage input module is configured, then the reference vector (vector with angle 0 degree)
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is the vector calculated for the first current input channel of the first applied current input
module.

Error! Reference source not found. shows an example of how the calculated Fourier c
omponents are displayed in the on-line block. (See the document “EuroProt+ Remote user
interface description”.)

[-1CT4 module

Current Ch - 11 0.684 A
angle Ch - 11 -9 deg
Current Ch - 12 0.684 A
fngle Ch - 12 -129 deg
Current Ch - I3 0.85 A
angle Ch - 13 111 deqg
Current Ch - 14 0.o0 A
Angle Ch - 14 0 deg
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1.3.2.3 Line measurement function (MXU)

The input values of the EuroProt+ devices are the secondary signals of the voltage
transformers and those of the current transformers.

These signals are pre-processed by the “Voltage transformer input” function block and by the
“Current transformer input” function block. These function blocks are described in separate
documents. The pre-processed values include the Fourier basic harmonic components of the
voltages and currents and the true RMS values. Additionally, it is in these functions that
parameters are set concerning the voltage ratio of the primary voltage transformers and
current ratio of the current transformers.

Based on the pre-processed values and the measured transformer parameters, the “Line
measurement” function block calculates — depending on the hardware and software
configuration — the primary RMS values of the voltages and currents and some additional
values such as active and reactive power, symmetrical components of voltages and currents.
These values are available as primary quantities and they can be displayed on the on-line
screen of the device or on the remote user interface of the computers connected to the
communication network and they are available for the SCADA system using the configured
communication system.

It is usual for the SCADA systems that they sample the measured and calculated values in
regular time periods and additionally they receive the changed values as reports at the
moment when any significant change is detected in the primary system. The “Line
measurement” function block is able to perform such reporting for the SCADA system.

The inputs of the line measurement function are
e the Fourier components and true RMS values of the measured voltages and currents,
e frequency measurement,
e parameters.

The outputs of the line measurement function are
o displayed measured values,
e reports to the SCADA system.

NOTE: the scaling values are entered as parameter setting for the “Voltage input” function
block and for the “Current input” function block.

The measured values of the line measurement function depend on the hardware
configuration.

The available quantities are described in the relevant configuration description documents.

As an example, the Figure below shows the list of the measured values available in a
configuration for compensated networks.
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[-] Line measurement

Active Power - P 1796714 kw
Reactive Power - Q 1041457 k¥ar
Current L1 g7 A
Current L2 g7 1)
Current L3 97 1
Valtage L12 120.0 ky
Voltage L23 120.0 k¥
Voltage L31 120.0 k¥
Residual Woltage nn k¥
Frequency 5000 Hz

For reporting to the SCADA, additional information is needed, which is defined in parameter
setting. As an example in a configuration for solidly grounded the following parameters are
available:

Parameters

Enumerated parameters

Parameter name | Title | Selection range | Default

Selection of the reporting mode for active power measurement

MXU_PRepMode_EPar_ | Operation ActivePower Off, Amplitude, Amplitude
Integrated

Selection of the reporting mode for current measurement

MXU_IRepMode_EPar_ | Operation Current Off, Amplitude, Amplitude
Integrated

Table 98 Enumerated parameters of the line measurement function

Floating point parameters

Parameter name | Title | Dim. | Min [ Max | Step | Default

Deadband value for the active power

MXU_PDeadB_FPar_ | Deadband value-P [ MW [ 0.1 [ 100000 [0.01 |10

Range value for the active power

MXU_PRange FPar | Range value - P | MW | 1 | 100000 | 0.01 | 500
Deadband value for the current

MXU_IDeadB_FPar | Deadband value -1 | A |1 |2000 [1 | 10
Range value for the current

MXU_IRange FPar_ | Range value - | | A [ 1 |5000 |1 | 500

Table 99 Floating point parameters of the line measurement function

) Deadband value
Amplitude (pl.A)

reportl report2 report3
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If the “Amplitude” mode is selected for reporting, a report is generated if the measured value
leaves the deadband around the previously reported value. As an example, Figure above
shows that the current becomes higher than the value reported in “report1” plus the deadband
value, this results “report2”, etc.

The “Range” parameters in Table above are needed to evaluate a measurement as “out-of-
range”.
Deadband*1 sec

I.A sec
Integrated ® )

reportl report2 report3 report4

If the “Integrated” mode is selected for reporting, a report is generated if the time integral of
the measured value since the last report becomes larger, in the positive or negative direction,
then the [deadband*1sec] area. As an example, Figure above shows that the integral of the
current in time becomes higher than the Deadband value multiplied by 1sec, this results
“report2”, etc.

Periodic reporting is generated independently of the changes of the measured values when

the defined time period elapses. As an example, the required parameter setting is shown in
Table below.

Integer parameters

Parameter name | Title | Unit [ Min | Max | Step | Default
Reporting time period for the active power

MXU_PIntPer_IPar_ | Report periodP [sec [0 [3600 |1 )
Reporting time period for the current

MXU_lIntPer_IPar | Reportperiodl |[sec [0 [3600 |1 |0

Table 100 Integer parameters of the line measurement function

If the reporting time period is set to 0, then no periodic reporting is performed for this quantity.

All reports can be disabled for a quantity if the reporting mode is set to “Off’ by the Selection
parameter.

Technical data

Function Range Accuracy
Current accuracy
. 0,2In—-0,51n +2%, +1 digit

with CT/5151 or CT/5102 modules 051n—201n +1%, +1 digit

with CT/1500 module 0,03In=21n +0,5%, +1 digit
Voltage accuracy 5 —150% of Un 10.5% of Un, £1 digit
Power accuracy 1>5% In +3%, +1 digit
Frequency accuracy U>3.5%Un 2mHz

45Hz — 55Hz

Table 101 Technical data of the line measurement function
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1.3.3 Disturbance recorder

The DV7500 configuration contains a disturbance recorder function. The details are described

in the document shown in Table 102.

Name Title Document
DRE Disturbance Rec Disturbance recorder function block
description

Table 102 Implemented disturbance recorder function

The recorded analog and digital channels:

Recorded analog signal

Channel source signal

phase current 4 HV

MAN_TO1 (phase current 4 HV)

phase current 8 HV

MAnNn_TO02 (phase current 8 HV)

phase current 12 HV

MAnNn_TO03 (phase current 12 HV)

phase current 4 MV

MANn_RO1 (phase current 4 MV)

phase current 8 MV

MAN_RO2 (phase current 8 MV)

phase current 12 MV

MAn_RO3 (phase current 12 MV)

lo current MV

MAn_RO04 (14 MV)

phase voltage 4 MV

MANn_OO01 (phase voltage 4 MV)

phase voltage 8 MV

MAn_0O02 (phase voltage 8 MV)

phase voltage 12 MV

MAn_0OQ03 (phase voltage 12 MV)

Uo voltage MV

MAn_004 (U4 MV)

Recorded binary signal

Channel source signal

General Trip HV

TRC94_GenTr_Grl_HV (General Trip)

General Trip MV

TRC94_GenTr_Grl_MV (General Trip)

Differential Trip

DIF87_GenSt_Grl_ (General Start)

Restricted EF Trip

DIF87N_GenTr_Grl_MV (General Trip)

Inrush

INR2_2HBIK_Grl_HV (Inrush)

PoleDis Trip

PD_GenTr_Grl (General Trip)

Neg.Seq OC Trip

TOC46_GenTr_Grl_HV (General Trip)

Overcurrent Trip C1

TOC51D_GenTr_Grl_C1 (General Trip)

Overcurrent Trip C2

TOC51D_GenTr_Grl_C2 (General Trip)

Overcurrent Trip HV1

TOC51D_GenTr_Grl_HV1 (General Trip)

Overcurrent Trip HV2

TOC51D_GenTr_Grl_HV2 (General Trip)

Overcurrent Trip MV1

TOC51D_GenTr_Grl_MV1 (General Trip)

Overcurrent Trip MV2

TOC51D_GenTr_Grl_MV2 (General Trip)

Overvoltage Trip MV1

TOV59_GenTr_Grl_MV1 (General Trip)

Overvoltage Trip MV2

TOV59_GenTr_Grl_MV2 (General Trip)

Res OV Trip V

TOV59N_GenTr_Grl_V (General Trip)

Res OV Trip W

TOV59N_GenTr_Grl_W (General Trip)

Undervoltage Trip MV1

TUV27_GenTr_Grl_MV1 (General Trip)

Undervoltage Trip MV2

TUV27_GenTr_Grl_MV2 (General Trip)

Rec Close

REC79 Close_Grl_ (Close command)

Table 103 Disturbance recorder, recorded analog and digital channels
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Enumerated parameter

Parameter name | Title | Selection range | Default
Parameter for activation
DRE_Oper EPar | Operation | Off, On | Off

Table 104 The enumerated parameter of the disturbance recorder function

Timer parameters

Parameter name | Title | Unit [ Min [Max [ Step | Default
Pre-fault time:

DRE_PreFault TPar_ | PreFault | msec [ 100 [1000 |1 | 200
Post-fault time:

DRE_PostFault TPar_ | PostFault | msec [ 100 [1000 |1 | 200
Overall-fault time limit:

DRE_MaxFault TPar | MaxFault | msec | 500 [ 10000 |1 | 1000

Table 105 The timer parameters of the disturbance recorder function

1.3.4 LED assignment

On the front panel of the device there are “User LED”-s with the “Changeable LED description
label” (See the document “Quick start guide to the devices of the EuroProt+ product

line”).

LED title

LED source signal

51 S1 AT e51_S2 AT

TOC51D_GenTr_Grl_HV1 (General Trip)

51 S1_MTe51 S2_MT

TOC51D_GenTr_Grl_MV1 (General Trip)

59Vo_V e 59Vo_W

TOV59N_GenTr_Grl_V (General Trip)

59Vv_S2 TOV59_GenTr_Grl_MV2 (General Trip)
Scatto Differenziale DIF87N_GenTr_Grl_MV (General Trip)
Scatti TR Trip_HV_MV_gen ()

Avwv_Gen GenStartMV (General Start MV)
Locale Bin_FO08_Local (Local mode)

79 Esclusa Common_Local3_Grl_ (Local 3)

79 Inclusa REC_enable ()

79 x CRC REC79_InProg_Grl_ (AR in progress)
90 Manuale ATCC_Man ()

90 Automatico

ATCC_Aut (Automatic mode)

C AX Tensione

ATCC_HigherCmd_Grl_
(Higher Command)

C DX Tensione

ATCC_LowerCmd_Grl_
(Lower Command)

SN

Common_Local2_Grl_ (Local 2)

Table 106 LED assignment of the DV7500

DV7500_CONFIG_V1.3

70/86




DV7500 configuration description

2 Logic editor sheets

1 z k] 4 5 68 7 B 1] 10 1
A
B [cifaning ot lozbs
it P06 Lorsl ————— ot Pl ———— Rennes
L e Loesd)
Bin £ fnd e b
| E—rl Exird Lo
il [ri————Eddoc] e
xfend Lo
ot Femaed
c et Fafssd—— P
LEDfemt Falreg Tree
Adifuema
Syshiaming
1
’ N
»-Bertig MY o o B HE
360 Tr, K —— W ———Pun B
%
E Cornando_Srena
F
G
H
Project: Desc.: Prepared:
EPC file: DVTS00Lepe Appraved:
Reevish F‘RDTEEfA Date: 22014 11:45:15 AM
ks |_I LG A Y
Sheet Comman Page 1 of 14

DV7500_CONFIG_V1.3 71/86



DV7500 configuration description

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
LS Trip sigeal TRC%4
A TR trig e
B 2N 3NN -
s »OFFR T :
g i B
3TOW_5 T . ™ Ceopen
_\‘__E AW_NIJ- b P
c q
= | =
Sl o
o — 4 ) ] - Sy
D " ey
»o’? Mmm “ e PIOTIN e fori J_m
» ORI, 3ig —— 7
2TmAOF MY
E
e,
F
e 1y
e =
G
00 )‘l‘ Oy ‘)_& L]
WJ_.:S o
a0 00
H b= Comanda_Apertura_52_AT_su $SR_per_5%o
e e
|
J
K
L
M
N
o]
Project: Desc.: Prepared:
EPC file: DV7500.epc Approved:
Revisi = Date: 21102014 11:45:15 AM
= |[PROTECTA o swm s
Sheet: Trip Page 2of 14
DV7500 CONFIG V1.3 72/86




DV7500 configuration description

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
A
B
B ES
Cc |:.>ﬂ ATCE Bt
Fagfn Qs
el
1h sl ——fal Sodud |
sfmce ——foree  Aaolodied s
Marab——Wandes
AT bl Hehetnd——¥gheCrin
D >Ond Y. Mail  loweCrd——lowiCnd>
K Vadaed—— Vafabeds
O Bk Memaed———Vefaahd>
> P e ———ghs
i Uewf
» il plwp =
>H——Fin [
) ce o A T
LU Malsww  HgheTrmet E]
o —pd LovaTmat
o 10 Mo Yotls %o
o l——p Vol Wode 74>
By i) Moo} WVode 31>
S L5—— s} Wodk 73>
F = Prud Powds
Fat Faridd
L
G TG )
»3Qowrnd Yods: d
0 %
B —— U]
b
—E
»Highelnd -y >oweling =
H — g
n ]
>Vande ot L s
ATCC Mavx
oerCod —
| e
AN pred —— 0 B ATOD>
2B BN opened ——
J
¥ ) ———at
K ey B3 ——0 1
—
-
%0 |
L
Project: Desc.: Prepared:
EPC file: DV7500.epc Approved:
Revisi > Date: 2110V2014 11:45:15 AM
o PROTECTA |
Sheet: Tap_Changer Page3of 14

DV7500_CONFIG_V1.3

73/86




DV7500 configuration description

1 2 3 4 5 6 7 8 9 10 1"
A - J‘M)
[En R ARdstle———isl  Ott——4- . fl  Ove—D3A BSC»>
>fafod——12 3
b-3acod grm—18
P ——Int
8 >Z8 HY_spened ————
Cc
Mol
el WY
802 1% M\Cose
5
Falig>
D 308 W speed
UV 1 Syre
><LndOn MY
3z Dezdkes
>Fake
By Yt L
— Do BEC e0bit>
00 o |_5" H
E PRECT A% GO,
— w0 o TiNORec>
m—l
£ NaSED
G
[V o— [
Ot T
S| 0% e
5 | J g
>Oné0n MY
H Vall Bhw ot TH i
Project: Desc.: Prepared:
EPC file: DV7500.epc Approved:
Revisi = Date: 2/10/2014 11:45:15AM
or: PRP.I(FE A 41
Sheet: AutoReclosing Page 4 of 14

DV7500_CONFIG_V1.3 74/86




DV7500 configuration description

1 2 3 4 5 6 7 8 9 10 1"
A
B
>0V 330 3k N STEMNTANN->
Bin 7 1
ON_SYEMTSTN
c = “
) -
B B3 ———1 T
B B — B
End B O
0N _SHNOMT Ay wefin] wer
D >Tiphee 251 »
By B — o Tewet Thw
E
OV STHMTANY->
9
F
o ]l '“.'_mwswon
[T
G
B2 itw I=1
30N _SIVEMTA Y ——12
2 TrpAns st 123
H Trwl Thw
I
J
K
L
Project: Desc.: Prepared:
EPC file: DV7500.epc Approved:
Revisi = Date: 2/10/2014 11:45:15AM
o |[PROTECYA |
Sheet: ZeroSeq_OV Page5of 14

DV7500_CONFIG_V1.3 75/86




DV7500 configuration description

A
B
Cc
D
E
Vel
>3x8 0 0
B — o
(24
S G a5
ol s
F a3
1"
Eln | Iy ——#oom ez \ED->
Ho 1 e L— ¥ st
He 12 v )
G Ble | a3
o L1 a2
Hio Rl a5
B iy Vol
Hir ll5——rd RVl
Hie L6——r3 a3
1
H >N SHNTAOY Gerkdlis
300 SN CMT AW »
>0 552 M
>TOGL 2 MY

Project: Desc.: Prepared:

EPC file: DV7500.epc Approved:

Revision: PR?:!‘(EFv T/ |[Date: 211002014 11:45:15 AM
Sheet: Event Page6of 14

DV7500_CONFIG_V1.3 76/86



DV7500 configuration description

1 2 3 4 5 6 7 8 9 10 1 ) 12 13 14 15
A b_m_wm—- oy
A ; +nen Y Modhs —————
==[)
8 704 >0 HY Yoths ——
- e kTt
kol OaF
c = r_ 10014 ¥
—Eaf O »
e Seoom 3
Bl Omad—03 1N ool s
e 5 W OB WE e AN s
S0 B2 1B an
D ) &
£ 48 Milactoen——
e )
E 2ot 1 Joths ————
[roc)
B R Mo =] 0.}
S| - 00600 1 Jochs ———
F q e PN
b CuF 3
o o0n
S St N Cndn ks
e R ®
o S0 -
G Box O 3.0/ dows
07 O ————— G ey
o T
e A
H
ol ——fod
s ——een Ol ATCE o s sgi—ad e e ——ed
rpalel rfemoe ——%wor  Cndlel} W o ——teoz Onclper 4V Jochas
O Ol ATC 22w it i
1 ~erie feraes g—u. 10 CneCeo 41 Jodbe»
i Ol Toigwlnd o el w3
R i Code n 10M  Ondedt— Codlper X1 Mo
Cnont TCoweCad Mebas [ o
® Ol B OO ——— Créa 1N Yoy
J
K
L
Project: Desc.: Prepared:
EPC file: DV7500.epc Approved:
Revision: PRDTEC¥A Date: 2110/2014 11:45:15 AM
LHu‘dl"/‘.ﬂ\"
Sheet: Control Page 7 of 14

DV7500_CONFIG_V1.3

77/86




DV7500 configuration description

1 2 3 4 5 6 7 8 9 10 1
A i 30—tk
i LS ——preshl
B 15—l ]
Bn— [ Gt % |
B i5—
|-
i (t——iat Wi ity 8 - =
8 B Pt "
ey -
4 B @ik
= —] | 5 [T —
tarky_feln AT ———fan 813 sk
M 31
c
>Trip O —— ot
%
B 1 —Tstn
(e | F T Pl e
B Ho—{Tmadln
B — 04 i B Ml ik
o ok belo NT —— 3 T
i gl 3 —— 4
[ e
i E
2
=) 5
E
3 15 i 200v0r
8l (——n b
B l——n)
e
Q
i 0
i |
S S0 HY- 0 i HVIS
>HEC erabe ——— 4 %
G
P ik iy
[ %
W“-;'-‘”_ "
+P3ow Aam——th
5t
Hl  swesew— 40
&7 i —— ] Oa—Tr X080
B 38 1
Project: Desc.: Prepared:
EPC file: DV7500.epc Approved:
Revisi = .
ion: PRR‘!‘(‘EEﬁ‘A Date: 2/110V2014 11:45:15 AM
Sheet: Alarm Page 8of 14
DV7500 _CONFIG_V1.3 78/86




DV7500 configuration description
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DV7500 configuration description
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DV7500 configuration description
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DV7500 configuration description
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DV7500 configuration description
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DV7500 configuration description

Block name Title [Block name Title
AT2_BPar [T2 After AutClase [Fan_L&1 RIC_Status
Bln_E01_HVCBOpen Oipsen posifian af S2HV [pian_Lez RIOZ_Status
Bln_E0Z_HVCBChksed  [Closed position of S2HY [pan_Lea RICA_Status
Bln_E03_ MVCBOpen  [Dpen pesiion of S2MY [pan_Les RICE_Status
Bln_E04 MVCEChksed  [Closed posilion of 52MV [Bow_r B0us_HD1
Bin_EDS_SNI D [Bout_roe B0us_HOE
Bin_EO7 SHI [Eout_10s_mvcios Cloza MY
Bin_ED& SHC [Fout_in6_mvTripa LowDC Tripd MY
Bln_ED2 i _Vo [Fout_tos_ricioss Clos= HY
Bin_FOI_HViccOpen  |Local HY Open command [pout_tos_rwiTriz Trin2 HY
Bin_FO2 HViceClose  |Local HY Close commard [Pout_toa_rwTrina LowDC Tripd HY
Bln_FO3 MVLocOpen  |Local MV Open comenand [Bowt L131 ATCC_AX
Bin_FO4_MlocClose  [Local M Close comemand [Bow_L132 ATCC_DN
Bln_F05_LocDC Local cantrol mede DC [pou_Lia7 RICE_BOut
Bln_FD8_TCreset ITC resat BOut_L 138 RICE_BOut
Bln_FOT_ARdisable AR disabie CancelTrip_BPar Cancel fram ext Trip
Bin_F08_Local Local mode Eni_BPar Asilitazione_50a_W_Te
Bin_F09_Remale Remets mode Enz_BPar Asilitazione_S0Va_ W _Te
Bln_F10 Vol an Vallage up En3_BPar Abilitazione_S1MV_21_Te
Bin_F 11_ViltDown tan Valtage down End_RPar bilitazione_S1MV_53_Te
Bln_L0A RIO1_Bin1_Bitd EnS_BPar Asilitazione_lribizione_S3o
Bln_L0Z RIO1_BinZ_Bit1 Ent_BPar AperturaS2_SGF_AT
Bln_L03 RID1_Bind_Bit2 En7_BPar Temper_OR_S1_AT_per TPT_CH_K
Bin_L04 RID1_Bind_Bit3 Eng_BPar AperturaSIAT_TA_ALZ
Bln_LOS RIO1_BinS_Bit4 Eng_BPar Temper_OR_SGF_AT_per TPT_CH_K
Bln_L20 RIDZ_BinE 63G_SC_MT ManT2_BPar T2 After ManClese
Bln_L21 RIDZ_BinD 63 ALL RV MaxStExp_Grl
Bin_L22 RIOZ_Bin10 Anin_MT WieCal1 AR Start
Bln_L23 RIDZ_Bin11 Trig VT MV RECTS_InProg_Gr_ AR in progress
Bln_L27 RID3_Bind RRECTS_Auln_GeDl_
Bin_L20 RID3_BinS AGF_AT Suce_Gid
Bln_L30 RID3_BinE SGF_AT
Bln_L31 RID3_BIT BX
Bln_L32 RIO3_BlE  Anin
Bin_L33 RID3_BInG TAAL1
Bin_L34 RIO3_Bin10 TAALZ
Bln_L35 RID3_Bin11 ECAM
Bin_L 36 RID3_RAin12 AnR152
Bln_L3& RIO4_BinZ ZBOSK
Bln_L30 RID4_Bin3 OTTEX
Bln_L40 RIO4_Bind OTCK
Bln_L41 RID4_RinS G7TAX
Bin_L42 RIO4_BinE 2BOAX
Bln_L43 RID4_BinT 000X
Bln_L44 RID4_BliE 27VEC
Bin_L45 RIO4_BinG AER_MAN
Bln_L4E RID4_BIn10 AER_ALL_1GR
Bln_L4T RIO4_Bin11 AER_ALL_2GR
EPC file: DVTS00Lepc
F'RCITEE“I"/q Date: H/014 11:45:15 AM
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DV7500 configuration description

3 Mounting of the device

The DV7500 devices are 84HP wide and intended to be mounted into racks. The dimensions

of them are shown in the drawings below.

448
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PANEL CUT-OUT

466

Note that rack mounting type devices can also be mounted in a cut-out (e.g. on a switchgear
door). It is possible to mount them from the front or from the back of the cut-out. The
dimensions for rack mounting cut-outs are in the figure below. Dimensions in brackets are

applicable in case of mounting from the back.
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DV7500 configuration description

Figure 4 3D illustration for rack mounting of 84 HP device
(a - from the front; b - from the back)

4 Connection diagram
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