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Test Tutorial

Equipment Type: Protection Relay

Brand: SCHWEITZER (SEL)

Model: 451

Function: 67 or PTOC - Directional Overcurrent

Tool Used: CE-6006; CE-6707; CE-6710; CE-7012 or CE-7024

Objective: Perform tests on the directional overcurrent function to
prove the operating time and its directionality

Version control:

Version | Descriptions Date Author | Reviewer
1.0 Initial release | 01/06/2022 | M.R.C. | G.C.D.P.
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Statement of responsibility

The information contained in this tutorial is constantly verified. However, differences in
description cannot be completely excluded; in this way, CONPROVE disclaims any
responsibility for errors or omissions contained in the information transmitted.

Suggestions for improvement of this material are welcome, just user contacts us via email
suporte@conprove.com.br.

The tutorial contains knowledge gained from the resources and technical data at the time was
writing. Therefore, CONPROVE reserves the right to make changes to this document without
prior notice.

This document is intended as a guide only; the manual of the equipment under test should always
be consulted.

ATTENTION!

The equipment generates high current and voltage values during its operation.
Improper use of the equipment can result in material and physical damage.

Only suitably qualified people should handle the instrument. It should be noted that the user

must have satisfactory training in maintenance procedures a good knowledge of the equipment
under test and also be aware of safety standards and regulations.

Copyright

Copyright © CONPROVE. All rights reserved. The dissemination, total or partial reproduction
of its content is not authorized, unless expressly permitted. Violations are punishable by law.
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Sequence for Testing the SEL 451 Relay in the Quick Software

1. Relay connection to CE-6710

Appendix A shows the relay terminal designations.

1.1 Auxiliary Source

Connect the positive (red terminal) of the Aux Source. Vdc to pin “Z29 (Power +)”
of the relay connect the negative (black terminal) of the Aux Vdc Source to pin “Z30

(Power -)” of the relay.

1.2 Current and Voltage Coils

To establish the connection of voltage coils, connect voltage channels V1 and V2, V3
to pins Z13, Z15 and Z17 of the Z terminal of the relay and connect the commons of
the voltage channels to pins Z14, Z16 and Z18 of the relay terminal. To establish the
connection of the current coils, connect the current channels 11 and 12, I3 to pins Z01,
Z03 and Z05 of the Z terminal of the relay and connect the commons of the current

Figure 1

channels to the pins Z02, Z04 and Z06 of the relay terminal as shown below:
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1.3 Binary Inputs

Connect the binary input of the CE-6710 to the binary output of the relay.
e BI1to pin BO1 and its common to pin BO2 of the relay.

The following figure shows the details of the connection.

[ BINARY/ANALOG INPUTS

”/Qn | B2 BI3 Bl4 BI5 BI6 |
/0 @ 6 0 6
© © Q@0 0 0

BI7 BI8 BI9 BI10 BIM1 BI12

A A/

Figure 3

2. Communication with the 451 relay

First, open the “AcSELerator QuickSet” and connect a serial (or Ethernet) cable
from the notebook to the relay. Then double click on the software icon.

%l AcSELerator QuickSset

Figure 4

When opening the program, the relay file is selected if the communication has
already been carried out. Otherwise click on “Novo ”.
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& AcsELerator® QuickSet - [Iniciando o QuickSet] =
Arquivo Editar Visualizar Comunicagdes Ferramentas Janelas Ajuda Idioma =R
ORBOHE 28R 00 | ®|led | am

QUICKSET
Ajustes
Novo
Criar novos ajustes

Ler
Ler os ajustes de um dispositivo conectado

Abrir

Abric ajustes previamente salvos

Gerenciador de Dispositivos
Abrir 0 Gerenciadar de Dispositivos

Configuragao

Comunicagédo

‘E i1 Configurar parametros de comunicagio para uma conexdo

Gerenciar
"/ Gerendar bancos de dados e ajustes offine

-

( Atualizar
| Instalar e atualizar drivers e software Quickset

TXD[] RXD[]  Abrir: Conectado COMS: Prolific USB-to-Serial Comm Port 19200 8-Nenhum-1 Terminal = Serial EIA-232 Transferéncia de arquivo = YModem

Figure 5

In the next screen, the model and version of the tested relay are set. Check on the
front panel through the following path “Main Menu > View Configuration”.

'E Selegdo do Editer de Ajustes - Banco de Dados de Ajustes g
Familia do Modelo do Versao Exemplo de FID
Dispositivo Dispositivo SEL-451- 5K -Z0 1SN X -D0N00n
SEL-251 - SEL-451-1 012 .. . . - -
SEL-267 SEL-451-2 013 O trés primeiros numeros apds —Z sao o N? da Versdo
SEL-279 = 015 dos Ajustes do Dispositivo (SVN).
SEL-287 017
SEL-300 |
SEL-311 2 Informagdes do Driver
SEL-321 , )
SEL-351 021 Mome: SEL-451 019 Driver de Ajustes
SEL-352 022 Versdo: 6.5.0.11
SEL-387 023
SFL-311 Data: 16/03/2017 18:39:50
SEL-501
SEL-547
SEL-551
SEL-587 i
Instalar Dispositivos I oK I l Cancelar
Figure 6

Then the “Part Number” must be set. Use the following path to view “Main Menu >
View Configuration”.
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Part Number do Dispositivo
*
Part Number: 0451 5615 XC 2 * 4374444
Power Supply
[ & = 125/250 Vdc or 1204240 Vac - ]
or Type
1 = Screw Teminal Block - ]
Secondary Input Current
[ 5 =5 Amp Phase - ]
Secondary Input Voltage
[ ¥ = 300V Phase - Neutral Maxdmum (Wye) - ]
Bhemet Communications Protocols:
[ C =FTP, Telnet, Synchrophasors, DNP3 LANAYVAN, and IEC - ]
Ethemet Connection Options:
[ 2 = Bthemet Card with Two 100BASE-FX Connectors - ]
Mainboard Input Voltage-
[ 4 =125 Vdc - ]
Mounting:
[ 3 = Horizontal Panel Mount - ]
7 =5U, Front Panel with 24 Target LEDs and 12 Operatar Con ]
1/O Board Position B For 4U or 5U Chassis
[ 4 = 24 QOptoisolated Level-Sensitive Inputs, 8 Outputs - ]
1/0 Board Position B Input Voltage
[ 4 =125 Vdc - ]
140 Board Position C For 5U Chassis Only
4 = 24 QOptoisolated Level-Sensitive Inputs, 8 Outputs - ]7_1
4 I
Editar QK

m

Figure 7

Then click on the highlighted icon according to the figure below:
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E AcSELerator® QuickSet - [Settings Editor - Mew Settings 2 (SEL-451-5 019 v6.5.0.11}]

Arquivo Editar Visualizar Comunicacbes Ferramentas Janelas Ajuda Idioma
GEBJHd BBlIE ©O@ % w @ am B ;

Aliazes

Global SEL-451 Rel ay

Breaker Monitor

Group 1 Protection
Group 2 Automation

Group 3 Control
Group 4

Group 5

Group &
Automation Logic
Outputs

Front Panel

Report

Port Settings

DMP Map Settings 1
DMP Map Settings 2
DMP Map Settings 3
DMP Map Settings 4
DMP Map Settings 5
Bay Contral

Motes

00000000000000000000[@

Figure 8
3. Parameterization of the SEL 451 relay
3.1. General Global Settings

After the connection has been established, click next to “Global” and “General
Global Settings” and adjust the value of the phase sequence and frequency.

‘E AcSELerator® QuickSet - [Settings Editor - New Settings 2 (SEL-451-5 019 v6.5.0.11)]
Arquivo Editar Visualizar Comunicagies Ferramentas Janelas Ajuda Idioma

AEBEIHE 2R 00 % R oB

General Global Settings
" 5 SID Station Identifier
© Station DC Manitor Station A
» -3 Control Inputs )
- () Settings Group Selection RID Relay Identifier
- (3 LEA Ratio Correction Factor Relay 1
-2} Frequency Estimation
- Time-Error Calculation NUMEBK. Number of Breakers in Scheme
- (3 Current and Voltage Source Selection 1 ~ Select: 1,2
> (3 Synchronized Phasor Configuration Settings
@ Time and Date Management BID1 Breaker 1 Identifier
- (3 Data Reset Control Breaker 1
- () Global DNP Settings
> - Breaker Monitor BID2 Breaker 2 Identifier
» -0 Group 1 Breaker 2
» -3 Group 2
» - Group 3 MFREQ Nominal System Frequency (Hz)
- Group 4 &0 + Select: 50, 60
>0 Group §
>0 Group 6 PHROT System Phase Rotation
»+ O Automation Logic ABC + Select: ABC, ACB
> -0 Cutputs
>+ @ Front Panel FAULT Fault Condition Equation (SELogic Equation)
-2 Report NA [;]
> -0 Port Settings
> - (2 DMP Map Settings 1

Figure 9
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3.2. Line Configuration

E AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)] =

Click on “Group 1”, then “Set 1” and finally select “Line Configuration”. In the
figure below, configure all the characteristics of the feeder or line that this relay
protects. Note that the voltage and current transformation ratios of the two relay
inputs are parameterized (W and X for current, Y and Z for voltage), the positive
sequence impedances in magnitude and angle, as well as the zero sequence
impedances, also in module and angle and finally the length of the line.

Aruivo

Editar Visualizar Comunicacdes Ferramentas Janelas Ajuda Idioma

B 00 B @R oNH

-0 Notes

GUBIHP
s

© DNP Map Settings 1
© DNP Map Settings 2

© DNP Map 5
© DNP Map Settings
i@ Bay Control

Line Configuration

Line Configuration Settings
CTRW Current Transformer Ratio - Input W,
120 Range = 1 to 50000

CTRX Current Transformer Ratio - Input X
120 Range = 1 to 50000

PTRY Potential Transformer Ratio - Input ¥
180,0 Range = 1,0 to 10000,0

VNOMY T Norinal Voltage (L) ~Input ¥ {V,sec)
115 Range = 60 to 300

PTRZ Potential Transformer Ratio - Input Z
180,0 Range = 1,0 to 10000,0

VNOMZ PT Norminal Voltage (L) -Input Z {V,sec)
115 Range = 60 to 300

4
* . Z1MAG Positive-Sequence Line Impedance Magritude (ohms, sec)
2,11 Range = 0,05 to 255,00

Z1ANG Positive-Sequs
65,00

Line Impedance Angle (deg)
00 to 90,00

ZOMAG Zero-Sequence Line Impedance Magnitude (ohms, sec)
6,38 Range = 0,05 to 255,00

Z0ANG Zero-Sequence Line Impedance Angle (deg)
72,47 Range = 5,00 to 90,00

BRI O Bt | aration

Figure 10

From the figure above, the adjustment that matters most in this test is the positive
sequence angle. In the case of this relay, this angle is adopted as the maximum torque
angle. Both for three-phase faults and for two-phase faults. Note in the figure below
that for a two-phase fault, the negative-sequence current leads the negative-sequence
voltage by 180-Z1ANG, while for a three-phase short-circuit, where there are only
positive-sequence components, the positive-sequence current lags behind the voltage
positive sequence by Z1ANG.

Va2, Vao Vai
Z1ANG
IAlr IAZ: IAU
Figure 11
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3.3. Relay Configuration Enables

Click on “Group 17, then “Set 1" and finally select “Relay configuration” (do not
open the settings tree). If there is a possibility in order to increase the reliability of the
tests, it is recommended to enableonly the function that will be tested. In the
figure below, only the “E50P” function is highlighted with an adjustment level.

ﬁ AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)] =] ]
Arquivo Editar Visualizar Comunicacdes Ferramentas Janelas Ajuda Idioma =k

GGBEIHD | & B

00 ® wR o8

-0 Aliases
O Global

+-@ Group 3
© Group 4
© Group s

2@ Groups
© Automation Logic

© Outputs
+-@ FrontPanel
© Report
© Port Settings
+~@ DNP Map Settings 1
© DINP Map Settings 2
© DNP Map Settings 3
++ @ DNP Map Settings 4
© DINP Map Settings 5
{-© BayControl
‘@ Notes

Relay Configuration Enables

ESOTF Switch-Onto-Fault
N + Select:Y,N

ELOAD Load Encroachment
N + Select:Y,N

50P Phase Instantaneous/Definite-Time Overcurrent Elements)
1 . Select: N, 1-4

ES0G Residual Ground Instantaneous/Definite-Time Overcurrent Elements
N + Select:N, 14

ES0Q Negative-Sequence Instantaneous/Definite-Time Overcurrent Elements
N ~ Selecti, 14

ES51S Selectable Inverse-Time Overcurrent Element
N + Selectil, 16

E59 Enable Overvoltage Elements
N + Select:N, 16

E27 Enable Undervoltage Elements
N + Select:N, 16

E81 Enable Frequency Elements
N ~+ Select:N, 1-6

[E32 Directional Control
AUTO + Select: Y, AUTO, N

ECOMM Commuri
N + Select: N, DCB, POTT, DCUB1, DEUB2

ication Scheme

EBFL1 Breaker 1 Failure Logic

Part#: 04515615XC2X4374443X1  Group 1: Relay Configuration
TED[] RED[  Abrir: Conectado COMS: Prolific USB-to-Serial Comm Port 19200 8-Nenhum-1 Terminal = Serial EIA-232 Transferéncia de arquivo = YModem

Figure 12

Displaying Alias Values % DIRECIONAL DE FASE.rdb

The setting highlighted in blue in the figure above must be selected as “AUTO”,
because in this case the relay automatically calculates the forward and reverse region
of function 67, according to the equations in the RELAY MANUAL. It is essential
that the user has an advanced knowledge of this function. This knowledge can
come from the equipment manual and mainly by consulting the following article:

Fleming B., “Negative Sequence Impedance Directional Element”, Schweitzer
Engineering Laboratories, Inc., Pullman, Washington, USA.

Rua Visconde de Ouro I-°reto, 77 - Bairro Custodio Pereira - Uberlandia — MG - CEP 38405-202.
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3.4. Load Encroachment

Load compensation will not be used for this test. Note in the figure below that as it
had already been blocked, the adjustments below had no effect:

& AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)] = S|
Arquivo Editar Visualizar Comunicacbes Ferramentas Janelas Ajuda Idioma — | &%
AEBJIHE B 00 2 B am

-0 Aliases s

@ Giobal |Load Encroachment

>~ @ Breaker Monitor

e oup Load Encroachment

ﬂ ZLF Forward Load Impedance {ohms, sec)

Tne Configuration
@ 50,00 Range = 0,05 to 64,00
= f:: Eﬁ::%:gﬂfd«eme ZIR Reverse Load Impedance (ohms,sec)

[ CoadEncrozchmert]

T Phase Instantaneous/Definite-Time Overcurrent pny R S U D ERD
@ Residual Ground Instantaneous/Defirite-Time Overcurrent
@ Negatie-Sequence Instantaneous/Definite-Time Overcurrent

© Time Overcurrent

© Under Voltage Elements

© Over Voltage Elements
@ 81Eements

© Zone/Level Direction

© Directional

© Transformer Inrush and Over-exditation Detection
@ Pole Open Detection

© Trip Schemes

© Breaker 1Faiure Logic

© Breaker 2 Faiure Logic

~© Synchronism Chedk Graphical Settings Editor
~© Redosing and Manual Closing

PLAF Forward Load Positive Angle (deg)
30,0 Range = 90,0 to 90,0

NLAF Forward Load Negative Angle (deg)
30,0 Range = 90,0 t 90,0

m

PLAR Reverse Load Positive Angle {deg)
150,0 Range = 90,0 to 270,0

NLAR Reverse Load Negative Angle (deg)
210,0 Range = 90,0 to 270,0

Figure 13
3.5. Phase Instantaneous/Definite Time Overcurrent

Click next to “Groupl > Set 1 > Relay Configuration” then “Phase
Instantaneous/Definite-Time Overcurrent”. In this field, the value of element 1 is
adjusted to 10A with an actuation time of 300 ms (18 cycles). Also note that the
torque control is associated with the “Relay Word Bit > F32P”. Therefore, the 50P
function will only be activated when a fault is declared to be direct.

] AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)] = |
Arquivo Editar Visualizar ComunicacBes Ferramentas Janelas Ajuda Idioma (=l
CHEBEIHD BER |00 || wr| ol

-0 Aliases - . - -

- © Globel Phase Instantaneous/Definite-Time Overcurrent

> - Breaker Monitor

- Group 1| Phase Instantaneous Overcurrent 1

4-0 Setl

SO0P1P Level 1Pickup {A,sec)

Line Configuration R =0,25 to 100,00, OFF
| e Cunﬁiurahun' 100 s o
' Srch-Onio-Fault Scheme
SOt aut 671D Level 1Time D:\ay (cyz:)u .
® Phase Instantaneous/Defnite-Time Qvercurrent, 18,000 anes = ’

~0 ResidUal GroUng Instantaneous/Definite-Tme Overcurrent
© Negative-Sequence Instantaneous/Definite-Time Overcurr
© Time Overcurrent
© Under Voltage Elements
© Over Voltage Elements
@ 81Eements
@ Zone/Level Direction
© Directional
© Transformer Inrush and Over-exditation Detection
© Pole Open Detection
© Trip Schemes
+@ Breaker 1Failure Logic
+@ Bresker 2Failure Logic

§7P1TC Level 1 Torque Control {SELogic)

F3 =]

Phase Instantaneous Overcurrent 2

m

m

SOP2P Level 2 Pickup (A,sec)
15,00 Range = 0,25 to 100,00, OFF

67P2D Level 2 Time Delay (cyc)
0,000 Range = 0,000 to 16000,000

67PZTC Level 2 Torgue Control (SELogic)

1

© Synchronism Check =
© Redosing and Manual Closing

© Demand Metering Phase Instantaneous Overcurrent 3

© Trip Logic 50P3P Level 3 Pickup (A sec)

@ High Impedance Fault Detection

3,00 Range = 0,25 to 100,00, OFF
~© 50G High-Z (HIZ) Fault Detection

© Protection Logic 1 67P3D Level 3 Time Delay (cyc)

@ Graphical Logic 1 0,000 Range = 0,000 to 16000,000
»-© Group 2
>~ Group 3 67PITC Level 3 Torque Control (SELogic)
>~ Group 4 1
>~ Group 5 =
>~ Group &

- || Phase Instantaneous Overcurrent 4

> - €3 Automation Logic
« n r

S0P4P | evel 4 Pickin (A sec)
Part#: 04515615XC2X4374444X1  Group1: Phase Instantaneous/Definite-Time Qvercurrent Displaying Alias Values (3 DIRECIONAL DE FASE.rdb

TN BV Al Mot AARAG. PonBE €D s €mrid P Bk 109 © Klombosom 4 Teoeoim el — €k ETA 399 T i i oo e — R A e

Figure 14
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3.6. Zone/Level Directional

The first two overcurrent settings are fixed for direct directionality, if the user wants
to choose, he must do for the third and fourth overcurrent settings. In this case it is
possible to opt for reverse directionality. It is disabled in the figure below, as the test
Is performed with the first overcurrent setting enabled and the rest disabled.

E AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)]

Arquivo Editar Visualizar Comunicacdes Ferramentas Janelas Ajuda Idioma

G@BIHEG BB ©0 % w@ o8

> -0 Aliases
> -© Global

-0 Load Encroachment
© Phase Instantanzous/Definite-Time Overaurrent
© Residual Ground Instantaneous/Definite-Time Overcurrent.

-@ Tme Overcurrent
© Under Voltage Elements
© Over Voltage Elements

81 Ekements
O Directional

© Transformer Inrush and Over-exdtation Detection
@ Pole Open Detection

-@ Trip Schemes

-© Breaker 1Failure Logic

© Breaker 2 Failure Logic

@ Synchronism Check

-© Redosing and Manual Closing
-© Demand Metering

O Trip Logic

@ High Impedance Fault Detection
-© 506 High-Z (HIZ) Fault Detection
-© Protection Logic 1

© Graphical Logic 1

»-© Group 2

>+ @ Group 3

> -@ Group 4

> -© Group 5

> -0 Group 6

» - @ Automation Logic

> -© Outputs

© Negative-Sequence Instantaneous/Defirite-Time Overcurrent

Zone/Level Direction

Zone/Level Direction
DIR3 Zone/Level 3 Directional Control
R Select: F, R

DIR4 Zone/Level 4 Directional Control
F Select: F, R

Part#: 04515615XC2X4374444)X1  Group 1: Zone/Level Direction

Displaying Alias Values

% DIRECIONAL DE FASE.rdb

TXD[J R¥D[] Desconectade 10.0015 23 Terminal = Telnet Transferéncia de Arquivo = FTP

3.7. Directional

Figure 15

Click next to “Groupl > Set 1 > Relay Configuration” then “Directional”. Note
that the parameters are locked as they have already been calculated (“Directional
Control = AUTO”).
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& AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11]] =) e
Arquivo Editar Visualizar Comunicacbes Ferramentss Janelas Ajuda Idioma =k
BRBEIHE 83 00 R @R oB
-y * | Directional E

.0 Breaker Monitor
I ;; Grqu 1! Directional Control Element Settings

- P ORDER Ground Diectional Element Priority (combine Q,V.1)
E@ a Select: Q,V, 1

= Switeh-Onto Fault scheme SOFP. Forward Directionsl Overcurrent Pickup (amps, sec)
-@ Load Encroachment
-© Phase Instantanzous/Definite-Time Overcurrent [ =t EET
© Residual Ground Instantaneous/Defirite Time Overcurrent
© Negative-Sequence Instantaneous/Definite-Time Overcurrent
-0 Time Qvercurrent
+© Under Voltage Baments
© Over Voltage Eements
© 81Elements

aQ 2o gyel Direction Z2R Reverse Directional 72 Threshold (chms, sec)
5 R =-64,00 to 64,00
© Transformer Inrush and Over-excitation Detection L8 enee = .

@ Pole Gpen Detection

~@ Trip Schemes

© Breaker 1Failure Logic

@ Breaker 2 Failure Logic

© Synchronism Check

-© Redosing and Manual Closing

© Demand Metering

@ Trip Logic

- High Impedance Fault Detection
-© 506 High-Z (HIZ) Fault Detection
© Protection Logic 1

@ Graphical Logic 1

Group 2

Group 3

Group 4

Group 5

Group 6

Automation Logic

Outputs S )
Part#: 04515615XC2X4374444X1L  Group 1 : Directional Displaying Alias Values [ DIRECIONAL DE FASE.rdb

TXD[] RXD[] Desconectado 10.0.015 23 Terminal = Telnet Transferéncia de Arquive = FTP

50RP Reverse Directional Overcurrent Pickup (amps, sec)
0,40 Range = 0,25 to 5,00

ZF Forward Directional 22 Threshold (ohms,sec)
1,08 Range = -64,00 to 64,00

]

i

a2 Positive-Sequence Restraint Factor, [2/11
0,10 Range = 0,02 to 0,50

k2 Zero-Sequence Restraint Factor, 12/10
0,20 Range =0,10 to 1,20

20F Forward Directional 20 Threshold (ohms,sec)
3,19 Range = -64,00 to 64,00

Z0R Reverse Directional 20 Threshold (shms,sec)
3,28 Range = -64,00 to 64,00

a0 Positive-Sequence Restraint Factor, [0/11
0,10 Range =0,02 to 0,50

E32IV Zero-Sequence Voltage and Current Enable (SELogic)
1

(0]

ccooaaa

Figure 16
3.8. Pole Open Detection

Here, the open pole detection method is parameterized (if it is by the auxiliary
contact of the circuit breaker or by undervoltage).

& AcSELeratar® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)] SRan
Arquivo Editar Visualizar Comunicacbes Ferramentas Janelas Ajuda Idioma — || X
GEBIHAG BE OO0 B wR aB

-~ 0 Aliases = B

O dlobal Pole Open Detection

> - Breaker Monitor

[Pole Open Detection

- Set 1]

EPO Pole Open Detection

- Line Confiquration
|4 Re\az Cunﬁiurahor\! 52 pd =T
' Switch-Onto-Fault Scheme
© Load Encroachment 27P0 Undervoltage Pale Open Threshold (volts)
@ Phase Instantaneous/Definite-Time Overcurrent 40 Range = 1 to 200
@ Residual Ground Instantaneous/Definite-Time Overcurrent
~© Negative-Sequence Instantaneous/Definite-Time Overcurrent
© Time Overcurrent 0,500
© Under Voltage Elements
© Over Voltage Elements
@ 81Eements
@ ZonefLevel Drrecton
~© Directional
© Transformer Inrush and Over-excitation Detection
© Trip Schemes

3P0D Three Pole Open Dropout Delay (cycin steps of 0.125)
Range = 0,000 to 60,000

m

Figure 17
4. Binary Output Adjustments
4.1. Interface Board Output
Click next to “Output” and then select the option “Interface Board Output” and

make the following adjustments: on output 201, set the tripping of the 50P function
through the signal “67PI1T".
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E AcSELerator® QuickSet - [Settings Editor - DIRECIONAL DE FASE (SEL-451-5 019 v6.5.0.11)] = i
Arquive Editar Visualizar ComunicacBes Ferramentas Janelas Ajuda Idoma _ =%
[T Ha 0 R w@E o8B
© Alases
@ Gobal Interface Board Outputs
> © Bresker Monitor
. © Growp 1 Tnterface Board # 1
-0 Growp2
6 o s OUT201 Interface Board 1 Output OUT201 (SELogic)
> © Group 4 (il =
O Growp§
o e OUT202 Interface Board 1 Output OUT202 (SELogic)
NA| =
OUT203 Interface Board 1 Output OUT203 (SELogic)
® In ard Outputs) NA =
++ 0 Remate Analog Outputs 0UT204 Interface Board 1 Outout OUT204 (SELoaic)
Figure 18

A very important observation must be made. The test will be done by applying only
negative sequence, thus characterizing biphasic faults. This is because the negative

sequence element has priority over the positive sequence element, according to
the logic taken from the manual:

Relay Relay Relay
Word Word Word
Bits. Bit_ Bit_
All Phase-to-Phase S20F Faop
Distance Elements Forward (Forward)
—O
VPOV ——
ILOP —4
Relay Relay
Word Word
ILOAD —— _Bit_ Bit
R320 R32P
— (Reverse)
All Phase-to-Phase
Distance Elements Reverse
Figure 19
Relay
Word
Bt
LOP
Setting
ELOP =Y Relay
Word
Calculation _Bit
Z2FTH + 320F
Relay P
Word
Bits
320E \
ILoP ——( / Enable
el
elay
2 | ot ey
— A o
Calculation + R320 208
Z2RTH - 500R— /

Figure 20
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4.2. Submitting the Settings
Click the selected icon and submit at least the following adjustments.

'E AcSElerator® QuickSet - [Settings Editer - SOBRECORREMNTE DE FASE (SEL-451-5 019 v6.5.0.11)]

INSTRUMENTOS PARA TESTES ELETRICOS _—

Arquivo Editar Visualizar Comunicacdes Ferramentas Janelas Ajuda Idioma

eaaBodd o eo nen|cm oo

W

i H Interface Board Outputs

w . i Rraslar Mamitse

W

Figure 21

i N
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Selecionar Gnupos/Classes para Enviar

v -

e - [=] O
Set 2

Set 3

Set 4

Set 5

Set b

Automation 1
Automation 2
Automation 3
Automation 4
Automation 5
Automation &
Automation 7
Automation &
Automation 5
Automation 10
Port F

Part 1

Port 2

Port 3

Paort 5

Repart

Alizs

Protection Logic 1
Protection Logic 2
Protection Logic 3
Protection Logic 4
Protection Logic &
Protection Logic &
Front Panel
Cutput

Breaker Monitor
[ Cancelar |

m

Motes
DMP 1 - Cancelar

5] I 5 T I 1 T T T I A

[ Envviar diagramas de légica grifica para o dispositiva.

Figure 22
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5. Quick software adjustments
5.1 Opening the Quick

Click on the “Conprove Test Center” application manager icon.

S

Figure 23'":

Click on the “Quick” software icon.

INSTRUMENTOS PARA TESTES ELETRICOS _—

| = Conprove Test Center 2.02.171 -

— C Test Cent
CONPROVE Version 2.02.171
General Secondary Measurement
General Tests Secondary Tests Applications for measurement
|@ Quick | [& Dferential W Muttimeter
a VCC Aux L.Q_.P Power Directional
EIE Calibration *{ Distance
T Test Plan ﬂ Master
Remote Generation Meter
% Power Quality Se“‘lp
’d:i‘; PEE OoS Equipment Set. / Tests
_,ﬁ Ramp #% Seftings
Primary L[ Hamonic Restraint p Update Fimware
Primary Tests % Sequencer tw Software Language v
| $ cT ¥ Synchronism
| LT y
| h Owvercurment
| @@ Transformer B Transducer Support
| ) Documentation and assistance
§2 Resistance [& Transient Playback )
7 PMaster iz Volts/Hertz e
® He B Videos
&3 Corntact
Other EJ Fonm
Additional aplications {9 User Manual v
[@ Transient View 4% Quick Guide v
ﬁ; Validate PDF Reports =x Self-diagnosis
tatistical Analysis T4 Remote Access
* s | Analy P& R Ac
Copyright ® Conprove 1984 - 2022
.

Figure 24
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& | [y 5 [ - | Quick 202171 (64 Bits) - CE-6710 (0301018) — a X
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@ sync set ) ete Test = . £

S, SV Set [ Accumul lation [ Evaluations [ Set Vspc Offset F3l||Es

Direc Add . Stat  Stop Settings Presen Recreate Restore View
Channels ¥ Connection Test Test (B Delete  Phasors Report |BE|®  Charts Llayout -
Hardware Results Generation Options Report  Units Layout
Pre-fault ) Fault -~ X Monitering - % Inputs Bin., GOOSE and Analog ... | Waveform |“Accumulations | Phasors | Harmonics | Protection T X
[Ft | [egie Rl ade B — ¥ v GOOSE bputs 7
v NOOT v NoD Channel | Type Channel | Data
v Andlog. DC Ouiput D[ [Bot Contact
v Binary Oulputs % :Ei E""t‘z
onta
v GOOSE Ouiputs ) = T
v Time and Advancement ) BIDS Contact
) BIDG Contact
) BIO7 Contact
e D BI08 Contact
| salimesy hils IIE Contact
Chronometer 1 ) 510 Contact
Stop Interf. 2l ) EL Contact
Disable 4 0s ) B2 Contact
Anzlog Special Inputs DC/AC
Gremred o ¥ ~  Vokage Channels
Stop Intef _—
Channel | Type Channel | Total RMS | DC Value
Disable v
[ Actuation Lock Wait betw. Timers: [0 s
_ Curert Channels
Fix M; Time: - u
= Bhon sl | I © Stand. Acquisiion Mode Channel | Total RMS | DC Value
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S Gean | | O Prortize Anclog Inputs on Acauision
Q
o < () Enable Special Inputs/Gauge Transducers on Acqn

Error List Protection Status

+# | ON Line New Aux. Source 0,00V Heating: 0%

Figure 25
5.2 Configuring the Settings
When opening the software, the “Settings” screen will open automatically (provided

that the option “Open Settings when Start” found in the “Software Options” menu is
selected). Otherwise click directly on the “Sertings” icon.

> |

Stat  Stop Settings

| |Ess Waveform b, Harmonics H:SEtlspcOffset
Qﬂu:cumulatinn Eﬂraluatiuns H:SEtVSpC Offset

- Phasors

Generation Options
Figure 26

LA

Inside the “Sertings” screen, fill in the “General Inform.” with details of the tested
device, installation location and the person responsible. This makes reporting easier,
as this tab will be the first to be shown.

Rua Visconde de Ouro I-°reto, 77 - Bairro Custodio Pereira - Uberlandia — MG - CEP 38405-202.
Phone (34) 3218-6800 Fax (34) 3218-6810
Home Page: www.conprove.com - E-mail: conprove@conprove.com.br
17



b
CONPROVE

INDU sr 1A aCOMERCIO

I 4 I
o INSTRUMENTOS PARA TESTES ELETRICOS -
Settings x
General General Infform.  System  MNotes & Obs.  Explanatory Figures Check List Others  Connections ;
Test:
Descr: | Directional Overcument Date: |
1 Tested device:
| Identif |23[>31552 v| Model |451 v|
| Type |Line Protection \/| Manufacturer: |Schwe'rtzer \/|
[ Location:
[ Substation |Conpr0ve v|
Bay: |1 v
Address |\«"|sconde de Ouro Preto 75, Custédio Pereira v|
City: |Uberandia - State
Responsible:
Name |Michel Rockembach de Carvalho v|
Sector |Eng\neering v‘ Registry: | 0001 v|
Tool Test
CE6710 Series Num.: |D301D15?CCM33222211USHVRGLGLGLZZDRXO
Default :v Preferences oK Cancel
Figure 27

5.3 System

In the following screen, within the “Nominal” sub tab, the values of frequency, phase
sequence, primary and secondary voltages, primary and secondary currents,
transformation ratios of VTs and CTs are configured. There are also two sub-tabs
“Impedance” and “Source” whose data are not relevant for this test.

|settings ) - x]

General General Inform Motes & Obs Explanatory Figures Check List  Others Connections
NOD1 > |

Nominal Impedance Source

Frequency: 60 Hz w

Phase Seq.. ABC ~
| 3 power: IW
1g: [15.93MVA

Primary Voltage (FF): ,W
Ny [7e7Kkv

Primary Cumrent: W
Secondary Voltage (FF): W
Ny [6640V

Secondary Cument: W

VTRF:
120.0 Phase F Meutral M Ground E Displ. D
CTRF: |400.0
VIRD/VTRF: [1.00 Voltage EmEals
CTRE/CTRF. |1.00 ! o 2 e kto VO [1.00
N[2] w Fols b
Invert Polarity: 3 Vo 3 e ktoV2: |1.00
O VTsF JCTsF = Ts = kol [
COwro OcTE
D [4] wo e [s] kP ktol2: [1,00
Defaut  |v Preferences oK Cancel
Figure 28
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There are other tabs where the user can insert “Notes & Obs.”, Explanatory Figures,
and “Check List” of the procedures for carrying out the test and even create a
diagram with all the schematic of the connections between the test set and the test
equipment.

6. Channel Direction

$nEd-

Click on the icon highlighted in green to associate created channels with nodes
automatically. Choose the option “Advanced” highlighted in red. In the “Output:
Analog. and SV create a node and name it “NOO1”. Create five Voltage Channels.
Associate the first three to the 3 voltage hardware “Vi1”, “V2” and “V3”, with the
created node “NOO!” and with the points “Va”, “Vb” and “Vc”. The fifth voltage
channel will be dummy and will not have associated hardware, however it will belong
to “NOO01” and will be point “kF2”.. Create seven Current Channels. Associate the
first three with the 3 current hardware “77/”, “I2” and “I3”, with the created node
“NOO1” and with the points “Ia”, “Ib” and “Ic”. The seventh current channel will
be dummy and will not have associated hardware, however it will belong to “NOO01”
and will be point “k12”. Click the confirm button as highlighted below.

" Channels

Direct. a X
Home Dispiay [ [7]
= raset. o 5| Model Reset for Hard & O Basic Hard: Adapt 1105 I' Nodes Confim
=5 . 3 CE£710 " Connected Set ~
@ sncset. 1w % GOOSE. Autoassociate Iv Autoassaciate Iv Cancel
Direc £ Serial Number
Channels|t3 Connection 2
©  03010187CCM33222211USHVRGLGLGLIZORXD 8 ON Line = §. Value. Clean Iv Clean I' -
Hardware -4 Import... Export. 3
Oulputs: Analog. and SV Inputs: Analog. and 5V Outputs: Binary, GOOSE and Analog DC Inputs: Binary, GOOSE and Analog. DC Logical Protection X
«[»
Fault I—Nom ' || . Analog Outputs  Sampled Value Outputs 7 -
— - | el >
v NOOI T R O Forward Qi Voltage Channels 7 - |
v Analog. DC Output Nominal Line  Source Froen T Deser. | Hardware Node Point
5 Toonn T A0SO |VI v|noot  wve v
Frequency: 60Hz A2 |2 ~nonm v w o~
~  GOOSE Qutputs Phase Seq.: ABC v AD_V03 V3 ~ | NOD1 - Ve -
v Time and Advancement 3ppawer: [4730MVA AQVOE  |va v|woor  ~up -
To: [533muA Aoves  [Nom kv |
Frimary Voltage (FF): [13.80 KV
Ny (797K
Primary Current: [2,00 kA 1
Secondary Voltage (FF): [115.0V
o T Cument Channels v [ ]|= -
Secondary Curent: [500A Voltage Channel Currenis } Channel Descr. Hardware Node Foint
1] va  movo1 v 5 = [som - 60_i01 [i MR
VIRF: 1200 N2l w  mowvz v||F [e b A0 v oz [ MR R
CTRF: [4000 3 Ve AD_V03 ~ 7 [’ AD_ID3 ~ A0_103 12 ~ | NoD1 e -
VIRD/VTRF: [1,00 Vab ~|[ e [s] E ~ lroJes e ~[noot  ~up ~
CTRE/CTRF. [1,00 FF Vbe MIEIEE < |koles s ~[noo1  ~un ~
Feverse Folarty Vea ~ lho_ios |16 v|noot  ~up -
— — ~ 12
Ovrer Oersk o 4] w L (Nom kR |
QOvio Oecre Cale k0 *Neae Ll -
k.2 ADVO5 k12 007 v E
Errorlist | ProtectionSta | () Equal Parameters Amang Nodes k Jowo[1o0 [[ev2]3o0 [[k Jwowo oo o2 [s00 |

4 ONLine

N

.Fig']ure é9

Note: It is essential to use the multiplied of “Seq. Negative” equal to 3, if you
choose the value equal to 1, the pick-up settings must be divided by 3. This is due
to the fact that the relay works with the magnitude 312 and 3V2. Choosing the
first option, the software already performs the division automatically.
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Then configure the hardware by clicking the blue highlighted button.
7. Hardware Configurations

Click the “Hard Set” button to configure the power supply, stipulate the
configuration of the generation channels and the method of stopping the binary

inputs.
Settings *
Master Slave1 Slave 2 Main Sampled Value Others
Binary Outputs: Audliar Source:
Model  CE-6710 Serial Number 03010187CCM33222211USHVRGLGLGL2Z0RXO Initial State Inttial State 250V
BO1: w BO3: w
Analog Outputs: HO L 220V

BO2: NO @~ BO4: NC ~

Standard - Voltages:
| B 1oV
| © 4x300V: 100 VA

Vi

= BO5 and BO& : 60V

) 2x 600 V; 180 VA vi @ @ and BOB type

) 2x 300 V: 150 VA vzc ._._.Ng " © Conventional BOS: NO -~ a8y

. BO&: NO ~

O 1x600V; 350 VA V3 ‘ @ 24V

~ va ~ ; .

() 1x300V: 250 VA va .——-n 4 () IRIG (BOS) /Clock (BOB) oer

Off

Transistor TTL 11000V

() Customized Assoc. Binary / Analog Inputs:

() Connect VTs
Standard - Cuments: BI1: | Bl - Contact =
© 6x 324 220VA BI2: | Bl- Contact hé
O 3x 64 A: 400 VA BI3: -
— n Bl4: | Bl - Contact =
) 2x 96 A; 550 VA " ‘.—.m
— Bl5: | Bl - Contact -
t:J 2 10,00 A: 300 VA 12 c.——-uz . BI&: | BI- Contact -
[:] 1x 192 A; 1100 VA 13 . an3 BI7: | Bl- Contact =
O 1x6,00 A; 360 VA » ‘—' ®— 4 BI&: |BI- Contact -
BI9: | Bl - Contact -
5 C @—= . BI10: | BI- Contact -
.—-—INE . BI- -
Electromechanical: 16 BITT:
(O 1% 75A; 700 VA BI12: | Bl - Contact -
() 1x50 A; 700 VA () Considers absolute values to Voltage-BI i: _}:‘:z z‘z,ooz:g ;OOVM
O i — —
OEEERERER | 5 e () Range 1.25A oK Cancel

Figure 30
8. Phase Overcurrent Directional Adjustment
8.1 Protection Tab > Directional Tab > Overcurrent Tab

Due to the great complexity of this function, noted in the equation exposed in the
RELAY MANUAL, CONPROVE developed an exclusive tool that allows knowing
the directionality characteristic, based on the adjustments that are collected in the
relay and on the values applied by the case. To access the feature, click on the green
highlighted “SEL Directionality” tab.
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i

FE

£ v B |J v
R SRV,

Figure 31

Note in the figure below that the requested data are the same as those parameterized
in the relay. The user must complete the fields below as carefully as possible, as each

of them directly influences the final test result.
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SEL Directionality X

B Separate Param. and Result

Monitoring and Results

Modelo SEL E32 AUTD
SEL 411L; 421; 451 w
i ORDER FE
i INOM 5A ~ 50FP 0.600 A
. NFREQ &0 v 50RP 0,400 A
| PHROT ABC v
| BKnTYP 3 v
| CTRW(CTR) [1200 zoF
CTRX(CTRP) [1800 Z2R
ZIMAG 21 a2
Z1ANG [es00° k2 0.200
ZOMAG N 20F 3190
ZOANG [7247- Z0R 3290
EPO 52 ~ al [pio0
27P0 [a0v @ E32v
50LPn [os00A DIR3 R w
ELOP Y1 v DIR4 F >
O Lop ELOAD N >
@ 528 pala [a220
ZIR [a220
PLAF [3000°
NLAF [2000°
Abs.time Toler. [0100s PLAR 150,0
Abs. angle Toler. ISDD’i NLAR W
L J

Figure 32

Note the figure below, that although we use the “Relay Word Bit” “67PIT” in the
relay adjustment, here in the test set, to be correctly evaluated, the “Relay Word Bit”
used is the “67QIT”. This is possible since in the previously discussed logics,
directionality by elements of negative sequence acts directly on the positive
sequence. Even in the pickup and delay fields 50Q1P, 67Q1D are parameterized with
the phase data “50P1P” and “67PI1D”. Thus, generating purely negative-sequence
faults (evidencing phase-to-phase faults) it is possible to evaluate the tripping by
phase directional overcurrent. Also note the use of the negative sequence
characteristic to evaluate a positive sequence trip.
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|SEL Directionality X

@ Separate Param. and Result

Parameterization| Monitoring and Results

VA [0V o VA 0VI000° SPOA vPOLV | O Phase Inst./Def. Time - Overcumert
| VB |: Y |: VOA 0VI000° SPOB () Residual Ground Inst./Def. Time - Directional Overc. ,
| SPOC ZLouT I © Negative-Seq. Inst./Def. Time - Directional O\rerc.l
ov 0 0v10.00*
- | o 5 on 0z 03 O
Level: 1 2 3 4
1A [oA [0 MA 0A1000° SPO ZL0AD
1B |0A Jo 1A DAIDOD® 50GF 50GF 50Q1P 1000A 5001
IC |:.—Jl |: 124 0AJ0Q00" S0aR S0GR 701D 18,00 cy 671
32QE I2VE 67Q1T
of targeted) “E ~
" § / 320GE 2 @ 67
Phase Directional, Negative-Sequenc Voltage Polarized Best Choice Ground Direc. Logic
7 5 g ,,o"x;,_, = ] - “"-».,_--r"\ \ Y Operating Associated to Word Bit: 67Q1T ~
| - h = 1 Faz| Fazv Capturing Time to: © Cron. 01 () Cron. 02
¢ R3zl R32v Stop Intef.
; F32Q F320G Status
/ R32Q R320G
20F Results F (f 2
32G0R
|
| 32GF
| 32GR
g Fazp
| ., R3z2pP
S
..

Figure 33
8.2 Directionality Test

The 67P function directionality test will be performed. Close the “SEL
Directionality” window. In the missing tab, choose the definition as “Simet. Comp.”
as shown below. Then access the “Chronometer” tab, select the stop interface as
BIO1.
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Figure 34

After clicking on the button mentioned above, click again on the “SEL
Directionality” feature, located in the “Protection > Directional > Overcurrent” tab.
Enter the fault as negative sequence voltage and current values, by selecting the
option “Simet. Comp.”.
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Start the generation by clicking on the icon highlighted below or using the command
“Alt +G . If the relay does not stop generating, use the “A4/t+P” command.

Ly 4l

Add Reedit Start
Test Te

LA
Jd

On Editing... -
Delete Test

Results Generation

Figure 36

After the relay actuation or not actuation, capture the tested point by clicking on the
icon highlighted in red (capture loop). Note that it is shown in the “Stop interf.” if the
tested point had actuation or not, if this point is within the operating or non-operating
region and within the tolerances, the feedback in the “Status” field “OK” is shown.
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Figure 37

Only vary the angle of the negative sequence current by 30° and capture all points.
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Figure 39

An important observation is that the user must keep the negative sequence voltage
and current modules constant, because if they change the entire characteristic
changes (Observe the equation in the relay manual). Compare the figure above with
the figure below:
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After finishing the test, click on the “Present Report” icon in the previous figure or
using the “Ctrl +R” command to call up the report pre-configuration screen. Choose
the desired language as well as the options that should be part of the report.
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Figure 41
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1. Device Tested

Ident .: 23031982; Type: Line Protection
Model 451; Manufacturer: Schweitzer
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Substation: Conprove
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Address: Visconde de Ouro Preto 75, Custédio Pereira
City: Uberlindia; State: MG
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A.1 Terminal Designations
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A.2 Technical Data

Relay Element Pickup Ranges and Accuracies

Instantaneous/Definite-Time Overcurrent Elements

Phase, Residual Ground, and Negative-Sequence

Pickup Range
5 A Model: OFF, 0.25-100.00 A secondary, 0.01 A steps
1 A Model: OFF, 0.05-20.00 A secondary, 0.01 A steps
Accuracy (Steady State)
5 A Model: +0.05 A plus £3% of setting
1 A Model: +0.01 A plus £3% of setting
Transient Overreach: < 5% of pickup
Time Delay: 0.000-16000 cycles, 0.125 cycle steps
Timer Accuracy: +0.125 cycle plus +£0.1% of setting

Maximum Operating Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range
5 A Model: 0.25-16.00 A secondary, 0.01 A steps
1 A Model: 0.05-3.20 A secondary, 0.01 A steps
Accuracy (Steady State)
5 A Model: +0.05 A plus £3% of setting
1 A Model: +0.01 A plus £3% of setting
Time-Dial Range
Us.: 0.50-15.00, 0.01 steps
IEC: 0.05-1.00, 0.01 steps
Curve Timing Accuracy:  =1.50 cycles plus +4% of curve time (for
current between 2 and 30 multiples of
pickup)
Reset: 1 power cycle or Electromechanical

Reset Emulation time
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Equivalence of software parameters and the relay under test.

Table 1
Quick Software SEL 451 Relay
Parameter | Figure Parameter Figure

INOM 32 Secondary Input Current 07
NFREQ 32 NFREQ 09
PHROT 32 PHROT 09
CTRW (CTR) 32 CTR 10
CTRX (CTRP) 32 PTR 10
Z1MAG 32 Z1MAG 10
Z1ANG 32 Z1ANG 10
ZOMAG 32 ZOMAG 10
Z0OANG 32 ZOANG 10
EPO 32 EPO 17
27PO 32 27PO 17
50LPn 32 --
ELOP 32 ELOP 12
52A 32 --
E32 32 E32 16
ORDER 32 ORDER 16
50FP 32 50FP 16
50RP 32 50RP 16
Z2F 32 Z2F 16
Z2R 32 Z2R 16
a2 32 a2 16
k2 32 k2 16
ZOF 32 ZOF 16
ZOR 32 Z0R 16
a0 32 a0 16
E321V 32 E32IV 16
DIR3 32 DIR3 15
DIR4 32 DIR4 15
ELOAD 32 ELOAD 12
ZLF 32 ZLF 13
ZLR 32 ZLR 13
PLAF 32 PLAF 13
NLAF 32 NLAF 13
PLAR 32 PLAR 13
NLAR 32 NLAR 13
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Quick Software SEL 451 Relay

Parameter | Figure | Parameter | Figure
50Q1P 33 50Q1P 14
67Q1D 33 67Q1D 14

67Q1TC 33 67Q1TC 14
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