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Test Tutorial

Equipment Type: Protection Relay

Brand: SEL

Model: 787

Function: 87-1 or PDIE-1 Percent Differential and 87-2 or PDIF-2
Instantaneous Differential.

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

Objective: Test Settings, Testing Point and Survey of Feature
Slope

Version control:

Version | Descriptions Date Author | Reviewer
1.0 Initial release | 13/08/2021 | M.R.C. M.P.S
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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 the 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 tested must
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 must handle the instrument. It should be noted that the user must

have satisfactory training in maintenance procedures, a good knowledge of the equipment under
tested 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 787 relay tests in DIFFERENTIAL software

1. Relay connection to CE-6006
Appendix A shows the relay terminal designations.
1.1 Auxiliary Source
Connect the positive (red terminal) of the Vdc Aux. Source to the “Power +” pin

(A01) of the relay, connect the negative (black terminal) of the VVdc Aux. Source to
the “Power - pin (A02) of the relay.

Vdc Aux
Max. 265V

RELE
POWER+ (A01)

.J POWER- (A02)

Figure 1

1.2 Current Coils
Connect the 11, 12 and 13 current channels of the CE-6006 to pins Z01, Z03 and Z05
of the relay respectively, connect the three common of CE-6006 to pin Z02 of the
relay, thus forming the connection of winding one. In the same way, to establish the
connection of winding 2, connect 14, 15 and 16 current channels to relay pins Z07,
Z09 and Z011 respectively, connecting the three common to pin Z08.

208, Z10 202, 204
eseebe LN I
" I2 13 W \ 209 | Z07 Z05 |Z03 | 201

Figure 2
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1.3 Binary Input

Connect the CE-6006 binary input to the relay binary output.
e BI1to pin A03 and its common to pin A04 of the relay.

I ™

BI1 BI3 BI5 BI7

OuUT101
A03 | Ao4

Bl2 Bl4 Bl6é BI8

. J

Figure 3

2. Communication with relay

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

Figure 4

When opening the program, the relay file is selected if communication has already
been carried out. Otherwise click on “New .

8 AcSELerator® QuickSet - [Getting Started with QuickSet] - =] X
@ File Edit View Communications Tools Windows Help Language
BERBIH | & ) e om

QUICKSET
Settings
New
Create new settings
Read
Read settings from a connected device
Open
Open previously saved settings

Device Manager
Open Device Manager

Communication
Configure communication parameters for a connection

Manage
,  Manage offine settings and databases

Update
Install and update Quickset software and drivers

O[] RXD[] Open: Connected COM3: Prolific USB-to-Serial Comm Port 38400 8-None-1 Terminal = EIA-232 Serial File transfer = YModem

Figure 5
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In the next screen, adjust the model and version of the tested relay. Check on the front
panel via the following path “Status > Relay Status > FID”.

E Settings Editor Selection - Settings Database e

Device Family Device Model Version Example FID

SEL-551 A SEL-787 | SEL-7B7-R00-V-Z00300-DI0000on
W]

SEL-587 SEL-787-4
SEL-651 003 The first three numbers following the -Z make up the

SEL-700 004 Device Setting Version Mumnber (SVN).
SEL-701
SEL-710

SEL-731 Driver Information

SEL-734 . .
SEL-735 Mame: SEL-787 003 Settings Driver

SEL-749 Version: 6.10.2.3
- Date: 17/12/2020 22:55:30

SEL-349
SEL-2100
SEL-2411
SEL-2414
SEL-2431
SEL-2440
SEL-2523 "

Install Devices oK Cancel

Figure 6

Then the “Part Number”” must be set. Use the following path to view “Status > Relay
Status > PART NUM”.

Device Part Number

Part Number: 0787 * * * *C *C *1 *85 * 41 *

~Position C |
|C = 4 Fast High Cumert Interrupting Digital Output, 4 Digital Inp v| 1
~Position D
|C = 4 Fast High Cument Intermupting Digital Output, 4 Digital Inp v| J
~Position E
| 1° = 4 Hectromechanical Digital Output, 4 Digital Input " | }
~Position Z-
| 85 =5 A Winding 1. 5 A Winding 2 v| J
~Communications Ports and Prot |
| 41 = ElA-232 Front, EIA-232 Rear, Single 100BASE-FX, SEL FjEe | }

Figure 7
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Then click on the highlighted icon according to the figure below:

E AcSELerator® QuickSet - [Settings Editor - Mew Settings 1 (SEL-787 003 v6.10.2.3]]
EFiIe Edit View Communications Tools Windows Help Language

capodHd @z 0o er|om|zE o

[lobal
Group 1
Group &
Group 2
Group 4
Front Panel
Fepaort
Port F

Fort 1

Fort 2

Part 3

Part 4
Modbus Uzer Map
DHP Maps

S| Read Settings From Device S

Transformer Protection Relay

0000000000000

Figure 8
3. Parameterization of the SEL 787 relay

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

@ AcSELerator® QuickSet - [Settings Editor - SERF - TRAFO1 - SEL787 - TUTORIAL (SEL-787 003 v6.4.0.2)] = —E8 |

Arquivo Editar Visualizar ComunicagBes Ferramentas Janelss Ajuda Idioma _ =%

AREIHE BE ©0 ® wR o8

| 4]© Giobal

General
© Event Messengs

© Setings Group Selection

PHROT Phase Rotation

O Time and Date Management Settings ABC + Select: ABC, ACB

o O Synchionized Phasor Measurement

| O Breaker Faiure FNOM Rated Frequency (Hz)
O Through-Fault Monitor &0 ¥ Select: 50, 60
> O Analog Inputs

i L.© Anaiog Dutputs DATE_F Date Format

P L@ Input Debounce DMY + Select: MDY, YMD, DMY

! L.© DataReset Control

i O Access Contol FAULT Fault Condition {SELogic)
@ Time Synchronization Source 51P1P OR 51P2P OR 51G1P OR 51G2P OR 5IN1P OR TRIF g

»-O Group 1

»-© Group 2

»-© Group 3

>0 Groupd

>~ Front Panel

» @ Report

>~ O PortF

-0 Part1

>0 Part2

> -0 Port3

-0 Port 4

1@ Modbus User Map

»-© DNP Maps

Part#: 07870X1ACACX1X830410  Global : General ¥ Conproverdb
Txo[] RXD[  Abrir Conectado COM3: Prolific USB-to-Serial Comm Port 19200 8-Nenhum-1 Terminal = Serial EIA-232 Transferéncia de arquivo = YModem

Figure 9
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3.2. Configuration
Click on “Group 1 > Set 1” and choose the “Configuration” option. This window
adjusts: the rated power of the power transformer, if the offset compensation is done
by the relay itself, the type of CT connection, the CT transformation ratio, the angular

compensation matrices and the rated voltage of each winding. The other adjustments
in this window are not active.

E AcSELerator® QuickSet - [Settings Editor - SERF - TRAFO1 - SEL787 - TUTORIAL (SEL-787 003 v6.4.0.2)]

el

Arquivo Editar Visualizar Comunicagies Ferramentas Janelas Ajuda Idioma - |F X
GUBJIHD B 00 ® ¢wR a8
4.0 Giobal - N -

L@ Genenl Configuration

O Event . -

O Setting election MVA Maximum Transformer Capacity (MVA)

@ Time and Date Managsment Setlings 32,0 Range = OFF,0.2-5000.0

O Synchianized Phasor Measurernent

O Breaker Falure
L@ ThioughFault Moritor
© Analog Inputs
© Analog Dutputs
© Input Debounce
L@ Data Reset Control
1O Aeccess Contral
L@ Time Synchionization Source
[4] © Group 1
[]o se
Idertifier
Transfarmer Differertial Elements
: Resticted Earth Fault
& Owercuient Elements.

O Time Overcurent Elements
O RTD
Under/Over Yoltage Elements
VrHz Elemerts
Power Elements

; E
@ Tiip and Closs Logic

1COM Define Internal CT Conn. Compensation
¥ - Select:V,N

Winding 1

WICT Winding 1CT Connection
WYE ~ Select: DELTA, WYE

CTR1 Winding 1 Phase CT Ratio
160 Range = 1-10000

W1CTC Winding 1 CT Conn. Compensation
0 Range =0-12

VWIDG1 Winding 1 Line-to-Line Voltage (kv)
138,00 Range = 0.20-1000.00

Winding 2

W2CT Winding 2 CT Connection
WYE ~ Select: DELTA, WYE

CTR2 Winding 2 Phase CT Ratio

00 Range = 1-10000
© Logic 1
O Graphical Logic 1 W2CTC Winding 2 CT Conn. Compensation
O Group 2 1 Range =0-12
© Group3
»- O Group 4 VWDG2 Winding 2Line-to-Line Voltage (kV)
»-© Front Panel 13,80 Range = 0.20-1000.00
+© Repart
© PatF
© Fotl ~ || cTRNL Neutral D) €T Ratio =

Part#: 07870X1ACACX1X850410 Group 1 : Configuration ¥ Conproverdb

TXD[] RXD[] Abrir Conectado COMS: Prolific USB-to-Serial Comm Port 19200 8-Menhum-1 Terminal = Serial E14-232 Transferéncia d

Figure 10

e arquivo = YModem

3.3. Transformer Differential Elements
In this option, the differential function is enabled, the TAP's values are displayed
(automatically calculated) and the minimum differential current value is adjusted for
TRIP and for alarm, the two slopes, the knee point and the current of the unrestricted

differential. The other settings are related to the harmonic restraint function and they
are not relevant for this tutorial.
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E AcSELerator® QuickSet - [Settings Editor - SERF - TRAFO1 - SEL787 - TUTORIAL (SEL-787 003 v6.4.0.2)] = 8|
Arquivo Editar Visualizar Comunicagies Ferramentas Janelas Ajuda Idioma - |F X
SGBEJIHD BE 00 B ¢wR oN *
-0 TGlobal P N N =
O Genenl Transformer Differential Elements
L.O Event Messenger -
@ Seftings Group Selection EB7 Enable Transformer Differential Protection
& Time and Date Management Settings ¥ ~ Select:Y,N
© Synchionized Phasor Measursment
Lo () Bresker Failure TAP1 Winding 1 Current Tap (Auto. Calculated)
@ Through-Fault Monitor 0,84 Range = 0.50-31.00
» @ Analog Inputs
> @ Analog Dutputs TAP2 Winding 2 Current Tap (Auto. Calculated)
>+ Input Debounce 3,35 Range = 0.50-31.00
- Data Reset Control
© Access Contral 087P Restrained Element Operating Current PU {multiple of tap)
@ Time Synchronization Source 0,60 Range = 0.10-1.00 L
4.0 Group
4 O Setl 87AP Differential Current Alarm PU (multiple of tap)
-0 |dentifier = 0,30 Range = OFF,0.05-1.00

Confiquration
87D Differential Current Alarm Delay (seconds)

estricted Earth Fault 50 Range = 1.0-120.0

5]
© Overcurrent Elements
> @ Time Dwercurrent Elements SLP1 Restraint Slope 1 Percentage
- @ RTD 25 Range = 590
>0 Under/Over Yoltage Elements
© ViHz Elements SLP2 Restraint Slope 2 Percentage
© Fower Elements &0 Range = 5-90
© Frequency
© Demand Meter IRS1 Restraint Current Slope 1 Limit
-~ @ Tiip and Close Logic 3,0 Range = 1.0-20.0
>0 Logic1
L. Graphical Logic 1 US7P Unrestrained Element Current PU
»-O Giroup 2 10,0 Range = 1.0-20.0
> -0 Group 3
»-@ Group d PCT2 Second-Harmonic Blocking Percentage
© Front Panel 15 Range = OFF,5-100
>~ O Report
s -0 PortF PCT4 Fourth-Harmonic Blocking Percentage
> -0 Part1 bl | IET] Range = OFF,5-100 i
Part#: 07870X1ACACX1¥850410  Group 1 : Transformer Differential Elements ¥ Conproverdb

TXD[] RXD  Abrir: Conectado COM3: Prolific USB-to-Serial Comm Port 19200 &-Nenhum-1 Terminal = Serial EIA-232 Transferéncia de arquivo = YModem

Figure 11
4. Binary Output Adjustments

4.1. Slot A
Click on “Logic 1 > Outputs” and select the option “Slot A” and make the following
adjustment for the field “OUT101".

& AcSELerator® QuickSet - [Settings Editor - SERF - TRAFO1 - SEL787 - TUTORIAL (SEL-787 003 v6.4.0.2)] = S|
Arquivo Editar Visualizar Comunicacies Ferramentas Janelas Ajuda Idioma - = x
CEEBIHD BE 00 R w@ 2B 3

O Breaker Faire .

@ ThrughFadk Monitor Slot A

>+ Analog Inputs

» @ Analog Dutputs ouT101

O Input Debounce OUTIDIFS OUT101 Fail-Safe

O Data Reset Control

@ Aecess Conval N | Z=E5 L

L@ Time Synchionization Source
4.0 Goupl 0UT101 (SELogic)

P SRR =

Identiier

Configuration ouT102
Transformer Difterertial Elements
Restricted Earth Fault
Overcurrent Elements

Time Owercurrent Elements

RTD 0OUT102 (SELogic)

Under/Over Yoltage Elemernts svoir =

V/Hz Elements

Power Elements ouUT103

Frequency

Demand Meter

Tiip and Close Logic
gic 1

SELagic Enables OUT103 (ELogic)

SELogic Latch Bits HALARM OR SALARM =]

SELogic Variables and Timers

SELogic Counters

Math Variables

OUT102FS OUT102 Fail-Safe
N « Select: ¥, N

m

OUT103FS OUT103 Fail-safe
Y - Select: ¥,N

]
Ik
[

P00POCL 00RO 0QO0OOOOC

O Slat
O ShotD
O StE
@ Minored Bits Transmit SELogic Equations
- Graphical Logic 1
»-© Group 2
» O Group 3
Part#: 07870XLACACKIXES0410  Logic 1: Slot A % Conproverdb

TXD[] RXD]  Abrir: Conectado COMS3: Prolific USB-to-Serial Comm Port 19200 8-Nenhum-1 Terminal = Serial EIA-232 Transferéncia de arquivo = YModem

Figure 12
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4.2. Submitting the Adjustments

Click on the selected icon and submit at least the following adjustments.

E AcSELerator® CuickSet - [Settings Editor - Differential (SEL-787 003 v&.10.2.3]]
"EFiIe Edit View Communications Tools Windows Help Language

g iBord 2635 00 | e F | aB )

v O Global Send Active S-v.='_’ttir1g|5.I
- 0 General A

Figure 13
E Settings Group,/Class Select >
Select Groups/Classes to Send
_—
M ]
QK
Cancel

Figure 14
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5. Differential software settings

5.1. Opening the Differential

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

Figure 15

Click on the “Differential ” software icon.

G Conprove Test Center 2.02.160

LE Hamonic Restraint

[@ Transient View
B Validate PDF Reports
W Statistical Analysis

—
G Conprove Test Center

CONPROVE Version 2.02.160
General Secondary Measurement
General Tests Secondary Tests Applications for measurement
& Quick “Qf Differential W Multimeter
'a, WCC Aux 1#F Power Directional
EIE. Calibration *{" Distance
T Teste Plan % Magter
Remote Generation Meter

£F PSBOoS Setup

_ﬁ Ramp Equipment Set. / Tests

#ﬂ' Settings

F’rimary % P ﬁ lpdate Fimmware
Primary Tests % i ' Software Language
$ cT {7 Overcument
A
VT E] Transducer S rt
< Transformer E) Transient Play uppo
) Documentation and assistance
€2 Resistance % \oksPHz J _
Qﬁ PMaster LW Tutorials
D Videos
&3 Contact
Other 53 Foum
Additional applications i Manual

&9 Quick Guide
wr Seff-diagnosis

%% Remote Access

Copyright © Conprove 1984 - 2021

Figure 16
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Kipgd-
Home Display  Software Options [7]
@ HrdSet < GOOSE Set - e
Settings X
@ sync.set =, Svset
Channels Start
Direc, T4 Connection General Inform_ Sysiem  Notes 80bs.  Explanatory Figues | Check List  Others  Connections
Hardware Test:
Test Set FontTest SearchTes  Test Seli Differertial — e [
Insert/Edit Points - X
; Tested device:
Insert/Ed Poirts General Options —
New Paint  {v =
i Winding1
Location:
Sequence
Winding2 Substation \ v‘
o
« — Address ]
Test Points ay: | ~ SELE
Points Tested .
No.  Fault Diff IRest | R Name: | |
Tool Test
CE-6006 Series Num.: [0320711630210111001 1300
Defauk  iv Preferences oK
D and iRest. 7] Operating Region I
ErrorsList | Protection Status
€3 | OFF Line New Aux Source: 0,00V Heating: 0%

Figure 17

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 “Settings” icon.

&£ | O = [ = | Differential 2.02.152 (64 Bits) - CE-6006 (0320711)

m Home Display Software Options

= Hrd Set £°0 GOOSE Set B » Mext Point [as Waveform G0 System
-~ =
@ Sync, Set S5, 5V Set { Clear test 5|_. Phasors %Relay
Channels Start  Stop 0 Settings
Direc, U3 Connection ! Clear a [E) SEL
Hardware Generation Options
Figure 18

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 Preto, 77 - Bairro Custodio Pereira - Uberlandia — MG - CEP 38405-202
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Settings X
General Inform.  System  Notes & Obs. Explanatory Figures Check List Cthers  Connections
Test:
Diferential Descr: | Differential Function Date: |
Tested device
Identf- (23031982 ~| Model (787 ~|
Type: |Transformer Protection v| Manufacturer: ‘Schwenzer v|
Location
Substation: [CONPROVE ~]
Bay: [1 -
Address: |V|scur|de de Quro Perto 75 - Neighborhood Custadio Pereira w |
Ciy: [Uberlandia - State:
Responsible
Name: |Miche\ Rockembach de Carvalho w |
Sector: |Eng\neenng v‘ Registry: |0001 vl
Tool Test
CE-6006 Series Num_: |D32D71163DZ1D11TDD11XXX
Defait fv Freferences oK Cancel
Figure 19

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 K

General Inform. Notes & Obs. Explanatory Figures Check List  Others  Connections

NOO1 > A
Nominal Impedance  Source AV

a

—

Frequency: |60 Hz ~ b _IWL' Oforward ©‘
-

Phase Seq.:. |ABC ~ c HHA

Differential

Ippower. [4,78 MVA ;—" 1 gl‘,— ”g
EE S

Tp: [1.59 MVA i

Primary Votage (FF): [13.80 Kv : = > -
¢ e

+3E

FNe [797Rv
Primary Cument: W
Secondary Voltage (FF): W E
Ny [esdov
Secondary Cument: ’W
VIRE: 1200 Phase | F | Newrsl N | Ground | E

Displ. | D
CTRF: |200.0
VTRD/VIRF: [1,00 Voltage Currents
CTRE/CTRF: |1,00 L s 2 = kto VO: |1.00
. FN |2 Vo F |6 Ib
Invert Polarity: 3 Ve 7 o ktoV2: |1.00
L vrsF Ll crsF E |8 E ktol0: f1,00
Ovro OcTe
D [4] wp EF [s| P ktol2: [1,00

Default Ev Preferences Cancel
Figure 20
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There are other tabs where the user can insert “Notes & Obs.”, Explanatory Figures,
“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. Differential Adjustments
6.1. “Differential” screen > “Adjust Prot. Differential” > “Settings”

The initial default for the “Data Entry” field is defined as “User”, thus all other
settings such as TAP, lag compensation, mismatch correction, measurement current
type, reference winding for calculations and zero sequence elimination options are
enabled so that the user can, according to the relay, perform the adjustment correctly
(Free Configuration). This method allows the user to test any type of differential
relay, but it requires more knowledge of the relay.

To facilitate data entry, the settings of the main relays available on the market have
already been standardized. When selecting one of the lists of relays, only the
configurable settings are enabled.

Settings *
General Protected Equipment/CTs I Adjust Prot. Differential I
Settings | Slope Defintion
Differential
Data Entry: User ~ | @
; . . AREVA KBCH 120,130,140 A
Differential Settings AREVA MCOM-P 24X Cument Tolerance
L AREVA MICOM-P§31/P632 -
Pickup: |0.301n | AREVA MICOM-PE33/P634 e
Time: [000s | pcompaie P Absolute:[0,10 In
GE 345 (BETA)
Restriction Cumrent  |GE 483 Time Tolerance
GE 845/869/289
(lipl+Ilsl) / K gE g‘;ﬁ - Relative: | 1.00 %
: GE SR745 (Fimware até 1999) =
K| GE TEO {Fimware até 3.5) | ms
GE TB0/GB0/MED
General Options INGETEAM PD250 .
S e NARI PC5-978 sation:
s: | Calcu Reyrolle 75G 14 DUOBIAS-M
SCHNEIDER Sepam 80 (T) v| @ Befors Leg:
SCHMEIDER Sepam 80 (M) (BETA) O Ater 12
Reference Wnd. for SEL 300G (G) X_,_. .‘,_?,
Calculations {In): SEL 300G |T} EaY ™
SEL 700G e ]
SEL 387/587 R T *.]
I\\, f.r’/‘.-" kY H‘m\ 'II
J5D600 (Siprotec 4) A B
SIEMENS 75D5/75D61 (Siprotec 4) o b
SIEMENS 7UT/7UM {Siprotec 4) = =
SIEMENS 75D 8x/75L8x (Siprotec 5)
SIEMENS 7UT&x (Siprotec 5 W
Zero Sequence Emmramr iprotec 5)
Default Ev Preferences 0K Cancel

Figure 21
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Choosing the “SEL 787" template makes adjustments easier. Current and time
tolerances are taken from Appendix A.

Settings X
General Protected Equipment/CTs Adjust Prot. Differential
Settings  Slope Definition
Differential
Data Entry: SEL 787 ~
Differential Settings Instantaneous Settings Current Tolerance
Pickup: |0.60 In Pickup: [10.00In Relative: | 5.00 %
Time: |0.00 = Time: |0.00= Absolute: |0,10 In
Angle Time Tolerance
Tolerance
(Npl + sl ) £ K Absolute: Relative: |5.00 %
1 3.00° Abzolute: | 50,00 ms
General Options
Phase Shift Compensation:
Calculated
]
"ind. 2
Zero Sequence Himination
Default V Preferences QK Cancel

Figure 22

6.2. Differential screen > Adjust Prot. Differential > Slope Definition

In this screen the values of the slopes (“Slope 1” and “Slope 2”) and the “Knee
Point” must be entered.
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Settings

General

Differential

Slope

Slope 1:

Knee Point:

Protected Equipment/CTs

Settings

25,00 %

3.00

Adjust Prot. Differential

Slope 2- 60,00 %

11.00

10,00

& /
5,00 7 /
8,00 o
/,- /
7.00 o

£.00 A
o il
5,00 -
/ /
400

300 A /
200

'/
1,00 -+~

ol
0 10,00

20,00

Default  {w Preferences oK Cancel

Figure 23
6.3. Differential screen > Protected Equipment / CT's

This tab should inform the protected equipment, the number of windings, nominal
voltage, nominal power, the primary and secondary currents of the main CTs and the
currents of the auxiliary CT, if necessary. This test uses the settings for a relay that is
protecting a two-winding transformer. However, it is possible to test, in addition to
the differential protection of transformers, the busbar, generator, motor and line
protections. For transformer protection there is the possibility of testing up to four
windings, using two test set simultaneously.
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Settings X
General | Protected Equipment/CTs | Adiust Prot. Differertial
Differertial Protected Equipment
Equipment Transformer/AutoTransf  ~ M2of Phases:| 3@  « [N2of Wnd.:|2
Descrnipbon| Voltage Power |ConnechionVector Grouy Grounded
ind. 1 138.0KV | 32,00 MVA
.2 sk [ z2ooma I
CTs
Main CTs  Auxiiary CTs [] Enable Auxiiary CTs
Descrnphion I Nom 1 Prim 1 Sec Connection Vector Grouy
‘wind. 1 13394 0,800 kA 500 A Y -
Wind.2 | 134ka | 200kA 5004 | Y+
Default Ev Preferences Cancel
Figure 24

7. Channel Targeting and Hardware Configurations

Click on the icon illustrated below.

m{ IDEHE-= Differential 2,.02,152 (64 Bits) - CE-6006 (0320711

Home Display Software Options

G HrdSet <o GOOSE Set B > Mext Point
~
@' sync, 5et

Su SV Set { Clear test
Channels . Start  Stop
Direc. | %% Connection  Clear a
Hardware Generation
Figure 25

Then click on the highlighted icon to configure the hardware.
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Channels Direct. o x
Model Reset for Hard. - O Basic Hard- [ pdopt /00 [~] Modes Er
CE600E |  Comected Set @® Advanced [
H £% GOOSE... AL - - e
£ Serial Number I I
§ 03207116302101110071XXX b S ON Line Sy 5. Value Clean I' Clean I' e Export 2
Outputs: Analog. and SV Inputs: Andlog. and 5V Outputs: Binary, GOOSE and Anclog DC Inputs: Binary, GOOSE and Anclog. DC Logical
Moo G = - Analog Outputs  Sampled Value Outputs «[»
1/18 o I'| O fForward @ B Voltage Channels [ I¥-|#-|=-
Nominal line  Source = Descr. Hardware Node Point
Frequency: |60Hz  ~ H o —
Phase Seq.. | ABC < © 3”
3p power: [4,78 MVA
Tg: |1.59 MVA ‘
Primary Voltage (FF): [13.30 KV
N [757RV ‘
Primary Curent: [200.0A 1
Secondary Vohtage (FF): [115.0V
N [ss.40v Current Channels [ e~ || =~
et | \]!dtageva Channcl (:lrerts‘a Imtj:nn; | [peser. Hardware Node Point
WIRERI20.0 ozl w Fle] ® |aoime - 40102 |12 - Noot vl v
CTRF: [2000 3 Ve 7 I AD_I03 v~ AD_103 12 - | NOD1 e -
VIRD/VIRF: [100 Vab E [e] ~| Jaoded T ~nooz <k -
CTRE/CTRF [100 e Vbo e [a] P ~  [a0d05 5 ~nooz v (b -
Reverss Polaty ' Vea G -nooz vl -
[ vTse Ocrse o [¢] w
Ovro OcTe Cac =) Cale. 0 —
kv2 k12 -
[ Equal Parameters Among Nodes k [ovo[100 [wv2]100 k [ [100 [wi2]100
Figure 26
Choose the channel configuration, adjust the auxiliary source and the method of
. . . .. R « "
stopping the binary inputs. To finish click on “OK”.
Settings X
Master Slave Binary Outputs: Auliar Source:
Initial State 250V
Model: | CE-600G Serial N&  03207116302101110011XXK 801 o v
220V
BOZ: |NO ~
Analog. Outputs:
alog Outpts: @ Defaut () Free BO3: |NC  ~ » 10V
Default - Voltages: BO4: |NC - .
O £x300V: 90 VA
() 3x 300 V: 90 VA 48V
O 3x300V; 150 VA Vi VZ V3 V4 V5 V6 Currents Analog Input: 2
Rl X XXX
(O 2x 300 V: 200 VA . . . . . . 1A | 100mV/A (108) ~ off
O 1x 300 V- 400 VA 1B: | 100mVsA (108) ~
IC: [100mV/A (10A) ~ 110,00V
Binary Inputs:
@ Mot Used ] Connect VTs Contact [5Vpk 50 Vpk 100 Vpk
Defautt - Curents: " 3 14 6 BI1 & BI2: .
@ 6320 A; 90 VA
3w 20A90VA ~ N1 N2 | N3 | N4 N5 | N6 BI3 & Bl4: .
O 3x20A; 150 VA T T T T BIS & BIG: .
wonan | O 00O @@
L BI7 & BI8: .
O 2x 60 A; 200VA e ) o
O 1x 120 A:400VA n 2 3B 4 15 16
EBlectromechanical:
O 2x 20 A; 400 VA
O 1x 30 A; 600 VA
O 1x 24 A: 1100 VA
O Mot Used [ Connect CTs
TIP: To avosd performance protection, connect the cument channets before confirming the setting. Cancel

Figure 27
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On the next screen choose “Basic” and on the next window (not shown) choose
“YES”, finally click on “Confirm”.

Channels Direct. O X
o
§ Model A (@) Basic Confirm
Set

CE-6006 Advanced
p o %0 GOOSE... Cancel
= Serial Number:
c 0320711630210111001130¢x - = 5, 5. Val
= 03207116302101110011 . ON Line 5. Value... Import... Export..

Figure 28

8. Test Settings

In the test settings tab, the important thing is the correct direction of the generation
channels and the selection of the stopwatch interface for “BI01”. Enable a pre-fault
with nominal values with a time of 500ms so that the “Point Test” is done properly.

WL | o 5 i - | Differential 202.152 (64 Bits) - CE-6006 (0320711)

X

Home  Display  Software Options (%]
@ HrdSet £ GOOSE Set J—| 1 Waveform @D System (Disecond .F,w @,
@syncset 5, Svset { Clear te = B Relay g @
Channels Start  Stop g, Settin Prese are Vi
Direc, t¥ Connection  Clear al Rros o
Hardware Generation Report Layout

TestSet  PortTest SeachTest Test Sefti
Enable Pre-Faut 1

Generation Channels Direc. [ Enable Pre-Faut 2

Time Pre-Faut1: [0.50 . I

Binary Outputs & Goose - Fault Binary Outputs & Goose - Pre-Fault1

Test Set

‘Wnd Pha: Gen. Channel Mad MNominal M Wait Time for Data Entry: |60,00 s
01 |la | ADI01 (Hret11) MG OeIA|1500°
- M. Tok 1,00
01 [Ib | ADI02(Hrc:12) ~||e 087A  |%000° o Toenee
01 [lc | AOI03 (Hret 1) MIE 0sTA  |-000° Point Test
02 la | AD_ID& (Hrd: 14) MIE 3354 0 Wat Time for O [100,00ms
" peration: [100,00 ms

2 b ADI05(Hrc 15) MIE 3354 1200°
2 [lc | AQ_I6 (Hre:16) ~lle 338A 100" Search Test
4| hd Initial step Absolute Resolution: | 100,00 mé.
o v -
T Min. Resolution | Relative: Resolution: [0,50 %

o -
= s = Wat Time for Operation: [400,00 ms
B | A [7] Disconsiderthe characteristic in Search
R hd Puised Search (Stop every incremert)

Mutiple of Tolerance for Verfication Test: [1,10

BO 0:0:0:0;0: 0 ~||Bo 0:0:0:0.0:0 h General | Reset Time: |100,00 ms
GO GO
N of repetitions in case of generation emor: |2 <
Test Mode | Siop the test at the first faire. []
Pk melligent ___~ Prolection Stetus Vedfication Stat/Endof Test v
Variation of RMS and Angle
Ignore Pre-Fauit operation []
Stop Inter, [BIOY (Het: BIT) v il |NA v
iincoenites S v Based Only on Generated Values
Wattfor PPS [] 0,008 Cycle to Cycle Generation

New

t3 | ONLine

9. Test Set

Aux Source: 110,00V | Heating 0%

Figure 29

The general idea of the configuration test is to verify that the relay settings and the
settings parameterized in the software are compatible, as the software aims to
simulate the behavior of the relay. To do this, enter the new point according to the
data below:

- Data Entry: IDiff e iRest

- IDiff: 1In

- IRest: 2In

- Source Location: Winding. 1
- Fault Location: Winding. 2

- Fault Type: ABC
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| o 5 1 = | Differential 2.02.152 (64 Bits) - CE-6006 (0320711) X
m Home Display Software Options 2]
G% Hrdset £ GOOSE St [ > m D System i |[(Dyseconds M
@ sync.set s, svset £ C s ‘BjRelay . ~, Cydles K3
Channels e nt Reaeate Restore
Direc. ¥ Connection ¢ Clear al Charts  Layout
Hardware Generation Options Report Units Layout
Test Set | Point Test  Search Test  Test Settings
 Insert/Edit Points v | /“System | Relay Details (Diagram) | Chart | Waveform |Phasors - X
General Options Tc
. = - 1A: 20T kA D
Data Entry: IDif andiRest v e ﬁjmi% Pnnclpals Pnnclnms BB
- Source Location Curents L SRR I 20 KA 20 g
Winding1 v IDff: |1.00In Fonte
Fault Location: IRest: [2001n
Winding2 ~
Fault Type
Test Points =
Points Tested
No.  Fault 1Dt IRest Region | Operated Status
|| Relé |
14:413.37mA-1500 | (IED) | 1a502400°
B: 413,37 mA 30.0° I—I 1B: 5.02 A-120.0°
IC: 418,37mA -30.0" IC: 5,02 A 120.0°
ErrorsList | Protection Status
13 | ONLine Mew Aux Source: 110,00V | Heating: 0%
Figure 30

When starting the test, the user must enter the values of differential and restraint
current read in the relay, which must be within the range of tolerance values given by
the manufacturer in relation to the values caIcuIated in the software. To view the

values measured by the relay choose the
“Differential” in software “AcSELerator”.

Human Machine Interface” and choose

E AcSELerator® QuickSet - [Device ID: SERF - TRAFD 1 {SEL-787 001 HMI Driver)]

Arguivo Editar Visualizar Comunicacbes Ferramentas Janelas Ajuda Idioma
CGBIHU | & w @ [2]m
- Device Overview ) ) ;
- Phasors Differential Metering Values
- Fundamental
- Min Max SERF - TRAFC 1 Date: 13/03/2017  Time: 11:52:29.449
- Demand THMTIR1 Time Source: Internal
- Peak
|- Differential | I0P1 IOP2 ICP3
- Synchrophaser Metering Operate {pu) 1.00 1.00 1.00
- Through Fault Event
- Energy Metering IRT1 IRTZ IRT3
- RMS Restraint (pu) 1.9%9 1.99 2.00
- Thermal
- Math Variables IQP1F2 IQP2F2 IOP3FZ
- Analog Inputs 2nd Harmonic (%) 0.00 0.78 0.00
- Load Profile
- Targets IOP1F4 ICP2F4 IOP3F4
- Status 4th Harmonic (%) 0.58 0.58 0.00
- Control Window ICP1FS IOQP2F5 IOP3FS
5th Harmonic (%) 0.00 0.58 0.59
Figure 31
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When entering the data, the software will perform this automatic data comparison.

Test Set Evaluation ot

Test Data
Data Entry: |diff and |Rest ~ | Operation:| @) Yes [ No
L1 L L3

Iiff: 1.000n Idiff- 1.00In Idiff - 1,00 In
Irest: 1,99 In Irest: 1.591In Irest: 1.59In

Auto Fill Evaluate Mot Evaluate
2| 3 5 [ = | Differential 2.02.152 (64 Bits) - CE-6006 (0320711) - X
Home  Display  Software Options 2]
@ HidSet £ GOOSE Set ’ [ > NextPoint | [ s Waveform G0 System 2 |(D) Seconds M @J
@ sync.set s, svset o Clear test S Phasors ) Relay E , Cycles 3
Channels Start  Stop Settings __ Present Recreate Restore View
Direc. 3 Conn - & crearan [ seL Report Charts Layout  ~
Hardware General tion Options Report Units Layout
Test Set  PoinTest SearchTest  Test Settings
" Insert/Edit Points ~ | /System | Relay Details Diagram) | Chart | Waveform | Phasors - X
Insert/Edit Points General Options
TC's TC's .
- 1A: 201 kA 0.0
1Dt and iRest }g gzﬁﬁ% Principais Principais |g: 2.01kA -120.0°
" O\c £6.94 A 150.0° [~ 1 Enr. 1 Enr 2 [ |_C20tknng
NewPort | [{inding1 00 Fonte
Sequence ... 200In
Ninding
Remove
Remove All ABLC
Test Points -
Points Tested
No.| Fault IDiff IRest Region | Operated Stalus
""" AT000 |[A2000
1 ABC B:1.00In B:2.00n ‘Operation Yes Passed
C:1.00In__|C:200In I Relé I
1
1A:41837mA-1500 | (IED) “| 1a:502 A0.0°
B: 418,37 mA 90,0° I—I 1B: 5,02 A-120,0°
IC: 418.37mA -30.07 IC: 5.02 A 120.0°

IDif and iRest Operating Region

Errors List Protection Status

Aux Source: 110,00V Heating: 0%

Figure 33

€3 | ONLine New

Passing the configuration test makes it possible for the other two tests to be carried
out successfully. If the result is “Failed”, check all connections and adjustments

between the test set and the relay.

10. Point Test

For the point test, click on the “Sequence” field and choose the type of fault, the
initial and final value of the restraint current.
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B | 3 5 (4 < | Differential 202152 (64 Bits) - CE-6006 (0320711) x
Home  Display  Software Options 7]
G, Hid Set €% GOOSE Set W > Mext Point — & m GO System = M
| 4 = -
@ sync.set 5, svset £ = ore @ Relay , Cycles 3
Channels Start  Stap g settings Present Recreate Restore
Direc.  t¥ Connection ¢ Clear al &) SEL Report Charts Layout
Hardware Generation Options Report Units Layout

Test Set | Point Test | Search Test Test Settings

Insert/Edit Points - | System | Relay Details (Diagram) }"Chart | Waveform | Phasors o
7

General Optiors N o Legend:
) " ¥ Points Not Tested
y Source Location: Sequence pLo i & Points Tested
New Point i~ ;
! Winding1 ~ /

Intial: {100l Step: [1.001n 9.0 £ Colors:
I:I Faut Location 7 / Passed

~ 2 20 : Fail
Winding2 Final: [10.00In  N2of Paints| 20 20 ’/ el
Fault Type: / / Information:
1 < - /
/" Test Points - - ‘;’ / - IDiff:

Points Tested ! 7 / - Rest
/
Ti 501 !

No.| Fauit 1Dift IRest | Region | Opersted oime, =~ Time Status : /

o IRest{in]
0 10.00 2000

Errors List Protection Status

€3 | ONLine New Aux Source: 110,00V Heating: 0%

Figure 34

When starting the test all points will be tested sequentially and the status will update
automatically. The following figure shows the result of a test where 8 points were
tested. The detail to be observed is that the tested points must be within the
generation limit of the current channels, otherwise the point will not be tested and a
status informing that the point is outside the generation limit will be presented.

2| 3 5 [ = | Differential 2.02.152 (64 Bits) - CE-6006 (0320711) - X
Home  Display  Software Options 2]
@5 Hidset € GOOSE Set ’ B lext Po s Waveform 0 System = M ﬁ%
@ sync.set s, svset o Clear test =1 % phasors B relay E , Cycles 3
Channels stat  stop settings Present Recreate Restore View
Direc, ¥ Connection - & crearan [ s Report Charts  Layout
Hardware Generation Options Report Units Layout

Test St Point Test  Search Test Test Settings

" Insert/Edit Points - | “System | Relay Details (Diagram) " Thart " Waveform | Phasers >
7

Insert/Edt Points General Options 110 0 Legend

1Dt ir]

i)
/ Ay Paints Not Tested
10,00 ‘-
g ® Points Tested
Winding1 5571
9.0 2 Colors:
Sequence .. 10001 £ / Passed
Winding2 / Fail
Remove 800 #
/ / Information:
R Al A N /
emove A BC 7.00 % Current Point
Test Points - - ‘,’ / - IDiff:
Points Tested ' 7 / “Rest
Time Time ~ 501 Z

New Point |

No. Fault 1Diff IRest | Region Operaied yoime, =~ BMe Stalus : 7 ®
17| aeC 3831 3001 o W Passed D # S
A 8310 0 n Operation o - - as / o L
4"/ °
18 | ABC 4901n 900In | Operation Yes s 2931 ms Passed 300 /.
y
: e e
i . Ko 200 ;
ABC 437 | 10000 | opiretion o - - Passed 7 /.
1,00} "
ABC 557In | 1000In | Operation = Yes 0s 45 ms Passed 4 :Z
v |7 |Rest{ln]
IDff and iRest ] Operating Region [ Time 0 10.00 200
Errors List | Protection Status
€3 | ONLine New Aux Source: 110,00V Heating: 0%

Figure 35
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It is verified that the points within the operating region acted within the expected

time, whereas the points outside the operating region did not act.
11. Search Test

To perform the search test, click on the “Sequence” field, choose the type of fault,
the source location, the location of the short and the initial, final and step restraint

| o 5 1 = | Differential 2.02.152 (64 Bits) - CE-6006 (0320711) X
m Home Display Software Options 2]
G Hrd Set % GOOSE Set b B > Hext Point 7| % Waveform @D System i [(Dyseconds M
@ sync.set s, svset £ C — s ‘BjRelay . ~, Cydles K3
Channels Start  Stop % - Present Recreate Restore @
Direc. ¥ Connection ¢ Clear al Report Charts  Layout
Hardware Genera tion Report Units Layout
TestSet  Point Test Search Test  Test Settings
 Insert/Edit Points v | /System | Relay Details (Diagram) " Chart | Waveform | Phasors -
i 0
General Options _ .00 7 g Legend:
e 4 wess Search Points
. Source Location Sequence pes ®  Found Poirts
Newlne | ' [Windng1 N ;
Intial: (15000 Step: [1.000 3.0 g Colors:
I:I Faul Location 4 / Passed
~ 2 ; Fail
Winding2 Final: [11501n  Neof Pointg 11 BT £ ail
Fault Type 7 / Information:
ABC v Confimm Cancel 700 ;-

7 i Current Point
Test Points = - r / glnE
Points Tested g 7 / giEst
501 :

N* Fault IRest IDiffNom | IDiffReal Status

o
ol IRest{in]
0 10.00 2000
Errors List | Protection Status
3 | ONLine New AwcSource: 110,00V|  Heating: 0%

Figure 36

Start the generation by clicking on the icon highlighted below or using the command

“Alt +G”.
Home Display Software Options
= Ak D it
G Hrd Set <0 GOOSE Set ’ i > Mext Point
@' sync, Set 5, SV 5et { Clear test
Channels Start  Stop y
Direc.  t# Connection - ! Clear a
Hardware Generation
Figure 37

11.1. Final Search Test Result

In this test, the values found for differential current can be viewed, if they are within
the tolerance range given by the manufacturer, they are approved, otherwise they are
disapproved.
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B | 3 5 [ < | Differential 202152 (64 Bits) - CE-6006 (0320711) — X
Home  Display  Software Options 2]
G5 HrdSet €% GOOSE Set ’ [ ext Po f Waveform 0 System M ﬁ%
@ sync.set 5, svset o Cleartest “—1 % Phasors B relay = , Cycles 3
Channels Start | Stop Settings __ Present Recreate Restore View
Direc. t¥ Connection S # Cearall SEL Report layout -
Hardware Generation Options Repart Units Layout
TestSet  Point Test Search Test  Test Settings
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Figure 38

12. Report

After finishing the test, click on the icon highlighted in the previous figure or through
the command “Crrl+R” to call the report pre-configuration screen. Choose the
desired language as well as the options that should be part of the report.

2 Presentation Setting Y

Language Inglés En-IS e

= Al
- [*] General Data Test

- [] General Data of Tested Device

- [] Instalation location

- [ Reference Walues

- [] Hardware Settings

- [o] Test Settings

- [] Differertial Protection Settings

- [] Test Results

- [+ Selected Simulation Charts

- [] Notes and Observations

- [+] Explanatory Figures

- [] Check List

- [ Connections

QK Cancel

Figure 39
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1. Device Tested

Ident .: 23031982; Type: Transformer Protection
Model 787; Manufacturer: Schweitzer
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City: Uberlandia; State: MG
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A.2 Technical Data

Differential (87)
Unrestrained Pickup Range: 1.0-20.0 in per unit of TAP
Restrained Pickup Range:  0.10-1.00 in per unit of TAP
Pickup Accuracy (A secondary):

5 A Model: +5% plus +0.10 A

I A Model: £5% plus £0.02 A
Unrestrained Element
Pickup Time: 0.8/1.0/1.9 cycles (Min/Typ/Max)
Restrained Element (with harmonic blocking)
Pickup Time: 1.5/1.6/2.2 cycles (Min/Typ/Max)
Restrained Element (with harmonic restraint)
Pickup Time: 2.62/2.72/2.86 cycles (Min/Typ/Max)
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Equivalence of software parameters and the relay under test.

Table 1
Differential Software SEL 787 Relay
Parameter Figure Parameter Figure
Voltage (Wind. 1) 24 VWDG1 Winding 1 Line-to-Line 10
Voltage
Voltage (Wind. 2) 24 VWDG2 Winding 2 Line-to-Line 10
Voltage
Power (Wind. 1) 24 MVA Maximum Transformer 10
Capacity
Power (Wind. 2) 24 MVA Maximum Transformer 10
Capacity
| Prim (Wind. 1) 24 CTR1 Winding CT Ratio ( *5,0A) 10
| Prim (Wind. 2) 24 CTR2 Winding CT Ratio( *5,0A) 10
Differential Settings 22 O87P Restrained Element Operation 11
(pickup) Current PU
Differential Settings (time) 22 A.2 Technical Data
Instantaneous Settings 22 U87P Unrestrained Element Current 11
(pickup) PU
Instantaneous Settings 22 A.2 Technical Data
(time)
Enr.1 (CTC) 24 W1CTC Winding 1 CT Conn. 11
Compensation
Enr.2 (CTC) 24 W2CTC Winding 2 CT Conn. 11
Compensation
Slope 1 22 SLP1 Restraint Slope 1 Percentage 11
Slope 2 22 SLP2 Restraint Slope 2 Percentage 11
Knee Point 22 IRS1 Restraint Current Slopel Limit 11
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