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Test Tutorial

Equipment Type: Protection Relay

Brand: GE

Model: T60

Function: 87 or PDIF Differential Percentage

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 | 14/09/2021 | 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 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 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 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 T60 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 pin B5b of the relay
and the negative (black terminal) of the Vdc Aux. Source to pin B6a of the relay.

Max. 265V

°
C,

5b

B6a

Figure 1

1.2 Current Coils
Connect the 11, 12 and 13 current channels of the CE-6006 to pins Fla, F2a and F3a of

the relay respectively, if the commons of the relay are short circuited, just connect the
commons of the channels to that point, otherwise connect the three common CE-6006
to pins F1b, F2b and F3b relay then forming the winding dial 1. Likewise, to establish
the winding 2 connection, connect 14, 15 and 16 current channels to relay pins F5a,
F6a and F7a respectively, connecting the common three to pin F5b, F6b and F7b.

l l ‘ 6 F7b |F6b f5b F3b [F2b F1b
1 |2 13 7 ) F6a | F5a

Figure 2
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1.3 Binary Inputs

Connect the binary input of the CE-6006 to the binary output relay.
e BI1 to pin H1b and its common to pin H1c;
e BI2 to pin H2b and its common to pin H2c;

Bi1 BI3 BI5 BI7

Hib Hic

2b H2c

00

Bl2 Bi4 BI6 BI8

A =4
& 4

Figure 3

2. Communication with T60 relay

Before starting the T60 relay test, open the “EnerVista” software and download the
“UR” series software, if you already have it, click directly on:

S Enervista UR Setup
Figure 4

In the “EnerVista UR” software click on “Quick Connect”.

8 EnerVista UR Setup - FlexLogic Equatic

Eile QOnline Offline View Action 5ec

FEEBS SE s SEQ

Online Window

& Device Setup FL> Quick Connect
Device |PN-TR_01 -

@. |- .|HO|4.|

Figure 5
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Then click on “Connect” and choose the port being used. In this case COMb.

Quick Connect ﬁ
Guickly connect Enefvista UR Setupta a LR
Device.

Interface:

COM Fort: COmM5s -

|dzing the UR's front port

(19200 N 8 1]
Figure 6

The following figure shows the message after connecting.

EnerVista UR Setup =]

The device has been successfully added to the online tree under the
B site: Quick Connect,

Figure 7
3. Parameterization of the relay 7UT61

3.1 AC Inputs
After the connection has been established, click on the “+” signs near to “Quick

Connect Device > Settings > System Setup” and double-click on “AC Input”, in it
adjust the values of primary current and secondary of the current transformer on both

sides.
&8 Current // COMPROVE: PN-TR_01: Settings: System Setup: AC Inputs o -E ]
o VIEAR] ALl
T Save | = ﬁ'esmml &5 Default | 9 Reset | VIEW ALL
PARAMETER (-:T F1 (-:T F&
Phase CT Primary 100 A 300 A
Phase CT Secondary 54 Ea
Ground CT Primary 1A 1A
Ground CT Secondary 148 14
PM-TR_01 | Settings: Systemn Setup: AC Inputs Screen 1D 155
Figure 8

3.2 Power system
In this field the nominal frequency, the phase sequence and the side used as reference

are set.

Rua Visconde de Ouro Preto, 77 - Bairro Custddio Pereira - Uberlandia — MG - CEP 38405-202.
Fone (34) 3218-6800 Fax (34) 3218-6810
Home Page: www.conprove.com.br -  E-mail: conprove@conprove.com.br



O 4
ONPROVE

INDUSTRIA & COMERCIO

I 4 I
INSTRUMENTOS PARA TESTES ELETRICOS
@8 Power System // CONPROVE: PN-TR_0L: Setti... | = || & |[m&3]
: - VTS
Save Restore | B Default | Y Reset | VIEW.
SETTING PARAMETER
Nominal Frequency 60 Hz
Phase Rotation ABC
Frequency And Phase Reference SRCA1 (SRC 1)
Frequency Tracking Function Enabled
PM-TR_01 | Settings: System Setup Screen ID: 161

Figure 9

3.3 General
Click on the “+” sign near to “Transformer” and double-click on “General”. This

option adjusts the number of windings and whether the angular compensation is
internal or external.

BB General // CONPROVE: PN-TR_01: Settings: S... | = || & |[n£3s]
. 4 L VIEWAS
Save | Restore | &% Default | 7 Reset | VIEW
SETTING Automatic Selection
Number Of Windings 2
Phaze Compensation Internal (software)
Load Loss At Rated Load 100 KW
Rated Winding Temperature Rize 65°C (oil)
Mo Load Loss 10 kKW
Type Of Cooling OA
Top-oil Rise Over Ambient 35°C
Thermal Capacity 100.00 KWhi*C
Winding Thermal Time Constant 2.00 min
PM-TR_01 | Settings: System Setup: Transformer | Screen I0: 164

Figure 10

3.4 Windings
In this tab the transformer power, voltage on the high and low side, whether the
windings are grounded and the angular phase shift are adjusted. Remembering that
the angle must always be negative taking as reference the low side in relation to the
high side. In this example, the Yd30° connection is used, which means that the high
side (STAR) is 30° ahead of the low side (DELTA), or that the low side is 30° behind

the high side (philosophy adopted by IED).
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B8 Windings // CONPROVE: PN-TR_01: Settings: System Setup: Transformer [ -2| 5]
TR Y
i Save | & Restore | & Default | 9 Reset | VIEW 'C!—unltﬂdg
PARAMETER VINDING 1 WINDING 2
Source SAC 1 (SRC 1) SAC 2 (SAC 2)
Rated MWA 15,000 MWA 15,000 MWVA
Nominal Phe-phs Voltage 138,000 KV 59,000 kv
Connection Delta Wye
Grounding Within zone Within zone
Angle Wrt Winding 1 0.0 deg -30.0 deg
Resistance 10,0000 ochms 10,0000 ohms
PM-TE_01 | Settings: Systern Setup: Transformer Screen ID: 166
Figure 11

3.5 Percent Differential

Click on the “+” sign near to “Grouped Elements > Groupl > Transformer” and
double-click on “Percent Differential”. This option adjusts the break points, slopes
and harmonic constraints.

Note: If the user disables harmonic restrictions, certain tested points may show
inconsistency.

BB Percent Differential // CONPROVE: PN-TR_01: Setti... | = |[ @ |[n23]
i Save .«J-'_?Rf:smml 1] ﬂafauﬂl 74 Reset | EHEEHF_!-U”LE

Function Enabled
Pickup 0.200 pu
Slope 1 30 %
Break 1 2.000 pu
Break 2 4,000 pu
Slope 2 65 %
Inrugh Inhikit Function Trad. 2nd
Inrush Inhibit Mode Per phaze
Inrugh Inhibit Lewel 20.0 % fo
Owerexcitation Inhibit Function 5th
Owerexcitation Inhibit Level 35.0 % fo
Block OFF
Target Self-reset
Events Enabled

PM-TR_01 | Settings: Grouped Elements: Group 1: Tra |Screen ID: 226

Figure 12
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3.6 Instantaneous Differential

On this tab you can adjust the instantaneous value of the differential element.

B |nstantaneous Differential // Quick Connect: Quick..| = || E ||»EEs
i Save ffﬁestarel F-1] Defauﬂl Y Reset | EIIEENM,}E

Enabled
3.500 pu
OFF
Self-reset
Enabled

Cuick Connect Device  Settings: Grouped Elerments: Group Screen 1D 22

Figure 13

4. Binary Output Adjustments
4.1 FlexLogic Equation Editor

Click on the “+” sign near to “FlexLogic” and double-click on “FlexLogic Equation
Editor”. On this screen, only one logic is programmed. An “OR” logic is created

between the trip signals of the percentage and instantaneous function associating to a
virtual output 1.

B FlexLogic Equation Editor /f COMPROVE: PN-TR_01: Settings: Flexogic =& =]
UIE\AIAT
& Save | i# Restore | & Default | 1 Reset | VIEW F:J-Lﬂwde
FLEXLOGIC ENTRY TYPE SYNTAX -
i =Y iV
FlexLogic Entry 1 Protection Element XFMR INST DIFF QP
FlexLogic Entry 2 Protection Element XFWMR PCNT DIFF OP
FlexLogic Entry 3 OR 2 Input
FlexLogic Entry 4 Aszign Virtual Output =Virt Op 1 (WQ1)
FlexLogic Entry 5 End of List -
PM-TR_01 | Settings: FlexLogic Screen ID: 171
Figure 14

4.2 Contact Outputs

Click on the “+” sign near to “Inputs/Outputs” and double-click on “Contact
Outputs”. On this screen, the trips of the virtual outputs are designated the binary
outputs of the relay.
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BB Contact Qutputs // CONPROVE: PN-TR_01: Settings: L. | = || & |[x£34]

v I YVIEWAW Al
Save .-'.?a'.-s:m:rvl ad ﬂﬂfauﬂl 9 Reset | VIE! ":';%}?;m.ﬁ

SETTING PARAMETER -
[H1] Contact Output 1 1D Cont Op 1

[H1] Contact Output 1 Operate Wit Op 1 On 001}

[H1] Contact Output 1 Sealin OFF
Dizabled

PM-TR_01 | Settings: Inputs/Qutputs Screen ID: 232

Figure 15
5. Differential software settings

5.1 Opening the Differential

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

e

Figure 16

Make a click on the software icon “Differential”.

= Conprove Test Center 2.02.160 - *
—
s Conprove Test Center
CONPROVE Version 2.02.160
General Secondary Measurement
General Tests Secondary Tests Applications for measurement
& Quick |i£ Differential W Multimeter
@, VEC Aux 19F Power Directional
m Calibration *{" Distance
Ty Teste Plan % Master
Remote Generation Meter
£ PSBOOS Setup
Equipment Set. / Tests
ﬁ Ramp
: u: Hamonic Restraint #* Setings
Primary ¥ Sequencer Sl
Primary Tests * T ty Software Language b4
$ cT y Overcument
= OVT

[ Transducer s rt
< Transformer [ Transient Play uppo

© Resigance vy Documentation and assistance
-~ tn MBS AL Tutorials
*% PMaster
D Videos
&3 Contact
Other £ Foum
Addtional aplications i Manual hd
[@ Transient View ¥ Quick Guide v
% Validate POF Reports &r Selfdiagnosis
W Statistical Analysis T4 Remote Access

Copyright © Conprove 1984 - 2021

Figure 17
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Kipgd-
m Home  Display  Software Options (2]
Gr HrdSet €% GOOSE Set e
% | settings X
@ smcset =, 5V Set
Channels start
Direc.  t3 Connection General Inform.  Sysiem  Notes 80bs.  Explanatory Figues  Check Ui Others  Connections
Hardware Test:
Test Set  PortTest SearchTest  Test Settf | Diferental o e [ L
" Insert/Edit Points il - X
Insert/Edit Pints General Options TemElime
TCs
; e =2 o]
New Point v

Ybar
Winding Vi
Location
Sequence Y,
Winding2 Substation: | -]

A-BC

Address: | ~]
< o | ~ Sate
Test Points Responsible:
Poirts Tested
Hame: | |
Tool Test
CE-5006 Series Num.: [17306166302101110011X%%
Defaut v Preferences oK Cancel
D and iRest 7] Opersting Region .
ErrorsList | Protection Status
13 | OFF Line New - Aux Source: 0,00V Heating: 0%

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.

Ig DS =] Differential 2.02.160 (64 Bits) - CE-6006 (1730616)

m Home Display Software Options

a = Hrd Set %0 GOOSE Set h B » Mext Point — [t Waveform G System
@' Sync. Set 5, SV Set { Clear test = '—"|~ Phasors % Relay
Channels ] Start  Stop o Settings B
Direc, T4 Connection ! Clear a () SEL
Hardware Generation Options
Figure 19

Inside the “Settings” 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.
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Settings ¥
General Infform.  System MNotes & Obs. Explanatory Figures Check List ~ Others Connections
Test:
Differential Descr: | Differential Function Date: |
Tested device
Identi: [23031382 v] Model [T60 ]
Type: |Transfnrrner Protection v| Manufacturer: |GE v|
Location:
Substation: [CONPROVE “
Bay: [1 v
Address: Visconde de Ours Preto, 75 - Custddio Pereira “
Cty: [Uberléndia - State:
Responsible
Name: [Michel Rockembach de Carvalo “
Sector: |Eng\r|eerir|g vl Registry. | 00001 v|
Tool Test:
CE-6006 Series Mum.: |173061GG3DZ1D111[H}11XXX

Default v Preferences QK
Figure 20

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 Inform System  MNotes & Obs Explanatory Figures Check List  Others  Connections
W > |
Diferential Nominal Impedance  Source . _le_
e R S _IWL. OForward @EP»
Phase Seq.. |ABC 4 c )
Jp power: |4.78 MVA 2—“ T !
to: [ z +3 ”
Primary Voltage (FF): ,W -
FN: st % ”

Primary Cument: W
Secondary Voltage (FF): W
Ny [esa0v

Secondary Cument: W
VIRF: [1200

Phase F Neutral | N Ground | E Displ. D
CTRF: [2000

VIRD/VTRF: [1,00 Voltage Currents

CTRE/CTRF: |1.00 L s 2 = ktoV0: [1,00
2] w Fole b

Invert Polarity: 3 Vo = P kto V2 |1,00

E el g EUalF E |z E kto10: [1,00

VTD CTE
D [4] wo e [s] IEF kto12: [100
Defout v Preferences oK Cancel
Figure 21
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There are other tabs where the user can enter notes and observations, explanatory
figures, can create a “check list” of the procedures for carrying out the test and even
create a schematic with all the schematic of the connections between the test set and

the test equipment.

6. Differential Adjustment

6.1 Differential Screen > Protected Equipment/CTs

In this tab you must inform the protected equipment, the number of windings, rated
voltages, rated powers, connections, primary and secondary currents of the main CTs
and the currents of the auxiliary CTs if necessary. This test uses the settings for a
relay that is protecting a transformer. However, it is possible to test, in addition to the
differential protection of transformers, the protections of generators, busbar, motor
and line. For transformer protection there is the possibility of testing up to four

windings automatically.

Settings *
General | Protected Equipment/CTs |  Adjust Prot. Diferertia
Protected i nt
Differential scted Equipme
Equipment| Transformer/futoTransf  ~ N2of Phases: 3@ w (N2of Wnd.:[2
Descripion Voltage Power |ConnectionVector Grouy Grounded
\wind. 1 1380 KV 15,00 MVA D -
Wnd 2 | ES00KY | 1500MVA | vy | 1(309 w|[4] Yes
CTs
Main CTs  Ausiliary CTs [] Enable Auxiliary CTs
Description| | Nom I Prim 1 Sec Connection Vector Grouj
wind. 1 62,76 A 100,04 5,00 A Ybar ~
Wnd 2 | 1255A | 3000A 5O00A i Ybar ¥|
Default 'V Preferences QK Cancel
Figure 22
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fferential Screen > Adjust Prot. Differential > Settings

The initial default for the “Data Input” field is set to “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 relays from the list, only
parameterized settings will be enabled. The user must be aware that there are
more current firmware versions that allow the user to parameterize which
reference winding for mismatch correction (1, 2, N/A or automatic). The user
must detect what is parameterized in the relay settings and inform this field in
the DIFFERENTIAL software. Older versions fix this reference on winding 1.

Settings s
General Protected Equipment/CTs Ikiuﬂ Prot. [ﬁﬁererlidl
Settings Slope Definition
.
Data Entry: GE T&0 (Fimware até 3.5) w
’ - ] AREVA MICOM-PE31/P632 ~
Differential Settings AREVA MCOM-PE33/PE Cument Tolerance
) ,— MCOM-P54x (BETA, ) roTE—
Pickup: | 0,30 In M:COM-PE-"-‘X : ) Relative: |1.00 %
GE 345 (BETA
Time: [0.00 s GE 489 ) Absolute: (0,10 In
GE 845/869/889
GE DTP Time Tolerance
GE SR745
hi AGE SE745 (Fmware ate ive: [1.00 %
lo| - higher amang | GE T60 (Fimware até 3.5) Relative:
EO G E0, G0 .
1 INGETEAM PD250 Absolute: 30,00 ms
- NARI PCS-978
General Options Reyrolle 75G 14 DUCBIAS-M -
o I SCHNEIDER P3T32 EETDE
s INominal | SCHNEIDER Sepam 80 (T) .
SCHNEIDER Sepam 80 (M) (BETA) @ Before Lea.
SEL 300G (G) O After 12
SEL 300G (T)
SEL 700G ,.«)\\ A L
SEL 387/587 S
Calculateq EE:: ‘;E; i = l '1|
SIEMENS 7SD600 (Siprotec 4) Ll A
SIEMEMS 75D5/75061 (Siprotec 4) e i
SIEMENS FUT/7UM (Siprotec 4) ‘ny’r \){"‘
SIEMENS 75D8x/7SLEx (Siprotec 5) = =
SIEMENS 7UT8x (Siprotec 5)
- ZIV IDF/IDV/ DX, hd
Zero Sequence EmrmaEmorT
Default iv Preferences OK Cancel

Figure 23

Choosing the mask “GE T60 (firmware up to 3.5)” makes adjustments easier.
Current and time tolerances are taken from Appendix A.
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Settings X
General Protected Equipment/CTs Adjust Prot. Differential
Settings  Slope Definition
u
Data Eniry- GE T&0 (Firmware até 3.5) w
Differential Settings Instartaneous Settings Current Tolerance
Pickup: [0.30 In Pickup: [3.50 In Relative: 1,00 %
Time: | 0,005 Time: |0,00s Absolute: 0,10 In
Angle Time Tolerance
Talerance
lo| - higher amang lpl € |18 Absolte: Relative: [1.00 %
1 300° Pbsolute: [30.00 ms
General Options
Phase Shift Compensation:
CTs INominal : @® Before Leq:
) Mter 12
User Def - il
1 S
T
AR
Calculated { = i
L AT N ,’
Auto EAa R
NS A
CTR Iprim CTs b3 =
Zero Sequence Eimination
Defadlt | Tohmmn oK Tz

Figure 24

6.3 Differential Screen > Adjust Prot. Differential > Slope Definition

On this screen, the slope values and the “Break Points” must be entered.

Settings X
General Protected Equipment/CTs Adjust Prot. Differential
Seun
Slope
Slope 1: [30.00 % Slope 2. [85,00 %
Break 1: |2.00 Break 2: |4.00
4,00

3.00 : £ Wigl

2,00

1.00

0 L

Default iv Preferences Cancel

Figure 25
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7. Channel Direction and Hardware Configurations

Click on the icon illustrated below.

H I DEHE-~] Differential 2.02.152 (&4 Bits) - CE-6006 (0320711)

Home Display Software Options

= HrdSet £ GOOSE Set B > Mext Point
» ;
@' sync, Set 5, 5V Set Clear test
Channels Start Stop o
Direc, | ¢4 Connection ! Clear a
Hardware Generation

Figure 26

Then click on the highlighted icon to configure the hardware.

Channels Direct. u] X
m .
Model Reset for Hard ged O Basic Fard | Agapt 1105 I' Podes Confim
Connected el
CE6006 Advanced
w O = £ GOOSE Autoassoci Iv Iv Cancel
% Serial Number:
£ v = I. Iv
5 |0320711630210111001D00X ON Line S, Value... Clean Clean p— — 2
Outputs: Analog. and SV Inputs: Analog. and SV Outputs: Binary, GOOSE and Analog DC Inputs: Binary, GOOSE and Andlog. DC Logical
- Analog Outputs Sampled Value Qutputs «)»
NOOT HEIRE IR O
118 M rann ] O Forward @ B Votage Channels [ T
i e = Descr. Hard Nod Point
Nominal line  Source m'-f escr. ardware e oi
W
Frequency: |60 Hz v o |
Phase Seq. |ABC v ©
@ —e|0B]
Jp power: [4.78 MVA
1: [1.59 MVA ||
Primary Vohtage (FF): [13.80 KV
FN): [7.97 kv ||
Prmary Curert: |200.0 A ” 1
Secondary Voltage (FFJ: [115.0V
N [s6.40V Current Channela [ v ~|#~|=-
S [T Voltage Channel Currents I Channel | | Deser. Hardware Node Point
VIRF: [1200
N (2] w F |6 b A0z v 02 |12 oot v v
CTRF: [2000 3 Ve 7 e AD_ID3 ~ AD_I02 12 ~ | NOD1 e -
VIRD/VIRF: [1,00 Vab E |8 IE v| faoJna [ ~|lnoiz v o~
CTRE/CTRF: [1,00 FF Vbe EP |9 IEP ~ AD_I05 15 ~|wooz  ~[b -
; Vea L0106 |16 ~|noiz  vlle -
Reverse Polarty
O vTsF Octsr D [« w
kv kD v
Ovro Octe Cale Cale
k2 k12 ~
[] Equal Parameters Among Nodes k [ovo[100  [tovz [100 k [t 100 [to12 J100

Figure 27

Choose the channel configuration; adjust the auxiliary source and the stopping
method of the binary inputs. To finish click on “OK”.
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Settings X
Master Slave Binary Outputs: Auiliar Source
Initial State 250V
Model: | CE-5006 Serial N2: 03207116302101110071XXX BO1: |NO w
20V
BO2: |NO v
Analog. Cutputs: .
alog. Outputs: . @) Defaut (O Free BO3: [NC ~ B 110V
Defautt - Voltages: BO4: |NC ~ B0V
(O 6x300V: 90 VA
(O 3x300V; 90 VA 438V
O 3x300V: 150 VA Vi V2 V3 V4 V5 V6 Cuments Analog Input: 2
N T XYY X
O 2x300V: 200 VA IA: [ 100mW/A (108) ~
000000 i of
O 1x300V; 400 VA IB: | 100mV/A (108) ~
IC: | 100mV/A (10A) [11000v
Binary Inputs:
@®) Not Used e — Cortact | 5Vok 50 Vpk 100 Vpk
Default - Curents 1 314 6 BI1 & BIZ: .
® 6x204;90 VA a
O 3204 90VA ~ N1 N2 | N3 |N4 NS5[ NE BI3 & Bl4:
O 3x204: 150 VA P IITIT T msaps Ml
Ix 40 A; 150 VA . . . . ‘ .
@5 srapa Ml
O 2x60A; 200 VA o o
O 1x120A; 400 VA M 12 13 14 15 16
Electromechanical
O 2x 20 A; 400 VA
O 1x 30 A: 600 VA
O 1x24A; 1100 VA
O Not Used [] Connect CTs
TIF: To avoid performance protection, connect the current channats before confirming the setting. Cancel

Figure 28

On the next screen choose “Basic” and on the next window (didn’t shown) choose
“YES”, finally click on “Confirm”.

Channels Direct. O X
o
Set
CE-6006 Ad d
. © Advance < GOOSE... T
= Seral Number:
C | p— . 5, B
5 |032071163021011100110KK . [ oNLine . 5. Value... Import... Export...
Figure 29

8. Test Structure for Function 87

8.1 Test Settings

In this tab, the trunk channels are associated with the relay phases; configure the trip
signal with the binary input. An important detail is not to insert a pre-fault and finally
choose the smart test mode as shown below. There are two test modes in the
Differential software. In traditional mode IDIFF and IREST calculations are done
based on the module. In intelligent mode, IDIFF and IREST calculations are made
taking into account the angle. In this way it is possible to have a greater test range in
the IDIFF x IREST characteristic.
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Home  Display  Software Options

o
G, Hrd Set ElcooEe=T [

@ sync.set s, svset L S { Clear test

Channels stat  Stop ..
Direc.  t¥ Connedtion  Clear al

Hardware Generation

TestSst  PointTest  Search Test
Generation Channels Direc ] Enable Pre-Faut 1

Vind Phat Gen_Channel
01 Iz | AO_IOT (Hrd: 1)
01 [Ib | AD_I03 (Hed: 12)
01 le | AO_I03 (Hrd: 12)
02 |la | AD_IA (Hed: 14)
Q2 | | AO_I0S (Hrd: 15)
02 |lc | AO_IDS (Hrd: I6)
o |va

01 (Vb

0 |ve

© |va

@ |

© |ve

444 4 4 4]d 4 4 4 41«
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7| % Waveform GO System . [(Dseconds M =
7 ' ¥ O 2

“— 3 Phasors @) Relay . , Cydles
Settings : Present

B0 0.0.0.0.00 ~

GO

Generation Limts Test Node

|IMax Gen. per Chn. | by hard | Mode I nteliigent M|

] Use Fardware Limit | | Variation of RMS and Angle |

Stop Interf. | BIOT (Hre: BIT)  ~ nifial |NA
Trigger Interf. | Seftware v
Wit for PPS [] 0,00s

3| ONLine New

8.2 Test Set

The general idea of the “Test Set” is to verify that the relay settings and the settings
parameterized in the software are compatible, as the software aims to simulate the

Recreate Restore View
layout  ~

Report Units Layout

Aux Source: 0,00V Heating: 0%

Figure 30

Test Set
Wit Time for Data Ertry: [60.00s
Muit. Tolerance: [1,00
Poirt Test
Wait Time for Operation: [100,00 ms
Search Test
Inital step Absolute Resalition: [100,00 ma

Min. Resolution ~ | Relative Resolution: [0.50 %
Wait Time for Operation: |400,00 ms

[] Disconsider the characteristic in Search

Pulsed Search (Stop every incremert)

Mutiple of Tolerance for Verfication Test: [1,10
General Reset Time: [100,00ms

IN? of repetitions in case of generation emor: | 2 ~
Stop the test at the first failure []

Protection Status Verfication |Start/End of Test  ~

Iqnore Pre-Fault operation [

Based Only on Generated Values
Cycle to Cycle Generation

behavior of the relay. To do so, enter a "New Point™ according to the data below:

Point 1:

By clicking on the option “Chart” you can see where the tested point is. For this test

Data Entry: IDiff e IRest

- IDiff: 1,00 In

- |IRest: 2,00 In
Source Location: Winding 1
Fault Location: Winding 2
Fault Type: ABC

the point is in the operating region.
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£ | 3y 25 [ = | Differential 2.02.160 (64 Bits) - CE-6006 (1730616) X
Home  Display  Software Options 2]
G, Hid Set €% GOOSE Set W > Mext Point £ Waveform G5 System M M .
| 4 — -
@ sync.set 5, svset £ = or:  BJRelay , Cycles
Channels sta stop .. settings nt Remate Restore  Vie
Direc.  t¥ Connection ¢ C SEL Repo Charts Layout
Hardware Generation Options Repart Units Layout
Point Test  Search Test  Test Setiings
Insert/Edit Points = | ~System | Relay Details (Diagram) ) Chart |” Waveform |/ Phasors -
General Options ] g o Legend:
Data Entry: IDff and iRest s Test Points:  Colors:
- Source Location: Curents ! ® Phase A .
h A PhaseC
Fault Location /
IRest: [2.001n Is
Winding2 ~ 300 -
/ Information:
F : /
e / Phase A
7 - IDiff:1.00 In
a 5 ’,/ -IRest2.00 In
Test Points - am ¢ Phase B
Points Tested )i _IDif1.00 In
/ -IRest2.00In
No.| Fault 1Dift IRest Region | Operated Stahus
£ Phase C
rd - IDif1,00 In
4 - IRest2.00 In
100 i
.’J
/
4
/
. | IRest [In]
0 1,00 200 300 400 500 6.00 7.00 8(
ErrorsList | Protection Status
13 | ONLine New Aux Source: 0,00V Heating: 0%

Click on the icon highlighted below or use the command “Alt +G .

Minsd-

8

Channels
Direc.

= Hrd Set

hard

@' Sync, Set
1 Connection

| Differential 202,152 (64 Bits) - CE-6006 (0320711)

Display

Software Options

%0 GOOSE Set
u 5V Set

>

Start

Hardware

Figure 32

= % Mext Point
l'(J::."- Test

o

L0 .

Generation

To view the measurement of the points click on the “+ " signs near to “Actual Values

> Metering > Transformer” and double click on “Differential/Restraint”.
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File Online Offfine View Action Admin Window Help

EEs TE v OF ADE DRY B alEal

Online Window |
% Device Setup |®§aum-mm| B Differential And Restraint // Quick Connect: Quick Conne...[= | (= |23 | EnerVista.
Device  Quick Connect Device VIEW/ALL SETUP.
B Save | ' Restare | 2% Default | T4 Reset | Lo
— — PR D ~
g ]
22 2| (3| 5| 0| ) ———— S
Reference Winding | 1
= Quick Connect
- Quick Connect Device Phasor lad 0.998 pu -180.1 deg
- Device Definition Phasor lar 1.995 pu 0.0 deg
Settings 2nd Harm lad 0.0 % f0 0.0 deg
Commands Sth Harm lad 0.0 % f0 0.0 deg
-~ User Displays
- Targets Phasor lbd 0.987 pu -300.1 deg
[E_Actual Values | Phasor lor 1.995 pu -120.1 deg
Frort Panel 2nd Harm lbd 0.1 % fo -193.6 deg
- Status Sth Harm lbd 0.0 % fo 0.0 deg
- Metering
[ Transformer Phasor Icd 0.997 pu -60.0 deg
Diferential And Restraint Phasor ler 1.953 pu -240.1 deg
ource 2nd Harm led 0.1 % fo-124.5 deg
- Tracking Fraquency Sth Harm lcd 0.0 % fo 0.0 deg
FexHements
Volts Per Hertz
RGF Currerts
- Transducer 1/0
Records alues: Metering: Transformer  Screen ID: 117
Product Info
Maintenance
- Site Clear Records
- Synchronize Devices
Site Event Recorder
Site Tangets
[ Differential A
For Help, press F1 NUM

Figure 33

The next step is to write the values read in the “Test Set Evaluation” window.

Test Set Evaluation ot
Test Data
Data Eniry- |diff and |Rest ~ | | Operation: (@) Yesll:::l Mo
L1 L2 L3

|diff: I 0,99 1In |diff: I 0,99 1In |diff: I 0.,991In
Irest: I 1,59 1In Irest: I 1.591n Irest: I 1.591n

Auto Fi Not Evaudts

Figure 34

Passing the test set makes it possible for the other two tests to be carried out
successfully. If there is a discrepancy between the values calculated by the software
and those presented by the relay, the user must review his connections and settings.

9. Point Test

After the test set has passed, this means that the adjustment parameters passed to the
software faithfully correspond to the behavior of the relay, in this way, the point test
can be performed, since it analyzes don’t only the operation of the relay , but also the
shooting time.
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For the point test, click on the “New Point” field and choose the fault type, and the
differential and restraint current values. Then click on the confirm button.

%4

2

DESHE-= Differential 2.02.160 (64 Bits) - CE-6006 (1730616)

X
Home Display Software Options 2]
(5 HrdSet £ GOOSE Set [~ > aveform GO System ‘FEXQ
@ syncset s, svset £ c s BRelay N Cycles kd
Channels P Settings nt Reaeate Restore
Direc.  t} Connection Cle = Charts  Layout
Hardware Generation Options Report Units Layout
TestSet |Poink Test | SearchTest  Test Setings
 Insert/Edit Points = | /System | Relay Detalls (Diagram) ) Chart | Waveform | Phasars -
General Options . 400 i > o legend
Data Entry. IDiff and iRest 4 € Ports Not Testsd
- Source Location Curents @ Fonts Tested
: olors
Fauk Location: |Rest: [1500m 7 Passed
v Y s Fail
Winding2 ek y
/ )
Fault Type 7 Information:
a S /,/ - IDiff
-Rest:
Test Points - 2 ¢
Poirts Tested . b
. . . Time: Time 7
0.  Fault 1Diff IRest Region | Operaied | \lI0e Hem Stahs 4
/
/'.
/'.
1,
/
/'.
E
/'. i
IRest [in]
] 100 200 300 400 5.00 6.00 700 8

Errors List Protection Status

€3 | ONLine Mew

Aux Source: 110,00V

Figure 35

Heating:

0%

Another way is to use the “Sequence” feature of points by choosing the values of
“Initial”, “Final” and “Step”. This way the software automatically creates the

points.

"4

0 5 1] = | Differsntial 2.02.160 (64 Bits) - CE-6006 (1730616)

X
Home Display Software Options (7]
@ HrdSet <5 GOOSE Set W > He 7| g Waveform D System = M
@ sync.set s, sV set £ C est *—1 3 Phasors B relay & , Cycles 3
Channels D Settings _ nt Recreate Restore
Direc, T3 Connedtion # Clear a & seL eport Charts  Layout
Hardware Generation Options Report Units Layout
TestSet  Point Test Search Test  Test Seitings
Insert/Edit Points = | ~System | Relay Detsils (Diagram) ) Chart | Waveform | Phasors -
General Options A ; o legend
¢ g Points Not Tested
. Source Location Sequence
New Point. v Vining! ~ @ Points Tested
intal: [100In Step: [1001n / Colors
Winding2 ~ Fnal: [600ln  Neof Pointg 12 3,00 4 Fail
/ 5
Fautt Type / Information:
3 S ’.«’ - IDif:
— - Rest
est Points - 200 u
Paints Tested f,'
. 5 Time Time /
No.| Fault 1Diff IRest Region | Operaied | pyomival Rest Stalus I
F
1 ABC 0.750In 150in | Operation 0s Not Tested /«’
100
/’
/
/
¥
ok | IRest fin]
0 1,00 200 300 400 500 6.00 7.00 8(
ErrorsList | Protection Status
13 | ONLine New Aux Source: 110,00V | Heating: 0%

Figure 36
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Click on the icon highlighted below or use the command “Alt +G”.

E}f IDEHE-~ Differential 2,02,152 (64 Bits) - CE-6006 (0320711)

m Home Display Software Options
A o
a G= HrdSet €% GOOSE Set ’ B > Next Paint
5, SV 5et f Clear test

@ sSync, Set
Channels Start | Stop

Direc. % Connection - Y Clear a

Hardware Generation
Figure 37

It is verified that all points were successfully approved.

[a I i=1"EX Differential 2.02.160 (64 Bits) - CE-6006 (1730616) - X

m Home Display  Software Options 2]
@ HrdSet <% GOOSESet ’ W > Hext Point ke Waveform @D System =, M 5
B ;
&

: . k4
@ sync.set s, svset & Clear test =1 5. phasors B Relay = ~, Cydles
Channels Start  Stop ettings __ Present Recreate Restore View
Direc. t3 Connection - & Clearall (@) SEL Report Charts  Layout
Hardware Generation Options Report Units Layout
TestSet  Point Test Search Test  Test Settings
 Insert/Edit Points = |~ ystem | Reloy Detoils (Diagram)  Thart | Waveform |/ Phasors -
i ~
Insert/Edit Points General Options 400 i F O Legend:
¥ Ports Not Tested
-~ £ D @ Points Tested
=2 | Winding1 361 / 4 ca
K glors:
Sequence 6001 g
Winding2 3,00 z Fail
Remove 4
g Information;
Remove Al ARC 2 i
< > / Current Point
/ ’
Test Points - / - IDif.
Poirts Tested ;‘ e
200 .
_ 5 Time Time ~ I
No.| Fault 1Diff IRest Region | Operaled ygorite ) Remt Stalus / 5
10| ABC 3071 500 L3 H - - Passed /
= A 00In | Operation D & / .
1| ABC 343In 500In | Operation Yes Us 2543 ms Passed 100 i
i
12| ABC 339 6.00 | o H Passed AR
s = 00In | Operation 2 - - 2% /
/ Il
13| ABC 361In 600In | Operation Yes 0s 2670 ms Passed
v . IRest [in]
IDff and iRest  [7] Operating Region 7] Time 0 1.00 200 300 400 500 6.00 7.00 8
ErrorsList | Protection Status
13| ONLine Mew Aux Source: 110,00V | Heating: 0%

Figure 38
10. Search Test

To carry out the search test, click on the “New Line” field, choose the type of fault,
the restraint current value and confirm.
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Figure 39

There is also another way to add test lines, by adding a search string. To do this, just
click on the “Sequence” button and select the initial and final restriction current of
the search and the step between them.

bed

B | [y 5 (g < | Differential 2.02.160 (64 Bits) - CE-6006 (1730616)
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S5 {7 v Search Paints
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Figure 40

Click on the icon highlighted below or use the command “Alt +G .
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a e HrdSet <2 GOOSE Set ’ > Mext Point
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Figure 41
It is verified that all lines were successfully approved.
[ 0 5 [ = | Differential 202152 (64 Bits) - CE-6006 (0320711) — x
Home  Display  Software Options 2]
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Test Set FPoirt Test Search Test  Test Setfings
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Figure 42

11. Report

After finishing the test, click on the icon highlighted in the previous figure or through
the command “Ctrl + R”to call 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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Descr.: Differential Function

Date: 14/09/2021 08:49:06

; Software: Diferenc_CTC; Version: 2.02.160
Responsible: Michel Rockembach de Carvalho

1. Device Tested

Ident .: 23031982; Type: Transformer Protection
Model T60; Manufacturer: GE

2. Location

Substation: CONPROVE

Bay: 1

Address: Visconde de Ouro Preto, 75 - Custédio Pereira
City: Uberlandia; State: MG

Printing Preview...| N° of Pages: 08
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A.1 Terminal Designations

APPENDIX A
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A.2 Technical Data

PERCENT DIFFERENTIAL

Characteristic: Differential Restraint pre-set
Number of zones: 2

Minimum pickup: 0.05 to 1.00 pu in steps of 0.001
Slope 1 range: 15 to 100% in steps of 1%
Slope 2 range: 50 to 100% in steps of 1%
Kneepoint 1: 1.0 t0 2.0 pu in steps of 0.0001
Kneepoint 2: 2.0 to 30.0 pu in steps of 0.0001

2" harmonic inhibit level: 1.0 to 40.0% in steps of 0.1

2" harmonic inhibit function: Adaptive, Traditional, Disabled
2" harmonic inhibit mode: Per-phase, 2-out-of-3, Average
5t harmonic inhibit range: 1.0 to 40.0% in steps of 0.1
Operate times:

Harmonic inhibits selected: 20 to 30 ms at 60 Hz;
20035 ms at 50 Hz

No harmonic inhibits selected: 5 to 20 ms
Dropout level: 97 to 98% of pickup

Level accuracy: +0.5% of reading or +1% of rated
(whichever is greater)

INSTANTANEOUS DIFFERENTIAL

Pickup level: 2.00 to 30.00 pu in steps of 0.01

Dropout level: 97 to 98% of pickup

Level accuracy: +0.5% of reading or +1% of rated
(whichever is greater)

Operate time: < 20 ms at 3 x pickup at 60 Hz
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APPENDIX B

Equivalence of software parameters and the relay under test.
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Table 1
Differential Software GE T60 Relay
Parameter Figure Parameter Figure
Voltage (Wind. 1) 22 Nominal Phs-phs Voltage 11
Voltage (Wind. 2) 22 Nominal Phs-phs Voltage 11
Power (Wind. 1 and 2) 22 Rated MVA 11
Vector Group (Wind. 2) 22 Angle Wrt Winding 1 11
| Prim (Wind. 1) 22 Phase CT Primary 08
| Prim (Wind. 2) 22 Phase CT Primary 08
| Sec (Wind. 1) 22 Phase CT Secondary 08
| Sec (Wind. 2) 22 Phase CT Secondary 08
Differential Settings (pickup) 24 Pickup 12
Instantaneous Settings (pickup) 24 Pickup 13
Slope 1 25 Slope 1 12
Slope 2 25 Slope 2 12
Break 1 25 Break Point 1 12
Break 2 25 Break Point 2 12
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