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Test Tutorial

Equipment Type: Protection Relay

Brand: GE

Model: D60

Function: 81R or PFRC — Rate of Change of Frequency or df/dt

Tool Used: CE-6003, CE-6006, CE-6707, CE-6710, CE-7012 or
CE-/7024

Objective: Testing the pickup and operating time of the rate of
change of frequency elements using the Ramp software

Version Control:

Version | Descriptions Date Author | Reviewer
1.0 Initial Version | 23/10/2022 | 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 D60 relay in the Ramp software

1. Relay connection to CE-6710
Appendix A-1 shows the relay terminal designations.
1.1 Auxiliary Source

Connect the positive (red terminal) of the Auxiliary Source to relay pin B5b and the
negative (black terminal) of the Auxiliary Source to relay pin B6a.

Aux Vdc

Figure 1

1.2 Voltage Coils

To connect the voltage coils, connect the voltage channels V1, V2 and V3 to the relay
pins F5a, F6a and F7a and connect the commons of the voltage channels to the relay
pins F5c, F6¢ and F7c.

ANALOG OUTPUTS

00| 00
- @@
1

o0 | 00
00 | 00
- @O
- @O

Figure 2
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1.3 Binary Inputs

Connect the CE-6710’s binary inputs to the relay’s binary outputs.

BI1 to pin P1b and its common to pin P1c.
BI2 to pin P2b and its common to pin P2c.
BI13 to pin P3b and its common to pin P3c.
Bl4 to pin P4b and its common to pin P4c.

a [ BINARY/AN/LDG INHUTS A
KyK/K/V BI5 BI6\
BIl7 BI8 BI9 BI0O BHM1 BH2

000000

2. Communication with the D60 relay

Before starting the D60 relay test, open the “EnerVista” software and download the
“UR” series software, if you already have it click directly on:

™ Enervista UR Setup

Figure 4

Check the relay IP and adjust this value in “Device Setup” after entering a new
system. Then read the relay code by clicking on “Read Order Code” and finish by
clicking on “OK”.
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& iscover | & Adasite | & AddDevice | | mm peieonane:
= New Site 1 SO
DED Description: ]
Color: .|
Interface: Ethemnet b
IP Address: Az 0 og A0 =

Slave address: |254 52 Modbus Port: ISOZ

Connected via Ethemet / Serial Gateway: No v

Order Code: IDBD-ND?~HCH~F3L~PBT |
1 Delete | Version: 57 ~| Iﬁnd anmcml

™ 0k | Xt.‘anul!

Figure 5

Then click on “New Site 1” and “D60” to access the relay configuration and close
the “Offline Window” by clicking on the button highlighted in green.

) EnerVista UR Setup EEX)
Eile Online Offine Wiew Action Security Window Help |
| ERStE aTEN @ QADE D2 D iEa

 Orline Window

2, Device Setup |£Z Quick Connect _ EnerVista,
Device |DB0 - (?}Z GE Multilin l '
™0 B

SETUP

B i ()5 0| )

For Help, press F1

Figure 6
3. D60 relay parameterization

3.1 Voltage

After the connection has been established, click on the “+” signs next to “Settings >

System Setup > AC Input” and double-click on “Voltage” and adjust the primary and
secondary voltage values of the transformer of potential.
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) EnerVista UR Setup - Voltage // New Site 1: D60: Settings: System Setup: AC Inputs

Fle Onlne Offine View Action Securty Window Help |

\BBQ BE ETEN @ QDE Uk déEaA

| Online Window - x
& Device Setup |(TZ Quick Connect! Voltage // New Site 1: D60: Settings: Syste... [= |[B)(&) H __EnerVista,
eV "5 e % Sove | J..Jnnsmm] 251 Dofautt | 249 Rosar | V113 U SETUP

| VTF5
Phase VT Cmneclnn Wye
{Phase VT Secondary 664V

+- Device Defirtion
= Selhng:

Product Setup

=1 System Setup

= AC Inputs

Phase VT Ratio

12000:1

“Audliary VT Connection

Vag

Ausiliary VT Secondary
Auxilery VT Ratio

664V
1.00:1

D60 | Settings: System Setup: AC Inputs.

[Screen ID: 168

Current
Voltage
Power System
Signal Sources
Breakers
Switches
+ - FlexCurves
# - Phasor Measurement Unit
- FlexLogic
- Grouped Elements
- Control Elements
# Inputs/Outputs
(- Testing
Protection Summary
+ - Commands
User Displays
Targets
+ - Actual Values
+ - Maintenance
Site Clear Records
Synchronize Devices
Site Event Recorder
Site Targets

" [ volege /7N

For Help, press F1 [ nm|[

Figure 7

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

: Power System /f New Site 1: D60: Settings... @@

W Save | 4 Restore I &5 Defaurt l Y Reset | VIEW.
SETTING ) PARAMETER
Mominal Fregquency [ 60 Hz
Phase Rotation \ ABC
Freguencx And Phase Reference \ SRC1 (SRC 1_)
Freguency Tracking Function | Enabled
D60 | Settings: System Setup ' {ﬁcreen ID: 161 j y/

3.3 Signal Source

Figure 8

Set the potential transformer to “F5”.

: Signal Sources /f New Site 1: D60: Settings: System Setup

i Save | s Bcstom] @Dcfault' 24 Reset | VIEW A ﬂ,,l,od
Name ‘ SRC1 SRC 2
Phgsg cT F1 None
Ground CT F1 None |
Phase ¥T F5 None |
Aux VT None None |
DEO ,"Settings: System Setup 7 fﬁcreen 1D: 162 y/

Figure 9
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3.4 Frequency Rate of Change

Click on the “+” sign next to “Control Elements” and double-click on “Frequency
Rate of Change”. This option allows you to activate up to four frequency variation

elements. In this tutorial two elements are used adjusting the pickup values and the
actuation times, one has a decreasing trend and the other an increasing trend.

BE Frequency Rate of Change // Quick Connect: Quick Cennect Device: Settings: Control Elements EI@
& Save | 15 Restore | 24 Default | 29 Reset | \'IIETJ-IHMHI‘,OC#&

PARAMETER FREQI RATE 1 FREQI RATE 2 FREQ RATE 3
Function Enabled Enabled Disabled
Source SRC 1 (SRC 1) SRC 1 (SRC 1) SRC 1 (SRC 1)
Trend Decreasing Increasing Increasing
Pickup 1.00 Hzls 1.00 Hz/s 0.50 Hz/s
OV Supv 0.700 pu 0.700 pu 0.700 pu
OC Supv 0.000 pu 0.000 pu 0.200 pu
Min 45.00 Hz 45.00 Hz 45.00 Hz
Max 65.00 Hz 65.00 Hz §5.00 Hz
Pickup Delay 1.000 8 1.000s 0.000 s
Reset Delay 0.000s 0.000s 0.000 =
Block OFF OFF OFF
Target Self-reset Self-rezet Self-reset
Events Dizabled Dizabled Dizabled

Quick Connect Device  Settings: Control Elements

Figure 10

3.5 Contact Outputs
Click the “+” next to “Inputs/Outputs” and double-click “Contact Outputs”. On this

screen, the pickups and trips of the functions are assigned to the binary outputs of the
relay.

B Contact Outputs // Quick Connect: Quick Connect Devic... EI@

& Save | ﬁ?ﬁcsmml & ﬂefanﬂl 4 Reset | Kf[ljm?!ﬁ'_[ir'}l.‘ade

[P1] Contact Qutput 1 1D Cont Op 1
[P1] Contact Cutput 1 Operate FREQ RATE 1 PKP
[P1] Contact Output 1 Seakin OFF

[P1] Contact Output 1 Events Enabled
IIFQ] Contact Output 2 1ID ContOp2

[F2] Contact Output 2 Operate

FREQ RATE 1 OP

[P2] Contact Output 2 Seakn OFF
[P2] Contact Output 2 Events Enabled
[P3] Contact Output 3 ID ContOp 3
[P3] Contact Output 3 Operate FREQ RATE 2 PKP
[F3] Contact Output 3 Seakin OFF
[F3] Contact Cutput 3 Events Enabled

|
[P4] Contact Cutput 4 ID Cont Op 4
[P4] Contact Output 4 Operate FRECQ RATE 2 OP
[P4] Contact Output 4 Seakin OFF
P4] Contact Output 4 Events Enabled

Quick Connect Device  Settings: Inputs/Outputs

Figure 11

In Appendix B, the user will find an equivalence table between the software settings
of the relay and the test set.
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4. Ramp software adjustments

4.1 Opening the ramp

Click on the “CTC” application manager icon.

B -

Conprove
Test Center

Figure 12

Click on the “Ramp” software icon.

: &= Conprove Test Center 202,191

G Conprove Test Center

CONPROVE Version 2.02.191
|
| General Secondary Measurement
General Tests Secondary Tests Applications for measurement
& Quick [ Differential I8 Muttimeter
| &1, vCC Aux 1F Power Directional
I EIE Calibration ? Distance
T4 Test Plan ﬁ, Master
Remote Generation Meter Set
E Power Quality € up
ﬁ PSE Ot Equipment Set. / Tests
@ R | #d' Settings
Primary Ll: Hamonic Restraint ﬁ Update Fimuare
Primary Tests % Forimras tw Software Language
| & cr . Synchronism
AL
il ;:7 Owercument
<r Transformer @] Tereiiee Support
) Documentation and assistance
£2 Resistance Eé) Transient Playback
iy Y Volta/Hot \Ll Tutorials
T
R : D \Videos
3 Contact
Other EJ Foum
Additional aplications 49 User Manual
Transient View #9 Quick Guide
+
-, Validate PDF Reports G Seff-diagnosis
.,
W Statistical Analysis T Remote Access
Copyright © Conprove 1584 - 2022

Figure 13
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A nEH-
Home Display Software Options (7]
- — — — ] : — g
B5 HrdSet <%0 GOOSE Set. @Samngs x i (8 [@©
@ syncset s, svset. & *
Direc Inse ettings Report Units  Layout
Channels t¥ Connection New| General General Inform.  System  Notes&Obs.  Diplanatory Figures  Check List  Others  Cornections (G - - -
Hardware Test: Options
Sequences - X Distance Drescr Date - X
001 001
NS — Testod device
v Binary Outputs
v GOOSE Ouiputs lezien
~  Time and Advancement SEEER ~]
-
P <] 8.00 9.00 1000
Ciy - State -~
Responsible:
]
Name: |
Tool Test
— CE6710 Series Num.: [01611177CCM33222211USHVRGLGLGL2ZORXD
Evaluations o x
A Name | IgnoreBefore
H 9 2 3| |2
o |~ ||E[Ea1 = |E
= 3|z
—|%|IF 3l &
+

Calc.

Defaut  iv Impat. Evpart.. Preferences oK Cancel

Evaluations  GOOSE TimeStamp Report |
ErorList | Protection Status

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

Figure 14

4.2 Configuring the Settings

When opening the software, the “Settings” screen will open automatically (as long as
the “Open Settings when Starting” option found in the “Software Options” menu is
selected). Otherwise click directly on the “Sertings” icon.

’ = ) N° Repetitions [0 % ’ = ﬁ;,ml AE
n

o
Start  Stop Static Settings Repnrt Unlts Layout
= Generation - @ —’ <
Generation Options

Figure 15

Inside the “Settings” screen, fill in the “General Inform.” with data on the “Tested
device”, “Location” and the “Responsible”. This facilitates the elaboration of the
report and this tab will be the first page to be shown in the report.
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| Settings X
| General Inform.  System  Motes & Obs. Explanatory Figures Check List Cthers  Connections
Test:
Distance Descr: |Ha’[e of Change of Frequency Date: |
|
Synchronism Tested device:
Idertif- 23031982 ~] Model D80 ~|
Type: |IJne Protection vl Manufacturer: |GE vl
Location:
Substation: |C0npr0ve vl
Bay: |'| v
Address: |‘\-"|sconde de Ouro Preto 75, Custadio Pereira vl
|
Cty: |Uberandia v State:
Responsible:
Mame: |I'U'Iichel Rockembach de Carvalho w |
Sector: |Engineering v| Reaistry: | 00001 v|
Tool Test:
CE-&710 Series Num.: |1}1E111??CCM3~3222211U5HVHGLGLGLZZEHXD
|
Default Ev Impaort... Export... Preferences QK Cancel
Figure 16
4.3 System

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

| General Infam. Motes & Obs. Explanatory Figures Check List  Cthers Connections

oo > >
Distance |mpedance Source - _IWL .[ -[ |
OForward QEf

Symchoriam [Frequemwr ke | b AL T, ([

Phase Seq.: ABC w c A
13

3 power: |47.80 MVA
to: [1552MVA 9—=|08)
Primary Voltage (FF): IW LS
Ny [Tamkv
Primary Current: W
Secondary Voltage (FF): W g
Ny [Bsa0v
Secondary Current: W

.”_fﬁ‘-‘#—

YTRF:
120.0 Phase F Meutral M Ground E Displ. D
CTRF: |400.0
VTRD/VTRF: [1,00 Voltage Currents
CTRE/CTRF- |1,00 ! Va i la kto VO |1.00
. FN |2 Vb F |6 I
Invert Polarity: 3 Ve = n kto V2 |1.00 |
8 VTsF 8 CTsF E |8 IE ktolD: |1,00
VTD CTE
D 4] w EP |9 IEP ktol2: [1,00
Default Ev Impaort... Export... Preferences QK Cancel
Figure 17

There are other tabs where the user can insert “Notes & Obs., Explanatory Figures”,
can create a “Check List” of the procedures for carrying out tests and also create a
schematic with all the connections between the test set and the test equipment.

5. Channel Direction and Hardware Configurations
Click on the icon illustrated below.

_,ﬁ,l DS H = Ramp 2.02.191 (64 Bits) - CE-6710 (0940222)

Home Display Software Options
=
a @& HrdSet €70 GOOSE Set. % (& Insert Cop
@ syncset s, svset Delete e
Direc Insert
Channels| t# Connection Mew ﬁ Delete All

Hardware

Figure 18

Then click on the highlighted icon to configure the hardware.
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| Channels Direct. a x
Model Reset for Hard & © Basic Herd: | Adapt 1105 I' Nedzs Confim
= C 4 s
CTI | O raunesd |, Goose Asosmooe |- Adoassocise [~ |

Serial Number.

Remotes m

09402227CCM03222011USHVRGO0DOL2ZORXD  ~ B ON Line 5, S, Value.. Clean Iv Clean Iv =
Import... Export.. 2
Outputs- Analog. and SV Inputs: Analog. and SV Outputs: Binary, GOOSE and Analog DC Inputs: Binary, GOOSE and Analog. DC Logical
| |
NODT R Analog Outputs Sampled Value Qutputs had kg
’ —f-
11 O Forward o*. Voltage Channels ' V‘ v| -
| T
Nominal Lne  Source N ] Hardware Point
| feqery ol 60H v G DN |2 v NODT v Wb v
®
| Phase Seq: ABC v - ut;”g a0z | - oot v e -
—
3p power: [47.80 MVA \ AD_ Vo4 |4 = NOO1T > uD -
19 [1553MvA ”g
Frimary Voltage (FF): [13.80 KV
FN): [7.57KY & ”g
Primary Curert: [2,00kA i &
Secondary Voltage (FF): [115.0V
wn: [eaoy Curent Channcs F vl |-~
Voltage Channel Currents ‘ Channel ‘ Descr. Hardware Node Point
Secondary Cument: |5.00 A
VIRE: 1200 N2 w vz || F |6 b AD_ID2 AD_l02 NOO1T
| CTRF: ]400.0 3 Ve MOV v 7 [ AO_ID3 AD_I03 13 |/ NOoD1 v ke -
VTRD/VIRF: [1,00 Vab ~ | E [8 E ~ | |ao_04 14 MG R
| CTRE/CTRF: [1,00 FFo| Vbe ~ | Er 3] kP «|  |Aol0s 5 ~ NOOT v D -
Reverse Polarity Vea = AD_I05 16 ~ NODi v |UD  w
O vTsF OcrsF b [¢] w h
k. VO v k.10 v
| Ovro OcTe Cale. —————— Cale. ——————
| k V2 v k12 v
| () Equal Parameters Among Nodes k [ovo]io0 [wvz2]ioo k [l 100 |02 [100
L
Figure 19

Choose channel configuration, adjust auxiliary source and stop method of binary
inputs. Finally, click on “OK”.

[ Settings X

Master Slave 1 Slave 2 Main Sampled Value Others
Binary Outputs Auxiliar Source
Model  CE-6710 Serial Mumber 01611177CCM33222211USHVRGLGLGL2ZORXD Initial State Initial State 250
BO1 BO3:
Analog Outputs: HO) - s - 220V

BO2 NO BO4& NC v
Standard - Voltages:
© 4x300V: 100 VA
() 2x 600 V; 180 VA V1 .—-—-m BOS5 and BOG type: 80V
v2 N2 O Conventional  BO5: NO 48Y
| O2x30v:150vA cCo— - e o v
O 1x 600 V: 350 VA vg‘.—-us 2y

| _ \Z ) IRIG (BO5) /Clock (BOE)
| () 1x 300 V: 250 VA V4 .—-—.m Cther
| off
Transistor ML 110.00 V
Cust: d As: i
() Customized Assoc ) Connect VTs . Binary / Analog Inputs |
Standard - Cuments BI1: | Bl-Coentact &
O 6x32A 210VA Biz: | BI-Contact hé
() 3x 64 A 400 VA BI3: | Bl- Contact =
" Bl4: | Bl - Contact <
() 2x96 A; 550 VA " .—.N‘\
BI5: | Bl - Contact =
O 2x10.00 A: 300 VA 12 c._.mz BIE: | Bl- Contact <
X 13 )
() 1x 192 A; 1100 VA 3 . N3 ) BI7: | El- Contact =
| O 1x 6,00 A; 360 VA ¥ ‘—'—- @ BIS: | BI-Contact - |
BIS: | Bl - Contact =
5 G @ = . BI10; | Bl - Contact -
'——.NE - -
Bectromechanical: 16 BTl R
) 12754 T00 VA BI12: | Bl - Contact <
O 1x50 A 700 VA [[) Considers absolute values to Voltage-Bl : ;j‘iz m %
|
| O e [ Connect CTs . [ Range 1.25 A oK Cancel

Figure 20
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On the next screen choose “Basic” and on the next window (not shown) choose

“YES”, finally click on “Confirm”.

[m] *

Channels Direct.

Sat |

Iz
|3
CE6710 O Ad d

P vanee 0 GOOSE... Cancel

+  Seral Number:
|\t T ) .

=z 05402227CCMO322201 1USHVRGODDOLZZ0RXD .. B ON Line 5. Value... — Export...
| - |

Figure 21

6. Restore Layout

Due to the great flexibility that the software presents, allowing the user to choose the
windows that will be presented and their positions, the command is used to restore the
default settings. Click on the “Layout” button and then on “Recreate Charts” repeat
the process by clicking on “Layout” and on “Restore Layout”. During the test,
windows that are not relevant are excluded.

C =

Report  Units |Layout

ecreate|Restore | View
Charts | Layout @

Layout

Figure 22

Following is the default structure after the previous commands.

| O 25 [ = | Remp 202191 (64 Bits) - CE-6710 (0161117) - o x
m Home Display  Software Options [2]
GF Hrdset <% GOOSESet. @ nsert Copy | Yo (B Auto Ref Angle @ In Edition... - ’ B ) N° Repetitions 0 5 ' Bl 2| @

@ sincset =, Svset, @B peletesel. ' @' Va Test [ — "
Direc Insert ' Reedit Start  Stop Static Settings Report  Units  Layout
Channels t¥ Connedion Mew 48 Delete Al [J separate Nodes/Bin + A > Generation = & . - -
Hardware Sequence Results Generation Options
Sequences - X Waveform | Phasors | Trajectories |"Harmonics *"Synchroscope | PlaneZ - X
EEE 04l NoO1 - Vokages
v NOOT [¥] Ao_vo Ei] [¥] AD_VO3 It
w  Analog. DC Output 4,00n [V
~  Binary Outpuis 2000
v GOOSE Outputs
v Time and Advancemert 20
-4.00n sl
0 1,00 200 3,00 400 500 6.00 7.00 800 3,00 10,00
NOOT - Curents
[ A0_I01 ¥ [¥] A0_I03 ¥ £} ¥
4,000 |14 ]
&t i i i i i i i i i 1
ol ] | = =
00
1 x
Start End Tnominal Tdev- Tdew+ Treal Tdev Stahs 3l el s
0 0 0 0 o = HEERE
a| (| |©
4+ ONLine New Aux. Source 110,00V | Heating: 0%

Figure 23
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7. Test structure for function 81R

Click on the option “N0I” highlighted in green and increase the size of the

“Sequences” window for easier viewing. Then, insert a new sequence and expand the
NOO1 tab.

B Q5 [ = | Remp 202191 (64 Bits) - CE-6710 (0161117) — o X

Home  Display  Software Options [2]

B% HrdSet < GOOSE Set. % [@insetcopy 18 [F [ Auto Ref Angle @ In Edition... - ’ B (J e Repetitions |0 & ’ Bl = ]
@ syncset s, svset. B Deietesel.  '"H B! Va & Test n =y >

Direc Insei

Start  Stop Stati Sett Report Units  Layout
Channels 3 Connection Mew | B Delete All [] Separate Nodes/Bin 2 Gm;t',im. eings o P e s | taou
Hardware Sequence Results Generation Options
" Sequences - X Waveform | Phasors | Trajectories | Harmonic s | Synchroscope |Plane Z - X
EE 0s ooz [sea0z 0s | NOOT - Vokages
w noot | [¥] Ao_vat 7] [¥] AD_V03 7]
~  Analog. DC Qutput 4,000 VM
~  Binary Outputs 2,00n
~  GOOSE Ouipufs
~  Time and Advancemert 20T
-4,00n Tt
[ > 0 100 200 300 400 500 600 700 800 500 1000
NOO1 - Currerts
[¥] a0_lot ¥ [¥] A0_l03 [ [
[
4uon}‘ A : i i ; i i i i }
Bl I 1] =
00
Evaluatiol a3 x
£+ |[g] Name | lgnoreBeloe Start End Tnominal Tdev- Tdevs Treal Tdev Stahs sl (el s
£
o EfEvat 0s os 0s 0s s HEERE
=l E a| (e |©
i
|
Evaluations  GOOSE TimeStamp Report |
ErrorList | Protection Status
44 | ONLine New Aux. Source 110,00V | Heating: 0%

7.1 Main Screen 81R-1

In the first sequence, configure a situation to check the first element whose setting is -
1.00Hz/s and 1.0s. In place of “Seq 001" write “81R-1" then click on the highlighted
button in the figure below.
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~ Sequences - X
] 002
A~ | Channels/ Definition Channels/ Definition
Point | Channel Definitions Point | Channel Definitions
Va AD_WO1 Modules Va AD_VOA Modules
Wb AD_W02 tiner 0.500 = Wb AD_V02 tiner 0.500 =
Ve AD_NO3 Ve AD_V03
la AD_I0M la AD_IM
Ib AD_l02 Ib AD_l02
le AD_lO3 le AD_I03
= || | UD01 | AD_ VD4 uDo1 | AD_VD4
o
= | | uD02 | AD_ln4 upo2 | AD_Io4
uDo3 | AD_I0s uDo3 | AD_I0s
uDo4 | AD_IOE uDo4 | AD_IDB
Figure 25

7.2 Screen for 81R-1 incrementation

On this screen, in the “Ramp Type” field, choose the “dF/dt” option. For the voltage
values, either initial or reset, use the balanced three-phase nominal voltage, that is,
66.4V. For the dF/dt increment, set the start to -0.76Hz/s the limit to -1.24Hz/s and a
step of —80.0mHz/s. In the field “Generation Time in Each Incr.” the user must
configure a time that is always longer than the actuation time. In this case, a time of
1.5 seconds was chosen. The “Reset Time” was set to 0.25s.
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Ramp x
Ramp Type () Direct Generation Time in Each Incr |1.5Ds
dF/dt ~ | © Pulsed Reset Time: |25D.D ms
Inttial Values Limits and Increases Reset
Channels/ Definition e L Nisteps) Mmne iChannels/ Definition Direct
| Foint | Channel Mod. [¥] | va -0,760 Hz/s -1.24 Hz/s | -80,00 mHz| 15,00 12505 Point | Channel Mod. Frea
Va |AOVD1 6640V [ Vb |-0.760 Hzig 1.24 Hais | -80.00 mHA 15,00 &ive Va |AOVD1 | 6640V 160,00 Hz
Vb |AD_VO2 | 6640V |-1200° |60.00Hz [V Ve | -0.760 Hals -124 Hzls }-80.00 mH 15.00 Bive Vb |AOM02 | 6640V |-120.0° | 80,00 Hz
Ve AD_V03 6640 | 1200° | 60.00H=z 0 Ve AD_ND3 6640 | 1200° |60,00 Hz
la AD_I01 0A 0" 50,00 Hz 0| b la AD_I01 0A 0 60,00 Hz
b AD_102 0A 0" 50,00 Hz B b AD_l02 0A 0 60,00 Hz
le AD_103 0A 0" 60,00 Hz [ED | unar le AD_l03 0A 0 60,00 Hz
uDo1 | AD_V04 oV 0" 60,00 Hz B | ube UDo1 | AD_\V04 oV 0 60,00 Hz
UDo2 | AD_I04 0A 0" 60,00 Hz [EY | uDas UDo2 | AD_I04 0A 0 60,00 Hz
uDa3 | AD_IDs 0A 0* 60,00 Hz [ED | Unos UD03 | AD_ID5 0A o 60,00 Hz
uD04 | AD_ID6 0A 0* 60,00 Hz UDod4 | AD_ID6 0A o 60,00 Hz
Binary Outputs GOOSE Outputs
Channel Incr. Reset Channel Iner. Reset
| B0t
| | BOOZ Incr. T
| eooz Limit
| | BOD4 Initial \ralue[
|| eo0s — L
| | BODG Generation Reset Time
| Bo07 “m;cEr‘_’e’?
| eo0s
Cancel

Figure 26
7.3 Main screen 81R-2

In the second sequence, configure a situation to check the second element whose
setting is at 1.00Hz/s and 1.0s. In place of “Seq 002~ write “81R-2". Then click on
the button highlighted in the figure below.

<" Sequences - X
001 F81R-1 002 [81R-2 L
| Channels/ Definition Channels/ Definition
Point | Channel Definitions Point | Channel Definitions
Va AD_VDT dF/dt E Wa AD VDM Modules | - |
Vb AD_VOZ tiner 1,50 5; tReset 2500 ms Wb AD_WO2 tiner 0,500 s
Ve AD_VD3 Ve AD VO3
= AD_I01 la £0_101
Ib AO_l02 Ib AD_l02
le AD_ID3 le AD_103
% UD01 | AD_VD4 UDo1 | AD_WD4
< | |UD02 | AD_ID4 UDo2 | AD_In4
UD03 | AD_IDB UD03 | AD_I05
UD04 | AD_IDE UD04 | AD_IDB
Figure 27
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7.4 Screen for 81R-2 incrementation

On this screen, in the “Ramp Type” field, choose the “dF/dt” option and then select
the “Pulsed” option. For voltage values, whether initial or reset, use the nominal
voltage of 66.40V three-phase balanced ABC and frequency 60.0Hz. For initial
frequency variation use 0.76Hz/s and for final frequency 1.24Hz/s with a step of
80mHz/s. In the field “Generation Time in Each Incr.” the user must configure a time
that is always greater than the actuation time. In this case, a time of 1.5 seconds was
chosen. The “Reset Time” was set to 0.25 seconds.

:Ramp x
Ramp Type () Direct Generation Time in Each Iner .. |1.50s I
| Fset ~ @ Pulsed Reset Time: |250,0 ms I
Inttial Values Limits and Increases Reset
Channels/ Definition Start Limit Iner. N5Steps | Time Channels/ Definition Direct -
| Foint | Channel Mod, Frea [¥] | va D.EBD Hz/s| 1,24 Hz/s | 80,00 mHzq 15,00 12505 Point | Channel Mod. Frea
Mva [aovor  |esdov 760,00 Hz [#|Vb | 0.760 Hzis| 1.24 Hals | 50.00 mHz) 15,00 &ive Va |AOVD1 | 6640V " 60,00 Hz !
Vb |ADVD2 €840V |-1300° | 60.00Hz [V Ve | 0.760 Hals| 124 Hais ;3000 mHz] 15.00 Bive Vb |AOV02 | 6640V |-1200° | 60,00 Hz
Ve AD_V03 6640 | 1200° |60.00Hz 0 Ve AD_ND3 6640 | 1200° |60,00 Hz
I |l1a AD_I01 0A 0" 50,00 Hz 0| b la AD_I01 0A 0 60,00 Hz
1|k AD_102 0A 0" 50,00 Hz B b AD_l02 0A 0 60,00 Hz
lc AD_103 0A 0" 50,00 Hz [ED | unar le AD_I03 0A 0 60,00 Hz
uDo1 | AD_V04 oV 0" 60,00 Hz B | ube UDo1 | AD_\V04 oV 0 60,00 Hz
UDo2 | AD_I04 0A 0" 60,00 Hz [EY | uDas UDo2 | AD_I04 0A 0 60,00 Hz
UDo3 | AD_IDs 0A 0" 60,00 Hz [E | U UDao3 | AD_I05 0A 0 60,00 Hz
uD04 | AD_ID6 0A 0* 60,00 Hz UDod4 | AD_ID6 0A o 60,00 Hz
1
Binary Outputs GOOSE Outputs
Channel Incr. Reset Channel Iner. Reset
|77 2001
|7 [eoc2 Incr. [
|7 003 Limit
||[C] | BOODS Initial value[
|7 eo0s — —
[ | BOODE Generation Reset Time
|[E7] 007 “m;cEr‘_’e’?
| Bo0e
|
Figure 28

7.5 Evaluation of pick-ups

By clicking on the “Ramp " field, configure two pick-up evaluations as follows.
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B QS @ = | Remp 202191 (64 Bits) - CE-6710 (0161117) - o X
Home  Display  Software Options [2]
G= HrdSet < GOOSE Set. [@ insert copy 18 B Auto Ref Angle In Edition... - ’ [~ J N° Repetitions 0 3 ' = M [®|[@©

@ syncset s, Svset. BB Delete sel. Y @' Va & n — .
Insert Ree Stat  Stop Static Settings Report  Units  Layout
Channels T3 Col ion New & Delete All [ Separate Nodes/Bin = Enartne R Wi = >
Hardware Sequence its Generation Options
/" Sequences - X Waveform | Phasors | Trajectories | Harmenic: s | Synchroscope | PlaneZ - X
001 [BIA-1 1250s |flooz  [BiR-2 12505 || NOO1 - Voltages
[¥] AD_VO1 [Ei] (¥ A0_vo3 [F]]
# | Channels/ Definition Channels/ Definition
Point | Channel | Definitions Point | Channel | Definitions
Va |[AOVOT  |dFidt Va [ADMO1  [dFidt
Vb [AOMO2  [tincr150s: Reset250.0 ms Vb |ADMIZ |tinor 150s: tResel 2500 ms
Ve |AO_MO3 Ve |AOMO3
la |ADID1 = |AOIDY
b |AD_ID2 b |ADID2
e |ADI03 e |AOI03
5 | [uoor A0 vos UDDT | AQ_VD4 NOO! - Carerts
= | |uboz2 A0 ID4 UD02 | AD_ID4 9] A0_101 @ ] A0_03 @ @
UD03 | AD_I5 UD03 | AD_I5 @
UDD4 | AD_I0S UDD4 | AD_I6
20n O] 002 |
At bl A 1 =
0517 0517
Evaluations 1
S|+ |[o] Name | lgnoreBeiore Stant End Tominal Tdev- Tdevs Treal Tdev Stats el s
§ o] ]
fi] £ [Eval 1 0 ) 0 0 [ = 1Ell|=
IS d || (©

+#  ONLine New Aux. Source 110,00V Heating: 0%

Figure 29

In place of “Eval.l” write “8IR-1 pkp”, in Ramp select “8/R-1 > NOOI” for
“Condition” adjust “Binary Input > BI01 (1)”, for “Type” choose “dFdt”, for
“Output” adjust “Va”, in the field “Nom. Value” configure -1.00Hz/s and in the
fields related to deviations adjust 80mHz/s.

Evaluations

E o = = MName Ramp Condition Type Output Nom. Value Dev. - Dev.+ Real Value Total Deviation Status
S afll s — — — 44— ey

o § ; % 81R-1_pkp | B1R-1- NOD1 BIDT (1) dFdt ¥ |Va -1,00Hz/s | 80,00 mHz/s 80,00 mHz's 0 Hzis | 0 Hzls —
—lsF EeEE

g

i 4

Evaluations GOOSE TimeStamp Report |

Error List l Protection Status I
+4 ON Line Mew Aux, Source 110,00V Heating: 0%

Figure 30

Clicking on the “+” icon in the previous figure insert one more evaluation. The
configuration must be done in a similar way to the first evaluation with changes in the
binary input and value of the pick-up.

Evaluations
a| |=| |a| MName Ramp Condition Type Output Nom_Value Dev. - Dev_+ Real Value Totsl Deviaior  Status
o @
L) E : % 81R-1_pkp | 81R-1-NOO1 BIO1 (1) dFdt ¥ |Va -1,00Hz/s | 30,00 mHzis 80,00 mHz's O Hz's OHzis
5 =l = |81R—2_pkp 81R-2 - MO BID3 (1) dFdt - |Va 1,00 Hzs | 80,00 mHz/s | 80,00 mHz's l O Hz's | 0 Hzls
2
[+

Evaluatmn; GOOSE TimeStamp Report |

Error List l Protection Status I
44 | ON Line Mew Aux, Source 110,00 V Heating: 0%

Figure 31
7.6 Adjusting graphics

Double click on the “Waveform ™ option and maximize the screen to choose relevant
signals and insert marks for time analysis.
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Figure 32
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Figure 33

Select the current graph “NOOI-Currents” and click on the “Delete” button. Repeat
the procedure for the graphics of “Outputs An. Dc¢” and “Binary Outputs”. Also,
uncheck the unused voltage channel AO_V04.
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Figure 34

Right-click and increase the height of the graphics. The next step is to select just the
binaries “BI01”, “Bl02, “BI03” and “BI04".

Waveform a X
NOOT - Vottages
[ AO_VO1 [ AO_vo2 [¥] AD_V03 [Fii ao_vos
001 002
[Hzis]
1.00 | Charts Height (i) |
Display » . 200 %
Signal A oz
ignal Array...
0 o v 400 %
Settings 3
Marking / Comments »
100 Export »

[v] Bi02 [v] Bi03 E i [ [ BiO7 [ [ [F] B0
T B2

o

Figure 35
7.7 Time analysis

To evaluate the time, mark the value of the frequency variation where the last
increment or decrement of each sequence occurs. To find these values, cursors are
used. If necessary, you can zoom in to check the moment in time where the marking
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should be done. To do so, left-click and drag over the desired region. To remove the
zoom, just double click on the graph. The following figure shows the time for the two

elements.

Wavefarm

NOO' - Voliages
[ A0_vo1 [ Ao_ve2

[¥] A0_v03 T mo_vos

Binary Inputs
[@] BIO1 [@] Bio2 [@] Bio3 [ B4
[0 am [ Bi12

[ Bi07 [ [ [ Bi0

Blo1

BI02

Bi03

BI04

Al

1/At=0,0800

7.8 Inserting markup

[ fesm )
L
Figure 36

To insert the markings, right-click on the graphic and choose the following option.
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Figure 37

00

Adjust the first time and repeat the procedure for the other markings.

Add Marking

Time: |1D.?5 5

X

Descr: | Mark 01

@ visible

OK

Cancel

Figure 38

Add Marking

Time: |23,255 _
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@ visible

OK

Cancel

Figure 39
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The markings are shown in the figure below. To return this window to its initial
position, double-click on the top bar (highlighted in green).

Waveform | | a X
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001 002
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Mark01 Mark02 tis
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[¥ B0l [¥] Bi2 [¥] Bio3 [¥] Bio4 [ Bios. [£] BIos [ w7 [] Biog [0 Biog [ eno
[ Bt ] Bi2

BID1
BIO2
BID3
BIo4

o

Rl B L |
]

Figure 40
7.9 Time evaluation

By clicking on the “Time” field, as shown in the next figure, two operation time
evaluations can be configured as follows.
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Change the name “Eval. 1” to “81R-1 _T”, in the option “Ignore

before” choose

“Tagging > Mark01” in the option “Start” choose “Binary Input >BI01 (1)”, in the
“End” option choose “Binary Input >BI02 (1)”. In nominal time set 1.0s with
deviations of 166.7ms. Clicking on the “+” icon add 1 more evaluation and its
adjustments are made in a similar way to the first evaluation. The following figure

shows these settings.

Evaluations
E’ o Name Ilgnore Before Start End Tnominal Tdev- Tdev+ Treal Tdev Status
S
) E B1R-1_T | #Marko1 BIO1 (1) BIOZ (1) 1,005 166,7 ms 166,7 ms 0s 0s
o BIR-2T | #Mark02 BID3 (1) BI04 (1) 1,005 166.7 ms 1887ms |« 05t 0s
(=]
i 4
Evaluations GOOSE TimeStamp Report |
Error List ] Protection Status l
+4 | ON Line Mew Aux. Source 110,00 V Heating: 0%

Figure 42

Use the command “Alt + G to start the generation. The next figure
with the pickup values found.

shows the result
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Home  Display  Software Options [7]
B85 Hrdset <%0 GOOSE Set. % @ insetcopy 18 B Auto Ref Angle Rate of Change .. = B b — B . ]
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Direc nsert o Reedit Sta Settings Report  Units  Layout
Channels t¥ Connection ew 889 Delete A [ separate Nodes/Bin ~ Test [l Delete All [ T = =
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" Sequences - X Waveform | Phasors | Trajectories | Harmonic s} Synch pe | Plane Z - X
[o TeiR Tizs0s [foe TmiR2 1250s || NOO1 - Votages
[@) Ao_vol 7] [ AO_VO3 i
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Va  |AO_VO1 Va |ADVOI  LdF =]
Vb |AOMO2  |[finer 1.50s: tReset250.0 ms Vb |AD_V02 [tiner 150 s: tReset250.0 ms —
Vo |AOVD3 Vo |ADVO3 W
ia  |A0_I01 i |A0_lo1
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lc  |AD_03 lc |AD_I03 0
& | [upot |0 voe UDO1 | AD_vD4
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UD03 | AD_I05 UD03 | AD_I05 0
UDD4 | AO_I106 UDO4 | AD_I06 —
Al ] Al =
0
Evaluatior 1 x
H ol |5 |a| Name Ramp Condition Type Output Nom.Value |  Dev.- Dev.+ | RealValue |TotalDeviatior Status 5
H
o E 2| | E|str1pko |81R-1-NOO1  [Bi0t (1) dFdt ~|va 100 Hzis | 80,00 mHzis | 8000mHzs |  -100Hzs OHzs | Passed =
: = (= 81R-2_pkp | 81R-2- NOO1 BIO3 (1) dFdt | Va 1,00 Hz/s. 80,00 mHzis 80,00 mHz/s 1,00 Hz/s. 0 Hz/s Passed
5
£

“Bvalugtions  GOOSE TimeStamp Report |

Protection Status

*3 ON Line New Aux. Source 110,00V Heating:

Figure 43

0%

The following figure shows the operating times within the range of
the manufacturer.

values given by
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“Evaluations  GOOSE TimeStamp Report |
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8. Report

Aux. Source 110,00 V

Figure 44

Heating: 0%

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

2 Presentation Setting

Language Inglés En-US

>

= @Al

- Bl General Data of Test

- Bl General Data of Tested Device
- Bl Local of Installation

- Bl Reference Values

- Bl Hardware Settings

- Bl Distance Protection Settings

- Bl Synchronism Protection Settings
- [ Sequences

(- [ Test Results

- B Motes and Observations

- B Explanatory Figures

- [ Check List

- [ Connections

oK

Cancel

Figure 45
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RAMP - TEST REPORT

Descr.: Rate of Change of Frequency (001)
Date: 23/11/2022 17:25:40

; Software: Rampa_CTC; Version: 2.02.191
Responsible: Michel Rockembach de Carvalho

1. Device Tested

Ident .: 23031982; Type: Line Protection
Model D60; Manufacturer: GE

2. Location
Substation: Conprove

Bay: 1
Address: Visconde de Ouro Preto 75, Custédio Pereira

City: Uberlandia; State: MG

Figure 46
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A.1 Terminal Designation

— TYPICAL CONFIGLURATION
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Figure 3—12: TYPICAL WIRING DIAGRAM
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A.2 Technical data

RATE OF CHANGE OF FREQUENCY

df/dt trend: increasing, decreasing, bi-directional

df/dt pickup level: 0.10 to 15.00 Hz/s in steps of 0.01

df/dt dropout level: 96% of pickup

df/dt level accuracy: 80 mHz/s or 3.5%, whichever is greater (up to df/dt trend of 10 Hz/s)
Overvoltage supv.: 0.100 to 3.000 pu in steps of 0.001

Overcurrent supv.: 0.020 to 30.000 pu in steps of 0.001

Pickup delay: 0to 65.535 s in steps of 0.001

Reset delay: 0t0 65.535 s in steps of 0.001

Timer accuracy: +3% of operate time or £1/4 cycle whichever is greater)

Operate time: typically 9.5 cycles at 2 x pickup

typically 8.5 cycles at 3 x pickup

typically 6.5 cycles at 5 x pickup
Typical times are average operate times including variables such as frequency change instance, test method, and so on, and can vary by
+0.5 cycles.

APPENDIX B

Equivalence of software parameters and the relay under test.

Table 1
Software Ramp GE D60 Relay
Parameter | Figure | Parameter | Figure
81R-1_pkp 30 Pickup 10
81R-2 pkp 31 Pickup 10

81R-1 T 42 Pickup Delay 10
81R-2 T 42 Pickup Delay 10
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