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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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D60 Relay Power Swing Blocking and Out-of-Step Protection Philosophy

Power swing detection has both blocking and tripping functions. The impedance vector is
measured according to 2 or 3 user-parameterized boundary characteristics.

1. Detection of Power Swing Blocking:

Three-step operation: Power swing time is measured when the impedance vector is between the
outermost zones to the central zone. If the impedance enters the external zone and remains
outside the central characteristic for a time longer than the time parameterized in POWER
SWING PICKUP DELAY 1, the power swing blocking is performed. The release will be
commanded when the impedance leaves the outermost characteristic, but not before the
parameterized time.

Two-step operation: for the two-step mode, the sequence is identical, but it is the external and
internal characteristics that will be used to measure the time.

2. Detection of Power Swing (TRIP):

Three-step operation: unstable power oscillations are identified by checking if the impedance has
remained between the external and central characteristic for a finite time and between the central
and internal characteristic also for a finite time. The first step is identical to detecting power
swing. After the POWER SWING PICKUP DELAY 1 time is exceeded, lock 1 is adjusted over
the period the impedance remains in the outer zone.

If then, at any time, the impedance stays between the external zone and the switch for a period
longer than POWER SWING PICKUP DELAY 2, a lock 2 is set while the impedance remains
inside the external zone.

If then, at any time, the impedance remains within the inner zone for a period longer than
POWER SWING PICKUP DELAY 3, a lock 3 is set while the impedance remains within the
outer zone. The element is therefore ready for tripping.

If fast TRIP mode is selected, power swing trip is commanded immediately and is locked for a
time set in POWER SWING SEAL-IN DELAY. If “delayed” trip mode is selected, the element
waits until the impedance leaves the internal characteristic and the POWER SWING PICKUP
DELAY 4 time expires, thus setting a latch of 4, making the element ready to trip. The trip will
only be commanded later when the impedance leaves the external characteristic.

Two-Step Operation: Two-Step Mode is similar to Three-Step with two exceptions. First, the
initial stage monitors the time spent by the impedance vector between the outer and inner zones.
Second, the stage involving the POWER SWING PICKUP DELAY 2 is skipped.

The element can be adjusted to use either mho or quadrilateral features as shown below. When
set to Mho, the element also applies blinders (left and right). If blinders are not required, their
settings must be parameterized high enough to effectively disable them.
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Sequence for testing relay D60 in PSB_OoS software

1. Relay Connection to CE-6710
1.1 Auxiliary Source

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

Aux Vdc

Figure 1

1.2 Current and Voltage Coils

To establish the connection of voltage coils, connect voltage channels V1, V2 and V3
to pins F5a, F6a and F7a of the relay and connect the commons of voltage channels to
pins F5b, F6b and F7b of the relay: current 11, 12 and I3 of the CE-6710 to pins Fla,
F2a and F3a of the relay respectively, connect the three commons of the CE-6710 to

the pins F1b, F2b and F3b of the relay completing the connection.
A ANALOG OUTPUTS )
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Figure 2
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1.3 Binary Inputs
Connect the binary inputs of the CE-6710 to the binary outputs of the relay.

e BI1to pin P1b and its common to pin P1c.
e BI2to pin P2b and its common to pin P2c.
e BI3to pin P3b and its common to pin P3c.

[ | BINARY/ANALOG INPUTS

Ky ky Vs B4 BI5 BI6
BIl7 BI8 BI9 BMO BIM1 B2

Figure 3

~

2. Communication with relay D60

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

I "™ Enervista UR Setup

Figure 4

Check the relay IP and adjust this value in “Device Setup” after inserting a new
system. Then read the relay code by clicking on “Read Order Code” and finish by
clicking on “OK”.
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& Discover l & Add Site | gﬁddnavical = DeviceNone: [50 |

- NewDSBitDe 1 Description: |
Color: - I'I
Interface: ] Ethemet _1]

IPAddess: | 10 . 0 . 0 . 11
Slave address: 1254 33 Modbus Port: |502

Connected via Ethemet / Serial Gateway: No v

Order Code: IDBU-NU?-HCH-FSL-PST I
1 Delete | Version: 57 > Read Order Code

™ Ok | XCancclI

Figure 5

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

") EnerVista UR Setup |g@‘@

Fle Online Offfne View Action Security Window Help

| ERSvEaaEB B QADE BB R (@éEa

| Online Window . x
& Dovice Setup |2 Quick Connect | : __EnerVista,
Device |D50 ~| @ GE Multilin UH SETUP
| @S] o) I 2ELN
= New Site 1 al
= DEO il
+- Device Definition
4 Seftings
+/ - Commands

User Displays
Targets

+ Actual Values -

+ Maintenance

Site Clear Records

e s

Offiine Window ~x]

Files

For Help, press F1 )

Figure 6
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3. Parameterization of relay D60

3.1 Current
After the connection has been established, click on the “+” signs next to “Settings”
> “System Setup” > “AC Inputs” and double-click on “Current”, in which you will
be able to adjust the primary and secondary current values of the current transformer.

) EnerVista UR Setup - Current // New Site 1: D60: Settings: System Setup: AC Inputs

\|§i|e Online  Offfine Yiew Action Security Window Help

|28 g 2E TRV D QADE DD D HEA

[Grline Window - x|
@ Device Setup |(EZ Quick Connect Current /f New Site 1: D60: Settings: Syste... [= |[E][X) l 'R __EnerVista,
Device |DGU j % Save | D&msmml @Dmultl 24 Reset l VIEW, SETUP
. = Fma F D r
%Il I!I/Ol ] PARAMETER_ I CTFL ]
Phase CT Primary 100 A
= NewSite 1 Phase CT Secondary [ 5A I
= DBO Ground CT Primary [ 100 A
+ - Device Definition Ground CT Secondary 5A
= Settings = =
[ Product Setup D60 | Settings: System Setup: AC Inputs Screen ID: 155
= System Setup
=l AC Inputs
Curert
Vokage
Power System
Signal Sources
Breakers

Switches
i+ FlexCurves
[+ Phasor Measurement Uit
[ FlesLogic
(# Grouped Elements
/- Control Elements.
- Inputs/Outputs
- Testing
Protection Summary
+ - Commands
User Displays
Targets
+ - Actual Values
#1- Maintenance
Site Clear Records
Synchronize Devices
Site Event Recorder
Site Targets

"I curent /N

For Help, press F1 I | A

Figure 7

3.2 Voltage

Click on “Voltage” and then adjust the voltage transformer primary and secondary
voltage values.

: Voltage // New Site 1: D60: Settings: Syste... @@
By Save I %‘J‘Besmrel @Dafalml 29 Reset I \"[13

| PARAMETER i VTFS i

| Phase VT Connection  Wye

| Phase VT Secondary £6.4 W

| Phase VT Ratio 120.00:1

| Auxiiary YT Connection _Vag i

| Auxiliary YT Secondary , 66.4 YV i
Auxiliary VT Ratio 1.00:1

DE0 | Settings: System Setup: AC Inputs ScreenIDi 168

Figure 8
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3.3 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... @@@

N R —
s Save 24 Restore I @ Default l 9 Reset | \.I-E‘A/

\ SETTING PARAMETER

MNominal Frequency 60 Hz

Phase Rotation ABC

Frequency And Phase Reference SRC1 (SRC 1)

Frequency Tracking Function Enabled

DEO | Settings: System Setup |Screen ID: 161

Figure 9

3.4 Signal Source
Set the current transformer to “F'1” and the potential transformer to “F5” in “Source
1.

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

= - \ A AL
= Save = Rosrorel @ Default | 9 Reset I \-IEJ-/ Lﬂ,,l,odg
PARAMETER SOURCE 1 ' SOURCE 2.

Name . SRC1 SRC2

Phase CT . F1 None

Ground CT . F1 None

Phase YT ] None

Aux VT None_ None

D60 | Settings: System Setup Screen ID: 162 i

Figure 10

3.5 Distance
Click the “+” sign next to “Grouped Elements” > “Groupl” > “Distance” and
double-click “Distance” (not shown). In this window, the “Source” is defined with
“SRC1".

: Distance /f New Site 1: D60: Settings: Grouped E... @@@

: - NSV X0
s Save | '35 Restore | & Default | 29 Reset ‘ VIEWALL"
SETTING PARAMETER
| Source SRC 17 (§RC 1 )”
} Memory Duration 10 cycles
| Force Self-Polar OFF
Force Mem-Polar OFF
D60 | Settings: Grouped Elements: Group 1: Distance Screen ID: 10

Figure 11
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3.6 Phase Distance
Click the “+” sign next to “Grouped Elements” > “Groupl” > “Distance” and
double-click “Phase Distance” (not shown). In this window, the zone settings,
directionality and operating time of the phase elements are defined. Although the

relay allows the registration of up to 5 zones, in this test only zone 1 will be used.

: Phase Distance // New Site 1: D60: Settings: Grouped Elements: Group 1: Distance

3 Save I i Restore | 55 Default | 29 Reset I VIEW *'41%46
PARAMETER PHASE DISTAHNCE Z1 PHASE DISTANCE Z2 PHASE DISTAHNCE :
Distance Shape Graph Wiew Yiew ] Wiew
Function ' Enahbled Disabled Disabled
Direction Forward Forward Forward
Shape Quad Mho Mho
H¥fmr Yol Connection Mone MNone None
¥fmr Curr Connection MNone MNone None
Reach 4.00 ohms 2.00 ohms 2.00 ohms
RCA 85 deg 85 degy 85 degy
Rev Reach 4.00 ohms 2.00 ohms 2.00 ohms
Rev Reach RCA 85 degy 85 deg 85 deg
Comp Limit 90 degy 90 deg 90 degy
DIR RCA, 90 deg 85 deg 85 deg
DIR Comp Limit 90 degy 90 degy 90 deg
Quad Right Blinder 2.00 ohms 10.00 ochms 10.00 ohms
Quad Right Blinder RCA 60 deg 85 deg 85 deg
Quad Left Blinder 2.00 ohms 10.00 ohms 10.00 ohms
Quad Left Blinder RCA 60 deg 85 deg 85 deg
Supervision 0.200 pu 0.200 pu 0.200 pu
Yolt Level 0.000 pu 0.000 pu 0.000 pu
Delay 0.030s 0.000s 0.000s
Block OFF OFF OFF
Target Self-reset Self-reset Self-reset
Events Disabled Disabled Disabled
< >
De0 Séttings: Grouped Elements: Group 1: Distance Screen ID: 13

Figure 12
3.7 Power Swing Detect

Double-click on “Power Swing Detect”. In this option, you define the values for
power swing or out-of-step detection. You must choose the zone type (Mho or
Quadrilateral) and the number of zones (two or three). In this tutorial the fits are
quadrilateral with two zones. To test the mho characteristic with 3 zones, the user just
has to make an analogy to this tutorial.
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iy Save iy Restore I & Default | 4 Reset | \71.'.;3?’ ! ;N-lﬂ,l,ode
SETTING PARAMETER A

Power Swing Detect Graph ' Viewy M
Function ' Enabled
Source SRC1(SRC1)
Shape Quad Shape '
Mode Two Steb
Supy 0,600 pu
Fuvd Reach 4.00 ohims
Quad Fwd Mid 4.00 ohms
Quad Fwd Out 5.00 ohms
Fwd Rca 90 deg
Rev Reach 4.00 ohins
Quad Rey Mid 4.00 ohms
Quad Rey Out 5.00 ohms
Rev Rca 90 deg
Outer Limit Angle a0 deg
Middle Limit &ngle 90 deg
Inner Limit Anglé a0 deg'
Outer Ret Bld 8.00 ohms
Outer Lt Bld 8.00 ohms
Midle Rgt Bld 8.00 ohms
Micle Lt Bid 8.00 ohms
Inner Rat Bld 4.00 ohms
Inner Lt Bid 4.00 ohims
Delay 1 Pickup 0.040 s
Delay 1 Reset 0050 s
Delay 2 Pickup 0017 s
Delay 3 Pickup 0.020 s
Delay 4 Pickup 0.050 s

I ' 0100 s

Delayed i
OFF
Self-reset v

De0 Settihgs: Grouped Elements: Group 1 Screen ID: 218 4

Figure 13

4. Binary Output Adjustments

4.1 Contact Outputs
Click on the “+” sign next to “Imputs/Outputs” and double-click on “Contact
Outputs” (not shown). On this screen, the trips of the functions with the binary
outputs of the relay are designated.
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: Contact Outputs // New Site 1: D60: Settings: Inputs/... Q@@

T - VIEW A
a Save | w4 Restore | &5 Default | 29 Reset I V l—;‘x&”»-»‘i‘,.,l,ode
SETTING PARAMETER

[P1] Contact Output 1 ID Cont Op 1

[P1] Contact Output 1 Operate PHDIST Z1 OP

[P1] Contact Output 1 Seal-In OFF

[P1] Contact Output 1 Everts Enabled

[P2] Contact Output 2 ID Cont Op 2

[P2] Contact Output 2 Operate POWER SWING BLOCK

[P2] Contact Output 2 Seal-in OFF

[P2] Contact Output 2 Events Enabled

[P3] Contact Output 3 ID Cort Op 3

[P3] Contact Output 3 Operate POWER SWING TRIP

[P3] Contact Output 3 Seal-in OFF

[P3] Contact Output 3 Events Enabled

[P4] Contact Output 4 ID Cort Op 4

[P4] Contact Output 4 Operate OFF

[P4] Contact Output 4 Seal-in OFF

[P4] Contact Output 4 Events Enabled
DE0 | Settings: Inputs/Outputs Screen ID: 232

Figure 14

In appendix B the user finds an equivalence table between the relay software settings
and the test case.

5. PSB OoS software adjustments

5.1 Opening the PSB Oo0S
Click on the CTC application manager icon.

N
)

Conprove
Test Center

Figure 15

Click the “PSB 00S” software icon.

G= Conprove Test Center 202,171

G Conprove Test Center

CONPROVE Vers30202.171
|
1 Geral Secundarios Medicao
Testes diversos Testes secundarios Aplicagdes para medigio
& Quick [ Diferential T Mutimeter
@, VCC A 1 Power Drrectional
& Caitration L Distance
Ty TestPlan B Master
5 Remote Generation 2] Meter
EZ Power Qualty Setup
Config. do Equipamento/Testes

Primarios

#* Settings
/B Update Fimware
% Software Language

Suporte
Documentagéo e assisténcia
[& Transient Playback
- U Tutorials
i Vohs/Hentz O videos
¥ Contact
Outros EJ Foum
Aplicagies adicionais i User Marual
@ Transiert View @ Quick Guide
B, Valdate PDF Repotts & Sefdiagnosis
W Statistical Analysis T Remote Access
Copyright @ Conprove 1984 - 2022
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ElnEd-
Home Display Software Options
= E—
@mHrdSet <% GOOSE et [ settings x
@ syncset s, svset
Channels Start
Direc ¥ Connection By General Inform.  System  Notes&Cbs.  Explanatoy Figures  Check st Others  Comnsctions
Hardware Test
System Simulation  Trajectories Simulation Distance Deser bae [
" Insert/Edit Points -
Tested device:
Inser/Edit General Options ssied cevice
Toe | =
New | §
Oscilation ¥ Lmm b
‘Substation: -] 100
5 ] o
Address ~]
Responsible
Name: | ~]
Test Points
Pints Tested Tool Test:
e | Typed | Timedt || on CE-6710 eries Num . | 011081770CM3322221 1USHVRGLGLGLIZORXX
®  Osaillation | Oscillation| IMterface | ¢
Defaut v import Export Preferences oK Cancel
8 General Ino. (@ Operation (@ Time !

Errors List Protection Status

T3 | ON Line

New

=

ux Source: 000V Heating:

Figure 17

0%

5.2 Configuring the Settings

When opening the software the “Sertings” screen will open automatically (provided

that the
selected)

option “Open Settings on Start” found in the “Software Options” menu is
. Otherwise, click directly on the “Settings” icon.

@ IDEHE= PSE Qo5 2.02.171 (64 Bits) - CE-6710 (0110817)

a = Hrd Set

Channels
Direc

@' Sync, Set

Hardware

t 3 Connection

Display Software Options

"0 GOOSE Set B ¥ Mext Point o Clear test 7| B waveform
~ , =

5, SV Set % Mext group 4% Clear a ul * Phasors
Start Stop Settings

@ Trajectory
Generation Options
Figure 18

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 in it.
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Settings X
General General Inform.  System  Notes £Obs.  Explanatory Figures Check List Others  Connections
Test:
Distance Descr: |Power Swing Block and Qut of Step Date: ‘
Tested device:
identf: (23031982 ~| Model [D6D N
Type: |hn5 Protection v| Manufacturer: |GE v|
Location:
Substation: |Cnnprnve v|
Bay: |1 w
Address: |\«'isconde de Quro Preto 75, Custédio Pereira v|
Ciy: |Uberandia - State:
Responsible
Name: |M|che\ Rockembach de Carvalho w |
Sector: |Enginearing v‘ Registry: | 0001 v|
Tool Test:
CE6710 Series Num.: |D11D3'\77CCM33222211U5HVRGLGLGLZZDR}O(

Default v Import... Export.. Preferences oK

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 s
General General Inform.  System  Notes 40bs.  Explanatory Figures Check List Others  Connections
NOO1 > |
DEEE Nominal Impedance  Source B A
A
Forward
Frequency: 60 Hz v b _le....._ 8] o‘
Phase Seq.. ABC - e HH 3
Ip power: |119,5 MVA ‘;_“ —
1o: [38.84 MVA — “‘15” ”
B

3
TEE|

Ny [7967RV
Primary Cument: ’m
Secondary Voltage (FF): W E
Ny [e6a0v
Secondary Current: W

Primary Votage (FF): |138.0 kv %

VTR F:
1.20k Phase F Meutral | N Ground | E Displ. D
CTRF: [100.0
VTRD /VTRF: [1,00 Voltage Currents
CTRE/CTRF: |1.00 L = 2 = kto VO: [1.00
| FN |2 Vb F |6 b
| Invert Polarity z ¥ = 3 kto V2 [1,00
| 2 . c lc
SWSF BCTSF E |8 E kto10: [1,00
VTD CTE
D [4] wp EF 3] EP ko 12 [1,00
Default Iv Import .. Export.. Preferences oK Cancel
Figure 20
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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 diagram with all the schematic of the connections between the test set and the
test equipment.

6. Channel Targeting and Hardware Configuration
Click on the icon pointed out below.

.ﬁ IDEHE-~] PSE QoS 202,171 (84 Bits) - CE-6710 (0301018)

Home Display Software Options

G HrdSet ¢y GOOSE Set B > Mext Point of Clear test
" _ o
@ sync.set 5, Svset ' Next group 4 Cleara
Channels Start S5top
pirec | t% Connection
Hardware Generation
Figure 21

Then click on the highlighted icon to configure the hardware.

Channels Direct. a X

Model Reset for Hard. ] O Basio Hadi | pdapiios || Modes: e

Connected Set
CE6710 - © Advanced
E;g—‘ GOOSE. . Autoassociate Iv Autoassociate Iv Cancel

Serial Number:

Rermotes m

03010187CCM33222211USHVRGLGLGL2ZO0RXD ~ | .. (@ ON Line S, 5. Value... Clean Iv Clean Iv o
Import.... Export... ES
| Outputs: Analog. and SV Inputs: Analog. and SV Qutputs: Binary, GOOSE and Analog DC Inputs: Binary, GOOSE and Analog. DC Logical |
- Analog Outputs Sampled Value Outputs ot bd
NOD1 o |-~ AN |
T — L O Forward o‘ Voltage Channels e '| . '| -
Nominal Line  Source Jﬁ;;;\'-u,.. Deser. Hardware Nod Point
PP ‘ I
T 00— IIEE--
= AD_V02 V2 ~ | NOO1 |vb -
Phase Seq.: ABC ~ AD_VO3 V3 * | NOOT v Ve -
Ip power: | 1195 MVA AD_Vd V4 - | NOO1 - -
lg: |35.84 MVA
Primary Voltage (FF): |138,0 KV
(FN): 7967 KV a
Primary Cumert: |0.500 kA L
| Secondary Voltage (FF): |115.0V
: ) [es.40v Current Channels "4 '| ¥ v| -
| Secondary Currert: [5.00 A Voltage Channel Currents Channel | Descr. Hardware Node Point
1 Va AO_V w 5 la AOI0T v _
ViR [ 001 [Noo1 [l |
FN |2 Vb AD_V02 ~ | F |6 (] AD_102 ~ AD_I02 2 ~ | NOO1 /b -
CTRF: |100.0 3 Ve AO_VD3 v 7 lc AO_I03 AO_103 12 ~ [NDO1 vl «
VTRD/VTRF: |1,UEI Vab ~ E |8 IE AD_l0s 14 - | NOO1 > \u -
~ A - - -
CTRE/CTRF: ,r FF Vbe EF |5 |IEP AD_I0B 15 NOO1 uo
Vea ~ AD_lDG 16 - | NOO1 | D -
Reverse Polarity
O VTsF O cTsF D 4] w -
OJvro OcTe Cale. | kW0 7 |cde k10
| k2 v k.12
l () Equal Parameters Among Nodes k [tovo 100 [tov2 [1.00 k [toi0 100 [to12 [100
L
Figure 22
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Choose the channel configuration, adjust the auxiliary source, the method of stopping
the binary inputs and click “OK”.

Settings X |
Master Slave 1  Slave 2 Main  Sampled Value  Cthers
Binary Outputs: Auiliar Source:
Model  CE6710 Serial Number 03010187CCM33222211USHVRGLGLGL2ZORXO Initial State Initial State p—

BO1: w BO3: v
Analog Outputs: NGO e 220V

BO2: NO @~ BO4: NC ~

Standard - Voltages:
| B 110V
| © 4x300V; 100 VA

Vi
RETTATTT Ve ‘ ._._.m' BO5 and BO6 type: 60V

O 2x300V; 150 VA v2C @—=n2 " O Conventional  BO5: NO v 43V
= BOE: v
) 1x 600'V; 350 VA va‘.—lm O 24V
. va o
O 1x300V; 250 VA . l ™ () IRIG {BOS) /Clock (BOB) Other
Off
Transistor TIL 110,00 V
(O Customized Assoc. i E
) Customized Assoc () Connect VTs Binary / Analog Inputs:
Standard - Cuments: BI1: | Bl- Contact
O 6x 324 220VA BI2: | Bl- Contact
(O 3x64A; 400 VA BI3: | Bl- Contact

" . N
O 2x96A; 550 VA " Bl4: |BI- Contact
BI5: |BI- Contact

é ®o—
[E] 2x 10,00 A; 300 VA 2 C @— BIG: | Bl- Contact
- ®

() 1x 192 A; 1100 VA N3 BI7: | Bl- Contact

O 1x 6,00 A; 360 VA ‘—"“ BI3: | Bl- Contact
14 .—.Nd

BI3: | Bl- Contact

44 4 4 4 4 4 4 4 44«

.—-—INS
9 c 16 BI10: | Bl- Contact
@ .
Blectromechanical: 16 BI11: | Bl- Contact
(O 1x75A; 700 VA Bl12: | Bl- Contact
) 1x 50 A: 700 VA () Considers absolute values to Voltage-BI : J..‘jz ?vzﬂ:nzn& ﬁvsunn 9

(_) Customized Assoc.

() Connect CTs () Range 1254 Cancel

Figure 23

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

Serial Number:
03010187CCM3322221 1 USHVRGLGLGL2Z0RX0 .. B ONLne Sy 5. Value...

Channels Direct. [m] X
o
1 &
I CEST10 EE O Advanced |
| @ %5 GOOSE.. Cancel
B
=
L
o

Import... Export...

Figure 24
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7. Distance Adjustments

7.1 Distance screen > Distance Prot. Settings

Settings *

General Distance Prot. Settings
System: _
|_I Impedances Defined Based on Frimary
Distance Line Length: 1.000 ] Impedance Comection for INom (1A /INom Secandary)
{==condary values)
Line Ang.: 75,00 © e T A T
S e . \
T e ., -, S
Ground Factor: e £ . g
Tl e 3 .
e . s . .
Mode: ps KD ke S ‘”“i_ . .
Mod. KO: [1.00 "
B S . }_f L Y S, \\.
Ang.KD: [0° R £ ., Ny
{secondary values) q‘“"'-_\ / A - \\\ . \\
[J Remove Ac Resistance | | - e f;{\\\ M . s
e - N - -, b
‘~-~.L_‘_f.-"'|r ‘\\ \\ '\\ \
T £ s s “\.‘ -
- r . ‘\\ n “ ,k’f
i . N W
""""""""" - frf -, S K § /}{ " .
— e 5 |
; -/, . . . \..\ - \\ %
T gy R :
- - bl
vy %y = Y |
! L N |
. AN s P \ N
I o Ry \\ *, f/ K ‘\ | |
e
_{f . " }//"4:.‘ \ i
) T, ) % ) Y
;?\‘_ By A 1
| " ,./:L Y i
/( Bt W % ! i
i a ' i 4
¥ \/"/ i ! ! : ll
! ST } b | ! !
Insert... iv || Edit. . Delete %; | ! I :
Default iv Impaort... Export... Preferences QK Cancel
Figure 25

7.2 Entering the Phase Zone

The first zone to be entered will be zone-1 (Phase). Click on the “Insert” field
highlighted in red in the previous figure. On the settings screen, first choose the relay
mask “GE D60- Quadr.”. You must adjust the actuation time, choose the type of
fault (loop), and insert the characteristics of the zone and the directionality. Adjust the
tolerance values and finally click “OK”".

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

18



O 4
ONPROVE

INDUSTRIA & COMERCIO

INSTRUMENTOS PARA TESTES ELETRICOS
[zon: = i
Ativa GE D60 - Quadr. h
Descr. Cor:
[zn01 [ | 5,00
Indice: Loop: Tipo:
T Auagio  * Rat Bidphs: 202
8.00 . .
Tempo Disp.:  Toler. ZAbs:  Toler. Z Rel i (L
[3000ms  [s000mQ  [5.00% fiari |dil
Toler. T Abs+:  Toler. T Abs  Toler. T Rel 7.00 Lft Bid RCAphs: |60 °
50,00 ms [50,00ms [5.00 % Reach phs: |40
Reach RCAphs: |85 7
6.00
Rev Reach phs: |40
Rev Reach RCAphs: |85°
5.00 CDmE Limit phs: |90 *
4,00 e,
Segmentos: - [”] Enable Load Encrmnt
Zona FECHADA - i
00 Partida [R:X]: 2,00; 0,00 Iy /
01 Reta [R:X]: 0,00; 0,00 3.00 /
02 Reta [R:X]: -2,00; 0,00 / s
03 Reta [R2]: 0.30: 3.99 v
04 Reta [RX] 035338 e
05 Reta [RX]: 4.11; 355 267 Aot
Concluida. ' A
/
il /
1000.0m / 7
/ /" Forward -
/
r Dir RCA: |30~
0 #
. ~
-1000,0m o 1000,0m 200 3.00 4,00
i R: 1.350Q: X:9.39Q; Mod: 9.48Q; Ang: 81.84°
[ 0K l [ Cancelar l

Figure 26

7.3 Inserting the blinders

By clicking on “Insert” again, set the values of two zones with quadrilateral
characteristics to represent the blinders being an internal and an external one.
Depending on the time the impedance path takes to pass between the two blinders, the

relay decides which action to take.
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| Zone [m] X
8 Active (o] et T GE D60 - Guad. v
Descr: Color: 00 T S,
|Inner - ' s i R I
Index: Loop: Type: o //“' o Sy,
Al v Operaion v T S == = 3 Rgt Bidphs: |40
Tiigger Time:  Z Abs. Toler:  Z Rel Toler: 50T A/ - o \.N,." Rgt Bid RCAphs: |90
[os [oo [0 TN e T - Lft Bid phs: |40
T Abs+ Toler: T Abs-Toler: T Rel Toler: = = Lit Bld RCA phs: |50 °
| 0s | 0s | 0% ' e e B . o Reach phs: |40
am Pt Reach RCA phs: [30°
Mode: to KO 4 - T ™ Rev Reach phs: |40
Mod. K0: [0587 3,00 - Sl S O i ; | Rev Reach RCAphs: [30°
Ang. KD: |0 A ,f // \'\ ] Comp Limit phs: |30 ©
200 - = g
£ o 7 N
¢ tof - 3e?
H g E Y Y
! g 7 N
Segments: 1o 7 s v (] Enable Load Encmnt
CLOSED Zone i i i
00 Starting [R. X]: 4.00; 4.00
01 Line [R. X]: 0.00: 4.00 0
| 02 Line [R, X]: -4.00; 4,00 ;
03 Line [R, X]: -4.00; 4,00 ' . 3 S /
| 04 Line R, X]: 0.00; -4.00 1,00 iy 4
05 Line R, X]- 4.00: -4.00 | Y i ]
| Completed. i \\ . bl b
| N ", o o
-2.00 B i L EAs
\.\ _4::‘ ‘.\ v /.
-3.00 k. . S = 2 4 Non-Directional ~
N B - e
_y T o
400 —— iR
-3.00 -200 1.00 0 100 200 3,00
|
Figure 27

By clicking on “Insert “once again, set the values for Outer zone.

Rua Visconde de Ouro Preto, 77 - Bairro Custddio Pereira - Uberlandia — MG - CEP 38405-202.

Home Page: www.conprove.com -

Phone (34) 3218-6800

Fax (34) 3218-6810

E-mail: conprove@conprove.com.br

20



—-—

 —

ONPROVE

INDUSTRIA & COMERCIO

>

TTATTY . -

e

8. Test structure for PSB_OoS functions

8.1 Test Settings

— Z
INSTRUMENTOS PARA TESTES ELETRICOS
| Zone
Descr: Color:
|0uter -
Index: Loop: Type:
Al v Opeation v Rgt Bld phs:
Trigger Time:  Z Abs. Toler.:  Z Rel Toler.: BEBdHCAshe:
[os [0 [0% LEdehe
T Abs+ Toler: T Abs-Toler: T Rel Toler: Lit Bld RCA phs:
|D |I} |D"’ 10.00 = =5
5 5 - e . Reach phs:
L Reach RCA phs:
Mode: to KD b, Rev Reach phs:
AN
Mod. KD: [0.567 E l Rev Reach RCA phs:
Ang. KD: ’37 . Comp Limit phs:
CLOSED Zone
00 Starting [R. X]: 8.00; 8.00
01 Line [R. X]: 0.00: 8.00 0
02 Line [R, X]: -8,00; 8,00
03 Line [R. X]: -8.00; -8.00
| 04 Line [R. X]: 0.00; -8.00
05 Line [R. X]: 8.00; -8.00
| Completed.
./
. E MNon-Directional
‘\\ "'/
e
awivl|
0
i
|
Figure 28

By clicking on the “Test Settings” tab, the user must direct the channels and adjust

the binary inputs as follows:

B101 = “Dist Trip”;
BI02 = “PSB Alarm”;
B103 = “Oo0S Trip”.
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= J - | PSB 005 202.171 (64 Bits) - CE-6710 (0110817) - o x
QE -
Home Display Software Options (2]
&% Hrd Set % GOOSE Set > Next Point gf Cleartest v—| % Waveform i D) w D:éf
@ syncset s, svset » Next group ¥ Cleara — Phasars . PYlEs]  #
Channels Start  Stop Settings Present Recreate Restore View
Direc T} Connection @ Trajectory  peport (85| Charts layout -
Hardware Generation Options Report  Units Layout
System Simulation  Trajectories Simulation | Test Settings:
Generation Channels Direc () Enable Pre-Smulation 1 [ Enable Pre-Simulation 2 () Enable Post-Smulation VTRNevtral/VTRPhase
Generation Channel 1,00
Va AD_VOT (Hrd: V1) - CTRGround/CTRPhase
Vb AD_VOZ (Hrd: V2) - 100
Ve AD_V03 (Hrd V3 - -
© HO_VO3 (Hrd: V3) ) Inv. Phase Vs
D [ Inv. Neutral VT
la A0_I01 (Hrd: 1) - -
b A0_102 {Hrd: 12) - 10 B r =B
I AO_I03 (Hrd: 13) - [ Inv. Ground CT
IE -
Binary outputs & Goose - Simulation
B0 0.0.0.0.0.0 -
GO
PSB Aam BIO2 (Hid:BIZ) - Continuous Generation Among Trajectories in

Trigger Interf. Software

Dist. Trp BIOT (Hed:BIT)

005 Trip  BI03 (Hrd: BI3) -

Reset Time: |100,00 ms

No. of repettions in case of generation emor: 2 v

Stop the test at the first failure [

Based Orly on Values Generated

Wait for PPS (] 0,00s Cycle to Cycle Generation

3 | ON Line

New Aux Source: 110,00V Heating: 0%

Figure 29

8.2 System Simulation

For the “System Simulation” test, a study must be carried out in order to simplify the
system to two voltage sources with a line between them so that the power oscillations
will occur according to these parameters. As we do not have this study, we chose the
option “Trajectories Simulation”.

8.3 Trajectories Simulation

The Trajectory Simulation test makes it possible to create the same tests as the
System Simulation, however it has the great advantage of not being tied to the real
system settings, so that the user has complete freedom to control the impedance
trajectory (dz/dt). The key factor in detecting the types of oscillation is in the time
settings of the “Delay Pickup (from 1 to 4)” parameters inserted into the relay.
Depending on the time the trajectory takes to pass from the external to the internal
blinder, the following situations arise:

1. Time greater than “Delay I Pickup” set to 0.03 seconds to cross the two blinders
regardless of the side (right or left). Power Swing Block tripping.

2. The time set in “Delay 2 Pickup ” is not used in this case. This parameter must be
considered when using 3 blinders.

3. When the “Trip mode” option is set to “Early”, a time greater than the “Delay 3
Pickup” set to 0.02 seconds to cross the inner zone causes the relay to perform the
Out-of-Step trip..
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4. When the “Trip mode” option is set to “Delay”, a time greater than the “Delay 4
Pickup” set to 0.05 seconds to cross the two blinders on both sides causes the
Out-of-Step trip to be triggered. That happens if the trajectory leaves the outer
zone.
5. Time shorter than “Delay 1 Pickup”, longer than the distance setting, the
Distance function trips.

Note: The difference between the external and internal blinder is 4 Q, provided that
a trajectory parallel to the abscissa axis is adopted.

8.4 Synchronous Oscillation Trajectory Simulation

In the following test, a synchronous oscillation is simulated, where the activation of
the Power Swing Alarm is expected. To perform the test click on “New Trajectory”
then choose the number of points, impedance and angle values. The next step is to
enter the rate of change of the impedance which must be different from “0”. Choose
the value of dZ/dt equal to 50.00€/s this ensures that the time to cross the two
blinders is 0.08 seconds, sufficiently greater than the one set.

H | O 5 [ = | PS8 005202171 (64 Bits) - CE-6710 (0110817) X
Home  Display  Software Options [7]
a G5 HrdSet <% GOOSE Set e [~ > NextPoint g Clear test = 6 Wavetorm el ) [V .Fw
@ syncset 5, svset » p @ Cleara — P PIllEs ¢
Channels Start  Stop Settings - Present Recreate Restore &
Direc ¥ Connection (& Traject + M| B chars  Layout

Hardware Gen, Options Report  Units Layout

System Simulation  Trajectories Simulation  Test Seffings

Insert/Edit Points - B
General Options ] o Legend
i 7 = = =] 1
800 " L - Tral Net Tested
Trajectory Systen  Fauk  Evaluation . . Tal. Net Teste
Data Entry Ne R X dZdt | Duration 700 2 —  Traj Tested
ReX v 110000 [250Q 100.0 ms 6.00 ---+- " Colors: Not Test.
Number of Foints 2 (05000 (2500 |5000Qks |1900ms 500° i Passed
= 3 05000 1000 500005 |20.00ms nan (=1
4 [10000 (1000 1500000 |190.0ms ool . | Information:
8 dZ/dt Constant Total 0510 g |
50,000/ 200 L b ; ' Atual Point:
100 kel ALY -1
-o
0
00— b =l
| Confim | Cancel O X
200
Test Points o
Points Tested 5,
400
Neof Points Enabled  Timeo Operating Reference  Time | Time y
No. rajectory) Fault | Trajectory | 'Merace | “Nominal | Operated “orrime”  Nominal  Real G0 o
6,00
700 -
500
Indivicual
ErrorsList | Protection Status
3 | ON Line New ; Aux Source: 110,00V | Heating: 0%
Figure 30

The next step is to configure the “System ™ tab.
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Insert/Edit Points
General Options
Trajectony Fault Evaluation
! Source
Mew i
Trajectory | E: [1150v [0°

Set Z by: Z5; K5 w

Mod. Z5 |4.DDQ Mod. KS  |1.00

Ang 25 |E»D.I}I}° Ang K5 0°

Corfirm Cancel
Figure 31

It is not necessary to make any adjustments in the “Fault” tab. The next step in the
“Evaluation” tab is to set the “Operation” field to “Yes” and the “Interface” to

“PSB Alarm” then click on “Confirm”.

System Simulation Trajectories Simulation  Test Settings

" InsertfEdit Points

General Options

Trajectory  System Fautt | Ewaluation
NEw iv Operation: _) Mo Interface: PSB Alam ~

Trajectory —
e |_| Evaluation Time

Pre-Simulation 1
50,00 ms
30.00 ms
30,00 ms

I Confirm I

Cancel

Figure 32

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

“Alt +G”.
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Figure 33

After the end of the test, it is possible to visualize the waveforms, actuation of the

binary inputs and the impedance and power trajectories.

5| O 5 [ = | PSB 005202171 (64 Bits) - CE-6710 (0110817) - 9 X
Home  Display  Software Options [7]
G HidSet £ GOOSE Set > [ nt gf Cleartest . s Waveform b .Fw . %
@ sync.set s, svset p €% Clear all 50— Phasars . PB\
Channels Start  Stop Setti eate Restol View
Direc ¥ Connection S % & Trajectary pepm [s] el “chare Layout
Hardware Generation Options Report  Units Layout
System Simuialion  Trajectories Simulation  Test Seitings
Insert/Edit Points - -
Insert/Edit General Options : ‘g Legend
KT = i 1
Trajectory  System  Faut  Evaluation p == Traj. Not Tested
N
— Traj. Tested
T | No Yes PS8 Al '
ew i, -
Trajectory | ) . Colors: Not Test.
: Evaluation Time y Passed
Trajectories Pre-Simuation 1 ]
;
= =00 %, | Information:
50,00 ms 3
BRemove ‘| Atual Point
) -1zl
Remove Al -
-R
-X
Test Points -
Points Tested
Nof Points Enabled _Timeof Operating
No. Trajectory Fault | Trajectory | Interface | (orill | Operated Stalus
IR Mo 0510s |PSBAlarm | Operaon | Yes Passed

neral Ifo. (@ Operation [ Time

Type: Indvidual [ Ger

Errors List Protection Status
3 ONLine New Aux Source: 110,00V Heating: 0%
Figure 34

8.5 Asynchronous Oscillation Trajectory Simulation (Delay Mode)

To verify the performance of the OoS trip, the following trajectory is used. To do so
click on the “New Oscillation” icon, use the highlighted points and keep the

impedance variation of the previous test.
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Home Display Software Options (2]
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Channels Start  Stop Settings Present Recreate Restore View
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Hardware Generation Options Report  Units Layout

X

System Simuiation  Trajectories Simulation  Test Settings

 Insert/Edit Points - Waveform Trajectory -
General Options it . e o Legend
Trajeclory  Systeh Faut  Evaluation 800 -— L = = T S
- Data Entry: N R Duration 7.00 ] —  Tiai. Tested
Tr;]‘e%:t‘w v ReX v 1 [10000 1000 ms N G Mot Test.
- Number of Points 2 [-0000 {30 400.0ms i Passed
2 = 0,500 Fail
8 dZ/dt Constant: i
50,00Q/s *| Atual Point
-Z11.7010
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Figure 35
H H H ‘“ i3
Keep the previous test settings in the “System ™ tab.
Insert/Edit Points |
General Options
Trajectony Fautt Evaluation
! Source
Mew g
Trajectory | E: [1150v [0°
i
Set £ by: £5; K5 w
Mod. Z5 |4.I}I}Q Mod. KS  |1.00
Ang £5 |E—D.I}I}° Ang KS 0-
Confirm Cancel

Figure 36

The next adjustment is in the “Evaluation” field, where the “Operation” should be
setto “Yes” and the “Interface” to “Trip QoS .
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Figure 37

INSTRUMENTOS PARA TESTES ELETRICOS —
System Simulation Trajectories Simulation  Test Settings
Insert/Edit Points
General Options
Trajectony System Faut | Evaluation
N | Operation: ) No | € Yes Interface: ~
Ew v
Trajectory i [] Evaluation Time
Pre-Simulation 1
50,00 ms
30,00 ms
30,00 ms

After generating the signals, check the waveforms, the performance of the binary, the
impedance trajectory and the time between the blinders following the final result.

8| O 5 [ = | PSB 005202171 (64 Bits) - CE-6710 (0110817) - o
Home  Display  Software Options [7]
@ HrdSet <% GOOSE Set ’ W > NextPoint gf Cleartest R waveform 5%, Ry .Fw D‘:/'%
@ sync.set s, svset » Next group  Clearall - Phasors . rg\ K
Channels Start  Stop Settings Present Recreate Restore View
Direc ¥ Connection - (& Trajectory  peport m ®  Charts Layout
Hardware Generation Options Report  Units Layout
System Simuiation  Trajectories Simulation  Test Seitings
" Insert/Edit Points - Waveform Trajectory
Insert/Edit General Options : o Legend
AT T 1
Trajeciory  System  Fauk  Evaluation B - Traj. Not Tested
—  Traj. Tested
o No Yes Tiip 00§ i ]
> [~ Colors: Not Test.
Trejectory | Evaluation Time i e
Trajectories Fre-Simlalion 1 Fail
Groups N
’7« D0ms | Information:
(Hemove) ‘| Atual Point
-1l
Remove Al g
-R
-X
Test Points =
Foints Tested
Nof Points Enabled ~_Timeof Operaiing
No. Trajectory|  Fault  Trajectory | 'Merface | “Nomingl | Operaied  Status
il 4 No 05105 | PSBAlarm | Operation |  Yes Passed
® | 2 No 0500s | OcSTrip | Operaon | Yes Passed

Type: Individual [ General Info. (B Operation (] Time

Errors List Protection Status

T3 | ON Line New

Aux Source: 110,00V Heating: 0%

Figure 38
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9. Report

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

* Presentation Setting > |

Languagt Inglés En-LIS R

= @Al

- |l General Data Test

- |l General Data of Tested Device
- [ Location

- |l Reference Values

- [l Hardware Settings

- Bl Test Settings

- [l Distance Settings

(- [ Tests

- [l Selected Simulation Charts
- |l Notes and Observations

- [l Explanatory Figures

- |8 Check List

- [B Connections

0K Cancel

Figure 39

§\ 03 15 [ = | PSB oS 2.02.171 (64 Bits) - CE-6710 (0110817) .

Visualizar Impressio ~ @
3} [E uma pagina 3
S i
- Duas paginas

Imprimir conﬂguracao Exporurpava Exportar 100 ina_Proxi Fechar Visualizacdo

ePigina  Office Word paraPDF % e Pagina de Impressdo
Imprimir Exportar Zoom Visualizacio Fechar

N

- N e 00X

PSB OoS - TEST REPORT

INDQ'IIA lCOM!lCIO

Descr.: Power Swing Block and Out of Step
Date: 29/03/2022 10:44:58

; Software: PSB_00S_CTC; Version: 2.02.171
R ible: 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: Uberlindia; State: MG

Visualizando Impressao...| N° de Paginas: 01

Figure 40
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APPENDIX A

A.1 Terminal Designations
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Figure 3-12: TYPICAL WIRING DIAGRAM

Figure 41
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A.2 Technical data

POWER SWING DETECT

Functions: Power swing block, Out-of-step trip
Characteristic: Mho or Quad

Measured impedance: Positive-sequence

Blocking / tripping modes: 2-step or 3-step

Tripping mode: Early or Delayed

Current supervision:
Pickup level: 0.050 to 30.000 pu in steps of 0.001
Dropout level: 97 to 98% of pickup

Fwd / reverse reach (sec. ©2): 0.10 to 500.00 Q in steps of 0.01
Left and right blinders (sec. ©2): 0.10 to 500.00 Q in steps of 0.01
Impedance accuracy: +5%

Fwd / reverse angle impedances: 40 to 90° in steps of 1

Angle accuracy: +2°

Characteristic limit angles: 40 to 140° in steps of 1

Timers: 0.000 to 65.535 s in steps of 0.001
Timing accuracy: +3% or 4 ms, whichever is greater

INSTRUMENTOS PARA TESTES ELETRICOS _—
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APPENDIX B

Equivalence of software parameters and the relay under test.

INSTRUMENTOS PARA TESTES ELETRICOS _—

Table 1
Software PSB_0o0S D60 Relay
Parameter | Figure Parameter | Screen ID | Figure
Znl Fase Phase Distance Z1
Rgt Bld phs 26 Quad Right Blinder 13 12
Rgt Bld RCA phs 26 Quad Right Blinder RCA 13 12
Lft Bld phs 26 Quad Left Blinder 13 12
Lft Bld RCA phs 26 Quad Left Blinder RCA 13 12
Reach phs 26 Reach 13 12
Reach RCA phs 26 RCA 13 12
Rev Reach phs 26 Rev Reach 13 12
Rev Reach RCA phs 26 Rev Reach RCA 13 12
Comp Limit phs 26 Comp Limit 13 12
Dir RCA 26 Dir RCA 13 12
Dir Comp 26 Dir Comp Limit 13 12
Inner Power Swing Detect
Rgt Bld phs 27 Inner Rgt Bld 218 13
Rgt Bld RCA phs 27 Fwd RCA 218 13
Lft Bld phs 27 Inner Lft Bld 218 13
Lft Bld RCA phs 27 Fwd RCA 218 13
Reach phs 27 Fwd Reach 218 13
Reach RCA phs 27 Fwd RCA 218 13
Rev Reach phs 27 Rev Reach 218 13
Rev Reach RCA phs 27 Rev Rca 218 13
Comp Limit phs 27 Fwd RCA 218 13
Dir RCA 27 Fwd RCA 218 13
Dir Comp 27 Fwd RCA 218 13
Outer Power Swing Detect
Rgt Bld phs 28 Outer Rgt Bld 218 13
Rgt Bld RCA phs 28 Fwd RCA 218 13
Lft Bld phs 28 Outer Lft Bld 218 13
Lft Bld RCA phs 28 Fwd RCA 218 13
Reach phs 28 Quad Fwd Out 218 13
Reach RCA phs 28 Fwd RCA 218 13
Rev Reach phs 28 Quad Rev Out 218 13
Rev Reach RCA phs 28 Rev Rca 218 13
Comp Limit phs 28 Fwd RCA 218 13
Dir RCA 28 Fwd RCA 218 13
Dir Comp 28 Fwd RCA 218 13
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