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PPL Electric Utilities
We Deliver.

Protection Settings
Automation and Standardizing

Pedro Carvalho
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Protection Settings n

A protection scheme is intended to keep the power system
stable by isolating only the faulted elements, maintaining as

much facilities as possible in operation as well as preventing
assets from damage.
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Protection Settings

The microprocessors devices used to protect the power systems
from faults are normally programmed via settings files. These files
are loaded to the device for any given configuration change.
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System Measurements
External Outputs

Inputs

Pickup Levels
Time Delay
Output Logic
Comm Parameters

l

Protective Device

Outputs

Settings T

Communications
Trip/Close
Visual Indication
Alarms
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Settings Workflow

Standard Files
Philosophy Documents
Design Drawings

Fauit Study p| e Pl ity conrol

Settings Files
System Test Files
Medel Compliance Files
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Standard Files

Standard Settings Files

General Global Settings

SID Station Identifier
[STATION- NAME 500/230 k¥ |

RID Relay Identifier
|h|n8XXXkVLINEEU4ﬂL b

COMAM Company Mame
|ah: ‘

NUMBK Number of Breakers in Scheme

BID1 Breaker 1Identifier
[cext ‘

BID2 Breaker 2 Identifier
[cBx2

MFREQ Mominal System Frequency (Hz)

PHROT System Phase Rotation

FAULT Fault Condition Equation {SELogic)
|Z?_P OR Z2G OR 51501 OR 51502 OR 51503 OR 870P

EGADVS Advanced Global Settings

EINVPOL Enable Polarity Inversion
OFF Combination of: W, X, Y, Z, WA-WC, XA-XC, YA-YC, ZA-ZC or OFF

Figure 1: SEL-411L Standard Global Settings
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General Global Settings

SID Station Identifier
|SUBN-LINE#69k‘u"u‘CR ?

RID Relay Identifier
|DSUB TP# 421 PRI GRID NUMBER )

MNUMBK. Mumber of Breakers in Scheme

BID1 Breaker 1 Identifier
[veR )

BIDZ Breaker 2 Identifier

NFREQ Mominal System Frequency (Hz)

PHROT System Phase Rotation
ACB /| Select: ABC, ACB

FALULT Fault Condition Equation (SELogic)
|ZZP OR 67G2 OR Z3P OR Z5P

EGADVS Advanced Global Settings

Figure 2: SEL-421 (VCR) Standard Global
Settings

General Global Settings

SID Station Identifier

| STATION-NAME 530/230 kV

RID Relay Identifier

|50ﬁf230kv TRANS 2 BU 487E

CURSTU Current Channels; 5 = 54, T = 5A, U = 54
1 Select: 1-4

CURWXY Current Channels: W = 5A, X = 54, ¥ = 5A, 54, 5A
1 Select: 18

COMAM Company Mame

|abc

MFREQ Mominal System Frequency (Hz)

PHROT System Phase Rotation

Figure 3: SEL-487E Standard Global Settings
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Standard Files

Protection Philosophy Documents

1 Introddchion and Protection OVETRIEW .. ... . comwmssmnssommmemssssi st s somsssste s s s s s 9

1.1 Consideration for BES and non-BES Facilities.

. L L] . . 1.2 Line Loadability REQUITeIMENTS ... ... i 12
« Transmission Line Protection Philosophy R -
1.3:1 230,138 and 69 kV......
1 1 G KV o
» Transformer Protection Philosophy S
. . 2.1 Directional Comparison SCREMES ... ... .o 14
[} B US Protectlon P h I IOSOphy 2.1.1  Permissive Overreach Transfer Trip (POTT)......
2.1.2 Direction Comparison Blocking (DCB)..............
. . . 252 G e COMATISUT SEEIINES cemomes e s s w3 s s s S S s G s B e B
L Ca paCItor ProteCtlon Ph I Iosophy 221 Data Synchronization and Communications Considerations............ccocoeniiiiinieenn 47
232 Percentage Differential Protection...............ccoooiiiiiiiiis 18
. - . 223 Alpha Plane Differential Protection........ sl
* CI rCU It Breaker Ph I IOSOphy 2.2.3.1 Phase Differential Element Settings........ eeen 20

2.2.3.2 Negative-Sequence Differential Element Settings........cccccerrineiieeemmecmee e 22
2.2.3.3 Zero-Sequence Differential Element Settings................oi 22

Figure 1: Table of Contents from Line Protection Philosophy
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Standard Files

Calculation Sheets

-far Line SEL-421, 411L
EES TPEC Calc Sht Line SEL-4218411L_PRE&BU_20220906 xlsm
-fr Bus Section CB SEL-451
EES TP&C Calc Sht Bus Section CB SEL-451_CH_20201202.xlsm
-l Bus SEL-487B
EES TPEC Calc Sht Bus SEL-437B_PRE&BU_Z20190909.xl=m
- Cap Bank SEL-487E
: TPEC Calc Sht Cap Bank 5-String SEL-487E_PR_20201102.xlem
TPEC Calc Sht Cap Bank 9-5tring SEL-437E_PR1&2_20161207 xlzm
TP&C Calc Sht Cap Bank Double Wye SEL-48YE_PR_20201218 xlsm
7 TPEC Calc Sht Cap Bank Neutral CT Only SEL-487E_PR_20201218 xlsm
-Fme Transformer SEL-487E
EES TP&LC Calc Sht Transformer SEL-487E_PR&BU_20200%22 xlsm
M@ Cap Bank SEL-487V
: @ TP&C Calc Sht Cap Bank S&9-String SEL-437V_BU_20201112.xlzm

7 TP&C Calc Sht Cap Bank Double Wye & Neutral CT Onfy SEL-287V_BU_20201214.xlsm

h Line SEL-T401L
EES TP&C Calc Sht Line SEL-T401L_PR&MON_20221031.xlsm

Figure 1: List of Calculation Sheets
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Transmission Line Protection and Monitoring

ppl ;

Project:[SUBSTATION X00UXKKV Y ERcode: KKK
Line: [OO0UCCROCC XKV LINE 7 Relay:[SEL-T401L | LT Bectic Umises
Part #: [JGO0CCOKRK Y Serial #: [XO00U00X h| SVN #: [ZXX h| FID&[ROK Y
Setting Appl\caﬁon:lmlv L Mominal Line kV:] 69 ¥ RLD:[T |
Settings File Name:|Suhstahun XHK-KXXKY - SUBS XXXkV LINE - TA01L X0 RLID: NID rdb ﬂ N\D:l:l

Project Description, Purpose and Schemes

Additional Comments

Instructions to use the spreadsheet

1) Enter data only in blue fields. Legend
2) Look for the down arrow (¥) to select from a drop down menu.

3) Read instructions and comments in each sheet.

4) Settings calculated in each tab are summarized at the end of the tab.

User Input
Meets Requirements
| Outside Requirements or

_Entered/Recommended Differs

Option: INPUT User Input Mecessary elsewhere prior to Soling

Hide Disabled Settings [TRUE FALSE][ TRUE |¥

Figure 2: T401L Calculation Sheet Cover Page
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Standard Files

Quality Assurance/Control Checklist

Relay Settings QA/QC Checklist

Substation Name:‘ |

Primary kV:l:lL
Protected Equipment:‘ | EquipmentType:lIlL
LI I 2 Reloyypes v X

Settings File Name:‘ | ppl

Reason for Settings Change

New Relay:l:lL

Protection Settings:
Programmable Logic:

Relay Firmware:

Front Panel Display Point Changes:

PPL Electric Utilitias.

Reset Checklist

Circuit Breaker Control:

Ports/DNP Maps/IP Addresses:

Front Panel LED Changes:

Traveling Wave/Time Domain Elements:

ol el
RN

Ml Alternate Logic Reviewer

Project Personnel

Settings Author:‘ | Initials:l |

Peer Reviewer:| | nitials:] |
Self Check Completed |:| ”®
Workbook Completed |:| ®

[ Toggle Self Check Status Indicators

™ Toggle Complete Checks Indicators

Figure 1: QA/QC Checklist Cover Page
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PRC-023: Transmisssion Relay Loadability

Identification
The relay you are setting is subject to PRC-023. Please verify the following:

Criteria Response Self Check Peer Check

Who is the manufacturer of the relay you are setting? ‘ |L ‘ ‘ | ‘

PRC-025: Generator Relay Loadability

Identification
The relay you are setting is subject to PRC-025. Please verify the following:

Criteria Response Self Check Peer Check

Is the relay located on a line serving as a primary A4
outlet of a generating facility with aggregate capacity

greater than 75MVA and will the relay operate on

phase current leaving the generator?

PRC-026: Relay Performance During Stable Power Swings

Identification

The relay you are setting is subject to PRC-026. Please verify the following:

Criteria Response Self Check Peer Check

Does the relay protect a line on the PRC-026 BES ‘ |L ‘ ‘ | ‘
Element List?

PRC-027: Coordination of Protection Systems for Performance During Faults

The relay you are setting is subject to PRC-027. Please verify the following:

Criteria Response Self Check Peer Check

Figure 2: QA/QC Checklist Compliance Section
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Automation

Settings Calculations

Zone 2 Phase Distance

[z [ R —

Zone 2 Phase Distance Time Delay (ZP2D) [OFF, 0.000-10.000]:

Zone 2 Desired Phase Coverage: 125.00 |% Forward Reach @ 84 Degrees

Condition Check 4: Check Zone 2 reach margin for tapped transformer

H
|a
‘I
Im
=
o

Recommended Entered ix
Zone 2 Phase Distance Reach (ZP2) [0.05-64.00): (ohms,sec) } =
(ohms pri} |
; Line 1 LS
Zone 2 Phase Distance Phase-Phase Overcurrent Pickup (ZP2_50PP) [0.50-150.00]: (4,s8C) Z2MPiZ 5\, e |
|
Actual Coverage with the Applied Setting:| ZZ 12500 (%) A | |
(R _
= P2 8 =
‘Condition Check 1: Check arc resizstance coverage of Time delayed Zone 2 4 "_v | HELP| -E— TX-1 @3
x &
e o
R.,... Resistive compeonent of the line % Maximum Reactive reach of Mho Circle: Safety Margin Test:
=R, - Ra....” Resistive reach at Line end @ Line angle NG ﬁ ZP2 ZP2
I = h R szt Maximum allowable arc resistance at Line end @ Line angle \ = R Xipax(ZP2.) = —=sina+ — X(Zume + TAP) + Xppans > 1.1 X Xy (2ZMP. @)
N2 : : ;
| Maximum reactive reach of Zone 2 Mho circle Xmax {ZP2,a): (ohms,pri)
?5& ,i
/IR o® Select number of Tapped Transformers (TX-n)[ 3 |v
L)y &
| 1 Cape Low Side Bus Name and Number:
—— E Total Impedance of Line + Transformer to 12kV Bus| {ohms_pri) @ (degrees)
Coordination needed for this bus? Customer Sub?| Y |¥

ze2! 3 zr2 ¢ qzeay’
Rieach — T_} cos{Line Angle) | + (XL;M o Z—Sin(Line Angle) | = z_)

Resistive reach at Line end @ Line angie (Rassenl =
Maximum allowable arc resistance at Line end @ Line Angle (Ruax anc) =

Ryax anc = Rigeach ~ Ruine

2. Cape Low Side Bus Name and Number:
Total Impedance of Line + Transformer to 12kV Bus
Coordination needed for this bus?

(ohms, pri)

@ degrees
Customer Sub? hd

ARC Resistance Ragg [ Yiohms prij
Fiecommended  Entered 3. Cape Low Side Bus Name and Number:
% Rusc to cover: [ 12500 7 (%) Total Impedance of Line + Transformer to 12kV Bus| (ohms.pri) @ degrees
e ok (onms,pri) Coordination needed for this bus? Customer Sub?| o
| Rrazon ® % Ragc s2€0 DY Relay
118.03 INPUT

Figure 1: Arc Resistance Check Figure 2: Tapped Transformer Coordination Check

PPL Electric Utilities
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Automation « &

Settings File Update

Transmission Line Protection 5
Froject: [SUBSTATION J00000KY. | ER code:pooocl | ppl
Line: [OG000GEM X0V LINE Relay: sttt
Part # [042156 1 EXBOXAHT 444450% | seriaiz] | swnz[zox | FID #
Sefting Group:[__ ALL Sefting Application: Nominal Line KV RLID:
Seftings File Nams:[ on XO0X-X00KkN - SUBS YOOXKY LINE - #11L_X0XX RLID_NID.rdb | wo: [

Export Settings

Configuration Info

Settings Group: AL |¥

Ignore Disabled Settings: L

Export Commands

Select Folder Export Settings

Export Settings Instructions
Select Folder: Select the folder location where the settings text file will be saved.
Export Settings: Generate the settings text file.

Figure 1: Calc Sheet Settings Export Feature
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Automation

\ 4

Fault Study Macro

F‘é Fault Typ Faulted B Faulted B Local Bus 310 (A) |/ 310 Iph_fault /_Iph_fau System Condition Tested Line
% PPL Fault Study ? > SLG 208040 MONT  GLER 1591.57 -77.205 316612  -86.53 MONT TR 230/24k\V MONT-GLBR
5LG 208040 MONT  GLER 1583.8  -77.2 31506.6 -86.525 MONT TR 230/24kV MONT-GLER
PPL Fault Study Form 516 208040 MONT  GLBR 1478.9 -76.685 40771 -87.164 MONT-MONTSCR1 MONT-GLBR
— Tl 5LG 208040 MONT  GLER 1472.75 -76.683 407723  -87.164 MONT-MONTSCR2 MONT-GLBR
1:_Select the local branc 5LG 208040 MONT  GLER 144596 -76.752 39427.1 -87.173 MONT-GLBR 230kV MONT-MILT
‘ (200001 ALBURTIS)- (200002 HOSE) ckt 1 | SLG 208040 MONT  GLBR 1445.96 -76.752 39427.1 -87.173 MONT-MILT 230kV MONT-GLBR
; TR = 5 = = = 1 5LG 208040 MONT  GLER 1445.87 -76.753 39427.9 -87.172 MONT-GLER 230kV MONT-MILT
o=

W * Modify Selection - Remove Selection ] SLG 208040 MONT  GLER 1445.87 -76.753 39427.9  -87.172 MONT-MILT 230kV MONT-GLBR

2 Mﬂiﬂ-fﬂlﬂfm' 5LG 208040 MONT  GLER 1422.99 -76.721 412194  -87.156 MONT-GLER 230kV None
® TPH ' 5LG 208040 MONT  GLER 1413.99  -76.58 40139.9 -87.142 MONT-GLBR 230kV MONT-SAEG
CsLe 516 208040 MONT  GLBR 1413.99  -76.58 40139.9 -87.142 MONT-SAEG 230kV MONT-GLBR
» 5LG 208040 MONT  GLER 1413.99  -76.58 40139.9 -87.142 MONT-SAEG 230kV MONT-GLBR
3: Are the o@]ﬁ]gm w 1o the remote bus? SLG 208040 MONT  GLBR 1407.94 -76.341 385211 -87.243 MONT-GLBR 230kV MONT-COLU
YES ol 516 208040 MONT  GLBR 1407.94 -76.341 389211 -87.243 MONT-COLU TR2 2: MONT-GLBR
5LG 208040 MONT  GLER 1053.55 -75.175 320109 -86.369 MONT TR 230/24kV MONT-MILT
4: Select the remote bus, if applicable 516 208040 MONT  GLBR 1053.46  -75.176 320121 -86.368 MONT TR 230/24kV MONT-MILT
= . 5LG 208040 MONT  GLER 1042.76 -75.171 318653 -86.365 MONT TR 230/24k\ MONT-MILT
| | 5LG 208040 MONT  GLER 1048.67 -75.172 31866.5 -86.364 MIONT TR 230/24ky MONT-MILT

ST ] 516 208040 MONT  GLBR 1026.73 -75.078 338189 -86.418 MONT TR 230/24kV None
+ i Remove Selected | 5LG 208040 MONT  GLER 1024.01  -74.64 31597.4  -86.506 MONT TR 230/24k\ MONT-COLU

5: Select the faulted bus SLG 208040 MONT  GLBR 102223 -75.074 33670.6 -B6.413 MONT TR 230/24kv None
516 208040 MONT  GLBR 1019.22  -74.634 314494 -86.501 MONT TR 230/24kv MONT-COLU
| 5LG 208040 MONT  GLER 1018.72  -74.908 32790.3 -86.4 MONT TR 230/24kV MONT-SAEG
+ mmr& I = Remove Sslected | SLG 208040 MONT  GLBR 1014.09 -74.903 32641.1 -86.395 MONT TR 230/24kV MONT-SAEG
= 5LG 208040 MONT  GLER 961.273  -74.547 41267.8  -B7.069 MONT-MONTSCRL MONT-MILT ;
6: Output csv filename 5LG 208040 MONT  GLBR 961.212 -74.548 41268.8 -87.069 MONT-MONTSCR1 MONT-MILT ;
| | 516 208040 MONT  GLBR 961.178  -74.545 41269.3  -87.07 MONT-MONTSCR2 MONT-MILT ;
5LG 208040 MONT  GLER 961.117 -74.546 41270.3  -87.07 MONT-MONTSCR2 MONT-MILT ;

516G 208040 MONT  GLBR 945517 -74.519 430313 -B7.066 MONT-MOMNTSCR1 None

E Save to File (= Load from File " Ok % Cancel 5LG 208040 MONT  GLER 945428 -74.517 430327 -87.067 MONT-MONTSCR2 None
5LG 208040 MONT  GLER 938.197 -74.137 408112 -87.153 MONT-MONTSCRL MONT-COLU

Figure 1: Custom Macro Guide User Interface Figure 2: Custom Macro Output
PPL Electric Utilities
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Future Enhancements

« Relay Settings Maintained in CAPE
« Automated Settings Adequacy Check
* Automated Compliance Checks
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Questions?
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