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Thanakorn Penthong 2013: Computer Software Development for Automatic Distance
Relay Setting of Transmission Line Protection for Provincial Electricity Authority.
Master of Engineering (Electrical Engineering), Major Field: Electrical Engineering,
Department of Electrical Engineering. Thesis Advisor: Associate Professor

Kiatiyuth Kveeyarn, Ph.D. 91 pages.

This thesis is the computer software development for automatic distance relay setting
program to overcome the problem of the overlapping of protection zone. This program is aimed
to be used as a tool for calculating the setting values for each protection zone of the digital
distance relay. The program developed can be used for protection design of closed loop and
radial systems of Provincial Electricity Authority (PEA) without the problem of overlapping of
protection zone. It will result in improved protection design with short time consuming. The
program developed ensures that distance relay is working correctly in its protection zone which
leads to higher reliability of the primary transmission line system for Provincial Electricity

Authority. This program is developed using DPL Script (Digsilent Programming Language).
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- Zone 1 = 85% of Line impedance section I

- Zone 2 = 100% of Line impedance section I + 20% of Transformer impedance at

Remote end

- Zone 3 = 100% of Line impedance section I + 40% of Transformer impedance at

Remote end

- Zone 3 reverse = 15% of Zone 1 reach

=Bl
nsaioelWlnuy Radial Line

Section |
C

Section Il
Section Il D—EE

Section Il

4 [ U 4 1
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Y @ o 7
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- Zone 1 = 80% of Line impedance section I

- Zone 2 = 100% of Line impedance section I + 50% of Line impedance section II (shortest
line) NaHUABININAI 120% of Line impedance section I
- Zone 3 = 100% of Line impedance section I + 120% of Line impedance section II (longest

v 9
line) muﬁ’emmmw 100% of Line impedance section (I+II) + 25% of Line impedance section
11 i@ o4 131AY 100% of Line impedance section I + 80% of Transformer impedance at Remote end

- Zone 3 reverse = 15% of Zone 1 reach

Ay o G q Y YL a v
n‘smmﬂ1nﬁ“n131umaa‘;mtlmezﬂzmﬂﬂﬂummmm‘s"lwvxlwlmwammeﬂszmﬂ"lml

Section | I II
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EGAT
d' Y v 1Y A o = 9
MNN 13 MU0 UaIeaInIgsagLuUTZesN NI AN UV DK
d' 7 Y (Y = 4
Nn: nesginsaiileanuuazsmd (2552)
- Zone 1 = 80% of Line impedance section |
- Zone 2 = 120% of Line impedance section |
- Zone 3 = 150% of Line impedance section I
PAIMIMNY
- Zone 1 Operating time = Instantaneous

- Zone 2 Operating time = 300 ms

- Zone 3 Operating time = 600 ms
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- IEC Cable Sizing
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- Virtual Instruments
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DIgSILENT Programming Language (DPL Script)
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4. Method calls (3FmMsison 1y wseaasneluing)
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External Grid

(%

14u80n External Grid WA 23 (n) unuurasne lnsuonms Iidhendauns

J a 4 {
ﬂﬁglﬂﬁ‘l‘ﬂﬂ tazAnmesaaslunIng 23 (V)

(M

External Grid - Grid\DIVING POINT EGAT. ElmXnet

RMS-Simulation ] EMT-Simulation ] Harmonics ] Optimization State Estimator ] Reliability ] Dezcription ]

BasicData | LoadFlow  VDEAEC ShortCicuit | Complete ShortCicutt | ANSI ShortCicut | IECE1363 |
Maw. W alues - Mir. W alues - Cancel
Short-Circuit Power Sk'max [43908 MVa Short-Circuit Power Sk"min [48308 Mva Figuie >>
Short-Circuit Current [k"max W ke, Shart-Circuit Current 1k"min W ke,

R/ Ratio (max ] 0.052 R/ Riatio [min.) 0.052 m
Impedance Ratio Impedance R atio
Z2/Z1 ma. [1o0ss Z2/Z1 min. [1o0ss
#0441 . [11933 #0451 i, [11938
RO/A0 max, [oogrs R0 min. M
v

MW 23 nuusiaesazdeyad1iy External Grid
HUVTIA0IANYE

o 1 { I o . .
syusassaeasn IfiuiuusiassvesarelaesyelueinmaluTlsunsy Digsilent

o [ Jd v {
Power Factory Ndgyansalaanaadluning 24
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anﬁ 24 ‘]Ja@ﬂﬁ"mi‘]ﬁna’ﬂﬁﬁTﬂﬁﬁlIW%T



srwazdeavesaeds N 1411 T151n53 Digsilent Power Factory

2x400 A : Single Circuit Double Conductor (SCDC)

Rated Current 1000 A

Positive and Negative Sequence Impedance (ohm/km)

R1,2 = 0.042936
X1,2 = 0.2677
71,2 = 02711

Zero Sequence Impedance (ohm/km)

RO = 0.21347
X0 = 1.31294
Z0 = 1.33

Line - Grid\BWN-BWI.EimLne

Mame EET]

Tupe w| = | Ling'2x400 50

Terminal i w| = | Grid\BwI467E-01 Bl
Teminal j w| & | Grid\BWwNY3YE-01 Bt

Zone Terminal i - ﬂ
Area Terminal i - ﬂ

[ Out of Service
MNumber of Resulting ¥ alues
parallel Lines 1 Rated Current
Pos. Seq. Impedance, £1
IR - gos. geq. IFl:'npn?dance, :r;gle
. '0s. Seq. Resstance,
Themal R ating ﬂ_l Pos. Seq. Reactance, X1
Length of Line 1S ke Zero Seq. Resistance, RO
) Zero Seq. Reactance, <0
Derating Factor 1 Earth-Fault Current, lce
Earth Factor, agnitude
Earth Factor. &ngle
Type of Line Overhead Line
Line odel

& Lumped Parameter [Fl)
(" Distributed Parameter

MW 25 AR5 UDITIUTIBI BWI - BWN

RS5-Simulation ] EMT-Simulation ] Harmonics ] Optimization | State Estimator ] Reliability ] Description
BasicData | LoadFlow | WDE/EC ShotCircuit | Complete ShortCircuit | ANSI ShomCireuit | IEC 51363

1 k&
0.97E03E2 Ohm
80.88802 deqg
01545656 Ohm
09637199 Ohm
0.768432 Ohm
4.726584 Ohm
04

1.202074
-0.1543518 deg

|

Cancel
Figura » »
Jump to ..
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Line - Grid\BWI-PLU.ElmLne

Rk S-Simulation ] ErT -Simulation ] Harmonicz ] Optimization

[~ Out of Service
MNumber of
parallel Lines 1
Paramneters
Thermal R ating hd b d
Length of Line 12.2 (]
Derating Factor 1.
Type of Line Overhead Line
Line Model

& Lumped Parameter [Fl)
" Distributed Parameter

Zone Terminal i - ﬂ
Area Terminal i A ﬂ

Resulting % alues

Rated Curent

Paos. Seq. Impedance, 21
Foz Seq Impedance, sngle
Foz Seq. Resistance, A1
Fosz Seq. Feactance, %1
Zera Seq. Resistance, RO
Zern Seq. Reactance, =0
Earth-Fault Current, lce
Earth Factor, Magnitude

E arth Factor, &ngle

MW 26 AWNTADSUDITIGETIBI9 BWI — PLU

Line - Grid\PLV-PLLL. Elml ne

RMS-Simulation ] EMT -Simulation ] Harmonics ] Optirmization | State E stimatar ] Reliability ] Drezcription ]
| LoadFlow | WDE/EC ShortCicuit | Complete Short-Circuit | ANSI ShortCireuit | 1ECE1383 |

[ Out of Service
Mumber of
parallel Lines 1
Pararneters
Thermal F ating hd d P8
Length of Line B lem
Derating Factor 1.
Type of Line Overhead Line
Line Maodel

* Lumped Parameter [PI)
(" Distributed Parameter

Zone Terminal i - ﬂ
Area Terminal i - ﬂ

Basic Data

M arne: |PLW-PLU

Type | = | Ling'2x400 50

Terminal i w | = | Grd\PLUSTYE-01 PLU
Teminal j ¥ | # | GridyPLY%2vE-01 PLY

Resulting Y alues

Fated Current

Foz Seq Impedance, £1
Fosz Seq. Impedance, Angle
Poz Seq Resistance, R1
Foz Seq Reactance, %1
Zero Seq. Resistance, RO
Zero Seq. Reactance, =0
Earth-Fault Current, lce
Earth Factor, Magnitude

E arth Factar, &ngle

MWN 27 ANADSUBIESTI%9 PLU — PLV

State Estimator ] Fieliability ] Drescription

BasicData | LoadFlow | WDE/EC ShotCirouit | Complete ShortCircuit | ANSI ShortCirovit | IEC 51363
M arne |Bw-PLU

Type w| =+ | Linet2:400 50

Teminal w |+ | Grdsewinzve-m B

Terminal v |+ | Grid\PLUASYE-01 PLU

T kA

320768 Ohm
80.88802 deg
0.5238132 Ohm
3.26594 Ohm
2604334 Ohm
16.01787 Ohm
04

1.302074
01543518 deg

T k&
1.355607 Ohm
80,88302 deg
0.21468 Ohm
1.3385 Ohm
1.06735 Ohm
E.BE4T Ohm
0A

1.302074
01543518 deg

|
Cancel
Figure > »
Jumpto ...

Cancel

Figure » »

Pk

Jumpto ...
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Line - Grid\BWN-PLV. Elml ne

FikS-Simulation ] ET-Simulation ] Harmonicz ] Optimization ] State E stimator ] Fieliability ] Description

BasicData | LoadFlow | WDE/EC ShottTircut | Complete ShortCirouit | ANSI Short Cicuit | 1EC 61383
M arne |BwH-PLY

Type w | = | Line2x400 50

Teminal w |+ | GridWPLV BT PLY

Terminal v | = | GridWEwNAZYE D1 B

Zone Teminal i - ﬂ
Area Teminal i - ﬂ

[~ Out of Service

MNumber of
parallel Lines 1
Pararneters
Thermal R ating b
Length of Line 169 (]
Derating Factor 1
Type of Line Owerhead Line
Line Model

& Lumped Parameter [Fl]
" Distibuted Parameter

Fiesuling ¥ alues

Riated Current

Pos. Seq. Impedance, 21
Fos. Seq. Impedance, sngle
Pos. Seq. Resistance, A1
Pos. Seq. Reactance, X1
Zera Seq. Resistance, RO
Zero Seq. Reactance, =0
E arth-Fault Current, lce

E arth Factor, Magnitude

E arth Factor, &ngle

H 1 a 4 J ]
JTI‘INﬁ 28 ATWITUADITVUDITIYTILBIN BWN — PLV

Line - Grid\BNH-BWN. Elml_ne

1k

4 581951 Ohm
80.88802 deg
0.7256184 Ohm
452413 Ohm
3.E07E43 Ohm
2218863 Ohm
0A

1.202074
01543518 deg

|
Cancel
Figure > >
Jumpto ..

RMS-Simulation ] EMT-Simulation ] Harmonicz ] Optimization ] State Estimator ] Reliability ] Description ]

BasicData | LoadFlow | VDE/EC ShortCicut | Complete ShortCirouit | ANSI ShartCicuit | IEC 1363 |
M arne: |EMH-BwWN

Type w | = | Ling%2=400 5D

Teminal w |+ | GridBwNATYB 01 BN

Terminal || GridsBNH\Cub_1 BNH

Zone Termninal i - ﬁ
Area Teminal i - ﬂ

[ Out of Service
Mumber af

parallel Lines

—

Pararneters

Thermal R ating

Length of Line B8 lem
Drerating Factar 1.

Type of Line Owerhead Line

Line Maodel
* Lumped Parameter [PI]
(" Dishibuted Parameter

Resuling W alues:

Riated Current

Pos. Seq. Impedance, £1
Pos. Seq. Impedance, Angle
Pos. Seq. Resistance, A1
Pos. Seq. Reactance, X1
Zero Seq. Resistance, RO
Zero Seq. Reactance, =0

E arth-F ault Current, lce
Earth Factor, M agnitude

E arth Factaor, &ngle

MWN 29 AINIADSUBIEOETIBI9 BWN — BNH

1k

1.843625 Ohm
80.83302 deg
0. 2919648 Ohm
1.82036 Ohm
1.451536 Ohm
8927932 Ohm
0 A

1.302074
01543518 deg

Cancel

Figure »»

Pk

Jumpto ...
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nilouasnszue (Current Transformer)

o a 1

] [ Y Aq Y a o’dyd o 1 Y [
avasidiuvesndoudlasnszuanldluinertinusiiiiog 2 dnsiaau ldun
[ 1 [ U = = 9| AA o 1 9
AU 1200:5 uay oAI1dIU 1200:1  Faao1il lWihaddasiduveanondasnszua
M50 1200:5 i a1l lWihadedu 1 azeaatl Iihvedu 2 uazaoi Wi nlisasaiu
voandauasnszuamidy 1200:1 lTaun a1t IWilarnuas 1 wazaoil Wihlalrnuaa 2

é 9 1w 1 % d'
Famsdoumeasidiumeluldsunsuuaaasning 30 - 31

Current Transformer - Grid\BWNR2YB-01\CTBWI2YB-01.5taCt

Basic Data ]Additional Datal Descriptionl -
oK
Marme [CTEWIZE-O1
Cancel

Type w| = | Equipment Type Librans1200/5_CT
[~ Out of Service
Cubicle w

Laocation

Busbar | Gidgwi

Eranch | GricBwI-PLU

Orientation - Branich -

Primary Secondary

Tap 1200, - | A Tap 5. | A

Set Connection Yoo

Ratio: T2008,/58 Complete Ratio: 12008 /5,
Mo, Phases 3 -
Phaze 1 a -
Phaze 2 b -

NA 30 wﬁ'auﬂmmzuﬁé’mwdau 1200:5
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Current Transformer - Grid\PLVYB-01\CTPLY4YB-01.5taCt

Basic Data ]Additional Data | Description | -
oK
Name [CTPLY 4vB-01
Cancel

Type w | = | Equipment Type Libran1200/1_CT
[ Out of Service
Cubicle hd

Location

Busbar | GridhPLY

Branch | GidBwNPLY

Orientation -» Branch hd

Frimary Secondary

Tap 12000 - | A Tap 1 - | A&

Sel Comnection Yo -

R atio: 120048,/18 Complete R atio: 120048418
Mo, Phazes 3 -
Phaze 1 a hd
Phage 2 b hd

MNA 31 viloudaanszuasastdIu 1200:1

nifoua)adtsadu (Voltage Transformer)
Y o Aq Y a a o’dydw 1 1w 1T W =\
nioutasuseaunldludnerdnusiioasi@auminy 115000:115 winunnaniil

Tl¥h Fanstloumdasiarumelulsunsuiaassaning 32
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Yoltage Transformer - Grid\BWNA2YB-01\WTBWN2YB-01.5taVt

Basic Data ] Deseription | -
oK
MName [ TEWNZYE-01
Carcel

Type w | = | Equipment Type Librar Tpri

[ Out of Service

Location -

Location
Busbar | Gridawin
Branch | GridBw-PLY
Frimary
Tap 15000, v | W

Canrection Yo ow

Secandary
Type w | = | Equipment Type Libram®¥ Tzec
Tap 115, v | WV
Connection Yo oW
Fiatio: 115000% /1154

Additional Secondary Windings

MNA 32 vdToudads v udasIaIu 115000:115

uuusassaniil luih
anil Tz 199 nsalfilu Termianal Tuldsunsuunudianiandlnih ¥
awsolasude niedoyaliassiumsldau’ls msnsendoyaves Termianal TuTlsunsa

uaad lunIng 33
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Terminal - Grid\BWI. ElmTerm

Complete Short-Circuit | 4MSI ShotCircuit | IECE1363 | RMS-Simulation | EMT-Simulation |

Harmonics ] Optimization ] State Estimator ] Fieliability ] Dezcription ]

Basic Data l Load Flow l YWDEAEC Short-Circuit ] Cameal

Mame |EWI Jumpta
Tupe ﬂﬂ
Zane wl|+| Cubicles
Area v |
[ Out of Service
System Tupe AL - lzage Bushar ﬂ
Phaze Techhology | ABC -

Maominal % oltage

Line-Line e kW

Line-Ground BE.39528 kY

[~ Earthed

M 33 upusiassaaril I 1uTUsunsu Digsilent Power Factory

= o .
31083282 N N (Distance Relay)

2 4 Aq Yo a a J v A a J a
5lﬁ853831/]’]\31/]1%ﬂﬂ§$ﬂﬂﬂ@ﬁﬂﬂiujﬂﬂ1uwuﬁﬂ ngﬂuwa@ UNVDIVT

=
55 =

X J a [ J a dy [
General Electric (GE) Model. DLP311C #431ad5z0znvoinannaasiaiilianyazauay

d v

I g’; J o g’z g’; 1 o o
Wutuy Iy (Mho Characteristic) MUV ALALNIINA AIUUNITAIAINITHINUNIA 1 auay
4 a’/ 1 o 9 VA W 1 J o = o 9 [

N519A92AIATNTHINUAAINNINY ua IulInFuvedsadaazanslanl Ko (Compensate
A ] o o A v A 9| ' °

factor) 111919 1UN15ATIVIVNTLUAAAITULUNFAIAUA2S N15LA0N tazloun1NITHINY
J a o 4 . v {

VDITIAGTZIZTNIINANN N General Electric (GE) Model.DLP311C TuTdsunsuuaaiadnini

34
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Relay Model - GrididBWI\2YB-01\BWIZYB-01 . ElmRelay

Basic Data l b . Adin. Favlk Eurrents] Desu:riptiu:un] K
Categaory: Digtance
Cancel
Mame |Bw/I2vE-I
Relay Type | +| .. ral Electric\DLPDYDLPD amp Contents
& pplication | Main Pratection j Device Murmber m
Location
Reference ﬂll
Bushar | GridBw!
Branch | GridBwI-PLL
[ Dut af Service

Slat D efinitiarn;

Met Elements
Fel Elm*,5ta* IntF ef

»o iz N

Wt * W TEWIZYB-01 —_
Delta Meazure Delta Meazure

b eazure Meazure

b eazurement Seq Meazurement Seq

Dwercurrent supervizion | Owercurrent Supervizion

Dir Grnd [2-42 ¥ Dir Grnd 242

Fuolarizing £1 Palarizing £1

Fualarizing Palarizing

— = -
1 >

Slot Update

H o { o (%
MNN 34 51265282N19 General Electric (GE) Model. DLP311C N 1@ msuszuunaaou
U o v :’J o [y wAa d
MInanlYsunsuansuaIIMsnNuIn I UAve I31adIzaz N

o o [ 3’, J o = 4 9Yq ¥
MIeonuuy tazWau TUsunsudIMSUAIAINITINUYDITIAadTZ oL N1 A 149
o & - dava o o A . v
Digsilent Power Factory %4018 1uTUsunsuiinmenlsdeud msuiyon Tog naganidumsny
Glgﬂﬁ”lﬁlﬂﬂ'”lﬂc] i39n21 DPL Script (Digsilent Programming Language) A Taseaendendeny
=} J 4‘ 9 d' 1 9 - o [ =
M1 C+ 71 DPL Hyadszasdiiie lndonTosszrangldaunuTlsunsy drusuideou

< o v J o a
T1sunsudamM Iy uasuaaIHaansLUUon 11NA
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Setk=1

A

o o P a
NUUANUIUTLALTZUENNAEAUNT (NR)

Aumntiananun

\

(uunl¥Tanavum = NodeCount)

Ladld

i1 NodeCount

navaaasdn Node (i) 1adla

adluannstlasiuaediadsraznaizala

fadna9ash Node (i)

l

s 1 a o oo Se e o
NUAMBNNLAUTAANITNTLALNDILUULNED

\indnasash Node (i)

[«
<

Tadla

i> NodeCount

4 i<

ATWITUAN Setting AN Criteria 289 NWA.
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Gtart Caleculation

P 225.000000 MIT

0 1058.972474 MVAR

RLoad 47.610000 Ohm

XLoad 25.055575 Ohm

ZLoad 52.%00000 Ohm
Loadingle 25.541933 degree

d' o a A 4
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[

P 9 [ 1 ) [ g’/ [ o [V A = 4
2. HWa WﬁWqﬂ%1ﬂﬂ133u1ﬂﬁuﬂﬁuﬂﬂﬂﬁ1ﬁ3UﬂﬂﬂWﬂWﬁﬂWQ?u@ﬂIuNﬁmﬂﬂﬂaﬂ

ITYSNN

Asaia1enIaine 1uiuY Radial Line

IUSAINB35HA BWI2YB-01 CTratio 1200:5 VTratio 115000:115 CTR/VTR = 0.24

POSANG = 80
ZERANG = 80

ZP = 3.31
Ko = 4.91
LINELEN = 12.2Z0
Z1E = 0.6
Z1GR = 0.64d
SELZ1T = 0
2130 = 10.04
Z1E0 = 4.70
ZZR = 0.96
ZZGR = 0.96
FELZEZT = 0
FUTLEF = 0.3
FUTLEG = 0.3
ZZPANG = a0
ZZGANG = 90
Z3R = 1.39
Z3GR = 1.39
FUTL3F = 0.8
FUTL3G = 0.8
Z3PANG = 20
Z3GANG = 20
Z4R. = 0.10
Z4GER = 0.10
Z40R = 0.00
FUTLAF = 0.8
FUTL AR = 0.8
Z4PANG = &0
ZAGANG = &0
SELZ4D = 1

Set Zetting to EWIZYE-01l complete.
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IUSAINB3THA BWI6YB-01 CTratio 1200:5 VTratio 115000:115 CTR/VTR = 0.24

FOSANG = 3o
ZERANG = &0

ZP = 0.95
En = 4.88
LINELEN = 3.60
Z1R = 0.1%9
Z1GR = 0.1%9
FELE1T = 0
Z150 = 10.04
Z1K0 = 4.70
ZZR = 0.45
ZZGR = 0.45
SELZZU = 0
FUTLZFE = 0.3
FUTLEG = 0.3
ZZPANG = 20
ZZGANG = 20
Z3R = 1.55
Z36R = 1.55
FUTL3P = 0.6
PUTL3G = 0.6
Z3PANG = 20
ZICANG = 20
4R = 0.03
Z4GR = 0.03
Z40F = 0.00
FUTLAP = 0.6
FUTLAG = 0.6
Z4PANG = &0
ZAGANG = 80
JELZ4D = 1

Set Jetting to BEWIeYE-OlL complete,.
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1USAINB35HA BWN2YB-01 CTratio 1200:5 VTratio 115000:115 CTR/VTR = 0.24

POSANG = &0
ZERANG = &0

iP = 4,59
E0 = 4.30
LINELEN = 16.20
Z1R = 0.88
Z1GR = 0.85
SELZ1T = 0
2151 = 10.04
Z1E0 = 4.70
Z:ZR = 1.3z
ZZGR = 1.3z
JELZET = 0
PUTLEF = 0.3
PUTLEG = 0.3
ZZPANG = a0
ZZGANG = a0
Z3R = l.s82
Z3GR = l.s8:2
PUTL3F = 0.8
PUTL3G = 0.8
Z3PANG = 20
ZIGANG = ad
Z4R. = 0.13
Z4GR = 0.13
Z40R = 0.0o0
FUTLAFP = 0.8
PUTLAG = 0.8
ZAPANG = &0
ZAGANG = &0
SELZ4D = 1

Set Setting to BEWNZYE-0L complete.
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1WA 33 e PLUIYB-01 CTratio 1200:1 VTratio 115000:115 CTR/VTR = 1.2

POZANG = &0
ZERANG = &0
ZP = 1.36
Ko = 4,39
LINELEN = 5.00
Z1E = 1.30
Z1GR = 1.30
SELZ1T = 0
Z130 = 50.16
Z1E0D = 4.70
ZZR = 4.38
ZZGR = 4,38
JELZET = 0
PUTLEF = 0.3
PUTLEGR = 0.3
ZZPANG = 90
ZZGANG = a0
Z3R = 12.92
Z3GR = 12.92
FUTL3F = 0.8
FUTL3G = 0.6
Z3PANG = a0
Z3GANG = 90
Z4E. = 0.:z0
Z4GER = 0.Z0
Z40F = 0.0o
FUTLAF = 0.8
FUTLAG = 0.8
Z4PANG = &0
ZAGANG = &0
SELZ4D = 1

Set Zetting to PLULIYE-0l complete.
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1WA 3¥ e PLV2YB-01 CTratio 1200:1 VTratio 115000:115 CTR/VTR = 1.2

POSANG = &0
ZERANG = &0
ZP = 1.36
Ko = 4.89
LINELEN = 5.00
Z1R = 1.30
Z1GR = 1.30
JELELT = 0
Z157 = 40.16
Z1K0 = 4.70
ZzZR = 3.8l
Z2GR = 3.8l
SELZZU = 0
PUTLEZF = 0.3
PUTLEG = 0.3
ZZPANG = 20
ZZGANG = 20
23R = 6.39
Z3GR = 6h.39
PUTLIP = 0.8
PUTL3G = 0.8
Z3PANG = 20
ZI3GANG = a0
Z4R. = 0.:Z0
Z4GER = 0.20
Z40R = 0.0o0
PUTLAP = 0.8
PUTLAG = 0.8
ZAPANG = &0
ZAGANG = &0
JELZ4D = 1

Jet Jetting to PLVZYE-OL complete.
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IUSAINB3THA PLVAYB-01 CTratio 1200:1 VTratio 115000:115 CTR/VTR = 1.2

POSANG = 80
ZERANG = 80
ZF = 4.59
En = 4.30
LINELEN = 16.20
Z1E = 4.40
Z1GE = 4.40
SELZ1T = 0
Z150 = 50.16
Z1ED = 4.70
ZZR = 6.08
ZZGR = (.08
FELZET = 0
FUTLEP = 0.3
PUTLEG = 0.3
ZZPANG = 90
ZZGANG = 90
Z3R = 33.30
Z3GR = 33.30
FUTL3P = 0.8
FUTL3G = 0.8
ZIPANG = 20
Z3GANG = a0
Z4R. = 0.86
Z4GR = 0.e86
Z40R = 0.0o
FUTL4P = 0.8
FUTL4G = 0.8
Z4PANG = &0
ZAGANG = &0
SELZ4D = 1

Set Setting to PLVAYB-0l complete.
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1U5ANDT3¥ e BWN3YB-01 CTratio 1200:5 VTratio 115000:115 CTR/VTR = 0.24

FOSANG = 80
ZERANG = &0

ZF = 0.93
EN = 4,33
LINELEN = 3.a0
Z1R = 0,139
Z1GER = 0.1%9
SELZ1T = 0
Z150 = 10.04
Z1KE0 = 4.70
ZZR = 0.Z3
ZZGR = 0.Z3
FELEZET = 0
FUTLEZP = 0.3
PUTLEG = 0.3
ZZPANG = 90
ZZGANG = 90
3R = 0.35
Z3GR = 0.35
FUTL3PE = 0.6
FUTL3G = 0.6
ZIPANG = 20
Z3GANG = 90
Z4R. = 0.03
Z4GR = 0.03
Z40R = 0.00
FUTL4P = 0.6
FUTL4G = 0.6
Z4PANG = 30
ZAGANG = 3o
SELZ4D = 1

Set Setting to BUWNIVE-0OL complete.
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1WA 33 e PLUSYB-01 CTratio 1200:1 VTratio 115000:115 CTR/VTR = 1.2

POSANG
ZERANG
Zr

E0
LINELEN
Z1R
Z1GR
SELEZ1T
2151
Z1E0
ZzZR
ZZGR
SELEZZU
PUTLZP
PUTLZG
ZZPANG
ZZGANG
Z3R
Z3GER
FUTL3F
PUTL3G
ZIPANG
Z3GANG
Z4R.
Z4GR
Z40F.
FUTLAF
FUTLAG
ZAPANG
ZAGANG
SELZ4D

ZJet Setting to PLUSYE-OLl complete.
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Electric (GE) Model. DLP311C §5192%108a931

Parameter
POSANG
ZERANG
VAY

KO
LINELEN
Z1R
Z1GR
SELZ1U
Z1SU
Z1K0
Z2R
Z2GR
SELZ2U
PUTL2P
PUTL2G
Z2PANG
Z2GANG
Z3R
Z3GR
PUTL3P
PUTL3G
Z3PANG
Z3GANG
ZAR
ZAGR

ZAOR

Meaning

Positive-Sequence Angle of Maximum Reach
Zero-Sequence Angle of Maximum Reach
Positive-Sequence Impedance
Zero-Sequence Current Compensation
Line Length

Phase Setting (M1)

Ground Setting (MG1)

Select Zone 1 Ground Unit (0 = MHO , 1 = REACTANCE)
Reach Setting of Mho Unit
Zero-Sequence Current Compensation
Phase Setting (MT)

Ground Setting (MTG)

Select Zone 2 Ground Unit

Phase Timer Setting

Ground Timer Setting

Phase Characteristic Angle

Ground Characteristic Angle

Phase Setting (M3)

Ground Setting (MG3)

Phase Timer Setting

Ground Timer Setting

Phase Characteristic Angle

Ground Characteristic Angle

Phase Setting (M4)

Ground Setting (MG4)

Phase Offset Reach
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Parameter Meaning

PUTLAP Phase Timer Setting

PUTLAG Ground Timer Setting

ZAPANG Phase Characteristic Angle

ZAGANG Ground Characteristic Angle

SELZ4D Select Direction (0 = Forward , 1 = Reverses)

4

o v a 4 a @ 4 .
mimmmmﬂmwmmaiﬂjeﬁmaiwzmwamﬂmm General Electric (GE) Model.
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Chapter 2— Calculation of Settings

Oscilography Trigger [OSCTRIG) [1514]
OSCTRIG sele cts from among st inemal signals that
may be used to trigger cecillography storage in
addition to a DLPS twip, which al.h:::.ls calses
cacillography to be stored. Reber to Chaper | — Prod-
wet Deenpron for further explanation. OSCTRIG may
have the following sitings
0 (MOME)
1 tFLTDErj = Fault Dietector
2 (ANY 22 - Any Zone 2 phase or ground-
distance functicn cutput
3 [ANY Z3) - Any Zore 3 phase. or ground-
distance functicn cutput
4 [ANY Z4) - Any Zore 4 phase. or ground-
distance function cutput
(OUTSTP) — Out-ol-step cutput
(V1 DET) - Positvessquence undervoliage
function

Curent Unbalance Alarnm, {UNEALAL M)
[1515]
UNBALALM can be sat to:

(=]

= YES In sarvica
= NGO Mot in service

Example Settings for Configuration
Category
The following are examples of settings for the sample
system in Figure 2-1.

+ LUNITID = ]

+ S¥SFREQ= G0

* MUMEBERS = 1

* TRIPCIRC = 1

+ SEPRIM=1 {SECMDRY )

« CTRATID= 400 [2000/5]

+ PTRATIO = 3000 [345,000,115]

+ DISTUNIT =0 (MILES)

¢ COMMPORT = 24600

+ PHASEDESS = O {A-RC)

+ SELTSYNC - 0 INTERMAL)

+ MUMFLTS w4

* PREFLT =3

+ DSCTRIG = 0 {LIMUSED )

GER- 1048

+ UNBALALM o YES

Line Quantities (LINEQTY) Settings

Following are descriptions of the settings awailable
under the Line Quantities categeay Tabfe 274,

Pozitive nce Angle of Maximum
POSANG has o setting range of 45°-90° and &
comumon. toall of the distance functions. Tt showld be
set to v value that is equal to or just larg\e:r than the
angle of the positivescquence impedance of the
protecied line.

Zaro-Sequence Angle of Maxmnum Reach
(ZERANG) [T402]

ZERAMNG has o sctting range of 45°=90° and &
common to all of the ground-disiance functions. It
should be set to avalue that is e qual to or just larger
than the angle of the zero® quence impedance of
the protected line.

Positive-Sequence Impedance (ZP) [1403]

2P has a setting range of 0.01-50.00 chms. It should
ke set for the positvesequence impedanee of the
protecied line.

Zero-Sequence Current Compensation [K0)
fra047
K@ has a seiting range of 1.0-7.0. This = iting
determines the amount of zero-s quence current fed
back into all the ground-distance functions, except
Fone 1, o provide selfcompensation. Thi permiis
the reach setting for the ground-distance functions to
ke based on the positvesequence impedance to a
En:rund. fmli. It should be =t to the value,
A ZOL
ZIL
where:
ZiL= the zerosequence impedance of the line

ZlL= the positiwesequence impedance of the
line.
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GEX- 10048

+ HOLDDLY m <MOT APPLICAEBLES
+ DWELLTM =15
+ RSTOLY = 30

2-3 Settimgs for Step Distance
Scheme

This section describes the settings appropriate for
the Step Distance protection scheme.

Scheme Salsction (SCHEMESEL)

Select Scheme (SELSCM f1201]
The Step Distance scheme is selected with the
5e1.1.i.1'.|5,
SELSCM = 0 (STEPDST)
Number of Recervers (INUMRCVYR) [1202]

Fora Step Distance scheme, set NUMACVA to 0, since
the e is no local receiver.

Zone T Distance Functions (Z1DI5T)

Salect Zone 1 Ground (SELZ1G) fo101]

SELZ1G can be =t 1

YES - Zone 1 grounddistance functions are in
seTVice.

Chapter 7— Calculation of Settings

MDY - Zone 1 ground-distance functions are cut of
Ervice.

For a Step Digance scheme, set SELZ1G = YES.

Select Zone 1 Phase {SELZ1P) [0102]

SEZIP can be =t 1o
YES - Zone | phase distance functions are in serv-
e,
NO - Zone 1 phasedistance functions are out of

=rvice.

For a Step Dhistanices scheme, s=t SALZ1P = YES.

Reach Setting M1, Zone T Phase (ZTR)
o3

Z1R can be set ower the rangs of 0.01-50.00 chms
When pcﬂ:nﬁal transformers are ued, the first zone
distance functions should be set to reach no more
than %% of the positive-= quence impe dance of the
protecied line, mgxrdh::z of the sourcetoline ratio.
When capacitor voltage tandormers (OVTs) are
used, refer to Figure -0 to determine the maximmm
reach in percent of positve sequence impedance of
the protected line as a function of the scurce- to-line
ratio.

Reach Setting M1G, Zone 1 Ground (Z1GR)
foras]

Z1GR isset the same as Z1R.
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GEX- 10048

Select Zone 1 Ground Unit (SELZTU) fo105]

SELZIU can be set to either 0 (MHO) or 1 (REACT )
This =iting determines the type of messuring unit
ued for the Fone 1 gu.mdpd.i.';lnnoe functiors, sither
comductance or reactnes. Except for very short
lin=s, it iz recommended that mhos be u=d, since
operating  time i 5|.'ig|:|.1]:.l faster than that of
mactance. A very short line has positie-= quence
source impedance {equivalent source impedance
behind the n:l.':}' lacation) divided h} the positive-
sequence impedance of the protecied line greaer
than 5. Mote that the value of 5 is o suggested
'b-a'undar}' walue, not an absalute cutoff, and that a
mactance wnit can be sclecied for a long line if
desired.

Beach Setting of Mho Unit (Z15U) [0106]

This seitting is mot relevant unless the Zone 1 ground-
distance functions have been set to reactance units
{see SELZ1U abowe ). Since the reacance unit is
nondirectioral, it is supervied b} a mho unit, as
showmn in Figure 2-7, to make it directioral. 15U can
be st over the range of 0.01=50,00 ohms.

Z15U s the minimum mreach for the supervising mho
unit. This seiting can be ea::il]: calculated if the
macirmmm load flow acros the line is known; efer o
Figure 2-& for demils. The crierion used for
e:la.b]:'shi.nﬁ the minimum reach is based on
maintaining a 4 n.ng'ular margin hetween ang]e A
and angle B MNote that B & the constant-chord angle
of the characteristic, where the minimum reach is
the chord. Since the supervising mho unit has a
circular characteristic, angle B is 90°,

An adaptive feature of the DLP3 is that the reach of
the supervising mho unit is adjusted as the load fow
chanﬁ\e:. The reach can never be less than Z150, but
it can be larger, As the load flow decreases, the load
impedanice becomes larger, and the reach s
increased while maintaini the 40° differ=ntial
between angles A and B If the load now increases,
the reach is decreased but will never be less than
Z15U, This adaptie-reach feature optimizes the
reactance unit coverage for ground-fult impedance.

Chapter 7— Calculation of Settings

Zaro-Sequence Current Compensation
(ZTKa) for07]

ZIKD can ke set over the range of 1.0=7.0. This setting
determines the amount of zercsequence current fed
back into the Zone 1 ground-distance functions to
provide self-compensation. This permits the reach
setting to be based on the positve ssquence
impedance to a groand fault It should be set to the
vahue,

2oL
Z1XG =085 W —
Z1L

wheere:
Z0L mzercsequence impedance of the line.
ZIL = positive sequence impe dance of the line.

Zone 1 Reach Reset Timer (Z1ERST) [0108]

Z1ERST is the pickup time de]a.}' of timer TL20 in
Figure 1-2, the functional logic dingram for the Zone
1 Extension Scheme. Z1ERST has o =ting range of
0.0-000 seconds. Refer to E\.ilﬂFﬂ ! - Pedug
Desmipion. under Zope 1 Exiension for an
explanation of when the Z1ERST time delay is
required. When mquired, Z1ERST is set to the reset
or reclaim tme setting of the external recloser, TL20
& uedina Zone 1 Extension scheme only. For any
other scheme, Z1ERST TrEy e st b any value within
its range without affe cting scheme operation.

Zone 2 / Pilot Zone (Z2DI8T)

Select Zone 2 Ground (SELZ2G) [0201]

SAFG con be set io either ¥YES or NO:

YES~ When Zone 2 ground-distance functicrs are
mlected. Mormally this is chosn for Step
Distance schemes.

O~ When only phassdistance functions are
el cted. Ground faults are detected b} the
backup ground-overcurmrent functions (DT
and TOC,

Salsct Zone 2 Phase (SELZ2P) [o202]

For a Sep Distance scheme, Zone 2 phase distance
functions are required and SELZZP should ke set to
YES.
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/
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Reach Setting. MT, Zone 2 Phase ) Z28)
fozazf

Z2R has a setting range of 0.01=50.00 chms. With a
Step Distance scheme, Z2A must be st o see o
multiphass fault at the remote bus, considering such
factors as arc resistinee and underreach cused by
intermedinte fault arrent sources. T:.lp:ic:ﬂl}', on a
twodermminal line, Z2R & =t for 125-150% of the
positivesequence impedance of the protected line.
Z2A should never be =t so larg\e thai:
¢ The MTfunctions pick up on the maximum load
Here.
¢+ The MTHunctions loe =k civitywith the = cond
zone phasedistance functions on the shortest
adjoining line == ction.
If the second itemn cannot be met b} |.i|:r.|i.1.i.ng the
reach, then it may be necesary o get this scle ctivity
by setting timer TL2P with additional time delay.

Reach Setting (MTG) Zone 2 Ground [Z2GR)
fo204]

Z2GR hos o =tting ranges of 0.01-50.00 chms. In a
Siep Distance scheme, Z2GA must be s=t to =e a
ground fault at the mmote bus, considering such
factors s groundfault impedance, undemeach
csed b:.l intermediate fault arrent sources, amd
underreach caused by zerosequence mmtnal cou-
pling with a parallel line. Z2GR should never be =t 5o
]:Lrg\e thai:

+ The impedance point ascciaed with the
mazimum load flow plots within the MTG
characteristic on an B-X disgmram.

+ The MTG functions lo= =k:th'i.1.:.l with the
second zone ground-distince functiors on the
shortest adjoining line sction.

If the second item cannct be met by limiting the
reach, then it may be necesary to get this sele ctivity
'b}'::eui.r.g timer TL2G with additional time d=]:|.}'.

Select Zone 2 Ground Unit (SELZ2U) [0205]

This setti rmits choosing either Mho nd
distance, :Eolﬁfd d.i:r\en:ti.mamr\cumnt,ac hgth-E:IEnr
the cwe reeaching zone in a pilot scheme. For a St=p
Distance scheme, this setting has no effect on the
scheme logic, and SELZ2U may ke set to any value
within its range.

Chapter 7— Calculation of Settings

Salect Zone 2 Timers (SELZZT) [0208]

SELZ2T can be set to either YES or M. For a Step
Distanc: scheme, where a Zone 2 dme delay is
required, SELZIT must be set to YES.

Phase Timer Sstting (PUTLZP) [0207]

This Zone 2 time d.:la.:.l should he set ]onE er.h:rugh to
coordirate with the operating time of bus or
transforme rdifferential :I'E]EI.]-'S at the remote bus and
Fone 1 phas-distance m]n}s of adjoining lire
sections, added to the breaker(s) wrip time. PUTL2ZP
hasa setting mange aof 0.10-53.00 seconds.

Ground Tmmer Setting (PUTL2G) fo208]

This Zone 2 time delay should be set long encugh to
coordirmie with the operating time of bus or
transforme rdifferential :re]a.}'s at the remote bus and
Zome 1 groundditncs relaps of adjoining line
sections, added to the breaker(s) trip time. PUTL2G
hasa setting range of 0.10-53.00 seconds.

Phasze Characteristic Angle [Z2PANG) f0203]

This setting determines the characterisic shape and,
consequently, the area of coverage provided on the
E-X d.ia.grn.m of the MT phm-d.i:-‘l:moe functions, as
shown in Figure 2-9 ZZPANG can be set 1o 907, 1057,
or 1207, A W0° setting is recommended. If the desired
reach, Z2A, causes the resulant slzad.]'-st:n:
characteristic to pick up on the maimum load flow,
then a lensshaped characteristic ascciated with the
105% or 120° setting may prevent operation on load
without having to reduce the reach. The settings of
both Z2A and Z2PANG may be svaluated by using the
formula assccinted with the Maxirm Allosable
Feach method of Figure 2-10. The criterion used for
establishing the madjroum reach in Figure 2-10 is
hased an maintaining a 40° anﬁu]a.r mErgin between

angle A and angle B

Ground Characteristie Angle (Z2GANG)
fozrof

This setting determines the charcteristic shape and,
consequently, the area of coverage provided on the
BX diagram of the MTG grounddistince functions
Z2GANG can be setto 907, 105°, or 120, A 90° setting
should be usd unkss the desiced reach, Z2GR, =
such that the impedance point asociaied with the
maximurm load fow plots within the MTG seadystae
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characteristic. The settings of both 2GR and
Z2GANG may be evaluaed by using the formmla
asmociated with the Maimum Allswable Reach
method of Figure 2-10. The criterion used for
establishing the maximum reach in Figure 2-10 is
based on maintaining a 407 a.ngular margin he e en

n.ng]e Aand a.nE]e B
Zome 2 Distance Functions (Z3DIST)

Salect Zone 3 Ground (SELZ3G) [0301]
SELZ 3G can be set to either YES or NO as follovs
YES— Fone 3 is used as part of a Sep Distance
scheme and grounddistnee functions are
1= quired.
N3 - Zone 3 grounddistance functions are not
1= quired.

Salect Zone 3 Phase (SELZ3P) [a302]

SELZAP can ke set to either YES or N, as follows
YES—~ Fome 3 is used as part of a Sep Distance
scheme and phase-distance functions are
e quired.
MO - Zone 3 phase distance functions are not
1 quired.

Reach Setting, M3, Zone 3 Phase (Z3R)
fozaz]

Z3A has a setting range of (.01=-50.00 chms. In a Sep
Distance scheme, Zone 3 provides backup protection
E:rad.jo:i'ni.ng line sections cut of the remote bus. 23R
should be =t to see o multiphase fault at the end of
the lorl.gesl adjoini line = ction cut of the Emoie
bus, wn:iﬂe:r.ing mich factors as arc resistance and
underreach caused by intermedine fult carent
sources. Z3R should never be set so large that:
+ The M3 functions pick up on the maxirmim load
Hewe.
* The M3 functions lose selectivity with the third
zone phasedistance functions on the shorest
adjoining line section cut of the remote bus.

GEX- 10548

If the second itern cannct be met by limiting the
mach, then it may be necesary to get this selectivity
with additional time dela:.l.

Reach Sstting, M3G, Zone 2 Ground (Z3GH)
[az04]

Z3GR has a setting mangs of QU01-50.00 chms In o
Step Distance scheme, ZTone 3 provides backup
proection for adjcining line sections out of the
remote bus Z3GR should be s=t to see a ground fault
at the end of the Lu'r.g\est adjoining line == ction out of
the remote bus, considering such factors as ground-
fault impe dance, underreach caused by intermediate
fault amrent sources, and underreach @used h:.l
zeroscquence mutual coupling with a parallk] line.
Z3GR should never be set so large that
+ The impedance point associted with  the
maxirum load flas plos within the M3G
characterigic on an B-X dingram.
* The M35 functions lose selectivity with the third
zone ground-distance functions on the shortest
adjpining line section out of the remcte bus

If the second itern cannct be met by limiting the
mach, then it may be necesary to get this selectivity
with additional time dela:.l.

Phase Timer Setting (PUTL3F) [az05]

This Zone 5 time delay should be =t long encugh o
coordinate with the time-delayed operationof Zone 2
'pl:a:-d:'stam:e n:]a]s af ad.jod'ni.r.g line sectiors,
added to the breaker(s) trip time. PUTLH#P has a
setting range of 0.10-10.00 moonds.

Ground Timer Settmg (PUTL3G) [0308]

This Zone 3 time d.:la:.l should be =t Lu'r.g-:nough o
coordinate with the timedelayed operationof Zone 2
ground-d."stanne r\ela:.ls af ad.jocin:ir.g line = ctions,
added to the boealker(s) trip time. PUTL3G has a
setting range of 0.10=10.00 moonds.
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Phase Characteristic Angle (Z3PANG) [0307]

This = tting determines the characerstic shape and,
consequently, the area of coverage provided on the
EX d.iagmm of the M3 phn:-distam:e functions, as
shownin Figure 2-9. ZIPANG can be set o 907, 1057,
ar 120% with 90¢ = commended. If the desired reach,
Z3A, causes the resultant 5b=a.|:1:.|-mb= characie ristic to
pick up on the maximum load flow, then a lens
shaped characteristic asscciated with the 105° or
1207 setting may prevent operation on load swithout
hawing to reduce the reach. The settings of both Z3R
and ZIFANG may be svaluated by using the formmula
asmociated  with the Maimum Allswable Reach
method of Figure 2-10. The criterion used for
establishing the maximm reach given in Figure 2-
10 is based on maintining a 40* :mﬁu]ar margin
between angle A and angle B

Ground Charaeteristic Angle [Z2GANG)
[ozo8f

This :I:I:inE determines the characteristic 511:1.'p-= and,
consequently, the area of coverage provided on the
EX disgram of the M35 grounddistaince functions
ZIZAMG can be s=t to W0°, 105%, or 120° The 90
miting should be uzd unless the desired reach,
ZH5R, i such that the impedance point asociated
with the maximum load flow plots within the M3G
seadystaie characteristic. The =ttings of both Z33R
and ZIGANG may be svaluated by using the formula
asmociated  with the Mmimum Allsvable Reach
method of Figure 2-10. The criterion used for
establishing the maximm reach given in Figure 2-
10 is based on maintining a 40* :mgu]ar margin
between angle A and angls B

Zome 4 Distance Functions (Z4DI5T)

Select Zone 4 Ground [SELZ4G) fo401]

SEFAG can be st toeither YES or N, as fallows:
YES = Fone 4 is used as part of a Sep Distance
scheme and grounddistance functions are
1= quired.
NO-  Zone 3 ground-distance functions are not
1= quired.

Salect Zone 4 Phase [SELZAFP) jo£02]
SELTAF can be set to sither YES or NG, as follows

GEX- 10548

YES3— Zome 3 is used as part of a Step Distance
scheme and phasedistance functiors are

required.
NO- Zone 3 phase distance functions are not
required.
Select Direction (SELZ4D) [0411]

The directional sense of Zone 4, SELZAD, can be st
to either 0 (FORWRD) forward or 1 (REVERS)
mwrss. In a Sep Distance scheme, the Fone 4
distance functions may be either forwarddocking or
rewerselooking, Ide::.'l[_-r', a forwardlocking Zone 4
would provide baclup protection for lines two buses
remeved from the re by location. However, such use &
limited due to momimumaeach  constrainis.
Mormally, o retwerse-]ooking Fone 4 is ued when a
fomﬁrd-.lml.ing Zone 5 cannot be ued due o
maximumreach  constraints Then the reverse-
lmk:ing Zone 4bhecomes a mroersed thied zome function.

Reach Setting M4, Zone 4 Phase (Z4R)
[0403]

Z4R has o setting range of 0.01-5000 ohme. In a Sep
Distance scheme, o reversed Tone 4 provides backup
prote ction for line sections cut of the local bus, Z4R
should be set to see a multiphase fault at the end of
the ]onge:ﬂ. line s=ction, consideri such factors as
arc  mesistance and  undemreac caumd by
intermediate faualt current sources. Z4A should never
ke st 50 large that:
+ The M4 functions pick up on the mesimuom load
fome
+ The M4 functions loss selectivity with the second
zone phazdisance functiors on the shortest
line section out of the loml bus

If the second itern cannct be met by limiting the
mach, then it may be necesary to get this selectivity
with additional time dela:.l.

Phase Offset Reach (Z40R) [0405]

The Zone 4 phase distance functions can be setwith
an offset reach that is in the opposite direction from
that determined by the SELZAD setting. The Z40R
seiting & a multiplier and the actual chmic offset &
equal bo (0000407 x Z4R. A meversedMd
characteristic with offet & shown in Figure 2-11. For
Step Distance schemes, an offset :n:ai should only
te conside redwhen SELZAD is =t to 1 {REVERS). For
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a zerewoliage three-phaz fult at the relay location,
an offset setting keeps the M4 functions and the
amociated zone timer continuously energized for the
duration of the fult, since ¥4 can now onJ:.l operaie
om fult current.

Reach Setring M4G, Zone 4 Ground (Z4GR) [0404]

24R has a setting range of 0.01-50.00 chms. In a
S'Iep Diistance scheme, a r\euerse-lm]dnE Fon= 4
provides backap protection for line sections cut of
the local bus. zezR should ke set to see o ground
ol at the end of the hngest line section, consid-
ering such factors as grounddfault impedance,
underreach mused by intermediote faolt current
sources, and undemreach coused 'b} TErCSE qUETIoE
mutual coupling with a parallel line. zezR should
never be set 5o large that:
¢+ The impedance point associaed with the
mazimum load flow plots within the w4z
characterisic on an B-X dingram.
+ The wee functions loe slectivity with the
secomd zone ground-distance functions on the
shoriest line ®ction out of the local bus,

If the second item canmnot be met by limiting the
reach, then it may be necessary to get this selectivity
with additicnal time d.:la:.l.

Mote: There is an application limit on the
maximum valug of Z4GR

If Z4GE 1s set too large, then this functon may
operate for a ground fault located oo the
opposte direction to the Zone 4 reach direction,
as deermined by setting 0477 SELZ40. The
factors that determine whether the DLP Zone 4
ground distance functions will operate for a
reverse fault are: (1) the magnitude of the zero-
squence current at the elay durlng the reverse
fault, (2} the KO setting, and (3) the mach
siting, Z4GE. For these three factors, a higher
value tends to make Zone 4 ground operatlon
maore Hkely.

The following 1s the recommended procedure
for determining the maximum Zone 4 ground
reach stitng o prevent a misoperatlon for a
reverse fault:
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. For a reverse AG fault at the relay location
calculate the currenis and
voltages at the relay.

2, For a reverse BOG fault at the mlay locatlon

calculate the owrrents and voltages at the
melay.
. Use the following equation to determine the

max lmum allowahle reach:
ra
TAGR (man. ) = — LN]
|‘I‘-:- ! :|
wheme
I = maro - mgeance currant at ralay
K, = Taro - sequsnce ins mopedezce [sstting 41404]

POLite - sequence lizs impeda=ca
¥y = phass - to - ground voliags at relay (AG, BG. or 0G)

#  For the AG fault, evaluate phases B and C
#  For the BOG fault, evaluate phase A

4. The maximum allowable reach s the

smallest Zone 4 reach deermined from
equatlon (1} In step 3.

ZONE 4
FHASE-DISTANCE WITH OFFSET
o TA0R:
//’ 1

— |
By

4R

Figure 2-11. ZOMNE 4 phass distance R-X diagram
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Select Zone 4 Timers (SELZ4T) jo406]

SELZAT man be set to either YES or MO, I Zone 4
backup is required, then YE3 must be selected.

Phase Timer Setting (PUTL4P) 04077

This Zone 4 time delay should be =t long encugh to
coordinate with the time-delayed opemtion of the
appropriate zone of phaz-ditance relays, added o
the breaker(s) wip time. PUTLAP has a setting rangs
af 0.10=10.00 seconds.

Ground Timer Setting (PUTL4G) fod08]

This Zone 4 time d.cla:.l should be =t h:mg em:u.lg'h to
coordinate with the time-delayed opemtion of the
appropriste zone of grounddistinee relays, added o
the breaker (s} trip time. PUTLAS has a seiting rangs
of 0.10=10.00 seconds,

Phaszs Characteristic Angle [Z4PANG) fo409]

This s=iting determines the chamcteristic 5|:|.1p-= and,
consequently, the area of coverage provided on the B
X diagram of the M4 phasdismnce functions
ZAPANG mn ke set o 80°, 0% 050 105°, 1107, or
120¢ with 90° recommended. If the desired reach,
Z4R, causes the msultant steadystate charackerisic to
pick up on the maximmum load flow, then a lens
5'|1.:|.'p-=d. chamcteristic asociated with the 98¢, 1057,
110°, or 120° mtting may prevent operation on load
without hawing to reduce the reach.

Ground Charmcteristic Angle (Z4GANG)
fosra]

This setting determines the characteristic shape and,
consequently, the ara of coverage provided on the B-
X diagram of the M4G ground-distance functions.
ZAGANG can be set to 80°, 90, 95°, 105°, 1107, or
120¢. The 90 mttng should be used unkss the
desited reach, ZAGR, & mich that the impedance
point amcciated with the maximum load flow plois
within the Md3 steadysimte characteristc. For such a
case, a len:.-shaped. characteristic associated with the
5% 105° 110°, or 1 20% =|.1.i1'.|5 may prevent operation
omi loadwithout having to reduce the rach.

GEX- 10548

O vercurrent Supervision
{CURSUPVIS)

Ground Pilot Trip, PT, Overcurrent (PUIPT)
fosai]

For a Step Distance scheme, the pilot overcurent
Functions are not used. IPT can be set for any value
within its range without affecting scheme operation.

Ground Pilot Block, IPE, Qvercurrent
(PUIPB) [0502]

For a Step Distance scheme, the pilot overcurent
functions are not used. IPE can be set for any valus
within its range without affecting scheme operation.

Trip Superwsion, IT, Overcurrent (PUIT)
fosa3]

This ceercurent fonction provides supervision for
the distance functions. IT is used in the irip bus seal-n
circuit. For a Step Distance scheme, IT and 1B should
have the mme setting. PUIT has a stting range of
0.20—4.080 amnps. It & recommended that PUIT be set
to its minirmim value,

Block Supervision, B. Overcurrent [PUIE)
fos04]

This ceercurent fonction provides supervision for
the distance functions. For a Sep Distance scheme, T
and 16 should have the mme seting. PUIR has a
setting mnge ol 0.20—4.00 amps. It is recommended
that PUIB be =t to its minimum value .

Scheme Logic Timers (SCHEMETIM)

Trip integrator TL1 Pickup (PUTL 1) [1301]

PUTLY hais a = tting rarge of 1-50 millissconds. For o
Step Distance scheme, PUTLT can ke l=fi at any
setting within its range without affe cting scheme

operation.

POTT Coordmation TL4 Pockup (PUTLS)
[13e6f

PUTLA has a = tting range of =50 millissconds. For a
Step Distance scheme, PUTLY can ke l=fi at any
setting within its range without affe cting scheme
operation.
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line near the remote end that would m:bcm:aJl}' te + Z1ERSTm MO T APPLICATLE:

cleared in Zone 2 time. For purposes of illustration, the 215U reach setting &

Timer TL20 Delay Setting (PUTL20) [1002] determined assuming SELZTU = 1 [REACT]).

TL20 provides the time delay amocated with the Figures 3-1 and 3-8 show thar
Femote Open function. PUTL20 mn be =t over the & IL= 187266

range of 10-100 milliseconds. It & g gesied that . KO=20

PUTL20 be set at 40, - ’

& A=FED
Block Trnpping for Firss Fadure {SELFRE) . CZEB
[1003] D= -'3.5-

SELFFE can be sei to sither YES or NG, as follows

¥ES = The output of the Powntial Transformer  * E = 86— 5.6 =784
Fuse Failure function blocks all tripping that &« 2130 = 1207 % sIniS0¢ |/ sinf 120° - B0® — 70.4¢)
imitizte d b} a distanee or directional function.
The phase backup cwrcurent function, PH4,

and the ground backup cwercurment functions,
IDT and TOG, are allaved to wrip. However, if IDT z"";:é?":;"" (Z2DIST)

or TOC is di.r\ecti:rna]l}' supervised, then that
function is not permitted to rip. + SELZ2P= YES

M3 — The Potential Trandormer Fus Faiure + Z2A = 1.26 % b= 7.50 chms
function will not block tripping when it operates | Z3GRA w0 1.95% fm 7.50 chms

for o blown potential fuse (s ). + SELZIU o cNOT APPLICARLE:

= Z1EU=1352

It is suggested that SELFFE be st to YES. + SEZIT- YES
Sattings for Stap Distance LS saamds
Protection & + PUTL2G = 0.2 secomds
The fo]b:h'i.ng are examples cnfs:etﬁngs for the mmple * ZZPANG =20
sysem in Figure 2-1. » THGANG =00
el Salaction {&2" IEME! _]'h:if;up'm:lg from Figure 2-10 & used to check Z2R
SEL) an BMG:

* SELSCM = O [STEPLDST)
+ MUMRCVR= 0

= MR = siniB3® | x 18.7 7 sin{180* — E0* — (BE* — B.6%)]
= MR =18.Echms .

Zene 1 Distance Functions (Z1015T) Consequenty, with Z2A = 7.50 and ZIPANG - 0,
+ SEZIS = YES there isno risk of having the MT functicns pick up for
¢ SELZIP = YES the maxirmum load condition. Similarly, with Z2GR -

7.50 and Z2GANG = 9, the apparent impedance for
the maptimum load condition will not plot within the
MTG characteristic.

* ZIR=089x &6=65.4
+ ZIGR=0D8x6E=54

Since Z1 {source )21 {line j = 2/ Gm (.53, the protecied

line & considered long and the Zome 1 ground-dis- Zone 3 Distance Functions (Z30I5T)
tance functions are selecied to be Mho units. « SEZH5 - YES
« SEZIU =0 {MHD) = SEIZWP - YES
* 215U = cNOT AFPLICARLE: Line section €D and source E2 provide an inter-

+ ZIKO=D08Ex(18.2/8) =30 mediate current source that amplifies the apparent
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irnpe danice szen by the M3 functions at ARLE for a
muliiphase fault at the end of the longest adjining
line section, EF. With line = cthion CD switched out,
the positive sequence impedance at ARLE for a three-

phase fault at DELTA i 6+ 4.5 = 10.5 chms With line
section  CD in service, the positivessquence
impe dance at ABLE for a three phase fult at DELTA
is:
ZABLE) =ZIAB| « ZIEF |« (ICO# BB x ZIEF] .

where:

ICC=4.41 amps,

I&E = 5.04 amps .

ZIMBLE|=E+4.65+(4.41/6.04)x 4 5= 1444
ohms

Z3R = 1444 chms .

A similar equation cn be derived for the effect of in-
feed on the M3G ground-distance functions at ATRLE
with a linetoground fault ot DELTA. With the
simplifying asmimption,
IDIAE VZ1 [RE| =Z0ICOIAZ1ICO)
=I0(EF I/ Z11EF)= KO,
the following equation isvalid.

[ +(Eo-1% 0w

ZREBLE)=Z (AR )+ [EF] + EEFx
where:

i is the phase current for the faulied phas

10 is the zero-squence current

Kilm 5.2,

Forno 'pu'\ef:m]t load flow and an A-G fault at DELTA,
the currents are:

14(AE) =271 amps

1$C0) = 329 amps

IMAE) = 0.60 armps

IS0 = 0.68 amps
Therefore, the value of ZIABLE) i=
326 + 2.2 w068
27+22x=0.50

The angle of the calculated impedance above is
asumed to be at POSANG = 55 A more direct
approach to determine the apparent impe dance at

ZIABLE Jm G +4.5+ 45 -1615 chms,

Chapter 7— Calculation of Settings

ABLE for an A-G fult at DELT Awould be to ke the
remults of a short<ircuit study and @lculate the
followving e quation:

.= Wl
3[—"-5—=)-m :
'h-'hEI.'E
BeETLIERF
D= Q50 F PR,
Vi = B FOE
Z(ABLE | 1600 B3

The difference in the two approaches @mn be attrib-
uied to the simplifying assumptions made for the first
approach. The = cond approach is more eact.

+ ZIRG - 16000 chme

# PUTLP = 0.5 mconds
* PLITLES = 0.5 seconds
» ZIPAMG = U0

+ ZIGANG =90

The formula from Figure 2-10 is used to check 23R
and Z3P & RNG:

MR = sin|B0%)x 197 sInl 180 - 60 — |185° -

B85} )

MR = 18.6 chms.
Consequently, with Z3R set to 1444 and ZIPANG o
3, there is no risk of having the M3 hunctions pick up
for the maximum load condition. Similardy, with
ZHGA set to 16,00 and ZHEANG to @0, the apparent

impedance for the maimum load condition will not
plotwithin the M35 charcteristic.

Zone 4 Distance Functions (Z400ST)

= SELZAG = MO

+ SELZAP = MO
With these settings, the Zone 4 functiors are out of
ervice and the :ﬁer seitingys amcciated with Zone 4
can be set atany value within their ranges.

Overcurrent Supervision {CURSUPWIS)
« PUIPT m oMOT APPLICARLE=
* PUIPE = <MNOT APPLICARLE::
* PUIT = 0.20 amps
* PUIE= (.20 amps
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