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The Effect of Zero Sequence Infeed on Ground Distance Measurement

Introduction

Figure 1 shows a zero sequence infeed source on the protected line. The source is a constant zero
sequence impedance source such as a grounding transformer providing only zero sequence current for
ground faults. The source provides no positive or negative sequence current to any fault. An example is a
three-phase wye-grounded-delta transformer connected to the line on the wye side. This source will
cause the zone-1 ground impedance reach of the relay at Bus L to underreach the normal setting for
faults between the infeed location and the Z, reach. Since this is an underreaching condition, caution is
advised when compensating in order to prevent an overreaching scenario.
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Figurel- Zero Sequence Infeed Source on the Protected Line

Application

The infeed effect can be compensated for with a multiplying factor, F, times the line zero sequence
impedance reach value, Z,. The new value, Z;, is then used in all appropriate setting calculations.

Zo'=FZo

F- m+1- m
ko
Zot

" Zos+mZo+Zor

The term m is the distance to the infeed source expressed in per unit of the Z, reach, k, is the zero
sequence circuit current distribution factor and Z,; is the zero sequence infeed source impedance as
shown in Figure 2. Z,,, Z,s and Z, are the respective equivalent system source impedances. Figure 3
shows the value of F as a function of m and k,. Derivation of the Factor F is provided later.
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Figure 2- Sequence Network Connection for a Phase-to-ground Fault
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Figure 3- Factor F asa Function of mand k,
Specific procedures applicable to MDAR, REL 301/2 and REL 512 follows:
Setting MDAR and REL 301/2

1. Using the line impedance data, Z, and Z,, and the zero sequence infeed source impedance, Z;, and
location, m, compute K.

_ Zor
Zos+ Mo+ Zor

N

Compute and set Z1P, PANG per the instruction book.
3. SetZ1lGto Z1P
4, Compute GANG and ZR.

21G = Zarp

2 ko 6
1 1ZR-1
+gk0+2£g)( )

GANG= PANG+arg(ZR)

5. If ZR computes to be larger than 10, the maximum setting, then the Z1G setting can be modified.
Compute the apparent impedance, Z,p, using the computed large ZR value. Use the following
equation to compute new Z1G and GANG values using a new ZR setting value that is within
tolerance.

- 1-mp
zo_zo§n+ —
00

719
GANG = arg Zo)

ZR=

Znrp

& ko 6
1 1ZR- 1
+gko+ 23 )

GANG= PANG+ arg(ZR)

G =
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Setting the REL 512

1. Using the line impedance data, Z, and Z,, and the zero sequence infeed source impedance, Z,, and
location, m, compute kO.

Zot

ko =
Zos+ mMZo+ Zot

Compute and set Z1 PH REACH, Z1 LINE ANG per the instruction book.
3. Set Z1 GND REACH to Z1 PHASE REACH
4. Compute Z1 KO MAG and Z1 KO ANG.

N

ZR=é§em+ 1- mg
Z1 ko @

Ko=2Zr-1
Z1 KO_MAG =|Kq
Z1_KO_ANG = argKo)
5. If Z1 KO MAG computes to be larger than the maximum setting, then the Z1 GND REACH setting can
be modified. Compute the apparent impedance, Z,.5, using the computed large Z1 KO MAG and Z1

KO ANG value of step 4. Use the following equation to compute a new Z1 GND REACH setting using
a Z1 KO MAG value of 10 and the Z1 KO ANG value of step 4.

‘ Zarp ‘
+§£ Ko gKo
eko+2g

Z1_GND_REACH =

1

6. Itis desired to have the angle of Z1 GND REACH computed in 5 to be within reasonable tolerance of
the set LINE ANGLE. If necessary appropriately modify the Z1 KO ANG value and recompute the

equation of step 5. Set the relay with the resulting values.

Other Distance Relays

The above procedures can be modified to accommodate any ground impedance relay. The relay can be
set using the following equations where Z; is the zero to positive sequence line zone-1 impedance ratio
and K, is the zero sequence current compensation factor (not to be confused with k).

ZR:Z—O
Z1
Ko=27r-1

Derivation of Equations

The equation for V,g at the relay is computed with the symmetrical sequence components of Figure 2.
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Vac = Var1+ Var2 +Varo
Vac = lmZi1+ 1a2Z 2+ KolaonmZo + lao(1- m)Zo

Vio = laZs+ IaeZ 2+ KolwoZo(ms 2™
0
Zo'= Zo(m+1_ m)
0
Z1=272

Vac = laZ1+ la2Z1+ kolAOZO'é
1

e 0'0
Vac = Zila + laz+ Kolao—-
& 15
Vac = Zl§(|A1+ [a2 + Kol ao) + koleZ—O- Kolao*
1

9

[a=(la+ laz+ Kolaog)

o &
Vacg = Zl§|A+ koleqé- 1—

el 5
Compute the term k|, as a function of |, at the relay.

la = la+ la2 + Kolao
lar=1la2= lno

la =2lao+ Kolao

la = kolegez-l-kOg
é ko 3

kolao = |Aaa Ko 9
ko+ 29

Substitute and solve for the apparent ground impedance V, g/ |,

Vac = Zlng+ Mgﬂf_o_ 9-9
0+

VAG—ZAPP—Zlg[ % g ko Oﬂo-lgg
| ko+2 Z1 99
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