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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 1§ a eonstant zero
sequence impedance source such as a grounding transformer providing only zerogSeguenee current for
ground faults. The source provides no positive or negative sequence current to any. fatllti"An example is a
three-phase wye-grounded-delta transformer connected to the line on the wye, sides 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 underreaehing condition, caution is
advised when compensating in order to prevent an overreaching scenario.
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Figurel- Zero Sequence Infeed Source on the Protécted 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 valde, 2y, 1S'then used in all appropriate setting calculations.

Zo'=FZo

F- m+1- m
ko
Zot

" Zos + mZoHZor

The term m is the distance®to thefinfeed 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 uZ @nd Z, are the respective equivalent system source impedances. Figure 3
shows the value of F @s afdnction 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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Figure3- Factor F asa Function of mand ko Q
Specific procedures applicable to MDAR, REL 301/2 and REL 512 fom
Setting MDAR and REL 301/2

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

Zor

o= {\’
Zost Mo+ Zor @
Compute and set Z1P, PANG per the insth

N

3. SetZ1G to Z1P
4, Compute GANG and ZR.

:1+8T<k° 9zRr- 1) %

GANG= PANG+ arg(ZR)‘\
I

5. If ZR computes to be &1 10, the maximum setting, then the Z1G setting can be modified.
Compute the apparent e, Zspp, Using the computed large ZR value. Use the following
w

equation to compute and GANG values using a new ZR setting value that is within
tolerance.

GANG= PANG+ arg(ZR)
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Setting the REL 512 O

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

Ko Zot

N

3. SetZ1 GND REACH to Z1 PHASE REACH

4. Compute Z1 KO MAG and Z1 KO ANG.
Zoxe 1- mg 0
Z1 ko @ Q
Ko=2r-1
Z1 KO_MAG =|K(

Z1 KO_ANG = arg(Ko)

L 4
Zost+ MZo+ Zor %
Compute and set Z1 PH REACH, Z1 LINE ANG per the instruction book. %

5. If Z1 KO MAG computes to be larger than the maximu ting, then the Z1 GND REACH setting can
be modified. Compute the apparent impedance, Z,ps,.USin e computed large Z1 KO MAG and Z1
KO ANG value of step 4. Use the following equation,to pute a new Z1 GND REACH setting using
a Z1 KO MAG value of 10 and the Z1 KO ANG value p 4.

Z1_GND_REACH =

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

equation of step 5. Set the y the resulting values.

set using the followi tions where Z; is the zero to positive sequence line zone-1 impedance ratio

and K, is the zer\ current compensation factor (not to be confused with k).
0I
Zr=
Z1

1

Other Distance Relayg
The above procedur?’@ odified to accommodate any ground impedance relay. The relay can be
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Vac = Var1 + Var2 +Varo
Vac = lmZ1+ 1a2Z 2+ KolaomZo + lao(1- m)Zo
1-m

—)

Vac = lmZ1+ 1a2Z 2+ KolaoZ oM+

Zo'=Zo(m+ I m)
ko

Z1=272 \
Z1
Vac = lmZ1+ la2Z 1+ Kol aoZ o— 0@

1

Zo'8

Vac = Ziélm + a2+ Kolao—:
§ Zi;
_,E Ze | Q

o=t (O
= (la+ |2+ Kol o)

£ — ®
Vac = Zla+ koméﬁ_ 1=

& §$Z1 T \

Compute the term kg, as a function of |, at the relay.
Ia=1m+la2 +Kolao @

lar=la2= lao

la = 210+ Kolao \2
?2 +k0? @

Ia = Kolao
£ ko 3
oo o O
Kolao = Ia 9 \
Substitute and solve for the ent’ground impedance V, g/ |,
VaG = Zlng =0 . 1?2
0ot+287:1 20

& ko OsZo 00

- - 1T+
+8ko+2ﬂéz o0
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