Fault Type Selection

* Protective relaying schemes using distance
elements to detect faults along the protected line
must have logic that dependably distinguishes
fault type for both simple and complex faults.

» Using memory polarization expands the mho
circle characteristics that allow the relaysto
operate correctly for higher resistive faults.

» Also morelikely to operate for unintended fault
types as compared to self-polarized mho elements
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Fault Type Selection
» Detection is set to 300%.

Zapt fault type= \%

| m(p.u.) of ZL
| >
(Es) =
( Relay ) Fault
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Torgue - Fault Type Selection
T= Re[(m 7L O -V )¥pol ] where

Vpol = Vpol complex conjugate
T =|mrzL O -V||Vpol |cos(O(mZL O V) OVpol )
Val—[va +aVb - (1- a)\/c]/
B 3
_|Vb + avc - (1-aMa
Vbl_[[ (( )\)//Q]A
_|Vc +avVa - (l-a
Vel= A
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Torque - Fault Type Selection

Multiple distance elements detect the AG - e - 2o

fault when R. = 0.

* TheA, AB, and CA elements all detect the
fault.

CCCCCCCCCCCCCCC

* All of the noted elements use phase A vy
voltage and current quantites. (| | [ g

 This aso emphasizes the need to block the
AB and CA elements for single-poletrip

applications. R
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Torgue - Fault Type Selection

Fault Voltage Current Polarizati Torque
Type Vv I on T
A toGnd Va la+kOIr Va:\f;ﬁeorln Tag
B to Gnd Vb Ib+kOIr | Vblmem Thg
CtoGnd Ve Ic+kOIr Vclmem Tcg
AtoB Va-Vb la—Ib -j Vclmem Tab
BtoC Vb-Vc Ib—lc -j Valmem Thc
CtoA Vc-Va Ilc—la -jVblmem | Tca
KO=(z0/z1-21)/3 mem denotes memory voltage
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Torque - Fault Type Selection
« ZL=0+R.=0...4

RF TAG | ZAGl TBG | ZBGl TCG IZCGl
0 118 0.0 -30 31 29 3.1
1 81 06 -38 41 6 33
2 46 12 -33 5.2 27 41
3 28 18 27 6.5 42 52
4 17 24 .23 7.9 40 6.5
RF TAB | ZABl TBC | ZBC| TCA |ZCA|
0 56 21 0 @ 55 2.1
1 50 26 0 ® 22 3.2
2 34 39 0 @ 3 47
3 22 55 0 ® 5 6.3
4 15 7.1 0 @ -8 8.0
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Torgue - Fault Type Selection

» Multiple distance elements detect the
AG faultwhenR-=0
— The A, AB, and CA elements all detect

the fault

— All of the noted elements use phase A
voltage and current quantities

— This also emphasizes the need to block t

AB and CA elementsfor single-poletrip

applications

» Withincreasing fault resistance, the
number of elements that detect the

fault decreases

» With increasing fault resistance, the
C-Phase ground distance element

devel ops positive operating torque
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Torque - Fault Type Selection

» Zero ohms fault resistance and fault locations of O,
25, 50, 75 and 100% of the line length

m(%) TAG | ZAGl TBG | ZBGl TCG | ZCGl
0 118 0.0 -30 31 -29 31
25 36 2.0 -13 8.0 -13 8.0
50 20 4.0 -9.9 13 -9.7 13
75 13 6.0 -8.5 18 -8.3 18

100 9 8.0 7.7 23 -7.6 23
nK%) TAB | ZABl TBC | ZBCI TCA | ZCAl
0 56 21 0 w 55 21
25 13 7.8 0 o 13 78
50 43 13 0 o 4.1 13
75 07 19 0 o 05 19
100 -1.4 25 0 o -1.5 25
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Torgue - Fault Type

LINE ANGLE
~~f#_———REACH = 300%Z1L

~ 100%
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[1(la0-1a2 - Fault Type Selection

» Thefault selection logic differentiates between
single-line-ground faults and phase-phase-ground

faults
Angle Relationship of
|a2 and Id) fOI’ A Ground B Ground
Ground Faults 120°
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[1(la0-1a2 - Fault Type Selection

IA2 10

Phase angle relationship of
a2 and 180 for BCG faults
and the symmetrical
component networksthat e '
represent the faults
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[I(la0-1a2 - Fault Type Selection

» The phase to phase fault resistance can be
developed using an approach similar to the phase
to ground resistance.

_ m|ybc [lbcm Zl)| - [nb/bc (@ .
RO = m{Ibc{Ibc mZ1) e m{j/31a, {IbcZ1)
Rab ..I mb/ab (I at,) Zl)J %, a2 =1[1240°

" 7 imja*V31a,(lab 1)

I_mh/ca (FZl)J o o
Im[ja\/ﬁla2 (IcaZl)J’ asto
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[1(la0-1a2 - Fault Type Selection

» Three outputs are available from the fault
selector logic, one for each of the three
possible £60° segments

— . |y - 1, phase comparison fault selection logic

Fault Type Enabled Blocked
1 AGandBC BG, CG, BC, and CA
2 BGand AC AG, CG, AB, and BC
3 CGand AB AG, BG, BC, and CA
4 AB, BC, CA All but ABC-G
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[1(la0-1a2 - Fault Type Selection

Fault Typel = FSA30
+FSAB0* Z pg_win * (Rac| <[Rag)
+FSAG0 * Zgcomin ® QRAG| <|RBC|)
+FSAB0 * Zea-min * QRAG| <|RAC|)
Fault Type2 = FSB30
+ FSB60* Z pg_min ® QRBGI <|RAB|)
+ FSB60 * Zgc_pin GRBG|<|RBC|)
+ FSB60 * Zea-min 'QRBG|<|RAC|)
Fault Type3 =FSC30
+ FSCB0 ¢ Zpg-min * QRCG| <|RAB|)
+ FSC60 * Zpc-min * QRCG|<|RBC|)

+ FSC60 * Zcamin 'QRCG|<|RAC|)
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[1(la0-1a2 - Fault Type Selection

Zpg-MmiN = MZ pg < MZge and MZ p\g < MZp
ZBC—N”N = mZBC <mZAB and mZBC < mZCA

Zep-MIN = MZcp <MZge and MZgp < MZ pg

IM\Vag O ag 8 CA)

ZL4
| 1| I aB,Bc.cAlAB BC CAJ

masc dinac)
[|ZL| i asc +ko! )(A—BC)} In=(1a+15+1c)=31,
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MZ pg BC,CA =
Im[

MZpagc =

[1(la0-1a2 - Fault Type Selection
Va=la(mZzL,) + la[lRag

Va (m(lazL,))=m(lazL;)(m(lazL,)) +
(1aRag)(m(1azLy))
_ impaflaziy]
im{(1a){lazLy)|
Im'\/a(ﬁ”
ImHi(la{) + Iaz)j(mﬂ
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IaDg(laOHaz)

Rag =



[1(la0-1a2 - Fault Type Selection

ImVbe {IbcmzL
RbCF = f
Im|ibclibcmzL,

Rbc. = I _”n[\/bc (I bc ZL1)| .
" im|jV31a,(bczy |
Raby = —1 miveb abﬂ‘, , 2% =10240°
im|ja?31a,(labzL,
Reap = mivea Cﬂ , a=10120°
Im ja\/§la2(lcaZL1
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