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Fault Location Examples

pu:=1 MVA := 1000kW
j-120d A
a=1¢ 8 5
>SN . I a& a
1 a mw

e Example with two sources:

BUS S BUS 1 Nﬂ 5115 B
O _ LINE 1 _mA LINE 2 _
C— *
241 =0.1pu [85° _ 2, 2 =0.08 pu/85° _
ﬁm KV Z1 212111 2| 22=Z| 21 w@%/n
100Mv Z140 = 37114 Zi 20 = 3Z1 21 100MVA %

VR = 1.0pu at 0 de
Vg =1.0pu @ 0 deg Per unit line impedances R g 4

» T calculated with SB=100MVA ZR4 =j0.06 pu
Zs1=]0.03 pu and VB=345kV LL ZRo=ZR1
Zao=Z
$2Zs51 Zon = 357
. RO = 3"Z.R1
Zg0 = 3"Zg1
j-85deg i
_ . -85d
7111 : 0.1pu % Zraj = 0.0mwc.% °8
Zpy =001+01  Zpgp:=3-Zrn Z121 = 0.01 +0.08i
Zr12 =711 Zy10 = 0.03 + 0.3 Zi = Z1o1

Zg1 :=j-0.03pu
Zgy = Zg]

Zg( = 3Zg]
ZR1 :=]3-0.06pu
Zry == 7R
Zyg = 3Zg1

Z10 == 3-Z121

tho = 0.02 + 0.241
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. e Reactance Method: ' <’° w& ﬂ%

P LI s ey i S <>wO|W> A 5, Wwv .

Im

TaBc_rA (8, R¢) 5 ko- (3-Trelayao( 8, R¢) )

HBANHLNHV

MyrelayA reactance IEH.>A 0,Rf v =

MyelayA reactance Iwgﬁo ,0) = 0.6
e What do the unfaulted phases show?

Vasc ra(8.R¢) q

Im
Fwo%ﬁ??y +ko+(3-Trelayao (8 Re) )
MrelayA_reactance phB A 0,R¢ v = m ANHNHV MyelayA_ reactance phB(0,0) = —4.81
Vasc_ra (8. Ry) 5
Im

H>wom~>®,?,vw +ko+(3-Trelayao( 8, R¢) )

HEANHMHV

MyrelayA reactance IEHOAm S Rf v = MrelayA_reactance IUWOAO ,0) = -4.14

Both unfaulted phases show a negative
value. Faulted phase selection logic is definitely needed.

e What do the remote end show?
Vagc_rs(8,Ry) 5

IaBC RB(S u?,vo + o+ (3-Trelayso( 8, R¢))

HBANWNHV

Im|

MyrelayB reactance Ivgﬁm umﬂmv =
MyelayB reactance I@F?Ao ,0) =04
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e Modified Takagi Method Using Negative Sequence <’ H" .

S
Hgﬁ/\\wwmul? A 5, Wmv 0 AHH&@}M A 5, WHIV vH_

HBTS_ T\ywo rA (8 Ev +ko-(3-Trelaya0( 8. R¢) ) (Trelayaz (3 W&L

% @ w3l P,

MyrelayA Takagi Ivdmon ,0) =

MyrelayA_ Takagi IUgA 0,R¢ v =

e Remote end calculation

HBﬁ\ZwoLcw A 5, WH,V 0 ?a_m%wNA %, Wwv vu_

HBTrB .T@o@% (8.Ry) o tkor (3-TretayBo( 3. R¢) ﬁ (TrelayB2 (8, Re) L

MrelayB_Takagi phA A 0,Rf v =
MrelayB_Takagi phA (0,0) =

e Add fault resistance Rg :=0,0.05..0.2

or :=—20,-10..20

MrelayA_reactance I@gﬁmau OV = MyrelayA reactance IngoLﬂmv = MrelayA reactance lﬁgAm? O.Hv =
0.6 0.6 0.04
0.6 0.56 0.2
0.6 0.49 0.49
0.6 0.41 1.03
0.6 0.3 1.97
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MrelayA_Takagi Iwgﬁm?ov = MrelayA Takagi Iung vwﬂmv = MyelayA ﬁmwmmwlwgﬁm? O.Hv —
0.6 0.6 0.55 B
0.6 0.57 0.55
0.6 0.54 0.54
0.6 0.51 0.52
0.6 0.47 0.49

- m, Am?ov =

relayB_reactance phA MyelayB_ reactance IwF»A 0, Wmv =

0.4 0.4

0.4 0.41

St 0.43

0.4 0.45

04 0.48

a MrelayB Takagi phA A Or, OV = MrelayB_Takagi phA Ao Rf v = MyrelayB_Takagi phA Am? Hv =

0.4 0.4 0.17
0.4 0.41 1.56
0.4 0.42 0.56
0.4 0.42 0.49
0.4 0.43 0.46

° Plot performance of impedance calculation with load flow (without taking imaginary part)

ZIMAG = _NHB_ Z1ANG = NHMANFMQ k:=0,1..719
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e Line imedance vector for impedance plane diagram: L10€Z = | Z121
ZIMAG
Vasc ra(8, R) 5
IABC RA (8 u?vo +ko-(3-Trelayao( 8. R¢) )
N>QAmLﬂwv = _NHLNH_
Hll
0.8T
Im(LineZ)
— 0.
HBAN>Q Ao , Wwvv
Im(ZaG(-5,R))
Im(ZaG(5,Rg)) 04
0.2
0 2 4 6

Re(LineZ) ,Re(ZAG(0,Ry)), Re(ZaG(~5.Ry)), Re(ZaG (S, Ry))
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Double-ended with 12 (requires time aligned data) |

HBT\»E . ﬁmamz =} HE%L
HBTE [ Tar1 + o[ 3-(Totett) []-(Tarigne + HB%L

Mrelayl twoendedI2 =

dotsi necapwrhyrafuure —tums

Double-ended with V2 and 12 @eeuises time aligned data)

-

" ok Goth eng?

Vipi—Vadls mE\NE/ 32.0’&, -

Mrelay]_twoended = mg% F Fn.mEv Z12 N pN\ L

/..W.c N\osm.rﬂ
Two ended method with

Option 1. If have exactly time aligned measurements from both ends (we have that
here, but in the field we would need phasor measurement). This is sufficient for this
assignment.

/\no_m%\wm A 6,R¢ v - <~&mﬁwmﬂm R V + HRE%WNA 0,Re V Z122

Baﬂm%kPlgoo:ammlva S, Hﬂmv = AHRE% A2 A d, Wmv + Hﬂon%WNAm > Hﬂmvv Z122

o |
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Baﬂmv:»»lgoo:moalvmﬁo ,0) = 0.6 4

VrelayB2(8,Rt) = Vrelayaz (8, Re) + Irelaya2 (8.R¢)-Z122
AHSE%HWNA 5, Wmv + HRS%>N A 0, Wmv v Zy2

MrelayB_twoended p2 A 6,R¢ v =

MyelayB_twoended p2(0,0) = 0.4 Again, accurate results

e Note that since this is entirely a negative sequence calculation, the phase indication is not

needed
e
Option 2: If you don't have time synchronized data. Note that this requires knowledge of
source impedances. ——

We need to rearrange the equation below, and solve it.
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See the paper, "Impedance-Based Fault Location Experience, shows the equation after it has been
rearranged into a quadratic form to solve for m.

0= >.Bm+w.8+o

a1(8,Ry) = Re| Irclayan (8, Ry) - (Zs2 + Z112) | b1(8.R¢) = Im| Lrelaya2 (8, Re)(Zsa + Z112) |
c1(8.R¢) = Re(Lelayaa (8, R¢) - Z122) di(3.R¢) = Im(Lretaya(8,Re)-Z122)

e1 = Re(Zpa + Z12) fi := Tm(Zp, + Z12)

g1 = Re(Zp2) hy := Im(Zp2)

Aabi(8.Re) = ([Tretayma(5.Re) ) (&7 + 1r?) = (1 (5,Re) 4 1 (5, Re)?)
WQEA@LN& = IM.A _Haw_mu\WNAmuWwv_vN.AQ.mH + E.EHV - NAWHAMVWWV.OHA?W@ +GHAmLﬂwv.n:AmuWva
OQEAQVWmv = A_Hao_m%w.NvaWmv_vw.AoHN.T va - AEAmUWva+UHAmUW®NV

Now we can use the standard quadratic equation solver (we'll look at both solutions):

my_pa(8,Re) = ~“Bani(8.Ry) +)\waz®u?vm|A.>mz®uwmv.oaz®uwa
_ 1_p2{0,Kf / w.>aEAmquv

&c/cw,%
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~Bapi(8,Re) - )\w%_?ufvw — 4 Agb1(8,Rs)-Capi( 5, Re)

wcfx,%aﬁ%kv -

\N\ m; p2(0,0) = 5.35 Number much greater than 1, not
proper solution.

e Time aligned method:

MrelayA_twoended I@NA Or, OV =

MrelayA twoended l@NAo > Wmv =

MrelayA_twoended p2 AIAO s R v

0.6
0.6
0.6
0.6
0.6

0.6
0.6
0.6
0.6
0.6

0.6
0.6

=10.6

0.6
0.6

N.>aZAmuWwv

my 1(0,0) = 0.6 *

Non-time aligned method

BNI@MAm? ov =
0.6
0.6
0.6
0.6
0.6

my (0, R¢) =
0.6
0.6
0.6
0.6
0.6

my LuNALPEv
0.6
0.6
0.6
0.6
0.6
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