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Thevenin equivalent (not counting fault resistance)
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Define a vector of R¢ values to use for part C

@ = Oohm, 1.00hm... 10.00hm ) 4

Il

ZThevo :

Calculate the phase voltages and currents for a BCG fault using symmetrical componenets (assume Rf in ground path): 0 N) ...m
V¢ = Eg Ve=70V
Ve ZThev2 |
Iir(Rg) = Ior(R¢) := ~I1g(R¢)-
(R 1 1 -1 (R (R Zthev2 + (ZThevo + 3-Re) i

Nﬂroi + +
ZThev2  ZThevo + 3Ry

ZThevo + 3-Ry

Zheva + (ZThevo + 3-Ry) |

Il

Hmmﬁﬁv : L:,A?v.

Vi(Rg) = Vg~ Tip(Re)-Zs1

Va(Re) = 0~ Lr(Re) Zsp cwq%v | peador™

<o?ﬂwv =0- HowAWwV.Nmo
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Impact of Fault Resistance

1 1 1

a. = H.%.Hwoaom >o~m =1 mm. a

Hmww

1. The system below has a BCG fault at location "F". Calculate the following:

A. The angle between I and I (the result should be ang(Iy) - ang(I,)).

Eg Zg

O—~mm

Zg1 = Nog.%.wwaom

Zgy = Zg1
Zgo = 2ohm-¢) 8 All in secondary ohms
e Prefault voltage. Vpre = Es Vpre = 70V
Sequence impedances to left of fault:
m=1 Zyeft] == 2Zg1 +m-Zy 1 Z1est1 = (0.626 + 5.961) Q2
Zyefr == Zg1 + m-Z1 1 Zyefir = (0.626 + 5.961) 2

Zlefio := Zgo + m-Zy Zyefio = (2.973 + 13.6421) Q2
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HomAWmv <o¢ﬂmv
H%OAW& = Ap12- HEUAW@ <>wOAWmv = Aog1a| V1 AWwV
Lk (Ry) Va(Rs)

e PartA (and C) plot the angle of (I0) minus the angle of (I12) for Rf=0 to Rf=10:

Hﬁgm?@ = a%%?% - arg(Lor(Ry)) Il0_2ang (Oohm) = Q.NS.%L

ﬂGQ

In tabular forn)

Ry = HolwmbmAWmv =
Q) 6.293| -deg
17.644
27.333
35.27
41.661
46.799
50.956
54.356
ST
59.526
61.522
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Im(LineZ)

HBANOHR 1 wv

Im(ZpG(0-Q)) _ _ _ _

B=-=
Im(ZcG(0-))
e

Im(Zpc(0-Q))

=& —-2r

— 4t

Re(LineZ) ,Re(Zonely), Re(Zpg(0-©2)),Re(Zcg(0-9)), Re(Zpc(0-02))

e Notice that all three apparent imepdances are at the same point (the fault location) for Rf = 0 and that this is the line
impedance to the fault point.
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e Repeat the plot, zooming in a bit
e ZBC does not move (there is not fault resistance phase to phase, only phase to ground)

ReY0

Im(LineZ)

HBANobo 1 wv

o 1
F T Z T T =}

—2 =] 0 1 2 3
Re(LineZ) , Re(Zonely), Re(ZpG(Rf)), Re(Zo(Re)) . Re(Zpc(Rs))
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e Notrequired for thexproblem, but we could also look at these using the M-equations (self polarized for now):

Voo

AZU ) = —& .A@?@oﬁfvw/\\wwo?& HX

HEWOAW@H + w@ﬁ%?@yq\@ohfv

& <¥1h

womfmo?&wfwo?&b

WOT H.o_..ﬁ»z@v.ﬁawo?ﬁw + ko3 H%Afvv.mgﬁ

Zomlm% ?ﬂmv :

] [Vaoe(R), ~Vhoe(r). ) (el Vaacl]

R {1 29 (ac(v), ~1asc(Re).) [Vaocl 73, ~Vaoe(R)

Il

Mpec_selt A Ry) :

8 T T T T
Z1IMAG s ~
Mpg_self(Rf) |- ]
Zomlmoﬁ AW@ sk |
Mbc_self (R) )
— Inll‘
w | | | |
0 2 4 6 8 10

e Note that: Mbc is always equal to Z1mag (so it does not vary with Rf).
e We see here that Mbg falls below Z1mag, as was also illustrated with the mho circles.
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Tabular format of the results (not required):

Re = 0 0 0
02 0| 0.557+3.961i 0| 0.557+3.961i 0| 0.557+3.961i
1 1 1.557+3.961i i 1.387+4.266i 1 1.338+3.722i
2 2 | 2.557+3.961i 2 2.22+4.615i 2| 2.099+3.513i
3 3| 3.557+3.961i 3| 3.039+5.005i 3| 2.838+3.323i
4 | 4.557+3.961i 4 3.833+5.43i 4 | 3.556+3.143i
4 = 10 Zpca(Re) = 1O Zega(Re) = 10
5 5| 5.557+3.961i 5| 4.594+5.877i 51 4.254+2.969i
6 6| 6.557+3.961i 6 | 5.322+6.334i 6| 4.937+2.795i
7 7 | 7.557+3.961i 7 6.018+6.79i 7 5.607+2.62i
8 8 | 8.557+3.961i 8 | 6.689+7.239i 8 | 6.266+2.442i
9 9| 9.557+3.961i 9| 7.339+7.678i 9| 6.918+2.261i
10 10| 10.558+3.96i 10| 7.976+8.104i 10| 7.563+42.077i
Im(LineZ)
HBANobn:nv
Wll
Im(ZpGa(0-0))
HBANOQ%. va 21 e Since there is no fault resistance,
1‘ this result is unchanged
Im(Zgca(0-©)) A
=6
-2 0 2

Re(LineZ) , Re(Zonely),Re(ZpGa(0-Q)), Re(ZcGa(0-Q), Re(Zpca(0-))
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Part C, with resistance varying from 0 to 10 ohm.

101
Im(LineZ)
HBANobm 1 wv 5T
thmw.@Aw% Wn
w%o%w (R¢))
HBANWOW ﬁﬂmvv |
o2 Ce
I_ 5 0 “m

Re(LineZ) , Re(Zonely), Re(ZpGa(Rs)) . Re(Zcca(Re)) , Re(ZBca(Rs))

e Notice that ZBG and ZCG now vary more as straight lines, and ZBC varies in a straight line.
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° Zcg only intersects the Mho circle when the fault resistance is 0 and the fault is at the zone 1 boundary.
e Not required for the problem, but we could also look at these using the M-equations (self polarized for now):

Re A<>wQA W& 1 gv

WQTH.%.NEZQV .AHEWQAW& +Xko-3Topa(Ry) m<>w0m Ry) B

Mbg_selfa A Ry v =

womf&omﬁwmv ‘Vagca(Rs) v
znumlm%wAWmv : v

WQTH.%.NEZQV .?ﬁwom?ﬁv +ko-3Topa(R

(Vi)

Wo:/ﬁﬁwokwmv - <>womﬁ~mvwv . A<>womﬁfov 1- <>w0mﬁ~mvmﬁ

WQTH.w_..NEzov.AFwomAEvH - H@omﬁfvwv._w?sywomﬁ?f —~ <>womAwmvwvb

Il

Mbc_seifa( R¢) :
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Protection of Power Systems II Spring 2017
Note from the figure
00 2= arg(IAo) - arg(IAz) 00 2 = —240.14-deg
10_12ang := | (69 5+ 360deg) if 69 5 < —180deg
(60 2 - 360deg) if 69 » > 180deg
B o otherwise
w=® 10 [2ang = 119.86-deg
FSA = |1 if (-30deg < I0 I2ang < 30deg)
0 otherwise
FSA =0 Since FSA=0, the fault is NOT AG or BCG
FSB:= |1 if (90deg < I0 I2ang < 150deg)
0 otherwise
FSB =1 Since FSB=1, the fault is either BG or CAG
FSC:= |1 if (-150deg < I0 I2ang < —90deg)
0 otherwise
FSC=0 Since FSC=0, the fault is NOT CG or ABG
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