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Protection of Power Systems II

Now apply a forward SLG fault

ANAVa = 656v-eTOCE gy go3ay. I 12506des gy . J123.88deg
N

X _j.
Ao — T o1 = 14.07A.¢ ) 84-32dee e This is I+ ky*31,

j-0d
Val mem = 67V-¢ 8 WﬁanB =1
p— ol e—

a— WilBoB./\.mHlBoB

Vp_mem = (—60.44 — 0.06i) V

= VaG

Vi mem
Zpy ey = ——— 125 pre| = 43802 arg(Zp_mem) = —95.62-deg
t
Veross pol = Vp + Vo WoSmmlvoH =-1 <w's
<@loa0mmlwo_ =V,-— WOHOmmlvoﬂ./\oHdmmlvoH <vlo8mm|@o_ = (=73.08 +2.51)V

A% 1 \ { m
Zp cross = @MQMMMM@O _ Nwloaomm_ =520 mwmANwloBmmv = —97.64-deg ‘ V
a
: % %
Nomwmﬂlaoﬁl?d =05 .AN:bo + N@IBQBV NS&%IBoB!?d = 0.5- _ Zfine = NwIBoB_ ‘ '*‘0
N?dlBoB _pol, = Nommmoﬁlgoélmém._' NS&EIBQBI?\Q.%.O.M.W. deg <’¢

Nom.mwﬂloamml?\m = o.m.AN:bw + NﬁIQBmmv Nam&ﬁmlowomml?d = 0.3 _N:na - NﬁloHOmm_
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j-0.5-k-deg
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Vai=9.01v-e 12BEE o goory.g 12Ty gy q5y.r12370deg

TREV o korr = 18.01A-¢ %€ o Thisis T+ ky*31,

—%y Veross polREV = Vb + V¢

<@|Bo5lvom~m< =V,a— ilBoB./\mHIBoB <w|508|©ozﬂm< = Almm.oH - O.mm_@ \%
<@Iowomm|@om~m< = <m - WSOmmlon./\QOmmlon <<.ﬁ|08mml.©o:ﬂm< = mlﬂo.mm + N.owO/\
7 . Vv _mem_polREV
p_memREV = e _NwIEoBWm/\_ = %2282 mHmAN IBoBWm/\v = 86.94-deg
<@|08mm _polREV
NﬁISdmme/\ =

IREV a koOIr _NwIOHOmme/\_ =3.920Q mﬁ.mANwloaOmme/\v = 84.77-deg

Nommo.ﬁlaoalﬁg = o.m.AN:so + NHUIBoBWm/\v Nam&cmlgnalag =105 _N:uo - N@IBoBWm/\

N8<|5m3 Boﬂw = No@moﬁlaoalww/\ + NS&%IBQEIBA\

.%.o.m.w.mom

Nomommﬁloa%mlmo/\ =05 .Acho + N@IOHOmme/\v Nam&cmloamvmmlag = 0.5 | Zine — N@IoaOmme/\

an<|oa0mm lﬁoHHA . Nom.moﬁloaﬁummlag + NS&chQ,Ommlao,\

.Q_..o.m.w.aom
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The impedances for the system below are given in secondary ohms. The zone 1 reach of the
relay at BUS 1 is set to cover 85% of the line.

BUS 1 BUS 2
JA 1 _
= LI
75 Relayt “L _ ZR /ﬂ

ViecLL = 120V Note that this is a line to line voltage.

Z11 = mog.%.mmmmm 781 = N.mog.%.wmmom ZR1 = j-3ohm By = @H.WANHLV Or1 = 85-deg

Z1p =71 Zgy = Zg] Zry = 7R

Zrg =372y Zg) = 3-Zg)

Zro = 3-Zg1

A. With the breaker at Bus 2 open calculate how much fault resistance can be present before the the distance element

is unable to see the a SLG fault on phase A in fo ng-locations:(a)10% of the line, (b)
50% of the line and (c) 80% of the line if the relay is

(1) self polarized,
(2) cross polarized (use Vg+V()

(3) positive sequence memory polarized (use the prefault source voltage)
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Zero sequence fault current as a function of fault resistance (recall that the Ry vector starts at 0)

<
HOABUWWV = !
Z1efr1 () + Zpefio(M) + Zpefio(m) + 3-Re I ABUWWV = HOABU?V
L(m,R¢) = Ip(m,Re)
<H ABvav =Vr—-1 ABuWwv.NmH
Va(m,Rg) = 0—Ip(m,Re) Zsy
<OABUW$ =0- HOABVHN&.Nmo
HOABVW@ <oABquV
Iapc(m,Ry) = Agiz-| i (m,Ry) Vac(m,Re) = Agip| Vi(m,Ry)
I(m,Ry) Va(m,Re)

—

Soluton Option 1: Using the m-equations (calculate the effective reach to the fault)

Re(V,Vai)
Mag = = —
?ngwm. ¢ NFV (T + ko I) .A<av
i o o )
Vit = JVsecLL
— 3

p SR
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e Self Polarized Case: ,,

J
Re A/\»VWOAHHT Wmv o./\}wOABu Wwv ov

W@?NEE & NEZQV A;wo?ufvo * wO.wHOABVEVV.?%QABUW@O&

e e,

melm&m AB > Wmv =

e Memory Polarized Case:

Re m/\}HwOABuWwvo. m:bnav J /

ZNWIBQ:ABUW@ = - Z1ANG 7 \
Re ??5 ¢ v (Tanc(m.Re) + g.:&?w&.?aa%v

e Cross polarized case

<@oH108mmABquv e <>_WOAB“WHQVH + <>woABLﬂmv

2 \

————
W0A<>WOA v Npol oao%\\ﬁ v R
meloammABquV = m \

Re ?NEE g NHE@ (Lapc(m,Re) )+ ko-3To(m Ry))- Aﬁé cross(m EVL

/\\ o

/
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Rf m = lohm
—

Given

Mag_seif (0-10,Ry ) ﬂ 85
— Ha?msv = 3.03648 0

Repeating the process for the other cases:

Rgelfi0a = 3.0360 Reross10A = 7.9410hm
Rselfs04 = 4.1180hn] R crosss04 = 6.2340hm
RselfgoA = 1.7000hm Rerossg0a = 2.2060hn]

e Check results using the resistance values:

Fault at 10% of the line:

ZmMIm&wAO.H uwmoﬁoxwv = 0.85

meIQOmon.H UWQOmmS\/V = 0.85

ZWmIBQBAo.H UWBoBHo>v = 0.85

Fault at 50% of the line:

Mag_self Ao.m uwm&mo& = 0.85

meloHOmon.m 5 HNOHOmmmo\wv = 0.85

— \,
memS0A = 5.423 oEs_
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melBoBAo.m LﬂBoBm?@ = 0.85

Fault at 80% of the line:

szlmoR Ao.m Lﬂmomwox/v = 0.85
meIQOmon.m VHNOHOmmwo>v = 0.85

melaogﬁo‘muWBono\kv = 0.85

Plot how quickly M, increases with Ry for different Vo1 and different location on line.

0.85

)4
f)

QSmmlmo:v

Mag cross

(0.1,Rs

(0.1,R
meleBAo.HuWwv ar

é py—- \ .

0 2 4

10
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j-k-0.5d
Zonely := om.moﬂngo:oHlm&on.m ,Oohm) + Hm&ZSONOco_Im%AO.m > oogv.m_ &

0
711

Line imedance vector for diagram: LineZ :=

For the self polarized case we want to find R such that: _N >QABVW® — offsetyhozonsl| £ tadMbiozsnel
R¢ m = lohm e In this case we want to be exactly on the circle
Given

_N>QAO.HO LNwIBV - om,moﬂEONoumHlmoR AO.H Lﬂwlav_ = HmQEONosoHlmn_w AO.H Lﬂmlgv

Rself10_A_mho = Find(R¢ m) Rself10_A_mho = 3.036Q2

earlier we found:  Rgefioa = 3.036Q — i

As a check:

_N\yQAO.H > WmowﬁoIK?IBroV - ommoﬂgwﬁozﬁlm% Aop > Wmm_ﬂok?léoV _ - H.magowowﬂlmo_w AO.H s Rgelfl ol>l5:ov =0Q

® Now for the cross polarized case - now the Mho circle changes, but not the Zag equation

From above we had defined <@oﬁloa0mmAEu Wmv

WOHOmmlwow =]

<Hu103mmABu WwV = <>WOABVW& 0~ WQOmmlon./\.ﬁoHIoHOmmABu Wmv
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"/

Re(LineZ) , Re(Zonely), Re ANos&oamm L ,Re ANos&aoBL .Re(ZAG(0.1,R¢)),Re(ZaG (0.5, R¢)), Re(ZaG(0.8,Ry))
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Solution: There will be a couple of different effects. F irst, the effective impedance, ZAG for the mho circle, will move to the
right, since the infeed effect will be much more pronounced. At the same time, for the cross and memory polarized cases the
amount of Mho expansion will also increase significantly since the expanded circle roughly extends back by the source

impedance.
WmOHmOO “” O.QON D h HNOH.OmmHOO “” M.NQH b WBOBHOO “” L..O\NQ D
Rselsoc := 0.926 Q Big decrease Rerosssoc == 2.697 Rpmemsoc = 2.14 Q smal] decrense
Rself80C := 0.305 Rerossgoc == 0.702 Rmemsoc := 0.575 Q

< % ol
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