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Protection of Power Systems 11 Spring 2017
3 ECE 526: Homework #1
’2. Due Session 6 (January 31)
- 1. A distance relay is installed at Bus! as indicated to protect the line from Busl to Bus 2.
) Set zone 1 to protect 80% of the length of the line and zone 2 to protect 125% of the

length of the line. The impedance values are in secondary ohms.

BUS 1 BUS 2
RelayR

% O—ofo m”iO

ZL1 =5 ohm 850

345KV ~ 345kvﬁ
gs0  ZL27Z1
Zgq1 =2.5 ohm 70 = 3%7
L0 =3"Z1 - o
Zr4 = 2.5 ohm /85
Z57=Zg1 R
. ZRo=Z
Zgo = 3*Zg1 R274R1
ZRo = 3"ZR1
800A 345kV |
CIR = —— PTR =
SA 120V

A. For an unfaulted condition, how much load current can flow (unity power factor as
measured at the relay) from BUS 1 to BUS 2 without the zone 2 element picking up
if the distance relay is a simple impedance relay? What if the power factor is 0.8
lagging? Assume BUS 1 has a voltage of 1.0 pu. Does it matter if power is going
from BUS 1 to BUS 2 or from BUS2 to BUS 1?

B. Repeat if a mho relay is used instead. o w ’ o f@-‘h

C. With the breaker at bus open calculate what the following mho elements will calculate
for a SLG (AG) fault at 70% of the way down the line (AG, BG, CG, AB, BC, CA)
( if the fault resistance is zero. Plot your results against a mho circle. You can use a
fault program to calculate the voltages and currents seen by the relay if you wish to
do so). Repeat with Rf = 1 ohm and with Rf = 4 ohms

D. Repeat part C if the circuit breaker is closed.

prose—

- LL, 2, DLG

(Re =o)
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ECE 526: Lecture 4

Derivation of k0 zero sequence current (or residual current) correction
factor for ground fault elements

For most transmission lines the zero sequence impedance is not equal to the positive sequence
impedance. As a result, a simply V/I calculation at the relay will not give the correct effective
impedance for a fault involving ground.

Derivation

Voltage seen at the relay for a SLG fault on phase A (based on the figure below):

Fault location is m% of the way down the line.

VA= IamZag+ Vipa + Vinca + Ia-Rr 1)

— ®
—

Where:
Zas 1s the self impedance of phase A of the line
VimBa = mZy- I
Vimca = mZy,-Ic
e Note that these terms represent the induced voltages due to inductive mutual

coupling between phase A and either phase B or phase C.
® Zp is the mutual impedance (assuming equal spacing between conductors)
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m\ We can rewite equation (1) as follows (note that In*Z,, is both added and subtracted)
- VA = Iam(Zos — Zny) +(Ia+ 15 +1) m Z + [y Ry )
¢] Now think back to the impact of the symmetrical components transformation
on the impedances. Start with a 3x3 impedance matrix for the line:
Zas Zm Zm

Zine = | Zm Zps Zpy Since the Z,, terms are all equal, we would

Zin Zm Zos eXpect Zys = Zps = Zys = Z

Now if we convert this to the sequence domain with the transformation matrix:

1 1 1 1 1 1

- 1
Apgpp =11 a2 a Ao12 = g 1 a 212
1 a a2 1 a2 a

—1
Zo12 = Ao12 Ziine Ao

Resulting in:
Zo 0 0
Zo12=|10 Z; 0 where we would find that:

Zy=Zs+2-Z
So if we look at equation (2) again (repeated here) to try to express the result in terms of Z; and Z,:
VA= Tam:(Zgs - Zm) + (Ta+1g + Io) m Zp + 15 R¢
) S
e First we see that:
A Zas — Zm
° Now we want to be able to replace Zy, with a function of Z; and Zy. We

can work from the two equations above. From the first equation:

Zg = Zl—l-Zm
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Substitute this into the second equation resulting in:

Zo= Tyt 37,

Now rewrite the voltage equation:
VA = IA-m-(Zl) + (IA+ Ig + IC)‘m.’:é.(ZO - Z]):, + IA'Rf

We can factor out the "m" term:

V= m-[IA-Zl +(Ta+1p+ IC)-B-(ZO - zl)ﬂ +I5-Re

We also know that the residual current (or the the current through neutral

of'the CT's) is: M
W\
_ rosigvad) V! raa

I =31y = Ia+1p +Ic
Therefore:
V, = m-[IA-(Zl) + (IR).B-(ZO = Z1)ﬂ + IR (4a)

or in terms of the zero sequence current:

V, = m~[IA-(Zl) + (3-10)-B-(zo - zl)ﬂ + IRy (4b)

Which can be rearranged and written as:

1 Zo—=24
Vo= mZy: Ip +IR: 5

j +1a-Re 5)

Z1

o Note that the term multiplying the residual current, I, needs to be divided by 74
since the entire term in the outer brackets is multiplied by Z;.
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L Fer SFU
OBk
V, = m-Zl-(IA+kO-IR) +I5-Re (5a)
Or in terms of I'(.)_:_\J D (0(‘ v-)
56\ g

So the phase A to ground relay element could be viewed as calculating: /‘

T, memier - ZoWechive (), Rt iavolns

ooy Qrouns on place /

Va=mZ(Ip+ k0-3-Tp) -+ Ip-R (5b)

Note that the fault resistance is not going to be part of the equation since it is an unknown

This will give the effective impedance for a fault on phase A and include the effect
of the common mode (zero sequence) current on other phases as well as zero sequence
imbalance in the lines.

Similarly

Vb Ve
ZBG = ——— 2cG= ———
Iy + kO-IR I. + kO-IR
Example

Consider a phase A SLG fault at 80% of the length of the line in front of the relay. Assume
that the source impedance is zero. Assume no load current, unfaulted phases have no current.

y 120V
Z1 := lohm-¢ ' 8398 V, 1= 1.

120w Va
/3

Ideal source
72 =71
Z0 := 3.50hme’ 80d¢8

_70-71
371

kO : [ko| = 0.84 arg(k0) = —6.99-deg

Va
I() :

= S0 [To| = 15.76 A arg(Tp) = 8.18-deg
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Apparent impedance using only phase A current:

L4 19/

' Zineas = — |Zmeas| = 1.4702

arg(Zmeas) = 81.82-deg

S

Notice the simply calculating V/I does not give the correct result, which should
be 0.8*%Z1

Now use the term with the zero sequence correction factor:

Va
ZpG = Trr ko3l |Zag| = 0.80 arg(Zag) = 85-deg

Now look at what happens on the unfaulted phase to ground elements:

, Va_e—j- 120deg
T |ZBg| = 1750 arg(Zpg) = ~31.19-deg

, Va-ej. 120deg

€o 0 + kO0- 31y IZCGI = 1.75Q) arg(ch) = —151.19-deg

So notice that the unfaulted phases will see a fault impedance due to the zero sequence

No6 coupling between currents. ‘ M
[\ For completeness: m G i l E

V/“B &~ V, — Vo 1'120deg v, 120deg _ v, |
- Zapi= - O0A Loy = v e Zpc not impacted
pea af af by the fault
/

Now plot these impedance values against a Mho characteristic set at 80% of the line length.

(&
';Pc'; k:=0,1.719

71 Z1[ Y ;.
tadyihossns] = 0.8-% olisethorgmeT 2= O.8-(%je] wg(Z1)

i-k-0.5de
Zionely ‘= offsetythozonel + rathozonel'eJ &

Zm\Lh'
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L1 W20

0
LineZ =
71

Za%

=
t

E,V/ fA

LAG

Zen

X
Zcl

ol

Re(LineZ) ,Re(Zonely), Re(ZAG), Re(Zimeas) , Re(Zpg) , Re (Zco),Re(ZaB), Re(Zca)



