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Variation on problem from lecture 20

1. The impedances for the system below are given in secondary ohms.
BUS 1 BUS 2

Y —

Zs Relay1

N

Vg = 100V-¢ %€ at 60Hz

Vg = 100V-¢ 172098 4 &ENU so angle is just initial condition
Ay = 100hm-¢ 7298 Zgy = 4ohm-o 598 Zpy = Sohm.¢ 8338

For a period of approximately 2-3 seconds do the following:

yarcsvs

1. Plot the instantaneous voltage and current seen at relay 1 verSlon time
2. Plot the apparent impedance seen by Relayl versus time (need to have phasors to really do this right--see example posted)
3. Plot the apparent impedance in the impedance plane

Zequiv := Zs1 +Z11 + ZR1

f; := 60Hz f, ;= 58Hz

Wg1 = N.ﬁ..ﬁ Wg2 = N.ﬁ.ﬁm
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Instantaneous voltage and current versus time
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e Calculate apparent impedance seen by the relay using phasor voltage and current:

_ Zapp _

n- At
Plot with zoomed in vertical scale:
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e Scale to show the mho circle and g@o@mﬂoo” /
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Approach .N..btb? a very simple 60 Hz cosine filter
spc := 128 ncyc := 120

1:=0..spc-neye k = spc—1..ncyc-spc

spc-fi

Source Voltages in time domain

V1 = 53.@.3?.#@:@ V2; := 100V N.aimﬁ.@? — 20deg)

®

Phasors for Sources from a simple filter approximation

Viepxyg = Vg +j-V1 V2epxy = V2i +j-V2

. _Spe
Yy ¢ A

Voltage difference ~ VDifcpxy := Viepxy — V2cpxy

spc

VDifepxy
Zs1+Z11 + Zgrg

Line Current Iepxy :=

Relay voltage VRelayy := Vlepxy — Iepxy-Zgg
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Va_ 1= ,\.M _Hooﬁ .ooAEm_.ﬁBms + OV

Vb= )\M ?oo<_ .oo.wAEmN.ﬁBou + mov

Relay Sampling Rate K,=32 ks:=0,1..31

Number of cycles N = 64 0:=0,1.N-K-1

VA =

val

val

for xe0,1..(N)-K -1

M < submatrix(v,,x-2,x-2 + 31,0,0)

kg
—1-2-9T-—
K

2
valy ¢~ ——. M, -e
X HA/\M M kg

for xe0,1..(N)-K -1

M« mcgmax??x.wux.w +31 uoé

Wm

K
val AIIM M, -e
X HA/\M W Wm
S
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OUT OF STEP CALCULATIONS AND SIMULATIONS
S = 60Hz w = 2-m-f
=
e Transmission Line Impedance:
Z1L := 8ohm.¢ 87648 ZIL = (0335 + 7.9931) 0
R1 := Re(Z1L) Rl = 033580
X1 = Im(Z1L) X1 = 7.993Q
e Thevenin Equivalent Sources:
ES = 61.44V.¢ 5048
Z1S = 1.7760hm-¢ 389%
ER := 0.8 |ES| ¢ 098 ER = 49.152V
[N
ZIR := 3 30hm-¢ 389%
e Total Impedance:
ZT = ZIS+ZIL+ZIR  |ZT| = 13.0769 arg(ZT) = 87.755-deg
e Load Current
ES — ER
I oad = — |Ioad| = 3.674A arg(Ioad) = 13.842-deg
e Relay voltage during normal load conditions:
VRload == BS = I 0aq-Z1S |VRgad| = 57.637V arg(VRpoad) = 44.892-deg
e Effective Load Flow Impedance
VRLoad
Zload = |ZL0ad| = 1568602 arg(ZLoad) = 31.05-deg

ILoad
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Determing the Right Résistive Blinders

I
—
s

Inner Blinder Outer Blinder

L

Zone 5 Starting Load A‘ngle: ¥

85 := 90deg

- 215+ ZIL+ ZIR

ANGIR := §5 2 “ﬁ\

Zone 6 Starting Load Angle:
36 := 60deg

4
— s
Right Zone 5 Resistive Blinder:

'y

RID=—"7 [RiR5=65%0]
2-tan(?j

Right Zone 6 Resistive Blinder:

ANGOR = 86

21|
RIR6 = 5 [R1R6 = 11.3240 | 2
2-tan(—}
Determing the Out-of-Step Blocking Delay (OSBD) (
Slip frequency: slip .= 3Hz P-\ RS

Load angle increment between Zone 6 and Zone 5:

AJ65 := 85 — 56 AJ65 = 30-deg

Time increment between Zone 6 and Zone 5:

cycles := 1 0Ly
/
A865-f 7
OSBD := m OSBD = 1.667-cycles

/ \
Hz &9 ?mjuu
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Simulation Set up

o~ Desired slip frequency: ss := slip
3 Desired angle between steps: ~ A§ := 0.1deg
Number of steps: N := 10000
Initial step angle: 51 := 30deg
Load angle steps:
k:=0.N-1 n=1.N-1 kl:=1.N-1
dp := 61 dp =080 +n-AS
Time between steps:
Ab-f _
Ati=——""—  At=555x10"° g AT = At
ss-360deg _
Create Time Vector:
n-At ;
tp:=0 th = 5 m cycles
A
Source Voltages (allow angle for ES to vary relative to ER:
j-0 -
ol 2> ESp:=ESé & ER = 49.152V /()

p—

Relay current for each step:

_ ESi - ER Amps (rms)

= Bay = arg(Ik)

Ik :

Relay Voltage for each step:
VR := ESy — [ Z1S day = arg(VRy)

Apparent Relay Impedace:

VRg
IXN¢ = ——
I

My = |I

VM = |[VRy




ECE 526:
Protection of Power Systems 11

Session 22; Page 4/6
Spring 2017

(j‘{) 18 = \/5 ,Ik’ -sin(w-tk)
O

Instantaneous Current and Voltage at the Relay Location:

VSk = \/5 ,VRk’ -sin(w-tk)

Lzz Y,

X
\V g |

Voltage and Current

\

1000

i

. ]

\) Seconds

Voltage
Current

Now Plot Against a Mho characteristic:

Zone 2 Reachinpuof ZIL: 7R =120%

Z1 = ZR-Z1T, |Z1] = 9.60
Ziing, = ej-arg(ZlL)‘m
Define angle variation
1:=0,1..360 €] := l-deg
Z1 71 j-
Zl] = — + —-eJ “
2 2

Vectors for Right side blinders:
y i =-75,-74..75

[RIRS|

R1 ohm
R5y475 = —y+ :
X1 sin(arg(Z1L))

m:=0,1.. ,ZIL'
ohm
[R1R6|
R1 ohm

R6 =—y+
T n(arezIL
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ES = 61.44V.¢) 50deg

1218 = 1.776 )
arg(Z18S) = 88-deg

Settings for OSB
Zone 2 Reach in pu of Z1L:
ZR = 120-% LIP =

Maximum Slip frequency:
Zone 5 Entry Load Angle:
Zone 6 Entry Load Angle:

System Nominal F requency:

|Z1L] = 80 [ER| = 49.152v
arg(Z1L) = 87.6-deg |ZIR| =330
arg(ZIR) = 88-deg

|ZR-Z1L| Z2P = 9.6()

slip = 3-Hz
85 = 90-deg
86 = 60-deg
f = 60-Hz

Relay Characteristics

Imaginary

OOS Settings:
RIRS = 6.54.0hm
RIR6 = 11.32-0hm

OSBD = 1.67-cycles

OST

it L OAR

Real
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.82 i.82 i-82
ZgA = 4ohm-¢ 82deg ZsB = 50hm-¢’ 82deg Zsc = 3ohm-¢’ 82deg

® Line impedances:
. o _J-82deg . _J-82deg
Zp A = 2ohm.¢ 52deg Z1g = Sohm-¢ Zic = 3ohm-¢/

Two options for setting zone 1:

Option 1: Set the Zone 1 to 85% of the line impedance to the tap point, ZiA.

%  Z0ne| reach = 0.80-Zy 5 Zoneq reach| = 1.6 Dl_ mamANOanam%v = 82-deg
e Option 2: Set the Zone 1 to 85% of the line impedance to the tap point, Zy A plus the smaller of Z; 5 and Zia
without the infeed considered,

ZpplusB = o.wmANﬁ>+Nﬁwv _N>@Emw_ =5.950 m.H.mAN\wE:me = 82-deg

ZAplusC = o.wmANH\w._. Nﬁov ‘NE&%O‘ =4250 mﬂmAN»%EmOv = 82-deg

The smaller impedance is the case with Zy ¢, SO:

Noﬁﬂlwomowlm: = o.wmANﬁ> + NWOV Nowoﬂlaowo:lm: = b|‘ mHmANobolemmowlm:v = 82-deg
Set the Zone 2 reach to 120% of Z, 5 plus the maximum apparent impedance to Bus B or Bus C with
@REE T T
infeed included,
S

Apparent impedance from tap point to Bus B as seen from Bus A :
° The fault current will include a contribution from the source behind C
° Here is much more complete derivation if you're interested.
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The first term can be rearranged by cancelling the V£ in the numerator and denomator, plus the (Z AtTZo):

ZaZc+Z1g(Za+2Z
ZappA_ B = 3 : —Zgp = ﬁ s MwoA AT oﬁlN@»
*HN>.NO + Z1 B AN> + NOvH_ .ANOV
Za+7Z
Nm@?}lw =Za+ Nh@* —Zga

* Now substitute for Z, and Zc.

Nm@w>|wuNm>+Nh>+th.A SA + h>v+A SC+ hov

—ZsA
Zsc+Zic
So finally:
- il
- 7 s 1 B AN%, +Zra) + (Zsc + Zrc)
appA_B = LI A +Z1 - Zsc T Zic _Nmﬁs»lw_ =120 mHmAN.%?wlwv = 82-deg

° Similarly, the apparent impedance to a fault at Bus C as seen from Bus A:

ANm& + Ngv + Awa +* wav

Z =ZiA+Zr Z =6.80) arg( Z = 82-de
appA_C LA LC Zss+ Zip _ m@?}l& WA m@?»lov g

° Set Zone 2 reach using 120% of the the larger apparent impedance, which in this case is the one to Bus B.

A SA + NHLMOVHMHMOIT hov T K.Aﬂ

mHmA Zone, Sm%v = 82-deg
Notice that this overreaches the remote source impedances for either line. B

Nosomlaomor = 120%: Nh> o th.
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