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Symmetrical Components Fall 2023

ECE 523: Homework #3
Due Session 13 (October 3)

1. Create positive, negative and zero sequence Ybus and Zbus matrices for the system below to
study faults on the line between BUS 1and BUS 2. Use MZO 45 relative to Bus 1
13.2kV

.~
Z4=5+j45 ohm 150 MVA

BUS 5 DW{ Ly W{ q Xq= 15%
BUS 1 BUS2 5 -4z, BUS3 [¥ BUSE  Xp=15%

RelayR g ‘ : Xp= 10%
\ﬁ : ‘ §§ Z4=7.5+] 50 chm

- 220 :13.2kV
24 KV 24 : 230kV 22—21 150 MVA ji
80 MVA 100MVA

X{= 12% X4 =Xg= 10% Zg=424 Xq =Xp=10%
=100 Xo = 10%
Xo=12% Xg =10% 0

Zp= j10% =
0=/ ° 22321
Zo=4Z4 Y JH 7

BUS4 100MVA Equivalent motor load *
230kV

_ 0.9 lagging pf
Sp = IS50MVA Z4=Z5= j20%

Start voltage bases using rated voltage for the generator at BUS 5

2. Analyze the following faults. Use Sbase=25 M VA and a voltage base of 5kV at BUS D. You
canneglect load current in your fault current calculations. Treat all buses as being at 1.0pu
magnitude prior to the fault. Calculate by hand and with a fault program g

a. Three phase fault at Bus C. FindV andIat the fault location and at BUSA

b. SLG fault with Rf=0 at Bus C. Find V and [ at the fault location and at BUS A

¢. LL fault with Rf =0 at Bus C. Find V and I at the fault location and at BUS A

d. DLG fault with Rf=Rg=0at Bus C, Find V and L at the fault location and at BUS A

e. Compare the fault current magnitudes and voltages between each of the different fault
types

f. Using your fault program, repeat parts a-e for faults at BUS B, and comment on how the
results change with the fault location.

BUS A BUS B BUS Cc BUS D

10.0kV 10KV: 20KV Z| 1 =2 +j4 Ohm 205KV 5KV
Z5MVA SN Zin=7 20MVA  P= 1omw
Zg1=j0125pu  X=0.10pu L5 X=005pu Q=5MVAR
A-Yg _ i
ZSO = ZS" 7 —7.=7 A-Y ZO = Z1H22
0~ ~1742 Zy=24=Zy
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3. Dothe following for the circuit below. Also check your results with a commercial fault

program and show comparison in tables,

Yo

a. Calculate and sketch the positive, negative and zero sequence equivalent circuits based on
a fault40% of the way down line 2 (the lower of the two lines). Get the Ybus matrices o€

from your fault program.

b. Calculate the voltages and currents at RelayR 1 and RelayR2, for SLG, LL, and DLG W
faults with Rf=0. Irecommend using Zbus matrix methods. w

c. Repeat the part (b) for a SLG fault, LL, and DLG with Rf =0.75 pu. For the DLG put the

fault resistance in the neutral to ground path.

ZL'” =1.1pu 859
Z1 12721 14

BUS 2

21227 24
Z1 20 = 3"Z 21

345kVW€

V=1.0pu
Zr4 =0.5pu /85°

ZR2=ZRq
ZRo = 3"ZR1
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