KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

ELECTRICAL ENGINEERING DEPARTMENT

EE 463 - Term 121
HW # 4: Fault Analysis

Key Solutions
10.1. Obtain the symmetrical components for the set of unbalanced voltages 1, =

300£—120° Vy = 200£90°, and V, = 100L-30°.
The commands

Vabc = [300 -120

200 90
100 -30]1;
V012 = abc2sc(Vabc); ¥ Symmetrical components of phase a
V012p= rec2pol(V012) % Rectangular to polar form
result in
Voi2p =

42,2650 -120.0000
193.1852 -135.0000
86.9473 -84.8061

10.9. A generator having a solidly grounded neutral and rated 50-MVA, 30-kV has
posifive-, negative-, and zero-sequence reactances of 25, 15, and 5 percent, respec-
trvely. What reactance must be placed in the generator neutral to lumit the fault
current for a bolted line-to-ground fault to that for a bolted three-phase fault?

The generator base impedance 1s

(302 .
B = =0 = 1= Q
The three-phase fault current 15
Tyas = L = 4.0 pu
0.25
The line-to-ground fault current is
3

Ifpe = =40 pu

0.25 +0.15+0.05 + 23X,

Solving for X ;. resulfs in

Xp = 01 pu
= (01){18) =148 O



10.13. Repeat Problem 10.11 for a bolted double line-to-ground fault on phases b
and c.

The positive- and zero-sequence fault currents in phase a are

1

I = ——————— = —j7.13407 pu
T 0105+ (‘oshnor)
1 —(j0.105)(—§7.13407)
Ia = - — j4.182
‘ 50.06 ! pu

The fault current 1s

I; =310 = 12.546/00°

10.16. For Problem 10.15, obtaimn the bus impedance matrices for the sequence net-
works. A bolted single line-to-ground fault occurs at bus 1. Find the fault current,
the three-phase bus voltages during fault. and the line currents i each phase. Check
vour results vsing the zbuild and lgfault programs.

First, we obtain the positive-sequence bus impedance matrix. Add branch 1, 29 =
j0.1 between node g = 3 and reference node 0. According to rule 1. we have

ZL?S = Z9a = zp = j0.1
Next, add branch 2. x5 = 70.1 between node g = 4 and reference node 0

7(2 _ £y 0] _[401 0
bus ™ 0 Zy| a 501

Add branch 3, 94 = j0.25 between the new node ¢ = 2 and the existing node
p = 4. According to rule 2, we get

5 [3035 0 jou
-ll _ .
Z =] 0 jo1 o

j01 0§01
Add branch 4. zy5 = j0.25 between the new node ¢ = 1 and the existing node
p = 3. According to rule 2, we get

j0.35 0§01 0
@ | 0 j035 0 jo1
bus = | j01 0§01 O
0 401 0 ol

Z



Add link 5, 212 = j0.3 between node ¢ = 2 and node p = 1. From (9.57), we have
[ 4035 0 401 0 |—j0.35]
0 §035 0 01| j0.35
g6 _ | 01 0 jo1 0 | —jol
bus = 0 4ol 0 g0l joa

| —j0.35 j0.35 —j0.1 jo.1| 41

From (9.58)
AZAZT 1 __{E:D:s? o
=5 = 1| Doa | (9088 joss o1 jou]
j0.1

j0.1225 —j0.1225  j0.0350 —j0.0350
—j0.1225  j0.1225 —j0.0350  j0.0350
j0.0350 —j0.0350 j0.0100 —j0.0100
—j0.0350 j0.0350 —j0.0100 j0.0100

From (9.59), the new positive-sequence bus impedance matrix 15

[j0.35 0 j0.1 D §0.1225 —j0.1225 j0.0350 —;0.0350
g1 _ | 0 j035 0 jo1f [—j0.1225 j0.1225 —j0.0350 j0.0350
bus = 1 4ol 0 0.1 O || j0.0350 —j0.0350 0.0100 —;0.0100

0 jo1 o0 jo.1] |-j0.0350 §0.0350 —j0.0100 §0.0100

[§0.2275 j0.1225 0.0650 j0.0350
§0.1225 §0.2275 §0.0350 50.0650
= | j0.0650 j0.0350 §0.0900 50.0100
| j0.0350 j0.0650 70.0100 j0.0900

Next, we obtain the zero-sequence bus impedance matrix. Add branch 1, 210 =
70.25 between node g = 1 and reference node 0. According to rule 1, we have
ZHJ = 711 = z10 = j0.25

bics
Next, add branch 2. zan = 70.25 between node ¢ = 2 and reference node 0

[0 2] =07 0]

72 _ _
0 Za 0 §0.25

bus
Add hink 3, z15 = j0.5 between node g = 2 and node p = 1. From (9.57), we have

—j0.25
§0.25

j0.25 0
0 j0.25

(3)
z&u{! =

—j0.25 jo.25| j1



From (9.58)
AZAZT 1 [—jﬂ.?ﬁ
Zy j1 | J0.25
[ j0.0625 —j0.0625
~ | —j0.0625  j0.0625

] [ —j0.25 j0.25]



From (9.59). the new positive-sequence bus impedance matnx 1s
g0 _ [4025 0 ] ] jO.0625 —j0.0625
bus ™ 0 j0.25 —j0.0625  j0.0625
| J0.18TE §0.0625
= | j0.0625 j0.1875
For a bolted single line-to-ground fault at bus 1, from (10.90), the symmetrical
components of fault current 1s given by
1.0
Zh + 23 + ZY
_ 1.0
40,2275 4 j0.2275 + j0.1875

I)(F)=I}F)=I}F) =

= —j1.5564

The fault current 15

11 1 —j1.5564 4.6603/—90°
eFy=11a* a —j1.5564 0.£0°
1 a a* —j1.5564 0.0°

From (10.98), the symmetrical components of bus voltages duning fault are

[ 0—Z{IY 71 [0—40.1875(—j1.5564)7 [ —0.2018
VIR Fy = | Viio) — 21111111 =1 1—j0.2275(—j1.5564) | = | 0.6459
0-Z{I¢ | | 0—j0.2275(—51.5564) | | —0.3541 |
[ 0—Z%I) 7 [0—j0.0625(—j1.5564)7 [ —0.0073 ]
VIR Fy = | ViNo) — 221%111 = | 1—j0.1225(—j1.5564) | = | 0.8093
0-ZzZ417 | L0-—j01225(—j1.5564) | | —0.1907 |
[ o-zZ8I) 1 [ 0—jo(—j15564) 1 [ 0
vMEy = | vilio) — 33111111 = | 1—j0.0650{—71.5564) | = | 0.8088
0-Z37I | | 0—j0.0650(—41.5564) | | —0.1012 |
r0-Z4IY 1 1 0—j0( jl 543 1 [ 0O
VIR(Fy = | Vo) — Zjifll = | 1 —j0.0350{—j1.5564) | = | 0.9455
0-ZHhIi | Lo-jo. 03;.[:( 5564) | | —0.0545 |

Bus voltages during fault are

111 —0.2018 0/ —1307

Vik(Fy=|1 a* a 0.6459 | = | 0.9704/—116.815°
1 a a? —0.3541 0.9704/4+116.815°



(11 17[-000737 T

ViR F) =11 a® a 0.8003 | =
|1 a o [ -01007 | |
(11 17 o [

Vi Fy=11 a® a 0.8088 | =
|1 a a® ] | —0.1012 |
111 0

Vi%(Fy=|1 a? a 0.0455 | =
1 a a?] | —0.0545

| 0.9535/4114.727° |

0.9739/4117.7223"

0.5214./0"
0.9567.—115.151"
0.9567/4+115.151" |

0.7977L0°
0.9535/—114.727°

0.8011..0°
0.9739/—-117.223"7

|

The symmetrical components of fault currents m lines for phase a are

- L"g':'lfF.:'_L"i':'iF.:' 7 0007 ( _0.¢
T E.Eﬂ?ﬂjl ( 0.201%) 0.3801/ —00°
15'112 _ | VFE-VHE) 0.8003-0.6459) 0.5447/ —00°
r‘fr.r_:ffl’fr.s:- —L-f'-”"“}_—'f-'l““‘ 0.5447/—90°
L R E— z | F0.3
[ WE-VIF) T 0 p(—n2018) 1
012 Vi) Sy 0 agéa "0.8450) "
012 g L=V _ . —1.645 _ 1=/ _ e
I = | 2t | = 02 = | 1.0117£-90
L'-QE[F_:I—L'?[F_] —0.1m 2.— II- —0.3541) 1.Dll?L _gU-"
[WEVEE T o (—oemy 0
Faq =
o1 VHFWZZVHEY 00455 —0.8003) y o
912 = S| = | | =] 0suri-ar
1,?(;_;.21«'22[1:'_;. —0.0545—{ —0.1907) 0.5447  —90~
L —_ﬂg— | L Ju2 4
The line fault currents are
1 1 1 0.3891/—90" 1.4784/—00°
IgFFy=11 a® a ||05447.-00° | = | 0.1556.90°
1 a o] | 0.5447/-90° 0.1556/90°
1 1 1 0 20233/ =907
IeFy=1|1a® a || 10117400° | = | 1.0117/90°
1 a a* 1.0117/90% 1.0117590°
1 1 1 ] 1.0805 7 —00°
IfF)=1]1a% a || 05447.-00° | = | 0.5447.00°
1 a o | | 0.5447/—90° 0.5447/90°




