KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

ELECTRICAL ENGINEERING DEPARTMENT

EE 463 — Term 131
HW # 4: Symmetrical Faults

Key Solutions
From Text: 10.1; 10.9; 10.13; 10.16
Extra Problems:

Problem # 1)

A 60-Hz turbogenerator is rated 500 MVA, 22 kV. It is Y-connected and solidly
grounded and is operating at rated voltage at no load. It is disconnected from
the rest of the system. Its reactances are X = X} = X, = 0.15 and X, = 0.05
per unit. Find the ratio of the subtransient line current for a single line-to-
ground fault to the subtransient line current for a symmetrical three-phase
fault.

Problem # 2)
Find the ratio of the subtransient line current for a line-to-line fault to the
subtransient current for a symmetrical three-phase fault on the generator of

Problem #1.

Due Dates:
UTR Classes: Nov. 28" 2013.

MW Classes: Nov. 27" 2013



10.1. Obtain the symumetrical components for the set of unbalanced voltages 1, =
300£—-120°, Vy = 200£90°, and V, = 100/ -30°.
The commands

Vabc = [300 -120
200 90
100 -301;
V012 = abc2sc(Vabe); % Symmetrical components of phase a
V012p= recZpol(V012) % Rectangular to polar form
result in
V012p =

42,2650 -120.0000
193.1852 -135.0000
26.9473 -84.8961

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 m the generafor neufral to linut the fault
current for a bolted line-to-ground fault to that for a bolted three-phase fault?

The generator base impedance 1s

30,
g = (Erﬂ]l =1= 0
The three-phase fault current 1s
Ifsg = : = 4.0 pu
0.25
The line-to-ground fault current 15
3

Itra = =40 pu

0.25 +0.15 + 0.05 + 3X,

Solving for X,,. results m

XNp = 01 pu
= (0.1)(18) =1.8



1[};113. Repeat Problem 10.11 for a bolted double line-to-ground fault on phases b
and e.

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

1
It = e
a jﬂ.lﬂ5+j(l\0:[)85£ﬂ:0®) ai. 07 pu
1 — (j0.105)(—;7.13407)
. R— e
¢ 70.06 = j4.182 pu

The fault cutrent is

I; =310 =12.546200°

10.16. For Problem 10.15, obtain 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 in each phase. Check
your results using the zbuild and Igfault programs.

First, we obtain the positive-sequence bus impedance matrix. Add branch 1, z3p =
0.1 between node ¢ = 3 and reference node 0. According to rule 1, we have

ZE,L)S = Zs3 = z30 = J0.1

Next, add branch 2, z49 = j0.1 between node g = 4 and reference node 0

z® — Zzz 0 | _ j0.1 0
bus 0 Zu 0 501
Add branch 3, 204 = j0.25 between the new node ¢ = 2 and the existing node
p = 4. According to rule 2, we get

j0.35 0 50.1
z& = 0 jo1 0
jo1 0 401

Add branch 4, z;3 = j0.25 between the new node ¢ = 1 and the existing node
p = 3. According to rule 2, we get

j0.35 0 0.1 0
0 4035 0 301

jo1 0 j01 0
0 jo1 0 301

Add link 5, z12 = j0.3 between node g = 2 and node p = 1. From (9.57), we have

[ j035 0 501 O —50.35 |
0 4035 0 j0.1{ j0.35

30.1 0 401 0 |—j401
0o jo1 0 j0.1| jO.1

5
2 -

| —j0.35 j0.35 —j0.1 jO.1| 41



From (9.58)

. —j0.35
AZAZ 1| jo.35 . . o
s 3_3_0.1 [ —50.35 j0.35 —j0.1 jO.1]
50.1

j0.1225 —50.1225  j0.0350 —;0.0350
—j0.1225 j0.1225 —;0.0350  j0.0350
= | j0.0350 —;0.0350 50.0100 —;0.0100
—j0.0350  70.0350 —350.0100 j0.0100

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

7j0.35 0 0.1 0 j0.1225 —j0.1225 §0.0350 —;0.0350
g _ | 0 3035 0 jO1| _j0.1225 70.1225 —;j0.0350 50.0350
bus = | j0.1 0 501 0 50.0350 —j0.0350 §0.0100 —;0.0100

. 0 401 0 j0.1 —50.0350 50.0350 —350.0100 50.0100

£ j0.2275 §0.1225 j0.0650 50.0350
50,1225 §0.2275 50.0350 j0.0650
= 170.0650 j0.0350 50.0900 50.0100
| j0.0350 j0.0650 50.0100 j0.0900

Next, we obtain the zero-sequence bus impedance matrix. Add branch 1, 210 =
§0.25 between node ¢ = 1 and reference node 0. According to rule 1, we have

7 = 711 = 210 = j0.25

Next, add branch 2, 299 = j0.25 between node ¢ = 2 and reference node 0

z® _[Zu 0] _[4025 0 ]
bus — | 0 Zoo | 0 40.25 |
Add link 3, 212 = 50.5 between node ¢ = 2 and node p = 1. From (9.57), we have

j0.25 0 |—j0.25]

7® 0 j0.25| j0.25
bus

—50.25 j0.25| jl
From (9.58)

AZAZT 1 [ —50.25
- = = ; —40.25 50.25
Za4 jl[ 70.25 ][ J.26 025 |
B j0.0625 —30.0625
= | —j0.0625 30.0625



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

70 [ j0.25 0 ] _[ j0.0625 —j0.0625
b 0 j0.25]  [-j0.0625 j0.0625

[ 0.1875 §0.0625
= | 0.0625 j0.1875

For a bolted single line-to-ground fault at bus 1, from (10.90), the symmetrical
components of fault current is given by

- 1.0

CZh + 24+ 2

- 1.0

~ 50.2275 + 50.2275 + j0.1875

I(F) = I{(F) = I{(F)

= —4j1.5564
The fault current is
111 —51.5564 4.6693/—-90°
I(F)=|1a® a || —j15564 | = 0£0°
1 a ]| —j1.5564 0£0°

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

- 02919 1 [0-;0.1875(—j1.5564)] [ —0.2918 ]
VOR(Fy= | V}0)-Z} I} | = | 1- j0.2275(—51.5564) | = | 0.6459
o_ 20 | lo-jo2ers(—jis564) | | —03541 ]
- 0—2Z%10 1 [0-—j0.0625(—j1.5564) ] [ —0.0973 ]
V(R = | VA(0) - 21} | =[1- j0.1225(—51.5564) | = | 0.8093
| o-z3? | [0-30.1225(—;1.5564) ] L —0.1907 |
T o0-2Z91% 1 [ 0-jo(-j15564) 1 [ O ]
VOR(F) = | V&0)-ZhI{ | =|1~- j0.0650(—;1.5564) | = | 0.8988
0—-2z3I? | | 0-;0.0650(—;51.5564) | | —0.1012 ]
ro0-2z919 1 [ 0-j0(-j15564) 1 [ O
VO(F) = | V}(0) - Z41} | = | 1-30.0350(—j1.5564) | = 0.9455
0—241% | [ 0-30.0350(—j1.5564) | | —0.0545 |

Bus voltages during fault are

11 177[-0.2918 0/—180°
Vee(F)=1|1a® a 0.6459 | = | 0.9704/—116.815°

1 a a? —0.3541 0.9704/+116.815°



a a

11
VE(F) = | 1 a?
1

1
VsabC(F) - |: 1 a‘Z
1

a a

111
a

mﬂbc(F)= |:1 02
1 a a

1
a

1 1
a

g —0.0545

—0.0973 T 0.5214/0°
0.8093 | = [ 0.9567/—115.151° ]
—0.1907 | 0.9567/+115.151°
0 0.7977£0°
0.8988 | = l 0.9535/—114.727° }
—0.1012 | 0.9535/+114.727°

0
0.9455 | = | 0.9739/-117.223°
0.9739/+117.7223°

0.8911/0° :l

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

[ V3 (F)=VP(F) "
bl ol iR

z
12
IU]? _ VQI(F)_Vll{F)
= [ S R
12
Vg(F)—VE(F)

i Ll it
L 212 i

[ VR(F)-VP(F) ]
E-A )

1 Z13 1
I012 _ Vi (F)-V; (F)
= - =1

31 , 2L ,
VZ(F)=V{(F)
= "

s 213

[ VP(F)-V(F)
Ve V5 (F)

1 24 1
IOIQ - Vy (F)=Vy (F)
42 — T

V2(F)-V2(F)

—0.0973—(—0.2918)

70.5
0.8093—0.6459)
70.3
—0.1907—(—0.3541)

j0.3

0—(—0.2918
o0
0.8988-0.6459)

70.25
—0.1012—(—0.3541)

L 224 4

The line fault currents are

11 1
Iﬁ‘{’c(F)z 1 a2 a
1 a a?
11
gEE) = |1
1 a a2

0.5447/-90°
0.5447/-90°

0
1.0117/90° | =

0.3891/-90° }

70.25

0—(—0.0973)
o0
0.9455—0.8093)

70.25
—0.0545—(—0.1907)

70.25

1.0117/90°

0.3891/-90°

= | 0.5447/-90°

0.5447/-90°

0

= | 1.0117/-90°

1.0117/-90°

0

= | 0.5447/-90°

0.5447/-90°

0.1556/90°

1.4784/-90°
0.1556/90°

2.0233/£-90°

1.0117/£90°
1.0117/£90°



11 1 0 1.0895/—90°

I%(F)= |1 a® a | |0.5447/-90° | = | 0.5447/90°

1 a a? 0.5447/—90° 0.5447/90°
Problem # 1)
Solution:

Single line-to-ground fault:

1

(1 = = -7 i
I; 015101577015 72.857 per unit
I, = 3IV = —;8571 per unit
a P
Three-phase fault:
: 1
I, = }Bﬁ = —76.667 per unit

The ratio is 8.571/6.667 = 1.286/1.
Problem # 2)
Solution:

Line-to-line fault:

1

Y = = —33.3 i
a 7015+ 70.15 73.333 per unit
% = —I{1 = 33.333 per unit
I = &*1(Y = 3.333,150° per unit
Iy, = alI'P = 3.333,210° per unit

Iy = IEEU-E-I{,Q = —5.773 per unit

the ratio is now

5.773/6.667 = 0.866/1



