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Key Solutions

From Text:

9.2. The system shown in Figure 67 shows an existing plant consisting of a gener-
ator of 100 MVA, 30 KV, with 20 percent subtransient reactance and a generator of
50 MVA. 30 KV with 15 percent subtransient reactance, connected i parallel to a
30-kV bus bar. The 30-k'V bus bar feeds a transmission line via the circuit breaker

C which 15 rated at 1250 MVA. A gnd supply 15 connected to the station bus bar
through a 500-MVA. 400/30-kV transformer with 20 percent reactance. Determine
the reactance of a current limiting reactor in ohm to be connected between the grid

system and the existing bus bar such that the short-circuit MVA of the breaker C
does not exceed.
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FIGURE &7

One-line diagram for Problem 9.2,



The base impedance for line 15

_(30)* _
ZB="150 =% ¢

The reactances on a common 100 MVA base are

N 100

XY =—(02)=0.2 pu
oy 100

J"dg? = EI:G].E:I =10.3 Pu

100
T s00

(0.2) = 0.04 pu

The impadance diagram 1s as shown i Figure 68.
Reactance to the pomt of fault 1s

- So 100
Af = = = 0.08
X5 = Scamva = 1zmo0 - 008 e
Parallel reactance of the generators 15
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FIGURE 68
The impedance diagram for Prollem 9.2

From Figure 68, reactance to the point of fault 1s
(0.12)(X +0.04) _
0.12 + (X + 0.04)
Solving for X, we get X = 0.2 pu_, or

Xo=(X)(Zg)=(0.2){9) =158 0



9.4. The one-line diagram of a simple three-bus power system 1s shown 1n Figure
71 Each generator is represented by an emf behind the subtransient reactance. All
impedances are expressed in per umt on a common MVA base. All resistances and
shunt capacitances are neglected. The generators are operating on no load at their
rated voltage with their emfs in phase. A three-phase fault occurs at bus 3 through
a fault impedance of Zy = j0.19 per umt.

(a) Using Thévenin's theorem obtain the impedance to the pomnt of fault and the
fault current in per vt

(b) Determine the bus voltages and line currents during fault.
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FIGUEE 71
One-line diagram for Problem 9.4

Converting the A formed by buses 123 to an equivalent Y as shown 1n Figure 72(a),
we have

§0.12
§0.09 Zaq = j0.21
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FIGURE 72
Faduetion of Thévenin's equivalent network.



j0.3)(70.75 0.75)(70.45
z,, = YOIIOD) _ sy y5 g, = WOITIUOAS) _ 5 99
Jlh JLG
j0.3)( 70.45
75, = WODUOD) 4569
Jlh5
Combining the parallel branches. Thévemn’s impedance 1s
(70.2)(§0.3)
Fgg =2 1 - 0.09
B=T0a+ 03 T
= j0.12 + j0.09 = j0.21
From Figure 72(c), the fault current is
Va(F 1.0
L(F) = —205) —j25 pu

~ Zu+Z; 02144010

With reference to Figure 72(a), the current divisions between the two generators
are

§0.3 ,
Isi=————LiF)=—jl5
a1 J02+ 503 al k) Jila pu
0.2 ,
Io=————INLiF)=—jl0
@2 = gpyjo3 )= L0
For the bus voltage changes from Figure 72(a). we get
AW, =0 — (j0.05)(—j1.5) = —0.075 pu

AVy =0 — (j0.075)(—j1) = —0.075 pu
AVy = (j0.19)(—j2.5) — 1.0 = —0.525 pu

The bus voltages during the fault are obtained by superposition of the prefanlt
bus voltages and the changes in the bus voltages caused by the equivalent emf
connected to the faulted bus, 1.e.,

Vi(F)=W1(D) + AV] = 1.0 — 0.075 = 0.925 pu

Vo(F) = Vo (D) + AV, = 1.0 — 0.075 = 0.925 pu

Vy(F) = V3(0) + AVy = 1.0 — 0.525 = 0.475 pu
The shert circuit-currents i the lines are

Vi(F) — Vo(F) _ 0.925 —0.925

IIEEF:' = 219 40,75 =0 pu
Lia(F) = FIEF]N—IEI’BEF:' _ D.QE-_;I;;@L:J — _iL5 pu
f(F) < V2F) —VA(F) _ 0925 0475 _

o3 G045



9.6. Using the method of buslding algonthm find the bus impedance matrix for the
network shown 1 Figure 76.

FIGURE 76
One-line diagram for Problem 9.6

Add branch 1, 210 = j0.2 between node ¢ = 1 and reference node 0. Ac-
cording to rule 1, we have

1] .
EL{, = Z11 = z10 = j0.20

Next. add branch 2. zap = 70.3 between node g = 2 and reference node 0

72 _ Zin 0] _[j02 0
bus 1 0 Zga| | O 403

Add branch 3, 219 = j0.15 between the new node g = 3 and the existing node
p = 1. According to rule 2, we get

. 11 L1 1 j02 0 0.2
ZL&’; = | Za1 Zag 21 = 0o j03 0O
Z11 Z12 Z11 + =1 j0.2 0 j0.35

Add link 4, 20 = j0.5 between node g = 2 and node p = 1. From (9.57), we have

11 Z12 Za Z1a — 213
g4 _ Zn L Lo Zoy — Zn
bus Z31 Z3 Zyy Ty —Zy

| Zo1 — 211 Zop — 212 Loa— Z1a VAT
Fj02 0 j02 —j0.2
0 j0.3 0 j03
j02 0 j0.35 —j0.2
| —j0.2 j0.3 —j0.2  Zug




From (9.58)
Zyg =210+ Z11 + Zoo — 2710 = jO5 4902 + §0.3 — 2(50) = §1.0

and

—70.2
AZAZT 1 J
~ | 403 |[—j02 j0.3 —jo2]
44 g1 —3j0.2
j0.04 —j0.06 j0.04
—j0.06  j0.00 —j0.06
§0.04 —j0.06  j0.04
From (9.59). the new bus impedance matrix 15
02 0 0.2 j0.04 —j0.06  §0.04
Zowe = | O 403 0 | —| —j006 3009 —j0.06
| j02 0 j0.35 j0.04 —j0.06  §0.04
[ §0.16 §0.06 §0.16
— | j006 j0.21 j0.06
| j0.16 j0.06 j0.31




Extra Problems:

Problem # 1)

The bus impedance matrix of a four-bus network with values in per unit is

j0.15 j0.08 30.04 50.07
50.08 j0.15 ;0.06 ;0.09
j0.04 50.06 ;0.13 50.05
70.07 j0.09 350.05 ;0.12

Zpys =

Generators connected to buses () and 2 have their subtransient reactances
included in Zpyus. If prefault current is neglected, find the subtransient current
in per unit in the fault for a three-phase fault on bus @. Assume the voltage
at the fault is 1.0,0° per unit before the fault occurs. Find also the per-unit
current from generator 2 whose subtransient reactance is 0.2 per unit.

Solution:
At bus @),
I = LT —458.33 per unit
/ 70.12 '
0.09
Vo = OD=-— = 0. i
2 1 012 0.25 per unit
From generator 2,
1-0.25

i

I = —3.75 per unit

0.2



