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Subject : 210-471 Power Systems | Room : ROBOT
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1. A bundled 400-kV , 50-Hz , three-phase completely transposed overhead line has three
conductors per phase as shown in Figure 1A and 1B. The conductors have a diameter of

16.5 mm.
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(a) Calculate the shunt admittance for the line in Figure 1A. [5 points]

Answer :
(b) Calculate the shunt admittance for the line in Figure 1B. [3 points]

Answer :




2

2. A 230-kV , 200 km long , three-phase transmission line has a per phase series impedance
of z=0.20+ j0.80 Q/km and a per phase shunt admittance of y = j6x 107 S/km.

(2) Determine the transmission line ABCD constants. [3 points]

Answer :

(b) Determine the voltage and current at the sending end when the line supplies a load
of 300 MVA , 0.8 power factor lagging at 230 kV. [3 points]

Answer :




(¢) Determine the transmission-line efficiency and percent voltage regulation when
the line supplies the load in part (b). [3 points]

Answer :

(d) Calculate the receiving end voltage when line is terminated in an open circuit and
is energized with 230 kV at the sending end. [3 points]

Answer :




3. A three-phase 420-kV , 60 Hz transmission line is 463 km long and may be assumed
lossless. The line is energized with 420 kV at the sending end. When the load at the
receiving end is removed , the voltage at the receiving end is 700 kV , and the per phase
sending end current is 646.6290° A.

(a) Find the phase constant £ in radians per km and the serge impedance Z_ in €.
[4 points]

Answer :

(b) Ideal reactors are to be installed at the receiving end to keep|V, |=| V, |=420kV

when load is removed. Determine the required three-phase kVAR and the reactance per
phase. [4 points]

Answer :




4. Consider the four-bus power system of Figure 2.

T

O

Line Data
Line No. | From | To | R(pw) | X(pw)
1 1 2 0.05 0.15
2 1 3 0.10 0.30
3 2 3 0.10 0.30
4 2 4 0.10 0.30
5 3 4 0.05 0.15
] !
Figure 2
Bus Data
Bus No. Type Ps(pu) | Qg (pw) | Po(pw) | Op (pw) | | V] (pw)
1 Slack Bus - - 0 0 1.05
2 Voltage-controlied Bus 1.5 - 1.0 0.8 1.04
3 Load Bus 0 0 1.0 0.75 -
4 Load Bus 0 0 0.8 0.6 -

(a) Determine the bus admittance matrix Y,,s. [4 points]

Answer :




(b) Determine the voltages at all buses after the end of the first iteration of Gauss-
Seidel procedure. Take the acceleration factor & =1.5 and choose the initial guess

V3(0) — V4(0) =1.020° pu. [8 pOiI‘ltS]

Answer :




5. For the three-bus power system of Figure 3. Using the fast decoupled method to
determine the phasor values of ¥, and V5 . Perform one iteration. [10 points]

P,=06pu 2 1
' 3-7/9 =-2+j6 -1+;3

C O Yoo =|—2+76 4-/712 -2+j6| pu

-1+j73 -2+j6 3-j9

V2 =1.01pu 3 ¥, =1.03£0° pu

l P;=10pu
0.707 pf lagging

Figure 3

Answer :




Some useful equations

Transmission-line ABCD parameters :

Type A=D B C
Short line 1 4 0
YZ . Yz
Medium-length line| 1+~ Z Y (1 o )
2 4
Long line cosh(y I) Z sinh(y ) l sinh(y /)
Lossless line cos( A JZ_ s ) !L;(EQ

Power Flow through Transmission Lines :

Vs 1 Vra-n) | |4 VeI
Pragy = —L L|)B|R(L 2 005(03—5)—|—2L1L)~—cos(9 -6,)

s Wi | AV aen P
Ons = g sin(0; —0) ———=sin(6, - 6,)

Power Flow Equation :

P =Re{V* Y,V}: VAV Y, [cos(8, — 6, +6,)
V

Q,~=—Im{V,- Y, ,}— V1V, 117, |sin(8, - 5, +6,)

Gauss-Seidel Power Flow :

For a load bus :

1 Psch JQsch i-1 n
(k+1) (k+1) (k)
4 Y |: *(k) ZY"VJ B ZYIJVJ

i J=i+l

For a voltage-controlled bus :

Qi(kH) =-—Im V*(k) |:Z V(k+1) + ZYI/J(k):| and Qi(gen) = Qi + Qi(demand)

Use of acceleration factor :

(k+1) _ 17(k) (k+1) (k)
VED =y ® 4 gk _y i)

i,acc i,cal

Fast Decoupled Power Flow :

A—Pz——B'A(S and ﬂz—B”A|V|
Vil Vi
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