Solution of Home Work # 2

6.3. Use Gauss-Seidel method to find the solution of the following equations

r1 + x120 = 10
T1+x9=6
with the following initial estimates
(a) J_E':']I | and .rgjj 1
(b) 2V =1 and 20 = 2
Continue the iterations until |i~..r£k:'

and |i~..r£k:' are less than 0.001.

Solving for @1, and x5 from the first and second equation respectively, results in
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6.6. In the power system network shown in Figure 51, bus 1 is a slack bus with
Vi 0207 per unit and bus 2 is a load bus with 52 — 250 MW + 360 Mvar. The
line impedance on a base of 100 MVA is Z = 0.02 + j0.04 per unit.

{a) Using Gauss-Seidel method, determine Vo . Use an initial estimate of ]l-zl:D’l
.0+ 0.0 and perform four iterations.

{b) If after several iterations voltage at bus 2 converges to V5 0.90 — 50.10,
determine 51 and the real and reactive power loss in the line.
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FIGURE 51
One-line diagram for Problem 6.6,
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The per unit load at bus 2 is

: 280 + 360 _
Sg = -~ — 28— 3060
100
. . .. . ~p o0
Starting with an initial estimate of Trglz )
from (6.28) for three iterations are

L0+ 70.0, the voltage at bus 2 computed
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{b) Assuming voltage at bus 2 converges to V3 0.9 — 70.1, the line flows are
computed as follows
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I3 = =119 = -3.0+31.0

Si1g = Vid{; = (1.04 40.0)(3.0 4 41.0) = 3 + 71 pu
A00 MW + 7100 Mvar
Sop = Valyy = (0.9 — j0.1)(=3.0 — j1.0) = —2.8 — j0.6 pu
—280 MW — 360 Mvar

The line loss 1s
Sp1a = S1a + Szp = (300 + 7100) + (=280 — 760) = 20 MW + 540 Mvar
The slack bus real and reactive power are Py — 300 MW, and (1 — 100 Mvar.

6.7, Figure 6.6 shows the one-line diagram of a simple three-bus power system with
generation at bus 1. The voltage at bus 1 is V] = 1.040% per unit. The scheduled
loads on buses 2 and 3 are marked on the diagram. Line impedances are marked in
perunit on a 100 MVA base. For the purpose of hand caleulations, line resistances
and line charging susceptances are neglected.

{a) Using Gauss-Seidel method and initial estimates of L':.Z,':D] = 1.0+ 30l and V;u] =
L0+ §0, determine Vo and V. Perform two iterations.

() If after several iterations the bus voltages comverge to

Vs = 0.00 — 0.10 pu
Vy = 0.05 — j0.05 pu



determine the line flows and line losses and the slack bus real and reactive power.
Construct a power flow diagram and show the direction of the line flows.

(¢) Check the power flow solution using the Ifgauss and other required programs.
{Refer to Example 6.9.) Use a power accuracy of 0.00001 and an acceleration factor

of 1.0,
v, = 1700 i 2

— 400 MW
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E[E}f | s> 390 Myvar

300 MW 270 Mvar

(a) Line impedances are converted to admittances

1z = —330
- — 80
3= S50125 ~
1
- — —490
Y23=S005 ~ 7

At the P-Q buses, the complex loads expressed in per units are

(400 + j320)
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S35 = 100 3.0 —32.7 pu

For hand calculation, we use (6.28). Bus | is taken as reference bus (slack bus).
Starting from an initial estimate of V:}Dj = 1.0 4 50.0 and 1-"9?]:' = 1.0+ 300, V5
and V3 are computed from (6.28) as follows
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=4822 4 (—530)(1.0 + 50) + (—320)(1.0 + 50)

N — 750
= 0.936 — j0.08



and
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= 0.9602 — 50.046
For the second iteration we have
@ _ T 4 (—530)(1.0 4 50) 4 (—520)(0.9602 — j0.046)
2 - u
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= 0.9089 — 50.0974

and

@ _ Teesp s + (—380)(1.0 + 70) + (—720)(0.9089 — j0.0974)

T (—j100)
= 0.9522 — ;0.0493
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The process is continued and a solution is converged with an accuracy of 5 x 107"
per unit in seven iterations as given below.

V¥ = 0.9020 — j0.0993 Vi3 = 0.9505 — j0.0498
Vi = 0.9004 — j0.0998 Vi = 0.9501 — j0.0500
vi® = 0.9001 — 50.1000 V4®) = 0.9500 — j0.0500
V% = 0.9000 — j0.1000 V49 = 0.9500 — j0.0500
V2™ = 0.9000 — j0.1000 VAT = 0.9500 — j0.0500

The final solution is

Vo = 0.90 — 50.10 = 0.905554/—6.34° pu
V3 =0.95 — 70.05 = 0.9513.-3.0128° pu

(b) With the knowledge of all bus voltages, the slack bus power is obtained from
(6.27)

Py — 30 = V' [Vi{me +y13) — (v12Va + 113V3)]
= 1.0[1.0(—530 — j80) — (—530)(0.9 — j0.1) —
(—780)(0.95 — j0.05)]
=70 —=a7n



or the slack bus real and reactive powers are M) = 7.0 pu= 700 MW and (}; = 7.0
pu = 700 Mvar.

To find the line flows, first the line currents are computed. With line charging ca-
pacitors neglected, the line currents are

T2 = y12(V1 — Vo) = (—330)[(1.0 + 50) — (0.90 — 50.10)] = 3.0 — 3.0
Ioy = —ls = 3.0+ 33.0

I3 = y13(V1 — V3) = (—380)[(1.0 + jO) — (0.95 — 4.05)] = 4.0 — j4.0

Iqy = —1i3 = —4.0+ 34.0

Iz = 1a3(Va — V3) = (—3520)[(0.90 — 50.10) — (0.95 — 5.05)] = —1.0+ 1.0
T30 = —Ips = 1.0—j1.0

The line flows are

Sio = Vi Iy = (1.0 + j0.0)(3.0 + j3) = 3.0 + j3.0 pu
=300 MW + ;300 Mvar

Sop = Valy; = (0.90 — j0.10)(—3 — j3) = =3.0 — j2.4 pu
= —300 MW — 5240 Mvar
S13 = Vil{3 = (1.04 j0.0)(4.0 + j4.0) = 4.0 + 4.0 pu
=400 MW + ;400 Mvar
S3p = Valgy = (0.95 — j0.05)(—4.0 — j4.0) = —4.0 — 3.6 pu
= —400 MW — 5360 Mvar
Sog = Vol33 = (0.90 — 50.10)(—1.0 — j1.0) = —1.0 — j0.80 pu
= —100 MW — 780 Mvar
Sap = Valgy = (0.95 — j0.05)(1 + 41) = 1.0 4 0.9 pu
= 100 MW + ;790 Mwvar
and the line losses are
Sp 12 = 812 + S5 = 0.0 MW + 560 Mvar
Sp13 = S13 + 531 = 0.0 MW + 740 Mvar
Sros = S23 + S32 = 0.0 MW + 710 Mvar
The power flow diagram is shown in Figure 6.7, where real power direction is

indicated by — and the reactive power direction is indicated by —. The values
within parentheses are the real and reactive losses in the line.
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FIGURE 53
Power flow diagram of Problem 6.7 (powers in MW and Mvar).



