Name: ANsSwers

ECEN 460
Exam #1

Wednesday, March 5, 2025
75 Minutes

Closed book, closed notes
One 8.5 by 11 include note sheet allowed (front and back)
Calculators allowed

1. /15
2. /15
3. /28
4. /42

Total /100



1. (15 points total)

The fuel-cost curves for a two generator system are given as follows (with Pg1 and Pg2in
MW):

C1(Pgy) = 1000 + 20 * Pgy + 0.01 * (Pgy)?

Cy(Pgp) = 400 + 15 * Py + 0.025 * (Pgy)?

Generator limits are: 100 < P51 < 300 MW
200 < Pgp < 600 MW

For a load of 600 MW, use the lambda iteration method to determine the values of AM,
Ps1(AM) and Pgo(AM) after two iterations. Show the values of all variables at each

iteration. Use starting values of At = 20 and A" = 60. Be sure to consider the generator
limits; you may ignore any penalty factors.

A-20
PGl :W, 100 < PGl < 300

A-15
P. =2~ 200<P., <600
¢z 0.05 ¢

Initially - =20, A" =60 — A" =40
P (A™)=300+500=800>600 > A" =40 - A" =30
P, (30) =300 +300 = 600 = 600, Done!



2. (15 points total)
For the system
fi(x) =10 x1sinx2+2=0
fa(x) =10 (x1)? - 10 X1 cOs X2 + 1 =0

(11 pts) a. Using the Newton-Raphson method, determine the values of x1 and x.
after the second iteration. Use x1 = 1, x2 = 0 as an initial guess.

(4pts) b. Isx1=0.5 x2=0agood initial guess? Why or why not.

(@)

10sin X, 10x, cos X,
J(X) =

20x, —10cosx, 10x, sinx,

-1
o _[1] o _[1]_[0 10]7[2]_[ 09
0] 0] |10 0] [1] |[-02
o _[09] [-199 8827[0.212] [0.859
1-02] | 82 -179| |0.279| |-0.233

(b) x1 = 0.5, x2 = 0 is a bad initial guess because the Jacobian is singular.




3. (Short Answer: 28 points total — seven points each) (continued on
next page)

A. Give two reasons why the slack (reference) bus is needed for the power flow

problem.

The slack bus 1) provides an angle reference and 2) insures that total real power
generation is equal to the total load plus losses.

B. Give the 3 by 3 Bus Admittance Matrix (Ybus) for the three bus power system shown

below with the indicated per unit transmission line impedances

Bus 2 0.06 + jO.08 Bl

s 1

jO.2 J0.1
Bus 3
Bus 1 Bus 2 Bus 2
Bus 1 6—j18 -6 + |8 j10
Bus 2 j8 6—j13 j5
Bus 3 j10 15 -j15
C. Explain the difference between economic dispatch, the optimal power flow (OPF)

and the security constrained OPF (SCOPF)

Purpose of economic dispatch is to schedule the generation to minimize cost but it
does not consider the transmission system. The OPF combines economic dispatch
with the power flow to provide an optimal solution including the transmission
network. SCOPF extends the OPF by also including contingency analysis
constraints in its solution.

( Problem 3 continues on the next page)




(Short Answer: 28 points total — seven points each) (continued
from previous page)

D. Assume a three-phase, unity power factor load of 100 MVA with VL of 69 kV is
connected to a source through the below network. Convert the two impedances to
per unit,and then determine the per unit generator voltage (magnitude and angle).
Use a per unit three-phase 100 MVA base, a line-to-line 138 kV voltage base on
the left side of the transformer and a line-to-line 69 kV voltage base on the right

side.
0(9+J93 Tirn
D U C”LOAV
1382 (Y9

Z o138y =190.44 Q

Z line.pu = 0.0266 + j0.124 pu

L gosecoy = 47.61 Q2

Zyeou = 10.084 pu

Vg o, =1+1x(0.0266 + j0.208) =1.0266 + j0.208 pu
=1.047£11.45° pu
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(42 points total)

True/False — Three points each. Circle T if statement is true, F if statement is False.
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An important assumption in the dc power flow is that all the
transmission line reactances are zero.

In power systems LMP standard for linear marginal price.

As presented in class, the economic dispatch factor at the slack bus
is always unity.

Resistivity and line resistance increase exponentially as the
conductor's temperature increases.

While the power flow equations may have multiple solutions, it is
quite easy to prove that the Newton-Raphson algorithm will only
converge to the desired solution. That is, to the one with the
highest voltage magnitudes.

During economic dispatch calculations on the high voltage
transmission system it is possible for the incremental impact of the

: . oP,
change in the generation at bus k on system losses, —=2¢  to be
Gk

positive.

There is often strong coupling between the reactive power and
voltage magnitude in the power flow

High Voltage DC (HVDC) lines are strictly used for short distance
transmission lines (<400 miles).

While it is close, as of the end of 2024 California continues to
generate more wind energy than Texas.

The Dishonest Newton-Raphson method requires less iterations
than the original Newton-Raphson.

Phase shifting transfomers are usually used to control the voltage
magnitudes in the transmission system

For a large power system model the vast majority of the entries in
the Bus Admittance Matrix (Yous) will be zero.

For live line maintenance, using a helicopter a human could be
placed on an energized 345 kV line.

On some high voltage transmission lines series compensation (in
which capacitors are inserted in series with the line) is used to
increase the transmission line’s capacity..



	Total  ________ / 100

