ECE 3600 Final Part 2 Spring 2023 Fin
1. (20 pts) A single-phase, 60-Hz, 240-V source is connected to two loads. The source provides 2500W and 11A. In
order to find the following, you may have to make some assumptions. If you do, be sure to clearly state your S23
assumption in such a way that | can tell that you know what the other assumption might be.

a) Load 1 consumes 1500W at a power factor of 0.€. Find the complex power consumed by load 2.

Don't forget to indicate your assumptions, if you made any.

b) Load 2 can be modeled as 2 parts. Draw a model and find the values of the parts.

¢) An additional component could be added in parallel to the loads to completely correct the power factor of both.
Find the type and value of the component.
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2. (20 pts) A 3-phase system delivers 480-V (iine voltage) , 60-Hz 3-phase power of 15 kW to a load with a 75% lagging Fin
power factor. Each line has a resistance of 0.47Q. ("delivers" means those are the values at the load.) 523

a) Three Y-connected sources supply the power. What voltage do they each supply (magnitude)?

b) Find the total power lost in the lines and the overall efficiency of the system.

c) Three capacitors are Y-connected at the load to correct the power factor. Find the capacitor value(s).

d) The source voltage is adjusted so that the load power remains 15 kW.
What is the new efficiency of the system with the capacitors of part c).
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3. (18 pts) The torque-speed characteristics of a DC motor are shown below. The top line is the induced torque. The Fln

lower line is torque lost to friction.
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a) The curve below shows a load curve which is coupled to this motor. Graphically determine motor and load speed.
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b) The terminal voltage of the motor is reduced by half. Graphically determine the new motor and load speed.
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4. (32 pts) A 230 kV (nominal) transmission line has the following length and line parameters. S =siemens Fln

len = 180-km r::0.20g X ::0.60E g::O-i y::4-10’6-i S23
km km km km

a) Choose the most appropriate model for this transmission line and draw it, including the impedance and/or
admittance value(s). Add a 3¢ load at the receiving end of the transmission line.

The line current to the load, I (not I ;,.) is 250+100j £.
The magnitude of one phase of the Y-connected load impedance is 51CQ.

b) Find the load phase voltage, Vi, magnitude. Assume its phase is 0° (relative to the current given above).
Vp =7
R

c) Find the line current in your model, I ;.. (not I ) in a complex-number form. I Line =

More on next page ===>



4. Continued d) What is the line voltage at the source (magnitude)? Fin

S23

e) What is the "power angle" (8)?

f) Find the complex impedance of one phase of the load, assuming Y-connected.

g) Find the power consumed by the entire load.

h) Find the power factor of the load.

i) Consider the source voltage and the load voltage of this transmission line. Is there anything weird about them?
If yes, say what and tell me the cause of the of this weirdness.
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Fin

5. (24 pts) Consider the small power system

shown below. values shown are per-unit. S23
Note: % = 0.01pu b 1
U S V,= 1/0° pu
Z:=0.04j pu Z:=0.02) pu
M —
J— Z =0.08+ 0.6] pu J_ 7 =0.04]
Pout = 0-2pu Y =12j% Y =12j% ’
pf:=0.9 lag - Z:=0.03+0.3] pu
Z:=0.02j
- Vg=1.1pu
a) ldentify each bus as 5
"slack”, "load", or "generator". S oyt 015+ 0.00Ljpu
out ~ > :
bus 1. P;,=0.tpu
2. 3. 4, 5. Mechanical

b) Show Vv, V,, V, and V; on the drawing (as letters, not values).
c) Show I, I, 15, 1,and |5 on the drawing and draw arrows to indicate the direction of each.

d) What is the 5x5 matrix shown below called?

1 - Vlf e) A number of the elements of the matrix are zero (0).
Fill in all the zero elements.

I'2 N ——

g =|_ __ A __ B Vg

l4 S —

I g P — 7V5

f) Find elements A and B in the matrix above. | want numerical answers accurate to + 0.001 .
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6. (24 pts) One phase of a balanced 3-phase system is shown here.
Line A, and only line A, opens at the point shown.
a) Draw the circuit you would have to analyze to find the fault
voltage across the open in line A (V). ldentify the parts and
Include the component voltages and/or currents at the fault.

b) Set up a mathematical expression (or expressions) to find the
fault voltage. If you use thevenin values, make sure you show
how to get them from items in the drawing. (Don't forget j & that
the fault voltage is NOT V,,)
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Answers Fin
1. Reclosure 2. So that lineman working on the equipment can visually confirm that items are de-energized.
3. A difference between the outgoing and returning currents 4. a) Oiland gas  b) gas (SFy) 5 CTsandVTs S23
6. Relays control the breakers 7.a) 1-sec b) 0.08sec c) 0.04sec 8. Differential
9. Pilot detects currents from transmission lines to ground 10. Set relays so that breakers closest to the fault trip first
11. DC 12. Safety protocols and possibly synchronization 13. a) 3600rpm b) They are a little less (about 5% less)
14 . anv integer ©) 1 d) 0.05=5'%
. a.1) The frequency is less than 60Hz. y_lntege

a.2) The voltage must be reduced to prevent saturation of the core. b) The frequency is greater than 60Hz.

15. a) Split-phase or single-phase induction motor b) A centrifugal switch

16. a) 1. Separately excited 2. Series excited 3. Shunt excited 4. Permanent magnet b) Series excited

1.a) 1-0.277] kVA  Assuming I lags V¢ & the L1 pf is lagging b) Parallel 57.6Q & 12.74uF  c) Capacitor
2. a) 286V b) 94.8% ¢) 152pF  d) 97:% . Series 53.5Q & 179.2uF 39.1uF
10
3. 9.5 parabolic —=Ig Z ceries _[:}IR VR
a .
85 curve (36 + 108 ] )'Q ‘Jylfs}umt
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- I = (€] Z
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