ELG 3316 : Electric Machines & Power Systems

Mid-Term Examination Fall 2015
Date : 19 October 2015 Time : 16:00 - 17:15 (75 Minutes)

Closed book examination. The only information sheets allowed are those included with the examination
question paper.

Calculators are allowed.

There are three questions with unequal weights, totaling 58 marks. You should attempt ail questions.
Itis strongly recommended that you write down your solutions step by step. This is the only way it is
possible for you to earn marks step by step.

Units must be given with all final numerical answers. Marks will be subtracted if units are omitted.
Some questions require explanations rather than numerical calculations. Use the number of assigned
marks as an indication of what is required. If such a question is worth 3 marks, then the answer must
contain three independent pieces of information to earn all 3 marks.

Read the questions carefully. This will prevent you from providing answers to questions that were not
asked.

Cheating will be penalised in accordance with University of Ottawa regulations.

Question 1 (19)

(a).

(b).

(e).

Give two reasons why electrical power is transmitted/distributed using a three-phase
configuration. 2]

Write the phasor forms (¥ and 7, respectively) for the voltage v(r) =181cos(377¢ -33°) and

current i(f) = J212.7 sin(377¢ +5°) . If these are the voltage across, and current into, a single-

phase load, what is the power factor angle of the load, and what is the reactive power consumed
by the load? [6]

What physical quantity does the number 377 represent in the expressions in (c), and what are its
units? Be precise in your answer, [1]

Next consider the physical magnetic circuit structure shown in Fig.1. The core has a rectangular cross-
section. The depth into the page is 2 cm. Flux leakage and fringing can be ignored. The permeability of
the magnetic core material can be considered to be infinite (c0).

(d).

(e).

().

|

Draw the magnetic equivalent circuit for the structure in Fig.}'. Fill in symbols for all circuit
components and field quantities that you will use in answering the questions (e) and (f) below.

[2]

Find the flux-linkage of the winding for a DC current /,, =54 . CN = loO) [5}

What is the flux-density in the 2mm air gap? 31
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Figure | : Physical magnetic circuit structure for Question 1. The size of the air gaps is shown exaggerated.

Question 2 (18)
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Figure 2 : Balanced three-phase source connected (o a balanced three-phase load

Fig.2 shows a balanced 69 kV (line-to-line) three-phase source connccted directly to the balanced
three-phase load shown. The three-phase load consumes a total active power of 240 MW at a leading
power factor of 0.8. All symbols used in answering the questions below must be shown on an
appropriate circuit diagram.

(a).  What is the apparent power, and reactive power, consumed by the three-phase load? [4]
(b).  Calculate the complex line currents 7, and T . 17]
(¢).  Determine the complex vollage 17, . (2]
(d).  Determine the complex current / ey (5]



Question 3 (21)

A 60 Hz single-phase source of voltage ¥, is connected to the primary terminals of a single-phase

transformer. The secondary terminals of the transformer are connected to a purely resistive load that
consumes 30 kW of power. The magnitude of the current through the load is measured to be 50A. The
approximate equivalent circuit of the transformer consists of:

- A core loss resistance of 159 kQ

- A magnetizing reactance of 40kQ

- An equivalent winding loss resistance (referred to the primary) of 38Q.

- An equivalent leakage reactance (referred to the primary) of 192Q.

- An ideal transformer of turns-ratio 10:1

(a). Draw a diagram of the approximate equivalent circuit of the transformer, along with the source
and load. The numerical values of all components must be shown on the circuit diagram, along
with any current, voltage and component symbols you use in answering the questions that follow.

3]
(b). What is the power factor of the load? (1)
(¢). What is the magnitude of the voltage across the load? i)

(d). Find the complex supply voltage 17, connected to the primary terminals of the transformer. [7]

(¢). Determine the total power loss ("copper loss") in the transformer windings. (2]
(). Calculate the power loss in the transformer core material. |31
(g2). What is the value of the overall leakage inductance of the transformer? (1]
(h). Calculate the complex the magnetising current of the transformer? 13}
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