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e You have three hours to complete the exam.
e Do not forget to mention your name and student ID on the first page.
e Read carefully each question and answer on the questionnaire, within the provided spaces.

e There are white pages at the end of your questionnaire. You can use them if you run out of
space for a question. If you use them, clearly notify it.

e Do not unstaple the questionnaire.
e Red color is forbidden.
e (Calculators are allowed, but smartphones and connected watches are strictly forbidden.

e You are free to answer in English or in French.

Bon travail !
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Question 1 .

The above schematic presents the equivalent model of a single-phase transformer. The resistance
and reactance values are Ry = 1.937 , X; = 0.6 Q, Ryyp = 841 Q, X, = 64.16 2, R, = 0.9 Q,
X} =1 Q and the transformer ratio is n = 10.

The transformer primary is connected to a 4351 V RMS network and a load is connected to its
secondary. If the primary active power is 454.6 kW and the primary reactive power is 362.7 kvar,
what is the transformer efficiency?




Question 2
Consider a three-phase transformer whose primary is connected to an ideal three-phase network, and

secondary is connected to a balanced resistive load. For each of the following questions, select the
correct answer:

1. The secondary line voltage is maximum when the transformer is in the configuration

LTAA. LTAY. LIYA. LIYY.
2. If the transformer ratio n = % is 1 in AY configuration, then the transformer ratio in YA is
1 1
01 O 2. 1. V3. 3.

3. In AA configuration,

[ ] the primary line voltage is in phase with the secondary line voltage.
[J the primary line voltage lags the secondary line voltage by 30°.

[J the secondary line voltage lags the primary line voltage by 30°.

[ none of the above propositions is correct.

4. If the transformer primary switches configuration from Y to A,

[] The input line current grows 3 time larger.

[J The input line current grows v/3 time larger.

[] The input line current remains unchanged.

[ ] The input line current decreases by a factor V3.
[] The input line current decreases by a factor 3.

5. If the frequency increases,

[] the transformer efficiency remains unchanged.
[] the total reactive power consumed increases.
[ ] the power factor (cos(y)) remains unchanged.

6. During a short-circuit test, most of the measured active power is due to

[ 1 the leakage fluxes.

[J the Joule losses in the transformer winding.
[] the magnetizing inductance.

[] the iron losses.

7. If DC current is injected in two of the transformer primaries (the third one being left uncon-
nected), with the secondaries left open,

[ reactive power is consumed by the magnetizing inductance.

[] active power is consumed by the resistance of the primary and secondary windings.
[Ino power at all is consumed.

[] the magnetic flux density in the core is zero.

[] none of the above propositions is correct.

8. If the resistance of the load is suddenly halved so that the magnetic core reaches saturation,

[ ] the secondary voltage no longer looks like a sinusoid.

[ ] the hysteresis loop of the magnetic core becomes narrower.

[ 1 the frequency of the secondary voltages and currents decreases.

[] the transformer enters a superconducting state and might create a dark hole.



Synchronous machines

Question 3

Draw the Potier diagram of a synchronous machine connected to a purely resistive load. Label the
U, E,, I, I, and I, phasors on this diagram.

Construct the Behn-Eschenburg diagram from the above Potier diagram, with the same resistive
load. Introduce the synchronous reactance on the diagram.

Explain the assumption that allows the simplification from the Potier to the Behn-Eschenburg dia-
gram.




Question 4

Explain why, with an inductive load, the reaction in a synchronous generator is demagnetizing.




Asynchronous machines

Question 5

A 50 Hz network provides a 300 V RMS line voltage to an asynchronous motor connected in a star
configuration. It rotates at 955 RPM and delivers 9 kW of mechanical power. It also has an efficiency
of 78 % and a power factor cos ¢ of 0.74.

What is the mechanical torque?

What is the synchronous speed of rotation, the number of pairs of poles and the slip?

What is the input line current?




Question 6

Draw the circle diagram of an asynchronous machine and indicate on it, for a slip g = 0.8:

e the stator voltage U, and current I,
e the magnetizing current I,,,
e the rotor current 5.

Redraw the diagram with associated voltages and currents if one doubles the frequency.




DC machines

Question 7

Consider a DC generator in shunt configuration. Perform the Picou construction on the figure
below, for the armature currents /,,, /,,, and for a zero armature current. Deduce the U-I output
characteristic.

U=R..
E,(I.)
(1)
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Electronic control systems

Question 8

The circuit on the right represents a buck-
boost converter. Assuming D is the percent-
age of time the switch is in position 1 and
(1 — D) the percentage of time it is in posi-

tion 2, find the conversion ratio M (D) = .
g

v (X




Additional page — Use it if you run out of space for a question. If you do so, clearly notify it.

10



Additional page — Use it if you run out of space for a question. If you do so, clearly notify it.

11



Additional page — Use it if you run out of space for a question. If you do so, clearly notify it.

12



