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ELEC0431 — Electromagnetic Energy Conversion
Written Exam

Mai 2026

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 I T
The figure on the right depicts a single-phase b, b,
transformer with n; turns at the primary, and

no turns at the secondary.

1. Draw the equivalent magnetic circuit of the transformer, considering the magnetomotive forces
nqt1 and noig, the magnetic circuit reluctance R, and the leakage reluctances R;, and Ry,.
From it, deduce the expression of the useful flux ¢.

Answer: See theoretical classes

2. Express the primary voltage u; as a function of the primary winding resistance R;, primary
current ¢;, primary number of turns n;, primary leakage flux ¢, and useful flux ¢. Deduce
the expression of the e.m.f. e; and of the primary leakage inductance ;.

Answer: See theoretical classes

3. Express the secondary voltage us as a function of the secondary winding resistance Rs, sec-
ondary current i, secondary number of turns ny, secondary leakage flux ¢y,, and useful flux ¢.
Deduce the expression of the e.m.f. e; and of the secondary leakage inductance \s.

Answer: See theoretical classes

4. From e; and ey, deduce the transformer ratio n.

Answer: See theoretical classes




5. Express e; in terms of u), R}, i, and \,, which are the secondary quantities uy, Ra, i2 and Ao
as seen from the primary.

Answer: See theoretical classes

6. Express e; in terms of ny, R, 4 and 5. Infer the expression of the magnetizing inductance A,,.

Answer: See theoretical classes

7. From points 2, 5 and 6, deduce and draw the transformer equivalent circuit.

Answer: See theoretical classes

8. When the transformer secondary is short-circuited, a primary active power P; of 90 W is
measured for a primary RMS voltage U; of 15 V and a primary RMS current I; of 10 A.
assuming Ry, R), X7 = 2nfA; and X} = 27 f )} are all much smaller than X, = 27 f)\,, deduce
the appropriate impedance(s) or sum of impedance(s).

Answer: See theoretical classes
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Question 2 a A U
The figure on the right depicts an ideal three- ﬂi . o, N a
phase transformer in A-Y configuration. It Uan _
has twice as many turns at the secondary . Vap| % N | Va )
than at the primary (Ny = 2 N;). The trans- ., | 2= Uar
former primary is connected to a 3-phase o, R 5,
power supply working at a pulsation w of o . °
100 rad/s, while its secondary is connected to " VBC N w7,
a perfect capacitive load in Y configuration, c o)

each branch having a capacitance C' = 5 mF.
The phasor diagram below depicts the primary line voltages Uap, Ugc and Ucy. On it, add:

e the secondary phase voltages V,, Vj, and V,, e the secondary line currents Ta’, I, andifc,
e the secondary line voltages Uy, Uy and U,,, e the primary line currents [ 4, Ig and I¢.

Pay attention to the magnitude and phase of the phasors.

Use identical scales for voltages and currents.
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Synchronous machines

Question 3 | : L

A synchronous machine is maintained at a fixed speed of rotation, with a fixed output active power
and a fixed RMS output voltage. In these conditions, the RMS output current [ is a function of the
excitation current I,, as depicted on the curve above.

1. From a Behn-Eschenburg model with neglected stator resistance, draw a phasor diagram for
each of the operating point a, b and ¢ of the above curve (you can also represent the three
points on a single diagram). From it, explain the shape of this curve. Clearly annotate your
phasor diagram(s) to support your explanations.

Answer: See theoretical classes

2. All other things remaining constant, draw a new phasor diagram in case the excitation current
is the same as for point b (I°), and in case the output active power is doubled. From it, deduce
what happens to the I(I.) curve when the output active power is doubled.

Answer: See theoretical classes




Asynchronous machines o
X, Ryor /9

Question 4

The above schematic presents the one-phase equivalent electric circuit of a three-phase asynchronous
motor with two pairs of poles. The motor is connected to an equilibrated 3-phase power supply
working at 60 H z, providing an input RMS phase voltage of 230 V. The values R, =1, X, =50,
R, = 3Q and X/ = 8 have been determined from prior measurements and an additional test is
conducted to find the values of X, and Ry p:

With the rotor rotating at the synchronous speed, an input three-phase active
power of 176.3 W is consumed for an input RMS phase current of 298 mA.

1. Determine the values of X, and Rpyp, assuming Ry, X, R;., X] < Ryir, X,

Answer: X, = 1499.72 Q, Ry p = 900.17 2

2. Determine the synchronous speed 0, expressed in RPM.

Answer: 6, = 1800 RPM

A mechanical load is now connected to the motor, which delivers a 3-phase electromagnetic torque
of 8 Nm, at a slip of 3 %.

3. What is the machine rotational speed in RPM, and the three-phase electromagnetic power?

Answer: 6 = 1746 RPM, Cl,, = 1462.73 W

4. Determine the RMS value of the current flowing through R! /g.

Answer: J] =2.242 A




5. What is the value of the 3-phase input active power? Do not neglect any component of the
equivalent circuit.

Answer: P, = 169541 W

6. If the mechanical losses account for 100 W, what is the motor efficiency?

Answer: 7 = 80.38 %




DC machines

Question 5

Establish the mechanical characteristic (torque vs. rotation speed) of a series excitation DC motor.

Answer: See theoretical classes
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Question 6

"y

The figure above presents a H-bridge circuit whose switches are operated synchronously. Assuming
D is the percentage of time the switches are in position 1 and (1 — D) the percentage of time they
are in position 2, find the expression of the voltage ratio M (D) = V/V,.

Answer: M(D)=2D —1

Question 7

For each of the below affirmations, select if it is true (T) or false (F) (right +1, wrong -0.5, min. 0).
F

O Overall switching losses increase with the switching frequency.

O Some DC-DC converters can produce an output voltage higher than the input voltage.

O The inductor current ripple of a DC-DC converter grows linearly with its switching period.

O The output voltage of a buck converter linearly increases with the duty cycle.
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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



