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Exercises

Exercise 20: Asynchronous motor of a fan 
(continued)
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Exercise 20: Asynchronous motor of a fan
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Exercise 20: Asynchronous motor of a fan

➔Modifying the voltage has a very small impact on the rotation speed.
➔the machine must remain in the stable region which is narrow.

𝐶𝑒𝑙𝑚 =
3 𝑅𝑟

′

𝑔 ሶ𝜃𝑠

𝑉𝑠
2

𝑅𝑠+
𝑅𝑟
′

𝑔

2

+𝑋𝑟
′2

&     𝑔 =
ሶ𝜃𝑠− ሶ𝜃

ሶ𝜃𝑠



Exercise 20: Asynchronous motor of a fan



Reminders

The DC machine
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The DC machine – working principle

The stator generates a constant magnetic field.

For a motor: DC current in the rotor leads to   
Lorentz force ➔ The rotor spins.

For a generator: Varying magnetic field in closed 
loop winding ➔ e.m.f.
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The DC machine – rotor composition

A current flows in the rotor. This current arrives to the rotor thanks to brushes.
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The DC machine – stator composition

The constant magnetic field is obtained with a permanent magnet or with 
an electromagnet. 

For an electromagnet, 
an excitation current 𝐼𝑒 is required:
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The DC machine – types of excitation

DC machine 
as a generator:

DC machine 
as a motor:

Take care at the current directions !!!

When using electromagnets, different winding connections are possible:



Exercises

Exercise 22: Brushed DC motor

Exercise 23: Brushed DC motor with series 
excitation
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𝐼𝑒 = 0,35 𝐴 𝐼𝑒 = 0,2 𝐴



Exercise 22: Brushed DC motor

𝐼𝑒 = 0,35 𝐴

𝐼𝑒 = 0,2 𝐴

𝐸 = 𝑘 ሶ𝜃 𝜙 𝐼𝑒 ➔ Linear evolution with respect to ሶ𝜃.



Exercise 22: Brushed DC motor

The excitation current 𝐼𝑒1 is 
𝐼𝑒1

𝐼𝑒2
=

0,35

0,2
= 1,75 times the 

excitation current 𝐼𝑒2.

On the other hand, at ሶ𝜃 = 1600 𝑅𝑃𝑀, the voltage 𝐸 is 

increased by a factor 
230

170
= 1,35.

The relation linking 𝐼𝑒 to 𝐸 is 𝐸 = 𝑘 ሶ𝜃 𝜙 𝐼𝑒 .

➔ The flux is not proportional to the excitation 
current. This is because of the saturation.



Exercise 22: Brushed DC motor

3. Maintaining the nominal speed of rotation, the electromotive force is measured for different excitation 
currents 𝐼𝑒. Plot 𝐸 with respect to 𝐼𝑒 and justify the shape of the curves.

The curve behaves as the 𝐵(𝐻)
behaviour. There is saturation.



Exercise 22: Brushed DC motor

Some measurements have allowed to quantify the stator resistance value, which is 𝑅𝑒 = 512.1 Ω and the rotor 
resistance value is 𝑅 = 4.6 Ω.

4. Draw the equivalent model of the motor. 

A test at constant nominal speed has been performed to measure the voltage across the rotor 𝑈 and the current 
drawn in the rotor 𝐼 for different excitation currents value 𝐼𝑒.

5. Plot the collective (i.e. ferromagnetic plus mechanical) losses 𝑝𝑐 with respect to 𝐼𝑒



Exercise 22: Brushed DC motor

Developments on board

𝑝𝑐 = 𝑈𝐼 − 𝑅 𝐼2

6. For the linear part of the curve, determine the mechanical losses 𝑝𝑚 at the nominal speed of rotation.



Exercise 22: Brushed DC motor

A hole is drilled using the drill. The nominal speed of rotation remains constant while the rotor draws a 
current of 𝐼0 = 3𝐴 when a voltage 𝑈0 = 212 𝑉 is measured on the rotor terminals.

7. Calculate the electromotive force and deduce the value of the excitation current 𝐼𝑒0.

8. Compute the shaft output power 𝑃𝑢.

9. Deduce the resistive torque 𝐶𝑟 induced by the drilling process.



Exercise 23: Brushed DC motor with series excitation


