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Q1. In the singly-excited electromechanical energy conversion device shown below, the 

movable armature is initially at the position indicated in the Figure below, where the air gap 

length x = 1 cm (0 = 4 10
-7

). The armature can only move horizontally. The core cross-

sectional area is the same in all parts of the core.  

 

 

   Fig.1.  The electromechanical energy conversion device 

 
a. Write down the expression of the electromagnetic force acting (ffld)  on the armature as a 

function of position x, and coil current i . Indicate the direction of ffld on Fig.1. 

b. Calculate the electromagnetic force when x = 1 cm, and a constant DC current of  i=10 Amps  

is applied to the coil.  

c. Calculate the average force when x = 1 cm, and a cosinusoidal current of i(t) = 102 cos t, 

Amps is applied to the coil. Comment on the result obtained.  

d. What is the value of ffld at the final position of the mobile armature, for both parts (b) and (c) 

above.  
  

Hint:  cos 2t = 2 cos
2
t - 1 
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Q2. In The front cross-sectional view of the elementary two-phase synchronous machine having 

a rotor winding f, and two identical stator windings a and b is shown in Fig. below. The self-

inductance of each stator winding is Laa=Lbb=3 H, and that of the rotor winding is Lff =2.5 H. 

The airgap is uniform. The maximum (peak) value of mutual inductances between any stator 

winding and the rotor winding is given as 2 H.   

 
 

Elementary two-phase synchronous machine 

 

 

Hint:  sin(A-B) = sinAcosB – cosAsinB 
 

a. Write down the expressions for the mutual inductances between stator windings a and b, and 

the rotor winding f (i.e. Maf and Mbf) as a function of space phase angle .     

b.  Derive a general expression for the electromagnetic torque in terms of , the inductance 

parameters, and the instantaneous currents of windings a,b, and f; denoted respectively by ia, ib 

and if.  

c. The rotor winding is now excited by a constant dc current If= 5A, while the stator windings 

carry balanced two-phase currents below: 

ia(t) = 50 cos(2π50t), A ;   ib(t) = 50 sin(2π50t),  A 

The rotor is revolving at the synchronous speed (wr =2π50 rad/sec), so that its instantaneous 

angular position is given by  = 2π50t - π/3.  Find the electromagnetic torque produced by the 

machine.  

d. Can this machine produce electromagnetic torque when the rotor current is zero? Explain 

why? 

 



 



 


