
 

1. 
 

A single phase concentrated winding of N turns produces an mmf distribution 

around the airgap of a single-phase induction motor as shown in Fig. 1 when 

carrying a current of I amps. 

 

Fig. 1 

a) Show that the fundamental component of this mmf distribution is 

 

 

𝐹(𝜃) =
2𝑁𝐼

𝜋
𝑐𝑜𝑠𝜃 

Fourier expansion of a square wave is 

𝑓(𝜃) = 4/𝜋 ∑
cos⁡(𝑛𝜃)

𝑛

∞

𝑛=1.3.5..

 

Assuming only the first term is of interest and that the amplitude is NI/2 

then we obtain: 

𝐹(𝜃) =
2𝑁𝐼

𝜋
𝑐𝑜𝑠𝜃 

 

 

 

b) Assuming that the winding current is given by 𝐼(𝑡) = 𝐼𝑐𝑜𝑠𝜔𝑡 , 

derive an expression for the mmf as a function of θ and t, and 

hence show that a single-phase induction motor produces two 

counter-rotating mmf waves of equal amplitude. 

Substituting in for I using 𝐼(𝑡) = 𝐼𝑐𝑜𝑠𝜔𝑡 gives us 

𝐹(𝜃, 𝑡) =
2𝑁𝐼𝑐𝑜𝑠𝜔𝑡

𝜋
𝑐𝑜𝑠𝜃 



Which is  =
𝑁𝐼

𝜋
[cos(𝜔𝑡 − 𝜃) + cos⁡(𝜔𝑡 + 𝜃)] which is two rotating waves 

one in the positive x direction the other the negative x direction 

c) By considering a single-phase induction motor as the 

superposition of two induction motors, one with a forwards-

rotating mmf wave and the other with a backwards-rotating mmf 

wave, draw the equivalent circuit of the single-phase induction 

motor. and sketch a typical torque-speed curve. 

The two waves have different slips the forward slip is 𝑠𝑓 =
𝜔𝑠−𝜔𝑟

𝜔𝑠
= 𝑠 

The backward is 𝑠𝑏 =
−𝜔𝑠−𝜔𝑟

−𝜔𝑠
= 2 − 𝑠 

And the equivalent circuit is 

 

 

The torque speed curve is 



 

d) Given that the forward and backward torques are  

𝑇𝑓 =
1

𝜔𝑠

⌊𝐼1⌋
2𝑅𝑒(𝑍𝑓) 

𝑇𝑏 =
1

𝜔𝑠

⌊𝐼1⌋
2𝑅𝑒(𝑍𝑏) 

Find an expression for the value of s at which torque is zero.  

. Under what conditions will the motor fail to run altogether even if given a 

start.  

 



 

e) At zero speed the nett Torque is zero. How does the motor start?  

1) Explain the principles of using a starter winding to provide a starting 

torque.  

Give at least two methods of providing a starting torque and compare and contrast the 

merits of each. 

Split phase 

 

Uses starter winding which is switched out 



 

Capacitor start 

 

 

 

 

Plus other variations e.g. 

 



 

2 
A three-phase induction motor is driving a spinning load at the rated output 

power Pout = 8.5 kW at 1458 rpm. The motor has 4 poles and the stator is delta 

connected. The rated stator voltage is 360 V, 50 Hz. At the rated voltage, the 

parameters of the motor are: stator resistance R1 = 1.4 Ω, stator leakage reactance X1 

= 2.5 Ω, referred rotor resistance R2 = 1.047 Ω, referred rotor leakage reactance X2 

= 4.4 Ω, and the magnetising reactance Xm = 85 Ω.   

 

 

  

(a) Ignoring only the iron losses of the motor find:  

P = 2 

F=50*60 

S= f/P-1438/F 

𝑋𝑚 = 85 

 

 

𝑍𝑖𝑛 =
𝑗𝑋𝑚(

𝑅2
′

𝑠 + 𝑗𝑋2
′)

𝑅2
′

𝑠 + 𝑗𝑋2
′ + 𝑗𝑋𝐿

+ 𝑅1 + 𝑗𝑋1 

Subbing in we get Zin = 35.5 at an angle of 31.8 degrees. 

 

(i) The power factor;       



Hence power factor = cos 32.2 which is 0.85 lagging 

  

(ii) the efficiency;       

𝐼1 =
𝑉1

𝑍𝑖𝑛
=

360

35.3@32.3
= 10.1⁡@ − 31.8 

Pin =3*I*V= 3*360*10.1@-31.8 = 9305.6 W 

Power out is given in the question at 8.5k w 

Hence efficiency is 8500/9305 = 91.3% 

(iii) the mechanical output power loss.   

 

Electrical loss in R1 is 431.8W 

Electrical loss in R2 = 248.5W 

➔Total electrical loss is 631.6 W  

(Input power)9305.6 – (motor power) 8500  – (electrical loss) 631.6 

w…difference is 174w equals mechanical loss    

  

(b) If the thermal capacity of the motor is C and the dissipation coefficient is k,  

  

(i) derive an expression for the temperature of the motor after time t when  

 dissipating a loss power P in an ambient temperature Θ0;   

    

  



(ii) if C = 4000 J K-1 and k = 10 W K-1 determine the temperature of the motor after 

100 s when operated as described above in part (a). Assume that the starting  

 motor temperature is the ambient temperature of 40 °C;     

 
total P = 806 W from previous part  

𝜃𝑚 =
𝑃𝑖𝑛
𝑘

 

𝜃1 = 𝜃𝑚(1 − 𝑒−
𝑇1

𝜏⁄ ) 

𝑡𝑒𝑚𝑝 = 𝜃1 + 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 

Hence temperature after 100s is 57.8 degrees  

  

(iii) if the motor is operated as described in part (ii), then stopped and allowed to cool 

to 50 °C before running for a further 1000s, determine the peak temperature of 

the  

 motor;          

same as part 1 except starting temperature is now 50 degrees 𝜃1 = 50 − 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 = 10 

𝜃𝑚 =
𝑃𝑖𝑛
𝑘

 

𝜃2 = 𝜃1 + (𝜃𝑚 − 𝜃1)(1 − 𝑒−
𝑇1

𝜏⁄ ) 

𝑡𝑒𝑚𝑝 = 𝜃2 + 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 

 

Hence temperature after 1000s is 115 degrees 

  

(iv) the maximum temperature allowed for the motor is 100 °C. If the motor  

 exceeds this temperature, what measures should be taken?   

Reduction of power losses but better would be to increase the dissipation coefficient    
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