
CHAPTER 17 
 

Solutions for Exercises 
 

E17.1 From Equation 17.5, we have 
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Using the expressions given in the Exercise statement for the currents, 
we have 
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Then using the identity for the products of cosines, we obtain 
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However we can write 
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Thus we have 
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 which can be recognized as flux pattern that rotates clockwise. 

 

E17.2 At 60 Hz, synchronous speed for a four-pole machine is: 
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The slip is given by: 
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The frequency of the rotor currents is the slip frequency.  From Equation 
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17.17, we have ωω s=slip .  For frequencies in the Hz, this becomes: 

 Hz 667.16002778.0slip =×== sff  

In the normal range of operation, slip is approximately proportional to 
output power and torque.  Thus at half power,  we estimate that 

%389.122.778 ==s .  This corresponds to a speed of 1775 rpm. 

 

E17.3 Following the solution to Example 17.1, we have: 
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The per phase equivalent circuit is: 
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For a delta-connected machine, the magnitude of the line current is 

rms A  68.27398.153 === sline II  
 
and the input power is 
                  kW 43.17cos3in == θssVIP  
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Next, we compute rx IV ′ and . 
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The copper losses in the stator and rotor are: 
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and 
  ( )23 rrr IRP ′′=
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Finally, the developed power is: 
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The output torque is: 
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The efficiency is: 
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E17.4 The equivalent circuit is: 
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The impedance seen by the source is: 
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Thus, the starting phase current is 
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and  for a delta connection, the line current is 
 rms A  3.20737.1193starting,starting, === sline II  
 
The power crossing the air gap is (three times) the power delivered to 
the right of the dashed line in the equivalent circuit shown earlier. 
 ( )2starting ,eqag 3 sIRP = kW 95.49=  
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Finally, the starting torque is found using Equation 17.34. 
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E17.5 This exercise is similar to part (c) of Example 17.4.  Thus, we have 
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which yields the new torque angle .  Er  remains constant in 
magnitude, thus we have 
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The power factor is ( ) lagging %98.99045.1cos =− o . 
 

E17.6 We follow the approach of Example 17.5.  Thus as in the example, we have 
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The phasor diagram is shown in Figure 17.24a 
  
For 90% leading power factor, the power angle is θ  
The new value of the current magnitude is 
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and the phasor current is 
   A rms °∠= 84.251.1153aI
Thus we have 
 o77.140.56933 −∠=−= asar jX IVE   V rms 
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The magnitude of Er is proportional to the field current, so we have: 
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E17.7 The phasor diagram for  is shown in Figure 17.27.  The developed 

power is given by 

°= 90δ
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However from the phasor diagram, we see that  
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 Substituting, we have 
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Answers for Selected Problems 

 
 

P17.1* 8=P  pole motor 
 %55.5=s  
 
P17.7* Hz 8.86=f  

A 298.5=I  
   
P17.10* As frequency is reduced, the reactances rms XXX ′ and , ,  of the machine 

become smaller.  (Recall that LX ω= .)  Thus the applied voltage must be 
reduced to keep the currents from becoming too large, resulting in 
magnetic saturation and overheating. 
 

P17.13* ( )θω 2cospole-four −= tBB m  
 ( )θω 3cospole-six −= tBB m  
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P17.16*  

  
rms A  3.16=lineI  

Typically the starting current is 5 to 7 times the full-load current. 
 
P17.20* rms A 0.115starting, =lineI  

starting dev,T meters newton 8.40=  
Comparing these results to those of the example, we see that the 
starting current is reduced by a factor of 2 and the starting torque is 
reduced by a factor of 4.   

 
P17.23* Neglecting rotational losses, the slip is zero with no load, and the motor 

runs at synchronous speed which is 1800 rpm.   
The power factor is 2 . %409.

rms A 10=lineI  
 
P17.26* The motor runs at synchronous speed which is 1200 rpm.   

The power factor is 1 . %04.
rms A 97.98=lineI  

 
P17.29*  kW 893.9ag =P  

kW 773.9dev =P  
kW 373.9out =P  

   %51.91=η  
 
P17.32* W 12.76rot =P  
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P17.35* 1.  Use an electronic system to convert 60-Hz power into three-phase ac 
of variable frequency.  Start with a frequency of one hertz or less and 
then gradually increase the frequency. 
 
2.  Use a prime mover to bring the motor up to synchronous speed before 
connecting the source. 
 
3.  Start the motor as an induction motor relying on the amortisseur 
conductors to produce torque. 

 
P17.38* (a) Field current remains constant.  The field circuit is independent of  

the ac source and the load. 
(b) Mechanical speed remains constant assuming that the pull-out 

torque has not been exceeded. 
(c) Output torque increases by a factor of 1/0.75 = 1.333. 
(d) Armature current increases in magnitude. 
(e) Power factor decreases and becomes lagging. 
(f) Torque angle increases. 
 

P17.41*    

  
 
 

P17.44* A 93.52 =fI  
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P17.47* (a) Hz 50gen =f  
 (b) 

 
 
One solution is: 
 6          and          12          10 21 === mmg PPP  
for which Hz 502 =f . 
 
Another solution is: 
 12          and           6          10 21 === mmg PPP  
for which Hz 1002 =f . 

 
P17.50* (a)  lagging  %2.76  factor power =

(b) =Z Ω∠  36.4076.11  o  
(c) Since the motor runs just under 1800 rpm, evidently we have a 

four-pole motor. 
 
P17.53* The percentage drop in voltage is 7.33%.   
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