
ASSIGNMENT  # 2 DC MACHINES NUMERICALS 

1. Consider a separately-excited dc motor. Describe the speed variation of the motor operating unloaded under the following 

conditions: 

 a. The armature terminal voltage is varied while the field current is held constant. 

 b. The field current is varied while the armature terminal voltage is held constant. 

 c. The field winding is connected in shunt directly to the armature terminals, and the armature terminal voltage is then 

varied. 

 

2. The constant-speed magnetization curve for a 25-kW, 250-V dc machine at a speed of 1200 r/min is shown in Fig.. This 

machine is separately excited and has an armature resistance of 0.14 Ω. This machine is to be operated as a dc generator 

while driven from a synchronous motor at constant speed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. What is the rated armature current of this machine? 

b. With the generator speed held at 1200 r/min and if the armature current is limited to its rated value, calculate the 

maximum power output of the generator and the corresponding armature voltage for constant field currents of (i) 1.0 A, (ii) 

2.0 A and (iii) 2.5 A. 

 

3. A 250-V dc shunt-wound motor is used as an adjustable-speed drive over the range from 0 to 2000 r/min. Speeds from 0 to 

1200 r/min are obtained by adjusting the armature terminal voltage from 0 to 250 V with the field current kept constant. 

Speeds from 1200 r/min to 2000 r/min are obtained by decreasing the field current with the armature terminal voltage 

remaining at 250 V. Over the entire speed range, the torque required by the load remains constant.  

 

a. Sketch the general form of the curve of armature current versus speed over the entire range. Ignore machine losses and 

armature-reaction effects.  

b. Suppose that, instead of operating with constant torque, the load torque at any given speed is adjusted to maintain the 

armature current at its rated value. Sketch the general form of the allowable torque as a function of speed assuming the 

motor is controlled as described above. 

 

4. A 25-kW, 230-V shunt motor has an armature resistance of 0.11 Ω and a field resistance of 117 Ω. At no load and rated 

voltage, the speed is 2150 r/min and the armature current is 6.35 A. At full load and rated voltage, the armature current is 

115 A and, because of armature reaction, the flux is 6 percent less than its no-load value. What is the full-load speed? 

 

5. A shunt motor operating from a 230-V line draws a full-load armature current of 46.5 A and runs at a speed of 1300 r/min at 

both no load and full load. The following data is available on this motor:  

Armature-circuit resistance (including brushes) = 0.17 Ω 

Shunt-field turns per pole -- 1500 turns 

 

The magnetization curve taken with the machine operating as a motor at no load and 1300 r/min is  
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a. Determine the shunt-field current of this motor at no load and 1300 r/min when connected to a 230-V line. Assume 

negligible armature-circuit resistance and armature reaction at no load. 

b. Determine the effective armature reaction at full load in ampere-turns per pole. 

c. How many series-field turns should be added to make this machine into a long-shunt cumulatively compounded motor 

whose speed will be 1210 r/min when the armature current is 46.5 A and the applied voltage is 230 V? Assume that the 

series field has a resistance of 0.038 Ω. 

d. If a series-field winding having 20 turns per pole and a resistance of 0.038 Ω is installed, determine the speed when the 

armature current is 46.5 A and the applied voltage is 230 V. 

 

 

6. A 7.5-kW, 230-V shunt motor has 2000 shunt-field turns per pole, an armature resistance (including brushes) of 0.21 Ω, and 

a commutating-field resistance of 0.035 Ω. The shunt-field resistance (exclusive of rheostat) is 310 Ω. When the motor is 

operated at no load with rated terminal voltage and varying shunt-field resistance, the following data are obtained: 

 

 

 

 

 

  

 

The no-load armature current is negligible. When the motor is operating at full load and rated terminal voltage with a field 

current of 0.554 A, the armature current is 35.2 A and the speed is 1185 r/min. 

a. Calculate the full-load armature reaction in equivalent demagnetizing ampere-turns per pole. 

b. Calculate the full-load electromagnetic torque at this operating condition.  

c. What starting torque will the motor produce with maximum field current if the starting armature current is limited to 65 A? 

Assume that the armature reaction under these conditions is equal to 160 ampere-turns per pole. 

 

 

7. A 25-kW, 230-V shunt motor has an armature resistance of 0.064 Ω and a field-circuit resistance of 95 Ω. The motor 

delivers rated output power at rated voltage when its armature current is 122 A. When the motor is operating at rated 

voltage, the speed is observed to be 1150 r/min when the machine is loaded such that the armature current is 69.5 A. 

Calculate the rated-load speed of this motor. 

 

8. The magnetization curve for a separately excited dc generator is shown in Figure on next page. The generator is rated at 6 

kW, 120 V, 50 A. and 1800 r/min and is shown in Figure. Its field circuit is rated at 5A. The following data are known about 

the machine: 

 

 

 

 

Answer the following questions about this generator. Assuming no armature reaction. 

(a) If this generator is operating at no load. What is the range of voltage adjustments that can be achieved by changing Radj? 

(b) If the field rheostat is allowed to vary from 0 to 30 Ω and the generator's speed is allowed to vary from 1500 to 2000 

r/min. what are the maximum and minimum no-load voltages in the generator? 

 

 

 

9. If the armature current of the generator in Problem 8 is 50 A. the speed of the generator is 1700 r/min. and the terminal 

voltage is 106 V, how much field current must be flowing in the generator? 

 

10. Assuming that the generator in Problem 8 has an armature reaction at full load equivalent to 400 A • turns of magnetomotive 

force. What will the terminal voltage of the generator be when IF = 5 A. nm. = 1700 r/min. and IA = 50 A? 
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