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Figure 2.1: Application of Electrical Drive System 
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Figure 2.2: Application of Electrical Drive System 
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Figure 2.3: Block Diagram of Electrical Drive System 
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Figure 2.4: Example of Special Machines 
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Figure 2.5: Speed-Torque Characteristics of DC Motor 
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Figure 2.6: Speed-Torque Characteristics of AC Motor 
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Figure 2.6: Four-Quadrants in Motor Operation 
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Figure 2.7: Application of Four-Quadrant 



                                                                 
DET 50063-Motor Control and Drives 

 Page 27 
 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 28 
 

 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 29 
 

 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 30 
 

 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 31 
 

 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 32 
 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 33 
 

 

 



                                                                 
DET 50063-Motor Control and Drives 

 Page 34 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Equivalent Circuit of a DC Motor in Steady State Operation 
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Figure 3.2: (a) Speed-Torque Characteristics, (b) Speed-Current 
Characteristics of DC Separately Excited Motor 
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Figure 3.3: (a) A Setup for speed change by adding an armature resistance 
in DC motor, (b) Effect of adding an armature resistance on speed 



                                                                 
DET 50063-Motor Control and Drives 

 Page 37 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3.4: (a) A setup for changing speed by adjusting the armature 
voltage, (b) Motor characteristics when armature voltage change 
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Figure 3.5: (a) A setup for changing speed by adjusting the field voltage, (b) 
Motor characteristics when field voltage change  
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Figure 3.6: A Single-Phase, Half-Wave SCR Drive Waveform   
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Figure 3.7: Full-Wave Drive (a) Using Four SCR Bridge, (b) Using Two SCRs and 
a Center-Tap Transformer    
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Figure 3.8: A Single-Phase, Full-Wave SCR Drive Waveform     
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Figure 3.9: Control Strategies of a Chopper       
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Figure 3.10: Chopper Circuit – Output Waveform (a) Series Motor, (b) 
Separately Excited Motor      
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        Example 3.1: 
 

A 150 V, dc shunt motor drives a constant-torque load at a speed of 

1200 rpm. The armature and field resistances are 1Ω and 150Ω, 

respectively. The motor draws a line current of 10 A at the given load. 

a. Calculate the resistance that should be added to the 

armature circuit to reduce the speed by 50%. 

b. Assume the rotational losses to be 100 W. Calculate the 

efficiency of the motor without and with the added resistance. 

c. Calculate the resistance that must be added to the armature 

circuit to operate the motor at the holding condition. 

 

Solution: 

Given: V=150V, Ns=1200rpm, Ra=1Ω, Rf=150Ω, I=10A 

a. The resistance that should be added 

 
the speed equations at these two operating points are 

 
The armature current is constant regardless of the value of the added 

resistance because  and Td and  are constants. Hence, Ia1 = 

Ia2· 
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b. To calculate the motor efficiency, first calculate the input power 

 
 

 

 
 

 

c. To calculate the resistance to be added to the armature for the 

holding operation, set the motor speed equal to zero 

 
 
 
 
 



                                                                 
DET 50063-Motor Control and Drives 

 Page 51 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Example 3.2: 

 

A 150V DC shunt motor drives a constant-torque load at a speed of 

1500rpm. The armature & field resistance is 2Ω & 150Ω respectively. 

The motor draws a line current of 10A. Assume that a resistance is 

added in the field circuit to reduce the field current by 20%. 

Calculate the armature current, motor speed, value of the added 

resistance & extra field losses. 

 

Solution: 

Given: V=150V, Ns=1500rpm, Ra=2Ω, Rf=150Ω, I=10A 

 

 
Since the load torque is constant, 

 
Assume that the flux is linearly proportional to the field current 
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Notice that the armature current is increased by 25%. To calculate the 

speed, consider the two equations 

 
Or 

 

 

 
 

The result is a 20.8% increase in speed.  

The value of the resistance that should be inserted in the field circuit 

can be calculated using Ohm’s Law: 

 

 

 
The losses due to Radd are 

 

 
Note that the additional losses are small when a resistance is added 

to the field circuit. Therefore, the technique is acceptable in industry 

even when solid-state field control devices are available.  
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Example 3.3: 

 

The speed of a separately excited motor is controlled by a single 

phase semiconverter in figure below. The field current, which is also 

controlled by semiconverter, is set to the maximum possible value. 

The AC supply voltage to the armature and field converters is single 

phase, 220V, 50Hz. The armature resistance is Ra=0.25Ω, the field 

resistance is Rf=175Ω and the motor voltage constant is Kv=0.7032V/A 

rad/s. the load torque is TL=45Nm at 1000 rpm. The viscous friction and 

no-load losses are negligible. The inductances of the armature and 

the field circuits are sufficient to make the armature and field currents 

continuous and ripple free. Calculate the field current If and the 

delay angle αa of the converter in the armature circuit. 
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Solution:  

,  

 

 

 

 
  

a) From equation,    , the maximum field current, If is obtained 

for a delay angle of  = 0 0  

 

  

                         =198.07 V 

 

The field current is; 

   

 

b) From equation,    

 

 
 

      

      = 56.63 A  
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   From equation,   

 

               From equation,     

                                                                                       

                                                                                       

    For semiconverter drives:                

     From equation   

                                           

                                    97.37  

                                                 

                                   0.983  

                                    -1 

                                       

                                            = 90.97◦ 
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Example 3.4: 

 

A three-phase squirrel cage induction motor with 4 poles, 10hp, 600V, 

60Hz develops a torque of 120Nm at a speed of 1500rpm.  If the motor 

is excited at a frequency of 30Hz, calculate  

i. Stator voltage needed to maintain the same flux in the motor 

ii. The new speed at 120N-m torque 

Solution 

i. Stator voltages reduce by frequency range: 

   

                                      

                                                    

                                                         

ii. The new speed at 120N-m torque  

Synchronous speed: 
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Difference between speed at 120Nm and synchronous speed:  

 

 

Synchronous speed at 30Hz: 

 

New speed at 120Nm Torque:  
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Example 3.5: 

A three-phase, six-pole, Y-connected, 480 V induction motor is driving 

a 300 Nm constant-torque load. The motor has the following 

parameters: 

Nl/ N2= 1,  Protational = 1 kW 

The motor is driven by a slip energy recovery system. The triggering 

angle of the dc/ac converter is adjusted to 120°. Ignore all core losses. 

Verify that the power developed is 19.85kW 

 

Solution 
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1. Identify THREE (3) methods of speed control for DC Separately 

Excited Motor 

2. State THREE (3) advantages of DC Motor 

3. Explain the effect when adding resistance in controlling the 

speed of DC Separately Excited Motor. 

4. Sketch and label the circuit of single-phase half wave SCR drive. 

5. Gives TWO (2) control strategies employed in DC chopper. 

6. Construct circuit diagram of two quadrant operation of dc 

motors using chopper drives and sketch the quadrant operation 

of the circuit. 
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1. A 600V, DC shunt motor has armature and field resistance of 

1.5Ω and 600Ω respectively. When the motor run unloaded, 

the line current is 3A and the speed is 1000rpm. Calculate 

torque developed at full load armature current of 50A, the 

motor speed if the load is constant-torque type when 3Ω 

resistance is added to the armature circuit and the motor 

speed if the field is reduced by 10%. 

 

2. A 180V DC shunt motor drives a constant-torque load at a 

speed of 1800rpm. The armature & field resistance is 2Ω and 

150Ω respectively. The motor draws a line current of 10A. 

Assume that a resistance is added in the field circuit to reduce 

the field current by 20%. Calculate armature current, motor 

speed and value of the added resistance at field circuit. 

 

3. A 1hp, DC shunt motor is loaded by a constant torque of 

10Nm. The armature resistance of the motor is 5Ω, and the 

field constant K=2.5Vsec. the motor is driven by a half-wave 

SCR converter. The power source is 120V, 60Hz. The triggering 

angle of the converter is 60 and the conduction period is 

150. Calculate the motor speed and the developed power. 

 

4. From question no. 3., now assume that the converter is a full-

wave type. The triggering angle of the converter is 60, and 

the conduction period is 150. Calculate the motor speed and 

the developed power delivered to the load. 
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5. A DC separately excited motor has a constant torque load of 

60Nm. The motor is driven by a full wave converter connected 

to a 120V, AC supply. The field constant of the motor K=2.5 

and the armature resistance is 2Ω. Calculate the triggering 

angle,  for the motor to operate at 200rpm. The motor 

current is continuous. 

 

6. A 600V, DC Shunt motor has armature and field resistance of 

1.5Ω and 600Ω respectively. When the motor runs unloaded, 

the line current is 3A and the speed is 1000rpm. 

a. Calculate motor speed when the load draws an armature 

current of 30A 

b. If the load is constant-torque type, what is the motor speed 

when 3Ω resistance is added to the armature circuit? 

c. Calculate the motor speed if the field is reduced by 10%. 

 

7. A DC shunt motor drives a centrifugal pump at a speed of 

1000rpm when the terminal voltage and line currents are 200V 

and 50A, respectively. The armature and field resistances are 

0.1Ω and 100Ω respectively. 

 

a. Design a starting resistance for a maximum starting current 

of 120A in the armature circuit 

b. What resistance should be added to the armature circuit to 

reduce the speed to 800rpm? 

c. If the terminal voltage is reduced by 25%, what is the speed 

of the motor? 
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8. A 150V, DC shunt motor drives a constant-torque load at a 

speed of 1500rpm. The armature and field resistances are 2Ω 

and 150Ω, respectively. The motor draws a line current of 10A 

at the given load. 

a. Calculate the resistance that should be added to the 

armature circuit to reduce the speed by 50%. 

b. Assume the rotational losses to be 100W. calculate the 

efficiency of the motor without and with the added 

resistance. 

c. Calculate the resistance that must be added to the 

armature circuit to operate the motor at the holding 

condition 

 

9. A 1hp, DC shunt motor is loaded by a constant torque of 

20Nm. The armature resistance of the motor is 4Ω, and the 

field constant K=2.5Vsec. the motor is driven by a full-wave 

SCR converter. The power source is 200V, 60Hz. The triggering 

angle of the converter is 60 and the conduction period is 

150. Calculate the motor speed and the developed power. 
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10. A 240V DC shunt motor has an armature resistance of 0.2Ω. 

when the armature current is 40A, the speed is 1000rpm. (a) 

Find additional resistance, Radd to be connected in series with 

armature to reduce the speed to 600rpm. Assume the 

armature current remains the same. (b) If the current 

decreases to 20A (with resistance Radd connected) find the 

new speed of the motor. 

 

11. A 300V DC Shunt motor runs at 1600rpm when taking an 

armature current of 40A. The armature resistance is 0.5Ω. it is 

required to: 

(a) Calculate the speed when a resistance is inserted in the field 

circuit as to reduce the flux to 60% of its nominal value (flux 

weakening) 

(b) Calculate the speed when the field resistance is decrease to a 

value such that the flux is increases to 120% of its nominal 

value.  

Assume that the armature current remains constant in both 

cases. 
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➢ An AC motor is an electric motor 

driven by an alternating current 

(AC). The AC motor commonly 

consists of two basic parts, an 

outside stator having coils 

supplied with alternating current 

to produce a rotating magnetic 

field, and an inside rotor 

attached to the output shaft 

producing a second rotating 

magnetic field. The rotor 

magnetic field may be produced by permanent magnets, 

reluctance saliency, or DC or AC electrical windings. 

➢ The two main types of AC motors are induction motors and 

synchronous motors.  

➢ The induction motor (or asynchronous motor) always relies on a small 

difference in speed between the stator rotating magnetic field and 

the rotor shaft speed called slip to induce rotor current in the rotor 

AC winding. As a result, the induction motor cannot produce torque 

near synchronous speed where induction (or slip) is irrelevant or 

ceases to exist.  

➢ In contrast, the synchronous motor does not rely on slip-induction for 

operation and uses either permanent magnets, salient poles (having 

projected magnetic poles), or an independently excited rotor 

winding. The synchronous motor produces its rated torque at exactly 

synchronous speed.  
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Figure 4.1: Construction of (a) Single Phase Induction Motor, (b) Synchronous Motor        
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➢ About 65% of the electric energy in the United States is consumed by 

electric motors. In the industrial sector alone, about 75% of the total 

energy is consumed by motors, and over 90% of them are induction 

machines.  

➢ The main reasons for the popularity of the induction machines are 

that they are rugged, reliable, easy to maintain, and relatively 

inexpensive.  

➢ Their power densities (output power to weight) are higher than those 

for DC motors. 
 

 

 

➢ The difference between the rotor speed (n or w) and the 

synchronous speed (ns or s)  is known as the slip, s 
 

 

 

 

 

➢ IM requires variable-frequency power electronic drive for optimal 

speed control – our topic 

➢ IM will always run at a speed lower than synchronous speed. NS>NR 

→ Speed fall magnetic field produces an induces voltage in rotor 

winding 

➢ Three phase AC current pass into the stator produce rotating 

magneting field, current will be induces in the bar of squirrel cage 

and rotor starting rotated, electricity induced on a rotor 
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➢ Eddy current minimum: 𝑆𝑙𝑖𝑝 = (𝑁𝑆−𝑁𝑅)/𝑁𝑆   

➢ Ns  F, when frequency (f) is increase, synchronous speed(NS) will 

increase and rotor speed(NR). 

➢ IM use method Pulse width modulation (PWM) and Pulse Width 

Controller (PWC) to control their signal that send to motor as a 

driver. 

➢ PWM → method to control output voltage without disturbance by 

using AC motor control. Convert digital signal to analog output 

voltage. 

➢ PWC → method to change pulse width. One multivibrator and 

amplifier used. Control the width of a pulse signal. 

➢ Thyristor circuit: thyristor switching circuits to control much larger 

loads like lamps, motor, heaters etc 

➢ How to turn on thyristor? By inject a small trigger pulse of current (not 

continuous current - s) into the gate (G) terminal when the thyristor 

forward direction, Anode (A) is positive respect to the Cathode (K), 

for regenerative latching to occur. 

➢ When thyristor start conduct it continuous to conduct even no gate 

signal until the anode current decrease below the devices holding 

current (IH) → auto turn off. 

➢ Thyristor cannot be used for amplification @ controlled switching. 

Thyristor used for high power switching application that operate 

only in the switching mode. 

➢ While stator voltage control is method used to control speed of IM. 

The speed of three phase IM can be varied by varying the supply 

voltage 
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➢ The torque developed is proportional to the square of the supply 

voltage and the slip at the maximum torque is independent of the 

supply voltage 

➢ The variation in the supply voltage foes do not alter the synchronous 

speed (NS) of the motor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: (a) Circuit for IM, (b) Equivalent Circuit for IM with the circle is represent 
the load of the motor, which includes the mechanical and rotational loads         
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Figure 4.3: Three Phase AC Voltage Controller Circuits (a) Delta Connection, (b) Star 
Connection           

Figure 4.4: Speed-Torque Characteristics – Impact of Voltage on Motor Speed            
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Figure 4.5: (a) Inverter Circuit (b) Speed-Torque Characteristics – Impact of 
Voltage on Motor Speed             
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Figure 4.6: (a) Speed-Current Characteristics – Impact of Frequency Change on Motor 
Speed, (b) Speed-Torque Characteristics – Impact of Frequency Change on Motor Speed              
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Figure 4.7: Power Flow for Induction Motor – SER increase the efficiency               
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Figure 4.8: Block Diagram for SER                
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Figure 4.9: Circuit Diagram for SER                
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