
Control Techniques for DC Motors 

1. Introduction 

DC motors are electric motors that run on direct current (DC) electricity. They are favored in 

applications requiring variable speed and torque control. Effective control techniques allow 

for precise manipulation of the motor’s performance, optimizing its use in diverse 

applications. 

2. Basic Principles of DC Motor Control 

A. Speed Control 

 Definition: Adjusting the speed at which the DC motor rotates. 

 Methods: 

o Voltage Control: Varying the voltage supplied to the motor directly affects its 

speed. Higher voltage increases speed, while lower voltage decreases it. 

o Pulse Width Modulation (PWM): A technique that involves varying the duty 

cycle of a pulse signal to adjust the average voltage and thus control the motor 

speed. 

B. Torque Control 

 Definition: Regulating the amount of torque the motor generates. 

 Methods: 
o Current Control: Since torque in a DC motor is proportional to the current, 

adjusting the current supplied to the motor can control the torque output. 

o Feedback Control: Using sensors to measure actual torque and adjusting the 

control signal to achieve the desired torque. 

C. Direction Control 

 Definition: Changing the direction in which the DC motor rotates. 

 Methods: 
o Reversing Polarity: Swapping the polarity of the voltage applied to the 

motor’s terminals will reverse its direction. 

o H-Bridge Circuit: An electronic circuit that allows bidirectional control of 

the motor by switching the direction of the current flow. 

3. Control Methods 

A. Voltage Control 

 Method: 
o Direct Voltage Control: Varying the supply voltage to the motor directly 

changes its speed. 

o Voltage Divider: A simple resistor network used to reduce the voltage 

supplied to the motor. 



 Applications: Simple applications where speed regulation is needed without complex 

feedback. 

B. Pulse Width Modulation (PWM) 

 Method: 

o PWM Signal: A square wave signal with varying duty cycles (the ratio of on-

time to the total cycle time) controls the average voltage delivered to the 

motor. 

o PWM Controllers: Specialized circuits or microcontrollers generate PWM 

signals to regulate motor speed. 

 Applications: Widely used in motor speed control due to its efficiency and precision. 

Common in robotics, automotive systems, and consumer electronics. 

C. Current Control 

 Method: 

o Current Limiting: Circuits that restrict the maximum current supplied to the 

motor, preventing overload and controlling torque. 

o Closed-Loop Control: Sensors measure the actual current and provide 

feedback to adjust the control signal accordingly. 

 Applications: Used in applications requiring precise torque control, such as robotics 

and automated machinery. 

D. H-Bridge Circuit 

 Method: 
o H-Bridge: An electronic circuit configuration that allows the motor to be 

driven forward, backward, or stopped by switching the direction of current 

flow. 

o Components: Includes four switches (transistors or MOSFETs) arranged in 

an H-shape to control the motor direction. 

 Applications: Essential for DC motors in robotics and control systems where 

bidirectional motion is required. 

4. Control Techniques in Practice 

A. Open-Loop Control 

 Definition: A control method where the motor operates based on pre-set commands 

without feedback. 

 Advantages: 

o Simplicity: Easier to implement and requires less computational power. 

 Disadvantages: 

o Lack of Accuracy: No error correction or adjustment based on actual 

performance. 

B. Closed-Loop Control 



 Definition: A control method using feedback from sensors to adjust the motor’s 

operation. 

 Advantages: 
o Accuracy: Provides real-time adjustments for precise control. 

o Error Correction: Can compensate for disturbances and changes in load. 

 Disadvantages: 

o Complexity: Requires additional sensors and computational resources. 

C. Adaptive Control 

 Definition: A control method that adjusts parameters in real-time based on changing 

conditions or performance. 

 Advantages: 
o Flexibility: Adapts to varying conditions and loads. 

 Disadvantages: 

o Complexity: Requires sophisticated algorithms and real-time processing. 

5. Applications 

 Robotics: Provides precise control of motor speed and torque for robotic arms and 

mobile robots. 

 Automotive: Used in power windows, seat adjustments, and electric vehicle drive 

systems. 

 Consumer Electronics: Controls motors in devices like washing machines, fans, and 

DVD players. 

 Industrial Automation: Drives conveyors, actuators, and other machinery requiring 

variable speed and torque. 
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