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Today

• DC Motors

• H-bridge motor driver (vary motor direction)

• Pulse-width modulation (PWM) (vary motor speed)

• Quadrature encoders (measure motor motion)

• Proportional control (control motor speed)
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DC Motor Diagram
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https://www.nagwa.com/en/explainers/246108560531/


DC Motor Diagram

5Lesson Explainer: Direct Current Motors | Nagwa

https://www.nagwa.com/en/explainers/246108560531/


DC Motor Model

𝑣 =
𝛼

𝐾𝑣
+ 𝑅𝑖 + 𝐿

𝑑𝑖

𝑑𝑡
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DC Motor Model

𝑣 =
𝛼

𝐾𝑣
+ 𝑅𝑖 + 𝐿

𝑑𝑖

𝑑𝑡

Where

𝑣 is the voltage applied (or measured) across the motor terminals

𝛼 is the angular velocity of the motor shaft

𝐾𝑣 is the speed constant of the motor

𝑅 is the resistance of the motor

𝑖 is the current through the motor

𝐿 is the motor’s inductance
𝑑𝑖

𝑑𝑡
 is the rate of change of current
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See Kirchhoff's circuit laws - Wikipedia

https://en.wikipedia.org/wiki/Kirchhoff%27s_circuit_laws


DC Motor Speed Vs. Voltage
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H-Bridge
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Pulse-Width Modulation (PWM)

𝑉effective = 𝑉𝑇duty−cycle
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Quadrature Encoders
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System Diagram
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Microcontroller Motor Driver DC Motor
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System Diagram

13

Microcontroller Motor Driver DC Motor
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Proportional Control

𝑢 = 𝐾𝑝𝑒

Where

𝑢 is the controller output

𝐾𝑝 is a unitless proportional gain

𝑒 = 𝑟 − ො𝑦 is the error between the reference and the measured values
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Controller System

Sensor



Proportional Control

𝑟 ෝ𝒚 𝑒 𝑢 𝑦 PWM
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Controller System

Sensor
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