www.1337Robotics.com

Russell Pinnington

PWM Motor Driver
This tutorial describes how to drive DC motors at variable speeds using Pulse Width Modulation – a more efficient method than simply varying the voltage.
1 Introduction
It is often desirable to have DC motors running at variable speeds.  The obvious way to do this is to lower the supply voltage, however this is not the idea approach.  By simply lowering the supply voltage, the available current also drops and hence the power in the motor is lower.  The motor can supply less torque, and hence may stall.  It is also less efficient to run a motor at a lower voltage.  Instead, you can lower the average voltage, by supplying a square wave input with a varying duty cycle, also known as the mark/space ratio.
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Figure 1 – Average Voltage, and square waveform.

As you can see, wider pulses give a higher average voltage, until the ‘mark’ (on) time is 100%.  When the ‘space’ (off) time is 100%, the voltage is zero.

Frequency selection is important – if a very low frequency is chosen, the motor will jerk, however too high a frequency can reduce efficiency.  It has been found that the optimal frequency is 1kHz to 2kHz.

2 The 555 Timer

The PWM motor driver will be constructed using 555 timer ICs.  These are extremely common, and while not incredibly accurate, are very versatile and used in a wide variety of applications.  With only two or three external components, a 555 circuit can be made to work in either monostable (single pulse) or astable (continuous pulses) modes.

The 555 comes in an 8 pin DIL package as shown below:
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For those of you unfamiliar with ICs, pin 1 can be found by looking for a notch or dot at one end of the chip.

Inside, a 555 looks like this:
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3 Implementation
  In this application, we will use a 555 in astable mode to generate a square wave signal.  This will then be fed into a second 555 chip to trigger it.  This second chip also has a modulation input, which is used to modulate the square wave.
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Note that you cannot simply connect the motor to the output of the 555 chip.  This is because a 555 (and most chips) can only provide a very small amount of current, around 200mA absolute maximum, however even a small motor may require an amp to run.  Because of this, the output must be used to drive a suitable transistor, normally a MOSFET because of their high current capabilities.  The correct device must be chosen to suit the power requirements of the motor.  It is also important to protect the transistor from back emf – a reverse voltage caused by the magnetic fields in the motor which could be damaging.  This is done by simply putting a diode in reverse parallel with the motor.  It is also common to put small ceramic capacitors of around 10pF in parallel with the motor to help eliminate electrical noise.
4 Components

555 Timer x 2
Ra = 1k

Rb = 4.7k

Rc = 9.1k

C1 = 0.1uF

C2 = 0.01uF

Note that it may also be advisable to put a 1uF capacitor in parallel with the power supply rails to help provide for current spikes when the circuit switches.

This tutorial was written by MrZebra of 1337 Robotics
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If you find any mistakes, please send me an email and I’ll correct them.
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