Unit 14: Automation Control and Robotics
LO1: Understand control system theory in
engineering
Pulse Width Modulation
Instructions and answers for teachers
These instructions should accompany the OCR resource ‘Pulse Width Modulation’ activity which supports
Cambridge Technicals in Engineering Level 3.
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Activity 1
There are many different ways to control the speed of motors but one very simple and easy way is to use
Pulse Width Modulation. The Permanent Magnet DC Motor (PMDC) is the most commonly used type of
small direct current motor available, producing a continuous rotational speed that can be easily
controlled. Small DC motors are ideal for use in applications were speed control is required such as in
small toys, models and electro mechanical devices.
The rotational speed of a DC motor (N) is proportional to the back emf (Vb) of the motor divided by the
magnetic flux (which for a permanent magnet is a constant) times an electromechanical constant
depending upon the nature of the armatures windings (Ke) giving us the equation of:
N ∝ V/Keϕ. As Ke and ϕ are constants the equation simplifies to N ∝ V.

The speed of a DC motor can be controlled using a large variable resistor in series with the motor as we
did in previous lessons. While this may work, with low power devices, it generates a lot of heat and
wasted power in the resistance. A more efficient way to control the speed of a motor is to regulate the
amount of voltage across its terminals and this can be achieved using ‘Pulse Width Modulation’.
Pulse width modulation speed control works by driving the motor with a series of ‘ON-OFF’ pulses and

varying the duty cycle, the fraction of time that the output voltage is ‘ON’ compared to when it is ‘OFF’, of
the pulses while keeping the frequency constant.
The power applied to the motor can be controlled by varying the width of these applied pulses and
thereby varying the average DC voltage applied to the motors terminals. By changing or modulating the
timing of these pulses the speed of the motor can be controlled, i.e. the longer the pulse is ‘ON’, the
faster the motor will rotate and likewise, the shorter the pulse is ‘ON’ the slower the motor will rotate.
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The use of pulse width modulation to control a small motor has the advantage in that the power loss in
the switching transistor is small because the transistor is either fully ‘ON’ or fully ‘OFF’. As a result the
switching transistor has a much reduced power dissipation giving it a linear type of control which results
in better speed stability. Also the amplitude of the motor voltage remains constant so the motor is always
at full strength. The result is that the motor can be rotated much more slowly without it stalling.
We can produce a pulse width modulation signal to control the motor by using an Astable 555
Oscillator circuit as shown below.

This simple circuit based around the familiar NE555 or 7555 timer chip is used to produce the required
pulse width modulation signal at a fixed frequency output. The timing capacitor C is charged and
discharged by current flowing through the timing networks RA and RB.
The output signal at pin 3 of the 555 is equal to the supply voltage switching the transistors fully ‘ON’.
The time taken for C to charge or discharge depends upon the values of RA, RB, which are adjusted by
the variable resistor VR1.
The capacitor charges up through the network RA but is diverted around the resistive network RB and
through diode D1. As soon as the capacitor is charged, it is immediately discharged through diode D2
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and network RB into pin 7. During the discharging process the output at pin 3 is at 0 V and the transistor
is switched ‘OFF’.
Then the time taken for capacitor, C to go through one complete charge-discharge cycle depends on the
values of RA, RB and C with the time T for one complete cycle being given as:
The time, TH, for which the output is “ON” is: TH = 0.693(RA).C
The time, TL, for which the output is “OFF” is: TL = 0.693(RB).C
Total ‘ON’-‘OFF’ cycle time given as: T = TH + TL with the output frequency being ƒ = 1/T
Calculate the vales of TH, TL and frequency ƒ, for the value of VR1 set to minimum (0Ω), mid-point
(50KΩ) and maximum (100KΩ). What would the average output voltage be at each of these three points?
Answer: Learners should calculate values using the formulas above. They may wish to tabulate their
results using an excel spreadsheet. The values they should obtain are below in case 1 to 3:
TH = 0.693 x RA × C for case 1 TH = 0.693 × 110000 × 4.70E-08
TL = 0.693 × RB × C for case 1 TH = 0.693 × 10000 × 4.70E-08
T = TH + TL

for case 1 T = 3.58E-03 + 3.26E-04

f=1/T

for case 1 f = 1 / 3.91E-03

Ave Vout = Input voltage x TH / T
Case 1
(Vrmin)

for case 1 = 6 × 3.58E-03 / 3.91E-03

Case 2
(Vrmax)

Case 3
(Vrmid)

Case 4
(Vrmin)

Case 5
(Vrmax)

Case 6
(Vrmid)

RA (Ω)

110,000

10,000

60,000

110,000

10,000

60,000

RB (Ω)

10,000

100,000

60,000

10,000

100,000

60,000

C (F)

4.70E-08

4.70E-08

4.70E-08

4.70E-06

4.70E-06

4.70E-06

Input voltage (V) 6
TH (S)
TL (S)
T (S)
f (Hz)
Ave Vout (v)

3.58E-03
3.26E-04
3.91E-03
256
5.50

3.26E-04
3.26E-03
3.58E-03
279
0.55

1.95E-03
1.95E-03
3.91E-03
256
3.00

0.36
0.03
0.39
2.56
5.50

0.03
0.33
0.36
2.79
0.55

0.20
0.20
0.39
2.56
3.00

Learners should observe that the motor voltage can be varied under this system between 0.55 and 5.5
volts, with a supply voltage of 6 volts.
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What would happen to the frequency ƒ if the capacitor C was replaced with one of value 4.7µF?
Answer: can be seen in case 4 to 6.
What would be the effect on the motor operation with it operating at this frequency?
Answer: it would be jerky and not smooth in operation. Frequency needs to be higher than say 50Hz for
smooth operation.
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Activity 2
If you have access to a circuit as shown in activity 1, or other pwm device, connect it to the motor used in
the open loop control lesson. Note: Only apply a 6v power supply to the above circuit or you will damage
the components.
The above circuit can be constructed from readily available components form an electronics supplier
such as RS components or Maplin. It is suggested that the circuit is pre-assembled for the learner, and
that the capacitor C can be interchanged with capacitors of 47nF and 4.7µF. Alternatively a commercially
available pwm may be used. The motor used in sample lesson 1 on open loop control can be used for
this lesson.
Adjust the potentiometer and observe the output speed. How does the pwm compare with the
potentiometer used in the open loop control lesson?
Answer: The motor control should be improved over the open loop control.
If you are able to. Replace the capacitor C with one with a value of 4.7µF. Observe what happens.
Answer: Learners should observe that the motor operates in a jerky start-stop motion.
Insert the pwm device into the circuit used for the closed loop control lesson. Observe how it operates in
this circuit and what happens when you apply a load to the motor. Make sure the 47nF capacitor is used.
Answer: The circuit should operate smoothly and compensate for load variation keeping a constant
speed.
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