
Year 11 Systems Engineering, Outcome 2

DC motor rotation control circuit            Name _________________
The common practical way to change the direction of rotation of a DC motor is to change the directions of electric current through its coil. The easiest mechanical way is the use of a 6 pin Double Pole Double Throw (DPDT) switch, see fig.1. 

Fig. 1. DPDT switch is used to change the direction of current through the motor. Power supply is connected to the middle pins 1 and 2, two opposite corner pins are linked by means of non-crossing wires (3-6 and 4-5).  In fact, DPDT switch has four switches making and breaking circuit in pairs. In fig. 1 the following contacts are connected: 1-3 and 2-4. They provide the direction of current through the motor from right to left.

The diagram of the motor and DPDT switch from fig. 1 is redrawn differently (see in fig. 2) It clarifies the details of connections and current flow through the motor when different couples of switches are activated. It looks like the letter H now and this famous electronic circuit is known as the H-bridge. 
Fig. 2. The H-bridge is formed by four separate switches from DPDT switch and the motor. 

When 1-3 and 2-4 are connected the current flows the opposite way compared to when 1-5 and 2-6 are connected. 

In old-fashioned circuits to reverse a DC motor, two relays were used with contacts forming the H-bridge. In the modern world of Electronics to change the direction of rotation of a DC motor, a network of four transistors is used. Transistors are used as switches and they are also connected in H-bridge circuit, see fig. 3. 
. 
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Fig. 3. Four transistors forming H-Bridge. 
Four transistor are the BD139 NPN types, powerful enough to drive small motors. Heat-sinks may be fitted to them if they are found to warm up. Resistors (330 ohm) are used to protect the transistors and the two LEDs, but higher values can be used for extra protection. One LED will light up when the motor spins one way and the other will light up when the motor is reversed. 
If terminals A and B are not connected to any voltage or to the voltage below 0.7 V, all four transistors are closed and the motor does not operate. If A is now connected to a high (i.e. to a positive rail), the two left transistors are switched on (or open) and the motor spins. If A is then disconnected and terminal B connected to a high, the rotation reverses. Switches or relays can be used to connect and disconnect A and B. 

More interestingly, input A could be connected to a digital voltage waveform that changes from high to low with different pulse length. In this case the motor will go through cycles of stopping and starting. Changing the pulse lengths we can control the speed of rotation electronically and program it. This method of DC motor speed control is known as Pulse Width Modulation or PWM shortly. At the end of this project keep your model as you may be asked to use it when complete Programmable Interface Circuit (PIC) tasks.
 Practical Tasks. 
Task 1. As a useful exercise draw the current flow via transistors, LED and motor in both cases: when A is positive and B is at 0 and vice versa. (Hint: when A is positive then two NPN transistors with the positive base are open but two others should be closed. Remember that current flows from + to -. Use separate color to see that the current flows via motor in opposite directions.) 
Task 2. Solder the circuit according to the diagram in fig. 1. Use 9V battery snap, DPDT switch and a small DC motor. Connect 9V battery, check the operation of the circuit. Measure the voltage V across the motor with multimeter (20V or 200V DC, connect leads in parallel to the motor or to the points 1 and 2). Pay attention how polarity of voltage changes when you reverse rotation. Measure the current through the motor. Be careful as the ammeter should be connected in series with the motor. To do so, place the red lead of the multimeter into 10A socket and rotate the dial to 10A. Then de-solder a wire from pin 1 (or pin 2) and connect leads of multimeter between de-soldered wire and pin 1. Connect battery, measure the value of current I. Pay attention that the polarity of current also changes when the motor is reversed.
Calculate the power P of the motor.   P=V*I =          W, show results to your teacher and start the next practical task.
Task 3. There is an artwork and component layout of a motor control circuit at the end of this instruction. You may detach it and use separately to complete this extended task. The change in direction is activated by two push button switches. You may use two hook up wires instead. De-solder the circuit to use the battery snap and motor. Cut the copper board to the size 40*70 mm approximately (it may be cut for you), draw very accurately the circuit connections with water resistant pen by coping the artwork supplied. Write your initials on copper for authentication, identify and label T1, T2,T3, T4, + and – , points A and B on the board. Remember that the PCB artwork is a mirror reflection of the component layout. Check labels and connections with your partner. Dry ink, etch, drill, install, solder components, trim, connect battery and check the operation of the system. Two hook up wires may be soldered to points A and B and connected to the + of the battery alternatively. Make sure that the motor may be reversed.
Measure V and I again and calculate the input electrical power of the motor 

P= V*I =       W.

Is the power consumption more or less than in the first case? Explain the difference. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Connect + to point A, make sure the motor spins. Measure voltages across collectors of all four transistors. Write results on fig. 3 to the right transistors. Explain the results.  ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Prepare for an open book test on this model. Use the text book and other resources to answer the following questions, answers are given to check, show your working.
1. Find the power input when the voltage across 3 Ohms resistor is 6V. Answer-12W
2. Find the power dissipated by 5K resistor if the current through the resistor was 2 mA.  Answer-2W.
3. The common carbon resistors used are 0.25 W. Find the maximum allowed current for 1K resistor. Answer-0.5mA 

4. How to change the speed of a DC motor using PWM? What is the function of protecting diodes, how to connect them in fig. 3? Do research, prepare sketches and full answers for the test.
1. P. O’Neil, J-C Prosper. Systems Engineering, VCE Units 1-4. P. 132, 162-164.

2. To find about PWM you may use www.howstuffworks.com or other resources.
Show this completed report with all questions answered and the working model to your teacher for assessment of the practical tasks. Prepare for an open book test on this model.

