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Week 6, 2014 Spring

	Introduction

The focus of this lab is on electromagnets and DC motors. In the project, you will use electromagnets to enable the car to pick up and drop objects, and DC motors to move. The working principles of electromagnets and DC motors, as well as their operations, are very simple.  Having said so, there are several advanced features you may implement, such as controlling the speed of the car, and allowing the car to move in reverse direction. The key technique behind such features is to use an electronic component called the transistor to control actuators.


	Objective
By completing this laboratory, you should know:

1. the working  principles of electromagnets and DC motors, and the precautions when using them;
2. how to use transistors to control electromagnets and DC motors;
3. circuit techniques for advanced features of DC motors control, which include pulse wide modulation (PWM)-based speed control, H-bridge for direction control, and use of a motor driving integrated circuit (IC) called L293.  


	
Finally, you are reminded to prepare your own lab sheets beforehand. No sample lab sheet will be given from now on and you are not allowed to start without a properly prepared lab sheet.


	Please read the lab manual thoroughly before attending the lab!





1. Transistors
Let us introduce an electronic component called transistor. Resistors you learnt previously, as  well as capacitors and inductors, are often called passive components. Transistors belong to another category called active components. The following figure shows what a transistor may look like physically and symbolically.


[image: http://www.muzique.com/news/images/2N7000.gif][image: ]
[bookmark: _Ref372719568]Figure 1 Different types of transistors and the circuit symbol

There are two major types of transistors, namely the Bipolar Junction Transistor (BJT) and the Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET). In this course, we will mainly deal with MOSFETs.

There are many different applications for transistors. They can be used to amplify signals; or, they can be used as a switch. Here we will focus on studying transistors as switches, and apply the principles to build a motor circuit.

	Experiment I: MOSFET as a switch

You are given:
1. a DC power supply
2. a few crocodile clips 
3. CUHK ENGG 1100 Lab Board (the Lab Board)

Procedures:
1. Locate the N-MOS FET Switch part and the Power Panel on the Lab Board. The circuit diagram is shown in Figure 2.
2. 

Supply  to the Power Panel by connecting  and GND on the power supply to TP5V1 and TP0V1 on the Lab Board.  
(P.S. you may not able to find those marks on the panel due to manufacturing problem. Please follow technicians’ instructions.)
3. Observe the status of the LED (D1) (light up or not?)
4. Push the push button at SW1 once and observe the status of the LED (D1) again.




Procedures (continued):
5. 
Supply   to TP8 by connecting TP0V2 or TP0V3 to TP8 using crocodile clips. Observe the status of the LED (D1). 
6. 
[bookmark: _GoBack]Supply   to TP8 by connecting TP5V2 or TP5V3 to TP8 using crocodile clips. Observe the status of the LED (D1). 

Question:
Are there any differences between the observations in Steps 3-4 and those in Steps 5-6? Try to relate the results of MOSFET in Steps 3-4 with those in Steps 5-6.

Remarks:
1. The switch SW1 is closed when pushed, and is open when not pushed.
2. The resistor R3 is used to pull down the gate (G) of the MOSFET. This can avoid the gate voltage resting on some unexpected voltage when the gate (or TP8) is floating.

R5 ()
(PHN210)

[bookmark: _Ref373508028][bookmark: _Ref373508023]Figure 2 Test circuit of the transistor


	



2. Electromagnet
In this section, we will consider electromagnet. Electromagnet is a type of magnet which is magnetized when there is a current flowing through it. The magnetic field will disappear when there is no current. Because of this property, we can pick up and put down iron objects by turning on and off the electromagnet.
In the following experiment, we will demonstrate how to use an electromagnet with a transistor.
	Experiment II: Electromagnet

You are given:
1. a DC power supply
2. a few crocodile clips
3. CUHK ENGG 1100 Lab Board (the Lab Board)
4. an electromagnet
5. a small piece of iron
6. a breadboard
7. a transistor IRF530
8. a  resistor

Procedures:
1. Locate the N-MOS FET Switch part and the Power Panel on the Lab Board.
2. Construct the circuit in Figure 3 by connecting the two terminals of an electromagnet to TP10 and TP11.
3. 



Supply  and  to the Power Panel by connecting ,  and GND of the power supply to TP5V1, TP9V1 and TP0V1 on the Lab Board.
4. 
Supply  to TP9 and observe if the electromagnet can attract the piece of iron or not.
5. 
Supply  to TP9 and observe if the electromagnet can attract the piece of iron or not.
6. Construct the same circuit in Figure 3 on a breadboard.
7. Check the correctness of your constructed circuit by testing it.


(PHN210)


[bookmark: _Ref373508150]Figure 3 Test circuit of the electromagnet





3. DC Motors
3.1. Basic control of DC motor
In this section, we will study some basic electrical properties of a DC motor. Figure 4 shows an electronic symbol of a motor.


[bookmark: _Ref374025233]Figure 4 Electronic symbol of a motor

To make a DC motor turn, we can simply supply a DC current to it. However, it would be unwise to connect/disconnect the wires manually every time you make the car run or stop. In particular, your intelligent car in the course project should be able to run without human intervention. Therefore, we have to use a MOSFET transistor as a switch to control the DC motor.

In the following experiment, we will demonstrate how to use a DC motor with a MOSFET switch control circuit.

	Experiment III: DC Motor

You are given:
1. a DC power supply
2. a multi-meter
3. a few crocodile clips
4. CUHK ENGG 1100 Lab Board (the Lab Board)
5. a DC motor

Precaution: 
1. Whenever the motor is on, do not stop it from running, say, by your hand.
2. 

In order to run the motor provided in the lab properly, you need  voltage across the motor. Please notice that you must never feed a voltage higher than  to the motor.

Procedures:
1. Construct the circuit in Figure 5(a) by connecting the two terminals of a DC motor to TP10 and TP11.
2. 

Supply  and  to the Power Panel.
3. 
Supply  to TP9. Does the motor rotate? If yes, record the rotating direction of the motor.
4. 
Supply  to TP9. Does the motor rotate? If yes, record the rotating direction of the motor.
5. 
Use the multi-meter to measure the current flowing through the motor. To do so, you need to turn off the power supply and then construct the circuit in Figure 5(b). (Make sure that the function knob of the multi-meter is turned to current, the red probe is connected to  and the black probe is connected to the motor.)
6. Reverse the connection to the two terminals of the motor. Does the motor change its rotation direction?
7. Measure the current flowing through the motor again. Does the current value change?


(PHN210)
(PHN210)

8.                                                                                               (b)
[bookmark: _Ref373508350]Figure 5 Test circuit diagram for driving a DC motor



3.2. Speed control of DC motor
In this section, we introduce DC motor speed control using pulse width modulation (PWM) signaling. A PWM signal is a square pulse wave where the “on-time” of its period can be varied. It can be used to reduce the average motor speed by turning the motor on and off repeatedly. Figure 6 shows a PWM signal.


[bookmark: _Ref373757004]Figure 6 a PWM signal


Here,  is the time (in sec.) for a period and  is the time for the waveform to stay at a high level voltage. The PWM signal is usually applied to the gate of the MOSFET. The following ratio

.
is called the duty cycle of the PWM signal. Duty cycle describes the fraction of time in which the motor is switched on. As a result, the speed of the motor is controlled directly by the duty cycle.

	Experiment IV: Speed control of DC Motor via PWM

You are given:
1. a DC power supply
2. a signal generator
3. an oscilloscope
4. a few crocodile clips
5. CUHK ENGG 1100 Lab Board (the Lab Board)
6. a DC motor

Procedures:
1. 



Turn on the signal generator and adjust it to generate a signal of a  square wave with a  duty cycle and with an output swing of  to .
2. Observe the square wave with the oscilloscope.
3. Construct the circuit in Figure 7 by connecting a DC motor to TP10 and TP11 and feeding the output of the signal generator to TP9.
4. Record the speed of the motor in rounds per minute (rpm). 
5. 


Adjust the duty cycle of the signal generator to ,  and , respectively; and record the corresponding motor speeds.

Question:
How does the speed change when the duty cycle increases?

(PHN210)

[bookmark: _Ref373508738]Figure 7 Speed control via PWM signal





3.3. Direction control of DC motor using H-bridge
H-bridge circuit is a circuit that allows the DC motor to change its direction electronically. Let’s illustrate the idea by using the following pseudo-circuit diagram:



[bookmark: _Ref373508902]Figure 8 Direction control via H-Bridge

Conceptually, an H-bridge circuit consists of four carefully placed “switches” and a motor placed at the center, forming an “H” shape (see Figure 8). When only the High-left and the Low-right switches are ON, the current flows from left to right and makes the motor start turning. On the other hand, when only the High-right and Low-left switches are ON, the current flows from right to left instead, making the motor turn in the other direction.


	Experiment V: Direction control of DC Motor

You are given:
1. a DC power supply 
2. CUHK ENGG 1100 Lab Board (the Lab Board)
3. a multi-meter
4. a few crocodile clips
5. a DC motor
6. a  resistor




[bookmark: _Ref373508949]Figure 9 Direction control via H-bridge

Procedures:
1. Construct the circuit in Figure 9. Make sure that the function knob of the multi-meter is dialed to current.
2. 

Supply  and  to the Power Panel.
3. 
Supply  to TPEN1.
4. 







Supply (,), (,), (,) and (,) to TPIL1 and TPIR1. For each input status, record the reading of the multi-meter and the ON/OFF states of LED D2, D3, D4 and D5.
5. 
Supply  to TPEN1. Repeat Step 4 and record the results.
6. Summarize your results in a table.
7. Repeat Steps 2-6 with the resistor and the multi-meter replaced by a DC motor. You should record the rotation direction of the motor instead of taking readings.

Question:
1. What do the states of the LEDs represent?
2. What is the function of TPEN1?



3.4. Constructing an H-bridge via IC L293
In practice, the H-bridge circuit can be implemented by employing a motor driving IC, e.g., L293, which combines the 4 MOSFETs into a single package. The figure below shows the connection diagram of a practical H-bridge circuit with IC L293.
[image: LAB6L293D1]
[bookmark: _Ref373509142]Figure 10 Connection diagram of an H-bridge circuit with IC L293D



To use the H-bridge circuit built within L293, you simply need to supply different combinations of and to the INPUT1/INPUT2/ENABLE pins to obtain different movement patterns, as follows.

	INPUT1
	INPUT2
	ENABLE
	rotate direction 

	
Low()
	
Low()
	
Low()
	Stop

	
Low()
	
High()
	
Low()
	Stop

	
High()
	
Low()
	
Low()
	Stop

	
High()
	
High()
	
Low()
	Stop

	
Low()
	
Low()
	
High()
	Stop

	
Low()
	
High()
	
High()
	Clockwise

	
High()
	
Low()
	
High()
	Counter-clockwise

	
High()
	
High()
	
High()
	Stop



You can construct a motor control circuit with L293 in the following session. It will be a good experience as you might need to use it as part of your project.

	Experiment VI: Direction control of DC Motor using L293

In this section, you are going to control the rotating direction of a DC motor using an L293 IC.

You are given:
1. a DC power supply
2. a breadboard
3. a few crocodile clips
4. an L293 IC
5. 3  resistors
6. a DC motor

Procedures:
1. Construct the circuit shown in Figure 10 on a breadboard.
2. 
Supply  to ENABLE.
3. 







Supply (,), (,), (,) and (,) to INPUT1 and INPUT2. Record the corresponding rotating direction of the DC motor.
4. 
Repeat Step 3 by supplying  to ENABLE instead.
5. Summarize your results in a table. Are the results the same as those in Experiment V?






4. Appendix
4.1	Datasheet of IRF530 and L293
[image: http://circuits.datasheetdir.com/94/CEP12N6-pinout.jpg][image: ]
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4.2	Layout and Schematic of CUHK ENGG1100 Lab Board
[image: ]
[image: ]
[image: ]
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