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Course:
AG-AMII-01.422

  Agriculture Mechanics II

Unit 2:
Electrical Wiring
Lesson 5:
Using Electrical Test Equipment

Georgia Performance Standards: 
AG-AMII-1 o, p
Academic Standards:         ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3, MM1A3, MA1P1,  MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, SPS7 

National Standards:

Objectives: 

1.
Determine electrical testing equipment for specific applications.

2.
Use electrical testing equipment to determine the working condition of the equipment.

Teaching Time:
6 hours
Grades: 9-12

Essential Question: How do you select and use appropriate electrical testing equipment?
Unit Understandings, Themes, and Concepts: Students will gain an understanding of electrical testing equipment.
Primary Learning Goals: Students will be able to determine when electrical testing equipment should be used, as well as how to interpret the information given by this equipment. 
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods

____ Selected Response

____ Informal Checks



____ Self Assessment
References:

Johnson, Donald M., Joe Harper, David E. Lawver, Philip Buriak.  Mechanical Technology in Agriculture.  Interstate Publishers, Inc.  Danville, IL.  ISBN: 0-8134-3017-8.  1998  

Manufacturer=s instruction sheets

Electric Motors:  Selection, Protection, Devices AAVIM, Winterville, GA.
Materials and Equipment:

Multimeter

Circuit tester

Voltage meter

Voltage pen

Power Points:

Using electrical Test Equipmentpv AG-AG-AMII-01422-02.5
Web Resources:
http://www.doctronics.co.uk/meter.htm#what
http://mechatronics.mech.northwestern.edu/design_ref/tools/multimeter.html
http://www.youtube.com/watch?v=KzjMIcER4EU
http://www.wikihow.com/Use-a-Multimeter
http://www.allaboutcircuits.com/vol_1/chpt_3/9.html
Georgia Performance Standards: 
AG-AMII-1 o, p
AG-AMII -2:  Students will demonstrate skills in basic electrical wiring.

o. Determine electrical testing equipment for specific applications.

p. Use electrical testing equipment to determine the working condition of the equipment.

Academic Standards:         ELA9RC2,ELA12LSV1, ELA9RL5, ELA10W3,  MM1A3,  MA1P1,  MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, SPS7 

ELA9RC2 The student participates in discussions related to curricular learning in all subject areas.

ELA12LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions.

ELA9RL5 The student understands and acquires new vocabulary and uses it correctly in reading and writing.

ELA10W3 The student uses research and technology to support writing. 

MM1A3. The student solves simple equations.

MA1P1. The student solves problems (using appropriate technology).

MA1P3. The student communicates mathematically.

SCSh2 The student uses standard safety practices for all classroom laboratory and field investigations.

SCSh3 The student identifies and investigates problems scientifically.

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

SP1 The student analyzes the relationships between force, mass, gravity, and the motion of objects.

SPS5 The student compares and contrasts the phases of matter as they relate to atomic and molecular motion.

SPS7 The student relates transformations and flow of energy within a system.

Teaching Procedure

Introduction and Mental Set

Take students into the agriculture laboratory and have them decide how much voltage is supplying power to different receptacles in the laboratory?  After the students have given their answers, begin checking each receptacle for the correct voltage.  In most cases, there will be a variation in the voltage reading.  Ask students why there are different voltage levels than what is suppose to be.  Then help the students to understand that one cannot always be sure of the amount of electricity being supplied to the equipment, therefore, it is important to check the voltage and amperage on electrical services to know the correct information when installing branch and specialized circuits.

Discussion

1.
Discuss the different types of testing equipment available to test current loads and circuits.

2.
Demonstrate to the students the multimeter and what it can be used to check.

A.
Amperage

B.
Voltage (AC and DC)

C.
Continuity

D.
Resistance
3.
Discuss with the things to look for when purchasing a multi tester for their own use.  

A.
Make sure it will test the voltage, amperage, and resistance

B.
Testers may be purchased that are digital or of the analog type with a needle and scale.

C.
Make sure the tester is able to handle the voltage and amperage being tested.

4.
Discuss with students the circuit tester and the problems it will indicate that is wrong in a circuit.

5.
Demonstrate the multi tester and the procedures to follow when using the tester.

6.
Have students to check circuit with the multi tester in the agricultural laboratory.
Important note: The most common mistake when using a multimeter is not switching the test leads when switching between current sensing and any other type of sensing (voltage, resistance). It is critical that the test leads be in the proper jacks for the measurement you are making. 
Safety Information 

· Be sure the test leads and rotary switch are in the correct position for the desired measurement. 

· Never use the meter if the meter or the test leads look damaged. 

· Never measure resistance in a circuit when power is applied. 

· Never touch the probes to a voltage source when a test lead is plugged into the 10 A or 300 mA input jack. 

· To avoid damage or injury, never use the meter on circuits that exceed 4800 watts. 

· Never apply more than the rated voltage between any input jack and earth ground (600 V for the Fluke 73). 

· Be careful when working with voltages above 60 V DC or 30 V AC rms. Such voltages pose a shock hazard. 

· Keep your fingers behind the finger guards on the test probes when making measurements. 

· To avoid false readings, which could lead to possible electric shock or personal injury, replace the battery as soon as the battery indicator appears. 

What do meters measure?

A meter is a measuring instrument. An ammeter measures current, a voltmeter measures the potential difference (voltage) between two points, and an ohmmeter measures resistance. A multimeter combines these functions, and possibly some additional ones as well, into a single instrument.

Before going in to detail about multimeters, it is important for you to have a clear idea of how meters are connected into circuits. Diagrams A and B below show a circuit before and after connecting an ammeter:

	A
	
	B
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	to measure current, the circuit must be broken to allow the
ammeter to be connected in series

	ammeters must have a LOW resistance


Think about the changes you would have to make to a practical circuit in order to include the ammeter. To start with, you need to break the circuit so that the ammeter can be connected in series. All the current flowing in the circuit must pass through the ammeter. Meters are not supposed to alter the behaviour of the circuit, or at least not significantly, and it follows that an ammeter must have a very LOW resistance.

Diagram C shows the same circuit after connecting a voltmeter:

	A
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	C
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	to measure potential difference (voltage), the circuit is not changed:
the voltmeter is connected in parallel

	voltmeters must have a HIGH resistance


This time, you do not need to break the circuit. The voltmeter is connected in parallel between the two points where the measurement is to be made. Since the voltmeter provides a parallel pathway, it should take as little current as possible. In other words, a voltmeter should have a very HIGH resistance.

Which measurement technique do you think will be the more useful? In fact, voltage measurements are used much more often than current measurements.

The processing of electronic signals is usually thought of in voltage terms. It is an added advantage that a voltage measurement is easier to make. The orginal circuit does not need to be changed. Often, the meter probes are connected simply by touching them to the points of interest.

An ohmmeter does not function with a circuit connected to a power supply. If you want to measure the resistance of a particular component, you must take it out of the circuit altogether and test it separately, as shown in diagram D:

	A
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	D
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	to measure resistance, the component must be removed from the circuit altogether

	ohmmeters work by passing a current through the component being tested


Ohmmeters work by passing a small current through the component and measuring the voltage produced. If you try this with the component connected into a circuit with a power supply, the most likely result is that the meter will be damaged. Most multimeters have a fuse to help protect against misuse.
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.
Digital multimeters

Multimeters are designed and mass produced for electronics engineers. Even the simplest and cheapest types may include features which you are not likely to use. Digital meters give an output in numbers, usually on a liquid crystal display.

The diagram below shows a switched range multimeter:

[image: image8.png]


Switched range multimeter
The central knob has lots of positions and you must choose which one is appropriate for the measurement you want to make. If the meter is switched to 20 V DC, for example, then 20 V is the maximum voltage which can be measured, This is sometimes called 20 V fsd, where fsd is short for full scale deflection.

For circuits with power supplies of up to 20 V, which includes all the circuits you are likely to build, the 20 V DC voltage range is the most useful. DC ranges are indicated by [image: image9.png]


on the meter. Sometimes, you will want to measure smaller voltages, and in this case, the 2 V or 200 mV ranges are used.

What does DC mean? DC means direct current. In any circuit which operates from a steady voltage source, such as a battery, current flow is always in the same direction. Every constructional project described in Design Electronics works in this way.

AC means alternating current. In an electric lamp connected to the domestic mains electricity, current flows first one way, then the other. That is, the current reverses, or alternates, in direction. With UK mains, the current reverses 50 times per second.

[image: image10.png]



For safety reasons, you must NEVER connect a multimeter to the mains supply.
You are not at all likely to use the AC ranges, indicated by [image: image11.png]


, on your multimeter.

An alternative style of multimeter is the autoranging multimeter:
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Autoranging multimeter
The central knob has fewer positions and all you need to do is to switch it to the quantity you want to measure. Once switched to V, the meter automatically adjusts its range to give a meaningful reading, and the display includes the unit of measurement, V or mV. This type of meter is more expensive, but obviously much easier to use.

Where are the two meter probes connected? The black lead is always connected into the socket marked COM, short for COMMON. The red lead is connected into the socket labeled V[image: image13.png]


mA. The 10A socket is very rarely used.
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.
Analogue multimeters

An analogue meter moves a needle along a scale. Switched range analogue multimeters are very cheap but are difficult for beginners to read accurately, especially on resistance scales. The meter movement is delicate and dropping the meter is likely to damage it!

Each type of meter has its advantages. Used as a voltmeter, a digital meter is usually better because its resistance is much higher, 1 M[image: image15.png]


 or 10 M[image: image16.png]


, compared to 200 [image: image17.png]


for a analogue multimeter on a similar range. On the other hand, it is easier to follow a slowly changing voltage by watching the needle on an analogue display.

Used as an ammeter, an analogue multimeter has a very low resistance and is very sensitive, with scales down to 50 µA. More expensive digital multimeters can equal or better this performance.

Most modern multimeters are digital and traditional analogue types are destined to become obsolete.
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Making measurements

1. Voltage measurements:

Build the circuit shown below using prototype board and four 10 [image: image19.png]


resistors:




Using the multimeter as a voltmeter, measure the power supply voltage and then measure the voltages at points A, B and C.

What do you notice about your results?

[image: image21.png]



The four resistors are connected in series, making a chain known as a potential divider, or voltage divider. The total voltage is shared between the four resistors and, allowing for tolerance, each resistor receives an equal share. (You will find out a lot more about potential dividers in the next Chapter.)

Modify the circuit, replacing one or more of the 10 [image: image22.png]


resistors with 1 [image: image23.png]


or 100 [image: image24.png]


values. Are the results as you expect?

The diagram below shows a light sensor circuit built in a similar way:






Up to previous stage
The circuit uses an LDR, or light dependent resistor. The resistance of the LDR changes with illumination. In the dark, the resistance is high, up to 1 M[image: image27.png]


 or more. When light shines on the LDR, the light energy increases the number of charge carriers available to transfer current, and the resistance falls. In bright light, the resistance can be as little as 100 [image: image28.png]


.

What happens to the output voltage of the light sensor circuit when you cover the LDR with you hand?

[image: image29.png]



Is the output voltage HIGH or LOW in the dark?

[image: image30.png]





2. Resistance measurements:

Remove the LDR from the circuit and measure its resistance, as follows:






Up to previous stage
To get the multimeter to function as an ohmmeter, you will need to select a resistance range. With a switched range meter, the 200 k position is usually suitable. You will see the resistance measurement change as the light level changes. Covering the LDR with your hand increases the resistance of the LDR.

If the meter reads [image: image33.png]


this means that the resistance is more than the maximum which can be measured on this range and you may need to switch to a new position, 2000 k, to take a reading. (How many megohms is 2000 k?)

You can check the value of any fixed value resistor in the same way, and confirm that you have worked out the color code correctly. Don't forget that the colour code convertor program is available to help you.



3. Current measurements:

The diagram below shows a prototype board set up for the measurement of current:

[image: image34.png]lnkwire.

ted lead

crocodle p—
— ol 200 mh DG fod

L5 crocorie
olp

black lead

colouts for 100 ohm: brown, black, brown

‘the ammeter is connested in series with
oo thatl hecuren,
lows through the meter.







Up to previous stage
Note that the current must flow through the ammeter in order to reach the circuit.

Take a reading of the current with the link wire to 0 V in position A. Write down the current value you observe:

[image: image36.png]


A:

Take new readings after moving the link to positions B, C and D:

	[image: image37.png]



	B:
	C:
	D:


Don't forget to write in the measurement units of your answer.

As the resistance is reduced, current increases. Calculate the current expected in each case using the formula:

	[image: image38.png]





Small variations, up to ±5%, can be attributed to the tolerance of the resistors.
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Summary 
Explain to students that the tester is used by electricians to determine electrical problems and are able to repair the service.  These test help prevent programs when used in planning specialized circuits to make sure there is adequate power for the circuit.  Remind them that the tester is a tool, but it doesn=t take the place of a basic understanding of electricity, electric motors and controlling devices.

Evaluation
Give students written exams over the multi tester and the safety rules they have to follow when using the tester.

Using a Multimeter 
A multimeter is used to make various electrical measurements, such as AC and DC voltage, AC and DC current, and resistance. It is called a multimeter because it combines the functions of a voltmeter, ammeter, and ohmmeter. Multimeters may also have other functions, such as diode and continuity tests. The descriptions and pictures that follow are specific to the Fluke 73 Series III Multimeter, but other multimeters are similar. 

Important note: The most common mistake when using a multimeter is not switching the test leads when switching between current sensing and any other type of sensing (voltage, resistance). It is critical that the test leads be in the proper jacks for the measurement you are making. 
Safety Information 

· Be sure the test leads and rotary switch are in the correct position for the desired measurement. 

· Never use the meter if the meter or the test leads look damaged. 

· Never measure resistance in a circuit when power is applied. 

· Never touch the probes to a voltage source when a test lead is plugged into the 10 A or 300 mA input jack. 

· To avoid damage or injury, never use the meter on circuits that exceed 4800 watts. 

· Never apply more than the rated voltage between any input jack and earth ground (600 V for the Fluke 73). 

· Be careful when working with voltages above 60 V DC or 30 V AC rms. Such voltages pose a shock hazard. 

· Keep your fingers behind the finger guards on the test probes when making measurements. 

· To avoid false readings, which could lead to possible electric shock or personal injury, replace the battery as soon as the battery indicator appears. 



Input Jacks 
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The black lead is always plugged into the common terminal. The red lead is plugged into the 10 A jack when measuring currents greater than 300 mA, the 300 mA jack when measuring currents less than 300 mA, and the remaining jack (V-ohms-diode) for all other measurements. 



Range 
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The meter defaults to autorange when first turned on. You can choose a manual range in V AC, V DC, A AC, and A DC by pressing the button in the middle of the rotary dial. To return to autorange, press the button for one second. 



Automatic Touch Hold Mode 

The Touch Hold mode automatically captures and displays stable readings. Press the button in the center of the dial for 2 seconds while turning the meter on. When the meter captures a new input, it beeps and a new reading is displayed. To manually force a new measurement to be held, press the center button. To exit the Touch Hold mode, turn the meter off. 

Note: stray voltages can produce a new reading. 

Warning: To avoid electric shock, do not use the Touch Hold to determine if a circuit with high voltage is dead. The Touch Hold mode will not capture unstable or noisy readings. 
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AC and DC Voltage 
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Resistance 
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Turn off the power and discharge all capacitors. An external voltage across a component will give invalid resistance readings. 



Diode Test 

[image: image46.png]Good Diode

=)

Hsingle Beep

Good Diode

s
S o

Reverse Bias








Continuity Test 
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This mode is used to check if two points are electrically connected. It is often used to verify connectors. If continuity exists (resistance less than 210 ohms), the beeper sounds continuously. The meter beeps twice if it is in the Touch Hold mode. 



Current 

Warning: To avoid injury, do not attempt a current measurement if the open circuit voltage is above the rated voltage of the meter. 
To avoid blowing an input fuse, use the 10 A jack until you are sure that the current is less than 300 mA. 

Turn off power to the circuit. Break the circuit. (For circuits of more than 10 amps, use a current clamp.) Put the meter in series with the circuit as shown and turn power on. 
[image: image48.png]



Individual Learning Activity

Lesson:
Using Electrical Test Equipment
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Determine electrical testing equipment for specific applications.

2.
Use electrical testing equipment to determine the working condition of the equipment.
Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Using Electrical Test Equipment
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Determine electrical testing equipment for specific applications.

2.
Use electrical testing equipment to determine the working condition of the equipment.
Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.                                

Group Learning Activity Rubric
	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Using Electrical Test Equipment
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Determine electrical testing equipment for specific applications.

2.
Use electrical testing equipment to determine the working condition of the equipment.
Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Essential Question:

How do you select and use appropriate electrical testing equipment?
Vocabulary
Multimeter
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