[image: image1.png]



Course: AG-AMI-01.421

Agricultural Mechanics I

Unit 3:
Electrical Circuits
Lesson 3:
Electrical Materials

Georgia Performance Standards: AG-AMI-3 (f-h)
Academic Standards: ELA9RC2, ELA12LSV1, ELA9RL5, SCSh2, SCSh4 
National Standards:

Objectives: 

1. Select conductors of electricity.

2. Identify types of switches, duplex receptacles, and ceiling outlets.

3. Select electrical boxes, coverplates, wire nuts, and grounding materials to be used in basic circuits.
Teaching Time: Based on class/teacher
Grades: 9-12

Essential Question: How is electricity controlled for practical use?

Unit Understanding, Themes, and Concepts:

Students will learn how to select conductors of electricity. Students will also learn how identify types of switches, duplex receptacles, and ceiling outlets.
Primary Learning Goals:

Students will be able to identify and select the proper electrical materials.
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:

Electrical Wiring. AAVIM.  Winterville, Georgia

http://www.aavim.com/
National Electrical Code.  National Fire Protection Association.

http://www.nfpa.org/
Agricultural Wiring Handbook, Rural Electric Resource Council. http://www.rerc.org/
EMC Student Guide To Wiring

http://aged.ces.uga.edu/Ag%20Mechanics%20Resources/WIRING%20GUIDE-2008.pdf
Power Points:
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Electrical_Principles_and_Wiring_Materials

Electrical_Switches_&_Receptacles_Buster_H

Single_Pole_Switch_Course_01422-6

Special_Purpose_Electrical_Switches_Buster_H
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Electrical_Receptacles_Buster H
Materials and Equipment:

Single pole switch

3 way and 4 way switches

Duplex receptacles

GFCI receptacles

Clothes dryer receptacle

Light fixtures

NM cable, two wire and three wire with ground

SE cable

USE cable

SER cable

UF cable 

Individual insulated conductor

Various sizes of wire nuts

Split bolt connector

Metal electrical boxes including handy box, 4"  square box, and 4" octagonal box

Nonmetallic electrical boxes

Metal and plastic coverplates

Box grounding clip

Box grounding screw

Handout 2.4.1
Web Resources:

Georgia Performance Standards:

AG-AMI-3:  Students will demonstrate the skills necessary for wiring basic circuits safely to industry standards.

   f.  
Select conductors of electricity. 

   g.     Identify switches, receptacles, and lighting outlets.

   h. 
Select solder less connector, and grounding materials to be used in basic circuits.

Academic Standards:

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.

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

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

Teaching Procedure

Introduction and Mental Set


A safe, convenient, and efficient electrical system requires the use of the proper wiring materials and devices.  Some electrical materials are designed to be used only in dry locations.  Some materials can be used in wet locations.  There are several types of switches that can be used in an electrical circuit.  The type of switch to select will be determined by the number of different switches that are desired to control the same light(s) or other outlet. Approved splicing devices are needed to safely join conductors together. 


This lesson will cover the selection of some of the common types of conductors that are used in residential and agricultural wiring.  Common switches and other wiring devices will also be covered.  Selecting and using approved conductor splicing devices will be included in this lesson.

Discussion

1. Define and describe conductors.

a. Refer to AAVIM Electrical wiring , chapter 5.

b. A conductor is a wire through which electricity flows in a circuit. 

c. Most of the conductors used in a wiring system are insulated, however, some will have no insulation.

d. Some conductors will be installed in the wiring system as individual wires (such as when installed in conduit).  Conductors may also be a part of cable, which is two or more conductors with an outer covering. 

e. Conductors are usually made of copper or aluminum.

f. Copper is the preferred and many times the required type of conductor to use.  Copper is a better conductor of electricity than aluminum.  A copper conductor can safely carry more current (amps) than an aluminum conductor of the same size.   

g. Conductors are available in different sizes.  Size is measured by the American Wire Gauge (AWG) system.  This system uses a number to denote size:  No. 14 AWG, No. 12 AWG, No. 10 AWG, etc.  With the AWG system, the larger the number, the smaller the wire (No. 14 is smaller than No. 12, etc.).  No. 14 AWG copper is the smallest conductor allowed in a wiring system.  Conductors larger than 4/0 (0000) are measured in kcmil or thousand circular mils.

h. Ampacity is the current carrying capacity of a conductor.  The ampacity of a conductor is determined by the size of the conductor, the material that the conductor is made of and the type of insulation on the conductor.  Ampacities of various conductors may be found in Table 310-16 of the National Electrical Code.  The ampacity of some common conductors may be found in Table 5-5, AAVIM. 

i. The insulation on conductors may be of several different colors such as white, green, black, and red.  The National Electrical Code is specific as to which color to use for the identified conductors in the electrical system.

2. Define and describe cables.

a. Refer to AAVIM Electrical Wiring, chapter 5.

b. A cable is two or more conductors assembled with an outer covering.  The outer covering is called the sheath.

c. The purpose of the outer covering is to protect the individual conductors in the cable and to hold the conductors together.  Depending upon the type of cable, the outer covering may or may not also serve as an extra layer of insulation.

d. The individual current carrying conductors in most cables will be insulated, however, there are some exceptions in some types of cable.

e. In addition to the current carrying conductors in the cable, the cable may also have an equipment grounding conductor that is usually a bare wire having no insulation.

3. Types of Cable

a. Refer to AAVIM Electrical Wiring, chapter 5.

b. There are many different types of cable available for electrical wiring.  The type of cable to select to use for an installation will depend primarily upon where the cable will be installed and the type of circuit.  Cables are labeled with information to help select the proper cable for an installation.   Most people will need to use only a limited number of different types of cables.


c. Cables commonly used in residential and agricultural

          wiring applications include:

(1) Type NM Cable (Nonmettalic Sheathed Cable).  NM cable consists of two or more insulated conductors.  If the cable is two conductor cable, it will consist of one conductor with black insulation and one conductor with white insulation.  If the cable is three conductor cable, it will have one black, one white, and one red conductor.  NM cable is available with or without an equipment grounding conductor.  The equipment grounding conductor may be bare or may have green insulation.  NM cable can only be used in dry locations.  NM cable is widely used in residential wiring.

(2) Type UF Cable (Underground Feeder Cable).  UF cable can be used for direct burial in the earth if buried at the correct depth.  It cannot be embedded in concrete.   UF cable can also be above ground in interior or exterior installations where wet, dry, or corrosive conditions exist.  It is commonly used in some agricultural buildings.

(3) Type SE Cable (Service Entrance Cable).  SE cable is used for service entrance installations.  It may also be used for some branch circuits.  SE cable usually consists of two insulated and one uninsulated conductors.  When used for a service entrance installation, all three conductors are used as current carrying conductors.  When used for branch circuits, the uninsulated conductor is used as the equipment grounding conductor.  SE cable may not be buried directly in the earth.

(4) Type USE Cable (Underground Service Entrance Cable).  USE cable usually consists of two insulated and one uninsulated conductors.  USE cable is also used for service entrance installations.  It may be buried directly in the earth if buried at the correct depth.

(5) Type SER Cable (Service Entrance Round Cable).  SER cable usually consists of three insulated and one insulated conductors.  SER is commonly used where four conductor feeder cable installations are required.

4. Identify and describe common types of receptacles.

a. Refer to AAVIM Electrical Wiring, chapter 7.

b. A receptacle is an outlet on a circuit in which a plug can be inserted to provide electrical current to an electrical appliance or device.

c. Receptacles have an ampere load rating.  Receptacles should never be used to provide more amperage than this rating.

d. The duplex receptacle is the most common type of receptacle used in residential wiring.  They are also commonly used in agricultural wiring.  Using a duplex receptacle and AAVIM, pages 102-103, identify the parts of a duplex receptacle and the information found on the receptacle.   

e. Using a GFCI receptacle. Refer to AAVIM Electrical Wiring, page 106, identify a GFCI receptacle and the information on the receptacle.

f. Refer to AAVIM Electrical Wiring, page 107 for identification of other types of general purpose receptacles.  

g. Using a clothes dryer receptacle. Refer to AAVIM Electrical Wiring, pages 108-110, identify a 120/240 volt receptacle and the information on the receptacle.  Ranges and clothes dryers must now be wired with four conductors.

5. Identify and describe common types of switches.

a. Refer to AAVIM Electrical Wiring, chapter 9.


b. Using a single pole switch and AAVIM, page 136, identify the parts of a switch and the information on the switch.

c. Using a single pole switch. Refer to AAVIM Electrical Wiring, page 138, describe a single pole switch.

(1) A single pole switch is used to control lighting or other outlets from one location.

(2) A single pole switch is marked on and off.

(3) A single pole switch has two current carrying terminals and a grounding terminal.

d. Using a three way switch. Refer to AAVIM Electrical Wiring, page 157, describe a three way switch.

(1) Two three way switch are used to control lighting or other outlets from two locations.

(2) A three way switch is not marked on and off.

(3) A three way switch has three current carrying terminals and a grounding terminal.

e. Using a four way switch. Refer to AAVIM Electrical Wiring, page 167, describe a four way switch. 

(1) Four way switches are used in combination with two

     three way switches to control lighting or othe
     outlets from three or more locations.

(2) A four way switch is not marked on and off.

(3) A four way switch has four current carrying terminals and a grounding terminal.

f. Refer to AAVIM Electrical Wiring, page 139 for other types of switches.

6. Identify and describe common types of lighting fixtures.

a. Refer to AAVIM Electrical Wiring, chapter 17.

b. Explain that there are many different types of lighting fixtures, ranging from a keyless light fixture to elaborate chandeliers.  

c. One way to classify types of lighting fixtures is the method that the fixture is wired.  

(1) The lighting fixture may be wired by attaching the circuit conductors directly to terminals on the fixture, such as a keyless light fixture.  Display a keyless light fixture to point out the terminals for the attachment of the circuit conductors.  Also, point out how the fixture is attached to an octagonal metal box or a round non-metallic box.  This type of lighting fixture is usually used in the agricultural education electrification classes.

(2) The lighting fixture may be pre-wired and is attached to the circuit conductors with a splicing device.

7. Identify and describe electrical boxes.

a. Refer to AAVIM, chapter 4.

b. All devices are installed in (or attached to) some type of electrical box.  All conductor splices must be made in an electrical box.

c. There are many different types and sizes of electrical boxes.

d. Electrical boxes may be metal or nonmetallic.  All metal boxes used must be grounded.  Cables must be secured to all metal boxes with a clamp within the box or with a box connector.  Larger nonmetallic boxes have a clamp within the box for securing the cable to the box.

e. The size of the electrical box needed will be determined by the number of conductors that will be in the box.  

f. Some electrical boxes are designed to be mounted on the surface of a wall, ceiling or other part of the building.  These boxes are known as surface mount boxes.  Some electrical boxes are designed to be recessed in the wall, ceiling or  other part of the building.  These boxes are known as flush mounted boxes.

g. Display several types of surface mounted boxes and flush mounted boxes.  Refer to AAVIM Electrical Wiring, pages 52, 54 and 62.

h. For most wiring practice in the agricultural education electrification classes, the boxes used will include surface mount metal boxes.  These boxes are the handy box, 4" square metal box, and 4" octagonal box.
8. Identify coverplates to use on devices.

a. All electrical boxes must have some type of coverplate.  The type of coverplate to use will be  determined by the type of device in the box (switch, receptacle, etc.).  If there is device in the box, the coverplate may be a solid blank coverplate.

b. Display several types of coverplates.

c. Ceverplates may be made of plastic or metal.  Coverplates installed outdoors must be watertight.  

d. Metal coverplates are usually installed on surface mount device boxes. 

9. Identify and describe splicing devices.

a. Refer to AAVIM Electrical Wiring, chapter 6F.

b. When an electrical conductor is spliced, the splice must be capable of conducting electricity as well as an uncut conductor.  Also, splices of insulated conductors must be insulated as well as an uncut conductor.

c. Display several types and sizes of wire nuts.  Explain that each size has a maximum number of conductors that can be spliced with the wire nut.  The number of conductors that can be spliced is determined by the size of conductors that are being spliced.  The number of conductors that can be spliced with the wire nut is usually indicated on the wire nut box.

d. Display several sizes of split bolt connectors.  Split bolt connectors are commonly used on larger conductors.  If the split bolt connector is used to splice an insulated conductor, the splice must be insulated by wrapping with electrical tape. 

10. Identify methods of attaching the equipment grounding

       conductor to metal boxes.

a. Refer to AAVIM, page 56.

b. All metal electrical boxes must be grounded.  The box is grounded by attaching the equipment  grounding conductor to the box.

c. Display a box grounding clip.  A box grounding clip may be used to attach the equipment grounding conductor to the box.

d. Display a box grounding screw and pigtail.  A box grounding screw may be used to attach the equipment grounding conductor to the box.  When a box grounding screw is used, the screw may be used for grounding purposes only.

11. Have students complete the study guide questions that follow. 

Summary


The correct materials must be selected for installing electrical circuits. The correct materials to use will be determined by the type of circuit to be installed, the type of devices needed on the circuit and where the circuit will be installed.


This lesson has been an introduction to some of the common materials used for electrical wiring.  It has by no means covered all of the different electrical materials that are available for wiring.  Most of the material that will be used in the agricultural education electrification classes have been covered.  The use of these materials will be covered in later lessons.

Evaluation

Written test

Materials identification test
Individual Learning Activity

Lesson:
Electrical Materials
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.

3. Select conductors of electricity.

4. Identify types of switches, duplex receptacles, and ceiling outlets.

5. Select electrical boxes, coverplates, wire nuts, and grounding materials to be used in basic circuits.
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: 
Electrical Materials
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

5. Select conductors of electricity.

6. Identify types of switches, duplex receptacles, and ceiling outlets.

7. Select electrical boxes, coverplates, wire nuts, and grounding materials to be used in basic circuits.
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:
Electrical Materials
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.

7. Select conductors of electricity.

8. Identify types of switches, duplex receptacles, and ceiling outlets.

9. Select electrical boxes, coverplates, wire nuts, and grounding materials to be used in basic circuits.
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.


Teacher Notes
Essential Question:
How is electricity controlled for practical use?

Vocabulary
Copper wire
aluminum wire
NO. 8 copper wire
grounding wire
nonmetallic 

Lesson Evaluation

2.4.1

Study Guide Questions
1.
Copper wire and aluminum wire are two types used in house wiring. ___________ is the better, but _________ is less expensive.

2.
The smallest size copper wire the code allows for house wiring is:

A.
NO. 8

B.
NO. 14

C.
NO. 12

D.
NO. 16

3.
Generally, aluminum wire in order to have the same carrying capacity as copper must be:

A.
one trade size larger than copper

B.
the same size as copper

C.
about the same size but heavier

D.
none of the above

4.
In an installation where NO. 8 copper wire is satisfactory, a NO. 10 aluminum wire would be required to carry the same current load.

A.
true

B.
false

5.
The grounding wire in a nonmetallic sheathed cable is most often bare.

A.
true

B.
false

6.
The code requires color coding of insulated wires in a cable.  They are usually colored as follows:

A.
two wires-one is_______ and the other is_________

B.
three wires-one is_______ and the other is ________ and the other is ____________

7. When insulated conductors are spliced, the splice must be ________.

8. All conductor splices must be made in an ______________________.

9. All metal electrical boxes must be ______________________.

10. If a lighting outlet is to be controlled at two locations, two _______________ switches must be used.

2.4.1

Study Guide Answers
1.
Copper, aluminum

2.
B.

3.
A.

4.
B.


5.
A.

6.
Black and white

Black, white, and red

7. Insulated

8. Electrical box

9. Grounded 

10. Three way
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