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Introduction
Annotation: 
This lesson is a classroom session in which the student will learn the basic process for calculating a service load for a residence. In this exercise, the students will learn to apply the principles for calculating lighting, appliance, and other loads, applying demand factors as defined by the NEC®, and sizing the neutral conductors. 

Grade(s): 
	X
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  



25 hours
Author: 


Kevin Ward
Additional Author(s): 

Students with Disabilities:
For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also 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.

Focus Standards

GPS Focus Standards: 
ACT-E2-1. Students will have knowledge of the current National Electrical Code (NEC), National Electrical Manufacturers Association Code (NEMA), National Fire Protection Association Code (NFPA), and Underwriters Laboratories (UL) Standards.

GPS Academic Standards:
SSCG15. The student will explain the functions of the departments and agencies of the federal bureaucracy. 

SSCG18. The student will demonstrate knowledge of the powers of Georgia’s state and local governments. 

ELA9RC3. The student acquires new vocabulary in each content area and uses it correctly. 

ELA9W3. The student uses research and technology to support writing.

National / Local Standards / Industry / ISTE:


Understandings & Goals

Enduring Understandings:
· Students will understand the following codes: NEMA, NFPA, UL and NEC.
· Students will understand safety procedures for electrical installation.
· Students will understand the governments role in electrical work.
Essential Questions: 
· What does NEMA, NFPA, UL and NEC stand for?
· What rules must you follow when applying electrical work?
· What does calculate loads mean?
Knowledge from this Unit:  
· Students will know the following organizations: NEMA, NFPA, NEC.

· Students will know how to calculate loads for circuits

· Students will be able to describe rules for electrical work.
Skills from this Unit:  
1. Describe how to determine electric service requirements for dwellings.

2. Calculate loads for lighting, appliances, and heating.

3. Apply demand factors based on NEC® requirements.
4. Perform a residential load calculation as regulated by the NEC®.  
5. Size a neutral conductor for a single-family residential application based on load factors.



Assessment(s)
Assessment Method Type: Select one or more of the following. Please consider the type(s) of differentiated instruction you will be using in the classroom. 
	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

__ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment(s) Title:

· Module Review Question 1 

Assessment(s) Description/Directions:
· Have the students complete Review Question 1 for Sections 1.0.0 – 3.0.0. Provide the correct answer and remediation at the end of the quiz.

· Have the students demonstrate how to perform a residential load calculation, including computing the lighting, small appliance, and laundry loads; computing the loads for large appliances; determining the number of branch circuits required; and sizing and selecting the service-entrance equipment (conductors, panelboard, and protective devices). This can be done during the presentation of Slides 4 thru 8 or at the end of the lesson. This corresponds to Performance Task 1.

· Explain how to calculate the general lighting load of a residence.

· Provide an example of the method used to determine the number of spaces required on a panelboard.

· Ask the students to list all the locations in a house that require GFCI protection.

· Describe how a basic GFCI works.

· Show the students a GFCI and allow them to examine it.

· Describe the operation of a two-pole GFCI.

· Explain the difference between a single-pole GFCI and a two-pole GFCI.

· Discuss the conditions in which a single-pole GFCI would be used.

· Explain how a two-pole GFCI solves the problem of nuisance trips when using two single-pole GFCIs with a common neutral.

· Explain that it is common to protect several outlets with a single GFCI, and describe how the circuit works.

· Point out that if a given outlet is not working, it could be caused by a GFCI elsewhere in the house that needs to be reset.

· Explain the difference between a grounded conductor and a grounding electrode conductor.

· Explain why a grounded neutral conductor may be smaller than an ungrounded conductor.

· Point out the ground and the grounded neutral in the panelboard.

· Discuss the requirements for the installation of grounding electrodes.

· Refer the students to NEC Sections 250.52 and 250.53 to study the requirements for grounding electrodes

· Discuss the materials commonly used to make ground rods.

· Discuss the requirements for grounding electrodes.

· Discuss bonding jumpers and bonding bushings.

· Explain how to find the service drop location on a plot plan.

· Discuss the requirements for the installation of a service mast.

· Refer the students to NEC Sections 230.24 and 230.28 to study these requirements.

· Discuss the clearance requirements for service conductors.

· Discuss the NEC® requirements for locating the service disconnect and panelboard.

· Discuss the requirements for an underground service.

· Review the objectives to be covered in this lesson. Ask the students if they have any questions.

· Show students a sample of Type NM cable and allow them to examine it. 

· Have a class discussion on the applications and limitations of NM cable as dictated by the NEC®. 

· Pass around a length of MC cable for the students to examine.

· Discuss the situations in which MC cable would be used in place of NM cable.

· Discuss the NEC® requirements for installing MC cable.

· Discuss the different applications for Types UF, SE, and USE cables.

· Ask the students to give examples of situations where these types of cables would be used. 

· Discuss the types of fittings that can be used for equipment grounding. 

· Point out that the NEC® prohibits the use of sheet metal screws for equipment grounding.

· Show common outlet symbols.

· Define branch circuit.

· Define feeder.

· Review common drawing lines used to designate branch circuits.

· Review the NEC® requirements for locating receptacle outlets.

· Describe the wiring for a split-wired receptacle.

· Ask the students to identify some applications for split-wired duplex receptacles.

· Describe the wiring for a combination receptacle.

· Discuss some applications for these receptacles.

· Point out the special requirements for range receptacles. Provide an example for the students to examine.

· Ask the students to identify possible applications for each type of receptacle

· Review the operating sequence for an electric water heater.

· Show how to calculate the branch circuit size for a water heater.

· Ask the students to determine how many lighting branch circuits are required for the layout shown in Figure 35.

· Have the students identify each type of lighting fixture in Figure 35 based on the symbols provided in Figure 36.

· Show the students different types of outlet boxes and describe their applications.

· Explain the function of a plaster ring.

· Explain how box fill limits are determined.

· Discuss the methods used to mount metal and nonmetallic outlet boxes.

· Show the students examples of these boxes and their mounting devices. 

· Show the students how to properly locate and install outlet boxes.

· Hand out receptacles so the students can examine them. Point out the various markings on each device.

· Discuss the different types of lighting control devices and explain how they are wired.

· Allow the students to examine snap-action and quiet switches.

· Explain how a three-way switch differs from a common single-pole switch. Draw a schematic of the two switches on the board.

· Explain the operation and wiring of a three-way switch.

· Explain the shortcut method of wiring a three-way switch.

· Explain how a four-way switch combined with two three-way switches provides more flexibility in controlling a lighting fixture.

· Explain how photoelectric switches, low-voltage relays, and dimmers are used to control lighting.

· Discuss the NEC® requirements for electric heaters.

· Review the NEC® requirements for hot tubs and spas.

· Review the NEC® requirements for swimming pool installations.

· Explain that students must obtain a score of 70% on the Module Exam and perform certain tasks to the satisfaction of the instructor to receive credit for the module.

· Describe the primary applications of electrical test equipment.

· Describe how an analog meter movement works.

· Point out that digital measuring instruments are rapidly replacing analog instruments.

· Demonstrate how to use a voltage tester.

· Have each trainee demonstrate the use of a voltage tester to verify the presence or absence of voltage.

· Demonstrate how to zero an ohmmeter.

· Demonstrate how to isolate components from the rest of the circuit when measuring resistance with an ohmmeter. 

· Have each trainee demonstrate the use of an ohmmeter to measure the value of various resistors.

· Describe how a clamp-on ammeter measures current.

· Demonstrate how to use a clamp-on ammeter.

· Demonstrate the use of an analog VOM.

· Demonstrate the use of a digital VOM.

· Have each trainee demonstrate the use of a VOM to measure the voltage in the classroom from line to neutral and line to ground.

· Emphasize the safety precautions necessary when using a megger.

· Demonstrate how to use a megger.

· Explain the difference between a motor rotation tester and a phase rotation tester. 

· List the applications of recording instruments.

· Discuss the category ratings shown in the table.

· Point out the category ratings on the meters shown previously.

· Explain that de-energizing main supply circuits by opening supply switches will not necessarily de-energize all circuits in a given piece of equipment.

· Stress the importance of following logout/tagout procedures.

Attachments for Assessment(s): Please list.



Learning Experiences
Instructional planning: Include lessons, activities and other learning experiences in this section with a brief description of the activities to ensure student acquisition of the knowledge and skills addressed in the standards. Complete the sequence of instruction for each lesson/task in the unit. 
Sequence of Instruction

1.  Identify the Standards. Standards should be posted in the classroom for each lesson.

ACT-E2-1. Students will have knowledge of the current National Electrical Code (NEC), National Electrical Manufacturers Association Code (NEMA), National Fire Protection Association Code (NFPA), and Underwriters Laboratories (UL) Standards.



2.  Review Essential Questions.

· What does NEMA, NFPA, UL and NEC stand for?
· What rules must you follow when applying electrical work?
· What does calculate loads mean?

3.  Identify and review the unit vocabulary. 


4.  Assessment Activity.
· Explain that students must obtain a score of 70% on the Module Exam and perform certain tasks to the satisfaction of the instructor to receive credit for the module.

· Emphasize the importance of careful load calculations. 

· Point out that the number of outlets must be determined before sizing the service.

· Hand out copies of Figure 2 and have the students mark their suggested locations for 110V and 220V outlets.

· Hand out copies of Figure 2 and have the students mark their suggested locations for 110V and 220V outlets.

· Hand out blank load calculation sheets or have the students use Figure 3 in the text.

· Discuss each step of the load calculation process as you progress through the next few slides.

· Explain why the demand factor for lighting is used and show how it is applied.

· Add the loads for fixed appliances.

· Explain why the feeder loads are added to the laundry room branch circuits.

· Explain how to calculate the size of the neutral conductor for the sample residence, and how to apply demand factors to the calculation. 

· Review the completed load calculation form and answer any questions the students may have.

Attachments for Learning Experiences: Please list.
Notes & Reflections:
Additional Resources 
· Performance Projects: Job Sheets for the Electrical Industry, Level One, New York: Prentice Hall.

· Contren Connect Electrical 1 Annotated Instructors Guide (available from NCCER).


Culminating Performance Task (Optional)
Culminating Unit Performance Task Title:  
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 
Attachments for Culminating Performance Task: Please list.

Unit Resources 
Web Resources:
Attachment(s): Supplemental files not listed in assessment, learning experiences, and performance task.
Materials & Equipment: 
What 21st Century Technology was used in this unit:
Top of Form

	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
	
	


Bottom of Form
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