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Course:
01.423  Agricultural Mechanics Technology III

Unit 5:
Electric Motors and Controls
Lesson 4:
Installing Electric Motors and Controls

Georgia Performance Standards: 
AG-AMII-5 (l-p)
Academic Standards: 
ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3, MM1A3, MA1P1, MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, SPS7
Objectives: 

1.
Calculate total motor current required.

2.
Analyze proper conductor size based on capacity requirements.

3.
Determine conductor size based on voltage drop.

4.
Select conductor size to meet both capacity and voltage drop requirements.

5.
Determine motor protection load.

Teaching Time:

4 hours
Grades: 9-12

Essential Question: How do you determine motor protection load?
Unit Understandings, Themes, and Concepts:

Students will learn how to determine proper amounts of motor current, conductor size, and motor protection load.
Primary Learning Goals: Students will be able to calculate, analyze, and determine the correct amounts and sizes of protection and control measures based on capacity and voltage drop requirements. 
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:

Teachers References
Rosenberg, Robert, Electric Motor Repair;  
Motor Control Fundamentals,  Square D Company,  (Sm-368-R3)

Graham, Kennard C., Industrial and Commercial Wiring 

Furnas, Electric Company Control Digest 114 (latest edition) by Furnas,

Industrial Control Catalog 290 - Motor Control Specialists, by Furnas

Miller, Rex, Basic Electricity. 

Jacobowitz, Henry, Electricity Made Simple.

Miller, Rex. Industrial And Residential Electricity.

Miller, Rex. Industrial Electricity.

Student=s References
Electric Motors, Selection-Protection-Drives AAVIM. Winterville, GA.

Agricultural Wiring Handbook

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

Electricians tool set 





Relays

Drum Switches





Multi tester 

Magnetic Starters





Safety Glasses

Single Phase Motors 120/ 240 volts

Three Phase Motor 240/ 460 volts 

Handout 4.4.1 - 4.4.3
PowerPoints:
Web Resources:

Georgia Performance Standards: AG-AMIII-5(l-p)

AG-AMIII-5:  Students will demonstrate skills necessary for safe operations of electric motors and controls that are used in the agricultural industry.

l. Calculate total motor current required.

m. Analyze proper conductor size based on capacity requirements.

n. Determine conductor size based on voltage drop.

o. Select conductor size to meet both capacity and voltage drop requirements.

p. Determine motor protection load.

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.

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
Ask students if they had two different size water hoses connected to a water faucet, if they were filling a five gallon bucket with each hose which hose would fill bucket first?  Why did the larger hose fill the bucket faster if the water pressure is the same?  The volume of water depends on the size of the hose, just as the size and kind of conductor use in installing electric motors and their controllers.


Discussion  
1.
Review with students Ohms Law and show students its relationship to electric motors when calculating the total current requirement when installing electric motors and the controls.

2.
Discuss with students the importance of being able to determine total motor current required to operate different kinds and sizes of electric motors.  
Using the Agriculture Wiring Hand book In the motor tables in the back and the National Electric code Table 430-148 show students how to figure the correct values for full-load currents for electric motors
3.
What factors should be considered when determining the correct conductor size to use when install electric motor?
A.
Amperage demand of motor

B.
Type of conductor 

$
Aluminum

$
Copper

C. Distance the conductor must run from power source

D. The percent voltage drop 

E. The type insulation on the conductor

F. Voltage requirement of the service

4.
Discuss with students the requirements for branch circuit for electric motors.
A. Short -circuit and ground fault for branch circuit conductor protection

B. disconnecting means

C. Motor overload protection

D. A controller to start and stop the motor
5.
Explain manufacturer=s service manuals for procedures to service a time delay relay.

6.
Explain a schematic diagram such as needed to service a time delay relay.
7.
Discuss with the students the different components of a time delay relay.
8.
Demonstrate safety procedures when servicing a time delay relay by turning off power before attempting to service the device, examining completed work to ensure that the connections are made correctly.

9.  
Assign students to service a time delay rely. 

10.
Explain manufacturers service manuals for procedures to replace a magnetic starter.

11.
Discuss with students the schematic diagram for a magnetic starter and the correct procedure for replacing the magnetic starter.

12.
Demonstrate safety the proper procedure for replacing a magnetic starter step by step so students will be able to see how the connections are made and where the connections are made inside the magnetic starter.

13.
Review the proper use of a multimeter.

14.
Review the procedure for installing a magnetic starter with AAVIM video or transparencies.

15.
Assign students to replace magnetic starter.  Use Instructor=s performance checklist for this assignment.

16.
Discuss the principles of how a thermostat works in controlling a device in a circuit.

17.
Explain the schematic diagram furnished with the thermostat.

18.
Demonstrate the proper procedures to follow when installing a thermostat.

19.
Assign students to install a thermostat to control a device in a circuit.
Summary

Electric motors are used in a widely in the agricultural industry to reduce the need for additional labor, which are reliable and inexpensive to operate.  With the demands placed on electric motors and the types controls used it important that all manner of be taken when selecting and installing these devices to insure long maintenance free operation.

When installing these devices safety rules and codes standards should be followed when installing and operating the electric motors and controls.

Evaluation
Give students a written exam over the materials covered in class.

Using instructors checklist grade students on the skills demonstrated of installing controls.

4.1.1
Instructors Performance Checklist
Objective: Connect overload relays into starting circuit.

Component






Acceptable 
  Unacceptable
	1.  Turned power off
	
	

	2.  Mounted thermal relay on three-phase  conductor
	
	

	3.  Secured thermal elements to thermal relay
	
	

	4.  Mounted conductor
	
	

	5.  Mounted start-stop station
	
	

	6.  Wired control circuit according to schematic
	
	

	7.  Connected motor to conductor
	
	

	8.  Connected power supply to conductor
	
	

	9.  Turned power on
	
	

	10. Pushed start button and noted that conductor 

closes its contacts
	
	

	11. Pushed stop button and noted that conductor opens its contacts
	
	

	12. Opened the contacts on one thermal overload 

relay and pushed start button
	
	

	13. If conductor does not energize, closed the overload relay contacts on that thermal relay; then pushed start button again
	
	

	14. If motor starts, stopped motor and checked out

the other two thermal relays in the same manner
	
	

	15. Turned power off
	
	


4.4.2
Instructors Performance Checklist

Objective: Replace magnetic starter

Component






 Acceptable   Unacceptable
	1.  Disconnected the power from the circuit
	
	

	2.  Tested with meter to ensure power is off at device
	
	

	3.  Disconnected and labeled wires according to schematic of machine writing
	
	

	4.  Unscrewed holding screws from panel
	
	

	5.  Removed magnetic starter and secured with proper screw
	
	

	6.  Replaced numbered wires according to schematic
	
	

	7. Checked overload devices to ensure they are in accordance with manufacturer=s specifications for current or motor being controlled
	
	

	8.  Replaced thermal elements, as needed
	
	

	9.  Turned power on and activated circuit to ensure motor is operating according to manufacturer=s specifications
	
	


4.4.3
Instructors Performance Checklist

Objective: Connect line-voltage thermostat

Component






Acceptable 
  Unacceptable
	1. Located installation point
	
	

	2.  Turned power off
	
	

	3.  Determined that power was off by checking conductor(s) at point of connection(s) with voltage tester
	
	

	4.  Attached supply cable or conduit to box for thermostat
	
	

	5.  Identified conductors
	
	

	6.  Connected supply conductors to line terminals of thermostat
	
	

	7.  Connected load conductors to load side of thermostat
	
	

	8.  Attached thermostat to box provided
	
	

	9.  Turned power off
	
	

	10.  Set thermostat to desired temperature
	
	

	11. Observed operation through at least one cycle
	
	

	12. Turned power off or left thermostat ser for normal operation of equipment
	
	


4.4.4
WIRING DIAGRAMS

PILOT CONTROL




WITH START-STOP
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4.4.5
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4.4.6

SCHEMATICS FOR A.C. MOTORS
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4.4.7

DUAL VOLTAGE CONNECTIONS
A. Single Phase Induction Motors: If these motors are rated for dual voltage, they normally have 2 sets of running winding and only 1 set of starting windings.  The running windings are connected in series of high voltage operation and in parallel for low voltage.  The starting windings are rated only for low voltage and thus are always connected directly across one set of running windings.


[image: image4.wmf]
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B.  Three Phase Squirrel Cage Induction Motor: These dual voltage motors will have two sets of windings per phase.  The numbering scheme for the motor leads is standard throughout the industry and is worth remembering.
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4.4.8

DIRECTION REVERSAL OF A.C. MOTORS

A. Single Phase Induction Motor: This type includes split phase, capacitor start-induction run, two value capacitor motor, and the permanent split capacitor motors.  To reverse the direction of these motors, the relationship between the starting and running windings must be reversed.  This is illustrated below for a capacitor start-induction motor.
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B. Repulsion Start Motors: The direction of these motors is changed by a mechanical adjustment.  The position of the brushes must be shifted.  This can normally be done by loosening machine screw on the brush end of the motor and shifting the brush mounting plate.  Since the proper alignment is important, the manufacturer will mark the brush plate to indicate when the brushes are correctly positioned.


[image: image9.wmf]
C. Series motor: By changing the relative direction of the current flow through either the field winding or the rotor, the motor direction can be changed.  This is illustrated below.
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4.4.9
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Power leg must be >c= phase meter socket for correct meter registration

Power leg must be >b= phase in customers switch board or panelboard to comply with section 384-3(f) of the national electrical code
4.4.10 


Typical AC Motor Nameplate

HP 
2

V 
115/230 

Ph
1
A 
9.8/4.9 
RPM 
1725  

Code
M
AMB 
40C

Fr 
56 


TIME
Cont.
S.F. 
1.15
Interpretation of Nameplate Information

H.P.-
This is the full load horsepower that you can expect the motor to develop without an excessive temperature rise.

V ‑
The motor operational voltage. In this case, the motor can operate at 115 or 230 volts.

Ph ‑
The phase requirement of the motor. This will be either single phase or three phase.

A‑ 
The motor full load current. Considering this current in conjunction with the voltage rating. This motor will draw 9.8 amperes if operated on 115 or 4.9 amperes if operated on 230 volts.

RPM ‑ The speed of the motor when operating at full load.

Code
The code letter can be used to calculate the motor starting current. This is illustrated later in this material. It should be noted that the closer the code letter is to A, the lower the starting current will be.

AMB-
This is the temperature rise above ambient at which the motor operates. Instead of AMB, this characteristic is sometime listed as TEMP RISE or simply as TEMP. Thus, for the nameplate data given, if the motor is operating in a 72F room (22C) the motor surface temperature would be 144F (62C).

Fr‑
The frame number. This is a designation of NEMA (National Electric Manufacturers Association) and will indicate interchangeability of motors as to their mounting requirements, shaft size, etc. 

TIME-
The motor will be rated COST for continuous duty or INT for intermittent operation.

S.F.-
The motor service factor. This is an indication of the overload that you could expect the motor to handle without damage to the motor. The temperature rise above ambient would be expected to be greater than the rating on the nameplate (in this case 40C) but it would not be excessive. The motor in this example could be expected to deliver (.5) x 1.1; = .575 FF on a continuous basis without damaging the motor.

4.4.11
Motor Enclosures
The National Electrical Manufacturers Association (NEMA) has established 18 standard classifications for enclosures. These classes can be broadly grouped as:

Open‑Dripproof

Open‑Guarded



Totally Enclosed

Totally Enclosed ‑ Special cooling

Explosion‑Proof

Splashproof 

The detailed specifications for each classification are given in the NEMA Motor Standards Bulletin. For farm applications the usual choice is made from one of these four types: 

(1) Open‑Dripproof: For general‑purpose use, the motor being located in dry

locations which are relatively free of splashing liquid and dust particles.

This is the most common type of enclosure.

(2) Splashproof: For use out of doors if covered when not in use and especially

for use on dairy farms arid in processing rooms where washing down of equipment

causes water to be directed toward the motor.

(3) Totally Enclosed: For applications in those areas having above average dust,

lint, and foreign particles in the atmosphere. The enclosure is added protection

for the motor and its selection results in longer life and less maintenance than

is possible with the open‑drip proof type.

(4) Explosion‑proof: This enclosure protects the internal parts of the motor

from harmful atmosphere and in addition is designed so as not to cause ignition

of explosive gases which may surround the motor. The straight forward explosion‑

proof enclosure will also withstand an explosion within the motor housing whereas

the dust‑explosion‑proof enclosure furnishes protection against igniting out‑side

atmospheres but is not designed to withstand internal explosions. These en‑

closures are needed in certain feed grinding and mixing areas, and for pumping

operations involving inflammable liquids.
4.4.12
DUAL VOLTAGE
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R - Rotor

CS - Centrifugal Switch 
HIGH VOLTAGE

connect 4 and 7

connect 5 and 8

connect 6 and 9

lines to 1, 2, and 3
LOW VOLTAGE

connect 1 and 7

connect 2 and 8

connect 3 and 9

connect 4, 5 and 6

lines to 1, 2, and 3 
4.4.13
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4.4.14
DRUM SWITCH

FORWARD LEFT






REVERSE RIGHT
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4.4.15

CONTROL CIRCUIT DIAGRAMS

4.4.16
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Individual Learning Activity

Lesson:
Installing Electric Motors and Controls
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.
Calculate total motor current required.

2.
Analyze proper conductor size based on capacity requirements.

3.
Determine conductor size based on voltage drop.

4.
Select conductor size to meet both capacity and voltage drop requirements.

5.
Determine motor protection load.
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: 
Installing Electric Motors and Controls
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Calculate total motor current required.

2.
Analyze proper conductor size based on capacity requirements.

3.
Determine conductor size based on voltage drop.

4.
Select conductor size to meet both capacity and voltage drop requirements.

5.
Determine motor protection load.
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:
Installing Electric Motors and Controls
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.
Calculate total motor current required.

2.
Analyze proper conductor size based on capacity requirements.

3.
Determine conductor size based on voltage drop.

4.
Select conductor size to meet both capacity and voltage drop requirements.

5.
Determine motor protection load.
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 determine motor protection load?
Vocabulary
Ohm’s Law

Voltage
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