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Course:
01.423  Agricultural Mechanics Technology III

Unit 5:
Electric Motors and Controls
Lesson 2:
Identifying Electric Motors

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

1.
Explain the use of different types of electric motors.

2.
Describe the parts of an electric motor.

3.
List factors in selecting electric motors.

4.
Recognize types of motor bearings.

5.
Identify types of motor enclosures.

6.
Demonstrate ability to collect and interpret name plate information.

Teaching Time:

4 Hours
Grades: 9-12

Essential Question: What are the different types of electric motors and how should you decide on which electric motor to select?
Unit Understandings, Themes, and Concepts:

Students will learn about different types of electric motors.
Primary Learning Goals: Students will be able to explain the different parts and types of electric motors.
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:

Electric Motors: Selection, Protection, Drives. AAVIM. Winterville, GA. 

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:
120 volt single phase electric motor

240 volt single phase electric motor

Parts of disassembled  electric motor

Transparencies 4.2.1, 4.2.3 - 4.2.6

Handout 4.2.2

Overhead projector
PowerPoints:

Web Resources:

Georgia Performance Standards: AG-AMIII-5(c-h)

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

c. Explain the use of different types of electric motors.

d. Describe the parts of an electric motor.

e. List factors in selecting electric motors.

f. Recognize types of motor bearings.

g. Identify types of motor enclosures.

h. Demonstrate ability to collect and interpret name plate information.

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

In the agricultural laboratory demonstrate cutting a 1@ X 6@ board with the table saw, then use the same saw to cut a 4@ X 4@.  Ask student if they notice in difference in the saw when cutting the 4@ X 4@ than the 2@ X 4@?  Ask the students to name some reasons for the different.  There should be a noticeable difference because of the difference the amount of load put on the motor when cutting the two different thickness of wood.  Lead students into discussion on the different factors to consider when selecting electric motors.


Discussion
1.
Discuss the following terms with students:
A.
Single-phase- A type of electric service available to most farms requiring one transformer between power supplier and customer.

B.
Split-phase motor- The cheapest electric motor available; used for easy starting loads.

C.
Induction-run motor- A motor that has windings in the rotor and also has brushes and a commutator.

D.
Capacitor-start motor- A motor that has a capacitor in the starting windings

E.
Horsepower (hp)- A unit of mechanical power which is equal to 746 watts of electrical power.

F.
Short circuit- An improper connection between a hot and a neutral wire or between hot wires.

G.
Three-phase motor- The most rugged, reliable, and satisfactory type of motor available; used for fairly difficult starting loads.

H.
Service factor- A multiplier indicating the amount of overload permitted for the motor.

I.
RPM- The number of revolutions a motor will turn per minute.

J.
Automatic motor control- A switch, relay, and/or a contactor capable of responding to a device that senses variations in temperature, humidity, light, and pressure.

K.
Relay- A devise capable of utilizing a sensing signal to open and close a circuit.

L.
Power factor- That factor by which the volt- ampere product must be multiplied in order to obtain the actual power.

M.
Commutator- A switch for reversing the direction of an electric motor.





2.
What are the different types of electric motors?  

Display and discuss Transparency 4.2.1 and distribute handout 4.2.2

A.
Single-phase, Induction-Run Motors

· Split-phase

-Cheapest electric motor available

-Available in sizes up to 1/3 hp

-Works on a single-phase power

-Operates on 120 and/or 240 volts service

-Used on easy starting loads (grinders, saws, washing

 machines)

· Repulsion - start

-Used single-phase power

-Uses 120 and/or 240 volt service

-Available in sizes from 1/6 to 10

-Used on hard to start loads


· Capacitor-start, capacitor-run

-Uses single phase power

-Has two capacitors

1.
One for starting

2.
One for running

-Available in sizes of   5, 7 2,  and 10 hp

-Used on hard to start loads

· Repulsion start,  capacitor run

-Uses single phase power

-A combination of the motors listed  above  ( NOTE:   the

 capacitor helps maintain running efficiency after the motor 

 reaches operating speed. )

-Available in sizes of 1 to 15 hp

3.
Why are Built-in Capacitors important in starting and running of an electric motor? 
The capacitors give additional starting torque without requiring additional amperage.

4.
What are the parts of an Induction-Run Motor?
A.
Ventilated end bell or shield

B.
Stator and frame

C.
Thermal protection

D.
Centrifugal starting switch

E.
Sleeve bearing

F.
Rotor and fans

G.
Resilient mounting

H.
Neoprene thrust washers

5.
What type of requirements must be considered when selecting an electric motor? 

Have students record the requirements in their notebooks.

A.
Must be able to start the equipment load

B.
Must be able to driver the load once it is started

C.
Must be able to survive the abuse of the surroundings in which it operates

6.
What factors should be considered when selecting and electric motor?
A.
Type of electric power available  (NOTE:  Single-phase or three-phase)

B.
Type of load

C.
Size of load

D.
Condition under which motor must operate  

7.
What are the rules of thumb to follow in estimating motor size.
A.
If equipment can be continuously operated by hand,  a 3 hp electric motor will do the job.

B.
If a piece of equipment is driven satisfactorily by a gasoline engine, the engine can be replaced with an electric motor of about 2/3 to 3/4 as much horsepower as the engine.

C.
Example to replace a 2 hp gasoline engine (2 X 2/3 = 4/3C select a 1 ½ hp electric motor).

8.
What is the proper procedure to follow when replacing an electric motor?
A.
Horsepower rating must be the same or not more than one size larger.

B.
Full-load speed, cycles, duty, and base must be the same.

C.
Voltage 120 and / or 240  (Note: A 240 voltage preferred for 2 hp and larger)

D.
Type should be the same (Note: They should be the same as the motor being replaced or a type having equal or greater starting torque)

9.
What are the different types of bearings found in electric motors? Display and discuss transparency 4.2.4

A.
Sleeve

· Oil lubricated
· Shaft must be mounted parallel to the floor 


B.
Ball

· No problem of oil loss

· Installed in any position

· Requires no greasing

10.
What are the different types of motor enclosures used on electric motors?  

Display and discuss transparency 4.2.5.

A.
Open drip - proof -- used on most farms where water is not being sprayed.

B. 
Splash - proof -- designed for either indoor or outdoor use such as milk barns or irrigation pumps.

C.
Totally enclosed -- used where dust and grit are a problem such as in feed mills and fertilizer plants.

D.
Totally enclosed explosion - proof  -- used around explosive materials such as oil, gasoline, and chemicals.

11.
What are some reasons for using motor mounts on electric motors?
A.
Anchors motor in position

B.
Provides for motor adjustment

C.
Reduces vibration

D.
Provides means of making motor portable

12.
Why should electric motors be installed having protective devises?
A.
Protects excessive over current

B.
Prevents short circuits

13.
What are some causes of excessive current?
A.
Load to heavy

B. 
Machine locked or jammed

C.
Belt to tight

D. 
Bearings worn or needing lubrication

E.
Voltage lower the name plate indicates.

F.
Motor and equipment pulley out of line

14.
How can electric motors be protected?
A.
Built - in overload protection in the motor

B.
Manual starting switch with overload protection

C.
Magnetic starting switch with overload protection

D.
Time - delay fuse in motor for disconnect switch

15.
What are the enemies of electric motors that can cause them to fail?
A.
Dust

B.
Stray oil

C.
Moisture

D.
Bearing friction

E.
Pulley misalignment

F.
Vibration

G.
Uneven wear

H.
Overload

I.
Inadequate wiring

16.
What are the different types of sensing devices used in controlling electric motors?
A.
Temperature

B.
Humidity and moisture

C.
Light

D.
Pressure

E.
Timing

F.
Reversing

G.
Solenoid

17.
Using transparency 2.4.6, discuss with students the information found on the name plate and how it is used.
A.
Type of current--  Alternating or direct current;  Single-phase or Three-phase

B.
Type of overload protection (NOTE: The term thermal guard is a manufacturer=s identification for a specific overload protection device built into the motor.

C.
Horsepower

D.
RPMB Indicates the speed of the motor shaft

E.
Temperature at which the motor is to operate

F.
Hours that the motor can be operated continuously

G.
Volts

H.
Type of enclosure

I.
Motor type (NOTE- The various manufacturers usually use different letters and symbols to identify the various types of motors as to their starting mechanism.  Very often the sp- Split-phase, start; cs - Capacitor - start;  and rs- repulsion- start are used

J.
Type of frame

K.
Cycle

L.
Serial number (NOTE: This number should be used when writing to the manufacturer regarding the specific motor.)

18.
Give students a name plate of an electric motor and ask them to interpret the information.
Summary

Describe the parts of an electric motor.

What are the different types of bearings?

What is the use of different types of electric motors?

Interpret the name plate information.

What are the different types of motor enclosures.

Evaluation
Written test

Laboratory exercises

4.2.1
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4.2.2

Information sheet: Electric Motor Selection Chart

	MOTORS
	STARTING ABILITY
	STARTING CURRENT
	STARTING MECHANISM
	SPEED
	VOLTAGE
	COST AND SIZE
	APPLICATION

	Split-Phase
	easy-to-start
	draws 6 to 8 times its normal running current
	two windings
	constant
	120 or 240
	cheapest; 1/20 to 3/4 hp
	light farm work used on such tools as pumps, grinders, and fans

	Capacitor-start, Induction-run
	fairly difficult starting loads
	draws 3 to 6 times its full load
	two windings
	constant
	120 or 240
	25-40% more than the same size split-phase motor; 1/6 to 10 hp
	heavy duty farm use, such as air compressors, power tools, and feed grinders

	Capacitor-start, Capacitor-run
	hard starting loads
	draws 3 to 5 times its normal running current
	has a running capacitor and a special slow starting mechanism
	constant

900 to 3600 rpm
	120/240 under 2 hp 240 over 2 hp
	20% more than capacitor-start, induction-run; 2 to 25 hp
	general purpose farm use such as pumps, blowers, and conveyors

	Repulsion-start, Induction-run
	very heavy starting loads
	draws 3 times the running current
	no starting winding but has two running windings
	constant 1200-1800 rpm
	120 and 240
	Similar to capacitor motors 1/6 to 20 hp
	large general purpose farm use such as feed mills, compressors, and silo unloaders

	Universal
	easy starting
	
	brushes
	varies
	120
	very economical 

1/20 to 1 hp
	shop tools such as drills and saws

	Shaded-pole
	easy-starting
	
	shaded windings, slow starting
	varies
	120
	very economical

1/20 to 1/4 hp
	small household fans, blowers, and hair dryers

	Three-Phase
	variety of starting loads; usually for heavy/hard starting
	can be designated as having low, normal, or high; 3 to 4 times the running current
	self-starting
	constant 400 to 3600 rpm
	varies; used on large voltage
	expensive; 2 to many hundred hp
	used on loads requiring 10 hp or greater




4.2.3

PARTS OF AN INDUCTION-RUN MOTOR
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Thermal Protection
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Stator and Frame



Centrifugal Starting Switch
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Rotor and Fans

4.2.4

TYPES OF BEARINGS
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SLEEVE

4.2.5

TYPES OF MOTOR ENCLOSURES
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NAME PLATE INFORMATION
Individual Learning Activity

Lesson:
Identifying Electric Motors
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. Explain the use of different types of electric motors.

2.
Describe the parts of an electric motor.

3.
List factors in selecting electric motors.

4.
Recognize types of motor bearings.

5.
Identify types of motor enclosures.

6.
Demonstrate ability to collect and interpret name plate information.

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: 
Identifying Electric Motors
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.  Explain the use of different types of electric motors.

2.
Describe the parts of an electric motor.

3.
List factors in selecting electric motors.

4.
Recognize types of motor bearings.

5.
Identify types of motor enclosures.

6.
Demonstrate ability to collect and interpret name plate information.

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:
Identifying Electric Motors
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.  Explain the use of different types of electric motors.

2.
Describe the parts of an electric motor.

3.
List factors in selecting electric motors.

4.
Recognize types of motor bearings.

5.
Identify types of motor enclosures.

6.
Demonstrate ability to collect and interpret name plate information.

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:

What are the different types of electric motors and how should you decide on which electric motor to select?
Vocabulary
Single-Phase

Split-Phase
Short Circuit

Conductor
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