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COURSE DESCRIPTION  

This course focuses on advanced information regarding industrial electrical motors.  Upon completion students will be able to troubleshoot, remove, replace, and perform advanced maintenance on various types of motors.  This course supports CIP code 47.0303. 

CREDIT HOURS (applicable if entire course is taught in a career/technical education degree or non-degree program)  
Theory

1 credit hour

Lab


2 credit hours

Total


3 credit hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as manipulative (3:1 contact to credit hour ratio) or experimental (2:1 contact to credit hour ratio).

PREREQUISITE COURSES 
Determined by college unless stated otherwise.

CO-REQUISITE COURSES 
Determined by college unless stated otherwise.

INSTRUCTIONAL NOTE:  Foundational academic skills in General Math such as integers, percents, ratio and proportions, metric system and linear equations and Technical Writing such as research, organization, composition, documentation, and report presentation are used throughout this discipline.
INDUSTRY COMPETENCIES:
· Use tools properly and safely

· Use electrical test equipment 

· Remove and install motors and motor components

· Change rotation of electric motors

· Troubleshoot electrical motors

COURSE OBJECTIVES:  

The cognitive objective of this course is for each student to comprehend foundational knowledge needed to perform stated entry-level industry competencies.

The performance objective of this course is for each student to apply foundational knowledge to industrial motors problems and exercises encountered in class. 
INDUSTRY COMPETENCIES/STUDENT PERFORMANCE OBJECTIVES:

Unless otherwise indicated, evaluation of student’s attainment of cognitive and performance objectives is based on knowledge gained from this course.  During performance evaluations, students will be provided necessary tools, equipment, materials, specifications, and any other resources necessary to accomplish the task.  Specifications may be in the form of, but not limited to, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab assignments, or any combination of specifications.

	MODULE A – AC MOTORS – TWO PHASE

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE

	Use tools properly and safely
	Select the proper tools for use with the lab assignment.

Perform lockout/tag out procedures

Use tools safely.

	Remove and install motors and motor components

Troubleshoot electrical motors

Use electrical test equipment
	Connect a capacitor start motor and test for proper operation.

Connect a permanent split capacitor motor and test for proper operation.

Connect a two-valve capacitor motor and test for proper operation.

Troubleshoot a capacitor motor to identify the fault.

Wire a centrifugal switch to a motor and test for proper operation.

Wire a potential relay to a motor and test for proper operation.

Wire a current relay to a motor and test for proper operation.  

Reverse direction of a split phase motor and test to ensure proper operation.

Connect a dual voltage motor and test for proper operation. 


	Remove and install motors and motor components

Troubleshoot electrical motors

Use electrical test equipment

(Continued)
	Remove and replace a motor with an oil capacitor and test to ensure proper operation.

Use an ohmmeter to identify opens, shorts, and grounds in a motor to determine proper operation.

	ENABLING OBJECTIVES/KEY INDICATORS

	· Explain the purpose for safety policies

· Explain Lock Out/Tag Out procedures

· Explain the importance of performing machine safety checks of equipment and accessories

· Explain the importance of using safe material handling techniques for lifting, transporting, and storing

· Explain good housekeeping practices

· Explain the importance of complying with safety policies

· Explain the importance of practicing tool safety

· Identify capacitor motors

· Capacitor start motors

· Permanent split capacitor motors

· Two-valve capacitor motors

· Identify rotor, stator, and bearing end plates

· Identify switching systems

· Centrifugal switches

· Potential Relays

· Current Relays

· Explain the purpose of split phase operation

· Explain the process of reversing direction of split phase motors

· Explain the operation of an AC generator

· Identify correlation between physical and electrical phase of motor rotation

· Solve problems involving right triangles

· Sine

· Cosine

· Tangents

· Calculate inductive reactance of a motor winding

· Explain the reaction of the motor to changes in line frequency

· Identify the formula for capacitive reactance of a given motor

· Solve equations for resonance

· No load capacitor start motor

· Start windings voltage during start up


	ENABLING OBJECTIVES/KEY INDICATORS (continued)

	· Explain nameplate data

· Identify single phase motor terminal color codes

· Identify capacitor start motors

· Single voltage non-reversible

· Single voltage externally reversible

· Single voltage with overload protection

· Dual voltage reversible

· Single voltage three-lead reversible

· Single voltage two-speed

· Consequent pole two-speed

· Explain the process of connecting dual voltage start motors

·  Calculate RLA

· Size fuses

· Explain the process of testing and replacing defective oil filled capacitors

· Identify causes of excessive current in single phase motor operation

· Calculate values of capacitors in series and parallel


	MODULE B – REPULSION, SQUIRREL CAGE, AND THREE PHASE MOTORS

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE

	Remove and install motors and motor components

Troubleshoot electrical motors

Use electrical test equipment
	Wire a repulsion motor for high voltage and test for proper operation.

Wire a repulsion motor for low voltage and test for proper operation.

Reverse rotation of a repulsion motor and test for proper operation.

Reverse rotation of a three-phase motor and test for proper operation.

	Remove and install motors and motor components

Troubleshoot electrical motors

Use electrical test equipment  (Continued)
	Install a squirrel cage motor and test for proper operation.

Correct voltage of a three-phase motor according to graph changes in frequency operation.

	ENABLING OBJECTIVES/KEY INDICATORS

	· Explain the theory and operation for repulsion motors

· Identify the purpose and operation of brushes

· Explain the operation of the centrifugal device used to short cummutator bars in repulsion motors

· Explain the process of wiring repulsion motors for high and low voltage

· Explain the process of reversing rotation of repulsion motors

· Explain terms associated with squirrel cage motor theory

· Torque

· Horsepower

· RPM

· Field rotational velocity

· Identify windings of a nine-wire, untagged, three-phase, dual voltage motor
· Explain the process of reversing a three-phase motor
· Identify the components of a squirrel cage motor
· Explain the operating principles of a squirrel cage motor
· Explain the process of installing a squirrel cage motor
· Identify elements of a schematic for a part winding, reduce voltage, two step, accelerating motor
· Explain the theory of Wye Delta starting of three-phase motors
· Explain the effect of frequency on three-phase motor speed
· Explain the theory and purpose of slip in three-phase squirrel cage motors


	MODULE C – DC MOTORS AND GENERATORS

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE

	Remove and install motors and motor components

Troubleshoot electrical motors

Use electrical test equipment 


	Remove and install a shunt wound motor and test for proper operation.

Remove and install a series wound motor and test for proper operation.

Reverse rotation of a permanent magnet DC motor and test for proper operation.

Reverse rotation of a wound field motor and test for proper operation.

Test a DC motor for overspeed and underspeed and determine proper operation.

Wire a three point starting box to a motor and test for proper operation.

Wire a four point starting box to a motor and test for proper operation.

Wire a DC motor as a generator and test for proper operation.

Graph current verses load of a DC motor and determine proper operation.

Graph current verses rotational velocity of a DC motor and determine proper operation.

Graph output of a DC motor/generator and determine proper operation. 

	ENABLING OBJECTIVES/KEY INDICATORS

	· Identify components of DC motors

· Identify components of DC generators

· Describe counter electromotive force and its effect in DC motors

· Explain the process of connecting DC motors

· Explain the process of reversing DC motors

· Explain the process of testing DC motors for overspeed and underspeed control

· Calculate and measure the characteristics of DC motors

· Overspeed and underspeed conditions

· Horsepower

· Torque


	MODULE C - ENABLING OBJECTIVES/KEY INDICATORS (Continued)

	· Explain the operation of interpoles in DC motors

· Differentiate between operation of the cummutator and slip rings

· Explain the effect of accidental connection of different field connection

· Explain the effect of an open field winding in a shunt wound DC motor

· Identify 24 common defects in DC motor operation and connection

· Explain the process of wiring a three-point and four point starting box

· Explain why across-the-line starting of DC motors is inadvisable in high horsepower situations

· Explain the process of connecting DC motor components

· Thermal circuit breakers for DC motors

· Magnetic circuit breakers

· Magnetic overload relays

· Explain considerations when using AC rated contacts for DC operations

· Describe the application of universal, shaded pole motors, and fan motors

· Explain the operation of universal DC motors on household AC circuits

· Give examples of universal DC motors used in household operation

· Explain the construction and application of shaded pole motors

· Explain special considerations given to air circulating fan motors

· Explain the process of wiring a DC motor as a generator

· Graph current verses load

· Graph current verses rotational velocity

· Graph output of the motor/generator

· Describe the effect of residual field in DC motors

· Explain the operation of DC generator fields

· Separately excited

· Self-excited DC generator 

· Explain the effect of configurations on variations in load for DC generators

· Series wound

· Shunt wound
· Explain types and applications of synchronous motors

· Explain the necessity and purpose of DC excitation for synchronous polyphase motors

· Explain operation of permanent magnet synchronous motors

· Explain applications of synchronous motors in power factor correction

· Differentiate between motor types

· Identify the best types of motors for specific load and speed applications

· Single phase

· Polyphase

· DC motors

· Explain the operation of microprocessor controlled stepper motors


COURSE CONTENT OUTLINE

MODULE A – AC MOTORS – TWO PHASE
· Safety and tool use

· Theory and operation of capacitor motors

· Theory and operation of switching systems

· Theory and operation of split phase motors

· Theory and operation of AC generators

· Solving problems involving right triangles

· Solving equations for resonance

· Calculating RLA

· Calculating values of capacitors in series and parallel

· Motor windings

· Nameplate data

· Single phase motor terminal color codes

· Theory and operation of capacitor start motors

· Connecting dual voltage start motors

· Fuses

· Oil filled capacitors

· Theory and operation of single phase motors

MODULE B – REPULSION, SQUIRREL CAGE, AND THREE PHASE MOTORS
· Theory and operation for repulsion motors

· Theory and operation of squirrel cage motors

· Theory and operation of three-phase motors
MODULE C – DC MOTORS AND GENERATORS
· Theory and operation of DC motors and generators

· Connecting DC Motors

· Reversing rotation of DC motors

· Testing DC motors for overspeed and underspeed control

· Calculating and measuring the characteristics of DC motors

· DC motor interpoles

· Cummutator and slip rings

· Common defects in DC motor operation and connection

· Wiring a three-point and four point starting box

· Connecting DC motor components

· AC rated contacts for DC operations

· Universal, shaded pole motors, and fan motors

· Universal DC motors on household AC circuits

· Air circulating fan motors

· Wiring a DC motor as a generator

· Graphing current verses load

· Graphing current verses rotational velocity

· Graphing output of the motor/generator

· Synchronous motors

· Permanent magnet synchronous motors

· Microprocessor controlled stepper motors

RECOMMENDED METHODS OF EVALUATION:  The table of specifications below identifies the number of enabling objectives/key indicators per cognitive domain level of learning (Knowledge, Comprehension, Application) per module.  Instructors should develop a minimum of 1-3 test questions per Knowledge Level of Learning, 2-4 test questions per Comprehension Level of Learning, and 5-6 questions per Application Level Learning.   Instructors should use the following test item types for each level of learning:

Knowledge:  Multiple Choice, Alternative Response test items (true/false or yes/no) 

Comprehension:  Multiple Choice, Short answer

Application: Multiple Choice, Short Answer Exercises

The table of specifications below also identifies the number of objectives per module.  The instructor should ensure each student meets the performance and standards published in each objective.  

TABLE OF SPECIFICATIONS:

	Domain of Learning/

Content
	Cognitive Domain


	Total Cognitive
	Total Performance

	
	Knowledge
	Comprehension
	Application
	
	

	MODULE A
	18
	14
	9
	41
	14

	MODULE B
	4
	14
	0
	18
	6

	MODULE C
	7
	29
	6
	42
	11

	Number of indicators per level
	29
	57
	15
	101
	31
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