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COURSE DESCRIPTION:
This course is a study of the construction, operating characteristics, and installation of different motor control circuits and devices.  Emphasis is placed on the control of three phase AC motors.  This course covers the use of motor control symbols, magnetic motor starters, running overload protection, pushbutton stations, multiple control stations, two wire control, three wire control, jogging control, sequence control, and ladder diagrams of motor control circuits.  Upon completion, students should be able to understand the operation of motor starters, overload protection, interpret ladder diagrams using pushbutton stations and understand complex motor control diagrams.  

CREDIT HOURS 

Theory Hours  
  

1 hour
Lab Hours



2 hours  

Total Credit Hours 

3 hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as 3:1 and/or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

	Recent Changes

	09/07/11
	Edited Course description

	09/07/11
	Met with faculty and deleted module on PLCs and Common Control Devices

	09/07/11
	Created module on components of Motor Control Circuits, Diagrams, and  Control Concepts


INSTRUCTOR NOTE:  

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
PROFESSIONAL COMPETENCIES

· Perform tasks in a safe manner.
· Explain basic principles of motor controls.
· Describe the construction, function, and use of components in motor control circuits.
· Interpret specified motor control circuits.
· Apply control concepts in circuit construction.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to motor controls.
· Psychomotor – Apply principles of motor controls.
· Affective – Value the importance of adhering to policy and procedures related to motor controls.
STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES
	MODULE A – PRINCIPLES OF MOTOR CONTROL

	MODULE DESCRIPTION – The purpose of this module is for each student to comprehend the basic principles of motor controls.  Topics include safety, motor control principles, motor starter principles, applications of starters, contactors and overload relays, solenoid operating principles, and overheat detection.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Perform tasks in a safe manner. 
	A1.1
Given a variety of lab situations, perform assigned tasks in a safe manner.  

A1.1
Properly perform Lockout/Tagout procedures in various situations including verification of absence of voltage.

NOTE:  This is an ongoing evaluation.
	3

3



	A2.0
Explain basic principles of motor controls.
	A2.1
This competency is measured cognitively.


	2

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Explain the importance of safety policies.

A1.1.2
Explain Lock Out/Tag Out procedures.

A1.1.3
Explain good housekeeping practices.

A1.1.4
Explain the importance of performing machine safety checks of equipment and accessories.

A1.1.5
Explain the importance of using safe material handling techniques for lifting, transporting, and storing.

A1.1.6
Explain the importance of complying with safety policies.

A1.1.7
Explain the importance of practicing tool safety.

A1.1.8
Describe an Arc Flash and explain the dangers if exposed to one.

A1.1.9
Describe various safety precautions necessary to prevent Arc Flash.
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	A2.1.1
Discuss motor control safety.

A2.1.2
State the general principles of electric motor control.

A2.1.3
Explain motor horsepower.


A2.1.4
Explain the principles of operation of motor starters.

A2.1.5
List common applications of starters.

A2.1.6
Identify ladder diagrams.


A2.1.7
Explain how motors are protected electrically.

A2.1.8
Identify common magnetic contactors and overload relays.

A2.1.9
Describe the operating principles of a solenoid.

A2.1.10
Identify different elements used to detect a motor overheating.

A2.1.11
Select starter protective enclosures for particular applications.

A2.1.12
Interpret motor nameplate information.

A2.1.13
Differentiate between various sizes of NEMA and IEC controllers.
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	MODULE A OUTLINE:
· Motor control Installation considerations

· Purpose of controller

· Starting and Stopping

· Speed control of motors

· Motor control symbols and diagrams

· Protective features

· Horsepower 

· Thermal overload protection

· Motor starters

· Contactors and overloads

· Motor power circuit

· Contacts

· Motor overheat

· AC Magnetic Starter

· Motor nameplate data and wiring interpretation
· NEMA & IEC controllers



	MODULE B – COMPONENTS OF MOTOR CONTROL CIRCUITS

	MODULE DESCRIPTION – The purpose of this module is for each student to learn the construction, function, and use of components in motor control circuitry.  Topics include relays, switches, coils and solenoids, contacts and auxiliary contacts, indicators, timers, and starters.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Describe the construction, function, and use of components in motor control circuits.
	B1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Describe the purpose and functions of switches.

B1.1.2
Describe the operation of switches.

B1.1.3
Describe how switches control motors.

B1.1.4
Describe the purpose and functions of relays.

B1.1.5
Describe the operation of relays.

B1.1.6
Describe how relays control motors.

B1.1.7
Describe the difference between closed and open.

B1.1.8
Explain single and double break contacts/switches.

B1.1.9
List the types of control operators for switches.

B1.1.10
Explain how relays differ from motor starters.

B1.1.11
Explain how contactors differ from relays and motor starters.

B1.1.12
Identify single and double throw contacts. 

B1.1.13
Describe how to wire contactors.


B1.1.14
Describe the operation of magnetic blowout coils and how they provide arc suppression.

B1.1.15
Differentiate between coils and solenoids.

B1.1.16
Differentiate between contacts and auxiliary contacts.

B1.1.17
Describe the function and use of indicators.
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	MODULE B OUTLINE:
· Relays

· Switches

· Coils and solenoids 

· Contacts and auxiliary contacts 

· Indicators

· Timers

· Starters




	MODULE C – MOTOR CONTROL DIAGRAMS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to interpret specified motor control circuits.  Topics include diagrams, electric symbols, labeling, component placement, two-wire control, three-wire control, and truth tables.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Interpret specified motor control circuits.
	C1.1
Draw motor control diagrams.


	3

	
	C1.2
Construct basic motor control circuits.
	3

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Identify electrical symbols used in motor control diagrams.

C1.1.2
Explain the use of electrical symbols in motor control diagrams.

C1.1.3
Explain how to label a motor control diagram. 

C1.1.4
Explain placement of components in motor control diagrams.


C1.1.5
Explain normally open (NO) and normally closed (NC).

C1.1.6
Describe the different advantages of two and three wire control.

C1.1.7
Explain how to connect motor starters with two and three wire control.

C1.1.8
Identify common terminal markings.

C1.1.9
Explain how to read and use truth tables.
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	MODULE C OUTLINE:
· Diagrams

· Electric symbols

· Labeling

· Component placement

· Two-wire control

· Three –wire control

· Truth tables


	MODULE D – CONTROL CONCEPTS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to apply control concepts in circuit construction.  Topics include two-wire and three-wire controls, handoff controls, push button stations, pilot lights, interlocks and permissives, sequence controls, logic functions, jogging, and construction and operation.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Apply control concepts in circuit construction.
	D1.1
Construct motor control circuits. 
	3

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
List the advantages of two-wire control.

D1.1.2
Describe how to connect two-wire devices to motor starters.

D1.1.3
Read and draw simple diagrams for two-wire control.

D1.1.4
Describe the basic sequence of operations for a three-wire control circuit.

D1.1.5
Describe seal in/memory circuits.

D1.1.6
List the advantages of each type of circuit.

D1.1.7
Describe how to connect pilot lights and other indicators.

D1.1.8
Read and draw three wire control circuits.

D1.1.9
State the purpose of hand off automatic controls.

D1.1.10
Explain how to connect hand off automatic controls.

D1.1.11
Read and draw diagrams using hand off automatic control.

D1.1.12
Read and interpret diagrams using multiple push button stations.

D1.1.13
Draw diagrams using multiple push button stations.

D1.1.14
Explain how to connect multiple push button stations.

D1.1.15
Explain the purpose of interlocks and permissives.

D1.1.16
Describe the purpose of starting motors in sequence.

D1.1.17
Read and interpret sequence control diagrams.

D1.1.18
Explain how to make the proper connections to operate motors in sequence.

D1.1.19
Describe logic concepts and controls.   

D1.1.20
Explain the process of jogging control.

D1.1.21
State the purpose of jogging controllers.

D1.1.22
Describe the operation of a jogging control circuit.

D1.1.23
Explain how to connect jogging circuits.

D1.1.24
Read and interpret control diagrams.
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	MODULE D OUTLINE:
· Two-wire controls

· Three-wire controls

· Hand off automatic control

· Multiple push button stations

· Push to test pilot lights

· Interlocks and permissives

· Sequence control

· Logic functions

· Jogging 

· Construction and operation




LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	KSA
	1
	2
	3
	4

	Module A
	25%
	58%
	17%
	

	Module B
	
	100%
	
	

	Module C
	22%
	56%
	22%
	

	Module D
	
	63%
	37%
	


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

· Performs most parts of the competency.  Needs help only on hardest parts.  

· Requires limited supervision.

	3
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

· Performs all parts of the competency.  Needs only a spot check of completed work.  

· Requires little or no direct supervision.

	4
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  
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