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COURSE DESCRIPTION  

This course covers complex ladder diagrams of motor control circuits and the uses of different motor starting techniques. Topics include wye-delta starting, part start winding, and resistor starting and electronic starting devices. Upon completion, the students should be able to understand and interpret the more complex motor control diagrams and understand the different starting techniques of electrical motors.  
CREDIT HOURS 

Theory

 2 credit hours

Lab


 1 credit hour

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) and/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.

PROFESSIONAL COMPETENCIES:

· Interpret and draw diagrams



· Use automatic and multi-speed starters. 


· Understand the concepts of automatic acceleration of motors.


· Construct and understand DC Motor speed control and braking.

INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to advanced motor controls.

· Psychomotor – Apply principles of advanced motor controls.

· Affective – Value the importance of adhering to policy and procedures related to advanced 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.

	MODULE A – Primary resistor, Part Winding, Starters

	Module Description – In this module the students learn to interpret and draw diagrams and wiring for primary resistor starters, autotransformer starters, and part winding starters.  Topics include construction and operation of primary resistor and part winding starters, typical starting methods, autotransformers, advantages and disadvantages of winding starters, part winding and dual voltage motors, and squirrel cage motor functions.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0 Interpret and draw diagrams. 
	A1.1 Interpret and draw diagrams and wiring for primary resistor starters.
A1.2 Interpret and draw diagrams for autotransformers starters, and part winding starters.
	2

2

	LEARNING OBJECTIVES 
	KSA

	A1.1.1  Describe typical starting methods

A1.1.2  Describe how a squirrel cage motor functions

A1.1.3  Describe factors to consider when selecting motor starting equipment

A1.1.4  Describe the construction and operation of primary resistor starters

A1.1.5  Describe the operation of primary resistor starters
	1
2
2
2
2

	A2.1.1  Describe the construction and operation of autotransformer starters

A2.1.2 Define what is meant by open transition and closed transition starting

A2.1.3  Describe the construction and operation of a part winding motor starters

A2.1.4  State advantages and disadvantages of two steps part winding starters

A2.1.5 Describe the difference between part winding motors and dual voltage motors
	2
1
3
1
2

	MODULE A – Primary resistor, Part Winding Starters
· Construction and operation of primary resistor and part winding starters

· Typical starting methods

· Autotransformer and other types of starters

· Advantages and disadvantages of winding starters

· Part winding and dual voltage motors

· Squirrel cage motors functions 




	MODULE B – Automatic and Multi-Speed Starters

	Module Description – In this module students learn to use automatic and multi-speed starters.  Topics include star delta motor and motor starters, solid state motor controllers, two speed and two windings motor starters, manual speed control and wound round rotor applications, two and three wire control, and acceleration and deceleration of a motor with push button control.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0 Use automatic and multi-speed starters 


	B1.1 Install and troubleshoot star-delta motors and starters

B1.2 Install and troubleshoot multi-speed motors and controllers
	2

2

	LEARNING OBJECTIVES
	KSA

	B1.1.1 Identify terminal markings for star-delta motor and motor starters
B1.1.2 Describe the purpose and function of star-delta starting

B1.1.3 Explain how to connect star-delta motors and starters
	1
2
2

	B1.2.1  Describe how an existing solid state controller is connected to an existing motor starter

B1.2.2  State features of a solid-state controller

B1.2.3  Describe the function of SCR’s in reduced voltage motor starters

B1.2.4  Explain how to install a solid state controller

B1.2.5  Identify terminal workings for two speed, two winding motor and starters

B1.2.6 
Describe the purpose and function of two speed, two winding motor starter

B1.2.7  Explain how to connect and troubleshoot these motors and starters

B1.2.8  Identify terminal workings for two speed, one winding motors and controllers

B1.2.9  Explain connections for two speed, one winding controller and motor

B1.2.10 Describe how to troubleshoot a two speed, one winding motor and controller

B1.2.11 Describe purpose and function of a compelling relay, an accelerating relay, and a decelerating relay

B1.2.12 Describe the purpose of and function of manual speed control and wound rotor motor applications

B1.2.13 Explain the difference between two wire and three wire control for wound rotor motors

B1.2.14 Explain solutions to troubleshoot problems with these motors

B1.2.15 Describe what happens during acceleration and deceleration of a motor used with a push-button speed selector control  
	2
1
2
2
1
2
2
1
2
2
2
2
1
2
2

	MODULE B – Use of automatic and multi-speed starters 

· Star delta motor and motor starter

· Solid state motor controller

· Two speed and two winding motor starters

· Manual speed control and wound round rotor applications

· Two and three wire control for wound rotor motors

· Acceleration and deceleration of a motor with push button

control




	MODULE C – Automatic Acceleration of Motors

	Module Description – In this module students come to understand the concepts of automatic acceleration of motors.  Topics include automatic acceleration using reversing control of motors, automatic speed controllers, synchronous motors and controls, brushless solid state motor field excitation, and timed semiautomatic controllers.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0  Understand the concepts of automatic acceleration of motors 


	C1.1 This competency is measured cognitively
	2

	LEARNING OBJECTIVES
	KSA 

	C1.1.1  Describe the process of automatic acceleration using reversing control for wound rotor motors

C1.1.2  Explain how to connect wound rotor motor and automatic acceleration using push buttons

C1.1.3  Explain how to troubleshoot wound rotor motor controllers

C1.1.4  Describe the purpose and function of automatic speed controllers for wound rotor motors

C1.1.5  Explain how to connect wound rotor motors and controllers for automatic speed controls
C1.1.6  Describe the operation and applications of a synchronous motor 

C1.1.7  Describe lagging and leading power factor in synchronous motors

C1.1.8  Explain how the use of a synchronous motor improves efficiency and power factor of a system

C1.1.9  Identify terminal markings for a push-button synchronous controller and synchronous motor

C1.1.10 Describe functions of synchronous motor control

C1.1.11 Explain troubleshooting solutions for synchronous motors and controls

C1.1.12 Describe adjustments that can be made to circuit of a synchronous motor and control to obtain a unity power factor

C1.1.13 Explain how to connect synchronous motors and timed semiautomatic controllers

C1.1.14 Explain ways to troubleshoot a synchronous motor and controller

C1.1.15 Explain the operation of a brushless solid state motor field excitation
	2
2
2
2
2
2
2
2
1
2
2
2
2
2
2

	MODULE C – Automatic Acceleration of motors
· Automatic acceleration using reversing control of motors

· Automatic speed controllers

· Synchronous motors and controls

· Brushless solid state motor field excitation

· Timed semiautomatic controllers


	MODULE D – DC motor speed control and braking

	Module Description – In this module students learn DC motor speed control and braking.  Topics include electrical features of DC motors, operating sequence of a field accelerating field failure relays, solid state DC adjustable speed control, DC and AC electric brakes, and dynamic braking and regenerative braking.

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0 Explain DC Motor speed control and braking. 
	D1.1 This competency is measured cognitively.
	2

	LEARNING OBJECTIVES
	KSA

	D1.1.1  
Explain the construction and electrical features of DC motors as pertaining to controls

D1.1.2  
Explain how to forward and reverse DC motors

D1.1.3  
Describe how to obtain base speed above and below base speeds

D1.1.4  
Explain why it is necessary to insert resistance in the armature circuit for starting

D1.1.5  
Describe across the line starting for DC motors

D1.1.6  
Describe how a timer is used to provide time limit acceleration

D1.1.7  
Explain the used and operating sequence of a field accelerating field failures relays

D1.1.8  
Explain how solid state control limits current flow on starting DC motor

D1.1.9  
Describe methods of feedback control for constant speed control

D1.1.10 Explain how to troubleshoot and maintain solid-state DC adjustable speed control

D1.1.11 Define what is meant by the plugging of a motor

D1.1.12 Describe how a zero-speed switch is used to stop a motor

D1.1.13 Describe the action of a time delay relay in a plugging circuit

D1.1.14 Explain how to troubleshoot plugging circuits
	2
2
2
2
1
2
2
2
2
2
1
2
2
2

	D1.2.1  
Describe the general operation of DC and AC electric brakes

D1.2.2  
Explain the connections for connecting motors with attached brakes and braking controllers

D1.2.3  
Explain troubleshooting solutions for electric brake problems

D1.2.4  
Describe the process of dynamic braking and regenerative braking

D1.2.5  
Describe three methods of providing dynamic braking for equipment

D1.2.6  
Explain the procedures for connecting dynamic braking to DC and AC motors
	2
2
2
2
2
2

	MODULE D – DC motor speed control and braking
· Electrical features of DC motors

· Operating sequence of a field accelerating field failure relays

· Solid state DC adjustable speed control

· DC and AC electric brakes

· Dynamic braking and regenerative braking
	


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

	
	1
	2
	3
	4

	Module A
	30%
	60%
	10%
	

	Module B
	28%
	72%
	
	

	Module C
	7%
	93%
	
	

	Module D
	10%
	90%
	
	


	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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