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Components of Material Handling

INT 109, ILT 170 


11/13/08

COURSE DESCRIPTION:
This course focuses on the different modes of handling manufactured goods or products.  Topics include the installation, operation, and maintenance of the material handling process components.  Emphasis is placed on determining control limits, performing scheduled maintenance, and troubleshooting performance or function failures.  Upon completion, students should be able to install, operate, monitor, maintain and troubleshoot a simulated material handling system.  

CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

2 hours
Lab Credit Hours



1 hour  

Total Credit Hours 



3 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 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
PROFESSIONAL COMPETENCIES

· Explain basic principles of motor controls.
· Describe the construction, function, and use of components in motor control circuits.
· Interpret specified motor control circuits.
· Demonstrate robotic sensor identification and selection.
· Demonstrate robotic sensor activation, alignment, and feedback processing computations.
· Clean, inspect, lubricate, remove, and replace various mechanical components.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to material handling.
· Psychomotor – Apply principles of material handling.
· Affective – Value the importance of adhering to policy and procedures related to material handling.
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
Explain basic principles of motor controls.
	A1.1
This competency is measured cognitively.


	B

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Discuss motor control safety.

A1.1.2
State the general principles of electric motor control.

A1.1.3
Explain motor horsepower.


A1.1.4
Explain the principles of operation of motor starters.

A1.1.5
List common applications of starters.

A1.1.6
Identify ladder diagrams.


A1.1.7
Explain how motors are protected electrically.

A1.1.8
Identify common magnetic contactors and overload relays.

A1.1.9
Describe the operating principles of a solenoid.

A1.1.10
Identify different elements used to detect a motor overheating.

A1.1.11
Select starter protective enclosures for particular applications.

A1.1.12
Interpret motor nameplate information.
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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


	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.
	B

	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.


	3c

	
	C1.2
Construct basic motor control circuits.
	3c

	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.


	A

B

c

C

B

C

b

A

a

	MODULE C OUTLINE:
· Diagrams

· Electric symbols

· Labeling

· Component placement

· Two-wire control

· Three –wire control

· Truth tables


	MODULE D – SENSORS 

	MODULE DESCRIPTION:  This module covers the various aspects of sensors.  They will classify them; demonstrate knowledge of how they are activated as well as how they are applied.  The students will be able to install and align robotic sensors, and measure their output. 

	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0  
Demonstrate robotic sensor identification and selection.

	D1.1  This competency is measured cognitively.

	3c

	D2.0  
Demonstrate robotic sensor activation, alignment, and feedback processing computations.
	D2.1  Use tools and equipment to activate and test robotic switches and sensors.
D2.2  Demonstrate robotic sensor installation and alignment.
D2.3  Demonstrate sensor feedback measurement 
and computation processing.
	3c
3c

3c

	LEARNING OBJECTIVES 
	KSA

	D1.1.1  
Define the term “sensor.”

D1.1.2  
Describe why sensors are used/needed in robotics.
D1.1.3  
Identify various types of sensors used in industrial robotics.
D1.1.4  
Describe the different industrial applications of sensors.
D1.1.5  
Explain what functions sensors perform.
D1.1.6  
Explain the differences between the various categories of sensors.
D1.1.7  
Describe how sensor-provided information is used in robotic applications.
D1.1.8  
Explain how information and data are translated by sensors.
D1.1.9  
Describe four (4) or more of the various classifications of sensors used in industrial robotics.
D1.1.10 
Explain the physical activation requirements of selected sensors.

D1.1.11 
Explain how micro-switches are used in robotic environments.
D1.1.12 
Explain the type of information measured by micro-switch sensors.
D1.1.13 
Identify the various types of micro-switches.
D1.1.14 
Describe the classifications of micro-switches.
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	D1.1.15 
Define the term limit switch.
D1.1.16 
Explain how limit switches are used in controlling robotic movement.
D1.1.17 
Explain the type of information measured by limit switches.
D1.1.18 
Differentiate among limit switch physical placement as related to its 
hazardous or non-hazardous location.
D1.1.19 
Explain why limit switches have to be enclosed.
D1.1.20 
Explain why the placement of limit switches is critical to safe 
operation.

D1.1.21  
Explain the differences between micro-switches and solid-state 
switches.
D1.1.22  
Explain the functions performed by micro-switches.
D1.1.23  
Describe the applications where solid-state switches are preferred.
D1.1.24  
Define proximity switches. 

D1.1.25  
Describe why proximity sensors are used.
D1.1.26  
Explain the type of information measured by proximity switches.
D1.1.27  
Explain how photoelectric sensors function.
D1.1.28  
Describe how photoelectric sensors are used in industrial robotics.
D1.1.29  
Describe the four (4) types of photoelectric sensors.
D1.1.30  
Explain the type of information measured by photoelectric sensors.
D1.1.31  
Describe how rotary position sensors function.
D1.1.32  
Describe why rotary position sensors are used in place of other 
sensors.
D1.1.33  
Described the four (4) most common types of rotary position sensors.
D1.1.34  
Explain the four (4) primary usages and selection criteria for rotary 
position sensors.
D1.1.35  
Explain the type of information measured by rotary position sensors.
D1.1.36

Describe the process of signal processing specific to rotary position 
sensors.
D1.1.37  
Explain how sensors are integrated into a control system.
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	D2.1.1  
Select proper tools and test equipment for activating and testing limit switches.
D2.1.2 
Select proper tools and test equipment for activating and testing solid-state-switches.
D2.1.3 
Select proper tools and test equipment for activating and testing proximity sensors.
D2.1.4 
Select proper tools and test equipment for activating and testing robotic photoelectric sensors.
D2.1.5 
Select proper tools and test equipment for activating and testing rotary position sensors.
D2.1.6 
Select proper tools and test equipment for activating and testing robotic image processing components and sensors.
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	D2.2.1  
Describe the proper steps for installing and aligning limit switches.
D2.2.2 
Describe the proper steps for installing and aligning solid-state-switches.
D2.2.3 
Describe the proper steps for installing and aligning proximity sensors.
D2.2.4 
Describe the proper steps for installing and aligning photoelectric sensors.
D2.2.5 
Describe the proper steps for installing and aligning rotary position sensors.
D2.2.6 
Describe the proper steps for installing and aligning image processing components and sensors.
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	D2.3.1  
Explain the proper techniques associated with measuring and computing feedback loop information from limit switches.
D2.3.2 
Explain the proper techniques associated with measuring and computing feedback loop information from solid-state-switches.
D2.3.3 
Explain the proper techniques associated with measuring and computing feedback loop information from proximity sensors.
D2.3.4 
Explain the proper techniques associated with measuring and computing feedback loop information from robotic photoelectric sensors.
D2.3.5 
Explain the proper techniques associated with measuring and computing feedback loop information from rotary position sensors.
D2.3.6 
Explain the proper techniques associated with measuring and computing feedback loop information from robotic image processing components and sensors.
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	OUTLINE

· Classification

· Type of activation

· Application

· Signal processing and control integration

· Vision systems

· Safety systems




	MODULE E – MECHANICAL COMPONENTS

	MODULE DESCRIPTION:  The purpose of this module is to teach the student to clean, inspect, lubricate, remove, and replace various mechanical components.  Topics include predictive/preventive maintenance, repair and alignment of bearings, gear drives, lubricants, and belt drives.


	INDUSTRY COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Clean, inspect, lubricate, remove, and replace various mechanical components. 
	E1.1
Safely perform maintenance on specified system including cleaning, lubricating, inspecting, removing, replacing, and aligning as required.
	3c



	LEARNING OBJECTIVES
	KSA 

	E1.1.1
Explain safety considerations related to inspecting, lubricating, and repairing machinery.
E1.1.2
Explain the appropriate type of solvents to be used and the proper PPE to be used while cleaning parts.
E1.1.3
Describe the use of instruments for inspecting parts and equipment for defects and wear.

E1.1.4
Explain considerations for using measurement instruments used to inspect parts for defects and wear.

E1.1.5
Differentiate between different types of industrial lubricants.
E1.1.6
Explain how to remove and install various types of bearings.
E1.1.7
Discuss the proper storage and handling of a bearing.

E1.1.8
Explain the proper type of lubricant and best procedure for lubricating a bearing.
E1.1.9
Explain the need for maintaining the proper gear ratio when replacing a gear drive.

E1.1.10
Explain the proper type of lubricant and best procedure for lubricating a gear drive.

E1.1.11
Explain the need for maintaining the proper ratio when replacing a belt drive.

E1.1.12
Describe the process for obtaining the appropriate pulley size and ratio of the drive system.

E1.1.13
Describe the procedure for determining the proper belt tension.

E1.1.14
Explain how to obtain and maintain the appropriate belt tension.

E1.1.15
Describe the procedure for aligning a belt driven system.

E1.1.16
Discuss the procedures for mounting and using a laser alignment system.

E1.1.17
Discuss the procedures for mounting and using a dial alignment system.
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	OUTLINE:

· 
Predictive/preventive maintenance
· Bearings

· Gear drives

· Lubricants

· Alignment

· Belt drives

· 
Repair

· Bearings 

· Lubricants
· Gear drives

· Belt drives
· 
Alignment

· Laser

· Dial


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.  
	
	Facts/ Nomenclature
	Principles/ Procedures
	Analysis/ Operating Principles
	Evaluation/ Complete Theory

	
	A/a
	B/b
	C/c
	D/d

	Module A
	25%
	58%
	17%
	

	Module B
	
	100%
	
	

	Module C
	33%
	33%
	34%
	

	Module D
	16%
	38%
	46%
	

	Module E
	6%
	59%
	35%
	


	Knowledge, Skills, and Attitudes (KSA) Indicators

	
	Value
	Key Word(s)
	Definition

	Performance 
Ability 
	4
	Highly 

Proficient
	Performs competency quickly and accurately.  Instructs others how to do the competency. 

	
	3
	Proficient
	Performs all parts of the competency.  Needs only a spot check of completed work.

	
	2
	Partially

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

	
	1
	Limited Proficiency
	Performs simple parts of the competency.  Needs to be told or shown how to do most of the competency. 

	Knowledge of Skills
	d
	Complete

Theory
	Predicts, isolates, and resolves problems about the competency.

	
	c
	Operating Principles
	Identifies why and when the competency must be done and why each step is needed.

	
	b
	Procedures
	Determines step-by-step procedures for doing the competency.

	
	a
	Nomenclature
	Names parts, tools, and simple facts about the competency.

	Knowledge
	D
	Evaluation
	Evaluates conditions and makes proper decisions about the subject.

	
	C
	Analysis
	Analyzes facts and principles and draws conclusions about the subject.

	
	B
	Principles
	Identifies relationship of basic facts and states general principles about the subject.

	
	A
	Facts
	Identifies basic facts and terms about the subject.

	Affective
	*5
	Characterization by Value
	Acting consistently with the new value

	
	*4
	Organization
	Integrating a new value into one's general set of values, giving it some ranking among one's general priorities

	
	*3
	Valuing
	Showing some definite involvement or commitment

	
	*2
	Responding
	Showing some new behaviors as a result of experience

	
	*1
	Receiving
	Being aware of or attending to something in the environment

	Alpha Scale Values - Any item with an upper case letter (A, B, C, D) by itself is taught as general information on a topic.  This information may be related to the competency or encompass multiple competencies.  Examples might include mathematical computations or knowledge of principles such as Ohm’s Law.

A lower case letter indicates a level of ”Knowledge of Skills."  Individuals are taught information pertaining to performing a competency .  These may be indicated alone or in conjunction with a numerical scale value.  A lower case letter by itself indicates the individual is not required to perform the task-just know about the task.  (example: Can state or explain procedures for doing a task).

Numerical Scale Values - The numbers reflect the levels the individual will be able to perform a competency. Number values are always accompanied by lower case letters (i.e. 1a, 2b, 3c...etc.) in order to specify the level of knowledge of skills associated with the competency.   

Example:  An individual with a competency with a scale indicator of 3b has received training of knowledge of skills whereby he or she can determine the correct procedures and perform with limited supervision; only requiring evaluation of the finished product or procedure.

Asterisk items indicate desired affective domain levels and are used to indicate the desired level for a given competency.   They may be used independently or with other indicators (i.e.   1a-*1, 2c-*3).  If used with another indicator, separate with a hyphen.

NOTE:  Codes indicate terminal values.
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