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Introduction to Programmable Logic Controllers    
                         ELT 231, ENT 204, ATM 211, AUT 114, 

                                                                                                               INT 184, IAT 160, ILT 194, IET 231  


Industry Evaluated Fall 2010

10/5/11

COURSE DESCRIPTION:

This course provides an introduction to programmable logic controllers.  Emphasis is placed on, but not limited to, the following:  PLC hardware and software, numbering systems, installation, and programming.  Upon completion, students must demonstrate their ability by developing, loading, debugging, and optimizing PLC programs.
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

2 hours

Lab Credit Hours



1 hour  

Total Credit Hours 



3 hour

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
	Module


	Changes

	E
	Added Analog and Digital sourcing and sinking to the outline.
	Added these items due to industry feedback.

	F1.3

	Safely perform live edits and force instructions.
	Added these objectives due to industry feedback.


	F1.3.1


F1.3.2

	Define a force function.
Identify and describe the safety precautions related to on-line editing and forcing.
	


PREREQUISITE COURSES 

As determined by college.

CO-REQUISITE COURSES 

As determined by college.

PROFESSIONAL COMPETENCIES

· Read and interpret field wiring symbol functions.
· Describe the function and operation of a PLC system.
· Demonstrate the use of the major components of the PLC systems and explain their function.
· Explain various numbering systems and convert between them.
· Explain various coded numbering systems.
· Read and interpret program symbol functions.
· Install PLC components and wiring devices.
· Perform basic PLC programming.
· Use timer instructions in control applications.
· Use counter instructions in control applications.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to PLCs.
· Psychomotor – Apply principles of PLCs.
· Affective – Value the importance of adhering to policy and procedures related to PLCs.
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 - REVIEW OF FielD WIRING SYMBOL FUNCTIONS

	MODULE DESCRIPTION – This module is designed to lead the students in a review of field wiring symbol functions.  Topics include electromagnetic controls, basic devices and symbols, sensor operation, control processes, and wiring diagrams.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Read and interpret field wiring symbol functions.
	A1.1
Use field wiring symbols and explain the proper use of each electromechanical and solid state device.
	2

	
	A1.2
Demonstrate the use of field wiring device symbols in relay ladder logic.
	2

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Identify the functions of electromagnetic control relays, contactors, and motor starters.
A1.1.2
Identify the basic device and switch symbols found in PLC installations.

A1.1.3
Explain the operation of sensors and output control devices.

A1.1.4
Identify sequential and combination control processes.
	1
1
2
1

	A1.2.1
Identify the parts of a relay logic wiring diagram.

A1.2.2
Create and modify a relay logic wiring diagram.
	1
2

	MODULE A OUTLINE:

· Electromagnetic controls
· Relays

· Contactors

· Motor starters

· Basic devices and symbols

· Sensor operation

· Sinking

· Sourcing

· Control processes

· Sequential

· Combination

· Wiring diagrams




	MODULE B – OVERVIEW OF PLC HARDWARE AND SOFTWARE

	MODULE DESCRIPTION – This module is designed to teach the students the function and operation of a PLC system.  The students will also demonstrate the use of the major components of the PLC system and explain their function.  Topics include an overview of PLC basic components, processor units, input and output sections, power supply components, the chassis and backplane, and software operation.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Describe the function and operation of a PLC system.
	 B1.1
This competency is measured cognitively.
	2

	B2.0
Demonstrate the use of the major components of the PLC systems and explain their function.
	B2.1
Describe the operation of the processor and its purpose in the PLC system.
	1

	
	B2.2
Describe the difference between input and output modules and explain their function.
	2

	
	B2.3
Explain how the power supply interfaces with the processor and I/O section.
	2

	
	B2.4
Describe the purpose of the chassis and backplane. 
	2

	
	B2.5
Demonstrate how to establish communication between the programming device and PLC.
	2

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
State the purpose of PLCs.

B1.1.2
Differentiate between a PLC and a relay logic control.

B1.1.3
Describe several advantages of a programmable logic controller (PLC) over hardwired relay systems.
B1.1.4
Identify the major components of a typical PLC and describe the function of each.
	2
2
2
1


	B2.1.1
Describe the function of the processor.

B2.1.2
Describe a typical program scan.

B2.1.3
Describe the function of the watchdog timer.
B2.1.4
Identify the distinct types of memory.
B2.1.5
Identify the types of information stored in each category of memory.
B2.1.6
Define various terms associated with processors.
B2.1.7
Define a network.
	1
1
1
1
1
1
1

	B2.2.1
Define various terms such as discrete and analog.

B2.2.2
Describe the I/O section of a PLC.

B2.2.3
Describe how basic AC and DC input and output modules work.

B2.2.4
Describe the proper wiring connections for input and output devices and their corresponding modules.

B2.2.5
Explain why a hardwired emergency-stop function is desirable.

B2.2.6
Describe what I/O shielding does.

	1
1
3
2
2
1

	B2.3.1
Describe the basic function of the regulated power supply and its connections to the processor and I/O section.
	2

	B2.4.1
Identify the chassis and backplane.
B2.4.2
Explain the purpose of the chassis.

B2.4.3
Explain the purpose of the backplane.


	2
2
2

	B2.5.1
Establish communication between the programming device and the PLC.
	2


	MODULE B OUTLINE:

· Overview of PLC basic components

· Processor unit

· Input and output section

· Power supply components

· Chassis and backplane
· Software operation


	MODULE C – NUMBERING SYSTEMS 

	MODULE DESCRIPTION – This module is designed to teach the students the various numbering systems, techniques for converting between the systems, and the coded numbering systems.  

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Explain various numbering systems and convert between them.
	C1.1
Demonstrate how to convert between specified numbering systems. 
	2

	C2.0
Explain various coded numbering systems.
	C2.1
This competency is measured cognitively.
	1

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Identify various numbering systems.

C1.1.2
Count using various numbering systems.

C1.1.3
Explain how to convert between various numbering systems.
	1
2
2

	C2.1.1
Explain the use of coded numbering systems.

C2.1.2
Differentiate between various coded numbering systems.
	1
1

	MODULE C OUTLINE:

· Numbering Systems
· Types

· Codes

· Conversions




	MODULE D – PROGRAM SYMBOL FUNCTIONS

	MODULE DESCRIPTION – The purpose of this module is to teach the students how to read and interpret program symbol functions.  Topics include functions, and sequencers. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Read and interpret program symbol functions.
	D1.1
Determine proper symbols to use for input and output devices.
	2

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Explain and describe specified programming functions.
D1.1.2
Describe the difference between logical and discrete holding contacts.
	2
2


	MODULE D OUTLINE:

· Program symbol 
· Functions 
· Sequences



	MODULE E – PLC SYSTEMS AND WIRING DEVICES

	MODULE DESCRIPTION – The purpose of this module is to teach the students to install PLC components and wiring devices.  Topics include connections to the chassis, I/O devices, system power, and programming terminal.  PLC location considerations will also be discussed.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Install PLC components and wiring devices.
	E1.1
Install, and connect specified PLC components to meet safety requirements.
	2

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Explain the need, importance and function of safety circuits.

E1.1.2
Explain the proper installation of the major components.
	2
2

	MODULE E OUTLINE:

· Connections
· PLC chassis

· I/O devices

· Analog

· Sinking

· Sourcing 

· Digital

· Sinking

· Sourcing


· System power

· Programming terminal

· PLC location considerations


	MODULE F – BASIC PROGRAMMING

	MODULE DESCRIPTION – The purpose of this module is to teach the students to perform basic PLC programming.  Topics include program safety, design and implementation, PLC modes for processor programming and running, logic continuity, and optimization.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Perform basic PLC programming.
	F1.1
Design, document, and/or modify an active, operational program to perform a specific function.
	2

	
	F1.2
Analyze and optimize an existing program.
	2

	
	F1.3
Safely perform live edits and force instructions.
	2

	LEARNING OBJECTIVES 
	KSA

	F1.1.1
Demonstrate the rules that govern a ladder diagram.
F1.1.2
Explain the steps for creating and documenting a program to perform a basic task.
F1.1.3
Explain the steps to modify a previously created program.

F1.1.4
Describe the use of various elements of the instruction set.  

F1.1.5
Explain how to execute the program.

	2
2
2
2
2

	F1.2.1
Explain the purpose for program optimization.

F1.2.2
Describe various common programming techniques to optimize a program.
F1.2.3
Differentiate between an optimized and non-optimized program.
F1.2.4
Explain the term on-line and off-line programming.
	3
2
2
1

	F1.3.1
Define a force function.

F1.3.2
Identify and describe the safety precautions related to on-line editing and forcing.
	2

2

	MODULE F OUTLINE:

· Program safety consideration

· Program design and implementation
· PLC modes for processor programming and running
· Program logic continuity

· Program optimization


	MODULE G – PROGRAMMING TIMERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the function and application of timer instructions.  Topics include on delay, off delay, and retentive timers.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Use timer instructions in control applications.
	G1.1
Write and/or modify programs using timer instructions.
	3

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Define various terms associated with PLC timer functions.

G1.1.2
Describe the operation of on-delay and off-delay timers.

G1.1.3
Describe PLC timer instruction basics.

G1.1.4
Differentiate between a non-retentive and retentive timer.

G1.1.5
Analyze and interpret typical PLC ladder logic programs containing timers.

G1.1.6
Describe how to use ON/OFF-delay timers to create PLC ladder logic diagrams.


	2
2
2
3
3
3


	MODULE G OUTLINE:
· Timer instructions

· Timer ladder logic programs

· ON delay timers
· OFF delay timers 
· Retentive timers with reset


	MODULE H – PROGRAMMING COUNTERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to use counter instructions in control applications.  Topics include count up and count down counters.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	H1.0
Use counter instructions in control applications.
	H1.1
Write and/or modify programs using counters.
	3

	LEARNING OBJECTIVES 
	KSA

	H1.1.1
Define terms associated with PLC counter functions.

H1.1.2
List and describe the functions of PLC counter instructions.

H1.1.3
Analyze and interpret typical PLC programs containing counter applications.

H1.1.4
Describe how to apply the PLC counter function to control systems.

H1.1.5
Describe how to use count up functions.

H1.1.6
Describe how to use count down functions.  

H1.1.7
Explain how to reset counters.

H1.1.8
Explain an overflow or underflow condition.
	2
2
3
2
2
2
2
1

	MODULE H OUTLINE:
· Counter terms

· Counter instructions

· Counter functions
· Count up and down logic diagrams

· Counter reset
· Overflow and underflow of counters


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
	67%
	33%
	
	

	Module B
	50%
	45%
	5%
	

	Module C
	60%
	40%
	
	

	Module D
	
	100%
	
	

	Module E
	
	100%
	
	

	Module F
	9%
	82%
	9%
	

	Module G
	
	50%
	50%
	

	Module H
	12.5%
	75%
	12.5%
	


	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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