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Instructional Component Used: Computer Programming

Grade Level: Collegiate

Outline of Lesson 

Content (what is taught): 

· Computer Programming Ladder Logic Code

· Inputs are used to change the status of outputs

· Input devices are types of switches

· Output devices are lamps, motors, or other switches

· Logical approach to developing actions and reactions of the output devices

Context (how it is taught):

· Suggested inputs and outputs will be given to place in a program
· The student will determine individual characteristics of several types of inputs
· The student will match inputs with outputs
· The program will be input into a system and verified proper operation

Activity Description:

To write a computer program that would be used by a programmable logic controller (PLC) to control an assembly line in a manufacturing plant using a programming code called ladder logic.  One input switch would be on/off, one would be counting the packages as it goes through, and outputs would be the motor running the assembly line.

Standards: 

Math:  MA3




Science:  SE1, SE2
Technology:  TE2, TF1


Engineering:  EA2
Materials List: 

· Listing of inputs, outputs, and programming code

Resources:
· Computer program, “Logix Pro® 500” which shows correct and incorrect program code.  www.thelearningpit.com
Asking Questions:  (Climbing Down a Ladder)
Summary: Computer programming provides the instructions for a computer to follow and perform a set of predetermined actions.   Programmable Logic Controller (PLC), a type of mini-computer, uses Ladder Logic code to check switches and then perform programmed instructions and control outputs.
Outline: 

· Analyze switches and different types of inputs

· Analyze outputs, and how they can become inputs

· Show how one input can control several outputs

· Predict outcomes of programming

Activity: Students will be given a list of outputs and inputs to insert into a Ladder Logic program and obtain a specific operational status.  The input switches will be used to turn on a motor, running a simulated conveyor belt, and count the amount of boxes that travel down the conveyor.  They will need to predict how the inputs will control all outputs.

	Questions
	Answers

	What happens when you flip a switch?
	Light turns on, motor starts, equipment turns on.

	What occurs when you push a push-button switch?
	Does a light turn on…if you release the push-button, does the light stay on or turn off.

	How do you immediately remove all electrical energy from a piece of equipment in case of an emergency?
	Press an Emergency STOP button, and no matter what is happening, all action and power to the equipment should cease.
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Once a sensor switch is turned on, do you want the light / output to remain on even if the sensor switch is turned back off?
	When a box rolls down an assembly line, it may trigger a switch to count the box and label it; so once past the sensor switch, you still want the equipment to count and label the box.


Resources: Computer Program “Logix Pro® 500”:  www.thelearningpit.com
Attachment: T031_Climb_Down_the_ladder_LLCattach.doc
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Exploring Concepts:  (Climbing Down a Ladder)

Summary:  Students will create a program to run a Programmable Logic Controller (PLC) with several inputs controlling several outputs.

Outline: 

· Students are presented with scenario

· Students will predict outcome of Ladder Logic code

· Students will create code, simulate downloading in PLC and test for proper operation

Activity: Students will be given an initial scenario with all necessary components to insert into Ladder Logic code.  They will need to analyze given input switches and determine how they will control the output.  One of the input switches will be an on/off switch, a push button switch, and an Infrared Sensor that can count how many boxes pass between the sensors.  The output will be the motor and a counter.  

Resources:  

· Computer program “Logix Pro® 500” from the website www.thelearningpit.com that allows for emulation and demonstration of the program in operation to verify correct programming.
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Attachment: T031_Climb_Down_the_ladder_LLCattach.doc
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Instructing Concepts:  (Climbing Down a Ladder)
Computer programming is the process of writing code that will cause a machine to do something desired by the user.  In addition to the writing or modifying of the program code, programming includes the process of testing and debugging that code to make it work properly.  The computer programmer must be able to think logically and sequentially in order for the program to work.

History:  The history of electronic computer programming began in the 1940’s with the invention of the ENIAC machine.  This first modern computer was developed by the military to help with the writing of artillery-firing tables.  These tables were used for different weapons that were fired under varied conditions for target accuracy.  As computers improved through the 1950’s to the 1970’s, languages like COBOL for business and FORTRAN for science and engineering were developed and became the standard.  With the invention of the personal computer in the 1980’s computers became household items and the number of languages grew and diversified.  Pascal and BASIC were languages that sprung up in the 1980’s as a result of the PC.  As the computer continues to get more powerful, the languages continue to adapt.  Some of the more prevalent languages today are the various iterations of C, Java, PHP, and numerous others.  

Basic Instructions of Computer Program (in almost any language):

Input:  The acquisition of data from a file, keyboard or other input device.

Mathematical Functions:  The performance of mathematical operations ranging from basic arithmetic to advanced functions.

Repetition:  The performance of an action over and over, sometimes with subtle changes.

Conditional Algorithms:  The checking for certain conditions and the execution of statements in an appropriate sequence.

Output:  The displaying of data resulting from the program on a screen, in a file, or any other means.

Characteristics of Modern Computer Programs:  Modern programs look and do very different things but share some common characteristics.  They all try to be efficient and high performance thereby providing the most power and speed while using the least amount of system resources.  They should be reliable.  Programs should be robust in dealing with the user and how they handle errors and data conflicts.  The program should be usable, clear in its output and intuitive for its user.  Finally the program should be portable across a wide range of operating systems and hardware.
Organizing Learning:  (Climbing Down a Ladder)
Summary: Students will modify their Ladder Logic code to incorporate additional components and create a more realistic operation.  The program will provide new controls and variations to how they control the motor and count of boxes.

Outline: 

· Students will modify the current Ladder Logic code with additional inputs to simulate a real conveyor in a factory setting

· Students will insert the new code and test the operation

Activity: The student will start with the original ladder logic code they created and add an Emergency Safety switch.  An Emergency Safety switch is a requirement in industry to cease all functions and remove all power to a piece of equipment in case of an emergency.  The safety switch should stop all motor operation and remove power to the motor.  The safety switch should also lock itself in the shut-off position, as most switches are push-button and re-engage after being depressed.  The student will also determine a maximum count that will stop the conveyor belt and turn on a light to tell the operator that the order is complete.

The computer program link provides an avenue to check student work as he or she enters the code and watch the circuit perform the functions programmed.
Resources:  

· Computer program “Logix Pro® 500” can be found at (www.thelearningpit.com) to verify correct ladder logic code.
Attachments: T031_Climb_Down_the_ladder_LLCattach.doc
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Understanding Learning:  (Climbing Down a Ladder)
Summary:  The student will analyze the program code and be able to summarize what they are expecting to happen when the Programmable Logic Controller (PLC) is energized.  They will also prepare a paper describing the logical progression and flow of the operation of the PLC.

Outline: 

· Formative assessment of Computer Programming

· Summative assessment of Computer Programming
Activity: Students will complete writing and performance assessments of computer programming (Ladder Logic code)

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Have the students inserted an Emergency Stop switch that will remove all power to the motor and stop all operations in the situation of someone getting hurt on the conveyor belt?  Does the conveyor remain in the locked off condition?

2) Does the code provide for a total count of all boxes, stopping the conveyor and turning on a light to tell the operator that the order is complete?

3) Is the code programmed properly and does it provide a safe operation of potentially dangerous machinery operation?  

Summative Assessment: Students can complete the following writing prompt:
1) Write a paper containing three paragraphs, the first describing all logical input actions and expected outcomes from the Ladder Logic code.  Second describing emergency operation, and thirdly describing how the outputs can take control away from the inputs.  Describe all possible outcomes with all changing input variables.

Students can complete the following performance assessment:
2) In the warehouse you are told to move 35 water tanks from one side of the warehouse to the other for shipping.  The boxes are extremely heavy; but you can control the conveyor belt.  Program the PLC to run the conveyor belt, make sure you have a safety switch in case one falls off, and count all tanks as they drop off the other end.
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