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	Unit 1
	Automation & Robotics

	1.1
	Unit Goals



Understandings

	1.	Automation is the use of technology to ease human labor or to extend the mental or physical capabilities of humans.
	2.	Robotics is the specialized field of engineering and computer science that deals with the design, construction, and application of robots.
	3.	The use of automation and robotics affects humans in various ways, both positively and negatively, including their safety, comfort, choices, and attitudes about a technology’s development and use.
	4.	Automation and robotics have had an influence on society in the past and present and will influence society in the future.
	5.	Engineers, designers, and engineering technologists are in high demand for the development of future technology to meet societal needs and wants.

Knowledge & Skills

●	Describe the purpose of automation and robotics and its effect on society.
●	Summarize ways that robots are used in today’s world and the impact of their use on society.
●	Describe positive and negative effects of automation and robotics on humans in terms of safety and economics.
●	Provide examples of STEM careers and the need for these professionals in our society.

Essential Questions

	1.	What limitations do you think should be placed on the use of robots?
	2.	What type of robot do you think makes the most significant contribution to our lives today and why?
	3.	What is the greatest concern that should be considered before converting a factory from human workforce to robotic workforce?
	4.	What impact do you think robots will have on your life in 10 years and in 50 years?

	1.2
	What Are Automation & Robotics?



Looking back only 200 years ago, most products were produced by hand.  This method provided a limited quantity for the masses.  Typically, only the rich could afford to purchase these hand-made products.  Fast-forwarding to the middle of the 19th century and to the beginning of the Industrial Revolution brings us to the time when machines were being invented.  This change made it possible for one worker to produce 10 times the quantity of product in the same amount of time.  This lowered prices and made it possible for more people to purchase what they needed.  This period is known as the 1st stage of automation.  The 2nd stage of automation occurred in the 1960s with the advent of the computer.  Programmable intelligent machines provided for very little human intervention.  The 3rd stage of automation occurred in the 1980s with the creation of powerful software.

Automation is the use of technology to ease human labor or extend human capabilities.  Automation is accomplished by the use of robots—machines that perform complex tasks and that are guided by automatic controls.  The technology dealing with the design, construction and operation of robots is called robotics.

Experts say that it is difficult to envision robots in the future because technology is advancing so rapidly.  They note that 2 or 3 decades ago, few people would have envisioned that the Internet would become so commonplace or that almost everyone would be walking around with a cell phone.

What Are Robots Used For?

Robots have many uses:

●	Precision Work – Robots can be programmed to perform very detailed, precise tasks, such as drilling a hole in a precise location.
●	Repetitive/Monotonous Work – Robots can do things over and over that humans would easily grow tired of, such as stacking boxes.
●	Dangerous Work – Robots can perform tasks that would be difficult, dangerous or impossible for humans to do, such as defusing a bomb.
●	Exploration – Unmanned robots are used to explore the depths of the ocean and the far reaches of space.

Types Of Robots

There are as many types of robots as there are uses for robots.  Some common types include:

●	Industrial – Perform factory jobs such as welding, painting and assembly.
●	Medical – Assist with surgery, transport materials and dispense medicine.
●	Assistive – Help humans with tasks such as eating, walking, cleaning and grasping/reaching.
●	Explorative – Explore difficult-to-reach locations such as under water and space.
●	Household – Perform common household tasks such as cleaning, vacuuming and mowing.

Robot Advantages & Disadvantages

As with all technologies, there are advantages and disadvantages to robotics technology.  For example, robots can deactivate a bomb to save human lives, but they are very expensive to build and maintain.  Robots can perform the actions of many humans in a factory, resulting in greater productivity.  But in the process, they take jobs away from the workplace.  Can you think of other advantages and disadvantages of robots?

	Communication
	1.3



Engineers must communicate their solutions to a problem.  Sometimes engineers communicate verbally and sometimes with written text and/or sketches.  When the goal of a project is not shared or not obvious to everyone, then communication falls apart and often the project is not completed within its constraints.  Below are some advantages of good communication within a project:

●	All steps of the design process stay on track.
●	Engineers can easily take over work for other engineers.
●	Robots are less likely to malfunction.

Engineers communicate to robots through the use of a computer program—a set of coded instructions the robot must follow.  A computer program can be viewed as an elaborate algorithm, which is simply a procedure or formula for solving a problem.



	1.4
	Activity:  Sandwich Algorithm



This activity demonstrates the importance of using specific, clear and complete communication when working with robots.  You and your shoulder partner will construct a peanut butter and jelly sandwich.  (Other ingredients will be substituted for students with peanut allergies.)  Your teacher will provide you with the necessary supplies.

Follow these steps to construct your sandwich:

	1.	You and your partner must decide who will write directions for making the sandwich and who will build the sandwich.
	2.	In their course binder, the direction writer should write detailed steps for creating the sandwich.  Assume the sandwich builder has never made one before.
	3.	The writer should give the directions to the builder.  The builder will follow the steps exactly to make the sandwich.  If the builder performs an action that the writer did not mean, the writer may correct him/her.  Be sure to write the corrected step in the directions.
	4.	Once the sandwich is complete, you and your partner may split it in half and eat it.

When finished, answer the following questions in your course binder:

	1.	Did the builder make the sandwich exactly as expected?  What was different (if anything)?
	2.	Which was the easier task, writing directions or building the sandwich?  Why?
	3.	Why do you think good communication skills are necessary for engineers?

	1.5
	Robot Components



Robots simulate many human functions.  They can move, sense their surroundings, and respond to changes in the environment.  Many robots are mechanical arms attached to a base.  Robotic arms use flexible joints to perform tasks that require very precise movements.  A robot’s degree of freedom is its ability to move in a particular direction.  Most robots have at least 6 degrees of freedom and can have many more.  The space within which a robotic arm can move is called its work envelope.  The size and shape of the work envelope is determined by the size of the robot and its degrees of freedom.  Some robots are independent and can be controlled by a computer and wireless radio. 

A robotic system has five main components, as illustrated in the diagram below:

[image: http://www.galmen.com/admin/fotos_esquemas/fotoBRAZOMARTILLOROMPEDOR.jpg]Power Supply
Computer Program
Controller
Manipulator
End Effector

●	Controller – A tiny computer that acts as the robot’s brain.
●	Computer Program – Provides instructions for the robot to follow.
●	Manipulator – Resembles a human arm or torso and provides movement.
●	End Effector – Serves as the robot’s hand.
●	Power Supply – Source of the robot’s power.

Power may be electric, hydraulic or pneumatic.  Hydraulic power uses water or another fluid to provide movement.  Pneumatic power uses air or another gas to provide movement.

	Project:  Robotics Research
	1.6



Your teacher will divide you into teams of 3 or 4 students each.  As a team, you will conduct research and give a presentation on a specific robot of your choice.  Your team will prepare the following 3 items.  Your teacher will provide you a grading rubric for the project.

●	Written Report – Your research findings should be written and presented in one of the following formats:  (a) a written or typed report to be submitted to your teacher, or (b) typed on PowerPoint slides to be presented to the class during your oral presentation.
●	Visual – You must present at least one visual of your robot.  Visuals can include pictures or movies.  You may imbed your visual(s) in a PowerPoint.
●	Oral Presentation – You must give a 2-3 minute presentation that includes your research findings and visual(s).

Follow these steps to complete your project:

	1.	Determine the role of each team member.  All members should assist with the research.  However, one should have the primary responsibility of writing the report or creating the PowerPoint.  Another should be responsible for obtaining or creating the visual(s).  And another should be responsible for giving the oral presentation.
	2.	Choose a robot for your project.  Obtain your teacher’s approval before beginning research.
	3.	Research your robot using all available resources (e.g., internet, books, magazines).  Note that your sources should be referenced at the end of your written report or PowerPoint.  Your teacher will provide you a desired format for citing your references.  Your research should answer the following questions:
●	What task does the robot perform?  What human function or task does this robot simulate?
●	Where is the robot used?
●	What sensors does the robot have, and how does the robot use these sensors?
●	Name some advantages and disadvantages of this robot.
●	Describe the impact that this robot has had or could have on its intended audience.
●	What type of jobs/careers can this robot create to provide employment for people?
	4.	Find or create your visual(s).
	5.	Present your project to the class on the scheduled date.

	Unit 2
	Mechanical Systems

	2.1
	Unit Goals



Understandings

	1.	Energy is the capacity to do work; the use of mechanisms is necessary to transfer energy.
	2.	Engineers and technologists design mechanisms to change energy by transferring direction, speed, type of movement, and force or torque.
	3.	Mechanisms can be used individually, in pairs, or in systems.

Knowledge & Skills

●	Use ratios to solve mechanical advantage problems.
●	Use numerical and algebraic expressions and equations to solve real-life problems, such as gear ratios.
●	Use the characteristics of a specific mechanism to evaluate its purpose and applications.
●	Apply knowledge of mechanisms to solve a unique problem for speed, torque, force, or type of motion.

Essential Questions

	1.	Which mechanism would be used to increase speed?
	2.	Which mechanism would be used to increase torque or force?
	3.	How do you change types of motion using mechanisms?
	4.	Where are mechanisms used in real-life applications and what is their purpose?

	2.2
	Mechanisms



Think about a bicycle, an eggbeater, a sewing machine, a hand cranked drill, and a workshop vice.  What do they have in common?  All of them have at least one mechanism that provides movement.  
A mechanism is a device that transmits movements so that the output movement is different than the input movement.  Mechanisms contain 2 or more pieces arranged so that the motion of one compels the motion of the others.

Mechanisms are generally used to do one or more of the following:

	Change the direction of movement.

Example:  egg beater
	[image: http://neoneocon.com/wp-content/uploads/2012/12/eggbeater.jpg]
	Change the type of movement.

Example:  jack
	[image: http://www.presseagentur.com/media/1774/Pfaff-sb_ZWWEx.jpg]

	Change the speed of movement.

Example:  bicycle
	[image: http://www.bicyclebuys.com/productimages/BHPRORivalMedGrey.jpg]
	Change the amount of force available to do work.

Example:  transmission
	[image: http://www.eagletransrowlett.com/images/tranny.jpg]



Types Of Motion

There are 4 types of movement that can be present in any machine:

	Type
	Direction
	Example

	Rotary
	Around in a circle
	
	Fan
[image: http://us.123rf.com/400wm/400/400/vikasuh/vikasuh1108/vikasuh110800379/10130208-silver-fan-isolated-on-white.jpg]

	Oscillating
	Back and forth in an arc
	[image: ]
	Swing
[image: http://www.thebiomatstore.com/_images/swings.jpg]

	Linear
	Straight in 1 direction
	
	Jack
[image: http://www.presseagentur.com/media/1774/Pfaff-sb_ZWWEx.jpg]

	Reciprocating
	Back and forth in a straight line
	
	Spring Shock
[image: http://utvinc.com/media/catalog/product/cache/1/image/9df78eab33525d08d6e5fb8d27136e95/u/t/utv-inc-progressive-springs-rzr-s-sachs-shocks-2.jpg]



All mechanisms will exhibit one or more of these movements.  A drill press, for example, has two kinds of motion:  rotary and linear.  The drill spinning provides the rotary motion, and moving the drill down through the material is the linear motion.

	Gears
	2.3



If you were to take a mechanism apart, you would find a series of gears that redirect the applied force so they can accomplish their tasks.  A gear is a toothed wheel that works with others to alter the relation between the engine and the parts.  Gears come in all sizes.  Small gears are found in mechanical watches, while very large gears are found in cranes that are used to raise large bridge sections into place.  Some gears are encased in covers to protect them from their surroundings, while others are left out in the open.  Some never need lubrication, but many do need to be lubricated to ensure they continue doing their job.

Gears transmit rotary motion through interlocking teeth.  A gear train is made when 2 or more gears are interlocked, or meshed, together.  Meshed gears always turn in opposite directions:

[image: gear-train.png]
Gear Ratios

In a gear train, the input gear—also called the drive gear—is the gear that receives the input energy and transmits power and motion to the rest of the system.  The output gear—also called the driven gear—is the gear to which the power is transmitted.

[image: http://neoneocon.com/wp-content/uploads/2012/12/eggbeater.jpg]Driven (Output) Gear
Drive (Input) Gear


Gear ratios compare the driven gear to the drive gear.  For example, if the driven gear completes 4 revolutions for every 1 revolution completed by the drive gear, then the ratio is 4 to 1.  This can be expressed in one of the following ways:
	4 to 1
	4:1
	4

	
	
	1



Gear ratios can be determined using the number (n) of teeth on the gears or their diameters (d):

	n driven
	or
	d driven

	n drive
	
	d drive


The following example demonstrates how to calculate the gear ratio using both formulas.  Note that fractions and ratios should always be reduced to simplest terms.
16”
4”
Drive
Gear
Driven
Gear
20 teeth
80 teeth


4
80
=
20
n driven
n drive

=

1



4
4
d drive
16
d driven
=
=
1





Ratio  =  4:1





The gear ratio affects the speed and force (or torque) of the output.  Force is a push or pull in a straight line.  Torque is a push or pull in a circular direction.  Therefore, we use the term torque when talking about forces in gears.  The following table describes the effects of gear size on speed and torque:

	Gear Size
	Speed
	Torque

	Driven gear larger than drive gear
	▼  decreases
	▲  increases

	Driven gear smaller than drive gear
	▲  increases
	▼  decreases



A 10-speed bicycle illustrates the affects of gear ratios very well.  When you pedal on flat land, you use a gear train that provides more speed but less torque, since less force is needed to move the bike on flat land.  This would require a smaller driven gear, as shown in A below.  When pedaling up a hill, however, you need more force to move the bike.  Therefore, you use a gear train that provides more torque, which results in less speed.  This would require a larger driven gear, as shown in B below.

[image: ]A
B


	Gear Systems
	2.4



There are many types of gear systems.  In some, the drive and driven gears are parallel to one another; in others they are perpendicular.  Sometimes the flow of power is reversible; at other times it is not.  In some gear systems, the gear direction is opposite; in other systems it is the same.  Input and output movements may range from rotary to oscillating to linear to reciprocating.  The purpose of the gear determines its configuration.

The table on the following pages contains examples of typical gear systems.  As you review them, pay attention to the alignment of the gears, the flow of power and the types of movement.  Think of other examples as well.
	Gear System
	Configuration
	Examples

	Simple Gear Train

Drive and driven gears rotate in opposite directions.
	[image: cid:image004.jpg@01CD171E.563FC550]
	[image: P:\PLTW\Engineering Curriculum Team\Istock Photos\GTT\Image008.jpg]
●  watch
●  sewing machine
●  motor

	Simple Gear Train with Idler

Drive and driven gears rotate in same direction.
	[image: IMG_4956e]
	[image: Picture1]
●  paper transport rollers

	Bevel Gear
	[image: E:\DCIM\100CANON\IMG_1631.JPG]
	[image: http://oldtoolheaven.com/related/gp-hand-drills/hand-drill-05-lg.jpg]
●  hand drill
●  egg beater

	Worm and Wheel
	[image: IMG_4939e]
	[image: Ibanez_Studio_ST-100_electric_guitar_headed]
●  tuner on a stringed instrument
●  electric motor
●  winch

	Leadscrew
	[image: IMG_4901e]
	[image: http://lh5.ggpht.com/_zvQ-tAFDJeE/SpbAxq9UgiI/AAAAAAAAALw/pFhk1hWwQ8k/s1600/Photo0068.jpg]
●  jack
●  vice

	Rack and Pinion
	[image: IMG_4912e]
	[image: http://thumbs3.ebaystatic.com/d/l225/m/mYknsE1auRWw_xvIEEAos2Q.jpg]
●  ice cream scooper
●  car steering system

	Chain Drive
	[image: IMG_1885-1]
	[image: C:\Users\jdonnan\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\1N4HA9WG\MC900441297[1].png]
●  motorcycle
●  bicycle

	Belt Drive

An open belt causes pulleys to turn in the same direction.

Crossing the belts causes pulleys to turn in opposite directions.

We often use belts instead of chains because they are quieter and less expensive.

However, chains are more accurate.

	[image: ]

[image: ]

[image: Image:Belt (PSF).svg]
	[image: http://image.cpsimg.com/sites/carparts-rps/assets/classroom/images/engine.jpg]
●  car engine
●  lawn mower

	Crank and Slider
	[image: IMG_4898e]
	[image: http://fc07.deviantart.net/fs71/i/2012/117/d/5/northern_steam_locomotive_by_self_mao-d4xro4t.jpg]
●  steam locomotive
●  internal combustion engine



	2.5
	Activity:  Gear Systems



Answer the following questions in your course binder:

	1.	What is the purpose of an idler gear in a simple gear train?
	2.	Which gear system transmits rotary motion to reciprocating?
	3.	What is the advantage of using a chain drive instead of a belt drive?
	4.	List one advantage of using a belt drive instead of a chain drive.
	5.	In a belt drive, what happens when the belt is crossed instead of open?

Use the diagram below on the right to answer the following questions:

	6.	What is this gear system called?input
[image: http://www.yenka.com/activities/Rack_and_Pinion_Systems/attachments/Rack%20and%20Pinion%20Systems%20-%20model1.gif]

	7.	What type of movement is used as the input?
	8.	The output has been changed to what type of movement?
output






	Building With VEX
	2.6



Every robot is designed with a purpose in mind – What will the robot do?  Determining this is sometimes the most difficult step.  Tasks can range from very easy to very difficult, and some may require quite complex robots.  Some robots will be capable of completing multiple tasks.

After determining what the robot will do, the next step is to decide how the robot will accomplish the task.  It is tempting to start building immediately, but often a little bit of planning and design will result in a much better robot.  Creativity and innovation will be important during this part of the design process.

Some engineers and designers have trouble thinking of how to accomplish their challenge.  In this situation one of the best things to do is to search for outside inspiration.  Inspiration can come from anywhere, so good designers are always looking for ideas.  Examples of designs from the “real world” can sometimes be adapted successfully into a VEX robot design.  There is no shame in improving an existing design or refining a previously used mechanism.  Two brains are better than one, and bouncing ideas off of another designer will often help stimulate creativity.  Good designers will collaborate with others to improve their designs.

The most important thing to remember about building a VEX robot is that it is an iterative process.  Most designers will find themselves building and rebuilding things over and over again until they get the robot functioning well.  VEX robots are well suited for this iteration.  It is easy to take things apart and modify assemblies without any major fabrication of parts.  This allows users to build VEX systems quickly, while a less versatile kit might take much longer.  When building robots, a designer should never be afraid to modify work if this process makes the overall product better.  Designers are always thinking of ways to improve their design.

VEX Structure Subsystem

The parts in the VEX Structure Subsystem form the base of every robot.  These parts are the “skeleton” of the robot to which all other parts are attached.  This subsystem consists of the main structural components, including all metal components and hardware pieces.  These pieces connect together to form the frame of the robot.

Common Structure Subsystem components are described on the next page.



●	Steel Framework – Includes base plates and a variety of other steel plates, bars, angles, c-channels, bumpers and gussets.[image: ]


	These parts all contain square holes on a standardized grid.  The holes are used to align features on some components.


●	Screws – Includes screws of various lengths and thicknesses for different parts and purposes.[image: ]


	Size 8-32 screws are the primary screws used to build robot structure.

	Size 6-32 are smaller screws which are used for specialty applications like mounting the VEX motors.



●	Nuts – Attached to the back of screws to hold parts in place.[image: ]


	KEPS nuts (left) have a ring of “teeth” on one side to grip the part they are being installed on.  The teeth should face the metal structure, not a plastic part.  These nuts are less likely to loosen up over time.

	Regular nuts (right) have no locking feature.  They require a wrench to install and may loosen up over time, especially when under vibration or movement.

●	Allen Wrenches – Used to tighten and loosen screws.  It is important to be careful when tightening screws.  The wrenches may round or “strip out” the socket on the head of the screw if they are not fully inserted into the socket or if they are over-tightened.[image: http://www.esolids.com/images/allen-wrench-4112.jpg]


	There are 2 types of allen wrenches.  One is for 8-32 screws, and the other is for 6-32 screws and shaft collars.


●	Standoffs – Used to offset parts from each other.  They come in a variety of lengths and provide great strength.[image: ]













VEX Motion Subsystem

The parts in the VEX Motion Subsystem allow robots to move.  These components are critical to every robot.  The Motion Subsystem is tightly integrated with the Structure Subsystem in almost all robot designs.

Common Motion Subsystem components are described below:
[image: http://www.vexforum.com/wiki/images/thumb/4/43/WormGearKit.JPG/280px-WormGearKit.JPG]
[image: ]

●	Gears – Includes round gears of various sizes (left), worm gears (right) and cranks.






●	Wheels and Tank Treads – Provide robot mobility[image: ]
[image: http://www.generationrobots.com/img/cms/tank-tread-kit.jpg]


	Wheels come in various sizes.

	Tank tread components and wheels can be used to construct mobility systems for tanks and conveyor belts.




●	Shafts – Used as an axle to rotate gears and wheels.[image: http://robomatter.com/images/ifi/shaft_03.jpg]


	Shafts come in various lengths.  They are square with rounded corners, allowing them to spin easily in a round hole.

	Handle shafts very carefully.  They can bend easily, and once bent, they cannot be straightened back out.



[image: ][image: ]●	Bearing Flats/Blocks – Provide shafts a support to turn within.

	The bearing flat (left) is the most common type and supports a shaft which runs perpendicular and directly through the structure.

	The bearing block (right) supports a shaft which is offset above, below or to the side of the structure.

●	Shaft Collars – Used to hold shafts and gears in place.  Collars are placed on shafts and tightened by using an allen wrench to tighten the black screw on the side of the collar.  Be careful not to over-tighten the screw because it may strip out the socket on the head of the screw, making it impossible to remove the collar from the shaft.  Also, when loosening the screw, do not allow it to fall out of the collar.  It may drop on the floor and get lost.[image: http://sketchup.google.com/3dwarehouse/download?mid=f6178c293f77bee1b821dc7106eeeca5&rtyp=lt&ctyp=other&ts=1250464949000]

	2.7
	Activity:  Gear System Build



Your teacher will divide you into groups of 3 or 4 students each.  Each group will then be assigned the task of building one of the following gear systems using VEX Structure and Motion Subsystems.  Refer to the diagrams of gear system configurations on pages 10 – 12 as a guide for building your assigned system.  Your teacher will provide all of the parts needed and assist you as necessary.  When finished, you will demonstrate your gear system to the class.

●	Simple Gear Train
●	Bevel Gear
●	Worm and Wheel
●	Rack and Pinion
●	Chain Drive
●	Crank and Slider

	2.8
	Design Process



Engineers and designers use a systematic method of solving problems called the design process.  
In the real world, many different design processes are used in various industries and professions.  No single design process is better or more useful than another.  In this course you will follow a process that is built upon in the high school Pathway to Engineering courses.  The following flow chart illustrates this process:

[image: ]
The following table outlines the actions performed during each step of the design process:

	Define 
Problem
	●	Identify the problem.
●	Validate the problem.  Is there really a problem?  Are there valid needs or wants?  Has this problem already been solved with a prior solution?
●	Justify the problem.  Is the problem worth solving?
●	Determine the design requirements (specifications).
●	Prepare a Design Brief document.

	Generate Concepts
	●	Conduct any research needed to create possible solutions.
●	Brainstorm possible solutions.  Brainstorming is a problem-solving method where team members generate as many ideas as possible before evaluating them.
●	Prepare a Decision Matrix document.
●	Decide on one final design solution.

	Develop a Solution
	●	Create a detailed design solution.
●	Prepare Technical Drawings of the solution.  These are detailed drawings that provide information to produce a product.  They usually include sizes, shapes, building materials and assembly instructions.

	Construct/Test Prototype
	●	Construct a testable prototype.  A prototype is a working model of a product.
●	Plan the prototype testing.  What type of data do you want?  Examples include performance, usability and durability.
●	Test the prototype and collect the resulting data.  Analyze the test data to determine if the prototype passed or failed testing.
●	Prepare a Test Report to record test results.

	Evaluate Solution
	●	Evaluate the effectiveness of the solution.
●	Reflect on the design and recommend improvements if desired.  If any changes are made, be sure to revise your design documents.

	Present Solution
	●	Create a professional Project Portfolio to document the project.
●	Prepare and conduct a formal presentation to communicate the design to concerned groups or individuals.



The design process is an iterative process.  This means that as you work through the process, it may be necessary to go back and repeat prior steps many times before a perfect solution is created.  The yes/no diamonds on the flow chart on page 17 illustrate this iterative process.

Design Brief

One way to define the problem for a project is through the use of a Design Brief.  This concise document (no more than one page) identifies the client, clearly states his/her problem or need, details the degree to which the engineer will carry out the solution, and lists the rules and limits within which the engineer must perform.  The Design Brief also serves as an agreement between the client and the engineer.

A sample Design Brief is shown on the next page.






[image: ]Deliverables are the end product(s) that the engineer must deliver to the client upon completing the project.
Criteria are the desired features of the product.  Constraints are the limits or rules that must be followed when designing the product.
The designer is the engineer or team solving the problem.
The client is a person, company, organization or target consumer group which has a problem to be solved.
The design statement identifies the actions to take to solve the problem.
The problem statement clearly and concisely identifies the problem.

Decision Matrix

A Decision Matrix is a document used to compare design solutions against one another, using specific criteria that are often based on project constraints.  The ultimate purpose of the Decision Matrix is to narrow down all possible solutions to a single solution.  Design decisions should be based on analysis and logic; not personal opinion.  A Decision Matrix helps engineers choose the best design solution based on analysis and logic.


A sample Decision Matrix is shown on the next page.








Criteria to be scored for each idea are listed across the top row.
Scores are assigned to each idea for each criterion.  The total score for each idea is then calculated and entered down the last column.  The idea with the highest score is chosen as the final solution.
Ideas to be compared are listed down the first column.








[image: decisionmatrix]

Criteria are scored on a scale from 1 – 4, with 1 being the worst score and 4 being the highest.





	Project:  Survival Challenge
	2.9



The year is 2201.  The Earth as we know it no longer exists.  Civilization has destroyed itself through nuclear wars, pollution and lack of respect for the environment.  The human race has all but ceased to exist.

A group of multi-cultural scientists, doctors and engineers have survived by living in a biosphere for the last 20 years.  As they emerge from their protected sphere, they find the Earth totally destroyed.  They need to rebuild the Earth and civilization.

You are one of the engineers assigned to complete one of the tasks in the table on the next page.  Your team’s job is to create a mechanical machine that will help the scientists and doctors rebuild the Earth.

Your teacher will divide you into teams of 4 – 5 students each to solve the Survival Challenge.  Your team will then be assigned one of the tasks in the table on the next page.  Using the knowledge acquired during this unit, your team will design and build a model for your assigned task.  Over the next few days, you will work step by step through the design process.

Your teacher will provide you a packet with necessary templates and a grading rubric for this project.  Each student is required to submit the following for grading.  This information should be written in the Deliverables section of the Design Brief.

●	Design Brief
●	Initial Sketches (ideas you sketched during the brainstorming process)
●	Decision Matrix
●	Technical Drawing (sketch of the final solution chosen)
●	Test Report (results of tests conducted on the final solution)

The following table describes each task that will be assigned to teams.  The requirements should be written in the Constraints section of the Design Brief.

	Task
	Description
	Requirements

	1
	The scientists and doctors need a vehicle that will allow them to search for other survivors and to collect data.
	●	Must travel over rough terrain.
●	Must be able to store survivors and other items collected during searches.

	2
	The scientists need a machine that will rotate a solar collection dish from inside their labs.
	●	Dish must rotate to follow the sun.
●	Dish must be angled toward the sun.
●	Dish must be located on top of the lab.
●	Hand crank must be located on a wall inside the lab.

	3
	Doctors need a machine to move all of the operating equipment between the first and second floors of the hospital.
	●	Must move all equipment at once.
●	Must move straight up and down.

	4
	All members need a machine that will cut wood for building and grind grain to eat.
	●	Must create 1 machine that will perform both tasks simultaneously.
●	Must only have 1 hand crank to run all devices in order to save energy.



Follow these steps to complete the Survival Challenge:

	1.	Define Problem:  Complete the Design Brief in your project packet.
	2.	Generate Concepts:  Brainstorm possible solutions.  Each team member should draw Initial Sketches of their ideas in their Engineering Notebook.
	3.	Generate Concepts:  Complete the Decision Matrix in your project packet.  Decide on one final design solution.
	4.	Develop a Solution:  Prepare a Technical Drawing of the final design chosen.
	5.	Construct/Test Prototype:  Construct a testable prototype.  Your teacher will help you collect the VEX parts you need.
	6.	Construct/Test Prototype:  Testing your prototype.  Prepare a Test Report in your Engineering Notebook to record test results.  Based on those results, modify your prototype as needed and re-test until it meets requirements.
	7.	Evaluate Solution:  Reflect on the design and make any desired improvements.  Be sure to revise your design documents to reflect any changes made.
	8.	Present Solution:  Write the Solution Proposal outlined in your project packet.
	9.	Present Solution:  Demonstrate your prototype to the class.

After all demonstrations are given, answer the following questions in your course binder:

	1.	What would you have changed if you had time to redesign one part of your machine?
	2.	Which solution presented by another team interested you the most?  Why?

	Automated Systems
	Unit 3

	Unit Goals
	3.1



Understandings

	1.	Automated systems require minimal human intervention.
	2.	An open-loop system has no feedback path and requires human intervention, while a closed-loop system uses feedback.
	3.	Troubleshooting is a problem-solving method used to identify the cause of a malfunction in a technological system.
	4.	Comments do not change the way a robot behaves, but they do allow the programmer to remember the function that the code performs.
	5.	Invention is a process of turning ideas and imagination into devices and systems.
	6.	Some technological problems are best solved through experimentation.

Knowledge & Skills

●	Know the 7 technological resources and how they are integrated into an open and closed loop system.
●	Describe the purpose of pseudocode and comments within a computer program.
●	Design, build, wire, and program both open and closed loop systems.
●	Use motors and sensors appropriately to solve robotic problems.
●	Troubleshoot a malfunctioning system using a methodical approach.
●	Explain the roles and responsibilities of mechanical, electrical and computer engineers who solve robotic problems.

Essential Questions

	1.	What is the difference between an open-loop and closed-loop system?  List examples of each.
	2.	What are the advantages and disadvantages of automation?
	3.	How do you troubleshoot a malfunctioning system efficiently?
	4.	What is the purpose of comments in a program?
	5.	Why is good communication and teamwork important when solving technological problems?

	Technological Systems
	3.2



A system is a group of interrelated components that function together as a whole to accomplish a goal.  A technological system produces results through the use of technology.  Technological systems may be huge, like a space shuttle, or they may be small, like a cell phone.

All systems include an input, process and output.  The basic system model is illustrated below:

Input
The desired 
result
Output
The actual
result
Process
Action part of a system.
Combines resources that 
respond to the input 
to produce a result.

Technological Resources

During the process part of a system, technological resources are used to produce a result.  These resources may provide several functions:

●	Supply help or aid.
●	Provide information or expertise.
●	Supply wealth or revenue.
●	Provide materials or support.

There are 7 technological resources:

	Resource
	Description

	People
	●	Create technology.
●	Use the products technology has built.
●	Service technology.

	Information
	●	Knowledge.
●	Understanding.
●	Communication.

	Materials
	●	Raw materials:
	►	Found in a natural state.
	►	Examples:  plants, animals, rocks, oil.
●	Processed materials:
	►	Natural resources that have been changed into a more useful form.
	►	Examples:  lumber from trees, leather from animals.
●	Manufactured materials:
	►	Natural resources that have been altered to make new substances.
	►	Examples:  paper, glass, gasoline, some metals.
●	Synthetic materials:
	►	Unnatural materials created artificially through chemical reactions.
	►	Examples:  man-made rubber, plastics, industrial diamonds.

	Tools & Machines
	●	Increase our ability to do work and perform our jobs better.
●	A tool becomes a machine when a power systems is added.

	Energy
	●	Man power.
●	Sources of machine power.

	Capital
	●	Provides a source of wealth or revenue.
●	Examples:  money, credit, property, bartering.

	Time
	●	Everything takes time.
●	People are paid for the time they work.
●	Too much or too little time can ruin your results.



	3.3
	Activity:  Technological Resources



In order to produce the Big Mac or any other product, we must use the 7 technological resources.  How would McDonald’s use each of the technological resources to produce the Big Mac?

In your course binder, list 5 examples of how each resource below would be used to produce the Big Mac.  Think outside the “hamburger” box!

	1.	People
	2.	Information
	3.	Materials
	4.	Tools and machines
	5.	Energy
	6.	Capital
	7.	Time

	Open-Loop & Closed-Loop Systems
	3.4



There are 2 types of systems:  open-loop and closed-loop.  An open-loop system has no way of monitoring or adjusting itself.  Even though they can be controlled to some degree, these systems often require human intervention.  For example, timers can be used to turn off an oven, or a light in your house can be set to turn on at a certain time.  However, these systems cannot change if conditions change.  The oven will turn off even if the food is not fully cooked.  The lights will come on even if no one is home.

The example below shows how a microwave is an open-loop system.  While you can set a temperature and time when cooking in the microwave, there is no automatic system for monitoring whether the food is fully cooked or hot enough.

[image: MCHH00916_0000[1]]
Process
A microwave uses resources to heat your food for a certain amount of time.
Input
A hot meal.
Output
Food is warm.







A closed-loop system is able to monitor and adjust itself.  It uses feedback from the output to control the input.  Feedback comes in many forms and may be manual (provided by people) or automatic (provided by sensors).

The following example shows how driving a car can be a closed-loop system.  The combination of a speedometer, the driver’s eye and driver’s brain form a feedback loop.

Input
Go 30 mph.
Process
A car uses resources to move and transport the riders.
Output
Speed is 50 mph.
[image: MCj03570990000[1]]







Controller
Driver presses brake or accelerator.
Comparator
Driver compares actual speed to desired speed.
Monitor
Driver sees car is going too fast or too slow.








	3.5
	Robotic Sensing & Control



Computer programs and sensing devices provide feedback to guide tools and machines in the manufacturing of parts.  Automated systems can be used to pick up a part, move it to a certain location, wait for a process to be performed, pick it back up, and deliver it to an offloading location.

Automated systems provide many advantages, including:

●	Lower operating costs.
●	Safer working conditions for operators.
●	Alleviation of tedious tasks for workers.
●	More uniformity of the product.
●	Faster production.

Automated systems also present some disadvantages.  For example, they require a much higher level of technically trained employees because of the use of computer programmed machinery and the need for employees to troubleshoot problems as they arise.  Troubleshooting is the process of locating the cause of problems and fixing them.

VEX Controls & Sensors

The brain of every VEX robot is a microcontroller called the Cortex.  The Cortex coordinates the flow of information and power on the robot.  All electronic system components interface with the Cortex.

[image: ]

Robotic motion is provided by VEX motors.  Motors are devices that transform electrical energy into mechanical energy.  They take electrical power and create rotary motion which drives a robot’s gears and wheels.

[image: ]
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A sensor is a device that detects some important physical quality or quantity about the surrounding environment and conveys the information to the robot in electronic form.  Sensors may be analog or digital.  Analog sensors have signals which are continuous and change smoothly over a given range.  A dial is an example of an analog sensor.  Digital sensors have signals which detect 1 of 2 possible values, such as on/off, high/low, or yes/no.
You will use 4 types of VEX sensors in this course:

	Sensor
	Signal
	Description
	Image

	Bump Switch
	Digital
	Tells the robot whether the button is being pressed or not.  Values:
●	0 = not pressed
●	1 = pressed
	[image: ]

	Limit Switch
	Digital
	Tells the robot whether the metal arm is being pressed or not.  Values:
●	0 = not pressed
●	1 = pressed
	[image: ]

	Line Tracker
	Analog
	Consists of an infrared light sensor and LED.  It works by illuminating a surface with infrared light.  The sensor then detects the intensity of reflected radiation, allowing it to distinguish light from dark.
	[image: http://www.robotc.net/w/images/thumb/b/bf/VEX_IR_Sensor.jpg/400px-VEX_IR_Sensor.jpg]

	Potentiometer
	Analog
	Used to measure the angular position of the shaft passed through its center.  The center can rotate 265°.  Values range from 0 – 4095.
	[image: ]



	Activity:  VEX Testbed Build (Mechanical)
	3.6



In this activity you will begin building a testbed of VEX parts for the purpose of testing how the Cortex, motors and sensors work.  You will only build the structure of the testbed at this time.  In later activities you will connect the electrical wiring and program the testbed to respond to sensors.

This activity illustrates the role of a Mechanical Engineer.  Mechanical Engineers are responsible for sketching the final product and building the structure of the model.

Your teacher will divide you into groups of 3 to 4 students each for this activity.  Follow these instructions for completing the structural build of the testbed.  Do not connect any electrical wiring yet.

	1.	Attach the Cortex to the base plate using 4 screws (3/4”) and 4 KEPS nuts:

[image: ]
	2.	Attach the bump switch to the base plate using 2 screws (1/2”) and 2 KEPS nuts:

[image: ]

	3.	Attach the limit switch to the base plate using 2 screws (1/2”) and 2 KEPS nuts:

[image: ]

	4.	Attach the line tracker to the base plate using 1 screw (1/2”) and 1 KEPS nut:

[image: ]

	5.	Attach the potentiometer to the base plate using 2 screws (3/4”) and 2 KEPS nuts:

[image: ]

	6.	Attach the 36-tooth gear to the potentiometer using 1 shaft (2”) and 1 shaft collar:

[image: ]

	7.	Attach 2 bearing flats to the slotted angle using 2 screws (3/4”) and 2 KEPS nuts:

[image: ](side)


[image: ](top)


	8.	Attach a shaft (2”) to each motor using 1 small spacer and 1 shaft collar:
[image: ]
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	9.	Mount the motors to the slotted angle using 2 gold screws (3/4”) and 2 gold screws (1/2”):

[image: ]

	10.	Attach 2 wheels (2.75”) to the motor shafts using 2 shaft collars:

[image: ]

	11.	Attach 2 standoffs (2”) to the base plate using 2 screws (1/2”):

[image: ]

	12.	Attach the slotted angle assembly to the standoffs using 2 screws (1/2”):

[image: ]
	VEX Electrical Wiring
	3.7



For VEX robots, a battery and all motors and sensors must be connected to the Cortex.  A wiring guide is used as a blueprint for naming and connecting wires to the Cortex.  All electrical components must be connected into specific ports on the Cortex depending on the type of component.  The following wiring guide illustrates proper placement of components for the VEX testbed.  Note that analog sensors are placed in analog ports and digital sensors are placed in digital ports.  LED lights are also placed in digital ports.

[image: ]LeftMotor
RightMotor
Battery Port
GreenLED
BumpSwitch
LimitSwitch
Potentiometer
LineTracker




Follow these guidelines when connecting electrical components:
[image: ]

●	The white wires of sensors should be aligned with the center of the Cortex, not the outside.
●	Be careful not to bend the exposed wires.  They break easily.
●	Before connecting a motor to the Cortex, you must connect a motor controller (see diagram on right) to the motor to convert it from a 2-wire motor to a 3-wire motor.
●	When connecting the battery, make sure the positive wire (red) and negative wire (black) align to the positive (+) and negative (-) slots in the battery port.

It is the responsibility of the Electrical Engineer to name all electrical components, complete the wiring guide, and connect all electrical components to the Cortex.


Naming Conventions

You can name motors, sensors and LED lights using any words that clearly identify the component.  For example, on the testbed wiring guide on page 29, the motors are named RightMotor and LeftMotor to clearly differentiate the 2 motors.  The LED light is name GreenLED to specify the color of the light, which would be helpful if other colored lights were also used.

Some guidelines and restrictions for naming components are listed below.  These are referred to as naming conventions.

●	Names should be all one word.  Spaces are not allowed.  Example:  RightMotor
●	To make it easier to read names containing more than one word, capitalize the first letter of each word and make all other letters lowercase.  Example:  LimitSwitch
●	Names cannot contain any special characters, such as:  %  ^  #
●	The software used to program VEX robots—called ROBOTC—recognizes certain words as programming commands.  These words are known as reserved words and include while, motor, and task.  Reserved words cannot be used as names for electrical components.

	3.8
	Activity:  VEX Testbed Build (Electrical)



In this activity your team will continue building your VEX testbed by connecting all electrical components.  This activity illustrates the role of the Electrical Engineer.

Follow these instructions for completing the electrical build of the testbed.  Make sure you follow the connection guidelines on page 29.  Since you will not be powering the testbed yet, do not connect the battery at this time.

	1.	Attach a motor controller to each motor, then connect the motors to the Cortex using ports identified on the wiring guide on page 29.
	2.	Attach the sensors and LED light to the Cortex using ports identified on the wiring guide on page 29.

	3.9
	Robot Behaviors



A behavior is anything your robot does:  turning on a single motor is a behavior, moving forward is a behavior, tracking a line is a behavior, navigating a maze is a behavior.  There are 3 main types of behaviors that apply to robots:

●	Complex – These are behaviors at the highest levels, such as navigating an entire maze.  Though they may seem complicated, one nice property of complex behaviors is that they are always composed of smaller behaviors.
●	Simple – Simple behaviors are small, bite-size behaviors that allow your robot to perform a simple, yet significant task, like moving forward for a certain amount of time.  These are the most useful behaviors because they are big enough that you can describe useful actions with them, but small enough that you can program them easily from basic ROBOTC commands.
●	Basic – At the most basic level, everything in a program must be broken down into tiny behaviors that your robot can understand and perform directly.  In ROBOTC, these are behaviors the size of single statements, like turning on a single motor.

The most important idea in behaviors is that they can be built up or broken down into other behaviors.  Complex behaviors, like going through a maze, can always be broken down into smaller, simpler behaviors.  These in turn can be broken down further and further until you reach simple or basic behaviors that you recognize and can program.
The following example shows how you would break down the complex behavior of navigating a maze into basic behaviors that can be programmed directly in ROBOTC:

Simple
Complex
Basic



Go forward for 3 seconds
Follow the path to reach the goal
1.  Turn on left motor
2.  Turn on right motor
3.  Wait 3 seconds
4.  Turn off left motor
5.  Turn off right motor








Turn left 90°
6.  Reverse left motor
7.  Turn on right motor
8.  Wait 0.8 seconds
9.  Turn off left motor
10.  Turn off right motor








Go forward for 5 seconds
11.  Turn on left motor
12  Turn on right motor
13.  Wait 5 seconds
14.  Turn off left motor
15.  Turn off right motor









	Activity:  Robot Behaviors
	3.10



In your course binder, take the complex behavior of brushing your teeth and break it down into simple behaviors.  Then break the simple behaviors down into direct commands that a robot might understand.

	Pseudocode & Comments
	3.11



Pseudocode is “fake” computer code.  It describes computer commands in everyday language instead of proper computer code syntax.  Syntax is the specific format you must use when writing program code.  It includes the specific words and symbols that ROBOTC recognizes.

In general, pseudocode is used to outline a program before translating it into proper syntax.  This helps in the initial planning of a program by creating the logical framework and sequence of the code.  It captures the logic and flow of a solution without the bulk of strict syntax rules.

The table below illustrates the difference between pseudocode and proper ROBOTC program code.  This example turns a motor forward at full speed for 1 second when a bump switch is pushed.

	Pseudocode
	ROBOTC Code

	1.  When button is pressed
2.  Start left motor forward at full speed
3.  Wait 1 second
4.  Stop left motor
	untilBump(BumpSwitch);
startMotor(LeftMotor, 127);
wait(1);
stopMotor(LeftMotor);


Comments

When writing a computer program, pseudocode is often placed at the beginning of the program as a guide for the programmer.  Because it is not written in a language the computer can understand, pseudocode must be marked as a comment.  Comments are any descriptive text that may be useful to the programmer.  Comments are ignored by the program when it runs and, therefore, does not affect the behavior of a robot.

Some things a programmer might use comments for include:

●	Program name and summary
●	Name of programming team members
●	Important dates
●	History of modifications made to the program
●	Personal comments or notes
●	Pseudocode

To prevent the computer from trying to run a comment as actual programming code, special symbols are used to mark where a comment begins and ends.  The symbols used depend on whether the comment extends across multiple line or is contained to just a single line.  A multi-line comment begins with  /*  and ends with  */.  All text within the 2 symbols is marked as a comment.  Example:

	/*
   Project Title:  VEX Testbed
   Project Date:  10/15/2013
   Programmer:  John Doe
   Pseudocode:
      1. When button is pressed
      2. Start left motor forward at full speed
      3. Wait 1 second
      4. Stop left motor
*/



A single-line comment begins with  //.  It can be placed anywhere within the line.  All text appearing between the  //  symbol and the end of the line is marked as a comment.  An ending symbol is not needed for a single-line comment because it always ends at the end of the line.  Example:

	startMotor(LeftMotor, 127);  // Full speed is 127



In ROBOTC, all comments appear in green text.

	3.12
	Programming Rules



ROBOTC is a C-based programming language for robots.  Below are some guidelines and rules to follow when programming in ROBOTC:

●	ROBOTC is case-sensitive.  Replacing an uppercase letter with a lowercase letter, or vice versa, will confuse the program.
●	Important words in the programming language appear in different colors, such as blue and red.
●	ROBOTC runs statements in sequential order.  When there are no more statements, the program ends.
●	Whitespace (tabs, spaces and line breaks) serve no purpose to ROBOTC.  They are there just to help the programmer organize code and read it more easily.
●	ROBOTC knows where one statement ends and the next begins by the placement of a semicolon at the end of each line.
●	Punctuation pairs, such as  []  and  (), are used to mark off special areas of code.  There is always an opening and closing punctuation mark.
●	Control statements control the flow of the program’s commands.  They allow the program to choose the order in which simple statements are run.
●	The  task main()  control statement tells the program to run all code enclosed in the curly braces  {}  as part of the main program.
●	The  while()  control statement is used to make the program run over and over in a loop.

	Robot Automation
	3.13



Once a robot is built and wired, the last step is automating the robot.  This is the responsibility of the Computer Engineer.  The computer engineer will connect the Cortex to ROBOTC, setup motors and sensors in the program, write the code, then download the program to the robot and test it.

Cortex-To-ROBOTC Connection
[image: O:\teaching_robotc_cortex\raw\setup\firmware\links\DSCF9664.jpg]

Follow these steps to connect a Cortex to ROBOTC:

	1.	Attach one end of the orange USB cable to the USB port in the center of the Cortex.  Attach the other end to the USB port on the computer.
	2.	Connect a charged battery to the battery port on the Cortex.  Make sure the positive battery wire (red) aligns with the positive port (+) on the Cortex.
	3.	Turn the Cortex on.  The switch is located beside the battery port.


Motor & Sensor Setup
[image: ]

Follow these steps to start a new ROBOTC program and setup motors and sensors:

	1.	Open ROBOTC by double-clicking on its icon.  You may receive a message that ROBOTC is out of date.  Do not update it.
	2.	Open the PLTW Template using the menu at right.  A window titled Open will appear.
	3.	Find the folder named PLTW and open it.
	4.	Find the file named PLTWtemplate and open it.




	5.	Set the Platform Type to Natural Language (VEX Cortex) using the menus below:
[image: ]
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	6.	Compile the program using the first menu at right.
	7.	Save the file under a new name using the middle menu at right.  A window will appear, allowing you to save the file in a different location and with a new name.
	8.	Open the window to setup motors and sensors using last menu at right.
	9.	Setup motors under the Motors tab.  Click the  Apply  button when finished.  The values shown are for the VEX testbed:
[image: ]
	10.	Setup analog sensors under the Analog Sensors tab.  Click the  Apply  button when finished.  The values shown are for the VEX testbed:
[image: ]

	11.	Setup digital sensors under the Digital Sensors tab.  Click the  OK  button when finished.  The values shown are for the VEX testbed:
[image: ]

	12.	Save your file again before proceeding.

Coding & Testing

You are now ready to start coding.  At the top of the program you will notice several  #pragma  statements.  These were created automatically when you setup the motors and sensors.  The names of your motors and sensors are specified within those statements.  You must use those same names as you write your code.  At this point, your program will resemble the one below:

[image: ]Main program.  Enter your code here.
Comment area for project details and pseudocode.
#pragma statements
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When you are ready to download the program to the robot and test it, choose the menu at right.  Before downloading, ROBOTC will compile the program to check for errors.  If any are found, you well get a message that the program could not be downloaded.  The errors will be marked within your file, and you will need to correct them before you can download the program.

Once the program is successfully downloaded, a window title Program Debug will appear.  As long as the USB cable is still connected to both the Cortex and the computer, you can run the program simply by clicking the  Start  button in the window.

To run a program while the robot is not connected to the computer, just remove the cable once the program has downloaded.  Then turn the Cortex off and back on.

	3.14
	Activity:  VEX Testbed Build (Computer)



In this activity your team will finish building your VEX testbed by automating it with a ROBOTC program.  This activity illustrates the role of the Computer Engineer.

Follow these instructions for completing the automation of the testbed.  Refer to section 3.13 for help.

	1.	Connect the Cortex to ROBOTC.
	2.	Setup motors and sensors in a template file, then save the file to your network folder.
	3.	Enter project details in the comments section of the file.
	4.	Enter pseudocode and ROBOTC code for the bump switch:

	Pseudocode
	ROBOTC Code

	1.  When button is pressed
2.  Start LeftMotor forward at full speed
3.  Wait 1 second
4.  Stop LeftMotor
	task main()
{
while(true)
   {
	untilBump(BumpSwitch);
	startMotor(LeftMotor, 127);
	wait(1);
	stopMotor(LeftMotor);
   }
}



	5.	Download and test the bump switch code.
	6.	Replace the bump switch pseudocode and ROBOTC code with those of the limit switch:

	1.  When switch is pressed
2.  Start RightMotor forward at half speed
3.  Wait 1 second
4.  Stop RightMotor
5.  Wait 1 second
6.  Start RightMotor in reverse at half speed
7.  Wait 1 second
8.  Stop RightMotor
	task main()
{
while(true)
   {
	untilBump(LimitSwitch);
	startMotor(RightMotor, 63);
	wait(1);
	stopMotor(RightMotor);
	wait(1);
	startMotor(RightMotor, -63);
	wait(1);
	stopMotor(RightMotor);
   }
}



	7.	Download and test the limit switch code.
	8.	Replace the limit switch pseudocode and ROBOTC code with those of the line tracker:

	Pseudocode
	ROBOTC Code

	1.  Turn green LED off
2.  When LineTracker gets dark
3.  Turn green LED on
	task main()
{
while(true)
   {
	turnLEDOff(GreenLED);
	untilDark(1500, LineTracker);
	turnLEDOn(GreenLED);
   }
}



	9.	Download and test the line tracker code.
	10.	Replace the line tracker pseudocode and ROBOTC code with those of the potentiometer:


	Pseudocode
	ROBOTC Code

	1.  When potentiometer is turned to right
2.  Start LeftMotor forward at half speed
3.  Stop LeftMotor
	task main()
{
while(true)
   {
	untilPotentiometerGreaterThan(3000, Potentiometer);
	startMotor(LeftMotor, 63);
	stopMotor(LeftMotor);
   }
}



	11.	Download and test the potentiometer code.

	3.15
	Project:  Automated Robot



Congratulations!  You have just landed your dream job.  All of those hours you spent building and programming robots and gadgets when you were younger are about to pay off.  Not many people are paid to play all day.  The only problem is the manager told you the projects are a little behind.  Boy, is that an understatement!  The good news is that you are allowed to put together a team to help you get the work done, and you will have access to all of the materials in the lab.  Successful engineers need to collaborate and cooperate with one another.  Looking around, you realize it’s time to get started.

Your teacher will provide you a packet containing templates needed for this project and a grading rubric.  You will then be divided into teams of 3 to 4 students each.  Your team will be assigned one of the tasks on the next page.  Follow these instructions for completing your assigned task:

	1.	Each team member will choose a role:  Mechanical Engineer, Electrical Engineer or Computer Engineer.  (For teams of 4, there will be 2 members assigned to one of the roles.)  Make note of your role assignments.
	2.	All team members will read the assigned task and brainstorm possible designs for the project.  Use your Engineering Notebooks to draw initial sketches of possible designs, then choose one design for your project.  Get approval from your teacher before continuing.
	3.	Once a final design is chosen and approved by your teacher, the Mechanical Engineer will draw the sketch on the Mechanical Engineer section of the packet.  If the design is modified anytime during the project, the Mechanical Engineer must update the sketch accordingly.
	4.	The Mechanical Engineer will build the structure of your VEX robot.  Your teacher will help you collect the parts needed.
	5.	While the Mechanical Engineer is building the structure, the Electrical Engineer will complete the wiring guide on the Electrical Engineer section of the packet.  Make sure you use the appropriate ports and naming conventions for motors and sensors.  When the structure of the robot is complete, the Electrical Engineer will wire the robot according to the wiring guide.
	6.	While the other team members are working to build and wire the robot, the Computer Engineer will write the pseudocode for your project on the Computer Engineer section of the packet.  Once the structure and wiring are complete, the Computer Engineer will complete all steps to create, code, compile, download, test and troubleshoot the program.
	7.	Once your robot is complete and functioning correctly, your team will demonstrate your final project to the class.





[image: MC900014463[1]]Task #1:  Spinning Sign
A marketing firm has determined that more customers will enter a shop if the sign is neat and eye-appealing.  To increase business you decide to design and build a spinning sign with a catchy title that will be placed on top of the shop.  Since the purpose of the sign is for people to read it, it cannot spin too fast.  To conserve energy, you must install start/stop switches for the sign so that it only operates during business hours.  You will install a start button to turn the sign on and a stop button to turn it off.  Both buttons will be activated by a person on the ground away from the sign.


[image: ]Task #2:  U-Turn Robot
Your team’s challenge is to create a robot which can travel in one direction for 3 seconds, make a left u-turn, and then return to the starting point.  Your robot will use 4 wheels and 2 motors.  A button mounted on the robot will be used to activate it.


[image: ]Task #3:  Traffic Light
Your mission is to install a traffic light control system that will enable cars to safely exit a parking lot.  The traffic light will normally be red since there is little traffic exiting the lot.  You will install a limit switch that will change the lights.  When a car activates the switch, the light will remain red for 2 seconds, then turn green for 5 seconds, then turn yellow for 2 seconds, and then return to red.


[image: ]Task #4:  Railroad Crossing
A new street needs a railroad crossing gate and lights installed.  When an oncoming train trips the first limit switch, the gate needs to slowly lower and a red light needs to turn on.  Once the train has passed and trips a second limit swich, the gate should slowly rise to its original position and the light should go off.


[image: ]Task #5:  Grandma’s Chair
Grandma is too old to get up and down the stairs on her own.  Your task is to design an elevator that Grandma can sit on to ride up and down the stairs.  Grandma needs to have a dial that is mounted on her chair to start the ride up or down when she is settled in and ready.  You will install a potentiometer on her chair that will lift it to the top of the stairs when turned all the way to the left, and lower it to the bottom of the steps when turned all the way to the right.


Task #6:  Tekrocks Bridge
You are an employee of Terrific Teddy’s Engineering Company.  Teddy has requested that you develop a solution to the following problem.  The Techville Railroad Company would like to install a bridge to cross the Tekrocks River.  Teddy has researched many possible designs and has decided to install a turntable bridge.  You must design, create, and program a working model of this turntable bridge.  The bridge will allow trains to cross the river when it is in the closed position and will allow boats to pass when it is in the open position.  When an oncoming train trips the first limit switch, the bridge will close and a solid green light will turn on.  Once the train passes and trips a second limit switch, the bridge will open and the green light will change to red.
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