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Student Accessibility
In addition to the student accessibility standards inherent in the way we 
develop PLTW courses, PLTW supports purposeful student accessibility in the 
following ways:

Courses supports standard accessibility practices and techniques including 
the use of video captions, alternative text descriptions, and compatibility with 
screen readers. (Note: Features may vary based on course development 
date.) Some of our newer PLTW course developments feature a Student 
Accommodation section to help support you in adjusting course activities, 
projects, or problems to be accessible for your students. A non-digital, PDF 
version of the student course curriculum is available for use in the following 
classroom situations:

Technology issues.
Students who require a text or print version. 
Another circumstance in which student access to digital course curriculum is 
not feasible or possible.

These course versions are intended to be used only to support student 
accessibility when access to digital content through Courses is not possible.

Important: Due to its non-digital nature, the PDF version of course curriculum 
will not feature digital interactivity and tools, embedded media, or any updates 
made available via Courses during the school year.

PowerPoint resources
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PLTW GATEWAY

Automation and Robotics
Lesson 1: What Is Automation and Robotics?

Preface

Automation and robotics include computer-controlled machines used to make manufacturing more
efficient, productive, and safe. Robots are also used to assist people with disabilities in hospitals to
help with surgery, to deliver food, or to dispense medications. Robots are becoming popular
household helpers, performing chores like vacuuming and mowing lawns.

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?
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Lesson 2: Mechanical Systems

Preface

What do a bicycle, an eggbeater, a sewing machine, a hand cranked drill, and a workshop vice have
in common? All of them use at least one mechanism to provide movement using human effort or
electricity. If you take the devices apart, you would find a series of gears that redirect the applied
force to accomplish a task. Gears come in all sizes like small gears in mechanical watches or very
large gears in cranes that raise large sections of a bridge.

In this lesson you will be introduced to several mechanisms that change speed, torque, force, type
of movement, and direction of movement. You will build mechanisms and discover how these are
used.

Essential Questions

1. Why is it important for you to learn about mechanisms?

2. What is the purpose of being able to change speed, force, torque, direction, and types of
motion with a mechanism?

3. Describe where you see mechanisms used in three real-life applications, explain the purpose
of using a mechanism for that application.

Lesson 3: Automated Systems

Preface

Automated systems are used for a variety of purposes such as guiding tools and machines to
manufacturing parts. These systems use a computer program to function without human guidance.
Some systems use devices to sense the environment to provide feedback to change the system
behavior and some just execute the program regardless of the environment. In this lesson, you will
have a better understanding of the components of a manufacturing system and the programming
needed for these components to interact.

Essential Questions

1. How does automation enhance our daily life?

2. How can you apply troubleshooting skills that you developed in this lesson to your daily life?

3. How do comments improve a computer program?

4. Why is good communication and teamwork important when solving technological problems?
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General Student Resources
AUTOMATION AND ROBOTICS

Factory Cell Conveyor Belt Presentation

VEX Gateway Kit with Cortex Description

VEX Gateway Kit Inventor Parts

Engineering Abbreviations and Symbols

PLTW Gateway Notebook, Binder, Portfolio

PLTW Gateway Notebook, Portfolio and Binder Description

Portfolios Presentation

PLTW Gateway Notebook Templates

PLTW Gateway Notebook Sample Entries

Isometric Graph Paper

Orthographic Graph Paper

Gateway Classroom Binder Dividers

PLTW Gateway Notebook Additional Resources Download

Formula Sheet

PLTW Gateway Formula Sheet

Abbreviations of Common Units and Metric Prefixes

design process

For an overview of the Design Process and related resources see the Introduction to Gateway
Engineering Lesson B.

Design Process Solution Template

Design Brief Template
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Design Brief Example

PLTW Gateway Notebook, Classroom Binder, and Portfolio Description

Decision Matrix Template

Rubric PLTW Gateway Notebook

research

Working with Experts and Mentors

Written Report Format

Presentation Rationale

Citations APA Style

rubrics

Peer Rubric 

Presentation Rubric

Project Report Rubric

Student Reflection On Project Rubric

Written Report Rubric

PLTW Gateway Notebook Rubric

vex robotics system and robotc software

VEX Robotics Gateway Testbed Build Instructions

VEX Robotics Gateway Kit Description

VEX Robotics ROBOTC PLTW template

VEX Robotics Troubleshooting Flowchart

VEX Robotics ROBOTC Troubleshooting Guide

VEX Robotics Reference Guide
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PLTW GATEWAY

Activity 1.1A

Sandwich Algorithm
Introduction

An algorithm is a procedure or formula for solving a problem. A computer program can be viewed
as an elaborate algorithm. In mathematics and computer science, an algorithm usually involves a
small procedure that solves a recurrent problem.

In this activity you will write the steps to solve the recurrent problem of how to make the perfect
sandwich.

Equipment

Sandwich ingredients

Bread

Butter knives

Paper plates

Food service gloves

Resources

Automation and Robotics

Procedure

1. Write in detail the steps necessary to make a sandwich with the ingredients provided by your
teacher. Assume the person who will make the sandwich has never made a sandwich.

2. Your teacher will assign you a partner when you have finished writing the algorithm. At that
time you will read to your partner the steps to make the sandwich. Your partner will follow the
steps exactly and then share the sandwich with you including the steps to cut and share the
sandwich.

3. Mark a step as completed after your partner performs a step. This will help you follow the
process as your classmate makes a sandwich.
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4. If your partner does what your direction says but it is not what you meant, you may correct
your partner and write the corrected step in the second chart. Read the corrected step to your
partner before continuing.

Step # Direction Completed
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Step # Corrected Direction
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Conclusion

1. Did your partner make the sandwich exactly like you expected? What was different (if
anything)?

2. What could you have done differently with your first set of instructions so that your sandwich
was made better by your partner?

3. What could your partner have done differently so that your sandwich was made better?

4. Which is an easier task for you, writing directions or following them? Why?

5. What guidance would you suggest for writing better instructions?

6. Why do you think good communication skills are necessary for engineers?
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Automation and Robotics

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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PLTW GATEWAY

Activity 1.1B

VEX Build
Introduction

An algorithm is a procedure or formula for solving a problem. A computer program can be viewed
as an elaborate algorithm. In mathematics and computer science, an algorithm usually involves a
small procedure that solves a recurrent problem.

In this activity you will build a VEX® model and then communicate to a partner exactly how to build
the same model, given the same pieces.

Equipment

VEX® structure and motion pieces, no more than 10 structure or motion pieces and 10
screws, nuts and washers, or rivets

Storage bags

Procedure

1. Using only the required number of VEX® pieces, build a model.

2. Do not show the model to your partner.

3. Sit with your back to your partner. Your partner should have a bag of VEX® components that
matches the components you used for your model.

4. Verbally instruction your partner to build a model that exactly matches your model.

5. Compare your model to the one that your partner built.

Conclusion

1. Did your partner make the model exactly as you expected?
2. If you had written directions, what could you have done differently to ensure that the models

built were more consistent?
3. What could your partner have done differently to ensure that your model matched theirs?
4. Which is an easier task for you, giving directions or following them? Why?
5. Why do you think good communication skills are necessary for engineers?
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PLTW GATEWAY

Activity 1.2

What Do We Use Robots For?
Introduction

Robots are powerful machines that give us access to places that are otherwise inaccessible to
humans and perform tasks that are dangerous or tedious. In this activity you will explore the field of
robotics through your own research.

Resources

Activity 1.2 Rubric

Understanding Robots 

Procedure
Your teacher will divide your class into several groups. Each group will research and present to the
class information about the use of their assigned robot in today’s society. Your group will have two
days to research and prepare a presentation that includes the following information.

1. What task does the robot perform? What human function or task does this robot simulate?

2. Where is the robot used? What is its work envelope (how many degrees of freedom or flexible
joints does it have)?

3. Is the robotic end effector multi-functional? If so, what other tasks can it perform?

4. How is the robot taught to perform its task?

5. What sensors does the robot have and how does the robot use these sensors?

6. Name some advantages and disadvantages of using a robot to complete this task.

7. Describe the impact that this robot has had or could have on its intended audience.

8. What type of jobs/careers did the creation of this robot provide for employment for people?

9. Predict and explain how this robot may be altered to perform more or different tasks in the
future.

10. Include sketches, pictures, and/or video of the robot performing its task in your presentation.
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After listening to your classmates’ presentations, write a paragraph to summarize what you learned
about the various robots.

Conclusion

1. Based upon the information shared in the presentations, which robot do you think will have the
most significant impact on humans and why?

2. What concerns do you have about the future use of robots in our society?

3. What do you think about “giving up” control to a machine?
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Activity 1.2 What Do We Use Robots For?
Rubric

Elements 5 Points 4 Points 3 Points 2 Points 1-0 Points

Content

The
information
included is
accurate and
completely
addresses
each
component of
the assigned
topic or
research
question.

The
information
included
adequately
addresses
each
component of
the assigned
topic or
research
question.

The
information
included
inadequately
addresses
the assigned
topic or
research
question.
The
information
included is
sometimes
inaccurate.

The
information
included
does not
address the
assigned
topic or
research.

There is no
evidence of
accurate
content
information.

Organization

The
presentation
content is
organized.
The required
information is
easy to locate.

The
presentation
content has
been mostly
organized
using a logical
sequence, but
some flaws
exist. The
required
information is
generally easy
to locate.

The
presentation
content has
been
organized
using a
somewhat
logical
sequence.
The
presentation
is sometimes
confusing.

The
presentation
content is
disorganized.
The required
information is
difficult to
locate.

The
presentation
includes little
to no evidence
of
organization.

Delivery

The presenter
effectively and
creatively
delivers the
information
while staying
on topic. The
presenter
appears
relaxed and
self-confident.
Body
language,
voice
modulation,
and eye
contact are
effectively
used.

The presenter
adequately
delivers the
information
while staying
on topic. The
presenter
appears
relaxed and
self-confident.
Body
language,
voice
modulation,
and eye
contact are
mostly
appropriate.

The
presenter
delivers the
information
but does not
stay on topic.
The
presenter
appears
tense or
nervous.
Body
language,
voice
modulation,
and eye
contact are
inappropriate
or lacking.

The
presenter
omits
important
information
and does not
stay on topic.
The
presenter
appears
tense or
nervous.
Body
language,
voice
modulation,
and eye
contact are
inappropriate
or lacking.

The presenter
does not
effectively
deliver the
necessary
information.

The student
consistently
listens to all
team

The student
generally
listens to team
members,

The student
does not
always
effectively
listen to team

The student
does not
listen to other
team
members,
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Cooperation
and

Teamwork

members,
respects
varying
opinions,
communicates
ideas and
opinions
effectively,
and engages
in
compromise.

respects
varying
opinions,
communicates
ideas and
opinions
effectively,
and engages
in
compromise.

members or
show respect
for varying
opinions. The
student does
not always
communicate
ideas and
opinions or
engage in
compromise.

does not
show respect
for varying
opinions, and
does not
effectively
communicate
ideas and
opinions or
engage in
compromise.

The student
shows little to
no evidence of
communication
or cooperation.
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PLTW GATEWAY

Activity 2.1

Observing Mechanisms
Introduction

A mechanism is a device that transmits motion so that the motion is different than the input motion.
It can be used to change the direction, speed, force, or type of movement. When you are riding a
multi-speed bicycle up a steep hill, what do you do when the bike slows down? Most likely you shift
to a new gear to get more power with the same amount of effort. Can you think of other examples
where force or torque is changed to make a task easier?

This need to change speed and torque is a problem common to machine tools, robots, automobiles,
and airplanes. In this activity you will study several techniques developed over the centuries to
accomplish this task.

Resources

Mechanisms Toy Box

Procedure
A gear train is a mechanism used for transmitting rotary motion and torque.
Gears transmit rotary motion through interlocking teeth. A gear train is made
when two or more gears are meshed.

Meshed gears always turn in opposite directions.

Gear ratios compare the driven gear to the drive gear.

If the input (drive) gear completes four revolutions for every one completed by
the output (driven) gear, then the gear ratio is:

Gear Ratios can be determined using number (n) of teeth on the gear or diameter (d) of the gear
Copyright © 2017 Project Lead The Way, Inc. All rights reserved.



A force is a push or pull in a straight line.

Torque is a push or pull in a circular direction.

1. Gears turn in a circular direction. There is an inverse relationship between torque and speed
in gearing. A twenty seven-speed bicycle has 27 different gear selections. When you pedal up
a hill, you use a gear train that provides more torque (turning force) but, in doing so, less
speed.

When you pedal on flat land, you use a gear train that provides more speed, but in doing so,
less torque within the gear. When pedaling up a hill, we trade off speed for torque. In other
words a reduction in speed is a trade-off to increase torque and make pedaling easier.

The drive gear is the input gear; the driven gear is the output gear. Label the drive and
driven gears in the two diagrams below.
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The gear train in which diagram provides more torque? 

The gear train in which diagram provides more speed? 

Which gear train would you use to ride up a hill? 

2. Fill in the chart below to show the relationship between torque and speed in gear trains.

What happens to speed
when you increase torque?

What happens to torque
when you increase speed?

Gear Size

As the size of the driven gear decreases in relation to the size of the drive gear, output
speed increases.

As the size of the driven gear increases in relation to the size of the drive gear, output
torque increases.

3. Complete the chart below. Show the relationship between drive gear and driven gear in a
simple gear train.

 Driven Gear Size

To Increase Torque

To Increase Speed

4. Calculate the following gear ratios.
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# Teeth
Input
Gear

# Teeth
Output
Gear

Gear
Ratio Explanation

8 40
40:8
Or
5:1

The input (drive) gear must turn 5 times to move the
output (driven) gear once. Torque increases.

36 4

6 48

16 20

Types of Movement

A mechanism is a device that transmits the flow of power from the input movement to the
output movement. Examine the Rube Goldberg cartoon. Find the input and locate the different
mechanisms until you reach the final output of the cartoon.

Mechanisms can change direction, speed, and force or torque. They can also be used to
change the type of movement. There are four types of movement.

Rotary Around in a circle

Oscillating Back and forth in an arc
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Linear Straight in one direction

Reciprocating Back and forth in a straight
line

5. List 6 different mechanisms in the Rube Goldberg cartoon and predict the purpose of each.
Does the mechanism change speed, force, torque, direction, or type of movement?

Mechanism Location Purpose

Conclusion

1. Label the input and output for each of the pictures shown below. Then write the type of
movement for each.
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Mechanisms Toy Box

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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PLTW GATEWAY

Activity 2.2

Mechanical Gears
Introduction

What do a guitar, a bicycle, an eggbeater, and a sewing machine have in common? They all use
gears to increase, decrease, or redirect power. Gears come in all sizes. A mechanical wind-up
watch has very small gears, while the gears used to lift a bridge to allow ships to pass underneath
are huge. Different gear configurations are used for different purposes.

In this activity you and your classmates will build gear assemblies and observe how they are used.
This information will come in handy when your class designs and builds an automated factory
assembly line.

Equipment

Ruler

VEX parts

Digital camera (optional)

Resources

Building with VEX

Mechanisms

Activity 2.2 Mechanical Gears Review

Mechanisms Review Game

Procedure
Complete the following assemblies using the VEX kit provided. You may vary from the original
design as long as the finished product still performs the desired outcome. Have your teacher review
your checklist after you complete each assembly, and then answer the questions beside the
diagram in your Gateway notebook before going on to the next mechanism. All questions should be
answered in complete sentences that include the question in your answer.

If you are provided with a digital camera, take pictures of each of your completed assemblies and
place them in your notebook.
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Gear Train A Gear Train A

Many, but not all, of the models are built on top of a baseplate
using C channel, steel plate, five 1-inch standoffs and thirteen
screws and three nuts, as shown to the right.

It is not necessary for all models to look exactly like the image,
as long as the mechanism works correctly.

Simple Gear Train

1. What is the relationship of the input shaft compared to the output shaft?

2. Identify the drive and driven gears.

3. In gear train A, is the speed increased, decreased, or constant?

4. In gear train B, is the speed increased, decreased, or constant?
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Gear Train B

5. In gear train A, is the torque increased, decreased, or constant?

6. In gear train B, is the torque increased, decreased, or constant?

7. What is the gear ratio of gear train A?

8. What is the gear ratio of gear train B?

9. Is the flow of power reversible? (Can you make the input shaft turn by turning the output
shaft?)

10. Do the gears move in the same or in the opposite direction?

11. List an example where this mechanism might be used.

Simple Gear Train with Idler

1. What is the relationship of the input shaft compared to the output shaft?

2. Label the drive, driven, and idler gear.

3. Is the speed increased, decreased, or constant?

4. Is the torque increased, decreased, or constant?

5. What is the gear ratio?

6. Is the flow of power reversible e.g. can you make the input shaft turn by turning the output
shaft?
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7. What is the direction of travel between the input and output gears?

8. Predict what the direction of travel would be between the input and output gears if the idler
gear was eliminated from the mechanism.

9. List an example where this mechanism might be used. A helpful search term is idler gear.

Bevel Gear Assembly

1. What is the angle of the input shaft compared to the output shaft?

2. Is the speed increased, decreased, or constant?

3. Is the torque increased, decreased, or constant?

4. If the input gear was larger than the output gear, how would that affect the speed and torque?

5. What is the gear ratio?

6. Is the flow of power reversible? (Can you make the input shaft turn by turning the output
shaft?)

7. List an example where this mechanism might be used. A helpful search term is bevel gear.

Worm and Wheel
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1. What is the angle of the input shaft compared to the output shaft?

2. Is the speed increased, decreased, or constant?

3. Is the torque increased, decreased, or constant?

4. Label the worm and wheel gears.

5. What is the gear ratio?

6. Is the flow of power reversible? (Can you make the input shaft turn by turning the output
shaft?)

7. Is the direction of travel reversible? (Does the mechanism still work if the input shaft is turned
in the opposite direction?)

8. List an example where this mechanism might be used. A helpful search term is worm gear.

Leadscrew

1. What is the type of input movement? (rotary, reciprocating, or linear)

2. What is the type of output movement? (rotary, reciprocating, or linear)

3. How many revolutions of the crank are needed to move the screw block 1 inch?
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4. Is the flow of power reversible? (Can you make the lead screw turn by pushing the screw
block?)

5. Which is increased in the output? Force or speed?

6. Is the direction of travel reversible? (Does the mechanism still work if the crank is turned in the
opposite direction?)

7. List an example where this mechanism might be used. A helpful search term is lead screw.

Rack and Pinion

1. What is the type of input movement? (rotary or linear)

2. What is the type of output movement?

3. Label the rack gear and pinion gear.

4. If the diameter of the pinion gear were increased, would the rack move a shorter or longer
distance with one revolution of the axle?

5. Is the flow of power reversible e.g. can you make the input shaft turn by sliding the output
shaft?

6. Is the direction of travel reversible e.g. does the mechanism still work if the input shaft is
turned in the opposite direction?

7. List an example where this mechanism might be used.

Universal Joint
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Chain Drive A. Chain Drive B.

1. What is the angular range between the input shaft and the output shaft in which this
mechanism will work?

2. Is the speed increased, decreased, or constant?

3. Is the torque increased, decreased, or constant?

4. What is the speed ratio of the input shaft to the output shaft?

5. Is the flow of power reversible e.g. can you make the input shaft turn by turning the output
shaft?

6. Do the input and output shafts turn in the same direction?

7. List an example where this mechanism might be used. A helpful search term is universal
joint.

Chain Drive

1. Label the drive and driven gears.

2. What is the angle of the input shaft compared to the output shaft?

3. In gear train A, is the speed increased, decreased, or constant?

4. In gear train A, is the torque increased, decreased, or constant?

5. In gear train A, what is the input to output ratio?
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6. What happens to speed, torque, and gear ratio if the smaller gear becomes the drive gear
which is shown labeled as image B?

7. Does the input shaft turn in the same or opposite direction of the output shaft which is shown
labeled as image A?

8. List an example of where this mechanism might be used. A helpful search term is chain drive.

9. What is the advantage of using a chain drive over spur gears?

Belt Drive

1. Label the drive and driven pulleys.

2. What is the angle of the input shaft compared to the output shaft?

3. Is the speed increased, decreased, or constant?

4. Is the torque increased, decreased, or constant?

5. What is the input to output ratio e.g. measure the number of rotations on the driven and driving
axles?

6. What happens to speed and torque if the drive pulley is larger?

7. Does the input shaft turn in the same or in the opposite direction of the output shaft?

8. What happens if the belt is crossed?

9. List an example of where this mechanism might be used.

10. Why would you use a belt drive instead of a chain drive?

Note: Use double-sided tape to create friction between pulley wheels and shaft collars as shown.
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Crank and Slider

1. Label the crank and slide

2. The input to this system is what type of motion e.g. rotary, reciprocating, or linear?

3. The output of this system is what type of motion e.g. rotary, reciprocating, or linear?

4. How far does the slider move with each revolution of the crank?

5. If the diameter of the crank gear were increased, would the slider move a shorter or longer
distance?

6. Is the flow of power reversible e.g. can you make the crank gear turn by pushing the slider?

7. List an example of where this mechanism might be used. A helpful search term is crank and
slider.

Cam and Follower

1. Label the Cam and Follower

2. What is the type of input movement e.g. rotary, reciprocating, or linear?

3. What is the type of output movement?

4. How many times does the follower move up and down with one revolution of the crank?

5. Is the flow of power reversible e.g. can you make the crank turn by pushing the follower?
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6. Is the direction of travel reversible e.g. does the mechanism still work if the crank is turned in
the opposite direction?

7. List an example where this mechanism might be used. A helpful search term is camshaft.

Conclusion

1. Which mechanisms can increase speed?

2. Which mechanisms can increase torque?

3. Which mechanisms allow the reversal of power?
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Building with VEX
Robot Design

Every robot is designed with a purpose in mind. After determining this sometimes difficult step, 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. Inspiration can come from
many sources, so good designers are always looking for ideas. Improving an existing design or
refining a previously used mechanism can be a powerful process. Working in teams to bounce
ideas off of another designer can often stimulate creativity and that collaboration with others can
improve a design.

Design is an Iterative Process

The most important thing to remember about building using the VEX Robotics Design System 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. The VEX Robotics Design System is 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.

Introduction to the 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 in the VEX Design System, including all metal components and hardware
pieces. These pieces connect together to form the “skeleton” or frame of the robot.

In the VEX Robotics Design System, the majority of the components in the Structure Subsystem are
made from bent sheet metal.

These pieces (either aluminum or steel) come in
a variety of shapes and sizes and are suited to
different functions on a robot. Different types of
parts are designed for different applications.

The VEX structural pieces all contain square
holes (0.182 in. square) on a standardized ½ in.
grid. This standardized hole spacing allows for
VEX parts to be connected in almost any
configuration. The smaller diamond holes are
there to help users cut pieces using tin snips or fine-toothed hacksaws without leaving sharp
corners.
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VEX square holes are also used as alignment
features on some components. These pieces will
snap in place into the square holes. For example,
when mounting a VEX Bearing Flat, the small
tabs will stick through the square hole and hold it
perfectly in alignment. This allows for good
placement of components with key alignment
requirements (it would be bad if a bearing slipped
out of place). Note that hardware is still required
to hold the Bearing Flat onto a structural piece.

Hardware is an important part of the Structure
Subsystem. Metal components can be directly

attached together using the 8-32 screws and nuts
which are standard in the VEX kit. The 8-32
screws fit through the standard VEX square
holes. These screws come in a variety of lengths
and can be used to attach multiple thicknesses of
metal together or to mount other components
onto the VEX structural pieces. Allen wrenches
and other tools are used to tighten or loosen the
hardware.

Note: There are two types of screws that are part
of the VEX Robotics Design System.

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

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

Hint:
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Attach components together with multiple screws
from different directions to keep structural
members aligned correctly and for maximum
strength.

When using screws to attach parts, there are
three types of nuts which can be used.

Nylock nuts have a plastic insert in them which will prevent them from unscrewing. These are
harder to install, as you need to use an open-ended wrench to tighten them up. These nuts will
not come off due to vibration or movement.

KEPS nuts have a ring of “teeth” on one side of them. These teeth will grip the piece they are
being installed on. This means you do not NEED to use an open-ended wrench to tighten
them (but it is still recommended). These nuts are installed with the teeth facing the structure.
These nuts can loosen up over time if not properly tightened; however, they will work great in
most applications.

Regular nuts have no locking feature. These basic hex nuts require a wrench to install and
may loosen up over time, especially when under vibration or movement. They are very thin
and can be used in some locations where it is not practical to use a Nylock or KEPS nut.

WARNING:
It is important to be careful when tightening screws. The allen
wrenches may round or “strip out” the socket on the head of the
screw if they are not fully inserted into the socket. Use care when
tightening screws to prevent stripping out the head of the screw.

Components
can also be offset from each other using 8-32
threaded standoffs; these standoffs come in a
variety of lengths and add great versatility to the
VEX kit. These standoffs work great for mounting
components in the VEX system as well as for
creating structural beams of great strength.

One of the key features of many VEX structural
parts is their bend-able and cut-able nature.
Users can easily modify many of these structural
parts into new configurations better suited for
their current needs. Flat plates can be bent into
brackets. Many metal components can be cut to
custom lengths. These parts were designed to be
modified.

Note: It is almost impossible to fully flatten a
piece once it has been bent.

Copyright © 2017 Project Lead The Way, Inc. All rights reserved.



The VEX structural components come in a variety
of shapes and sizes. Each of these structural
shapes may be strong in some ways but weak in
others. It is very easy to bend a piece of VEX Bar
in one orientation, but it is almost impossible to
bend it when it is in another orientation. Applying
this type of knowledge is the basis of structural
engineering. Experiment with each piece and see
how it can be used to create an extremely strong
robot frame.
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When designing a robot’s structure, it is important to think about making it strong and robust while
still trying to keep it as lightweight as possible. Sometimes overbuilding can be just as detrimental
as underbuilding. The frame is the skeleton of the robot and should be designed to be integrated
cleanly with the robot’s other components. The overall robot design should dictate the chassis,
frame, and structural design; not vice-versa.

Design is an iterative process; experiment to find out what works best for a given robot.

Introduction to the Motion Subsystem

The Motion Subsystem is comprised of the components in the VEX Robotics Design System which
make a robot move. These components are critical to every robot. The Motion Subsystem is tightly
integrated with the components of the Structure Subsystem in almost all robot designs. In the VEX
Robotics Design System, the motion components are all easily integrated. This makes it simple to
create very complex systems using the basic motion building blocks.

The most fundamental concept of the Motion Subsystem is the use
of a square shaft. Most of the VEX motion components use a
square hole in their hub which fits tightly on the square VEX shafts.
This square hole – square shaft system transmits torque without
using cumbersome collars or clamps to grip a round shaft.

The square shaft has rounded corners which allow it to spin easily
in a round hole. This allows the use of simple bearings made from
Delrin (a slippery plastic). The Delrin bearing will provide a low-
friction piece for the shafts to turn in.

These VEX Delrin bearings come in two types, the most common
of which is a Bearing Flat. The Bearing Flat mounts directly on a
piece of VEX structure and supports a shaft which runs

perpendicular and directly through the
structure.

Another type of bearing used in the VEX Motion Subsystem is a Bearing
Block; these are similar to the “pillowblocks” used in industry. The Bearing
Block mounts on a piece of structure and supports a shaft which is offset
above, below, or to the side of the structure.

Some bearings can be mounted to VEX structural components with
Bearing Pop Rivets. These rivets are pressed into place for quick
mounting. These Rivets are removable; pull out the center piece by pulling
up on the head of the Rivet to get it to
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release.

The VEX Motion Subsystem contains a variety of components
designed to help make robots mobile. This includes a variety of
wheel sizes, tank treads, and other options. Robots using these in
different configurations will have greatly varying performance
characteristics.

Tank Tread components and wheels can also be used to construct intake mechanisms and
conveyor belts. These are frequently used on competition robots.

When designing the Motion Subsystem of a robot, it is important to think about several factors:

First, it needs to be able to perform all moving functions of the robot.

Second, it needs to be robust enough to survive normal robot operation. It also needs to be
robust enough to survive some abnormal shock loads.

Copyright © 2017 Project Lead The Way, Inc. All rights reserved.



Third, it needs to be well integrated into the overall robot system.

The Motion Subsystem combines with the Structure Subsystem to form the primary physical parts of
the robot. The motion components will be used throughout a robot’s construction and will likely be
part of every major robot function. As such, this Subsystem needs to be well thought out in advance.
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Mechanisms

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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Project 2.3

Windmill Construction
Introduction

As you know from your science class or Energy and the
Environment unit, a windmill converts wind energy to a useful
mechanical energy. One real-world use of a windmill is to grind
grain into flour. The rotary movement of the sail, turned by the
wind, changes the direction of motion by 90º.

Equipment

VEX kits

Resources

2.2 Mechanism Review Game

Procedure
Using your knowledge of the mechanisms recently built in class, design and build a solution to
situation A, described below. Then modify your solution to solve the problems described in B. Each
of the situations requires a change in direction of motion by 90º but requires a different input/output
speed relationship. Each of the structures you build will need to incorporate a mechanism to change
the direction of output and possibly the input/output speed relationship. Your structure must be
stable, rigid, and must hold the gears in proper relationship to each other.

Sketch: Sketch what your first solution should look like. Label the input and output and present your
sketch to your instructor before you begin building.

1. The output speed and torque are equal to the input speed and torque. Mechanism’s name: 

2. The output speed is < (less than) the input speed, but the output torque is greater.
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Mechanism’s name: 

Conclusion

1. Which of the mechanisms that you have modeled in class can be used to:

Increase torque and decrease speed.

Increase speed and decrease torque.

Keep constant speed and torque.

Transmit rotary movement at a 90 degree angle.

Reverse the flow of power .

2. What is the purpose of an idler gear?
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Project 2.4

Pull Toy Construction
Introduction

A pull-toy is pulled along the ground and a movement
is produced, such as a head nods, a tail wags or a
figure bobs up and down. The pull-toys use
mechanisms to transfer energy from the wheels to
the characters that define them.

Equipment

VEX kits

Resources

Project 2.4 Rubric

Procedure
With your knowledge of mechanisms, you and a partner will use the design process to design and
build a mechanism or series of mechanisms that will meet the following criteria:

The mechanism is to be built entirely from VEX parts.

The mechanism is to be built on a small four wheel chassis capable of being pulled across a
smooth and level surface where the toy will move as a result of the movement of the wheels.
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A gear mechanism attached to the wheels will make another part of the pull toy move.

An illustration should be added to the output of the mechanism so as to simulate the toy.

Use the templates to document your design process.

Design Brief Template – Define the problem.

Decision Matrix Template – Decide which solution you will pursue (each student in the group
should sketch and annotate at least one idea).

My Design Process Solution – Describe what steps your group takes to solve the problem.

Conclusion

1. What would you have changed if you had time to redesign one part of your pull toy?

2. Which solution to the pull toy problem presented by another group was intriguing to you and
why?
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Project 2.4 Pull Toy Construction Rubric
Element 5 Points 4 Points 3 Points 2 Points 1-0 Points

Design
Brief

Design brief is
completed
and includes
all required
information,
including
client,
designer,
problem
statement,
design
statement,
constraints
and
deliverables.

Design brief is
80% complete.

Design brief is
50% complete

Design brief
is less than
50%
complete

Design brief is
less than 25%
complete or
missing.

Design
Process
Notes

The project
includes a
detailed step-
by-step
description of
the design
process.

The project
design process
notes do not
explain all
steps
thoroughly.

Some design
process notes
are missing or
incomplete.

The design
process
notes do not
describe
work done at
each step of
the design
process.

There is little
or no evidence
of design
process notes.

Research

Research is
documented
with
appropriate
citations.
Research
shows a
variety of
resources and
is not limited
to one or two
sources.

Research is
documented on
some topics.
One or two do
not have
proper citation
information.
Research is
limited to two
or three
resources.

Research is
randomly
completed
with little or no
documentation
of sources.

There is no
research
other than
what is
available
from the
textbook or
lecture notes.

There is little
or no evidence
of research in
the notebook.

Design
Sketches

Three
sketches are
complete and
annotated to
show all
important
information.
Heading
information is
complete and
accurate. All
designs are
unique and
are completed
in pencil.

One or two
sketches are
incomplete and
are missing
important
information,
such as
measurements.
Some heading
information is
incomplete or
inaccurate. All
designs are
unique and are
completed in
pencil.

Sketches are
missing more
than half of the
identification
of the
components.
More than half
of the heading
information is
not complete
or is not
accurate.

Sketches are
not complete.
Heading
information is
not complete
and is not
accurate.
Sketches are
not created
with pencil.

There is little
or no evidence
of sketches in
the notebook.

The decision
matrix is The decision The decision

The decision
matrix is
missing both The decision
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Decision
Making
Matrix

complete with
all criteria
listed and
each drawing
evaluated.
The student
can effectively
justify the final
decision.

matrix does not
evaluate the
required
number of
drawings. The
student can
justify the final
decision.

matrix criteria
are
incomplete.
The option
selected is not
clearly justified
using the
matrix.

criteria and
evaluations
of drawings.
The final
project
decision
cannot be
justified
using the
matrix.

matrix is
excessively
incomplete or
missing. The
final project
decision
cannot be
justified using
the matrix.

Prototypes

The final
product
exactly
matches the
final design.

A slight
difference
exists between
the final
product and
the final
design.

A significant
difference
exists between
the final
product and
the final
design, but an
attempt was
made to follow
the design.

A significant
difference
exists
between the
final product
and the final
design. No
apparent
attempt was
made to
follow the
design.

The pull toy
model is
excessively
incomplete or
is missing.

Test and
Evaluate

Students test
and evaluate
their
prototype,
make
modifications
if necessary,
and
thoroughly
document
changes.

Students test
and evaluate
their prototype,
make
modifications if
necessary, but
changes are
not
documented.

Students test
and evaluate
their prototype
and some
modifications
are completed,
but changes
are not
documented.

Students test
and evaluate
their
prototype,
modifications
are not
completed,
and changes
are not
documented.

Students do
not test and
evaluate their
prototype.

Teamwork

The student
consistently
listens to all
team
members,
respects
varying
opinions,
communicates
ideas and
opinions
effectively,
and engages
in
compromise.
Student
completes
their portion of
the project on
time.

The student
generally
listens to team
members,
respects
varying
opinions,
communicates
ideas and
opinions
effectively, and
engages in
compromise.
Student
completes their
portion of the
project on time.

The student
does not
always
effectively
listen to team
members or
show respect
for varying
opinions. The
student does
not always
communicate
ideas and
opinions or
engage in
compromise.
Student
completes
most of their
portion of the
project on
time.

The student
does not
listen to other
team
members,
does not
show respect
for varying
opinions, and
does not
effectively
communicate
ideas and
opinions or
engage in
compromise.
Student
completes
some of their
portion of the
project on
time.

The student
shows little to
no evidence of
communication
or cooperation.
Student does
not complete
their portion of
the project on
time.
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Project 2.5

Survival Challenge
Introduction

Imagine that the year is 2201. The Earth as we know it no longer exists. Through a
catastrophic event the human race has nearly ceased to exist. A multi-discipline group have
survived and need to rebuild our civilization using only recycled materials that can be scavenged
from the existing environment.

In this challenge you are an engineer on a team who will create mechanical systems to will help
rebuild our civilization.

Equipment

VEX parts

Resources

Project 2.5 Rubric

Procedure
Your teacher will divide your class into the groups that will solve the Survival Challenge. Using the
knowledge acquired while building the mechanical gears, design and build a model for one of the
following tasks. Use the templates to document your design process.

Design Brief Template – Define the problem.

Decision Matrix Template – Decide which solution you will pursue (each student in the group
should sketch and annotate at least one idea).

My Design Process Solution – Describe what steps your group takes to solve the problem.

All of the listed requirements must be met. To survive, your class will need to complete all of the
tasks below. Be creative, but complete the tasks.

Task 1: The surviving group needs a vehicle that will take them over the rough terrain to
search for other survivors and to collect data.
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Requirements:

Needs to travel over rough terrain.

Needs to use a universal joint.

Must be able to switch from two-wheel drive to four-wheel drive.

Task 2: The surviving group needs a machine that will rotate a solar collection dish from inside
their labs. The machine must be located outside the building and around the corner.

Requirements:

Needs to have a minimum gear ratio of 1:5 or 5:1.

Must be located around a corner.

Needs to be angled toward the sun.

Must be able to follow the sun.

Task 3: Doctors need a machine to move all of their operating equipment and generators, at
one time, from room to room. Some of these rooms are on the second floor, so the machine
should be able to traverse both horizontally and vertically. One of the pieces of equipment is
an old radio now used to regulate heartbeats, called a cardioregulator.

Requirements:

Must move all of the equipment at once.

Must create a cardioregulator.

The equipment is very heavy. The machine can move slowly, but it must be
capable of carrying a lot of weight.

Task 4: For all members to survive, they must have food, water, and shelter. This means
pumping water from the ground, cutting wood for building, and grinding grain for flour to eat.

Requirements:

Must create one machine that will perform all three tasks.

Copyright © 2017 Project Lead The Way, Inc. All rights reserved.



Must have only one input to run all devices in order to save energy.

Must be no larger than 10 in. x 10 in.

Conclusion

1. What would you have changed if you had time to redesign one part of your device?

2. Which solution to a task presented by another group was intriguing to you and why?
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Project 2.5 Survival Challenge Grading Rubric
Element 5 Points 4 Points 3 Points 2 Points 1-0 Points

Design
Brief

Design brief is
completed
and includes
all required
information,
including
client,
designer,
problem
statement,
design
statement,
constraints
and
deliverables.

Design brief is
80% complete.

Design brief is
50% complete

Design brief
is less than
50%
complete

Design brief is
less than 25%
complete or
missing.

Design
Process
Notes

The project
includes a
detailed step-
by-step
description of
the design
process.

The project
design process
notes do not
explain all
steps
thoroughly.

Some design
process notes
are missing or
incomplete.

The design
process
notes do not
describe
work done at
each step of
the design
process.

There is little
or no evidence
of design
process notes.

Research

Research is
documented
with
appropriate
citations.
Research
shows a
variety of
resources and
is not limited
to one or two
sources.

Research is
documented on
some topics.
One or two do
not have
proper citation
information.
Research is
limited to two
or three
resources.

Research is
randomly
completed
with little or no
documentation
of sources.

There is no
research
other than
what is
available
from the
textbook or
lecture notes.

There is little
or no evidence
of research in
the notebook.

Design
Sketches

Three
sketches are
complete and
annotated to
show all
important
information.
Heading
information is
complete and
accurate. All
designs are
unique and
are completed
in pencil.

One or two
sketches are
not complete
and are
missing
important
information,
such as
measurements.
Some heading
information is
incomplete or
inaccurate. All
designs are
unique and are
completed in
pencil.

Sketches are
missing more
than half of the
identification
of the
components.
More than half
of the heading
information is
not complete
or is not
accurate.

Sketches are
not complete.
Heading
information is
not complete
and is not
accurate.
Sketches are
not created
with pencil.

There is little
or no evidence
of sketches in
the notebook.

The decision
The decision
matrix is
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Decision
Making
Matrix

matrix is
complete with
all criteria
listed and
each drawing
evaluated.
The student
can effectively
justify the final
decision.

The decision
matrix does not
evaluate the
required
number of
drawings. The
student can
justify the final
decision.

The decision
matrix criteria
are
incomplete.
The option
selected is not
clearly justified
using the
matrix.

missing both
criteria and
evaluations
of drawings.
The final
project
decision
cannot be
justified
using the
matrix.

The decision
matrix is
excessively
incomplete or
missing. The
final project
decision
cannot be
justified using
the matrix.

Prototypes

The final
product
exactly
matches the
final design.

A slight
difference
exists between
the final
product and
the final
design.

A significant
difference
exists between
the final
product and
the final
design, but an
attempt was
made to follow
the design.

A significant
difference
exists
between the
final product
and the final
design. No
apparent
attempt was
made to
follow the
design.

The final
model is
excessively
incomplete or
is missing.

Test and
Evaluate

Students test
and evaluate
their
prototype,
make
modifications
if necessary,
and
thoroughly
document
changes.

Students test
and evaluate
their prototype
and make
modifications if
necessary, but
changes are
not
documented.

Students test
and evaluate
their prototype
and some
modifications
are completed,
but changes
are not
documented.

Students test
and evaluate
their
prototype,
modifications
are not
completed,
and changes
are not
documented.

Students do
not test and
evaluate their
prototype.

Teamwork

The student
consistently
listens to all
team
members,
respects
varying
opinions,
communicates
ideas and
opinions
effectively,
and engages
in
compromise.
Student
completes
their portion of
the project on
time.

The student
generally
listens to team
members,
respects
varying
opinions,
communicates
ideas and
opinions
effectively, and
engages in
compromise.
Student
completes their
portion of the
project on time.

The student
does not
always
effectively
listen to team
members or
show respect
for varying
opinions. The
student does
not always
communicate
ideas and
opinions or
engage in
compromise.
Student
completes
most of their
portion of the
project on
time.

The student
does not
listen to other
team
members,
does not
show respect
for varying
opinions, and
does not
effectively
communicate
ideas and
opinions or
engage in
compromise.
Student
completes
some of their
portion of the
project on
time.

The student
shows little to
no evidence of
communication
or cooperation.
Student does
not complete
their portion of
the project on
time.
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Time:

1. 

2. 

3. 

4. 

5. 

Capital:

1. 

2. 

3. 

4. 

5. 

Energy:

1. 

2. 

3. 

4. 

5. 

Materials:

1. 

2. 

3. 

4. 

5. 

Information:

1. 

People:

1. 

Tools and Machines:

1. 

PLTW GATEWAY

Activity 3.1

“Beef” Up Your Technological Resources
Understanding
Introduction

In order to produce hamburger or any other product, we could use the seven Technological
resources shown in the presentation. How would hamburger restaurant use each of the
technological resources to produce the hamburger?

Resources

Technological Systems

Procedure
For each resource, list five examples of how it would be used to produce hamburger. Think outside
of the “hamburger” box!
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2. 

3. 

4. 

5. 

2. 

3. 

4. 

5. 

2. 

3. 

4. 

5. 

Conclusion

1. Pick any other technological system that you are familiar with and list the seven resources
used in that system.

2. Name a technological system that doesn’t use one or more of the technological resources.
Explain your reasoning.
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Technological Systems

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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Activity 3.2

Robot Behaviors and Writing Pseudocode
Introduction

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. We are concerned with
three main types of behaviors: basic behaviors, simple behaviors, and complex behaviors.

Basic Behaviors
Example: Turn on Motor Port 3 at half power
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.

Simple Behaviors
Example: Move forward for 2 seconds
Simple behaviors are small, bite-sized 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 but small enough that
you can program them easily using basic ROBOTC commands.

Complex Behaviors
Example: Follow a defined path through an entire maze
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.

The most important idea in behaviors is that they can be built up or broken down into other
Copyright © 2017 Project Lead The Way, Inc. All rights reserved.



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.

Sometimes it can be difficult to tell whether a behavior is simple or complex. Some programs are so
complex they need multiple layers of simple behaviors before they reach the basic ones! Basic,
Simple, and Complex are categories of behaviors which are meant to help you think about the
structure of programs. They are points of reference in the world of behaviors. Use these distinctions
to help you, but don’t worry if your complex behavior suddenly becomes a simple part of your
program.

Pseudocode is a compact and informal description of a computer program. It is a hybrid language
which combines the features of the programming language with the native language of the person
writing the program. Emphasis is placed on expressing the behavior or outcome of each portion of
code rather than on strictly correct syntax (it does still need to be reasonable, though). 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.

Below is some pseudocode written for a program which moves a chair up when a touch sensor is
pressed and then determines whether it should move up or down based on its current location. This
pseudocode example includes elements of both the programming language and the English
language. Curly braces are used as a visual aid indicating where portions of code need to be placed
when they are finally written out in full and proper syntax.
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In this activity you will practice writing behaviors and pseudocode for projects you will build in future
classes.

Resources

Sketching Review

Connecting VEX to ROBOTC

3.2.A Gateway VEX Testbed

Procedure
Complete the chart below by writing the basic, simple, and complex behaviors for this mobile robot:
When a pushbutton is pressed, a mobile robot will go as fast as possible for 20 feet (takes 10
seconds) and then stop.

Complex Behaviors Simple Behaviors Basic Behaviors
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Now fill in the template below to write the pseudocode for this mobile robot: When a pushbutton is
pressed, a mobile robot will go as fast as possible for 20 feet (takes 10 seconds) and then stop.

Pseudocode:

/*

    {

    }

*/

Conclusion

1. List at least five smaller behaviors you could break the complex behavior “brushing my teeth”
into.

2. Why is it important to think of a computer program as a set of basic, simple, and complex
behaviors that a robot needs to follow?

3. What is the purpose of a set of curly braces { } in a ROBOTC computer program?

4. What is the role of a programmer?
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Sketching Review

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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Connecting VEX to ROBOTC

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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Activity 3.3

Using ROBOTC
Introduction

ROBOTC is a C-based programming language for robots. When used with the VEX® platform,
ROBOTC can provide hours of creative and educational fun. ROBOTC includes real-time syntax
checking, compiling and contextual help, and auto-completion of functions and variables. It has a
debugger, allowing you to step through your program, set break points, and track variables or
watch the code execute on your VEX® model. The Natural Language PLTW programming platform
will make communicating with your robots relatively easy.

Resources

Introduction to ROBOTC

Procedure
Complete the following questions while watching videos and demonstrations by your teacher.

ROBOTC Rules Part 1

1. What is code?

2. Is Task main the same as task main in ROBOTC?

3. What does it mean when a word appears in color when typed in ROBOTC?

4. Give an example of a simple statement.

5. After a simple statement has been run, what statement does ROBOTC run next?

6. What happens when a program has run all available statements?

7. How does ROBOTC know where one statement ends and the next begins?

8. What purpose do tabs, spaces, and line breaks serve in ROBOTC?

ROBOTC Rules Part 2
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9. Identify the paired punctuation in the command

motor[port2] = 127;

What is the function of the punctuation pair you identified?

10. What is the difference between a simple statement and a control statement?

11. What special symbols mark a single-line comment?

12. What special symbols mark a multi-line comment?

Introduction to ROBOTC Presentation

13. Describe four of the Natural Language commands found in the Function Library.

14. What information can be found under the Help menu?

15. What information is stored in the Motors and Sensors Setup menu?

16. Why is it important for the Motors and Sensors Setup and the Electrical Engineering
Schematic to match?

Conclusion

1. List the steps required to download the program from your computer to your VEX® model.

2. Describe what you will do in this project if you are performing the duties of the:

Mechanical Engineer:

Electrical Engineer:

Computer Engineer:

3. Which type of engineer’s duties are you most looking forward to performing during this
project? Why?
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Introduction to ROBOTC

Refer to your downloadable resources for this material. Interactive content
may not be available in the PDF edition of this course.
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Project 3.4

Automation Through Programming
Introduction

Now you can apply what you learned about hardware and software to solve a problem. In this
project you will work in a team to create a solution to a mission.

Equipment

VEX parts

Computer with ROBOTC program installed

Computer with a CAD software installed (optional)

Problem sheets

Resources

3.4.a.P Programming Lab Sheets

3.4.b.P Automation Task Check Off

Procedure

1. Your teacher will help divide your class into groups of approximately three students.

2. Read over the missions and discuss who will assume the primary responsibility for the
engineering jobs. The duties are specified on each problem sheet. Everyone on the team will
take part in all phases of the design process, but one person will be primarily responsible to
see that the job gets done. Each team member is expected to complete and submit for
evaluation a problem sheet for each task. The three engineering jobs should be changed for
each task so that everyone has the opportunity to experience all three types of jobs.

Mechanical Engineer

Electrical Engineer

Computer Engineer
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3. Begin working on the missions. Make sure to document your design process in your Gateway
notebook and complete the problem sheets provided by your teacher. Your teacher may
require you to use a CAD program to create a model at least one of your solutions. Keep up
with your progress on the problem check-off sheet.

Task #1 – Spinning Sign
Mission: 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 for outside your shop. To conserve energy, you must install a stop
switch for the sign when the business is closed. This stop system
should be able to be engaged by a person on the ground away from
the sign.

Bonus: Add a second switch to turn the sign back on.

Duty Titles and Descriptions

Mechanical Engineer: You must design a mechanism (not just a slower speed on the motor) that
will rotate a sign at a slow speed. Sketch your solution on the lab sheet in the mechanical
engineering section, label all sensors and motors.

Electrical Engineer: You should assist the mechanical engineer in the placement of the motor and
switch(es). Once these components are placed, connect the motor and switch(es) to the
microcontroller using wires. Complete the wiring diagram on the lab sheet.

Computer Engineer: While the other engineers are busy working, you must write a program that
will control the sign. The program should cause the sign to rotate when the program is started and
stop the rotation when the switch is pressed and the business is closed. Don’t forget that the
purpose of the sign is for people to read it. If the sign rotates too quickly, it will be difficult for
potential customers to read.Open the PLTW Template and Save As SpinningSign to your directory.
Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program
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Print and attach to the lab sheet. Show your completed Spinning Sign to your instructor when you
turn in your lab sheets.

Task #2 – Robot Drag Race

Mission: Your team’s challenge is to create a
robot which can cross a 20 ft distance in the least
amount of time possible when a pushbutton
switch is pressed to start it. You can race multiple

robots built by other teams against each other or play against the clock and keep track of your time
to see which team designs and builds the fastest robot.

Bonus: Program your robot dragster to stop as soon as it crosses the line at 20 ft.

Duty Titles and Descriptions

Mechanical Engineer: You must design a robot that will optimize drivetrain acceleration in a 20 ft
distance using no more than two motors. If the robot is geared too fast, it will accelerate slowly
which will cost it time. There is a balance between acceleration and top-speed which each team
must find. Experiment with the different tires and gears available. Sketch your solution on the lab
sheet in the mechanical engineering section, label all sensors and motors.

Electrical Engineer: You should assist the mechanical engineer in the placement of the motors and
sensors. Once these components are placed, connect the motor(s) to the microcontroller using the
attached wires. Complete the wiring diagram on the lab sheet.

Computer Engineer: While the other engineers are busy working, you must write a program that
will propel the robot forward as quick as possible. Open the PLTW Template and Save As
DragRace to your directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Drag Racing Robot to your instructor when
you turn in your lab sheets.
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Task #3 – Terry Traffic Tamer
Mission: Your mission is to install a traffic light control system that will enable
you to keep traffic moving smoothly. From your traffic control center, you see
on a video monitor that an ambulance is coming. Install a pushbutton switch to
reset the light program so that you can adjust the time for the red light to stay
on while the pushbutton is pressed to get the emergency vehicle safely through
the intersection.

Bonus: Use a timer to determine the light sequence location. When the
pushbutton is released the light sequence should immediately turn to green and
continue the sequence.

Duty Titles and Descriptions

Mechanical Engineer: You must build a model of a traffic light with green, yellow, and red lights.
When Terry presses and holds an emergency switch, the signal will change from green to yellow to
red. After the emergency vehicle has gone through the intersection, Terry should be able to release
the switch to turn the signal from red to green. Sketch your solution on the lab sheet in the
mechanical engineering section, label all sensors and motors.

Electrical Engineer: You must work with the mechanical engineer and computer engineer to wire
the three lights and pushbutton. Complete the wiring diagram on the lab sheet.

Computer Engineer: While the other engineers are busy working, you will write a program to
control the signal light. The program should be written so that the green light turns on when the
program is started. The red and green lights should each be on for 5 seconds, the yellow light for 1
second. Make sure only one light is on at a time. When an emergency switch is pressed, the yellow
to red light sequence should begin, and the red light should stay on while the button is pressed.
When the same switch is released, the light should change from red to green. Open the PLTW
Template and Save As TrafficLight to your directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Traffic Light project to your instructor when
you turn in your lab sheets.

Task # 4– Toll Booth
Mission: The local airport needs to place a toll booth gate at the exit. One
sensor will be needed to open, and one to close, the toll booth gate. A red
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light should be on when the gate is down or moving. When the vehicle goes
through the intersection the gates will be up and the light off.

Bonus: Add a green light to indicate that the car can go through the gate.

Duty Titles and Descriptions

Mechanical Engineer:

Your job will be to construct a motorized gate with a potentiometer that will rotate 90º. Sketch your
solution on the lab sheet in the mechanical engineering section, label all sensors and motors.

Electrical Engineer:

You will connect the sensors, light(s), motor and potentiometer to the microcontroller. Complete the
wiring diagram on the lab sheet.

Computer Engineer:

When designing the program, you must keep in mind the following:

1. The red light is on when the gate is moving down, when the gate is across the road and when
the gate is moving up.

2. The red light is off if the gate is in the upward position, if you are doing the BONUS project the
green light is on at this point so cars go through.

3. Pushbutton sensors are used to open and close the gate.

4. A potentiometer is used to rotate the gate 90º.

Open the PLTW Template and Save As TollBooth to your directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Toll Booth project to your instructor when
you turn in your lab sheets.

Task #5 – Grandma’s Chair
Mission: 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
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the stairs. Grandma needs to have a switch that is mounted on her chair to
start the ride up or down when she is settled in and ready.

Bonus: If the chair stops midway, always return the chair to the 1st floor
after Grandma pushes the button.

Bonus: Use LineFollower sensors to determine when the chair is at the top
and bottom of the stairs.

Duty Titles and Descriptions

Mechanical Engineer: You must design an elevator that Grandma can start that will automatically
travel from the first or second floor by converting rotary motion into linear motion. The angle of the
stairs is 30°. Sketch your solution on the lab sheet in the mechanical engineering section, label all
sensors and motors.

Electrical Engineer: You must work with the mechanical engineer and computer engineer when
wiring the limit switches, Grandma’s start/stop switch, and the elevator motor. Complete the wiring
diagram on the lab sheet.

Computer Engineer: While the other engineers are busy working, you must write a program that
will run the elevator up and down the stairs. Open the PLTW Template and Save As
GrandmasChair to your directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Grandma’s Chair to your instructor when
you turn in your lab sheets.

Task #6 – Tekrocks Bridge
Mission: 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
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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.

Duty Titles and Descriptions

Mechanical Engineer:

The bridge should be rotated by a motor. The rotational motion of this bridge should be slow and
controlled. You must simulate the land on each side of the river that the bridge will connect. Leave a
½ in. gap between the bridge and land. Sketch your solution on the lab sheet in the mechanical
engineering section, label all sensors and motors.

Electrical Engineer:

Your first mission will be to place two sensors on the bridge. One will be used to sense when the
bridge is in the open position, and another will be used to sense when the bridge is in the closed
position. Switches will be used to start the opening and closing process. Complete the wiring
diagram on the lab sheet.

Computer Engineer:

You have the job of creating a program that will control this bridge. The bridge should start in the
closed position (to allow the train to pass). When a button is pressed, the bridge should rotate until it
reaches the open position. When the button is pressed a second time, the bridge should rotate back
to the closed position. Your program should use the input from a potentiometer, to sense the
location of the bridge. The bridge should not rotate more than 90 degrees in any direction. Open the
PLTW Template and Save As Bridge to your directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Tekrocks Bridge to your instructor when you
turn in your lab sheets.

Task #7 – Road Trip
Mission: You and Alex have decided to drive to a movie. Before
you can leave home, you need to prove to your parents that you
really know how to drive a car. Your mission is to prove how
responsible you are by simulating your trip to the movies using the

Copyright © 2017 Project Lead The Way, Inc. All rights reserved.



VEX parts. Your car will need a motor, headlights and back-up
lights.

Here is Your Itinerary:

1. Turn the headlights on.

2. Put the vehicle in reverse to back to the right out of the driveway for 2 seconds. Whenever
your car is in reverse make sure your back-up lights are on.

3. Stop the vehicle for at least 2 seconds before going forward and turn off the back-up lights.

4. Put the vehicle in forward to drive down the road toward Alex’s house for 5 seconds.

5. Upon arrival at Alex’s house, turn right onto the Broadway to park on the street. Turn the
vehicle and headlights off.

6. After 4 seconds, Alex gets in the car and it’s time to go.

7. Turn the headlights on and put the vehicle in drive.

8. Drive down the road until reaching the theater (a 3 second drive).

9. Turn left into the theater and park the car by turning the vehicle and headlights off. Watch the
world’s shortest movie. 5 seconds later, get back in the car.

10. Turn the headlights on and put the vehicle in reverse to back to the right out of the parking
spot (2 seconds). Don’t forget the back-up lights should come on whenever your car is in
reverse.

11. Stop the vehicle for 2 seconds before going forward. Turn off the back-up lights.

12. Put the vehicle in drive and drive back to your house, Alex is spending the night. (a 4 second
drive on Broadway, turn left, then a 5 second drive on Lake Rd.)

13. Turn left into the driveway and shut off the vehicle and lights.

14. You are home again.

Bonus:

Experiment with wait times to get your vehicle to
return to within 10 in. of the same location it
started from.
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Duty Titles and Descriptions

Mechanical Engineer: Build a VEX model of a
car with two motors, headlights and back up
light(s). Sketch your solution on the lab sheet in
the mechanical engineering section, label all
sensors and motors.

Electrical Engineer: Wire the motors and lights
to the microcontroller. Complete the wiring
diagram on the lab sheet.

Computer Engineer: Write a program that will simulate your night out. Natural Language Functions
will make your program efficient. Open the PLTW Template and Save As RoadTrip to your
directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Road Trip to your instructor when you turn in
your lab sheets.

Task #8 – Stay on Course
Mission: The US Army has been promoting the use
of autonomous vehicles in the battlefield. In this
challenge your team will design, build and program
an autonomous vehicle that follows a ½ in black line
so as to stay off the hostile battlefield. At a marked
point on the course the vehicle must stop to drop off
supplies, then continue back to base and stop.

Duty Titles and Descriptions

Mechanical Engineer: You must build an autonomous vehicle that follows a path to deliver
supplies to troops and returns to base. Sketch your solution on the lab sheet in the mechanical
engineering section, label all sensors and motors.

Electrical Engineer: You must work with the mechanical engineer and computer engineer to wire
the motors and line tracker sensors. Complete the wiring diagram on the lab sheet.

Computer Engineer: Create a program that will drive an autonomous vehicle that senses a line,
senses the drop off point, waits while the cargo is unloaded and then continues back to the base
and stops. Open the PLTW Template and Save As StayOnCourse to your directory. Complete each
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section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Stay On Course project to your instructor
when you turn in your lab sheets.

Task #9 – Pick and Place
Mission: You are a robotics engineering team at Got’em Little
Manufacturing Company. At the end of the manufacturing process, the
robot picks up the manufactured parts and places them in containers for
shipping. Your job is to build and test the automated system. To begin
the task, your team must decide how many and what type of sensors
the robot will use.

Duty Titles and Descriptions

Mechanical Engineer: You must design a robot that when a
pushbutton is pressed will pick up and place parts using the claw end
effector. At one end of its travel, the arm will pick up a manufactured part. At the other end, it will
drop the part into a bin, return to the starting point to pick up another part, and so on. Sketch your
solution on the lab sheet in the mechanical engineering section, label all sensors and motors.

Electrical Engineer: You must work with the mechanical engineer and computer engineer to wire
the appropriate motors and sensors to the microcontroller. Complete the wiring diagram on the lab
sheet.

Computer Engineer: While the other engineers are busy working, you must write a program that
will control the robot. Once the program has been started, the robot will move to the pick-up point. A
sensor will signal the robot to stop and pick up the part using the claw. The robot will then move to
the opposite end of its travel where it will drop the part in the bin. The robot will repeat this process
every time a pushbutton switch is pressed. Open the PLTW Template and Save As PickPlace to
your directory. Complete each section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup
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Program

Print and attach to the lab sheet. Show your completed Pick and Place Robot to your instructor
when you turn in your lab sheets.

Task #10 – Freight Elevator Challenge
Mission: You are an employee at a VEX factory. Your job requires you to deliver parts
to various floors of the factory. Since a lifetime of climbing up and down stairs doesn’t
sound attractive to you, you seek an alternative. Luckily, you have found a solution to
this problem. Before a full-sized freight elevator can be built, a fully functioning scaled
model must be built.

Bonus:

The elevator remains on the floor and waits for the next button is pressed instead of returning to the
ground floor after each time it is called.

Duty Titles and Descriptions

Mechanical Engineer: The VEX factory has three floors, so the elevator must have three stops:
ground level, floor one, and floor two. The scale model must meet the following requirements:

1. The ground floor should be the base.

2. The first floor must be approximately three inches above the base.

3. The second floor must be approximately six inches above the base.

4. The elevator floor must be large enough to fit three limit switches. Use the line tracker sensors
to determine the location of the elevator.

Sketch your solution on the lab sheet in the mechanical engineering section, label all sensors and
motors.

Electrical Engineer: While the mechanical engineer is busy building the elevator, you will design
the wiring for this elevator. Each floor needs a sensor to detect the approaching elevator. The
sensors should be installed so that when the elevator is level with the corresponding floor it stops.
An additional sensor must be installed on the first floor for people to call the elevator, and three
sensors in the elevator to move from floor to floor. You are responsible for connecting all wires.
Complete the wiring diagram on the lab sheet.

Computer Engineer: While the mechanical and electrical engineers are busy working, create a
program that will control the elevator. Be extremely cautious with your design; you don’t want to trap
people in the elevator. The program must meet the following requirements.

1. When a button is pressed the elevator should rise to that floor, wait for 2 seconds, and then
return to the ground floor.
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2. Using input from installed sensors, you must program the elevator to stop at the selected floor.

3. The elevator must be ready for use at all times, so your program must be repeatable.

Open the PLTW Template and save the file as FreightElevator to your directory. Complete each
section:

Heading

Task Description

Pseudocode

Motor and Sensors Setup

Program

Print and attach to the lab sheet. Show your completed Freight Elevator project to your instructor
when you turn in your lab sheets.
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PLTW GATEWAY

Project 3.5

Simulated Factory Assembly Line
Introduction

A company purchased a local toy manufacturing company and wants to start making blocks that are
used in the international space station as a multipurpose stabilizer. Your company (class) has been
hired to design, program, and assemble a simulated factory assembly line to produce the stabilizer.
The best design will be used to construct a full-sized automated assembly line. In this challenge
you will work on a team to create a solution.

Equipment

VEX parts

Computer with ROBOTC program

Manufactured block

Simulated Factory Cell Engineering Project Notebook

Digital camera

Resources

Simulated Factory Cell Engineering Project Notebook

Procedure

1. Read the narrative below that describes this challenge. 

After looking at the block, you and the rest of the class realize the best approach will be to
divide up the tasks and assign teams to design, program, and build a prototype to represent
each process to be performed on the block. All of your classmates agree that you will be able
to accomplish the task because you have already done several activities that accomplish
various tasks and processes that are to be performed on the block. Everyone is anxious to get
started.

But wait, the timeline requires the factory to be fully operational on a new date that your
teacher assigned to your team. You must add another shift of employees in order to meet the
deadline. This means that you will have to work on the factory project with students in another
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class. How do you think this will work? How will you communicate what has been done, what
needs to be done, what problems you are having if you are not in the same class? You will
have to create an engineering  notebook that is left with the project in your classroom so that
the next shift of students is kept informed of accomplishments, goals, and problems. The team
working on your section of the factory will leave their comments in the project notebook for
you to read during your next class.

2. Form teams under direction from your teacher. Discuss with your team the work cell that you
would like to create. Your model will simulate the manufacturing of one feature on the part.
The processes to choose from include:

Block entrance cell

Creating

slot on top

slot on side

top hole

chamfers on side edges

chamfers on front or back edges

side holes

Painting the entire part

Delivering six blocks at a time to a pallet at the end of the line for the forklift to pick up
and place on truck

3. After choosing the process, brainstorm with your team how you will accomplish the task. Using
the Simulated Factory Cell Engineering Project Notebook as a guide, document your design
process in your engineering notebook. Everyone on the team will take part in all phases of the
design process, but one person from each shift will be primarily responsible for the
engineering jobs listed below. Each team member is expected to complete a journal entry that
documents personal progress, designs, and ideas in your Factory Cell Project notebook every
day. Discuss who will assume the primary responsibility for the jobs listed below. Be sure to
collaborate with the teams working on cells before and after yours so that you will have a
smooth transition in the assembly line.

Mechanical engineer: Construction and troubleshooting of the workcell

Electrical engineer: Wiring and troubleshooting of the workcell

Computer engineer: Writing and troubleshooting the work cell program
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4. Fabricate, wire, program, and troubleshoot your workcell. When you are sure it works, have
your teacher check it. Put it together with the factory cells before and after yours and check
them for compatibility.

5. When all work cells are functional, put them together and run the completed simulated factory
assembly line.

6. After a successful run, disassemble your workcell and store all VEX parts in their proper
locations.

7. Complete self and team evaluation forms, conclusion questions, and the lab write-up. Your
teacher will collect your Simulated Factory Cell Engineering Project Notebook and these
documents for evaluation.

Conclusion

1. What would you have done to improve your workcell?

2. What was your team’s greatest challenge with its workcell?

3. What did you do to contribute to your team’s success?

4. Is there anything you could have done differently to ensure your entire class had success with
the simulated factory cell project?
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Remarks
Remark Title

Text of remark.
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Glossary
Algorithm

A step-by-step procedure for solving a problem, especially by a computer.

Automation

The use of technology to ease human labor or to extend the mental or physical capabilities of
humans.

Controller

In robotics, a tiny computer that acts as the robot’s brain and contains the computer program.

Computer Program

In robotics, a set of coded instructions the robot must follow.

Debug

The process of detecting and eliminating a device’s malfunctions.

Economics

A social science that deals with production, distribution, and consumption of goods and
services.

Electric

Containing, producing, arising from, or actuated by electricity.

End Effector

The component of a robot that comes into contact with the work piece and does the actual
work on it. Also known as the hand.

Ethical

Conforming to an established set of principles or accepted professional standards of conduct.

Factory

A building or set of buildings with facilities for manufacturing or producing goods.

Hydraulic

Operated by the action of water or other fluids.

Impact

The effect or influence of one thing on another. Some impacts are anticipated, and others are
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unanticipated.

Limitation

Some factor that restricts the scope of activity or accomplishment.

Maintenance

The upkeep of industrial facilities and equipment and/or software.

Manipulators

An arm-like mechanism on a robotic system which grabs and moves objects with a number of
degrees of freedom under automatic control.

Power Supply

In robotics, provides power to the robot; may supply electricity, hydraulic power, or pneumatic
power.

Pneumatic

Pertaining to or operated by air or other gas.

Programmer

A person who writes and tests computer programs.

Reprogram

The rewriting or revising of a sequence of instructions, especially a computer program.

Robot

A robot is a machine that performs complicated tasks and is guided by automatic controls.

Robotics

Technology dealing with the design, construction, and operation of robots in automation.

Society

A community, nation, or broad grouping of people having common traditions, institutions, and
collective activities and interests.

Trade-off

A balancing of factors, all of which are not attainable at the same time; giving up of one thing
in return for another.

Troubleshoot

The process of locating trouble and making repairs in machinery and technical equipment.

Workforce
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The people available for work in a particular area, firm, or industry.

Work Envelope

The space within which a robotic arm can move.

Belt & Pulley

The transmission of power between shafts by means of a belt connecting pulleys on the
shafts.

Bevel Gear

One of a pair of gears used to connect two shafts whose axes intersect.

Cam & Follower

A pear-shaped disk with an off-center pivot point, used to change rotating motion into
reciprocating motion.

Crank & Slider

A pivot pin near the outside edge of a wheel or disk that changes reciprocating motion into
rotary motion.

Crown & Pinion

A small cogwheel (pinion gear) that engages or is engaged by a larger cogwheel (crown gear).

Drive Gear

The gear which transmits power and motion to the rest of the system. The input gear.

Driven Gear

The member of a pair of gears to which motion and power are transmitted by the other. The
output gear.

Energy

The ability to do work.

Force

A push or pull on an object.

Gear

A toothed wheel that works with others to alter the relation between the speed of an engine
and the speed of the driven parts.

Gear Ratio

The ratio of the speed of the driving member of a gear train to that of the driven member.
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Idler Gear

A gear between the driver and the driven gear used to change rotational direction.

Input

Something put into a system, such as resources, in order to achieve a result.

Inverse

Opposite in position, direction, order or effect.

Lead Screw

A threaded shaft used to convert rotary movement to linear movement.

Linear Motion

Movement in a straight line.

Mechanism

The part of a machine which contains two or more pieces arranged so that the motion of one
compels the motion of the others.

Oscillate

A swing back and forth at a regular rate.

Output

The results of the operation of any system.

Pitch

The distance between adjacent threads in a screw.

Rack & Pinion

A rotating gear that meshes with a bar that has gear teeth along its length. Changes rotating
motion into linear motion.

Ratio

The quantitative relation between two amounts showing the number of times one value
contains or is contained within the other.

Reciprocating

A back and forth movement.

Rotary Motion

Circular movement.
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Simple Gear Train

A combination of two or more gears used to transmit motion between two rotating shafts or
between a shaft and a slide.

Torque

A twisting force.

Universal Joint

A joint that allows connected shafts to spin freely while permitting a change in direction.

Work

The application of force that moves an object a certain distance.

Worm & Wheel

A mechanical arrangement consisting of a toothed wheel driven by a short revolving cylinder
bearing a screw thread.

Analog Signal

A signal having the characteristic of being continuous and changing smoothly over a given
range, rather than switching suddenly between certain levels.

Automation

A technique that is used to make a process automatic.

Behavior

Anything your robot does; turning on a motor is a behavior, following a line is a behavior,
navigating a maze is a behavior.

Comments

Using descriptive text to explain portions of code. Comments do not change the way a robot
behaves, but are important for the programmer to remember what the code does.

Computer Aided Manufacturing (CAM)

Using computers to operate and control machines and processes to manufacture a product.

Computer-Integrated Manufacturing (CIM)

A company-wide management philosophy for planning, integration, and implementation of
automation.

Closed-Loop System

A system that uses feedback from the output to control the input.

Digital Signal
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A system of discrete states: high or low, on or off, 1 or 0.

Efficiency

The ability to bring a desired result with the least waste of time, energy, or material.

Experimentation

Try out a new procedure, idea, or activity.

Feedback

Information about the output of a system that can be used to make adjustments.

Flexible Manufacturing System (FMS)

The efficient production of small amounts of products.

Innovation

An improvement of an existing technological product, system, or method of doing something.

Input

Information fed into a system.

Invention

A new product, system, or process that has never existed before, created by study and
experimentation.

Limit Switch

A touch sensor used to limit the motion of a moving device. Limit switches may be used to
provide a precise beginning and end point to mechanical motion.

Malfunction

To function imperfectly or badly.

Open-Loop System

A control system that has no means for comparing the output with input for control purposes.
An open-loop system often requires human intervention.

Output

The information produced by a computer.

Point Turn

A turn where one wheel rotates forward and the other rotates backward, causing the robot to
sit and spin in place.

Potentiometer
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A sensor used to measure the angular position of the axle or shaft passing through its center.

Program

Set of instructions that control the operation of a computer.

Pseudocode

Shorthand notation for programming which uses a combination of informal programming
structures and verbal descriptions of code.

Sensor

A device that responds to a physical stimulus (as heat, light, sound, pressure, magnetism, or a
particular motion) and transmits a resulting impulse (as for measurement or operating a
control).

Software

Programs and other operating information used by a computer.

Swing Turn

A turn where one wheel rotates and the other stays in place, causing the robot’s body to
“swing” around the stationary wheel.

System

A group of interacting, interrelated, or interdependent elements or parts that function together
as a whole to accomplish a goal.

Threshold

A level or point at which something would start or cease to happen or come into effect.

Touch Sensor

A sensor that detects physical contact and reports back to the controller whether its contact
area is being pushed in or not.

Troubleshoot

Locating and finding the cause of problems related to technological products or systems.

While Loop

A control flow statement that allows code to be executed repeatedly.
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