ntroauction to
—ngineering
esign




PROJECT LEAD THE WAY

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

Video resources
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PLTW ENGINEERING
Unit 1

Design Process Overview

Preface

In this unit you will learn an engineering design process (i.e., method to solve a problem or create a
new product). You will also develop important skills such as concept sketching and setting up and
maintaining an engineering notebook and portfolio.

Essential Questions

1. When solving an engineering problem, how can we be reasonably sure that we have created
the best solution possible? What is the evidence?

2. How many alternate solutions are necessary to ensure a good final solution?

3. What engineering accomplishment of the 20th century has had the greatest impact on
society? Justify your answer.

4. What will be the biggest impact that engineering will have on society and your life in the 21st
century? Justify your answer.

5. Engineering tends to be a male-dominated profession. Why is that?

Activity 1.1: Instant Challenge: Cable Car

Activity 1.2: Instant Challenge: Aerodynamic Distance

Lesson 1.3 Concept Sketching

Activity 1.4: Product Improvement

Activity 1.5: Deep Dive

Optional Activity 1.5.a: Gossamer Condor Design Brief

Activity 1.6: Discover Engineering

Optional Activity 1.6.b: Engineering and Related STEM Careers

Activity 1.7: What Is It?

Activity 1.8: Instant Challenge: Paper Bridge

Activity 1.9: Design Innovation
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PLTW ENGINEERING
Activity 1.1

Instant Challenge: Cable Car

Introduction

There are many ways to solve a problem. Sometimes it is as simple as applying a piece of duct
tape. Other times it takes months or years for a product to progress from an idea into full-scale
production. Often engineers and designers use a specific set of steps (sometimes called a design
process) to find the best solution to a problem. In this activity your team will quickly design the
solution to a problem using a design process that progresses from brainstorming to presenting a
final design.

Materials

1 sheet of cardstock

2 tongue depressors

2 paper clips
2 rubber bands

1 straw

Toilet paper or paper towel roll

1 balloon: choice of either long and skinny (balloon animal) or round 9” diameter (or similar)
balloon

12 in. of string

6 in. of masking tape

Small figure (such as a LEGO® man or similar) or other small object to transport

Scissors (tool only — cannot be consumed in design)

Procedure

In a team of three or four, using only the materials provided, design and build a device or vehicle to
move a small figure (or other object) as far as possible across the room on the fishing line cable. A
team member may initiate the motion of the vehicle or device but may not provide forward
momentum.
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Brainstorm (5 minutes): Assign a recorder for your group. As a team, brainstorm as many ideas for
your device/vehicle as possible as the recorder documents your ideas. You may handle and inspect
the materials, but you may not alter or connect any of the materials in any way during this phase.
Select one of your sketched ideas to pursue.

Build (10 minutes): Build your device. Make changes to your original ideas as necessary.
Test (1 minute): Each team will have one minute to test their device on the fishing line cable.
Redesign (5 minutes): Make revisions to your device based on the results of your testing.

Present: Each team will take a turn attempting to send their vehicle across the room on the fishing
line cable. The distance traveled will be recorded.

Scoring
Your team may receive points for the following.
e Creativity: Up to 20 points for creativity in the design and use of materials

e Teamwork: Up to 20 points for how well your team works together

e Performance: 1 point for each foot that the device moves along the fishing line cable

Conclusion Questions

1. Why do you think brainstorming is helpful when solving a problem?
2. How did testing improve your design?

3. With respect to designing the solution of a problem, what are some important characteristics of
a successful team?
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PLTW ENGINEERING
Activity 1.2

Instant Challenge: Aerodynamic Distance

Introduction

In this activity your team will quickly find a solution to an aerodynamics challenge — to design and
build a vehicle from the provided materials that will fly as far as possible.

Equipment

e 2 sheets of paper

e 2 rubber bands

e 12-in. piece of string
e 3 straws

e 12 in. of masking tape
e 5 paper clips

¢ 1 plastic grocery bag

e 2 tongue depressors

Procedure

Using only the materials provided, design and build a device or vehicle to fly as far as possible. A
team member may initiate the motion of the vehicle or device but must release the device or vehicle
before the Start line.

Brainstorm (5 minutes): Assign a recorder for your group. As a team, brainstorm as many ideas for
your device/vehicle as possible as the recorder documents your ideas. You may handle and inspect
the materials, but you may not alter or connect any of the materials in any way during this phase.
Select one of your sketched ideas to pursue.

Build, Test, and Redesign (12 minutes): Build your device or vehicle. Test the device as necessary
and make changes to your original ideas as needed.

Present: Each team will take a turn attempting to fly their vehicle as far as possible. A team member
may initiate the motion of the device but no part of the team member’s body may cross the Start line
when starting the motion. Each team will get two attempts. The longest distance traveled will be
recorded.
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Scoring

Your team may receive points for the following.

e Creativity: Up to 20 points for creativity in the design and use of materials
e Teamwork: Up to 20 points for how well your team works together

e Performance: 1 point for each foot that the vehicle flies from the starting point.

Conclusion Questions

1. How did your experience in the first Instant Challenge help you in solving this problem?

2. Did you make changes during your Design/Build/Test phase that resulted in your vehicle flying
a shorter distance? If so, what were the changes?

3. Do you think it is more productive to continually test your product or to test at set time
intervals? Why?
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PLTW ENGINEERING
Activity 1.3

Concept Sketching

Introduction

You have heard the phrase, “a picture is worth a thousand words.” Visualization through images (as
opposed to words) allows people to absorb large amounts of data quickly. Sketching is an important
skill for engineers and designers. Sketches provide a means through which one can quickly and
clearly communicate ideas. Representing existing objects and new ideas with sketches can make
the design process more effective and efficient and greatly enhance the ability of others to
understand your ideas.

One of the most important skills necessary to create an accurate sketch that realistically represents

an object is the ability to make careful observations of the characteristics of that object. Paying close
attention to the underlying basic shapes and the relative proportions of various features of the object
will allow you to more accurately reflect the true shapes and proportions of the object in your sketch.

Another important key to success in sketching is practice. As is true with most activities (like playing
lacrosse, solving Sudoku puzzles, and beating the system in Guitar Hero), the more experience you
gain, the better you will perform. So consider carrying a pencil with you wherever you go. When you
notice something interesting, something that can be improved, or something you would like to share,
make a quick sketch instead of taking a picture. Your sketching skill will improve, you will impress
your friends and family with your ability, and you will become a more competent designer.

In this activity you will sketch a variety of objects in your engineering notebook. The goal is to
produce hand-drawn representations of real objects that closely resemble the actual objects and
that appear three-dimensional. In this activity, you will focus on obtaining the correct shape and
proportions of each object from a single “straight-on” or orthographic view and add shading to
produce a more realistic three-dimensional effect. You will start with simple forms and progress to
more complicated products. Some examples of student-produced sketches are provided.

Equipment

e Various objects to sketch (see below)

Resources

Engineering Notebook

Concept Sketching

Sketching Tips Guide

Activity 1.3 Concept Sketching Rubric
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Orthographic Graph Paper

Procedure

Create the following sketches in your engineering notebook as directed by your instructor. A front
view refers to the view that typically shows the longest dimension and the most distinctive shape.
For instance, in this context, the “front” view of a vehicle would actually be one of the side views
(driver’s side or passenger side). Concentrate on boxing out the correct size and shape of the object
and then refining the sketch based on careful observation. Insert a photographic image of the object
represented adjacent to each sketch. Remember to title, initial, and date all sketches and inserted
photographs.

1. Sketch a “front” view of at least two of the following objects:

o Highlighter, Sharpie, pen, or pencil
o Toothbrush

o Clothespin

o Scissors

o Flash drive

o Coffee cup

o Glue bottle

o Flashlight

o Beverage can or bottle

o Other instructor-approved object
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2. Sketch a “front” view of at least two of the following objects:

o Computer mouse
o Tape dispenser

o Stapler

o Contoured speaker
o Monitor

o Surge protector

o Cell phone

o Other instructor-approved object

3. Sketch a “front” view of an Automoblox vehicle.
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4. Sketch a “front” view of two objects at home. Some suggestions follow:
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o Spoon, fork, or knife

o Remote control device
o Cleaning product bottle
o Can opener

o Corkscrew

o Coffee maker

o Sink faucet

o Lamp

o Computer desk

o Chair

o Squirt gun

o Etc.

Conclusion Questions

1. Explain the concept of proportion. How does the concept of proportion relate to creating a
realistic sketch?

2. Why would the ability to create realistic sketches make a person a more competent designer?

3. Give an example of a visual or graphic representation of information that has more impact
than an explanation of the information in text.

4. In your opinion, what is the most important thing to know/do in order to create a realistic
sketch of an object?
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Engineering Notebook

Resources

Engineering Notebook Sample Entries

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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Concept Sketching

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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Sketching Tips Guide

Download Sketching Tips Guide

Sketching with Simple Shapes

An object that seems complex at first can be
broken down into easier-to-understand lines and 3
shapes, such as rectangles and circles.

The tape dispenser to the right has complex
curves and angles that can be broken down into
simple straight lines and concentric circles.

The sketch may appear messy at this point, but
that's okay!

Note how the complex curve of the top of the
dispenser can be broken down into two angled
lines and part of a circle.

After you have the basic shape down, clean up

the sketch by erasing outlying line endings. S

You can start detailing the sketch by adding in /

rounded corners and smaller details where Y S\ v
appropriate. 1 \\;\‘%///
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Sketching with proportions

A trick to drawing correct proportions is to break
the object down using a simpler component of
the object. In this case, we'll start with the wheel
of the car.

In terms of ‘wheels,’ the car is about 3.5 wheels
wide and 1.4 wheels tall. We can use these
rough proportions to box in the object's
proportional guidelines. Hint: When drawing cars,
it is easier to get the proportions right if you draw
the placement of the two wheels first!

After breaking down the rough proportions, use
simple lines to break the object down into simple
shapes. (See: Sketching with Simple Shapes.)

After breaking the object down into simple
shapes, you can start rounding out certain details
such as curved surfaces.

Add in the rest of your details, and you're ready
to shade in your sketch!
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Sketching with Curved Objects

When drawing curved objects, using simple lines to break down a shape is not enough!

A curved object, such as this cup, will not appear to have straight
top and bottom edges even when looked at directly at eye-level.

After using flat lines to box in the shape of the cup, you will need
to curve the edges of a curved object to properly convey its

shape.

Note the difference between the flat, red line, and the curvature of

the top edge of the cup.

Remember to fill out
the rounded edges
of a curved object.

Don't just stop at the
flat, boxed-in sketch!
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Note how the curvature persists
in the bottom edges of the cup
as well.

Hint: The curved edge of an
object changes depending on
how you're looking at it. The
further away the edge is from
your eye-level, the more rounded
it becomes.

Note how the top of and/or

bottom of a hollow curved object
forms an ellipse. This is risible at
the top of the cup in the example
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Sketching with Shading

Tip: When shading with a pencil, try to avoid using the tip of your
pencil's graphite and instead use the side of the graphite. \/

If you're using a mechanical pencil, try wearing down the tip of
your lead to an angle to simulate this.

This covers areas easier and makes the shading smoother.

Don't be afraid to use a wide range of values to create contrast,
but don't overdo it!

Not every object will use the full spectrum from white to black.
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Example of values that Example of values that
may be used for a dark may be used for a light
colored object. colored object.

4 | \

Very few items will use the full spectrum from white to black. Notably: metallic objects, dark-colored
objects with extremely bright lighting, etc.
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Sketching with Shading

Avoid coloring in objects with only one tone. Even
flat objects have a range of values, even if it's a
very small range.

Avoid harsh blocks of highlight and shadow. This
is unrealistic and makes things look cartoony.
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Avoid using flat gradients for shading curved
objects. Note how for curved objects, the shading
follows along the curve of the object and is not
flat.
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Activity 1.3 Concept Sketching Rubric

Resources

Activity 1.3 Concept Sketching Rubric

Elements 5 Points 4 Points 3 Points 2 Points 1-0 Points
Proportions of
themskvﬁ]cfj[ The sketch is
fo ?nbl ath disproportional
Proportions of ?Zse nde € tothe object
the sketch :hae 2 of the being
. closely P sketched.
Proportions of sketched No
the sketch ieesimlss thi object. There Sl evidence
mirror the size Sl 2l aré ob.vious IEEziiene thvalt roper
Proportions shape of the N that the prop
and shape of ketched indications ketch proportions
sketched s«etehe that the sketeher were
biect object but the ketcher attempted to ttempted
object. sketch looks Srei; g provide attempte
slightly c e?g ?‘n 1o | Quidelines to
distorted. guIgelNes 10 o taplish
attempt to
establish proper .
proportions.
proper
proportions.
The sketch
shows detail
The sketch The sketch that is The sketch is
shows great | contains many | reflective of lacking detail. No
Attention to attention to strong the object but | The detail evidence
Detai detail and is a | elements of needs further | included is not o
etail o . . . of detail in
realistic detail but refinement reflective of the sketch
representation  some details and fine- the object and ’
of the object. | are missing. tuning to is incomplete.
appear
realistic.
The sketch
The sketch ha?l sc;jtrong,
well-done
cvaei.sdtcr)?}gg’ shading that | The sketch is
L) (e displays good |shaded but
display% good use of value to  does not
P represent represent the Minimal Nq
t t color(s), but color(s) of the hading i evidence
Shading orepresent . dditional object nor the | S1adNI IS 1 ¢ ohading
the color(s) of hading i had that incorporated in | . th
the object and shading 1S shadows thal 0 sketch. In the
creates a necessary to crea_\te.a sketch.
B — show shadows | realistic three-
- and create a | dimensional
I more realistic ' appearance.
and three-
appearance. dimensional
appearance.
Messy with
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Neatness Clean, neat Neat work Poor food or
pages with no | with some appearance. other
smudges. smudges. stains.
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Activity 1.4

Product Improvement

Introduction

Hummers®, iPods®, cell phones, clothes, and video games are just a few products that are familiar
to most people. What is it about any of these products that you like? What causes you to want to
buy a cell phone or an iPod? Is it the commercials or the appearance of the product? Whatever the
reason, design plays a vital role in the creation and marketing of any product.

Equipment
¢ Plain white coffee cup (1 per class) or alternate consumer product
ResourceS

Brainstorming Solutions

Procedure

This activity is designed to provide an introduction to design. As a team of two, you will brainstorm

ways to enhance or change a plain white beverage container so that nearly every consumer would

want to purchase it. Remember to apply the rules for brainstorming that were identified in the

PowerPoint during this activity. The following list is available to guide your team through this activity:
e Assign a recorder a