
1 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

 

 

 
3D Prototyping  

& 
Graphic Design 

Curriculum Guide  

 
 

 

Engineering Explorations Curriculum Guide are owned and copyrighted by the Engineering 
Explorations, LLC and hereby agree to adhere to in all respects the legal requirements of such 
copyright protection..  

 



2 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

 

A STEM approach teaches students to understand the connections between 
the STEM disciplines to most effectively solve real world problems.  Students 
will develop mastery of content through design-based learning, the disciplinary 
foundation of technology and engineering pedagogical principles with deliberate 
teaching of the concepts and practices of science and mathematics 
education.  A STEM curriculum challenges students of all learning levels to 
think critically in solving real-world problems through a project-based learning 
approach from a multi-faceted and interdisciplinary perspective.  STEM imparts 
students’ growth and success through quality direct instruction of content, 
application of the content through hands-on technology learning activities, 
synthesis of content through design and prototyping, and evaluation of content 
through reflection of both content and redesign of solutions.  
 

 

Designed and written by real Technology Education teachers - Engineering 
Explorations STEM projects are organized into project-based units of instruction 
that can be easily differentiated for students ages 10-15.  Every unit of 
instruction contains real world problem solving STEM projects that makes 
learning fun.  Units also include bonus activities, PowerPoints, links to video 
clips, and much more.  All STEM projects focus on what STEM should be about: 
designing and prototyping solutions for real world problems.  Projects are 
introduced as real world scenarios which will enhance student motivation by 
attaching relevance to their learning.   The innovative projects are introduced as 
STEM “missions” to strengthen the STEM relevance and make learning fun! All 
STEM missions include grading rubrics as well.   This curriculum can be utilized 
in the classroom, after school club or camp setting with projects that students get 
to keep and take home! 

 

What is a STEM Approach? 

Engineering Explorations Program 
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3D Prototyping will have a tremendous impact on our future! Package that 
content with Graphic Design and you have curriculum that prepares students to 
solve real-world problems and market their innovative designs. A curriculum 
that has the potential to create inventors and entrepreneurs.  3D printing models 
and vinyl designs are a fun and exciting applications to teach 3D design 
software such as Tinkercad and Inventor.   

Unit 1: Introduction to Design  
• Mission: Sensational Soap Bar Design  

o Bonus Resources:  
 What is Design? PowerPoint 
 Orthographic Projection Activity Sheets 

 

Unit 2: Introduction to 3D Printing 
• Mission: Kooky Keychains  

o Bonus Resources: 
 Intro to 3D Printing Activity Sheet & PPT  
 Intro to 3D CAD Software: Tinkercad Activity Sheet 

• Mission: Captivating Coffee Cups 
 

Unit 3: Intermediate 3D Printing  
• Mission: Miraculous Mobile Device Stands  

o Bonus Resources: 
 Measurement Activity Sheets 

• Mission: Fascinating Fidget Spinners  
• Mission: Masterful Mobile Device Cases  
• Mission: Creative Creatures  
• Mission: Cool Candy Bars 
 

Unit 4: Introduction to Graphic Design  
• Mission: Lively Logos  

o Bonus Resources 
 Introduction to Graphic Design Activity Sheet & PPT 
 Vector vs. Raster Images Activity Sheet & PPT 
 Creating Vinyl Products Activity Sheet & PPT 

 

3D Prototyping and Graphic Design 
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• Mission: Marvelous Magnets  
• Mission: Terrific T-Shirts (Single Color) 
• Mission: Distinctive Decals (Multi-Layer) 

o Bonus Resources 
 Multi-Color Layer PowerPoint  

• Mission: Tremendous T-Shirts (Multi-Color) 
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Missions Breakdown 
Time Estimate: Estimated amount of time to complete entire mission with content 
preparation.  This is only an estimate as there are many variables that will affect 
time such as student learning levels, class sizes, time on task, number of teachers, 
and mission differentiation. 

Mission Content Preparation: This is the foundational content that must be 
taught prior to beginning the mission. Bonus lessons, activities, PowerPoints, and 
relevant video clips that are included can be covered here.  

Mission Objectives: Objectives that will be attained by students after successfully 
completing the mission.  These objectives are organized into higher levels of 
Bloom’s Taxonomy.   

Mission Brief:  The hook, the motivation, the anticipatory set!  This is the fun part 
where students are placed into a real-world problem solving scenario! 

Teacher Insights: Helpful hints for teacher to facilitate the successful completion 
of the mission by your students.  These hints are vital to enhance learning and 
avoid common mistakes made by both teacher and student.  It also explains how to 
differentiate learning to vary the mission between learning levels.  

Mission Materials: All needed materials and prep work needed to complete the 
mission.  Companies to find the cheapest individual items are listed.  

Cost: Cost of completing mission  

$ Minimal Cost (1 to 5 dollars per student) 
$$ Average Cost (6 to 10 dollars per student) 
$$$ Above Average Cost (greater than 10 dollars per student)  

Mission Steps: Step by step process for completing mission  

Mission Data Collection: Data collection forms and charts to assist students in 
arriving at practical solutions  

Mission Report: Conclusion to mission where students are prompted to reflect on 
their learning by answering questions about their design and performance of their 
prototype.  

Mission Rubric: Rubric if you would like to grade the mission, rubric can be 
modified to fit your assessment needs and requirements.   
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Engineering Explorations 
Unit 1 

Mission: Sensational Soap Bar Design  
 
Mission Preparation Content:  

• What is Design?  
• Sketching 
• Orthographic and Isometric Design  

 
Mission Objectives:  

• Describe the process of design by identifying various elements of design.  
• Examine the usefulness of sketches by discussing their importance to the 

design process.  
• Apply the elements of the design process by identifying and sketching 

orthographic drawings of various shapes. 
•  List the steps in the DECIDER Design Process  
• Implement the steps in the DECIDER Design Process by applying each step 

of the design process to a given problem statement 
 

Mission Brief: A small soap company is struggling to catch the interests of their 
customers. Many of their soaps are dated and old-school. They cannot keep up 
with the ever changing and fast-growing soap market. They are beginning to fear 
that they may need to close shop if they do not begin to make more sales.  Your 
challenge is to both rename the soap company and come up with a new innovative 
soap (technology, design, packaging, etc.) to attract new customers.   
 
Teacher Insights: The foundation of any STEM project, lesson, or activity should 
be a discussion about the importance of design.  Introducing design before 
beginning hands-on projects or even a STEM lesson is what separates STEM 
lessons from other disciplines.  In our other courses there is more focus on the 
DECIDER design process being used to solve problems, but when teaching about 
3D prototyping and graphic design covering design basics is a must! This mission 
is great for exposing students to a simple problem (declining soap company) and 
using the steps of the DECIDER design process to arrive at a solution.  Students do 
not have to be the best drawers, but they should realize the goal of any design is to 
communicate their ideas.  
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Extended Learning:  After students complete the Soap Bar Mission they can 
extend their learning by applying the DECIDER design process to a problem that is 
relevant to them by using it solve a problem in their own lives (late to class, not 
making a sports team, not getting good grades, feeling sick, etc.).  Have students 
first describe the problem and go through the process hypothetically to arrive at a 
solution.  
 
Mission Materials: None, but here is a great article on the DECIDER Design 
Process published in the International Technology and Engineering Teacher’s 
Journal, https://trove.nla.gov.au/work/216651040?q&versionId=237727992 
 
Cost: FREE!  
 
Mission Steps: DECIDER Design Process STEPS  

 
Mission Data Collection: Refer to Step 3 Compile/Brainstorm Solutions 
 
Mission Report: 

• How can you evaluate your solution to see if it solved the original problem? 
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Mission Rubric:  
Criteria  
 

Not Effective  
___pts 
 

Partially Effective 
___pts 

Effective  
___pts 

Highly Effective  
___pts  

DECIDER 
process 

Portfolio is 
missing more 
than 3 steps of 
the DECIDER 
design process 

Portfolio is missing 
1-3 steps of the 
design process  

Portfolio has all 
the DECIDER 
design process 
but lacks detail  

Portfolio has all 
the DECIDER 
design process 
steps with detail  

Sketches and 
Final Design  

Sketches and 
final designs 
not attempted  

2 sketches 
completed with 
final design  

Sketches and 
final designs 
completed with 
mistakes in 
measurements  

Sketches and 
final design 
completed with 
accurate 
measurements 

Innovative Design is not 
innovative, is a 
replication of 
current design 

Design is 
somewhat 
innovative, takes a 
current idea and 
changes it a little 

Design is 
innovative 
because it is 
original but 
lacks detail 

Design is very 
innovative 
because it is 
original and has 
detail.  
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Engineering Explorations 
What is Design? 

 

 
Design:  to take ideas in order to create a plan for the construction of something 
showing how it will be made.  

Everything around us is designed before it is constructed!  

What is an example of something around you right now that was designed before it 
was constructed?   

 

What are some design aspects that were most likely considered when that object 
was designed?   

The DECIDER Design Process:  
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Orthographic projection:  A way of drawing a 3-D object through multiple 2-D 
drawings on a piece of paper.  The 2-D projection or drawing shows different sides 
of an object.  

 
 

Orthographic Projection gives us a very clear method of communicating ideas and 
objects. It is a method that every engineer in the world recognizes. Because of this 
we can reproduce any object drawn orthographically. This is very important for 
engineers  

 

 

Is the Blue Side of this object facing the inside or 
outside of the box?  

 

 

 

 

Isometric projection: another way to present designs in 
three dimensions.  Unlike orthographic designs isometric 
show more than one view on a single drawing  
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Engineering Explorations 
Orthographic Projection Activity Sheets  
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Sketch the Front, Top, and Right View of the object below 

 
Front:  

 

 

 

 

 

Top: 

 

 

 

 

 

Right Side:  

 

 

 

 



14 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

Sketch the Front, Top, and Right View of the object below 

 
Front:  

 

 

 

 

 

Top: 

 

 

 

 

 

Right Side:  
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Engineering Explorations 
Mission: Sassy Soap Bar Design  

 

 
Mission Brief: A small soap company is struggling to catch the interests of their 
customers. Many of their soaps are dated and old-school. They cannot keep up 
with the ever changing and fast-growing soap market. They are beginning to fear 
that they may need to close up shop if they do not begin to make more sales.  Your 
challenge is to both rename the soap company and come up with a new innovative 
soap (technology, design, packaging, etc.) to attract new customers. 

 

Step 1 - Describe the Problem:  

What is the problem in the scenario?  

 

Step 2 - Explore Information, Research: 

What role does soap play in society?  

Who would the target audience be for this company? 

What is the history of soap and how has it evolved?  

What are your competitors doing?  
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Step 3 - Compile Brainstorm Solutions: 

Category 1 2 3 

 
 

   

 
 

   

 
 

   

 
 

   

 

Step 4 - Initiate the Best Solution: After ‘Morphing’ your prototype, create a 
detailed sketch of the designed solution in the space below. 

 
 

 

 

 

 

 

Step 5 – Develop the Prototype:  After finalizing your design solution/s how can 
you prototype it?  

 

Step 6 – Evaluate:  How can you evaluate your solution to see if it solved the 
original problem?  
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Engineering Explorations 
Unit 2  

Mission: Kooky Keychains 
 
Mission Preparation Content:  

• Intro to 3D Printing Activity Sheet & PPT  
• Intro to 3D CAD Software: Tinkercad Activity Sheet 
• Tinkercad Tutorials 
• Key Ring, Letters! Tutorial on Tinkercad 

 
Mission Objectives:  

• To apply the design process, fundamentals of sketching, and the basics of 
CAD in order to create a personalized key ring that will be prototyped using 
a 3D printer.  

 
Mission Brief: Your sister keeps getting your house keys mixed up with hers!  
You are sick of it and want to create a keychain that personalized to you so maybe 
she stops taking them.  You must create a personalized key ring that resembles 
your personality.   
 
Teacher Insights:  When teaching a new computer program, like CAD software, it 
is important to put yourself in the student's position. The generation that we are 
teaching are tech savvy so they will want to go through the tutorials very quickly. 
It is important that they work through the tutorials with ease to maximize their 
familiarity. As the teacher, you can show them complex examples of what has been 
created using CAD software and 3D printers. Giving them examples of completed 
work will show them the importance behind learning the program to achieve 
maximum results in 3D modeling and 3D printing. Creating keychains may seem 
like an easy task. However, students might not know where to start. The “Key 
Ring, Letters!” Tutorial will offer a main start. Afterwards, you can assist students 
on how to really personalize a basic keychain. Offer options of personalization like 
adding their favorite shape or adding texture to the background. There are a variety 
of ways of connecting a keychain to a key ring. Students can create a hole in a 
solid shape or add a donut to the edge of the main shape. Most students will stick 
to the flat-like keychain style, so when printing they will lay flat on the build plate. 
This will allow for easy printing.  
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Examples on how to attach main keychain to key rings. 

 
 
Extended Learning: After students complete the Kooky Keychains Mission they 
can extend their learning by adding complex components to their keychain. 
Students can add complexity to a flat keychain by altering the workplane of letters, 
modifying shapes, combining shapes, even making something move! (you can talk 
about things that have hinges or rotate on pins.)  
 
 
Mission Materials: 

• Filament for 3D Printer 
 
Cost: $ (Assumed 3D Printer is already in place) 

 
Mission Steps: DECIDER Design Process STEPS  
1. Review & complete Tinkercad lesson, “Key Ring, Letters!” (This will be your 
original design.)  
2. After completing the lesson, draw a sketch of the original key ring.  
3. Create 3 rough sketches to redesign the original key ring. 
4. Create a Top View of the final design. 
5. Produce a model using Tinkercad.  
6. Manufacture your prototype using a 3D Printer. 
7. Evaluate your solution.  
 
Mission Data Collection: Brainstorm sketches and final sketch indicating the 
personalization of the keychain. Students can label items on drawings. This will 
also include any research or inspiration images that assisted in the completion of 
the mission. 
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Mission Report:  
• How did you decide to personalize the key ring? What changes did you 

make to the original design? 
• How did your 3D Print turn out?     Why? 
• What would you have changed about your design to improve it? 

 
Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Keychain is 
not 
personalized 
and can not be 
attached to a 
key ring.  

Keychain has 
minimal 
personalization (1 
additional feature)  
and can not be 
attached to a key 
ring. 

Keychain has 
2-3 
personalization 
features and 
printed with 
ease. Allowing 
it to be attached 
to a key ring. 

Keychain was 
completely 
personalized and 
printed with no 
errors and 
demonstrates 
high design skills. 
Keychain is able 
to attach to key 
ring.  

Mission 
Report 

Mission report 
not completed  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence 
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Engineering Explorations 
Intro to 3D Printing 

3D Printing: Utilizing computer software and CNC machines to create objects 
through additive manufacturing.  

 

The First 3D printer was invented in: __________________. 

 

The 4 methods of 3D Printing: 

1) ____________________________________________________ 
● Most Common 
● Very Cheap 
● Low to medium quality 
● Many types of filament 

○ ABS 
○ PLA 
○ Flexi 
○ Nylon 
○ Infused 

● Limited color capabilities 
 

2) ____________________________________________________ 
● Growing Popularity  
● Moderately pricey 
● High quality 
● Range of filament 

○ ABS-Like 
○ Flexi 
○ Castable 

● Limited color capabilities 
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3) ____________________________________________________ 
● Not Common 
● Very Expensive 
● Extremely high quality 
● Few types of filament 

○ ABS-Like 
○ Flexi 

● Unlimited color capabilities 
 

4) ____________________________________________________ 
● Least Common 
● Moderately expensive 
● Medium – High quality 
● Different filament tech 
● Unlimited color capabilities 

 

In industry, 3D printers are typically used for __________________, not  

 _______________    _____________________. 

 

The FDM Print Head: Fused 
Deposition Modeling, or FDM is 
the most common type of 3D 
printing technology. With its 
fundamental simplicity, FDM 
printers are the most cost effective 
and easiest to maintain. 

Label the primary parts of an 
FDM print head (right).  
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3D Printing Basics: 
 
1. What is the most important thing you should consider when making something 
in 3D? 

A. Size 
B. Functionality 
C. Gravity 
D. Quality 

 
2. What is the FIRST thing you should consider when making something in 3D?  

A. Functionality 
B. Quality 
C. Color of Material 
D. Size 

 
3. What is the file format we export to print?  

A. obj 
B. stj 
C. stl 
D. jpeg 

 
4. What does 3D mean?  

A. Movies 
B. 3 Dimensions 
C. Computer Graphics 
D. 3 Digital 
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Engineering Explorations 
What is 3D filament? 

 
3D filaments are plastic filaments that are used to make 3D prints. The most 
popular filaments are ABS (Acrylonitrile Butadiene Styrene) and PLA (Polylactic 
Acid). However, there are a variety of filaments depends on what is being printed.   
 

3D Printing 
Filament  

Properties Usage Nozzle 
Temperature 

Bed 
Temperature 

ABS Durable parts that 
need to withstand 
higher 
temperatures, 
easy to print with, 
strong plastic 

Legos, sports 
equipment, car 
phones mounts, 
toys 

210°C - 250°C 80°C - 110°C 

PLA Odorless, Low-
warp, Eco-
Friendly, Less 
energy to process 

Food containers, 
biodegradable 
medical implants, 
prototype parts 

190°C - 230°C 60°C - 80°C 

Flexible/TPE Flexible 3D 
printing material, 
excellent abrasion 
resistance, 
durability 

Toys, novelty 
items, wearable, 
phone cases, 
visual products 

210°C - 225°C 20°C - 55°C 

Glow in the Dark Minimal warping, 
glow in the dark, 
durable, not 
soluble, low 
shrinkage 

Children's toys, 
novelty items, 
wearables 

185°C - 205°C 70°C 

PET FDA approved 
for food 
containers and 
tools used for 
consumptions, 
barely warps, no 
odors or fumes 
when printed 

Phone cases and 
mechanical parts 
that require 
flexibility and 
impact resistance, 
jewelry, props, 
and electronics 

230°C - 255°C 55°C - 70°C 
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Matching Filament:  
Using the information above regarding filament match the PRODUCT picture with 
the best filament selection. 
 

 

 
 

PLA 

 

 
 

ABS 

 

 
 

TPE 

 

 
 

PET 

 

 
 
 

GLOW in the Dark 
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Engineering Explorations 
Intro to 3D Computer Aided Design: Tinkercad 

 
Designing Using Basic Shapes 
Practice drawing different sizes in the following shapes: 
Triangles: 

Rectangles including Squares: 

Circles and Ovals:  
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Modeling using Shapes 

Example 

 

Use the least 3 shapes listed on the first page to draw the Rabbit. 

 

 

 

Use only 7 shapes listed on the first page to draw the Goat. 
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Tinkercad Tutorials:  

1. Create an account on TINKERCAD.COM (Use your school email to create 
the account) 

2. Once you create your account select the LEARN tab on the top bar 
navigation bar. 

3. Complete the following tutorials: 

a. Learning the Moves 
1. What have you learned during the completion of this tutorial? 
 
 
2. Would you be able to accomplish the same effectiveness 
WITHOUT the use of a mouse? Why or Why not?  
 
 

b. Camera Controls 
1. Name some of the views you discovered. 
 
 
2.  What is the name of the view organizer on Tinkercad? 

 
c. Creating Holes 

1. Briefly explain how to create a hole. 
 
 

d. Scale, Copy & Paste 

1. In your own words explain why the use of these three 
commands is necessary in 3D modeling and prototyping. 
 
 
 
 
 
 

http://tinkered.com/
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e. Die on the Workplane 

Explain how the “workplane” tool was used in this tutorial. What 
did it help you accomplish? 
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Engineering Explorations 
Mission: Kooky Keychains  

 
Mission Objectives: 

● To apply the design process, fundamentals of sketching, and the basics of 
CAD in order to create a personalized key ring that will be prototyped using 
a 3D printer.  
***These key chains can be printed using desired filament. Follow 
manufacturer’s suggested nozzle and build plate temperature’s.*** 

Mission Content: 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Engineer:  a person who designs and builds products, systems, and 
structures that improve our world. 

● Orthographic Sketching: 3 sketches of a single object to view multiple 
perspectives. 

● CAD: Computer-Aided-Drafting software used to design 3D objects for 
production using CNC equipment.  

● 3D Printer: A CNC machine that creates 3D objects through additive 
manufacturing. 

 

Mission Brief:  Your sister keeps getting your house keys mixed up with hers!  
You are sick of it and want to create a keychain that personalized to you so maybe 
she stops taking them.  You must create a personalized key ring that resembles 
your personality.   
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Mission Materials:  

● CAD software 
● 3D printer 
● Filament 

 

Mission Steps:  

1. Review & complete Tinkercad lesson, “Key Ring, Letters!” (This will be your 
original design.)  

2. After completing the lesson, draw a sketch of the original key ring.  

3. Create 3 rough sketches to redesign the original key ring. 

4. Create a Top View of the final design. 

5. Produce a model using Tinkercad.  

6. Manufacture your prototype using a 3D Printer. 

7. Evaluate your solution.  

 

Mission Data Collection: 

Original Design Sketch: 

  

 

 

 

 

 

 

 

 

Sketch or Copy/Paste an image of the original design. 
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Rough Brainstorming: 

Using the space below, create 3 rough sketches of a redesigned key ring.  

 
 
 
 
 
 

  

 

Final Design: 

Using the space below, create a 3-view orthographic sketch of your final design. 
Top View 
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CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 
 

 

 

 
Mission Report:  

How did you decide to personalize the key ring? What changes did you make to 
the original design? 

 

How did your 3D Print turn out?     Why?   

 

What would you have changed about your design to improve it? 
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Engineering Explorations 
Unit: 2 

Mission: Captivating Coffee Cups 
 

Mission Preparation Content:  
• Tinkercad Tutorials  
• Introduction to 3D Printing 
• Student Portfolio Definitions  

 
Mission Objectives:  

● To apply the design process, fundamentals of sketching, and the basics of 
CAD in order to create a coffee mug that will be produced using a 3D 
printer.  

***These mugs will be produced using a biodegradable plastic and should not 
be used for hot beverages, food applications, or placed in a dishwasher.  
 
Mission Brief:  You have been tasked to create the next big thing in the coffee 
mug industry. Over 83% of adults drink coffee daily, it is time you capture the 
market with your innovative design skills. 
 
Teacher Insights: Keeping in mind that students are continuing to expand on their 
knowledge of the new CAD software, teacher must introduce the 3D printing 
aspects. Explain to the students how 3D printers create a product. 3D printers print 
filament layer by layer and gravity is a key factor. Gravity must be considered to 
optimize printing quality. Filament selection is also important Review the different 
type of filaments and how they are used. When modeling, students may model 
overhangs from the main body of the mug. However, when printing it may not 
print exactly as they modeled it due to nature of gravity and how 3D printers work. 
A gradual change between shapes is far better than leaps. Have them take a look at 
different types of coffee cups and what purpose they serve. Small cups can be used 
for espressos or children. Some cups have handles like for coffee. Others do not 
have handles, like tea mugs. Also, if they are designing handles they should be 
easy to grab and allow for fingers to slip in and hold tight. Most students might 
now drink coffee or hot tea. Reflect on how yummy and comforting a warm cup of 
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cocoa could be. What if the mug was poorly designed and they couldn’t get a good 
grip on the handle and it spilled everywhere. Design of details are important.  
 
Extended learning: After students complete the Captivating Coffee Cups Mission 
they can extend their learning by adding texture or text to the exterior of the cup. 
Students can add complexity by adding "workplanes" to assist with adding text on 
vertical surfaces.  
 
 
Mission Materials:  

• Filament for 3D Printer  
 
Cost: $ (Assumed 3D Printer is already in place) 
 
Mission Steps:  
1. Brainstorm by using a physical modeling method 
2. Create 3 rough sketches 
3. Create an orthographic sketch of the final design 
4. Produce a model using CAD software 
5. Manufacture your prototype using a 3D Printer 
6. Evaluate your solution 
 
Mission Data Collection: Students can view the sample designs within their 
portfolio or research designs for different types of coffee type drinks (expresso, 
traditional, cappuccino, etc.) 

Mission Report:  
• How did your 3D Print turn out?   Why?   
• What would you have changed about your design to improve it? 
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 

Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Cup did not 
print 
successfully. 

Cup printed with 
3-5 errors . It will 
require 
modifications 
before printing 
with ease.  

Cup printed 
with 1-2 errors. 
It will require 
modifications 
before printing 
with ease.  

Cup printed with 
no errors and 
details resemble 
high quality 
design. 

Mission 
Report 

Mission report 
not completed.  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence. 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence.  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence. 
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Engineering Explorations 
Mission: Captivating Coffee Cups 

 

  
Mission Objectives: 

● To apply the design process, fundamentals of sketching, and the basics of 
CAD in order to create a coffee mug that will be produced using a 3D 
printer.  

***These mugs will be produced using a biodegradable plastic and should not 
be used for hot beverages, food applications, or placed in a dishwasher.  

Mission Content: 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Engineer:  a person who designs and builds products, systems, and 
structures that improve our world. 

● Orthographic Sketching: 3 sketches of a single object to view multiple 
perspectives. 

● CAD: Computer-Aided-Modeling software used to design 3D objects for 
production using CNC equipment.  

● 3D Printer: A CNC machine that creates 3D objects through additive 
manufacturing. 

 

Mission Brief: 
You have been tasked to create the next big thing in the coffee mug industry. Over 
83% of adults drink coffee on a daily basis, it is time you capture the market with 
your innovative design skills.  
 



37 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

Mission Materials:  

● CAD software 
● 3D printer 

 

Mission Steps:  
1. Brainstorm by using a physical modeling method 
2. Create 3 rough sketches 
3. Create an orthographic sketch of the final design 
4. Produce a model using CAD software 
5. Manufacture your prototype using a 3D Printer 
6. Evaluate your solution.  
 

Mission Data Collection: 

 
  

Brainstorming: 
Using the space below, create 3 rough sketches of a coffee mug design.  

 
 
 
 
 

  



38 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

Final Design: 

Using the space below, create a 3-view orthographic sketch of your final design. 
Top 

 
 
 
 
 

Front Side 

 

CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 
 
 
 

Mission Report:  

How did your 3D Print turn out?     Why?   

 

What would you have changed about your design to improve it? 
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Engineering Explorations 
Unit: 3 

Mission: Miraculous Mobile Device Stands 
 

Mission Preparation Content:  
• Tinkercad Review 
• Introduction to 3D Printing Review 
• Student Portfolio Definitions  
• Dimension and Measurement  

 

Mission Objectives:  
• To apply the design process, fundamentals of sketching, and the basics of 

CAD to create a mobile device stand that will be produced using a 3D 
printer.  

 
Mission Brief:  Belkin products are renowned for their simplicity and ease of use. 
This world-renowned company has requested your help to design a phone stand “to 
enhance the technology that connects us to the people, activities and experiences 
we love.” They have found that the ever-changing world of cell phone technology 
has created opportunity to create a mobile device stand in the following areas: 
Cooking, Traveling, and Ultra-Portability. 

 
Teacher Insights:  Device stand, easy right? That is what the students may believe 
until they actually start to design and model. When designing and modeling phone 
stands, students should consider the overall length, height, width and weight of the 
device. Have the students measure their device and take down the measurements. 
A stand that is thin, not heavy, might fall over when laying the device on the stand. 
The stand should resist the weight of the device to function appropriately. Provide 
examples of successful and unsuccessful device stands. Also, where will these 
stands be used? On a desk for office use, a kitchen counter when preparing meals, 
in a car for navigation, or in a park for lounging? All these scenarios will require 
different types of stands and will need different features. Student must identify 
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what problem their stand will solve. Once identified students can begin to add 
features based on the specific use of the stand.  
 
Extended learning: After students complete the Miraculous Mobile Device Stand 
Mission they can extend their learning by adding feature to the stands like 
grommets for charging cables or hooks for headphone.  

Mission Materials:  

• Filament for 3D Printer  
 

Cost: $ (Assumed 3D Printer is already in place) 

Mission Steps:  
1. Research mobile device dimensions 
2. Brainstorm using a morphological chart 
3. Create an orthographic sketch of the final design 
4 Produce a model using CAD software 
5. Manufacture your prototype using a 3D Printer 
6. Evaluate your solution.  
 

Mission Data Collection: Review device stand images in student portfolio, record 
what the dimensions of device stand will be for and design stand accordingly.  

 
Mission Report:  

• Does your prototype hold the specified device(s)? 
• Is your prototype free standing or self-supported? 
• Did your design change from the brainstorming stages to the CAD design 

and manufacturing stages? How so? 
• Are there any features or elements you would add, remove, or change if you 

were to complete this challenge again? 
 

 

 

 



41 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
 
Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Mobile Device 
Stand did not 
print and will 
not hold up the 
device.  

Mobile Device 
Stand printed with 
3-5 errors. It will 
require 
modifications 
before printing 
with ease.  

Mobile Device 
Stand printed 
with 1-2 errors. 
It will require 
modifications 
before printing 
with ease.  

Mobile Device 
Stand printed 
with no errors 
and its high 
quality design 
solves the 
intended problem.  

Mission 
Report 

Mission report 
not completed.  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence. 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence.  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence. 
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Engineering Explorations 
How to Use a Ruler 

You have learned about designs and orthographic and isometric projections but the 
designs engineer’s complete must include measurements to accurately 
communicate the size of the object they are tasked to build.  There are many 
different types of rulers we can use as tools.  Today you will learn how to measure 
in 1/8ths of an inch.   

 
 
Here are four rulers that all measure in inches. They are NOT to scale. 
Instead, they are magnified to be “bigger” than the actual rulers, so you can 
see the divisions better. 
Every ½ inch marked  

 
Every ¼ inch marked  

 
Every 1/8 inch marked 
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Measure the colored lines using the rulers given, if the line does not fall exactly on 
the mark then measure to the closest mark. 
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Now using your ruler to measure the following lines:  

 
 
Pick an item in the classroom and label its height, width, and length. 
Object: _________________ 
Height: ________ 
Width:  ________ 
Length: ________ 
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Engineering Explorations 
Mission: Miraculous Mobile Device Stands 

 
Mission Objectives: 

● To apply the design process, fundamentals of sketching, and the basics of 
CAD to create a mobile device stand that will be produced using a 3D 
printer.  

Mission Content 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Engineer:  a person who designs and builds products, systems, and 
structures that improve our world. 

● Orthographic Sketching: 3 sketches of a single object to view multiple 
perspectives. 

● CAD: Computer-Aided-Modeling software used to design 3D objects for 
production using CNC equipment.  

● 3D Printer: A CNC machine that creates 3D objects through additive 
manufacturing. 

● Dimensions: a system of measurements in order to constrain the size of a 
design.  

 

Mission Brief: 
Belkin products are renowned for their simplicity and ease of use. This world-
renowned company has requested your help to design a phone stand “to enhance 
the technology that connects us to the people, activities and experiences we love.” 
They have found that the ever-changing world of cell phone technology has 
created opportunity to create a mobile device stand in the following areas: 
Cooking, Traveling, and Ultra-Portability. 
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Mission Steps:  

1. Research mobile device dimensions 

2. Brainstorm using a morphological chart 

3. Create an orthographic sketch of the final design 

4 Produce a model using CAD software 

5. Manufacture your prototype using a 3D Printer 

6. Evaluate your solution.  

Mission Data Collection: 

 

 
 What devices will your stand hold? 

 

What are the dimensions of the smallest and largest device your stand will hold? 
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Brainstorming: 

Brainstorm your solution using the morphological chart below: 

Category 1 2 3 

 
 
 

   

 
 
 

   

 
 
 

   

 

Final Design: 

Using the space below, create a 3-view orthographic sketch of your final design. 
Top 

 
 
 
 
Front 
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Side 

 
 
 
 
 

 

CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 

 

 

 

 

 

Mission Report: 

Does your prototype hold the specified device(s)? 

 

Is your prototype free standing or self-supported? 

 

Did your design change from the brainstorming stages to the CAD design and 
manufacturing stages? How so? 

 

 

Are there any features or elements you would add, remove, or change if you were 
to complete this challenge again? 
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Engineering Explorations 
Unit: 3 

Mission: Fidget Spinner Challenge 
Mission Preparation Content:  

• Tinkercad Review 
• Student Portfolio Definitions  

 
Mission Objectives:  

• To apply the design process, fundamentals of sketching, and the 
intermediate levels of CAD to create a fidget spinner toy that will be 
produced using a 3D printer.  

• To apply the use of bearings within a fidget spinning toy that limits the 
amount of friction to produce an optimized spin time.  
 

Mission Brief:  Fidget spinners were a great invention because they were cheap to 
make, fun to use, and had millions of assorted designs.  Now it’s your turn to 
design your own fidget spinner!  
 
Teacher Insights:  There is a wide variety of already manufactured designs. 
However, students should create their own unique designs. When designing the 
fidget spinner students must consider the location and size of the bearings. 
TinkerCAD has two options regarding units, millimeters and inches. This would be 
a great opportunity to discuss the importance behind designing with measurement 
in mind. The fidget spinner needs to allow for the bearings to fit so the spinner will 
function. Have the students sketch out the main design and locate where the 
bearing will be placed. The bearings are what will bring the spinner to life and the 
design will give it it’s flare. The two components work together to create an 
impressive product known around the world.  
 
Extended learning: After students complete the Fidget Spinner Mission they can 
extend their learning by modifying the design to spin faster and for a longer period 
without intervention.  
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Mission Materials:  
• Filament for 3D Printer 
• Bearings for fidget spinner (Amazon) 

 
Cost:  $$ (Assumed 3D printer is already in place) 
 
Mission Steps:  
1. Brainstorm fidget spinner designs 
2. Create a top view sketch of the design 
3. Hole for bearings should be 22mm (maybe depend on 3D printer)   
4. Produce a model using CAD software 
5. Manufacture your prototype using a 3D Printer 
6. Install 1- 3 bearings into your prototype.  
 
Mission Data Collection: Students review assorted fidget spinning designs and 
placement of bearing/s  
 
Mission Report:  

• What was the biggest challenge in creating your fidget spinner?  
• What would you change about your prototype? 
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Fidget Spinner 
did not print 
and can not fit 
the bearings. 

Fidget spinner 
printed with 3-5 
errors. Bearings 
are loose or do not 
fit (by 2-3 mm) 

Fidget spinner 
printed with 1-
2 errors. 
Bearings are 
loose or do not 
fit (by 1 mm) 

Fidget spinner 
printed 
successfully with 
no errors. 
Bearings fit and 
spin with ease. 

Mission 
Report 

Mission report 
not completed.  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence. 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence.  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence. 
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Engineering Explorations 
Mission: Fascinating Fidget Spinners  

 

 
Mission Objectives: 

● To apply the design process, fundamentals of sketching, and the 
intermediate levels of CAD to create a fidget spinner toy that will be 
produced using a 3D printer.  

Mission Content 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Designer:  a person who uses a combination of art, engineering, and 
aesthetics to develop a product that catches the interest of clients.  

● CAD: Computer-Aided-Modeling software used to design 3D objects for 
production using CNC equipment.  

● 3D Printer: A CNC machine that creates 3D objects through additive 
manufacturing. 

● Dimensions: a system of measurements in order to constrain the size of a 
design.  

● Bearings: part that reduces friction between moving parts to a constrained 
motion 

 

Mission Brief: 

Fidget spinners were a great invention because they were cheap to make, fun to 
use, and had millions of assorted designs.  Now it’s your turn to design your own 
fidget spinner!  
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Mission Steps:  

1. Brainstorm fidget spinner designs 

2. Create a top view sketch of the design 

3. Hole for bearings should be 22mm (maybe depend on 3D printer)   

4. Produce a model using CAD software 

5. Manufacture your prototype using a 3D Printer 

6. Install 1- 3 bearings into your prototype.  

7. Evaluate your prototype.  
 

Mission Data Collection: 

 
Brainstorming: 

Using the space below list, describe, or sketch ideas for your fidget spinner.  
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Final Design: Using the space below, draw a final design with measurements. 

CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 

 

 

 

 

 

 

Mission Report: 

What was the biggest challenge in creating your fidget spinner?  

 

What would you change about your prototype? 
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Engineering Explorations 
Unit: 3 

Mission: Masterful Mobile Device Cases 
Mission Preparation Content:  

• Tinkercad Tutorials 
• Student Portfolio Definitions  

 
Mission Objectives:  

● To apply the design process, fundamentals of sketching, and the basics of 
CAD in order to create a mobile device case that will be produced using a 
3D printer.  

 

Mission Brief:  As a now well-known and respected product designer, you have 
been asked to develop a case for a leading phone manufacturer. Using your skill in 
sketching, dimensioning, and CAD design, you will create a case for a mobile 
device that is unique like no other.  

Teacher Insights:  When designing and modeling mobile device cases, students 
should consider the overall length, height and width of the device. The design is 
completely dependent on the student. When designing students should make 
detailed sketches indicating all relevant features of the device like, charging port, 
volume controls, camera, audio features, etc. These details will make the device 
case more effective. Cases can be printed using PLA or NinjaFlex (if available). In 
the case that there is an option for flexible filament consider the thickness of the 
case. If printed to thin, the flexible nature of the filament will make the case to 
frail. When printing with PLA, moderately thin cases are preferred due to the 
rigidity of the filament.  
 
Extended learning: After students complete the Mobile Device Case Mission they 
can extend their learning by creating a case that has multiple parts and can snap 
together, like a puzzle.  

Mission Materials: Filament for 3D Printer  

Cost: $ (Assumed 3D Printer is already in place)  
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Mission Steps:  
1. Research mobile device dimensions 
2. Brainstorm by creating 3 rough sketches of the prototype 
3. Create an orthographic sketch of the final design 
4 Produce a model using CAD software 
5. Manufacture your prototype using a 3D Printer 
6. Evaluate your solution.  
 

Mission Data Collection:  Students determine which device they would like to 
design a case for and review sample designs in their portfolio.  

Mission Report:  
• Does your prototype hold the specified device(s)? 
• Are all buttons, ports, screen, and camera accessible and usable? 
• Did your design change from the brainstorming stages to the CAD design 

and manufacturing stages? How so? 
• Are there any features or elements you would add, remove, or change if you 

were to complete this challenge again? 
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Mobile Device 
Case is not 
effective. Does 
not fit device. 

Mobile Device 
Case is partially 
functional. It will 
require 3-5 
modifications to fit 
device. 

Mobile Device 
Case is 
functional but 
will require 1-2 
modifications 
to fit device.  

Mobile Device 
Case is 
completely 
functional and fits 
device without 
any 
modifications. 

Mission 
Report 

Mission report 
not completed.  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence. 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence.  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence. 
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Engineering Explorations 
Mission: Masterful Mobile Device Cases 

 
Mission Objectives: 

● To apply the design process, fundamentals of sketching, and the basics of 
CAD in order to create a mobile device case that will be produced using a 
3D printer.  

 

Mission Content 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Engineer:  a person who designs and builds products, systems, and 
structures that improve our world. 

● Orthographic Sketching: 3 sketches of a single object to view multiple 
perspectives. 

● CAD: Computer-Aided-Modeling software used to design 3D objects for 
production using CNC equipment.  

● 3D Printer: A CNC machine that creates 3D objects through additive 
manufacturing. 

● Dimensions: a system of measurements in order to constrain the size of a 
design.  

 

Mission Brief: 
As a now well-known and respected product designer, you have been asked to 
develop a case for a leading phone manufacturer. Using your skill in sketching, 
dimensioning, and CAD design, you will create a case for a mobile device that is 
unique like no other.  
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Mission Steps:  

1. Research mobile device dimensions 

2. Brainstorm by creating 3 rough sketches of the prototype 

3. Create an orthographic sketch of the final design 

4 Produce a model using CAD software 

5. Manufacture your prototype using a 3D Printer 

6. Evaluate your solution.  

Mission Data Collection: 

      
  

What device/s will your case fit? 

 

What are the exact dimensions of the of the device? 

 

What dimensions will you make your device case, so it fits onto the mobile device?  
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Brainstorming: 

Brainstorm your solution by creating 3 rough sketches below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

Final Design: 

Using the space below, create a 3-view orthographic sketch of your final design. 
Top 
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Front 

 
 
 
 
 
 

Side 

 
 
 
 
 

 

CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 
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Mission Report: 

Does your prototype hold the specified device(s)? 

 

Are all buttons, ports, screen, and camera accessible and usable? 

 

Did your design change from the brainstorming stages to the CAD design and 
manufacturing stages? How so? 

 

Are there any features or elements you would add, remove, or change if you were 
to complete this challenge again? 
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Engineering Explorations 
Unit: 3 

Mission: Creative Creatures 
Mission Preparation Content:  

• Tinkercad Tutorials 
 
Mission Objectives:  

• To apply the design process, fundamentals of sketching and intermediate 
CAD skills to create a fictional or non-fictional creature that will be 
prototyped using a 3D printer.  

 
Mission Brief:  Designers are creating animated creatures to be featured on 
movies that could be seen by millions of viewers. However, before adding the 
animated aspect of these films they must create a realistic 3D model using CAD 
software. There is a new Disney animated movie and the main character is an 
animal or creature or a mixture of both…. you get to decide! You have been tasked 
to create a 3D creature design model of the movie’s main character.  Be creative!  
  

Teacher Insights:  Cartoons are not an easy mission to conquer. Students should 
work with the sketches and basic shapes they produced. This will allow them to 
make the connection from paper to computer. Remind students to reflect back on 
their final design during he modeling phase. You can have students use a variety of 
shapes to achieve desired results. Shapes can act on heir own or can be combined 
to have more complexity. Students may model overhangs from the main body of 
the character. However, when printing it may not print exactly as they modeled it 
due to nature of gravity and how 3D printers work. When printing indicate the use 
of "support" that can be added. These supports should be removed after print is 
finalized.  
 
Extended learning: After students complete the Creative Creatures Mission they 
can extend their learning by smoothing out the overall appearance of the character. 
This is accomplished by adding more shapes and combining parts of the model.  

Mission Materials: Filament for 3D Printer 
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Cost: $ (Assumed 3D Printer is already in place) 

Mission Steps:  
1. Select a fictional or non-fictional creature to assist in your design as inspiration. 
2. Create 3 rough sketches of the creature using at least 5-7 simple shapes. (Circles, 
triangle, squares, rectangles, etc.)  
3. Select ONE sketch to elaborate on and draw the Final Design using 7-10 shapes. 
(As you model this may change once you begin to add details.) 
4. Produce a model using Tinkercad.  
6. Manufacture your prototype using a 3D Printer. 
7. Evaluate your solution.  
 
Mission Data Collection: Brainstorm sketches and final sketch indicating the 
creature design.  

Mission Report:  
• What is the name of your creative creature? What type of creature did you 

create? Does it have any special powers?  
• How did your 3D Print turn out?     Why?   
• What would you have changed about your design to improve it? 
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Creative 
Creature did 
not print 
successfully. 

Creative Creature 
printed with 3-5 
errors. 
Modifications are 
required prior to 
reprinting.  

Creative 
Creature 
printed with 1-
2 errors. 
Modifications 
are required 
prior to 
reprinting. 

Creative Creature 
printed without 
design issues. 
Design resembles 
the intended 
character. 

Mission 
Report 

Mission report 
not completed.  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence. 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence.  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence. 
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Engineering Explorations 
Mission: Creative Creatures 

 

 
Mission Objectives: 

● To apply the design process, fundamentals of sketching and intermediate 
CAD skills to create a fictional or non-fictional creature that will be 
prototyped using a 3D printer.  
***These key chains can be printed using desired filament. Follow 
manufacturer’s suggested nozzle and build plate temperature’s.*** 

Mission Content: 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Engineer:  a person who designs and builds products, systems, and 
structures that improve our world. 

● Orthographic Sketching: 3 sketches of a single object to view multiple 
perspectives. 

● CAD: Computer-Aided-Drafting software used to design 3D objects for 
production using CNC equipment.  

● 3D Printer: A CNC machine that creates 3D objects through additive 
manufacturing. 

 

Mission Brief:   
Designers are creating animated creatures to be featured on movies that could be 
seen by millions of viewers. However, before adding the animated aspect of these 
films they must create a realistic 3D model using CAD software. There is a new 
Disney animated movie and the main character is an animal or creature or a 
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mixture of both…. you get to decide! You have been tasked to create a 3D creature 
design model of the movie’s main character.  Be creative!  
Mission Materials:  

● CAD software 
● 3D printer 
● Filament 

 

Mission Steps:  

1. Select a fictional or non-fictional creature to assist on your design as inspiration. 

2. Create 3 rough sketches of the creature using at least 5-7 simple shapes. (circles, 
triangle, squares, rectangles, etc.)  

3. Select ONE sketch to elaborate on and draw the Final Design using 7-10 shapes. 
(As you model this may change once you begin to add details.) 

4. Produce a model using Tinkercad.  

6. Manufacture your prototype using a 3D Printer. 

7. Evaluate your solution.  

 

Mission Data Collection: 

Inspiration Image: 

  

 

 

 

 

 

 

 

Copy/Paste an image of a creature that you will be using as inspiration. 
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Rough Brainstorming: 

Using the space below, create 3 rough sketches of a fictional or non-fictional      

Rough Brainstorming: 

Using the space below, create 3 rough sketches of a fictional or non-fictional 
creature. Use only 5-7 basic shapes.  

 

 
 
 
 
 
 

  

 

Final Design: 

Using the space below, create a sketch of the creature using 7-10 basic shapes. The 
drawing will aide you in the modeling of the creature on CAD software.  
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CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 
 
 
 

Mission Report:  

What is the name of your creative creature? What type of creature did you create? 
Does it have any special powers?  

 

How did your 3D Print turn out?     Why?   

 

What would you have changed about your design to improve it? 

 



70 
ENGINEERING EXPLORATONS, LLC  COPYRIGHT ©  

 

Engineering Explorations 
Unit: 3 

Mission: Cool Candy Bars 
Mission Preparation Content:  

• Tinker Cad Tutorials 
• Student Portfolio Vocabulary 

 
Mission Objectives:  

● To apply the design process, fundamentals of graphic design and 3D CAD 
design to blend the worlds of graphic arts and engineering in order to create 
a candy bar mold through the use of 3D printing and mold making 
technology.  

 
Mission Brief:   You have been hired by Hershey’s Chocolate Co. to work on a 
new top-secret candy project. Hershey, like Coca Cola is looking for ways to allow 
their customers to personalize their products. By utilizing 3D printing technology 
and blending it with vacuum forming mold making technology, you will create a 
prototype candy bar that is unique like no other. Hmmm…. sounds delicious!  
 
Teacher Insights:  Candy Bars! So tasty! When designing the candy bar, students 
will be so excited about eating the candy that they may lose sight of the actual 
design. Remember, sharing is caring! Most candy bars are divided into sharable 
individual pieces intended for sharing or to save for later. A candy bar is typically 
rectangular. However, the pieces can be divided in any form, dependent on the 
designer. This would be a great opportunity to work with geometric shapes and 
how to make the pieces break off with ease. With a candy bar presentation is a key 
factor. Students may want to include text. However, on a candy bar not all the dr 
may be legible. They can stick to larger individual letters to personalize their candy 
bar. It might be fun to have a buffet of candy bars to test out other designs. 
Remember, candy bars come all different sizes from mini to mega bars. Each size 
contains a different design.  
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Extended learning: After students complete the Cool Candy Bar Mission they can 
extend their learning by designing a unique exterior shape to the candy bar.  

 
Mission Materials:  

• Filament for 3D Printer 
• Chocolate  

Cost:  $$ (Assumed 3D Printer is already in place) 
 
Mission Steps:  
1. Brainstorm using a morphological chart 
2. Create an orthographic sketch of the final design 
 Optional: Create a personalized Vector design to import into CAD software 
3. Produce a model using advanced CAD software 
4. Manufacture your prototype using a 3D Printer 
5. Create a mold using a vacuum forming machine 
6. Pour Chocolate (or other) 
7. Cool molds 
6. Evaluate your solution 
 
Mission Data Collection:  Students review chocolate mold designs. Might be a 
great idea to provide them with actual chocolate molds to evaluate or taste!  
 
Mission Report:  

• How did your chocolate mold design look?  
• What would you change about your design to improve it?  
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
 
Criteria  

 

Not Effective  
___pts 

 

Partially Effective 
___pts 

Effective  

___pts 

Highly Effective  
___pts  

CAD 

 

Student did not 
use final sketch 
create CAD 
model. 

Student partially 
used final sketch to 
create CAD with 
3-5 changes. 

Student used 
final sketch to 
create CAD 
model with 1-2 
changes. 

Student used final 
sketch to create 
CAD model 
exactly with all 
details. 

3D Printing Candy Bar 
mold did not 
print.  

Candy Bar mold is 
printed with 3-5 
errors. 
Modifications are 
required prior to 
creating chocolate 
mold 

Candy Bar 
mold is printed 
with 1-2 errors. 
Modifications 
are required 
prior to 
creating 
chocolate mold. 

Candy Bar mold 
printed 
successfully so 
chocolate mold 
can be created on 
first try 

Mission 
Report 

Mission report 
not completed.  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence. 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence.  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence. 
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Engineering Explorations 
Mission: Cool Candy Bars  

 
Mission Objectives: 

● To apply the design process, fundamentals of graphic design and 3D CAD 
design to blend the worlds of graphic arts and engineering in order to create 
a candy bar mold through the use of 3D printing and mold making 
technology.  

Mission Content: 

● Engineering: Use of mathematics, science, and technology to create 
products and systems that improve the world.   

● Design: To plan and make decisions about something that is being built or 
created through the creation of drawings or plans.  

● Engineer:  a person who designs and builds products, systems, and 
structures that improve our world. 

● Orthographic Sketching: 3 sketches of a single object to view multiple 
perspectives. 

● CAD: Computer-Aided-Modeling software used to design 3D objects for 
production using CNC equipment. 

● Mold Making: A method of production by pouring liquids into a form.  
● 3D Printer: A CNC machine that creates 3D objects through additive 

manufacturing. 
● Dimensions: a system of measurements in order to constrain the size of a 

design.  
● Graphic Design:  The art and skill of combining text and pictures to create 

imagery found in various forms of visual media. 
● Vector Artwork: The use of points, lines, and curves - all of which are 

based on mathematical expressions - to represent images in computer 
graphics. 
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Mission Brief: 

You have been hired by Hershey’s Chocolate Co. to work on a new top-secret 
candy project. Hershey, like Coca Cola is looking for ways to allow their 
customers to personalize their products. By utilizing 3D printing technology and 
blending it with vacuum forming mold making technology, you will create a 
prototype candy bar that is unique like no other. Hmmm…. sounds delicious!  

Mission Specifications:  

Your candy bar design must meet the following specifications and constraints: 

● The standard size of a Hershey’s Bar is 5.375” x 2.250” 
● Your candy bar thickness must not exceed 0.25”  
● Your candy bar must not exceed the size of a standard Hershey 
● You may create your own custom size and shape candy bar 
● You may make a single large bar, or multiple small bars 
● Your candy bar does not need to be rectangular in shape 
● You must use large line detail and bold text 
● You must chamfer all large edges 

 

Mission Steps:  

1. Brainstorm using a morphological chart 

2. Create an orthographic sketch of the final design 

 Optional: Create a personalized Vector design to import into CAD software 

3. Produce a model using advanced CAD software 

4. Manufacture your prototype using a 3D Printer 

5. Create a mold using a vacuum forming machine 

6. Pour Chocolate (or other) 

7. Cool molds 

6. Evaluate your solution 
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Mission Data Collection:  

 
Brainstorming: 

Brainstorm your solution using the morphological chart below: 

Category 1 2 3 
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Final Design: 

Using the space below, create a 2-view orthographic sketch of your final design. 
Top 

 
 
 
 
 
Side 

 
 
 
 
 

CAD Design: 

‘Cut and Paste’ a screenshot of your CAD design below. 
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Mission Report: 

How did your chocolate mold design look?  

 

What would you change about your design to improve it?  
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Engineering Explorations 
Unit: 4 

Mission: Logo Design Challenge 
 
Mission Preparation Content:  

• Introduction to Graphic Design Activity Sheet 
• Introduction to Graphic Design PowerPoint 
• Vector vs. Raster Images Activity Sheet  
• Vector vs. Raster Images PowerPoint  
• Creating Vinyl Products Activity Sheet 
• Creating Vinyl Products PowerPoint 
• Student Portfolio Vocabulary  
• Converting images to vector in Tinkcad video:  

o https://www.youtube.com/watch?v=lf5VJNnpdp8 
• Also using the website www.convertio.co  

 

Mission Objectives:  
• To apply the principles of graphic design to create a unique logo for 

ourselves to be reproduced as a vinyl decal.  
 
Mission Brief:  You have become a well-known and distinguished graphic 
designer. Because of this, it is time to develop yourself as a brand. In this mission, 
you will create a logo to describe yourself as an individual that meets the following 
specifications and constraints: 

Teacher Insights: This is the introductory graphic design mission, so you must 
complete the introduction to graphic design PPT and activity sheet before starting 
this mission.  The vector vs. raster images PPT and activity must be completed as 
well.  The creating vinyl products PPT and activity should be completed after the 
students have completed their vector designs as this will detail the step by step 
process of creating a vinyl product out of the vector design.  There are different 
types weeding tools you can purchase to help bring the corner or edges of your 
vinyl designs, but I just use the point of a hobby knife.  Creating vector images 

https://www.youtube.com/watch?v=lf5VJNnpdp8
http://www.convertio.co/
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using Tinkercad can be found here: 
https://www.youtube.com/watch?v=lf5VJNnpdp8 

Students who are having problems creating their own logos can do a simple image 
search and convert any image to a vector image using the website:  
www.convertio.co    
 

Extended learning: Students can do an additional logo design that is more 
complex or use another CAD software program with more detail such as Illustrator 
or Onshape.  

Mission Materials:  
• Various vinyl colors (Amazon)  
• Transfer tape (Amazon)  
• Hobby Knife 
• Squeegee  
• Vinyl cutting machines  

 

Cost:  $$ (Assumed vinyl cutting machine is already in place)  

Mission Steps:  
1. Brainstorm by creating 20 rough thumbnail sketches 
2. Create 3 rough sketches based on your thumbnail sketches 
3. Create a neat, large, and full-size sketch of the final design 
4. Develop a Vector design of your logo 
5. Manufacture your logo using a CNC plotter (Vinyl Cutter) 
6. Evaluate your solution 
7.  Refer to “Creating Vinyl Products” Activity Steps 
 

Mission Data Collection:  Reviewing logos from PowerPoint and student 
portfolio.  

Mission Report:  
• What do you like the most about your logo?  
• What do you like the least about your logo?  
• How did your logo employ the three elements of graphic design?  

 

https://www.youtube.com/watch?v=lf5VJNnpdp8
http://www.convertio.co/
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
 

Criteria  
 

Not Effective  
___pts 
 

Partially Effective 
___pts 

Effective  
___pts 

Highly Effective  
___pts  

Logo  
 

Logo is not 
completed 

Logo is completed 
with many 
weeding and 
cutting errors  

Logo is 
completed with 
few weeding 
and cutting 
errors  

Logo is 
completed with 
flawless cutting 
and weeding 

Sketches and 
Final Design  

Sketches and 
final designs 
not attempted  

2 sketches 
completed with 
final design  

Sketches and 
final designs 
completed with 
mistakes in 
measurements  

Sketches and 
final design 
completed with 
accurate 
measurements 

Mission 
Report 

Mission report 
not completed  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence 
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Engineering Explorations 
What is Graphic Design? 

 
Graphic Design: The art and skill of combining text and pictures to create 
imagery found in various forms of visual media. 

We are surrounded by graphic design everywhere we look. Logos, apparel, 
advertisements, commercials, newspapers, magazines, photography, and even 
memes! 

What is an example of graphic design around you right now? 

 

The Three Elements of Graphic Design: 
 

1) ____________________________________________________ 
 

2) ____________________________________________________ 
 

3) ____________________________________________________ 
 
 

Primary Types of Fonts: 

Serif  Sans Serif  Script  Decorative 
Do’s and Don’ts with Typography: Typically, never use more than three 
different fonts in a design. NEVER write script fonts in ALL CAPS, add contrast, 
combine script and non-script fonts for emphasis, Stay away from Comic Sans. 
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Engineering Explorations 
Vector vs Raster Images 

 
In the world of Graphic Design Production, there are two types of images. Each 
image may initially appear to be the same to the human eye. To a computer 
however, these images have very different purposes.  

_________________________: A graphic constructed through a dot matrix or grid 
of pixels. 

_________________________: The use of points, lines, and curves - all of which 
are based on mathematical expressions - to represent images in computer graphics. 

Vector         Raster 
 

 

 

 

 

Because vector artwork is constructed using mathematical expressions through 
lines, points, and curves, it can be scaled to unlimited proportions. When Raster 
images are scaled, the pixels are changed in size which distorts the appearance of 
the design.  

 
 

 

Vector artwork is used to control CNC machines. Machines follow the outlines of 
the vector designs in order to create products using various forms of machining.  
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Engineering Explorations 
Creating Vinyl Products 

 
CNC Plotter: A type of 2-Axis and 2-Dimensional CNC Machine used for cutting 
sheet material, such as vinyl.  

Procedures: 

1. Create a vector design using Vector CAD software 
2. Import the vector design to CAM software to control the CNC Machine 
3. Load material into the CNC Plotter 
4. Set the parameters for the loaded material 
5. Run the job 
6. Unload the artwork 
7. Weed the design 
8. Prepare Transfer Mask (Adhesive) or Align on fabric (Transfer) 
9. Apply artwork (Adhesive) or Press (Transfer) 

 

Weeding the Artwork: After the design is cut by the CNC plotter and unloaded 
from the machine, it must be weeded before applying. Weeding is the process of 
removing excess vinyl from around the design intended to keep. Weeding takes 
time, practice, and precision. When weeding, it is important to keep the following 
in mind: 

● Start from a corner, peel at a 45º angle 
● Use relief cuts to break up words and elements of designs 
● Peel the vinyl with your hand, use a tool to keep artwork down on the 

backing paper as you peel 
● Monitor the peeling, if you accidentally peel artwork up, gently place 

it back down and hold it in place using a tool 
● Remember, weeding tools are sharp, handle with care and caution 
● When peeling, always peel LOW AND SLOW 
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Engineering Explorations 
Mission: Lively Logos  

 
Mission Objectives: 

● To apply the principles of graphic design in order to create a unique logo for 
ourselves to be reproduced as a vinyl decal.  

 

Mission Content 

● Graphic Design:  The art and skill of combining text and pictures to create 
imagery found in various forms of visual media. 

● Typography:  the art or procedure of arranging type or processing data and 
printing from it. 

● Shapes: The combination of lines and basic geometry to create images and 
artwork.  

● Logo: A symbol of meaning to describe an individual, company, or 
organization.  

 

Mission Brief: 
You have become a well-known and distinguished graphic designer. Because of 
this, it is time to develop yourself as a brand. In this Mission, you will create a logo 
to describe yourself as an individual that meets the following specifications and 
constraints: 

● Illustrates your either your first name, last name, or initials 
● Depicts an image (or images) that describe you as a person. This could be a 

passion, hobby, interest, skill, talent, etc. 
● Utilize color to add meaning and significance to the logo 
● Created in both color and black and white 
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Mission Steps:  

1. Brainstorm by creating 20 rough thumbnail sketches 

2. Create 3 rough sketches based on your thumbnail sketches 

3. Create a neat, large, and full-size sketch of the final design 

4. Develop a Vector design of your logo 

5. Manufacture your logo using a CNC plotter (Vinyl Cutter) 

6. Evaluate your solution 

Mission Data Collection: 

 
Thumbnail Sketches 
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Rough Sketches 
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Final Logo Design Sketch 

Using the space below, create a full-size sketch of your logo design. This sketch 
should be neat and then traced using a sharpie.  

 

 

 

 

 

 

 

 

 

 

 

 

Mission Report:  

What do you like the most about your logo?  

 

What do you like the least about your logo?  

 

How did your logo employ the three elements of graphic design?  
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Engineering Explorations 
Unit: 4 

Mission: Marvelous Magnets  
 

Mission Preparation Content:  

• Student Portfolio Vocabulary  
• Converting images to vector in Tinkcad video: 

https://www.youtube.com/watch?v=lf5VJNnpdp8 
• Also using the website www.convertio.co  

 

Mission Objectives:  
● To further develop skills in graphic design by creating a vector design to be 

produced using a CNC plotter and applied to an oval magnet.  
 

Mission Brief:  When driving down the road, it is nearly impossible to find a car 
without an oval magnet on the back. Many of these magnets are for a favorite 
beach location, some for the love of the owners’ pets. You are now being 
challenged to design the next big thing in the oval magnet market. Be creative!  

Teacher Insights: This mission is very similar to the logo mission, but student 
designs will be applied to a common oval magnet.  In most cases you will have to 
pre-set the border image to fit on the oval magnet and then students can either add 
to that image or insert their own design they created in the center of the magnet.  

Extended learning: Students create their own border design for the magnet.   

Mission Materials:  

• Various vinyl colors 
• Oval magnet blanks www.beacongraphics.com  
• Hobby Knife 
• Transfer Tape 
• Squeegee  

Cost:  $$$ (Assumed that a vinyl cutter is already in place)  

https://www.youtube.com/watch?v=lf5VJNnpdp8
http://www.convertio.co/
http://www.beacongraphics.com/
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Mission Steps:  
1. Brainstorm by creating 6 rough sketches 
2. Create a neat, large, and full-size sketch of the final design 
3. Develop a Vector design of your magnet using a design template 
4. Manufacture your logo using a CNC plotter 
5. Layout and laminate your design your magnet 
 
Mission Data Collection: Review magnet designs in student portfolio.  

Mission Report:  

• What was your biggest challenge in creating your magnet?  

 

Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
 

Criteria  
 

Not Effective  
___pts 
 

Partially Effective 
___pts 

Effective  
___pts 

Highly Effective  
___pts  

Magnet 
 

Magnet is not 
completed 

Magnet is 
completed with 
many weeding and 
cutting errors. 
Vinyl does not 
accurately fit on 
oval magnet 

Magnet is 
completed with 
some weeding 
and cutting 
errors. Vinyl 
accurately fits 
on oval magnet 

Magnet is 
completed with 
no weeding or 
cutting errors. 
Vinyl accurately 
fits on oval 
magnet 

Sketches and 
Final Design  

Sketches and 
final designs 
not attempted  

2 sketches 
completed with 
final design  

Sketches and 
final designs 
completed with 
mistakes in 
measurements  

Sketches and 
final design 
completed with 
accurate 
measurements 

Mission 
Report 

Mission report 
not completed  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence 
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Engineering Explorations 
Mission: Marvelous Magnets 

 

 
Mission Objectives: 

● To further develop skills in graphic design by creating a vector design to be 
produced using a CNC plotter and applied to an oval magnet.  

Mission Content 

● Graphic Design:  The art and skill of combining text and pictures to create 
imagery found in various forms of visual media. 

● Vector Artwork: The use of points, lines, and curves - all of which are 
based on mathematical expressions - to represent images in computer 
graphics. 

● CNC Plotter: A type of 2-Axis and 2-Dimensional CNC Machine used for 
cutting sheet material, such as vinyl.  

 
Mission Brief: 

When driving down the road, it is nearly impossible to find a car without an oval 
magnet on the back. Many of these magnets are for a favorite beach location, some 
for the love of the owners’ pets. You are now being challenged to design the next 
big thing in the oval magnet market. What will you create!  
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Mission Steps:  

1. Brainstorm by creating 6 rough sketches 

2. Create a neat, large, and full-size sketch of the final design 

3. Develop a Vector design of your magnet using a design template 

4. Manufacture your logo using a CNC plotter 

5. Layout and laminate your design your magnet 

Mission Data Collection:  

 
Rough Sketches 
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Final Design 

Vector Design: 

‘Cut and Paste’ a screenshot of your Vector design below. 
 

 

 

 

Mission Report:  

What was your biggest challenge in creating your magnet?  
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Engineering Explorations 
Unit: 4 

Mission: Terrific T-Shirts (Single Color) 
 

Mission Preparation Content:  
• Student Portfolio Vocabulary  
• Process for Heat Transfer for Vinyl  

o https://www.youtube.com/watch?v=xGlLDfhKFBk 
o https://www.youtube.com/watch?v=y8D9HWzg1II 

 
Mission Objectives:  

● To apply the principles of graphic design in order to create a unique design 
to be reproduced as a heat-transfer produced t-shirt.  

 
Mission Brief:  Fashion is one of the ultimate markets for graphic design. Apart 
from magazines, advertising, fabric prints, and logos, printed apparel is one of the 
ultimate methods for expressions and graphic design. Your final Mission is to 
capture this market by creating a moving, innovative, and eye-catching design to 
be produced on a t-shirt.  

Teacher Insights: There a few different methods to completing the heat transfer 
vinyl process.  Again, it much easier to see the process done.  Here is a video for 
heating using a regular iron: https://www.youtube.com/watch?v=2Ls_-yf7TRs 

Here is a video for using a cheaper heat press to transfer the vinyl: 
https://www.youtube.com/watch?v=xGlLDfhKFBk and here: 
https://www.youtube.com/watch?v=y8D9HWzg1II  

Extended learning: Students that complete the single-color t-shirt can either make 
a more complex design or move on to the multi-color t-shirt mission.  

Mission Materials:  
• Various heat transfer vinyl colors 
• Oval magnet blanks www.beacongraphics.com  
• Hobby Knife 
• Transfer Tape 

https://www.youtube.com/watch?v=xGlLDfhKFBk
https://www.youtube.com/watch?v=y8D9HWzg1II
https://www.youtube.com/watch?v=2Ls_-yf7TRs
https://www.youtube.com/watch?v=xGlLDfhKFBk
https://www.youtube.com/watch?v=y8D9HWzg1II
http://www.beacongraphics.com/
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• Squeegee  
 

Cost:  $$$ (Assumed that a vinyl cutter is already in place)  

Mission Steps:  
1. Brainstorm by creating 4 rough sketches 
2. Create a neat, large sketch of the final design 
3. Develop a Vector design of your artwork 
4. Manufacture your logo using a CNC plotter 
5. Create your shirt using a heat transfer production method 
 

Mission Data Collection: Students should go online and research different single-
color t-shirt designs.  
 

Mission Report:  
• What was the difference in applying vinyl using the heat transfer method to 

the t-shirt as opposed to the normal transfer when you did the magnet?  
 
Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  
 

Not Effective  
___pts 
 

Partially Effective 
___pts 

Effective  
___pts 

Highly Effective  
___pts  

T-Shirt 
 

T-Shirt is not 
completed 

T-Shirt is 
completed with 
many weeding, 
cutting, and 
transfer errors.  

T-Shirt is 
completed with 
some weeding, 
cutting, and 
transfer errors. 

T-Shirt is 
completed with 
no weeding, 
cutting, or 
transfer errors. 

Sketches and 
Final Design  

Sketches and 
final designs 
not attempted  

2 sketches 
completed with 
final design  

Sketches and 
final designs 
completed with 
mistakes in 
measurements  

Sketches and 
final design 
completed with 
accurate 
measurements 

Mission 
Report 

Mission report 
not completed  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence 
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Engineering Explorations 
Mission: Terrific T-Shirts (Single Color) 

 

Mission Objectives: 

● To apply the principles of graphic design in order to create a unique design 
to be reproduced as a heat-transfer produced t-shirt.  

 

Mission Content 

● Graphic Design:  The art and skill of combining text and pictures to create 
imagery found in various forms of visual media. 

● Vector Artwork: The use of points, lines, and curves - all of which are 
based on mathematical expressions - to represent images in computer 
graphics. 

● Heat Transfer Vinyl: Vinyl film that adheres to fabric when placed under 
high pressure and high heat.  

● CNC Plotter: A type of 2-Axis and 2-Dimensional CNC Machine used for 
cutting sheet material, such as vinyl.  

 

Mission Brief: 

Fashion is one of the ultimate markets for graphic design. Apart from magazines, 
advertising, fabric prints, and logos, printed apparel is one of the ultimate methods 
for expressions and graphic design. Your mission is to capture this market by 
creating a moving, innovative, and eye-catching design to be produced on a t-shirt.  

 

Mission Steps:  

1. Brainstorm by creating 4 rough sketches 

2. Create a neat, large sketch of the final design 

3. Develop a Vector design of your artwork 

4. Manufacture your logo using a CNC plotter 

5. Create your shirt using a heat transfer production method 
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Rough Sketches 
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Final Sketch 

Mission Report: 

What were the difference in apply vinyl using the heat transfer method to the t-
shirt as opposed to the normal transfer when you did the magnet?  
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Engineering Explorations 
Unit: 4 

Mission: Distinctive Decals (Multi-Layer) 
 
Mission Preparation Content:  

• Converting images to vector in Tinkcad video: 
https://www.youtube.com/watch?v=lf5VJNnpdp8 
Also using the website www.convertio.co  

• Multi-Color Layer PowerPoint  
• Student Portfolio Vocabulary  

 

Mission Objectives:  
● To develop skills in vector artwork design in order to create a multi-color 

vinyl decal or oval magnet.  
 

Mission Brief:  It’s time to step up your market in the graphic design world. By 
utilizing Vector design software, you will create a multi-color LAYER design that 
is then to be reproduced using a CNC plotter. The result will be one of the 
following: 

●  6” x 6” multi-color decal 
● A 3” x 2” multi-color oval magnet 

 

Teacher Insights: When layering vinyl, it can be tedious or even downright 
frustrating when lining up your layers.  One trick to place a very small circle above 
your actual designs and then when you go to “layer” them on your decal or magnet 
simply line up the circles. There are many tips and tricks for layering vinyl but 
here are links to some YouTube videos that are very helpful in actually “seeing” 
the helpful insights 

• https://www.youtube.com/watch?v=RPjcwB4Mzms 
• https://www.youtube.com/watch?v=o05SkZhWDls  

Extended learning: Students can try more intricate and complex designs or even 
add in another layer for a deeper or 3D look to their design.  

https://www.youtube.com/watch?v=lf5VJNnpdp8
http://www.convertio.co/
https://www.youtube.com/watch?v=RPjcwB4Mzms
https://www.youtube.com/watch?v=o05SkZhWDls
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Mission Materials:  
• Various vinyl colors 
• Oval magnet blanks www.beacongraphics.com  
• Hobby Knife 
• Transfer Tape 
• Squeegee  

 

Cost:  $$$ (Assumed that a vinyl cutter is already in place)  

Mission Steps:  
1. Brainstorm by creating 3 rough sketches (using multiple colors) 
2. Create a neat, large sketch of the final design (using multiple colors) 
3. Develop a Vector design of your artwork (using layers) 
4. Manufacture your logo using a CNC plotter 
5. Laminate your vinyl colors to create a multi-color decal or magnet 
 

Mission Data Collection:  Review the sample designs in student portfolio 

 

Mission Report:  

• What was the most difficult part of “layering” your design?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.beacongraphics.com/
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  
 

Not Effective  
___pts 
 

Partially Effective 
___pts 

Effective  
___pts 

Highly Effective  
___pts  

Decal  
 

Decal is not 
completed 

Decal  is 
completed with 
many weeding and 
cutting errors. 
Decal layers are 
not properly 
completed with 
many errors 

Decal  is 
completed with 
some weeding 
and cutting 
errors. Decal 
layers are 
properly 
completed but 
with some 
errors 

Decal  is 
completed with 
no weeding and 
cutting errors. 
Decal layers are 
completed with 
no flaws  

Sketches and 
Final Design  

Sketches and 
final designs 
not attempted  

2 sketches 
completed with 
final design  

Sketches and 
final designs 
completed with 
mistakes in 
measurements  

Sketches and 
final design 
completed with 
accurate 
measurements 

Mission 
Report 

Mission report 
not completed  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence 
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Engineering Explorations 
Mission: Distinctive Decals (Multi-Layer) 

Mission Objectives: 

● To develop skills in vector artwork design in order to create a multi-color 
vinyl decal or oval magnet.  

Mission Content: 

● Graphic Design:  The art and skill of combining text and pictures to create 
imagery found in various forms of visual media. 

● Vector Artwork: The use of points, lines, and curves - all of which are 
based on mathematical expressions - to represent images in computer 
graphics. 

● CNC Plotter: A type of 2-Axis and 2-Dimensional CNC Machine used for 
cutting sheet material, such as vinyl. 

 

Mission Brief: 

It’s time to step up your market in the graphic design world. By utilizing Vector 
design software, you will create a multi-color LAYER design that is then to be 
reproduced using a CNC plotter. The end result will be one of the following: 

●  6” x 6” multi-color decal 
● A 3” x 2” multi-color oval magnet 

 

Mission Steps:  

1. Brainstorm by creating 3 rough sketches (using multiple colors) 

2. Create a neat, large sketch of the final design (using multiple colors) 

3. Develop a Vector design of your artwork (using layers) 

4. Manufacture your logo using a CNC plotter 

5. Laminate your vinyl colors to create a multi-color decal or magnet 
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Mission Data Collection:  

 

Rough Brainstorming: 

Using the space below, create 3 rough sketches of a decal design.  
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Final Design: 

Using the space below, create a sketch of your final design. 
 

 
 
 
 
 
 
 

Vector Design: 

‘Cut and Paste’ a screenshot of your Vector design below. 

 

 

 

 

 

 

Mission Report:  
What was the most difficult part of “layering” your design?  
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Engineering Explorations 
Unit: 4 

Mission: Tremendous T-Shirts (Multi-Color) 
 
Mission Preparation Content:  

• Process for Heat Transfer for Vinyl  
o https://www.youtube.com/watch?v=xGlLDfhKFBk 
o https://www.youtube.com/watch?v=y8D9HWzg1II 

• Student Portfolio Vocabulary  
 
Mission Objectives:  

● To apply the principles of graphic design in order to create a unique design 
to be reproduced as a heat-transfer produced t-shirt.  

 
Mission Brief:  Fashion is one of the ultimate markets for graphic design. Apart 
from magazines, advertising, fabric prints, and logos, printed apparel is one of the 
ultimate methods for expressions and graphic design. Your final Mission is to 
capture this market by creating a moving, innovative, and eye-catching design to 
be produced on a multi-color t-shirt. Your design must be in a vector layer 
format. 
 
Teacher Insights: There a few different methods to completing the heat transfer 
vinyl process.  Again, it much easier to see the process done.  Here is a video for 
heating using a regular iron: https://www.youtube.com/watch?v=2Ls_-yf7TRs 
Here is a video for using a cheaper heat press to transfer the vinyl: 
https://www.youtube.com/watch?v=xGlLDfhKFBk and here: 
https://www.youtube.com/watch?v=y8D9HWzg1II  
 
Extended learning: Students that complete a more complex design or complete a 
hoodie or long sleeve t shirt design with additional vinyl graphics on the sleeves.  
 
Mission Materials:  

• Various heat transfer vinyl colors 
• Oval magnet blanks www.beacongraphics.com  

https://www.youtube.com/watch?v=xGlLDfhKFBk
https://www.youtube.com/watch?v=y8D9HWzg1II
https://www.youtube.com/watch?v=2Ls_-yf7TRs
https://www.youtube.com/watch?v=xGlLDfhKFBk
https://www.youtube.com/watch?v=y8D9HWzg1II
http://www.beacongraphics.com/
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• Hobby Knife 
• Transfer Tape 
• Squeegee  

 
Cost:  $$$ (Assumed that a vinyl cutter is already in place)  
 
Mission Steps:  
1. Brainstorm by creating 4 rough sketches (using multiple colors) 
2. Create a neat, large sketch of the final design (using multiple colors) 
3. Develop a Vector design of your artwork (using layers) 
4. Manufacture your logo using a CNC plotter 
5. Create your shirt using a heat transfer production method 
 
Mission Data Collection: Students should go online and research different multi-
color t-shirt designs.  
 
Mission Report:  

• What do you feel you have improved the most in regards to producing 
layered vinyl designs and multi colored designs?  
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Mission Rubric: This rubric can be modified to fit your assessment needs and 
requirements. 
Criteria  
 

Not Effective  
___pts 
 

Partially Effective 
___pts 

Effective  
___pts 

Highly Effective  
___pts  

T-Shirt 
 

T-Shirt is not 
completed 

T-Shirt is 
completed with 
many weeding, 
cutting, and 
transfer errors. 
Vinyl layering also 
includes many 
errors  

T-Shirt is 
completed with 
some weeding, 
cutting, and 
transfer errors. 
Vinyl layering 
includes some 
errors 

T-Shirt is 
completed with 
no weeding, 
cutting, or 
transfer errors. 
Vinyl layering 
has not errors.  

Sketches and 
Final Design  

Sketches and 
final designs 
not attempted  

2 sketches 
completed with 
final design  

Sketches and 
final designs 
completed with 
mistakes in 
measurements  

Sketches and 
final design 
completed with 
accurate 
measurements 

Mission 
Report 

Mission report 
not completed  

Mission report 
includes answers 
with no 
explanation or 
supporting 
evidence 

Mission report 
includes 
answers with 
little 
explanation or 
supporting 
evidence  

Mission report 
includes detailed 
explanation of 
answers with 
supporting 
evidence 
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Engineering Explorations 
Mission: Tremendous T-Shirts  

 

Mission Objectives: 

● To apply advanced techniques of graphic design in order to create a unique 
design to be reproduced as a heat-transfer produced t-shirt.  

 

Mission Content: 

● Graphic Design:  The art and skill of combining text and pictures to create 
imagery found in various forms of visual media. 

● Vector Artwork: The use of points, lines, and curves - all of which are 
based on mathematical expressions - to represent images in computer 
graphics. 

● Heat Transfer Vinyl: Vinyl film that adheres to fabric when placed under 
high pressure and high heat.  

● CNC Plotter: A type of 2-Axis and 2-Dimensional CNC Machine used for 
cutting sheet material, such as vinyl.  

 

Mission Brief: 

Fashion is one of the ultimate markets for graphic design. Apart from magazines, 
advertising, fabric prints, and logos, printed apparel is one of the ultimate methods 
for expressions and graphic design. Your final Mission is to capture this market by 
creating a moving, innovative, and eye-catching design to be produced on a multi-
color t-shirt. Your design must be in a vector layer format. 

Mission Steps:  

1. Brainstorm by creating 4 rough sketches (using multiple colors) 

2. Create a neat, large sketch of the final design (using multiple colors) 

3. Develop a Vector design of your artwork (using layers) 

4. Manufacture your logo using a CNC plotter 

5. Create your shirt using a heat transfer production method 
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Rough Sketches 
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Final Sketch 

Mission Report:  
What do you feel you have improved the most at in regard to producing layered 
vinyl designs and multi colored designs?  
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