


What is CAD?

Computer

Aided

Design

CAD is a tool used by 
engineers and in 
robotics to optimize 
the design process. 
This is done by 
creating 2D and 3D 
models 

In robotics CAD is 
typically used to 
make 3D models of 
robots and to design 
custom parts.



The 3 Parts of CAD
Part Studios Assemblie

s

Drawings



CAD process

 Sketch 
on paper

Create a 
sketch in 

CAD

Turn your 
sketch into 
a 3D object

Use your 
objects in 

assemblies



What CAD 
Program 

should you 
use?



CAD programs commonly used by 
robotics teams

SolidWorks Onshape

● Works on Macs
● Downloaded
● Great CAM software
● Not Industry standard CAD

Autodesk Fusion 360 Autodesk Inventor Autodesk TinkerCAD
● Only Works on Windows
● Can work offline
● Downloaded
● Industry standard CAD

● Works on any computer
● Good for beginners
● Browser based
● no download needed

● Works on any computer
● Browser based
● Tutorial system
● Industry standard CAD

● Need a “Beefy” Computer
● Simulation program
● Popular at colleges
● Industry standard CAD



 Onshape

Onshape has many collaboration 
features - many people call it “the Google 
Docs of CAD.” You can create a own team 

in onshape so all your team members 
can have access to team documents on 

their own devices.

Collaboration

Onshape is a cloud based 
program. It can be used on any 
computer (even chromebooks) 

and has apps for mobile devices.

Browser Based
The onshape FTC part library allows 

teams to pull any part (even 
discontinued ones) from all of the 

common suppliers to use.

FTC Part Library

FeatureScript is a programming language 
where you can write custom features. 
Teams have created robotics feature 

scripts you can use for free!.Feature scripts 
are part generators, that can generate 
hole patterns, gears, spacers and more 

Feature Scripts

PTC (onshape) is a 
sponsor for FIRST. They 
have many resources 

for FIRST teams.

FIRST Partner



Why use CAD?

Learning CAD gives the team the 
opportunity to create their own 
parts to 3D print or CNC. Having 

custom parts in robotics is a 
game changer.

Allows for more 
customization

Implementing CAD into your 
team gives the students to learn 

a great tool that real engineer 
use. When learning to can you 
learn to think and design in a 
different way, there are also 

opportunities for students to get 
certifications

Teaches students
a new skill

Having a CAD model of your 
robot is good documentation for 
you to show judges your robot in 

a different way.
The models allow you to show 

the fine details of your robot that 
can be hard to see on the 

physical bot

Good for 
documentation



There are typically 3 
stages/ways robotics 

teams utilize CAD
1. Creating a model of a robot (or parts of a robot) that is 

already built

2. Creating some non-dependent custom parts + 
designing some robot subsystems before building

3. Designing the whole robot (or most of it) in CAD before 
building + many custom parts



Stage 1

Creating a model of a robot (or parts of a 
robot) that is already built.
● Build your robot using trial and error (hand-on 

approach)
● Recreate/Assemble that robot (or parts of it) in 

CAD
● Use CAD pictures for documentation



Stage 2
Using CAD to create a few custom parts & 
designing some systems before building.

● Designing and fabricating parts that don't 
depend in the rest of the bot (spools, gripper, 
battery mount, etc.)

● Model/Build the rest of your robot in CAD for 
documentation



Stage 3
Designing the whole robot (or most of it) in CAD 
before building & creating custom parts that are 
dependent upon each other.
● Design and build your robot entirely in CAD 

● Create and design parts to CNC and/or 3D print

● Build the bot after everything is designed and fabricated

● Use pictures of the CAD to show at competitions

(Hands-on approach can 
still be used to prototype 
and test)



Fabricating your 
own parts
Taking your CAD models/parts and bringing 
them to life using different machines



2 Main ways robotics teams 
fabricate parts

3D printing allows 
teams to create parts 
that would not be able 

to be made by any 
other machine.

CNCing allows teams to 
create parts out of stronger 

and more rigid materials. 
Most parts that are CNCd 

are flat plates.

CNC Mill 3D Printing

Being able to fabricate parts gives your team the 
freedom to create anything with few limitations



Be Resourceful!
If your team doesn't have a 3D printer or CNC mill, find 
someone who does. Ask your friends, family, companies and 
other robotics teams. Some companies may make parts for 
free or at cost.



CNC process

 CAD 
Model

Use CAM 
to create 

Gcode

Upload Gcode 
to the CNC 

and MIll

Use your 
Part!

CNC Milling should be used for making any Flat 
part out of wood, polycarb or metal



3D Printing process

CAD 
Model

Slice and 
create 
Gcode

Upload 
Gcode to 

the printer 
and print

Use your 
Part!

3D Printing is used for making any 3D custom part 



Some things to keep 
in mind when 
fabricating parts ● Designing to Fabricate

● Material
● Tolerance
● Spare Parts



Things to think about when 
designing to fabricate.

● How can this be CNCd
● Round Edges
● Size

● How will this print?
● Print orientation
● Direction of layer lines
● Size

  

3D Printing
 

CNC Milling



CNC 
Materials Pros Cons

Aluminum
● Strong & Rigid
● Recommended for load 

bearing parts
● Great for most applications

● Takes longer to cut
● Can be heavy

Polycarbonate
(Lexan)

● Can bear load
● Impact resistant
● Can be bent into other 

shapes using heat
● It can look cool

● Expensive
● Can crack

Wood
● Very fast cut
● Ideal for prototyping
● Cheaper than other 

materials

● NOT ideal for final products
● Affected by humidity
● Not strong



3D Printing 
materials Pros Cons

PLA
● Easy to print
● Not usually affected by its 

environment 
● Most brands work great

● Not the strongest
● WILL melt in Louisiana heat 
● Not good for anything under load 

PETG
● Easy to print (eventually)
● Can withstand heat
● Strong
● Can be flexible when thin

● Spool must be kept in airtight 
container 

● affected by its environment
● Can be tricky to print at first
● Filament brand matters

ABS ● Strong
● Can withstand heat

● Toxic fumes
● Can be very hard to print
● Must have a fancy enclosure

TPU
(Flex)

● Flexible, Rubber like prints
● Great for prototypes ● Can be difficult to print



What is a machine tolerance?
A machine tolerance is the variation in dimensions between 
what you design and what gets machined. Every machine is 
going to have a different tolerance

It is important to know this number. When you are designing 
parts so you can add or subtract it from your dimensions in 
CAD, this way you get a part as close to your design as possible



How to find your machine’s 
tolerance

Find a file for a 
“Tolerance tester” and 
print it with the printer 

you plan on using. 
Whichever part moves 

is your tolerance.

The easiest way to find a 
CNC’s tolerance is to find 

something like a ½ in 
bearing and cut a plate 
with different size holes. 

(0.5”,0.502”,0.504”,0.506”,
0.508”, and 0.51”) Whichever 
hole the bearing fits best in 

is your tolerance 

CNC Mill 3D Printers



Spare Parts
When utilizing custom parts it is essential to have 1-2 spares for  
almost everything. This is especially true for 3D printed parts 
that are more prone to breaking.

What kind of parts need spares?

● Anything that is load bearing
● Anything that has a tendency to break
● Anything that you can't function without



Resources
● gm0.org
● Cheifdelphi.com
● r/FTC on reddit.com



Good luck this season
Do you have any questions?
Darkmatter14374@gmail.com 
DarkMatterRobotics.com




