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Why 3D Printing?

● Customized design
● Prototyping
● Extra parts
● Affordable
● Customized color (choose your favorite filament color)



Examples
Common 3D Printed Items in 
FTC

● Team Markers
● Hubs & Adapters
● Brackets & Angles

○ Custom sizes not sold in stores
● Phone clips
● Battery/motor mounts
● Parts specific to challenge

○ Mineral sorter for 2018-2019
○ Relic grabber for 2017-2018



3D Printing Design 
Workflow CAD Software: 

● Autodesk Inventor 

● Fusion 360
● Onshape
● Solidworks

○ available for free by completing this form: 
https://app.smartsheet.com/b/form/6762f6652a04487ca97
86fcb06b84cb5

CAD -> Slicer -> 3D Printer



What is a Slicer?
● Takes a 3D model (in STL format) and “slices”

it into layers
● Then, exports into a G-code file which you can 

run on the 3D Printer
● Can control many aspects of your 3D print

○ Layer Height
○ Wall Thickness
○ Infill
○ Printing Temperature
○ Support Structures



CAD Tips:
In CAD:

● Fillet in areas of sharp geometry 
change (90 degree angles), as that will 
make your print stronger

● When 3D printing, holes generally turn 
out smaller than expected, so design 
your holes to be slightly larger than 
what you want (0.1mm larger)

Fillet



Slicer Tips: ● Orient your parts to avoid large 
overhangs and bridges; where this is 
impossible, add supports

● Generally, you want infill between 20-
25%

● To add strength to your print, increase 
the amount of wall perimeters and 
also increase your infill to 30-
50%(depends on use of the part)

● Your print will be weakest in the Z axis, 
so orient your parts so that the Z axis 
does not need to take a large load

Overhang



Now to Start Printing

3D printers can be 
very dangerous if 
not handled 
properly. They must 
be monitored at all 
time during use and 
operation. If not 
controlled this can 
be the result.



Filament Types PLA and PETG:
● Don’t require enclosure
● PETG is stronger than PLA, so if you need structural 

support use PETG
● PLA attracts water and is biodegradable so it will degrade 

over time

ABS and PC:
● Require enclosure to print; if there is no enclosure, the 

part will crack and warp
● These filaments are strong and PC is even used in 

bulletproof glass
● ABS is petroleum based and will last a long time

TPU:
● TPU is flexible and useful for intakes



Filament 
Temperatures
(in Celcius)

PLA: 190-220 Hot End, 55-70 Bed Temperature

PETG: 220-250 Hot End, 50-75 Bed 
Temperature

ABS: 210-250 Hot End, 110 Bed Temperature, 0% 
Fan Speed

PC: 260-310 Hot End, 80-150 Bed Temperature, 
0% Fan Speed

TPU: 210-230 Hot End, 20-60 Bed Temperature

Remember these are just references.*



PRUSA RESEARCH
MMU V2.0



Good Practices
Storing Filaments:

● Certain filaments absorb water (PETG, PC, TPU 
etc.), and that can ruin prints

● To avoid this, store filaments in a box with 
silica gel packets/ container with silica gel. 
Cut a hole in the box to run the filament out 
while printing.

● Another option is using a vacuum bag with silica 
gel inside

● Once your silica gel has turned from 
yellow/orange to green you will need to bake 
it in an oven for 3 hours at 120 degrees C

● DEHYDRATE your filament if it has already 
absorbed moisture. Be careful not to melt 
your filament, so keep it at a low temp.

Silica Gel 

Vacuum Bag



Extruders 

Direct 

BOUDEN



Hot-Ends 
Nozzle Diameter

Hotend – Heats up to extrude the filament.

E3D v6 Hotend



Cooling
The appriate amount of cooling will 
keep your parts coming out clean and 
sharp.

Proper 
Cooling 
For PLA

Improper 
Cooling 
For PLA

Cooling Element for PLA



SPECIAL 
Extruders 
Hotends

DUAL EXTRUDER



3D Printer Bed
● The Surface that you print will be on.
● Making sure this surface is level  or if 

your 3d printer has auto-leveling.
● Also make sure your bed has proper 

adhesion. 

Bed leveling knob



Proper Adhesion to 
prevent warping
Heated Beds

Using masking tape on your 
bed to make sure your print 
will stick and prevent 
warping.

Heated bed will also make 
your print to stick to the bed 
and prevent warping.

Example 
of Warping



OctoPrint



OctoPrint Safety

Relay 110V In
24v to printer

Data cable from printer

5V Relay Trigger cable



3d Printer Enclosure
Enclosure:

A box to put around your 3D printer to:

● Protect from dust, 
● Keep heat in (stable temperature)
● Reduce noise

A photo tent Ikea Lack 

Tables

● PSU can be 
kept inside

● Very cheap
● No assembly

● Customizable
● Good aesthetic
● Can stack 

multiple 
tables for 
storage/more 
printers.

● Somewhat 
cheap

● Very long 
assembly



3D Printers Out There
Prusa i3 MK3-$749 USD,$999 USD prebuilt

1. Best 3D printer
2. 250x210x200 print volume
3. Auto calibration and crash detection
4. Slicer is easy to use
5. Can pause and restart prints
6. Very sturdy
7. Power loss recovery
8. https://www.prusa3d.com/original-prusa-i3-

mk3/



3D Printers Out There
Creality Ender 3-$369 USD

1. Best low price 3D printer
2. 220x220x250mm print volume
3. Can print flexible filaments (TPU)
4. Requires manual calibration
5. Easy to assemble (10 min with only 20 screws)
6. Problem: uneven base makes it difficult to 

level
7. https://www.creality3d.shop/products/creali

ty3d-ender-3-pro-high-precision-3d-printer



Disadvantages 
of 3D Printing ● Not as strong as other ways of making parts

● Because of this, 3D printed parts usually have to 
be larger than their sheet metal and sheet plastic 
counterparts

● Can’t be used in every situation (drivetrain, 
hanging, axles)

● You can make stronger prints using stronger 
filaments, but they cost a lot more

● Prints can be inconsistent (bad tolerances)
● Limited materials that you can print in



References: https://www.prusa3d.com/original-prusa-
i3-mk3/

https://www.creality3d.shop/products/
creality3d-ender-3-pro-high-precision-
3d-printer

https://blog.prusaprinters.org/cheap-
simple-3d-printer-enclosure/

http://3dprintingforbeginners.com/how-
to-store-3d-printing-filament/

https://all3dp.com/

Bugging people on the 
FTC Discord: 
https://discord.gg/first-tech-
challenge



Thanks for Watching!

Any Questions?

Email: paragonftc11311@gmail.com
Youtube: Paragon FTC
Website: paragonftc.weebly.com
Instagram: @ftcparagon11311

hi


