
  

3D Printing
The Behind-the-Scenes Parts 

Nobody Told You About



  

It's More Than Just the Printer ...
● There's software (actually firmware) in that 

printer!
● You need a 3D model. Download one or make 

your own.
● You need to convert the model with a slicer so 

the printer knows how to print the model. 



  

The Printer
● There are a lot of different printers out there. I'm only going to 

talk about the FDM (Fused Deposition Modeling) type.
● Most are based on a design that uses an X-Y-Z coordinate 

system moving a nozzle and pushing out melted plastic that 
cools and hardens as it's put in place.

● A control system is needed to move the physical parts of the 
printer around and control the melting process - definitely a job 
for some small computer board.

● Most of my own experience is with one of the most popular 
printers - the Creality Ender 3.



  



  

The Control Board
● Most printers use an Arduino or ARM based board to 

control 4 or 5 stepper motors and a couple of heaters. 
The board also monitors temperature and position 
sensors. There are usually provisions for a display 
screen and some user input.

● The software of choice is usually Marlin. It's open source 
under the GPL V3 license. It is very robust with very well 
defined and easy to use customization options. It works 
with nearly every FDM printer out there.



  

The Control Board (Part 2)
● The inputs include: Temperature sensors, Limit 

Switches, USB input, WiFi (sometimes), SD 
Card reader, selector switches, and dial knobs. 
Sometimes a touch screen is used.

● The outputs include the stepper motors, 
heaters, and the display. The display usually 
contains some type of annoying beeper.



  

About Marlin
● Marlin converts g-code to control sequences for the 

stepper motors and other control outputs on the board as 
well as monitoring and controlling the heaters. It's not an 
easy task.

● Mostly it needs to convert instructions to move the nozzle 
to a specific location at a specified speed into stepper 
motor commands. 

● Also important is the control for how fast to feed the 
plastic and how hot to make it.



  

3D Models
● You can usually find one you're looking for that someone else has 

already done and made available on:
– Thingiverse (https://www.thingiverse.com)
– Thangs (https://www.thangs.com)
– Printables (https://www.printables.com)
– … and many more.

● Design your own:
– Tinkercad (https://www.tinkercad.com)
– Fusion 360 (probably much more powerful than you need)
– Any other 3D drawing software of your choice.

https://www.thingiverse.com/
https://www.thangs.com/
https://www.printables.com/
https://www.tinkercad.com/


  

3D Models - What You Need
● No matter where your models come from you need either an 

STL or 3MF file. Both work just fine in any slicer. The STL file 
will be much smaller but the 3MF file allows for additional  
model editing if you need it. If you're going to just slice it then 
STL is fine.

● Pay attention to the use restrictions on the model if you 
download it. Most allow unrestricted use with attribution. That 
does NOT include being able to profit from the model. It's fine 
for your own use but you usually can't sell them for a profit.

● Of course if it's your own model you can do whatever to it.



  

Making Your Own Models
● Off to Tinkercad we go …

Video: https://www.ak8b.us/3d/Tinkercad.mp4

https://www.ak8b.us/3d/Tinkercad.mp4


  

Slicing Your Model
● You need a slicer:

– Ultimaker Cura (my choice).
– PrusaSlicer.
– Many others I haven't tried.

● A computer to run it on. The quicker the better. 
Slicing is a very compute intensive task!



  

What Slicing Does
Slicing takes your 3D drawing and converts it to g-code by 'slicing' 
your model into horizontal layers and figuring out the best way to lay 
down the plastic. 

The slicer considers the capabilities of the printer involved and the 
characteristics of the plastic itself. Ideally this also involves a bit of 
optimization to figure out the fastest way to move the nozzle around to 
lay down the layer of plastic. How fast you move the various printer 
parts involves the limitations of the printer and the characteristics of 
the material you are printing with. 

A good slicer does all of these things without any input from you - just 
the parameters for the printer and materials involved.



  

More About Cura
● Cura is open source. It is written by people working for 

Ultimaker - a 3D printer maker. They make some nice stuff but 
it's definitely out of my price range. There is a small amount of 
bias towards their own printers but not nearly as much as there 
once was.

● It is written in Python and is supported on Windows, Linux, and 
Macs. There are quite a number of outside contributors writing 
enhancements and plugins.

● And now … off to Cura!

Video: https://www.ak8b.us/3d/Cura.mp4

https://www.ak8b.us/3d/Cura.mp4


  

What Does G-Code Look Like?
;LAYER_COUNT:1

;LAYER:0

M107

G0 F6000 X16.882 Y13.713 Z0.2

;TYPE:SKIRT

G1 F2700 E0

G1 F1200 X16.907 Y13.689 E0.00121

G1 X17.388 Y13.221 E0.02465

G1 X17.734 Y12.939 E0.04024

G1 X18.126 Y12.724 E0.05585

G1 X18.549 Y12.582 E0.07143

G1 X18.991 Y12.517 E0.08703

G1 X19.438 Y12.532 E0.10265

G1 X19.875 Y12.626 E0.11826

G1 X20.287 Y12.797 E0.13384

G1 X20.664 Y13.038 E0.14947

G1 X20.846 Y13.194 E0.15784

G1 X21.075 Y13.41 E0.16883

G1 X21.128 Y13.461 E0.1714

G1 X41.057 Y33.39 E1.15567

G1 X43.038 Y35.315 E1.25214

G1 X45.051 Y37.165 E1.34762

G1 X47.163 Y38.997 E1.44526



  

Transfer G-Code to the Printer

Once you have sliced the model you can write it to an SD 
Card (a micro one) and put that in the printer. It goes in a 
slot on the control board. 

With an Ender 3 it's VERY easy to insert the card not 
quite in the slot and have it fall into the enclosure for the 
control board. I have added a converter cable that plugs 
into the micro SD slot and gives me a full sized SD card 
slot that is mounted elsewhere on the printer.



  

Giving the Printer a Helping Hand
● Why should a 3D printer be limited to only one computer? Let's add 

a Raspberry Pi!
● What we really want is something called OctoPi. It's a Raspberry Pi 

loaded with a custom OS - It's just the basic Raspbian with 
OctoPrint added and configured. You don't need anything really 
robust - an 8 gig card (16 or more wouldn't hurt) and a Pi 2B is 
plenty.

● OctoPrint talks to your printer through the USB port on the control 
board and provides a web-based interface to control and feed your 
printer from the Pi. Let's take a look ... 

● Video: https://www.ak8b.us/3d/OctoPrint.mp4 

https://www.ak8b.us/3d/OctoPrint.mp4


  

Camera for the Pi

Logitech C270 HD Webcam - USB connected to the Pi and well 
supported by OctoPrint. It's 720p and cheap - $25 direct from 
Logitech (plus shipping) and around $18 on eBay (free shipping).


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

