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PART ONE 

Parts of a CNC machine 
This is the Shapeoko 3 CNC Machine from Carbide 3D. This style of machine is known as a Gantry style CNC. It 
has a wide, open work area that makes it easy to lay down larger pieces of material. The design is optimized for 
speed and ease of use.  
 

 
 
This is the Nomad 883 Pro CNC machine from Carbide 3D. This is known as a moving-table style machine and is 
optimized for rigidity and accuracy. On the Nomad, the table moves in the Y direction, while the fixed gantry moves 
in the X and Z directions. The Nomad also has a custom spindle (instead of the trim router shown on the 
Shapeoko) and an integrated tool probe, which measures the length of your tool. 
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Major Components 

Y-Axis 
If standing in front of the machine, the Y-axis moved forward and backwards and in the case of Shapeoko, is 
responsible for moving the entire gantry. 
(Some people refer to the Y Axis as 'the gantry'. For the sake of being correct, you need to know that the gantry is 
actually the entire assembly, not just the Y-axis!) 
 
X-Axis 
This is the part of the CNC machine that moves left and right (when looking at the machine from the front). The X 
axis is generally driven by one motor, and is responsible for carrying the Z-Axis around the machine. 
 
Z-Axis 
The business end of your CNC machine! The Z-axis carries the spindle, and is responsible for raising and lowering 
your cutting tool to the correct height. One important feature to look for in a good Z-axis is how much travel it has. 
More travel allows you to use longer tools and makes it easier to perform tool changes. 
 
Spindle 
Your workhorse! The spindle is the tool you are using to turn your end mills (bits). You can use anything from a 
basic rotary tool, to a purpose build 15hp water cooled spindle designed specifically for high performance 
machining. In the hobby and pro-sumer range, a quality trim router is a great choice. On the Shapeoko 3, we 
recommend the DWP611 and Makita RT0701 because of their robust design and rock solid performance.  
  
Controller 

 
 
The Brains 
The controller provides the link between your computer and your CNC machine. Most modern machines, 
especially in the hobby, pro-sumer, and home use, prefer connection via USB, so no special computer is required 
to connect to the controller. 
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Software 
To a lot of people, this is the scary part. With terms like CAD/CAM, G-Code, and machine control software, it's 
easy to get intimidated. FEAR NOT! Here's what each one means. 
 
 
Machine Controller 

 
This is the software that allows you to operate your CNC machine. The machine control software gives you the 
ability to turn your machine on and off, load your G-Code, jog your machine, and set your job zero point. Think of 
the machine controller as the cock-pit of the CNC machine! 
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CAD/CAM 
 

 
 
CAD (Computer Aided Design) 

CAD is where you turn your idea into a digital design! CAD is software that allows you to draw on your computer. 
This can be anything from a full blown parametric 3D modeling package like Solidworks, to something as simple as 
Adobe Illustrator. Don't let the word CAD scare you. All it means is 'a program to draw in'. 
 
CAM (Computer Aided Manufacturing) 
CAM is where you turn your CAD design into something your CNC machine can understand. CAM is software that 
lets you specify HOW your design is going to be made on your CNC machine. Your CAM program will output G-
Code. Like most terminology around CNC, CAM sounds scarier than it really is. 
 
G-code 
If Spanish is 'the language of love', then G-Code is 'the language of industry'. G-code is a set of instructions for 
your machine that tell it things like where to go, how fast to move, to turn the spindle on and off, along with a host 
of other actions. 
 
Although possible to do, You never have to write G-Code!  99% of people never even look at the G-Code file their 
CAM program produces. We only bring it up so you know what people are talking about when they say 'G-Code'. 
 
Edward Ford  
Founder, Shapeoko.com 
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PART TWO 

Basic Workflow: 
Step 1: Idea 
Step 2: CAD/CAM 
Step 3: Job Setup 
Step 4: Run Job! 
 
To help illustrate the workflow, let's use an example of creating a push stick for your table saw. 
 

 
 
Step 1: Have an idea! 
Before we can make anything on a CNC machine, we have to have an idea of something to make. These come in 
various forms and times of day, from mission critical pieces for your next project, to tchotchkes you might set on a 
shelf. The key component to this phase is to identify what is important and begin thinking about how you can draw 
it and what the critical dimensions will be.  
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(Using our push stick example, here's what I came up with.) 
 
Step 2: Draw your idea in CAD 

Remember, CAD can be any program you use on your computer to draw. Could be a full 3D modeling package, or 
it could be something as simple as a Corel or Adobe product. To draw my push stick, I'm using Carbide Create, 
the CAD/CAM package that comes included with any machine purchased from Carbide3D. 
 

 
 
(Drawn in Carbide Create, the CAD/CAM package that comes with Shapeoko and Nomad 883.) 
  
Create your Toolpaths (CAM) 
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After your part is drawn, we need to describe what all of the lines and holes mean. This is what CAM does, it allows 
us to specify how each *feature* in our drawing is supposed to be treated by our CNC machine. In it's most basic 
form, we are telling the machine to cut inside of a line, or cut outside of the line, and how deep to cut. Each feature 
is referred to as a toolpath. Once these toolpaths are created, the software will save them as a G-Code file. 
 
Note: in most cases your CAD and CAM will be two separate programs that you have to buy from two separate 
vendors. Carbide Create is both CAD and CAM in the same package! 
 

 
 
(our push stick, with toolpaths added) 
 
Step 3: Setup your machine 

Now that we have our idea drawn in CAD and all of the toolpaths added to our design, it's time to get our machine 
setup to do some work! At this point you would put the material you are using to make your part (for the push stick, 
I'm using two pieces of 10" x 10" x 3/4" plywood glued together to make a 1.5" thick piece of stock.) 
 
Once the material is loaded into your machine and secured to the wasteboard, it's time to load the job in our 
machine control software and get ready to make some chips! 
 
  



Day 02/05 “Learning your way around a CNC machine” 
11.07.2019 

 

Step 4: Run the Job! 

 
 
 
Our material is secured to the machine, and our software is open with the G-Code file loaded. The only thing left to 
do is put in an 1/8" endmill, move the bit to where the zero point in our project is (lower left corner), turn our 
spindle on, and then click the big green RUN button! 
 
After the job completes (about 20 minutes run time), remove the part from the machine and apply your choice of 
finish. 
 
Now that you understand how to go from Idea to Part, tomorrow's installment will dive into talking about what End 
Mills are, and why they're not as scary as you think. 
 
Until then, 
 
Edward 
Co-Founder, Carbide 3D 
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PART THREE 
Today we're going to learn about Feeds and Speeds and End Mills 
 
If you've done even a moderate amount of looking around for a CNC machine, you're bound to have run across 
topics discussing both 'speeds and feeds' and which types of endmills are best in certain situations.  
 
For a beginner, this information seems foreign, daunting, and downright impossible to understand. Don't worry, 
here's a no-frills approach to speeds and feeds and End mills. 
  
Speeds and Feeds: 
Let's talk about what speeds and feeds actual means, and why they're not as scary as they sound. 
 
Speed: How quickly your spindle is turning the bit. This is literally the RPM of your spindle.  
Feed: This is how quickly your machine is moving while cutting the material. Generally, in a lateral movement such 
as across the X or Y axis.  
 
Side note: plunging is sometimes brought up in speeds and feeds. Plunging only means how *fast* your machine is 
pushing the bit DOWN into the material. Plunging is usually referred to in both depth and speed. example: 'my 
machine is plunging at 5 inches per minute to a depth of 1/4". ' 
 
Speeds and feeds get brought up a lot because if you want to nerd out about the perfect way to cut a material, 
there is a formula to do so. The formula is based on the number of flutes your bit has, which direction you are 
cutting, and something called chip-load.  
 
At Carbide3D we built speeds and feeds into the software that comes with our machines. You need to tell us what 
material you want to make with, and what diameter bit you'll be using. From there, our software auto calculates the 
best speed and feed for your job.  
  
End Mills 
CNC machines use an end mill to remove material from your stock by spinning the end mill (anywhere from low 
100s RPM to 30,000RPM!). End mills come in all shapes, sizes, and material, but odds are you'll only use a few 
different types for the projects you make. 
 
End mills are commonly referred to as 'bits' or 'cutters' 
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Here are some of the different end mills we sell for our CNC machines. 

 
 
Type of End Mills: 

Square End - These cutters are the most common and can be used for anything from routing passes, to creating 
beautiful surface finishes. 
 
Ball Nose - These bits are perfect for creating complex shapes and nice curved contours. Generally used for '3D' 
machining. 
 
V-Bits - Usually sold in 60 degree of 90-degree varieties. V-bits are most commonly used to do lettering and 
detailed engraving in sign work. 
 
Want to know a dirty little secret? Proper CNC endmills will give you a better finish, and ultimately are what you 
want to use for any sort of high-end finish work. But, with that said you can use wood router bits with your CNC 
machine! Have a drawer full of router bits you use with your hand router? Those will work with a CNC too! 
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Parts of an Endmill 

 
 
Overall length: Measuring your End Mill from one end to the other will yield the overall length of the bit. Remember 
that the longer your bit is, the more deflection it will have compared to a shorter bit. You may need to slow your 
machine down, or generally be less aggressive with your machining if using a longer bit. 
 
Shank Diameter: This is the diameter of the end of the endmill that will go into your spindle. You'll need to know 
about your spindle's work holding capacity before selecting the Shank diameter. Common shank sizes are 1/8" 
(3.175mm) and 1/4" (6.35mm). You need to match the shank diameter with your collet size. 
 
Cutting Edge Diameter: This is the diameter of the cutting end of your end mill - the opposite end as the shank. In 
this image, the shank diameter and the cutting diameter are the same size (1/4"). It's very common to find 1/4" 
shank end mills with a different (generally smaller) cutting edge diameter. 
 
Cutting Length: The end mill will have flutes that only cover a portion of the overall length of the bit. The cutting 
length determines how deep of a pass can be taken with a single plunge. 
 
And with that, we'll end today's lesson. 
 
You've learned about speeds and feeds and different types of endmills. Tomorrow we are going to learn what the 
hell 2.5D means. 
 
You don't want to miss it, 
 
Edward 
Co-Founder, Carbide 3D 
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PART FOUR 
Today we're going to discuss what the hell 2.5D means, and why it's relevant to CNC machining. 
 
We all know that real life objects are 3 dimensional. So, anything that you make on your CNC is 3D. But, like 
everything else CNC related, there's additional terminology used to describe the different types of parts that can 
be made on a CNC. 
  
There are 3 different strategies used to create all CNC parts. 

 
 
 
2D - This refers to a part where every single feature is cut to the full depth of the material. There is no engraving, 
there are no pockets, and there are no contoured faces. Anything that a laser cutter makes is referred to as 2D.  
 
2.5D - This is the most common strategy for CNC machining. The genius behind 2.5D design lies in how it's drawn. 
All 2.5D parts can be drawn in 2D, and do not require specialized 3D modeling software. The specific thing to know 
about 2.5D is that although features can vary in depth (think of a pocket), what separates it from full 3D is that 2.5D 
only moves the Z-axis straight down! 2.5D does not move the Z-axis down while also moving the X and Y axis. 
 
3-D - The fanciest of the bunch. 3D machining requires both a 3D model to be created for the part AND 3D CAM 
software to convert the 3D model into usable gcode. 3D machining means that all 3 axes (X/Y/Z) can all be cutting 
at the same time.  
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What you need to know: 
What is important to know about 2D, 2.5D, and 3D - any 3-axis CNC machine can cut all 3 types of parts! 
 
What determines if *you* can produce 2D, 2.5D, or 3D parts boils down to one thing: SOFTWARE. Most companies 
who make CNC machines don't make software, so they tell you to go buy whatever software you'll need to make 
the parts you want to make. 
 
At Carbide3D, we not only make the machines, we make the software that runs them! Including CAD/CAM.  
 
Both Shapeoko 3 and Nomad883 comes with our very own full featured 2.5D CAD/CAM program called Carbide 
Create. Every user gets a free license with their machine. The Nomad 883 Pro CNC machine also comes with 3D 
CAM software called MeshCAM! 
 
Edward 
Co-Founder, Carbide 3D 
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