
Hi CNC Enthusiast,  

I wanted to thank you again for signing up for our Free CNC For Beginners Course. 

Today I am going to talk to you about cutting bits, which we also refer to as end mills or 

cutting tools. The cutting bits are the business end of the CNC. They are what makes it 

possible for you to machine various materials into your final designs. As with most topics 

regarding CNC, there are a few common misunderstandings about the tools we use in our 

machines to cut and carve our material into finished projects. 

In this email, I am not going to dive into every last technical detail on this subject, because it 

could honestly be a whole book unto itself. However, I will explain some of the basic types of 

cutting bits, or end mills, that we use so you can get a good understanding as to what you 

will be able to do with a CNC router system using various cutting tools. If you think this is 

going to be confusing, don't worry, it's not, and by the time you are done reading this email, 

you will have a very good understanding of what cutting bits are and what you can do with 

them. 

This email is longer than the first two, but this subject has a lot to cover. You might even 

consider printing and saving this email for future reference. 

What They Are Not? 
 

Before I start, I wanted to take a minute and explain what end mills or cutting bits are NOT. 

They are not drill bits. While some may look like drill bits and, yes, some can be used to 

make holes, there are very important differences between drill bits and end mills. 

 



A drill bit is designed with a cutting edge on the tip and the side flutes that spiral up the 

shank are used to extract chips as you drill a hole. They are designed to cut along the 

rotational axis only to make holes the same size as the bit. Conversely, an end mill is meant 

to cut laterally as it moves across your material. Many end mills have a flat bottom and are 

not designed to plunge straight into material. Some end mills can, but it must be done 

carefully. The main cutting area on an end mill is the spiral up the side from the tip to the end 

of the flute. If you try to use a drill bit in place of an end mill you will most likely break it since 

it does not have the lateral cutting ability. This is one of those situations where you want to 

make sure you are using the right tool for the job! 

 

Defining The Parts Of The End Mill 

 
 

Shank Diameter: This is the diameter of your end mill at the end that is held by your collet in 

your spindle. The most common sizes for CNC routers are 1/8" (3.175mm), 1/4" (6.35mm), 

3/8" (9.525mm) and 1/2" (12.7mm). STEPCRAFT's D-Series of CNC machines are capable 

of 1/8" and 1/4" shank sizes while the Q-Series can go all the way up to 1/2". You will need 

to make sure that you have a collet for your spindle to match the shank diameter of your end 

mill. 

Cutter Diameter: This is the diameter of the cutting edge at the tip of the end mill. It 

represents the maximum width of material that can be removed in one pass. Sometimes end 

mills are tapered down to a cutting diameter that is smaller than the shank size. In fact, some 

end mills can be tapered from 1/8" down to a very small diameter such as 0.010" for very 

detailed work. In other cases, such as with V bits and surfacing bits, it is common for the 

cutting diameter to be larger than the shank. 

Overall Length: This is the total length of the end mill. Longer end mills can be used when 

you need to reach deeper into a part, however, you must keep in mind that all machines 



have a maximum Z travel you must take into consideration along with your bit length plus 

your material thickness to ensure that you can cut your project. Also, keep in mind that 

longer end mills have more deflection, or bending of the bit while cutting, and you might need 

to adjust your cutting depth or speed to minimize this to prevent multiple problems. 

Flute Length: The flute length represents the maximum cutting depth that the tool can 

effectively cut in a single pass. This does not mean that you should cut that much in one 

pass, however. The actual depth that you cut per pass is determined by your spindle's power 

and the machine rigidity as well as the material you are cutting. 

 

Number of Flutes 

Flutes are the cutting edges on the side of an end mill. They commonly range in the CNC 

router world from one to as many as four. The most common cutting bits that you will use will 

have one or two flutes. The job of the flute is to cut the material and evacuate the chips. 

Since our CNC routers tend to run at a higher RPM, we gravitate toward fewer flutes to 

ensure that chips are being removed fast enough.  

 

The Most Common Types Of End Mills 

There are generally four main types of end mills that we talk about on a regular basis. Again I 

will not get into all the specifics in this email, but I will cover the basics. 

 

Square End Mill: These are the most common cutting bits that you will use. They are the 

workhorses that can be used for just about any type of CNC cutting, milling or finishing. 



Ball Nose End Mill: These bits have a rounded tip and are used for machining complex 

shapes and curved contours. We typically refer to these as 3D carving bits. The ball nose 

end mill can be used to achieve a perfectly smooth carved finish on a project that requires 

little to no sanding. 

V-Bits: These bits have a V shape cutting edge and are commonly used for letters in sign 

making, but can also be used to bevel or chamfer edges of your work piece. They are 

commonly found in 60 and 90 degree angles but for more detailed work, you can get them 

with much smaller angles like 22 and even 9 degrees. 

Surfacing Bits: These are less common, but I believe every CNC router user should have at 

least one in their toolbox. They are typically a larger diameter, from 1" to as much as 3.5", 

and are used to smooth or flatten your work material's surface. They are also used to smooth 

and level the spoil board on your CNC. 

 

Flute Types 

End mills are availablewith different flute types, which will yield various results. The most 

common are: 

 

Up-Cut: These end mills are the most common and will pull chips upward when cutting 

material, quickly evacuating them from the work area. With materials, like plywood and MDF, 

the up-cut motion can cause a frayed top cut edge that might need sanding when done, but 

for materials like plastic and aluminum, up-cut is usually preferred as you want to remove 

chips as efficiently as possible. 



Down-Cut: As these end mills cut material, the chips are forced downward into the cut area 

thus the top edge will have a nice clean finished edge. These end mills are also common 

when using thin materials or materials that are slightly bowed where you want to keep the 

force down as you're cutting. 

Straight-Cut: A straight-cut end mill will remove material evenly along the entire cutting 

depth as it moves through the material. They often leave a nice bottom and top finish and 

work great with materials like MDF and thin plywoods. While they are common for hand 

routing, they are used less frequently on CNC machines. 

Compression: A compression end mill is the least common but if you are cutting materials 

like plywood, especially 1/2" or thicker, you want to have one of these in your tool box. They 

combine the best of up and down-cut into one bit. The tip of the bit has up-cut flutes and the 

middle to top of the bit has down-cut flutes. This ensures that you get both a good top and 

bottom finish with no tear-out when your pass depth is the same as your material thickness. 

Speeds, Feeds and Depths 

Last but not least ... The holy grail of the CNC world ... The term "speeds and feeds" is 

commonly thrown around with many never understanding what it means. In the simplest 

terms, it refers to how to setup your machine to get the most out of your cutting bits with the 

best finish quality. I like to add "depths" to the phrase because when using a CNC router, the 

pass depth is a very important cutting parameter and is affected by the other two. 

Speeds: This refers to the RPM that you will run your spindle at or how fast you are rotating 

the cutting bit. 

Feeds: This refers to how fast the end mill moves through the material in the X, Y and Z 

directions. It is usually measured in inches per minute (IPM) or mm per second (mm/sec). 

Depths: I also refer to this as depth per mass, or pass depth. This refers to how deep the 

cutter will run in the material for each pass that you make. For example, if you need to 

remove 1/2" of material but your cutter is only capable of removing 1/4" per pass, then your 

depth per pass is 1/4" and you will have to make two passes to achieve the required 1/2" 

depth. 



There are a lot of common rules of thumb you can use as well as simply using your eyes and 

ears when cutting to make adjustments. There are also software programs and online 

calculators that can tell you exactly how to setup your machine for the optimum speeds and 

feeds. When you buy a machine from STEPCRAFT, we will instruct you on how to best 

determine these settings so you can be successful right away with the most common end 

mills and materials. 

In Tomorrow's Email... 

My next email in this course will discuss the types of projects that you can make with a CNC, 

from simple 2D cut puzzles to complex carved 3D shapes. I hope that you are finding the 

information in this course helpful and interesting. Please let me know your thoughts and 

suggestions by emailing me at info@stepcraft.us. 

Sincerely, 

 
Erick Royer 

Director 

www.Stepcraft.us 

 

 
	


