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What are End Mills?

« End mills are the primary cutting tools used in CNC machining (see Figure 1.1and
Figure 1.2).

» They remove material from a billet to expose the finished part geometry.

Figure 1.1

» Understanding how end mills function is critical to designing machinable
features
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Common End Mill Shapes

« Flat End Mill: Square tip used for pockets, slots, and flat surfaces (see Figure 1.3). :i ;

« Ball End Mill: Rounded tip used for 3D contours and curved surfaces (see Figure 1.4).

Figure 1.3

» Chamfer End Mill: Angled tip used for chamfers and edge breaks (see Figure 1.5).

« Tapered End Mill: Used for draft angles and deep narrow features. @

Note: Flat, ball, and chamfer end mills are the most common.

Figure 1.4

Figure 1.5
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End Mill Anatomy

« Flutes are the cutting edges that remove material. End mills can have anywhere from
a single flute to many flutes. Below are a couple examples:

» Two Flute: two independent cutting edges. Provides excellent chip
evacuation and is commonly used for aluminum and softer materials. The larger flute
valleys help clear chips quickly and reduce clogging.

« Three Flute: three independent cutting edges. Offers a balance between chip
evacuation and surface finish. Often used in aluminum when a slightly smoother finish
is desired while still maintaining good chip clearance (see Figure 1.6).

e The shank is held in the collet.

« Notes: Flutes determine chip evacuation and strength.
« Fewer flutes = better chip evacuation and stronger core.

 More flutes = smoother finish and higher potential feed rates, but less space for chips and
increased brittleness.

Figure 1.6



EDU[CAD]TION STUDY GUIDE

CH1.3 CNC Tooling Basics

Side Cutting and End Cutting

« Side cutting: occurs along the cylindrical surface of the tool (see Figure 1.7).
The flutes on the outside diameter remove material as the tool moves laterally
through the workpiece. This is how pockets, slots, and profiles are typically
machined.

Figure 1.7

« End cutting: allows the tool to plunge vertically into material (see Figure 1.8).
This is used when starting a hole, beginning a pocket, or entering material directly
from above.

Note: Not all end mills are center cutting. Some tools cannot plunge straight down
because their cutting edges do not extend fully to the center. In those cases, the tool
must enter the material gradually from the side using a ramping or helical motion.

Figure 1.8
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Tool Materials

eMaterials: End mills are made out of different materials, here are a couple
examples:

« Carbide: A very hard cutting tool material that is ideal for machining steel,
stainless steel, and titanium. Carbide can operate at higher temperatures and higher
cutting speeds, making it the preferred choice for most metal machining applications.
While it offers excellent durability and wear resistance, it is also brittle and more
prone to chipping or breaking under improper use.

« High speed steel: A softer and more cost effective tool material commonly
used for aluminum, plastics, and wood. HSS is less common in modern production
machining but is still widely used in shops and for general purpose applications. It
typically has a sharper cutting edge than carbide, making it especially effective when
machining plastics and softer materials.
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Tool Coatings

« Tool Coatings: These are the two main coatings, however there are more
available:

« Titanium Nitride: reduces friction and heat resistance. Appears gold
in color (see Figure 1.9).

« Titanium Aluminum Nitride: performs well in steel and stainless
steel. Heat buildup leads to tool failure, so coating selection matters. It cannot
be used on Aluminum. Appears purple / black in color (see Figure 1.10)

Figure 1.9

Figure 1.10
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Design Considerations

¢ End mill diameter determines internal corner radii.

« Tool length limits cutting depth. Material and flute count influence feed rates and
surface finish.
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Summary

Understanding end mill types, materials, and coatings allows you to design machinable parts. Tool selection directly
impacts manufacturability, cost, and part performance.

Learn more at https://sendcutsend.com/education/
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