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Tool Engagement
• Tool engagement refers to how much of the end mill's cutting edge is actively cutting 
material. 

• Engagement is typically described as a percentage of the tool diameter. 

• 50% engagement means half of the cutter is in contact with the material. 

• Greater engagement increases cutting forces, tool deflection, and tool wear. 

• However, higher engagement also removes material faster. 

• Machinists must balance engagement to maximize efficiency while protecting the tool
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Pocket Clearing Strategy
•Pocket clearing is a traditional roughing strategy used to remove material from inside a 
pocket or cavity.

• The cutter typically enters the material using a helical ramp, then removes material by 
following paths that mirror the outer boundary of the pocket. The tool continues stepping 
inward until all interior material is removed (see Figure 1.1).

• A key characteristic of pocket clearing is the presence of sharp 90° turns in the toolpath. At 
each corner, the machine must quickly decelerate and accelerate in a new direction. These 
abrupt changes introduce shock loads on the tool, which can cause vibration, chatter, and 
increased tool wear.

• While pocket clearing is still useful for narrow features or slots, the frequent sharp turns make 
it less efficient than adaptive clearing for many roughing operations.
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Figure 1.1



Adaptive Clearing
• Adaptive clearing is a modern roughing strategy designed to maintain constant 
tool engagement while minimizing sudden directional changes.

• Instead of following the exact outline of the pocket, the tool moves in smooth, 
curved paths that gradually enter and exit the material, creating a scalloped cutting 
pattern (see Figure 1.2).

• This motion maintains consistent cutter engagement, which reduces shock loads 
on the tool and allows higher cutting speeds.

• The smoother toolpath also reduces heat buildup, vibration, and tool wear, 
improving tool life.

• Because of its efficiency and stability, adaptive clearing often allows deeper cuts 
and faster material removal than traditional pocket clearing and is commonly used as 
the primary roughing strategy in modern CAM programming.
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Figure 1.2



Step Down
•  Step down describes the vertical depth the tool cuts into the material during each 
pass (see Figure 1.3).

• Instead of cutting the full depth at once, the tool removes material in multiple layers, 
gradually stepping deeper into the part.
 • The step down value determines how deep each layer is.
 • Step down is usually defined as a percentage of the tool diameter.

Typical guidelines:

• Finishing passes: about 5–10% of the tool diameter
• Standard roughing: about 25–50% of the tool diameter
• Adaptive roughing: can reach 1–2× the tool diameter due to more stable tool 
engagement.
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Figure 1.3



Step Over
•Step over refers to the distance the cutter moves between adjacent passes 
(see Figure 1.4).

• It determines how much of the tool engages with the material horizontally during 
each pass.
 • Larger step overs remove material faster but may increase vibration and produce a 
rougher surface finish.
 • Smaller step overs create smoother surfaces but increase machining time because 
more passes are required.

Typical guidelines:

• Finishing passes: about 3–10% of the tool diameter
• Roughing passes: about 25-50% of the tool diameter
• Adaptive roughing: about 5–20% of the tool diameter to maintain consistent 
engagement and efficient cutting.
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Figure 1.4 



Fusion Manufacturing Workflow
• In Fusion, switch to the Manufacturing workspace (see Figure 1.5).

• For this lesson, a ‘setupʼ must already be created. The setup process will be explained in a 
later lesson.

• In the toolbar, open either the 2D or 3D toolpath menu (see Figure 1.6). Here you will find 
Adaptive Clearing and Pocket toolpaths. These operations appear near the top of the list 
because they are typically used early in the machining process for roughing.

• In the ‘Browser Tree ,̓ right click 2D Adaptive and select ‘Simulateʼ (see Figure 1.7). This 
will display the adaptive clearing toolpath strategy, showing the cutting motion and constant 
tool engagement.

• Next, repeat the same process with 2D Pocket. Right click 2D Pocket and select 
‘Simulate .̓

• The simulation will show the pocket clearing strategy, including the rectangular cutting 
pattern and the two step downs used to reach the final pocket depth.
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Figure 1.5

Figure 1.7

Figure 1.6



Fusion Manufacturing Workflow
• To modify the settings, right click the 2D Adaptive toolpath in the ‘Browser Treeʼ and select ‘Edit .̓

• A settings window will appear where you can review the feeds and speeds. Navigate to the ‘Passes 
tab .̓ Locate ‘Optimal Loadʼ(see Figure 1.8). This controls the maximum tool engagement allowed 
during the adaptive cutting process.

• You can also enable ‘Multiple Depthsʼ. If this option is not selected, the tool will attempt to cut the 
entire depth in a single pass, which can cause problems if the pocket is too deep. Once Multiple Depths 
is enabled, you can specify the Maximum Roughing ‘Step Down ,̓ which determines how deep each 
cutting layer will be.

• Repeat the same process with the 2D Pocket toolpath. Right click 2D Pocket in the ‘Browser Treeʼ and 
select ‘Edit .̓ In the ‘Passes tab ,̓ you will see Maximum ‘Stepoverʼ instead of ‘optimal loadʼ (see Figure 
1.9). This is because pocket toolpaths remove material using consistent side to side passes rather than 
controlled engagement like adaptive clearing.

• As before, you can enable ‘Multiple Depthsʼ and set the Maximum Roughing ‘Step Downʼ to control 
how deep each pass will cut.
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Figure 1.8

Figure 1.9



Summary
Pocket clearing and adaptive clearing are two common roughing strategies used in CNC machining. Pocket clearing follows 
the outline of a pocket and uses abrupt directional changes, while adaptive clearing maintains smooth curved motion and 
constant tool engagement. Understanding how tool engagement, step down, and step over affect cutting performance 
allows machinists and designers to choose strategies that balance efficiency, tool life, surface finish, and machining cost.

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