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Contour Toolpaths
• A contour toolpath follows the outside profile of a part in order to machine the final 
shape. This operation is commonly used as a finishing pass because it produces accurate 
dimensions and smooth edges (see Figure 1.1).

How it Works: 
• The cutter follows the outside profile of the part geometry.
• The toolpath is offset by the radius of the end mill.
• Lead ins and lead outs allow the tool to enter and exit the cut smoothly.
• Contour operations are often used to remove the remaining material left during 

roughing.

• Example: a ½ inch end mill will cut with its centerline  ¼ inch away from the part edge 
(see Figure 1.1).

• In CAM software, these lead ins, lead outs, and ramp angles can all be adjusted to 
improve surface finish and prevent tool marks.
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Figure 1.1



Drilling Operations
• Drilling is used to create holes in a part using a drill bit or drill mill (see Figure 1.2).

• Unlike end mills, drill bits are designed specifically to cut straight downward into the 
material. The cutting occurs primarily at the tip of the drill, while the flutes carry chips 
upward and out of the hole.

How it Works: 
• Drill bits must match the diameter of the hole being created.
• Drill mills can both drill and perform light milling operations.
• Chip evacuation becomes more difficult as hole depth increases.

Note: As holes become deeper, long chips can build up and clog the drill flutes. To solve this 
problem, peck drilling cycles are used.
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Figure 1.2



Drilling Operations Contd. 
• When drilling deep holes, long continuous chips can form. These chips can clog 
the drill and damage the tool if they are not removed properly.

• CAM software uses special drilling cycles to control chip removal.

• Deep holes require “pecking” and retracting bit. 

Peck Drilling: Peck drilling briefly retracts the drill bit while cutting (see Figure 1.3).
• The drill moves down to a set depth

 • The drill retracts slightly to break the chip
 • The drill continues cutting deeper

• This creates shorter chips that are easier for the flute to remove.
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Figure 1.3



Drilling Operations Contd. 
• For deeper holes, the drill may retract completely out of the hole.

• The drill cuts to a set depth
• The drill retracts fully out of the hole
• Chips are removed from the flutes
• The drill continues cutting

This method improves chip evacuation but adds machining time.
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End Mill Tool Entry Methods
• Before a tool begins cutting, it must enter the material in a controlled manner. Entering the 
material too aggressively can cause tool breakage, chatter, or poor surface finish.

• CAM software provides several different entry methods.

• Helical Entry: one of the most common entry methods used in CNC machining (see Figure 1.4).
• The tool enters the material using a spiral motion.
• The cutter gradually ramps downward while rotating.
• This reduces cutting forces and tool shock.

• Helical entry is often used in pocket clearing and adaptive toolpaths.
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Figure 1.4 



End Mill Tool Entry Methods Contd.
• Ramp Entry: Feeds the tool downward along an angled path (see Figure 1.5).

• The tool moves diagonally into the material.
 • The tool gradually reaches the target depth.

• Ramp entry is commonly used in slots or narrow areas where a helix will not fit.

• Plunge Entry: Occurs when the tool moves straight down into the material (see Figure 1.6).
• This is a very aggressive entry method.

 • It can cause chatter, vibration, or tool damage.
 • It is generally avoided unless using a center cutting end mill.

• It is a good option for open pocket areas where the tool can plunge outside of the material.

• Predrill: Another safe entry option is to begin cutting through an existing hole (see Figure 1.7).
• A hole is drilled before the milling operation.

 • The end mill enters the pocket through that hole.
 • The cutter then begins cutting sideways.

• This method works well when holes already exist in the design, or when parts are pre cut using laser 
cutting or waterjet processes.
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Figure 1.5

Figure 1.7

Figure 1.6



Viewing Entry Methods in CAD
• In Fusion, switch to the Manufacturing workspace
• In the ‘Browser Tree ,̓ locate the toolpath you want to modify.
• Right click the toolpath and select ‘Edit .̓
• Navigate to the ‘Linking Tabʼ (see Figure 1.8).

• In the ‘Ramp Typeʼ section of this tab, you can select how the tool enters the material. By 
hovering over the options, you can view and choose the desired entry method for the toolpath. 
Available entry options may include (see Figure 1.9):

• Helix
 • Ramp
 • Plunge
 • Pre drill
 • Zig zag ramp
• In this section, you can also adjust the ‘Ramp Angleʼ and the ‘Diameterʼ of the entry. The ramp angle 
controls how aggressively the tool enters the material, while the diameter affects the size of the entry 
path.

Note: The entry diameter should not exceed the diameter of the end mill, as this can cause toolpath errors and 
machining issues.
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Figure 1.8

Figure 1.9



Fusion Manufacturing Workflow
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Figure 1.10

Figure 1.11

• In the ‘Browser Tree ,̓ locate the next toolpath labeled ‘Contour .̓ This toolpath follows 
the part profile and, in this example, is only machining two sides, just like the earlier 
demonstration.

• Select ‘Contourʼ to visualize the toolpath on the part. You will see the tool ramp in 
along a radius, follow the edge of the part, and then lead out smoothly (see Figure 1.10).

• Right click ‘Contourʼ and select ‘Edit .̓

• In the settings window, go to the ‘Passes tab ,̓ where you can enable options such as 
Multiple Depths to control how the cut is taken in layers.

• Next, go to the ‘Linking tab .̓ Here you can adjust the lead in position, as well as the 
radius and angle of the entry and exit moves.

Note: Right click Contour and select Simulate. In this example, you will notice that the lead in and 
lead out radius creates a small uncut section. This will need to be adjusted in the settings to 
ensure the entire profile is properly machined (see Figure 1.11).



Fusion Manufacturing Workflow
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Figure 1.12

Figure 1.13

• To create a drilling operation, go to the ‘Toolbar ,̓ select ‘Drilling ,̓ and choose 
‘Drillʼ (see Figure 1.12).

• In the ‘Browser Tree ,̓ locate the tool path labeled Drill1, then right click and select ‘Edit .̓

• A new settings window will appear, where you can view the selected drill bit and its 
parameters (see Figure 1.13).

• Navigate to the ‘Cycle tab .̓ Here, you can choose the drilling cycle type from a 
dropdown menu, which includes several options depending on how you want the tool to 
behave (see Figure 1.14).

• If you select ‘Chip Breaking ,̓ you can define the pecking depth, allowing the drill to 
periodically stop, retract slightly, and continue cutting. This helps break chips and improve 
chip evacuation.

• Click ‘OK ,̓ then right click the toolpath and select ‘Simulateʼ to observe the drilling 
operation and visualize the retract motions. Figure 1.14



Summary
Contour toolpaths, drilling cycles, and entry methods are essential parts of CNC machining. Contour operations create 
accurate external profiles, drilling operations produce holes, and controlled entry strategies help protect tools from damage 
during cutting. Understanding these concepts allows machinists to design safer toolpaths, improve surface finish, and 
increase overall machining efficiency.

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