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Understanding Machine Axes
• CNC Milling Machines operate in three primary axes (see Figure 1.1): 

• Z Axis: is vertical movement where the spindle moves up and down. 
• X Axis: is horizontal movement left and right. 
• Y Axis: is horizontal movement forward and backward. 

• When you move beyond a standard 3-axis CNC Milling Machine, you begin 
adding rotational axes to the system. These allow the part to rotate and tilt, 
exposing more surfaces to the cutting too (see Figure 1.1): 

• A Axis: Rotation around the X axis.
• B Axis: Rotation around the Y axis.

• These axes define how the machine locates and cuts material in space.
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Figure 1.1



The Right Hand Rule
•The right hand rule helps visualize CNC axis direction (see Figure 1.2): 

• Middle finger represents the Z axis which is positive upward. 
• Thumb represents the X axis which is positive to the right. 
• Index finger represents the Y axis which is positive away from you. 

• This orientation reflects how most vertical CNC mills interpret motion.
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Figure 1.2



Types of Machining
• Three Axis Machining: 

• A standard three axis machine moves in X, Y, and Z only. 
• The spindle travels vertically while the table translates the part in X and Y. 
• All cutting operations occur within these three directions.

• Four Axis Machining: 
• A fourth axis adds rotational movement, typically around the X axis. 
• This allows the part to rotate and exposes additional faces without removing and resetting the workpiece. 
• Fewer setups improve tolerance control and efficiency

• Five Axis Machining:  
• A five axis machine includes rotation around both planar axes. 
• This allows the part to tilt and rotate into complex orientations. 
• Benefits include greater geometric complexity, reduced setups, and improved tolerance control
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What Is the Working Envelope
• The working envelope is the total reachable space within X, Y, and Z that the 
spindle can access. 

• It defines the maximum usable machining area for a part. 

•Example: If a part requires travel 2.5 feet in one direction and 2.5 feet in the 
opposite direction, the machine must have 5 feet of total travel to complete the 
cut.

Note: If a part exceeds the working envelope, you either will not be able to have that part 
made or it will require multiple setups. Multiple setups increase cost and reduce tolerance 
accuracy.
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Gantry Style Machines
• Gantry CNC machines move the spindle across a stationary part. 

• This allows large panels to be machined without requiring doubled table travel. 

• These systems are common in CNC routers and large format machining.
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Summary
Understanding the CNC working envelope ensures your parts are manufacturable. By accounting for axis travel, setup 
limitations, and machine capability, you can design parts that maximize precision while minimizing cost.

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