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3 Axis vs 5 Axis CNC Setups

« This lesson focuses on how the number of setups directly impacts accuracy, cost, and
manufacturability.

» One of the most important takeaways is that every time a part is removed and
repositioned during machining, the chance for error increases.

« Even small factors such as chips between the vise and the part, inconsistent clamping
pressure, or slight misalignment can introduce errors in the range of thousandths of an
inch. These errors stack up across multiple setups and can affect the final tolerance and
fit of the part.

» Our example part has three main features on the top, side, and end. For this example,
we're keeping the billet the same size as the final part, so we're working with raw edges
and focusing only on machining those features rather than changing the outer shape
(see Figure 1.1).
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3 Axis Machining

« In a 3 axis machine, the tool moves in the X, Y, and Z directions only. The part itself remains
fixed in one orientation during each operation. If a part has features on multiple faces, it must
be removed, rotated, and re-clamped between operations.

For example:

« Setup 1 - machine the top feature

« Setup 2 - rotate part and machine the side feature
« Setup 3 - rotate again and machine the end feature

Each time the part is repositioned:

» There is potential for misalignment

« Tolerances can shift slightly

« Setup time increases

« Overall machining time and cost increase

 Because of this, 3 axis machining is best suited for simpler parts or parts that only require
machining from one direction.
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5 Axis Machining

« In a 5 axis machine, additional rotational axes allow the part to be repositioned
automatically inside the machine without removing it.

« This allows multiple faces of the part to be machined in a single setup.

For the same example:
« Setup 1 - machine all features (top, side, and end)

« Instead of physically moving the part, the machine rotates it into position. This
eliminates most of the human error associated with re-clamping.

Key advantages:

* Reduced setup count

« Improved accuracy and tighter tolerances
« Faster machining time

« Lower overall cost for complex parts
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Programming Differences in CAD
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In a 3 axis workflow: g ’“,’f“’v",‘“‘ -
» Multiple ‘setups’ are required. These have already been created. If you are unsure how to - ® ‘
do this, refer back to the previous lesson (see Figure 1.2). . e QLA

S

« The part has already been created based on the diagram shown on the board
(see Figure 1.3).

Figure 1.2

-

 The programmer must consistently reference the same faces to prevent misalignment. :

 Each ‘setup’ requires a new orientation and a new ‘WCS'.

Note: If a specific face is used as a reference in the first setup, that same face should be used in all
subsequent setups. Changing reference faces can lead to dimensional inaccuracies.

Figure 1.3
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Programming Differences in CAD

In a 3 axis workflow contd:

« Start with your part already modeled (see Figure 1.4) and a setup created for the first
operation.

Figure 1.4

» Select a corner of the part to define your '‘WCS’, then set the axes so that the Z axis is up,
the X axis is to the right, and the Y axis points away from the part (see Figure 1.5).

» This orientation represents how the part is positioned in the machine for the first
operation.

Figure 1.5

« With the part in its original orientation, create the toolpath needed to machine the top o
feature and complete Setup 1. © & o

*With the setup complete we can create the tool path for the ‘top pocket’ (see Figure 1.6) 4 ®
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Figure 1.6
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Programming Differences in CAD

In a 3 axis workflow:

« Right click on the ‘original setup’ and select ‘duplicate’ to reuse the existing
parameters (see Figure 1.7).

« Reorient the part into a new position (see Figure 1.8).

« Select "Top (2)" in the 'browser tree’ for the new side and click ‘Edit’
(see Figure 1.9).

« In the popup window, redefine the Z axis so it aligns with the new vertical face (see
Figure 1.10).

« Select a new origin point at the corner of the part.

« After confirming all selections, click OK to apply the changes and create the
toolpath.

%
Figure 1.7

Figure 1.8

Figure 1.10



EDU[CAD]TION STUDY GUIDE

CH2.3 3-Axis vs 5-Axis CNC Setup

Programming Differences in CAD

In a 3 axis workflow contd:
Machining the Third Feature: - @

« Select 3-axis top (3) (see Figure 1.11) and rotate the part to the final feature (see s {w{z» .
Figure 1.12) -

7o) 1 3AXIST e(3)

Repeat the same process:

Figure 1.11

¢ Select the z-axis

« Select the origin point.

« Keep referencing the same original faces

» Once we have all of that selected everything, click ‘okay’ and we can create our Figure 1.12
toolpath.
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Programming Differences in CAD

In a 5 axis workflow:

« We start by creating a setup just like the first step of our 3 axis programming (see Figure 1.13).

« Define the coordinate system for the part in space. Keep in mind that the X and Y orientation
will depend on the specific machine, so ensure they are aligned correctly.

« Create the first toolpath for the top feature.

Repeat for Additional Features:

« Right click the next toolpath and select Edit.

« Navigate to the Multi Axis tab and adjust the tool orientation (see Figure 1.14).

« Select a new face to define the Z axis direction (see Figure 1.15).

« Flip the axis if necessary so it points away from the part.

« Right click the setup and select Simulate. You should see the toolpaths machine the top,
followed by the side and then the end features.
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Figure 1.13
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Figure 1.14

Figure 1.15
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Summary

3 axis machining requires multiple setups for multi sided parts, which increases the risk of error and cost. 5 axis machining
allows multiple faces to be machined in a single setup, reducing error, improving tolerance, and increasing efficiency.
Designing with setups in mind helps you create parts that are easier, faster, and cheaper to manufacture.

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