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3 Axis vs 5 Axis CNC Programming

» This lesson focuses on programming a part using a 3 axis CNC machine, which
requires more setup and manual planning than a 5 axis machine.

« The first thing a CNC programmer has to think about is the order of operations that
they are going to be removing the material.

» Removing too much material too early can make it difficult or impossible to hold the
part for later operations.

Always consider:
e  Workholding
e Tool access
e  Setup sequence
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Fusion Workflow

« The first thing you will see is our class project, the GoPro mount (see Figure 1.1). Make sure
you are in the ‘Manufacturing workspace'.

Figure 1.1

« The setups have already been created, and we will work through each one step by step.

« In the ‘browser tree’, select 'Side Setup'. You will see the part positioned within the billet -s
block. The orientation is set with the Z axis facing up (see Figure 1.2). This orientation allows us
to machine the hole features first before removing the surrounding material.

Figure 1.2

« To begin the drilling cycle, select ‘T2 Drill1' and click ‘Simulate’. This operation uses peck
drilling, and you will see the drill move through the part. "

Note: A collision is present in this simulation, indicated by the red highlight (see Figure 1.3). Be sure to -
watch for these warnings and adjust your toolpath settings as needed. -

Figure 1.3
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Fusion Workflow e

aaaaaaaaaaaaaa

« Right click "T2 Drill1" and select ‘Edit'.

« In the popup window, navigate to the ‘Heights tab’. Adjust the break through depth to L
0125 in (see Figure 1.4). This controls how far the drill extends past the bottom of the part
and helps eliminate the collision seen in the simulation (see Figure 1.5).

» CNC programmers rely on simulation to identify issues like collisions and make necessary A I
adjustments before machining.

Figure 1.4

Figure 1.5
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Fusion Workflow Contd.

» The next drilling operation is for the tap size located on the far end of the part (see Figure 1.6).

« Select ‘T3 Drill 2’ to create the larger through hole, then select ‘T4 Drill 3' for the tapping
operation.

« Right click ‘T4 Drill 3' and select ‘Simulate’. As the tool moves down, you will see that it only
engages the lower portion of the hole. The green area shown represents the tapped section
(see Figure 1.7).

» Now, we have addressed the primary side feature, aside from the two large radiuses (see Figure
1.8). There are multiple ways to machine these radiuses. One option is to use a ball end mill and run it
back and forth, but this method is very time consuming.

Note: Remember in manufacturing, time directly impacts cost.

« For this project, we will run a 2D adaptive toolpath from the side to remove the outer profile (see
Figure 1.8). While some material will be refined in later steps, this operation begins to define the
overall shape of the part.

Figure 1.7
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Fusion Workflow Contd.

« For this project, we will run a toolpath along the side to remove the outer profile (see
Figure 1.9). While some of this material will be cleaned up in later steps, this operation
begins to define the overall shape of the part. 1

Figure 1.9 Figure 1.10

Note: Our origin was originally set at the corner (see Figure 1.10), but that material has now been

removed. If we were probing this part, we would no longer have that reference point available, so it ® |

is important to plan ahead. @ ©a_Tesas |
 Next, we will reorient the part to machine the top features. In the '‘browser tree’, select
‘Top Setup’ and click ‘Edit’ (see Figure 1.11).

Figure 1.11

« In the popup window, go to the ‘Stock tab'. Under ‘Mode’, select ‘From Previous Setup’ v Stock
(see Figure 1.12). This allows us to carry over the remaining stock from the first setup (Side Fron or...
Setup), ensuring continuity between operations. Continns Rt Ma. ﬂk‘v

Figure 1.12
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Fusion Workflow Contd.

e [t is important to note that there is a reason we did not machine all the way through the billet. We need to keep
that corner intact so it can be used as a reference point for the next setup (see Figure 1.13). In addition, the vise
will be holding this area, so removing it would make proper workholding difficult. Only enough material was
removed to establish the outer profile of the part.

 Next, we will create an adaptive toolpath, which is used to remove a large amount of material efficiently.
Note: There are many ways to approach CNC programming, and different strategies can achieve the same result.

« In this lesson, the adaptive toolpath is used to remove the bulk of the material. From there, we remove the
remaining tower feature (see Figure 1.14), followed by machining the pocket on the opposite side.

Note: Leaving a tower of material should be avoided whenever possible, as it increases the risk of tool deflection
or breakage during machining.

« The part is close to its final shape (see Figure 1.15). The next step is to switch to a smaller end mill to machine
the pockets between the two tabs and the mounting holes.

« Once these operations are complete, the final step is to flip the part and machine the bottom. Using a larger end
mill, we can remove the remaining material from the bottom, leaving us with the fully finished part.

Figure 1.13
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Figure 1.14
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Figure 1.15
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Fusion Workflow Contd.

« Once all toolpaths have been created, the final step is to simulate how the
machine will remove the material.

« Right click on the setup and select Simulate. A new popup window will appear (see
Figure 1.16), where you can adjust settings such as showing or hiding stock,
removing stock, or making it transparent to better visualize the process.

« This simulation allows you to see everything the programmer must consider,
including potential collisions, the number of tools being used, and the sequence of
setups.

« Best Practices: Keep setups consistent. Match coordinate systems to the
machine. Always use simulation before machining. Plan your operations carefully to
ensure efficiency and accuracy.

Figure 1.16
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Summary

3 axis CNC programming requires careful planning, multiple setups, and consistent referencing to ensure accuracy
throughout the machining process. In contrast, 5 axis programming simplifies many of these challenges by allowing the tool
to approach the part from multiple angles, reducing the need for repositioning and improving efficiency. Using Fusion CAM,
both workflows can be executed effectively, but success depends on understanding setup strategy, toolpath selection, and
proper simulation. By following a structured approach and avoiding common mistakes, you can produce higher quality parts
while minimizing machining time and potential errors.

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