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Example of Multiple Tool Milling 
Application Note #20108 
 

 
Overview: 
This application note reviews multiple operations on 
a sample aluminum part. Using three tools, a part is 
created from a block of aluminum using roughing, 
finishing, and corner finishing 
 
 
Background: 
CNC machine tools are most effective when 
multiple operations can be combined in a 
single setup. This is a simple matter when tool 
lengths are listed in the controllerôs tool table 
and referenced in the G & M code file. The 
machine is referenced to the fixture only once, 
in this case the fixture is a machine vise. The 
machine does not need to be referenced when 
the tool is changed for the next operation, nor 
does it have to be referenced when the raw 
material is loaded for the next part. If the work 
offset is saved it can be called up at a later 
date. As long as the fixture is mounted at the 
exact same position on the machine and the 
machine has completed a homing cycle, the 
same work offset and tool table can be used. 
 
In this application note we use 3 tools to manufacture a relatively simple part. This demonstrates a 
typical machine operation and shows good efficiency with a manual tool change. Run time of the 
part is about 12 minutes. The operation uses 3 tools and the PCNC 1100 requires about 25 
seconds for a manual tool change. If the machine had an automatic tool changer with a 3 second 
change, the part run time would have been about 10.9 minutes (10% savings). 
 
The parameters of the operation are conservative; we are not pushing the limits of performance in 
any manner. Feed rates could have been faster and depth of cut could have been deeper, but 
typical of most prototype and short run machining, thereôs just not much reason to run at the outer 
edge of the performance envelope. 

 Material:  6061 Aluminum 
 Cutters:  3/8ò cobalt 4 flute end rougher 
  3/8ò carbide 2 flute  
  K-Tool insert spotting drill 
 Speed:  3500 to 4500 RPM 
 Feed:  20 to 30 IPM 
 Machine: Tormach PCNC 1100 
 

 

Figure 1 - Rougher Clearing Center Area 
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Fixtures & Tooling: 
The work piece was held in a 5ò machinist vise. 
Tooling included a 3/8ò rougher, a standard 3/8ò end 
mill, and an insert spotting drill. The spotting drill was 
used as a chamfer tool. All tools were held in TTS 
(Tormach Tooling System) tool holders. The tool 
offsets had been measured offline and entered into 
the tool table previous to the run. 
 
 
Motion Planning: 
Climb milling and flood coolant were used in all 
operations. The first operation used a 3/8ò rougher 
running at 3500 RPM and 20 inches per minute. This 
translates to 344 surface feet per minute (SFM) and 1.4 thousandths of an inch per flute. The depth 
of cut was 0.240ò. We were taking 2 passes and wanted to a final depth of cut of 0.500ò. The two 
passes with a rougher at 0240ò would make for 0.480ò, thus leaving 0.020ò for the finish cut. We 
also left 0.020ò on the sides. 
 
The finish was cut with a 3/8ò 2 flute carbide end mill at 4000 RPM and 30 IPM. This is 390 SFM 
and 0.0038ò cut per flute. At one point in the process the end mill is used to drill 4 holes. Drilling 
used a Z feed of 2.5 IPM in a straight plunge. Note that a direct plunge is only possible with a center 
cutting end mill. 

 
The chamfer was created with a spotting drill run at 4500 RPM with a feed rate of 25 inches per 
minute. The depth was such that we were cutting near to the top edge of the drill, away from the 
center point of the tool. The depth used on a chamfer tool determines the effective diameter of the 
tool and has an important effect on both surface speed and the final finish. As a circular cutter 

 

Figure 2 - Scallop Effect vs Cutter Diameter 

 

Figure 1 - Tool Change in Process 
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moves forward it will always leave a scallop effect on the surface, as suggested by the graphic in 
Figure 2. The figure shows the effect of two different tool diameters run at the same RPM and same 
feed rate. While this graphic exaggerates the issue in comparison to typical dimensions, the effect 
can be noticeable on surface finish even 
when the actual surface variation is quite 
small.  
 
 
Cutting Process and Manufacturing 
Results: 
All operations showed clean cutting, without 
vibration or excessive noise. Sound level 
was consistently below 90 dB and the 
completed work showed a good finish. 
Some tool scallop was visible under close 
inspection, but this is the result of 30 IPM on 
the finish cut. A slower feed on the finish cut 
would have resulted in a flatter surface, but 
optimum finish was not the objective of this 
example. 
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Figure 3 - Finished Part  


