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Large Holes in 6061 Aluminum 
Application Note #20104 
 

 
Overview: 
This application note reviews various methods for creating 
holes larger than can be done with standard drilling cycles. 
Three cutting methods are compared for speed, finish, and 
accuracy. 
 
 
Background: 
Very large boring machines can bore and ream very large holes. When facing the task of creating 
large holes with a smaller machine, a machinist is faced with selecting between several alternative 
methods. Circular interpolation is an easy task for any CNC 
machine, but the resulting accuracy is strongly affected by 
backlash of the ballscrews and the precision of control. A 
boring head is slower, but generally more accurate. 
 
This application note reviews the creation of 18 holes, each 
1.27” in diameter. The holes are finished using three different 
techniques with the manufacturing results compared. 
 
 
Fixtures & Tooling: 
The work piece was a 10” x 8” x 2” block of 6061 aluminum 
held in a 5” machining vise.  
 
Lead holes were drilled with a 0.500” HSS twist drill. Roughing was done with a HSS 4 flute 
rougher. Finishing was done with a 4 flute 0.500” diameter HSS titanium coated end mill with a 1.5” 
cutting length and a 2” boring head using a 1.5” length 0.5” diameter boring bar with a C2 grade 
brazed carbide tip. 
 
 
Motion Planning: 
Preparation work started with spot drilling. This was followed 
with a 1/2” drill, used as a clearance hole to avoid plunging with 
the end mill. Finally the bulk of the material was removed with a 
1/2” high speed steel rougher. Roughing was performed with 
two methods. Half of the holes were roughed out using a spiral 
down method with a constant slow Z motion down as the cutter 
spiraled down. The other half of the holes were cut using 
pocket milling, spiraling out from the center but keeping the 

 Material:  6061 T6 Aluminum 
 Cutter:  0.5” HSS drill 
  0.5” HSS rougher 
   0.5” HSS 2 flute 
  Boring Head 
 Speed:  900 to 2000 RPM 
 Feed:  1 to 20 IPM 
 Machine: Tormach PCNC 1100 
 

Spot Drilling 

 

Roughing Out Material 
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same Z depth with each pass. Rough cutting was completed 
to a depth of 1.5”. Finish cutting was done to a depth of 1”. 
 
Three different methods of finish cutting were used. Each 
method was applied to 6 holes, finishing 18 holes in total. 
 
Finish Cutting – Method 1 
The first method used for finish cutting was boring. A carbide 
tipped (C2 grade) boring bar was mounted in a small boring 
head. Cutting was done dry at 1000 RPM resulting in a 
surface speed of 330 feet per minute. Using a Z feed of 1 inch 
per minute, the holes were finished to depth of 1”. The first cut 
removed about 0.025”, leaving 0.010” for the finish cut. Both rough cutting and finish cutting were 
done using the G89 code. 
 
The process was loud for the rough cut, in excess of 94 dB, but much quieter on the finish cut. We 
expect it would have been quieter if we had used a shorter boring bar. 
 
Finish Cutting – Method 2 
The second method used was plain circular interpolation. A simple 1/2” 2 flute high speed steel 
cutter was used at 2000 RPM (260 surface feet per minute) with a feed rate of 5 inches per minute. 
There was 0.005” left for a finish cut. All cutting was done with climb1 milling. The full 1” depth of cut 
was completed in the final pass. The cutting was completed with as much flood coolant as possible 
to flush the material from the hole. 
 
A poor cut finish and an unhappy cutting sound lead to a visual inspection of the end mill after 3 
holes were completed. It was apparent that the end mill was far too dull to allow for a good finish 
cut. Switching to a fresh end mill, the next 3 holes were completed. 
 
Finish Cutting – Method 3 
The final method used was circular interpolation, but instead of cutting the full 1”, a spiral down 
motion was used. The feed rate was 20 inches per minute, with a Z feed down of 0.050” per pass. 
The motion planning was completed with TurboCADCAM, using a thread milling routine. Setting the 
thread milling routine to 20 threads per inch generates a 0.050” depth per revolution. The process 
involved climb milling at 2000 RPM using a 1/2” diameter 2 flute HSS end mill. 
 
 
 
 

                                                 
1
 Milling is described as climb milling or conventional milling. Conventional milling is when the cutting edge enters the material at 

the finish surface and exits on the uncut surface. Climb milling has the cutter entering the old surface and exiting at the finish 

surface. Climb milling provides longer tool life and a better surface finish, but requires a precise machine tool with no backlash. 

Finishing with a Boring Head 
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Manufacturing Results: 
The holes were measured with a bore gage. Each hole 
diameter was measured in the middle (depth 0.5”) in both the X 
and Y direction. Additionally, half of the holes were measured 
at top, middle, and bottom at 45 degree increments.  
 
As expected, boring produced the best results for both 
accuracy and finish. Among all measurements on all 6 bored 
holes, the variation from the largest measurement to the 
smallest measurement was 0.0004”. The standard deviation of 
all measurements on all bored holes was 0.0001”. 
 
The poor condition of the end mill initially used in method 2 showed up in both the measurements. 
The surface finish was somewhat worse than the sharp end mill, but the accuracy was much worse. 
Among the 18 diameter measurements taken in the first 3 holes, those done with the dull end mill, 
the variation from largest to smallest diameter was 5 thousandths of an inch. The standard deviation 
was 0.0016”. The next 3 holes, after switching to a sharp end mill, showed a variation of 2 
thousandths of an inch with a standard deviation of 0.0006”. 
 
The spiral down method showed little difference as compared to a conventional circular pocket 
method. This makes sense as both methods depend on circular interpolation. A spiral pattern was 
seen in the surface finish of the holes. In these tests the conventional circular pocketing method 
showed better surface finish. These tests were done with a standard machine that had not been 
adjusted in any manner. Backlash compensation was turned off. Adjustment of the ballscrew 
bearings for higher preload would have improved the results, but would also result in reduced 
bearing life. In general, proper bearing preload will yield better performance than backlash 
compensation. 

 
Parameters Results 

Test Method DIA RPM SFM FEED VARIATION 
STANDARD 
DEVIATION 

1 boring 1.27” 1000 330 1.1 IPM 0.0004” 0.0001” 

2a2 circular pocket 0.5” 2000 260 5 IPM 0.0050” 0.0016” 

2b3 circular pocket 0.5” 2000 260 5 IPM 0.0020” 0.0006” 

3 spiral down 0.5” 2000 260 20 IPM 0.0020” 0.0007” 

 

Summary Results Table 
 
 
 
 

                                                 
2
 Using a dull end mill 

3
 Switching to a sharp end mill 

Measuring Results 
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