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Table 3. Final optimised parameters for all platforms 

  DMU Exechon ALEMA 

Drilling 

Surface Speed (m/min) 311.9 306.6 313.7 
Feed Per Rev. (mm/rev) 0.2 0.2 0.2 
Spindle Speed (rpm) 14600 14350 14685 
Feed rate (mm/min) 2921 2870 2930 

Exit 

Surface Speed (m/min) 

As above As above As above Feed Per Revolution 
Spindle Speed (rpm) 
Feed rate (mm/min) 

C.sink 

Surface Speed (m/min) 

As above As above As above Feed Per Revolution 
Spindle Speed (rpm) 
Feed rate (mm/min) 

 
As expected from the stiffest machine, the DMU platform produced 
repeatable, almost identically sized holes when drilling under 
MRSAF (Figure 7). Furthermore, following the optimisation process, 
the process capability (Cp) rose from 5.91 to 6.44, while the process 
capability index (Cpk) value only increased slightly, from 2.26 under 
MRSAF to 2.43. This proved the benefit of the optimisation process, 
even on a precision CNC platform. Changing from MRSAF to 
optimised parameters improved the cycle time by 13.6%, decreasing 
from 1.62sec/hole to 1.40sec/hole. 

 

Figure 6. Static stiffness of each machining platform 

 

Figure 7. Upper and lower coupon hole diameters of all 64 holes drilled in 
stacks 2, 9, 23 (MRSAF), 25 and 30 (optimised) for the DMU platform 

Comparatively, the Exechon platform produced hole diameters as 
displayed in Figure 8. Both MRSAF and optimised parameters are 
well within predetermined tolerance, however, the benefit of the 
optimisation process is more clearly defined than with the DMU. Cp 
values almost quadrupled from 1.73 to 6.44, matching that of the 
DMU. However, the Cpk values also followed suit, increasing from 
1.02 to 3.95 (Figure 9). Simultaneously, the cycle time for final 
optimised parameters was 2.26sec/hole compared to 2.03sec/hole for 
MRSAF. This was due to the insertion of a 0.5sec dwell between 
each hole, a necessary requirement to facilitate the cooling of the tool 
by the external mist coolant.  

 

Figure 8. Upper and lower coupon hole diameters of all 64 holes drilled in 
stacks 1, 10, 20 (MRSAF), 39 (1st optimisation) and 42 (Final optimisation) 

for the Exechon platform 
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Figure 9. Process capability for Exechon drilling platform following 
optimisation 

As with the Exechon, the hole diameters shown in Figure 10 clearly 
display the benefit of the optimisation process for the ALEMA 
drilling platform. Cp and Cpk for MRSAF were calculated as 1.14 
and 2.00 respectively, indicating low process variation but low 
capability due to the number of undersized holes. Post optimisation, 
Cp rose to 3.05 demonstrating the ability of the optimisation process 
to increase the process capability. Unlike the other two platforms, the 
Cpk dropped to 0.82 as the process mean shifts closer towards the 
nominal hole diameter of 6.8mm. Due to the increased feed rate, the 
cycle time was reduced from 12.8sec/hole to 12.5sec/hole after 
optimisation, an improvement of 2.3%. This cycle time is much 
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