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 Composites are widely used due to their good properties such as high strength to weigh ratio, stiffness, 
resistance to buckling and fatigue, etc., in different industries. Parabeam three-dimensional composites 
have found a remarkable situation due to their high bending strength and extremely low weight 
compared  to  other  sandwich  composites.  Drilling  is  necessary  to  connect  them to  other  structures.  In  
this research, the effects of rotational speed, feed rate and tool diameter have been studied regarding the 
amount of damage in drilling of 3D composites. A full-factorial design of experiments was used to 
assess the significance of drilling parameters, and digital photography technique with auto focus was 
used to evaluate the damages from drilling. The drilling operation was assessed based on two introduced 
factors including the matrix fracture factor (MFF) and uncut fiber factor (UCFF). The analysis of 
experimental results showed that among the main parameters, feed rate and rotational speed have the 
highest and lowest impact on MFF by 23.83% and 0.34%, respectively. But the experimental results for 
UCFF showed tool diameter with 17.17% is the most effective parameter. Both factors have similar 
behavior against the rotational speed which has the least impact on the output parameter. Rotational 
speed of 1750 rpm, feed rate of 0.1 mm/rev, and tool diameter of 10 mm were found to be optimal 
levels to obtain the minimum MFF and UCFF. 
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Fig. 1 (A) Several Damages in drilled composite (B) Delamination 
Zones in Sandwich composite [2] 
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Fig. 2 Matrix crack by layer orientation [3] 
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Fig. 3 Parabeam Composite view  
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Fig. 4 3D composite during drilling 
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Fig. 5 CNC milling machine (FP4ME) 

5 CNC FP4ME 

  
Fig. 6 Matrix fracture and uncut fiber in the hole 
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Fig. 7 Different area for calculation of matrix crack and uncut fiber 
factor 
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Table 1 Design of experiments 

   
D (rpm) 

  
F (mm/rev) 

  
N (mm) 

1 500 0.02 4 
2 1750 0.06 7 
3 3000 0.1 10 
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2   
Table 2 Experimental results  

UCFF2 MFF2 UCFF1 MFF1     

0.550512 2.986949 0.540506 2.111571 0.1 4 500 1 

0.207930 2.476146 0.200079 2.437948 0.1 10 1750 2 

0.274421 3.588504 0.264214 3.328656 0.1 7 500 3 

0.48910 3.059375 0.484019 4.098768 0.06 7 3000 4 

0.371319 0.601544 0.482731 0.760703 0.02 4 3000 5 

0.476899 4.385641 0.42493 3.865944 0.02 7 500 6 

0.311922 4.896061 0.311922 4.480304 0.02 7 1750 7 

0.478911 3.863521 0.518701 6.250915 0.06 4 1750 8 

0.242559 4.49431 0.290307 4.429731 0.02 4 500 9 

0.217128 2.953755 0.344453 3.335731 0.02 10 1750 10 

0.389543 5.389225 0.508913 6.105443 0.02 4 1750 11 

0.514802 1.118096 0.594382 1.436416 0.1 4 1750 12 

0.428630 5.403432 0.431084 5.395353 0.06 4 3000 13 

0.393852 5.601055 0.445822 5.315222 0.02 7 3000 14 

0.394795 2.234368 0.397395 3.50762 0.06 10 1750 15 

0.469008 2.612473 0.454908 2.727066 0.1 10 500 16 

0.280103 4.286737 0.394696 3.54825 0.02 10 3000 17 

0.330527 3.118933 0.460451 4.678022 0.06 7 500 18 

0.474145 2.846638 0.50013 3.886031 0.1 7 3000 19 

0.387565 2.894575 0.514891 3.493003 0.06 10 500 20 

0.227543 4.35786 0.380333 5.529253 0.06 10 3000 21 

0.428617 1.271367 0.524113 1.475728 0.1 4 3000 22 

0.268865 2.719312 0.502728 1.314183 0.1 7 1750 23 

0.312838 0.951145 0.440163 2.142668 0.02 10 500 24 

0.37872 6.618096 0.53788 4.071542 0.06 4 500 25 

0.294592 3.584041 0.43465 3.482181 0.1 10 3000 26 

0.542537 2.645879 0.568522 3.737241 0.06 7 1750 27 
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3 MFF  
Table 3 Analysis of Variance for MFF 

P-Value Contribution Seq SS DF Source 
0.000 87.11% 97.98 27 Model 
0.210 0.82% 0.923 1 Blocks 
0.000 26.68% 30.014 6 Linear 
0.715 0.34% 0.379 2 N (Speed) 
0.000 23.83% 26.803 2 F (Feed) 
0.098 2.52% 2.833 2 D (Diameter) 
0.000 47.21% 53.104 12 2-Way Interactions 
0.006 9.23% 10.383 4 N×F 
0.000 17.58% 19.78 4 N×D 
0.000 20.40% 22.941 4 F×D 
0.013 12.39% 13.939 8 3-Way Interactions 
0.013 12.39% 13.939 8 N×F×D 

 12.89% 14.503 26 Error 

 100.00% 112.483 53 Total 

 .

 ( )   
 .

 )   

  
4 UCFF 

Table 4 Analysis of Variance for UCFF 
P-Value Contribution Seq SS DF Source 

0.000 89.07% 0.515421 27 Model 
0.000 11.04% 0.06391 1 Blocks 
0.000 25.79% 0.14925 6 Linear 
0.793 0.20% 0.001139 2 N (Speed) 
0.001 8.42% 0.048732 2 F (Feed) 
0.000 17.17% 0.099378 2 D (Diameter) 
0.000 33.71% 0.195088 12 2-Way Interactions 
0.016 6.27% 0.036259 4 N×F 
0.000 17.61% 0.10191 4 N×D 
0.002 9.84% 0.056919 4 F×D 
0.000 18.52% 0.107173 8 3-Way Interactions 
0.000 18.52% 0.107173 8 N×F×D 

 10.93% 0.06327 26 Error 
 100.00% 0.578692 53 Total 
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Fig. 8 Main effect plots for (A) MFF and (B) UCFF 
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Fig. 9 Interaction plots for (A) MFF and (B) UCFF 
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Fig. 10 Optimal Plot for MFF and UCFF 
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