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Abstract.  Two different delamination mechanisms that 
need to be controlled by the drill geometry and thrust force 
will be observed in the drilling of composites. The studies 
which have been done up to now focus on the thrust force 
aspect and drill bit geometry at a constant feed rate. 
It is possible to find a feed rate at the beginning of the 
penetration that corresponds to the rate at which the 
laminates are peeled out. Moreover, at the exit, the fiber 
push-down mechanism is active, which can be controlled 
by controlling the maximum thrust force. Thrust force itself 
depends on the feed rate, so there should be a “feed rate-
depth” graph minimizing the delamination.  This implies 
that the feed rate may need to be changed from high to low 
as the drill bit enters and exits. To find the best result 
several experiments are being run at the constant feed rate. 
Some of these feed rates will give reduced fiber pull outs at 
the entrance and some will result in acceptable fiber push 
downs at the exit. The best graph will be extracted by 
analyzing the delamination for each feed rate. For 
measuring, a microscope should be used to determine the 
areas with the maximum delamination along the cross 
section of the hole. Also, measuring the surface roughness 
is another method of determining the delamination, but it 
should be done at a certain depth at the entrance as well as 
exit, not all of the thickness at once. [1] 
  
 
1. Introduction 
 
    Although the physical and mechanical properties 
of the advanced composite materials have made them 
an attractive family of materials, they have many 
machining problems compared with metallic 
materials. One of the problems is related with the 
fibers as reinforcement, due to their abrasiveness, 
causing fast tool wear and deterioration of machined 
surface. Among all the damages that can occur in the 
drilling of a composite plate, delamination is the most 
serious one, as it can cause loss of mechanical 
strength of laminate plates, Persson et al. [3]. The 
main mechanism responsible for delamination is the 
axial thrust force exerted by the stationary center of 

the drill – chisel-edge – whose  action is more similar 
to an extrusion that to a drilling. [2] 
 
2. Experiment, Results, Discussion, and 
Significance 
 
Five types of drill bits, namely BradSpur, DuraPoint, 
Conventional, Double Margin and a drill bit provided 
by Cessna were used in conducting experiments. The 
experiments were designed using Design of 
Experiments at three levels of speed and three levels 
of feed rates. Also they were conducted on three 
types of composites provided by Cessna, Raytheon 
and SpiritAerosystems. 
Mitutoyo Surftest SJ-400 was used to measure the 
surface roughness and the experiments were run in 
Wichita Area Technical College on a HASS CNC 
machine. The data was collected using VI Logger – 
LabVIEW 8. 
For each experiment the thrust force and torque 
values need to be calculated based on the logged 
data. Because of the variation of these values, the 
average is used for the analysis. To calculate the 
average, only the values corresponding to full 
penetration of the drill bit should be considered as 
shown in fig. 1 
The following formula gives the number of samples 
to skip from the point at which the drill bit touches 
the composite. For the back side the same formula 
can be used. 
 

fiprfeed
dskiptosamplesofNo

*)(
*60. =  

d: height of the tip of the drill bit 
feed: feed rate in ipr 
f: sample rate or the frequency of sampling 
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DOE analysis shows that for both Raytheon and 
Spirit Aerosystems materials, increasing the feed rate 
will increase the thrust force and torque for all of the 
drill bits; however, the effect of speed is not as 
significant as that of feed rate and it is even 
negligible at low feed rates. Also it can be clearly 
seen that at the higher feed rates, as the rotational 
speed is increased, the thrust force and torque 
gradually are decreased. It can be because of the fact 
that resin properties is changing due to drilling heat 
(temperature). Therefore it is highly recommended to 
test the resin properties in different temperatures. 
Also, it is important to find a way to reduce HAZ 
(Heat Affected Zone) to avoid any local 
inhomogeneity in the material and possible crack 
generations. Moreover, it is recommended to do the 
drilling experiments using a neutral coolant to 
minimize the effect of heat on the resin and find out 
only the geometry effects on the thrust force and 
torque. 
Results show that the best surface roughness for 
Raytheon material is obtained from Double-Margin 
drill bit, while for the Cessna and Spirit Aerosystems 
materials the best surface roughness is obtained by 
Dura-Point drill bit. Moreover, in most of the cases it 
is observed that       Brad-Spur drill bit does not give 
a good surface finish compared to the other drill bits. 
Also the analysis done on the hole roundness shows 
that the more feed rate is, the worse is the roundness 
of the hole. On the other hand rotational speed does 
not play a major role in the roundness of the hole. 
To reduce the delamination, it is possible to reduce 
the thrust force to a minimum, but this may cause 
other problems like a significant reduction of the tool 
life after several drilling and increasing the 
machining time which increases the costs. Therefore, 
the best approach is to vary the feed rate and this can 
be done by comparing the delamination results in 
different feed rates.   

 

 
[2] Figure 3-A sample for DOE analysis of thrust force 

 
[3] Figure 4-A sample for DOE analysis of torque 

 
3. Conclusions 
 
There are several parameters affecting the hole 
quality. The results show that the most important one 
is the feed rate which controls the thrust force. Also 
they show that as the rotational speed increases, the 
behavior of the composite material may be affected 
by the heat generated during the drilling. Moreover, 
increasing the feed at all conditions with all materials 
deteriorates the hole quality including the roundness, 
surface roughness, fibers pull out and push down. In 
addition the geometry of the drill bit plays a major 
role in the hole quality. 
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[1] Figure 2-Full penetration of 
the drill bit 




