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Abstract 

Carbon fiber reinforced polymers (CFRPs) are widely used in the aerospace industry due to their light weight, high strength, and low thermal 
conductivity. Drilling is a critical process that affects the quality of CFRP parts. This work studies the influence of process parameters on 
delamination and tool wear. Polycrystalline diamond helical drills are used in the experiments. It has been shown that drilling energy 
calculations can be used to set appropriate feed and speed parameters and for increasing drilling performance of CFRPs. The results also 
indicate the importance of thermal modeling of CFRP laminate for better understanding of the drilling process.  
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Carbon fiber reinforced polymers (CFRPs) have become a 
widely used material in the aerospace industry due to their 
superior material properties. Drilling of CFRPs is a critical 
process in terms of delamination. It has been shown that 
delamination is closely related to drilling process parameters, 
tool geometry, and tool wear [1, 2, 3]. Due to the abrasive 
nature of carbon fibers and the low thermal conductivity of the 
polymer matrix, rapid tool wear is a common problem in 
drilling of CFRP laminates. As the cutting edges of the drills 
wear out, forces increase, which leads to quality problems 
inside the hole and at the exit of the hole.  

Many studies have been conducted to understand the 
relationship between process parameters and delamination 
while drilling CFRPs [4, 5, 6]. It has been observed that in 
order to keep thrust forces low at the hole exit, feed must be 
set low. It has also been observed that rotational speed does 
not influence the drilling forces significantly. Therefore, a 

high rotational speed is set in order to obtain an acceptable 
feed rate in the drilling process. However, especially when 
drilling thick CFRP laminates, setting a low feed increases the 
interaction time of the tool and the material, which results in 
rapid tool wear. Therefore, diamond coated carbide and 
polycrystalline diamond (PCD) are widely adopted tool 
materials used to drill thick CFRP laminates [7, 8, 9]. This 
study uses PCD drills in the twist drill form that have recently 
become available in the market.   

Recent studies have shown the importance of thermal 
modeling while drilling CFRP laminates [10, 11]. The changes 
in temperatures inside the hole affects the material properties 
of the polymers. The resin system, fiber content, and sequence 
of laminate are important factors that must be considered in 
the models. In this study, drilling energy is calculated and 
compared for two different PCD drills. Thrust force and 
torque measurements are used to calculate the instantaneous 
power for different feed and rotational speed values. The work 
related to the movement of the drill can be assumed to convert 
into heat energy, which results in rising temperature inside the 
hole.  
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2. Experimental setup and drill geometry 

A unidirectional CFRP plate with 11 mm
used in the drilling experiments. There are 7
with repeating laminate configuration of 
Two additional CFRP layers of ±45˚ were la
bottom surfaces of the laminate. The carbon
59%. A CNC milling machine is used to 
experiments. A back plate made from alumi
diameter holes was used to support holes fr
experimental setup and CFRP plate are sh
Thrust force and torque measurements were 
rotational dynamometer and its charge am
9123, Kistler 5223). Experiments were perfo
drilling conditions. 
   

Fig 1. Experimental setup.  
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Fig. 2. 
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3. Calculation of energy durin
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Table 1. Experimental drilling condition
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Spee

(m/m

1 5000 100

2 4000 80

3 3300 67
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