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Carbon fiber reinforced plastics (CFRP) is used for various mechanical structures because of its superior
mechanical and physical properties. A lot of drilling is demanded during the processing and manufacturing of
CFRP components. However, characterized by nonuniformity, anisotropy and high hardness, CFRP is susceptible
to bearing following defects when processed with conventional drilling technology: entrance cleavage, exit
laceration, delamination, and burrs. The aforesaid defects may affect the service life of CFRP components and
even cause scrapping of such components.

To solve the problem, this paper has investigated and compared all sorts of CFRP drilling techniques in terms
of processing efficiency and quality, and it was found that the conventional helical milling (CHM) technology was
advantageous than others in both processing efficiency and quality. But CHM was still faced with a few problems
such as zero-point in cutting speed of cutting tool terminal, delamination at hole exit due to extruding of material
at hole bottom, and inner surface scratch of the hole caused by friction between side edge of cutting tool and inner

hole wall. Therefore, this study proposed a novel method for drilling holes in CFRP products. This new method is



WFERHEHERRAL 15

performed by replacing the revolving motion of the tool in CHM with conical pendulum motion in which the tool
axis is tilted towards the hole axis at a certain angle, consequently it was called tilted helical milling (THM). With
THM processing, when the cutting tool revolves on its own axis, its axis keeps tilting in relation to the hole axis at
a certain angle and maintains screw-feed along the hole axis.

Firstly, an experimental device of THM was designed and manufactured for verifying the effectiveness of the
proposed method, then a theoretical analysis of the hole forming process and material removal rate during THM
was performed and experiments were conducted to verify its basic processing properties and strengths. Further,
the exit formation of the hole was studied, and the inhibition mechanism of the hole exit formation on the exit
delamination defect was figured out. The obtained results revealed that the obtained results revealed that during
hole drilling by THM, a circumferential V-groove exists between the end face of the tool and the bottom of the
hole, whereas in CHM this phenomenon does not occur. This fact is beneficial to timely chip removal, drilling
force reduction and zero cutting speed point problem avoidance. Moreover, the hole exit formation in THM was
divided into two stages: formation of small-diameter hole and hole enlargement processing. The extruded layer
resulting from the first stage would be removed through hole diameter enlargement in the second one to inhibit the
generation of delamination at the hole exit.

Both cutting force and cutting temperature can produce a significant effect on the CFRP processing quality.
Therefore, this paper established a mechanical model about the cutting force of THM to study the factors
performing on the cutting force. A string of plans was adopted to measure the cutting temperature during THM
processing, and the effects of cutting force and cutting temperature were analyzed in different machining
conditions. Lastly, the processing quality of hole entrance, exit and inner surface in different processing
conditions was assessed to optimize the processing conditions and provide guidance for potential industrial
application. The research results indicate the THM can generate high-quality holes on CFRP at a high efficiency.

According to the above results, THM was proven to have such strengths as speed zero-point evading,
delamination inhibition, smooth cuttings discharge, strong heat radiation capacity, and low thrust force.

Subsequently, high quality holes can be successfully obtained with high efficiency by THM.
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