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ARTICLE INFO ABSTRACT
ey Drilling into carbon Aber-reinforced plastics (CFRP) with conventional tools oflen results In defects like dela-
‘mination, Aber pull-out, etc. 1n ardar t achieve high-quality CFRP hole machining, we developed 3 new woven

" ‘metal wire tool (WMW toof) based on core drilling, with electrodeposiled diamond graias. Usiag this toal, we
conducted 20-mm core drilling on a CFRP plate supplied from the Inner side of the

e WMW tool at the grinding point. The new mwol also removes chips easily. The method produced high-quality

holes without delamination or burr at the entry or exil af a practical fead rale of 100 and 300 mm/min. Although
wear was obsarved on the Up of the wire mesh, new diamond grains appeared at the up, so that the wol
exhibited a sals-sharpening sfiect. The newly developed WM toal achieved a drastic reduction of chips and
supenior machines sureace at the same ume 1n CFRF drlling

1. Introduction

Carbon fiber reinforced plastic (CFRP) is widely used in the aero-
space industry due to its high specific strength and elastic modulus [1].
Due to an expected growth of around 14% annually in the aerospace
and defense market, the demand for CFRP is anticipated to be 23,000
tons by 2020 [2].

1.1. Environmental impact of CFRP machining

In onder to assemble CFRP parts, a large number of holes must be
machined in the material. In general, these holes are machined by twist
drill, but this method generates a large amount of CFRE chips. Chips
genersted by CFRP cutting become dust, which may have health ha-
zards. Haddad et al. showed that the size of chips generated by CFRP
cutting is much smaller than the theoretical size considering the cut
depth [3]. Frequency distribution of the size is concentrated in the
range of 0.25-1 pm. Dust particles of this size can easily reach the lungs.
When cutting CFRP, use of a vacuum system and dust masks are re-
commended. To reduce health damage, it is also necessary to reduce the
amount of chips generated.

On the other hand, research on CFRP recycling has recently ad-
vanced. Howarth et al. measured the energy consumption when CFRP
was cut with a milling machine [4]. They then modeled the energy
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required for the mechanical recycling of CFRP using the obiained en-
ergy consumption data. Li et al. also compared the cost of mechanical
recycling of CFRP with that for its dispasal by conventional landfil [5].
They found that in order to lower recycling costs, the carbon fiber re-
covery rate must be close to 100%. Recycling of CFRP is gradually
progressing from pilot studies to industrial scale [6]. It is therefore
crucially important to collect as many chips as possible from CFRP
machining.

1.2 Recent research on CFRP drilling and stdy objective

CFRP is regarded as a difficult material to machine, as it causes
significant tool wear and undesirable drilling-induced delamination
[7]. Currently, polycrystalline diamend (PCD) drills are used for dril-
ling CFRP in order to extend tool life; these tools are, however, very
expensive [5]

Tsao and Hocheng presented an analytical model for the delami-
nation caused by tool wear of twist drill in drilling CFRP [9]. They
showed that delamination tends to oecur because the thrust force in-
creases with the wear of the drill chisel. They also showed that the feed
rate affects delamination, and that it can be suppressad by decreasing
feed rate, even with wom tools.

On the other hand, drill shapes also play an important role in ma-
chining efficiency and the quality of holes. Hocheng and Tsso




