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CFRP (Carbon Fiber Reinforced Plastic) and CFRP-metal stacks have recently been widely used
in the aerospace and automobile industries. When CFRP is machined by a brittle fracture
mechanism, defect generation behaviors are different from those associated with metal cutting.
The machining quality is strongly dependent on the properties of CFRP materials. Therefore,
process control for CFRP machining is necessary to minimize the defects of differently
manufactured CFRPs. In this study, defects in drilling of CFRP substrates with a variety of fiber
directions and resin types are compared with respect to thrust force. An experimental study on
material interface detection is carried out to investigate its benefits in process control.
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Table 1 Types of manufactured CFRP

Tvpe Thickness CF FAW # of plies
P [mm] model [g/em’] P
UD 542 T300 300 18
MD
(0°/90°) 5.02 T300 300 17
120
Z. 100

80
60
40
20
0

Thrust force

L
1.8 2.7 3.6 45 54 63
Depth[mm]

120
100/

Thrust force [N]

1.8 27 36 45 54 63
Depth[mm]

Fig. 1 Thrust force measured during drilling of CFRP
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Table 2 Types of manufactured CFRP
Thickness CF FAW

[mm] model | [g/em?] Resin
5.60 T300 200 Epoxy
4.41 T300 200 Retardant epoxy

3.87 T300 200 Heat resisting epoxy

- — ‘ 190F = = == = = = T wawas ‘ ‘
(a) UD CFRP (b) MD CFRP or 1. epoxy used CFRP
170F = = == = — — - === retardant epoxy used CFRP
Fig. 2 Delamination and uncut fibers at hole exit 1sok - — o j'j}ihfealt reﬁSj@g}ggX{ used CFRP |
130, 3 heat resisting epoxy used CFRP | |
| |
A L13es 54 W, MD CFRP F& 1072 Z“0’"’i""’t’?""y”‘%;""i ,,,,,, :k
=723t} Fig. 29} @o] UD CFRP &= & F3d| v} T P N L
Ak Zo| waAlg WaEo 2 ulE]7l MD CFRPH F ool PR ERRA TR
. |
o A A st 50k - - - ST WS AT C S
v A AfE T oA B 8Sd A 6A AR -/ S WY
AP ol =8 TP EPREA g mﬁfetafdar“emxvqsedc“ Nl
fol 3k Re7 ol WA F4e Aw ), == ‘ ‘ LT
1 1.5 2 2.5 3

A=}
V2R FTE Y Zmel wet Aol @ ® rime [4]
o, l‘:_‘__ =] 1—;]_
Fig. 3 Thrust force measured during drilling of CFRP
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Fig. 4 Delamination factors of (a) inlet and (b) outlet of
drilled CFRP manufactured with a variety of

resin materials
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