KA ERE $18% $ 125, pp. 31753184, 1994

& 20
DRSS o

s -

2e)

I,

HIE*

3175

LeE =8F 7

-olcHE*

(19944 5% 17 A<F)

Highly Precise and Efficient Drilling of Caibon Fiber Reinforced Plastics

Kyu Yeol Park, Jin Ho Choi and Dai Gil Lee
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Abstract

The high strength and wear-resistant metal bonded diamond wheel was applied to the drilling
process of carbon fiber reinforced plastics(CFRP), The helical-feed drilling method was use for
the first time to overcome the limit of drilling depth of the conventional drilling process and to
improve the dressing of the wheel. The helical-feed drilling method was found effective at high

cutting speed without the limit of drilling depth.
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Table 1 Experimental equipments for drilling of carbon fiber reinforced plastics

Machining center (MC) : TNV-40, 7.2 kw[SAEIL HEAVY INDUSTRIES Co.,

Machine tool Ltd. Korea]

Tungsten carbide (WC-Co) two-flute twist drill, 10 mm [KOREA TUNGSTEN
Co., Ltd. Korea]

Cast iron bond diamond (CIB-D) wheel,

normal type core drill : #100 (concentration ; 100),

¢l0 X W2 mm (g6 mm center hole forming)

ball nose type core drill : #100 (concentration ; 100),

¢ 10 mm, tip sectional radius 5mm (g 4 mm center hole forming) [FUJI DIE
Co., Ltd. Japan]

Drilling tools
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Fig. 1 Schematic illustration of the drilling method

and the drilling force
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Table 2 Mechanical properties of carbon fiber reinforced plastics

Specific gravity| Tensile strength (GPa)

Fiber volume content (%)

Remarks (Tensile modulus : GPa)

16 2.06

% Carbon fiber:207.0
60

* Epoxy resin: 1.3
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Fig. 2 Correlation between the thrust force and the

tool rotational sped in the drilling of CFRP
with WC-Co drill

(a) 1 time
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[N ;2,000 rpm, f, ;10 mm/min, WC-Co drill, CFRP 10 mm plate)
Fig. 3 Variations of the exit section of the hole with respect to drilling times
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[macro view]
(a) Before drilling

[micro view]

[drilling depth ; 0 mm]

[macro view]

[micro view]

(b} After ten times drilling {total drilling depth ;160 mm]
[N ;2,000 rpm, {, ;10 mm/min, WC-Co drill]
Fig. 4 Different views of the tool condition according to the CFRP drilling

{#100 CIB~D core drill{concentration 100,
#10mm, teeth width 2mm)}
50.04
2 400}
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g 30.0¢ \
N
‘g 20.0 go : 7 S5mm/min
] o e : fz 10mm/min
1004
Q s i 1

2.000 4,000 8,000
Tool rotation {rpm}
Fig. § Correlation between the thrust force and the
tool rotational speed in the drilling of the
CFRP with the metal bonded diamond core
drill
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(a) Fluctuation of the drilling force in deep
hole drilling

(b) Views of the tool after drilling
[#100 CIB-D core drill (¢10 mm, tooth width 2 mm) ],
[V.;6,000 rpm, f,; 10 mm/min)

Fig. 6 Drilling force fluctuation of the CFRP with
the metal bonded diamond core drill
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[#100 CIB-D core drill (910 mm, teth width 2mm)]

[V.; 6,000 rpm, f, ; 300 mm/min, p, ; 0.1 mm}]

Fig. 7 Drilling force variation of the CFRP in the

helical-feed drilling method with the metal
bonded diamond core drill

{#10mm CIB-D core drill{concentration 100)]
50.0 | [vt; 8,000rpm, hp; 0.1mm]

=
& 40.0 r go : thrust force
] @ : helical force
s 300t
0]
w
£ 200}
T
a
10.0} .__-‘/._/(/0
0 i 1, i ' .

100.0 200.0 300.0 400.0 500.0
Helical-feed speed (mm/min)

Fig. 8 Correlation between the drilling force and the
helical-feed speed in the drilling of the CFRP
with the helical-feed method
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(b) Ball nose type core drill

[#100 CIB-D wheel(concentration 100) ]
[V.; 6,000 rpm, f,;10 mm/min, CFRP 2 mm plate]

Fig. 9 Influence of the tool shape on the drilling of
the CFRP with the metal bonded diamond
core drill.
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Table 3 Tensile test results of the drilling specimens of carbon fiber reinforced plastics

i 200.0 T
—
2.3
= _ox= 7
— bd - 8 plies

(fiber direction; 0°)

[Dimensions of the drilling specimen]

R k
Tool Drilling method | Failure load (kN) | nemarks
(drilling condition)
1 WC-Co drill Conventional 4579 N ; 2,000 rpm, f,; 10 mm/min
2 WC-Co drill Conventional 4.114 N; 6,000 rpm, f,; 10 mm/min
3 Core drill Conventional 4.473 N; 6,000 rpm, f,; 10 mm/min
4 Core drill Conventional 3.463 N;6,000rpm, £, ; 20 mm/min
(3% wheel loading occurs)
5 Core drill Helical-feed 4533 N'; 6,000 rpm, £, ; 400 mm/min
hy; 0.1 mm
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® wall section of hall

(b) Ball nose type core drill (tip
sectionalradius 5mm)

[#100 CIB-D wheel (concentration 100)]
[N ;6,000 rpm, f,;10 mm/min, CFRP 2 mm plate]

Fig. 10 Variations of the hole condition due to the
different tool shapes.
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(b) Ball nose type

Fig. 11 Schematic illustration of the drilling charac-
teristics according to the core drill types
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(concentration 100)]
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400 1 gE: thrust force
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g
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Fig. 12 Influence of the tool rotational speed on the
drilling of the CFRP with the helical-feed
method
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(b) Exit section

Fig. 13 Views of the hold condition with the helical-
feed drilling metod when the tool rotation
speed was 60,000 rpm. [#100 CIB-D ball nose
type core drill (concentration 100) ], [N ; 60,000
rpm, f,; 300 mm/min, h, ;0.2 mm, h,; 1.0 mm]

Fig. 14 Drilling samples of the CFRP with the helical-
feed drilling method which used the ball nose
type CIB-D core drill. {#100 CIB-D ball nose
type core drill (concentration 100)]}, [N ; 6,000
rpm, f, ; 300m/min, h, ;0.2 mm, hy; 1.0 mm}
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