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Comparison of Optimum Drilling Conditions of Aircraft CFRP Composites using
CVD Diamond and PCD Drnlls
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Abstract

Recently CFRP laminate joints process by bolts and nets are developed rapidly in aircraft industries. However,
there are serious drawback during jointing process. Many hole processes are needed for the manufacturing and
structural applications using composite materials. Generally, very durable polycrystalline crystalline diamond (PCD)
drill has been used for the CFRP hole process. However, due to the expensive price and slow process speed,
chemical vapor deposition (CVD) diamond drill has been used increasingly which are relatively-low durability but
casily-adjustable process speed via drill shape change and price is much lower. In this study, the comparison of
hole process between PCD and CVD diamond coated drills was done. First of all, CFRP hole processbility was
evaluated using the equations of hole processing conditions (feed amount per blade, feed speed). The comparison
on thermal damage occurring from the CFRP specimen was also studied during drilling process. Empirical equation
was made from the temperature photo profile being taken during hole process by infrared thermal camera. In
addition, hole processability was compared by checking hole inside condition upon chip exhausting state for two
drills. Generally, although the PCD can exhibit better hole processability, hole processing speed of CVD diamond
drill exhibited faster than PCD case.

B

=
=

AT Fo8 AR ARG HopollA de] AMEIL gl CFRPO| Zhgo] F7k=|al Qlr). ShA|uk, CFRPO} 2 E3fs HE9]
A% Aol To] Stk HRARE ol&% bttt F2E Axd] s W & 7ol Basith UukAo® CFRP & 7k
Al HgEAdo] w9 73t polyerystalline crystalline diamond (PCD) E&g AR dlx|uk, ©7l7} vl 7H8 £&71 27| o
o] W42 PCD =™-of wlgf ofsht = 4 Hske F9 7o £=5 24 & 4 i, WwE 71Ho] A-e chemical
vapor deposition (CVD) ThoJoZE Y =] ARgRFo] F7} HaL Qltk & o=, PCD =33} CVD thojole 39 =
o] & 7hdS Bl grlsklch WA, & vk 24 A (89 ol A £:)E ol8sto] CFRP & 742 7o,
CFRP 715 A =88] BN TAske Ald U] 44 &4 F=g8 vagth Mt 7izle 293 & 715 A 2858
g o187 A wEe] F =29 ¥ Aol mE F RS vl FURIGIE 3L & v Al SAske F(chip)
HiE oo W & Wiel JEiE griste] CVD tololZE 5% ="t PCD =29 CFRP & 7k Hludith dubHo
2 PCD =89 & 7l4d0] CVD tpolol=t =80 B3] 9%t dse YA, & A4 &&= CVD tololaE =¥

PCD Eo] uls) whe Anke Lhehich

Key Words : BtAA5 733} Z2kAE(CFRP), =¥ Z2HAl(Drilling processing), <(Hole), PCD = (Polycrystalline Crystalline
Diamond drill), CVD t}o]ol2= =2 (Chemical Vapor Deposition diamond drill)

H4
e
=

Ao 20119 49 1590, 52%: 20119 6% 249, 7Rl 201149 89 172
* AL U - Al2A B, B

=
[}
“ AetE e - AAAF Y, 3

5ok, Y, W AIAAHE-mail:;jmpark@gnu.ac.kr)



24 AEE - Y7L LY - g BB AR
142 B Ao, 13 SEet £ B nRyE, T A
Auell ek & A4 gl e Bt /R Fa AR
wojate] 7E7 male] Agom 7] Agel AR AHgSHRL gl PCD @3} CVD thololRE =] 7}
AeAe BERSIUA wPEt 2 SaMfet Sehad Y2 uE B7k Yok & AR A S R 9
= AR wWetg FEsta eEE 24 sto] 713 A WAHL AR sk

- ;

(CFRP)9] o]&OR FFg7] & Al
EZ oYl FE7] EoF # ofyz A
A % FRAREHN Ar §8o] o
870l FokAl L ARgRFe] F7bE L

SHAEE, ol BEAlR FxE 2
TF2E 7H BE AR olEFelth
Sl dafio] EE UE AF WHol
w, ol wE & 7439 Fa/4de CFRP &3
T FEo] Heh. CFRP ol gh= 73
Zt(tool) N B EFARE HHS & 7H
Fasith ol FEHARE HASH A <
of gt A=7t Fasty] wiold, 7N
Az AA Y E4E= S8 kAR CFRP 7+
el F8Ado] A3

AR & 7hel gt Fa4dol dis] AgsiAd
Airbus®] & S0l HIF7] I dE Ayl s o
55,0007 o9l & 7ha& shofof Ftrhe Aol ol BEA
2ol g =5 o]l HAs| dasith EJh @2 #
= k& Aok sk7] Wiel Tk AtE 95 AlAok
ek KAL) A, oF 1,000719 &8 Hxul oF 5AZelA
8AIZES] AIZEE ARESEIL Qlom o]t AIZbE A &
Aok o g ¥ T 9@ e wE 5 Sl 8t
Ak, ol 7hE £EE Fol7] feie =Y 4 2 A
o H37} dasht CFRPY Af9 oFA19 H3H4
4wl dut =EdRE vhgely] dET dutdes
o & 7H8 Al ARE Hi= ZE PCD EdolAuh, o]
o] Fuff wlgo] up =40 F4f Wt wpE rholo}
o] £7Fs3t7] wWzol CFRPo| 33t 7+5 Fefol
S Akt ofZARg ol Qirt

HIY7] AZel == AALE F7HI717] S8 7189 )
AL 7y &=7F =7l PCD Ego] ofd AjRg =Y ARG
o2 AA AMAdol dasith 7] AAGEN ozl 2
nylo]E P25 7HA= CFRP F24 & 718 Al CFRP &
ol EAshs Y (peelup) w BN EEY E=F EAYs)
= WE vA 2ol A 7o AdE dasiei4,5].
el o)A CFRP= HFA 325 71 A=)
At el g&Hel & Tkt thEA wdgel W
S Bl & ouArt gRz wE o
& 2200 w2t Ao Fefu] At
e P & o] dF oyA7t &4 =HHA
dES WA AL o] BS & Afolz 29 F2

4517 ok ol 7] ujEe] Ao CERP FEef

i
N

B
>
o

_g]

of 9%
] CFRP2]

o
O

ﬂig

cEw

b ow
FhaTE
i rlo
HEJ[-II

op
it}

1
o o
%5

—

5
bl
)

[

N
S22 N | o xo Ju ot
IF oo o jo N S

o
ot

bl
SO
ox AL Ho U
ol

)

Ml Ho
oX Ol
oo
X

Bu e

rﬂjg
o

N

9o}

o
ol
[a
nor L Y
s
e
-z
AT
rlo
o)
(o3

|
il
o o
ot
ox
o
N

2L Lz B
o H
a
i
=

|
;

dol 4% BRIk chololEE 1y WY Aol
3|

=2 [ ER ¥0 4 10 ok 2
>
o
oX
2
ox,
o
ofy
fo
<
A
A
o
~
=3
o
=
N
oft
I
H1

244

21 M=

KAI (333 9-A4rg@)ola] Algeke CFRP (FA: 14
mmyE olgste] & TVl AYPS X skl PCD =™
(WalterAl, 217: 6.35 mm)x} CVD t}o]ol2= =& (Amamco
A A7 638 mm)E olgelo] tlololEE IRn =)
Aol Oe T YL olgsld T 71E 5L Hn
Ash} spuleh Dailkl, E)E olstel T 7kE S 24
3l3l Hof Alo]x] (bore gage, Mitutoyor}l , YE)E E3}o]
AHE RS & W S BRI Sls) vk
= olg3ck

o, ot

2.2, Als HHH

221 AXLE AE o83t 7HE =4 4%

V, =rDN M
F
=75 ()]
A (DA, Ve, A £525 Yehfle 4ol 4] )& F,
o ol$%e Uehit Aot (=59 27, N=rpm, F=3

[e]
(feed), Z=9] ). (DA =29 A3t pm 27|
2o A4 S £EE dehfe] AUNHOR pm 271L

L @He & 4B A =Y @ g

< I e AT
&

oA+ CFRPO] ZH= & 7k 2AUE (&

a7] SJ8) olgskgint zgke] FHARE 14 ol%
OF4A NZke Z7HIA Wi ol$%e Z7h A7 &tk
olof| wlz} HAF &7 Zlgto g

g Rk Aol 4361tk 44 =] Z o) feed 3



2475 45 4 %% 2011. 8

CVD tholoHEE 9 PCD =82 ol 3t 43

& CERP ¥4I & 7HgA uli 25

Neoz g 228 Fob A7
FU3t feed 7k g
=

z 5|
7o = £de) 4g4e ulastad sk

222 299 g4 2 & 7 T v

gulo]E FxRE 7[R CFRPY T 7l A3
CFRPY] ofEA] RE3 4§ REoZ o]Fojd
BAHOR Q3| 7y 27 AAol ozfgo] AcHS].

—lrl
=
U
oy

Fig. 1 Comparison of different geometry drills: (8) Ammamco Co., 6.38
mm diameter; (b) Walter Co., 6.35 mm diameter.
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Fig. 2 Equipment of drilling process test and result data of drilling.
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Table 1 Optimum drilling process of two drill types

Drill Type N F Ve F Performance
CVD
diamond Drill | 5600 400 11219 0018 X
Diameter: 4480 400  89.75  0.022 A
6.38mm
AMAMCO 3360 400 6731 0.030 o
2240 400 4487  0.045 O
PCD Drill | 5600 400 111.66  0.036 )
Diameter: 4480 400 8933 0.045 O
6.35mm
W’A&TER 3360 400  67.00  0.060 A
2240 400 4466  0.089 X

©: Excellent, o: Good, A: Medium, X: Poor
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Fig. 4 Temperature of different processing condition during drilling.
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Fig. 6 Temperature of chip outcome during drilling process.
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