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Effects of the Point Angle on Drilling Characteristics
Carbon Fiber Epoxy Composite Materials Using WC-drill Drilling
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ABSTRACT
The drilling experiment of carbon fiber epoxy composite material with WC-drill has been done under the

various cutting condition in order to minimize the problems occured in the material when being drilled. It

has been comfirmed by a frequency analysis of the cutting force signals that the variation of cutting force

resulted from the periodic variation of the angle between the rotating drill and the stacking angle of the

carbon fiber. The drilling experiment has been done with several drills having different point angles and the

drilling characteristics, like the effects such that change in the point angle influences the cutting force and

the external surface condition, was evaluated.
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Table. 1 The physical properties of carbon fiber
epoxy composite materials

T :
[ensile

i cile | Prccnm | !
| Tensile ‘ POI‘S.SOH ! Fiber content | Density
strength | modulus | ratio (Volume %) | (a/cm®)
1 ((}Pa)i (GPa) | () 18
2.06 153 v 028 60 1.6 |

FEAH SFANE AW o MHANEI =LY n)x)
= e M F Ul 4 USE H3(stacking) =
0, A% F FAY} 10mm7t HEZ 428 AW =
Fo| 27ANA FyE Bdste Buvty A4L = o

AAsl BEEIA [0/ 145007 o) HEdwz A
F FA} Smm7t HEE H2H AWE T 2Rz

TR HYE ARE tholodEZ= ¥ B (diamond
wheel cutten & ©o]§-3la, 09 HZz2te A|HL 25mm X

S6-

100mmel Z72, [0%+45°/90°]se] Hz2zm AlHLe
40mm X 40mme] F712 Agksle AHL A =sigc)

3. A4¥EA % U

dFol A8 AL F24s (7 o YaME B
B} [07£457/90°)s9) AFAEE e T Aae
olgstgon, F7E & 10mm 23 =L (KORLOY SSD
100)& AH8-39th A¥Mge A4=dgor Rzug
& FHAINA ke BN FYsign, dPERBLe =
B9 o]4-8 10, 20, 30, 40, mm/min, =€ £ A¢
= 400, 800, 1200, 1600, 2000 rpme 2 AAstgow, 4
e BYAAE A5l TYP slExAo R 334 5338
AT FFobEel dF JFL Fol7) st tEzAL
W3 Al o st Aj2e =22 mAsie Ak

Fig. 1& =EE713A A4 = d4de 246 g
AR NFx2, AHE CNC milling machine?] ¥
olE o 4HY FTTEHA (Kistler, Type 90652 =
Aeta, 2 9ol 3-jaw H(RAY AZTY)E Bty
bolt® 1Y Chuck Aol AlHel 437 =dg]
AE A AN A A2Gig)E Azsd A
& ADEA 2BAHT Torque® thruste) W3
FAEF7E 3 kHzY FTEEANA U m4d A3
%& charge amplifier(Kistler, model 5807)2 £3}o =
Z3 % data recorder(TEAC SR-30)9] +&3cl. o
o digital oscilloscope(F4 VC-6023 20MHz)E ©) 43}
o AANFHE dAelM FAsiEA Agsigen 2t
ez HHE dage A/D Afstd HAFEH
M AZEY BAE S, Fug Jda] FAg Al

a2
%‘ﬂ'o

o Fug 54L& @olRuA  dual-chanal signal
analyzer(BeK 3550)8 ©]&-3te] FFTE a8t

4. 2z € 3 &

4.1 &394 7}F 4

Fig. 29 Fig. 3& d+# 334% 0° 9 AHE7 {07+

45°/90°1s2] ANH-E 274 drillE2 =88 3 T 27 A
HE el Heltd 713273 7133 239 734
o #AE AR, 7 < 3A

2 olFERdA, Ye MLz

B
&
ofy
H
p



dabo] AT Yok BYT olFNM =¥} AREE
g 27t Aoz A AAHAA B WY A4 wEy
o] BABAE BTHL 2TFBAA A4S BASE @
e grdgst W P4, DAE Aol HES
gzel FTAMe miEo) wAs 4T Austs
Aol AN 7] ARolt. EF el siol FiHD
Na&ws F7hEe e Agdel IR whHR
o @AE7 e BgAel vstd 0 FEolE BF
1 BPAM shEol F743 Fuislel WardelMel 4
Atge) Z7b7h mebA T, Qg MR E Folew AAEE
7 EA SAg ggen w4 Aatdel 4
wasx) RgozA dol e Aol e AFA &
AGIELSE 120 T olshel ATHE oA T
daste fUshy] gEolh

=

N

o

4. 2 H2td
Fig. 45 A22zx 0° 9 Al¥e) diste =8y A%
A7 3 3 48 R RAolw, Fig 58 HFAE [0/F
45°/90°1s8) Al =y AgAFtelt) Fig. 49 Fig. 5
2 vnsld B o, H2Ax 0° < AlEe A$, thrust
forces} torqued]l WEo] HZZtE [0°/+45°40°ksY A4
o ZAwel wate] A BAHT Ut ol2d FAE
Holx o|fE UWuni-direction)e 2 HZF® AHet
chisel edgest FE Aol st Z4%7l 0° Y9 thrust
force$} torque® #AstT 907 do) AE HGE At
7] W&ol thrust forces} torques F7157] 2oz &
gt} wido), HzzbE 0%/ +45°/00°sd AlHe] Azt
T 079 AW AgRTr Ao WEe] AdHez
AL olfE =¥I FHEY HHoldA Hiel AP
=] FAEabgo] gt 2Evh olm g FollA
Aapdo] Mot 02 Tk I hgEE 45672 2
22 90° 2 whbEA Aakdatel sag el EAfEl
Az 7tFe] AWEE Roez wednh tha] @B
Hgel AZAT [0°/145790°lsel AW F$7F Hfe
Hzztwel =do] FAgol s ZHEe] Aole] &
& grredo] W% e W wetn ¥ £ A
Fig. 6& AZztx 0° 9 Aol o3k zpzhe] A4z
o2 ®E HE3 thrust forcest torqued rpme HE}o
et ek agelnh Antdos = HUEETF
Z7E5E FaEe gadie, gadddeze SR
= dAed sl Aadwyr Fvhsly) wEe 99 3

W BAHAAY A g Aol Zasy] Eelth =
3, Fig. 7¢ A4S o$4E taiel uehd 2w
slg&Ed tatd AESG BH olE&ES Z7tel of

g Aage Zylslxgl ol HE(20mm/min) ©1%3 9
Joo A= oldake] & YT WA Pdrh oA ¥
2 g AL EAME Bt Bl °]—r-°17<] A

2 B2 HALEEAAE %—T-D}té, Aatdel FUHE uid
A Aaase] Juol ZUEy dRreR AFRHD
Fig. 82 A&zt= [07+457/00°s AlHel 7tg3d 27
£ A% Ao pmel F7hgel weh ow#rg} 2
3ol w2} thrust force?t A2 Z4dn S-S Holx
QIt} Fig. 69 721 A3t vlng o E4E *‘43}-4 Ak

o of7te] #po|E Hol: AL AW =] XpolollA &
© paoEe) Eos A3REe Aolel gAY Ao T
s

4.3 HAYe Fug 54

o4 AEQl BiAEe =dHAN g Wre
Moy Azzen =do FAsge] thie Zmel
g = w87l 9leg Fig 4sh Fig. 5% $3ted &g -~
giglem, AstE =z AR HFzel FriHex
o] whel olelar AR W wI FrlHoE I
g Aolh wetA, Fa oA FAY Az T
2 24 YolRTA FFTE F&ATH Fig 99+ Fig 74
N4 HzZE 0° 9 AT [07/+£457/90°)se} AW T
da A wAT Ao FueEM Aotk AR
2% 0° 9 AW AL =P FAHA Fol 13 T
W "abgol Agel zzter ghis At BAY FE
= gadE Az o Al sn, =29 s
A00pmol 22 FHsPAoA amplituded) #Hage o
14 Hz thodoll &apata gick 28la [0°7/+457/90°)sel »
Bl AL FAA do] 13 & w Mol A
Aoz shtpes Ao Had A e JE7
W A Bk whabd amplitudedl HIFE oF 4
Hz Qi) ZAistn glew, @ae wgel Aok ¥4
Hzzw 079 Alfel uate z7] WEl amplitudes
e HaE e £ B

Az} (point angle)] W3lol ohg 7} EEA
Awrztel wizlel we 7HES4E AHRIaa -
4 Auzg ofy oz WHE £ F 7Y '

_,d
ol
[
i



At dgel 4" FFE @ 10mm 2H=Y
(KORLOY SSD 100)8} 4ghzbg 98° 105° 135° 150° =
AAAZ 4559 =83 EF Adzo] 118° ¢ =d=z
A F 53R =g olgslgnt =Y A Ay
A 7Y AZYANY FFFF(F)d AzE g}
o, J9g AP =LYYo ZE RIS Y =
Aol HES sidow, 27A47]9 738A gRo] =
g Az} 98" olste] dabe Eibs sttt

dYzde ML 4 189 279 F2AY Aol
A G 27W oA BE 2FF 239 A
7HA] 1% VERIQE 7E2AQ 3] 3845 400pm
22 AN i, oFEETULE 10mnvmineE EHE
Al#ste] 10, 20, 30, 0mm/mine. 2 Bz 27+ A7
°w, HEA® 079 [07+45790°ls & E7bA AlHo)
et HAjE et

Fig. 113} Fig. 128 MA9242 dgiz =g
TAZ 079 AHED [0/+457/90°s8] AHe =7
F. 7 ZHE Uk Aol duzte @ o
ETY AT 2 9L w1 A g5, dgzo)
TE UTFHAA ] Axselusl wol Bolm gk olejat
3 2o FHasxrt A9
F "ol st &)
EdFo] JAF wat BgAR HaSo] =g
E(flate)& me} FANE ALL RolA H1 SANT
8 do 74 HEES YMHPow 2= spirals

gz A

oL

o o

N

[n
o

Lo

i

=
=2

up FHE HolA HEu, ol nrtE REoz np
HIUE PPPOR LYAFE ¢ =, 2ugoas 4

Fig. 13& AH&AZ 0° 9o Ao thate] etz
stoll w2 thrust forcest torque®] W32 jeldl ad
= thrust force®] BHolA Buj Hghzio] g 48 A
& thrust forcegh® 2ol it} ol =de Muztol
Zotd 8 =do| Fgabule) agsls £x2Yo] zfo}
AA S, HEe] 33 Aggto sl o] gasg
7l EeR Azt =3 Moz 080 o AL olgs
= 30mm/min °]4&} Zkel A 233 thrust forcegtel =
7b7b BolEHl ot 3AsE s MMy FALE
= dahdel 23 N Adanst "8 9oxr) gz
of B 7tgel AYHA Re}r] YRoz Mzd,
23 torqued] AEzte] Mol WE ofggo]
G2 23 A, olFEE 30mm/min oA E Bo

o
;g‘l"\‘_"

'88‘

AYzANM thrust forcegtel W ZHL torquegte
Holi, thrust forcegto]l 28w 2 torquegte Molxw
Ut Fig. 145 222 [0/+45790°]s AlHol o) 5hed
Aetzte] Wgto) W& thrust forcest torques Wale o}
B Jgelth H2Z4E 0° 9 AW s Mgzl 9
Tl Hlatd e F33¥ FAAE Holm QT thrust
forced] BHAM B mf, Mzt 105" o ALs A =
€ 243G Boly, torqued] RA9E 118° 7 A% e
AL Bojm g}

AEHoz 27=dd 4T H2A% 0° AW 7y
7HEe HAFAE (0745 H°ls AW A By @Ak
do Wgo] M, ol FAAZo] 489 H2zn o
F= 2ol 0° duiel 90° Aajo HFAEIF Aolstr] o
Tolth a2y dezte] Hsle wal 27w AegEs 2
VEL LT YA A5, Hdgzto] AA4s=
o FARYo] IA 2437] Yol YTHRM e A~
Hol7k wol deluA sn, A BaAs Mgzl
ZH& % AL thrust force@te Holm qlem| torque
o AfE A9z wle waE Qo] atkx =x @
 HZAE (074457 90°lse BAMS BHADY
7ol 1914 thrust force] #<$, = Aerzto) 105°,

Fygos

torques] = 118° 7b Mlma W Falge 2y
Wehh st
6. 2 &

2 47 2F=0 9% gadd olEA Egas
9 =EYAY S dAsln, AASE =8Y Mhe ¥
Ztol shte %7t F71402 W oe "Alee W
Boll dF A4Y 259 s BHL Jolr: W,
FAge] HA2(point angle)d WapA7)0] A
A37h AL 27 ged nAs ggse
¥ 549 AWEgw o2 ey ge AnE

A (1 R
to ¥ lo g¢
32
52
i

A BYARY =UEA SARE Yatge

MES AFHET 00 B0} (07245790%e) FSnTh
s RS, A wE oa
Fotel dfel AzzAwsl =Yel FAigo] Thp
FE9 Wajel 7A% AYg FAHH

2) Mdzte] AA4Z 2ygozy £Y2Yo] 24
8371 W YA Axev)7l wol vEpy
A €t

e e = |
ForEA

I

‘



3) dedzte]l AL 42 AL thrust forceztd Holx 3l
o, torqued] A& Awze wWild wE Yol
v

otz =22 gA, H32A% (071457 H°lse) g Ch"ﬁﬁ Digital
er Oscill
A BgAR 7HBol glolM thrust forced] B9E e pallioscope
=g MAdzto] 105°, torquedl A= 118° 71 ¥l ¥ E“:mit'
C 10T
we Bae 2xE Gehpuc Recorder [ Syitem
Tool
¥ 7 T T Dynu::meter Computer

E dFE Ay dYHEATHA(KOSER :
941-1000-056-2)2 FAHIJ 2w, ol ATTAIA o7
A ZAI=YE U}

4 2 & 9

1. M. M. Schwartz, Composite Materials Handbook,
McGraw-Hill Book Company, Chap. 7, 1984

2. C. Reugg, J. Habermeir, "Composite Propeller Shafts
Design and Optimization, Advances in Composite
Material,” Proceedings of ICCM 3, Vol. 2, pp. 1740

~1755. 1980 Fig. 2 Photograph of the specimen after drilling
(WC drill, stacking angle : 0° )

3 D. G Lee, I C. Sin and Nam P. Suh,
"Manufacturing of a Graphite Epoxy Composite
Spindle for a Machine Tool,” Annals of the CIRP,
Vol. 34(1), pp. 365-369. 1985

4. W. Koenig, Ch. Wulf, . Grass, and H. Willerscheid,
"Machining of Fiher Reinforced Plastics,” Annals of
the CIRP, Vol 34/2, pp. 537-548. 1985

. P K. Malick, 1988, Fiber—-Reinforced Composites,
Marcel Dekker, Inc., pp. 3-4

6. G. Lubin, 1893, Ilandbook of Composites, Van

(9]

Nostrand Reinhold, pp. 625-629
7. AFW, 59, 9F A "gads 2 2dase
=9y B4 B A7, BTHUIH 2AGE

Fig. 3 Photograph of the specimen after drilling
=24, po. 1157119, 1992 (WC drill, stacking angle : [0°/+45°/90°]s)
8 A¥HE, A7 Hod, HFu), ET 4, “tlololE=
YAt AA=H o3 B BN RYAEY =
Y B4 T o7, @HUTE, AW, A

%, pp. 27-38.



. sed WC drill, uni-direction, rpm:400, feed:40mm/min H J—_‘ —=— rpm 400
250 300 —e— rpm 800
! ] ~—&— rpm 1200
200 200 ~—w— rpm 1600
—
\Z/ = — —&— rpm 2000
150 5o © Z 2504
o K =3
2 ) 9
o w0 100 @ =
% Z 2
s ® » 3 .
£ = 2
= £
'_

0 1000 2000 3000 4000 5000 6000 700(')
T T T T
Sampling Number 10 20 30 40
Fig. 4 Variation of cutting force Feed rate (mm/min)
150 —m— rpm 400
200 -—@ WC drill, cross layer, rpm:400, feed:40mm/min 200 ) —e— rpm 800
140 4 —aA—pm 1200
—w— rpm 1600
150 |- kel kb 150 1304 —e— rpm 2000
z ‘ 3 € 1201
8 100} 1008 Z 1104 .
2 = o
3 ] S 100+
2 4 2
= = &
2 5o o s %] / \
3
2 [
= é 80 /A

[=]

¢ 707 %\’,/,_1

L L ! 60 T

0 4000 2000 3000 4000 5000 10 20 30 40
Sampling Number Feed rate (mm/min)

Fig. 7 Cutting forces with respect to feed rate
(stacking angle : 0 )

Torque

Fig. 5 Variation of cutting force

160 j
300 —a—foed ; 10(mm/min)} —m—feed : 10(mm/min)
-—e— feed : 20(mm/min) 150 4 \ —o&— feed :20(mm/m|_n)
—_ —A—feed : 30(mm/min} S —A— fee: : SOEmmim!n;
Z —w—feed : 40(mm/min) ~ 140+ v —w— feed : 40(mm/min
<
. Z o~
@Q 0 v. ~ \\A\\V
5 g ™ Tl
<)
o \ § T
P 200 \ bt 1204 .. . ~v
4 \ ] l\ \
= 2 1104 \\-A . ~\
= £ ———a ™
[ . S ,_‘-:\\
150 - o 1004 e e T
400 800 1200 16 Y 90 T T T v J
00 2000 500 1000 1500 2000
RPM RPM
] 4 160
140 -—m— feed : 10(mm/min)
—~—o— feed : 20(mm/min) 150 4 —-m—rpm 400
130 —-a— feed : 30(mm/min) —e— fpm 800 .
/E\ 120 —w— feed : 40(mnvmin) 1404 —a— rpm 1200
: bd —w— rpm 1600 -
z 110+ ~ ~~4— rpm 2000 A
g 1304 .
g o 2 I
g o0 £ 1204
5 = -
— 80 -
E 110
704 -
60 ! 100 -
T T T T T
400 800 1200 1600 2000 90
T T T
RPM 10 20 30 40
v 6 ; : . Feed rate (mm/min
Fig. 6 Cutting forces with respect to spindle speed ( )
(stacking angle : 0°) Fig. 8 Thrust forces with respect to spindle speed and

feed rate (stacking angle : [0°/£45°/90°]s)

_90_



Amplitude

I "‘I Used WC drill, uni-direction, rpm:400, feed:30mm/min I'
10
08k "
I
oof |
i
04| |
i
!
0.2 \; ‘ ﬂ
L ]
0.0 _/WVWWV“‘ Masans ol e /\‘mM oo A
| - et e
o] 20 40 60 80 100

Frequency [Hz]
Fig. 9 Spectrum of thrust force in drilling

(stacking angle : 0°)

| Used WC drill, cross layer, rpm:400, feed:30mm/min I : X ) " . .‘w
020+ Fig. 11 Photograph of the specimen after drilling
(changed point angle, stacking angle : 09
015 | e feed 10
[+33 700 —@ — feed:20{mm/min) —
'g — A~ feed 30(mm/min) /V/"
‘q‘) 0.10 500 —w— feed:40(mm/min) 7
2 v e
< 005 4 2 500 \ ~v ///A/ ——
NI L =
W'M’\WNLWMJ /VWVNJ\«MwMWw“J 12 L
0.00 1 1 L 1 < //
) 26 ) 60 80 100 L e —
S -
Frequency [ Hz ] 200 -
Fig. 10 Spectrum of thrust force in drilling o e e o o = P
(stacking angle : [0°/T45°/90°]s) Paint Angle(degrees)

- — feed: 10{mm/min)
200 —® - feed:

- &~ feed: 30(mm/min}
—w-- feed 40(mm/min)
. v
E 150 /'/ T - Y
£ ™7 P —— - T A
] A - v =
: o R
® 7 e AT n
3 A T
g - «—
S 100 e PP
= . e
=
L
-
50 T T T T T T
90 100 110 120 130 140 150

Point Angle (degrees)

Fig. 13 Cutting forces with respect to point angle

Fig. 12 Photograph of the specimen after drilling (stacking angle = 0" )

(changed point angle, stacking angle:(0°/ +457/90%]s)

110 —| —®— feed:10(mm/min)
N —@— feed:20(mm/min)
450 —u- feed.10(mm/m!n) 100 -~ M~ feed:30(mm/min) vV
—@— feed:20(mm/min) v —w— feed:40(mm/min) o
400 - —A— feed:30(mm/min) - ,g 90 |- o e
1 w | —-w—feed:dO(mmmin) -~ 3 v— A
2 30 \\_ P 7 /( / . E 80 - A\\ '\\\\ v// / //A /.
= 300 \ P - A/// /{. P ol \‘A\;\ = -
8 0 - 7 = [N A o
8 250 - o \& ,,,vv/ e - E- T /"”‘/. K]
o e A _—® c 60l b4 o o
‘: SN e T = - -
5 200 N s e ——m
2 " e . 50 - ~ /
E 1504 o o T~m
= N 40 .
100 n 90 100 110 120 130 140 150
- ;
90 o o o 1% 0 150 Point Angle (degrees)
Point Angle (degrees) Fig. 14 Cutting forces with respect to point angle

(stacking angle : [0%/%£45°/90°]s)

,91



