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Keywords Abstract

Carbon fiber reinforced Carbon fiber reinforced composites pose numerous industrial applications that's because of suitable mechanical
composite and physical properties. Drilling is a common method to connect fiber reinforced material structures. Fiber
Delamination reinforced composite laminates in machining operations, especially in drilling operations which are subjected to
Machining parameters stress concentration, tend to be delaminated. Delamination phenomena is extremely under the influence of factors

Workpiece thickness like tool and workpiece geometry and material as well as machining parameters. In this research, by using Taguchi

experiment design method, an experimental study conducted on drilling of carbon fiber reinforced composite with
tungsten carbide tool to investigate amount of delamination. Discussed parameters include predrilling, rotational
speed, feed rate, tool diameter and workpiece thickness. According to conducted experiments, that's observed
predrilling, rotational speed increment, feed rate decrement causes delamination damage reduction and hole
quality improvement. Also using drilling tool with smaller diameter and utilization of thinner composite causes
delamination reduction. As for achieved results, in Minitab software, Analysis of Variance(ANOVA) carried out
to examine hole quality and effectiveness of each parameter. Through examined parameters, workpiece thickness
has the most effect on the amount of delamination. Optimized parameters to reduce the delamination also obtained.
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Fig. 3 Visual Measurement Machine
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Fig. 1 Hole entry in CFRP (Diameter: 10 mm, Spindle Speed: 1400
rpm, Thickness: 3 mm) a) Feed rate: 0.28 mm/rev, b) Feed rate: 0.11
mm/rev

rogee 10 k8 ) ) BLII L sadicysi Cojorals jo Eligw s35)5 1 S
(b 0.28 mm/rev (5, 75 (8 (orko 3 Cuolses 1400 rpm- ily50 s pun
0.11 mm/rev (g5 im &5

0dgde 4y d>gi b g oolaiwl 5)50 o0 wdile oles aile Jlay s L
3 sl glo el [46,45] il il jo oolgiiny sloze s
G5 o5 aiBs 5,90 1400 5 900 450 il,so o aw lpdoles]
o ol Hg0 5 yiends 045 50.28 0.11 glysg i

Joor sl oad a8 5 I8 52 zolaw jo ,eSB5 agh ol 5o
s oo oL 1) )l 3590 pola 5 a5 2

o 3 s wilge Solite LaygiSTh (sanplan aSabxl
29,5 solatl Glislesl Hlhb cus lise oo b (86 b
b iole3] 36 a5 ol oads ools ()Lis 3 Jgaz 0 Slislesl (olhb Jgax
35 plosl il 153565

cxmgmls -3
Calaa g B plSoial b5l wi b gs Sl Lt jseelS (l3E M
5o oddoslatwl dlge (68, Kol Cde 4y igd g0 il Wgliin I >
@ arg bnloe o5y 4 el 1 )55 OOSae Ll oty opals
Ot (SadaYaY (5 S5 g Ol (el eadplon] SV
5 odudy ol L17] sl oo 3lge sladcgears jo JSiiwe sbm! o Jale
[24] w5 o JSta s | alid 55 (Sas slea NS0

Soys 4l slaay o )5 e ollee jo (SasaVay lLges
—askad Sl sloayy jo 4l 17] ams o &) JSankas 1o T 25,5 5 13
moslail 58 slaliws b il o wes o £y (SadaVay 55 8
cle ) zas plan o liine slow,n b (48] 595 (5,8
Dozl ba¥ wads saiS glhay 4l 5l g led gy Jlesl
Jlade olST 0gd oo 0 polie slaay¥ slass a5 aslsl jo aigd so SVl
30,5 oo Y CeuSs cge 5 onds sl iS5l Gl Jles! s
odydy Azl )0 5 3g9d oo Fligw BLbI s sl e S5 sbul 4 e a5
a4 lnl 0gy9 axl jo FabaYay yires a0 e 7, SadaYay
s asile ol 48wl e LT o ,Saily 5 bayY 4 Il 5g,m Jlasl cile
145] oS o Joe @j03
Ol (e Laly, 5l Cojenals o (SadaVa¥ ol g pSoslnl sln
AlBes slge j0 g Ll s jo Gl b cenl oads oolaiul Sada ¥y jlas
ooliiwl (1) alaly 51 bxol yo a8 ols 13 avslie cow 1) cuml opl lade
{45] 598 o

Fig. 2 Tungsten Carbide tool

93008 5)9Ud 9 pole Ay yuis

=24

(¥

ES
S



J 93018 5 )9Ud 9 pole s yuis

(/' ¥

i S
V)]

Obled 5 Givel Susms

S 3baNAY e s e inble alisee bl s Huils s LT aslloe

Gl (595 L3l imren 05d o0 B yin 355 s 00 0]
sy 38 B S b dzes )0 .00,8 o il jo Liles )l o] Cge
Dedge (SabaYay Gl Corge g5,k

1.8

1.7

1.6

1.5

1.3

1.2

11

B Feed Rate=0.11 mm/rev
Feed Rate=0.45 mm/re\
[ |
E . m
500 1000 1500
Spindle Speed (rpm)

Fig. 5 Effect of spindle speed on delamination (Diameter: 10

mm, Thickness: 3mm)
Saaday e 55 piay S 5 Sy S IS JSB

(oo 3 Canlses ¢ jadio 10 ae ,had)

Table 3 Taguchi design of experiments and delamination results
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Fig. 4 Delamination area at hole
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Fig. 7 Effect of workpiece thickness on delamination
(Diameter: 6mm, Spindle speed: 1400 rpm)
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Fig. 8 Effect of tool diameter on delamination (Predrilled,
Diameter: 10 mm, Thickness: 9 mm, Spindle speed: 1400 rpm)
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Fig. 6 Effect of feed rate on delamination (Diameter: 5 mm,
Thickness: 3mm)
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Fig. 9 Effect of predrilling on delamination (Diameter: 10 mm,
Thickness: 9 mm, Spindle speed: 450 rpm, Feed rate: 0.45 mm/rev)
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