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Keywords Abstract

Composite Drilling process of Fibers Glass-epoxy composites is always associated with defects such as interlayer
Delamination delamination phenomenon. This phenomenon reduces the strength of composite panels. In this study, to
Drilling minimize this defect, the effective parameters including feed rate, tool diameter, thickness, edge tool angle,
Optimization rotational speed, orientation fibers and coolant were studied. The number of experiments was specified
Strength based on Taguchi's design of experiments method and Experimental study was performed on the drilling

process of the composite to evaluate the amount of delamination. Then holes were scanned by a Video
Measuring machine(VMM) and amount delamination in them has been calculated by considering hole
diameter. The collected data were used to statistically analyze and optimize the drilling parameters using
variance analysis (ANOVA). The results showed that feed rate with a 29.6% and rotational speed with 24%
had greatest influence on the delamination, so that with increasing the feed rate delamination was increased
and with increase in rotational speed, delamination is first increased and then decreased. Also to
investigation of the effect of delamination on the tensile strength of composite and stress concentration
coefficient, specimens were subjected to tensile test. The results showed that with increasing delamination,
the average tensile strength and stress concentration coefficient of perforated parts compared to healthy
specimen( without hole), 34% decreased and 51.66% increased respectively. Also with 1.22 times the
delamination compared to the delamination of initial sample, tensile strength 6.5% decreased and stress

concentration coefficient 6.9 increased.
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Fig.-Z' Drilling with coolant
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Fig. 3 Measurement of diameter with three points around the hole

by VMM
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Fig. 4 Perforated piece under tensile load
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Table 1 Values provided for each of the parameters
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Table 2 Seventeen pattern for Experiment

Fy f(mm/min) V(rpm) d(mm) t(mm) a(deg) Orientation Coolant Experiment

B8 Ol Ssrbn S (Sligd Ce e b Cwls ol sl G Y B Ghblegles
1.120 300 1600 15 5 120 [0/90],, without 1
1.166 450 2400 10 5 140 [0/90], without 2
1.032 150 800 20 5 140 [0/90],, without 3
1.150 150 1600 15 10 140 [0/90],5 without 4
1.153 300 800 20 10 120 [0/90],5 without 5
1.153 150 1600 10 5 140 [(0/90),/45]5 without 6
1.150 450 800 15 5 140 [(0/90),/45]s without 7
1.068 300 2400 20 5 140 [(0/90),/45]s without 8
1.120 450 800 15 10 140 [0/90],5 without 9
1.013 150 2400 20 10 140 [0/90],5 with 10
1.085 300 1600 10 5 140 [0/90],, with 11
1.240 450 1600 20 10 120 [0/90],5 With 12
1.087 150 2400 15 5 120 [(0/90),/45]s With 13
1.165 450 1600 20 5 120 [(0/90),/45]5 With 14
1.085 150 800 10 10 120 [0/90],5 With 15
1.125 450 800 10 5 120 [(0/90),/45]s With 16
1.057 300 2400 15 5 120 [(0/90),/45]s With 17

399405 (S5 )9Ud 9 pgle &y i

. i . 147 . . .
@9 Olimoy oy agly 51-3-3
1.16
A3 oo Gl 1y S03emelS axhad 5,95 e e gl Gl 5110 S 145k
140 4,120 5l (@) aio ol aygly (ol L ogds (o0 colin o 4 jshailen S 114
G943 140 (ol agly )3 92 S T8l 2alS 3,95 (e a0 E
oS b (a5 @ az g b o Bl Grizren 09d (o0 eSSt Le g
ooy asly Omizmed b oo ilS az ;0 120 Ll dxgly as G 13 é 112
S e |l s (S 3)90) SYLCds g oy Ce &S Sl 2 111
ibee HIS 56 5 Sso )8 11}
1.00f
113
1.08 : L :
100 200 300 400 500
1125 f(mm/min) 7
Fig. 8 Effect of federate velocity on the delamination
S 112l BoF 2 Sy e S18 JSb
g
£
g
< 151 116 . . .
a
& 1.15
g 111f
114}
1105} c
5113
®
(=
1.1 : : : : . E 1121
115 120 125 130 135 140 145 s
Drill tip angle (C) o111
Fig. 10 Effect of Drill tip angle on the delamination § i
BoF p 4 Sgagly 110 S =
1.09f
B39 Ol oy @9 cuoliud 1-4-3 108l
odlic o s o Gl ) ceeelS ashad 5,95 5 Cwls SI1T S
. . I, . 1.07 : : :
Llpj e Tadl 2oli8l 505 5,08 d(t)ankd cwlus 2aldlLogd 0 1000 1500 2000 2500
- . e - . o e R A R T V(rpm)
aslad b o Sloy Doe il g ool o bay sl cwbus 3t
P O G S o Fig. 9 Effect of rotational velocity on the delamination
rlolasond  adg askd g lnl m 8 2 O g oo 250 G5 3o ey 519 JSCE

305 (o0 (RjgeelS Aho )0 Sl ()5 9 )P GRIPl 4 e
139



Ve 5 i plaa Slgasexo

wlabod (IS FD gus 3T )8 )3 Hige 5l Jielily Sl s 5 7 W) 2

S ashad gl oo sles el celioniss S mle g ool dshd

o SR (B5 e 4 50 5 998 (g0 yeS w5 Slab g ead

1124 I I ' I I . 1
1122 1
1121 1
1118} 1
1116 1

1114 1

Mean Delamination

1112 1

1.108 1

1 1.2 1.4 1.6 1.8 2
1 With Coolant and 2 without Coolant

Fig. 13 Effect of coolant on the delamination
6)5514'0..\.2.25«_1.}'. C—’L‘r"l?’ ‘S—MA

B2¢ Olmor Fuz Y 51-7-3

1 oas e oo ol |y cujeelS amin 5,50 » Sz AY S114 IS
s [0/90]25 (o Y (10 2 d0e g [(0/90)2/45]5 suxr 4Y slp
ez Y 5l 5 [0/90]s sum Y 95 wwo se ol Sl ol b
4 axr g b [(0/90),/45]s oz 4 1pj 0 L [(0/90),/45]s
Sz 3 sp 55 Job soges w93 pogdle 423 45 4l (o b
[0/90]55 sz aY Ao 5 55 (42,590 g oo b ) 4z 545
A 50 g 00D eS (3 sl g g ool LS ogS il 6 Caaglie
el ALl (6 568 5,98

1.1157 T T T T T T

1.1156

11155

1.1154

11153

11152

Mean Delamination

11151

1115

1.1149 L ) L L L L
1 1.2 1.4 1.6 1.8

Orientation
Fig. 14 Effect of orientation on the delamination

BoF » ez Y 114 JSS

[

LAl S Soz Y g ate b oS was e plin s S oo ) s
AT 50 el K00 @ o5 (568 g 5 il At s §y58 Glie 2

D 3,85 Gl p ()5S

1.13 T T T T T T
1125
c
9
8
E 1.12
5
)
a}
c
g 1115}
=
111
4 5 6 7 8 9 10 11
Thickness(mm)

Fig. 11 Effect of thickness work piece on the delamination
G55 )5 axhd culks S111 Ko

3295 Ol 5wyt 5l 8 31-5-3
b5 b Lo (a5eelS 4ol 3,55 olien I3 a8 51 S 12 U
I S35 o3 hios IS 355 (d) I3 b il b s e ol
Gl Jl o aia a8 il b S axlib g 5 o ole g
S abge (Rl ((lad) alaiio mhaw 4 555 Cod K00 (s3I Ll caiin
1559955 oo S axkad 4y 03y s T o 1lS sl Jlid ralS ol
o yoS (1 (B3 il S8 l¥l b eizmen b oo alS (5,55 Az

e SR 5,55 4 )0 s

1.125 T T T T T T
1.12
c
2
=
©
£
£
S 1115
[
(a]
c
©
7]
=
1.1
1.105 L ) L ) L L
10 12 14 16 18 20

Drill diameter(mm)
Fig. 12 Effect of drill diameter on the delamination

G55 e b 112 Y8

B9 Ol y 00iS S5 2o i1-6-3

w5 se i 3 Ty s eelS A G55y 0ot Sis mibe 5113 S
cllr ol 2 sae g oS ot b b oy ighem  cllr ol 1 e
oolain 4 was oyl bl Wbl oo 0aisS S mle s (5,5 F] 9w
Gy a8 Sl sl ) s loas 5,95 LtalS el IS s olge
9503 e slos Galdl 4y e sl 0l Ll o aalad s g 59,k
140

0940l (5 )9Ud 9 pole Ay puiis



399405 (S5 )9Ud 9 pgle &y i

O 5 o plad Slgasoxe

wlabod (SIS FD gus 3T 38 )3 Hige Sl Jielily Sl s 5 (52 )75 (W) 22

ol aigr sloyell @l b Jguar

Table.3 Results of optimization parameters

L_g‘)g ‘_g,'i.nl)li oS gdote ‘_g\).g‘_g)l.ol)ligm

Ll i &9 7S &5 Febly o,
(el (onlis wligle3l)
345<f<450 150<f<345 f(mm/min) 1
[0,90,0,90] [0,90,0,45] Layer 2
120 140 A 3
800<V<900 &
900< V <1986 1986< \V/ <2400 s(rpm) 4
10 5 t(mm) 5
d<14 14<d<20 d(mm) 6
Without coolant With coolant Coolant 7

Fa=1.12357- 0.0322 coolant_with

+0.0322 coolant_without + 0.0116 layer_[0,90,0,45]

-0.0116 layer_[0,90,0,90] + 0.0258 a_120 - 0.0258 «_140
-0.0234 t(mm)_5 + 0.0234 t(mm)_10

+0.0206 d(mm)_10- 0.0125 d(mm)_15- 0.0081 d(mm)_20- )
0.0320 s(rpm)_800 + 0.0403 s(rpm)_1600

-0.0083 s(rpm)_2400- 0.0244 f(mm/min)_150- 0.0247 f(
mm/min)_300 + 0.0492 f(mm/min)_450

(Fa) 3355 Olee oS Sl s S5 abolas e Lo ialol plawl 1 ey
555 g o 51 o 5,5 5 53 L, sy sloesls ol ol
tulejl igai 176l c0as im i loools I Gliebl Jpn > Cqx
s g Jos mli ol 51 Ge sl Cas woad a Gl el (LB ens
Slodsl s 0 gl a4 5lie S0 L6 Jgaz 10 oo s i
ol Uas Jlade plcwl oo, 0 7 5l S Uas e a5 ol lis ladiges

ol o5 0 293 S8 5,05 (sl ead gaytes dolae a5 aas o

00 (gt G § shos @l 4lis 6 Jgu

Table.6 Comparison of experimental and predicted results

. B8 Olee 2 &5 Ol oylas

[IEERWRRY B B

oMb P e e okl gl
3 1.14967 112 1
1 1.15647 1.166 2
0.2 1.03047 1.032 3
0.4 1.14517 1.15 4
2.1 1.12857 1.1525 5
0.1 1.15467 1.153 6
6.4 1.12287 1.15 7
0.8 1.07707 1.0675 8
2.3 1.14647 1.12 9
2.3 1.036557 1.0125 10
1.7 1.06677 1.085 11
2.4 1.21037 124 12
25 1.06017 1.08733 13
1.8 1.18677 1.165 14
0.7 1.09317 1.085 15
1.6 1.14317 1.125 16
0.3 1.05987 1.05666 17
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Table 3 Analysis of Variance and determine of P-value

bl @olilazys Ol gseme  Sluye Sl Jozm!
(DF) (SS) (MS) (P-Value)
Coolant 1 0.008884 0.008884 0.029
Orientation 1 0.001079 0.001079 0.365
a(deg) 1 0.00611 0.00611 0.055
t(mm) 1 0.003765 0.003765 0.112
d(mm) 2 0.002595 0.001298 0.357
V(rpm) 2 0.015096 0.007548 0.027
f(mm/min) 2 0.018793 0.009397 0.017
Error 6 0.006509 0.001085
Total 16 0.062832

axio 38 2 el 51 e 6 S0 olie (4) Jge)d 5 eslial L
&l oo 00ls yLis (4) Jgoz 0 g ool Caway

%P = ((SS; — DF,) X MS/SS;) x 100 4

B 2 Cygals S j9m slo il b (IS 56 e 490
Table 4 The effect of composite drilling parameters on the

delamination
SIS R e sl 9,
14% Coolant 1
1.7% Orientation 2
10% a(deg) 3
5.9% t(mm) 4
4.1% d(mm) 5
24% V(rpm) 6
29.6% f(mm/min) 7

G O3 o 5 Sorbim Sy i) 45 050 o anlin 4 Jouz 4 ax gl
Y g lpl s nls e ) asly QI SS i Sligd Ce e S
0590 395 32 Lyl 51 Ko 58 S s lodgy Sg0 3555 Oliee 2 (o
slo oy plail g bl Sl Gy aslol o w4285 15 o g 2
2 B9 Ol Sl po ilesel caw o At oyl 028
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Ay Joe gg 5 ing gog,g il hr i i L aSulaarg b
o5 s (5) Ao, i 5 o aslics | 3 I3l 5 b 3 o
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* -Analysis of Variance(ANOVA)
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Fig. 16 o:Effect of delamination on tensile strength
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Table.7 Result of tensile test in perforated specimens

Lol .
Kt (N) 555 S (i;y) Lged oS 3,
(MPa) a4
14578  9324.4 249.0 1.030  TH10-1 1
1.4744 9235 246.2 1.050  TH10-2 2
15407  8837.2 235.6 1.250  TH10-3 3
1.5512 8778 234.0 1.258  TH10-4 4
15592  8733.0 2328 1.260  TH10-5 5
15166 89815 23952 . oeSles
1.56
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Fig. 15 Effect of delamination on stress concentration factor
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