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Investigation the effective parameters on damages induced in composite
sandwich structures through drilling
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Keywords Abstract
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Delamination factor
Uncut fiber factor

There are many common defects produced during the drilling of composite sandwich panels such as
delamination, uncut fiber and matrix cracking factors. In this work, we employed the Epoxy / Kevlar
with Balsa wood and Polyvinyl Chloride (PVC) foam core in sandwich panel under different drilling
factors i.e., cutting speed, feed rate and tool diameter and examined in three levels. The major aim of
this study is to find the best conditions for producing the machining holes in sandwich panels with
considering the delamination and uncut fiber factor. For better analysis, we used the digital imaging
techniques as a reliable way to measure and determine the level of damages. The results showed that the
machine spindle speed, feed rate and tool diameters have so effects on delamination and uncut fiber
factors. The obtained results are given to assess the applicability of the mentioned sandwich panels in
industrial specialty in aerospace and military purposes.
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50 1
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400 3
50 4
1 4 1600 200 5
400 6
50 7

2500 200 8

400 9
50 10
500 200 11
400 12
50 13
2 6/8 1600 200 14
400 15
50 16
2500 200 17
400 18
50 19
500 200 20
400 21
50 22
3 92 1600 200 23
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50 25
2500 200 26
400 27

Luwy Jlazus gl poaSe ST 1 daanld ol o
g JuSulEe 8 cds L Cyber-shot™  oliws
IR ez b owd o gshs sl e 5 (65503l
ol oot ooliiwl (o -4 JSio) aie o pls LB ol

dbise p5 g 4 @ BEL s Slilee JIgs

el 0095 5 a5 SolidWorks
&,l58le 5 lauly Ly 51 CNC olSiws &y Ja! gl urmw
Gl el oo Tz Jlas 5,90 C)Jo 5 oo oolaw! ArtCam
s5tws 4 a8 laz & jg0 w0 Flygw 27 4o sl jglate 0yl
slaoslasl 51 flebl jelaie a4 cwl easd 5 e
S3r 2 el U5 dedie Ly (555

2 o )leis 4 )93 1396 ¢liwe) 9 b wlul 3gs 9 il Swaie

b adpdy Ope Sz gws Skl S oy
5 Blo 5 oy SLlS b a IS axkd s abginos
gl baze 008 (Fasly b (S8 455 o 5l J&
4 S S b oads wadl glaigS 4 ansél o3, b s
Jsl @Y 9, & p90 AY s s s Jol5 250
0330,5 s Jol Y Jro o)1 5 lacls 5 oo eaildg,
o2 515 ol il axdly aolsl oty Y clo b Jes ol
Oy Sjpar (o 59 2 P Slp e g Ll a4l
sdae hug ), i Jdo 4 L .cwl ouys )5 ploxl
ey el 0l ooliiul (6 (ngy 5l Ll ©sz 95 )
sl SO e 6l sles yo celn 72 S 4 Sladad o] 5
sad aty Sl e 4 boead g leS ol
S ankad Sles pgai 08,5 ooliiul solel ¢ ousl,o(Cure)
Dgd o 0dud 3 JSi 4o

a b w0 5 1 oz 250 4 )8 s by
Wil ol ol owuo)F sl ST eSS,
3 sleais 5l oolaiwl b askd g0 o (59, » $)BF e
5 suske 912 5 618 A (slayld b a5 Vg iz
B0 Zeyw by stake 90 5 80. 66 sl
Fypoaw bgaids » 00 2500 41600 . 500 Josoo!
ol 4185 g0 aiBs 5o e Le 400 3200 50 i
65,5 aasine LCNC? ;5 olfiuws oS 4 Slilos oy
45850 (tar; S5 i 5 5% e 800x500x500
4 S5) ol onds plonl axkd n g5, ¢lyge 27 laws
(!

Fig. 3 The view of a compoite panel sample
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Table 2 The delamination and Uncut fiber factors in composites with Balsa core

P g e
~=)

Ao aﬁlé celwo UCFF Sgas 61.‘>L) celuwo DF Sgus @5}‘—’ coluw

DF UCFF

mm rpm mm/min mm? > mm? > mm? S
1 4 500 50 12/56 10/77 13/59 1/1107 0/8575
2 4 500 200 12/56 11/39 13/59 1/0820  0/9068
3 4 500 400 12/56 11/42 13/52 1/0446  0/9092
4 4 1600 50 12/56 11/37 14(75 11744 0/9053
5 4 1600 200 12/56 11/46 13/91 1/1075 0/9268
6 4 1600 400 12/56 10/77 13/5 1/0748 0/9514
7 4 2500 50 12/56 10/75 13/61 1/0836  0/8559
8 4 2500 200 12/56 10/95 13/67 1/0406  0/9514
9 4 2500 400 12/56 11/15 13/85 1/0311 0/9713
10 6.8 500 50 36/2984 30/33 39/81 1/0967  0/8356
11 6.8 500 200 36/2984 29/43 38/98 1/0739  0/8659
12 6.8 500 400 36/2984 3132 40/18 1/0243  0/8959
13 6.8 1600 50 36/2984 32121 39/18 1/0794 0/8874
14 6.8 1600 200 36/2984 32135 39/95 1/0731 0/9188
15 6.8 1600 400 36/2984 3173 39/54 1/0342  0/9568
16 6.8 2500 50 36/2984 32/03 39/86 1/0981 0/8824
17 6.8 2500 200 36/2984 3216 41/31 1/0554  0/9532
18 6.8 2500 400 36/2984 31/48 40/42 1/0309  0/9967
19 92 500 50 66/4424 60/12 73[77 1/1103  0/9048
20 92 500 200 66/4424 59/99 74/08 1/0698  0/9330
21 92 500 400 66/4424 58/87 75/68 1/0487  0/9688
22 92 1600 50 66/4424 57123 728 1/0957  0/9366
23 92 1600 200 66/4424 57/69 74/01 1/0537  0/9586
24 92 1600 400 66/4424 55/07 75/12 1/0102 0/9748
25 92 2500 50 66/4424 57/66 72/81 1/0958  0/9431
26 92 2500 200 66/4424 56/32 72/81 1/0657  0/9681
27 92 2500 400 66/4424 58/99 74167 1/0185  0/9932
55 2 o losis 4 095 1396 Yluwe) 5 sl il g5 5 il wdie
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Table 3 The delamination and Uncut fiber factors in composites with P\VC foam core
PVC o 4 L el anlad )5 03,955 iy Sl 5 3,58 sl g 3 Jgur

Gus, A oir cens ity s ol ‘;”L““‘ UCFF w5 612’ Bl DR one 5 T or ek
mm rom mm/min mm” <. mm mm
1 4 500 50 12/56 9/17 15 1/1943 0/7301
2 4 500 200 12/56 10/42 14/79 11775 0/8296
3 4 500 400 12/56 10/28 14/71 1/0518 0/8981
4 4 1600 50 12/56 9/99 15/08 1/2006 0/7954
5 4 1600 200 12/56 10/64 14/12 1/1242 0/8471
6 4 1600 400 12/56 10/65 14/05 1/0390 0/9514
7 4 2500 50 12/56 10/74 13/87 1/1043 0/8551
8 4 2500 200 12/56 10/68 14/05 1/0390 0/9291
9 4 2500 400 12/56 10/53 13/83 1/0056 0/9578
10 6/8 500 50 36/2984 32102 40/37 1/1122 0/8821
11 6/8 500 200 36/2984 32128 39/67 1/0378 0/9168
12 6/8 500 400 36/2984 327 38/66 1/0100 0/9560
13 6/8 1600 50 36/2984 32102 38/95 1/0731 0/8821
14 6/8 1600 200 36/2984 3172 39/48 1/0326 0/9290
15 6/8 1600 400 36/2984 3191 39135 1/0014 0/9618
16 6/8 2500 50 36/2984 32/18 39/52 1/0612 (/8865
17 6/8 2500 200 36/2984 32/38 42/1 1/0221 0/9571
18 6/8 2500 400 36/2984 31/3 4112 1/0083 0/9921
19 912 500 50 66/4424 58/23 74/93 11277 0/8764
20 912 500 200 66/4424 57197 74/07 1/0395 0/8875
21 912 500 400 66/4424 58/43 71/39 1/0143 0/9246
22 912 1600 50 66/4424 60/38 72123 1/0871 0/9088
23 912 1600 200 66/4424 58/61 71/23 1/0269 0/9273
24 912 1600 400 66/4424 58/39 72105 1/0091 0/9541
25 912 2500 50 66/4424 59/91 71/52 1/0764 0/9318
26 912 2500 200 66/4424 58/2 72199 1/0233 0/9512
27 912 2500 400 66/4424 58/67 72 1/0069 0/9884

()
Fig. 4 The drilled holes of sandwich composite with Balsa core, a) numbering of holes on composite sample, b) calculation of hole diameter by software
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Fig. 7 The variation of uncut fiber factor in composite of Balsa core
with various drill bits
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Fig. 8 The variation of uncut fiber factor in PVC foam core
composite with various drill bits
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