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Monitoring of residual tensile strength in drilled composite
laminates by acoustic emission
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Abstract- Drilling of composite materials is one of the major processes in the manufacturing and assembly of sub-
component. However, drilling of composite laminates can cause several damages such as degradation in residual tensile
strength. In this study, effects of cutting speed, feed rate and drill angle on residual tensile strength of drilled laminates
has been investigated. For this purpose, the Taguchi method was employed for three factors at three levels. Acoustic
emission signals and wavelet analysis are used to monitor residual tensile strength. The experimental results indicated
that the feed rate has the most significant effect. Based on time-frequency analysis of AE signals, it was found that AE
signals with frequency ranges of (62.5-125), (250-312.5) and (312.5-375) KHz were generated from matrix cracking,
fiber slipping and fiber breakage respectively.
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1. Acoustic Emission

2. Non-Stationary

3. Overlapping Transient

4. Short-Time Fourier Transform
5. Wavelet Analysis
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1. Signal to Noise

10 8lass V¥ 8,55 AYAY sl oslllgss (9 g SIS (wdiyn

Sl ly @il mye b Ll IN] wo s adlas Sge
Wid S JUKew ;3 YU 6350 b oeslS 3 slas Lol il
b e o apile S 4 bgldl cnl 5l plas e as
oS 5T (6l Szrge Jpas 5l Gl San 5 plasy
Sk Saiseels 6 E g 5l ead ST (el ST
a5 ol s @bs DY oS sslinal SJgdlasis
bl (gl Saae gl oad ol glaaasls
5 & S Ll Fhe slaigs a ) ate lls olulls
Lol Jlite ,5b wge o ool 3l oloj ooy il Kan
S el Ko g BLI Sy gl |, 0SS
a5 wols les Ll Y] wis 85 sloles S ge LT Lawgs
Ri9als Oy )3 patie CunSll S slop sl 5 (o
il 53 @l byl 4 Gl e g byl Bk o
sheslatl b (Seobewl s Jb cow «68 0 Elyam lyle
031 5 eertoel SetwsST sla UK dlS 30 5T
by oad obml oS wlSes 5 g [VF]
Sl 42l Cojgals (S Zuoglio J13, 5 5,52 )9
=S sk ) s s, Ll Dol wes )
5 O 0 Y Gl Elhee S el s
P8 o)) (6398 Joe S pmizmes 3y GLiS (o295
Gt 3929 a5 Blo lis ol s S Ll Sl S as, (SO
S 8y p ook U Elig dhaide 5350 alais s
Sls gyeS S slaY gulas a8 Jb s o)l
5 Pr SedsS p Shp syl Bl lSes 5 6 LIS
DF] w85 (owyp GFRP 550l5 olge SelSe olgs
5 23bios VAV S9s00m €5 5 il (2352 S o
"o B V) cod L S oS o5k
SH Elygm ad 5o CudS A wisls las rszen Ll b

S, asdad onS plSouial 5
Pl 5 gl Gl sy $958 005 IR (o) n

(¥ JS) asily pals oss

\YY



OhKen g 200 )5 G yb W g

e gl ladad aidl als plSaitwl il

EXU N

5 By S
ey i - = ped 5L
[P B e e
s B TR e T e T

g o s yxi () Aolas Lausgi wsSae Srge o
f(t)=C1,TfflfCWTf,r)l//(t)dfdr, C://:TW(Z)) M

-0

DAL ss Sows 7 @ lais a5 wsb o U c,

(P lojl wiy 3 -f
Slgo g Jilwg —1-F
aed SL ol by jemelS” cdlus (gl oaus oolaiwl olge
e ol yan 4 LYS556 Ccull)] oSal Gsle s E g4
o Sz gy sl eslatul bacil o HY 951 cuis
g Celo VY o 4 e glos jo 2ujemlS sladigas
sl Glriined 0l (S IB (g5l Ao S lid cow
Wil oo 180 BU o> v o b ays ST YV Ll
Sl ey e by ol gilular st 4
SialejT plal gl o eolial CJB mhaw jo la g
O lalinl b Gallae yie Lo VOXY e+ sl &y lodiges ¢ iiS
Aad oy » D3039 ASTM

ke fSlom b FPAM. Jas 55 (65,500 il
2 ek Voo 69,00 5 9 4kBs 590 YO+ Jared
Ah s I e byl el cux adds
Aol s gz 225 Syl ol s
G e ows pl A S IS ujelS Olalad
b by S)ge 4 ol 0 Slae g el 5,5l S o
o O LSS LS e Cepw S0 Ojle 4 il
G o/ 5l oliws o Sles (55 > o0gaome .ol <ol (5351
ool O kgf b o5 0 ol 55 pes;Se g 0+« mm/min
0 oA 4830 e die O adiged SRS s

5. Araldite

\YY

S5 o Ny S5 sl o o ialogT olasd 7(0) alad, 5o

pe d JiKs Cad (0,5 iSlas g JBlas s o

b oe i (F) abal) b

N, 2
SN, =—1010g(2;:[—"j 5,5 ESlas sl

u=l i
1 &1 .
SN, =-10log _Z_z o) Bl sl (5
i u=l u

SN polie nSila ciolosl ,o 6l SN acule 5l om

33 SN polie adS 055 0 dulme 5l 5,556 1o (ol

5STas —SN Jolas) RP 2l )y o sl g oo o)ly Jgam

5 i 3G YL RP polie 08,5 oo dslne (SN =RP
DIV S ls 6,508 130 5emb RP ol

S>g0 JIGT -V

P oot 4 JEe S 4y i 4 Sage U
Glolaz anl )0 el pe i jole JUSKw S e
93,5 n ool G0 93 4 i S S S
G sz g oml o G sl e e
ey iy a3 bl JiSw Y S5
aolol 0l ol 0gd o 4 3ond 532 5 o8 SO 4 09> W
S oldbl awy cellas 5l a4 a5 Sly U cdl sales
2 atloe S9zge 2rx 50 (Jlgie o B 90 (o 438) oo
35 s oo Ul o )lss lgte slasir atenS Srse
s 328 sl o o) e TGl Srga o 25
Obo 0oy Db o0 41528 (A5 99 & 5 ej2 D 4 SIS
Sy TS sl o plail 1) 6 e SIUT Slains S g0
w0 slid | glaws Sog0 Jos

& o (SIS B ol o) F(D) Sy oo
DAL o950 ko (V) dolae Lawgs Y Szge

cwrT (f,r)zJf:%F(Z)z//*[I}TJdt )

T # 5 L:LQ) Gl T euwlfjs oy oylid f Ry

1. Discrete

2. Approximation
3. Detail

4. Packet Wavelet

10 8o Y 5,55 A FAY Situsl o3lallBsd (39 9o SBlK0 (vt



OhKen g 200 )5 G yb W g

e gl ladad aidl als plSaitwl il

Pl om ol Sl nSely sk 4 s eolid
53 les] 8 izmen Wisdio 5 o)l e ate (ales]
RO C N

STFU oy 40 b aw slp sl aw ) Jeua

sl b ol )b
- -1+ +[-YD (mm/rev) Fisg, i &5
Yoo Y. Y10 (rpm) N Jlj59 ce jon
VY. Y- q. (degree) @ ol asl;

Coxy g gl -0

<z S gy by (5 E g 3ILT-1-0
sl Ghlar )56 (Fin) 657 S5 Sln o8 @
3 pe 4 JSw ool aiile polie g (Fu) ool Lol
e Jgloz cpl Jo IT o T (sla sles .l 00l 03,91 ¥ Joo>
@l peizen i3l oo GialesT 52 ln LSS iess 5 sl
olyars 4y () caiS plSocinl g (F) jiiS ol o
Aol polie .ol ool ools (LS ¥ Jguz )0 SN polie
chie & () 2l 335 S e 5 () (o225
Sebse omt )L Sl om eale Bl (oo
00t #lygs Slalid 4y bigyye A L) o lads slaule;]
Ehgw Og wiged Vo Gilejl 5 286 Lo JUsSs ) )]
il o

sap b g ay JiSm S eiie 2 Sl s 6l
5 TS D) Jsel Db amloe (ilesl 2 sl SN
oo oyl L i 10 SN cons aulxe gl oYolae
—aY Glas ol a5 wols lis Ll Ko § Kz ga o]
Jaie o VAl syl sy o b peiias alal, (o
3 S lag e )3 a5 318 2529 5y S95 Sln (S
A le a0l GApede B loY ol ol
ax ol gl e a5 widl e sl WK slaY las
o sl Gl xSelr ln S el Sl
0 LUl SN Jilao el 1 35 aaS sy (5 y55v0
Ol Jbis &5 a0t 5 55 B T Jpor a4 azgi oo
556 5 Sypme o 2 Sl i ate ol) 4l

wlasls gy giolas

10 8lasis ¥ 8,95 AYAY sl oslsllgss (g SSKn (owdihn

moold (5 yglenr i 5 (ng Crbeel SewgST I3l 0 5
bl cilys ol 'S eS8 4 i Glme b
S s S IS iS le] e s (SetasST
Jbazus Ko5ls 5 ol jes 4 AEDSP-32 Jow olKiws Sso
5 5 A o1 g)lsptined 5 porSle &8 cud JiSKom
Gl Aged 5 il o Voo BV T als
S adbe 3K Vbl pled o ead bl
M ail gl b bSO pSlyrn pwgandl 5
S Olgie 4 ol 0l 0 S0 Lawg oS (il
b %o pb ay i ol ool ooliiul cpiiel SiissST
G5 digy o399me 5 35,mskS OVYITA ilis;, LulS 3
el SrsST sloosls ails 5,mslS VOo) -
?o..\.J..ZS ws.n.a w Ja.w}: UM 9 ol uﬁl.a)o )W Ja.w}:
b g el gl o0 Cu o Joowd T oo po b Toniss
O JESKw JESI B ol sondigy oM S8k o 25 L
Vo 1 c . . . -
o YO allinl o> 0,5 Ojso (06> 4 jedw 5 digad

0o bzl Galojl ce 53 akee) 5295 51 B 4 s

ilejT o>lsb —V-F
Soyoin 5 Jold Sl 4w siloane sl (2556 5,
a8 )55 0 Gy gl 5 N Joigd 2552 e pn F
9 Olse 4 @l 25 o s Y Gl el
IESB g o ol ad Sl o e (295
S abavlsy (23 Gl 5l s)bre &5 GlY ula
5l Golee o5 ol (ES (g9 g s Bl b e
aw ) Jgam el wSlas b el ojle priS plsdl
a5l ooliil b oo o lias 1y e o,Lal el )b ans 5l 515
T a VYY) 5L 5y slagiuley] slaws Ly JUsSss)
Sis e o )5 oiles] e e ol
plml 4B 5 jo0 VYo r B P e Jotul Glace ju 5 5 )8
Wsly e ¥ k8L (HSS) 5 ox g ybe e 09500
losiale;l ass lp cilie Lol, blss 9 a7 )0 Yo g le

. AEWin

.PCI-2

. Physical Acoustics Corporation
Event

PICO

. Preamplifier

. Threshold

N LA WN~

VY¥



OhKen g 200 )5 G yb W g

e gaels Olaba8 Al ials plSoiwl inl

. p A - p ) .
S8 RIP o Sl (See &5 b 0 I 2
Dy (S g

@l iz 56 ()57 gm (55570 5950 @S 5 Lo JUsS 95, 4TV Jgur

Fan Fu (N) ‘ e e o
SN 1 I SN 11 I ol b e ¢ ey
e T S0
ERTARE V¥ V¥ -YA/f4 AY AD \ \ \ \
— 00 NE Y SEVYY O MA WY \ Y \ \
SONO VY SFY/AD YA VFY ¥ ¥ \ ¥
—+/A\Y AVAR K -fY/o) \Y#P Y A \ A\ A
-\/YO AN \VAY4 -fyay \OF \OA Y A Y 0
Y 7 R VX B VX SEVBA VA AYY \ ¥ \ 2
SAEe ANY A SEOCA YAY YA ¥ \ ¥ v
-\\Y \VANe AN -ff/-A V04 V2 \ Y Y A
-\/AY VYO \IYY -f7/-¥ Y0 ARV A\ Y Y 1
sl als 2nS el § oled iS558 @S g Lo JUsS5,l 4,1 Y Jeuar
S, (N/mm?) F, (N) ‘ (PR o
SN 1 I SN 1l I "”"fu“’ ’ = = siales]l
o =TT So
FE/vY \2EIA \YadA! Ya/\A ERRIN q-.Y7 \ \ \ \
ff/-v ATRYAS Ve l¥ YAIAA AVOY AY# A Y \ Y
VAN VOFN VOSIF YAISA  ADAY  AS-D ¥ ¥ \ ¥
FYAE  VOFF V0FF VAISO  AD-D  ASVD \ \ Y ¥
fYIVE \OY \OF/7 YAIDD AFVO AO-Y Y Y Y 0
Y7 \OVIY YOAIY YAIVY AZON INEA ¢ \ Y Y I
FYOY V8- VFA) VAXY  AYA]  AY.Y ¥ \ ¥ v
FYV. YA )AYA YAIDY  AFFF ARV \ \ ¥ A
fY/OY AAAYAY YOV YAIXE AYVY AYVY A\ Y Y q
- - - - \YOAY AYYYY - - - \-
Gy Lz 586 5 (55970 59508 lp S Cond ¥ Jou
oSl I oyl by
4, A Y A \
\ A “f0/-5  -¥YFY -Fe/AQ Gy E5
¥ V] SEYIOY  S¥YLY Y)Y S g &350 oy
Y \i —FY/AA -FYIVO —FVYA wo ol 4l
\ -[AYFE SVFYSY —oa00%  —+/0F9 S5y £
Y <IYEVY EATAREYS —-+/22\Y YAt Pt LW 5\4@)@;.:1..\?),;5&
Y S /FVAN SADYEY VAAYA - VOB o ol a3

1. Cutting Edge Angle

Yo

B g0t £ Gl b a5 el T ol ol el

@

15l5 ey agly Rl L primen b e Gl 4 ol

10 8o Y 5,55 A FAY Situsl o3lallBsd (39 9o SBlK0 (vt



OhKen g 200 )5 G yb W g

e gl ladad aidl als plSaitwl il

5 aals (loy 059 4o cpdal SitwsST slaosls oy
oialesl Ll 598 Goss e Judo a4 byl ol o
L ol
&La)’] U o] Cpo gileds g diale Ol s
bl )l co oads 2y g 2l 9 sladises gl p 2iS
RUIW PR K S SN P V) L RSP S AP VR C O
B0yl M,ST JSew a5 | ‘_,;Léo Slows Egoo
o leds 9,00 18 ailiw] x5l cens Gl e alaie
Sedige abi>de JSb Bllae ansF | rezs laSial oy
Go b 295 @l o e Sl Cpo )l
033 S ot Jyl oy 85 s ol (25 an 4y
Loyt oo il 0yo ijled o] (b a5 el b
29> 0,50 o Sloj 093 (nl ileoo (Bl 52l 9> )
S aes o las (@I =Y 5 F G S el o )l35 6t
Aged Gl g 4l PO Zlism (g diged glp (Shsels (o
ool ols wls 1) dlae cpl ail oo 4l VF oud #lygw
O%b 0yl Zligw e sladised (0 a5 05 axgl i
o et 4 g w8l e BT 6 YL (655l slaw jo SLI
ouis Cud (SatwsST andly o1 b a8 Sley) Jlbpu ol
L 0 éb}w 4.15.4.; 3 e Sl d.._%l.) u...aljsl (w‘
Gl sl o bS5 slay ulas adlate 0ezg Judo
Jel Sloy poo al>pe wiiS o a; 4 925 GHomb
Solab gy b oress bal Cypo Lb)led as Sga o0
SKL sk e LSl Cyo et dls e
ey 50 395 rou S Lo jlade 4y 5 b oo Sl
G5 plesl 53 ea el S el o
OlFee W wlbice pmple 00,55 Sy Wlojels
Sl S p3l8e ol & |y adyl oud lolis sla LK
&9.; u.)‘ lej.a awlo oojm (u -y 9 4 6L€DJS..4 d.aUa.o
oS el Lo ooy g <l anles adlsl LubejT slel b L
b casll) ol Ao B ilo 0,95 S5 prilSe

1. Cumulative Count

10 8 lasis ¥ 8,95 A YAY sl oslsllgss (g S Kn (owdihn

e e SlSe ol R oS el
oilo Sede joe e )3 (2l 4 A &S Sanl (D joalS
ol oS ol sl el s G 13 1S e i)
ax g5 bl oo GBI SN 6 55 los Clls s ot &
Sy Sy e ol Ay gyt 5 0 JSS &
el s Mol 1) 5B o i oS 4 S
ceb wly asly 9 soyutm 5 Ol aslasls il
oS Gl aml jo 5 ool Elyew Blbl s il
(O 8l) oyt €5 il Dsdion (2T plS
oy sl ol Gl sagdie (23l palS @ s
el Gy o oly Al galS iiS sl See sl
F=0.025 mm/rev, N=315 rpm , 5 & & &l
Seyso SN Cos Jlade yiSTam 4y oaiS alSiul 0=90°
Dy oo 395 SSlas 4y paaiS alul s Sle a
g DLl aalllas 3550 eyl 58 5l sl 515 a5 Sl

30 ool SimwgST JUKws oloj 9> 3IGT Y-8
Al Jals Ll oS!

SIS pl S a4l Jdo 4 S Giolesl po 50
P00 CaSd aplse pa g cal LSl o ilesl Jsb 5o
S loj 0> la s wad o Jd sols (5,135 L
20 0ad Fligw diged 5 Fligw e diged CeSl I 06
2 &S (sl Gilar e85 5 550 Jlas) ag <>
RYVAPPNPUES NIV JUUPS X (S0 [ Py e

Sarts £ i Sy

1
Aol (sl g JUSm S 00l aulone pyolie & S5
wily pals oS

\N\id



OhKen g 000 )5 G yb 0 g

o geels Olaba8 Al ials il il

eVl sl s gl Gl il cnlply wo)las se>y
Q@ oad Flisw dged Gl (blie o gl o Jd (g3,
SreS 2B Gipl lay pulie s adhie aladly

el oY GlE Slep e 3l b sl

Ol sl ged LK G @l A S b oo anlol (agad
O 00 ol BB aas o lid | Sl p30l
2y SF %l OFee ) Ehgm pa 5 0ad gl diges
T &3l leses iz haS Gl jo a5 o8
gl e Eligm g Bged )3 0580 S 5 (Siallex Sro

T T T T T T T ?5 I.
— J"ﬂ 3 | g
o | = ®
120000 HEE o 1 70 [ | 1
| H
5t I .
10000} 1 63 :
I y 2 |
- a3 s0F 000 mm——— f—————
9 so00} IR i
p 23 | b ®
*h i 1J 35T e 1
T 60001 17 D : %
IH\ F —— e —————— — — — —
3 50 i Y
I ) %
40001 T | ®oox
45t % oS i
| o X
I * Ao ? e A Kﬁ
2000 F g | A W EORE
40 r I WA WM RN N -
VOMRTR WM WK RRUEE
1 L
® I LR k-
. . P . raw s ™ 35 . . i * ot
0 10 20 30 40 50 60 70 B8O 0 1 20 30 40 50 60 70 80
() oles (a0 ol
Flygms gy diged (2dS Gialesl (gl oy sy diald (oraz b Sinl Gy b jleds 5 LiiS (59,0 F S5
l[:l[:ll:l T T T T T ?I:] T T T T I
e ‘_:;'...5 ot 1 %
9000 | N o ol 1 1*
65 -
|
8000 1 I
|
60_ ________I_Xx__-
7000 1 1
1. | *
b | i I
o) 6000 i Lj 2z | B |
N i 1 Ero
N | 1 5 a | *
<k 5000 jﬁ }? I X X
I 4 50 —_———em e e — ]
& 1000 | ] 2 ] <
\_;) | o L
3000 - st | * g =
WM -
| O SR
2000 1 | = *, oMW KKK
1 A oM S B MK GG
40 f< W WoOWHM w W N G UM E
1000} - | e soa ot e
| = = e XX 3 =
0 3‘ IX i RO B WK s o
0 10 20 30 40 50 60 0 10 20 30 40 50 60
(adl) oila () oles
odds Flygu diged (S Slalesl (sl Gloj o  aals (oraz b Sial Cyd (b )led g GHAS (59,0 Y S
\YY 10 8o Y 8,55 A FAY Situsl o3lallBsd (59 g SBlK0 (i



OhKen g 200 )5 G yb W g

e gaels Olaba8 Al ials plSoiwl inl

23,5 o ol 8 TS K0

S el lapilSe 5l (So ey SUN 254
&) =Ssl o5y 5 aded SU o (1,5 DS dlauly
meo FoB lsgas 038l )l JUSKw asels 635a5me 000 oo
ot o A US55 LI 3530 5050 digas JUS il
Sl ail 3 @ bgr e dals o YL el onll ools
e o oaaliv Gialoyl sl ;3 Vgoms a5 wil o LI
A JSS abl o Jewo YO-F 0 588 ol asls e0gasme
a3 n i | 5o (ol diges JiSom 2

Sl |y 2l oy (SerusST (6531 Jloged 4 Y5
S oad Elige g Elhge s wised 285 Gl g
(Sipkaals pl 3ho 5 JUT gl e o lis agy Ll S
Gl — o5 axals =Y ol ool gunadd AU Y 4 loges
=YL aals - dawgio b @S 655 g aals -Y oS
Sloeslo 4 i @ Oliee ) 4l aw ol Vb 55
CeSl g mple gy S S sl G0y S
plod 385 (g WS aslllas ol 5l Bos wols s SLJI
o gl (ol wilgi oo ol ()l g 0l god b JLSw
L K-mean oo ,o300 (o518 (samaiss> slo g, 5l oolannl
255 58 eoliiul 550 (gunalisS slals, ;0o

30 T T . T
205 2l 5
25 - b
20 .
e 1
9
f% 15¢ N h
fi
10F 8
5L i
O 1 1 L 1
30 40 50 60 70 80
(b o) azals

STURG

(Js

0.01
] .,‘"‘.,JL“ ST ‘5,‘:
1{) (! 7 YORT———————
o
0.01 : : . . .
200 400 600 800 1000
(«h
0.05
a SL 354
?){‘] 0 *-”m-wﬁ*ﬂﬁﬁmﬁmmﬁﬁﬁ
&)
0.05 - : - : :
0 200 400 A00 800 1000
(@)
0.2
2 SL s
3 .
1 DW—‘ -
2
0.2 " i i i i
0 200 400 600 800 1000
@

00,95 S 5 1Sl sop il 5l diges JLKw aw A JSC&

lop sl 5luled sln o3 551 5970 Lk Gl L

30 T T T
gl oo
25 A
®
20 B
15:F
10 ¢
HHHA
WO W MW
5t SR,
0 . 1 1
30 40 50 60 70
(ko) aals

o g diged § Flygm (9 Wil o) con p (SetwgST (65,514 K

10 8lasis ¥ 8,95 AYAY sl oslsllgss (g SSKn (owdihn

VYA



OhKen g 200 )5 G yb W g

e gl ladad aidl als plSaitwl il

Sty S PSSO ()l piges (6565 L s
JuSys 39290 53 oVl ply 9 b 615 paigad
bl 3,086 SO g )ls paiges (uilS )8 addllas ol jo ol
O ol o Gl iS55 morSle (ulply 5 0
Ao bl ot oSl a4 azxgi b adloe JpaslS
(723) ob walss A L ol bl slaw ¢=3) ob a5
APV b el ol lapldl cpl sl (mlS 3 00gazma
YO b AYONAVIOY  VAVIDYO)  {AYO-FYI0}
10+« “FYVIO) AFTVIO-YYOS YVO-YAIV/O) ¥V
5 ook

Sbedl o @il ey Gl VY g @l SV ela S
o9 Ages 50 yol, il SawsST JuKew YEPC(0)
5o e ol (1S Gilesl e wond Eljge 5 Elpge
slass (B8l jeme 5 555 wo)d $ogee oo LSS ()
2 S5 05T Ceway (6l FFT (g ol o o JuS
Shotedl o Guls 20l a3 S G oud appes JLSew
Ehsw 5 Ehom Gan ladised sln oud a3 slaJUSen
el oad ool lis o VY g o -V G S o end
Sl ondlS 3 osgamme a5 Cul Laie JS5 (glhae
oy b oo Gl Ko ldl 4 Gl S5l cenls 4y 3o
Eoge b g s oo sloaises 1S GulesT (sl 55
el 00l o0ld uled ¥ Jgaz o

Ao, oYl sl o000 B Jeuz j0 aS S len
0 Wl (EPC2) Y oLl cpgm 55 Sledl A sl ,o 551
Sgax> sladl aw cpl ol o (EPCO) £ lodl o (EPCS)
oogaze hls g wiyls 5 oo 1) JWKew JS 550 TAD
Sl Az glop S 4 & s s WSS
Ol b o8 GlasSS aigd oo Lo pe (S alejl > )3
Gged gl G Glop il jo Dglas 925 pas 5,5 oLl
ol ey e il (AaST o Elygm g g 00d Ejom
0391 Cali 0 lgad JiS Cend j0 CenSh (glop 3ilS A el
Sz e S5 e e S9ry b alnly
Sialeyl e el SwsST Lol mles cetls aalgsu
CeSl B A5 ple SnSS ety eSS
il oo Shasl 5 LI

5. Nyquist
6. Sample Rate
7. Energy Percentage of Component

A

S g0 wlo! p AE b sold 56T -¥-0
Al odls musgr dllie LB i 0 sl Soge 560
Sedise 425 bl 5l slacgere & JUiKew 45 0B oL
Sl i pl jo ojls e (lS 8 eog0m el o
S G 65l Slere ] SeiasST gloJiSws 5IUT
mo obedl ;o8 5l e Bl a5 el ade ol
8551 lyen il Lo a3 058 ¢ Ay
4
EC, ()= (f()) @
=1,
ailbioe e 55 500 oLl 650 sasms les TEC(1) o
"o ol ples slass Sl gsezme plp 515 o IS 655
4 alize glagladl o 655 Comd G cnl Ho ol
ol o ln 5l weyps B oS oe arilne 5 55
EC,(1)
EC;,, )
b oo b ledl slass slass 7 el 5 olaws j oS

EPC (1) = i=1.2’ ()

3 ol s il g sl Srpe 6,55 4l
Sl by 99 - 0dlios poes sl pole Sz ge conlin Sl
10,0 0gzg lajl 5 slaed e

w5l el (o2l Sl b Bllas -

5o bl slaws g, ol o Soiletn o> 5 (2w Y
lojl5 b Sidn b &5 D)0 (ps g on et Al Sl
2l (S 5 gl rals gl Caway gy Dledl
Ot A 5l 5 Slaed g 0l colaul pgo g, 5l allie cul jo
G=3) o

Sleogas L) @l (n e a5 0le Soge DBl sl 0

S Szse ()0 gtz dnalie (g 5l il adls JLSG
oz 503] 5l om sl 00 eoliiul gz ge jole o it
"y (rmé Sge oolgls slacl 51 (5) db20 jole S>g0
S 35 e o JiSm Sogad b (ool e
T JUsS 5 e ot s Smge 03lsils sl Sy 5l
sile) 1,38 sloosls 5T (gl comlio g cpylite i plito
el (el SeansST gl S

1. Component

2. Energy Componenet
3. Daubechies

4. Biorthogonal

10 8o Y 5,55 A FAY Situsl o3lallBsd (39 9o SBlK0 (vt



OhKen g 000 )5 G yb 0 g

e R 59eelS Glalad adl pals plSxiw! ol

S el 4 (e oilS 3 slrosgaste yols s

Lng‘a};.}lSo O JoL:.’;)l QL?L.).‘ M e R yoden )'| 65.’
a3 ) Jols e il 3 slrosgase 5 oSl Cilises

100 100
EPC1 EPCS
L Aty
0 0
0 100 200 300 400 500 600 0 300 400 S00 600
40 50
EPC2 EPC6
| MMMM
.2{:-*‘l 0 ; b
300 400 600 0 100 200 300 400 SO0 600
20 5
EPC3 EPC7
10}
0 100 200 300 400 500 600 0 100 200 300 400 300 600
10 10
EPC4 EPCE
5 i
0 100 200 300 400 500 600 0 100 200 300 400 500 600
g o wiged (5l St T JuSws Lol (65,51 ooy A1 -Ye IS
0.2 0.05
0.1
. T 2 3 5 0
it 0 1 g 3 4 i "
0.04 0.05
0.02 H h
0
0
E ; 2 3 x]'D:'DDSD 0 1 2 3 .
x10,000
0.04 ; : 0.1
0.02 M 0.05
0 0 A
0 1 2 3 4 5 0 1 2 3 4 5
x10,000 x10,000
0.04 02
0 0
5
0 1 2 3 it 0 1 ¥ 3 o P
Ehgm g Bges lp ond 4528 Gla S 5l oLl 2 (53 o Ve JSb
10 8 lass V¥ 8,55 AYAY sl o3lllgss (9 g SIS (wdiyn YA



OhKen g 000 )5 G yb 0 g

ey gaelS Olahad 8L ialS el iy

100

50

EPCS

0 200 400 600 800
100
EPCo
1 50
0 A L
0 200 400 600 200 0 200 400 600 800
20
EPC7
1 10

0 200

g00

i

20 ) | I
0 )

EPCE

800

0 200 400 600 0 200 400 600 800
00 #lygm digad (6l SiwsS T JUSw ladl (5,31 o yo 1YY ST
02 0.04
0.1 0.02 [
0 0 i
0 1 2 3 4 5 0 1 2 3 5
x10,000 10,000
0.05 0.04
) i 0.02
0 0
0 1 2 3 3 0 1 2 3 4 5
x10,000 x10,000
0.04 0.1
0.02 0.05
0 e 0 h
0 1 2 3 3 0 1 2 3 5
10,000 x10,000
0.04 0.2
0.02 01 ]
0 1 2 3 5 0 1 2 3 4 5
x10,000 x10,000

o0 Flyges iged (5l 00 ay 325 oL ) el o uilS 3 o -V S

g 50UT pgms 515 el et (65,1 6 Jga

EPC8 EPC7 EPC6 EPC5 EPC4 EPC3 EPC2 EPCI (Mpa) iiS alsoxil (N) (iiS old sop iaboj]
Y/ \IY ARTA SN A TAY YIvY YIY Yy/a NN \Ya7Al q.Y7
\iid YIY \Yig o SYIY Yy Y/ YY/f I VEY A VYY)

Ehgm 9

o5 ¢l ygm

YA 10 8 )lads V¥ 853 A ¥AY Sl oslallged (59 o &—S%é&@ JEEISS Y



OhKen g 200 )5 G yb W g

e gl ladad aidl als plSaitwl il

e 905 (s adeS HBL (g 9 LU L slahy) Jawgs
6‘2.3 .\J‘j.a‘SA o..\.;‘ C"" u}‘é}» u.]j.as ‘Ia..uj.a l.er‘—l J.;.L?u L
255 158 oolaul 5 90 (gumy sloc Iled

S o5 Ao -F
5 St 5 (Jiesl Sy sloally ST dlie cal s
Shom il als oanS plovnd a4l
35 B min 350 (oS phaded CojeelS g
Slislesl (b by, dajls g ol g9 4 4z b
=S plSotl Gulul e Sl 8L Gl (25
—obey 5 ooy oo sladelow Gk p ol eslinal ancio
Ty il SrsS] i (53, ) (o) 5
i stile ienS an] s T Gulul ;45 i gl,Rd le
el o0 00,51 AME & jg0 4y ol s 5 40

b ot a3 e ol 4l 5 9508 E55-
b e o o wlantls axily, ials a8 alSocl
AU ol ety HB Jail 252 e ym
5 S EF oL Sl S oy b el
S8 GBI Ll go Gl (6 50 (55505 o ]
Jlel U S 5 ol o8 aiily G385 5 Sl &5 s oo
1) ankd JolS Sl 5 00,8 b)) Co o 4 (22T (6950
ol 313 5 Sy £ e QLI L ) o2 plSl
SorTb T ) oy (oA Lol oty S 4o
a9l 9 YVO 1pM Josow! 25 > i s oo/ YOMmM/rev
el ey 4 u”‘)

Al e Olse 4 e Sl 0o B jleds -
bl aily ol 25 alSov glodaiia st sl
oS hol al>po s ay (SemgST Sl ) 2a8 T8 s
widbioe Jolf CaaSd gl od) ((ohgels al> e Jols
ol (ST 5 S Slogas 5 A et
O gk 005 Elyg g Elygms (9 Aiged

Wwd d LS w535 g aals Jelou b @llas -
I e b S Wed g8 Slpogad g ad gaiedb
Al esls Ced baws ol 5l (S 4 el 05l

10 8lasis ¥ 8,95 AYAY sl oslsllgss (g SSKn (owdihn

i Jgoo 5 Sz 4 SeiwsST ey 31
il asls (VY) adayly b G3llae

focCoc\/E ay)
P

5 Bz p SVl SiwsST e s C o uilS 5 f 4
R PP LIWL N0 Y PRVY )

S 7S (oilS B 0dgars (Sl i ple (59,935 5
o3gaze p YL 5 ols ol slapidll o 4 Cods
Al oo BU cenSs alalgy S )8

odplice ol p5l8e dgl lae A G ple canSs
A8 oo ol ol S8 esgase b (JLKn ol
3l SVVO-FY/ iS5, L (EPC2) ¥ ol plpls
a5 jebles ed ools o ol 03l ol 4 Wilgi oo
o oad el o3 w5l 3T (BL CulSls il ais
590 o o 1y @5 ot b le JuKws (iiS iulej]
50l Sl 4 as g b oS e ol ol slesge
odgazmo b O lodl a5 00l 43§ aml i pl ol oS
S sy 4 sl poells YAV/R-YO. 3
S5l Seze b as clils azgi 4SSl 4 b Lol Lol o
Sl LK slaw (BLII cenSs alawlyy ouls olx! (YL
5 S T ey olisS oy e @y p5ilSle cal 4 b e
Lg.....;l.f).e oéjm ul;b.a‘ 6‘2.3 1 ML)‘SA L{b‘b]ulia )i;o
“o G5 YL L Sl Qb 4 el BL Sl
OVl b il SitngsT JLSn Ll cplaly ot
YYO-YAVIO (S8 L EPCO L 7 Lol o odlS 13 00 gae
B9 03l Cownd BUI Sl a4y Wilg o 35 oelS

YAVIO-YO. w5 oogume L (EPCS) 0 ol
Gl & i A Gl Bl (S eslS
G Wy oo el el allige 1o 1) (55 ey (Sl
ol e pile S 5l o a5 00l ool s BLIL 33
Bl dalg sl cus glel b g 0l o

Ol 3o Soge il 5l eslaiwl 4 o golinl aSS SO
o2 ol g 5,0 0exg o] 4 alin sloc s Ko 5 alas
Sl @iz gleanlp il E gleosl e Slie
CaSs (il 3 sogae Ll jo Jlo pleie 4 il 0
alls Glig po G b el S LI 53) 5 SUI
b bl SO Wbl i opl J= sl ol

YAY



OhKen g 200 )5 G yb W g

e gl ladad aidl als plSaitwl il

performance characteristics, Measurement, 45,
2012, pp. 1286-1296.

[8] K. Palanikumar, Experimental investigation and
optimisation in drilling of GFRP composites,
Measurement, 44, 2011, pp. 2138-2148.

[9] Ravishankar S.R., Murthy C.R.L., “Application of
acoustic emission in drilling of composite
laminates”, NDT&E International, Vol. 33, 2000,
pp- 429-435.

[10]Everson C.E., Cheraghi S.H., “The application of
acoustic emission for precision drilling process
monitoring”, International Journal of Machine
Tools and Manufacture, Vol. 39, 1999, pp. 371-
387.

[11]Oskouei A.R., Ahmadi M., Hajikhani M.,
“Wavelet-based acoustic emission characterization
of damage mechanism in composite materials under
mode I delamination at different interface”, Express
Polymer Letters, Vol. 3, No. 12, 2009, pp. 804-813.

[12] Velayudham A, Krishnamurthy R,
Soundarapandian T., “Acoustic emission based drill
condition  monitoring  during  drilling  of
glass/phenolic polymeric composite using wavelet
packet transform”, Materials Science and
Engineering A, Vol. 412, 2005, pp. 141-145.

[13]Ni Q.Q., Iwamoto M., “Wavelet transform of
acoustic emission signals in failure of model
composites”, Engineering Fracture Mechanics, Vol.
69,2002, pp. 717-728.

[14]Loutas T.H., Kostopoulos V., Ramirez-Jimenez C.,
Pharaoh M., Damage evolution in center-holed
glass/polyester composites under quasi-static
loading using time/frequency analysis of acoustic
emission monitored waveforms”, Composites
Science and Technology, Vol. 66, 2006, pp. 1366-
1375.

[15]Bongiorno A., Capello E., Copani G., Tagliaferri V.,
“Drilled hole damage and residual fatigue behavior
of GFRP”, European Conference on Composite
Materials, Naples, Italy, 1998, pp. 525-532.

[16] Tagliaferri V., Caprino G., Diterlizzi A., “Effect of
drilling parameters on the finish and mechanical
properties of GFRP composites”, International
Journal of Machine Tools & Manufacture, Vol. 30,
No. 1, 1990, pp. 77-84.

[17]Kilickap, E. “Optimization of cutting parameters on
delamination based on Taguchi method during
drilling of GFRP composite”, Expert Systems with
Applications, Vol. 37,2010, pp.6116-6122.

[18] Soman, K. P. and K. I. Ramachandran. Insight Into
Wavelets From Theory To Practice 2Nd Ed,
Prentice-Hall Of India Pvt. Limited, 2005.

[19]Hocheng H., Tsao C.C., “Effects of special drill bits
on drilling-induced delamination of composite
materials”, International Journal of Machine Tools
& Manufacture, Vol. 46, 2006, pp. 1403—1416.

VAY

U’“"J"J suMJJJLA Sy 6L€b‘b).~al.i,o Aol ‘5.41.:4.: oosm
Eo0) « OYD) iy iy & BLI S 5 Gl

$ilS sladiges o Giolosl Ll b (sl oo (VO-7+)
o s i ol yo dsdllae o440
cod 5l Jols slo bR Jdos gl Soge Il -
Sl B plelis lp pldl o 655wy uizen
oy Yl mls Gl ol aculxe cud Job jo I8
0 Sl (EPC2) ¥ oLl cpgus 515 Gldl Al 5o (65,
L QLAJ‘ P CJ'.’.| Ml.isao (EPC6)¢ QLAJ‘ 9 (EPCH)
5 AVIVIO-YOF  NYOFYID) il 3 slmosgase

SlapilKe 4 el 4 olgioe |, 3, LS {TVO-TIY/O}
18 s BN St g BUII 353 il STt

&=l -V

[1] Singh I., N. Bhatnagar., P. Viswanath, “Drilling of
uni-directional glass fiber reinforced plastics:
Experimental and finite element study”, Materials
& Design, Vol. 29,2008, pp. 546-553.

[2] Bhatnagar N., Singh 1., Nayak D., “Damage
investigation in drilling of glass fiber reinforced
plastic composite laminates”, Materials and
Manufacturing Processes, Vol. 19, No. 6, 2004, pp.
995-1007.

[3] Davim J. P., J. C. Rubio., A.M. Abrao, “A novel
approach based on digital image analysis to
evaluate the delamination factor after drilling
composite laminates”, Composites Science and
Technology, Vol. 67,2007, pp. 1939-1945.

[4] Marec A., Thomas J. H., Guerjouma R.EI,
“Damage characterization of polymer-based
composite materials: Multivariable analysis and
wavelet transform for clustering acoustic emission
data”, Mechanical Systems and Signal Processing
Vol. 22,2008, pp. 1441-1464.

[5] Isik B., Ekici E., “Experimental investigations of
damage analysis in drilling of woven glass fiber-
reinforced plastic composites”, The International
Journal of Advanced Manufacturing Technology,
Vol. 49,2010, pp. 861-869.

[6] Velayudham A., Krishnamurthy R., “Effect of point
geometry and their influence on thrust and
delamination in drilling of polymeric composites”,
Journal of Materials Processing Technology, Vol.
185,2007, pp. 204-209.

[7] A. Krishnamoorthy, S. Rajendra Boopathy, K.
Palanikumar, J. Paulo Davim, Application of grey
fuzzy logic for the optimization of drilling
parameters for CFRP composites with multiple

10 8o Y 5,55 A FAY Situsl o3lallBsd (39 9o SBlK0 (vt



