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Damage monitoring of aluminum sheet repaired with fiber metal laminate patch
by acoustic emission
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, acoustic emission monitoring of repaired aluminum 2024-T3 sheet with FML patch is
Received 29 October 2015 studied. For the experimental investigation, 12 samples were made and classified into 4 categories
Accepted 03 January 2016 according to the crack angle (zero and 45 degrees), and repaired or unrepaired state. To reduce
Available Online 25 January 2016 . . . . . .
manufacturing errors, composite prepreg is used for producing patches, aluminum surfaces are anodized
Keywords: and curing is done in an autoclave. In fatigue crack initiation process, using Acoustic Emission data
Acoustic emission acquisition crack initiation moment is detected. Onset of delamination, delamination advancement and
Delamination monitoring critical delamination growth rate are identified using Acoustic Emission signal cumulative energy

FML patch

parameter. SEM image and investigation of failure surface are used for detecting failure mechanism. By
Signal frequency analysis

introducing one frequency analysis method we tried to classify frequency range of failure mechanism
signals. Because of frequency range intersection of matrix cracking, fiber/matrix separation and
delamination of patch from aluminum sheet, force-displacement curve is divided to 3 zones and
frequency analysis is done in each zone where probability of certain failure mechanism is higher than
the others. Aluminum plastic deformation and crack growth occur in a same frequency range 440-480
kHz while, delamination happens in 100-150 kHz and 200-220 kHz frequency ranges.

s 3 e [1] el gllae o2aS i s YU Caslie o Jle  Sos donio -1
oo Zeadlas 51 B 00,8 plmil ()T (55 » sleygd laemyil wlioile el laalog 3l eslitul cogire slaoile 5 Slakad b3l sla s, 3 S
5] Galie laalog sl p Joie lacawl 51 (S0 0gd Jol> plaebl sl @liion . ail oo B 33 laYous slaalog daalog gl 5 S

asle il Ojae jo SN dlaYas sledlog ail o o3l Plez G ey 55 ool a5 sl ooy ylid Lo 5 £45 ol (59, 2 00

Please cite this article using: “awlod okl Jud ©yle 5l Ao (ol 4 gl ) gl

M. Ahmadi Najafabadi, H. Hossini Toudeshky, M. Sedighi, Damage monitoring of aluminum sheet repaired with fiber metal laminate patch by acoustic emission, Modares
Mechanical Engineering, Vol. 16, No. 2, pp. 1-9, 2016 (in Persian)



UlSed 9 5L Tixs (s3wal (5 30

Mol hia.wu,ST L LI 38 glasVais alog b o..\u)[a.l.o).) uo,m,JT B9 Rhd pisb

Sl Slesle 5 el SeisST gloools o ably Wo)S xw
amio | QUG slaY sz dloy Giolar b 4 Gaios (nl 5o
G0y 3 el bl haly 0sdpe aislon S sesiiesl]
Sl 283 oz 5l) g, cnl Sl 4 425 b opnal SeigST
ol o0 a3l diges 12 Legaze ol 48,5 & 90 ()] g T
ey Sl g (425045 5 4io) S5 aly 4 a2 b wtes 4 & ladiges
8 gyl Oy50 diges 3 atws s (gl il 00l S 00id g o0l
Joloee 0 plogil ¢ 20amelS azel g 5l ¥ sl eolaiul b ol a8 5
baiges (ooled ln Oy Ll o DSl 0 S5y g See)S w!
(70 @S 5,0 b ogd o5 beaiges Sl slas Cunl ol (an
5 Sl Djygods SwSh pob (o) p (2l o loges alex
b ololid CuSh Glap il (9 SUl DS Sie pglal cvalive L
e L) el ond xes episl SetnsST glmosls udos b yuopes
ool dloy hiz Gilike caSs cloppilse 5 zlsel (slo el
Sz gloel o8 9 63 Egerme w55l abex Sl Elsel sloyial )y 1008
S B b glsel (oS8 Jelos el i8S 18 eolanl 950 Jlo
Sl 0ad rn Jdod (pl b cl A pdy D90 O A9 L g )
Sg 00451 Gty gl > lise lap e gl Zlgel (dlS )3 00g00ks

09031 9 diged (S 3lw odkl -2
Sgo > g Oyl -1-2
Jlasl Lyl g alog obul oS 5 Jsb 031l ulul 5 cigns cbls g >yl
3 55 Canndye igad olal 303 plosl [11] 5 Jailinl (5,5 54, L g 50
ol 00 o0l ialed 1 IS o piael SitwsST sl )5 s oo
oy Aigad B g 00l e S 0S5 Aiges B Jolds conds aisl diged 12
Cond 423 5o aysly b S5 Ghlo iged aw 4503 6 jo 500l 0 00
ol 4045 gls L S5 6l ls digel dw g diges (o, @

oz 3 el wised 5 alog o eslinul 3j5e sesteesll )5
Az b Oygod dlog j0 colaul 850 (Z0jemelS Y Lall 0 2024-T3
Sl igeals ¥ SUlcwl ooy Sgee gz 90 SUITL atzel 2
Sl ol 3y 9 20 50 ez o o LTl 5 5l 5 aded iz
(1 Jgoz) wib o

50 2024-T3 pongll 5,9 SO 5l ankad 12 lo! ladiges <l (sl
Bgod Jawg 4o lal cadgl S5 olul gl cunl oads oolo o 0,68 Cx
Ol ply oSws 5 oolatwl b e g 0l 00y IMM a8 @y #lygu S
el 030,5 oloul 1 S b pollae 10MM Jgbo 4y Lo S0

5 gl anld 5l eolaul L ladiges slp pdaw (Solal Lt ol 5 am
plogl anld o cal a8 5 O yg0 Siw,S dul Jolowe 4o plogl aslsl o
opl 00,8 oo ol poriagll mhaw (59, LIOUM Culbes 4 ST 4Y S
ploiul ams )5 098 0 (oled gl (il g gl ol oy Sl ol
5 g Ly G ppnizast] & pjoealS’ Ll

L oot sladiges b Sei p0 S obel lp gan al>pe s
1.3 — Cglie sgpm Jloel b (S b ol a0l )3 Sis
O 90 el 00585 Jleel S 1500 slows 9 5HZ 5,8 L 13kN

1- I-Glass

2 o)lasis 16 093 1395 Sl )l (3o SBle wadie

Lol ol OBl g Wsdi i SOy yass o il SUI L slaalog
[2] s )l o9y o o (ool

oy Siwd 3, Shae (59,0 i oo 15U [3] oo 5 (sinc
(ony les asm wisly lis g ol S8 ey 0,90 |, SBLIVHS Gl wis
.Q)L\.; Gi"‘“})l" 1) 64.1.«05 Q)S.LQ.C).? (e o ).ul.s
ooliiwl o 5l o o5 glgl ol slp 55565 Glades o a5 cul
[4] o500

& slap il (pdual SitwgST (o9, b [5] o e 5 5091
SiS (Ggy Lo ewSgllaiid i 5l o laslisl sladige o |,
s 30,5 03laual (531 (ganaind by, o ol sliz LT sla b,
aS zlool atws (pl sl plas o wilS 8 eogusme a8 biaud 5l eolaiul b
Qols lid paimed \Aidges adtive i ol 03l SO L bl
Bl canSls g milS o0game (eSS wple (S0, S5 aS
.43)1.5 ‘) Gw..lfjs 00gdZte (y il

GL/W dgad Ho 1y glaY o Golas o, 6] o) Ko 5 20,
‘5...»[5)3 009 yuns L’ HUCRTON )y I Sg0 Lg)‘».&f)b Cod c).a.w‘
L .28,S oy yp diges [0 coml o, s, wilise ol 3 slop S
(Y o Glelas o, el jo as wsls las 98 oaus 5l eolaul
as »)w.»l.:‘so 125-250 kHz ‘5..0.:[5)_9 03 9d5ws Lg‘)‘-) W‘ &M?S" C‘}A‘
(slaY o slas ol dalol o Lol el G ile (S0, S 5 L bl
5,8 o3ga5e 4y 350-450 kHz 4 250-320 kHz _.il5 )5 sogame
Pl g8y b bl walpe (l 058 o0 00538l (el StssST sl
ol BLI S g e le 5l BT olas

Ot Gl el SiagST o (Sl L3, [7] (e 5 (550
5 Swiliwl al ,JAF L cov S lais sbujemslS o ) sl
ool )|).9 )y 990 ‘) I S50 ‘Si».w?

Y 3 2024-T3 poigdl Y il [8] ol Kea 5 (gows]
SIS L cou |y (Liegh ol ,o ooliiwl oy90) ariél w5l CujemelS
el Lo mls aisls 18 addllae 0j50 CuSl 90 090 5 G Og
Qaols u,u)‘)fsoé; d.wul.O.o [6] yﬁb‘)wdl&ﬁﬁ&cd)byﬁ

Olespd Sial gy lsieds crtusl SeiwsST 5I[O] IS 5 315
alog b ool e i 2024-T6 pgagll 5,5 10 oS5 o, olulis Co>
ras b Gy Sl S sl Sapke @lp won o (Sl 0
Olg oo S k8 la g, 5l oolaiwl b aS aisd 3 a5 wio,S eolanul
903 e g 51, S 55wy sl JUuSew

59,5 oolaul s i Cap adods BLIIL alog 51 [10] o, Sen 4 55
jos 4L49 s4.1..o5 u...."..\:> » 05)15 Lg)‘..\f)l.g O o c..\.b; sdalicwe L@QT
sglal g 485 Djpo slaew)n 4 dxg b oo Sl
505 (aend adiged (o> L8, sl adhate dw 59 Sl 0gSing S
30 g Ogu oo oddline (py (S99 S has ol a4l yo wisls las
ped axl j0 Jg bl o B! paiegd] jo S5 0, Laid pgw 4l
g Bl Sl (s yile Sl Aoz 5l Sl lop 5l 5l Slacgezo
Slopsille (i (ot b oS (ool g585 poeiensl] (ol Sdly



OblEed 9 s3LTaxs (g3wal (45 ro

psbasol SaingS T Uy LI 35 5143V ks aliog b 03w mse 5 o9sises]T B9 il ik

AE sensors

=

L

Fig.2 Fatigue crack initiation test setup
S adgl S5 sl (sl 303 Glese 2SS

Fatigue crack growth

Fig. 3 crack length measurement by liquid Penetrant Testing
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E, = E, (GPa) E; (GPa) Vi, G, (GPa)

26.2 6.51 0.14 3.51
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Fig. 16 Force and cumulative AE signal energy versus displacement for
repaired specimen with 45° crack
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