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Acoustic Emission Characteristics during Fracture Process of
Glass Fiber/Aluminum Hybrid Laminates
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Abstract Fracture behaviors and acoustic emission (AE) characteristics of single-edge-notched monolithic
aluminum plates and glass fiber/aluminum hybrid laminate plates have been investigated under tensile loads.
AE signals from monolithic aluminum could be classified into two different types: signals with low frequency
band and high frequency band. High frequency signals were detected in the post stage of loading beyond
displacement of 045 mm. For glass fiber/aluminum laminates, AE signals with high amplitude and long
duration were additionally confirmed on FFT frequency analysis, which corresponded to macro-crack
propagation and/or delamination between Al and fiber layers. On the basis of the above AE analysis and
fracture observation with optical microscopy and ultrasonic T scan, characteristic features of AE associated with
fracture processes of single-edge-notched glass fiber/aluminum laminates were elucidated according to different
fiber ply orientations.
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LHE % (Fiber Metal Laminates, ©]3} FMLs)[1-4]¢]
583 FAQeEA 4w w3 gl 9B 4R

A2 A4 BEAEY ¢Fulwe @8-S 3 Tl 1980WT] ZWLEE A slele] wHEslE
A8}l o] FHE U HE 25 F 2 WestEs e 3dFe 95 EJ_—,OI] -3

(Hed: 2005. 3. 11, &89 2005 4. 15) * HAIZIR AFZSATAH, = FFNER AYRFIFTER,
T Corresponding author: Division of Mechanical and Information Management Engineering, Hanyang University,
Ansan 426-791 (E-mail : nschoi@hanyang.ac.kr)



Bl @Abels| 2] A} 25 @ A 4§ (2005 8Y) 275

N

heel, Zatagela 71Ee

44t ot > o
ML oo 12 2
it

o
N
-

N
—_
L
i
i @

71RE HE FEAR wAA - AN ey
= NS O oS #ste A FMLs
o] J84 o Fasioh

4, 230E (acoustic emission, AE)#-& T2
&0l YFeF 3t FxE W9 A 79
AgWge] YT o WEHE SAvolH, o)y
¢ EUE Azidd BAF pRANE HEe)
o 1 548 24 Wiigead As Wi e
Aol WEANEHE dAAToR gHAsHe HIny
b YR BYA TREOY Ag4e B
ArAtEe) o3 dAwolh AEYS o] &8 1
TAEFAE BT FEEFAR AESA B
Me AEs] we A7B-107t sl grony

St (delamination), 4534 (fiber breakage)

ol LT F LAWY, FRA)FET HHEA}

= A=
Fradadsae] AESAE stgolgd e %o
X2 FRvlEe 2R de vusigt 2y

(parametric analysis)®} A 7z}
1112]3} Fab 2A[13)4

1o
ok
o2 J
PL
ls
patk
s
Hoo
Ho
X

FMLse] AES A4S Hr} a5

HallAe olg FAEh:

2 FMLs9} 77t olFo|xor & Aojth. AXE
& ARFAF145] A5E AT 44
Bue w4 B9
7 ARste] QA BS ANSIL A AT

9 Foeslae Satel ABSAT s
.-

= At =

5052)%, GFRP, GFMLs B& A3 tisixe 2l
FEAES Wkt 15 =AE e Ag9d o
Me SHFHAFS A AEZA Ful
e Hrsien #EAT 3 guds Fupa
2 gk gatEe g #3s) SEME o4ty #
A/ dFE £ Asde B3y 24 wAY
& EE Bk A6

3 A3 (glass fiber/aluminum hybrid
laminates, ©]3} GFMLs)%] 3o wj& 2k
o}a17] glate] el Algte] AES4E

A setel Aad WPl Be GPMLse] AES
AL ARsl A ws Felo) wWikfast Fourjer
transform)o] 2| 9§ 3 Fokga)a] Tl s
5 - st vk e ol A 9 A

of e HT ARNS sl ARARL s

Pl
4|
i
i

rJ
i
QL
H
R
Bo o2
L
3
[
=
i)
e
=2

o

o=
oo ot
0_>L rJ
> g

N
>
ok

21 AMEH" ME

Adhesive film
(Bondex 206, 0.2mm})

Al 5052 plate(0.5mm)

Glass epoxy prep
(8 plies, imm)

AI'5052 plate(0.5mm)

Fig. 1 llustration of composition  of
fiber/aluminum hybrid laminate

a glass



276 3%,

2 Ao AMEE GFMLs2 F7)71 05 mmQl &
A gFHE A (A5 FA7F 0125 mmel
gurer fFldR/dEA ZEzda (UGN 150,
SK Chemical)E Fig. 13} 7o) 2:1¢] 748z A%
st AfEY AZuTde BE AFAY olF,
A3 a8ln F7E Table 10] vehdth 7]
A, 00 e AR7E AEH ZoPigroz uigks o
RS AT AFES AR Alde HEEE
Eol7]l $J3le] AIEWSE <U4HAE  (phosphoric
acid anodizing, ©}3} PAAYSH T HEFA FHZFH
AlZ Apold] BZAE (Bondex 206 adhesive, 3
gloluh) g A TE o9k Zol fEldf prepreg
9} Al hand lay-up WHOE HZEdo SEZ
o YelH AzAS] 2A BsAbole] w1
F(vacuum bag)H o AP oI5 AlH
Hite] AEEA ®mE 3 @Y Al #RE I
24 mm, %7 0.5 mm, A°]A Zo] 100 mme| <!
A QAL Fig. 29} & oz AR E
= X(single-edge-notched) &
71 $18) A& thololE= &
HASBHAM V)=
w=Xgo=m 7}

mﬁN}ir#Qi-l

TEE

03 mm)E A=

QD olF, A AHY ANEd =9gA
ke HEd(thin sharp razor blade)& ¢} &3}o] x=
X A9RE AP HEJh
Table 1 Various GFMLs, their stacking sequences
and thickness
Specimen , )
Designation Stacking sequence Thickness (mm)
GFML-UD [A0°W/Al 26
GFML-CP [A0°2/90°4/0°/Al) 2.3
GFML-90 [AI/Q0°/A] 26

22 AMlgHy Mus: &Y

Fig. 2¢) A1 AM2 AlojoA] Wb
slef eielA wAs:
AAS}7) ekl BT AN 2DL A
o] Al ¥ GFMLs9] A|¥d¥ Fgdz Auscs
A& Fue SAol Hlsd 2749 AE A
(Micro 30, Dunegan Co.) S1, 28 A89H9 &=

It %
m'

[o]
-

Az AEFHT ol

=
Z=

Fdd  YAAYD=200mm)E Fo] S10ZRH
50 mm, S22 5E 150 mme-E "old XA A
BAe FEAA &9 (AE source)S LA F,
o) Az E RFP ANE AFIAAT ] UEE
ZZ7|(Gain: 40 dB)E FEAZ F fAE 4=
23 Z(LeCroy)E o]&3te] A7} 5 Aol 4

|

7 guded Aot 2eARY A8 7L
B4 s gAERE A 440 AdAE AR
ol 2 A9W R0 0 AGEES 24
ARAT 208 BEHGG o] ANES BA A
A7 At FHel we £5g A =HA
AMe ZEe Tu WIS ol A9¥Y 3
g AgAZ g ¢lde] glernE, dd4y
H(pencil lead break)® 722 U1 e TS A

235t BWF ARET A 2359t Fig 3904
APH HE AZg wgAEse A5y A
&5l AAANFHL st A& BAAFES A
Jendth dwdoz gusEe AR BAAS
} 245 AXA Hed AFE FHE @9As

N

o el AREEE wAY o Fig 39 A=
= ougARcy 898 dRsEs B9E Ao
= pwag,

ZLX

E l 126
Tab H sensor 1 @ sensor 2

200

Fig. 2 Schematic of single—edge-notched specimen
and AE sensor locations

@®
o

3500 T .
o 3000 § ~e—wave velocity [70 =~
2 —0— elastic modulus 6‘1
@ 60
€ 25004 ] Q
2 2000 ° %8
g { La0 3
o 1500 \Q\\ 3
> i\\g 30 £
2 10004 I
© 20 &
£ 500 10 ',E

[ r r T T 0
Al GFML-UD  GFML-CP  GFML-90
Specimen designation
Fig. 3 Measured wave velocity and elastic modulus

of Al and GFMLs specimens



Al 5k3) A e 2] A

2 A A4 Z

(20053 89Y) 277

.0+
00 02 04 06 08 10 12 14 16
Displacement (mm)

Fso
60
L 40
20

Event rate (/3sec)

0

Fig. 4 Load-displacement, AE event-rate and crack growth photographs corresponding to each load

level for a SEN monolithic aluminum specimen.

deformation zone around the crack tip.
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