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An experimental investigation and finite element modeling of energy absorption
in GLARE fiber metal laminates reinforced by CNTs under low velocity impact
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research, the low-velocity Charpy impact behavior of MWCNT/glass aluminum reinforced
Received 02 February 2018 laminates (GLARES) is investigated. For this purpose, GLAREs are made of three 2024-T3 aluminum
Accepted 24 April 2018

layers and 8 glass/epoxy composite laminates by hand layup method. Specimens were reinforced by
different concentrations of 0.1, 0.2, 0.3 and 0.5 wt% of MWCNT. In order to improve adhesion
properties, the anodizing method in a sulfuric acid bath is used for the preparation of the aluminum

Available Online 11 May 2018

?i’;}iﬁ‘ﬁwa surface. The Charpy impact test is implemented on unnotched specimens according to the ISO-179 test

Fiber Metal Laminate method. Also, numerical modelling of Charpy impact behavior of GLAREs is performed by finite

GLARE element method. The results showed that by adding MWCNTSs to GLARES, energy absorption increases

Carbon Nanotube in Charpy impact test. Investigation showed by adding 0.1 wt% of CNTs, absorbed energy increases

sl only 0.8% and maximum energy absorption occurs at 14.36% in 0.3 wt% of CNTs. The different modes
of fracture observed for different concentration of CNTs. Performed experiments showed plastic
deformation, delamination and local buckling of aluminum layers and breakage and pull-out of fibers
are main energy absorption mechanisms in this specimens and numerical modeling has good agreement
with experimental results.
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Table 2 Material properties for 2024-T3 Aluminum [32]

Slass dazia s dasia
0.4 n 2690 p (kg/m*)
1 £ 73.1 E (GPa)

0.13 d, 0.3 v
0.13 d, 76 A (MPa)
15 d, 210 B (MPa)
0.011 dy 0.05 c

[30] SLIL ot g Sl Sngig)| ooly> 3 Jgor
Table 3 Orthotropic properties of fiber-reinforced epoxy [30]
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Table 4 Adhesion properties of Epoxy [31]
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Fig. 5 Finite element model used in Abaqus
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Table 5 Charpy impact test results
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Fig. 9 GLARE with 0.2 wt% of CNTs
S alail o 10 0.2 L sl cy g 59 S

f'ﬁr‘g““?ﬂ*mﬁ_‘“‘yw'”—“ghjs‘—t——‘y‘ﬁ‘ﬂ
a5 ol oads (SomenF Culy o g e kel Yoo s zae ciF L
3‘}:15;;...;—4‘_)]‘.’03)]&.\.«“4';_.*4 _a.))g.ng‘}d.‘lu"-\.:-...icib.!.ﬁ
sdalie Fadgts j (S8 5 29l (Pjesls laal yo SUI (So509 0
Yoz (ol &5 Culead deb o5l Gdx clapslse (pl jeh> 0sd 0
5l g s L 395 5l ol 7ikae sladiged e |y Casglie (i
Aled Qdz oad b gla SO b dlwgan 1) (g iy

Ol}..._..u W 3 05 4 Qo 3 0.3 )'I alglyilh vo o b@.ﬂ}é! Loculy o
ol 50 85 i lap il a4 B L cl 4l el (o5l i
eileS” Bk 5l laaiged ol a5 W lg e (11 J50) laaiged 31 aus
SE s S D i 8 el Y (ST g e
a3l 55l iy el Y 90 5 ke ety Y Sgame
&l ool camlice ojlge b ojlae pl duglie o il 005 Qdz |y 0g>
2 55 eeilie a5 wo g ce sy Aelail wsys 0.3 glls wigel
o Jh ol oogy 1aS plaS o laugi sud iz 55 Blies 5 5551 i
el Bl flS 5 ends i 555 U5 e s,

U HR PP S ' o R EPRVRPUY ST R O YL S PPV Y
iS4 (Fabos axD o g T Syl casliol LY
OlFn |y 2598l &Y B o calin Stz poe (25 23] st
el alaxdle iy SujeelS aY 5,8 50 asFa

sladigal ggaze o 537l Lz lap e 5590 0 45 (5,500 €5
Jlesl 5l adiges Bzl ayqly gei o L '-?HI 4 ol e sad uﬁ;_zloj
w3 e L3 K0S LS e ead ales] sladiges 12 S5 ol 40

Fig. 10 GLARE with 0.3 wt% of CNTs
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Fig. 11 GLARE with 0.5 wt% of CNTs
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