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Effect on Springback of Fiber Metal Laminate in Hat-shaped Bendin”, X-Mech 2016,
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Fib Density Tensile Modulus  Tensile Strenght Strain to Poisson’s
iber

(g/cm?®) (GPa) (MPa) Failure (%) Ratio
Glass
E-glass 2.54 72.4 3.45 4.8 0.2
S-glass 2.49 86.9 4.30 5 0.22
PAN Carbon
T-300 1.76 231 3.65 1.4 0.2
AS-1 1.80 228 3.10 1.32
AS-4 1.80 248 4.07 1.65
T-40 1.81 290 5.65 1.8
IM-7 1.78 301 5.31 1.81
HMS-4 1.80 345 2.48 0.7
GY-70 1.96 483 1.52 0.38
Pitch Carbon
P-55 2 380 1.90 0.5
P-100 2.15 758 241 0.32
Aramid
Kevlar 49 1.45 131 3.62 2.8 0.35
Kevlar 149 1.47 179 3.45 19
Technora 1.39 70 3 4.6
Extended chain
Spectra 900 0.97 117 2.59 35
Spectra 1000 0.97 172 3 2.7
Boron 2.7 393 3.1 0.79 0.2
SiC
Monofilament 3.08 400 3.44 0.86
Nicalon 2.55 196 2.75 1.4
Al203
Nextel 610 3.9 380 3.1
Nextel 720 34 260 2.1
Al203-SiO2
Fiberfrax 2.73 103 1.03-1.72
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Metal thickness

Grade Alloy Orientation (°) Characteristics
(mm)
Arall 1 Al 7075-T6 0.3 0/0 Fatigue, strength
Fatigue, damage
Arall2 Al AA2024-T3 0.3 0/0
tolerant
Fatigue,
Arall 3 Al 7475-T761 0.3 0/0
toughness
Fatigue,
Arall 4 Al 2024-T8 0.3 0/0 elevated temp.
properties
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Grade sub Alloy Metal thickness (mm) orientation (°) Characteristics
Fatigue, strength,
Glare 1 - AAT475-T761 0.3-0.4 0/0 .
yield stress
Glare2 Glare2A  AA2024-T3 0.2-0.5 0/0 Fatigue, strength
Glare2B  AA2024-T3 0.2-0.5 90/90 Fatigue, strength
Glare 3 - AA2024-T3 0.2-0.5 0/90 Fatigue, impact
Fatigue, strength
Glare4 Glare4A  AA2024-T3 0.2-0.5 0/90/0 . N
in 0° direction
Fatigue, strength
Glare 4B AA2024-T3 0.2-0.5 90/0/90 . N
in 90° direction
Glare 5 - AA2024-T3 0.2-0.5 0/90/90/0 Impact
Shear, off-axis
Glare 6 Glare 6A  AA2024-T3 0.2-0.5 +45/-45 )
properties
Shear, off-axis
Glare 6B AA2024-T3 0.2-0.5 -45/+45

properties
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Abstract

Fiber Metal Laminates (FMLs) are one of the more applicable composite sheets that consist of
metal layers and fiber-reinforced. These layers are joint to each other with a resin bond (epoxy or
polyurethane). In the present study, the experimental and numerical investigation of springback in
hat-shaped section bending have been performed. At first, the two types of FMLs were produced
with aluminum 2024-T3 and 1050-0 sheets, unidirectional E-glass fibers and polyurethane resin
by using a hot press at 170 °C and pressure of 10 bar. The specimens produced according to the
lay-up in 0° and 90° direction of metal layers and fiber-reinforced core, then the hat-shaped channel
bending was performed. The effects of parameters such as FML lay-up, channel depth and core
thickness on springback angles in the horizontal and vertical zones were studied. In the numerical
section, by using Abaqus software, the parameters such as thickness distribution in FML and
equivalent plastic strain in AA2024-T3 layers and the springback of FML with layer of AA2024-
T3 with different lay-up were investigated. In this section, the metal layers were modeled as an
elastic-plastic material with quadratic Hill's anisotropy criteria and the core layer was assumed as
an orthotropic linear elastic material. The experimental results of FML with AA2024-T3 layer
showed that the springback of the channel is independent of metal layers direction when the fibers
are in the longitudinal orientation, while the fibers are in the transverse direction, the metal layers
orientation has not significant effect on the springback. Furthermore, the springback angles of
FML with AA1050-O layers are significantly less than that of FML with AA2024-T3 layers. By
increasing the final thickness, the vertical springback angle decreased monotonically, while the
horizontal angle increased at first and decreased finally. The comparison between numerical and
experimental observation showed a desirable agreement of FML geometry after unloading.

Keywords: Fiber Metal Laminate, Springback, Hat-shaped section, Plastic anisotropy,
Orthotropic lamina.
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