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A study for the improvement of adhesive delamination fracture
toughness on the dissimilar composite materials by using laser

patterning

Woo Yong Sim

Department of Safety Engineering, Graduate School,

Pukyong National University

Abstract

Hybrid composites generally are composed of FMLs (Fiber Metal
Laminates) and PMC (Polymer Matrix Composite) in various ways in
existing industrial sites. In particular, FMLs in which aluminum is laminated
as a metal reinforced layer are widely used. Also, GFRP and CFRP (glass
and carbon fiber reinforced plastics) are generally applied as fiber laminates.
When the molding fabrication is performed using a hot press, the bonding
toughness between the aluminum and fiber laminate interface layer is weak
and thus delamination fractures in the interface easily occur. The object of
this study is to present a simple method for strengthening the bonding
interface toughness between the aluminum metal and GFRP layer of hybrid
composites when using a hot press. The surfaces of the aluminum interface
layer are engraved with 3 Kkinds of patterns by using the laser machine

before the hot press works. And the most proper pattern type for the

- Vi -



improved Al/GFRP hybrid laminate composites is determined. The interfacial
toughness evaluation was measured by the energy release rate (G) using an
asymmetric double cantilever bending specimen. From the experimental
results, the STP (strip type) pattern was shown to have the most proper
shape in Al/GFRP hybrid composites. And this will be considered as useful

data for safety assessment of Al/GFRP hybrid composite structures.
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(a) particulate composite

(c) fiber reinforced composite

(d) flake composite

Fig. 1 Configuration of typical composite materials.
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Fig. 2 The stress distribution around a crack tip.

P y Y y
S
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Z z T Z
(a) Mode 1 (b) Mode I (c) Mode III

Fig. 3 The three types of loads at the crack.
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@ Fiber pull-out
@ Fiber bridging

@ Fiber / matrix debonding

® Fiber failure

® Matrix cracking

Fig. 5 The failure of fiber-reinforced laminated composite materials under external

tensile loads.
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Table 1 YeE ST

Table 1. Physical and mechanical properties of GFRP and Al materials™

i Fiber Wt Total Wt ~ |Elastic modulus o, Thickness
Material . .
(gr/m) (gr/m”) (GPa) (MPa) (mm)
UD-GFRP prepreg 183 276 543 1.52 0.11
Al6061 T6 - - 70 310 3.0
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Fig. 6 The curing temperature cycle.
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Laser head scanner

Fig. 8 Photo of the laser-engraving machine.
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Fig. 9 Photos of aluminum surfaces with engraved laser patterns.
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Fig. 10 A geometry of an asymmetric DCB specimen.
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Fig. 12 Pattern photograph of the aluminum surface and depth of pattern using

a laser engraving machine before fracture test.
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Fig. 13 A pattern was imprinted twice before the test.
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Fig. 14 Photo of the asymmetric Mode I test apparatus with a travelling

microscope.
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Fig. 16 The curves of the load-displacement.(continued)
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Fig. 17 Variation of the crack extension length by laser pattern type under the
ADCB test.
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Fig. 21 Pattern photograph of aluminum side before and after fracture by SEM.
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NOMENCLATURE

GFRP : Glass Fiber Reinforced Plastic
CFRP : Carbon Fiber Reinforced Plastic
DCB @ Double Cantilever Beam

ADCB: Asymmetric Double Cantilever Beam
K . Stress intensity factor

G . Energy release rate

Ge . Critical energy release rate

E * Yong’s modulus

a : Crack length

ag . Initial crack length

Aa . Crack extension length

P . Load

I - moment of inertia

C : Compliance

L . Length of ADCB specimen

hg . Thickness of GFRP of the specimen
ha . Thickness of Al of the specimen

GREEK LETTERS

0 . Stress

0 : Displacement of ADCB specimen
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[-]
[-]
[-]
[-]
[Pa - m"”]
[J/m’]
[J/m’]
[-]
[mm]
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[N]
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[mm)]

[Pal]
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