
Absorbed energy(at failure)
üHigher for the panels laminated by 
low yield strength aluminium

üIncreases with indenter diameter

üHigher for the panels manufactured by 
thicker foam (in this investigation) due 
to densification of the foam core for the 
panels laminated with thinner cores.

Conclusion
Yield strength of the skin material and indenter size, in contrast to foam core thickness, have 
significant effect on load bearing and energy absorption capacity of the panels.
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Indentation response of metallic foams and 
sandwich panels

Why metallic foams?
v Characteristics:
üLow density
üHigh energy absorption
üLow thermal conductivity
üHigh acoustic absorption
üMechanical damping

v Applications:
üLight-weigh structures
üEnergy absorbers
üSound absorbers
üHeat exchangers
üMulti-functional structures

Aim
Develop a set of design parameters to manufacture aluminium-skinned metal 

foam sandwich panels which can resist under localised damaged.

Sample preparation

ü Cutting foam panels, Al sheets and film adhesive
ü Degreasing and Abrading of  foam core and skins
üAssembling sandwich panels
üEmploying hot press machine to cure the adhesive 

Materials characterization
vVickers hardness test

On cell walls of the foam

vTension test
Dog-bone samples(skins)

Indentation
impression

σy,solid = 96 MPa

1.  AA 3104 -H19

2.   AA 1100-O

E= 69 GPa
Thickness 0.32 mm

σy= 236 MPa

E= 68.9 GPa
Thickness 0.32 mm

σy= 34 MPa

Load bearing capacity

üHigher for the panels laminated by 
high yield strength aluminium

üIncreases with indenter diameter

üIndependent of core thickness

Crack

Crack

vPanels manufactured by low yield strength aluminium and 12mm core

Crack
D=15mm

CrackD=20mm

D=5mm
Crack

D=10mm
Crack

vPanels manufactured by high yield strength aluminium and 6mm foam 
core

vPanels manufactured by high yield strength aluminium and 12mm core
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Load vs. Indentation depth
vPanels manufactured by low yield 
strength aluminium and thinner foam core
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60% strain of the foam

Skin failure only observed in panels indented by 
15 and 20 mm indenter.
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Materials and testing
vFoam core
üClosed cell aluminium foam

(Trade name ALPORAS) 
üDensity=0.2-0.3 g/cm3

üRelative density= 7-11%
üPore size= 2.5 mm
üModulus of elasticity1= 1.1 GPa
üYield strength1= 1.4-1.6 MPa
üBending strength1= 2.5-3.1 MPa

vSkin
üThin aluminium sheets
üAA 3104- H19
ü AA1100- O
üThickness 0.32 mm

vAdhesive
üEpoxy adhesive 
film (Redux 322)

1 Alporas data sheet

vIndenters
üHemispherical, 
D5,10,12 and 20mm


