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Ceramics hollow spheres filled aluminum or aluminum alloy matrix syntactic foams were
investigated in my PhD work. These materials can be used in wide range of field: parts
of aerial or automotive transport equipment, packing or wrap material. Due to the long
way mechanical energy absorption they can be used as crashing zone parts or protective
cover of cars.
In the point of view of the potential applications it is important to know the
fatigue and the compressive properties of these materials. Therefore, the main goals of
my PhD work were to perform and evaluate the fatigue tests of the ceramics hollow
spheres filled aluminum or aluminum alloy matrix syntactic foams. Cylindrical specimens
were used and the loading was sinusoid compression. For the evaluation of the
measured data Weibull analysis was used due to the stochastic behavior of the tests.
Based on the results, it can be concluded that the matrix material has a main role in the
fatigue properties, the softer matrix resulted larger cycles number at a given load level.
The difference of the cycle number at fracture was decreasing with the decreasment of
the loading level. The damage mechanism of the ceramics hollow spheres filled
aluminum or aluminum alloy matrix syntactic foams depends on the connections of the
compression strength of the matrix and the hollow spheres.
The quasi-static and the high strain rate compression of the investigated
ceramics hollow spheres filled aluminum or aluminum alloy matrix syntactic foams was
the other main test series in my PhD work. The high strain rate tests were performed
with Split Hopkinson pressure bar. During the tests, high speed camera was used to
observe the sample. The results are highly important to the further application of these
foam materials at crashing zones. Based on the results, it can be concluded that the
material and the heat treatment of the matrix and the rate of the strain has a main role
in the compression properties. Due to the dynamical compression, the damage
mechanism of the investigated ceramics hollow spheres filled aluminum or aluminum
alloy matrix syntactic foams was significantly different from the quasi-static state’s.
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1th Thesis [4] [5] [7] [9] [13]
According to the performed fatigue tests (compressive sinusoid loading, f = 10Hz, R = 0.1,
D = 8.5 mm, H/D = 1.5), it was concluded that the typical increasing of the deformation
was at 2 % of the engineering strain, which is the damage limit of the materials as well.
Based on this, it can be stated that the ε = 2 % engineering strain can be used as a failure
criterion to ceramics hollow spheres filled metal matrix syntactic foams.

2nd Thesis [4] [5] [7] [9] [13]
Fatigue tests on ceramics hollow spheres filled Al99.5 and AlSi12 matrix material
syntactic foams by sinusoid compressive load (f=10Hz, R=0.1, D = 8.5 mm, H/D = 1.5)
were completed. According to the statistical evaluation of the large number of samples
which were tested, the SD-N relationships of these materials were created, which can be
written by the following equations:
𝑆𝐴𝑙99.5−𝐺𝐶 = 43.1 (𝑀𝑃𝑎) − 1.48 ∙ 𝑙𝑔𝑁𝐷 in the case of Al99.5-GC
and
𝑆𝐴𝑙𝑆𝑖12−𝐺𝐶 = 87.3 (𝑀𝑃𝑎) − 3.33 ∙ 𝑙𝑔𝑁𝐷 in the case of AlSi12-GC type syntactic foam.
The statistically evaluated stress value for for 2∙106 cycles are 34.1 MPa in the case of
Al99.5-GC and 66.8 MPa in the case of AlSi12-GC type syntactic foam.

3rd Thesis [5] [6] [7] [9] [13]
According to the microscopic investigations of the Al99.5 and AlSi12 matrix - ~64 vf%
Globocer (GC) type syntactic foams (D = 8.5 mm, H/D = 1.5) after cyclic loading, it can be
concluded the soft, unalloyed matrix (Al99.5) deformed plastically before the crush of
the hollow spheres that resulted in a shear band inclined ~45° to the direction of the
compressive load. In the case of harder, Si alloyed matrix material the hollow spheres
fractured before the deformation of the matrix material that resulted in cone-like shear
bands and a lenticular in shape damage zone. Far from the damage zone the foam
structure was remained unharmed.

3

4thThesis [3] [6] [8]
According to the results of the performed high strain rate tests on Al99.5-O, AlSi12-O,
AlMgSi1-O, AlCu5-O, AlMgSi1-T6 and AlCu5-T6 ceramics hollow spheres filled metal
matrix syntactic foams (D = 12.7 mm, H/D = 1), it can be concluded that the absorbed
energy at 933 s-1 strain rate (up to ε = 2.5 %) is twice, at 2629 s-1 strain rate (up to
ε = 8.1 %) is three times as large as in the case of the quasi-static compression. The main
reason of the increase in the measured value was caused by the loaded volume of
material, which size was increased due to the dynamic load. The increase of the strength
of the matrix materials also increases the amount of the absorbed energy, therefore the
AlCu5-T6 ceramics hollow spheres filled metal matrix syntactic foams reached the
highest value of that.

5th Thesis [3] [6] [8]
The dynamic compression to the Al99.5-O, AlSi12-O, AlMgSi1-O, AlCu5-O, AlMgSi1-T6
and AlCu5-T6 ceramics hollow spheres filled metal matrix syntactic foams (D = 12.7 mm,
H/D = 1) caused structural damages in the whole specimen volume in contrast to the
quasi-static state, where the damage was local. At the beginning of the deformation, the
hollow spheres cracked parallel to the direction of the load and the matrix materials
cracked as well between the cells. At the latter stage of the deformation the cracked
hollow spheres fell into pieces and the matrix material moved into the cells. The shock
wave due to dynamic load was standing in the background of these phenomenon, which
affected the whole volume of the specimen.
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