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EXPERIMENTAL AND FINITE ELEMENT METHODS
IN DETERMINING THE FLEXURAL PROPERTIES
OF FIBRE METAL LAMINATE COMPOSITES

The study consisting of two stages is carried out to better interpret the damage
processes occurring in fibre metal laminate (FML) composite samples. At the first
stage, a three-dimensional geometric-data-based model of FML composites is cre-
ated using the finite element method and used to predict the flexural strength
properties according to the ASTM D3039M standard. At the second stage, 7075-
T6 Al matrix FML composite samples with 0.0% epoxy, 0.2% graphene, 0.2%
Si0,, and 0.2% clay nanoparticles’ addition are prepared in the laboratory envi-
ronment in line with the numerical model, and their flexural strength properties
are examined. As a result of the experiments, it is observed that the addition of
0.2% SiO, nanoparticles improves the flexural strength properties of 7075-T6 Al
matrix FML composite samples by 50.2% in comparison with such properties of
composites prepared with epoxy resin. This value is the highest bending-strength
value among sample groups with the same ratio. As a result of the studies, it is
observed that there is a 5% difference between the flexural-test results for the
FML composite samples made according to the ASTM D3039M standard and the
simulation results made within the ANSYS program.
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1. Introduction
1.1. Development, Advantages, and Properties of FML Composites

Rapidly developing technologies in engineering applications and everyday
life always require new materials to meet the growing needs of the indus-
try. Especially in the industry, materials with high strength, long life,
cheap, light, environmentally friendly and high mechanical properties are
required [1, 2]. Composites have recently come to the fore as the main
group of materials that can meet these requirements [3]. Composites are a
group of materials resulting from the combination of two or more mate-
rials with different properties at the macro level using different physical
methods for a specific purpose [1-4].

After the Second World War, composite materials were increasingly
used, especially in the aviation industry, thanks to their high corrosion
and fatigue resistance and high strength [2, 5]. However, the low-impact
behaviour of composite materials has led to the development of hybrid
FML composites with high-impact behaviour [3, 6]. Hybrid FML compos-
ites are a type of material that combines the advantages of both metal and
fibre-reinforced polymer composites [5—7]. It consists of alternating metal
and fibre-reinforced polymer layers forming a layered structure with in-
creased mechanical properties (Fig. 1) [8]. Metal layers provide high
strength and stiffness, while fibre-reinforced polymer layers increase the
fatigue resistance, impact resistance and damage tolerance of the compos-
ite. By combining these two materials, the hybrid FML composite can ex-
hibit superior mechanical performance compared to conventional metal or
polymer composites alone [9, 10].

In 1980, the development of ARALL (Aramid Reinforced Aluminium
Laminates) composites began by the National Aerospace Laboratory and
Delft University of Technology, the Netherlands [11]. Later, CARALL
(Carbon Reinforced Aluminium Laminates), and GLARE (Glass Reinforced
Aluminium Laminates) composites were developed to improve the mecha-
nical properties of FMLs [11, 12]. Apart from these, the use of different
materials such as magnesium instead of aluminium in FMLs was also
tried, but the desired impact, fatigue and static properties could not be
obtained [13, 14].

The fibres in FML composite structures have high fatigue resistance
because they restrict the propagation of a crack that may start anywhere
in the composite and act as a bridge [15, 16]. At the same time, FML com-
posites are used as structural materials with high strength, thanks to
monolithic metal sheets with high load-bearing strength and fibres with
high strength and hardness [15, 17]. FML composites have excellent mois-
ture and corrosion resistance, and degradation of FMLs because of envi-
ronmental conditions is significantly lower compared to metallic struc-
tures or composite structures [15].
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The use of different amounts of nanoparticles as reinforcement mate-
rials in composites to improve the bending properties of hybrid FML struc-
tures and increase the adhesive adhesion between sheets has been reported
in the literature in different studies [21-24].

In Ref. [25], authors examined the effects of clay nanoparticle addi-
tions at different rates on the flexural properties of 2024-T3 Al matrix
hybrid FML composites. As a result of the experiments, the positive ef-
fects of clay nanoparticles on the bending properties of composite samples
were determined.

The effects of 0.0, 0.1, 0.25, and 0.5% GNP additions on the flexural
properties of the 2024-T3 Al matrix hybrid FML composite were studied
in Ref. [26]. As a result of the experiments, it was determined that the
addition of 0.1% GNP significantly improved the flexural strength and
modulus of the samples compared to the other composites tested.

Authors of Ref. [27] examined the mechanical properties of GLARE com-
posites prepared following the 2/1 stacking order, reinforced with nanopar-
ticles such as SiO,, Al,O,, aluminium, copper and titanium oxide at 1 wt.%.
As a result, they observed that composite samples with SiO, nanoparticles
added maximum improvements in flexural strength and flexural stiffness,
approximately 15% and 36.9% , compared to other GLARE sample groups.

At the same time, the flexural strength of FML composites may be
affected by factors such as metal surface treatment [28]. Various proces-
sing methods have been proposed in the literature to improve the adhesive
bond between the composite layer and the metal surface of FMLs [29].
These methods include mechanical, chemical, electrochemical, coupling
agents and dry surface treatments [30, 31].

Newaz [32] examined the impact behaviour of carbon fibre-reinforced
Al sheet composites using experimental and finite element analysis. In
their study, they determined that polyester resin reinforcement reduced
the delamination area caused by crack formation at the interface of alu-
minium sheets and fibre by 45-50%.

Many experimental and theoretical studies have been carried out. The
force—displacement behaviour of two different composite materials was
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compared experimentally and numerically using the ANSYS finite element
method. As a result of these studies, the numerical solution and the ex-
perimental solution gave similar results [33].

Finite element models can provide a cost-effective and time-efficient
alternative to laboratory testing to understand the damage process of FML
composites [34, 35]. With the recent development of technology, the me-
chanical properties of FML composites are examined by creating three-
dimensional mathematical models instead of laboratory tests [35, 36]. Es-
pecially in the ANSYS program, FML composites are designed with a
practical production method based on the principle of overlapping layers
created according to three-dimensional geometric data [36, 37]. In these
composite materials, finite element analysis, which is a more effective
method than traditional testing methods [37], is used in solving the ba-
lance, motion and deformation problems of physical solids [38, 39]. This
method is based on continuum mechanics theories [40].

The literature review and analysis show that many theoretical and
experimental studies on composite materials have been frequently pub-
lished in articles by researchers in recent years. In our study, flexural
tests of hybrid FML composite materials were performed according to
ASTM D7264 standards. For the data obtained, the real-world behaviours
of ANSYS program components and subsystems were simulated using the
finite element method, and realistic results were obtained.

1.2. Damage Mechanism Caused by Flexural in FML Composites

Four different damage modes occur in FML composite materials. These are
matrix mode, delamination mode, fibre mode and penetration. Identifying
such modes does not only provide information about flexural [41, 42]. It
also allows us to obtain information about the permanent strength of the
material. Figure 2 shows the damage types after the flexural test.

Matrix Damages. Matrix damage is the first damage that occurs in
the material during dynamic and static loading. Matrix damages; It occurs
in the form of matrix fracture or breaking of the interfacial bond of the
matrix. In FML composites made of unidirectional fibres, matrix damage
occurs in the direction of the fibre [43]. Matrix cracks are less common in
thermoplastic materials. Thermoplastic resins change shape more than
other resins. Separation between layers is less common in thermoplastic
resins [44].

Delamination. Delamination is damage that occurs in composite mate-
rials not in the same layer but in different layers, resulting in decreased
adhesion between layers. In FML composites, bending stiffness is diffe-
rent due to different fibre orientations in the layers. Delamination occurs
due to different bending stiffness. The greater the difference in bending
stiffness between layers in FML composites, the greater the delamination.
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Fig. 2. Damage types occurring in the FML composite material after the
flexural test

As a result of the experiments, the worst fibre direction is 0°/90°. Other
factors affecting delamination are layer thickness, material properties and
stacking order [42—44]. Delamination begins with matrix fracture. De-
lamination generally occurs in the interface areas. Considering the rela-
tionship between matrix fracture and delamination for 0°/90°/0° layers
exposed to impact. The fractures, which start in the upper layers, are
stopped at the interlayer interface and continue as delamination. The fact
that these fractures are stopped at the interlayer interface and continue
as delamination is due to the different angle alignments of the fibres. Ma-
trix fractures that lead to delamination are considered critical matrix
fractures. It occurs in the form of matrix fracture due to the shear stres-
ses occurring between the layers. Flexural and shear fractures can initiate
delamination [18, 43—45].

Fibber Damages. In FML composite materials, fibre damage occurs,
matrix cracks and then delamination. The types of fibres used in compos-
ite materials are of great importance in the formation of damage. There
are features such as energy absorption of composites under static loads,
fibre breakage, and high strength. However, if the fibre with high frac-
ture strain is used with a tough resin or a knitted or stitched layer, the
composite impact resistance will be improved [15, 17, 19, 40-46].

Fibre—Matrix Interface Separation. Fibre—matrix interface separa-
tion is one of the damages seen in low-speed bending tests. Separation at
the fibre—matrix interface can reduce or eliminate load transmission from
the matrix material to the fibre during flexural. Separation at the fibre—
matrix interface generally occurs in un-impacted substrates due to flexu-
ral stresses [18, 47].

Penetration. In composite materials, penetration refers to the amount
of penetration or penetration of the impacting object on the sample. In
composite materials with the same fibre-to-volume ratios but different
sizes, the penetration area of the impacting object is generally the same
[16, 48, 49].
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2. Material Selection and Fabrication Technology
2.1. Material Selection

Since FML composites consist of metal sheets and fibre-reinforced compos-
ite material, material selection is very important. However, the properties
of these materials significantly affect the mechanical properties of com-
posites. The main load-bearing component in FMLs is fibre-reinforced
composite laminates. These laminates largely determine the hardness and
strength of FMLs. Metal matrix materials provide different contributions
to FMLs such as ductility, impact resistance and energy absorption [2].
Table 1 provides a summary of the basic materials such as matrix, fibre
and polymer used in FML composites from relevant literature.

As a result of the literature review, it was seen that aluminium sheets
are the most frequently used metallic material in FML composites due to
their high impact resistance and superior ductility.

2.2, Fabrication Technology

To use metal matrix elements and fibre-reinforced laminates at full capac-
ity in the production of FML composites, appropriate shaping and curing
stages are needed [60, 61]. FMLs are produced using traditional composite
techniques. The most common process used to produce FMLs is the auto-
clave process [62]. Autoclave curing is the most widely used method to
produce high-quality laminates in the aerospace industry. Although the
autoclave method is generally used in the production of large-size compos-
ite materials, it is a production method used to obtain minimum porosity
and high product quality [52-63]. It is also another production resin
transfer moulding method commonly used in the production of FML com-
posites. The resin infusion process is a dynamic resin flow process that

Table 1. Literature data on the typical materials used in FML composites

Ref. Composite Matrix material Fibre Reinforced

[50] |FML 2024-T3 Al Carbon-reinforced fibre/Epoxy

[61] |FML 2024-T3 Al Carbon-reinforced fibre/Epoxy

[62] |FML 2024-0 Al Glass fibre reinforced/Polypropylene

[63] |FML 1050 Al Glass fibre reinforced/Epoxy

[564] |FML 2024-T3 Al Glass fibre reinforced/Epoxy

[65] |FML AISI 304L stainless steel | Carbon fibre reinforced /Epoxy Glass

fibre reinforced/Epoxy

[66] |FML 7075-T6 Al Carbon fibre reinforced/Epoxy

[67] |FML Ti—-6Al-4V Carbon fibre reinforced/Epoxy

[58] |ARALL 6061-T6 Al Aramid fibre reinforced/Epoxy
7075-T6 Al

[569] |[CARALL 5052-H32 Al Carbon fibre reinforced/Epoxy
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Fig. 3. Production stages of FML composites [59-65]

wets the preform at the bottom of the mild with negative pressure ab-
sorbed from the exit of the mild [57-64].

The hot press composite material production method is a fast and
practical alternative to other methods. In this method, usually, a ram is
mobile and can apply load on a fixed subplate. Heating elements, if pres-
ent, heat the interior of the atmosphere cabin to the set temperature val-
ues. If there is no atmosphere cabin, the resistances in the lower and upper
ram heat the composite material pressed between them through heat con-
duction. In hot pressing systems with an atmosphere cabin, porosity re-
moval by vacuum effect with the help of a vacuum pump positively affects
the quality of the final part [64].

The total production of FML composites includes the important steps
given in Fig. 3 [59-65].

3. Materials and Methods
3.1. Materials

In the theoretical part of the article, the 3D model of FML composites was
simulated in the ANSYS program using the finite element method (Fig. 4).
The properties of the materials used in the FMLs modelled by the finite
element method are compatible with the properties in the real world.

In the experimental part, 1 mm thick 7075-T6 Al sheets were used as
matrix material, 0.5 mm thick unidirectional carbon fibre fabric with
300 g/m? fibre density and MGS L326 coded epoxy resin were used as fi-

370 ISSN 1608-1021. Prog. Phys. Met., 2024, Vol. 25, No. 2



Experimental and Finite Element Methods in Determining the Flexural Properties

Unidirectional Carbon
Fiber Cloth

Fig. 5. Scanning electron microscope image of clay (a), graphene (b), and SiO, (c) na-
noparticles [65]

bres to prepare FML composite samples. At the same time, 15 nm thick
clay, 3 nm thick graphene, and 18 nm thick SiO, nanoparticles were used
as reinforcement phases in FML composite samples. SEM images of
nanoparticles are given in Fig. 5 [65].

3.2. Methods
3.2.1. Theoretical Method

We created the mathematical model of the flexural testing of FML com-
posites using the ANSYS Workbench Explicit Dynamics software package
according to the ASTM D3039M-17 standard (Fig. 6). This software is
based on finite element analysis (FEA). All materials for samples were
chosen from the software library.
Composite sample dimensions were taken Table 2. Dimensions of the
following the ASTM D7264 standard. Details composite sample mm [66]
of the required dimensions are given in Table
2 with the corresponding parameters [66].
Compound Examples. The designed sam- |Length 55
ple is a composite material consisting of 4 Wi‘dth 10
layers of 1 mm thick 7075-T6 Al sheets and | | 11oKness 06

Parameter Value
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Fig. 6. 3D model of flexural test

Fig. 7. Meshed flexural test sample
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Fig. 8. Boundary conditions for flexural test sample

3 layers of 0.67 mm thick unidirectional carbon fibre fabric. The mechan-
ical properties of 7075-T6 Al sheet and epoxy carbon woven (395 GPa)
prepreg are given in Table 3 [66].

Supports. In each test for support, we used ‘Structural steel’ mate-
rial, with default parameters from the ANSYS library, which has been
given in Table 4 [66].
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Table 3. Properties of 7075-T6 Al sheet and epoxy carbon woven (395 GPa) prepreg [66]

Material Density, Young’s Poisson’s Shear Tensile yield
kg/m? |modulus, GPa| ratio | modulus, GPa | strength, GPa
7075-T6 Al sheet 2804 70 0.32 26.7 0.48
Epoxy carbon woven
(395 GPa) prepreg 1480 91.8 0.3 3 0.829
Table 4. Properties of structural steel [66]

Density, Young’s Poisson’s Shear Tensile yield Bulk
kg/m? modulus, GPa ratio modulus, GPa strength, GPa modulus, GPa
7850 200 0.3 70 0.2 166.7

Table 5. Technical characteristics of the sample [66]

Volume, m? Mass, kg |Scale factor value | Bodies Nodes Elements | Mesh metric

3.3x10°¢ 0.00387 1 7 48951 30800 None

Meshing. For the flexural test of FML composites, meshing was per-
formed on the generated sample as shown in Fig. 7. In this test, we have
the same meshing properties for specimens, which are shown in Table 5.
For the full (specimen and supports together) model of the three-point
bending test, there were 66143 nodes (sites) and 45623 elements [66].

Flexural Test. Two extreme support samples were fixed. On the middle
support, we applied the displacement equal to 0.17 mm and directed against the
Y-axis direction. Boundary conditions for the bending test are shown in Fig. 8.

3.2.2. Experimental Method

In the first stage of the production of FML composites, MGS-L326 epoxy
resin and MGS-H265 hardener (100: 25 ratio) were mixed homogeneously
to ensure adhesion between 7075-T6 Al sheets and carbon fibre fabrics. In
the second stage, 0.2% graphene, 0.2% clay, and 0.2% SiO, nanoparticles
were used. These nanoparticles were homogeneously mixed into the epoxy
resin using an ultrasonic homogenizer. After cutting the matrix and fibre
material into 10x10 e¢m dimensions, the FML composite samples were
stacked in the laboratory environment following the 4/3 stacking rule (Al/
CF 0°-CF 0°/Al/CF 0°-CF 0°/Al/CF 0°-CF 0°/Al). The sequence of prepa-
ration stages of 7075-T6 Al matrix hybrid FML composite samples is giv-
en in Fig. 9 [65].

The prepared samples were pressed in a hot pressing device at a tempe-
rature of 120 °C, a pressure of 98 MPa and a protective gas (He) environ-
ment for 3 hours. After 3 hours, the FML composite samples were remo-
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Fig. 9. Production processes of FML composite materials [65]
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ved from the press and cooled at room temperature for 24 hours. The cu-
ring mode of 7075-T6 Al matrix FML composite samples is given in Fig. 10.

Flexural Test. To determine the flexural strength properties of FML
composite samples, flexural tests were carried out following the ASTM
D7264 standard at a flexural speed of 1 mm/min, with a distance of
20 mm between the supports. Flexural tests were carried out in a labora-
tory environment by removing three flexural samples of 1x10 cm size
from each FML composite.

4. Results and Discussions

ANSYS Workbench Explicit Dynamics module of the ANSYS software was
used to analyse the flexural test of the composite specimen according to the
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Fig. 11. Total deformation for flexural test sample

ASTM D7264 standard. The same sample was used for test Fig. 4 with the
same parameters indicated in Tables 2—5. The process of meshing the spe-
cimen is also the same for the test, where the minimum size of the finite
element was taken equal to 0.5 mm. The analysis settings for the test are
given in Table 6 [66]. Boundary conditions for the flexural test are shown
in Fig. 8.

Flexural Test. As stated in the experimental part of the study, flexu-
ral tests were performed according to ASTM D7264 to determine the flexu-
ral strength properties of 7075-T6 Al-matrix FML composite samples. The
experiments were carried out at a flexural speed of 1 mm/min and the
distance between supports was 20 mm. As a result of the experiments, it
was determined that the stress value during delamination in composite
samples was 128.02 MPa and the displacement of the middle support was
0.17 mm. There are many experimental and theoretical studies in the lite-
rature to determine the flexural properties of FML composite samples [66,
67]. In Ref. [68], the force—displacement behaviour of two different com-
posite materials was compared experimentally and numerically with the
ANSYS finite element method. As a result of these studies, the numerical
solution and the experimental solution gave similar results.

For investigation
flexural behaviour of Table 6. Explicit dynamics — analysis settings [66]
our mathematical mod-

el Fig. 4, we take the Type Program Controlled
same displacement val- |Step controls
ue during delamination |Number of steps 1
from this experiment, Load step type Explicit time integration
which was equal to 0.17 |End _tlme 10°
mm and apply it to our Max%mum energy error 10t

L. . Maximum number of cycles 107
boundary conditions in
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Fig. 12. Equivalent stress for flexural test sample

Fig. 13. Equivalent elastic strain for flexural test sample

Fig. 8. After simulation of the bending test, we got results, which are
shown in Figs. 11-13. Figure 11 shows a simulation of total deformation
where the maximum value occurred on the ‘7075-T6 Al’ and was equal to
0.15619 mm. Figure 12 shows a simulation of equivalent stress where the
maximum value occurred on the ‘7075-T6 Al’ and was equal to 134.97 MPa.
Figure 13 shows a simulation of equivalent elastic strain where the maxi-
mum value occurred on the ‘carbon fibre cloth’ and was equal to
2.009x107° mm/mm.

Flexural tests of 7075-T6 Al matrix FML composites with epoxy resin,
0.2% clay, 0.2% graphene, and 0.2% SiO, nanoparticle filler were per-
formed at a flexural speed of 1 mm/min according to ASTM D7264 stan-
dard. The flexural strength limits of FML composites can be calculated
through the flexural tests using the formula

Opey = 8F,,, - L/2b-d”,
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Fig. 15. Microstructure images of FML composite samples after flexural test

where o, is the flexural strength value of the composite sample [MPa],
F .. is the maximum force load damaging the specimen [N], L is the dis-
tance between the supports [mm], b is the diameter of the test specimen
[mm], and d is a test specimen thickness [mm].

The flexural strength limits of FML composite samples with 7075-T6
Al matrix calculated according to the above-mentioned expression are
shown graphically in Fig. 14.

As can be seen from the graph, the flexural strength limit of 7075-T6
Al matrix FML composite samples made with epoxy resin is 128.02 MPa.
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In composite samples made with epoxy resin, the flexural strength limit is
usually due to the adhesion of the metal matrix and reinforcing fibre lay-
ers to each other due to the connections provided by the epoxy resin [69].
When 0.2% clay nanoparticles were used as a filler material in 7075-T6
Al matrix FML composites, it was observed that the flexural strength of
the samples was 187.2 MPa and compared to the composites made with
epoxy resin, nanoparticles improved the flexural strength of the samples
by 46.2% . The unique properties (i.e., small size and high surface area) of
0.2% clay nanoparticles used as filler material in 7075-T6 Al matrix FML
composites significantly increase the stiffness and flexural strength of the
composite samples by providing inter-plate adhesion. Clay nanoparticles
make the composite samples more resistant to deformation under static
load [70, 71].

When 0.2% graphene nanoparticles were used as a filler material in
7075-T6 Al matrix FML composites, the flexural strength of the samples
was of 175.53 MPa. Compared to the composite samples prepared with
epoxy resin, it was determined that the viscosity limit of composites with
graphene-nanoparticles’ filler increased by 37.11% . Nanoparticles of gra-
phene (a 2D carbon allotrope possessing a series of unique properties [72—
86]) used as a filler material in FML composite samples create a strong
interfacial connection between the matrix and fibres, improve load trans-
fer and prevent crack propagation. This leads to an increase in the tensile
and flexural strength limits of the samples [87, 88].

As can be seen from the graph in Fig. 14, when 0.2% SiO, nanopar-
ticles were used as a filler material in FML composites with 7075-T6 Al
matrix, the flexural strength of the samples was 192.3 MPa. The flexural
strength of samples with 0.2% SiO, nanoparticle filler increased by 50.2%
compared to FML composites made with epoxy resin. Authors of Ref. [89]
investigated the effects of different particles such as Al,O,, SiO,, and TiO,
on the mechanical properties of FML composites. As a result of research,
it was observed that SiO, particles significantly improved the flexural
strength limit of hybrid composite samples.

It was determined during flexural tests that when 0.2% clay, 0.2%
graphene and 0.2% SiO, nanoparticles were used as filler material in
7075-T6 Al matrix FML composites, the flexural strength of the samples
significantly improved. Thus, these nanoparticles prevent the growth of
microcracks and delamination in the composite structure [567, 87, 90]. At
the same time, nanoparticles strengthen the interfacial connection and
ensure better charge transfer between layers [59, 91, 92].

Overall, the addition of nanoparticles to FML composites can offer op-
portunities for improving strength, stiffness, toughness, fatigue resis-
tance, and interfacial bonding [92, 93]. However, careful selection and
optimization of nanoparticle characteristics and processing parameters are
necessary to achieve the desired improvements without compromising oth-
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er important mechanical properties. In this study, the positive effects of
the addition of nanoparticles on the flexural properties of FML composites
depend on these conditions [92-94].

Interface images of the damaged areas of 7075-T6 Al matrix FML
composite samples after bending tests are shown in Fig. 15. Since the ad-
hesion bond between the layers of the FML composite samples prepared
with epoxy resin was weaker, delamination between the metal sheets and
the composite layers occurs faster (Fig. 15). Since no strong adhesion bond
can be formed between sumbata paper polished 7075-T6 Al sheets and ep-
oxy resin, fibre damage is observed to a minimum, and therefore, the
amount of deformation in the sheets is small. When nanoparticles are used
as filler material in FML composites with 7075-T6 Al matrix, they have a
positive effect on inter-plate adhesion properties (Fig. 15)). In the compos-
ite samples, the difference between the amount of deformation after the
bending tests and the adhesion mechanism from the breaks in the fibres is
observed. Since FML composites have low shape-ability, various geometric
defects occur in the material during the flexural process [93, 95]. When
the experimental studies were examined, tearing, cracking, deformation
and separation from the junction area were observed in the materials dur-
ing the shaping of FML composites [93—96].

5. Conclusions

In this study, a three-dimensional geometric-data-based simulation model
of FML composites was created using the finite element method according
to the ASTM D3039M standard, and the flexural strength properties were
examined experimentally in line with the model.

It was observed that there was a 5% difference between the simulation
results made in the ANSYS program and the experimental test results per-
formed to determine the flexural strength properties of FML composite samples.

It was observed as a result of flexural experiments and microstruc-
tural analysis that the nanoparticles used in the same proportions in FMLs
improved the adhesion bond between the matrix and composite materials
and positively affected the flexural strength properties.
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HA. I'yp6anos

AszeplbaiiKaHCEKUI AepKaBHUM Ha(PTONPOMUCIOBUH yHiBEpCUTET,
Agapiir, 20,

1010 Bary, Asepbaiimxan

EKCIIEPMMEHTAJIbHUYM METO[ I METOI CKIHYEHHIIX
EJIEMEHTIB V BUBHAYEHHI BJIACTUBOCTE 3A BUTUHY
BOJIOKHUCTUX METAJIEBUX JIAMIHATHUNUX KOMIIOSUTIB

3 Mmeroro Jimmioi iHTepmperalii mpoileciB MOITKOKEeHHA, 1[0 BiZOyBalOThCSA y 3pasKax
KOMIIO3UTIB i3 BOJIOKHUCTUX MeTasjeBux Jjaminartis (BMJI) BuKoHaHO ABOeTalHe MOCJIij-
sxeHHda. Ha mepromy ertami Oysio cTBOpeHO TPUBUMIpHY Mozenb kKommosutis BMJI mHa
OCHOBi T€eOMEeTPUYHUX JaHUX 3a AOIOMOTOIO0 MEeTOAY CKiHUeHHUX eJIeMeHTiB i BUKopucra-
HO HMOT0 JJIs IPOTHO3YBaHHSA BJIACTHUBOCTEI MIiITHOCTI Ha BUTWH BiJIIOBiIHO IO CTaHAAPTY
ASTM D3039M. Ha gpyromy erami 3pasku 7075-T6 Al marpuni BMJI i3 momaBanuAM
HanouacTuHOK 0,0% emokcumuoi cmonu, 0,2% rpadeny, 0,2% SiO, i 0,2% rauau 6yno
BUT'OTOBJIEHO B Ja0OpaTOPHUX YMOBaXxX BiAMOBiHO OO YMCEJIBHOI MOJEeJNi i mOCJimKeHO
ixHi BimacTMBOCTI MilfHOCTI Ha BUTMH. ¥ pPe3yJbTaTi eKCIIEPUMEHTIB BUSABJIEHO, IO JO-
naBaHHA 0,2% nanouyactuHOk SiO, mosimmnye BiacTHBOCTI MiIHOCTI Ha BUTMH 3pasKiB
BMUJI matpurni 7075-T6 Al ma 50,2% mnopiBHAHO 3 TAKMMH BJIACTUBOCTSAMU KOMIIO3UTIB,
BUTOTOBJIEHUX 3 EMOKCHUIHOI0 cMoJioo. lle 3HAUeHHA € HAWBUINUM MHOKA3HUKOM MiIl-
HOCTi Ha BUTHH cepej I'PYH 3pPasKiB 3 OAHAKOBUM CIIiBBifHOIIIeHHAM. TaKoX BUSIBJIEHO
pisHuiro y 5% Mix pesysbraTaMmu BUNPOOYBaHL HA BUTMH KOMIIO3UTHUX 3paskis BMJI,
BUTrOTOBJIeHUX 3rigHOo 3i crammaprom ASTM D3039M, i pesyiabraTraMu MOAEJIOBAHHS,
BUKOHAHOTO B paMKax mporpamu ANSYS.

KirouoBi ciioBa: KOMIIO3UT 13 BOJIOKHUCTUX MeTaJeBUX JiaMiHaTiB, MIiIlHiCTL HA BUIHUH,
HAHOYACTUHKM, METOJ CKiHUeHHUX eJIeMEeHTiB.
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