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Abstract
The cyclic deformation behavior of two metal-matrix composites, namely aluminum-based composites
reinforced with a steel wire and aluminum-based composites reinforced with an aluminum alloy 3030
wire, was investigated at room temperature for wind blades support. All materials were synthesized by
sand casting and subjected to mechanical surface treatment by ball burnishing. High cycle fatigue was
observed under reversed bending loading at 50 Hz. The composites reinforced with volume fraction (28%
and 34%) of the wire shows excellent fatigue life and endurance limit under stress-controlled conditions.
Moreover, the tensile and microstructural properties of these materials were examined. The alloyed
aluminum-matrix-steel-wire-reinforced composite showed higher fatigue behavior than the wire reinforced
using ball burnishing of as-cast alloys.

Introduction
Aluminum metal matrix composites have higher speci�c strength and stiffness and excellent wear
behavior, compared to aluminum alloys. luminum composites spasmodically forti�ed with material
particulates have a mix of high speci�c strength and stiffness and low density. Achieving these properties
were milestones toward using particulate-reinforced metal matrix composites (MMCs) in many
applications due to their lower weight and greater stiffness. Many applications in manufacturing are
based on cyclic loading during service, which causes fatigue degradation of the materials. In modern
�elds, Fatigue progress and behavior properties are basic factors in the plan of design parts. The cyclic
deformation of MMCs is intricate and is emphatically in�uenced by many elements. These components
include: (1) the matrix properties (e.g., chemical composition, structure, and heat treatment); (2)
particulate-reinforcement phase properties (e.g., related to size, volume fraction, and bonding in the
matrix); (3) test parameters (e.g., strain or stress control, type and frequency of loading, and temperature)
and (4) processing routes [1–8]. Crack initiation in MMCs, is critically for fatigue life. Fatigue cracks start
in unreinforced materials and are associated with slip band intrusions and extrusions on free surfaces
[9–12]. The MMCs shows good fatigue at room temperature and endurance stress (related to their
matrices) without being reinforced when exposed to HCF. More enhanced fatigue endurance of Al-MMCs
than of aluminum only in fatigue and related to an increase in fatigue strength. Moreover, the stress
controlled fatigue lives of Al-based MMCs have been reversible relation to particle size, and increased
volume fraction within 0.7, and increased matrix tensile strength for a given stress level [13–14]. On the
other hand, MMCs exhibit poorer low cycle fatigue (LCF) resistance compared to unreinforced metals
under strain-controlled conditions. Low cycle fatigue life is related to low ductility of the composites with
the result of ceramic reinforcements [15–17]. The materials used to reinforce Al alloys include carbides
(e.g., SiC and TiC), zirconium boride (ZrB2), titanium diboride (TiB2), and oxides (Al2O3 and SiO2). Such
reinforced Al alloys are particularly attractive because they exhibit high elastic modulus and hardness,
good thermal stability, easy installation, and can be given directional control [18]. Reserachers shows two
approaches by which to incorporate elements into Al-based alloys. The �rst approach involves wire
reinforcing phases directly impeded within the matrix [19–20]. In this process, wire positions are formed
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in �asks and then by casting Al-based alloys over the wire �xed during the casting process. A number of
composites shows cleaner distribution of particle-matrix interfaces, so yielding strong interfacial surface-
matrix bonding. These, �ne with combined and uniform distribution of the wire within the matrices,
means that the mechanical strength of such composites is enhanced considerably. The second approach
involves the introduction of wire reinforcements into the matrices via ingot casting. The wire is
synthesized separately or prior to composite fabrication.

Experimental Methods
An aluminum alloy and low-carbon-steel wire, 1 mm in diameter placed vertically within an alloy, and steel
wires 0.5 mm diameter with 1 mm separation distance between the wires were used as base materials.
Composites 1 and 2 Table 1. were prepared by sand casting as Y-blocks then machined to form cylinders,
respectively. Machining of the produced cast alloys were performed to get the desired shapes for the
mechanical testing samples and fatigue samples. The Al alloy was cast over the wire of steel or the wire
as Y-block with diameter after machining of 5 mm. The chemical composition was determined using a
Spectro Analytical instrument according to DIN 31051. The chemical composition of the materials is
presented in Table 1. The materials were not heat treated; tensile and fatigue tests were applied directly.
Fatigue test specimens were machined from the as-cast bars with the loading axis parallel to the wire
direction. Shown in Fig. 1 the gauge length and diameter of the specimens were 14 and 6 mm.
respectively. Fatigue tests were performed in a closed-loop servo hydraulic facility (Instron). Stress
amplitude-controlled high cycle fatigue tests were conducted under bending force. Smooth specimens
were cycled with a frequency of 50 Hz in ambient air at room temperature (20 °C). Fatigue life (Nf) was
measured: 107 cycles was the limit of the test to establish a fatigue life (S-N) curve. Specimens were
machined from as-cast materials. The specimens were ball-burnished (BB) to remove surface scratches.
The ball burnishing condition was prepared using an ECOROLL instrument with HG6 tool type at 246 N
with 0.17 mm/min feed rate at 30 rpm. Fatigue strength tests at the stress ratio (R) of − 1 were conducted
with reversed bending loading techniques. The frequency was 50 Hz and the tests were done at room
temperature (23 °C). A scanning electron microscope (HITACHI X-650) was used for examination of the
surfaces. Micro-hardness tests were performed on surfaces containing the base metal and the
reinforcement specimens. Tensile tests were performed on the alloys and composites.
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Table 1
Chemical composition of Al 3030 and steel wire (wt %)

Al 3030 Al% Zn% Cu% Fe% Mn % Ti% Cr% Si % Sn %

Balance 0.15 0.8 0.3 0.16 0.2 0.03 0.13 < 0.0752

V% Zr % Mg%            

0.0067 0.0057 0.02            

steel wire Al% Ca% Cu% Fe% Mn % Ni% Pb % Si % Sn %

78.8 0.0033 5.44 8.154 0.1811 0.2513 0.4503 5.25 < 0.0752

V% Zr % Mg%            

0.0067 0.0057 0.3069            

Results And Discussion
Figure 2. show the mechanical properties for all specimens, the amount will be showen in Table 2.
Figures 3(a-h). Show the SEM fractography of composites 1 and 2. Reinforcement can be seen to
impeded in the aluminum MC 1 in Fig. 3 (a–d). Steel alloy with substantial reinforcement is observed in
the MMC Fig. 3e–h. Strengthening of reinforced particulate MMC is related to the parameters of the
reinforcing particles, and also to the microstructure of the matrix. Cleavage of the reinforcement is related
to large particulate size. Cracks or cavities were not initiated in alloys with limited steel reinforcement that
impeded and bonded within the matrix. The mechanism of strengthening for reinforced MMCs was
controlled by the mean diameter and volume fraction of the �ne particles. The stress was related to the
volume fraction of reinforcing particles, but inversely proportional to the particle diameter. Thus,
composite 1 (steel wire with 0.34 volume fraction dispersed in an aluminum matrix) exhibited higher yield
and tensile strength than did composite 2 (steel wire with 0.28 volume fraction). The microhardness of
the surface results for samples before the fatigue tests were as follows for composite (1): average of 83
on HV scale for Al alloys and 238 for steel phase, while it was 200 at the interface area. The
microhardness of composite (2) averaged 83 HV for the Al alloy and 230 for the steel phase, while it was
145 at the interface area. These were nearly the same for both composites. As stated before, the HCF
resistance of reinforced particulate MMCs depends on many factors, volume fraction, particle size and
microstructure of matrix, bonding between, tensile strength and the particle and matrix. The Al matrix
may cause the formation of complex matrix microstructure, but it is easier to manufacture. Figure. 4, S-N
curves show that the fatigue life of the composite (2) specimen which was less than that of composite
(1), but both of them were longer than that of the matrix metal. The slope in the S-N curve was less in the
composites with BB condition than in the Al alloys with BB condition. The ball burnishing process,
sometimes called the deep rolling process, was very effective for increasing the service life and fatigue
strength. It can be used for induced residual compressive stresses and work hardening of the surface
layer to produce mirror-�nish surfaces. A large difference exists in the fatigue life and fatigue limits,
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especially at higher stress amplitudes. Insertion of elements via ball burnishing was performed with a
hydrostatic ball with an inert drill hole, using a piston and screws with a torque of 4.9 N m. The best
conditions for ball burnishing were produced by the best combination of pressure, feed rate, and speed.
For the HG6 tool at 246 N, 30 rpm for Al composites was the best condition. Hardness for the MMCs was
decreased from the circumference to the center, which indicated that the fatigue ratio was between 0.29
and 0.65 for as cast Al composite alloys, and the ratios were higher for alloys of greater strength. Here,
the fatigue ratio for Al composites alloys at 107 cycles was 0.245. It was noticed that failure mainly
started at the surface or slightly below the surface. This indicated that period of crack initiation may take
up to 90% of the total fatigue life in a HCF regime; thus emphasis was put on the crack initiation
mechanism. Fatigue failure leading to irreversible deformation could cause the concentration of local
stress, leading to the initiation of cracks.

Table 2
Mechanical properties of investigated alloys.

Material Proof stress 0.2%
(MPa)

Tensile strength
(MPa)

Elongation
(%)

Young’s
modulus (GPa)

Composition (1) (steel
wire) Vf = 34%

110.6 113.4 11.73 65

Composition (2) (steel
wire) Vf = 28%

72.4 93.3 8.25 130

Conclusions
Fatigue tests and evaluation were performed using ball burnishing methods for Al- steel wires, wire alloy,
and the base metal to elucidate if there were any effects from ball burnishing on the different
combinations. The following conclusions were drawn:

1. Fatigue strength was increased in the case of steel wire reinforcement. Al base alloy fatigue life was
low compared to other composites.

2. Fatigue behavior was improved by the metal matrix composite for all reinforcement types; fatigue
life and endurance limits were remarkably increased, and this depended on the types of
reinforcement and mechanical preparation route.

3. The improvement of fatigue behavior was due to steel reinforcement, which is considerably harder
than the base alloy. For ball burnishing preparation, it is critical to choose the proper feed, speed, and
tool head.

4. Cyclic failure was generated from the surface or near surface of specimens with the S-N curve
exhibiting a continuous trend of decrease.
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Figure 1

Shape and dimension of fatigue testing specimens

Figure 2

Stress – Strain diagram for (a) Al composite reinforcement with steel wire 1 (b) Al composite
reinforcement with steel wire 2.
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Figure 3

SEM Micrographs showing the microstructure of (a-d) of the as-cast Al –steel wire (e-h) and wire
composites after Fatigue test.
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Figure 4

S-N curves of BB Al alloys and composites reinforcement by steel wire


