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Resume
The comparative analysis of the two hybrid composites, obtained by the 
compocasting process, based on A356 and ZA-27 alloys and reinforced with 
10 wt. % SiC and 0, 1 and 3 wt. % graphite (Gr) is presented. Optimisation 
of their tribological behaviour was performed by the Taguchi method and 
the arti�cial neural network (ANN). Tribological tests were performed on 
a block-on-disk tribometer, at three sliding speeds, three normal loads and 
a sliding distance of 600  m, without lubrication. Results obtained by the 
ANOVA showed that the hybrid composites based on A356 alloy have the 
better wear resistance and that the composite reinforced with 10 wt. % SiC 
and 1 wt.  % Gr has the lowest wear rate. The lowest coef�cient of friction 
was obtained for a composite based on ZA-27 alloy reinforced with 10 wt.  % 
SiC, at a normal load of 10 N and sliding speed of 1 m/s.
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are very interesting and promising materials. Hybrid 
composites are composites with two or more types or 
shapes of reinforcements.

Sardar et al. [2] have modelled the tribological 
characteristics of Al-Zn-Mg-Cu matrix composites with 
help of arti�cial neural network (ANN) and genetic 
algorithm (GA) methodology. They varied the amount 
of the Al2O3 particles (0  -  20 wt.  %), load (20 - 80 N), 
abrasive size (9 - 105 µm) and sliding speed (0.125 
- 1.50 m/s). The ANN and GA were used to reduce 
the wear rate, coef�cient of friction and roughness 
of the abraded surface. The lowest wear rate and 
coef�cient of friction were for 15 – 2 wt. % of particles 
amount in the composite, while roughness was lower 
for particle amount in the range from 10 to 20 wt.  %. 
At con�rmation of experiments, the error results were 
lower than, or equal to, 12 %, which indicates the good 

1 Introduction

Requirements of the modern society, from the aspect 
of the service life increase and reduction of mass and 
thus the construction prices, initiated development of 
the new composites based on light metals. Composite 
materials could be made with metal, ceramic or polymer 
matrix and contain two or more physically distinct and 
mechanically separable materials [1]. Out of all the 
metal matrix composites (MMCs), the largest share in 
the world production belongs to composite materials 
based on aluminium alloys � over 30  % of the total 
production of composite materials. This market share 
is primarily due to the large use of MMCs with an 
aluminium matrix in aerospace, automotive, electronics 
and military industries. With an annual growth rate 
of 6  �  7  %, composite materials with a  metal matrix 
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Ashebir et al. [9], reviewed the mechanical and 
metallurgical behaviour of hybrid reinforced aluminium 
metal matrix composites, various production methods, 
as well as the effect of various reinforcement ceramic 
particles and graphite (Gr) on the mechanical and 
metallurgical properties of MMCs. They pointed that 
the graphite, used as a  solid lubricant between the 
composite material and the counter-body signi�cantly 
lowered the composite wear, without the requirement of 
lubrication.

The microstructural, mechanical and tribological 
behaviour of aluminium-silicon A356 alloy and zinc-
aluminium ZA-27 alloy hybrid metal matrix composites, 
is presented in [10-14]. Many authors have found that 
optimisation methods, such as Taguchi, GA, particle 
swarm optimisation (PSO) and others, can be successfully 
used when optimising the production parameters [15-
16], processing or composition of composites [17-20], 
but that the better results are obtained by training or 
using the ANN. In this paper, the tribological behaviour 
of composites with the addition of graphite as a second 
reinforcement is optimised with the use of the Taguchi 
method and ANN. The matrices used for production of 
hybrid composites were A356 and ZA-27 alloys.

2	 Experimental procedures

2.1	 Materials and manufacturing

Two different matrices were used in production 
of the composites: the A356 alloy and ZA-27 alloy, 
reinforced with 10 wt.  % SiC, the average size of 40 
µm. Graphite (Gr) was also added to the composites. 
The average Gr particles size was 35 μm, while the 
amount of Gr particles varied and was 1 and 3 wt. %. 
Hybrid composites were obtained by applying the 
compocasting process. A  detailed description of the 
process of obtaining the hybrid composites with the 
A356 base can be found in [21] and for the composites 
with the ZA-27 base in [18]. Structures of investigated 
composites (A356+10SiC and ZA-27+10SiC) and hybrid 
composites (A356+10SiC+1Gr, A356+10SiC+3Gr, 
ZA-27+10SiC+1Gr, ZA-27+10SiC+3Gr) are shown in 
Figure 1. It can be noticed that the SiC particles 
distribution is favourable and that the area of the matrix 
without particles is reduced. The soft Gr particles 
did not retain their average size during the composite 
production process. They were eroded and crushed in 
the process of preparation, so their �nal size was much 
smaller than the starting one.

Before examining the tribological characteristics, 
the hardness of the obtained composites was measured. 
The hardness of the tested materials was measured 
according to Vickers method (load of 10 kg) and the 
measurements were repeated 3 times and the mean 
values are presented in Table 1.

It was observed that the addition of a larger amount 

applicability of the developed model. It has been shown 
that the simultaneous use of ANN and GA leads to 
reliable results, which can be obtained in a  relatively 
short period.

Nwobi-Okoye et al. [3] performed modelling and 
multi-objective optimisation of age hardening process 
parameters of composites based on A356 alloy, using 
the ANN and adaptive neuro-fuzzy inference system 
(ANFIS). By data analysis, it was concluded that the 
ANN with coarse experimental data points for learning 
is more effective than the ANFIS in predicting the 
process outputs. Ekka et al. [4] applied the regression 
analysis and the ANN method to predict the wear 
rate and coef�cient of friction of hybrid composites. 
They came to a  similar conclusion by analysing the 
experimental data � it was found that the ANN is more 
ef�cient in predicting the wear rate than the regression 
analysis.

Güler et al. [5, 6], considered the effect of 
content of the nano graphite particles on the wear 
behaviour of ZA27 based hybrid composites and nano 
composite bearing materials with enhanced corrosion 
properties. The lowest wear loss was obtained for 
the hybrid nanocomposites with content of 4 vol.  % 
of graphite and 4 vol.  % of alumina. The abrasion 
was the dominant wear mechanism in all the hybrid 
nanocomposites except for the mentioned one, where 
the adhesion was the dominant wear mechanism. 
For the nanocomposites obtained by mechanical 
milling, followed by hot pressing, authors reported 
that an increase of the milling duration improved the 
corrosion resistance of the nanocomposite bearing 
materials.

Celebi et al. [7], studied the effect of the nanoparticle 
content on the microstructure and mechanical properties 
of the ZA27 based hybrid composites produced by the 
powder metallurgy. Due to the lubricating properties of 
Gr, the negative effect of the mechanical-milling process 
caused the composite powder size to increase with cold-
welding and to take a  �aky shape. As the n-Gr ratio 
increased, cold-welding and agglomeration of additives 
during the mechanical milling increased the amount of 
porosity, while the tensile strength and hardness values 
of (hybrid nano composite materials) HNMs decreased 
as the n-Gr ratio increased, an increase was achieved 
with the increase in the n-Al2O3 ratio.

Feng, Wang and Wang [8], analysed the in�uence 
of graphite morphology on hyperthermal friction and 
wear behaviours of aluminium alloys with high silicon 
content. The volumetric wear loss results denote that 
(Al-27Si)-5FG (fake graphite) composites possess the 
superior wear resistance with respect to the Al-27Si and 
(Al-27Si)-5PG (particle graphite) composites for all the 
test temperatures. Due to the weak bonding of graphite 
particles, (Al-27Si)-5PG has the biggest volume wear. 
When the temperature rises to 400 °C, coef�cient of 
friction of all the samples had a big �uctuations because 
of aluminium matrix softening and vibrations.
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distance. All the tribological tests were repeated 3 times 
and mean values are shown in the wear rate results.

2.3	 Experimental design

The modern approach to experiments is closely 
connected with the use of the experiments� design. 
Experimental planning is a powerful tool for experimental 
statistical research of complex systems. Its application 
provides a  practical and ef�cient way of varying the 
in�uential or input factors at different levels, contributing 
to an objective understanding of the researched system/
process with help of statistics. The experimental design 
methodology is a  systematic way to plan, perform 
and interpret the results of experiments, to obtain as 
much information as possible, while performing as few 
experiments as possible [22].

Realisation of the experimental test in this research 
was performed according to the de�ned plan, which 
consisted of selected factors and their levels given in 
Table 2. The sliding distance for all the tests was kept 

of graphite (3 wt.%) leads to a decrease in hardness for 
both hybrid composites. It is evident that the measured 
hardness values are correlated with the wear of the 
composite.

2.2	 Wear and friction tests

The wear and friction tests of hybrid composites 
with different matrices were performed in dry sliding 
conditions, on a tribometer with the block-on-disc contact 
geometry. The material of the disc was a  MANCOVA 
steel of hardness of 62-64 HMRC and a  diameter 
of 35 mm and thickness of 6.35 mm, while the block 
materials were made of tested hybrid composites. The 
geometry of the contact pairs was in accordance with the 
standard ASTM G77. Values of the coef�cient of friction 
(COF) were monitored during the test and through the 
data acquisition system stored in the PC. The wear rate 
used in the further analysis was obtained by calculations 
based on the wear scar width, which was measured on 
a universal measuring microscope, after 600 m of sliding 

  
Figure 1 Structures of the tested composites: (a) A356+10SiC, (b) A356+10SiC+1Gr, (c) A356+10SiC+3Gr,  

(d) ZA-27+10SiC, (e) ZA-27+10SiC+1Gr and (f) ZA-27+10SiC+3Gr

Table 1. Hardness of the tested composites

Test 
no. Material HV

1 A356+10 wt.%SiC   68

2 A356+10 wt.% SiC+1 wt.% Gr   60

3 A356+10 wt.% SiC+3 wt.% Gr   46

4 ZA-27+10 wt.% SiC 125

5 ZA-27+10 wt.% SiC+1 wt.% Gr 127

6 ZA-27+10 wt.% SiC + 3 wt.% Gr 114






















