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Introduction

The piston is one of the most sensitive parts of the vehicle
engine, which is under severe thermal and mechanical
loads during operation. Due to being in the combustion
chamber, contact with the fuel, constant movement in the
cylinders, being exposed to high combustion pressure and
long working time, the pistons must have proper fatigue,
corrosion, and wear properties and also have proper
hardness. For this purpose, in order to increase the service
lifetime of pistons, it is necessary to improve their
mechanical and fatigue properties in different ways, which
include modifying the manufacturing approaches, adding
elements in micro/nano dimensions to the base alloy, heat
treatment, and coating.

By reviewing various articles, it can be found that several
researches in the field of investigating the effects of
different types of heat-treating, cooling conditions of heat-
treating, heat treatments with different temperatures of
ageing process, and the simultaneous influence of heat-
treating and adding nanoparticles, it has been done on the
mechanical properties of aluminum alloys and aluminum-
base nanocomposites. However, research on the
simultaneous effect of using clay nanoparticles and heat-
treating with different temperature and time conditions of
solution and ageing processes on the hardness of
aluminum-silicon alloys is rarely found, which can be
considered as the innovation of this research.

Materials and Tests

In this article, the sensitivity analysis of the heat-treating
parameters on the hardness of the aluminum-silicon alloys
as well as the aluminum-base nanocomposite of the
vehicle engine piston has been analyzed. In order to
fabricate nanocomposite, 1 wt.% of clay nanoparticles
(Montmorillonite K 10) were added to the base alloy by
stir-casting technique.

After studying various references and with
investigations carried out in the field of industrial
application of this alloy, different conditions of solution
and ageing were selected for testing. Heat treatments were
performed on aluminum-silicon alloys and metal-base
nanocomposites, including 1, 3 and 5 hours of solution at
500°C and cooling in water and then, 6 hours of ageing at
200, 215 and 230°C. After heat treatments with different
solution and ageing conditions, the samples were subjected
to the hardness test. It is worth mentioning that the
hardness test was performed using the KOOPA Universal
Hardness Tester UV1 model and the Vickers method on
the samples. In order to ensure the accuracy of the obtained
results, the experiments were done three times on each
sample for repeatability.

Finally, after extracting hardness data, regression
modeling was done to analyze the sensitivity analysis of
input parameters on the output.

Results and Conclusions
The summary of the results in this research is as follows,

e The hardness of the base alloy increased after
adding nanoparticles and performing the heat
treatment process.

e The solution time alone had no significant effect
on the hardness of the aluminum alloy.

e Increasing the temperature of the ageing process
decreased the hardness of the alloy.

e The addition of nanoparticles caused a slight
increase in hardness.

e Heat treatments and the addition of nanoparticles
caused the spheroidization of silicon particles in
the microstructure of the material and, as a result,
increased the hardness of the alloy.

e The hardness of both samples reached its highest
value during the solution process with a time of 5
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hours and the ageing process with a temperature
of 200°C. Based on this issue, the maximum
hardness for the aluminum alloy and the metal-
base nanocomposite during heat-treating with the
above conditions was equal to 148 and 146
Vickers, respectively.

A good agreement between the experimental
results of hardness measurements and the
theoretical results obtained from the regression
model was observed. Therefore, the average
value and the maximum relative error resulting
from the difference between the experimental
results and the theoretical data were equal to 2.61
and 9.52%, respectively (Figure 1).
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Figure 1- The scatter-band of experimental and theoretical
hardness data for samples with and without clay
nanoparticles
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Piston Aluminum-Silicon Alloy using Regression Analysis
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Abstract

In this article, the sensitivity analysis of heat treatment parameters including the solutioning time, ageing temperature,
and addition of nano-particles on the hardness of the piston aluminum-silicon alloy (AlISi12CuNiMg) were characterized
using regression analysis method. For such an objective, the clay nano-particles with 1 wt.% were used to fabricate the
metal-matrix nano-composites and the standard specimens were produced using the gravity and stir-casting methods. To
find the superior heat treatment conditions for aiming the maximum hardness, the solution treatment was performed at
500°Cfor 1, 3, and 5 hours and the ageing treatment was done at 200, 215, and 230°C for 6 hours on the base alloy and
the metal-matrix nano-composites. Experimental results showed that the ageing treatment had the most effect on the
material hardness and the solutioning time and nano-particles addition were the less effective parameters on the alloy
hardness. The optimum heat treatment conditions achieved by the solutioning time of 5 hours and the ageing temperature
of 200 °C, during heat-treating which led to have the maximum hardness.

Key Words: Aluminum-silicon alloy, Regression analysis, Engine piston, Heat treatment, Clay nano-particles
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