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Abstract

The aim of realized works in the area of materials on pistons is: low thermal expansion, small differences of
coefficient of thermal expansion between heating and cooling, high stiffness at elevated temperatures, high hardness
and wear resistance. Changes in thermal expansion coefficient during heating and cooling may be very large, as well
as during subsequent cycles of heating and cooling of an internal combustion engine piston with respect to standard
silumin alloys used for pistons of internal combustion engines. The paper presents: coefficient of linear expansion o
for the AISi standard alloy, coefficient of linear expansion o for the AlSi alloy with the a positive differences between
cooling and heating, coefficient of linear expansion « for the AISi alloy with the a negative differences between
cooling and heating, coefficient of linear expansion « for the AlSi alloy with the « positive and negative differences
between cooling and heating, coefficient of linear expansion « for the AISi alloy with the « positive, negative and
positive differences between cooling and heating, coefficient of linear expansion o for the AlSi alloy with the very
small « differences between cooling and heating, coefficient relative elongation as a function of temperature with the
positive elongation differences between cooling and heating, coefficient relative elongation with the very small
elongation differences between cooling and heating, coefficient the course of derivative as a function of temperature
(T) during heating and cooling with the positive elongation differences.
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1. Introduction

For materials that are isotropic, i.e. uniform in all directions, the material undergoes thermal
expansion as a whole: that is its volume expands. For materials that are not isotropic such as an
asymmetric crystal for example, the thermal expansion can have different values in different
directions. Thermal expansion can also vary with temperature so that the degree of expansion
depends not only on the magnitude of the temperature change, but on the absolute temperature as
well. Suppose an object of length Iy undergoes a temperature change of magnitude AT. If AT is
sufficiently small, the change in length, Al, is proportional to lp and to AT. Stated mathematically:

Alz(l-lo'AT . (1)
Al

a= , ()

|, - AT

where:

Al - length increment,

a - coefficient of linear thermal expansion for the material,
lo - initial rod length,

AT - temperature increment.

For an isotropic material, a will be the same in all directions so it may be defined by measuring
the change in length of a rod of the material. The values obtained for the coefficient of linear
thermal expansion will be compared with commonly accepted values to determine the composition
of each rod. Generally materials expand when they are heated in a temperature range that does not
produce a change in phase. The added heat increases the average amplitude of vibration of the
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atoms in the material, which increases the average separation between the atoms. Although this
effect is small, it is very important in any application that involves using different materials in an
environment where they are heated and cooled. Such example is a piston of the combustion
engine. That is why measurement of the coefficient of linear thermal expansion for the piston alloy
are very important and key for estimation of functional proprieties , and especially thermal pistons
proprieties for combustion engines. Most materials expand when they are heated through a
temperature range that does not produce a change in phase. The added heat increases the average
amplitude of vibration of the atoms in the material, which increases the average separation
between the atoms. Thermal expansion is an effect of anharmonic terms in a classical oscillator
potential energy on the mean separation of a pair of atoms at a temperature T. The average
displacement can be calculated using the Boltzmann distribution function, which weights the
possible values of the displacement according to their thermodynamic probability. The average
inter-atomic distance scales positively and linearly with temperature. For a macroscopic system,
these increased inter-atomic distances will accumulate into an easily observable change in the
sample’s sizes as a function of temperature.

During piston heating and cooling the coefficient of expansion of thermal changes its value,
what has reflection in the curve course during heating and cooling. An ideal course is such course,
where the curve for the heating ties in with curve for the cooling. Materials on pistons do not
belong to such-like materials.

2 Research Equipments

Investigations are performed with use of a precise dilatometer, which permits on the
registration of the changes in specimen dimensions in the function of temperature and time.
The measurements in the straight and differential coordinate system are possible. The tests of
investigated and reference materials take place in the same conditions, and measurements in
differential coordinate system are performed in the same equipment. Heating and cooling takes
place in the special equipment, which realizes temperature program of specimen heating and
cooling. The dimension changes are measured with the inductive transducer. Temperature is
measured with the Pt-PtRh thermocouple. The advantage of the used method is the continuous
measurement of change in absolute or relative elongation as a function of time and temperature, as
a function of temperature depending on the straight or differential measurement application. T

3. Results and Discussion

Test results of materials on pistons are presented on Fig. 1-10.

Fig. 1 presents coefficient of linear expansion o for the AISi standard alloy in a raw state
during heating and cooling.

Fig. 2 presents coefficient of linear expansion a for the AlSi alloy during heating and cooling
with the a positive differences between cooling and heating.

Fig. 3 presents coefficient of linear expansion a for the AlSi alloy during heating and cooling
with the a negative differences between cooling and heating.

Fig. 4 presents coefficient of linear expansion a for the AlSi alloy during heating and cooling
with the a positive and negative differences between cooling and heating.

Fig. 5 presents coefficient of linear expansion a for the AlSi alloy during heating and cooling
with the a positive, negative and positive differences between cooling and heating.

Fig. 6 presents coefficient of linear expansion a for the AlSi alloy during heating and cooling
with the very small a differences between cooling and heating.

Fig. 7 presents coefficient relative elongation as a function of temperature for the new
composite material during heating and cooling with the positive elongation differences between
cooling and heating.
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Fig. 1. Coefficient of linear expansion « for the AlSi standard alloy in a raw state during heating and cooling
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Fig. 2. Coefficient of linear expansion « for the AlSi alloy during heating and cooling with the « positive differences
between cooling and heating
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Fig. 3. Coefficient of linear expansion « for the AISi alloy during heating and cooling with the a negative differences
between cooling and heating
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Fig. 4. Coetticient of linear expansion « tor the AISI alloy during heating and cooling with the o positive and negative
differences between cooling and heating
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Fig. 5. Coefficient of linear expansion « for the AlSi alloy during heating and cooling with the o positive, negative and
positive differences between cooling and heating
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Fig. 6. Coefficient of linear expansion « for the AlSi alloy during heating and cooling with the very small « differences
between cooling and heating
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Fig. 7. Relative elongation as a function of temperature for the new composite material during heating and cooling
with the positive elongation differences between cooling and heating
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Fig. 8. Relative elongation as a function of temperature for the new composite material during heating and cooling
with the very small elongation differences between cooling and heating
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Fig. 9. The course of derivative of specimen dimension increase to the time as a function of temperature (T) during
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Fig. 10. Course of derivative of specimen dimension increase to the time as a function of temperature (T) during
heating and cooling without phase transition during heating and cooling with the very small elongation
differences between cooling and heating
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Fig. 8 presents coefficient relative elongation as a function of temperature for the new
composite material during heating and cooling with the very small elongation differences between
cooling and heating.

Fig. 9 presents coefficient the course of derivative of specimen dimension increase to the time
as a function of temperature (T) during heating and cooling with the positive elongation
differences between cooling and heating.

Fig. 10 presents coefficient course of derivative of specimen dimension increase to the time as
a function of temperature (T) during heating and cooling without phase transition during heating
and cooling with the very small elongation differences between cooling and heating.

The aim of research was elimination of characteristic hump presented on Fig. 9. After receiving
the course illustrated on Fig. 6, the minimized differences in the value of the thermal expansion
coefficient during heating and cooling were obtained, as is shown on Fig.7.

The investigation results show a significant impact of alloy additions and heat treatment to ensure
the small hysteresis of thermal expansion coefficient a.

The use of alloy additives alone does not provide a small hysteresis of thermal expansion
coefficient a, as in the heating and cooling process the redevelopment of the inter-metallic phases
in material occurs.

Only performing a multistage heat treatment may interrupt this process, stabilize the phases,
which is reflected in the minimization of uncontrolled changes in thermal expansion coefficient a

4. Conclusion

Changes in thermal expansion coefficient at the time of heating and cooling may be very large,
as well as during subsequent cycles of heating and cooling of an internal combustion engine piston
with respect to standard silumin alloys used for pistons of internal combustion engines.

The best mechanical properties and dimensional stability, low hysteresis in thermal expansion
coefficient, o, was obtained by the introduction of several elements to the alloy material, which
synergistic effect is far greater than separate effect of any single alloy element.

During the heating of the engine piston the alloy elements are partially dissolving in the solid
solution a, and in the cooling process they are giving off again.

Consequently, there is a partial plastic deformation of the piston, resulting in a gradual increase
in the difference between the expansion during heating and shrinkage in the cooling processes (So-
called hysteresis). However, the presence of pre-eutectic phases in silumin microstructure reduced
the difference in coefficient of thermal expansion during heating and cooling.

Resuming, aim of realized works in the area of materials on pistons is:

— Low thermal expansion.

— Small differences of coefficient of thermal expansion between heating and cooling.

— High stiffness at elevated temperatures.

— High hardness and wear resistance.

— Enables improved engine efficiency and reduced emissions in combustion engine piston
applications.

— Reducing piston weight and manufacturing costs.

References

[1] Altenpohl, D., Aluminum: Technology,Applications and Environment, The Aluminum
Association, Washington, DC, 1998.

[2] Ambrozik, A., Jankowski, A., Kruczynski, S., Slezak, M., Researches of CI engine fed with the
vegetable fuel RME oriented on heat release, FIFSITA Paper F2006P256, 2006.

[3] Brown, M. E., Introduction to thermal analysis, Kluwer, 2001.

582



Coefficient of Thermal Expansion as a Component Quality Estimation of Alloys on Pistons of Combustion Engine

[4] Camacho, M., Atkinson, H. V., Kapranos, P., Argent, B. B., Thermodynamic prediction of
wrought alloy compositions to semi-solid processing, Acta Materialia 51, pp. 2319-2330,
2003.

[5] Chawla, K. K., Composite Materials: Science and Engineering, Springer-Verlag, New
York,1998.

[6] Gilbert Kaufhan, J., Properties of Aluminum Alloys, ASM International, Materials Park, OH,
USA, 1999.

[7] Guden, M. and Hall, I. W., High strain-rate compression testing of a short-fiber reinforced
aluminum composite, Mater. Sci. Eng. A, 232, 1-10, 1997.

[8] Hultgvist A., Christensen M., and Johansson B., The Application of Ceramic and Catalytic
Coatings to Reduce the Unburned Hydrocarbon Emissions from a Homogeneous Charge
Compression Ignition Engine, SAE Paper No. 2000-01-1833, 2000.

[9] Kaufman, J. G., Rooy, E. L., Aluminium Alloy castings, AFS, Ohio, 2005.

[10] Jankowska, B., Jankowski, A., Preliminary researches of influence of different loads on
working conditions and performances of the piston combustion engine with direct fuel
injection, Journal of Polish CIMAC, Gdansk University of Technology, 2007.

[11] Jankowska-Sieminska, B., Jankowski, A., Slezak, M., Analysis and Research of Piston
Working Conditions of Combustion Engine in High Thermal Load Conditions, Journal of
KONES No. 3, Vol. 14, 2007.

[12] Jankowski A., Slezak M., Composite aluminum alloy in conditions of heating and cooling,
and thermal shocks, Proceedings of ICCE - 15th International Conference on
Composites/Nano Engineering, International Community for Composite Engineering,
University of New Orleans, Dept. of Mechanical Engineering, New Orleans, LA USA 2007.

[13] Jones, J. C., The principles of thermal science and their application to engineering, Whittles,
2000.

[14] Lewandowski, J. J., Fracture and fatigue of particulate composites, Metal Matrix Composites
(Ed. Clyne, T. W.), Elsevier Publishers, New York, , vol. 3, pp. 151-187 2000.

[15] Maassen, F., et al., Simulation and Measurement on the Cranktrain, 13. Aachen Colloquium
Automobile and Engine Technology, pp. 333-355, 2004.

[16] Pietrowski, S., Siluminy,. Wydawnictwo Politechniki £.odzkiej, £.6dz, 2001.

[17] Righes, G., Garro, A., Calderale, P. M., Interdisciplinary Structural and tribological Analysis
in High Performance Engines: The case of Con Rod-Piston System, The Second World
Tribology Congress, Vienna, Austria, 2002.

[18] Tinaut, F., Melgar, A., Fernandez, L., lllarramendi, I., Landa, J., A Study of Piston Slap by
Analysing Cylinder Wall Acceleration, F2004F428 FISITA, Barcelona 2004.

[19] Tomanik, E., Chacon, H., Texeira, G., A simple numerical procedure to calculate the input
data of Greenwood-Williamson model of asperity contact for actual engineering surfaces.
Tribology Research. D. DOWSON and al (Editors). Elsevier. 2003.

The paper is as a result of the developing project Nr O R0O0 0052 05 financed through Polish
Ministry of Science and Higher Education in 2008-2010.

583








