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Abstract—– As we all know the energy obtain to drive 

a four stoke or two stroke vehicle is comes from the 
engine, which converts the chemical energy of fuel to the 
useful mechanical energy, by the combustion of fuel. So 
we can say that if the engine is body then piston is heart 
of that body. Piston of the engine always exposed under 
the very high pressure and temperature, which causes 
fatigue failure of piston. In this paper causes of different 
mechanical and thermal fatigue failure has been 
determined which further helps to improvement of the 
design of the piston. 

Keywords—Mechanical and thermal stress, fatigue, survey, 
Piston. 

I.  INTRODUCTION  

Main objective of this review of paper is to predict the 
different types of thermal and mechanical fatigue failure 
which helps to improve the design of the piston. Piston is a 
cylindrical component which reciprocates into the 
cylinder, [1]during the operation of engine the pressure 
and temperature is very high, and the entire time piston 
exposed to a temperature ranging from 20000 C to 28000 
C. this high pressure and temperature causes thermo- 
mechanical fatigue stress, and which further leads to 
various types of failure. In appearance the piston look like 
very simple but in the design point of view it is very 
complex. The efficiency and life of piston mainly depends 
upon the design of piston. 

For a high speed engine it is important that the weight of 
piston should be minimized as well as it must be enough 
strong to resist the various[2] loads, this requirement is 
fulfilled by using aluminium which is light in weight but 
having high thermal expansion coefficient. Also it has low 
resistance to wear so for preventing wear and tear 
aluminium alloys are used for making a piston.  

Even though there are lots of changes are made but the 
basic function of piston not changed and basic design of 
piston is quite same, so the question is what has changed? 
– The Operating Environment.[4] Today’s engines run 
cleaner, without noise, work harder and run hotter than 
ever before. At the same time, they are expected to work 
last longer and with minimal maintenance. 
                           Now withstanding with a lot of technical 
evolution in pistons there are still significant damaged 
occurs in the piston. The damage may have different 
origins like thermal stresses, mechanical stresses, wear 
formation, temperature gradients, oxidation mechanics etc, 
but from the all above causes my work is focused 
particularly on the fatigue damage of the piston. 
From the reference of several papers, I found that when 
engine works all the time the Piston crown is exposed to 
very high temperature. It may be noted that the maximum 
temperature occurs at the center of the crown (Fig.1) and 
this temperature decreased with increasing distance of 
cylinder. 

                          
Figure 1: Distribution of temperature 

 
          

II. . LITERATURE SURVEY ON PISTON MATERIAL 

Adverse working conditions make the requirements of 
the materials used in the piston very wide and diverse. 
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Materials used in the piston manufacturing can be 
divided into the following groups: 
- Cast iron (non-alloy and alloy steels) 
- Aluminum alloys 
- Special steel 
Cast iron used in the piston is usually perlite structure 
with separate laminas. When alloyed, a more fine-grained 
structure is obtained and will improve the mechanical 
properties of the material. 
The advantages of cast iron are good sliding properties, 
high abrasion resistance, the small decrease in strength 
and hardness in high temperatures, small coefficient of 
thermal expansion. [9] Disadvantages are high density 
and the small coefficient of heat conduction. Hardness in 
cast iron should be in the range 180 –240 HB and also, 
should be adapted to the hardness of the rings and 
cylinder walls. 
Besides, for uniform pistons with larger speeds light 
alloys of aluminum are used. Advantages in aluminum 
alloys: low density (approximately three times less than 
cast iron), good thermal conductivity, ease of casting and 
good machinability. Disadvantages are: mean coefficient 
of linear expansion (2.5 times greater than cast iron), 
lower hardness, the decrease in strength in high 
temperatures and finally slightly higher price. The small 
density of aluminum allows the construction of 
lightweight pistons, which influences positively in fuel 
consumption and also reducing the stress and pressure 
from inertia forces. Concerning the relative large 
coefficient of heat conduction attached to aluminum 
alloys results in lowering the temperature of the piston 
crown. It is very important, especially in spark-ignition 
engines.[11] 
Aluminum alloys can be divided into the following, main 
groups: 
- Copper aluminum alloys Al-Cu 
- Eutectic aluminum alloys Al-Si 
- Hypereutectic aluminum alloys Al-Si 
 
Al-Cu alloys are characterized by high thermal 
conductivity, which is the basic advantage; the further 
advantage is a slightly higher strength at high 
temperatures. One disadvantage is a significant linear 
coefficient of thermal expansion. Eutectic alloys Al-Si 
have a lower coefficient of linear expansion and thermal 
conductivity at the same time. Hypereutectic aluminum 
alloys Al-Si have the lowest coefficient of linear 

expansion and the major resistance to abrasion of all 
aluminum alloys. 
Al-Si alloys are now widely used. Particularly they are 
suitable for air-cooled engines, supercharged engines, 
and two-stroke engines. Another benefit of Al-Si alloys is 
the ease of casting. 
Cast steel has a greater strength compared to aluminum 
alloys which allow performing relatively thin bottoms, 
which not only allows maintaining a moderate weight 
piston but if cooled the bottom reduces the chances of 
appearing thermal stresses by reducing the temperature 
gradient. Good resistance to abrasion and small linear 
coefficient of thermal expansion are also important 
advantages to casting steel. The unfavorable point to cast 
steel is the conductivity of the material which is five 
times less than light alloys. 
The primary method of producing pistons is casting. 
Casting in molds (shells), used in lightweight alloys, 
result in a more fine-grained structure of the material and 
better mechanical properties. 
In some types of engines, forging is used. It evokes 
positive changes in the structure of the material but 
requires proper interior shape of the piston.[6] In order to 
improve the strength properties and hardness of the alloy, 
pistons are applied appropriated machining heat. It has 
the objective of removing stress after casting of forging 
and ensuring the stabilization of dimensions. 
A unique combination of properties makes aluminum one 
of our most versatile engineering and construction 
materials. A mere recital of its characteristics is 
impressive. In term of light weight, aluminum 356-T7 
has a density (ρ) of 2.68 Mg/m³, compared with 7.9 
Mg/m³ for iron. Hence, for the same component, the 
aluminum will be about one-third of the mass of the iron 
version and make aluminum piston is more lightweight 
compare to cast iron piston. 
Aluminum has high thermal conductivity compare to cast 
iron. The high thermal conductivity enables heat to be 
more rapidly conducted away and so result in the piston 
running at a lower temperature and reduce ability of 
piston to damage. 
 
3. LITERATURE SURVEY ON PISTON FAILURE 
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Piston and crown (upper part of Piston) of Piston are 
subjected to various mechanical failure problems which 
directly effect on the performance and service life of 
Piston. When the engine of the vehicle operates the 
Piston and its crown are exposed to very high 
temperature and cyclic pressure which further leads to 
various serious damage problems in Piston. By analysis 
of temperature distribution, it was found that the 
temperature at the center of Piston crown is maximum 
and it gets decreasing with increasing distance from the 
center of crown. 
The damage in Piston occurs in various parts like Piston 
ring, the skirt of Piston, crown of Piston etc, my project is 
focused on the design of Piston crown and its 
optimization. The following listed problem occurs only in 
the crown of Piston, these problems are: 
 
3.1 Seizures due to overheating Identification 
Deep, sharp scoring on the exhaust side of Piston and 
cylinder (Fig. 3.1) from excessive heat and metal to metal 
contact of excessive heat expanded Piston. Piston rings 
will be stuck in grooves. 
 
 

   
  Causes  
 Expansion of Piston on exhaust side from 

overheating. 
 Lean carburetor setting 
 Lean engine oil mix ratio.  
 Incorrect engine oil.  
 Excessive oxygenated fuel. 

 
 
 
 
 
 
 
 

                      
 
 

Figure 2: Piston Seizures 
 
3.2 Pre- Ignition 
 
Deep, sharp scoring on an exhaust side of Piston, 
Crumbling of Piston crown on the exhaust side, small, 

melted pieces of aluminum deposited on top of Piston 
(Fig. 3.2). Possible melted spark plug Electrode. Piston 
rings may be stuck in grooves. 
 
Causes: 
 Ignition of air/fuel mixture a millisecond prior to 

regular spark interval from excessive carbon 
build-up.  

 Incorrect spark plugs heat range. 
 Hot spots on top of Piston from Piston/cylinder 

scuffing.  
                             

                          
                      
                     Figure 3: Pre-Ignition of piston 
 
3.3 Cracks on Piston crown 
The load by combustion chamber produce deformation of 
crown particularly at the right angle to the direction of 
gudgeon pin, and this encourages the crack to progress 
from outside of the crown (Fig. 3.3). This can cause the 
entire cross section of a crown to crack. 
Causes  
 Very high mechanical load on the engine used in 

racing cars. 
 Heavy heating at Piston crown. 
 Thermal expansion due to the temperature 

difference.  

 

 
 
 
 
 
 
                       

Figure 4: Piston Cracks 
 

3.4 Ash formation 
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Generally, occurs due to overheating. The ash has been 

formed on the Piston crown. The ash color is actually 

Piston material that has started to flash melt and turned 

into the tiny flecks. If the engine was left to run too much 

longer it would develop a hot spot and hole at exhaust port 

side and then finally failed. 

 

Causes: 

 Main causes are general overheating. 

 The engine being jetted too lean mixtures of fuel 

and air. 

 Ignition time being too far advanced from the 

standard. 

 

 

 

Figure 5 Formation of Ash on the Piston crown 

 
3.5 Pitting of crown 
 The pitting is one kind of wear in which sharp cavity is 
formed in the surface of the crown. In this the metal is 
removed away from the Piston and surface of Piston 
crown becomes rough. 
Causes  

 Pitting wear caused by cyclic pressure load on the 
Piston of the crown. 

 Aluminum has less wear resistance property so it 
causes wear. 

 

 
Fig. 3.6 Pitting wear on Piston crown 

3.6 Piston scuffing 
This is the sign of overheating of Piston. In this type of 
failure, the Piston wills typically a melted appearance, or 
hole burnt completely through the top of the Piston. 
Causes  
 The very first reason of burn or scuffed Piston is 

overheating. 
 Aluminum can only with the stand to a limit of 

temperature and it gets overheated and starts 
melting. 

 
Figure 7: Scuffing of Piston 

 
4. CONCLUSION 

The all discussed cases are the most common type of 
failure that occurs on Piston. Often, in some specific case, 
failure can be found, which are above not listed and they 
are caused by some other factors. The primary causes of 
failure are not responsible for the whole range of failures 
of Piston occurred in the engine as result of its operation 
in faulty condition. So by examine the first sign of failure 
we can make the suitable operation for reducing it.  
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