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ABSTRACT 

Piston materials and designs have evolved over the years and will continue to do so until fuel cells, exotic batteries or 

something else makes the internal combustion engines obsolete. The main reason of this continuous effort of evolution is 

based on the fact that the piston may be considered the heart of an engine. The piston is one of the most stressed 

components of an entire vehicle  pressure at the combustion chamber may reach about 180–200 bar.. Aim of current 

work is to analyze the piston failure. The study applied the metallographic observation using SEM (Scanning Electron 

Microscopy) of fractured section. Based on the images produced in SEM analysis it was found that there were some 

impurities and casting defects like free carbides seen in the images. 
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I. INTRODUCTION 

A piston is a component of reciprocating engines, reciprocating pumps, gas compressors and pneumatic 

cylinders, among other similar mechanisms. It is the moving component that is contained by a cylinder and is 

made gas-tight by piston rings. In an engine, its purpose is to transfer force from expanding gas in the cylinder 

to the crankshaft via a piston rod and/or connecting rod. As one of the major moving parts in the power-

transmitting assembly, the piston must be so designed that it can withstand the extreme heat and pressure of 

combustion. Pistons must also be light enough to keep inertial loads on related parts to a minimum. The piston 

also aids in sealing the cylinder to prevent the escape of combustion gases. It also transmits heat to the cooling 

oil and some of the heat through the piston rings to the cylinder wall. As one of the main components in an 

engine, pistons technological evolution is expected to continue and they are expected to be more and more 

stronger, lighter, thinner and durable. The main reason is because the mechanical efficiency of an engine is 

still low and only about 25% of the original energy is used in brake power.The piston has to operate under 

some of the highest temperatures experienced in the engine, with difficulties in lubrication due to its location. 

A piston is subjected to heavy fatique loads. One thing that has not changed is the basic function of the piston. 

The pistons form the bottom half of the combustion chamber and transmits the force of combustion through 

the wrist pin and connecting rod to the crankshaft. The basic design of the piston is still pretty much the same. 

So what has changed? – The operating environment. Today’s engines run cleaner, work harder and run hotter 

than ever before. At the same time they are expected to last longer and with minimal maintenance. 

Developments have been achieved in different fields: examples may be found on the following papers of 

piston geometry/combustion flow ; materials/mechanical and thermal behavior  materials/wear and lubrication 

(coatings); analytical tools – FEA; processing technologies; etc. 

The longitudinal and transverse cracking happened on the failed piston. These cracks are initiated from the 

internal surface and propagated towards the external surface. Fatigue fracture is the dominant failure 

mechanism of piston failure.    

 

II. ANALYSIS 

The fracture analysis of the piston was done by visual inspection and SEM (Scanning Electron Microscope). 

The SEM observation has been taken using JEOL SEM Model JSM6100 Scanning Electron Microscope. 

https://en.wikipedia.org/wiki/Reciprocating_engine
https://en.wikipedia.org/wiki/Pump
https://en.wikipedia.org/wiki/Gas_compressor
https://en.wikipedia.org/wiki/Pneumatic_cylinder
https://en.wikipedia.org/wiki/Pneumatic_cylinder
https://en.wikipedia.org/wiki/Pneumatic_cylinder
https://en.wikipedia.org/wiki/Cylinder_%28engine%29
https://en.wikipedia.org/wiki/Piston_ring
https://en.wikipedia.org/wiki/Crankshaft
https://en.wikipedia.org/wiki/Piston_rod
https://en.wikipedia.org/wiki/Connecting_rod


  
 
 

 
 

152 Rahul Parmar,  Dr. Surjit  Angra, V.K. Mittal 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 1 

January 2017       

III. VISUAL ANALYSIS 

The failed piston of Hyundai is shown in Fig. It is found that the fracture had taken place on the inner lower 

surface of the piston and and  then moves outward. 

 

                                                  

                                                                Figure- Part of piston fractured 

                                                         

IV. SCANNING ELECTRON MICROSCOPE 

The   scanning electron microscope (SEM) uses a focused beam of high energy electrons to generate a variety 

of signals at the surface of solid specimen. The signals that derive from electron –sample interactions reveal 

information about the sample including external morphology (texture). Chemical compositions, and 

crystalline structure and orientation of materials making up the sample. In most applications, data are 

collected over a selected area of surface of the sample, and a 2-dimensional image is generated that displays 

spatial variations in these properties. Areas ranging from approximately 30,000X, spatial resolution of 50 to 

100 mm. The SEM is also capable of performing analyses of selected point locations on the sample; this 

approach is especially useful in qualitatively or semi-quantitatively determining chemical compositions, 

crystalline structure.     

                                          

                                                                                    

Figure- JEOL SEM Model JSM6100 



  
 
 

 
 

153 Rahul Parmar,  Dr. Surjit  Angra, V.K. Mittal 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 1 

January 2017       

  V. EXPERIMENTAL PROCEDURE 

A failed piece of piston has been from the workshop and a piece has been taken out from the failed area of 

piston. After that this piece has been converted into specimen for undergoing SEM in the dimension of 10mm 

x 10mm. The operating environment of a standard scanning electron microscope dictates that specialist 

preparation techniques are used. Basically a specimen is chemically fixed, dehydrated through an acetone or 

ethanol series and after that dried at the critical point ‐ a method used to minimize specimen distortion due to 

drying tensions. 

 

VI. RESULT AND DISCUSSION 

The images found through SEM in the present observation are shown next. 

A. CASTING DEFECTS  

Scab occurs when a portion of the face of a mould lifts or breaks down and the recess thus made is filled by 

metal. When the metal is poured into the cavity, gas may be disengaged with such violence as to break up the 

sand which is then washed away and the resulting cavity filled with metal. The reasons can be low 

permeability of sand, high moisture content of sand and uneven moulds ramming. 

 

Figure- Image was taken at an manufacturing range of 2500X 

It is showing casting defects i.e. scab, dendrite shrinkage and accumulated inclusion, together with initiated 

crack. The characteristics of this shows that fracture is a brittle fracture-granular fracture (also cleavage 

fracture). 

B. PURE AND IMPURE SURFACE 

During casting some unwanted material had been also present Due to these impurities the piston could not be 

able to withstand fatigue stresses and failure has taken place. 

 

Figure- This image was take at a magnification of 500X from two different surfaces were seen. 
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C. FATIQUE FRACTURE 

From various literature review it was seen that the fracture which usually occurs in piston is the fatique 

fracture and this case also we get an image at a magnification factor of 2.5kX. we get that fracture was a 

fatique fracture. As the loads come on the piston are varying in nature these are the gas pressure force and the 

inertia forces .So the failure occurs in piston is the fatigue failure or sudden failure. 

 

Figure   A perfect fatique fracture surface could be seen at 2.5 KX 

D. FREE CARBIDES 

It  can be see many fish-bone free carbide. This is a serious defect of cast iron material, normally happen on 

ductile iron. Because of inverse chilling defects and poor inoculation, there will be mass free carbide, which 

will cause fragile, poor welding property to ductile iron castings. High temperature annealing heat treatment 

could improve its quality. 

 

Figure   The image was taken at a magnification of 1000X. to see the free carbides

VII. CONCLUSION 

The main reason for the failure is casting defect like scab, free carbides, and regular fatique which decreased 

the lifecycle of piston. Provision should be done for the removal of free carbides, and fatique life can be 

improved by adding chromium. Some unwanted impurities have been also detected which allow cracks to 

pass straight through. Failure of piston may lead to failure of other components and can cause harm while in 
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use. Finally pisto should be designed with high reliability. It must be capable for sustaining heavy shear and 

bending stresses caused by thrust and pull of the piston. So the homogeneous and continuous structure is a 

desired factor for piston. 
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