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ABSTRACT: Piston is the part  of engine which convert heat and  pressure  energy  liberated  by  fuel  combustion  into 

mechanical  works. Engine piston is the most complex component among the automotive. This project illustrate design 

procedure for a piston for 4 stroke petrol engine. Design, Analysis and optimization of piston which is stronger, lighter with 

minimum cost and with less time. Since the design and weight of the piston influence the engine performance. Analysis of 

the stress distribution in the various parts of the piston to know the stresses due to the gas pressure and thermal variations 

using with Ansys workbench r14.5. The solid model Piston of an engine was designed by using the SOLIDWORKS 

software. CAD software for performing the design phase and ANSYS WORKBENCH R14.5 for analysis and optimization 

phases are used. The volume of the piston is reduced by 24%, the thickness of barrel is reduced by 30%, width of other ring 

lands of the piston is reduced by 20%, Vonmisses stress is increased by 10% and Deflection is increased after optimization. 

But all the parameters are well with in design consideration. 

 

I.INTRODUCTION 

 

1.1 ENGINE 
An engine is something that produces an effect from a given input. The origin of engineering was the working of 

engines. There is an overlap in English between two meanings of the word "Engineer": 'those who operate engines' and 

'those who design and Internal combustion engine. 

There is a wide range of internal combustion engines corresponding to their many varied applications. Likewise 

there is a wide range of ways to classify internal-combustion engines, some of which are listed below. 

 

 
 

Fig.1 Engine 
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Although the terms sometimes cause confusion, there is no real difference between an "engine" and a "motor." At 

one time, the word "engine" (from Latin, via old French, ingenious, "ability") meant any piece of machinery. A "motor" 

(from Latin motor, "mover") is any machine that produces mechanical power. 

Traditionally, electric motors are not referred to as "engines," but combustion engines are often referred to as 

"motors." (An electric engine refers to locomotive operated by electricity).With that said, one must understand that 

common usage does often dictate definitions. 

 

II.DESIGN AND ANALYSIS PROCESS CHART 

 

 
 

III.TYPES OF PISTONS 

 

TRUNK PISTONS: 

Trunk pistons are long, relative to their diameter. They act both as piston and as a cylindrical crosshead. As the 

connecting rod is angled for part of its rotation, there is also a side force that reacts along the side of the piston against the 

cylinder wall. A longer piston helps to support this. 

Trunk pistons have been a common design of piston since the early days of the reciprocating internal combustion 

engine. They were used for both petrol and diesel engines, although high speed engines have now adopted the lighter 

weight slipper piston. 

A characteristic of most trunk pistons, particularly for diesel engines, is that they have a groove for an oil 

ring below the gudgeon pin, not just the rings between the gudgeon pin and crown. 

The name 'trunk piston' derives from the 'trunk engine', an early design of marine steam engine. To make these 

more compact, they avoided the steam engine's usual piston rod and separate crosshead and were instead the first engine 

design to place the gudgeon pin directly within the piston. Otherwise these trunk engine pistons bore little resemblance to 

the trunk piston: they were of extremely large diameter and were double-acting. Their 'trunk' was a narrow cylinder placed 

mounted in the centre of this piston. 
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CROSSHEAD PISTON: 

Large slow-speed Diesel engines may require additional support for the side forces on the piston. These engines 

typically use crosshead pistons. The main piston has a large piston rod extending downwards from the piston to what is 

effectively a second smaller-diameter piston. The main piston is responsible for gas sealing and carries the piston rings. The 

smaller piston is purely a mechanical guide. It runs within a small cylinder as a trunk guide and also carries the gudgeon 

pin.Because of the additional weight of these pistons, they are not used for high-speed engines. 

 

SLIPPER PISTON: 

A slipper piston is a piston for a petrol engine that has been reduced in size and weight as much as possible. In the 

extreme case, they are reduced to the piston crown, support for the piston rings, and just enough of the piston skirt 

remaining to leave two lands so as to stop the piston rocking in the bore. The sides of the piston skirt around the gudgeon 

pin are reduced away from the cylinder wall. The purpose is mostly to reduce the reciprocating mass, thus making it easier 

to balance the engine and so permit high speeds. A secondary benefit may be some reduction in friction with the cylinder 

wall, however as most of this is due to the parts of the piston that are left behind, the benefit is minor. 

 
Fig 2.2 Slipper piston 

 

DEFLECTOR PISTON: 

Deflector pistons are used in two-stroke engines with crankcase compression, where the gas flow within the 

cylinder must be carefully directed in order to provide efficientscavenging. With cross scavenging, the transfer (inlet to the 

cylinder) and exhaust ports are on directly facing sides of the cylinder wall. To prevent the incoming mixture passing 

straight across from one port to the other, the piston has a raised rib on its crown. This is intended to deflect the incoming 

mixture upwards, around the combustion chamber.
[1]

 Much effort, and many different designs of piston crown, went into 

developing improved scavenging.  
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Fig 2.3 Deflector Piston 

 

The crowns developed from a simple rib to a large asymmetric bulge, usually with a steep face on the inlet side 

and a gentle curve on the exhaust. Despite this, cross scavenging was never as effective as hoped. Most engines today 

useSchnuerle porting instead. This places a pair of transfer ports in the sides of the cylinder and encourages gas flow to 

rotate around a vertical axis, rather than a horizontal axis. 

 

DESIGN OF PISTON (NORMAL DESIGN)  
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V. DESIGN OF PISTON (OPTIMIZED DESIGN) 

 
Fig 5.5 Create a curved in bottom of piston and cut extrude 

 

ANSYS 14.5: 

ANSYS is an engineering simulation software (computer-aided engineering, or CAE) developer that is 

headquartered south of Pittsburgh in the South pointe business park in Cecil Township, Pennsylvania, and United States. 

ANSYS was listed on the NASDAQ stock exchange in 1996. In late 2011, ANSYS received the highest possible 

score on its Smart Select Composite Ratings according to Investor's Business Daily.  

The organization reinvests 15 percent of its revenues each year into research to continually refine the software. 

ANSYS offers engineering simulation solution sets in engineering simulation that a design process requires. 

Companies in a wide variety of industries use ANSYS software.  

The tools put a virtual product through a rigorous testing procedure (such as crashing a car into a brick wall, or 

running for several years on a tarmac road) before it becomes a physical object. 

ANSYS 14.5 provides a great number of new and advanced features that bolster product performance and integrity 

through deeper design insight. 

 Ansys 14.5 provides a great no of new and advance features that product performance and integrity through deeper 

design insight.  

The many new feature in ANSYS 14.5, combined with Ansys workbench, deliver additional physics depth and 

breadth that can be scaled to meet the changing needs of customers. 

 

6.2 ANSYS Workbench Platform: 

The ANSYS Workbench platform is the framework upon which the industry’s broadest and deepest suite of 

advanced engineering simulation technology is built. An innovative project schematic view ties together the entire 

simulation process, guiding the user through even complex multiphysics analyses with drag-and-drop simplicity.  

 

With bidirectional CAD connectivity, powerful highly-automated meshing, a project-level update mechanism, 

pervasive parameter management and integrated optimization tools, the ANSYS Workbench platform delivers 

unprecedented productivity, enabling Simulation-Driven Product Development. 
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ANALYSIS OF PISTON (NORMAL DESIGN) 

 

 
 

ANALYSIS OF PISTON (OPTIMIZED DESIGN) 

 

 
 

VI.CONCLUSION 

 

The deflection due to pressure applied after optimization is more than before optimization and this value is taken 

into consideration for design purpose. The stress distribution on the piston mainly depends on the deformation of piston.   

Therefore, in order to reduce the stress concentration, the piston crown should have enough stiffness to reduce the 

deformation. All  the  phases  in  this  project  given  can  be  extended  to  the  piston  design  with  reduction  of material at 

bottom. The material is removed to reduce the weight of the piston so as to improve the efficiency.   It  is  essential  to  

obtain  the  optimized  results  for  new  piston  with  reduced material. 

In brief: 

1  The  optimal  mathematical  model  which  includes  formation  of  piston  crown  and  quality  of piston at piston skirt, 

and the pressure applied on the piston is 10e6 pal, for the both conditions. 

2. The FEA is carried out for standard piston modelused in Petrol engine ceramic coating on crown and the result of 

analysis indicate that the maximum stress has changed from 4.0552e8 to 4.8406e8Mpa. 
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