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Abstract —

An Internal Combustion Engine (IC Engine) is a type
of Combustion Engine that converts chemical energy
into thermal energy, to produce useful mechanical
work. In an IC engine, combustion chamber is an
integral part of the working fluid circuit. ™ Air-fuel
mixture in the combustion chamber (inside the
cylinder) is ignited, either by a spark plug (in case of
Spark Ignition Engines) or by compression (in case of
Compression Ignition engines). This ignition
produces tremendous amount of heat and pressure
inside the cylinder. This induces reciprocating motion
in the piston.Power of the piston is transmitted to a
crankshaft which undergoes rotary motion. The
rotary motion is ultimately transmitted to the wheels
of the vehicle, via a transmission system, to produce
propulsion in the vehicle.As the combustion takes
place internally inside the cylinder (a part of working
fluid circuit), the engine is called internal combustion
engine.

Keywords — IC Engines, Spark Ignition
Engines, Compression Ignition
engines.Introduction |

The stroke is defined as the length of the
path that the piston goes through inside the
cylinder. The upper end of the cylinder is
referred to as the Top Dead Centre (TDC),
and the lower end is referred to as the
Bottom Dead Centre (BDC). Using the
crankshaft mechanism, the linear motion that
comes out from the piston due to the
combustion is converted into rotational
motion.

Following is the explanation of the two-
stroke and four-stroke engines.

TWO STROKE ENGINE:

A two-stroke, or two-cycle, engine is a type
of internal combustion engine which
completes a power cycle with two strokes
(up and down movements) of
the piston during only one crankshaft
revolution. This is in contrast to a "four-
stroke engine", which requires four strokes
of the piston to complete a power cycle. In a
two-stroke engine, the end of the
combustion stroke and the beginning of the
compression stroke happen simultaneously,
with the intake and exhaust (or scavenging)
functions occurring at the same time.

Two-stroke  engines often have a
high power-to-weight ratio, usually in a
narrow range of rotational speeds called the
"power band”. Compared to four-stroke
engines, two-stroke engines have a greatly
reduced number of moving parts, and so can
be more compact and significantly lighter.
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Two-Stroke Engine Cycle
Exhaust Part

Power Stroke

Compression Stroke

Fig 1.1 Two-Stroke Engine Cycle

Compression Stroke:

The compressed fuel-air mixture ignites and
thereby the piston is pressed down. At the
same time the intake port is covered by the
piston. Now the new mixture in the
crankcase becomes pre-compressed. Shortly
before the piston approaches the lower dead
centre, the exhaust port and the overflow
conduit are uncovered. Being pressurized in
the crankcase the mixture rushes into the
cylinder displacing the consumed mixture
(exhaust now).

Power Stroke:

The piston is moving up. The overflow
conduit and the exhaust port are covered; the
mixture in the cylinder is compressed. At the
same time new fuel-air mixture is sucked
into the crankcase. By means of a crank
shaft the up and down motion is converted
into a rotational motion. As the piston
proceeds downward, another valve is opened
which is the fuel/air valve. Air/fuel/oil
mixtures come from the carburetor, where it
was mixed, to rest in an adjacent fuel
Chamber. When the piston moves downward
more and the cylinder has no more gases,
fuel mixture starts to flow to the combustion
chamber and the second process of fuel
compression starts. It is worth mentioning

that the design carefully considers the point
that fuel-air mixture should not mix with the
exhaust. Therefore, the processes of fuel
injection and exhausting should be
synchronized to avoid the concern.

AirfFuelfoil
W‘f should be noted that the piston has three

functions in its operation:

1. The piston acts as the combustion
chamber with the cylinder, and it also
compresses the air/fuel mixture and receives
back the liberated energy and transfers it to
the crankshaft.
2. The piston motion creates a vacuum in
order to such the fuel/air mixture from the
carburetor, and pushes it from the crankcase
(adjacent chamber) to the combustion
chamber.

3. The sides of the piston are acting like the
valves, covering and uncovering the intake
and exhaust ports drilled into the side of the
cylinder wall.

FOUR STROKE ENGINE:

A Four-Stroke Engine (also known as Four
Cycle) is anlInternal Combustion (IC)
engine in which the Piston completes four
separate strokes while turning a crankshaft.
A stroke refers to the full travel of the piston
along the cylinder, in either direction.

STARTING POSITION: This figure
shows the initial position of piston and

@050

A

Fig 1.2 Initial position of piston and cylinder
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The four
termed:

separate strokes are

INTAKE STROKE:

During the intake stroke of a spark ignition
engine, the piston is moving down. The
intake valve is open. Air-fuel mixture flows
through the intake port and into the cylinder.
The fuel system supplies the mixture. As the
piston passes through the BDC, the intake
valve closes. This seals off the upper end of
the cylinder.

) M2

Fig 1.3 Intake stroke

COMPRESSION STROKE:

After the piston passes BDC, it starts
moving up. Both valve s are closed. The
upward moving piston compresses the air-
fuel mixture into a smaller space, between
the top of the piston and cylinder head. This
space is combustion chamber. The mixture
is compressed 1/8" or less of its original
volume. The amount by the mixture is
compressed is compression ratio.

LA

Fig 1.4 Compression stroke

POWER STROKE:

As the piston nears TDC at the end of the
compression stroke, an electric spark jumps
the gap at the spark plug. The heat from the
spark ignites the compressed air-fuel
mixture. The air-fuel mixture then burns
rapidly. These high temperatures cause very
high pressures which pushes down the
piston. The connecting rod carries this force
to the crank shaft, which turns to move the
drive wheels.

2B L

Fig 1.5 Power stroke
EXHAUST STROKE:
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As the piston approaches BDC on the power
stroke, the exhaust valve opens after passing
through the BDC, the piston moves up
again. The burned gases escape through the
exhaust port. As the piston nears TDC, the
intake valve opens. When the piston passes
through the TDC and starts down again, the
exhaust valve closes.

St

Fig 1.6 Exhaust stroke

1.2 INTRODUCTION TO
PISTON

Fig 1.7 Piston

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. In a pump, the function is
reversed and force is transferred from the
crankshaft to the piston for the purpose of
compressing or ejecting the fluid in the
cylinder. In some engines, the piston also
acts as a valve by covering and uncovering
ports in the cylinder wall.

Credit for inventing history's first piston
engine goes to French physicist Denis
Papen, who published his design for a piston
steam engine in 1690. The basic design
evolved by the early eighteenth century:
Thomas Newcomen of England and James
Watt of Scotland improved upon Papen’s
innovation by adding a boiler and steam
condenser to the cylinder.

A piston is a cylindrical engine component
that slides back and forth in the cylinder
bore by forces produced during the
combustion process. The piston acts as a
movable end of the combustion chamber.
The stationary end of the combustion
chamber is the cylinder head. Pistons are
commonly made of a cast aluminum alloy
for excellent and lightweight thermal
conductivity. Thermal conductivity is the
ability of a material to conduct and transfer
heat. Aluminum expands when heated and
proper clearance must be provided to
maintain free piston movement in the
cylinder bore. Insufficient clearance can
cause the piston to seize in the cylinder.
Excessive clearance can cause a loss of
compression and an increase in piston noise.

In general, a piston is a sliding plug that fits
closely inside the bore of a cylinder.
Its purpose is either to change the volume
enclosed by the cylinder, or to exert a force
on a fluid inside the cylinder.

CONCLUSION

Although the piston appears to be a simple
part, it is actually quite complex from the
design and manufacturing stand point. The
efficiency and economy of the engine
primarily depends on the working of the
piston. So the working of the piston be more
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efficient. It must operate in the cylinder with
minimum friction and should be able to
withstand the high explosive force
developed in the cylinder and also withstand
very high temperature ranging from 2000 C
to 2800 C during operation. To avoid the
wear and noise between cylinder walls and
piston rings, piston rings should manufacture
with wear resistant materials like cast iron
and steel.

In this project, Finite element analysis for
static structural and thermal conditions of
the engine piston with different materials
was performed. The main objective of this
project was to study the response of
aluminum alloys and SiC reinforced ZrB2
composite  material for the applied
temperatures and pressure. From the results
it is concluded that the piston with SiC
reinforced ZrB2 composite material is
having less stress, while the piston with
aluminum alloys are having more stresses
for the applied temperatures and pressures. It
is also observed that the stresses for all the
materials are within the allowable limits of
the respective material. So, it is concluded
that the piston with SiC reinforced ZrB2
composite material is the best choice for the
manufacturing of the piston.

REFERENCES
Books

1. R.S.Khurmi Machine Design
S.Chand 2005 1281

2. Ganesan Internal combustion engines
Tata McGraw-Hill Education 2002 777

Journals

1. S.S.RaoandS.S. Srinivasa Rao “Optimum

Design of l. C. Engine
Pistons”J.Mech., Trans.,andAutomation 106(
2),209-

213(Jun01,1984)(5pages)doi:10.1115/1.325
8581History: Received June 10, 1983;
Online November 19, 2009

2. T.K. Kao and F.J. Wallace.,, “A new
approach to the prediction of heat flow and
temperature in engine pistons with special

reference to thermal barriers”. International
Journal of Mechanical Sciences, Vol.23,
No. 11. Pp.647- 658; 198.

Linear static structural analysis of optimized
piston for bio-fuel using ansys international
journal of mechanical and production
engineering research and development
(IJMPERD) issn 2249-6890 vol. 3, issue 2,
June 2013, 11-20 © tjprc pvt. Ltd. By ch.
Venkata rajam, p. V. K. Murthy , m. V. S.
Murali krishna.

Design Analysis and Optimization of Piston
using CATIA and ANSYS International
Journal of Innovative Research in
Engineering & Science ISSN 2319-
5665(January 2013, issue 2 volume 1)By
Ch. Venkata Rajam, P. V. K. Murthy, M. V.
S. Murali Krishna, G. M. Prasada Rao.

Hongyuan Zhang, Zhaoxun Lin, Dawei Xu.
An analysis to thermal load and mechanical
load coupling of a gasoline engine piston
Journal of Theoretical and Applied
Information Technology 20th February
2013. Vol. 48 N0.2© 2005 - 2013 JATIT &
LLS.

Elijah Musango Munyao, Jiang Guo He,
Yang Zhiyuan, Zou Xiang Yi . Simulation
of Thermal-Mechanical Strength for Marine
Engine Piston Using FEA Journal of
Engineering Research and Applications
www.ijera.com ISSN : 2248-9622, Vol. 4,
Issue 3( Version 1),

Swati S Chougule, Vinayak H Khatawate
Piston Strength Analysis Using FEM
International Journal of Engineering
Research and Applications (IJERA) ISSN:
2248-9622 www.ijera.com Vol. 3, Issue 2,
March -April 2013, pp.1724-1731.

Radoslav Plamenov Georgiev,Dr. Pedro
Villanueva Roldan Dk. Design a four-
cylinder Internal Combustion Engine
International Journal of Mechanical
Engineering Research & Applications Vol. 1
Issue 5, October — 2013 .ISSN: 2347-1719

Clark, J. P., Field Ill, F. R., and Nallicheri,
N. V., 1989, “Engine state-of-the-art a
competitive assessment of steel, cost
estimates and performance analysis,”
Research Report BR 89-1, Automotive

ISSN: 2348 — 8360

www.internationaljournalssrg.org Page 51




10.

11.

12.

13.

14. B.A.Devan

15.

16.

17.

18.

19.

ISSN: 2348 — 8360

SSRG International Journal of Mechanical Engineering - (ICRTESTM) - Special Issue — April 2017

Applications Committee, American Iron and
Steel Institute.

El-Sayed, M. E. M., and Lund, E. H., 1990,
“Structural optimization with fatigue life
constraints,” Engineering Fracture
Mechanics, Vol. 37, No. 6, pp. 1149-1156.

Shigley, Joseph E. Mechanical Engineering
Design, 3rd edition, 1977 McGraw-Hill.

Design Data, Databook of Engineers,
Compiled by PSG college of Technology
Coimbatore, Published by Kalaikathir
Achchagam Coimbatore ©1968, Revised
edition 1970, Reprinted in January 2010

Isam Jasim Jaber and Ajeet Kumar rai
Design And Analysis of I.C. Engine Piston
And Piston-Ring Using Catia And Ansys
Software International National Journal
forMechanical Engineering and technology
(UMET) Volume 5, Issue 2, February
(2014), pp. 64-73

G.RavindraReddy Thermal
analysis of Aluminum alloy Piston
International Journal of Emerging Trends
in Engineering Research (IJETER), Vol. 3
No.6, Pages : 511(2015)

ALSIC  Abino John, Jenson T
Mathew,Vasdev ~ Malhotra,Nitin Dixit
Design and Analysis of Piston by SiC
Composite Material, IJIRST —International
Journal for Innovative Research in Science
& Technology| Volume 1 | Issue 12 | May
2015

Ashwani Kumar, Shaik Imran Behmad,
Pravin P Patil Thermo-Mechanical and
Vibration Analysis of the I.C. Engine Piston
made of SiC reinforced ZrB2 composite
using Finite Element Method (ANSYS)
IOSR Journal of Mechanical and Civil
Engineering (IOSR-JMCE) e-ISSN: 2278-
1684, p-ISSN: 2320-334X PP 19-23

. Dr. P.C. Sharma, Aggarwal, RD.K, , A
Text Book of Machine Design, S. K.
Kataraia and sons, New Delhi. 2004

Prof.J.S.Soni ,Design of machine elements
part-Il ,Nirav and Roopal Prakashan,
Educational Publishers,Ahmedabad

Ahu Fahriye Acar, Fahrettin Ozturk, and
Mustafa Bayrak “Effects of Variations in
Alloy Content and Machining Parameters on
the Strength of the Intermetallic Bonding
Between A Diesel Piston and A Ring

20.

www.internationaljournalssrg.org

Carrier” Original scientific article/lzvirni
znanstveni  ~lanek, ISSN  1580-2949,
MTAECY, 44(6)391(2010).

Francis Uchenna OZIOKO” Casting of
Motorcycle Piston from Aluminium Piston
Scrap using Metallic Mould” Leonardo
Electronic Journal of Practices and
Technologies, Issue 21, July-December
2012, ISSN 1583-1078, p. 82-92

Page 52




