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Abstract— this project mainly deals with the design and
analysis of 1.C engine piston. Piston is a component of
reciprocating engines, reciprocating pumps, gas compressors
and pneumatic cylinders among other similar mechanisms.in
an engine, its purpose is to transfer force from expanding
gas in the cylinder to the crankshaft via a piston rod or
connecting rod. Here the piston is designed, analysed and
the manufacturing process has been studied. Piston
temperature has considerable influence on efficiency,
emission, performance of the engine. Purpose of the
investigation is measurement of piston transient temperature
at several points on the piston, from cold start to steady
condition and comparison with the results of finite element
analysis.in this project the piston is modelled and assembled
with the help of CATIA software and component is meshed
and analysis is done in ANSYS software and the thermal
and static behaviour is studied and the results are tabulated.
The various two materials aluminium alloy A360 and alloy
242.in this project work has been taken up on the following
aspects to cover the research gaps to present the results
based on the systematic studies. Temperature distribution
and heat flow through the piston of the engine, FEA analysis
of the piston to measure temperature at the points where it is
not possible to find out practically and to observe the heat
flow inside the piston.
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. INTRODUCTION

Piston is considered to be one of the most important part in a
reciprocating engine in which it helps to convert the
chemical energy obtained by the combustion of fuel in to
useful mechanical power. The purpose of the piston is to
provide a means of conveying the expansion of the gases to
the crankshaft via the connecting rod, without loss of the gas
from above or oil from below. Piston is essentially a
cylindrical plug that moves up and down in the cylinder.

It is equipped with piston rings to provide a good seal
between the cylindrical wall and piston. Although the piston
appears to be a simple part, it is actually quite complex from
the design standpoint. The piston must be as possible,
however its weight should be minimized as far as possible in
order to reduce the inertia due to its reciprocating mass.

Il. LITERATURE REVIEW

In an internal combustion engines, pistons convert the
thermal energy into mechanical energy. The functions of
piston: to transmit the gas forces via connecting rod to the
crankshaft, to seal- in conjunction with the piston rings, to
dissipate the absorbed combustion heat to the cylinder linear
and crankcase into the combustion chamber. Aluminium
alloys are the preferred material for pistons both in gasoline
and diesel engines due to their specific characteristics: low

density, high thermal conductivity, simple net-shape
fabrication techniques casting and forging easy
machinability, high reliability and good recycling
characteristics. Proper control of the chemical composition,
the processing conditions and the final heat treatment results
in a microstructure which ensures the required mechanical
and thermal performance, in particular the high thermal
fatigue resistance.

Pistons are subjected to high mechanical and
thermal loads. The mechanical loads on the piston result
from extreme pressure cycles with peak pressure up to 200
bar in the combustion chamber and huge forces of inertia
caused by extremely high acceleration during the
reciprocating motion of pistons. The thermal loads on the
piston result from the combustion process with peak gas
temperatures in the combustion chamber 1800 and
2600°cdepending on type of engine, fuel, gas exchange,
compression, fuel/gas ratio. Exhaust gases have
temperatures between 500 and 800°c.

Pistons are produced from cast or forged, high-
temperature resistant aluminium silicon alloys there are 3
basic types of aluminium piston alloys. The standard piston
alloy is a eutectic al-12% Si alloy containing in addition
approx.1% each of Cu, Ni and mg.

Composition of two aluminium alloys

A. Aluminium Alloy A360

Element %
Copper 0.1 Max
Silicon 6.5-7.5
Magnesium | 0.2-0.60
Iron 5
Manganese 3
Nickel 0.1
Zinc 1
Lead 1
Tin 0.05
Titanium 2 Max
Aluminium | Remainder

Table 1: Aluminium Alloy A360
B. Aluminium Alloy A242

Element %
Aluminium | Remainder
Magnesium 1.2-1.7

Silicon 0-0.6
Iron 0.8
Copper 3.7-4.5
Zinc 0-0.1

Titanium 0.07-0.2
Manganese 0-0.1
Chromium | 0.15-0.25

Others 0-0.15

Table 2: Aluminium Alloy A242
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I1l. GEOMETRIC MODELING AND  FINITE ELEMENT
ANALYSIS

CATIA V5 R20 is an interactive computer aided
manufacturing system. The cad functions automate the
normal engineering, design and drafting capabilities found
in today’s manufacturing companies. Creation of a 3-D
model in CATIA V5 R20 can be performed using three
workbenches i.e.: sketcher, modelling and assembly.

A. Sketcher:

Sketcher is used to create two-dimensional representations
of associated within the part. We can a rough outline of
curves, and then specify conditions called constraints to
define the shapes more precisely and capture our design
part. Each curve is referred to as a sketch object.to create a
new sketch, chose start to mechanical design and sketcher
then select the reference plane or sketch plane in which the
is to be created.

B. Sketch Plane:

The sketch plane is the plane that sketch is located on. The
sketch plane menu has the following options with this
option, we can use the attachment face/plane icon to select a
planner face or existing datum plane. If we select datum
plane we can use the reverse direction button to reverse the
direction of the normal to the plane. XC-YC, YC-ZC and
ZC-XC with these options, we can create a sketch on one of
the WCS planes. If we use this method, a datum plane and
two datum axes created as below.

Fig. 1: Plane

C. Modelling:

Feature is an all-encompassing term that refers to all solids,
bodies and primitives used in CATIA V5 R20 form features
are used to supply detail to the model in the form of
standard feature types these includes hole, slot, groove,
pocket, rib, and pad. we can create solid bodies by
sweeping sketch and non- sketch geometry to create
associative features or creating primitives for the basic
building blocks, then adding more specific features.
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Fig. 2: dimensions of the engine piston

Fig. 3: 3-D model of I C engine piston

Type 4-Stroke NA DI Diesel
No of Cylinders 4 Inline

Bore x Stroke (mm) 88.9x 101.6
Displacement (cubic cm) 2523

Compression ratio 17

Rated Speed 3200

Rated power (Kw) 44 @ 3200 rpm

Max. torque 162 @ 1500 rpm

Max. Pressure (bar) 89.999

Table 3: Types

Boundary conditions of Piston
Convective heat transfer coefficient
In bowl h=1.46 exp (25 (r) 1.5) / 1 + exp (25 (N) 1.5)
Crown top h = 1.46 exp (25 (2N-r) 1.5) / 1+ exp (25 (N) 1.5)
Where N = D/3 D is piston diameter
R- Radial distance from the centre of the bowl
The following boundary conditions have been applied
Crown bowl T =700 deg C, h =0.6821 Kw/m2 k
Crown top T=700 deg C, h=0.91 Kw/m2 k
Top land T=180 deg C, h= 0.7 Kw/m2 k
2nd land & 3rd land T= 140 deg C, h= 0.7 Kw/m2 k
Skirt T= 120 deg C, h=0.7 Kw/ m2 k
Top groove bottom T= 140 deg C, h= 12 Kw/ m2 k

The finite element method is numerical analysis
technique for obtaining approximate solutions to a wide
variety of engineering problems. Basic approach for any
finite element analysis can be divided in to 3 parts 1) pre-
processors2) solver3) post-processor pre- processor mainly
contains building material of the model, meshing, assigning
material properties etc. After assigning material properties
and structural properties to the model, meshing is done.
Meshing means divide the model in to number of finite
sized elements .FEA use complex system of points called
nodes, which make grid called mesh. This mesh is
programmed to contain material and structural properties,
which define how the structure will react to certain loading
conditions. Solver are geometric tsk oriented. These are
developed for specific applications. Solvers are designed
based on continuum approach where in in construction of
mass, momentum and energy equation of state,
thermodynamic equations. The post- processor read and
interpreted the results. They can be presented in the form of
the table, a counter plot, deformed shape of the component
to the mode shapes a natural frequencies.

Pre-Processor . Post-Processor
Solution Phase
Phase Phase
Geometry Element matrix Post solution
definition formulation operations
Mesh Overall matrix Post data print
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generation triangularization outs oA, s N
Material Wave point Post data st o,
H /EXPENDED
Definitions pigietione o
SMX =139.025
Constraint Displacements, stress,
definitions etc.
Load definition Calculation
Model displays

Table 4: Description

IV. RESULT& DISCUSSIONS

A thermal analysis calculates the temperature distribution
and related thermal quantities in a system or component.

1) The temperature distribution
2) The amount of heat lost or gained
3) Thermal fluxes.

[T
Fig 4: 2D diagram of piston

Fig 5: mesh model of piston
A. Results of Aluminium Alloy A360
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Fig. 6: nodal temperature of piston
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Fig 7: thermal gradient of piston
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Fig 8: thermal flux of pisto

Fig 9: deformation of piston
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Fig 10: vonmises stress of piston
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B. Results of Aluminium alloy A242
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Fig 15: Vonmises Stress of piston
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Fig 11: Nodal Temperature of piston
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Parameters Aluminium alloy | Aluminium alloy
A360 A242
Nodal temperature 380% 350%
Thermal gradient | 139.025kelvin/m | 128.432kelvin/m
Thermal flux 62.561 w/m’ 44.951 wim®
Deformation flux 0.418513 m 0.52374 m
Vonmises stress 648.35 N/mm? 301.14/mm?
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Fig 13: Thermal Flux of piston
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Fig 14: Deformation of piston
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Table 5: Results of two materials

V. CONCLUSION

In our project we have designed a piston used for I.C
engine by using two aluminium alloys such as A360
and 242.

It was found that aluminium alloy 242 has around 73%
more permissible yield stress values when compared to
that of A360.

Two models of piston are designed for two materials —
aluminium alloy A360 and 242. Coupled field analysis
is done on the models to validate structural and thermal
properties like displacement, vonmises stress, thermal
gradient, thermal flux and nodal temperature.

By observing the analysis results, von-misses stress and
nodal temperature values are less for material
aluminium alloy A360.when compare to aluminium
alloy 242.

Finally, from above results I am conclude that the
Aluminium alloy 242 is best material for manufacturing
of Piston.

Future Scope

1) 1.1t should be noted that analysis of the piston pin
is beyond the scope of this work which can be
however achieved by an appropriate material
model for the piston pin and examinig the stresses
in the cross section of the pin.

2) 2. Itis suggested to run the fatigue analysis on the
design to further optimize the shape and size.

3) 3. It is suggested to run the CFD analysis on the
design to get the better results.
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