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Abstract— This paper describes the modeling and static
structural analysis of piston for various materials by consider
loading of gas pressure force at 18 MPa. In this research work
piston of an engine was modeled in CATIA and for precision
results meshing was carried out in HYPER MESH and then
analysis was done by using ANSYS. There are number of
variations in piston design which include shape, mass, provision
for expansion, skirt design and type of material. Here piston
material was replaced by pure aluminium-12.5% silicon based
composite material reinforced with 3% silicon carbide and 15%
cenosphere particulates and the performance of a piston is
compared with the former materials like LM26 and A4032. The
parameters like von mises stress, von mises strain and
displacements were obtained from ANSYS software. The analysis
results clearly shows that the piston with aluminium MMC’s has
better results than the former materials. When compared to the
conventional material the new material found to have less weight
and greater strength.
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I. INTRODUCTION

A piston is a component of engine and it is a movable part
fitted in to the cylinder which can receive and transmit power.
In an engine its purpose is to transfer force from expanding
gas in the cylinder to the crank shaft via a connecting rod. The
piston's primary responsibility is to take thermal energy
created by the ignition of fuel and air and transform it into
linear motion. Linear motion acts on the crankshaft journal
and becomes rotary motion.

Today aluminium alloys are generally used for mass
produced pistons. Currently pistons for two-stroke and four-
stroke internal combustion engines are exclusively
manufactured out of metallic materials mostly aluminium
alloys are used. Aluminium alloys pistons are most used in
petrol and diesel engines because they are much lighter than
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existed material. However aluminium metal matrix composites
have a smaller rate of expansion than the aluminium and cast
iron_in which most pistons operate. Because this aluminium
metal matrix composite pistons are specially designed to resist
high combustion temperature and expansion.

Pistons for internal combustion engines require
specialized and highly developed materials. Usually pistons
are designed to resist high combustion temperature. Due to
their unique properties of aluminium metal matrix composite
materials such as greater strength, better stiffness, low density,
improved controlled thermal expansion, high thermal
conductivity and good wear resistance which have been
especially developed for this application offer an alternative to
former materials and allow exceptional solutions as well as
improved performance in automotive engineering.

Ch.Venkata Rajam [1] analyzed stress distribution in
the various parts of the piston is by using ANSYS and they
observed that the volume of piston is reduced by 24%, the
thickness of barrel is reduced by 31%, width of other ring
lands of the piston is reduced by 25% and von-mises stress is
increased by 16%. But the deflection is increased after
optimization.

Ghodake A. P. [2] developed the piston design by
CAE tool and they evaluated the various stresses such as
maximum principal stresses, minimum principal stresses, von
mises stresses and total deflection occurred during working
condition.

Ajay Raj Singh [3] described the stress distribution
and thermal stresses of three different aluminium alloys piston
by using finite element method and they concluded that Al-
GHS 1300 material is superior among the three materials.

S. Srikanth Reddy [4] investigated thermal analyses
on a conventional diesel piston made of aluminium silicon
alloy and the analyzed results indicated that the maximum
stress has changed from 85 MPa to 55 MPa and biggest
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deformation has been reduced from 0.051762 mm to 0.025884
mm.

A. R. Bhagat [5] describes the stress distribution of
the seizure on piston four stroke engine by using finite
element analysis and the results analysed indicates that
maximum stress has been changed from 228 MPa to 89 MPa
and deformation has reduced from 0.419 mm to 0.434 mm.

Wilfried Wunderlich [6] here the aluminium piston
Al 11wt% Si alloys SC100, ACA8, A4032 were tested
together with A2618-T6 to studied their mechanical properties
and their thermal fatigue behaviour.

Chang-Yeol Jeong [7] studied the effect of alloying
elements on mechanical behaviour of Al 12%Si alloys for
piston has been conducted. The strength of the matrix was
increased by increasing on Ni and Cu content but the
elongation was increased in the reverse case.

D.Rudnik [8] illustrated the limitations which result
from the material and design of existing composite materials
of aluminium alloy matrix for pistons and other engine
components to improvement of engine operation features.

Dr. Dietrich Kehr [9] studied the properties,
application and advantages of carbon piston here carbon
pistons were manufactured by ceramic process and they
reduced the piston weight by 30 %, engine performance was
increased by 10 %, reduced oil consumption by 50 %, fuel
consumption was reduced by up to 5 % and reduced CO
emissions by 55 %.

J. Heuer [10] manufactured carbon pistons by turning
and milling from the solid with the aid of numerically
controlled machines and carbon pistons was accumulated
more than 15000 miles without any trouble. Here they
evaluated that piston weight is possible to reduce by 10% and
another weight reduction of 10 % was realized by the
application of ceramic piston pin.

Jonathan A. Lee [11] developed a high performance
piston alloys to meet U.S. automotive legislation requiring low
exhaust emission and they economically produced Al-Si alloy
with silicon content ranging from 6% to 18%. At high silicon
levels the alloy exhibits excellent dimensional stability,
surface hardness and wear resistant properties.

1.1 Characterization of materials

The materials chosen for this work are LM26, A4032 and
Al MMC for an internal combustion engine piston. The
relevant mechanical properties of LM26, A4032 and Al MMC
are illustrated in the below table 1.1.

Table 1.1: Mechanical properties for various samples

I1. PISTON DESIGN AND GENERATION OF FINITE
ELEMENT MODELING

2.1 Geometric model of piston

The piston model is designed according to the
specification and design data which are followed in bajaj
discover engine piston. It is a single cylinder four stroke air
cooled type petrol engine. Those engine specifications are
given in table 2.1 and the geometric model of piston was
modeled in CATIA is shown in figure 2.1.

Table 2.1 Bajaj discover engine specifications

Parameters Significances
Engine Type Four stroke petrol engine
Induction Air cooled type
Number of cylinders Single cylinder
Bore 67mm
Stroke 75mm
Displacement 135 cc
Maximum Power 13.8 bhp at 8500 rpm
Maximum Torque 13.4 N-m at 6000 rpm
Compression ratio 9.35

hd

b
=z
Figure 2.1: Geometric model of piston

2.2 Generation of finite element model

The finite element model is generated by using
hypermesh V12 for accuracy. The SOLID 187 tetra hedral
element is used for meshing of piston. SOLID187 element is a
higher order 3-D, 10-node element. The element is defined by
10 nodes having three degrees of freedom at each node
translations in the nodal X, y, and z directions. The mesh count
for the finite element model contains 75140 numbers of nodes
and 58560 numbers of elements. The FE model of piston is
shown in figure 2.2.

S.NO. | Parameters LM26 A4032 Al
MMC
1 Density 2.76 2.69 2.36
2 Young’s 71 79 87
Modulus
3 Ultimate 210 380 407.82
Tensile N
Strength "
4 Poisson’s 0.33 0.3 0.3 Figure 2.2: Finite element model of piston
Ratio
5 Yield 210 315 394
Strength
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I1l. METHODOLOGY OF PISTON ANALYSIS o o AN
During the working condition piston exposed to the o~ st
high gas pressure because of combustion. So the methodology st -320.045
for analyze the piston is to consider the gas pressure as applied
uniformly over the piston crown. The pressure force generated
by the burning of fuel is calculated using gas equation and it is
assumed that side thrust force and inertia force is negligible
but in reality this may have some influence on stress and
deformation of piston. Also the temperature effect is neglected
and assumed that temperature is uniform.
3.1 Pressure calculations for piston —
From the gas equation:
PV=MR specific T Figure 4.1: Von misses stress plot on piston for LM26
Mass = density x volume
=737.22e-9 * 135e3 The maximum displacement is 0.203 mm is observed
M=0.1 Kg at the center of the piston due to applied pressure force and the
R speciic = RIM deformation pattern of the piston is shown in figure 4.2.
=8.3543/0.1
R specific = 83.54 HODAL SOLUTION AN
P=(M* R gpecitic *T) /' V iy
P=(0.1*83.54*288)/135e3 ToE-
P=18 MPa H
Where S

P= Pressure in MPa
V= Volume in m®
M= mass of the fuel in Kg
R specitic= Specific gas constant
T= Temperature
The pressure force of 18 MPa is applied on
highlighted red colour surface of the piston crown in vertically
downward direction and it’s shown in figure 3.1.

—_—
0 045154 .0903089 135463 . 180618
022577 067732 .112886 . 15804 .203195

Figure 4.2: Total deformation on piston for LM26

4.2 Static analysis of piston using A4032 alloy

In A4032 alloy has maximum von mises stress
induced in the piston is 314 MPa and the stress at piston ring
grooves is approximately 120 MPa. The stress distribution is
shown in the figure 4.3.

A
Fj\ HNODAL S0LUTION AN
x STEP=1
Figure 3.1: Pressure force on piston 2%3 -
IV. STATIC STRUCTURAL ANALYSIS RESULTS AND o i
DISCUSSIONS

4.1 Static analysis of piston using LM26 material

In LM26 alloy has maximum von mises stress
induced in the piston is 320 MPa at the inner boss fillet area
which is due to stress concentration effect and pressure
application on top face of the piston. The stress at piston ring
grooves is approximately 140 MPa. The stress distribution is
shown in the figure 4.1. W

£9.9711 135,64 203.319 75.993
1341 104.808 174,482 244.156 313.83

Figure 4.3: Von mises stress plot on piston for A4032
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The maximum displacement is 0.179 mm is observed
at the center of the piston due to applied pressure force and the
deformation pattern of the piston is shown in figure 4.4.

AN

HODAL $OLUTION

STEP=1
SUB =1

MY =.179072

0

035754 079588 . .
019857 059691 099485 139278 179072

Figure 4.4: Total deformation on piston for A4032

4.3 Static analysis of piston using aluminium MMC

The analysis is carried out by using aluminium metal
matrix composite material properties. The maximum von
mises stress induced in the piston is 305 MPa at the inner boss
fillet area which due to stress concentration effect and pressure
application on top face of the piston. The stress at piston ring
grooves is approximately 110 MPa. The stress distribution is
shown in the figure 4.5.

HODAL $OLUTION AN

SEQV (A7)
DMX =, 160277
S =. 331631
SHX =304.513

E—
331631 67.9275 135.523 203,119 270,71
34,1296

s
101,725 169,321 236,917 304.513

Figure 4.5: Von mises stress plot on piston for aluminium MMC

The maximum displacement is 0.160 mm is observed
at the centre of the piston due to applied pressure force and the
deformation pattern of the piston is shown in figure 4.6.

HODAL $OLUTION AN

STEP=1
SUB =1
TINE=1

Usum

R§Y3=0

DX =. 160277
SHX =. 160277

0 142469

035617 071234 106852
017809 053426 089043 12466 . 160277]

Figure 4.6: Total deformation on piston for aluminium MMC
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V. CONCLUSIONS

In this research static structural analysis of piston
were performed on various materials like LM26, A4032 and
aluminium MMC by consider loading of gas pressure force at
18 MPa. The obtained results are as following:

» The static structural analysis results for LMZ26
material are VVon-mises stress=320 MPa, Von-mises
strain=0.00476 and Displacement=0.203mm.

» For A4032 material obtained results are Von-mises
stress=313 MPa, Von-mises strain=0.00419 and
Displacement=0.179mm.

» The static analysis results for Al MMC are Von-
mises stress=304 MPa, Von-mises strain=0.00374
and Displacement=0.160mm.

» It is observed that the analysis results clearly shows
that the piston with aluminium MMC material has
better results than the former materials LM26 and
A4032. It also indicated that have minimum
displacement than conventional materials.

» When compared to the conventional material the new
material found to have less weight and more strength.

SCOPE OF THE FUTURE WORK
+ In the present research pressure force of 18 bars and
uniform temperature on piston is used for static
structural analysis. So the work can be carried out by
applying different pressure and temperature.
« And also the study can be extended by analyzing
thermal and vibration characteristics.
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