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Absract: This paper describes the stress
distribution of the seizure on piston four stroke
engine by using FEA. The finite element analysis is
performed by using computer aided design (CAD)
software. The main objectives is to investigate and
analyze the thermal stress distribution of piston at
the real engine condition during combustion
process. The paper describes the mesh optimization
with using finite element analysis technique to
predict the higher stress and critical region on the
component. The optimization is carried out to
reduce the stress concentration on the upper end of
the piston i.e (piston head/crown and piston skirt
and sleeve). With using computer aided
design(CAD), Pro/ENGINEER software the
structural model of a piston will be developed.
Furthermore, the finite element analysis performed
with using software ANSYS.
Keywords :Ansys, Piston crown, Piston skirt,ProE,
stress concentration, Thermal analysis etc.

1. Introduction
A piston is a component of reciprocating
IC-engines. 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 an important part in an engine, piston
endures the cyclic gas pressure and the inertial
forces at work, and this working condition may
cause the fatigue damage of piston, such as piston
side wear, piston head/crown cracks and so on. The
investigations indicate that the greatest stress
appears on the upper end of the piston and stress
concentration is one of the mainly reason for
fatigue failure.
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On the other hand piston overheating-seizure can
only occur when something burns or scrapes away
the oil film that exists between the piston and the
cylinder wall. Understanding this, it's not hard to
see why oils with exceptionally high film strengths
are very desirable. Good quality oils can provide a
film that stands up to the most intense heat and the
pressure loads of a modern high output engine.
Thermal analysis is a branch of materials science
where the properties of materials are studied as
they change with temperature. FEM method are
commonly used for thermal Analysis. Due to the
complicated working environment for the piston;
on one hand, the FEA for the piston became more
difficult, on the other hand, though there have
many methods which are put forward to apply
optimal design, the optimal parameters is not easy
to determine. In this study, the piston is used in low
idle and rated speed gas engine. In order to enhance
the engine dynamic and economic, it is necessary
for the piston to implement optimization. The
mathematical model of optimization is established
firstly, and the FEA is carried out by using the
ANSYS software. Based on the analysis of optimal
result, the stress concentrates on the upper end of
piston has become evaluate, which provides a
better reference for redesign of piston.

2. Piston Design Data
The design data for designing of I.C
engine Piston with the help of pro-E is collected
from tata motors for Diesel engine vehicle.
Let us assume the other parameters
required for desiginig of piston as bellow
Mass of Piston
1.36 kg
Mass Of Conn Rod
0.60 kg
Crankpin Mass
Crank Radius

0.25 kg
39.5 kg
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Reciprocating Mass
Cylinder Pitch
Weight Of Flywheel
Rotating Mass

1.56 kg
84.0 mm
1.00 kg
1.12 kg

Engine Specifications
Power @ speed
Torque@speed
Piston assembly
Stroke length
Engine Type
Comp Ratio
Conn Rod Length

75ps ,55Kw@4000rpm
190Nm@1750rpm
Assume
110mm
C.I Engine
17.6:1
Assume

3.

Theoretical Foundation
In engine, transfer of heat takes place due
to difference in temperature and from higher
temperature to lower temperature. Thus, there is
heat transfer to the gases during intakes stroke and
the first part of the compression stroke, but the
during combustion and expansion processes the
heat transfer take place from the gases to the walls.
So the piston crown/head , piston ring and
the piston skirt should have enough stiffness which
can endure the pressure and the friction between
contacting surfaces. In addition, as an important
part in engine, the working condition of piston is
directly related to the reliability and durability of
engine. So it is important for the piston skirt and
the piston ring to carry out structural and optimal
analysis which can provide reference for design of
piston.
4. Piston Design

Top view

Front view

Side view

5. Piston

Design
Procedure
calculations of gas force

and

Brake Horse Power, BHP = 39 HP
Engine Speed, N= 850 rpm
Mechanical Efficiency,ηm = 80%
Piston Diameter, d=88.90 mm
Indicated Horse Power, IHP = 48.75HP
So the mean effective pressure on the piston crown
,piston top ring and the piston skirt should be
restricted at low idle (850rpm) and at rated speed
(2700rpm). The formula can be expressed as,
………………. (1)
Where,
Pm Mean Effective Pressure (bar) ;
L- stroke length(mm) ; A –Area(mm2) ;
N-speed (rpm) ;
IHP- indicated horse power (watt)
Thus for low idle speed (850RPM) Pm=74.18 bar
and for rated speed (2700RPM) Pm= 23.33bar So,
Calculation purpose Mean Effective Pressure, Pm =
23.33 bar taken.
Gas Force, Fg = Pm × A
= 2.33 × 6207.16
Gas Force, Fg = 14.49 × 103 N
5.1 Analytical Finite Element Analysis
In this work, due to the symmetry of
structure, model of piston has been made in the
Pro/E software, and then the FEM is established
using ANSYS software. The 3-D 20-node solid
element SOLID95 is applied to mesh the whole
structure, and 27374 nodes and 14129 elements are
obtained. In addition, in order to obtain the better
result, the contact pair which is important to carry
out the research should be established between the
piston crown, piston ring and piston skirt. The
contact is highly non-linear and need more
computing power. In order to compute effectively,
it is important to know the physical property and
establish the reasonable model. In this study, the
surface-surface contact is applied to the model. The
FEA of piston is carried out by using the ANSYS
software. The equivalent stress and the deformation
of the piston are obtained respectively, as shown in
the Fig As shown in the Fig. , the maximum stress
appears at the centre and at edge of piston sleeve
and the value of the stress is 228N/mm2. As shown
in the Fig. the maximum deformation occurs on
piston and the value of deformation is 0.760mm.
The analysis of contact is carried out by using

ANSYS workbench software, and the result is
shown in the Figures It is correspond with the truth.
5.2 Thermal Analysis Of Piston Using FEA
Approach
Piston is treated as Axis-symmetrical object about
the centre axis of the piston q1x,q1y, q2x,q2y,
q3x,q3y, q4x,q4y, q5x,q5y, q6x,q6y, q7x,q7y are the
nodes position from 1 to 7 along x and y directions.
Each 7245 N force acting vertical down word at
node no 6 and node no7respectively.

directions. Each 7245 N force acting vertical down
word at node no 6 and node no 7 respectively.
5.4 Temperature load Vector Matrix,

T=Element Temp-Room Temp= 150-40= 1100C
Similarly for element 2,3,4.
Global Temperature Load Vector Matrix
Assembled
FG=F+ G

Global

Force

Vector

Matrix,

Where ‘U ’ is Displacement Matrix. By solving the
above equations, we get, displacement at various
nodes.
Nodes Analytical values
Ansys values
of deformation
of deformation
U2X
U4X
U6X
U6Y
U7X
U7Y
E = 72.5 X103 N/mm2
µ = 0.334
ρ=7900 kg/m3
5.3 Force Vector Matrix, F Radius of Centroid,

r1 = 41. 583 mm
and
J1 = 235.21

Strain Displacement Matrix, B1
Material Property Matrix, D1

Stiffness Matrix K1
K1=t1 × A1 × BT1 × D1 × B1
K1=(2 × π × r1) × A1 × BT1 × D1 × B1
Material Property Matrix, D1=D2=D3=D4
Similarly for element 2,3,4. Force Vector Matrix, F
Piston is treated as Axis-symmetrical object about
the centre axis of the piston q1x,q1y, q2x,q2y,
q3x,q3y, q4x,q4y, q5x,q5y, q6x,q6y, q7x,q7y are
the nodes position from 1 to 7 along x and y

0.0216
0.0538
0.4241
0.4366
-0.0024
0.4198

0.805
0.785
0.760
0.724
0.077
0.434

6. Optimization Analysis With Steel By
Ansys
Modern engines with variable valve train
or different direct injection concepts require pistons
with complex crown shapes which would often
lead to a higher piston weight. Therefore in every
new piston development, the piston geometry is
optimized in particular in the ring belt/piston skirt
area. Intensive application of numerical simulation
methods enables significant weight reductions
while increasing at the same time the load-bearing
capacity. Newly developed alloys with better
castability, but also higher fatigue resistance in the
critical temperature and stress region, allow the
realization of thinner wall structures. Improved
casting methods enable large recesses for the ring
belt and hence a considerable reduction in the
piston weight.
But also the use of steel pistons in i. c engines is
discussed again and again. The advantages of steel
pistons such as reduced installation clearances, low
fuel consumption figures and long service life
would have to be evaluated against customer
demands such as low emission levels, lightweight,
efficient cooling and a competitive price. But up to
now, there are no definite indications that steel
pistons would be a viable concept for mass
production. The analysis is done in ANSYS
Workbench for teo materials aluminium alloy
which is existing material and suggested material
with different material properties. Following result
are obtained as shown in figure.

Table 1.Alluminium alloy properties

Table 2. steel alloy properties

stress concentration is caused on the upper end of
piston, the situation becomes more serious when
the stiffness of the piston is not enough, and the
crack generally appeared at the point A which may
gradually extend and even cause splitting along the
piston vertical. 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.
1. The optimal mathematical model which
includes deformation of piston crown and
quality of piston and piston skirt.
2. The FEA is carried out for standred piston
model used in disel engine and the result of
analysis indicate that the maximum stress has
changed from 228 Mpa. To 89 Mpa. And
biggest deformation has been reduced from
0.419 mm to 0.434 mm.
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