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Abstract— This paper describes the stress
distribution, displacement and thermal
stresses of aluminum alloy piston and carbon
graphite piston by using finite element
Analysis (FEA) .The parameters used for the
simulation are operating gas pressure,
temperature and material properties of
pistons. The specifications used for the study
of these pistons belong to four stroke 100cc
hero bike engine. This paper illustrates the
procedure for analytical design of aluminum
alloy piston and carbon graphite piston using
specifications of four stroke 100cc hero bike
engine. The results predict the maximum
stress and critical region on aluminum alloy
piston and carbon graphite piston using FEA.
It is important to locate the critical area of
concentrated  stress  for  appropriate
modifications. The CAD model of the pistons
was drawn by using Solidworks (Feature
module) and Simulation module was used to
mesh the pistons, Static and couple field
analysis.

Keywords—IC engine piston, carbon
graphite piston analysis, stress analysis on
piston, strain, displacement, analysis on
aluminum alloy piston.

I. INTRODUCTION

Piston is a cylindrical member which is
placed inside cylinder and on the
combustion gases exerts pressure. It is

made up of cast iron or aluminum alloy.
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. It is the moving
component that is contained by a cylinder
and is made gas-tight by piston rings. It
absorbs the side thrust resulting from
obliquity of the connecting rod. It also
dissipates the large amount of heat
generated by the combustion gases form
the combustion chamber to the cylinder
wall. In some engines, the piston also
acts as a valve by covering and
uncovering ports in the cylinder wall.

[l. FINITE ELEMENT METHOD

Finite element analysis is a computer based
numerical technique for calculating the
strength and behavior of engineering
structures. It can be used to calculate
deflection, stress, vibration, buckling
behavior and many other phenomena. It can
analyze elastic deformation or “permanently
bent out of shape” deformation. The
computer is required because of the
astronomical number of calculations needed
to analyze a large structure. The power and
low cost of modern computers has made
finite element analysis available to many
disciplines and companies.

With the rapid advancement of technology,
the complexity of the problem to be dealt by
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a design engineer is also increasing. This
scenario demand speedy, efficient and
optimal design from an engineer. To keep
pace with the development and ensure better
output, the engineer today resorting to
numerical methods. For problems involving
complex shapes, material properties and
complicated boundary conditions, it is
difficult and in many cases interactive to
obtain analytical solutions. Numerical
methods provide approximate but acceptable
solutions to such problems.

Finite element analysis is one of such
numerical procedure for analyzing and
solving wide range of complex engineering
problems (may Dbe structural, heat
conduction, flow field...) which are
complicated to be solved satisfactorily by any
of the available classical analytical methods.
The computer intervention is the backbone of
the procedure since it involves the solution of
many simultaneous algebraic equations,
which can be solved easily by the computer.
Actually Finite Element Method was
originated as a method of stress analysis. But
today the applications are numerous. Now
days, each and every design is developed
through Finite Element Analysis. The
numerous applications include the fields of
Heat transfer, Fluid flow, Lubrication.
Electric and Magnetic fields, Seepage and
other flow problems. The various areas of
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bridges, electric motors, heat engines, aircraft
structures, space crafts etc. With the
advances in Interactive CAD systems
complex problems can be modeled with
relative ease. Several alternative
configurations can be tried out on a computer
before the prototype is built.

I METHODOLOGY OF PROPOSED
WORK

The methodology of this work is based
upon information collected and processed
the study and research phase. The
technique to be applied for the design of
piston are as follows:

+ Data gathering of recent development
in IC engine piston.

+ Reverse engineering this piston, and

calculated dimensions were measured

and reproduced as a 3-D model in

Solidworks software, and analyzed in

Solidworks Simulation.

Selection of Material from software’s

library

Meshing of Piston.

Applying Boundary conditions.

Result calculation.

Comparing Total deformation and

Max. Von misses stress in Static

)/
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*
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X/
o

L . o analysis.
applications include design of buildings and
IV ENGINE SPECIFICATIONS
Type Air cooled, 4 - stroke single cylinder OHC

Displacement 97.2 cc
Max. Power

Max. Torque

6.15kW (8.36 Ps) @8000 rpm

0.82kg - m (8.05 N-m) @5000 rpm
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Max. Speed 87 Kmph
Bore x Stroke 50.0 mm x 49.5 mm
Carburetor Side Draft , Variable Venturi Type with TCIS
Compression Ratio 99:1
Starting Kick / Self Start
Ignition DC - Digital CDI
Oil Grade SAE 10 W 30 SJ Grade , JASO MA Grade
Air Filtration Dry , Pleated Paper Filter
Fuel System Carburetor
Fuel Metering Carburetion

V  Reverse Engineering the Aluminum Alloy Piston:
With the help of vernier caliper the dimensions of the model piston were measured. By using this
measurement 3D model of the piston were drawn using Solidworks modeling software.

=

V1. BOUNDARY CONDITIONS AND LOADS
(i)Maximum gas pressure at top surface of the piston 5MPa

(if) Temperature at Top surface of the piston 400°C

(iii)Piston pin holes are fixed .
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VII. Report of static analysis on aluminum alloy piston where 5 MPa pressure applied on the top of the piston
head as below:

Model Information

Model name: Piston 100cc_Hero Splendor
Current Configuration: Default

Solid Bodies
Document Name . . Document
and Reference R LT i Path/Date Modified
LPattern2
Mass:0.0729602 kg
;c:\l;mezz.7224e-005 Default
Solid Body Density:2680 kg/mA3 Aug 0201167:08:19
Weight:0.71501 N
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Units
Unit system: SI (MKS)
Length/Displacement mm
Temperature Kelvin
Angular velocity Rad/sec
Pressure/Stress N/mA2
Material Properties
Model Reference Properties Components
Name: 4032-T6 SolidBody
Model type: Linear Elastic 1(LPattern2)(Piston
Isotropic 100cc_Hero Splendor)
Default failure Unknown
criterion:
Yield strength: 3.15e+008
N/mA2
Tensile 3.8e+008 N/m~2
strength:

Elastic modulus:
Poisson's ratio:

7.9e+010 N/m”2
0.34

Mass density: 2680 kg/m”3
Shear modulus: 2.6e+010 N/m”2
Thermal 1.9e-005 /Kelvin
expansion
coefficient:

Curve Data:N/A

Available online: https://edupediapublications.org/journals/index.php/1JR/

Page | 1558


https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

e-1SSN: 2348-6848

p-1SSN: 2348-795X

Volume 04 Issue 09
August 2017

International Journal of Research

qg Available at https://edupediapublications.org/journals

Loads and Fixtures

Fixture name Fixture Image Fixture Details

Entities: 2 face(s)
Type: Fixed Geometry

Fixed-1

Resultant Forces

Components X Y Z Resultant
Reaction force(N) 0.595554 9425.86 -0.991531 9425.86
Reaction Moment(NM) 0 0 0 0
Load name Load Image Load Details

Entities: 2 face(s)
Type: Normal to selected
face
Value: 5
Units: N/mm”2 (MPa)

Pressure-1

Mesh Information

Mesh type Solid Mesh
Mesher Used: Standard mesh
Automatic Transition: Off

Include Mesh Auto Loops: Off

Jacobian points 4 Points
Element Size 1.50467 mm
Tolerance 0.0752336 mm
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Mesh Quality High
Mesh Information - Details

Total Nodes 139938

Total Elements 86193

Maximum Aspect Ratio 167.85

% of elements with Aspect Ratio <3 90.8

% of elements with Aspect Ratio > 10 0.39

% of distorted elements(Jacobian) 0

Time to complete mesh(hh;mm;ss): 00:00:45

Computer name: Default

Modlel name: Piston 100cc_Hero Splendor
Study name: aluminum alloy 4032 static analysis
Mesh type: Solid mesh
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Model name: Piston 100cc_Hero Splendor

Stucly name: aluminum alloy 4032 static analysis

Plot type: Static nodal stress Stresst |
Deformation scale: 148.418 !

von Mises (Nin2)

268,961,0240

246,543 9520
_ 224,388960
. 201,727 8400
. 179,316,7840
- 156,905,7280

| 1344346720

Y

A

| Flsometric

. 112,083,000

. 89672,544.0

- 67,261,480
44,850,428.0
224393720
283132

—
Yield strength: 315,000,000.0

Madel name: Piston 100ce_Hero Splendor

Plot type: Static strain Straint
Deformation scale: 145,418

Study name: aluminum alloy 4032 static analysis

\
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ESTRN

23326.003
P 238003
19430003
17438003

. 1555003
13616003
11688003

I a7aeom
77780004
55350004

3.893e-004
1.950e-004
7.578e-007

|

Model name: Piston 100cc_Hero Splendor
Stucly name: aluminum alloy 4032 static analysis
Plot type: Static displacement Displacement!
Deformation scale: 148.418

LY

URES (mm)

3.749e-002
3.437e-002

. 3.124e-002

. 2.812e-002

. 2.500e-002

. 2.187e-002

. 1.875e-002
»_‘j: 1.562e-002
- 1.250e-002

. 9.373e-003

6.249e-003
3.124e-003
1.000e-030

Study (I)

QASE T o @ B-H-

Here we found the result of static analysis where pressure of 5MPa has applied on the top of

the piston head in study (l)

VIII. Result of static analysis on aluminum alloy piston where temperature at top surface of the

piston is 400°C as below-

Model niame: Piston 100cc_Hero Splendor
Study name: temp aluminum alioy
Plot type: Static nodal stress Stress1

Modlel name: Piston 100ce_Hero Splendor
Studly name: temp aluminum alloy
Plot type: Static strain Straint

Deformation scale: 178.943 von Mises (Nin"2) Deformation scale: 178,943 ESTRN
771,814,592.0 5.391e-003
. 707,498,560.0 4.942e-003
. 643,182464.0 . 4.492e-003
. 578,366,368.0 . 4.043-003
. 514,550,304.0 . 3594e-003
. 450234 2400 . 3145e-003
385918,176.0 | 26982003
—p - 3218021120 | 2.246e-003
. 257 286,064.0 . 1.797¢-003
. 192,970,000.0 - 1.348e-003
128)53,936.0 5.9882-004
Y l £4,337872.0 e l 4.4956-004
21,8078 3.866e-007
S
7 Yield strength: 315,000,000.0 5
| “Isometric
! P =
QAYAE- T - @ 8- E-
Model name: Piston 100cc_Hero Splendor
Stucly name: temp aluminum alloy
Plot type: Static displacement Displacement1
Deformation scale: 178.943 URES (mm)
3.3876-002
. 3104e-002
. 2:822e-002
. 2540e-002
. 2.258e-002
. 1.976e-002
1.693e-002
’-.t 1.411e-002
- 11288002
. 8.466e-003
56448-003
28226003 %
i 1.000e-030 lt
z z

Study (Il)
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IX. Now, we compared aluminum alloy material with C-Graphite, where the boundary
conditions are same as previous studies as 5 MPa pressure applied on the top surface of the c-
graphite pistion , the report of the static analysis on C-Graphite piston can be find as below-

Model Information

1odel name: Piston 100cc_Hero Splendor
|urrent Configuration: Default

olid Bodies
SETMEENER TS Lo Iolumetric Properties ocument FEYRAE
|eference Aodified
IDatternZ

I‘Iass:0.0609817 kg

olume:2.7224e-005 m”3 efault

. [ A
olid Body jef;:ﬁ’_-gzs‘;‘;'e‘g/:f 3 ug 09 16:08:19 2017
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Material Properties

Model Reference Properties Components
Name: C(Graphite) SolidBody
Model type: Linear Elastic 1(LPattern2)(Piston
Isotropic 100cc_Hero Splendor)
Default failure Unknown
criterion:
Yield strength: 1.20594e+008
N/mA2
Tensile strength: 1.00826e+008
N/m~2

Elastic modulus: 2.1e+011 N/mA2
Poisson's ratio: 0.28
Mass density: 2240 kg/m”3
Thermal 1.3e-005 /Kelvin
expansion
coefficient:

Curve Data:N/A
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Loads and Fixtures

Fixture name Fixture Image Fixture Details

Entities: 2 face(s)
Type: Fixed Geometry

Fixed-1

Resultant Forces

Components X Y Z Resultant
Reaction force(N) -0.201809 9428.71 1.45164 9428.71
Reaction
Moment(N-m) 0 0 0 0

Load name Load Image Load Details

Entities: 2 face(s)
Type: Normal to selected
face
Value: 5
Units: N/mm~*2 (MPa)

Pressure-1
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Model name: Piston 100cc_Hero Splendor
Study name: c- graphite static study
Mesh type: Solid mesh

Meshed model

Model name: Piston 100cc_Hero Splendor
Study name: c- graphite static study
Plot type: Static nodal stress Stress1

Model name: Piston 100cc_Hero Splendor
Stuely name: c- graphite static study
Plot type: Static strain Straint

Deformation scale: 338 27 von Mises (Nin"2) Deformation scale: 338.27 ESTRN
268,702,240.0 8.357e-004
2463122240 7.661e-004
. 2239222080 . 6.964e-004
- 201,532,192.0 . 6.2682-004
- 179,142,176.0 - 5.572e-004
- 156,752,160.0 - 4.876e-004
- 134,362,144.0 . 4.180e-004
—> 1119721200 - 3.483e-004
. 89,582,104.0 - 2.787e-004
. 67,192,088.0 . 2.091e-004
44,302,068.0 1.395¢-004
Y l 224120480 ¥ ' 6.987e-005
22,030.7 2.526e-007
A( Yield strength: 120,594,000.0 ‘l‘x
i z
i *Isometric FIsometric

[

Model name: Piston 100cc_Hero Splendor
Study name: c- graphite static study

Plot type: Static displacement Displacement1

Deformation scale: 398.27

A
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1.393e-002

P 1 277e002
- 1.161e-002

. 1.045e-002

. 9289003

. 8128e-003

| 6.967e-003

. 5.806e-003

. 4645e-003

. 3.484e-003

2.322e-003
l 1.161e-003
1.000e-030
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Study (IlI)

X. Result of static analysis on C- Graphite piston where temperature at top surface of the
piston is 400°C

Model name: Piston 100¢¢_Hero Splendor Mode name: Piston 100¢¢_Hera Spiendor

Study name: thermal_tems_c- araphte Study name: thermal_tems_c- araphte
Plot type: Static nodal stress Stress1 Plot type: Static strain Straini
Deformation scale: 270,374 von Mises (Un"2) Deformation scale: 270.374 ESTRN
1,256,7724800 31520-003
D 11520445720 I 25850003
L 10473188260 | 26270003
| 942,589.2480 2364003
. 837,861 504.0 2101003
. 7331337600 . 1.839e-003
| - 24080800 | 15766003
| 5235783360 | 1313.003
. 418,950 624.0 . 1.051e-003

_ 3142229120
209,495,184.0
104,767 4720
39,7491 I
—
Vield strength: 120,594,000 :

il *Isometric

. 7.881e-004

5.255e-004
2.628e-004
1.715e-007

QAW E -6 @ £- B~
Model name: Piston 100cc_Hero Splendor
Stucly name: thermal_temp_ c- araphite
Plot type: Static displacement Displacementt
Deformation scale: 270.374 URES (mm)
2253e-002
2.066e-002
- 18786002
- 1.690e-002
- 1.502¢-002
_ 13148002
1427e-002
. 9.389¢-003
. 7511003
. 5533003

37562-003
1.878e-003 ¥
1.000-030

Study (IV)

XI. Static analysis on c-graphite piston again with same boundary conditions , but, this time the
thickness of 1Imm has been added on the bottom side of the piston head, the result can be find
as below-

Model Information
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Model name: Piston 100cc_Hero Splendor_ modified
Current Configuration: Default
Solid Bodies
Dleraulein e ve 2 Treated As Volumetric Properties Document Path/Date Modified
Reference
Boss-Extrude8
Mass:0.0617103 kg
Volume:2.75492e-005 m*3 Default
Solid Body Density:2240 kg/mA3 .
Weight:0.604761 N Aug 14 16:55:00 2017
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Mode! name: Piston 100cc_Hero Splendor_modified
Study neme: staic analysis on mordfed pston |
Plottype: Statc nodal stress Stresst !
Deformation scale: 333,047 |

von Mises (N/m*2)

421312,096.0

P 3652043200
. 351,096,576.0

. 315,988,800.0

. 280,881,024.0

. 2457732320

. 2108654720

L 1755577120

. 140,449,336.0
—F 1053421680
70,234,400.0
l 351266360

x 18,867.9

A

*Isometric

Vield strength: 120,594,000.0

Plot type: Static strain Strain
Deformation scale: 339.047 ' ESTRN

Model name: Piston 100cc_Hero Splendor_ modified
el 5 sl

piston

9764e-004
P 6.0512-004
. BA3Te-004
- 7.324e-004
- B510e-004
. 56972004
. 4883004
- 4.070s-004
- 32562004
. 24432004

1.629e-004
l 8.156e-005
2.098e-007

Model name: Piston 100cc_Hero Splendor_modified
Study name: static analysis on modified piston
Plot type: Static displacement Displacemert1
Deformation scale: 339.047

|

URES (mm)

1.390e-002

1.274e-002
. 1.158e-002
. 1.043e-002
. 9.268e-003
. 8.109e-003
. 6.951e-003
. 5.792e-003
. 4.634e-003
. 3.475e-003

2.317e-003
l 1.158e-003
1.000e-030

A

QAYNME F-or- @ 2B

Y

Study (V)

Conclusion-

In the conclusion, according to above static
analysis results on aluminum alloy piston
(Study 1) and c-graphite piston Study IlI, we
found according to result that aluminum alloy
piston is slightly strong than c-graphite, but
the result we got after slightly changing the
design of c-graphite piston by 1mm (addition
in thickness ) on the bottom side of piston
head then the results found differ than
previous results, here the results are better
than aluminum alloy piston as shown in
(study V).

On the other hand, when we analyzed both
pistons (aluminum alloy & c-graphite) as
study Il & study 1V, after applied the
temperature of 400°C on the top of the piston
head then the results came out in the favor of
c-graphite piston.

Furthermore, we compared c- graphite with
aluminum alloy then we found that C-

graphite material is lighter in weight than
aluminum alloy according to volumetric
properties, moreover, c- graphite piston has
low coefficient of the thermal expansion as
compare to aluminum alloy piston and
another comparison result found is that
thermal conductivity of c-graphite is much
better than aluminum alloy. At last,
according to above results c-graphite piston
is better than aluminum alloy for IC engines.
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