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Abstract— This paper describes the stress ,
strain, displacement and thermal stresses of
cast iron 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 cast iron piston and
carbon graphite piston using specifications
of four stroke 100cc hero bike engine. The
results predict the maximum stress and
critical region on cast iron piston and carbon
graphite piston using FEA. It is important to
locate the critical area of concentrated stress
for appropriate modifications. The 3D model
of the pistons drawn by using Solidworks
(Feature module) and  Simulation module
was used to mesh the pistons and Static
analysis (FEA)

Keywords—IC engine piston, FEA on
piston, stress analysis on piston, strain,
displacement, analysis on cast iron piston,
carbon graphite piston analysis.

I. INTRODUCTION

A piston is a component of reciprocating
engines, reciprocating pumps,
gas 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.

Il. FEM (Finite Element Method)

The finite element method (FEM) is
a numerical method for solving problems of
engineering and mathematical physics. It is
also referred to as finite element
analysis (FEA). Typical problem areas of
interest include structural analysis, heat
transfer, fluid flow, mass transport,
and electromagnetic potential. The analytical
solution of these problems generally require
the  solution to  boundary  value
problems for partial differential equations.
The finite element method formulation of the
problem results in a system of algebraic
equations. The method yields approximate
values of the unknowns at discrete number of
points over the domain. To solve the
problem, it subdivides a large problem into
smaller, simpler parts that are called finite
elements. The simple equations that model
these finite elements are then assembled into
a larger system of equations that models the
entire problem. FEM then uses vibrational
methods from the calculus of variations to
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associated error function.

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:

+¢+ Collection of recent development in IC

engine piston.

IV ENGINE SPECIFICATIONS
Type
Displacement

Max. Power

Max. Torque

Max. Speed

Bore x Stroke

Carburetor

Compression Ratio

Starting

Ignition

Oil Grade
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+ Reverse engineering this piston, and

calculated dimensions were measured

and reproduced as a 3-D model in

Solidworks software, and analyzed in

Solidworks Simulation.

% Material selection for analyse from
solidworks’s library.

¢+ Meshing of 3D model of piston.

Apply the Boundary conditions.

+ Result calculation.

Comparison of Total deformation and

Max. Von misses stress in Static

analysis.

Air cooled, 4 - stroke single cylinder OHC
97.2 cc

6.15kW (8.36 Ps) @8000 rpm

0.82kg - m (8.05 N-m) @5000 rpm

87 Kmph

50.0 mm x 49.5 mm

Side Draft , Variable Venturi Type with TCIS
99:1

Kick / Self Start

DC - Digital CDI

SAE 10 W 30 SJ Grade , JASO MA Grade
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Air Filtration Dry , Pleated Paper Filter
Fuel System Carburetor
Fuel Metering Carburetion

V  Reverse Engineering the 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.

=

= *Front

@5 *Left

1o

VI. BOUNDARY CONDITIONS AND LOADS

(i)Maximum gas pressure at top surface of the piston 5MPa
(ii) 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 cast iron 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 and . . Document Path/Date
Reference Treated As Volumetric Properties Modified
LPattern2
Mass:0.196012 kg
Volume:2.7224e-005 m"™3
Default

Solid Body Density:7200 kg/m”3

Weight:1.92092 N Aug 09 16:08:19 2017
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Units

Unit system: SI (MKS)

Length/Displacement mm

Temperature Kelvin

Angular velocity Rad/sec

Pressure/Stress N/m”2

Material Properties
Model Reference Properties Components
Name: Gray Cast Iron SolidBody
Model type: Linear Elastic Isotropic 1(LPattern2)(Piston
Default_fail_ure Unknown 100cc_Hero Splendor)
criterion:

Tensile strength:
Compressive strength:
Elastic modulus:
Poisson's ratio:

Mass density:

Shear modulus:
Thermal expansion
coefficient:

1.51658e+008 N/m~2
5.72165e+008 N/m"2
6.61781e+010 N/m”2
0.27

7200 kg/m"3

5e+010 N/m”2
1.2e-005 /Kelvin
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Loads and Fixtures
AV Fixture Image Fixture Details
name
Entities: 2 face(s)
Type: Fixed Geometry
Fixed-1
Resultant Forces
Components X Y Z Resultant
Reaction force(N) -0.185829 9428.67 0.964079 9428.67
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
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
Mesh Quality High
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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): 00:00:44

Computer name: JATENDERDATTA
m

Model name: Piston 100cc_Hero Splendor
Study name: analysis on cast iron piston
Mesh type: Solid mesh

Meshed Model
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Model name: Piston 100cc_Hero Splendor
Study name: analysis on cas: ron piston |
Plot type: Static strain Straint

Deformation scale: 125745 von Mises (Nim*2) Deformation scale: 125.745 ESTRN
268,729,280.0 2530e-003
. 285,330 124 U . 2316003
. 2233447680 . 2492003
. 2015525120 - 1.973e-003
. 179160,256.0 1 754e.NN3
. 156,768,000.0 . 1535003
_ 134375,744.0 . 1316e-003
. 111,383,488.0 . 1.096e-003
. 89,531,2320 . 8.773e-004
- 671389760 . 65626-004
44,806,724.0 4390e-004
224144880 2199e-004
b 222113 3% 7.812e-007
ZALN z‘ly
“Isometric FIsometric
QAW E-F- - @ £~ B1-
Model name: Piston 100zc_Hero Splendor
Sturdy name: analysis an rast iron piston
Plot type: Static displacemert Displacement1
Deformation scale: 125745 JRES (mmi
2471002
P 5 044e-002
. 3673002
- 3.303e-002
. 2941002
. 2573002
. 2203e-002
. 1833002
. 1.473e-002
. 1103002
l 7.3526-003
35756003
i 1.000e-030 i
z I
Flsometric

Study (1)

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

piston head.

VII1I. Result of static analysis on cast iron piston where temperature at top surface of the piston is

400°C as below-

Model name: Piston 100cc_Hero Splendor
Study name: cast iron analysis_temperature
Plot type: Static nodal stress Stress1

Model name: Piston 100cc_Hero Splendor
Study name: cast iron analysis_tempersture
Plot type: Static strain Strain1

Deformation scale: 294.543 von Mises (Nin“2) Deformation scale: 234.543 ESTRN
359,411,072 28382-003
329,461,088.0 2602-003
. 299,511,136 . 2.3656-003
. 269,561,184.0 . 2429e-003
. 239611.2160 - 18926003
- 209661,248.0 . 16566-003
1797112960 . 1.419e-003
. 149,761,328.0 . 1.183e-003
- 119,811,368.0 . 9.462¢-004
- 89,861,408.0 . 7.0976-004
59,911,440.0 4.732e-004
l 29,961,478.0 l 2.3672-004
I 11,5163 I 1.467¢-007
I z
QASHE F 6 @R H-
Model name: Piston 100cc_Hero Splendor
Stucdy name: cast iron analysis_temperature
Plot type: Static displacement Displacemert1
Deformation scale: 294.543 URES (mm)
2.070e-002
1.8982-002
. 1.7258-002
. 1.5532-002
- 1.380e-002
. 1.2082-002
. 1.0352-002
. 8627-003
. 6.9012-003
. 51762003

A

3.451e-003
1.725e-003
1.000e-030

L

Study (1)
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IX . Here, we compared cast iron 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

Model name: Piston 100cc_Hero Splendor
Current Configuration: Default

Density:2240 kg/m~3
Weight:0.59762 N

Solid Bodies
Document Name . . Document
and Reference Treated As Volumetric Properties Path/Date Modified
LPattern2

Mass:0.0609817 kg

Volume:2.7224e-005

_ mA3 Default
Solid Body Aug 09 16:08:19

2017
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Material Properties

Elastic modulus:
Poisson's ratio:
Mass density:
Thermal
expansion
coefficient:

2.1e+011 N/m~2
0.28

2240 kg/m~3
1.3e-005 /Kelvin

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/m”2
Tensile strength: 1.00826e+008
N/m”2

Curve Data:N/A
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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
Pressure-1 Units:  N/mm”2 (MPa)
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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 Model name: Piston 100cc_Hero Splendor
Study name: c- graphite static study Stuely name: c- graphite static study
Plot type: Static nodal stress Stress1 Plot type: Static strain Straint

Deformation scale: 398.27 von Mises (Nin"2) Deformation scale: 398.27 ESTRN
268,702,240.0 8.357e-004

P 2463122240 7.661e-004

. 2239222080 . 6.964e-004

. 201,532,1920 - B.2682-004

. 1791421760 . 55720-004

- 156,752,160.0 . 45762004

. 134,362144.0 . 4.180e-004

—> 111,972,120 . 3483004
. 89,582,104.0 . 27876004

- B7,192,088.0 . 2091e-004

l 44,802,068.0

22,412,480

L 22,0307 I
—

. Yield strength: 120,594,000.0 5

i *Isometric FIsometric
i QA S M E T @ BB

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

Plot type: Static displacement Displacement!
Deformation scale: 398 27

1.3952-004
l 6.987e-005
2.526e-007

URES (mm)

1.393e-002
- 1.277e-002
. 1.161e-002

. 1.045e-002

. 9.289e-003

- 8.128e-003

. 6.967e-003

. 5.806e-003

- 4.645e-003

- 3.484e-003

2.322e-003
' 1.161e-003
1.000e-030 i
A =
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X. Result of static analysis on C- Graphite piston where temperature at top surface of the piston

Model name: Piston 100cc_Hero Splendor
Study name: thermal_temp_ c- graphite
Plot type: Static nodal stress Stress1
Deformation scale: 270,374

is 400°C

von Mises (Nim*"2)

1,256,772,480.0
1,152,044,672.0
L 1,047,316,3280
- 9425892480
. B37,861,504.0
. 733,133,760.0
628,406,080.0
| 523,678,336.0
. 418,950624.0
. 3142228120

209,435,184.0
104,767 4720
39,7431

Yield strength: 120,534,000.0

Model name: Piston 100cc_Hero Splendor
Study name: thermal_temp_ c- graphite:
Plot type: Static strain Strain1
Deformation scale: 270.374

A

FIsometric

ESTRN

31526003
2.889e-003

. 2.627e-003

. 2:3646-003

. 2101e-003

. 1.839-003
| 1576e-003
. 1.313e-003

_ 1.051e-003

. 7.881e-004

5.255e-004
2/628e-004
1.715e-007

Model name: Piston 100cc_Hero Splendor
Study name: thermal_temp_ c- graphite

Plot type: Static displacement Displacement1
Deformation scale: 270.374

URES (mm)

2253002
P 20562002
16788002
. 1.690e-002
. 1.502e-002
13148002
| 1a27e002
| 9389003
| 7511003
. 5.633e-003

3.756e-003
1.878e-003
1.000e-030

Study (1V)

QANBE-F-60- @ B- =

XI. Static analysis on c-graphite piston again with same boundary conditions , but, this time the
thickness of Imm 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
Document Name and Treated As Volumetric Properties Document _P_ath/Date
Reference Modified
Boss-Extrude8
Mass:0.0617103 kg
Volume:2.75492e-005 m~3
Default

Solid Body Density:2240 kg/m”3

Weight:0.604761 N Aug 14 16:55:00 2017

Available online: https://edupediapublications.org/journals/index.php/lIJR/ rage | 1584



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

® International Journal of Research

e-ISSN: 2348-6848
p-1SSN: 2348-795X

6’5‘- Available at https://edupediapublications.org/journals

IR

Volume 04 Issue 09
August 2017

Model name: Piston 100cc_Hero Splendor_modified
Stucy name: stafc analysis on modified piston |
Plot type: Static nodl stress Stress1 :
Deformation scale: 389.047 |

von Mises (NA*2)

421312,096.0
P 35204 3200

. 351,098,576.0

. 315,988,800.0

- 280,881,024.0

. 2457732320

. 2108654720

L 1755577120

. 140,449,936.0

—» 1053420680
70,234,400.0

l 35,125,836.0

x 188679

A

Flsometric

=
Vield strength: 120,594,000.0

Model name: Piston 100cc_Hero Splendor_ modified
Stucly name: static analysis on modified piston

Plot type: Static strain Straint
Deformation scale: 339.047 i ESTRN

9.764e-004

P 55100

e
8.137e-004

1529004
l 81560005
2088e-007

Model name: Piston 100cc_Hero Splendor_ modified
Study name: static analysis on modified piston
Plot type: Static displacement Displacement il
Deformation scale: 339.047 URES (mm)

1.3908-002
P 1 2740002
11580

. 1.043e-002
. 9.268e-003
. 8.108e-003
. 6.851e-003
. 5.792e-003
. 4634e-003
. 3.475e-003

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

QAASHE- G & @B &-

Y

A

Study (V)

Conclusion-

In the conclusion, according to above static
analysis results on cast iron piston (Study I)
and c-graphite piston Study Ill, we found
according to result that cast iron 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 cast
iron piston as shown in (study V).

On the other hand, when we analyzed both
pistons (cast iron & c-graphite) as study 1l &
study IV, 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
cast iron then we found that C-graphite
material is lighter in weight than cast iron

according to  volumetric  properties,
moreover, the thermal conductivity of c-
graphite is much better than cast iron. At last,
according to above results c-graphite piston
is better than cast iron for IC engines.
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