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1 Introduction

Main objective of this study is to go through all types of simulations that can be performed
using SOLIDWORKS. Engine assembly is most crucial part of the automobile industry. The
purpose of study is to get acquainted with how exactly these components work together and
how they can be simulated in SOLIDWORKS, considering real life load cases and constraints.
Starting with motion analysis of whole assembly then component wise compression, buckling,
bending, thermal (steady and transient) analysis and finally design optimization is scope of the
study. Simulation is very important phase of designing any equipment. This study provides

exposure to all types of simulations and gives brief insights of engine assembly design.

2 Assembly
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@ Engine assembly (Initial phase<Current state>)
’ History
@Sensors
> Annotations
[ Front Plane

[1] Top Plane

[] Right Plane

L, Origin

@ () engine<2> (Initial state<Engine block>)
% (-) connecting rod<2> (Initial state<Crank>)

@ (-) crank shaft<2> (Initial State<Crank shaft>)
@ () piston pin<2> (Initial state<Pin>)

@ () piston<2> (Inital State<Piston>)

% (-) connecting rod<4> (Initial state<Crank>)
@@ () piston pin<4> (Initial state<Pin>)

@ () piston<4> (Inital State<Piston>)

% (-) connecting rod<6> (Initial state<Crank>)
@ (1) piston pin<6> (Initial state<Pin>)

@@ () piston<6> (Inital State<Piston>)
% (-) connecting rod<8> (Initial state<Crank>)
@ (-) piston pin<8> (Initial state<Pin>)
@ () piston<a> (Inital State<Piston>)
(f) [ Part1 AEngine assembly ]<1> (Default)
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Engine assembly comprising of crank shaft, piston, piston pin, connecting rod and engine block
is made in SOLIDWORKS. All parts are assembled to make configuration named initial state

which is then used for motion analysis of the assembly.



3 Load cases analyzed:

Following load cases are analyzed in this project. Detailed simulation setting and results are

discussed in subsequent sections

3.1 Motion analysis:

Rotational motion of 10rpm is given to crankshaft and linear and angular displacement, velocity

and acceleration plots are studied

3.2 Piston Compression

For piston compression simulation, pressure of 100kPa is considgfed to be acting on the piston

head and piston pin slot is fixed to simulate worst case scen

3.3 Connecting rod compression

Pressure of 100kPa is applied on the bottom j theQfMall hole on connecting rod and

connecting end towards crankshaft is conse

3.4 Connecting rod bending

Pressure of 100kPa is applied o er faces of the small hole on connecting rod and

connecting end towards ¢ sha conserved fix.

3.5 Connectingro siog#+ bending

To simulate torsion and bending load together pressure at two different locations is applied
one is in plane (inner walls of small hole) and second is out of plane (side wall of small hole) and

fixity is applied at the connecting rod and crankshaft junction

3.6 Thermal steady analysis of piston

Piston is assumed to have thermal load of 1000K and convective heat transfer of 540W/m?. And
steady state thermal analysis is performed to study temperature distribution along piston

surface. 3



3.7 Transient thermal analysis of piston

In transient analysis, initial temperature is set to 1000K and simulation time provided is 10sec.

all other settings from steady state analysis are carried forward to this analysis.

3.8 Optimization

Optimization is done by two approaches one by manual dimension change and second is with

design study to minimize mass of an object.

4 Motion analysis

In motion analysis, 10RPM rotary motor is provided to actuate tjg crankshaft. Red arrow in the

diagram below indicates the rotation direction of crankshaft

gite assernbly
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4.1 For piston:

4.1.1 Linear displacement

Piston Linear Disp

43138
4315
=
E
=
@
£
84311 4
m
a
@
]
m
@
=
~ a307 4
430.4 t t i t t i i
0.00 0.20 0.40 0.50 0.20 1.00 1,20 1.40 P50 1.80 2.00
Time (sec)
4.1.2 Linear velocity
Pisto ar ity B

236

177

Melocityl (mmisec)

61

0.20

0.40

0.60

0.30

1.00
Time (sec)

1.20 1.40 1.60 1.80 2.00




4.1.3 Linear acceleration

Piston linear accelaration -
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4.2 For connecting rod

4.2.1 Angular displacement

Connecting rod angular disp

Angular Displacement1 (deg)
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4.2.3 Angular acceleration

Connecting rod ang accelaration [ |
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5 Piston Compression study

100kPa pressure is applied on the top face of pistonQgd fixity IS applied at the piston pin

location.

¢ BE[&[S] > 2 '
N4

Y-
@M Static 1 (-Inital State-)

G piston (-[SW11080 Alloy-)
?; Ceonnections
L & Fixtures
A ig External Loads
L Pressure-1 (:100000 M/ 2:)
% Mesh o
hd E] Results

g Stress1 (-vonMises-)

GH Displacement] (-Res disp-)
&5 strain1 (-Equivalent-)|

B Factor of Safety1 (-FOS-)




5.1 Stress plot

Model name:piston won Mises [N/m#"2)

Study name:Static 1(-Inital State-)

Plot type: Static nodal stress Stressi 3.236e+06

l 2.966e+06

. 2.696e+06

2.427e+06

Max:|3.236e+06

. 2.157e+06
1.588e+06
1.618e+06
1.348e+06
1.079e+06
8.091e+05
5.3%4e+05
2.65%8e+05
1.945e+02

—P Yield strength: 2.757e+07

5.2 Strain plot

ESTRM
Maodel hame:pistan

Study name:Static 1[-Inital State-]
Plot type: Static strain Straint

2.827e-Ch

2,591 e-C6

2,35 6606
. 2120805
| | 1.83de-C6
- 1,64 5605
1.4 305
1178606
9424606
7.06:5e-06
2714606
2.3586-06

3.061e-08




5.3 Deformation plot

Model name:piston URES (mm)

Study name:Static 1(-Inital State-)

Plot type: Static displacement Displacementl 1.337e-03

l 1.27 2e-03
1.15 6e-03
. 1.040e-03
9245e-04
. 8.092e-04
695 6e-04
5.750e-04
4 624e-04
3.465e-04

5.4 Factor of safety

hodel name:piston

Study name:Static 1-Inital State-)
Plot type: Factor of Safety Factor of Safefyl
Criterion @ Max won Mises Stress
Factor of s afety distribution: Min FO%

FOs
1.417e+05
1.29%+05
1.181e+05
1.063e+05
9.450e +04
8,205 +04
7.065e+04
3.907Te+04
4.725e+04
3.5+ 04

2,3603e+04

l 1182e+04
8.522e+00



6 Connecting rod Compression study

Compressive load of 100kPa is applied on the top face of connecting rod and fixed support is

provided along the inner face of large hole.

7
-

C&t Compression (-Initial state-)
W connecting rod (-[SW]Plain Carbon Steel-)
?; Connections
L4 Eb Fixtures
L4 iﬂ External Loads
% Mesh
Result Options
< E Results

g Stress1 (-vonMises-)

gr Displacement? (-Res disp-)
@E Strain1 (-Equivalent-)

& Factor of Safety1 (-FOS-)

6.1 Stress plot

ah Mises [Mm"2)
Model name:connecting rod

Study name:Campression|-Initial state-]
Plot type: Static nodal stress Stressi

Max | 3.390e+05 o

3.395e+05

l 3.112e+03

_ 282%e+05

_ 2.546e+05

_ 2.263e+05

_ 1.5%80e+05

_ 1.697e+05

_ 1415e+05

_ 1.132e+05

_ 8.457e+04

5,658 e+0d

2,52 % +0d

F.397e-0

—P Yield strength: 2,206e+05



6.2 Strain plot

ESTRM

Model name:cannecting rod 1.00de-06
Study nameCompressionf-lnitial state-]

Plot type: Static strain Straind l 9.205e-07

. B.367e-07

1.004e-06 7 . 7.530e-07

. B.695e-07

_ 5.557e-07

_ 5.020e-07

_ 418307

_ 3.347e-07

_ 2510e-07

1.673e-0

§.367e-08

658Ge-12

6.3 Deformation plot

Model hame:connecting rod
Study name:Compressionf-Initial state-]
Plot type: Static displacement Displacem

UIRES [mim)
4,710e-05

4.3158e-05

3,925e-05

3.533e-05

3.140e-05

2,745e-05

2,355e-05

1.963e-05

1.570e-05

1.175e-05

¥.350e-06

3,925e-06

1.000e-30



6.4 Factor of safety

WMaodel name:cannecting rod

Study name:Compression-Initial state-)
Plot type: Factor of Safety Factar of Safetyl FOIS
Criterion : Autaratic

Factor of safety distribution: Min FOS = 6,5e+02

2.5 2e+08

2.73de+8

2.485e+08

2.237e+8
1.568e+08
1.740e+05
1.49e+38

1.243e+05

_ 9.0+ 07
_ 7.455e+07
_ 4970+
l 2.455e+07
7 Connecting rod bending study
Bending load of 100kPa is applied on faces of connecting rod and fixity is applied
along the inner face of large hol
4
-

C&t Bending (-Initial state-)
W cennecting rod (-[SW]Plain Carbon 5te
?; Connections
=~ [1}! Fixtures
(X Fixed-1
2 iﬂ External Loads
LLL Pressure-2 (--100000 N/m~2:) }
% Mesh
Result Options
=4 @ Results
g Stress] (-wvonMises-)
@' Displacement (-Res disp-)
@g Strainl (-Equivalent-)
&0 Factor of Safety1 (-FOS-)
&P Factor of Safety? (-FOS-)
b
}{J

Max:| 2,56 2e+0G o




7.1 Stress plot

Model nameiconnecting rod
Study name:Bending(-Initial state-)
Plot type: Static nodal stress Stressi

von Mises (N/m#~2)
4,086e+06

' 3.745e+06

- 3.405e+06
. 3.064e+06
. 2.724e+06
2.383e+06

_ 2.043e+06

Max:|4.086e+06 G

_ 1.702e+06

. 1.362e+06

7.2 Strain plot

STRR

Model nameiconnecting rod
Study hame:Bending[-Initial state-]
Flot type: Static strain Straini

1.545e-05

1.416e-05

1.258e-05
_ 1.155e-05
1.050e-05

9,01 3e-06

7.725e-06

Maxi| 1.545e-05 o

6,435 e-08
5.150e-08
3.863e-08
2.575e-08

1.268e-06

1.110e-10



7.3 Deformation plot

Maxr| 1.03%9-02 o

Model name:connecting rod
Study name:Bendingl-Initial state-]
Plot type: Static displacement Displacement

7.4 Factor of safety

Model name:connecting rod
Study name:Bendingl-Initial state-
Flot type: Factor of Safety Factg
Criterian : Maxwon Mises Stre
Factor of safeby distribution: F

URES (mm]
1.039e-02

9.524e-03

8.658e-03

7.792e-03

6.926e-03

6.060e-03

5.195e-03

4.32%-03

3.463e-03

6.493e+06

5.952e+06

5 411e+06

4.570e+06

4,329 +06

3.753e+06

3.297e+06

2.705e+06

2. 164e+086

1.623e+06

1.062e+06

5.411e+05

5,395+




8 Connecting rod buckling study

For buckling same loading and boundary as of compression load test are taken into

consideration. Three mode shapes are acquired and presented in the next section.

¥
-

& Buckling 1 (-Initial state-)
W connecting rod (-[SW]Plain Carbon Steel-)
?; Connections
4 [1;9 Fixtures
A lg External Loads
AL} Pressure-1 (100000 N/m*2:)

@ Mesh :|
< @ Results
@ Amplitudel (-Res Amp - Mode Shape 1-)
@ Amplitude2 (-Res Amp - Mode Shape 2-)
|@r Amplitude3 (-Res Amp - Mode Shape 3-)

8.1 Mode shape 1

Model name:connecting rod

Study name:Buckling 1[-Initial state-]
Plot type: Buckling Amplitude
Mode Shape : 1 Load Factor = 7286,
Defarmation scale: 0.201973

AMPRES

7.964e-02

7.300e-02

_ BA3Te-02
_ 5.973e-02

_ 5.30%e-02

- 4.648e-02
_ 3.582e02
_ 3.318e-02
_ 2.655e-02
_ 1.991e-02

1.327e-02

6.637e-03

0,000 +00

E=)Mode shape: 1



8.2 Mode shape 2

l l AMPRES

Model nameiconnecting rod T.A491e-02

Study name:Buckling 1[-Initial state-)

Plot type: Buckling &mplitude2 6.866e-02

hMode Shape: 2 Load Factaor = 16651

Deformation scale: 3.214926 _ G242e-02
. SE18e-02
_ 4588402
_ 436902
_ 3.745e-02
_ 3a2e-02
. 24a97e.02
_ 1873e-02

1.245e-02

6.242e-03

0.000e+00
E=S)Mode shape: V
8.3 Mode shape 3 ?t 2

Model name:connecting rod AMPRES

Study name:Buckling 1[-Initial state-)
Plot type: Buckling Amplitude3

Mode Shape : 3 Load Factor = 605
Drefarmation scale: 0.289065

5.5458-02
l 5.083¢e-02
- 4621e-02

- 415%-02

- 3.697e-02

_ 3.235e-02

. 277302

. 2371e-02

_ 1:848e-02

- 1.386e-02
9.242e-03
4.621e-03

0.000e+00

E=rode shape: 3EE]



9 Crankshaft bending + torsion study
Né

v )] Extrudel A
» §l]] Bxtrude2
v &8 split Linel

-

C&* Bending and torsion (-Initial state-)
@ connecting rod (-[SW]Plain Carbon Steel-)
?3 Connections
7 E_‘b Fitures :|
(¥ Fixed-1
= ig External Loads
L Pressure-2 (:100000 N/m*2:)
L Pressure-3 (:-100000 N/m*2:)

% Mesh
Result Options
= @ Results
g Stress1 (-vonMises-)
@“ Displacemnent] (-Res disp-)
%E Strain1 (-Equivalent-) )J
B Factor of Safety] (-FOS-)

B Factor of Safety2 (-FOS-)

To simulate torsion and bendin er ssure of 100kPa is applied on side face of small

hole and inner face of s hol crankshaft. Fixity is applied at the large hole inner face

location. Worst case scq@ari ing of connecting rod is considered where crank shaft will

try to rotate the connecting t connecting rod gets stuck within cylinder.

Simulation settings are displayed in the image shown above.



9.1 Stress plot

won Mises [MNfm" 2]
Model nameiconnecking rod
Study name:Bending and torsioni-Initial state-] 9.617e+06
Plot type: Static nodal stress Stressd

g.516e+08

5.01de+08

7.213e+06

241 1e+06

5.610e+06

4,509 +06

4,007 e+06

Max: | 9.617e+06

9.2 Strain plot

ESTRM
fMadel nameiconnecting rod

Study name:Bending and tarsi
Plot type: Static strain Straind

3.431e-05

l 3.145e-05
_ 285905

. 2.573e-05

_ 2.287e-05

_ 2.001e-05

_ 1.715e-05

_ 1.428e-05

Maxi| 3.431e-05 =

. 1.144e-05
. 8.577e-06
5.715e-06
2.85%e-08

1.025e-10



9.3 Deformation plot

Model name:connecdting rod
Study name:Bending and tarsion[-Initial state-]
Plot type: Static displacement Displacerment]

LIRES [mm]

2.775e-02

. 2.547e-02

_ 2.315e-02

- 2.08d4e-02
_ 1.852e-02
_ 1.627e-02

_ 1.38%-02

315e-03

1.000e-30

9.4 Factor of safety

Model name:connecting rod

Study name!Bending and torsi
Plot type: Factor of Safety Fact
Criterion : Max wan Mises Stres
Factor of safety distribution: Min

FOs

nitial state-]
5.20%:+06

A 775e+06

4,34 e+ 06
_ 3807e+06
_ 3A75e+06
_ 3038e+00
_ 260e+06
_ 2.170e+06
_ 1.F3ce+00
. 1.302e+ 06

_ 5.652e+05

4,341 e+05
l 2.2%e+01




10 Piston thermal analysis

Convective heat transfer of 540W/m? is applied in addition to temperature of 1000K to top

surface of piston.

10.1 Steady state heat transfer

¢ BB oS >

¥
-
C@ Thermal static (-Inital State-)

@ pisten (-[SW]1060 Alloy-)

?; Connections
A Qg Thermal Loads

g Temperature-1 (:1000 Kelvin:)

H Convection-1 (:540 W/ (m*2.K):) :|

@ Mesh
Result Options
L4 E Results

10.1.1 Temperature di

Temp (Kehvin)
Model name:piston

Study hame:Th ermal staticf-Inital State-)

Plot type: Thermal Thermall
Time step: 1
1.000e+03

1.000e+03

9,469 +02

8.93%+02
. 8.408e+02
. 1.878e+02
. 7.347e+02
6.817e+02

6.286e+02

. 5.756e+02
. 5.225e+02
4.695e+02
4.164e+02

3.634e+02



10.2 Transient heat transfer

Thermal

Options | Motification | Remark

Solution type
(®) Transient: () Steady state:

Total time:

Time increment:
|:| Initial temperatures from thermal study

-

Thermal study: | Thermal static Time steps: | 1

-

|:| Include fluid convection effects from SOLIDWORKS Flow Simulation
Fluid convection option

SOLIDWORES model name
Configuration name

Flow iteration no.

Solver

Automatic Solver Selection

G ER ¢ &
v

5 -
Qﬁ Thermal transient (-Inital State-)
G piston (-[SW]1060 Alloy-)
?; Connections
= ﬂg Thermal Loads
i Temperature-1 (:1000
T Convection-1 (:540 W (m*2.K):)
% Mesh
Result Options
L4 El Results




10.2.1 Temperature distribution

Model name:piston

Study name:Thermal transient(-Inital State-)
Plot type: Thermal Thermall

Time step: 1 time : 1 Seconds

Temp (Kelvin)
1.821e+02
l 1.716e+02
_ 1.611e+02
. 1.506e+02
~ 1.401e+02
. 1.296e+02
. 1.191e+02
_ 1.087e+02
_ 9818e+01
. 8.76%+01
7.720e+01
6.672e+01

5.623e+01

In transient thermal analysis, pg getpore cooled than in case of steady state thermal
analysis. Even though both ana hOWs same sort of temperature distribution pattern,

temperature difference ffoser in@oth the cases is quite different.

11 Design optimizati

Design optimization is carried by two ways, manually changing geometry and second by design
study in solidworks. In first case, to reduce weight of connecting rod, a vertical slot is made in
the original design. Updated design is checked for torsion + bending case only as it is the most

critical case (least FOS) for connecting rod.



Mass properties of connecting rod
Configuration: Initial state
Coordinate system: -- default -

Density = 0.07 grams per cubic millimeter

Mass = 335.22 grams

Volume = 42976.83 cubic millimeters

Surface area = 14922.23 square millimeters

Center of mass: [ millimeters |

X =10.00
¥=-7T0.57
Z=10.00

Mass properties of connecting rod_optimised
Configuration: Initial state
Coordinate system: -- default --
Density = 0,01 grams per cubic millimeter
Mass = 277.25 grams
Wolume = 35545.00 cubic millimeters
Surface area = 1697841 square millimeters
Center of mass: [ millimeters |
X =000

Y =-74.07
Z=0.00



11.1 Revised analysis

G B R & &
¢

-

C&& Bending and torsion (-Initial state-)
W connecting rod_optimised (-[SW]Plain Carbon Steel-)
?; Connections

= [l}J Fixtures

(¥ Fixed-1
= ig External Loads
LI Pressure-2 (:100000 N/m"2)
L Pressure-3 (:-100000 N/m~2)
% Mesh
Result Options
b @ Results

11.1.1 Stress plot:

Model name:connecting rod_optimised
Study name:Bending and tarsion(-Initial state
Plot type: Static nodal stress Stressi

Ma(1.930e+07 &

won hizes [MSm"2)

1.930e+0F

l 1.76%e+07

1.60%9+0F

1.445e+07

1.267e+07

1.1268+07F

9.652e+06

8.043e+06

6.43de+06

4.526e+06

3.217e+06

1.60%+06

3.89%e+01

—P Yield strength: 2.206e + 05



11.1.2 Displacement plot:

todel name:connecting rod_optimised LURES
Study nhame!Eending and torsionf-Initial state-] ()
Plot type: Static displacement Displacement 415502

3.639e-02
_ 3.480e-02
_ 3141e-02
o 2.792e-02
_ 2443002
_ 20584e-02
_ 1.745e-02
_ 1.396e-02
. 1.o47e-02
6,550e-03

3.450e-03

1.000e-30

11.1.3 Factor of safety:

Model name:iconhecting rod_optimised

Study name:Bending and tarsian(-Initial state-]
Plot type: Factor of Safety Factor of Safefy2
Criterian : Max waon Mises Stress

Factor of safety distribution: Min FCOS5 = 11

L.Bhge+ 06
515 6e+06
4.715e+06
4.243e+08
_ 3.772e+08
_ 3.300e+06
_ 2.82%+06
_ 2.35Te+06
_ 1.586e+06
_ 1.414e+08

_ 9.430e+05

4.715e+05

1.143e+01

In the revised design of connecting rod weight reduction of 58gm is achieved at the expense of
Factor of safety decrease from 23 to 11. Optimized design passes von-Mises stress criteria,

hence it can withstand applied loading.



11.2 Material Optimization

Four materials are considered for this optimization approach, Al 2014 Alloy, AlSI Type A2 tool
steel, wrought stainless steel, Al 1060 Alloy. Constraint is to keep von-Mises stress in bending +
torsion cases, below 200MPa and above four materials are selected as variable. Goal of this

study is to minimize weight of connecting rod.

Variable View | Table View ‘ Results View | &

[¥] Optimization Total active scenarios: 4

Run

=] Variables

‘Ma(ena\ ‘ Select Material ‘A\SITVDEAZTWISIEE\@SULIDWURKSl.\aleﬂals“f\fruugmSlmmassSIEE\@SUL\DWURKSr.|a(er|als‘1USUAHUV@SULIDWURKSMaleﬂals‘ZM4AIIuy@SULIDWDRKSMaleﬂals,

Click here to add Variables W

=] Constraints

[islessthan | 3] Bending and tors] ]

Stress1 Wax: 200 Nimm"2.
Dimension ‘ Wonitor Only |
Click here to 20d Constraints !
El Goals.

‘ Mass1 ‘ Winimize v H
Click here to a0d Goals v

. - . i=h 3? =]

Variable View Table View Results View | @ s

Run Optimization Total active scenarios: 4
enario 2 Scenario 3 | Scenario 4 |
| | |
= Variables
|aterai Steel@S v|| 1060 Alloy@S0OLID v" 2014 Alloy@SOLIDWO v||

| Click here to add Varigbles vl

—| Constraints

Stress1 iz less than W r.|ax'|2DD Nimm2 v |

Dimension1 | Monitor Onby W
Click here to add Constraints | o

= Goals
|r.|ass1 | Minimize W "
| Click here to add Goals v ||

WQES‘E” Studdy 1 ‘ Variable View | Table Wesults View =} =
-{fi] Results and Graphs
6 of 6 scenarios ran succassfully. Design Study giility: High
Current Initial Optimal (3) Scenario 1 Scenario 2 Scenario 3 Scenario 4
2014 Alloy 2014 Alloy 1060 Alloy 1060 Alloy 2014 Alloy
w || @S0LIDWORK (@SOLIDWORK | @SOLIDWORK| AISI Type A2 Tool Steel ‘Wrought Stainless Steel @SOLIDWORK | @SOLIDWORK
WMaterial List of Materials S Materials S Materials S Materials. @SOLIDWORKS Waterials @SOLIDWORKS Materials 5 Materials 5 Materials
Stress1 < 200 N'mm*2 9.6147 Wmm*2 [9.6147 Wmm"2 [9.6147 N/mm*2|3.6169 N/imm*2 96179 Nimm*2 9.6147 Nimm*2 | 3.6147 Nimm*2
Dimension1 |Moniter Only 120mm 120mm 120mm 120mm 120mm 120mm 120mm
Mass1 Minimize 1203359 120335 g 116.037 g 337788 g 3438159 116.037 g 120335 g
.
12 List of Results and discussion
Motion Analysis Max value Units
Linear Displacement (Max) 431.8 | mm
Linear Velocity (Max) 236 | mm/s
Linear Acceleration (Max) 3044 | mm/sec2

Angular displacement (Max)

11

deg

Angular velocity (Max)

127

deg/sec

Angular acceleration (Max)

1603

deg/sec2




In motion analysis it is observed that linear displacement and angular displacement follow
sinusoidal wave whereas acceleration is fluctuating continuously. During power stroke, change

in velocity i.e. acceleration is observed to be maximum.

Piston Compression
Stress Plot (Max) 3.23 | MPa
Strain Plot (Max) 2.83E-05
Displacement (Max) 1.39E+03 | mm
FOS (Minimum) 8.5

In piston compression simulation, maximum stress of 3.23MPa with factor of safety 8.5 against
yield is observed. Maximum von-Mises theory is used to predict,factor of safety. Considering

given factor of safety piston clearly withstands applied loadingg®ithogt failure

Connecting rod compression

Stress Plot (Max)
Strain Plot (Max)
Displacement (Max)
FOS (Minimum)

Stress Plot (Max)
Strain Plot (Max)

Displacement (Max)
FOS (Minimum)

Connectj db ng + torsion
Stress Plot (Max) 9.617 | MPa
Strain Plot (Max) 3.43E-05
Displacement (Max) 2.78E-02 | mm
FOS (Minimum) 23

Connecting rod is analyzed for three cases such as compression, bending and bending + torsion.
As expected least factor of safety is observed in the bending + torsion case which is 23. Von-
Mises stress theory is used in all cases to predict factor of safety against yielding. Since FOS >>1,

there is space for material and dimension optimization.

Connecting rod buckling

Mode number AMPRES Load factor

Mode 1 7.96E-02 7286.2
Mode 2 7.49E-02 16651
Mode 3 5.55E-02 60586




Connecting rod is observed to withstand buckling load with load factor of 7286.2 which is huge.
Connecting rod will not fail for applied buckling load. Critical buckling load is

100kPa*7286.2=7286.2MPa

Thermal Analysis

Max temp Min temp delta T
(K) (K) (K)

Piston steady state heat transfer 1000 363.4 636.6

Piston transient state heat transfer 182.10 56.23 125.87

In thermal analysis of piston transient analysis process took more time than steady state
analysis as expected. After 10sec, transient analysis, with same initial temperature as steady

state analysis delta T of 125.87K is observed whereas same forgf#eady state condition is 636.6K

Design Optimization

Material 1050 Alloy (Aluminum)

Material optimization is performed to redu of e connecting rod, constraining

maximum von-Mises stress to 200MPa, it is er"Q@ll that Aluminum 1050 Alloy is best material

out of all selected for connecting rod.

13 Conclusion and reco

According to the load ca onsioed, it is evident that minimum factor of safety is observed
on piston compression ost critical simulation case for connecting rod is bending
+torsion which means if co ing rod sustains this load case it can sustain other load cases
comfortably. In material optimization, weight reduction of around 35% is observed (335gm to
116gm) without much change in strength of the connecting rod. Considering whole assembly,

219gm in each connecting rod makes it total of 876gm weight reduction in whole assembly.

For future work, it is recommended that, load case values must be taken from laboratory

readings in order to make simulation more practical and realistic.



References:

Thermal and Static Structural Analysis on Piston G.V.N. Kaushik International Journal of
Innovative Technology and Exploring Engineering (IJITEE) ISSN: 2278-3075, Volume-8
Issue-7 May, 2019

R. Munro, "Some diesel piston features in design analysis and experiment", SAE Paper
790858, 1979

Srinadh M and RajasekharaBabu K 2015 Static and Thermal Analysis of Piston and Piston
Rings, International Journal of Engineering Technology, Management and Applied

Sciences 3(8) 51-58

Singh P and Pramanik D 2015 Structural and thermal lysig,of a C. |. engine piston of
different materials using FEM technique, MR Interna JoygMal of Engineering and
Technology 7(1) 41-48

Q\/
R





