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Abstract

It is an Upgradation project for the development of 2.6L fopeur Stroke four cylinder diesel engine where the 1.8L diesel engine
is used as a base model for the development of2.6L Engine to increase its power. Cylinder bore & height of the 1.8L is varied to
increase the capacity of engine to 2.6L which requires changes in the combustion chamber profile of the cylinder head, reducing
the wall thickness between two consecutive cylinders & changes in the water jackets in the cylinder head. Modeling the
components with Pro-E 4.0.
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I. INTRODUCTION

Asthe capacity of engine is increased, in accordance with the capacity the maximum pressure acting on the piston top is also
increased. So to sustain high load coming from 2.6 L diesel Engine to the same crankshaft of 1.8L engine with increased throw,
it needs to be crosschecked against failure. The connecting rod is used in 2.6L Engine is of some different diesel engine so it is
also required to be crosschecked for proper functioning in the 2.6L diesel Engine. The main concern is to perform structural
analysis of the crankshaft & connecting rod to crosscheck its failure by Finite Element Analysis. The analysis is performed
with Hypermesh Software.

A. Cylinder head

It is one of the critical components of Internal combustion engine because of its complex combustion, inlet & outlet chambers &
the water jackets in the interior of the cylinder .In an internal combustion engine, the cylinder head sits atop the cylinders and
consists of a platform containing part of the combustion chamber and the location of the valves and spark plugs. This design,
however, requires the incoming air to flow through a convoluted path, which limits the ability of the engine to perform at
higher rpm, leading to the adoption of the overhead valve head design.

B. Flywheel

A flywheel is a rotating disc used as a storage device for kinetic energy. Flywheels resist changes in their rotational speed, which
helps steady the rotation of the shaft when a Fluctuating torque is exerted on it by its power source such as a piston-based
(reciprocating) engine, or when the load placed on it is intermittent (such as a piston pump). Flywheels can be used to produce
very high power pulses as needed for some experiments, where drawing the power from the public network would produce
unacceptable spikes.

C. Crankshaft

Crankshaft is a large component with a complex geometry in the engine, which converts the reciprocating displacement of the
piston to a rotary motion with a four link mechanism. Since the crankshaft experiences a large number of load cycles during its
Service life, fatigue performance and durability of this component has to be considered in the design process. Design
developments have always been an important issue in the Crankshaft production industry, in order to manufacture a less
expensive component with the minimum weight possible and proper fatigue strength and other functional requirements.

D. Connecting Rod

The automobile engine connecting rod is a high volume production, critical component. It connects reciprocating piston to
rotating crankshaft, transmitting the thrust of the piston to the crank shaft.Every vehicle that uses an internal combustion engine
requires atleast one connecting rod depending upon the number of cylinders in the engine.

Il. DESIGN PROCEDURE

Modeling is done by Catia V5R17.it is a 3D modeling S/W. CATIA (Computer Aided Three dimensional Interactive
Application) is a multi-platform PLM/CAD/CAM/CAE commercial software suite developed by Dassault Systems and marketed
world-wide by IBM. Modeling of Cranck shaft is shown in Figure nol.
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Fig 1: Crankshaft

I11. ANALYSIS OF THE CRANKSHAFT

The crankshaft experiences a complex loading due to the motion of the connecting rod, which transforms two sources of loading
to the crankshaft.The main objective of this study was the structural analysis of crankshaft & connecting rod which requires
accurate magnitude of the loading on this component that consists of bending and torsion. The significance of torsion during a
cycle and its maximum compared to the total magnitude of loading should be investigated to see if it is essential to consider
torsion during loading or not. For any given crank angle 6, the orientation of the connecting rod is given by

R =sin-1{-rl sin 0 / 12}
Angular velocity of the connecting rod is given by the expression,

w2=02k

®2=-olcos0/[(r2/r1)2 - sin20] 0.5
The angular acceleration of the connecting rod is given by

a2=o02k
Absolute acceleration of any point on the connecting rod is given by the following equation

a=(-rl ®12cosb-®22ucosB-a2usinB) it (-rl ® 12 sin6 - ® 2 2 u sinB + a2 u cosB) j
Acceleration of the piston is given by:

Ap = (-0 1211 cosO - ® 2 2 12 cosB - a2 12 sinf) i+ (-@ 12 rl1sin0 - ® 2 2 r2 sinB} + a2 12 cosB) j
Forces acting on the connecting rod and the piston are shown in Figure 2.2.
Neglecting the effect of friction and of gravity, equations to obtain these forces are listed below. Note that mp is the mass of the
piston assembly and mc is the mass of the connecting rod. Forces at the piston pin and crank ends in X and Y directions are
given by:

FBX =— (mpApx + Gas Load) & FAX =mc Acgx — FBX

FBY = [mc ac.gY u cosB - mc ac.gX u sinf + Izz a2 + FBX r2 sinf3] / (12 cosp) &

FAY =mc ac.gY - FBY
These equations have been used in an EXCEL programming
This program provides values of angular velocity and angular acceleration of the connecting rod, linear acceleration of the crank
end center, and forces at the crank and piston pin ends. These results were used in the FE model while performing quasi-
dynamic FEA.

A. DYNAMIC ANALYSIS FOR THE ACTUAL CRANKSHAFT
Now that the Dynamic Analysis program can be used to generate the required quantities for the actual connecting rod &
crankshaft which is being analyzed. The engine configuration from which the crankshaft was taken is shown in Table 1

Table 1: Configuration of the engine to which the crankshaft belong

Crankshaftradius 47.5 mm
Piston diameter 0.085m
Mass of the connecting rod 0.856kg
Mass of the piston assembly 0.550 kg

All rights reserved by www.ijirst.com 2



Modeling and Analysis of Cranckshaft
(IIRST/ Volume 1/ Issue 4 / 001)

Connecting rod length 150mm

Izzof connecting rod about the center of gravity| g4 kg-m2

DistanceofC.G.ofconnectingrodfromcrankend

41mm
center

Maximumgas pressure 125 bar

The pressure versus crank angle of this specific engine was not available, so the pressure versus volume (thermodynamic engine
cycle) diagram of an ideal cycle similar engine was considered. This diagram was scaled between the minimum and maximum of
pressure and volume of the engine. The four link mechanism was then solved by Excel programming to obtain the volume of the
cylinder as a function of the crank angle. Figure 2 shows the scaled graph of pressure versus volume for this specific engine,
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Fig 2 (P-6 Diagram for Diesel engine by Analytical Formulation)
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Fig.4 Linear Acceleration of Piston
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Figure 4 shows pressure versus crankshaft angle, which was used as the applied force on the piston during the dynamic analysis.
It should be noted that the pressure versus volume of the cylinder graph changes as a function of engine speed.

1V.STRESSANALYSISANDFEAOFCRANKSHAFT

This chapter discusses geometry generation used for finiteel ement analysis,describes the accuracy of the model and explains the
simplifications that were made to obtain an efficient FE model. Mesh generation and its convergence are discussed. Using proper
boundary conditions and type of loading are important since they strongly affect the results of the finite element analysis.
Identifying appropriate boundary conditions and loading situation are also discussed. The results of finite element analysis from
crankshafts & Connecting rod are discussed in this chapter. Above mentioned FE models were used for dynamic analysis
considering the boundary conditions according to the mounting of the crankshafts &connecting rod in the engine.

A. Mesh Generation methodology

Tetrahedral elements were used to mesh the crankshaft & connecting rod finite element geometry. Tetrahedral elements are the
only option for meshing the imported complex geometries to the Hypermesh software. The figure 5 shows meshing of
ccranckshaft.

Figure 5 CrankshaftMeshedGeometry

B. FEA with maximum Compressive Load applied at Crank End

The maximum Bending stress acting on the Connecting rod is 413 Mpa. Yield strength of material of connecting rod is 500Mpa.
FOS is coming about 1.21. Fig.6 shows the vonmises stress results when crankshaft is constrained at flywheel & maximum
bending moment was acting.

\

Figure 6. Stress Contour for Bending Load(Cylinderlis Fired)

V. CONCLUSION

The IC engine for the intended application is upgraded from 1.8L to 2.6L to leverage its objective for dispensing better
performance as regards the power generated for it application in four wheelers. The critical components of the same
weremodeled and analyzed to give compatible results. Dynamic loading analysis of the crankshaft results in more realistic
stresses whereas static analysis provides over estimated results. Accurate stresses are critical input to fatigue analysis and
optimization of the crankshaft.
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