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ABSTRACT

Crankshaft is a mechanical component with a complex geometry which transforms reciprocating
motion into rotary motion; hence crankshaft plays a key role in its functioning. The crankshaft is connected
to the piston through the connecting rod. The journals of the crankshaft are supported on main bearings,
housed in the crankcase. The aim of this work is to analysed various failure modes occurred in crankshaft of
an internal combustion engine subjected to cyclic loads and also to improve the overall design of the crankshaft.
Finite Element Analysis provides variety range of solution in engineering industries. One among them is the
analysis of crank shaft. A solid model of the crankshaft was created using higher-end computer-aided design
software, i.e., Pro/Engineer software according to the dimensional details drawing of the existing crankshaft.
Finite element analysis was performed using ANSYS software under the static and dynamic condition to obtain
the variation of stresses at different critical locations of the crankshaft. Boundary conditions were applied on
finite element model in accordance with engine specification chart and engine mounting conditions. 3D model
of crankshaft as per the existing dimensions are created and the model is imported in FEA software. The
driving force of the reciprocating members, vector and acceleration analysis are calculated by using analytical
method. The parameters such as material properties, boundary conditions, mechanical properties, and load on
reciprocating members are given as an input and results obtained from Ansys workbench software are analysed
at various failure modes. Finally, weak areas of failure are identified and corrected.
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1.INTRODUCTION

The primary function of the crankshaft is to convert the translational mechanical energy of the piston being driven
back and forth by the pneumatic energy provided by pressure change as a result of the combustion reaction.
Crankshafts are high volume production engine components and their most common application is in an
automobile engine. In an internal combustion engine, the piston reciprocating motion is linear and is converted
into rotary motion through the crankshaft. There are many other applications of a crankshaft which range from
small one cylinder engines to very large multi cylinder marine crankshafts. The connection of the piston to the
crankshaft via the connector pin provides for the transfer of this energy; the force of the connector pin to the small
portion of crankshaft axel that is offset from the main axis causes the rotation about the main axis of the crankshaft.
The crankshaft is connected to the pull-start by the connection cup of pull start. When the pull-start chord is pulled,
the transferred energy is converted to rotational energy of the crankshaft. Now that the crankshaft has converted
the translational mechanical energy of the piston to mechanical rotational energy, its next function is transferring
this energy to the driver pulley of the pulley and belt system. This is a critical transfer of energy because it is the
belt and pulley system that ultimately displaces this rotational mechanical energy to the auger, causing to rotate
and collect the snow and other material that is imported by the auger. That the flow is associated with the
crankshaft is just this energy conversion. The crankshaft located directly adjacent to the gas engine (two cycle),
since it is connected to the piston by the connector pin. This location very next to the engine is a hot environment
that is caused by the convection of thermal energy of the engine blocks as heat sink. The high temperatures
environment are cause for consideration when choosing the material for the crankshaft, which will be discussed
by many of the analysis in the following section, along with the appearance and geometry of the component
Engine pistons are one of the most complex components among all automotive components. The engine can be
called the heart of a car and the piston may be considered the most important part of an engine. The pistons form
the bottom half of the combustion chamber and transmits the force of combustion through the wrist pin and
connecting rod to the crankshaft. Piston failures arise due to many reasons: mechanical stresses; wear mechanisms;
thermal stresses; oxidation mechanisms; temperature degradation; etc. Fatigue is a source of piston and inner liner
damages. Although, traditionally these damages are attributed to wear and lubrication sources, fatigue is
responsible for a larger damages such as piston damages and some damages where the main cause is attributed to

MEO006 www.ijiird.com 352



International Journal of Interdisciplinary Innovative Research &Development (1J1IRD)
ISSN: 2456-236X
Vol. 06 Special Issue 01 | 2021

wear and/or lubrication mechanisms may have in the root cause origin a fatigue crack Crankshaft is one of the
largest components in the internal combustion engine that has a complex geometry consisting of cylinders as
bearings, plates as the crank webs and balancing mass. Section geometry changes in the crankshaft cause stress
concentration at fillet areas where bearings are connected to the webs of the crank. In addition, these component
experiences both bending and torsional load during its life service. Therefore, areas of filleted portion are locations
that experience the most critical stresses during the service life of the crankshaft. Resultants of these locations are
main sections of fatigue failure of the component. Size of the crankshaft depends on the number of cylinders and
horsepower output of the engine. The size of the crankshaft could 3.2 kg from range for a single cylinder engine
with the 12 hp output power to 300 tons for a fourteen cylinder diesel engine with 108,920 hp output power. In
an IC engine, two load sources apply force on the crankshaft during combustion. The applied load during
combustion in the combustion chamber to the piston is transmitted to the crankpin bearing by a four bar
mechanism (slider-crank). The other load source is due to dynamic nature of the slider-crank mechanism. At high
speeds operations of the engine, the centrifugal forces are present at different rotating components like connecting
rods. These load sources apply both bending and torsional load on the crankshaft. The classification of the cause
of journal bearing failure or damage to three possible sources; “(a) operating sources such as, high operating oil
temperature, defective lubrication of journals, oil absence on carter, improper use of the engine (over-revving);
(b) mechanical sources such as misalignments of the crankshaft on 18 the assembling, improper (wrong size)
journal bearings, no control on the clearance size between journals and bearings, crankshaft vibration are the
major cases; () repairing techniques such as misalignments of the journals, misalignments of the crankshaft, high
stress concentrations, high surface roughness (due to origination of wearing, improper grinding), nitruration,
improper welding or defective grinding, straightening operation,.” Other than these common failures in the
crankshafts is mechanical crack nucleation at the fillet radius of journal bearings. There are different criteria are
used for crack identifying in the fillet area the relationship of different failure modes such as stiffness change,
surface cracks, and two-piece failures on different crankshafts

1.1 Crankshaft Failures Common Causes

Loss of effective lubrication is due to contaminated lube oil, poor quality, failed lube oil pumps or incorrect
specification lube oil. Over speeding of engines, or long term operation in a critical or forbidden revolution range,
Faulty crankshaft detuned or damper, designed to remove vibration excessively from the crankshaft. Failure of
operation can lead to excessive crankshaft vibration and fatigue. Engine power imbalance leading to cyclic
loading, fatigue failure. This can be caused by poor maintenance or monitoring of engine power, or even poor
quality fuel. Hydraulic locking of cylinders, flooding of cylinders with cooled water. Bearing misalignment can
be detected early with proper crankshaft deflection measurement.

1.2 Design Failures

Design faults, a common problem as more licenses are passed out to new shipyards. Incorrect or blatant ignorance
of the material compositions or poor manufacture of crankshaft can lead to early failure. Overloading of engine.
For propulsion grounding, machinery, and/or fouling of the propeller. It is most essential that crankshafts are
manufactured using suitable materials. They are machined to proper standard to avoid stress raisers leading to
high areas of stress and potential points of failure.

2. STATIC STUCTURAL AND DYNAMIC ANALYSIS OF THE CRANKSHAFT

Every Static structural analysis of the existing crankshaft was done using the finite element analysis approach.
The finite element method is a numerical analysis technique for obtaining approximate solutions to a wide variety
of engineering problems, because of its diversity and flexibility as an analysis tool. It is receiving much attention
in engineering school and industries. In more and more engineering situations today, we find that it is necessary
to obtain approximate solutions to problems rather than the exact closed form solution. The static structural
analysis of the existing crankshaft was done using ANSYS workbench to evaluate the different stresses and
deformations under static loading conditions. Finite element analysis involves four main steps to solve any physics
problem using ANSY'S software.

1. Preliminary decisions

2. Pre processing

3. Solution

4. Postprocessing

2.1 Dynamic analysis of the original crankshaft

Modal analysis is a technique to study the dynamic characteristic of a structure under vibrational excitation. Modal
analysis is the most fundamental of all dynamic analysis types and is generally the starting point for other, more
detailed dynamic analysis. Modal analysis is used to determine a structure’s vibration characteristic like natural
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frequencies and mode shapes. Modal analysis allows the design to avoid resonant vibrations or to vibrate at a
specified frequency and gives engineers an idea of how the design will respond to different types of dynamic
loads. The crankshaft of an engine is one such structure whose dynamic characteristics can be better studied by
modal analysis. The objective of this study was to determine the natural frequencies and its mode shape of single
cylinder engine of the existing and optimized crankshaft. Modal analysis of crankshaft was carried out by using
finite element software, i.e., ANSYS workbench. The benefits of using finite element software were that mode
shapes could be accurately visualized and simulated. So, deformations occurs in the crankshaft could be located
precisely. An average operating engine speed is 63.73 kmph. The effect of damping is a very negligible influence
on natural frequency of the crankshaft, hence damping coefficient was not considered in the free vibration of the
crankshaft. However, another aspect was considered during free vibration of the crankshaft calculation, as the
crankshaft was supported by ball bearings to both sides so the effect of hysteretic damping, i.e., due to internal
friction of the bearing and crankshaft, was minor. Hence, the damping effect is ignored in free vibration of the
crankshaft.

3. FINITE ELEMENT METHOD

The finite element method is a numerical technique, well suited to digital computers, which can be applied to
solve problems in solid mechanics, fluid mechanics, heat transfer and vibrations. The procedure to solve problems
in each of these fields is similar; however this discussion will address the application of finite element methods
to solid mechanics problems. In all finite element models the domain (the solid in solid mechanics problems) is
divided into a finite number of elements. These elements are connected at points called nodes. In solid models,
displacements in each element are directly related to the nodal displacements. The nodal displacements are then
related to the strains and stresses in the elements. The finite element method tries to choose the nodal
displacements so that the stresses are in equilibrium (approximately) with the applied loads. The nodal
displacements must also be consistent with any constraints on the motion of the structure. The finite element
method converts the conditions of equilibrium into a set of linear algebraic equations for the nodal displacements.
Once the equations are solved, one can find the actual strains and stresses in all the elements. By breaking the
structure into a larger number of elements, the stresses become closer to achieving equilibrium with the applied
loads. Therefore an important concept in the use of finite element methods is that, in general, a finite element
model approaches the true solution to the problem only as the element density is increased.

3.1 FEA IN CRANKSHAFT

ANSYS is a general purpose finite element modeling package for numerically solving a wide variety of problems
like in the field of mechanical, aeronautical, automobile, etc. All these application oriented problems include, such
as static or dynamic structural analysis on linear and non-linear, fluid and heat transfer problems, also includes
electromagnetic and acoustic problems. ANSYS is finite element analysis software which enables engineers to
perform several tasks, those are as follows: Models Building in computer or CAD models transfer of structures,
components, products, or systems. Applying design performance conditions and operating loads. Physical
responses study, such as temperature distributions, stress levels and electromagnetic fields. Design optimizations
early in the development process to costs reduced production. Prototypes testing in environment where it is
impossible or undesirable for example, most sensitive analysis like biomedical applications. Crankshaft is
analyzed in finite element analysis by dynamic analysis. FEA consists of a computer model of a material or design
that is analyzed on various for specific results. FEA is used in new product design, development for existing
product refinement as per current requirement. If there is any modification requires an existing product or structure
is can be optimized and utilized to qualify the product or analysis on structure can be made for a new service
condition. For all case of structural failures FEA may be suitable to determine the design modifications to meet
the required new condition. Linear systems are bit complex and it is generally not taking into account for plastic
deformation. Nonlinear systems, account for plastic deformation, and also are capable of material testing in all
the way to fracture. In FEA for all complex system are marked as points called nodes, all together formed to make
a grid called a mesh. Mesh is programmed to contain the physical properties of the material and a structural
property which is defined how structure will react to certain applied loading conditions at the end. Nodal surfaces
and volume are assigned at a certain density throughout the material. It is depending on the anticipated levels of
stress at a particular area or regions, which will receive some particular amount of applied stress usually, have a
higher nodal density than those which experience little/no stress. In the point of interest may consist of fracture
point of previously tested material, fillets, complex detail, corners and high stress areas. Designed material mesh
acts like a spider web from each node, they extends a mesh element to all other of the adjacent node points. This
vector web carries the material physical, thermal, electrical and electromagnetic properties to the object.
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Table -1: Properties of EN 24

Properties Values
Density 7.85 x 10-6 kg/mm3
Young’'s Modulus 2.1x 105 N/mm?2
Poisson’s ratio 0.28

3.2 Modelling

3D model of crankshaft is created by using Unigraphics software. The model consists of different volumes such
as cones; cylinders which are joined together by using unite options. The different volumes are assembled together
to make a solid 3D mode

Fig -2 : 3D Model of crankshaft

4. CONCLUSIONS

FEA performed with various parameters of crank shaft. Shape optimization is the major criteria of the
improvement. Various different modifications performed in the shape optimization of the crank shaft. The induced
stress, weak area, deformation and fatigue life are noticed for all the modifications. Crank shaft web thickness and
blend radius plays important role of improvement design. Improvements are well noticed for all the cases. Material
En-24 is a high quality, high tensile alloy steel having high strength, ductility and toughness. It is available in the
round, bar and Plate. Round is used to design the crank shaft. EN-24 material, 65mm web thickness, 10mm blend
radius and 150mm pin diameter design is concluded as the optimized design. In the other view of improvement,
FEA for fabrication with 1S 2062- Structural steel material may also be performed. The induced stress is more
than yield stress of the material. So the design is unsafe is not recommended. In the view of future improvement,
forged material with high strength capabilities can be performed to reduce the material cost and manufacturing
cost furthermore.
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