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ABSTRACT 
The engine of any automobile runs at high speed, typically, about 1000rpm for idling and increases further during the ride. 

Every stroke of the engine subjects its adjacent components to cyclic loading that pulls and pushes the components like 

piston, connecting rod and crankshaft. The crankshaft, in turn, is connected to the transmission system and is a critical 

component from the design perspective. The design of the component can be done in a justifiable manner if an attempt is 

made to identify the effects of the operating loads on the component in the form of the type of stress induced with its peak 

value and the location of these stresses over the component. For this sake, Finite Element Analysis is sought to be employed 

over this dissertation work. Alternatives for Design and/or material would be suggested while attempting to modify the 

geometry of the Crankshaft. Suitable software for `fatigue analysis’ (example – MSC Fatigue) would be deployed for solving 

the problem using FEA techniques. 

INTRODUCTION 

Crankshaft is one of the most important moving parts 

in internal combustion engine. It must be strong 

enough to take the downward force of the power 

stroked without excessive bending. So the reliability 

and life of internal combustion engine depend on the 

strength of the crankshaft largely. And as the engine 

runs, the power impulses hit the crankshaft in one 

place and then another. The `tension’ vibration 

appears when a power impulse hits a crankpin toward 

the front of the engine and the power stroke ends. If 

not controlled, it can break the crankshaft.  

Strength calculation of crankshaft becomes a key 

factor to ensure the life of engine. Beam and space 

frame model were used to calculate the stress of 

crankshaft usually in the past. But the number of 

node is limited in these models. With the 

development of FEA, the design for the crankshaft 

can be reviewed while estimating the stress over the 

crankshaft. The application of numerical simulation 

for the designing crankshaft helped engineers to 

efficiently improve the process development avoiding 

the cost and limitations of compiling a database of 

real world parts. Finite element analysis allows an 

inexpensive study of arbitrary combinations of input 

parameters including design parameters and process 

conditions to be investigated.  

In the paper, 3-D finite element analysis is planned to 

be carried out by virtue of modal analysis of 

crankshaft. The results of natural frequencies and 

mode shape could be obtained. The deformation 

distributions of crankpin can be found using 

Nastranor suitable solver.  

Function of Crankshafts in IC Engines  

The crankshaft, connecting rod, and piston constitute 

a four bar slider-crank mechanism, which converts 

the sliding motion of the piston (slider in the 

mechanism) toa rotary motion. Since the rotation 

output is more practical and applicable for input to 

other devices, the concept design of an engine is that 

the output would be rotation. In addition, the linear 

displacement of an engine is not smooth, as the 

displacement is Caused by the combustion of gas in 

the combustion chamber. Therefore, the displacement 

has sudden shocks and using this input for another 

device may cause damage to it. The concept of using 

crankshaft is to change these sudden displacements to 

a smooth rotaryoutput, which is the input to many 

devices such as generators, pumps, and compressors. 

 
Typical crankshaft 

Generic Specifications for a typical Crank Shaft:- 

1. Material used:- Rolled/ Forged Steel,Cast iron 

2. Application for case study – Automotive 

(Combustion Engine) 

LITERATURE REVIEW 

1.“A procedure for constructing a theoretical wear 

diagram of IC engine crankshaft main bearings” 

Nebojsa  NikolicTripoTorovic, Zivota Antonic In the 

paper an algorithm for obtaining a theoretical wear 

diagram of internal combustion (IC) engine 

crankshaft main bearings is developed. A crankshaft 

is treated as a statically indeterminate continuous 

beam. Useful approach has been defined for 

determining how various engine and crankshaft 

parameters affect a cumulative load and theoretical 

wear profiles of main bearings, and can be used in the 

process of bearing and lubrication system design.  

2.“A study on the heating process for forging of an 

automotive crankshaft in terms of energy efficiency” 

Hong-SeokPark,  Xuan-Phuong Dang, this work 

studies the in-line induction heating process before 

hot forging of an automotive crankshaft to find 

potential solutions for improving the energy 

efficiency. We optimized the process parameters and 

proposed an insulating system to reduce the radiation 

and convection losses at the open spaces between 

adjacent heaters.  

The results obtained from the analytical model of the 

heat transfer show that using insulating covers at the 

open spaces between adjacent heaters of the in-line 

induction heating system can approximately reduce 

9% of heat losses compared to the energy stored in 

the workpiece.  

3.“An efficient Crankshaft Dynamic Analysis Using 

Substracturing with ritz vector” Z.P.MOURELATOS 

A structural analysis using dynamic substructuring 

with Ritz vectors is presented  for predicting the 
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dynamic response of an engine crankshaft, based on 

the "nite-element method. A two-level dynamic 

substructuring is used. Such a model can predict the 

main bearing load very accurately resulting in better 

assessment of (1) main bearing performance and (2) 

engine block radiated noise due to main bearing load 

excitation. 

4.“An investigation of the effect of counter weight 

configuration on main bearing load and crankshaft 

bending stress” YasinYilmaz Gunay Anlas Main 

bearing load results of rigid, beam and 3D solid 

models are compared and beam model is used in 

counterweight configuration analyze. The effect of 

counter weight configuration on bearing load and 

bending stress is investigated for a 9.0 L in-line six 

cylinder diesel engine crankshaft system in the 

presence of inertial and gas pressure forces.  

5. “Analysis of a vehicle crankshaft failure" F.S. 

Silva, this paper reports an investigation that was 

carried out on two damaged crankshafts. They were 

diesel van crankshafts that were sent to be ground, 

after a life of about 300,000 km each. Some journals 

were damaged on each crankshaft. After grinding, 

and assembling on the diesel van, the crankshafts 

lasted about 1000 km each, and the journals were 

damaged again. The damage of the journals as 

originated by the small cracks at the surface of the 

journals; The small cracks originated by thermal 

fatigue due to overheating during the grinding 

operation. This overheating could be caused by 

excessive depth of cut, or by absence of dressing of 

the grinding wheels, or by defective lubrication of the 

grinding operation.  

6. “Analysis of a diesel generator crankshaft failure” 

F. Jiménez Espadafor M. Torres García The fracture 

occurred in the web between the2nd journal and the 

2nd crankpin. The mechanical properties of the 

crankshaft including tensile properties and surface 

hardness (HV1) were evaluated. Fractographic 

studies show that fatigue is the dominant mechanism 

of crankshaft failure. The crankshaft fracture of a 

1.5MWdiesel engine generator was due to fatigue. 

The fractured crank was the closest to the generator 

end of the crankshaft.  

7. “Application of CAE for hot-forging of automotive 

components” Shinichiro Fujikawa, the commercial 

based forging analysis software has come into the 

market and brought some benefit for optimizing 

forging processes. Nissan Motor Co. has applied 

CAE (computer-aided engineering) mainly to hot-

forging processes. This paper describes three 

examples of simulations which were applied to our 

hot-forging plan too. In the first example, a new 

method to reduce scrap material was developed by a 

model experiment using Plastic ine and FE 

simulations using variance analysis with an 

orthogonal array. The second example was 

application of the FEM to increase forging die life. 

We can know local high stress on the surface of dies 

by the FE simulation. The last example is a system 

for diagnosing defects in forged parts called 

FORDIA.  

OBJECTIVES OF THIS THESIS WORK:  

Optimize the weight and manufacturing cost of the 

forged steel crankshaft, while maintaining or 

improving its structural integrity/ performance. To 

develop an optimized geometry, material, and 

manufacturing procedure which will reduce the 

weight of the forged steel component for fuel 

efficiency. 

METHODOLOGY: 

Analytical Method - FEA APPROACH  

It is not always possible to obtain the exact analytical 

solution at any location in the body, especially for 

those elements having complex shapes or geometries. 

Always the most important are the boundary 

conditions and material properties. In such cases, the 

analytical solution that satisfies the governing 

equation or gives extreme values for the governing 

functional is difficult to obtain. Hence for most of the 

practical problems, the engineers resort to numerical 

methods/ analytical/ computational methods like the 

finite element method to obtain approximate but most 

probable solutions. Finite element procedures are at 

present very widely used in engineering analysis. The 

procedures are employed extensively in the analysis 

of solids and structures and of heat transfer and 

fluids, and indeed, finite element methods are useful 

in virtually every field of engineering analysis.  

The analytical/ computational approach offers results 

through simulation/ analyses for the case study 

predefined for the solver. The technique would 

deploy any of the following software tools: Patran/ 

HyperMesh/Nastran, ANSYS, Abaqus, RadioSS, 

MSC Fatigue or any compatible CAE software in the 

`Structural’ domain. 

Benefits of using CAE software - The CAE software 

usually has an intuitive graphical user interface with 

direct access to CAD geometry, advanced tools for 

meshing and integration with other compatible 

software for solving.It is optimized for large scale 

systems, assemblies, dynamics and NVH simulations. 

Typically, the CAE interface design to handle 

structural problems as the case study concerned here 

is adept to linear static analysis with a post-

processing interface to view results.  

Experimentation/ Validation: 

Upon creating a physical prototype identical in 

geometry and mechanical properties to the intended 

component during production, the same is set-up for 

testing under identical service conditions for the 

component on field. A comparison of the results 

obtained through physical experimentation and the 

analytical (using simulation/ software) could offer a 

basis for validation.  

Steps for the proposed work:- 

1. Creation of Geometry for Crank Shaft (input 

received from Product Design) 

2. Importing the geometry for meshing. 

(Preprocessing)  

3. Assigning the nature of loads and the values for 

loading  

4. Solving for the meshed model to identify 

stressed areas. 

5. Viewing the results.  

6. Modifying the geometry/ mass/ boundary 

conditions 

7. Solving the meshed model again (iteration/s)  

8. Comparison / Interpretation of the results  

9. Recommendations. 

Facilities available and required 

1. The online journals 

2. fatigue testing special purpose machine 

3. software required Patran/HyperMesh/Nastran, 

ANSYS, Abaqus, RadioSS, MSC              
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Fatigue or any compatible CAE software in the 

“Structural” domain. 
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