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T ILL recently crankshaft stress analysis w as done        

by-the empirical formulae and iterative procedures,       

but   the   simplifying   assumption   that   a   throw   of  
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Abstract— The main objective of this study was to investigate stresses developed in crankshaft under dynamic loading. In this study a dynamic 
simulation was conducted on crankshaft, Finite element analysis was performed to obtain the variation of stress magnitude at critical locations. 
The pressure-volume diagram was used to calculate the load boundary condition in dynamic simulation model, and other simulation inputs were 
taken from the engine specification chart. This load was then applied to the FE model, and boundary conditions were applied according to the 
engine mounting conditions. The analysis was done for different engine speeds and as a result we get critical engine speed and critical region on 
the crankshaft. Stress variation over the engine cycle and the effect of torsional load in the analysis were investigated. Results obtained from the 
analysis are very useful in optimization of this crankshaft. 

Index Terms— Finite element analysis, Crankshaft, Cast iron, Pro-E,  Ansys, Dynamic loading.   
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1   INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 LITERATURE REVIEW 

A vast amount of work has been done on crankshaft to 

analyses the stresses using numerical simulation methods. 

But a few researches have carried  for the complete analysis 

using FEA. The analysis becomes a CAE analysis, if FEA is 

to be used . The basic literature available is provided by 

Jouji Kimura presented  the correlation between the 

crankshaft torsional vibrations and the dynamic stresses at 

the front and rear fillets of the first crankpin under 

operating conditions. R.Heath explains simple modeling 

techniques and d iscusses simulation of boundary 

conditions. P.Seshu also analyze the crankshaft torsional 

vibration using finite element analysis. V. Prakash  

d iscusses simulation of boundary conditions. The theory of 

dynamic analysis and the practical approach using these 

theories. Hans H. Mullar-Slany had  given stress 

concentration factors, these were used  for crankshaft fillet 

stress analysis.  

3 FEA APPROACH 

3.1 Introduction 
It is not always possible to obtain the exact analytical 

solu tion 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 solu tion that 

satisfies the governing equation or gives extreme values for 

the governing functional is d ifficu lt to obtain. Hence for 

most of the practical problems, the engineers resort to 

numerical methods like the finite element method to obtain 

approximate but most probable solu tions. 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  

flu ids, and indeed, finite element methods are useful in 

virtually every field  of engineering analysis. 

 
3.2 Description of the Method 
In any analysis we always select a mathematical model of a 

physical problem and then we solve that model. Although 

the finite element method is employed to solve very 

complex mathematical models, but it is important to realize 

that the finite element solu tion can never give more 

information than that contained in the mathematical model. 
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crankshaft has one degree of freedom is only partially true 

for torsional modes of vibrations. More degrees of freedom 

are required  to get information about other modes of 

vibration and stress d istribution. Since last decade advent 

of powerful finite elem ent analysis (FEA) packages have 

proven good tool to accurately analyze them. The 

complicated  geometry of crankshaft and the complex 

torque applied  by cylinders make their analysis d ifficu lt. 

But optimized meshing and accurate simulation of 

boundary conditions along with ability to apply complex 

torque, provided by various FEA packages have helped the 

designer to carry stress analysis. FEA enables to find  

critical locations and quantitative analysis of the stress 

d istribution and deformed shapes under loads. However 

detailed  modeling and specialized  knowledge of FEA 

theory are indispensable to perform these analyses with 

high accuracy. They also require complicated  meshing 

strategies. Simulation of actual boundary conditions to 

equivalent FE boundary conditions have to be done 

carefully because a wrongly modeled  boundary condition 

leads to erroneous results. The solu tion of such large scale 

FEA problem requires both large memory and d isc space as 

computing resources. 
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 3.3 Physical problems, mathematical models, and the 
finite element solution 
The physical problem typically involves an actual structure 

or structural component subjected  to certain loads. The 

idealization of the physical problem to a mathematical 

model requires certain assumptions that together lead  to 

d ifferential equations governing the mathematical model. 

The finite element analysis solves this mathematical model. 

Since the finite element solu tion technique is a numerical 

procedure, it is necessary to access the solu tion accuracy. If 

the accuracy criteria are not met, the numerical solu tion has 

to be repeated  with refined solu tion parameters (such as 

finer meshes) until a sufficient accuracy is reached. 

It is clear that the finite element solu tion will solve only the 

selected  mathematical model and that all assumptions in 

this model will be reflected  in the predicted  response. 

Hence, the choice of an appropriate mathematical model is 

crucial and completely determines the insight into the 

actual physical problem that we obtain by the analysis. 

Once the mathematical model has been solved accurately 

and the results have been interpreted , we may well decide 

to consider next a refined  m athematical model in order to 

increase our insight into the response of the physical 

problem. Furthermore, a change in the physical problem 

may be necessary, and this in turn will also lead  to 

additional mathematical models and  finite element 

solu tions. Figure 1 depicts the process of finite element 

analysis. The key step in engineering analysis is therefore 

choosing appropriate mathematical mod els. 

Figure 1: Flow chart for component Design and  

Optimization  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

3.4 Three Phases of Analysis 
For determining stresses and  deflections the following steps 

of the analysis are essential: 

1. Preparation of input data: The requisite data for 

the given problem is geometry (i.e. 3D model), 

material properties and     boundary conditions (i.e. 

loads and constraints). 

2. Solution: This involves solving the necessary 

equations to calculate the unknown parameters. 

3. Arrangements of results: The results obtained for 

stress analysis may be presented  in the form of 

tables or graphical images like stress patterns, 

d isplacement patterns.  

 

4 FINITE ELEMENT MODELING AND ANALYSIS 
 

4.1 Preprocessing 
This phase consists of making available the input data such 

as geometry, material properties, meshing of the model, 

boundary conditions and has the following steps: 

1. Set up: Here we enter the analysis type, the 

material properties, and the geometry (i.e. prepare 

the model). The model may be built parametrically 

or a model from other software package can be 

imported .              

2. Create FE model: In this step we d ivide the total 

volume into small simple regular volumes, which 

can be easily meshed. Then we define the m esh 

size for each small volume by virtually d ivid ing all 

the edges of the small volume into same divisions. 

3. Loading: In this step the boundary conditions are 

imposed, i.e. forces and constraints, on the model 

are defined. 

 

4.2 Solution 
In this phase a solver is used  to solve the basic equation for 

the analysis type and to compute the results. This phase is 

taken care by the software programme. In the solu tion 

process, the solver goes through following steps to compute 

the solu tion for a steady state analysis. 

1. Formulate element matrices. 

2. Assembly and triangularise the overall stiffness matrix. 

3. Calculate the solu tion by back substitu tion .  

4. Compute the stresses, d isp lacements etc. 

 

4.3 Postprocessing 
This is the last phase where the results are reviewed for the 

analysis done, by obtaining graphic d isplays, vector-plots 

and tabular reports of stress and d isplacement, etc. It may 

take long time to solve or analyze the whole model. 

Therefore the system used in such complex problem shou ld  

have high configuration. 

4.4 Dynamic Analysis 
The dynamic analysis is the analysis of the system under 

consideration when forces are acting on the system. It 
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considers external excitation forces and inertia forces. FEA 

approach is widely used  to solve dynamic analysis 

problems. The dynamic analysis is d ivided into two types 

either transient or frequency response. In case of transient 

response the forcing functions are defined as functions of 

time. While in frequency response they are functions of 

frequency. In the project it is possible to use any one of the 

above but the transient response requires a very small time 

step of the order of 0.001 sec. to have better accuracy. This is 

not possible as far as available resources are considered . So 

the frequency analysis is adopted  in the project. To convert 

time dependent forces to frequency dependant, fast Fourier 

transform (FFT) is used . The frequency response analysis is 

of two types either d irect or modal frequency response. 

A table shows the comparison of d irect versus modal 

frequency response. 

Table 1: Comparison of Modal and  Direct frequency 

response 

 

 
 
4.5 Measurement of Natural Frequencies  
Now we have to find  the natural frequencies for the 

crankshaft by using Holzer method & ANSYS software.  

The program is developed to find  the natural frequencies of 

lumped model system. The code was first validated  by 

solving problem and are verifying the results. The analysis 

is done using the program and following data. 

 

Table 2: Data from Engine room 

 

 
 

Other geometrical details are found from the drawings of 

crankshaft for the same engine and the natural frequencies 

are obtained in table 3. 

 

Table 3: The natural frequencies for system in Hz 

 

 
 

From Table 3 we found the ANSYS results are agree with 

Holzer method results. The d ifference in natural 

frequencies obtained from both techniques is very less. 

Now we can conclude that we can perform the dynamic 

analysis on the same system for more accurate results. 

 

4.6 Von-Mises Stress 
Von-Mises stress is very much preferred  yield / failure 

criterion for relative ductile metals like steel. 

1. In an elastic body that is subjected  to a system of 

loads in 3-d imensions, a complex 3-d imensional 

system of stresses is developed. That is, at any 

point within the body there are stresses acting in 

d ifferent d irections, and  the d irections and  

magnitude of stresses changes from point to point. 

2. The Von-Mises criterion is a formula for calculating 

whether the stress combination at a given point 

will cause failure. 

3. There are three ―principle stresses‖ that can be 

calculated  at any point, acting in x, y and z 

d irections. 

4. Von-Mises found that, even though none of the 

principal stresses exceed  the yield  stress of the 

material, it is possible for yield ing to result from 

the combination of stresses. 

5. The Von-Mises criterion is a formula for combining 

these three stresses into an equivalent stress, which 

is then compared to the yield  stress of the material. 

6. The equivalent stress is often called  the ―Von Mises 

Stress‖ as a shorthand  description. It is not really a 

stress, but a number that is used  as an index. If the 

―Von-Mises Stress‖ exceeds the yield stress, the 

material is considered  to be at the failure condition. 
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7 FEA OF CRANKSHAFT 
 

 

 In this paper, 3-D finite element analyses were carried  out 

on the crankshaft. FEA software ANSYS was used  to 

simulate the stress analysis of the crankshaft. A 3D fine 

meshed model with boundary condition is shown in Figure 

2. The resu lts of natural frequencies and stresses were 

obtained. The results are regarded as a theory basis to 

optimize the design of crankshaft and analysis the structure 

dynamics of crankshaft. Crankshaft is a complicated  

continuous elastomer. The stresses develop ed in crankshaft 

have important effect to the engine. The calculation of the 

stresses in crankshaft is d ifficult because of the complexity 

of crankshaft structure and d ifficult determinacy of 

boundary condition. The boundary conditions are the 

critical factors for the correctness of calculation. The 

boundary cond itions in the crankshaft model consist of 

load  boundary condition and restriction boundary 

condition. The mechanics boundary conditions mainly 

involves: gravity, centrifugal force, crankpin neck sur face 

force, various bending moment and torque, etc. Gravity, 

 

 
Figure 2: Boundary condition applied  to crankshaft  

 

centrifugal force, various bending moment and torque can 

apply to the model with the d istributed  force, ANSYS 

software simulates the effects of gravity and centrifugal 

force itself  based  on the given gravity accelerative, angu lar 

velocity, density and physical d imension. So the load  

applying on the crankpin neck surface becomes the critical 

factor of load  boundary cond ition. The load  applying  on the 

crankpin surface is supposed as d istributed  load . The 

d istributed  load  along the crankpin axis is a quadratic 

parabola d istribution and along the radial d irection within 

120°. Pressure versus crankshaft angle d iagram is used  to 

calculate the forces at crankpin and is shown in Figure 3. 

Although the pressure plot changes for d ifferent engine 

speeds, the maximum pressure which is much of our 

concern does not change and the same graph could  be used  

for d ifferent speeds. The dynamic analysis resulted  in  

angular velocity and angular acceleration of the connecting 

rod  and forces between the crankshaft and the connecting 

rod . There are two different load  sources acting on the 

crankshaft. Inertia of rotating components such as 

connecting rod , applies force to the crankshaft and this 

force increases with the increase of engine speed. This force 

is d irectly related  to the rotating speed and acceleration of 

rotating components. The second  and the main load  source 

is the force applied  to the crankshaft due to combustion of  

 

 
Figure 3 : Pressure-Crankshaft angle d iagram  

 

the fuel in the cylinder. The slider-crank mechanism 

transports the pressure applied  to the upper part of the 

slider to the joint between crankshaft and connecting rod . 

This transmitted  load  depends on the d imensions of the 

mechanism. Forces applied  to the crankshaft cause bending 

and torsion. Figure 4 shows the variations of bending and  

torsion loads and the magnitude of the total force applied  

to the crankshaft as a function of crankshaft angle at a 

speed of speed 3000 rpm. The maximum load which 

happens at 357° is where the combustion takes place, at this 

 moment the acting force on the crankshaft is just bending 

load  since the d irection of the force is exactly toward  the 

center of the crank rad ius. In many studies the torsional 

load  is neglected  for the load  analysis of the crankshaft, and  

  

 
Figure 4: Variation of force over crankshaft angle at a speed 

of 3000 rpm. 

this is because torsional load  is less than 10 percent of the 

bending load. Here torsional load  has no effect on the range 

of Von-Mises stress at the critical location. The main reason 

of torsional load  not having much effect on the stress range 

is that the maxima of bending and  torsional loading happen  
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at d ifferent times (see Figure 4). In addition, when the peak 

of the bending load takes place the magnitude of torsional 

load  is zero at 357° crank angle. At this crank angle these 

two forces act in opposite d irections. The force caused by 

combustion which is greater than the inertia load  does not 

change at d ifferent engine speeds since the same pressure  

 

 
Figure 5 : Von-Mises stresses developed in Crankshaft  

 

versus crankshaft angle is u sed  for all engine speeds. The 

load  caused by inertia increases in magnitude as the engine 

speed increases. Therefore, as the engine speed increases, a 

larger magnitude of inertia force is deducted  from the 

combustion load , resulting in a decrease of the total load  

magnitude. 

 

Table 4: Von-Mises stresses developed in Crankshaft  

 

 
 

Therefore the maximum  value of the stress is 105.13 N/ mm
2 

and the minimum value is 12.19 N/ mm
2
.
 
The maximum 

stress is obtained at the point of application of load  i.e. at 

the center of crankpin, because the force generated  in the 

power stroke is d irectly transmitted  to the crankshaft at the 

center of crankpin. 

 

 
Figure 6: Von-Mises stresses in Crankshaft 

CONCLUSION 
 
The following conclusions could  be drawn from this study: 

1. The crankshaft 3D-model was created  in Pro-

ENGINEER softw are and then the model created  

in Pro-Engineer w as imported  to ANSYS software 

for analysis.  

2. The differences in natural frequencies obtained  

from both techniques are very less. Now we can 

conclude that we can perform the dynamic 

analysis on the same system for more accurate 

results. 

3. The maximum deformation appears at the center 

of crankpin neck surface. The maximum stress 

appears at the fillets between the crankshaft 

journal and crank cheeks, and near the central 

point journal. The edge of main journal is high 

stress area. 

4.  Dynamic loading analysis of the crankshaft results 

in more realistic stresses whereas static analysis 

provides overestimated  results. Accurate stresses 

are critical input to fatigue analysis and  

optimization of the crankshaft. 

5. Considering torsional load  in the overall dynamic 

loading conditions has no effect on Von Mises 

stress at the critically stressed  location. The effect of 

torsion on the stress range is also relatively small at 

other locations undergoing torsional load . 

Therefore, the crankshaft analysis could  be 

simplified  to applying only bending load. 

6. Critical (i.e. failure) locations on the crankshaft 

geometry are all located  on the fillet areas because 

of high stress gradients in these locations, which 

result in high stress concentration factors. 

7. There are two different load  sources in an engine; 

inertia and combustion. These two load source 

cause both bending and torsional load  on the 

crankshaft. 
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