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Abstract— Crankshaft is large volume production component with a complex geometry in the Internal Combustion (I.C) 
Engine. This converts the reciprocating displacement of the piston into a rotary motion of the crank. This paper consists of 
static structural analysis of a four cylinder engine crankshaft. It identifies and solves the problem by using the modeling and 
simulation techniques. The modeling of the crankshaft is created by using SOLID WORKS software and then simulate the 
crankshaft for static structural analysis. Finite element analysis is performed to obtain the variation of stress of the crankshaft 
by using SOLID WORKS software. The objective involves modeling and analysis of crankshaft so as to identify the effect of 
stresses on crankshaft to compare various materials and to provide possible solution. Von-mises stress induced in the 
crankshaft is 116.4845 N/m2 and shear stress induced in the crankshaft is 0.0014 N/mm2 in theoretical results. The values of 
von-mises stress that comes out from the analysis are far less than the material yield stress and so our design is safe. Results 
obtained from the analysis were then used in optimization of crankshaft. The optimization process resulted in a weight 
reduction, increased strength and a reduced cost of the crankshaft. 
 
Index Terms—crankshaft, SOLID WORKS software, modeling of the crankshaft, optimization. 
 
I. INTRODUCTION 
 

Crankshaft is one of the most important moving 
parts in internal combustion engine. 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, proper fatigue strength and 
other functional requirements. These improvements 
result in lighter and smaller engines with better fuel 
efficiency and higher power output.  

Crankshaft must be strong enough to take the 
downward force of the power stroke without excessive 
bending. So the reliability and life of the internal 
combustion engine depend on the strength of the 
crankshaft largely. And as the engine runs, the power 
impulses hit the crankshaft in place and then another. 

The finite  element  analysis  has  been  performed 
on the crankshaft in order to optimize  weight  and  
manufacturing cost. The material for crankshaft is 
alloy steel. Other alternate material on which analysis 
has been done are structural steel and malleable cast 
iron. In addition, the linear displacement of an engine 
is not smooth; as the displacement is caused by the 
combustion chamber therefore the displacement has 
sudden shocks. The concept of using crankshaft is to 
change these sudden displacements to as smooth 
rotary output, which is the input to many devices such 

as generators, pumps and compressors. It should also 
be stated that the use of a flywheel helps in smoothing 
the shocks. Crankshaft experiences large forces from 
gas combustion. This force is applied to the top of the 
piston and since the connecting rod connects the 
piston to the crankshaft, the force will be transmitted 
to the crankshaft.  
 
II. LITERATURE REVIEW 
 

Solanki et al. [1] presented literature review on 
crankshaft design and optimization. The materials, 
manufacturing process, failure analysis, design 
consideration etc. were reviewed. The design of the 
crankshaft considers the dynamic loading and the 
optimization can lead to a shaft diameter satisfying the 
requirements of the automobile specifications with 
cost and size effectiveness. They concluded that crack 
grows faster on the free surface while the central part 
of the crack front becomes straighter. Fatigue is the 
dominant mechanism of failure of the crankshaft. 
Residual imbalances along the length of the 
crankshafts are Crucial to performance. 

Meng et al. [2] discussed the stress analysis and 
modal analysis of a 4 cylinder crankshaft. FEM 
software ANSYS was used to analyse the vibration 
modal and distortion and stress status of crank throw. 
The relationship between frequency and the vibration 
modal was explained by the modal analysis of 
crankshaft. This provides a valuable theoretical 
foundation for the optimization and improvement of 
engine design. Maximum deformation appears at the 
centre of the crankpin neck surface. The maximum 
stress appears at the fillet between the crankshaft 
journal and crank cheeks, and near the central point 
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journal. The crankshaft deformation was mainly 
bending deformation was mainly bending deformation 
under the lower frequency. Maximum deformation 
was located at the link between main bearing journal 
and crankpin and crank cheeks. So, the area prone to 
appear the bending fatigue crack.  

Montazersadgh and Fatemi [3] choose forged steel 
and a cast iron crankshaft of a single cylinder four 
stroke engine. Both crankshafts were digitized using a 
CMM machine. Load analysis was performed and 
verification of results by ADAMS modeling of the 
engine. At the next step, geometry and manufacturing 
cost optimization was performed. Considering 
torsional load in the overall dynamic loading 
conditions has no effect on von-mises stress at the 
critically stressed location. Experimental stress and 
FEA results showed close agreement, within 7% 
difference. Critical locations on the crankshaft are all 
located on the fillet areas because of high stress 
gradients in these locations. Geometry optimization 
results in 18% weight reduction of the forged steel. 
Fillet rolling induces compressive residual stress in 
the fillet areas which results in 165% increase in 
fatigue strength of the crankshaft. 

 
III. MATHEMATICAL MODEL FOR 
CRANKSHAFT 
 

In this paper, diesel engine crankshaft was studied. 
The crankshaft has four crank throws, three rod 
journals and two main journals. The main physical 
dimensions of crankshaft are shown in Table. I. 

Table. I The Main Physical Dimensions of Crankshaft 
Physical Parameters Values Units 

Diameter of Crankpin 51.6 mm 

Length of Crankpin 30.96 mm 

Diameter of Main Journal 60.2 mm 

Length of Main Journal 30.1 mm 

Thickness of Crank Web 20.64 mm 

Length of Crankshaft 545.36 mm 

Force on the piston,  
Fp = Bore Area × Maximum Combustion Pressure   
  (1) 

 = maxP
4

2πD
     

      = 10
4

286π


  

      = 58088.0482 N 
The force on the connecting rod or thrust force, 

   N 58656.5555 =
7.9836

58088.0482

cosβ
pF

K 
    

(2)
 

The tangential force on the crank, 

   FT = K  sin ( + )           
     (3) 
       = 58656.5555 × sin (30 + 7.9836) 
       = 36099.3497 N 
The radial force along the crank, 
 FR = K cos ( + )    (4) 
         = 58656.5555 × cos (30 + 7.9836) 
         = 46232.3313 N 
   Tangential force FT will have two reactions HT1 and 
HT2 at bearing 1 and 2 respectively. Radial force FR 
will have two reactions HR1 and HR2 at bearing 1 and 2 
respectively. The reactions due to tangential force (Ft) 
and the reactions due to radial force (FR) are 

   N 18049.6749  
2
TF

T2HT1H   

   N 23116.1657  
2
RF

R2HR1H   

   From the statistical data, the distance between two 
bearings, b is 65.6 mm. The bending moment at the 
centre of the crankpin is 

mm785.2102KN32.823116.1657
2

b
R1HcM   

Twisting moment on the crankpin, 
    Tc = HT1 × rcp 
         = 596.3971 KN-mm 
From this, we have the equivalent twisting moment, 
    cMcTeT                                    (5) 

         mm36.805kN785.2102596.3971   
Shear stress, 

   
cprJ

T 
         (6) 

       = 0.0014 N/mm 
The Von-Mises stress induced in the crank-pin is, 

   2
ct

2
cbev )T(K)M(KM          (7) 

            = 1571 kN-mm 
   where,  Kb = 2, K t = 1.5 

   v
cp

ev
d

M 



32

3

              (8) 

        v = 116.4845 N/mm2 
 
IV. MODELING AND MESHING OF 
CRANKSHAFT 
 

According to the structure of crankshaft, the main 
dimension parameters are considered while preparing 
model in SOLID WORKS. The materials for 
crankshaft are shown in Table. II. 

Table. II Materials for Crankshaft 

Name 
Cast 
Alloy 
Steel 

Structural 
Steel 

Malleable 
Cast Iron 

Yield Strength  
(MN/m2) 241.28 620.422 275.742 

Poisson’s Ratio 0.26 0.28 0.27 
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Young’s Modulus 
(MN/m2) 1.9e5 2.1e11 1.9e11 

Density  
(kg/m3) 7300 7700 7300 

According to complicated structure of crankshaft, 
the integral crankshaft should be applied when 
performing finite element analysis. The structure of 
the crankshaft has more fillets and fine oil holes. 
Considering these factors in establishment process, 
finite element mesh of crankshaft becomes very 
densely, the number of node equation increase greatly. 
These factors would extend the solution time, make 
the unit shape unsatisfactory and amplify the 
accumulative error. This would lower the simulation 
accuracy. The three dimension model and the meshed 
model of original crankshaft are shown in Fig.1 and 
Fig.2. 

 
Fig. 1 Three Dimension Model of Original Crankshaft 

 

 
Fig. 2 Meshed Model of Original Crankshaft 

 
V. LOADS AND BOUNDARY CONDITIONS 
 

The crankshaft bears the constraints of main 
journals and longitudinal thrust bearing. Because of 
the effect of load, crankshaft main journals appear 

bend deformation between the lower main-bearing 
half and upper main-bearing half. And the 
longitudinal thrust bearing can prevent effectively the 
crankshaft axial movement and ensure the 
piston-and-connecting-rod assembly normally works.  

 
Fig. 3 Loads and Boundary Conditions for Original 

Crankshaft 
 

Five surfaces radial symmetry constrains were 
exerted on the five main journals surface respectively. 
Axial displacement constraints were exerted on the 
two end face of crankshaft. The load applying on the 
crankpin becomes the critical factor of load boundary 
condition. The maximum combustion pressure 10 
MPa, the tangential force 36099.3497 N and the radial 
force 46232.3313 N are applied on the top of the 
crankpin surface and is shown in Fig. 3. Then the 
analysis was carried out by using SOLID WORKS  
software. 

 
VI. STATIC  STRUCTURAL ANALYSIS FOR 
ORIGINAL CRANKSHAFT 
 

The finite element method is numerical analysis 
technique for obtaining approximate solution to a 
wide variety of engineering problems. It is not possible 
to obtain analytical mathematical solutions for many 
engineering problems. An analytical solution is a 
mathematical expression that gives the values of the 
desired unknown quality at any location in a body. For 
problems involving complex material properties and 
boundary conditions, the engineer resorts to numerical 
methods that provide approximate but acceptable 
solutions.  

After the application of pressure and forces, the 
next step is to perform the structural analysis of 
crankshaft. In this structural analysis, we are mainly 
concern with the  deformation and stresses acting on 
the crankshaft (von-mises stresses). When the 
pressure and forces are applied, the slight deformation 
and also the stresses take place in the crankshaft. The 
deformation of original crankshaft is shown in Fig. 4. 
The deformation in the crankshaft is not same 
throughout. The portion in red colour shows that the 
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deformation at that region is maximum and the 
portion in blue colour shows that the deformation is 
minimum in that region. The maximum displacement 
is 0.1532 mm and von-mises stresses acting on the 
original crankshaft are as shown in Fig. 5-7. 

 
Fig. 4 Deformation of Original Crankshaft 

 

 
Fig. 5 Von-Mises Stress of Cast Alloy Steel Crankshaft 

 
The maximum stress induced in cast alloy steel 

crankshaft is 54.4134 MN/m2 and is shown in Fig. 5. 
The maximum stress induced in structural steel 
crankshaft is 54.4134 MN/m2 and that of malleable 
cast iron crankshaft is 52.83 MN/m2 and are shown in 
Fig. 6 and Fig. 7. 

 
Fig. 6 Von-Mises Stress of Structural Steel Crankshaft 
 

 
Fig. 7 Von-Mises Stress of Malleable Cast Iron 

Crankshaft 

VII. GEOMETRY OPTIMIZATION 
 

   In order to achieve the objectives, various changes 
in the initial design of the crankshaft were done and 
they were analysed. Among them two cases showed 
the most effective results. The volume of malleable 
cast iron original crankshaft is 2.8702 m3 and the 
weight is 20.9528 kg. In modified design, the volume 
of malleable cast iron modified crankshaft is 2.3921 
m3 and the weight of the modified crankshaft is 
17.4623 kg.  

 

 
Fig. 8 Three Dimension Model of Modified Crankshaft 

 
After applying pressure and forces, stress and 

deformation are obtained. And then the various stress 
and deformation of the different designs are then 
compared, analysed and the best results give the final 
optimized design. The three dimension model and the 
meshed model of modified crankshaft are shown in 
Fig.8 and Fig.9. 

 
Fig. 9 Meshed Model of Modified Crankshaft 

 
VIII. STATIC  STRUCTURAL ANALYSIS FOR 
MODIFIED CRANKSHAFT 
 

The total deformation for a modified crankshaft is 
shown in Figure. 11. The deformation in the 
crankshaft is not same throughout. The portion in red 
colour shows that the deformation at that region is 
maximum and the portion in blue colour shows that 
the deformation is minimum in that region.  
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Fig. 10 Loads and Boundary Conditions for Modified 

Crankshaft 
 

 
Fig. 11 Deformation of Modified Crankshaft 

 
The maximum displacement is 0.1078 mm and 

von-mises stresses acting on the modified crankshaft 
are as shown in Fig. 12-14. The maximum stress 
induced in cast alloy steel crankshaft is 56.6721 
MN/m2 and is shown in Fig. 12. The maximum stress 
induced in structural steel crankshaft is 55.4456 
MN/m2 and that of malleable cast iron crankshaft is 
56.0842 MN/m2 and are shown in Fig. 13 and Fig. 14. 

 

 
Fig. 12 Von-Mises Stress of Cast Alloy Steel Crankshaft 

 
Fig. 13 Von-Mises Stress of Structural Steel Crankshaft 
 

 
Fig. 14 Von-Mises Stress of Malleable Cast Iron Crankshaft 
 
IX. COMPARISON OF RESULTS 
 

The results from SOLID WORKS were compiled in 
Table. III. The maximum stress appears at the centre 
of the crankpins. The value of von-mises stresses that 
comes out from the analysis is far less than the 
material yield stresses so our design is safe. 

Table. III Results of Crankshaft 

 
 
CONCLUSION 
 

Finite Element analysis of the four cylinder 
crankshaft has been done using FEA tool SOLID 
WORKS. The results obtained from FE analysis, 
many discussions have been made.  

1. Results show the improvement in the strength of 
the   crankshaft as the maximum limits of stresses. 
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The value of von-misses stresses that comes out 
from the analysis is far less than material yield 
stress so our design is safe. 
2. The weight of crankshaft is also reduced by 
3490.5 g from original malleable cast iron 
crankshaft to modified malleable cast iron 
crankshaft. Thereby reduces the inertia force. 
3. As the weight of the crankshaft is decreased, this 
will decrease the cost of the crankshaft and increase 
the engine performance. 
4. Above results shows that FEA results conformal 
matches with the theoretical calculation so we can 
say that FEA is a good tool to reduce the time 
consuming theoretical work. 
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