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Abstract: 

Crankshaft is mechanical component with a complex geometry which transforms reciprocating motion into rotational motion 

crankshaft plays a pivotal role in its functioning. The stress and fatigue that the crankshaft can handle decides the satisfactory working 

period of crankshaft. Any defect in the crankshaft deteriorates the performance of the engine. Hence, it is important to analyze the 

crankshaft and predict its failures before a severe damage occurs. Vibrations give a good amount of information on the characteristics 

of the vibrating structure and hence vibration analysis can be used to inspect and evaluate the crank shaft.  A crankshaft model is 

created by CATIA-V5 software and then imported to ANSYS software. The dynamic analysis of the whole crankshaft. Results from 

the FE model are then presented which includes identification of the critically stressed location, variation of stresses over an entire 

cycle, and a discussion of the effects of engine speed as well as torsion load on stresses. 

 

1. INTRODUCTION 

 

Crankshaft is a large component with a complex geometry in the 

I.C engine, which converts the reciprocating displacement of the 

piston to a rotary motion with a four bar link mechanism. 

Crankshaft consisting of shaft parts, two journal bearings and 

one crankpin bearing. The shaft parts which revolve in the main 

bearings, the crank pins to which the big end of the connecting 

rod are connected, the crank arms or webs which connect the 

crank pins and shaft parts. 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 the 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 connecting rod connects the piston to the 

crankshaft, the force will be transmitted to the crankshaft. The 

magnitude of the forces depends on many factors which consists 

of crank radius, connecting rod dimensions, and weight of the 

connecting rod, piston, piston rings, and pin. 

 

 
Figure.1. typical view of Crankshaft  

1.1 Combustion and inertia forces acting on the 

crankshaft 

Torsional load 

In the field of solid mechanics, torsion is the twisting of an 

object due to an applied torque. It is expressed in newton meters 

(N-m) or foot-pound (ft-lbf). In sections perpendicular to the 

torque axis, the resultant shear stress in this section is 

perpendicular to the radius. Note that the highest shear stress 

occurs on the surface of the shaft, where the radius is maximum. 

High stresses at the surface may be compounded by stress 

concentration such as rough spots. Thus shafts for use in high 

torsion are polished to a fine surface finish to reduce the 

maximum stress in the shaft and increase their service life. 

Bending load 

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. The crankpin is like a built in beam with a 

distributed load along its length that varies with crank positions. 

Each web is like a cantilever beam subjected to bending and 

twisting. 

Bending moment 

A bending moment is the reaction induced in a structural 

element when an external force or moment is applied to the 

element causing the element to bend. The most common or 

simplest structural element subjected to bending moments is the 

beam. 

Twisting moment   

There are many sources of failure in the engine. One of the most 

common crankshaft failure is fatigue at the fillet areas due to the 

bending load causes by the combustion. The moment of 

combustion the load from the piston is transmitted to the 

crankpin, causes a large bending moment on the entire geometry 

of the crankshaft. At the root of the fillet areas stress 

concentrations exist and these high stress range locations are the 

points where cyclic loads could cause fatigue crank initiation 

leading to fracture, causes shear stress. 

Crankshaft finds many applications in various branches of 

engineering. They are used whenever there is the need to 
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translate reciprocating linear motion into rotation or vice-versa. 

In their more varied configurations, crankshafts are usually used 

in internal combustion engines but also in piston steam engines. 

It lays on the former the vaster and varied range of applications 

of crankshafts. 

 

1.2 Vibration: 

When elastic bodies such as a spring, a beam and a shaft are 

displaced from the equilibrium position by the application of 

external forces, and then released, they execute a vibratory 

motion. 

 

Types of vibrations: 

 

1. Free or natural vibrations: 

When no external force acts on the body, after giving it an initial 

displacement, then the body is said to be under free or natural 

vibrations. 

 

2.Forced vibrations:  

When the body vibrates under the influence of external force, 

then the body is said to be under forced vibrations. 
 

For example: vibration of a diesel engine. 

 

3. Damped vibrations: 

When there is a reduction in amplitude over every cycle of 

vibration, the motion is said to be damped vibration. 

 

4. Linear and non-linear vibrations: 
If all the basic components of a vibratory system, the spring, the 

mass and the damper behave linearly, the resulting vibration is 

known as linear vibration. If however, any one of the 

components behave non linearity then it is known as non-linear 

vibration. 

 

5. Deterministic and Random vibrations: 

The knowledge of the excitation parameters of vibrations results 

in deterministic vibrations or else it is a random vibration. 

Examples are wind velocity, road roughness and ground motion 

during earthquakes. 

 

1.3 Crankshaft vibrations: 

 

 The different types of vibrations that a crankshaft can 

undergo are torsional, flexural, axial, coupled. All the four types 

of vibrations are compared on the basis of the available 

literatures as follows: 
 

 The fluctuating torque at the crankpin causes the 

periodic twisting or untwisting leading to torsional vibration. 
 

 When the crankshaft is under the influence of some 

forces which are fluctuating in nature and the crankshaft follows 

a lateral but periodic motion then the crankshaft is said to 

undergo flexural vibrations. 
 

 The torsional vibrations lead to axial vibrations. 
 

 All the types of vibrations when coupled together lead 

to coupled vibrations. It occurs mainly so that any type of 

vibration cannot occur independently. 

 

2.MODELLING OF CRANKSHAFT 
 

The modelling of crankshaft is done by using CATIA. 

 
Figure. 2.7 model of crankshaft. 

 

3. DESIGN CALCULATIONS 
 

D= Diameter of main journal= 30mm 

d= Diameter of crank pin= 30mm 

l= length of crank pin= 26mm 

Pb= allowable bearing pressure= 3.5 N/mm
2
 

T= thickness of crack web=0.7dmm 

 

Main Bearings:  

1. Bearing pressure 

𝑝𝑏 =
𝐹

2𝑙 ⋅ 𝐷
≤  𝑝𝑏  

Where 

𝐹 =
𝜋

4
× 𝐷2 × 𝑝𝑏  

F= 
𝜋

4
∗ 30 ∗ 3.5=2474.04 N 

 

2. Plain or Direct shear stress 

𝛼 =
2𝐹

𝜋𝑑3
 

𝛼 =
2 ∗ 2474.04

𝜋 ∗ 303
 

𝛼=1.74 N/mm
2 

 

3. Bending stress 

𝜎𝑏 =
8𝐹𝑥
𝜋𝑑3

 

L=1.25D = 1.25* 30 =37.15mm 

l=1.25d=1.25=45.2=26mm 

t=0.7*d=21mm 

 

Bearing pressure 

Pb= 
𝐹

2𝐿𝐷
 

𝑃𝑏 =
2474.04

2 × 37.15 × 30
 

=1.099 N/mm
2
 

Which is less than 3.5 N/mm
2
 

𝑠𝑖𝑛 ∅ =
𝑠𝑖𝑛 𝜃

𝑦𝑅
 

Where R=
𝐷

2
=

30

2
= 15𝑚𝑚 

𝜃= max crank length =35
o
 

𝑠𝑖𝑛 ∅ =
0.5935

 
37.15

15
 

 

∅ = 𝑠𝑖𝑛 − 1 0.2294  
=13.26

o 
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4. Tangential component of force 

Ft=F*sin (𝜃 + ∅) 

Ft=2474.04 sin (35+13.26) 

Ft=1846.063 N 

5. Radial component Force 

           Fr= F cos 𝜃 + ∅  

=2474.04 cos (48.26) 

=1647.07N 

 

6. Equivalent Shear Stress 

𝜏𝑒 = 1
2  𝜎𝑏

2 + 4𝜏2 

Where 

                                   𝜎𝑏 =
32𝑊𝑦

𝜋𝐷3 or𝜎𝑏 =
8𝐹𝑥

𝜋𝑑3 

                                         =
8∗2474 .04∗142

𝜋(30)3  

                                   𝜎𝑏= 33.33 N/mm
2
 

 

7. Equivalent shear stress 

𝜏 = 𝑦𝑧  33. .33 2 + 4 1.74 2 

                                =16.65N/mm
2
 

 

8. Equivalent bending stress 

𝜎𝑏 = 1
2  𝜎𝑏 +  𝜎𝑏

2 + 4𝜏2  

𝜎𝑏 = 1
2  33.33 +  33.332 + 4 1.74 2  

                  𝜎𝑏=33.42N/mm
2
 

 

9. Torsional shear stress due to tangential force 

𝜏 =
8𝐹𝑟 ⋅ 𝑟

𝜋𝐷3
 

 =
8∗1647 .09∗15

𝜋∗303  

     

 =2.33N/mm
2 

 

Bearing Stress (𝜎𝑐  𝑜𝑟 Pb) 

𝑝𝑏 =
𝐹

𝑙𝑑
≤ 𝑃𝑏  

𝑝𝑏=
2474 .04

26∗30
  

𝑝𝑏= 3.107 ≤ 3.5N/mm
2
 

 

Design of crank web: 

𝑤 = 1.14𝑑 

𝑡 = 0.7𝑑 
1. Axial stress by radial force, 

𝜎𝑎 =
𝐹𝑟

2 × 𝑤 × 𝑡
 

𝜎𝑎 =
1647.01

2 × 1.14 × 0.7 × 302
 

𝜎𝑎 = 1.14 𝑁 𝑚𝑚2  
 

2. Bending stress tangential force, 

𝜎𝑏𝑡 =
6 × 𝐹𝑡 × 𝑟

2𝑡𝑤2
 

𝜎𝑏𝑡 =
6 × 1846.06 × 15

2 × 0.7 × 1.22 × 302
 

𝜎𝑏𝑡 = 8.682 𝑁 𝑚𝑚2  
 

 

3. Bending stress by radial force, 

𝜎𝑏𝑟 =
3 × 𝐹𝑟 × (𝑥 −  𝑙 + 𝑡 )

2𝑤𝑡2
 

𝜎𝑏𝑟 =
3 × 1647.09 × (147 −  37.5 + 21 )

2 × 1.14 × 30 × (0.7 × 30)2
 

𝜎𝑏𝑟 = 14.49 𝑁 𝑚𝑚2  
 

Overall stress on crank web= 𝜎 = 𝜎𝑏𝑡 + 𝜎𝑏𝑟 + 𝜎𝑎  

𝜎 = 1.14 + 3.602 + 14.49 

𝜎 = 19.23  < 𝜎𝑏  

 

4. MATERIALS USED FOR CRANKSHAFT 

 

The crankshafts are subjected to shock and fatigue loads. Thus 

material of the crankshaft should be tough and fatigue resistant. 

The crankshafts are generally made of carbon steel, special steel 

or special cast iron. In industrial engines, the crankshafts are 

commonly made from carbon steel such as 40 C 8, 55 C 8 and 

60 C 4. In transport engines, manganese steel such as 20 Mn 2, 

27 Mn 2 and 37 Mn 2 are generally used for the making of 

crankshaft. In aero engines, nickel chromium steel such as 35 Ni 

1 Cr 60 and 40 Ni 2 Cr 1 Mo 28 are extensively used for the 

crankshaft. The crankshafts are made by drop forging or casting 

process but the former method is more common. The surface of 

the crankpin is hardened by case carburizing, nitriding or 

induction hardening. 

 

4.1 Material properties: 

 

Density: 

The density, or more precisely, the volumertic mass density, of a 

substance is its mass per unit volume. 

 

Young’s modulus: 

It is defined as the ratio of tensile or compressive stress to the  

corresponding strain is known as young’s modulus or modulus 

of elasticity. 

It is denoted by E.  

Poisson’s ratio: 

It is defined as the ratio of lateral strain to the longitudinal strain. 

Strength: 

The resistance by which material of the body opposes the 

deformation is known as the strength of the material. 

Ductility: 
It is the property of the material that which the material can be 

drawn into wires. 

Malleability: 
It is the property of the material that which the material can be 

drawn into sheets. The property of the material is tabulated as 

follows: 

 

Table.4.1 Material properties of different materials 
 

Material Young’s modulus 

(GPa) 
Density 

(kg/cc) 
Poisson’s 

ratio 

Cast iron 110 7200 0.28 

Stainless steel 193 8000 0.27 

HSLA steel 190 7800 0.29 

Maraging steel 198 8100 0.30 

Forged steel 200 4430 0.32 
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5. ANALYSIS OF CRANKSHAFT 
 

5.1 Cast iron: 

 
Figure. 5.1.1 crankshaft while loading. 

 

 
Figure. 5.1.2 meshing of the crankshaft. 

 

 
Figure. 5.1.3 deformation of the crankshaft 

 

From the above figure, the maximum deformation is found to be 

0.2 and the minimum deformation of the crankshaft is 0.098.The 

red colour zone indicates the highly stressed area of the 

crankshaft. The maximum deformation takes place at the highly 

stresses location i.e., at the ends of the crankshaft. The frequency 

values obtained are tabulated as follows: 

 

Table.5.1 different modal frequencies of the cast iron 

Mode Damped Frequency [Hz] 

1. 87 

2. 102.35 

3. 115.24 

4. 136.78 

5. 151.48 

6. 156.25 

7. 168.36 

8. 179.86 

9. 191.54 
 

The graph is plotted between the number of modes taken on x-

axis and frequencies taken of y-axis. From the graph, it is 

observed that the frequencies values are increasing from 1
st 

 node 

to 9
th 

node. 
 

 
Graph.5.1. variation of modal frequencies of cast iron 

 

5.2 Stainless steel: 

 
Figure.5.2.2 deformation of crankshaft 

 

From the above figure it is observed that the maximum 

deformation is 0.27 and the minimum deformation is 0.030 

The frequency values obtained are tabulated as follows: 
 

Table. 5.2 Different modal frequencies of stainless steel 

Mode Damped Frequency [Hz] 

1. 161.95 

2. 173.25 

3. 184.16 

4. 198.63 

5. 216.27 

6. 229.71 

7. 241.21 

8. 258.47 

9. 268.91 

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9

Series1
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Graph. 5.2 variation of modal frequencies of stainless steel 

The graph is plotted between the number of modes taken on x-

axis and frequencies taken of y-axis. The frequencies obtained 

for stainless steel is much high compared to the cast iron. 

 

5.3 HSLA STEEL 

 
Figure.5.3.2 deformation of crankshaft 
 

The maximum of the crankshaft is 0.164 and the minimum 

deformation is 0.04063. 

The frequencies are tabulated as follows: 
 

Table. 5.3. Different modal frequencies of HSLA steel 

Mode Damped Frequency [Hz] 

1. 110.82 

2. 127.34 

3. 140.32 

4. 160.85 

5. 178.23 

6. 196.52 

7. 212.33 

8. 226.12 

9. 241.71 
 

 
Graph.5.3 variation of modal frequencies of HSLA steel 

The graph is plotted between the number of modes taken on x-

axis and frequencies taken of y-axis. 

 

5.4 Maragingsteel 

 
Figure.5.4.2 deformation of crankshaftThe maximum 

deformation of the crankshaft for the similar load is 0.18 and 

the minimum deformation is 0.0045. The maximum deformation 

takes place at the highly stresses location i.e., at the ends of the 

crankshaft.  

The frequencies are tabulated as follows: 
 

Table. 5.4. different modal frequencies of Maraging steel 

Mode Damped Frequency [Hz] 

1. 97.68 

2. 112.99 

3. 124.36 

4. 146.25 

5. 166.31 

6. 192.75 

7. 201.26 

8. 217.2 

9. 223.01 
 

 
Graph. 5.4 variation of modal frequencies of Maraging steel 
 

5.5 Forged steel 

 
Figure. 5.5.2 deformation of the crankshaft 
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The maximum deformation of the crankshaft for the similar load 

is 0.157 and the minimum deformation is 0.00127. 

The maximum deformation takes place at the highly stresses 

location.  

The frequencies are tabulated as follows: 
 

Table. 5.5 Different modal frequencies of Forged steel 

Mode Damped Frequency [Hz] 

1. 95.26 

2. 106.32 

3. 120.34 

4. 132.41 

5. 155.86 

6. 172.32 

7. 192.67 

8. 211.05 

9. 220.6 

 

 
Graph.5.5 variations of modal frequencies of forged steel 
 

6.RESULTS 
 

Table. 6.1  Comparative modal frequencies 

Modes Cast 

iron 

Stainless 

Steel 

HSLA 

steel 

Maraging 

steel 

Forged 

steel 

1 87 161.95 110.2 97.68 95.26 

2 102.5 173.25 127.4 112.99 106.2 

3 115.4 184.16 140.2 124.36 120.4 

4 136.8 198.63 160.5 146.25 132.1 

5 151.8 216.27 178.3 166.31 155.6 

6 156.5 229.71 196.2 192.75 172.2 

7 168.6 241.24 212.3 201.26 192.7 

8 179.6 258.47 226.2 217.2 211.5 

9 191.4 268.91 2411 223.01 220.6 
 

Graph.6.1. Variation of modal frequencies of the five 

crankshafts. 

Usually modal frequencies, determine the vibration 

characteristics of a component. For a moving part of an engine, 

at a particular mode, frequency has to be as lowest as possible to 

avoid noise and total failure. From the above graph, the vibration 

frequencies of cast iron crankshaft at a corresponding mode, 

compared to other crankshafts, are low. Modal frequencies of 

forged steel for corresponding modes are low compared to other 

crankshafts expect cast iron. 

 

Deflections: 

For cat iron: 

𝛿1 =
𝑤 × 𝑙1

3

48 ∈ 𝐼
 

𝛿1 =
2474.09 ×  0.314 3

48 × 110 × 109 ×  3.976 × 10−8 
 

𝛿1 = 3.246 × 10−2mm. 

Similarly 

𝛿2 = 3.283 × 10−2mm 

𝛿3 = 9.357 × 10−3mm 

𝛿4 = 3.463 × 10−2mm 

 

For Stainless steel: 

𝛿1 =
𝑤 × 𝑙1

3

48 ∈ 𝐼
 

𝛿1 =
2474.04 ×  0.047 3

48 × 193 × 109 ×  3.976 × 10−8 
 

𝛿1 = 1.152 × 10−3mm 

Similarly  

𝛿2 = 1.8711 × 10−3mm 

𝛿3 = 7.73 × 10−3mm 

𝛿4 = 1.974 × 10−3mm 

 

HSLA steel: 

𝛿1 =
𝑤 × 𝑙1

3

48 ∈ 𝐼
 

𝛿1 =
2474.0 ×  0.047 3

48 × 190 × 104 ×  3.976 × 10−8 
 

𝛿1 = 1.17 × 10−3mm 

Similarly  

𝛿2 = 1.900 × 10−3mm 

𝛿3 = 7.859 × 10−3mm 

𝛿4 = 2.005 × 10−3mm 

 

For Maraging steel: 

𝛿1 =
𝑤 × 𝑙1

3

48 ∈ 𝐼
 

𝛿1 =
409 ×  0.047 3

48 × 198 × 109 ×  3.976 × 10−8 
 

𝛿1 = 1.123 × 10−3mm 

Similarly 

𝛿2 = 1.823 × 10−3mm 

𝛿3 = 7.54 × 10−3mm 

𝛿4 = 1.924 × 10−3mm 

 

For Forged steel: 

𝛿1 =
𝑤 × 𝑙1

3

48 ∈ 𝐼
 

𝛿1 =
2474.04 ×  0.047 3

48 × 200 × 109 ×  3.976 × 10−8 
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𝛿1 = 1.32 × 10−2mm 

Similarly  

𝛿2 = 1.805 × 10−3mm 

𝛿3 = 7.406 × 10−3mm 

𝛿4 = 1.905 × 10−3mm 

 

7.CONCLUSION 
 

From dynamic analysis point of view, the deflections obtained 

for different materials are Cast iron deflection=0.16, for stainless 

steel=0.27, for HSLA steel is 0.164, for maraging steel=0.18 and 

for forged steel=0.157. Hence the deflections obtained , in case 

of forged steel for particular mode is very low compared to other 

crankshafts except cast iron. This represents that forged steel has 

least vibrational characteristics.. 
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