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ABSTRACT

Crankshaft is one of the critical components for the effective and precise working of the internal combustion
engine. In this paper a dynamic simulation is conducted on a crankshaft from a single cylinder 4- stroke diesel
engine. A three-dimension model of diesel engine crankshaft is created using CATIA software. Finite element
analysis (FEA) is performed to obtain the variation of stress magnitude at critical locations of crankshaft.
Simulation inputs are taken from the engine specification chart. The dynamic analysis is done using FEA
Software ANSYS which resulted in the load spectrum applied to crank pin bearing. This load is applied to the
FE model in ANSYS, and boundary conditions are applied according to the engine mounting conditions. After
Static Structure Analysis Modal analysis performed upto 8 mode shape. The finite element analysis (FEM)
software ANSYS is used to analyse the stress status and vibration modal for the distortion behaviour of the
crank shaft. 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.
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I. INTRODUCTION
Crankshaft (i.e. a shaft with a crank) is a central component of any internal combustion engine and is used to
convert reciprocating motion of the piston into rotatory motion or vice versa.

The obvious source of forces applied to a crankshaft is the product of combustion chamber pressure acting on
the top of the piston. High-performance, contemporary high performance Compression-Ignition (CI) engines
can see combustion pressures in excess of 200 bar (2900 psi) which will produce a force of 80 KN acting on a
small 4.00 inch diameter piston. Rotation of crankshaft is 705 RPM. This kind of huge force exerted onto a
crankshaft rod journal which produces substantial bending and torsional moments and the resulting tensile,
compressive and shear stresses.

In an internal combustion engine, two load sources apply force on the crankshaft. The load applied by
combustion in the combustion chamber to the piston is transmitted to the crankpin bearing by a four bar slider-
crank mechanism. This is the main source of loading in the engine. The other load source is due to dynamic
nature of the mechanism. Since the engine operates at high speeds, the centrifugal forces are present at different
rotating components such as connecting rods. These load sources apply both torsional and bending load on the
crankshaft.

II. DESIGN INPUT PARAMETERS

In the present simulation, a 4-stike diesel engine crankshaft is analyzed. The crankshaft has four crankthrows,
three rod journals and two main journals. The mainly dimensional parameters of the crankshaft are mentioned
below in Table 1.

Structure parameters Values
Crankshaft length (mm) 514
Crankshaft height (mm) 140
Crank radius (mm 67.5
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Main journal diameter (mm) 58
rod journal (mm) 58
Crankpin axial length (mm) 31
Main journal axial length (mm) 15
Crank cheek thickness (mm) 19

Table 1: Crankshaft main dimensions
III. METHODOLOGY

3.1 Procedure of static Analysis

1. Geometry

Fig:1 Crankshaft Geometry in Catia
2. Material Properties — 42CrMn

The material used here for the analysis of crankshaft is steel alloy 42CrMn and the physical parameters are
listed below in the table.

Physical parameters Values

Tensile Ultimate strength (MPa) 1080
Yield strength (MPa) 930
Modulus of Elasticity (GPa) 210
Poisson ratio 0.3

Density (g/cm3) 7.9

Elongation (%) 12

Reduction of cross sectional area (%) 5

Rigidity (HB) 217

Table 2: Material properties of 42CrMn
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3. Meshing

The meshing detail of crankshaft is shown in table:
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Fig: 2 Meshing

Mesh
Object Name Mesh

Use Advanced Size Function Off

Relevance Center Fine

Minimum Edge Length 3.14160 mm

Transition Ratio 0272

Maximum Layers 5

Growth Rate 132

Nodes 59098

Elements 33925

Table: 3 Mesh Detail
4. Boundary Condition

Define boundary condition for Analysis Boundary conditions play an important role in finite element calculation
here; I have taken both remote displacements for bearing supports are fixed (Fig:3).
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Fig: 3

5. Run the Analysis

6. RESULT OF STATIC STRUCTURE
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Fig:5 Total Deformation
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Fig:6 Directional Deformation
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Fig: 7 Equivalent Elastic Strain Fig: 8 Equivalent Stress
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Fig: 9 Maximum Principal Elastic Strain Fig: 10 Maximum Principal Stress
7 Modal Analysis Result

The vibration characteristic of crankshaft was obtained with modal analysis.The former six vibration modal
diagrams of crankshaft are shown in Fig. 11-18
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Fig: (11) 1 vibration modal of crankshaft
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Fig: (12) 2 vibration modal of crankshaft
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Fig: (13) 3 vibration modal of crankshaft
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Fig: (14) 4 vibration modal of crankshaft
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Fig: (15) 5 vibration mode of crankshaft
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Fig: (16) 6 vibration mode of crankshaft
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Fig: (17) 7 vibration mode of crankshaft Fig: (18) 8 vibration mode of crankshaft
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IV. CONCLUSIONS
In this paper, the crankshaft model was created by Catia software. Then, the model created by Catia was
imported to ANSYS software.

Sr no Types of Stress(MPa) Theortical Fea Analysis
1 Von- Mises Stress 1.5624 1.7847

2 Max Principal Stress 2.1064 2.3815

3 Min Principal Stress 0.6984 0.70231

Above Results Shows that FEA Results Conformal matches with the theoretical calculation so we can say that
FEA is a good tool to reduce time consuming theoretical Work. The crankshaft deformation was mainly bending
deformation under the lower frequency. And the maximum deformation was located at the link between main
bearing journal and crankpin and crank cheeks. So this area prones to appear the bending fatigue crack. Base on
the results, we can forecast the possibility of mutual interference between the crankshaft and other parts. The
resonance vibration of system can be avoided effectively by appropriate structure design
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