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I. INTRODUCTION

Crankshaft is most vital component of an IC engine. It
should be able to sustain the forces generated during the
power stroke of an IC engine with very little bending. So the
crankshaft strength is the key factor for the service life and
reliability of IC engine.The vibration analysis of the
crankshaft has severe effects on the performance of the
engine. Vibration calculation is also a critical task due to its
intricate structure and difficulties in assigning boundary
conditions.The design analysis of the crankshaft can be
carried out using finite element method butdue to the
presence of large number of fillets, variable cross sections
and oil holes, the meshing of the crankshaft becomes very
fine which increases the total number of node greatly,
ultimately increasing the computational time required for
the analysis [5].The present thesis focuses on the
minimization of the computational time required for the
analysis .The equivalent beam method used in this analysis
provides equivalent uniform beam with simpler geometry
which will reduce the number of elements, nodes and finally
computational time [3].

In the past few years, finite element analysis has
become much reliable as compared to actual experimental
analysis. The results obtained by finite element method are
having about 3.2 % error as compared to experimental
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results in a research carried out by Tianxin Zheng, Tianjian
Ji. [1] While carrying out the finite element analysis method
simplification of geometry was based on method suggested
by Yoonhwan Woo. [2]Jian Meng etAl has given the
detailed procedure to carry out stress analysis and frequency
analysis of crankshaft of four cylinder engine and obtained
results are used for optimization of the component. [5]J.G.
KimetAlhave applied equivalent beam method for curved
flexible pipes. When straight beam elements are considered
for modeling, it’s bending characteristics are
underestimated. So in this report equivalent beam method is
used to determine the bending characteristics of flexible
pipes. [4]

The model was created using CATIA V6/R2012
software. Then the model was imported to the Altair
Hyperworks 13.0 and finally it was analyzed in solver MSC
Nastran 20130.

Il. PROBLEM STATEMENT
In mechanical industry, the computational time required
for the design analysis with present methods of analysis is a
crucial part. The computational time required for solving the
analysis with large number of nodes and with fine mesh is
excessively high as compared to remaining design process.
In case of crankshaft analysis, this problem is faced with
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more effect due to the intricacy of geometry and total
number of elements and nodes during the meshing. Higher
the fineness of meshing higher is the computational time
required. To solve this problem Equivalent Beam Method is
used in this project which represents the behavior of
crankshaft by simple equivalent beam to reduce the
computational time.

I1.METHODOLOGY
The paper focuses on representing very complex geometry
of crankshaft into equivalent simple geometry beam to
reduce complexity in modeling and analysis. The static
behavior of the crankshaft is represented by cantilever
loading condition and used to propose the cross section of
equivalent beam. The dynamic behavior of the equivalent
beam is verified with original component.

The geometry modeling is done in CATIA
V6/R2012. Finite element model is prepared in Altair
Hyperworks 13.0. This finite element modeling is done with
tetragonal 3d elements. The element size used in this
procedure is 5 mm to capture all the features of crankshaft
and finally it was analyzed in solver MSC Nastran 20130.

Fig.1. 3-D entity model of crankshaft

Fig.2. Crankshaft finite element 3D mesh (X-Y-Z view)

IV. EQUIVALENT BENDING STIFFNESS

As proposed by Tianxin Zheng et Al [1], equivalent
bending stiffness of the beam is calculated. Where one end
is fixed in all degrees of freedom and load of 100N is
applied on each node of the other face. As 55 nodes are
present on the face, the total load applied is 55 KN. This
load is applied to examine bending stiffness of crankshaft.
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Fig.3. Deformation of the beam in bending.

Let
I = length of crankshaft model,
leq = Equivalent length of beam model,
I= Moment of inertia crankshaft model
leg= Moment of inertia beam model
E= Modulus of Elasticity
M=bending Moment

= angle of deflection

Rotation of the crankshaft will be
M xl

CExI

Length of two beams is kept same i.e. [ =1

Now rotation of the equivalent beam will be

_ Mxl
8 EXI,

Now we know that
I=Rx#

We know the bending equation for beam as

M—
=

| m

If  &,, =then,

............. in perpendicular Y
direction

_ (55000 420)420

= 210000 x 0.1804
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Now this value is usedto find out the diameter of the
equivalent beam

_mX d*
2 64
d = 24 mm
: B
Length =420 mm /

Fig.4. 3D model of proposed beam

Forceis applied
perpendicular to other
end

Fixed for all DOF

Fig.5. Loading conditions of crankshaft

Contour Plot
Displacement(Mag)
Analysis system

7 461E+01
[6 B32E+01
5.B803E+01
—4.974E+01
=4 145E+01
=—3.316E+01

2487E40
1.658E+01
8.290E+00

0.000E+00

~ifip

Fig.6. Crankshaft bending characteristics

V. MODAL ANALYSIS

Max = 7 461E+01
Node 8808

Min = 0.000E+00
Node 1X

et

The modal analysis is carried out to obtain the vibration
characteristics of the crankshaft. This modal analysis is
carried out for first 4 modal parameters.

Free - Free position analysis is carried out on the
crankshaft to obtain the modal parameters which means that
constraints in the all directions were kept zero.[7] The
obtained results are given in the below figures. First two
natural frequencies were applied to find out the lateral
bending and bending. The values obtained are tabulated
below.

Table. 1. First natural Frequency

Condition Crankshaft Model | Proposed Beam
Lateral Bending | 65.75 H; 63.61 Hy
Bending 68.49 H, 63.61 Hy
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Table. 2. Second natural Frequency

Condition Crankshaft Model | Proposed Beam
Lateral Bending | 65.75 H; 63.61 H;
Bending 68.49 H; 63.61 H
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Fig.7. First vibration modal of crankshaft

SUBCASE 1 = LOAD  Mode#2 Frequency= 6 B43e+001Hz
Frame 1 : Angle 0000000
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Fig.8.Second vibration mddal of crankshaft

SUBCASE 1 = LOAD  Mode#2 Frequency= 6 351e+001Hz
Frame 1 : Angle 0.000000
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Fig.9.Third vibration modal of crankshaft
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Fig.10.Fourth vibration modal of crankshaft

SUBCASE 1= LOAD : Modesd Frequency= 3727e+002Hz
Frame 1 : Angle 0.000000

V. RESULTS AND DISCUSSIONS

The results obtained are tabulated with respect to the
computational time required for the analysis of crankshaft.

Table.3. Comparison of solid model and proposed model results

Method Nodes Elapsed time
Solid model analysis | 53352 Number 51 Sec
Equivalent Beam 1023 Number 02 Sec
Method
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VII. CONCLUSIONS

Comparing the results of the equivalent beam method and
solid modeling method the time required to perform the
analysis by existing method is minimized by proposed
method. The simplicity of the equivalent beam method helps
the designer in modeling and meshing of complex
geometries. The obtained results from the equivalent beam
method show good match within the limits with solid
modelling.

VIII. FUTURE SCOPE

The obtained results are found within good match for
bending behaviour but it is not verified for the torsional
behaviour.This study can be extended for the study of
torsional behaviour.
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