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Abstract— a crankshaft is often designed with a fillet radius to
improving fatigue life of crankshaft. The fatigue life of crankshaft is
depending on the proper fillet radius. This fillet radius is changes
than fatigue life is also changes of crankshaft. In most of the time
fatigue failure is occur in crank-pin web fillet region. The crankshaft
fillet rolling process is one of the commonly adopted methods in
engineering to improve fatigue life of the crankshaft. A finite element
analysis is implemented to approximate the stress distribution
induced in the crankpin fillet region. The modelling of crankshaft is
created by Creo-parametric. Finite element analysis is performed to
obtain the variation of stress at critical locations and fatigue life of
the crank shaft using the ANSYS software and applying the
boundary conditions. Existing crankshaft results from finite elemen
analysis is comparing with the experimental result after that
boundary conditions are satisfied than only changes in model of
crankshaft to improvement in fatigue life. This work in doingpfe
optimization of a crankshaft in crank-pin web fillet re
fatigue life as well as to study a relation between fillet ra
of crankpin to fatigue life. .
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rolling process induces compressive residual stresses near the fillet
surface. The compressive residual stresses lower the fatigue
driving stresses near the fillet surface due to operating loads and
consequently increase the fatigue lives of crankshafts.

As a crankshaft is subject to operating loads, the induced
stresses at these high stress concentration areas could initiate
fatigue cracks and lead to failure. A fillet rolling operation is

Dr. Dhamejani C. L.

Department Mechanical engineering, Jaihind College of
Engineering, Kuran, Junnar, Pune

[MS] India

one of the commonly u
of a crankshaft
compressive resid,

echniques to improve fatigue strength
this rolling process introduces
n the contact surface and sub-

igue cracks to initiate and
regards to minimize stress
f crankshaft using rolling

hrough ANSYS

asic literature available is provided the
, D. B. Sadaphale, and J. R.Chaudhari
presented the Prediction of Fatigue Life of Crank Shaft using S-N
Approach [4]. Sanjay B, V M Nandedkar and Surender Kumar
Kaundal explain finite element analysis approach for stress
analysis of crankshaft under dynamic loading [S5]. Paul Spiteria

osue limit for crankshaft sections with inclusion of residual
stresses [6]. Rajesh M.Metkar, Vivek K.Sunnapwar published
Evaluation of FEM based fracture mechanics technique to estimate
life of an automotive forged steel crankshaft of a single cylinder
diesel engine[7].
III. PROBLEM DEFINITION

Crankshaft is one of the critically loaded components in engine.
Fatigue is a source of crankshaft failure. Although, traditionally,
crankshaft damages are attributed to wear and lubrication sources,
fatigue is responsible for a significant number of crankshaft
failure.[8] Fatigue exists when cyclic stresses/deformations occur
in an area on a component. The cyclic stresses/ deformations have
mainly many origins, in that majorly fluctuating loads, torsion and
bending on crank shaft. If number of cylinder are increases this
parameter are more affected for the crankshaft fatigue failure. In
Fig.1 fatigue failure occur in fillet region of crankshaft.

Fig. 1 Final failure On fillet of crankshaft
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IV. DESIGN CALCULATION

For the project work using paggio vehicle of engine model G
400 WG III. The technical specification of engine is in Table I.

TABLE I

The Technical Specification of Engine
Capacity 395 cc
Number of Cylinders 1
Bore x Stroke 86 x 68 mm
Compression Ratio 09:01
Maximum Power 8.1hp @ 3600 rpm
Maximum Torque 16.7 Nm @ 2200 rpm
Maximum gas pressure 25 bar
Fillet Radius 3.5

Force on the Piston Fp = Area of the bore x Max.
Combustion pressure = x D* xPmax = 14.52 KN
In order to find the thrust in the connecting rod (FQ),
We should first find out the angle of inclination of the
Connecting rod with the line of stroke (i.e. angle @).
We know that

Sin @ =(Sin ©/(L/R)) = sin 35%4
Which implies @ = 8.24°
We know that thrust in the connecting rod

FQ =FP/COS©

From this we have,
Thrust on the connecting rod FQ= 14.67 KN
Thrust on the crank shaft can be split into Tangential
component and the radial component.
1) Tangential force on the crank shaft, FT= FQ sin
(6+©) =10.05 KN
2) Radial force on the crank shaft, Fg= Focos (6+ @,
Reactions at bearings (1 & 2) due to tangential fo
is given by,
Hri=Hm, = (Frxb1)/b = 5.02KN (Since b1=b2=b/2)
Similarly, Reactions at bearings (1 & 2) due
force is given by,
HR1=HR2 = (FR Xbl)/b = 5.34KN
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Fig.2 Generated Geometry of Crankshaft
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B. Engineering Data

In the engineering data add the basic property of crankshaft.
Material Details
Material Type: - Forged Steel
Designation: - 42CrMo4
Yield strength (MPa):- 680
Ultimate tensile strength (MPa):- 850
Elongation (%):-13
Poisson ratio:-0.3

C. Mesh Generation
Import IGES format model , in ANSYS WORKBENCH

simulation module. Quadratic t ral elements are used to
mesh the crankshaft finite ele try.

100.00 (mm)

tr;'x

75.00

el of Crankshaft

d for meshing the imported
SYS WORKBENCH software. In

D. Boundary conditions

Boundary conditions are play the important role in finite
element analysis. The bearing support are fixed and apply
gential and radial force on crankshaft. Fig.4 shows the apply
displacement for bearing support fixed and apply forces on

A: boundary condtion for actual condtion
Static Structural

Time: 1. s

14-06-2015 12:30

A Fixed Support
[Bl Force: 14607 N

0.00 50.00

100.00 (mm)

Fig.4 Boundary conditions for crankshaft

E. Von Misses Stress

After compilation boundary condition find out the critical point
(maximum stress) on crankshaft to know the where crack is
occurring. Fig.5 shows the von misses stress on the crankshaft.
From figure maximum stress in on the fillet of crankshaft.
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C:von mises stress

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

14-06-2015 12:48

102.25 Max
90.8a3

9.5

68.17

56.808

45446

34.085

22723

11.3682
9.6499e-12 Min

I
\/ "
0.00 30,00 {mmj)

40.00

Fig.5 Von Misses Stress

F. Fatigue life

Using fatigue tool obtain fatigue life of crankshaft and obtain
same for the various radius of fillet in crankpin region. Fig.6
shows the fatigue life of crankshaft. From the figure the minimum
fatigue life is obtained on the maximum Von misses stress occur
means the fatigue crack starts from that region. To comparing
fatigue life of different fillet radius in crankpin following the sa
method to obtain fatigue life. In the geometry only cha
fillet radius and other boundary conditions are same.

loading on crankshaft. In Fig.8
machine. After all set-up to start

C: fatigue life for experiment condition
Life
Type: Life

Time: O
14-06-2015 12:10

1e6 Max
8.9649e5
8.037e5
7.2051e5
6.4593e5
5.7907e5
5.1914e5

4 654e5
4.1723e5
3.7404e5 Min

0.00 50.00 100.00 (mm)
[ —
25.00 75.00
.6 Fatigue life of

through Instronhydropuls-

fixture designed and manu ring according to the conditions.

First create a drawing of set-up and then manufacturing setup. In Fig.8 Experimental Set-up

the set-up include one rod is using to applied load on crankshaft,

second is two clamping one is used to fix the crankpin and second VIL RESULTS

is used to fix the bearing support and last one is plate to support The results are obtained using th? FEA .and exper.im.entally are
and fix all components. Fig.7 shows the model of experimental 10 the table 2. In table 2 the fatigue life of existing forged
set-up using through the creo-Parametric. crankshaft. TABLE 1L

Number Of Cycles To Failure Of Existing Crankshaft

Number of cycles to failure
FEA Experimentally
3.7404x100000 3.5648x100000
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Above results shoes that FEA results conformal matches with
the experimental results so all boundary conditions of are satisfied
with experimentally so we can say that FEA is good software to
reduce time consuming experimental work. The crack start from
the where the maximum von misses stress is formed. Therefore,
fatigue life of forged steel crankshaft obtained for different fillet
radius r to crank pin diameter d ratio and it is shown below.
It is seen from the table, fatigue life of crankshaft increases with
the increase in r/d ratio. Similarly, the calculation for r/d =
0.03, 0.06,0.08and 0.1 and software calculation results as given in

the following Table3.
TABLE III
Number Of Cycles To Failure For Different r/d Ratio

Sr. Fillet Radius r/d Ratio Number of Cycles to Failure
No.

1 1.5 0.03 2.4951x100000

2 2.5 0.06 3.1685x100000

3 3.5 0.08 3.7404x100000

4 4 0.1 5.7842x100000

5 4.5 0.1125 8.1389x100000

To obtained above results only changes in the radius of fillet of
crankpin all other parameters and boundary conditions are same.
Results are obtained from the ANSYS WORKBENCH 14.5 using
fatigue tool.

VIII. CONCLUSIONS

In this paper finite element analysis and experimental method
are use to calculating number of cycles to failure of cranksha
The maximum stress and deformation appears at the

maximum stress area in the crankshaft.

FEA analysis using ANSYS WORKBENCH FRE
tool is very efficient and simple method for achieving fa
different loading condition according orce applied
crankshaft. The using experimental
life is very costly and to take a Ig
’s commonly
structure or
components.

The r/d ratio is inc
as well as number o

thankful to all those

who extended the in preparation of this

report.

[1] George E. Diete, Mech
Education, 2013, Pp. 375 — 431

2] Warren C. Young Richard G. Budynas, Roark’s Formulas For Stress
And Strain, Seventh Edition New York Chicago San Francisco Lisbon London ,
Pp. 771 - 799 , 2002.

cal Metallurgy, 3™ Edition ,McGraw Hill

[3] Walter D. Pilkey Deborah F. Pilkey, Peterson’s Stress Concentration
Factors, Third Edition, John Wiley & Sons, Inc., ,Pp. 422 —427,2007.
[4] Mahesh L. Raotole, Prof. D. B. Sadaphale, Prof. J. R.Chaudhari,

“Prediction of Fatigue Life of Crank Shaft using S-N Approach”,International
Journal of Emerging Technology and Advanced Engineering, vol.3, Pp. 427-
454,2013.

[5] Sanjay B, V M Nandedkar and Surender Kumar Kaundal explains
“finite element analysis approach for stress analysis of crankshaft under
dynamic loading”, INTERNATIONAL Journal of Scientific & Engineering
Reserch, vol 4, Pp 1-6, 2013.

[6] Simon Ho , Yung-Li Lee, Hong-Tae Kang , Cheng J. Wangd,
“Optimization Of A Crankshaft Rolling Process For Durability”,
International Journal Of Fatigue, International Journal Of Fatigue 31,Pp.
799-808,20009.

[71 Rajesh M.Metkar, Vivek K.Sunnapwarb, SubhashDeoHiwasec,
VidyaSagarAnkid, MahendraDumpa,“Evaluation Of Fem Based
Fracture Mechanics Technique To EstimateLife Of An Automotive
Forged Steel Crankshaft Of A Single CylinderDiesel Engine”,Procedia
Engineering, Procedia Engineering 51,Pp. 567 — 572,2013.

[8] M. Fonte, M. De Freitas, “Marine Main Engine Crankshaft Failure
Analysis: A Case Study”, Engineering Failure Analysis 16, Pp. 1940 —
1947,2009.

[9] Farzin H. Montazersadgh And Ali Fatemi, “Dynamic Load And Stress
Analysis Of A Crankshaft”, Sae International, 2007-01-0258

[10] K.S. Choi, J. Pan, “Effects Of Pressure-Sensitive Yielding On Stress
Distributions In Crankshaft S s Under Fillet Rolling And Bending
Fatigue Tests”, Internation f Fatigue 31 Pp.1588-1597,2009.

[11] Jing Zhao, Shijie Wan r Fatigue Failure Causes On A
Large-Scale i g Compressor Vibration By Torsional
Vibration”, Procedi ering, Procedia Engineering 74,Pp. 170 —
174,2014.

[12] W.Y. Chie

ue 27 Pp. 1-19, 2005.
e, “Assessment Of Bending
ith Inclusion Of Residual

[13]

uanyang Leia,_, GuicaiZhanga, Song Xi.
Dong,“Simulation On The Motion Of

Page 4 of 4



