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ARTICLE INFO ABSTRACT

Crankshaft is most important and a critical component in an Internal Combustion Engine. In
this study plays a dual role of multi cylinder petrol engine crankshaft was made up of EN-
19 steel and Nitriding coated EN-19 steel. It has been shaped by using modelling software
(PRO-E) and Analysed by using analysis software (ANSYS). Finite element Analysis
(FEA) is a method was used to conduct the dynamic Analysis on crank shafts, which are
applied Load spectrum on crank pin bearings. The various Analyses on crank shaft also
conducted such as Von misses stress, Yield, Tensile, hardness and thermal expansion. The
analysis is done for finding critical location in crank shaft. Stress variation over the engine
cycle and the effect of torsional and bending load in the analysis are investigated.

INTRODUCTION
The crankshaft in an internal combustion engine converts the
linear motion of the piston into a rotary motion. This rotary
motion is used to drive the automobile or other device that
means by the crankshaft.  A crankshaft has a very wide range
of applications from small one cylinder lawnmower engines to
very large multi cylinder marine engines. Crankshaft is a
component that is intended to last the lifetime of the engine
and/or vehicle. Being a high speed, rotating component, its
service life contains many millions, or even billions of cycles
of repetitive loading. 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
and proper fatigue strength and other functional requirements.
These improvements result in lighter and smaller engines with
better fuel efficiency and higher power output.

Crank shaft Testing

Jensen showed in his study of a V-8 automotive crankshaft that
the inertial and gas loads of the engine create a multi axial
stress situation in the form of bending and torsion. This was
done through the application of strain gauges to the crankshaft
to measure bending and torsion. Only the maximum torsion
and bending moment were considered and the test was reduced
by using the maximum principal stress theory to a constant
amplitude bending test. Resonant bending tests were
conducted on sections of the crankshafts. The fatigue life of
the crankshaft was determined using the S-N approach. The
presence of stress concentrations, or notches, in crankshafts is
unavoidable. Anywhere on the crankshaft where there is a

change in diameter, there exists a stress concentration which
could lead to fatigue failure.

The effects of residual stresses on crankshaft fatigue were
analyzed by Chien et al., 2005.  The study also resonant
bending tests, where FEA revealed that the 4th mode shape
induced bending in the section of the crankshaft. The
crankshafts were tested until failure and the fatigue strength at
106 cycles was determined. The automotive industry often
seeks to improve gas mileage by using lighter components,
including optimized geometry and materials, while reducing
the cost of manufacturing. The most common processes used
in crankshaft bulk manufacture are casting and forging.
Typically, ductile iron is used in the casting whereas steel is
used in the forging process. Micro alloyed steels can be used to
eliminate the need for a heat treatment process in some forged
steel applications.

Austempered ductile irons have higher strength than ordinary
ductile iron. Chatterley et al., 1998 compared the fatigue
performance of crankshafts made from ductile iron,
Austempered ductile iron (ADI), and forged steel. The ductile
iron and ADI crankshafts were manufactured to the same
dimensions as the forged steel crankshaft. A comprehensive
comparison of manufacturing processes with respect to
mechanical p r o p e r t i e s , manufacturing aspec ts and
finished cost for crankshafts has been conducted. Nallicheri
et al., 1991 performed on material alternatives for the
automotive crankshaft based on manufacturing economics.

They considered steel forging, nodular cast iron, micro-alloy
forging, and austempered ductile iron casting as
manufacturing options to evaluate the cost effectiveness of
using these alternatives for crankshafts. Metal Forming
fundamentals and applications carried out by Albers et al.,
2009 on multi-cylinder crankshaft is considered to have a
complex geometry, which necessitates proper work piece
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and die design according to material forge ability and
friction to have the desired geometry.

Failure Analysis of Crank shaft

Fatigue crack growth analysis of a diesel engine forged steel
crankshaft was investigated by Guagliano et al., 1994, and
Guagliano et al., 1993. They experimentally showed that with
geometry like the crankshaft, the crack grows faster on the free
surface while the central part of the crack front becomes
straighter. Based on this observation, two methods were
compared; the first considers a three dimensional model with a
crack modelled over its profile from the internal depth to the
external surface.

In order to determine the stress intensity factors concerning
modes I and II a very fine mesh near the crack tip is required
which involves a large number of nodes and elements, and a
large computational time. The second approach  uses two
dimensional  models with a straight crack front  and  with  the
depth  of the real  crack,  offering  simpler models and less
computational time. Osman Asi (2006) performed failure
analysis of a diesel engine crankshaft used in a truck, which is
made from ductile cast iron.

The crankshaft was found to break into two pieces at the
crankpin portion before completion of warranty period. The
crankshaft   was induction   hardened.   An evaluation   of the
failed crankshaft was undertaken to assess its integrity that
included a visual examination, photo documentation, chemical
analysis, micro-hardness measurement, tensile testing, and
metallographic examination. The failure zones were examined
with the help of a scanning electron microscope equipped with
EDX facility. Results indicate that fatigue is the dominant
mechanism of failure of the crankshaft. Another crack
detection method was introduced by Baxter (1993). He studied
crack detection using a modified version of the gel electrode
technique. This technique could identify both the primary
fatigue cracks and a distribution of secondary sites of less
severe fatigue damage.

The crankshaft in an internal combustion engine converts the
linear motion of the piston into a rotary motion. This rotary
motion is used to drive the automobile or other device that the
crankshaft is used in. A crankshaft has a very wide range of
applications from small one cylinder lawnmower engines to
very large multi-cylinder marine engines. A crankshaft is a
component that is intended to last the lifetime of the engine
and/or vehicle. Being a high speed, rotating component, its
service life contains many millions, or even billions of cycles
of repetitive loading. Therefore, the crankshaft is typically
designed for infinite life. Jensen showed in his study of a V-8
automotive crankshaft that the inertial and gas loads of the
engine create a multi axial stress situation in the form of
bending and torsion.

The crankshafts were tested until failure and the fatigue
strength at 106 cycles was determined. There is a constant
demand for components that have less mass, are stronger, and
cost less to produce. The automotive industry often seeks to
improve gas mileage by using lighter components, including
optimized geometry and materials, while reducing the cost of
manufacturing. One way to reduce the cost of manufacturing is
by using different materials and or processes. There is a desire
for crankshafts that are lighter weight and cheaper to produce

while maintaining the desired fatigue performance. The most
common processes used in crankshaft bulk manufacture are
casting and forging. Typically, ductile iron is used in the
casting whereas steel is used in the forging process. Micro
alloyed steels can be used to eliminate the need for a heat
treatment process in some forged steel applications Testing
was conducted at room temperature which was monitored and
maintained to ±2°C. The humidity was also monitored using a
precision hydrometer. A monotonic tension test was performed
on each of the two materials. One specimen was tested for
each material. The testing was conducted according to ASTM
Standard.

Static strength of structural steels after Nitriding

To investigate the effect of nitriding processes on fatigue
strength of structural metallic materials it is necessary to dwell
briefly on the peculiarities of static mechanical properties
change after nitriding, because of the existence of some
empirical relationships between static mechanical properties
(for example, tensile strength and hardness) and fatigue limit.
The nitriding results in substantial increase of surface layers
hardness of carbon and alloy structural steels.

The nitriding results in substantial increase of surface layers
hardness of carbon and alloy structural steels. Besides that thin
stronger nitrided layer influences static strength characteristics
of nitrided steels, also compressive residual macro stresses
arising in surface layers of the metal during the process of
chemical heat treatment have an effect too. However, between
residual macro stress level and hardness of nitrided surface
layer there is no direct correlation Yu Ding et al., 2011.
Despite of comparable small depths of diffusion layer,
nitriding essentially influences yield strength and appreciably
reduces plasticity and viscosity. The presence of hydrogen
during furnaced nitriding may have an influence on
mechanical properties.

After nitriding strength properties of carbon steel 40%
increases by 142 MPa and of Fatigue strength of nitrided
steels. At present nitriding for increasing fatigue strength
20MnCr5V steel after nitriding up to the depth of 0.5 mm  the
sharp bend of transition from low cycle fatigue area to high
cycle fatigue appears . Besides, in the area of low cycle fatigue
the cracks initiate on the surface of specimens and in the area
of high cycle fatigue – in near surface layer at the interface
between basic metal and nitrided layer. Since the initiation of
surface cracks in nitrided layer is fast, the durability of nitrided
specimens at low cycle fatigue often is lower than the
durability of specimens not processed by chemical heat
treatment method. In the work it is shown that ion nitriding up
to the depth of 350 m of specimens from alloyed grade
42CrMo4 steel reduces durability in the area of low cycle
fatigue and at the same time increases fatigue limit to 30%.

At present nitriding for increasing fatigue strength of structural
metallic materials more widely is used (Xiaorong Zhou,
(2009), Farzin et al., 2007, JonathanWilliams et al., 2007,
Shenoy , (2006), Zoroufi,  (2005), Prakash et al., 1998, Payar,
(1995), Henry et al., 1992) although, in some cases, it results
in negative effect (for example, nitriding of high strength
bearing steel SUJ2 resulted in decrease of fatigue strength .The
results of experimental data on the influence of nitriding on
fatigue strength will be considered below Low cycle fatigue.
At low cycle fatigue (base of tests up to cycles of loading) at
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which rather high stresses operates, durability to failure,
basically, is connected with the processes of cracks
propagation.

MATERIALS AND METHODS
The crank pin from the soft materials is cut away with in the two
pieces on of the crank pin as nitrided to a thickness of 250um by
liquid nitriding method in best heat treated company. These pin
are etched in the solution contains HCL, HFL, Ammonia per
sulfoxide and water. The crank pins are dried and Trinocular
microscope studies contain in the microscope the result
obtained were coarse and fine structural En-19 steel material.
Another two crank pins were meachined in a surface grinding
machine for the determination of vicker hardness values in a
hardness test machine and also tensile test were conducted in
UT machine.

RESULT AND DISCUSSION
Analysis of Crankshaft

The recommended crank shaft material as En-19 steel has been
tested various mechanical testing and results are discussed in
before and after hardening of intruding process.

Tensile Test

The tensile test was conducted in universal testing machine in
both hardened and unhardened EN-19 steel rods in standard
gauge length. It indicates the tensile is greatly reduced in Case
hardened EN-19 steel rods. The detail of tensile strength is
given in the table-1.

Table 1 Tensile test values

Test no Specimen
particulars

Yield strength
(N/mm2)

Ultimate Tensile
strength (N/mm2)

1
Un hardened EN-19

steel rods
67 90

2
Case hardened EN-

19 steel rods
50 105

Fig.1 Unhardened EN-19 Steel Fig .2 Case Hardened EN-19 Steel

Hardness test

The Hardness test was conducted in Vickers Hardness testing
machine in both hardened and unhardened EN-19 steel rods. It
indicates the Hardness values are greatly increased in Case
hardened EN-19 steel rods. The details of Hardness test values
are given in the table-2.

Table 2 Hardness values of EN19 steel rods

Sl.No Before Hardening
(HV Value)

After Hardening
(HV Value)

1. 77.0 98.9
2. 86.9 80.7
3. 75.2 102
4. 82.7 86.9

Average Hardness
value

80.5 92.12

Thermal expansion test

The Thermal expansion test was conducted in dialatometer in
both hardened and unhardened EN-19 steel rods. It indicates
the Expansion values are greatly reduces in Case hardened EN-
19 steel rods. The details of Thermal Expansion values are
reported in table-3.

Table 3 Thermal Expansion Value

Test No Before Hardening
(Expansion Value)

After hardening
(Expansion Value)

1 1.55 x 10-5 (at 500oC) 1.27 x 10-5 (at 500oC)
2 1.50 x 10-5 (at 600oC) 1.23 x 10-5 (at 600oC)
3 1.37 x 10-5 (at 700oC) 1.11 x 10-5 (at 700oC)

Fig. 3 Thermal Expansion Graph

Thermal Stress Values

The Thermal stress values of both hardened and unhardened
EN-19 steel rods. It indicates the thermal stress values are
greatly increased in Case hardened EN-19 steel rods. The
details of thermal stress values are given in the table-4

Table 4 Thermal stresses Value

Test no Before hardening
( N/mm2)

After hardening
( N/mm2)

1 1849(at 700 oC) 1917 (at 700 oC)

Rigidity Modulus

The rigidity modulus values of both hardened and unhardened
EN-19 steel rods. It indicates the rigidity modulus values are
greatly increased in Case hardened EN-19 steel rods. The
details of rigidity modulus values are reported in table-5

Table 5 Rigidity modulus values

Test no Before hardening
( N/mm2)

After hardening
( N/mm2)

1 350 583

Stiffness

The stiffness values of both hardened and unhardened EN-19
steel rods. It means Load applied to Deflection of steel
materials which is made of Nitride Coated EN-19 steel. It
indicates the stiffness values are greatly increased in Case
hardened EN-19 steel rods so design is safe. The details of
stiffness values are given in the table-6

Table 6 Stiffness values

Test no Before hardening
( KN/mm)

After hardening
( KN/mm)

1 4 6.66



International Journal of Recent Scientific Research, Vol. 5, Issue, 3, pp.706-711, March, 2014

709

Micro structure result

The micro structure test was conducted in Trinocular
microscope in both hardened and unhardened EN-19 steel
rods. It indicates the Surface roughness and structural changes
are greatly influenced in Case hardened EN-19 steel rods.

Before Hardening After hardening

Fig. 3 Micro structure of steel
Factor of safety

The Factor of Safety values of both hardened and unhardened
EN-19 steel rods. It indicates the Factor of safety values are
greatly increased in Case hardened EN-19 steel rods. The
details of factory safety values are given in the table-7.

Table 7 Factor of safety values

Test no Before hardening After hardening
1 2.2 2.65

The above test results and stress values are indicate the crank
shaft material EN-19 is suitable after hardening of Nitride
treatment. The Coated EN-19 steel is recommended for
manufacturing of Crank shaft for multi cylinder internal
combustion Engines.

FINITE ELEMENT ANALYSIS OF CRANK SHAFT
CRANKSHAFT MODELLING

In the present work, diesel engine crankshaft was through
various analyses as per design procedure. The crankshaft has
four crank throws, three rod journals and two main journals,
and the mainly dimension parameters are considered while
preparing model in Pro/E. According to complicated structure
of crankshaft, the integral crankshaft should be applied when
performing finite element model analysis.

In view of the structure shape characteristics of crankshaft,
reducing the solution time and enhancing the simulation
accuracy, the crankshaft model was simplified in establishment
process. The premise of simplification is that it does not
influence the dynamics characteristics of crankshaft. The
crankshaft model was created by Pro/ENGINEER software.

Fig. 4 Modelling of Crankshaft

FINITE ELEMENT METHOD

The finite element method is numerical analysis Technique for
obtaining approximate solutions to a wide variety of
engineering problems. Because of its diversity and flexibility
as an analysis tool, it is receiving much attention in
engineering schools and industries. In more and more
engineering situations today, find that it is necessary to obtain
approximate solutions to problems rather than exact closed
form solution (Balamurugan et al., 20011). It is not possible to
obtain analytical mathematical solutions for many engineering
problems.  An analytical solutions is a mathematical
expression that gives the values of the desired unknown
quantity at any location in the body, as consequence it is valid
for infinite number of location in the body. For problems
involving complex material properties and boundary
conditions, the engineer resorts to numerical methods that
provide approximate, but acceptable solutions.

The finite element method has become a powerful tool for the
numerical solutions of a wide range of engineering problems.
It has developed simultaneously with the increasing use of the
high-speed electronic digital computers and with the growing
emphasis on numerical methods for engineering analysis. This
method started as a generalization of the structural idea to
some problems of elastic continuum problem started in terms
of different equations or as an extranet problem.

Fig. 5 Stress Analysis of crank shaft

The figure represents the bending stress and twisting moment
is influenced in crank pin and then spread the crank web
surface, however the yield point of von misses is less than
forged steel crankshaft. So it is best suitable for manufacturing
crankshaft for multi cylinder IC Engine.

The figure represents the bending stress and twisting moment
is influenced in crank pin and then spread the crank web
surface, however the yield point of von misses is less than
forged steel crankshaft. So it is best suitable for manufacturing
crankshaft for multi cylinder IC Engine.

BOUNDARY CONDITION

The crankshaft bears the constraints of main journals and
longitudinal thrust bearing. Because of the effect of load,
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crankshaft main journals appear bend deformation between the
lower main-bearing half and upper main-bearing half.

Fig. 11 Dynamic Analysis of Crank shaft

And the longitudinal thrust bearing can prevent effectively the
crankshaft axial movement and ensure the piston-and-
connecting-rod assembly normally works.  Five surface radial
symmetry constrains were exerted on the five main journals
surface respectively, axial displacement constrains were
exerted on the two end face of crankshaft. Then the modal
analysis was carried out using the ANSYS software.

In this experimental work, The crank shaft model was created
by PRO-E  modelling and Imported to ANSYS software.

Table 8 Ansys report of EN-19 steel

Sl no Types of stress Theoretical FEA
Analysis

1
Von-Misses

115.45 108.7
Stresses (N/mm2)

2
Shear Stresses

50.15 56.8
(N/mm2)

Finite Element Analysis confirms the Theoretical calculations
and Indicate Maximum deformation appear at the centre of
Crank pin neck surface. The maximum stress influenced at
fillets of crank journal and also indicates central point of journal.
The Value of Von-Misses stress is less than the forged steel
crank shaft material Yield stress. So our design is safe. We
should select for optimization to reduce the material and cost.
The initiation of fatigue crack, as a rule, occurs under surface
layer at the interface of nitrided layer and a matrix or at non-
metallic inclusions. In the area of low cycle fatigue the decrease
of durability is observed more often and this is connected with
stronger nitrided layer cracking at high repeated loadings. In the
case of nitriding of smooth specimens from structural steel
fatigue curves bend is displaced a sides from grater number of
loading cycles in the case of nitriding of the specimens with
stress concentrator the reverse picture is observed. At the
presence of stress concentration, though the stress of crack
initiation increases as a result of nitriding but at the same time, it
results in faster initiation of fatigue crack at stresses near to
fatigue cracks. Before coating of Nitride on EN-19 steel is
theoretically calculated the values are feasible. So EN-19 Steel
is Suitable for manufacturing Crank shaft. Nitride Coated
crankshaft material having comparatively high Yield strength
and tensile strength. The specimen Crankshaft material EN-19

steel was conducted in Hardness test in Rockwell hardness
testing machine. The values indicate Nitride Coated crankshaft
material having comparatively high hardness values. The
specimen Crankshaft material EN-19 steel was conducted in
Thermal expansion test in dilatometer. The values indicate
Nitride Coated crankshaft material having comparatively low
Thermal Expansion value. Then the specimen of nitride coated
EN-19 steel was calculated and by various design factors such
as Factor of safety, Rigidity modulus, Thermal stress and Von
misses stress are better values than conventional materials of
crankshaft.  The above analysis Indicate En-19 steel is best
suitable for manufacturing Crankshaf.

CONCLUSION
The crankshaft model was created by PRO-E and imported to
ANSYS software for Analyzing design values using EN-19
steel as a crankshaft material. The value of von misses Stress
of nitride coated crankshaft is less than the yield strength of
conventional material. So the design is safe. The various tests
such as Tensile, Hardness and Thermal Expansion Values are
analyzed by before and after heat treatment of EN-19 steel  and
other factors such as Thermal stress, Rigidity modulus, Factor
of Safety are calculated. Brake power of multi cylinder engine
has been improved by coating of nitride layer of 250micro
meter. Hence Nitride coated En-19 steel is best suitable for
manufacturing Crank shaft for multi cylinder IC Engine.
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