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Abstract:

In this work, a four-cylinder four-stroke engine's crankshaft was statically analyzed. Finite element analysis was
used to determine the variation in stress magnitude at important places. A three-dimensional model of the
crankshaft was generated using PRO/E software. The crankshaft was subjected to finite element analysis using
ANSYS. The load was then applied to the FE model, with boundary conditions based on the engine's mounting
circumstances in ANSYS. The analysis is performed to identify crucial locations in the crankshaft. The
investigation looked at stress variation during the engine cycle as well as the effect of torsion and bending strain.
Von-mises stress is estimated theoretically and numerically using the FEA software ANSYS. The stresses
obtained from these analyses using the analytical approach and the FEA results are compared. The results obtained
from the aforementioned analysis were utilized to compare the analytical and FEA results. The value of Von-
Misses Stresses obtained from the analysis was significantly lower than the material yield stress, indicating that

the design was safe and that optimization could be performed to minimize material and hence cost.
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I.  Introduction:

The crankshaft is a big component with
complex geometry in the engine that converts the
piston's reciprocating displacement to rotary motion
via a four-link system. This investigation was carried
out on a four-cylinder four-stroke cycle engine.
Because the crankshaft is subjected to a considerable
number of load cycles over its service life, fatigue
performance and durability must be considered during
the design process. Design innovations have always
been a major concern in the crankshaft-manufacturing
sector, in order to produce a less expensive component
with the least amount of weight possible while meeting
fatigue strength and other functional requirements.
These advancements lead to lighter and smaller
engines that consume less fuel and produce more
power. The crankshaft must be sturdy enough to
withstand the downward force of the power stroke
without undue bending. So the crankshaft's strength
determines the dependability and life of the internal
combustion engine.

This study examined the stress on the
crankshaft of a four-cylinder, four-stroke engine. The
load is then applied to the model in Pro-E, with
boundary conditions based on the engine mounting
conditions. The crankshaft was subjected to finite
element analysis using ANSYS. The stresses obtained
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from these analyses using the analytical approach and
the FEA results are compared. Because crankshafts
have complicated structures, integral crankshafts are
examined for finite element analysis. We looked into
how stress varied throughout the engine cycle and how
torsion and bending load affected the results. ANSY'S
FEA software is used to calculate von-Mises stress
theoretically. The aforementioned analysis's results
were compared to the FEA's results analytically, and
further optimization might be done to maximize both
the production cost and weight. The crankshaft is made
of 40Cr4Moa3.

Il.  Literature Review :

For a single cylinder, four stroke engine,
Farzin H. Montazersadgh and Ali Fatemi[1] choose
for forged steel and a cast iron crankshaft. A CMM
machine was used to digitize both crankshafts. The
engine's ADAMS modeling was used to verify the
results of the load analysis. Geometry and production
cost optimization were carried out at the following
stage. VVon Mises stress at the critically stressed point
is unaffected by torsional load in the overall dynamic
loading conditions. There was only a 7% discrepancy
between the experimental stress and FEA values. Due
to strong stress gradients, all of the crankshaft's
critical places are found on the fillet sections. The
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forged steel weighs 18% less as a result of geometry
improvement. Crankshaft fatigue strength s
increased by 165% as a result of fillet rolling, which
creates compressive residual stress in the fillet
sections. K. Thriveni and Dr. B. Jaya
Chandraraiah[2] examined the static analysis of a
single-cylinder, four-stroke 1.C. engine's crankshaft.
CATIA-V5 software is used to construct the
crankshaft model. Using the ANSYS software and
the boundary conditions, finite element analysis
(FEA) is used to determine the fluctuation of stress at
important crank shaft points. Subsequently, the
outcomes are determined. The crankshaft
experiences 15.83 MPa of von-misses stress and
8.271 MPa of shear stress induction. Von Misses
stress is 19.6 MPa and shear stress is 9.28 MPa,
according to the theoretical results. Theoretical and
FEA findings of Von-misses stress and shear stress
are compared with the model validation, and both are
within tolerances. It can also be expanded to include
various materials, dynamic analysis, and crank shaft
optimization. The crankpin neck surface's center is
where the greatest distortion is seen, according to the
author's conclusion. The fillet areas between the
crankshaft journal and crank cheeks, as well as the
vicinity of the central point journal, exhibit the
highest level of stress. Yongqi Liu, Ruixiang Liu, and
Jian Meng[3] talked about the modal analysis and
stress analysis of a four-cylinder crankshaft. The
crank throw's vibration modalities, distortion, and
stress state were examined using the FEM program
ANSYS. The crankshaft modal analysis provided an
explanation for the link between vibration modal and
frequency. This offers a useful theoretical framework
for engine design optimization and advancement. The
crankpin neck surface's center shows the most
distortion. The fillet between the crankshaft journal
and the crank cheeks, as well as close to the central
point journal, is where the greatest stress is found.
Under the lower frequency, the crankshaft
deformation was primarily bending deformation. The
point of maximum deformation was found at the
intersection of the crankpin, crank cheeks, and main
bearing journal. Thus, the region where bending
fatigue cracks are likely to form. Researchers Sanjay
B. Chikalthankar, V. M. Nandedkar, and Surender
Kumar Kaundal[4] look at the stresses that arise from
dynamic loading on the crankshaft. This study used a
dynamic crankshaft simulation, and finite element
analysis was used to determine how the stress
magnitude varied at key places. Pro-ENGINEER
software was used to produce the 3D model of the
crankshaft, which was then loaded into ANSYS
software for examination. We may now conclude
that, for more accurate results, we can run the
dynamic analysis on the same system. At the center
of the crankpin neck surface is where the largest

Www.ijera.com

DOI: 10.9790/9622-14082031

distortion is seen. The fillets between the crankshaft
journal and crank cheeks, as well as the area next to
the central point journal, are where the greatest stress
is found. The main journal's edge is a high-stress
location. While static analysis overestimates results,
dynamic loading analysis of the crankshaft yields
more realistic stresses. Precise stresses are essential
for fatigue study and crankshaft optimization. Momin
Muhammad Zia Muhammad Idris[5] reports the
findings of a PRO/E and ANSY'S software-assisted
strength analysis performed on the crankshaft of a
single-cylinder,  two-stroke  gasoline  engine.
Crankshaft strength study was conducted using a
three-dimensional model created in PRO/E and
loaded into ANSYS. Torsion stress, which is
typically disregarded, is included in the analysis in
this paper. To validate the model, a computation
method is employed. In order to lower the mass of the
crankshaft, the report also suggests changing its
design. Additionally, the improved design is
analyzed. This study presents the results of a strength
analysis of the crankshaft of a two-stroke, single-
cylinder gasoline engine. A suggested design change
is made in light of the result analysis. The analysis
also took into account the torsion stress. It is
discovered that the crankpin fillet and journal fillet
are the weakest parts of the crankshaft. Crankshaft
model and crank throw were generated by Pro/E
software and subsequently loaded into ANSYS
software, according to Rinkle Garg and Sunil Baghla
[6]. The outcome demonstrates that the crankshaft's
strength has improved as total deformation, strain,
and stress maximums have all decreased. The
crankshaft's weight is decreased. decreases the force
of inertia as a result. The I.C. engine's performance
will improve and the crankshaft's cost will go down
as its weight decreases. V. Mallikarjuna Reddy and
T. Vijaya Devi[8] address the issue that arose with
the crankshaft of a six-cylinder, four-stroke engine. It
consists of a static structural analysis of the crank
shaft of a six-cylinder engine. It uses modeling and
simulation approaches to identify and address the
problem. Unigraphics-NX7.5 is the program used to
model the crankshaft. Crankshaft structural analysis
is done using ANSYS. The crankshaft was then
optimized using the information gleaned from the
previously described investigation. The
improvements in crankshaft strength as the upper
limits of stresses are demonstrated in this paper's
results. Our design is safe since the von-misses
stresses obtained from the analysis are far smaller
than the material yield stress.Additionally, there is a
5% weight reduction in the crankshaft. decreases the
force of inertia as a result. Reduced weight on the
crankshaft will result in lower crankshaft costs and
improved engine performance. A three-dimensional
model of the crankshaft, produced by SOLID
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WORKS software and loaded into ANSYS, has been
examined by Jaimin Brahmbhatt and Prof. Abhishek
Choubibey [10]. Crankpin neck surface center is
where the crankshaft highest deformation is visible.

Between the crankshaft journals and crank cheeks, as
well as in close proximity to the central point journal,
are the locations where the greatest stress is found.
High stress is concentrated at the main journal's edge.

I11.  Design:
Force analysis
3.1 Parameters of Engine
The crankshaft is for car. The technical specifications are given in Table 3.1

Table 3.1:- Technical Specifications of engine of a car.
VALUES

4 Cylinder, SDE Common Rail
1248 cc, Inline Diesel, 4751DI Engine
69.6 / 82

SPECIFICATIONS

Number of Cylinders

Type of Engine (Inline / “Vee’ engine)
Bore / Stroke (D/L)

Power @ speed 75 PS (55 KW) @ 4000 rpm
Toque @ speed 190 Nm @ 1750 RPM
Compression Ratio 17.6:1

Enginetype Compressor Ignition (CI) Engine
Ratio of r/l A 0.31

The material of crankshaft is40Cr4Mo3. The mechanical propertiesare givenin Table 3.2
Table 3.2:- The Mechanical Properties of the Crankshaft Material 40Cr4Mo3
PROPERTIES VALUES

Tensile Strength 83 Kg/mm?MIN

Yield Strength 55 Kg/mm?MIN
% Elongation 14 % MIN

% R.A. 53 % MIN
Impact 34 J MIN

3.2 When the crank is at dead center : At this
crank position, the piston's maximum gas pressure
will transfer its maximum force to the crankpin in
the crank's plane, only bending the shaft. Only
bending moment will be applied to the crankpin and
crankshaft ends. Therefore, the twisting moment is
zero and the bending moment on the shaft is
maximal when the crank is at dead center.The
following equations indicate the different forces
acting on the crank shaft through the connecting rod
(Fp), the horizontal and vertical responses on the
shaft, and the resultant force at bearings 2 and 3.Now
the piston force

Pmax = P xno of cylinders/1248 x 10 x4000
=55x4/1248 x 10 x4000

=44.07KN

Piston force, Fp = n/4 X D? X Pax

=1/4 x (69.6)? x 44.07

=167.67 KN

Thedistance betweenthe bearing1 & 2asb = 110 mm
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and b1=b2=b/2=55mm.

Weknowthat due to pistongas load, there will be two equal
horizontal reactionsH1 & H2 at bearings 1 & 2 respectively.
i.eH1=Fp/2=167.67/2=83.835 KN=H2

The length of bearing to beequal i.e. c1=c2=c/2.
Weknowthat due to weight of flywheel acting downwards,
there will betwo vertical reactions V2 & V3 at bearings 2 &
3V2=V3=W/2=100 x9.8/2=490N

Since, the belt is absent inengine, neglecting the belt tension
exerted bybelt.i.e. T1 +T2 =0.

3.2.1 Crank pin :

Crankpin is also subjected to shear stress due to twisting
moment. Thus we can calculate bending moment at
centre of crankpin and twisting moment on crank pinand
the resultant moment.

Let,

dc =Diameter ofcrankpininmm IC = length of crank
pin

callow = allowable bearing stress for crank pin=83
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kgf/mm? =814.23 N/mm?,

Bending moment at the centre of crank pin is,

Mc = H1 x b2=83.835x 55 =4610.925 x 103 N-mm
Now,

Diameter ofcrank pin,dC =60 mm

The lengthofcrank pin, Ic = 38 mm

3.2.2 Left hand crank web

The crank web is for eccentric loading. There will be two

stresses acting on the crank web, one is direct compressive

stress and the other is bending stress due to piston gas load

(Fp).

We know that the thickness of crank web is

t=19mm.

Also width of crank web is,

W =64 mm

The maximum bending moment oncrank web is

Mumax =H1 (b2-Ic/2-t/2) =83.835 (55 - 38/2-19/2)

=2221.6275x10° N-mm

Section modulus, Z =1/6 xw xt?=1/6x 64x 19?
=3850.67 mm®

Bendingstress, op =M/Z

o= 576.946 N/mm?

The compressive stressacting oncrank webare
oc=H1/(wxt)=83.835/(64x 19) = 68.943 N/ mm?
The total stress acting on crank web is

o1 = op+ 0c=645.889 N/ mm?

Thus total stress on crank web is less thanallowable bending
stress 0f814.23 N/mm?

3.3When the crank is at an angle of maximum
twisting moment:

The twisting moment on the crankshaft will
be maximum when the tangential force on the crank
(FT) is maximum. The maximum value of tangential
force lies when the crank is at angle of 30° to 40° for
constant pressure combustion engines (i.e. diesel engines).
When the crank is at angle at which the twisting moment is
maximum, the shaft is subjected to twisting moment from
energy or force stored by flywheel. Considering this, we
have the various forces acting on crankshaft at different
twisting angles.

Consider a position of crank at an angle of maximum twisting moment. If P” is the intensity of pressure on the piston at this instant,

thenthe pistongas load at this positionof crank.

We know that piston gas load,

Fp=mn/4 x D?x P =n/4 x (69.6)? x 44.07
=167.67 x 10° N

To find thrust in connecting rod FQ, find out angle of inclination of connecting rod with the line of stroke (®).

We know that
Sin
Sin® = — = Sin35°x0.31 = 0.1778
?
@ =10.24°
Thrust in connecting rod
E, 167.67
Fp= = = 170.384x 103 N

cos® cos10.24

Tangential Force acting on the Crankshaft

FT =FQ Sin (6 + ®) =170.384 x 10° Sin (35° + 10.24°)

=120.983 x 10° N
And Radial Force on the Crankshaft

FR = FQ Cos (0 + ®) = 170.384 x 10° Cos (35° + 10.24°)

=119.974 x 10° N

Reactions at bearings 1 and 2 due to Tangential force (FT) is givenby” HT1 =HT2 =FT /2=120.983 x 10% 2

=60.4915 x 103N

Reactions at bearings 1 & 2 due to Radial force (FR) is given by

HR1 =HR2 =FR /2 =119.974 x 10%/ 2 =59.987 x 10N

34 CrankPin:

Let, dC =Diameterofcrank pininmm
=60 mm

Bending moment at the centre of crank pinis

MC =HR1 x b2 =59.987 x 10°x55=3299.285x 103N mm

Twisting moment onthe crankpin is

TC =HT1 xr=60.4915 x 10®x 57 =3448.0155 x 10N mm
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From this we have equivalent twisting moment on the crankpin

Te = /Mc? + Tc?

V/(3299.285 x 103)2 + (3448.0155 x 103)2
4772.221 x 10° N-mm

We also know that equivalent twisting moment on the crankpin

Te = T X d3 X

e = 16 T
Shear stress
7= 112.522 N/mm?

Crankpin against fatigue loading
According to distortion energy theory, the Von-Mises stress induced in the crank-pin is

3
M., = [(Kp X Mc)z + Z(Ktj' Tc)z

Here, Ky = Combined shock and fatigue factor for bending (Take K, =2)
K¢ = Combined shock and fatigue factor for torsion (TakeK; =1.5)

3
Mg, = |(2x 3299285 x 10%)? + (15 x 3448.0155 x 10%)?

Mey = 7975.18 x 103 N-mm
Also know that,

T 3
Mev=§><d X ov

7975.18 x 103 =:—2 X 603 X ov
ov = 376.086 N/mm?

3.4 Shaft Under Flywheel :
ds = diameter of crankshaft = 76 mm
The bending moment on the shaft is,
Ms =n /32 x (ds)3 X Oallow
=7/32 x (76)° x 814.23
=35090.355 x10% N-mm

Twisting moment on the shaft

Ts=Frxr =120.983 x 10° x 57
=6896.031 x 10° N-mm

Equivalent twisting moment on the shaft

Te = /Ms? + Ts?
= /(35090355 x 10%)? + (6896.031 x 10%)2 = 35761.5472 x 10° N-mm
=35.7615 x 10® N-mm

T 3
Te= — X di X1

T 16
A
35.7615x 106 = 16 X 763X 1
Shear stress: T =414.902 N/mm?

(AVA Modeling of crankshaft
In this project work, stress analysis on crankshaft of four cylinder four stroke cycle engine is done. The
model is created in Pro-E is shown in Fig 4.1 and Fig. 4.2. The load and boundary conditions were then applied
to the model in ANSYS.
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Fig 4.1 : Model of Crankshaft Created in Pro-E

Fig 4.2 : 3-D model of Crankshaft

V. Stress analysis of crankshaft
The stress analysis of Crankshaft is carried out in ANSYS. The mesh model, equivalent stress, loading and

boundary conditions, Equivalent (Von-Mises) stress, shear stress, maximum principal stress and minimum
principal stress are shown in following figures.
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Fig 5.1:- Crankshaft in ANSYS
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Fig 5.2:- Fixed support to the Crankshaft
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Fig 5.3:- Mesh Model of Crankshaft in ANSYS
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Fig 5.4:- Apply Boundary Condition on Crankshaft in ANSYS
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Fig 5.6:- Loading Conditions on Crankshaft
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Fig 5.7:- Equivalent (Von-Mises) Stress of Crankshaft
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Fig 5.8:- Shear Stress on Crankshaft

0 3e+003 ge+003 (mm)
N E———
1.5e4003 4504003

Fig 5.9:- Maximum Shear Stress on Crankshaft

VI.  Result and Discussion :
The analytical and FEA analysis is carried out for the crankshaft, the comparison of stresses determined using FEA
analysis and analytical calculations is given in table 6.1.
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Table 6.1: Comparison between the Theoretical and practical results.

Sr. No. Types of Stresses Theoretical FEA Analysis(ANSYS)
Von-Mises Stress (N/mm?) oy = 376.086 N/mm? 394.76 Mpa
Shear Stress (N/mm?) T = 414.902 N/mm? 459.95 Mpa

Conclusion:
Hence,

The Von-Mises Stress (N/mm?) in theoretical analysis is

ov = 376.086 N/mm?
and, FEA Analysis is FEA ov = 394.76 Mpa

The Shear Stress (N/mm?) in theoretical analysis is
T=414.902 N/mm?
and, FEA Analysis is FEA 7 = 459.95 Mpa
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