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The connecting rod is the intermediate component between the piston and the
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piston and crankshaft.
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crankshaft, and its primary function is to move the up and down from the piston
pin to the crankshaft converting the reciprocating motion into rotary motion of the

This study describes a numerical analysis of connecting rod for determining the
critical stress regions. During the analysis of connecting rod, loads corresponding

to different engine speeds were assumed to be statically applied, and their
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corresponding stress and deformation values were evaluated. The power and
torque values of engine were utilized to be used as the load boundary conditions
in static simulation model, other parameters those of used as input values were
geometric dimensions of connecting rod and its material properties.

Numerical analyses were performed for the connecting rod made of SS 304
material. A 3D CAD model was developed for the connecting rod through the
SOLIDWORKS software, then drawn solid model was transferred to the ANSYS
software with Workbench module. Von mises stress and deformation analyses

were evaluated under the different engine speeds with indicating that connecting
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rod did not failure and fractured under the applied external loads.
Keywords: Connecting rod; Modeling; ANSYS; Stress; Deformation.

1. Introduction

The connecting rod, which is a dynamic part of
the engine, converts the axial motion of the
piston to the rotating motion of the crank, so it
is an important part for the structural durability
and efficiency in the engine. The connecting
rods are used in many types of engines (V
engine, flat engine, radial engine, etc.) [1]. Main
parts in the connecting rod was illustrated as
shown in the Figure 1. Connecting rod also
transfers lubrication oil from the crank end to
the piston pin with providing a splash or jet of
oil to piston the assembly. For a designing of a

connecting rod, different types of materials can
be used with different production ways. During
the service, critical stresses occur as a
combination of axial and bending loading

The axial stresses occurred due to the cylinder
gas pressure (compressive only) and the inertia
force arising in account (reciprocating action
(both tensile alongside compressive), whereas
bending stresses were caused owing to the virtue
of the centrifugal effects [2].

Connecting rods are generally produced from
powder forging, forging, and casting methods,
and they are exposed to different loads within
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Figure 1: Indication of connecting rod parts [3].

the engine. They are longitudinal compression
loading due to the gas pressure in the
combustion chamber, mutual pull and
compression forces due to changes in the speed
of the piston, bending in the body due to release
movement and twisting loading exposed due to
compression forces [4]. It is known that the
connecting rod speeds varies as approximately
2000-3000 rpm during normal operation of the
engine. This part, which is subjected to repeated
loads at millions of times, must be sufficiently
resist to the stresses occurred in the part during
the engine movement [5]. In today's technology,
it is used as the one of the most widely used
component in the internal combustion engines.
Researchers performed many studies on the
connecting rod incorporating different boundary
conditions. Kumar et al. [6] used aluminum
reinforced with boron carbide and aluminum
360 materials to analyze critical stress regions of
connecting rod. Finite element analyses were
performed with help of ANSYS software. In the
study conducted by Gautam and Ajit [7], static
stress analyses were performed using the finite
element methods for the connecting rod made of
SS 304 material of NTA 885 BC engine. In the
numerical analyses, ANSYS with workbench
software was used for static structural analyses
by fixing the smaller end while applying the
load at bigger end of connecting rod. Stress for
analyses were performed for four different parts
with indicating that maximum stress points of
the part causing to failure are determined by
using these numerical analyses. It was also
found that most critical region in terms of
stresses in the connecting rod was occurred in
the region close to the piston side. In another
study, it was aimed to reduce the weight of a
connecting rod utilizing the forged steel
material. A detailed load analysis was carried

out in the analysis considering Von mises stress
analysis and weight optimization under static
loading by wusing ANSYS/Workbench 9.0
software [8]. Vegi and Vegi [9] conducted
discussed the design and analysis of the
connecting rod made of carbon steel by using
ANSYS 13.0 software. It was found that forged
steel compared to other material showed higher
safety factor, lighter, and stiffer with less stress
values. In the study by Bansal [10] conducted
the study on the stress analysis of the connecting
rod for stress analyses, and an optimization
study was performed under dynamic loading to
evaluate maximum stress region, maximum
deformation and critical regions. In another
study [11], the stress concentration area of the
connecting rod was theoretically determined by
using a developed formula for the critical
regions. Londhe et al. [12] conducted an
analysis for the fatigue life of the connecting
rod. In the analyses, critical stress points were
determined with confirming with experimental
data. In addition, stress changes along the cycles
were evaluated under different load conditions
of the connecting rod. Researchers [13]
proposed two different models under different
conditions with concluding that they were found
to be consistent with one another. In another
study [14], the stress distribution and
deformations along the connecting rod was
analyzed by using mathematical model under
different load conditions. Qinghui et al. [15], a
diesel engine of connecting rod was analyzed
using the ADAMS model, and maximum and
minimum stress regions in the connecting rod
were identified. Andoko and Saputro [16]
conducted that structural steel, aluminum alloy
and titanium alloy were designed with Autodesk
Inventor and modelled using ANSYS. Stress
and deformation tests were performed. As a
result, the connecting rod made of structural
steel had the highest maximum stress of 82.791
MPa, and aluminium alloy had the highest
maximum deformation of 0.84071 mm.
Savanoor et al. [17] showed that comparing the
von mises stress and total deformation of 2
different aluminium alloys with the forged steel.
Von mises stress and total deformation results
were close to each other for connecting rod
materials. Vinayakrao and Swami [18] worked
analysis and optimization of connecting rod
used in heavy commercial vehicles. Steel 4340,
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42CrMod4, Al 7075-T7 were used as connecting
rod material. The lowest stress was achieved in
the Steel 4340 material and the lowest
deformation in the 42CrMo4 material. In
another study [19] was designed in CATIA
program using aluminum alloy, titanium alloy
and beryllium alloy as connecting rod material.
It modeled in Ansys program. As a result,
maximum von mises stress and maximum
deformation were minimum in connecting rod
of Beryllium alloy. Suherman et al. [20] worked
modeling and static analysis of a connecting rod
in range extender engine. In Ansys software was
investigated the stress and deformation of the
connecting rod as a result of the pressure that
occurs during combustion. The maximum value
of stress and deformation consist of the
connection between the rod connecting rod big
end. Hussin et al. [21] studied design and
analysis of connecting rod by using aluminium
alloy 7068 T6, T6511 material. According to the
results obtained, aluminium alloy had more
factor of safety, reduce the weight, reduce the
stress and stiffer than other material like forged
steel.

With the increasing need to have faster product
development and yet achieve the optimum
design, importance and necessity of the Finite
Element Methods (FEA) methods have been
increasing. Prediction of accurate stress and
deformation notably provides a simple
procedure for analyzing and virtual validation of
connecting rod. In light of previous studies, the
connecting rod was analyzed using an ANSYS
R.15 Workbench software. Different forces
corresponding to different engine speeds were
applied to the connecting rod as well as full load.
SS 304 material was selected as connecting rod
material due to wide range of application in
automotive industry. Under these conditions,
von-mises stress and deformation analyses of
connecting rod were investigated numerically.
Critical stress regions and deformations were
mapped over the connecting rod.

2. Materials and Methods
2.1 Numerical Study

In the study, connecting rod belonging to the
four-cylinder engine was drawn in the
SOLIDWORKS software (Figure 2). Then, the
connecting rod model was transferred to the
ANSYS R.15 Workbench software for

numerical analyses. Finite element analyses
(FEA) were performed for different engine
speeds, and material properties of connecting
rod were presented in Table 1.

In numerical analyses, number of nodes and
elements was 51803 and 25447, respectively.
Tetrahedron element type was used. Figure 3
shows mesh shape of the modelled connecting
rod. A mesh convergence has been performed
for accuracy of results.
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Figure 2. Solid model for connecting rod

Table 1. Connecting rod material properties used in

analysis.
Term Value
Density (kg/m?®) 8030
Poisson’s Ratio 0.3
Young’s Modulus (Pa) 1.93E+11
Bulk Modulus (Pa) 1.6083E+11
Shear Modulus (Pa) 7.4231E+10
Tensile Yield Strength (Pa) 2.15E+08
Compressive Yield Strength (Pa)  2.1E+08
Tensile Ultimate Strength (Pa) 5.05E+08
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Figure 3. Analysis for connecting rod.
In this study, forces acting on the connecting rod
at different engine speeds and full load for each
engine speed were calculated as the engine
operating conditions. These forces were selected
as the crankshaft angle at which the maximum
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pressure was obtained in the combustion
chamber. The gas force acting on the connecting
rod (Fcr) is calculated as given Eq.1

nD?
Fy = TR? (1)
Where, F is force on the connecting rod (N), D
is bore (mm), Ps is maximum pressure in-
cylinder (MPa). In this way, the gas force is
generated after combustion is found.
The force calculation was made while the piston
was at the top dead center (TDC). These
situation results were presented in Table 2.
Obtained all of these forces were used for the
static stress analysis.

Table 2. Obtaining loads at different speeds

Engine type  Renault engine 1.6 130 BG

Power (kW)  Engine speed (rpm) Load (N)
13.55 1000 1017.555
66.22 2000 2486.439
90 3000 2252.89
96.05 4000 1803.251
82.55 5000 1239.84

While performing static structural analysis with
ANSYS, the following formula [2] was used in
Eq. 2.

F=K=xX 2
Here; F is load matrix, K is stiffness Matrix and
X is displacement matrix.

Eq.1 is called the force balance equation for the
linear system. If the element of matrix [K] is a
function of {x}, the system is known as a
nonlinear system. Nonlinear systems include
high deformation, plasticity and creep.

3. Results and Discussions

The connecting rod of a Renault 1.6 130BG
engine was designed with SOLIDWORKS
software. Afterwards, this design was carried
out using ANSYS R.15 Workbench module and
static analyzes were made by FEA. In this
context, it was aimed to modelling of the
connecting rod, and to evaluate the stresses and
deformations at full load depending on different
engine speeds. The results of FEA were given in
Table 3. From the results at the distribution of
stress in different areas in the connecting rod,
the stress values on the crankshaft side were less
than the piston pin side; this value showed an
increasing trend as approaching to the piston pin
side. It is observed that the most critical stress
area of stress is around the piston pin side, at
which force is applied.

The deformation against the force is similarly
increased as approaching from the crank side to
the piston pin side. Stress and deformation
values of the connecting rod depending on
engine speed comparatively were shown in
Figure 4. When the results were compared, it
was seen that the stress and deformation values
were maximum when the engine speed was
2000 rpm, revealing the without failure and
plastic deformation in the connecting rod. In this
case, it can be concluded that the selected
material can be used safely in terms of the type
of engine used. In addition, it can be concluded
that the connecting rod is suitable for operation
in the 1000-2000 rpm range at long-term and
safe operation. Despite the decrease in the stress
values at high speeds, the increase in the
loading-unloading amount depending on the
unit time may cause the fatigue in the
connecting rod with reducing its life.

When change in the deformations were
compared in the connecting rod, the occurring
maximum the von mises stress value did not
cause any damage remaining it’s the elastic
region. Maximum deformation was naturally
occurred at 2000 rpm engine speed
corresponding to maximum force value.
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Figure 4. FEA results at different speeds. (a) Von-mises
stress, (b) Deformation.
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Table 3. Stresses and deformations at different speeds

n
Von-mises Stress (MPa) Deformation (m)
(rpm)
A: Static Structural A: Static Structural
Equivalent Stress Total Deformation
Type: Equivalent (von-Mises) Stress TYI_”: Total Deformation
Unit: Pa Unit: m
Time: 1 Time: 1
07.00.2019 12:33 507430 +005 07.09.2019 12:35
IS 9:5614e6 Max e 3-505 25497e-6 Max
o - Z 3.433e+006 3 4
84396 o 2.2664e-6
= [3.0364e +006 ) <
o 7.4367¢6 ~ 4,962 +006 'A"* 19831e-6
o 6.3744ef : ok 4.4745¢ + 005 el L.§998e-6
8 5.312¢6 1.4165¢-6
4.2407e6 1.1332e-6
3,1873¢6 8.4901e-7
2.125¢6 i 5.6661e-7
L0626e6 0.000 0.050 0.100 (m) 2.833e-7 0.000 0.050 0.100 (m)
- ] . ]
305.62 Min e . 0 Min s ——
A Static Structural A: Static Structural
Eq“"’"*"? Stress ; Total Deformation
Type: Equivalent (von-Mises) Stress Type: Total Deformation
Unit: Pa Unit: m
Jlicd Time: 1
07.00.2019 12:41 15024 +006 2 07.09.2019 12:42
= 2.3364e7 Max 3.4615e4006 g 3.931e+|306 13699 +007 TS
o 2.0768¢7 2 [5.4695: 4006 g -
e \ 5.5381e-6
S L8172e7 7'4596”006 ) 434596
8 ii;;ﬁ;? E Ry = 4.1536e-6
3 e A
3.4613e-6
N ALELLS) 2.7691e-6
7.7884e6 T
g;zg:eg 1.3845¢-6
8 el
746.81 Mi M el L:100.m jPe:2220e 0.000 0.050 0.100 (m)
-81 Min 0.035 0.075 0 Min d
0.075 0.075
A: Static Structural A: Static Structural
Equivalent Stress Total Defarmation
Type: Equivalent (von-Mises) Stress Type: Total Deformation
Unit: Pa Unit: m
Time: L Time: 1
: k 07.09.2019 12:45
07.00.2019 12:44 i
IS 2.1169¢7 Max £.0627¢ +006 5.6452e-6 Max
2 L8817e7 el 7.6213e+006_3 5.0179e-6
o 1.6465e7 [ i 43907e-6
o L4113e7 O S 0702007 g 3.7634e-6
o L1761e7 ¢ 3,1362e-6
™ 9.40896 2509e-6
7.0568¢6 13817e-6
H 4.7048e6 1.2545e-6
2.3527e6 0.000 0.050 0.100 (m) 6.2724e-7 0.000 0.050 0.100 (rm)
676.66 Min 0025 0TS 0Min 0T X —
A: Static Structural A: Static Structural
Equivalent Stress Total Deformation
Type: Equivalent {von-Mises) Stress Type: Total Deformation
Unit: Pa Unit: m
Time: 1 Time: 1
07.09.2019 12:47 L0384e+006 g 07.09.2019 12:47
[ 178450 +005 2
IS 1.6944e7 Max it 88535622006 45185e-6 Max
=3 L5081e7 e N . 470005 40164e-6
o 13179e7 TN : . gy 3.5144e-6
o 1.1206e7 5,708 Le +006 8 3.0123e-6
Sr 9413626 25103¢-6
7.531e6 2.0082¢-6
5.6454e6 15062e-6
3.7658¢6 10041e-6
[y 0.000 0.050 0.100 (m) 5.0205¢-7 0.000 0.050 0.100 m)
: ] %
54161 Min - - 0 Min R [ —
A: Static Structural A: Static Structural
Equivalent Stress Total Deformation
Type: Equivalent (von-Mises) Stress Type: Total Deformation
Unit: Pa Unit: m
Time: 1 Time: 1
07.00.2018 12:43 [7.7893005 07.09.2019 12:49
1313304006 3
g_ 116567 Max - 3.1067e-6 Max
= L0356e7 v Bl 4.2191e +006 B 2761506
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Renault 1.6 130 BG engine, a connecting rod
was designed in SOLIDWORKS software.
Afterwards, this 3D modelled design was

4. Conclusion

In this study, by taking into consideration
dimensions in the connecting rod belong to
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transferred to ANSYS R.15 Workbench module
for static analyzes. In the engine, forces are
obtained at different speeds depending on the
power at full load. Variations of static stress and
deformation were investigated in the connecting
rod. Looking at the distribution of stress in
different areas in the connecting rod, the stress
values on the crankshaft side were less than the
piston pin side; this value showed an
enhancement as approaching to the piston pin
side. It is observed that the most of critical stress
area is found around the piston pin side, which
is the part where the force is applied. When the
results were compared, it was seen that the
stresses and deformations were maximum at
2000 rpm. The deformation against the force is
similarly increased as approaching from the
crank side to the piston pin side.
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