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Abstract 
 
The aim of this study is to examine the deformation response of a four-cylinder reciprocating engine. The model of the 
engine was done through Autodesk Fusion 360®, while the simulation and analysis were conducted using the finite element 
analysis backend, Autodesk Nastran solver®. The engine assembly was subjected to a multibody dynamics study as well as 
a thermodynamic reaction of air-fuel mixture in the cylinder. A connecting rod was examined from the standpoint of 
component design to see how the maximum stress changed with crankshaft rotation. To start the engine, several crankshaft 
speeds were used, and the multibody simulation was carried out for 0.16s. The output from the simulation is used as 
surrogated data for the intelligent system modelling. A considerable degree of agreement was observed between simulation 
results and predicted values, demonstrating the reliability and accuracy of the model. Furthermore, it was shown that the I-
section region of the connecting rod receives the maximum stress for both materials. It is essential to build this area with 
more strength as a result. The Von Mises stress of AlSiC is consistently lower than its yield strength, at 5.5MPa compared 
to 43MPa. Aluminum has a Von Mises stress of 3.5MPa, far lower than its yield strength of 276MPa. Both materials had 
stress levels below their yield strengths, ensuring connecting rod structural integrity. The primary factor influencing the 
engine's distortion profile and peak values was found to be engine torque. The findings might serve as a springboard for 
more research and development in this area and advance our understanding of engine behavior. 
 
Keywords: Four-cylinder engine, von Mises stress, torque, mechanical power, element distortion, Autodesk Fusion 360, Autodesk Nastran 
solver 
 

 
1. Introduction 
 
Internal combustion engines (ICEs) are thermodynamic 
engines that start a combustion process by igniting an air-fuel 
mixture. An internal combustion engine does meaningful 
work by releasing hot gases directly to the engine's 
components and rotors, or by pushing on and moving the 
complete engine [1]. In recent years, improved internal 
combustion engines have grown in popularity. About 98.9% 
of all transportation on this planet is currently powered by 
internal combustion engines [2] and continues to dominate the 
automobile and commercial vehicle markets. Regardless of 
the internal combustion engine's current economic and 
practical advantages, continuous innovation has been 
required to maintain its supremacy in the transportation 
market [3]. The most significant source of electricity for the 
foreseeable future is internal combustion engine technology, 
which is developing quickly and is efficient, energy-saving, 
and clean [4].  
 The ICE utilizes crude oil as its primary source of fuel for 
power generation. As a result, there is a growing need for 
crude oil on a daily basis. According to the International 
Energy Outlook, 2021, as reported by the U.S. Energy 
Information Administration, the global average daily demand 
for oil in 2017 amounted to around 97.7 million barrels [5]. 
According to the world energy balance, the transport sector 
emerged as the primary consumer of oil, accounting for a 
significant majority of 56% of global oil consumption[6]. 
Currently, a plethora of alternative fuels exist that possess the 

capability to power ICEs. Among the available alternatives, 
few noteworthy possibilities include biodiesel, compressed 
natural gas (CNG), liquefied petroleum gas (LPG), biogas, 
ethanol, methanol, hydrogen, and others. The annual biofuel 
production reached a volume of 171 billion liters in 2022, and 
it is projected to see a growth to 182 billion liters by the year 
2050. The significance of ICEs within the transportation 
sector has been discussed in a study conducted by Kalghatgi 
[7][8]. The technology in question has a long-standing history 
of over a century, boasting several advantages such as 
reduced costs associated with both vehicle ownership and 
maintenance, a notable power to weight ratio, an extended 
driving range, convenient and efficient refueling capabilities, 
and a well-established infrastructure. 
 The structural model must typically be evaluated 
repeatedly by the model-based approaches, which is a 
laborious and computationally expensive operation. 
Conversely, structural applications need the ability to quickly 
recognize deformation. This problem has prompted 
researchers to abandon them in favor of data-driven models 
that are easy to test on a budget. These computationally cheap 
models are known by a variety of names in literature, such as 
surrogates, emulators, and metamodels. In addition to 
structural applications, surrogates have several uses in other 
scientific disciplines, including uncertainty quantification [9], 
sensitivity analyses [10], and optimization [11], to shorten 
model runtimes. Over time, surrogate models have been 
developed in a variety of areas, including kriging, support 
vector machines (SVMs), least squares approximation (LSA), 
and artificial neural networks (ANNs) and response surface 
models (RSMs). They are frequently created using a data-
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driven process that links many independent variables to a set 
of dependent variables. ANN was used to develop a steel 
beam in 1989, which is said to be the first time it was 
published in civil engineering [12]. In recent years, the use of 
ANNs in civil engineering has grown significantly due to the 
emergence of big data. As far as we can tell, only a small 
number of review publications on the use of the machine 
learning (ML) techniques and ANNs [13]–[17], have 
discussed the use of ANNs in reciprocating engines. 
 
 
2. Literature Review 
 
2.1 Studies on ICEs 
Attempts to study the sources of thermodynamic heat losses 
have been ongoing as well as ways to curtail them; mainly 
through simulations and experiments [18]. Adesina et al. [19] 
studied the delay time and droplet penetration using a global 
method. The heat transport in the combustion chamber was 
described by the created model using Annand's correlation. 
The cylinder pressure and temperature were found to be in 
good accord with the outcomes of the experiment. Martins et 
al. [20] investigated the effectiveness and emission levels of 
a typical four-cylinder gas engine with negative valve overlap 
(NVO). In their study, Kumar [1] focused on the mechanical 
relationships and engine design of a 3-cylinder engine while 
analyzing different thermodynamic and multibody 
assessments. The theoretical findings also supported the 
simulated results. Xu and Cho [21] conducted laser doppler 
velocimetry (LDV) used in the in-cylinder flow simulation 
experiment to determine the velocity field.  By creating a 
computational fluid dynamic (CFD) model for the in-cylinder 
flow predictions, it was determined that the numerical 
technique might be altered. The CFD analysis was used by 
Cheng et al. [22] to examine the heavy diesel engine's 
cylinder head. Both the actual experiment and the temperature 
distribution on the engine head were precisely in agreement. 
The result of this work served as a benchmark for the review 
carried out by Meman et al. [23] on the analysis of the 
cylinder head of the 4-stroke ICEs.  
 In a related development, Oke et al. [24] investigated the 
issue of heat transmission in spark ignition engines. They 
developed a model for a 2-stroke spark ignition engine and 
utilized Comsol Multiphysics® to make predictions about the 
heat transport and temperature distributions in the combustion 
chamber. Karayel and Yegin [25] created the prototype of a 
computer-based torque measuring system that determines if 
the torque value for the vehicle's front hood hinges was 
appropriate or not. In a compression ignition engine, Agboola 
et al. [26] investigated the combustion temperature 
distribution and subsequent heat transmission to the 
combustion chamber wall. They discovered that combustion 
temperature distribution and heat transmission to the 
combustion chamber wall increased with engine speed, 
peaking shortly after the Top dead center (TDC) and dropping 
dramatically during the stroke’s expansion resulting from the 
intake and exhaust valves opening and shutting. Selmani et al. 
[27] investigated a conventional piston ring pack for an ICE.  
Bore distortion orders were employed to evaluate the ring-
pack sealing capability in relation to the mass fluxes, inter-
ring pressures, and ring dynamics. Ring pack behavior was 
shown to be influenced by the ordering and amount of bore 
distortion.  
 The performance of initially noncircular liners was 
numerically investigated by Alshwawra et al. [28]. Their 
research demonstrated that a cold-state engine with 

noncircular liners might dramatically enhance the roundness 
of the liners in their burned state. In a follow-up research, 
Alshwawra et al. [29] investigated how to improve the 
conformation of the piston ring-cylinder liner (PRCL) 
arrangement. Their computational findings reveal an 
intriguing possibility for friction reduction in internal 
combustion engines' piston-liner configurations. Similar 
research was conducted by Zhu et al.  [30] on the influences 
of various influencing conditions on the deformation 
properties of cylinder liners. Their findings might be used to 
help evaluate and regulate cylinder liner deformation during 
pre-tightening. 
 Dorić and Klinar [31] presented the process simulation in 
a new ICE concept that realizes the variable movement of the 
piston. The technique was created to achieve a certain motion 
law that improves the fuel efficiency of ICEs. The verification 
of the measurement technique, as well as the standardization 
and linearisation of a detector, were the focus of Popelka's 
work [32]. Future growth and potential solutions for the 
problem of direct ignition of combustion in homogeneous 
charge compression ignition (HCCI) engines were discussed 
in detail by Mogra and Gupta [33]. As a result, the solution to 
this challenge in HCCI engines provides a means for making 
the notion actually usable.  
 The issue of adjusting the swept volume was investigated 
by Sroka [34]. In an effort to discover the relationships 
between the efficiency of the work cycle and engine operating 
parameters, he defined swept volume by the coefficients 
governing variations in cylinder diameter and piston stroke. 
Atre et al. [35] carried out the static and buckling analysis of 
the connecting rod using Ansys. The connecting rod was 
shown to be capable of withstanding loads up to three times 
greater than those at present without buckling. Using the same 
principle, Pathade et al. [36] analysed the static load stress 
analyses of the connecting rod, which was built with material 
epoxy resin. The results of the maximum stress analysis were 
verified with mathematical data. Furthermore, Sreeraj et al. 
[37] approximated the design performance on the basis of the 
constitutive relation and behavior of the cylinder head under 
different operating conditions. Sathishkumara et al. [38] 
investigated and analysed the stress distribution of pistons at 
actual engine conditions using two distinct materials of 
Aluminum Silicon alloys. It was discovered that the piston's 
upper surface might sustain damage during operating 
circumstances as a result of temperature. Dharani [39] 
designed and analysed the appropriate connecting rod and 
crankshaft bearings for a particular ICE application. The 
results from the FEA show that the maximum von Mises 
stress acting on the bearings is below the yield strength of the 
selected material.  
 
2.2 Artificial Intelligence Integration in ICEs Analysis 
As science and technology advance, mechanical engineering 
transforms from classical mechanical engineering to electro-
mechanical and intelligent mechanical engineering. The level 
of automation and intelligence involve is always improving, 
expanding into a new stage of growth. As a result, the 
integration of artificial systems with mechanical and 
electronic systems has become increasingly important [40]. 
Intelligent mechanisms have been deployed by various 
researchers to analyze various behaviours of ICEs. Artificial 
intelligence (AI) is now widely employed in the identification 
of mechanical engineering failures [41]–[43]. Fault-based 
tree, case-based reasoning (CBR) and rule-based reasoning 
(RBR) are examples of artificial intelligence-based fault 
diagnosis methodologies [40]. Bhatt and Shrivastava [44] 
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reviewed the application of ANN to foresee and improve the 
complex properties of diverse engine types using varied fuels. 
The ANN model compared well with other prediction models. 
Researchers are also using machine learning (ML) models to 
study and regulate complex dynamical systems. These have 
the potential to transform how we interact with and 
manipulate them [45]. Machine Learning has been shown to 
be capable of making accurate predictions of thermo-
mechanical and physical properties of components and 
machines [46]–[52].  
 In this work, the deformation characteristics of a four-
cylinder reciprocating engine is investigated. The model of 
the four-cylinder engine was done through Autodesk Fusion 
360® [53], while the actual simulation and analysis were 
conducted using the finite element analysis backend, 
Autodesk Nastran solver® [54]. The engine assembly was 
subjected to a multibody dynamics study as well as a 
thermodynamic assessment of the air-fuel mixture in a 
cylinder. When an air-fuel combination is compressed and 
burned, it causes a change in pressure inside the combustion 
chamber. A connecting rod was examined from the standpoint 
of component design to see how the maximum stress changed 
with crankshaft rotation. 
 
 
3. Materials and Methodology 
 
3.1 Modelling and Simulation 
A four-cylinder engine was created using Autodesk Fusion 
360® and analysed using Autodesk Nastran solver®. All the 
components of the engine are presumed to be rigid, excluding 
the two central connecting rod which is flexible, and two 
material data aluminum and aluminium-silicon-carbon (Al-
SiC) alloys were considered. While the other parts are free to 
move in space, all of the cylinders are fixed. Each piston's 
upper surface is exposed to the pressure fluctuation that was 
discovered through thermodynamic research. The engine is 
started by applying a starting speed of 2000 rpm to the 
crankshaft, and the multibody simulation was run for 0.16s. 
The dimensions and parameters of the engine model provided 
by da Silva et al. [55] were utilized. The specifications of the 
engine are as follows: it has four cylinders, each with a 
cylinder bore of 86mm and a piston stroke of 86mm. The 
connecting rod length measures 160mm. The displacement 
volume of the engine is 500cm3, while the clearance volume 
is 28.7cm3. Lastly, the compression ratio is 18.4:1. 
 It is a typical procedure to undertake a multibody analysis 
of an engine while treating each component as a rigid body. 
The computer-aided design (CAD) designs were modelled 
using Autodesk Fusion 360, as seen in Fig. 1. 
 

 
Fig. 1. Geometry of the four-cylinder reciprocating engine 

 
 Autodesk Fusion 360 combines computer-aided 
manufacturing (CAM), structural design, mechanical 
simulation, and industrial design to create a design 
mechanism that strengthens cross-platform and cloud 
collaboration. The visibility of results is a key aspect of direct 
modelling in Fusion 360. As a result, Autodesk Fusion 360 
was used to create the internal combustion engine's piston, 
connecting rod, and crankshaft assembly.  
 The mechanical system was simulated and several 
parameters, such as torque, von Misses stress on the 
connecting rod, joint force, and element distortion, were 
analysed using the finite element approach. Furthermore, it 
was utilized to examine the power produced in relation to the 
displacement and stress exerted on the mechanical system. 
This model was used to do a multibody dynamics study of an 
engine assembly. Both a multibody dynamics study of an 
engine assembly and a thermodynamic study of an air-fuel 
combination in the cylinder were taken into consideration. 
The compression and combustion of the air-fuel combination 
cause a change in pressure in the combustion chamber. This 
is calculated using thermodynamics.  
 

 
Fig 2. Four-cylinder reciprocating engine system 
 
 The torque of the engine and the motion of the engine 
assembly were calculated using the pressure data from the 
thermodynamic analysis. Utilizing the Multibody Dynamics 
interface, this analysis is done. A connecting rod that was 
examined from the standpoint of component design is 
modelled. The analysis is done on how this component's 
maximum stress varies as crankshaft rotates. 
 
3.2 Thermodynamic Analysis 
One complete crankshaft rotation is used to calculate the 
cylinder's pressure change. Figure 3 depicts the geometry that 
was modelled in this investigation. 

 
Fig. 3. Axisymmetric view of the piston-cylinder assembly 
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 The heat transfer equations are used to predict the range 
of temperatures in the cylinder's interior air. In order to take 
into consideration the rise in temperature brought on by the 
piston's work, the pressure work is also included. The ideal 
gas equation is used to simulate the pressure distribution in 
the air: 
 
𝑝 =	!

"
𝑅𝑇        (1) 

 
where, respectively, 𝑇, V, 𝑝, 𝑅	𝑎𝑛𝑑	𝑚 stand for temperature, 
volume, pressure, current specific gas constant and mass. As 
a result of the crankshaft rotation, the piston displacement, 𝑥#, 
may be expressed as follows: 
 

𝑥# =	-√𝑙$ − (𝑟%𝑠𝑖𝑛𝜃)$ 		− 𝑟%𝑐𝑜𝑠𝜃 −	(𝑙 −	𝑟%)    (2) 
 
where the terms’ 𝑟%, 𝑥#, 𝜃 and 	𝑙 and stand respectively for 
crank radius, piston displacement, crank angle and connecting 
rod length. It is estimated that each cycle of the crankshaft 
rotation produces a total energy of 600 J. 
 In the multibody analysis, the engine assembly's motion 
was controlled by the pressure data that were discovered 
during the thermodynamic analysis. A crankshaft and four 
sets of cylinders, pistons, and connecting rods that are 
comparable to one another make up the engine assembly. A 
hinge joint secures each piston to the top of a connecting rod, 
and a prismatic junction links each piston to a cylinder. The 
bottom ends of all four connecting rods are connected to the 
same crankshaft via hinged joints. Except for the two central 
connecting rods and two material data, all engine parts are 
presumed to be rigid. Aluminum and aluminum-silver-carbon 
(Al-SiC) alloys were taken into consideration. While the other 
parts are free to move in space, all of the cylinders are fixed. 
Each piston's upper surface is subjected to the pressure 
fluctuation determined by the thermodynamic analysis. 
 
3.3 Application of Artificial Neural Networks in Surrogate 
Models 
In many applications, including system optimization, 
sensitivity analysis, and design space exploration using 
surrogate models are playing a bigger role in replacing 
computationally costly physics-based simulation models. 
Artificial neural networks (ANNs), one of the fastest-growing 
fields in machine learning, have been used to model different 
energy systems. 
 The ANN model was created using Python® software. 
The multilayer perceptron (MLP), a feed-forward neural 
network having one or more layers between input and output 
layers, was chosen as the neural network's structure. The 
backpropagation approach, a form of supervised learning, 
was utilized to train the ANN by providing the correct output 
response during the training process. Approximately 15% of 
the cases were selected for the validation test. An additional 
15% of the dataset was allocated for training the ANN. 
Furthermore, another 15% of examples were selected for the 
purpose of evaluating the effectiveness of the network. These 
cases were deliberately excluded from the training and 
validation processes. 
 The Python® chose cases at random from all of them. 
Some of the factors taken into account for the input layer in 
neural network training include torque on the cylinder, 
maximum stress on the cylinder, mechanical power generated 
in each cylinder, forces at the connecting rod and crankpin 

joint, and element distortion of the engine. These 
characteristics are essential to the training procedure. 
 
 
4. Results and Discussion 
 
The p-v diagram for one of the engine's cylinders, as 
calculated from the thermodynamic study, is shown in Figure 
4. The air-fuel mixture's proportion falls during the 
combustion cycle, increasing pressure until the piston is 
nearly at the top dead center (TDC). The combustion starts to 
take place at this moment, raising the temperature and 
pressure of the combination in the process. The expansion 
stroke is then completed when the valve is pushed back 
toward the bottom dead center (BDC) by highly compressed 
gas within the cylinder. The pressure of the combination 
reduces while the process of expansion takes place. The 
mechanical energy produced throughout a complete 
crankshaft cycle is represented by the enclosed region in this 
diagram. 

 
Fig. 4. p-v diagram of a cylinder 
 

 
Fig. 5. Variation of the cylinder pressure with the crank rotation 
 
 Figure 5 depicts how cylinder pressure fluctuates as a 
function of crankshaft rotation. The curve is exported and 
utilized to specify the pressure on the piston's top surface in a 
multibody analysis. The gas torque is calculated using this 
pressure of the gas. The stroke, the bore, and the maximum 
pressure are the variables that determine the graph's form. The 
ideal Otto cycle, which served as the foundation for the piece-
wise function, is what leads to the non-continuous curve. The 
assumption that the air-fuel combination ignites instantly 
results in the vertical path at roughly 3 rad. 
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Fig. 6. Mesh representation of the study 
 
 The meshing of the assembly is shown below in Fig. 6. 
Meshing is a very important step in the analysis process. 
Meshing divides the model into a number of parts for further 
analysis. If meshing is accurate, then results are also feasible. 
The finished mesh has more components and degrees of 
flexibility in the shortest time. 
 

 
Fig. 7. Displacements of the engine components 
 
 Figure 7 depicts the computation of the displacement of 
several engine parts during the multibody analysis at t = 0.16 
s. The results of two different materials' stress analysis of the 
connecting rod are presented in the following section:  
(a) Aluminum: The color fluctuation in Figure 8 after 0.16s is 
used to represent the equivalent stress state distribution across 
component borders. The connecting rod's minimal stress 
value is shown by the color blue, while its maximum stress 
value is shown by the color red. Different colors between blue 
and red indicate the equivalent stress state intermediate values 
between the greatest and least equivalent stress. The 
connecting rod's I-section has the highest value of equivalent 
stress 3.5 × 10&	N m$⁄  in this instance, while the connecting 
rod's minimum value of equivalent stress is approximately 
	0.1 × 10&	N m$⁄ . 
 

 
Fig. 8. von Mises stress of Aluminum at 0.16 s. 
 
(b) Aluminum-Silicon-Carbon (AlSiC): The color fluctuation 
in Figure 9 after 0.16s is used to represent the equivalent 
stress distribution across the component borders. The 
connecting rod's minimal stress value is shown by the color 
blue, while its maximum stress value is shown by the color 
red. The equivalent stress state between the maximum and 
minimum are shown by a different color between blue and 
red. The connecting rod's I-section has the highest value of 
5.5 × 10&	N m$⁄ 	equivalent stress in this instance, while the 
connecting rod's minimum value of equivalent stress is 
approximately	0.1 × 10&N m$⁄ . 

 
Fig. 9. von Mises stress of Aluminum-Silicon-Carbon (Al-SiC) at 0.16 s 

 

 
Fig. 10. Torque on the crankshaft at 2000 RPM 
 
 Figure 10 shows the engine's rotational force as a function 
of crank rotation for an engine running at 2000 RPM. It is 
assumed that the force on the valve and the crank are equal. 
During the power stroke, the crankshaft's torque is positive; 
during the compression stroke, it is negative. The variations 
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in engine torque are brought on by the compression, 
combustion, and power strokes of an engine's cycle. The 
power stroke accelerates the crankshaft while the injection 
pressure contracts the combination of air and fuel in the cavity 
due to the inertia of the component elements. The Predicted 
torque of the engine for the two materials considered has two 
peak torque values within a period of one cycle coinciding 
with the firing intervals. Since the inertial forces have time to 
work before the next cylinder is fired, the oscillations are not 
as smooth and steady. 
 When the additional power strokes from the initial torque 
values are taken into account, this behavior may be seen on a 
minor "plateau." The inconsistent nature of the fuel supply or 
the circumstances surrounding combustion affects the 
pressure of the combustion gas in each cylinder, which in turn 
affects the torque produced by the combustion gas. Thus, the 
overall torque produced by the combustion of the gas in 
various cylinders may not be uniform. The instantaneous 
change of the crankshaft instantaneous angular velocity in the 
same operating phase interval of each cylinder is caused by 
the combustion gas torque, which may also have an impact on 
it. 
 

 
Fig. 11. Maximum stress produced in the connecting rod. 
 
 Figure 11 depicts the fluctuation of the maximum stress 
in the connecting rod throughout its operation. The piston is 
at the top dead center (TDC) when tensions on the connecting 
rod are at their highest. Maximum and minimum stresses per 
cycle range from 22MPa to 7MPa for Aluminum and Al-SiC, 
respectively. From the graph, it is observed that the 
relationship between the crankshaft rotation and the 
maximum stress of the connecting rod is a nonlinear 
relationship. The stress is more for both materials between the 
first two cycles and gradually drops thereafter. 
 The mechanical power created in each cylinder by the gas 
pressure is presented in Figure 12. It is worth noting that the 
power created is negative during the compression stroke 
before abruptly changing the sign during the combustion to 
become positive. The net mechanical power produced during 
a crankshaft rotation is the periodic average of the 
performance across a revolution.The mechanical power for 
cylinder 1, 2 and 4 reduces with the number of cycle with 
cylinder 3 being an exception as there was inconsistency in 
the mechanical power graph. 
 

 

 

 

 
Fig. 12. Mechanical power generated in each cylinder. 
 
 Figure 13 displays the forces at the crankpin-to-
connecting rod interface. In the z direction, the forces are 
most significant, whereas, in the y direction, they are almost 
negligible for both materials. These forces are greatest when 
the valve is very near to TDC. The connecting rod moves 
from a condition of compression to a state of tension 
throughout the operation, as evidenced by the change in sign 
of these forces. This just helps to highlight the importance of 
a suitable fatigue design. 
 

 
Fig. 13. Forces at the connecting rod and crankpin joint. 
 

 
Fig. 14. Element distortion of the engine 
 
 The engine's overall element distortion is depicted in 
Figure 14. There is a surplus of Torque at the start of 
combustion; as the engine enters the power-producing phase 
of the operation, it establishes a positive engine distortion. 
Engine distortion is caused by the torque generated during 
expansion.  Since gas torque directly affects the overall 
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engine torque, it is obvious that this is the primary process 
causing the engine distortion profile throughout the course of 
an engine cycle. From Figure 14, it is observed that AlSiC is 
less distorted, as compared to Aluminum which exhibits a 
greater element distortion. The distortion of both materials is 
more pronounced between the first two cycles and reduces 
drastically thereafter. 
 
 
5. Conclusion 
 
This study investigates the structural behavior of a connecting 
rod within a four-cylinder reciprocating engine, with a 
specific focus on the utilization of two distinct materials, 
namely aluminum and AlSiC. It is worth mentioning that the 
Von Mises stress experienced by AlSiC material is 
consistently lower than its yield strength, with a recorded 
value of around 5.5MPa, in contrast to the yield strength of 
43MPa. In a similar vein, it can be seen that the Von Mises 
stress for Aluminum is roughly 3.5 MPa, which is 
significantly lower than the yield strength of 276 MPa. Both 
materials exhibited stress values that were below their 
respective yield strengths, therefore guaranteeing the 
structural integrity of the connecting rod. The study utilized a 
comprehensive technique that involved the integration of 
finite element analysis with the Autodesk Nastran solver® 
and Autodesk Fusion 360® software for simulation and 
modelling purposes. 
 The findings of the study suggest that both aluminum and 
AlSiC exhibit suitability as materials for internal combustion 
engines under the specific circumstances examined. Notably, 
aluminum demonstrates a lower level of stress, rendering it a 
preferable option for the connecting rod component. 

Furthermore, the examination brought attention to the I-
section of the connecting rod as the primary locus of stress, 
underscoring the imperative for enhanced structural 
reinforcement in this specific location. The key component 
that influences the distortion profile and peak values of an 
engine is the engine torque. 
 The dependability and correctness of the model were 
proved by comparisons between simulation outputs and 
predicted values. Additionally, the safety of the redesigned 
design with respect to the chosen materials was confirmed by 
the finite element analysis. In general, the study highlights the 
practicality of utilizing aluminium and AlSiC to improve the 
structural integrity and functioning of engine components. 
The aforementioned discoveries enhance the comprehension 
of materials within the domain of engine engineering, hence 
facilitating the advancement of engines that are characterized 
by enhanced reliability and efficiency. 
 Furthermore, the results of this study possess the capacity 
to have a substantial influence on the progression of internal 
combustion engine technology. This influence may manifest 
in the development of engines that exhibit enhanced 
efficiency, durability, and reliability, thereby resulting in a 
reduction in the need for maintenance. The potential impact 
of these technical developments extends across other sectors, 
such as the automobile, aerospace, and marine industries, 
which significantly rely on internal combustion engines to 
power a wide range of applications and vehicles. 
 
This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License.  
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