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Abstract: Automotive manufacturing involves several steps, starting with the casting of components and moving on to the 
machining and assembly processes. The assembly system, particularly for the Single Cylinder S.I. Engine, will be the only 
emphasis of this project. A considerable number of components must be integrated throughout the engine assembly process. The 
creation of a decision assistance system based on a discrete event simulation model is discussed in the work provided in this 
paper. The four closed-loop network arrangement of vehicle assembly and preassembly lines connected by conveyors is targeted 
at a particular type of manufacturing lines. The design and execution of such industrial processes frequently include simulation. 
This simulation research aims to select the process throughput for the Single Cylinder S.I. Engine Assembly line. Any possible 
machine bottlenecks will be identified by the simulation study to avoid blockages and starvation and increase process 
throughput. Machine cycle times for various processes should be included in the input data for the research. The Arena 
simulation program will be utilized in this investigation. The goal is to use existing equipment to boost output on the present 
Head Assembly Line and Sub-Assembly Lines to an anticipated capacity. The outcomes of the simulation will be used to pinpoint 
the assembly-line procedures that may have an impact on the S.I. Engine's manufacturing schedule. By contrast the study's 
findings with the actual process throughput, the findings will be illustrated. Additionally, statistical analysis will be done to boost 
performance. 
Keywords: Automobile industry, Assembly lines, Conveyors, Closed loops, Discrete event simulation. 
 

I. INTRODUCTION 
Simulating interactions between a complex system's subsystems in a computer model is one of the most valuable ways for 
predicting a complex system's dynamic performance [1]. Simulation modeling may be defined as the process of building a model 
that represents a real system and utilizing that model to conduct experiments to better understand its behavior and assess the effects 
of potential operational changes [2–5]. When a system performs admirably in a predetermined amount of time and under 
predetermined circumstances, it is said to be reliable [15]. In other words, reliability is the likelihood that, under typical operating 
conditions, a system will perform as intended, without any failure, for a predetermined amount of time [16]. 
Having a dependable operation is one of the biggest issues confronting the deployment of industry 4.0 due to the complexity of 
systems and the automation of industrial systems rising [13,14]. Asset performance analysis, such as reliability indices, is required 
to establish a reliable working condition coupled with high productivity and quality in order to maintain competitiveness in the 
global market [18,20]. Additionally, it's important to shorten the time spent studying simulation findings. Therefore, the adoption of 
discrete event simulation (DES) as a tool for choosing improvement projects in operating manufacturing systems can significantly 
increase with the development of new work methods regarding flow simulation that aim to shorten the analysis phase and also 
integrate the decision makers into this process [7]. 
In the project report, a software solution to a business issue is presented. Here, the simulation was carried out using the ARENA 
program. A computer simulation study on the Automotive Manufacturing System's Engine Assembly line is the first step in the 
procedure. Engine parts are assembled on machines in the Engine Assembly lines, which then transfer the engine pieces on pallets 
with the use of conveyors. The interplay of many resources, processes, and products results in a variety of potential outcomes that 
cannot be assessed without a simulation approach.  
Experimenting via trial and error with a real system is costly and useless. Therefore, using a simulation modelling approach makes it 
possible to do a what-if analysis study of the existing system without interfering with the actual instance. The use of a decision-
supporting tool is necessary in order to save time. Common application goals for simulation in the automotive/manufacturing sector 
were proposed by Jayaraman and Agarwal in 1996 [9]. These included determining system throughput, identifying bottlenecks, 
optimizing staff allocation and use, contrasting operational philosophies, analyzing materials storage problems, designing materials 
handling systems, and designing logistics systems. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue XI Nov 2022- Available at www.ijraset.com 
     

356 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

The throughput of assembly lines, which takes into account work-in-progress (WIP), bottlenecks, and machine cycle durations, is 
generally used to quantify them. Through a model simulation with Arena Software, the report identifies the input data, including 
machine cycle time distributions. This model illustrates the workflow. The simulation results from Arena look at the many 
components needed for a good system. The outcomes will highlight the numerous obstacles; therefore, it is helpful to consider how 
to work efficiency may be increased. 
The production line's behavior evolves as time passes. The necessity to modify the current line and make it flexible enough to adapt 
to the forthcoming approaching spontaneous modifications, as necessary, grows as the demand or requirement of the technology 
changes in this expanding planet. A powerful tool for comprehending complex systems and making decisions under a variety of 
circumstances, including conflict, risk management, and both certainty and ambiguity Manufacturing is essential to both emerging 
and established nations' economic development. Emerging nations like India have increased their attention on the manufacturing 
industry as a strategy for progress.  
To further emphasize the importance of the manufacturing industry, the Indian government has introduced the "Make in India" 
campaign. Therefore, when the manufacturing sector grows, businesses and industrial facilities will unintentionally follow the road 
of optimization. This makes it difficult for production managers to make the most use of the available resources. Since systems are 
becoming more sophisticated, making judgments on a range of issues on the shop floor can be challenging. Analytical analysis of 
the issues is challenging due to the interactive nature of the effective components in such a complex production logistics system, 
such as stochastic characteristics, such as process delays, market demand, and resource failure [10]. 
The project's goal is to assess machine cycle durations to find any possible bottlenecks and eliminate assembly line hunger and 
blockages to increase process throughput. The following are the project's goals:  
1) Determination of the assembly line system's process throughput. 
2) The abandonment of static instruments with known deterministic parameters and dynamics. 
3) Increasing quality everywhere 
4) Find bottlenecks, whether they are mechanical or due to another factor. 
5) Progress is being made on the system. 
6) Making choices for impromptu employment. 
7) To investigate the many adjustments that are currently accessible. 
8) The duration of a machine cycle at any system station. 
9) Space optimization is necessary. 

 
II. LITERATURE REVIEW 

An assembly that may be "easily" removed and changed in order to recover engine performance lost to wear or engine failure is 
referred to as an "engine assembly." The cylinder liners, pistons, piston rings, and connecting rods of heavy-duty engines used in 
industrial applications may all be changed as needed during an overhaul without having to remove the entire engine unit from its 
installation. The engine may be restored to its genuine new engine performance using this technique, which also boosts engine value 
and decreases downtime.  
Simulating interactions between a complex system's subsystems in a computer model is one of the most valuable ways for 
predicting a complex system's dynamic performance [1]. To predict the performance characteristics of a closed-loop manufacturing 
line that is characterized by low-capacity buffers and prone to failure, Douard and Baynat [19] devised an analytical model. 
Spreadsheets and other static methods cannot be used to solve many line design problems because of all the dynamics involved and 
the non-deterministic nature of the parameters. The manufacturing system parameter is supported by built-in constructions in 
discrete-event simulation tools that are currently available. The capacity to mimic unpredictable downtime events, varied cycle 
durations and unpredictable repair times is a feature of every simulation software. Discrete-event simulation is also extremely 
helpful in analyzing various options based on various parameter values. The essential parameters may be changed to do a sensitivity 
analysis for each option [12]. 
Several research articles on a simulation that used ARENA to model and optimize real-time processes were cited. Even if the 
optimization parameter varies from study to study, the fundamental nature of the research never changes. These studies have 
provided answers to the corresponding challenges by utilizing ARENA simulation capabilities. The study's objectives were to 
reduce flow time, enhance the layout, and increase output [11]. After analyzing the input data using the ARENA Input Analyzer 
module, the manufacturing process has been modeled, and flow logic has been developed in accordance with the current process 
flow.  
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The authors have identified the process bottlenecks based on the simulation reports produced, and as a result, modifications have 
been proposed, mostly in relation to the process structure and the manpower allotted. The industry used an antiquated method of 
production planning, wherein the task is handled by a single person or a small group of individuals. This resulted in operational 
issues including ineffective staffing levels, resource underutilization, bottlenecks, and mayhem if human judgment failed. In the 
research, the traditional method of planning production backward is highlighted and examined. 
There doesn't seem to be much information in the literature, particularly in academic journals, dealing with the study of actual 
closed-loop production lines using discrete-event simulation, with the exception of Ladbrook et al. presentation of a simulation 
study of the camshaft machining line at Ford Valencia. When the goal of the research is the creation of analytical models for these 
kinds of arrangements, there is a greater choice of literature and standard textbooks available [6]. 
At VCT, the bottleneck analysis performed using DES now uses either the utilization detection approach or the average waiting for 
time detection method [7]. The average waiting time detection technique determines how long it usually takes for a workpiece to 
reach a station for processing. Bottleneck stations are those where workpieces queue up for the longest periods of time. The 
percentage of time a station is in its active condition is measured using the utilization technique. As a result, the bottleneck station is 
the one with the highest active %. According to Roser, Nakano, and Tanaka (2001) [8], the utilization approach should take the 
working and repair percentages into account because both working hours and repair periods can put a load on the system. As used 
actively, this is this. According to Jayaraman and Gunal (1997), who spoke specifically about the automotive industry, DES is now 
a common tool used in the design and implementation of various automotive manufacturing systems, from a connecting rod 
machining sub-system to the much more complex automotive assembly systems [12]. 
In fixed applications, the engine assembly is normally serviced on-site due to its size, weight, and the difficulties involved in 
removing and transporting them for repair. Instead of doing so out of a desire to improve engine serviceability, the engine must be 
designed for "simple" service. The need for advancement in both professional and educational terms has led to the development of 
the simulation approach. Simulation modelling and analysis are required to address the current issues and challenges on the path to 
advancing technology and progress in every area where people are in need. 
 
The history of simulation in steps –  
1) The 1940s - As part of the Manhattan Project to research neutron scattering, mathematicians John von Neumann and Stanislaw 

Ulan created the first simulation technique known as "Monte Carlo." 
2) The first specialized simulation language, SIMSCRIPT, was created in the 1960s by Harry Markowitz at the RAND 

Corporation. 
3) The 1970s saw the beginning of study into the mathematical underpinnings of simulation. 
4) The 1980s saw the development of graphical user interfaces, object-oriented programming, and computation-based simulation 

software. 
5) The 1990s saw the development of simulation-based optimization techniques and web-based simulation. 
 
The emphasis now being placed on simulation software development is on the automation of the modeling process. Some methods 
offer a means of locating the issue so that a computer program may be created automatically. For a specific class of modeling 
problems that can be submitted as data to the system, other systems offer a general framework. Simulations of flexible 
manufacturing systems are an example of the latter. The majority of modern advancements use color graphics in some capacity. 
Better user interfaces, more power, and more affordable computer hardware and software are on the horizon. The main advantage is 
that customers are becoming more involved in the modeling process. This report provides a summary of these advancements as well 
as suggestions for the future. 
 

III. METHODOLOGY 
This stage will specify the model's performance requirements or the qualities that the conceptual model must possess in order to 
accurately represent the real system.  
Finding the essential elements of the current real system is the first step. Then, provide the facts needed to help create a conceptual 
model by using a decision analytic framework to determine the crucial decisions. The criteria for developing and subsequently 
evaluating the model's utility are put into use. Validating the model is the challenge that simulation modeling analysis encounters. 
The simulation model is only valid if it accurately represents the real system; otherwise, it is useless.  
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The two processes in any simulation project to validate a model are validation and verification.  
1) Validation is the process of comparing two conceptual model findings to the actual system. If the comparison is accurate, it is 

legitimate; otherwise, it is invalid. 
2) Verification involves comparing the two outcomes to make sure they are accurate. By contrasting the developer's conceptual 

description and requirements with the model's implementation and the data it is tied to. 

 
Figure 1- Validation of Model [21] 

 
A simulation is essentially a copy or imitation of reality. In order to understand how a system behaves and functions, simulation 
modeling is the process of creating a model of the real system via many tests based on various factors. The process of creating a 
simulation model is circular and connected as shown in Figure 1. 
 
A. Software for Simulation modeling: Arena. 
System Modelling Corporation created the discrete event simulation-based program Arena. It is purchased by Rockwell automation 
in 2000. Microsoft Windows serves as its operating system. This software uses the simulation language and the SIMAN processor. 
These modules, which take the form of boxes with various forms, represent processes and are linked together by connecter lines that 
define the flow of entities. Every module performs unique operations in relation to the flow, time, and entities. Reports may be 
produced using data like WIP (work in process) and cycle time. As it is coupled with Microsoft technologies, including Visual Basic 
for Applications, further automation of models may also be done if a specific algorithm is required as shown in Figure 2. It also 
supports the import of Microsoft Visio flowcharts, Access databases, and Excel spreadsheets. It is employed by businesses that 
simulate commercial operations. Early simulation development takes more time, but speedier installation and product optimization 
can cut down on project duration overall. 

 
Figure 2 Process Outline 
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B. Conceptual framework 
Here, the simulation research serves as a means of presenting the simulation's potential applications. To be precise, this is the 
creation and analysis of several assembly line layouts in a machinery industry using the Arena Simulation environment.  
In our investigation, an engine assembly system a typical manufacturing part is selected from the business whose process flow is 
provided.  
In terms of science, simulation modeling is the process of creating and testing a digital version of a physical model in order to 
forecast how it will operate in reality.  
The framework for simulation modeling depends on the kind of event that will be the focus, thus the first step is to ascertain the 
event's nature.  
 
Simulation modeling may be divided into the following categories depending on the nature of the event:  
1) Monte Carlo/ Risk Analysis Simulation.  
2) Agent-Based Modeling & Simulation.  
3) Discrete Event Simulation.  
4) System Dynamics Simulation Solution. 
 
a) Monte Carlo/ Risk Analysis Simulation: John Von Neumann and Stanislaw Ulam, two mathematicians, created the Monte Carlo 

Simulation during World War 2. This technique, which was first employed to determine how far neutrons would travel through 
various materials, quickly gained popularity and found several uses in the commercial sector. It is a method of solving 
probability issues in mathematics that makes use of random variables. For generating pathways, various simulations are done, 
and the solution is obtained by applying the appropriate numerical calculations. Both the design of a mathematical model and 
its experimental experimentation is impractical. Physical science, computational biology, statistics, artificial intelligence, and 
quantitative finance all make extensive use of this simulation technique. It is important to remember that issues in Monte Carlo 
Simulation have a probabilistic foundation. Repetitive experimentation is used in this strategy to investigate such a situation. 

b) Agent Based Modeling & Simulation: A computer model known as an agent-based model (ABM) is used to simulate the actions 
and interactions of autonomous agents to evaluate how those actions and interactions will affect the system as a whole. It 
focuses on a particular system element. The agent-based modeling technique has no restrictions since it directly focuses on a 
single individual item, its behavior, and its interactions. Because of this, agent-based simulation is a suitable management tool. 
Instead of creating a new agent, agent-based modeling focuses on finding explanations for the collective behavior of agents that 
follow straightforward principles. The simulation produces a fine-tuned optimization by offering the most specific and 
straightforward method to model, predict, and compare diverse scenarios. 

c) Discrete Event Simulation: The system changes that take place during this type of simulation are discontinuous. Each event 
takes place at a certain moment in time and represents a shift in the system's state. As a result, any change that occurs in the 
system is referred to as an event. Discrete simulation can be used in the following situations:  Layout Planning The production 
system or plant layout is designed in a certain way to make the most use of the available resources. The engine assembly line 
system follows a similar procedure. On numerous assembly line stations, various production processes are carried out. Capacity 
Management Determine the manufacturing capacity that a business needs to fulfill shifting consumer demands for its products 
through capacity planning. Every company plans its capacity to ensure that its resources are used to the fullest extent possible. 
The engine assembly line follows the same procedure.  Performing Manufacturing Systems, the efficient use of resources, the 
promotion of quality management practices, and the use of procedures to deal with unplanned events all affect how well the 
manufacturing system performs. 

 
Control and planning for production, in essence, entails creating a framework or organization for the production process as shown in 
Figure 3. In order to maximize the effectiveness of the engine assembly system for a manufacturing plant, it is also described as the 
work process to distribute different controls, such as human resources, raw materials, and mechanical operations. 
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Figure 3 Steps in Production Planning and Control 

 
C. Developing Simulation Models 
System elements, input variables, performance measurements, and functional linkages are all included in simulation models [22]. 
The steps for creating a simulation model are shown below. 
1) Establish the specifications for a prospective system or determine the issue with an existing system. 
2) Design the issue while considering the constraints and elements of the current system. 
3) Gather and begin processing the system's input while keeping an eye on its operation and output. 
4) Utilizing network diagrams to build the model and a variety of verification tools to validate it. 
5) Validate the model by contrasting it with the actual system's performance in various scenarios. 
6) Make a detailed description of the model that contains its goals, underlying assumptions, input parameters, and performance for 

later use. 
7) Choose a suitable experimental strategy in accordance with the needs. 
8) Create experimental settings for the model, then track the outcome. 

 
D. Flow diagram for the modeling process: 
The modeling process includes the following steps as shown in Figure 4: 

 
Figure 4 Modelling process [21] 
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Analyzing the issue is an essential step. Understanding the issue fully at this point will help you decide whether to classify it as 
deterministic or stochastic. to carry out the straightforward actions listed below that assist with model design 
1) Gather information based on system behavior and anticipated needs. 
2) Analyse the system's attributes, its presumptions, and the steps that must be completed for the model to succeed. 
3) Discover the model's variable names, functions, units, connections, and applications. 
4) Use an appropriate methodology to solve the model, and then use verification tools to confirm the outcome. Verify the outcome 

next. 
5) Create a report that contains the findings, interpretations, analysis, and recommendations.  
 
After completing all model-related processes, offer recommendations. It comprises resources, investment, algorithms, and other 
tools. 
 
E. Collection of the data from the company 
The firm provides complete information on the numerous tasks carried out on the engine assembly line for the Single Cylinder S.I. 
Engine. Before being removed from the line, all finished engine assemblies are put through testing. Engine assemblies that do not 
pass the testing are diverted onto a spur and, if feasible, repaired. 
1) Station-wise cycle Time Chart: Each engine assembly is processed at a station for a certain amount of time known as the 

"Station Cycle Time." Compared to automated stations, manual stations have somewhat longer cycle times and more 
fluctuating cycle times. A station's cycle time is determined using a variety of factors as shown in Figure 5. The cycle time 
would be longer the more complicated and numerous the activities that needed to be completed at a station. The "Line Rate," or 
the number of engines to be produced per unit of time, is a crucial factor in deciding which assembly activities should be 
delegated to which stations. The target yearly vehicle assembly volumes are often used to establish this value. Based on 
production volume and shift patterns used in the plant, the line rate is also represented in terms of seconds per engine. 

 

 
Figure 5 Station wise -Cycle time chart [23] 
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2) Station Wise Cycle Datasheet: Each station has a specific task as shown in Figure 6. Most of these tasks are arranged in order to 
ease reachability to several major components and in a proper sequence (i.e., dashboard before sheet). 

 
Figure 6 Station Wise Cycle Datasheet [23] 
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F. Model for 34 station Assembly System of the single cylinder S.I. Engine.  

 
Figure 7 Assembly line model 

 
The sequence of the Production line for Single cylinder S.I Engine is shown in Figure 7 and contains 34 stations. 

 
Figure 8 Process Parameters 

 
The setting parameters are Seize Delay Release with Medium Priority as shown in Figure 8. 
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Figure 9 Resource Parameters 
 

Details about the model 
1) Each station is assigned a unique station number. 
2) The "seize delay release" type of logic action has been selected for each station. 
3) For each station, the kind of delay remains consistent. 
4) The delay time is measured in seconds, and each station is assigned a value based on information provided by the firm as shown 

in Figure 5. 
5) Value-added allocation is the selection. 
6) Each station is given a specific resource name. 
7) As specified in the particular datasheet as shown in Figure 6, the amount or number of operations is fixed. 
8) Information regarding the number of units, raw material build-up, and disposal time is also supplied with reference to the firm 

information. 
 
G. Model Analysis of Assembly System of Single cylinder S.I. Engine 
The cycle times of a significant number of stations deviate greatly from the average cycle time. For the bearing opening operation 
prior to Station-1, the cycle time value with the lowest value is 18 seconds. The Station-21's maximum cycle time is 33.6 seconds. 
The median cycle time is 26.35 seconds, which is much longer than either the minimum or maximum cycle duration. The average 
work content is quite low at 65.9 percent. 
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1) Statistical Analysis 

 
Figure 10 Model Report in Arena Software 

 

 
Figure 11 Model Report in Arena Software 

 
Relation of Resources or Station with Total number Seized, Scheduled Utilization, Number Busy, Instantaneous Utilization, and 
Number Waiting show a similar trend of value over each resource as shown in Table 1.  
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Table 1 Model report in Arena Software 

Usage Total number 
Seized 

Scheduled 
Utilization 

Number 
Busy 

Instantaneous 
Utilization 

Number 
Waiting 

Resources 1 50 0.4737 0.4737 0.4737 0.4737 
Resources 2 50 0.4285 0.4285 0.4285 0.4285 
Resources 3 50 0.4556 0.4556 0.4556 0.4556 
Resources 4 50 0.4436 0.4436 0.4436 0.4436 
Resources 5 50 0.4194 0.4194 0.4194 0.4194 

Resources 6 50 0.3983 0.3983 0.3983 0.3983 

Resources 7 50 0.3953 0.3953 0.3953 0.3953 

Resources 8 50 0.4466 0.4466 0.4466 0.4466 

Resources 9 50 0.4406 0.4406 0.4406 0.4406 

Resources 10 50 0.3862 0.3862 0.3862 0.3862 

Resources 11 50 0.4104 0.4104 0.4104 0.4104 

Resources 12 50 0.4949 0.4949 0.4949 0.4949 

Resources 13 50 0.4677 0.4677 0.4677 0.4677 

Resources 14 50 0.4466 0.4466 0.4466 0.4466 

Resources 15 50 0.3983 0.3983 0.3983 0.3983 

Resources 16 50 0.344 0.344 0.344 0.344 

Resources 17 50 0.4164 0.4164 0.4164 0.4164 

Resources 18 50 0.4798 0.4798 0.4798 0.4798 

Resources 19 50 0.4375 0.4375 0.4375 0.4375 

Resources 20 50 0.3742 0.3742 0.3742 0.3742 

Resources 21 50 0.5069 0.5069 0.5069 0.5069 

Resources 22 50 0.4131 0.4131 0.4131 0.4131 

Resources 23 50 0.4587 0.4587 0.4587 0.4587 

Resources 24 50 0.3259 0.3259 0.3259 0.3259 

Resources 25 50 0.4617 0.4617 0.4617 0.4617 

Resources 26 50 0.4285 0.4285 0.4285 0.4285 

Resources 27 50 0.4617 0.4617 0.4617 0.4617 

Resources 28 50 0.3319 0.3319 0.3319 0.3319 

Resources 29 50 0.3138 0.3138 0.3138 0.3138 

Resources 30 100 0.7182 0.7182 0.7182 0.7182 

Resources 31 50 0.3138 0.3138 0.3138 0.3138 

Resources 32 50 0.4013 0.4013 0.4013 0.4013 

Resources 33 50 0.3561 0.3561 0.3561 0.3561 

Resources 34  50 0.3681 0.3681 0.3681 0.3681 
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Waiting Number per Station is shown in Table 2 with the average waiting number ranging from around 0 to 3.7257. with Station 
30B having a Maximum value of 11. 
 

Table 2 Other model report in Arena Software 
Number Waiting Average Half Width Minimum Maximum 
Station 1  1.9961 (Insufficient) 0 9 
Station 2 0 (Insufficient) 0 0 
Station 3 0 (Insufficient) 0 0 
Station 4 0 (Insufficient) 0 0 
Station 5 0 (Insufficient) 0 0 
Station 6 0 (Insufficient) 0 0 
Station 7 0 (Insufficient) 0 0 
Station 8 0 (Insufficient) 0 0 
Station 9 0 (Insufficient) 0 0 
Station 10 0 (Insufficient) 0 0 
Station 11 0 (Insufficient) 0 0 
Station 12 0.5175 (Insufficient) 0 3 
Station 13 0 (Insufficient) 0 0 
Station 14 0 (Insufficient) 0 0 
Station 15 0 (Insufficient) 0 0 
Station 16 0 (Insufficient) 0 0 
Station 17 0 (Insufficient) 0 0 
Station 18 0 (Insufficient) 0 0 
Station 19 0 (Insufficient) 0 0 
Station 20 0 (Insufficient) 0 0 
Station 21 0.2957 (Insufficient) 0 2 
Station 22 0 (Insufficient) 0 0 
Station 23 0 (Insufficient) 0 0 
Station 24 0 (Insufficient) 0 0 
Station 25 0 (Insufficient) 0 0 
Station 26 0 (Insufficient) 0 0 
Station 27 0 (Insufficient) 0 0 
Station 28 0 (Insufficient) 0 0 
Station 29 0 (Insufficient) 0 0 
Station 30 A 3.7257 (Insufficient) 0 10 
Station 30 B 3.3066 (Insufficient) 0 11 
Station 31 0 (Insufficient) 0 0 
Station 32 0.04471 (Insufficient) 0 1 
Station 33 0 (Insufficient) 0 0 
Station 34 0 (Insufficient) 0 0 
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2) Analysis of Operations and Process: It demonstrates that certain stations have congestion and some stations have relatively 
short cycle times. It also illustrates the necessity for line-balancing research to cut the tact time from 40 seconds to something 
more in line with the typical cycle duration. It makes a comment on balancing work at a crucial point. It emphasizes the need of 
allocating adequate manpower to achieve the desired output rate in the shortest possible period, ideally zero. The investigation 
placed a strong emphasis on the growth of typical work content. Several of the crucial procedures include  

a) Rotor nut tightening at Station no. 4  
b) FMD Nut tightening at Station – 30B. 
c) Motoring at Station – 30.  
d) Engine leak testing at Station - 25.  

 
H. Effect of Addition Conveyer in Assembly Line 
Types of Conveyors:  
1) Non-accumulating 
a) Belt, bucket line, and escalators are examples of non-accumulating conveyors. When the lead entity stops moving, the conveyor 

and all other entities also come to a halt. 
b) The distances between the objects on it remain constant. 
c) The whole conveyor stops for entity access/exit if the load/unload time exceeds 0.  
2) Accumulating 
a) Rolling Conveyors often have rollers. 
b) The conveyor never stops rolling, and if a person or object gets off to exit, others behind them become backed up and barred 

(entities ahead of it keep moving without any blockage) 
A prototype must be created before the full assembly line model can be created in order to see the results and provide a clear 
scenario for the subsequent steps in creating the ideal model. 
 
 Model 1 
In this concept, an accumulating conveyor is employed, but the loading and unloading of the entity are handled by an entrance and 
exit module to provide processing precedence at all stations as shown in Figure 12. The attribute of the sequence is provided by the 
assigned module, and as a result, the sequence is specified in the sequence module before transfer. Since the conveyor starts at this 
same process station, there is a significant seize delay and release delay at the initial process. 

 
Figure 12 Example Model-1 in Arena Software 
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 Model 2 
In this concept, an accumulating conveyor is employed, but the loading and unloading of the entity are handled by an entrance and 
exit module to provide processing precedence at all stations as shown in Figure 13. The attribute of the sequence is provided by the 
assigned module, and as a result, the sequence is specified in the sequence module before transfer. Since the conveyor starts at this 
same process station, there is a significant seize delay and release delay at the initial process. 

 
Figure 13 Example Model-2 in Arena Software 

 
 Model 3 
The conveyor in this type is non-Accumulating, and the modules are Access and Convey as Shown in Figure 14. By doing this, the 
conveyor may travel synchronously and the Work in Process Inventory is decreased to zero. Entities create a line solely at the 
conveyor entry, which may be readily controlled to reach optimal manufacturing output, drastically cutting down on waiting times. 
The job is done directly on the conveyor, therefore there is no loading or unloading time in the model. When compared to 
alternative models, this results in a lower number for WIP and a lower overall average cycle time. 

 
Figure 14 Example Model-3 in Arena Software 
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I. Synchronous Movement of Conveyor:  
When the conveyor moves synchronously, all of the objects move along it at the same time. The conveyor won't move until all of 
the entities have been processed at all of the stations if one entity is being processed at one station before all of the others.  
1) The entities go together to the next station. 
2) The things only travel along the conveyor when all of the stations' tasks have been finished. 
3) The conveyor's movement is based on which Station requires the longest processing time. 
4) To do this, all entities are put on a conveyor that doesn't accumulate and processed there. 
5) Because the job is done on the conveyor itself, there is no loading or unloading time. 
6) Significantly less time is spent waiting for the items in the queue. 
7) The entities' WIP Inventory is zero now. 
 
J. Final Arena Model Animation 
The final model's animation displays several assembly-line performance metrics that enable us to assess the efficiency of the line as 
shown in Figure 15. The following traits may be noticed in the animation:  
Job Flow Time: This is the amount of time it takes an entity to complete all of its tasks. It is equal to how long it takes to make one 
automobile from start to finish. 
Resource utilization measures how much of the time a resource is used. It is comparable to how many people are working at a 
certain station as shown in Figure 16. 

 
Figure 15 Final Model in Arena Software 
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Figure 16 Final Model Animation in Arena Software 

 
The following benefits are provided by including the Conveyor in the model: 
1) Provides synchronized entity movement, which shortens the duration of the entire operation and improves working 

effectiveness. 
2) Conveyors are used to decrease the amount of work-in-progress inventory and boost output. 
3) Scheduling the use of the resources. 
4) It aids in lowering the chance of harm, hence ensuring a secure working environment for the employees. 
5) By effectively using the working area, it creates extra room for work. 

 
IV. RESULT AND DISCUSSION 

1) Line balancing research is necessary to cut the tact time from 40 seconds to something more in line with industry standards. 
2) Balance of work is necessary for key stations. 
3) By balancing processes, you may directly save on labor. 
4) Defect management reduces the need for repair personnel. 
5) Reduce the station process time's deviation from the average cycle time as much as possible. 
6) The content of work overall has improved. 
The different improvements indicated are highlighted by the simulation model and research analysis in order to boost throughput 
and production rate. A regular schedule must be followed for maintenance and effective manpower use. The project's goal is to 
avoid bottlenecks and hunger so that the single-cylinder S.I. engine assembly line system will operate effectively. Additional 
research has to be done:  
a) Variability in process duration and its impact on the product. 
b) Redesigning aspects of the job and its impact on output. 
c) Investigate whether deploying resources at the assembly station enhances system performance. 

 
A. Variability in process times 
Utilizing a triangle or expression type delay will allow for process time diversity. And in doing so, it is ensured that the variability 
percentage at each of the 34 sites is the same. In order to determine the general criteria for the variation in resource utilization and 
other characteristics according to variation in process time, we will examine the 4 scenarios as shown in Figure 17.  
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Process time variability enables:  
1) To account for supply and demand in different market situations when calculating the average cycle time. 
2) To get a sense of how resources are used under various circumstances. 
3) To increase the system's adaptability. 
4) Establishing a connection between the variability percentage, the overall average cycle time, and the WIP. 
 
Variation of Job flow time with % Variability: 

 
Figure 17 Job Flow Time vs percent Variability 

 
Variations among the different percent of Variability with respect to Job Flow time Show max time at 20 percent variability with a 
value of 42.9678 and the Lowest time taken was at 5 percent variability with a value being 25.4241 as shown in Figure 17. 

 
B. Resource Utilization: 
1) Variability 5% 
The relation of Utilization and Resources at 5 percent variability is shown in Figure 18, which shows the lowest value of 0.4499 and 
the highest value of 0.7348. 

 
Figure 18 Resource vs 5 percent Variability 
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2) Variability 10% 
The relation of Utilization and Resources at 10 percent variability is shown in Figure 19, which shows the lowest value of 0.3678 
and the highest value of 0.6080. 
 

 
Figure 19 Resource vs 10 percent Variability 

 
3) Variability 15% 
The relation of Utilization and Resources at 10 percent variability is shown in Figure 20, which shows the lowest value of 0.3254 
and the highest value of 0.5129. 

 
Figure 20 Resource vs 15 percent Variability 
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4) Resource Utilization Data 
The relation of different percent of Variability is shown in Table 4 with an average being 0.5936 at 5 percent variability,0.4938 at 10 
percent variability, and 0.4204 at 15 percent variability. Resource utilization value reduces as variability percent increases.   

 
Table 3 Resource Utilization Data 

  5 % 10 % 15 % 

Resource 1 0.6820 0.5687 0.4857 

Resource 2 0.6174 0.5108 0.4367 

Resource 3 0.6592 0.5405 0.4602 

Resource 4 0.6397 0.5305 0.4457 

Resource 5 0.6058 0.4999 0.4349 

Resource 6 0.5721 0.4828 0.4142 

Resource 7 0.5714 0.4770 0.4046 

Resource 8 0.6426 0.5409 0.4488 

Resource 9 0.6384 0.5247 0.4543 

Resource 10 0.5567 0.4554 0.4001 

Resource 11 0.5874 0.4855 0.4132 

Resource 12 0.7108 0.5938 0.4982 

Resource 13 0.6781 0.5605 0.4681 

Resource 14 0.6460 0.5379 0.4502 

Resource 15 0.5726 0.4783 0.4013 

Resource 16 0.4967 0.4069 0.3519 

Resource 17 0.5971 0.4978 0.4229 

Resource 18 0.6944 0.5775 0.4823 

Resource 19 0.6325 0.5197 0.4482 

Resource 20 0.5376 0.4441 0.3943 

Resource 21 0.7348 0.6080 0.5129 

Resource 22 0.5973 0.4870 0.4142 

Resource 23 0.6616 0.5569 0.4700 

Resource 24 0.4692 0.3964 0.3355 

Resource 25 0.6640 0.5489 0.4690 

Resource 26 0.6157 0.5131 0.4308 

Resource 27 0.6669 0.5466 0.4585 

Resource 28 0.4795 0.4042 0.3286 

Resource 29 0.4499 0.3678 0.3254 

Resource 30 0.5129 0.4298 0.3656 

Resource 31 0.5257 0.4248 0.3721 

Resource 32 0.4549 0.3765 0.3268 

Resource 33 0.5825 0.4734 0.4032 

Resource 34 0.5196 0.4236 0.3660 
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V. CONCLUSION 
The study's objective was to show how simulation can assess various scenarios and gauge a car assembly line's performance. This 
study also demonstrates how to create a model of a complex assembly line and its feeder stations utilizing the basic data modules in 
simulation software like ARENA. Additionally, ARENA's animation and debug features may be used to verify the model's accuracy 
and usefulness. A quadratic model for line production dependent on operator fatigue, conveyor speed, and incoming material quality 
was proposed using data analysis. The analysis identifies the system's numerous bottlenecks and also makes note of the areas that 
need more thought. The analyst can use this model to forecast how changes to the system will affect the system. This simulation 
model, which represents how an assembly method currently in use for single-cylinder S.I. engines operates in terms of time, aids in 
performance analysis. 
The third model, which substitutes convey for entrance and exit, offers us a clear concept of the model to be constructed. Due to the 
model's simplicity and similar resemblance to the one utilized by the corporation. The advantage of using a conveyor is that it 
eliminates the extra time that was required for product entrance and exit at Model 1, which allows us to reduce the time that the job 
is in process. When compared to a model that used convey instead of entrance and leave, the model using entry and leave had a 
greater average cycle duration and less work in progress. This is mostly caused by the product being continuously loaded and 
unloaded at each station. The time spent in line is also significantly decreased. This is due to the model's conversion to an 
accumulating type. When comparing the two, the one with the conveyor has a significantly lower amount of work in progress than 
the one without. 
This is due to effective resource usage and the fact that the product doesn't get taken off the conveyor at each station but rather stays 
in line. Understanding how to do away with the non-value-added time of loading and unloading the product from the line is also 
helpful. The job flow time grows along with the variance in process time. Resource Utilization reduces as variety increases. This 
demonstrates how the outcomes deviate from an ideal model as we approach reality. By adopting synchronized conveyor 
movement, certain stations' resource use is higher than average while other stations' resource utilization is lower than normal. To 
lessen the workload on employees at stations with high use, this necessitates workforce balance at the stations. 
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