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ARTICLE DETAILS ABSTRACT

Article History: Process simulation is a valuable tool in manufacturing. With the help of the simulation, system’s behavior can be 
learned and checked before its implementation. This What-if analysis can be done in a totally risk-free environment. 
It is low cost and faster analysis tool. Thus, management can take the correct decisions in this competitive 
market. The process can be simulated using software and results can be confirmed before implementation. In 
addition, simulation results can be validated by optimization techniques. The objective of this paper is to provide 
a comprehensive literature review on research efforts in simulation and optimization by search methods. A real-
world case study demonstrates the ability of Simulation to improve business performance.
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1. INTRODUCTION

Process simulation is one of the most commonly used techniques for 
analyzing and understanding the dynamics of manufacturing systems. It 
is a highly flexible tool which enables us to evaluate different alternatives 
of system configurations and operating strategies to support decision 
making in the manufacturing context. As a powerful tool for analyzing 
complex stochastic systems, computer simulation has been commonly 
used in a wide spectrum of fields including healthcare, marketing, supply 
chain, and military. In particular, simulation has played a significant role 
in evaluating the design and operational performance of manufacturing 
systems. An interactive methodology for response optimization of 
simulation models was used for analyzing manufacturing systems [1].

Simulations are helpful for cost reduction, and also to analyze efficiency. 
This was done beforehand by suitably doing Business process modeling 
[2]. Various applications of simulation in assembly plants, point shop, 
body shop, and press shop have been discussed with a focus on material 
handling [3]. Simulation techniques were applied in semiconductor 
manufacture system for scheduling [4]. Efficiency of the plant was 
increased in vehicle seat Assembly Line by Simulation and applying 
largest Candidate Rule technique [5]. Use of Simulation control theory 
has been described in detail [6].

Optimization of cutting process was done using GA [7]. Engine torque 
was estimated by simulating lay shaft transmission [8]. Effect of 
uncertainties like machine breakdown, labor, and absenteeism by 
simulation software and t-test were also studied [9]. A case study of car 
repair was simulated in order to reduce number of repair technicians as 
per customer demands [10].

Process simulation is defined as the process of designing a model of a 
real system and conducting experiments with this model for the purpose 
of understanding the behaviour of the system and/or evaluating various 

strategies for improving performance of the system. Some processes 
need to undergo changes in order to increase efficiency. Traditionally, 
simulation has to run all possible alternatives of assembly line. On the 
other hand, success of a simulation study is highly dependent on correct 
use of a corresponding methodology. 

2. SIMULATION APPROACH

Simulation is usually computer-based, i.e. it is performed using a 
computer. Simulation considers the simulated system in dynamics, 
taking into account its evolution through time (in contrast to Monte-
Carlo or static simulation, where time is not considered). Discrete-event 
simulation, deals with discrete-event systems which change their state 
instantaneously, at discrete time moments (e.g., queuing systems). 

Simulation approach may be generally defined in the following way:

- Describe how the modelled system operates, i.e., specify its operation 
algorithm; 

- Develop a computer programme that realises this algorithm, i.e., 
develop a simulation model; 

- Experiment with the developed computer programme, as you would 
like to experiment with a real system (if it would be possible), i.e., 
simulate; 

- Analyse and interpret results of simulation experiments, make related 
decisions and implement them. 

Simulation model takes time and needs trained people. However, with 
the help of Agent Modeling, it can be simplified. Simulation model 
for engine repair shop was tested successfully [11]. Flexibility and 
robustness, in spite of uncertainties and disturbances by simulation 
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techniques has been explained [12]. Model based technique for 
simulation and Optimization is used for lean implementation [13]. 
Benefits of simulation with focus on optimization of buffer size have 
been stated properly [14].

Around 155 ergonomics cases from Volvo were studied and simulated. It 
was proved that Digital human modeling simulation results can be used 
in reality [15]. Petri nets were used to find responsiveness and final 
product quality considering machine breakdown, part specifications, 
and changes in customer requirement [16]. Author was able to reduce 
number of Automated Guided Vehicles (AGV). Thus Simulation can 
decrease overall investment and operation cost. MATLAB was used 
along with Arena for reducing assembly time [17].

3. STRUCTURE OF SIMULATION STUDY

Aim of a simulation study is to improve operation of the system under 
consideration. Traditionally, it is considered that a simulation study 
incorporates the following main steps 

- Problem formulation, 

- Setting the objectives and overall project plan, 

- Model conceptualisation, 

- Data collection, 

- Model translation, 

- Verification, validation, 

- Experimental design, 

- Production runs and analysis, 

- Documentation and reporting, 

- Implementation. 

Simulating manufacturing systems in a design mode are typically 
realised in the form of following questions:

- What will be the throughput of a particular design?

- Where are the bottlenecks? How can we remove them?

- How does the system performance change in a function of number 
and type of machines, number of workers, in process storage and 
transportation, etc.?

- How will breakdowns affect the throughput?

Hybrid push-pull model was proposed by simulating chemical 
operations in continuous plant instead of existing push system. Results 
were validated. Lean techniques were also used [18]. 

Petri nets were used for modeling and simulating the production 
system in process re-engineering [19]. Discrete Simulation model 
was developed for Light Rail Vehicle (LRV) Assembly Line in order to 
optimize final assembly of Tram production [20]. 

Combined continuous discrete modeling, Hybrid system modeling, non-
linear modeling and scheduling features of Arena have been explained 
[21]. Author also explains how to process, decide, count, assign, run, 
replicate, verify and validate model along with Input Output process 
analyzers. It was demonstrated that it is possible to reduce the number 
of pallets circulating in an Automobile closed loop assembly line 
using Arena [22]. Modeling by using lego block was done to develop 
deterministic model further divided in sub model by taking chassis, roof, 
transporter as inputs to successfully increase throughput.

4. SIMULATION BASED OPTIMIZATION

Simulation can be used as Optimization tool as well. It will give most 
influencing parameters. Most of the simulation software’s have 

optimization tools like Optquest. Separate search algorithm with 
simulation can be used for optimization. Following researchers have 
used simulation software as an optimization tool too.

Simulation has significant contribution in Assembly Line Balancing 
(ALB) and Optimization, Scheduling, Work-In-Process (WIP) inventory 
optimization etc. Arena is widely used popular software for simulation. 
Various features of Arena are modeling multiple queues, Animation, 
Modeling sequences, advanced processes and advanced transfer templates, 
Modeling conveyors, Discrete and continuous simulation, Terminating 
system, Non- terminating system and Optimization by simulation.

More and more algorithms have been developed for optimization of 
manufacturing system. Genetic algorithms are used for laminated die 
manufacturing [23]. Product processing time, waiting time cost was 
optimized by studying different task using simulation and Particle 
Swarm Optimization (PSO) algorithm [24]. Improvements in utilization 
of Fork lifts, Pallets and logistics were demonstrated. This reduced the 
supplier’s vehicle waiting time by 65% [25]. Thus simulation is efficient 
tool when analytical methods prove difficult. However software like 
Arena needs experienced, trained staff to work on. Genetic algorithms 
are also used for multiple parts manufacturing line [26]. 

Manufacturing system was also modeled in Visual-slam software i.e. 
Awesim which uses petrinets for analysis. Strategies, methods and 
computational technologies for simulation of manufacturing process 
for product development are developed here [27]. Even road noise was 
simulated for tire-wheel [28]. Bottelneck analysis was performed for 
manual assembly line of 7 truck and 6 bus models [29]. Experimental 
study was demonstrated for optimizing metal cutting line in press work 
using simulation and Design of experiments [30]. 

Thus, Simulation can clarify the exact nature of the tradeoff between 
customer satisfaction and cost-effective delivery of service. EM plant 
software and bottleneck analyzer software was used for 23 processes 
to increase efficiency for deterministic problem. However, equipment 
maintenance time, stoppage time was not taken care of [31].

Simulation annealing is used in Reconfigurable manufacturing 
successfully [32]. After final assembly, vehicle undergoes testing; any 
defects or adjustments are done on the Re-touch stations. Optquest 
of Arena was used for optimizing the number of workstations and 
buffer stock [33]. Unskilled operator also can work on simulation. His 
techniques can’t be used for complex manufacture system. Stock size, 
time between arrivals can be optimized by considering number of 
workstations, processing time, unit cost [34].

Hybrid push and pull model, based on simulation results was suggested 
[35]. Focus was mainly to reduce WIP by considering market demands, 
process time and resource failure. Simulation plays important role in 
supply chain network as well. Supply Chain Management was simulated 
successfully [36].

5. OPTIMIZATION BY META-HEURISTIC APPROACH

Meta means beyond and heuristic means based on experience. Heuristic 
approach may or may not give optimal solution. Meta-heuristic approach 
gives solution near optimal. In this case simulation is aimed to optimise 
certain parameters of a simulated system, in order to improve a value 
of the chosen performance function. Such situations are often met at 
a design stage of manufacturing systems. For instance, the following 
examples could be mentioned: 

- Designing a material handling system

- Solving a buffer allocation problem, 

In simulation-based optimisation, a performance function is estimated 
by means of simulation. After the current values of tuned parameters 
were defined, simulation is performed, and its results are used for 
evaluation of a corresponding value of a performance function. Here the 
performance function is a random variable. Each simulation experiment 
gives several realisations of the performance function that are used for 
estimating its mathematical expectation.

Heuristic algorithms are widely used in software tools of simulation-
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constraints [38]. Authors successfully developed and validated the 
relationship between Time loss due to failure, absenteeism, rejection 
etc. and corresponding cost. Simulation has been identified as one of the 
pillars for the Industry 4.0 revolution [39]. Urge towards digitalization 
of manufacturing in the context of the fourth Industrial revolution 
has shaped simulation in the design and operation of manufacturing 
systems [40].

6. CASE STUDY

A One-piece assembly flow line consists of a sequence of workstations 
performing repetitive set of tasks on products. Assembly line design is 
an important part of production system. Assembly line is a production 
line in which units move continuously through a sequence of stations. 
Lines can be Straight lines, Single model lines, mixed model lines, 
multiple lines. 

A real world case study is done for reputed Assembly line. Four different 
layouts were simulated. Layout 1 as shown in Figure 1 has 6 stations. 
Circlip removal, countersinking, reaming and deburring is done at 1st 
station. Circlips are riveted at Station no. 2. Two pins are assembled 
at station no. 3 and 4. Complete assembly is done at station no. 5. 
Numbering is done offline. Locks are checked, packed at station no. 6 and 
are ready for dispatch to finished goods inventory. It is observed from 
the simulation report as given in Table 1 that station 1 is the slowest 
station as the process time is 130 sec. This is also called as bottleneck 

based optimisation. For instance, the package Optquest, designed 
for the simulation system Arena, explores Tabu search and Scatter 
search. Another example of a software tool, designed for simulation-
based optimisation, is ISSOP (“Intelligent System for Simulation and 
Optimization”). It supports a Genetic Algorithm (GA) and evolution 
strategy, quasi-gradient method, component-wise enumeration, Monte-
Carlo method, threshold accepting and cuboid strategy.

Following are some potential reasons for getting unsatisfactory results 
from a simulation study [37],

- Insufficient training of simulation team members; 

- Simulation objectives are not clearly defined; 

- Trying to build too much detail into a model; 

- Making conclusions from a single simulation run rather than from 
multiple runs; 

- Making conclusions from animation rather than from statistical reports; 

- Lack of interaction between model builder, management and 
operational personnel. 

Performance of vehicle assembly line is optimized within given cost 

Figure 1: Model 1.

Table 1: Simulation report for model 1.

Operators required Station no. Station name Time taken Scheduled utilization Output

1

1

Circlip removal 35 sec 43.00 %

236 nos.

1 Manual countersink 50 sec 62.30 %

1 Reaming + deburring 45 sec 56.09 %

1 2 Circlip riveting 45 sec 56.04 %

1 3 Pin filling 1 120 sec 99.00 %

1 4 Pin filling 2 120 sec 98.00 %

1 5 Final assembly 112 sec 92.00 %

1 External Numbering 20 sec 16.39 %

1 6 Ready check 52 sec 42.00 %
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It is observed from the simulation report as given in Table 4, that line 
is completely balanced. All the stations have same time and output is 
improved to 379.

7. RESULTS AND DISCUSSION

The increased application of simulations and optimization has been 
observed here. This review provides insights in the status of simulation 
of research in each field. Simulation has proven to be one of the most 
flexible and useful analysis tools in the manufacturing system design 
and operation areas. 

Simulations can be used for Design to Manufacturing System Operation, 
Manufacturing Operations Planning, and Scheduling. Assembly line 
optimization is found to be the most popular application area for 

station. Output is 236 numbers in a shift of 480 min. To improve this, 
station no. 1 is split into two stations in layout 2. Also numbering station 
is included in the line to save handling time. Due to space constraints 
Layout 2, 3, 4 are not shown here but Simulation report for all the layout 
are presented here.

It is observed from the simulation report as given in Table 2 that 
bottleneck occurs at station no. 4, 5, and 6. Output is improved to 281. To 
improve this output further, numbering and testing is clubbed together 
in layout 3. Also, station no 2 and 3 is assigned to one operator.

It is observed from the simulation report as given in Table 3, that output 
is not improved but operators are reduced to 6. To further improve 
output operators having lower process time are trained to help at 
stations having more process time in layout 4. 

Table 2: Simulation report for model 2.

Operators required Station no. Station name Time taken Scheduled utilization Output

1 1 Circlip removal 24 sec 23.67 %

281 nos.

1 1 Manual countersink 43 sec 42.40 %

1 2 Reaming + deburring 38 sec 37.47 %

1 3 Circlip riveting 45 sec 44.38 %

1 4 Pin filling 1 100 sec 98.61 %

1 5 Pin filling 2 100 sec 98.44 %

1 6 Final assembly 100 sec 98.09 %

1 7 Numbering 20 sec 19.58 %

1 8 Ready check 52 sec 50.00 %

Table 3: Simulation report for model 3.

Operators required Station no. Station name Time taken Scheduled utilization Output

1
1 Circlip removal

67 sec 65.00 %

283 nos.

1 Manual countersink

1
2 Reaming + deburring

83 sec 81.00 %
3 Circlip riveting

1 4 Pin filling 1 100 sec 98.20 %

1 5 Pin filling 2 100 sec 98.20 %

1 6 Final assembly 100 sec 98.20 %

1
7 Numbering

72 sec 70.75 %
8 Ready check

Table 4: Simulation report for model 4.

Operators required Station no. Station name Time taken Scheduled utilization Output

1
1 Circlip removal 75 sec 100.00 %

379 nos.

1 Manual countersink + 
Reaming deburring set up

1
2 Reaming + deburring 

(partial)
75 sec 99.70 %

3 Circlip riveting

1 4 Pin filling 1(partial) 75 sec 99.70 %

1 5 Pin filling 1 +2 (partial) 75sec 99.70 %

1 6 Pin filling 2 + assembly 
(partial)

75 sec 99.60 %

1 7 Final assembly (partial) 75 sec 99.20 %

1
8 Numbering 72 sec 94.98 %

9 Ready check
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simulation. Optimization tools like Optquest etc. are incorporated into 
commercial simulation software. It is used for comparing the outputs 
obtained from various search algorithms like GA, SA, PSO etc. employed 
in Meta heuristic approach. This would be beneficial to enhance the 
performance of these packages and broaden their application in 
manufacturing systems. The application of simulation in manufacturing 
system design and operation is expected to continue growing and 
evolving in the future as the manufacturing sector remains an important 
part of the global economy and becomes more competitive.

Case study was demonstrated to understand the importance of 
Simulation. Output of four different scenarios simulated in Arena was 
compared and are presented here for convenience.

Table 5: Comparison of all models

Model Number of 
operators

Number of 
work stations

Cycle time
in seconds

Output in
numbers

1 9 7 130 236

2 9 8 100 281

3 6 8 100 283

4 7 9 72 379

 

Obviously model no. 4 was implemented as the operators are reduced by 
2, cycle time is reduced by 58 sec and output is increased by 143 nos. It 
clearly shows how by using Lean techniques and simulation approach, 
business performance can be significantly improved.

8. CONCLUSION

Simulations are helpful to avoid catastrophic failure and management 
can take correct decision before investment. The wide applications of 
process simulations have been dealt in this paper. From the case study 
it can be seen that no. of operators are reduced by 22%, cycle time is 
reduced by 44.6% and output is improved by 60.6%. 

It is seen that Simulation can also be extended to Noise study, Supply 
logistics, Transmission studies, Maintenance Operations Planning etc. 
More applications are in Auto sector. Lot of efforts is being made to 
optimize Assembly Line Balancing by using Simulation. Statistical tools 
like Design of Experiments, can be used up to four factors and three 
levels (64 experiments), above which it will be complex to handle. In 
this case, Process simulation can be helpful. The Mathematical modeling 
approaches are very difficult to solve for very complex and vast business 
system, so the Simulation is widely used to analyze and improve the 
business performance measures. 

9. FUTURE SCOPE

Clearly, the use of simulation will continue to grow and expand into 
new areas as computational power continues to increase and simulation 
software tools continue to simplify the modeling, execution, and analysis 
functions associated with simulation projects. 
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