
IJE TRANSACTIONS B: Applications  Vol. 29, No. 8, (August 2016)   1112-1119 
 

  

Please cite this article as: M. Nouri Koupaei, M. Mohammadi, B. Naderi, Optimizing Flexible Manufacturing System: A Developed Computer 
Simulation Model, International Journal of Engineering (IJE), TRANSACTIONS B: Applications  Vol. 29, No. 8, (August 2016)   1112-1119 

 
International Journal of Engineering 

 

J o u r n a l  H o m e p a g e :  w w w . i j e . i r  
 

 

Optimizing Flexible Manufacturing System: A Developed Computer Simulation 

Model 
 
M. Nouri Koupaei, M. Mohammadi*, B. Naderi  
 
Department of Industrial Engineering, Faculty of Engineering, Kharazmi University, Tehran, Iran 

 

 

P A P E R  I N F O   

 
 

Paper history: 
Received 21 March 2016 
Received in revised form 23 April 2016 
Accepted 02 June 2016 

 
 

Keywords:  
Flexible Manufacturing System 
Computer Simulation 
Modeling 
Traffic Forecasting 
 

 

 
A B S T R A C T  
 

 

In recent years, flexible manufacturing system as a response to market demands has been proposed to 

increase product diversity, optimum utilization of machines andperiods of short-term products.The 
development of computer systems has provided the ability to build machines with high functionality 

and the necessary flexibility to perform various operations. However, due to the complexity and the 

random nature of these problems, deterministic algorithms are not highly accurate andefficient enough. 
In this paper, computer simulation models are used to optimize flexible manufacturing system FMS). 

The objectives of this paper are included:the optimal time served in each unit, the optimal number of 

servers in each unit, and the optimum number of domestic transportation fleet based on type. At the 
first step, source-destination traffic matrix is presented for development, including: service time and 

traffic volume are used. The computational results show the accuracy and efficiency of using 

simulation tools in these problems. 

doi: 10.5829/idosi.ije.2016.29.08b.11 
 

 
1. INTRODUCTION1 
 

Computer simulation is one of the most powerful tools 

for process design and analysis of complex systems. 

Computer simulation is described as a comprehensive 

method for studying manufacturing systems [1, 2]. In 

the past, this method rarely used because the low level 

of computer technology and time-consuming simulation 

modeling. However, due to the complexity and the 

random nature these problems, deterministic algorithms 

are not enough accuracy and efficiency to evaluating [3, 

4]. 

Nowadays, with the increasing ability of computers 

and specialized software to simulate production, the 

modeling of complex systems in a relatively short time 

provided. In other word, todays computer simulations 

are one of the least costly and best practices in the 

design of industrial systems has become. Despite the 

widespread use of simulation, this utility has been less 

attention on production systems. In the present study, 

the use of simulation analysis of flexible manufacturing 

                                                           

1*Corresponding Author’s Email: mohammadi@khu.ac.ir (M. 

Mohammadi) 

system has been studied. With review of literature, this 

issue will be determined that examining computer 

simulation of flexible manufacturing system is new and 

significant issue will be a cornerstone for future 

research (see Table 1). 

Romashkin et al. developed an integrated production 

process for manufacturing machinery billets based on 

computer simulation [5]. Kłos and Trebuna used the 

computer simulation method to improve throughput of 

production systems by buffers and worker allocation. 

The simulation model of the production system has been 

based on a real example of a manufacturing company 

working in the automotive industry [6]. Silva et al. 

integrated a computer simulation in design for 

manufacturing and assembly. In this study, five models 

were developed to represent the current assembly 

process and two models following the implementation 

of the changes proposed [7]. Bronislav and Robert 

designed a lean manufacturing system based on 

computer simulation. They implement this model in a 

case study for manufacturing of automotive engine 

control units. This model prepared for lean 

manufacturing system and, especially, to propose a 

several variants for the spatial location of operators in a 
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production line. On the basis of the predefined 

requirements of the user, several simulation experiments 

are suggested [8]. 

Visuwan and Phruksaphanrat developed a computer 

simulation of electronic manufacturing service plant [9]. 

Azadeh et al. integrated modeling of supply chain and 

information system through a unique integrated meta-

heuristic computer simulation algorithm. This research 

has simulated an actual case study with simulation and 

in the other stages, has moved forward to improve and 

optimize the objectives by focusing on a selection of 

suppliers [10]. Oleskow-Szlapka and Stachowiak use of 

computer simulation in warehouse automation. The 

main aim of this research was to automate the 

warehouse operation as much as possible and to 

decrease the number of staff in the store. The process 

was modeled using software FlexSim Simulation 

Software [11]. Kermanpur et al. presented the 

solidification process was simulated in both 

etmacroscopic and microscopic scales [12].  

Gao presented a computer simulation of a flexible 

polymer chain [13]. For some researches, we can refer 

Zahraee et al. [14], Das et al. [15], Mukherjee and Zohdi 

[16], Klos and Trebuna [6].  

 

 
TABLE 1. Literature review based on the aim of papers 

Section T0 

Romashkin et al. [5] 

Developing an integrated production 

process for manufacturing machinery billets 

based on computer simulation 

Klos and Trebuna [6] 

Using a computer simulation method to 

improve throughput of production systems 

by buffers and worker allocation 

Silva et al. [7] 
Integrated a computer simulation in design 

for manufacturing and assembly 

Chramcov and Bucki 

[8] 

Designing a lean manufacturing system 

based on computer simulation 

Visuwan and 

Phruksaphanr [9] 

Developed a computer simulation of 

electronic manufacturing service plan 

Azadeh et al. [10] 

Integrated modeling of supply chain and 

information system through a unique 
integrated meta-heuristic computer 

simulation algorithm. 

Oleskow-Szłapka and 
Stachowiak [11] 

Using computer simulation in warehouse 
automation. 

Kermanpur et al. [12] 
Presented the solidification process was 

simulated in both large and small scales 

Gao [13] 
Presented a computer simulation of a 

flexible polymer chain. 

Das et al. [15] 

Presented a computer simulation approach 

to evaluating bowl versus inverted bowl 

assembly line arrangement with variable 

operation times. 

Zahraee et al. [14] 

Explaining the application of design of 

experiment and computer simulation to 

improve the color industry productivity. 

Mukherjee and Zohdi 

[16] 

Applying computer modeling and 

simulation framework for particulate spray 
based manufacturing processes. 

Klos and Trebuna [6] 

Using a computer simulation method to 

improve throughput of production systems 

by buffers and workers allocation 

2. SIMULATION MODEL 
 
Computer modeling process are presented in Figure 1. 

Two main parts of this process is presented in the form 

of real-world and simulated world. “System Theories” 

are the representatives of characteristics and system 

behavior. “System Data” will be collected by 

“Experiments” on the system. “System Theories” will 

be determined by “Abstraction” of observations made in 

the system and “Experiment” is based on data collected. 

If an initial simulation model of the system is created, 

“Model Results” can be used in “Hypothesis”. 

“Validation of System Theories” means a comparison 

between system theories with system data, to check the 

accuracy of the system. “Data Collection”,” 

Abstraction” and “Hypothesis”, will continue to make 

an acceptable theory of the system. 

In the real world there are four basic steps: the actual 

system goals, system problem, system data and system 

theories. But in the simulation world there are six basic 

steps: the simulation model goals, coceptual model, 

characteristics of simulation models, simulation model, 

the results of the simulation model and system theories 

(see Figure 1). 

Simulation model made based on a set of 

predetermined goals. “Conceptual model” is one or 

more mathematical relations, logic or description that 

used to describe the goals of a research study and 

specifically defined. 

“Characteristics of Simulation Model” are the full 

written description of design and software 

characteristics that is used to convert the conceptual 

model to computer models. “Simulation model” is 

actually a computer version of the conceptual model 

that can be multiple "tested" and “simulation model 

results” to be recorded.  

Conceptual model is prepared with the precise 

understanding of the system and theoretical modeling. 

Simulation model is created by using special software 

and converting the characteristics of the conceptual 

model to an application language. 

 

 

 
Figure 1. Process of Computer Modeling 
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“Conceptual model validation” means to compare its 

characteristics with system theories. In order to ensure 

proper application used to display the model, an 

evaluation criterion is done. 

Also, “Assessment Modeling” is done to make sure 

compliance conceptual model with the computer model. 

Finally, "validation of results" is done to determine the 

accuracy of the data. 

 
2. 1. Conceptual Model of Flexible Manufacturing 
System (FMS)          The case study of this paper is one 

of the steel companies in Iran. In this company, Entry 

permit and unloading is given in the trailer carrying the 

raw material after weighing in the weighing station 

located at the entrance. For each type of raw material, a 

certain warehouse is considered. Depending on the load, 

trailer moves toward the first load from predetermined 

paths. Accumulation, storage, iron removal and 

limestone sections are crowded parts of the company. 

After unloading by trailers, manufacturing sector load 

again weighed to calculate the net weight. Given that  

 

 

the system is centralized and automated, so a suitable 

database have been registered such as: date and time of 

log trailer to the company, the date and time of leaving 

the company, tonnage, type of cargo and trailer 

departed. 
Empty trucks that refer to product loading will 

follow a similar pattern. First, empty trailer is weighed. 

According to the type of bill, the trailer being driven to 

loading blooms, billets or slabs. When leaving the 

company, trailer again is weighed to calculate the net 

weight. Trucks will not be distributed at the same time. 

In other words, entry and exit of trucks will be done in 

different shifts. According to surveys, 60% of the entry 

and exit of the factory in the morning shift, 30% in the 

evening shift and 10% is done in the night shift with the 

exception of waste transport that can be done only in the 

morning. In Figure 2, the process of collecting 

information and conducting simulation of model is 

provided.  

 Presence distributing of trailer at a company based on 

the type of load. 

 Volume interfering of trailer at intersection. 

 

 

 
Figure 2. Modeling process of flexible manufacturing system in case study 
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The required information about modeling was 

extracted as follows: 

 Determining distribution time between truck 

arrivals to company, based on the type of load. 

 Determining distribution of service time weighing 

station. 

 Determining trailers path between any two company 

units.  

 Determining distributions function of accumulation, 

storage, iron removal, steel material storage, 

refractory materials warehouse, pelletizing warehouse 

and general store duration. 

 Determining distribution function for loading time of 

Bloom storage units, billets storage and slabs 

warehouse. 

 Determining source-destination traffic matrix of the 

company, based on tonnage displacement and the 

number of trailers. 

 Determining distribution downtime and repairs per 

unit.  

 The trailer speed on each network. 

 

2. 2. Implementation of the Model and the 
Results of Case Study          In this study, in order to 

facilitate data analysis, we communicatedall the desired 

output was recorded in real-time on their own tables by 

Show Flow and MATLAB. Then, the necessarydata 

were extracted from the model usingstatistical analysis. 

Implementation of the simulation model above is done 

in 5 steps: 

1. Study and understanding of systems: In the first 

stage, the analyst may have a complete understanding 

of the system performance, including the number, 

location, performance and relationships, workstations, 

storage, and material flow achieved. 

2. Determine the level simulation: At this stage, the 

detailed simulation was determined to prevent of 

increasing the volume of calculations and prolonged 

intervention. 

3. Data collection and data: To run a simulation 

model, needed information and data prepared as 

distributed statistical. The experimental data were 

usually raw values and then processed to the 

statistical distribution. 

4.  Construction of the base model: After following the 

above steps, the base model of the system was 

designed and constructed. The results from 

implementing this model was matched with the model 

of a real system. Also, any contrary information was 

correct. In model creation, some factors affecting the 

system performance, including inputs and outputs, 

type of operation (processing) performed by each 

processor and the relationship between the various 

components of the system were considered. In the 

Figure 3, an example of input data window into the 

application is shown. 

5. Analysis and method selection: At this stage, any 

possible changes, before applying the actual system, 

implemented on the model and the results are 

compared and evaluated. According to the results of 

the simulation, the best method for the selected 

system and in real systems, have been applied. 

In the implementation of this model, independent 

run method has been used. This model has run, 5 times 

and each time for 3 hours. 

Outputs criteria of simulation model include: 

 Average and largest traffic volume of each arc per 

hour 

 Trailers queue length distribution per unit of company 

 Waiting time distribution of trailers in the queue per 

unit of company 

 Volume traffic on the axes intersecting with rail 

network 

 Productivity of each server-based on the ratio of 

operating time to downtime 
 

 

3. CALIBRATION AND VALIDATION 
 
After modeling software and allocation limits of the 

system, all model parameters must be determined so 

that the last performance model is reality. In other 

words, its purpose is to show appropriate of model with 

facts available. This process is calibration. In statistics, 

regression validation is the process of deciding whether 

the numerical results quantifying hypothesized 

relationships between variables, obtained from 

regression analysis, are acceptable as descriptions of the 

data. 
 
 

 
Figures 3. The windows of needed data entry to build the 

base model in Show flow software 
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Recent researches in early years show that following 

calibration and validation techniques are used: 

1. Animation: using graphics capabilities of new 

software, we can study over time the model changes. 

2. Comprising with other models: comparison of model 

results with the results of other prestigious models. 

3. Degeneracy test: Studying the behavior of model with 

determining specific values for the input variables. 

4. The validity of events: comparing events with the real 

system events. 

5. Testing the critical point: if we assume the input 

values are infinitely large or infinitely small, the values 

of output variables must be reasonable. 

6. Validating by qualified persons and familiar with the 

real system: Asking the experts about the functionality 

of the model. For example, is it reasonable conceptual 

model is correct? Is the relationship between input and 

output values seemed reasonable? 

7. Validating data used from the past: If the past trend 

information system availability, some parts of this 

information considered for model validation. 

8. The convergence test: The results of running 

successive models based on random inputs should not 

be observed significant differences. 

9. Sensitivity Analysis: varying the values of inputs and 

compare the relationship between input and output 

variables with the same situation in real systems. 

 

3. 1. Calibration of Simulation Model in Case 
Study             In the case study (Steel Company), 

because the effects of multiple factors on time of service 

are unpredictable, despite the census of various units 

servicing time, these parameters should be re-examined 

at the stage of calibration. 
To determine the average queue length obtained 

from the simulation model, hypothesis testing will be 

used as follows: 

H0: E[L] = μ0 

H1: E[L] ≠ μ0 

In which, L is queue length; μ0 is the average queue 

length in each unit. For this purpose, significance level 

(α) and sample size (n) is selected. Then the sample 

mean (L  ) and sample standard deviation (S) is 

calculated as follows: 

 

(1) 

 

(2) 

In which, Li is a variable rate (queue length) in sample 

model. The numerical the value of the test statistic is 

calculated as follows: 

 

(3) 

If the absolute value of value of the test statistic (t0) is 

greater than the critical value (tα/2, n-1), the hypothesis H0 

is rejected. These calculations for queue length of all 

units and their validity have been measured. 

Since the queue length trailer at each unit depending 

on the arrival rate and the service rate of the unit, so 

depending on queue length of each survey unit at 

specified intervals, the time of service that could be 

observed long queues, have been determined. For this 

purpose, data of queue length in different units obtained 

from the simulation model are extracted. To obtain this 

data, output of the model is taken every 20 minutes. 

Then, this output is used as a sample for testing. Finally, 

comparative diagram of simulation results (estimate), 

compared to the results of the survey (observed) is 

plotted.As shown in Table 2. 

Finally, significance of the regression model 

examined that the results of average and maximum 

queue length is presented in Table 3. 

According to the results presented in Table 2 

indicate that the estimated model was a superior fit and 

a confidence level of 95% is significant. Thus, the 

model is attributable. 

 

 
TABLE 2. Summary of t-test calculations for queue length of 

different units 

Section T0 
Critical 

Value 

Test 

Result 

Accumulation -1.46 1.71 Accept 

North Entrance Storage 0.63 1.71 Accept 

South Entrance Storage 1.57 1.71 Accept 

Steel Material Storage 0.61 1.71 Accept 

Warehouse of Bloom and Billet -1.29 1.71 Accept 

Warehouse of Slabs -0.092 1.71 Accept 

The door Number 2 1.48 1.71 Accept 

 

 
TABLE 3. Regression analysis of average and maximum 

queue length 
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Since the number of samples in the regression model is 

not high enough, for closer examination comparisons 

between queue length of different units that recorded at 

certain intervals and simulation results was performed 

in 55 observed. The results of these observations are 

presented in Table 4. 

As can be seen in Table 3, the regression model of 

queue length in different units reveals that the 

significance of the parameters is in accordance with the 

actual situation of the company. 

 

3. 2. Validation of the Simulation Model in Case 
Study            In this study, validation is done with 

expertise of the company. First, using animation and 

graphical representations, the movement of a trailer and 

queue length in different units are evaluated. 

In order to test hypotheses, two criteria are used 

including:  1.Stay time of a trailer at company 2.Traffic 

volume of trailers on selected routes at the company. 

After data analysis, average stay time of trailer at the 

company was calculated based on: 1.Trailer that 

carrying raw materials and 2. Empty trailers that 

referring to loading productions. 

Summary results of these calculations are as follows: 

The average presence time of trailer that carrying raw 

materials: 101 minutes 

The average presence time of empty trailers that 

referring to loading productions: 172 minutes 

Figures 4 and 5 show the diagram of presence time 

of trailer that carrying raw materials. In accordance with 

the histogram, maximum, mean and minimum stay time 

of trailer that carrying raw materials, respectively are 

299, 107 and 14 minutes. 27% of trailers represents the 

highest frequency of batch trailer, related to trailers that 

between 54 to 74 minutes is present at the company. 

Also, it is observed that more than 50 percent of trailers 

are present more than 74 minutes at the company. This 

shows the long waiting times in queues of different 

units, which should reduce with increasing the number 

of services or decreasing the time of service. 

The following results were obtained by performing 

the same analysis in the case of trailer that carrying 

products: maximum, mean and minimum spend time are 

respectively, 372,173 and 24 minutes. 

 

 
TABLE 4. The results of observations- queue length of 

different units 
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Figures 4. Histogram of presence time of trailer that carrying 

raw materials 
 

 

 
Figures 5. Presence time of trailer that carrying raw materials 

in the time of system stability 

 

 

To determine the validity of the model, presence time of 

trailer at company is extracted from the output of the 

simulation model. The results of recorded data are 

shown in Figure 5. 

Then, significant regression of models examined that 

is presented in Table 5. The results show that the model 

is significant at confidence level of 80%. 

 

 
y=1.0029x-3.3975     R2=0.8064 

 

 
Figures 6. Estimation diagram- presence time of trailer that 

carrying raw materials at company 
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TABLE 5. Regression analysis Diagram of presence time of 

trailers at company 
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The second criterion of validation model is comparing 

the trailer traffic volume with the statistics recorded in 

the simulation model. In order to increase the possibility 

of better analysis, corresponding points are plotted 

simultaneously on a graph for each path and regression 

line is calculated. The results of the regression model 

are presented in Table 6 which indicates the model is 

significant. 

 
 
4. CONCLUSION AND FUTURE RESEARCHES 
 
Most of the scheduling algorithms are designed to be 

established in an offline environment [17]. In this study, 

computer simulation models are discussed to optimize 

flexible manufacturing system (FMS) in one of the steel 

company. As the first step in modeling, knowledge of 

the system and the interactions between its components 

should be investigated, so source-destination traffic 

matrix of the company as the most important input of 

the simulation model to explaining the basic conceptual 

model has been developed. 

After running the simulation model of sensitivity 

analysis to reduce the time of service units that have 

some problems such as long waiting time in the queue 

and queue length was conducted. Next, optimal number 

of service provider according to their facilities and 

service time per unit was calculated using the simulation 

model. According to a coefficient of model fitting, the 

results show that model has a high strength to rebuild 

the real system.  

Finally, to determine flexible manufacturing system 

requirements for improving the existing and future 

situation, the following items are calculated: 
 

 

TABLE 6. The results of the regression model of trailer traffic 

volume in the sample path 
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 هچكيد
 

 
در سال ّای اخیز سیستن ّای تَلیذ اًعطاف پذیز بِ عٌَاى پاسخی بِ تقاضاّای باسار هطزح ضذُ است تا بتَاًذ تٌَع 

ّا ٍ دٍرُ ّای سهاًی کَتاُ هذت هحصَلات را افشایص دّذ. رضذ ٍ تَسعِ سیستن ّای  ٍری هطلَب اس هاضیي تَلیذ، بْزُ

ی، اهکاى ساخت هاضیي ّایی با قابلیت ّای بسیار سیاد ٍ دارای اًعطاف لاسم بزای اًجام عولیات گًَاگَى را کاهپیَتز

فزاّن کزدُ است. با ایٌحال بِ دلیل پیچیذگی ٍ هاّیت تصادفی ایٌگًَِ هسائل، الگَریتن ّای قطعی بزای تذٍیي ٍ ارسیابی 

ي هقالِ، اس رٍش ضبیِ ساسی کاهپیَتزی بزای بْیٌِ ساسی سیستن تَلیذ آًْا اس دقت ٍ کارایی لاسم بزخَردار ًیست. در ای

تعذاد  ( استفادُ ضذُ است. اّذاف ایي هقالِ عبارت است اس: سهاى بْیٌِ سزٍیس دّی در ّز ٍاحذ،FMSاًعطاف پذیز )

 -ًخست، هاتزیس هبذا بْیٌِ خذهت دٌّذُ ّا در ّز ٍاحذ، ٍ تعذاد بْیٌِ ًاٍگاى حول ًٍقل داخلی بِ تفکیك ًَع. در گام

هقصذ بوٌظَر تطزیح هذل هفَْهی ارائِ گزدیذُ است. ّوچٌیي جْت بزرسی اعتبار هذل پیطٌْادی اس هعیارّای سهاى 

سزٍیس دّی ٍ حجن تزدد استفادُ گزدیذُ است. ًتایج هحاسباتی دقت ٍ کارایی استفادُ اس ابشار ضبیِ ساسی را در ایي 

 گًَِ هسائل ًطاى هی دّذ
doi: 10.5829/idosi.ije.2016.29.08b.11 

 

 


