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Abstract 

In automotive industries, variable customer needs’ increase the competition amongst enterprises. 

However, manufacturers are struggling to complete the customer demand on time. This paper presents 

a case study taken region in the automotive industry in Michigan, USA. It aims to reduce the production 

delay by stabilizing manufacturing processes that improve production throughput. Many tools are used 

including project charter, process flow diagram, Arena simulation, design of experiment (DOE), and 

layered process audit sheet. The project charter is used to represent the problem, objectives, scope, and 

methodology. The investigation of the system and the possible improvements are performed using Arena 

simulation along with DOE. Shop-floor data were collected and statistically analysed to model the 

different processes. Besides, the Ishikawa diagram was used to identify the root causes of the problems. 

Results show significant improvements. The number of finished products increased from 726 to 14161 

units. The average WIP number increased from 4.9543 to 6.3615 units. The variation amongst the 

workstations’ utilization is reduced. The cycle time decreased from 203.96 to 130.20 sec. 
(Received in March 2022, accepted in July 2022. This paper was with the authors 3 weeks for 2 revisions.) 
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1. INTRODUCTION 

Industry performance enhancement springing up from expanded manufacturing integration and 

cost reduction can be considered one of the main interests for firms in the current era. Driven 

by continuously increasing factors including globalization, increased competition, and 

multiplied customer needs, firms are following strategies for enhancing their performance and 

controlling costs. To acquire sustainable competitive advantages, enterprises should define their 

goals and translate them into shop floor levels then measure the gained performance [1]. 

Discrete-event simulation (DES) is a methodology that is widely used to imitate production 

processes and investigate the consequences of modifications suggested after method 

engineering. Amongst the high-quality tools, simulation software can be used to point out the 

overall performance of any production enterprise [2]. Simulation applications can be classified 

into simulation languages and simulators. The simulation language is generic by nature and can 

accommodate numerous applications. However, the required effort increases with increasing 

problem complexity. The simulator is pre-developed for specific system type(s) using certain 

ready modelling constructs with no or little programming [3]. These types of software are 

flexible enough that allows considering customer desires and complex modelling situations [3]. 

Generally, simulation is a problem-solving methodology that resembles a real-world device 

over a duration of time [4]. Literature has significant spectra of real-world issues analysed and 

solved using simulation models [5]. These models furnish beneficial statistics for choice 

making and additionally amplify the hassle solver’s understanding of the system through 
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experimentation. Simulation fashions can be continuous or discrete events. The discrete-event 

simulation includes modelling a gadget whose state adjustments instantly whereas in 

continuous simulation, state adjustments continuously with recognition of time [6]. The Arena 

simulation tool is used for simulation purposes. Simulation software is the creation of a digital 

twin the usage of historic statistics and vetted in opposition to your system’s true results. Arena 

simulation software makes use of the discrete-event approach for most simulation efforts; it can 

be adapted to what is needed to be imitated [2]. Arena simulation was adopted in many 

applications. For example, it was applied in: landmine and improvised explosive device 

detection [7], performance improvement of assembly lines [8-12], manufacturing processes 

[13], optimization of production mix [14], manufacturing cell layout [15], solar panel 

production processes [16], analysis of system failures [17, 18], food industry [19], retail stores 

[20], health care [21] and many other applications. 

      Other tools can be used successfully for the different phases of any performance 

improvement project. For example, in order to understand the manufacturing process, the 

graphical illustration of the Process Flow Diagram is used. It is a structural diagram that 

represents the flow of material or information for a specified process. Process Flow Diagram is 

used in analysis, design, documentation, or management techniques or applications in a range 

of fields [22]. By analysing the process, many constraints can be discovered. The reasons 

behind these constraints should be investigated [23, 24]. The manufacturing constraints are any 

problem that prevents the manufacturing system from achieving higher levels of performance. 

Many tools are available to perform this process, e.g. Ishikawa diagram, and fault tree analysis 

[25]. The Ishikawa diagram is also known as the cause and effect diagram or fishbone diagram; 

it is used as a tool for root cause analysis [22]. It helps to track down the explanations for 

imperfection, variation, defects, or failures. It suggests the relationship of all causes that lead 

to the given state of effect. It identifies the essential motives and breakdown into sub-causes. 

During the problem-solving process, the Ishikawa is used to find out the alternate conclusion 

about the root reason for a problem [22]. Recently, Ayachi et al. [26] combined this diagram 

with Arena simulation to investigate the customer-supplier in the engineer to order applications. 

      For collecting the necessary information, the Design of experiments (DOE) is often used 

[27, 28]. DOE is described as the methodology of utilizing data that offers after planning and 

implementation, then using analysis tools for inferring assessments to consider the elements 

that manipulate the cost of the independent parameter(s). It permits multiple input elements to 

be investigated simultaneously, identifying their interaction impact on the specified output. All 

the possible combinations amongst the independent variables can be considered (full factorial 

design). In addition, a portion of the complete possible combinations can be considered 

according to a specified experiment design (fractional factorial) to make reasoning at an 

acceptable cost. A strategically deliberate and performed test may additionally grant a 

remarkable deal of statistics about the impact on response variables due to one or extra factors 

[29]. Many experiments contain preserving sure elements steady and altering the stages of some 

other variable. This "one factor at a time" method to system understanding is inefficient when 

compared with changing element ranges simultaneously. Recently, the DOE is used with Arena 

simulation to investigate flexible manufacturing systems [9, 27, 28]. Another tool is the Layered 

Process Audit (LPA) Sheet. It is an exceptional audit sheet, which is no longer restricted to the 

safety, or quality department, but to the personnel assigned to conduct the audit checks. It is 

simply used for the standardization of processes [30]. It is used to assure that procedure that 

personnel is auditing is following all the proper methods as referred to in the strategies barring 

deviation or adjustments from the genuine process [31]. The failure of LPA can result in an 

interior quality alert or assigning a worker to rectify the process. 

      In the competitive world of manufacturing where time is more valuable than any other 

factor, the manufacturing industry is struggling to compete with the remaining competition in 
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the manufacturing market and stabilize their production process to gain and maintain customer 

confidence. This paper introduces a simulation-based approach for improving the performance 

of a case study on the automotive industry. The manufacturing industry under consideration is 

concerned about the stability of the manufacturing process of a new contract from their 

customer. However, the manufacturing company is having trouble satisfying the customer 

demand for a number of products that are about 1400 finished parts but the manufacturing 

company is able to produce only about 700 parts. In the manufacturing industry, the production 

process starts with the arrival of raw material, which is the coil for the stamping process and a 

weld nut for the welding process from the supplier. These raw materials are stored in the storage 

area until it is demanded by the respective production team. As the demand arises, the coil from 

the supplier is moved to the stamping press. Whereas the coil is made into work-in-progress 

(WIP) parts and from which the stamped WIP parts are moved to the weld nut welding area and 

the robot assembly area. Consequently, the finished product is moved to the inspection process, 

from which the certified good parts are moved to the storage area and shipped to the customer 

as the customer demands the product. The main target is to solve the highlighted manufacturing 

problem (Low production throughput). The proposed methodology to solve the problem relies 

on a set of different techniques. These techniques include project charter, flow process chart, 

data collection, discrete event simulation, Arena data Input analyzer, Design of experiment, 

Arena Output analyzer, root cause analysis, lean concept, and Layered process audit sheet. The 

integration of all of such tools to solve the problem produces a novel methodology that can be 

adopted by practitioners/professional engineers to solve their manufacturing constraints. 

      The rest of the paper is organized in the following manner. The next section introduces the 

research problem along with the solution methodology. In section 3, the case study is introduced 

accompanied by the simulation, analysis, and suggested improvement. Section 4 presents the 

research results and outcomes. Finally, conclusions and perspectives are discussed. 

2. PROBLEM DESCRIPTION 

The production delay is one of the major wastes in the production system. The identification 

and elimination of the production delay enhance the system performance significantly. As 

illustrated in Table I, the project charter of the case study is developed to present the problem, 

objectives, business case, scope of the case study, the adopted methodology, and the team 

members. The main problem of the manufacturing system is the production delay that forms a 

bottleneck process. Consequently, the objective is to recognize these bottlenecks, then improve 

the production process, and thereby increase the production throughput. The business case 

states that the customer will save production time, people’s loyalty, and customer satisfaction, 

conserve resources, reduce costs and hence increase profit. The scope is focusing on the use of 

simulation models e.g. Input analyzer, Arena software, and Output analyzer for development 

and analysis. The scope out states that no products will be purchased to alter results. However, 

the results will be driven by changes in manufacturing and usage while existing conditions stay 

constant. The methodology relies on a set of tools and software for the development and 

analysis of the simulation model as listed in Table I. An audit tool layered process audit sheet 

is proposed to standardize the process and to make sure the improvement is sustained 

continuously during the manufacturing process. 

      For solving the highlighted industrial problem, the research methodology relies on some 

steps and tools that are listed in Table II. The process starts with the understanding of the 

manufacturing system using the process flow chat. The shop floor data were collected using 

Notepad and recording. After that, the Input analyzer is used to determine the best-fit 

distribution for each process. The process is then modelled using Arena simulation to imitate 

the real process. Based on this simulation model, the bottleneck process and the number of 

manufacturing process output as finished products are determined. Consequently, a root cause 
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analysis is performed using the Ishikawa diagram to determine the main causes of the 

production delay. Consequently, DOE is developed to investigate the effect of the different 

factors. Based on the root causes, an improved flow diagram and an improved simulation model 

are created. As an audit tool, the “layered process audit sheet” is used to standardize the process 

and assure that the improvement is sustained continuously during the manufacturing process. 

Table I: The Project Charter for improvement of the production process. 

Project Charter 
Problem statement Scope 

The customer is concerned about the current 

production process, delay in the manufacturing 

process, and the bottleneck process.  

IN: Software like Input analyzer, Arena software, and 

Output analyzer are used to simulate the production 

system and analyse the suggested improvements. 

OUT: No products will be purchased to alter results. 

The results will be driven by changes in manufacturing 

and usage while existing conditions stay constant. 

Objective statement Methodology 

The objective of the project is to recognize the 

bottleneck station in the production process, 

improve the production process, and thereby 

increase the production throughput. 

Process Flow Diagram  

Data collection 

Discrete-event simulation 

Root cause Analysis  

DOE 

Improved Data collection & Flow Diagram 

Improved Simulation model 

Output analyzer 

Layered Process Audit Sheet 

Business case Author 

The customer will save time, peoples loyalty, 

customer satisfaction, conserve resources and 

increase profit etc, 

Authors’ names  

Table II: The proposed methodology. 

Step Suggested tool/Software/Device 
1. Process flow diagram  MS Office  

2. Data collection Notepad  

3. Data analysis for Arena model to get distributions Arena Input analyzer  

4. Building the simulation model  Arena Simulation Software  

5. Bottleneck analysis  Arena Report  

6. Root cause analysis  Ishikawa diagram  

7. DOE Statistical software “Minitab” 

8. Building the system improved model  Arena simulation software  

9. Investigate results  Output analyzer  

10. Standardization of the process  Layered process audit sheet  

3. CASE STUDY 

For understanding the problem at hand, the process flow chart is developed as shown in Fig. 1. 

The manufacturing processes start with receiving the raw materials from the suppliers: pre-

stamped parts for the stamping process and the weld nut for the welding process. The raw 

materials from suppliers are received and stored in the storage area upon their need. The pre-

stamped parts are moved to the stamping process where the parts are stamped again and the 

stamped “WIP” parts are moved to the weld-nut welding process where the weld nuts are 

welded into the “WIP” parts and these parts are moved to the robot assembly process where the 

stamped parts are assembled. Followed by which the parts from the robot assembly process are 

moved to the inspection area where these parts are inspected for any defects such as dents, 
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splits, scratches, etc., and reworked at the metal surfacing area if they are rejected. Finally, the 

certified good parts are moved to the loading area waiting for the customer’s demand and 

shipped to the customer. 
 

 

Figure 1: Initial process flow diagram. 

3.1  Data collection and analysis 

After careful observation of the production process, the data for each process is collected from 

the shop floor and tabulated as illustrated in Table III. As listed, the data were collected for each 

process (truck arrival, receiving process, stamping process, weld-nut welding process, robotic 

assembly process, the inspection process, rework process, and finally loading process of 

finished parts). The notepad is used as a data collection apparatus, and then the Input analyzer 

software is used to determine the best distribution that significantly fits the collected data for 

each process poses. The results of the Input analyzer were investigated and the most significant 

distribution for each process was identified as listed in Table IV. Where the best-fit distribution 

and its respective square root error are collected and tabulated. 

Table III: Shop floor data of the manufacturing processes. 

Truck 

arrival 

Receiving 

process 

Stamping 

process 

Weld nut 

process 

Robotic 

assembly  

Inspection 

process 

Rework 

process 

Loading 

process 

89 9 20 40 40 15 60 9 

85 6 25 35 39 14 65 6 

67 7 22 30 35 10 67 7 

95 5 20 33 33 12 65 5 

87 8 25 37 37 13 67 8 

69 9 27 39 39 14 69 9 

80 7 26 35 38 15 60 7 

64 10 22 37 39 12 64 10 

82 7 20 35 33 14 62 7 

96 9 28 30 34 15 66 9 

77 6 20 33 30 16 67 6 

95 8 29 37 39 12 68 8 

93 9 23 36 36 14 63 9 

71 7 22 35 30 17 61 7 

89 6 28 38 35 15 69 6 
 

3.2  Simulation model 

Relying on the process flow chart and the results of the Input analyzer the simulation model 

was developed using Arena as shown in Fig. 2. Besides, the animation of resources and its path 
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are created. The simulation model was developed using the station and “route tool”. As shown 

in Fig. 2 b, the arrival station for the coil was modelled using the arrival distribution. Then it is 

connected to the process of “receiving process of raw material for stamping process”. After 

that, it is connected to the station in the advanced transfer known as “Raw materials for 

stamping process station”. Finally, it is connected to a route tool named “Raw materials for 

stamping process route”. With the same concept, the next station was modelled that represent 

the “Arrival Station for Weld-nut” as illustrated in Fig. 2 c. It contains mainly four tools, which 

are created (truck arrival with raw material); process (receiving process of raw material, transfer 

to the welding, and the routing tool). The stamping process station is created with the process 

and then it is routed as shown in Fig. 2 d. The station of weld-nut is created with process 

distribution then it is routed as shown in Fig. 2 e. As shown in Fig. 2 f, the robotic assembly 

process station is created using its distribution. After that, the entities are routed to the upstream 

station. As illustrated in Fig. 2 g, the inspection process is modelled. The decision tool is then 

used to separate the proportion of good parts from the proportion of failed parts. After that, each 

type is routed respectively to the loading or rework stations. The rework station is created. 

Consequently, the reworked parts are routed to the inspection station as shown in Fig. 2 h. As 

shown in Fig. 2 i, the good parts are loaded in the loading station. 

Table IV: Initial Arena model data distribution. 

Steps Distribution from Input analyzer  Square root error  
Truck arrival with Raw materials  63.5 + 33 × BETA(0.874, 0.679)  0.048834 

Receiving process of Raw materials  4.5 + 6 × BETA(1.64, 1.6)  0.018582 

Stamping process  POIS(23.8)  0.037092 

Weld nut Welding process  NORM(35.3, 2.82)  0.065023 

Robotic Assembly process  29.5 + 11 × BETA(1.15, 0.944) 0.052889 

Inspection process  TRIA(9.5, 14.6, 17.5)  0.033475 

Rework process 59.5 + 10 × BETA(0.86, 0.743)  0.018317 

Loading process of Finished product  4.5 + 6 × BETA(1.64, 1.6)  0.018582 

 

   
a) Modelling of coil arrival station   b) Weld-nut arrival station 

    
c) Stamping process  d) Weld-nut welding process 

   
e) Robotic assembly process  f) Inspection process 

   
g) Rework process  h) Loading of finished products 

Figure 2: Simulation model using Arena. 
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3.3  Design of Experiment (DOE) 

The DOE is a statistical tool that is used to analyse data to determine the main and interaction 

effect of a set of factors on a specified response variable(s). In this analysis, the factors taken 

into consideration are inspection process capacity, weld-nut welding capacity, and robotic 

assembly capacity. The response is taken as the production throughput as illustrated in Table V. 

Minitab software is used for this analysis using the full factorial design. The regression analysis 

is also performed and the regressed equation is represented in Eq. (1). As illustrated in the 

Pareto chart in Fig. 3, the major factors that affect the production throughput are respectively 

AC, B, BC, C, and AB. The highest effect is the linear interaction between the inspection process 

and robotic assembly capacities. The second effect level is given to the weld-nut welding 

capacity. The third parameter is the linear interaction between the capacities of weld-nut 

welding and robotic assembly. The effect of the robotic assembly capacity shows an equal effect 

as the interaction effect of the capacities of the inspection process and weld-nut welding. These 

effects are shown using Fig. 4 which shows the main effect plot and the interaction effect plot. 

Table V: Design of Experiment. 

Std. 

order 

Run 

order 

Centre 

point 
Blocks 

Inspection 

process 

capacity (A) 

Weld-nut 

welding 

capacity (B) 

Robotic 

assembly 

capacity (C) 

Throughput 

(TP) 

3 1 1 1 1 1 1 726 

2 2 1 1 4 1 1 730 

8 3 1 1 1 3 1 729 

4 4 1 1 4 3 1 732 

7 5 1 1 1 1 2 730 

5 6 1 1 4 1 2 727 

6 7 1 1 1 3 2 731 

1 8 1 1 4 3 2 727 

 

 

Figure 3: Pareto chart of the factors that affect the production throughput. 

     
a) Main effect plot  b) Interaction plot amongst A, B, and C 

Figure 4: The effect of factors A, B, and C on the production throughput. 
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TP = 715.7 + 3.833A + 2.667 B + 7.333 C - 0.1667 AB - 2.333 AC - 1.0 BC (1) 

3.4  Root cause analysis 

In order to identify the main root causes of the production delay, the fishbone diagram is 

adopted. For the current case study, many factors were identified as shown in Fig. 5. The main 

discovered root causes are management or engineering, machinery, schedule, people, 

transportation, and materials. For each one of these main categories, the sub-causes are also 

identified. 
 

 

Figure 5: Ishikawa diagram for the problem of production delay. 

3.5  Improved model 

After the detailed study of the production process using simulation, DOE, and root cause 

analysis, the next step is the identification of process improvements. Relying on the results of 

the DOE, the welding process and the robotic assembly form the bottleneck process in the 

system. As a solution to improve the manufacturing process few proposals were proposed. One 

of them is to add more capacity to the weld-nut welding process, inspection process capacity, 

and robotic assembly capacity. To evaluate the impact that may result from the capacity 

increase, a design of experiment-based investigation was done using the main model.  

Considering that, the response is the number of parts out from the system and the independent 

input parameters are the above factors. Results show that changing the capacity of the 

investigated factors improved the number of parts out (response) but it was not enough to satisfy 

the customer demand. Hence, the above proposal was rejected, the second proposal was to 

replace the robot assembly with one more robust and advanced robot, in which the weld nut 

welding and robot assembly are done in the same process, which saves time and reduces human 

interaction that improves the quality of the product and increases the speed of the process. 

Moreover, according to the root cause analysis, many reasons are discovered that include: 

management, machines, maintenance, lack of efficient scheduling, inefficient quality system, 

or unavailability of the workforce. Accordingly, the following improvements were suggested 

and implemented: 

• Both the welding weld-nut process and robotic assembly process are combined as a single 

process by the installation of a new robot assembly station. 

• Management commitment. 

• Implementation of effective maintenance planning (autonomous maintenance). 

• Implementation of planning and scheduling techniques. 

• Quality control and assurance. 

• Providing workforce training programs. 
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      After the implementation of the suggested improvements, the manufacturing process of the 

enterprise starts its production process by receiving the raw materials from the supplier, in this 

case, the receiving raw materials are the incoming pre-stamped parts for the stamping process 

and the weld nut for the weld-nut welding process. The raw materials from the suppliers are 

received and stored in the storage area until the need of the production department. The pre-

stamped parts are moved to the stamping process where the parts are stamped and the stamped 

WIP parts are moved to the robot assembly area where the weld nuts are welded and the stamped 

parts are assembled. Followed by which the parts from the robot assembly process are moved 

to the inspection area where these parts are inspected for any defects such as dents, splits, 

scratches, etc., and reworked at the metal surfacing area if they are rejected. Finally, the certified 

good parts are moved to the loading area waiting for shipment to the customer. After that, the 

data were collected again. New distribution was noticed for the robotic assembly and welding, 

as “NORM (21.1, 3.1)” at a square root error of 0.112780. Also, a new distribution was noticed 

for the inspection process as “2.5 + 7 × BETA(1.84, 1.69)” at 0.014064. Using the newfound 

distributions and the new construction of the production line the simulation model for 

improvement was reconstructed. 

4. RESULTS AND DISCUSSIONS  

The results from the Arena simulation are run in the Output Analyzer and the data are recorded. 

The classical confidence interval on the mean of the initial process and the improved process 

were identified. the analysis includes the average WIP, initial process current utilization, initial 

process cycle time, initial process number-in, initial process number-out, and initial process 

average value-added time with a 95 % confidence interval. Then the comparison is performed 

amongst these values for both processes (before improvement and after improvement, as listed 

in Table VI. 

Table VI: Result comparison. 

Outputs Initial process Improved process 

Number In 730.80 1466.80 

Number Out 726 1461 

Value-added time average (s) 141.95 75.7811 

Average WIP 4.9543 6.3615 

Utilization stamping process 0.2897 0.5823 

Utilization of robotic assembly process 0.8616 0.5344 

Utilization inspection process 0.3917 0.7953 

Cycle time (s) 203.96 130.20 

 

      As listed in Table V, the number of units feed into the system got increased from 731 units 

to 1467 units, similarly, the number of finished products increased from 726 units to 14161 

units, whereas the average value-added time decreased from 141.95 to 75.7811 sec. The 

Average WIP number increased from 4.9543 to 6.3615 and the utilization of the stamping 

process increased from 0.2897 to 0.5823, whereas the utilization of the robotic assembly 

process decreased from 0.8616 to 0.5344, and the utilization of the inspection process increased 

from 0.3917 to 0.7953 while the cycle time decreased from 203.96 to 130.20 sec. 

      In order to maintain this achievement, the standardization process is proposed. The 

standardization process assures that the changes or the improvements in the production process 

are maintained and are being followed throughout the production process. For the 

standardization process, the case study uses the tool of audit sheet or layered process audit sheet 

(LPA). If the process is violated the LPA can result in the issuing of an internal quality alert 

and hence the update in the production process can be enforced to be followed/maintained. The 



Thomas, Ali, AlArjani, Attia: Simulation Based Performance Improvement: A Case Study … 

414 

case study uses the LPA as illustrated in Fig. 6 for the standardization process of the 

manufacturing process. 
 

 

 Layered Process Audit Sheet  

   

 LPA Number   Part Number   Plant Number    

 Area   Customer   Audit Date   

 Unit   Operator   Auditor   

         

 
# 

Generic 

Topic  
Area-specific question  X Y N Comments  

 

 2 Stamping 
and 

assembly 

process  

1. Is the operator trained on the Job 
(Check Job Training and Follow 

up records)?  

2. Is the environment suitable for the 
job (Lighting, Noise, 

Ventilations,)?  

3. Is operator aware of who is the 
area fast responder?  

4. Is the floor following 5S standard 

(Sort, Set in order, Shine, 
Standardize, and Sustain)?  

5. Is the operator following the work 

instruction? (check for the 
updated work Instruction)  

6. Is the First piece signed off by 

Quality? 
7. Has the online inspection sheet 

has been properly filled by the 

employee and the Quality?  
8. Is the maintenance record has 

been properly filled and done? 

     

   

Figure 6: Layered Process Audit Sheet (LPA). 

5. CONCLUSION 

This paper presents a case study of performance improvement in one production line of an 

automotive company. A new integrated methodology has been adopted and presented. The 

methodology relies on many tools for identification, analysis, improvement, and control. 

Whereas the Project Charter was used for the identification of the objective and project scope. 

Many analysis tools were used e.g. time study, Arena Input analyzer, Arena simulation, Design 

of Experiment (DOE), regression analysis, main effect analysis, and root cause analysis. Using 

root cause analysis, the main system bottleneck was identified and different improvements were 

suggested that including investment, and production improvement. For the control, the Layered 

process audit sheet is developed and implemented to assure performance sustainability. As a 

result, the production process is improved as intended by the customer. The results show that 

the number into the system increased from 731 to 1467 units, similarly, the number of the 

finished products increased from 726 to 14161 units. Whereas the average value-added time 

decreased from 141.95 to 75.7811 sec. The Average WIP number increased from 4.9543 to 

6.3615 units and the utilization of the stamping process increased from 0.2897 to 0.5823. 

Whereas the utilization of the robotic assembly process decreased from 0.8616 to 0.5344, the 

utilization of the inspection process increased from 0.3917 to 0.7953 and the cycle time 

decreased from 203.96 to 130.20 sec. These results indicate the capability of the proposed 

methodology to investigate the manufacturing system and identify the system constraints. 

Moreover, it is capable to investigate the feasibility of the proposed performance improvement 

initiatives. Engineers from different manufacturing sectors can adopt the followed methodology 

to study and improve their production systems. For perspectives on this work, one can consider 

the fuzzy nature of the different parameters and performance responses, especially in the DOE. 
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The second direction that can be adopted is the integration of optimization techniques and 

simulation for enhancing the performance of the manufacturing processes. 
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