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Abstract. In the last twenty years, many companies have realized that the demands of the 

global market, including more demanding and receptive customers, have set new 

standards for production flexibility. Gradual reduction of mass production, characteristic 

of a large number of companies, has opened space for the introduction of a new system 

which focuses exclusively on the customer. The customer-oriented system was created with 

the idea that process optimization would lead to the production of a relatively cheap 

product, delivered on time and with the best possible quality. Such a system is achieved by 

applying the Lean Six Sigma concept. The aim of this paper is to identify all of the defects 

that occur as losses and complicate the process of production in order to achieve the Lean 

Six Sigma level in the Shinwon Company. The original data from the Shinwon company 

were identified, collected and analyzed, using the methods and tools of the Lean Six Sigma 

concept (Process Mapping, 5S audit, Pareto diagram, Ishikawa diagram, Seven basic 

wastes and SPC analysis), in order to present the effectiveness of the quality management 

system and to evaluate the possibility of its continuous improvement.  

Key Words: Lean, Six Sigma, Pareto Analysis, Ishikawa Diagram, Waste, Statistical 

Process Control  

1. INTRODUCTION  

Lean and Six Sigma methodologies were developed each on its own but globalization 

and competition as well as the constant need of companies for improvement have recently 

                                                           
Received March 03, 2016 / Accepted July 17, 2016 

Corresponding author: Srđan Mladenović  

Faculty of Mechanical Engineering, University of Niš, Aleksandra Medvedeva 14, Niš, Serbia  

E-mail: maki@masfak.ni.ac.rs 



220 S. MLADENOVIĆ, P. MILOSAVLJEVIĆ, N. MILOJEVIĆ, D. PAVLOVIĆ, M. TODOROVIĆ 

merged these two methodologies into one [1]. There are many companies today that have 

realized the necessity of applying the Lean Six Sigma methodology and they have profited 

from it [2]. Among them are: General Electric, Sony, Citibank, Whirlpool and many others.  

Successful application of the methodology has been given in many papers so far, 

including not only implementation but also the positive results that the companies have 

achieved [3]. This combination of the Lean practices with the Six Sigma has gained huge 

popularity in recent years [4]. The Lean Six Sigma methodology has been used in a wide 

range of projects involving specific industrial problems [5-7]. Its application in SME is given 

in [8] relating to manufacturing and production companies, as well as in railway sector [9]. 

The original Lean Six Sigma method originated from automotive industry; therefore, its 

application and continuous implementation are directly bound to this sector, as can been seen 

in [10]. 

The Shinwon Company has also been caught by this global economic trend. The system 

of production fostered in this company must be continuously evaluated, improved and 

perfected. The goal of this paper is to identify all of the defects that occur as losses and 

complicate the process of production in this company, as well as the final proposal of 

improvements in order to move the entire organization towards a Lean Six Sigma 

organization [11]. Further in the paper, the data from the Shinwon Company are identified, 

collected and analyzed in order to present the effectiveness of the quality management 

system and to evaluate the possibility of its continuous improvement. Once they are 

collected, the data are analyzed using the methods of the Lean Six Sigma concepts (Process 

Mapping, 5S audit, Pareto diagram, Ishikawa diagram, seven basic wastes [12], and SPC 

analysis with the aim of improving business quality. 

2. PRODUCTION PROCESS IN THE SHINWON COMPANY 

In this paper we will particularly pay attention to the production process as one of the 

basic processes of implementation in the company.  

 

Fig. 1 Schematic view of the production process in the Shinwon Company 
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The production process consists of 4 phases (Fig. 1):  

 The process of drawing wire from 8mm to 2mm; 

 The process of drawing wire from 2mm to smaller diameters; 

 The process of stranding wires;  

 The process of insulation. 

3. LIST OF 7 BASIC TYPES OF WASTE 

Based on the defined parameters through which the production process is monitored 

in the Shinwon Company, we can see that most of the waste is included in the following 

categories: breaks, additional time, loss during manufacturing, specialization and training. 

The only element that would add value to the product would be the category of the 

performance of production workers in the form of the amount of produced wire based on 

which the performance of each worker would be monitored, along with the performance of a 

team on the machine, the team leader and the entire production. Other elements comprise 

the so-called category of eligible or approved costs and that category increases the 

performance of workers but reduces productivity.  

The additional time category includes all the additional time that the worker needs in 

the execution of work; it is not standardized but not due to the worker’s fault. This group 

of eligible expenses includes the time required for additional cleaning of machines, 

change in the color of PVC, ink changes, changes in the wire size, etc.  

Breaks include all delays due to malfunctions of machines. 

Training includes the time that is recognized for the worker who has just started to 

work on a machine. Specialization is recognized for the workers who work for the first 

time on a new type of wire on the machine or change the working position. 

All of the listed categories of approved costs, i.e. wasted time as well as the part of 

the working time up to 100% of the achieved norm, are an area where we can identify 

waste by the Lean methodology [13].  

Table 1 Seven basic types of waste in the Shinwon Company  

No. Type of waste Waste in Shinwon (if it exists) 

1 Overproduction Does not exist 

2 Transport Does not exist 

3 Unnecessary movements Workers do not use conveyor belts and transfer the product to 

the desired location by themselves; Workers do not demand 

material from the shift leader and they take it themselves; 

Unnecessary walking out of the time for a break. 

4 Waiting Waiting for the repair of machines; Calibration of machines; 

Waiting because of the technological process; Waiting for 

delivery. 

5 Processing Does not exist 

6 Inventory  Does not exist 

7 Defects Defects during the production; Defects discovered during the 

product use by customer. 
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4. 5S AUDIT IN THE SHINWON COMPANY 

The Shinwon Company has been implementing the 5S method since its establishment, 

and is still working on improving it. Each month, quality control managers check the 

application of this method and whether some aspects should be improved (Fig. 2).  

 

Fig. 2 Results of internal 5S checking for the month of February 

Every question from the checklists was evaluated on a scale from A to E, where: 

 A – Outstanding results, 

 B – Above average results, 

 C – Minimum acceptable level, 

 D – Minimum efforts, 

 E – Without invested effort. 

5. PARETO ANALYSIS 

The Pareto diagram [14] for the process of production of insulated copper wire is 

made on the basis of waste (list of 7 basic types of waste), which are analyzed in section 3 

of this paper. Waste is monitored on a monthly basis, and includes the categories of 

interruptions in the work process that are not workers’ fault as well as defects and waiting 

because of machine failure. These are the categories which require improvement in order to 

increase the efficiency and effectiveness of the production process. The Pareto diagram 

visually shows which production process is the most commonly interrupted, or which 

process is the most critical (Fig. 3). 



 The Path towards Achieving a Lean Six Sigma Company on the Example of the Shinwon Company in Serbia 223 

The interruptions data in operation monitored on a monthly basis are given in minutes 

for each process for February 2015. The Pareto chart shows that the process in which 

most interruptions occur is that of isolating copper wire. The reason for this lies in the 

frequent changes in colors and sizes of the produced wire, and this is the process where it 

is necessary to implement effective solutions. 

 

Fig. 3 Pareto diagram of the process in which the waste occurs in the form of breaks 

6. STATISTICAL PROCESS CONTROL 

The methods used in the Shinwon Company are the scatter diagram and process 

capability indices. The results of measurements based on samples are input by the quality 

control manager into a control table which is then copied to the internal software for 

assessing the abilities and performance of the process, which further results in scatter 

diagrams and abilities indices and performance. 

Special emphasis is on the coefficient of potential processes (Cp) and process capability 

index (Cpk), which measure how much the production process in the Shinwon Company is 

close to the control limits that are set out in the standards and guidelines for sub-processes. 

The higher the values of these coefficients the more stable and better process we have. 

Table 2 Measurement results for the process of the 0.3 wire insulation  

Standard Spec Analysis Evaluation 

7/0.26  

(0.3SQ) 

lower limit:1.30mm 

upper limit:1.50mm 

No of samples: 679 

Cp=4.85 

CpK=4.80 

Pp=4.57 

PpK=4.53 

Sigma level 14.4 

Very stable process 
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Fig. 4 Graph of stability for the process of insulating the 0.3 wire 

The final process, the process of insulating copper wire is stable, capable and accurate, 

which can be seen from the scatter diagram (Fig. 4) as well as from Cp, Cpk, Pp and Ppk 

coefficients (Table 2). 

7. ISHIKAWA DIAGRAM 

Based on the previously defined waste appearing in the production process in the 

Shinwon Company, a cause-effect diagram for the downtime category is created (Fig. 5). 

 

Fig. 5 Ishikawa diagram for the category of interruptions in the working process 
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The analysis was performed by the 4M method where the following main categories 

are identified: material, people, methods, machines [15]. Through further analysis of these 

categories and by parsing each of them into increasingly smaller causes, we can conclude 

that the main problem is the human factor and human errors (inadequate storage of PVC, 

lack of motivation, different structure of workers, training of workers, poor production 

planning, etc.). 

8. RESULTS AND DISCUSSION 

Based on the given results of the analysis, we can conclude that the greatest opportunity 

for improving the production process lies in reducing downtime and avoiding defects.  

Improving the process can be achieved by applying the system of incentive payments of 

salaries based on group and individual performance, adequate and continuous staff training, 

as well as improving working conditions, because the human factor, or the problem with the 

employee, arises as the underlying cause problem in production. Workers’ skills (poor 

working experience, training, education) can be improved by a better selection of personnel 

by the human resource department, as well as better training of the existing employees. The 

problems of engagement in the workplace and lack of motivation can be eliminated by 

introducing special incentives for commitment and dedication. The poor interpersonal 

relationships and non-collegiality can be influenced by the company by organizing joint non-

operating activities, as sports days, excursions, etc., which strengthen the team spirit of 

employees. Based on the Ishikawa diagram, it can be suggested that the process improvement 

can be achieved by improving the work schedules, improving the material control in 

production and increased supplier control. It is noteworthy that the production process in the 

Shinwon Company represents a viable and stable process in spite of the deficiencies found. 

The company constantly examines, enhances and improves its process, which is very 

important in today’s market conditions. The focus of the company is the customer, who 

demands a cheaper product, on time and with better quality, which imposes a constant need 

to improve the process. 

9. CONCLUSION 

Today’s unpredictable and highly competitive business conditions have added significant 

innovations and imposed a new business philosophy, where the customer is the focus of the 

business. In these conditions, the Lean Six Sigma philosophy because of its being quick, 

innovate, cheap and flexible, represents the success of each company [16]. Identifying and 

eliminating unnecessary and wasteful activities in the business process, concentrating solely 

on the customer and continuously improving the production process can lead to achieving the 

maximum quality. Since turbulent business conditions drastically shorten the life of a 

product, the Lean Six Sigma methods and techniques allow the company to rapidly improve 

and adapt its performance in accordance with the existing demands. 
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