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IntroductIon

Optimization of production processes is 
characterized as the search of solutions the ap-
plication of which eliminates the causes of de-
creased production efficiency. Process optimi-
zation should be the one of main components 
of business strategy that delivers benefits not 
only for customers, but also helps to increase 
the performance of production processes as well 
as the entire business. The basic approaches for 
production process optimization are continuous 
changes and progressive improvement. One of 
the optimization tools to facilitate planning is 
the Tecnomatix software, which was used in this 
paper to optimize the production system. The 
aim of the sixth pillar of methodology WCM 
(World Class Manufacturing) is the production 
of even smaller number of defects in all pro-
duced products with an effort to achieve zero 
errors [9]. In order to overcome the customers’ 
expectations, it is very important to involve all 
employees. The purpose of this pillar is also in-
creasing awareness of the quality importance in 
all activities and creating the products that are 
representative on the market [1, 20]. 

Quality includes not only the final assessment 
of the final product, but also the whole production 
process. A little doubt at any stage or a moment 
of inattention can cause defects in the product and 
have an impact on production [6].

During the Middle Ages and up to the nine-
teenth century the development of goods and ser-
vices was limited mainly to a single individual 
or a small community. These entities were also 
family-owned firms, so the quality controlling 
of a product or service rested with that entity or 
small group – those who are often responsible for 
manufacturing the goods that comply with those 
requirements. 

A second phase, called the foreman quality 
control era, emerged in 1900 and continued to 
about 1920. The idea of mass production, which 
was based on the theory of specialization of la-
bour, came with the Industrial Revolution. An in-
dividual was liable not for the output of a whole 
product, but for only a part of it.

The period between 1920 and 1940 was the 
next step in the development of quality control. 
It was named the period of control of inspection 
quality. Products and processes have become 
more complex and the volume of production has 
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increased. As the number of employees report-
ing to a foreman increased, it became very hard 
for the foreman to maintain close oversight of 
individual activities. Therefore, inspectors were 
designated after certain operations to check the 
quality of a product. Standards were set and the 
quality of the product produced was compared 
with those standards by inspectors. Between 
1940 and 1960, the next stage in the evolution 
process, called by Feigenbaum the statistical 
quality control phase, occurred. In this stage, be-
tween the years 1938 and 1945, the production 
requirements escalated [4].

During the 1960s, the phase called complete 
quality control began. The gradual involvement 
of many divisions and managerial staff in the 
quality control process was a significant char-
acteristic during this period. Most of these tasks 
were historically performed by individuals on 
the shop floor, by the manufacturing foreman, or 
by staff from the inspection and quality control 
department.

At the beginning of the 1970s came the large 
phase of the complete quality control organiza-
tion, which brought the involvement of every-
body in the company, from the operator, through 
managers on each line, to the general director. In 
this phase, quality was connected with every per-
son in the company.

In the 1980s, the advertising campaigns in the 
United States of America put quality control on 
the top place. There was a lot of advertising relat-
ed to the product quality and regular comparisons 
were made with those of rivals. These advertising 
campaigns aimed to point out some aspects of the 
product which were better to those of comparable 
products. The knowledge about the importance 
of quality has started to grow at all levels within 
the industry. An explosion of quality management 
software systems came on the market as comput-
er use increased during the 1980s.

From the 1990s until now, a massive develop-
ment of the information technologies occurred on 
each level of industries, so we can mark this stage 
as the information technology era. This is the 
greatest development since the late 18th century 
and the Industrial Revolution. The current centu-
ry is characterized by using wireless technologies 
and it is also called the era of the digital revo-
lution in information technology. These innova-
tions encourage the preservation and security of 
the standard of information while giving data in 
an efficient way.

Different researchers have defined the term 
“quality” in various ways. The concept of qual-
ity is divided into five categories by Garvin, from 
transcendent, through product-based, user-based, 
and production-based, up to value-based. In addi-
tion, a system of eight attributes that can be used 
to describe quality was identified: performance, 
characteristics, reliability, conformity, longevity, 
serviceability, aesthetics, and perceived quality.

Crosby is the author of this most cited defi-
nition: “Quality meets requirements or specifi-
cations” [2]. Juran suggested a more universal 
definition: “Value is fitness for use” [7]. Mitra 
describes quality control as a system that holds 
the required level of quality through customer 
recommendations on product characteristics and 
corrective actions, if it is necessary [10].

Quality control pillar

The quality Control pillar emphasizes the ap-
plication of the quality principles to all tasks of 
processes in the daily routine. For the purposes 
of quality problems prioritization, the matrix of 
quality assurance is used, which contains the in-
formation obtained from the disposal of the lines 
of customers, market, internal rejects and prod-
uct repairs [22]. This matrix of quality is aimed 
at a comprehensive process with the aim to find 
the most serious defects with the highest priority. 
After their identification, it is necessary to apply 
quality tools to better understand and character-
ization of the problem in the details using 5W1H 
and to identify the potential causes of the prob-
lem. They are associated with the data from the 
analysis of 4M (machine, material, method, man-
power), regarded as the main factors affecting the 
product quality.

 Both quality tools are the basis for the iden-
tification of the defects and errors. For the deter-
mination of the main cause of the problem, defi-
nition of the activities, problem elimination and 
achievement of the zero defects, it is necessary 
to use other tools. WCM program proposes the 
tools to verify the factors and assess human er-
rors, which may lead to their occurrence. This can 
be achieved through “Analysis of the main cause 
of human error” [5, 19].

In some cases, errors can cause unhealthy 
lifestyle habits that lead to mental and physical 
fatigue, lack of sleep or inadequate nutrition. In 
order to ensure quality and reduce the incidence 
of human errors, the Poka Yoke system can be 
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used, which prevents operation execution, if 
components are missing or incorrect. It is easy to 
avoid errors using colours, symbols and illustra-
tions, which makes it easier to understand the in-
formation [21]. 

Seven steps of quality maintenance are [10, 
12, 15]: 
1. Find current conditions.
2. Restore the original conditions.
3. Analyse the unknown causes.
4. Reduce and eliminate all potential causes.
5. Create conditions for zero errors.
6. Maintain the conditions for zero errors.
7. Improve the conditions for zero errors.

The PDCA cycle is helpful in achieving the 
required quality. It is necessary to draw up a plan 
(P – Plan), execute it (D – DO), check the results 
(C – CHECK) and perform activities to continu-
ously improve the process performance (A – 
ACT), establish standards or documentation of the 
accepted measures. This enables to obtain greater 
visibility for the standards definition, which is a 
necessity for quality assurance in the production 
process. Application of the PDCA cycle is linked 
with the aim of achieving zero-defects [11]. 

Quality control as a procedure

Seven steps of quality control in Figure 1 pro-
vide a systemic, logical and detailed approach to 
rectifying the quality defects of 4M categories, 
see Figure 2 [13, 14]:
 • Man.
 • Method.
 • Machine.
 • Material.

Figure 3 illustrates the route map of quality 
control

Quality maintenance

The first step of quality maintenance is to as-
sess the current conditions. It provides clarifica-
tion of the relationship between the quality char-
acteristics, equipment and production methods. 
In order to achieve positive results, it is necessary 
to create a team with the right skills and experi-
ence to fix the problem. This involves practical 
experience and technical knowledge. The basic 
tools in this step include process FMEA (Failure 
Mode and Effect Analysis) and QA matrix. QA 
matrix summarizes the problems according to the 

Fig. 1. Seven steps of control, problem-solving and quality maintenance



177

Advances in Science and Technology Research Journal 2021, 15(1), 174–183

impact in first level WCM indicators. Through 
criteria standardization, the QA matrix provide 
the directions to problems prioritization [16]. 

Stratification of the problem determines 
the line, equipment or machine that causes the 
greatest losses. The most important basic tool 
for the investigation of current conditions is 5G 
(Gemba, Gembutsu, Genjitsu, Genri, Gensoku) 

observations that must be done on the place of 
the problem. As part of conditions assessment, 
it includes the macro view of the machine with 
its parts and each activity. The result of exami-
nation using the 5G tools in 5W1H (5 Why + 
1 How) determines description of the revised 
problem, which is the sum of all the controlled 
conditions.

Fig. 2. Methodologies and used tools of quality within 4M analysis

Fig. 3. Route map of quality control
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The second step of the quality maintenance 
is restoring the basic conditions. It includes the 
restoration of a device into a perfect condition. 
The investigation is carried out by using the 4M 
conditions with the table of countermeasures 
against defects. This step is crucial [8, 17]. Re-
storing using autonomous and preventive main-
tenance has to be carried out carefully to make it 
clear whether or not it is necessary to prepare PPA 
(Processing Point Analysis). If the second step is 
not elaborated with absolute precision, there is a 
risk that costly and time consuming process of 
analysis preparation may develop, when in fact 
it is sufficient only to restore the basic machine´s 
conditions [3, 18]. 

In this step the important process parameters 
are defined and also the parameters checked. 
Checklist is an appropriate tool, which is used to 
control the specified parameters. Checklist should 
include [13]:
 • Description of the parameter.
 • Nominal value.
 • Current value.
 • Analysis of results.
 • Importance of parameter.

The sequence of steps for checking and re-
storing the basic conditions is shown in Figure 4. 

If a company achieves zero disposals after 
returning to the basic conditions, which is the 
aim of the project, then it continues to step 5 of 
quality maintenance. If zero disposals were not 
achieved after returning to the basic conditions, 
it is necessary to open PPA analysis and continue 
with 7 steps of PPA analysis. Already in the third 
step, it is important to invite other pillar-focused 

improvement due to the necessity of preparing 
advanced tool of PPA.

Seven steps of the PPA analysis (Figure 5) are 
aimed at approximation of the greatest problems 
on machines that have a connection with the hid-
den main causes. This analysis gets process under 
control. 

X-Matrix (Figure 6) is used to display de-
tails and subsequently the control of relationship 
between defects and phenomenon. It shows the 
interconnection between defect, phenomenon 
component/machine part and characteristics of 
the component.

The QM matrix (Table 1) is used to maintain 
the conditions that are necessary to achieve zero 
defects and constitutes a summary of steps three, 
four and five. It defines a way of control and con-
trol frequency of process parameters.

Solving the problem is concluded with five 
questions for the zero machine defects, which 
at least 80% of activities must be achieve-
ment (Table 2).

Quality tools

All results can be recorded through basic 
quality tools, while the most commonly used 
tools are:
a) Ishikawa diagram.
b) Checklist.
c) Quality control chart.
d) Histogram.
e) Pareto chart.
f) Scatter plot.
g) Flowchart.

Fig. 4. The sequence of steps for checking and restoring the basic conditions
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Diagram of causes and consequences is also 
called Ishikawa diagram, or fishbone diagram. 
It identifies many possible causes for a specific 
consequence or problem and organizes ideas into 
six categories. It can be used by the 4M analysis 
to determine the relationships among all possible 
causes and consequences. An example of this dia-
gram is shown in Figure 7.

Checklist comprises structured, prepared 
forms for data collection and analysis. This uni-
versal tool can be adapted for a variety of pur-
poses. The forms are specifically designed for 
the collection of specific data for single record of 
characters (Figure 8).

Quality control charts are graphs used to 
study how the process changes over time. They 
are used for the data evaluations that show tempo-
rary changes and the relationships between vari-
ables (Figure 9).

Histogram is most commonly used chart to 
view a frequency distribution. It is used to visual-
ize any changes in the measurement process dur-
ing the time by quality control charts (Figure 10).

Pareto chart (Figure 11) shows on the column 
chart, which factors are more important. It is used 
to review the data and distribution of information 
across the defect. The Pareto principle shows that 
about 80% of consequences come from 20% of 
causes.

Scatter plot (Figure 12) shows a pair of graphs 
of numerical data with one variable on each axis 
to show the connections and relationships. It 
shows the data distribution. This is the estimation 
of the probability distribution of continuous vari-
ables. X-axis shows the number of intervals and 
Y-axis shows the frequency.

Flowchart uses graphical symbols to show the 
nature and flow of steps in the process (Figure 13).

Fig. 5. PPA analysis – 7 steps

Fig. 6. X-matrix
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table 1. QM matrix

table 2. Questions for the zero machine defects

Fig. 7. Example of Ishikawa diagram
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Fig. 8. Example of checklist

Fig. 9. Example of Quality control chart

Fig. 10. Example of Histogram
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concluSIonS

In the article, the authors focused on the ap-
plication of Quality control steps in the selected 
global company. The Quality control pillar con-
stituted a basis, on which the whole evaluation of 
quality in the global companies was built. Quality 
control was applied to find possible errors in qual-
ity through 4M categories and the possibilities of 
error minimization were indicated. 

The authors dealt with the application of 
quality maintenance in the company, taking the 
FMEA method and QA matrix as a basis. Sub-
sequently, the possibilities of defects identifica-
tion in production process through PPA analysis 
and QM matrix was investigated. Attention was 
drawn to the fact that quality assessment is cur-
rently necessary to implement in several stages, 
through the use of Quality tools.

From a practical point of view, the article can 
serve as a suitable inspirational tool for produc-
tion companies, which have to evaluate quality 
in several stages, and from a theoretical point 
of view, it can contribute to the development 
of methodology for evaluation of the quality of 
production processes on the principles of World 
Class Manufacturing.
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