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Abstract: The rapid market changes and strong product individualization create the need for great flexibility
of manufacturing management on new foundations, such as the Industry 4.0 model. Digital manufacturing is
the basis for Industry 4.0, that have the following dimensions: (i) digital manufacturing based on advanced
digital-oriented technologies, (ii) smart products (advanced manufacturing mode and new characteristics), and
(iii) smart supply—chain (procurement of raw materials and delivery of finished products). Bidirectional
exchange of information in collaborative manufacturing, using it exchange also for digital platforms of design
of the innovative products. In this paper we are showing developed model of one Serbian digital factory model
for Quality 4.0 (Q 4.0), especially in workshop as a part of ERP/MES model.

Keywords: digital manufacturing; quality management; ERP; MES

1. Introduction

Today, there are several definitions of Industry 4.0, as well as Q 4.0, as its essential part [1-3].
On the other hand, the Industry 4.0 model represents a fully networked collaborative manufacturing
system (CPS/CM), which has real-time feedback [4]. So, this is the essential difference of
manufacturing in the Industry 4.0 model, compared to the previous models, from which the new and
improved features of the Q 4.0 model arise, which in the Industry 4.0 model also work online. It
should be noted here that Q 4.0 in our example primarily refers to the factory, as a manufacturing
organization.

MES (Manufacturing Execution System) is the basis for online management according to the
Industry 4.0 model in real manufacturing in the workshop (WS), which also includes quality
management (QM) activities. On the other hand, it integrates all digital product models and forms
the hub of the engineering (CAD/CAPP/CAM/CAI) and business (CRM/SCM/ERP) planning
functions from which the manufacturing control in workshop (MES) grows [4]. The Q 4.0 model
presented in this paper permeates the mentioned entities of engineering and business planning,
primarily taking into account the fulfillment of the requirements of ISO 9001:2015, IATF 16949:2016
as well as the HACCP model.

This paper has several parts: (i) an overview of research in the world in the field of Q 4.0, in the
context of Industry 4.0 from various aspects, (ii) a presentation of a digital model of the organization
with examples from practice, which include elements of Q 4.0, as a case study, and (iii) conclusions
with directions for future research.

The aim of this paper is to show the path of development and application of the Q 4.0 model in
a manufacturing company using examples of good digital manufacturing practices, on which the
application of the Industry 4.0 model is built.

2. Quality in Manufacturing as Context of Industry 4.0 - Literature Review

When we analyze the Industry 4.0 model in detail, with its main constituent elements, then
quality management, for the development and application of Q 4.0 can be viewed from six angles: (i)
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strategies at the national or organizational level (good practice) for digitization, as a basis for Industry
4.0, and thus also for Q 4.0, (ii) digitization of the organization, with quality as a function, (iii)
developed QM models (ISO 9001, TQM) and their application in the Industry 4.0 model, (iv) quality
engineering techniques (Six sigma, lean, and others) and their application in the Industry 4.0 model,
(v) today’s definitions of Q 4.0, and (vi) examples of good Q 4.0 practices from industry.

2.1. Industry 4.0 and Digital Manufacturing

Today, the concept of Industry 4.0 has become a world project, because 46 of the most
industrially developed countries in the world have adopted national programs for its application in
industry and economy [5,6]. A key element for the application of the Industry 4.0 model is digital
manufacturing, which will lead to the establishment of sustainable digital eco-systems, smart
manufacturing (SM), Table 1.

Table 1. Overview of the realities of Industry 4.0 and digital manufacturing.

Main issue Source Main messages
Strategies and roadmaps for the development of Digital manufacturing is a key element for the
. . [5,6] .
the national Indsutry 4.0 Project application of the Industry 4.0 model
A model for evaluating QM with eleven 7] The digital manufacturing model and Q4.0 are
dimensions in an organization. being integrated
AIML in support of Q 4.0 for SMEs 8] Application of one element of Industry 4.0 in the

digital manufacturing model for Q 4.0.
The next level of these models in application will
[4] be data - driven innovation (BDA, AI / ML -
Intelligent and Self-Opimizing Factory ).

Industry 4.0 and Q 4.0 as technologically driven
innovations in application.

PMI (Product and Manufacturing Information).
Driven Dimensional Quality Lifecycle [9] Digital Q 4.0 as a subsystem of PMI.
Management.

The assessment and translation of known QM models into the Quality 4.0 model is carried out
in organizations that perform digitization processes. Eleven dimensions of this model are defined, so
their values during evaluation provide guidelines for the implementation of this project in the
organization [7].

The application of AI/ML as an element of Industry 4.0 in the development of the Q 4.0 model
is one of the approaches for small and medium-sized enterprises [8]. Here, this approach is used for
BDA analyzes in the circular economy model.

Today’s level of application of the Industry 4.0 model means the application of technologically
driven innovations, and more and more is moving towards the next level of this model, which is
based on data-driven innovation [4]. This means that we will move from digital production to the
same production that will be self-optimizing.

As part of the Industry 4.0 model, conformity quality is managed according to the concept of
PMI (Product and Manufacturing Information) Driven Dimensional Quality Lifecycle Management
[9]. This means that Q 4.0 is defined as a digital subsystem of digital production, as a framework for
smart production.

We can conclude that in this area we have two approaches to the Q 4.0 model: (i) it is developed
in the context of the overall Industry 4.0 model, with all its constituent elements, or (ii) some elements
of Industry 4.0 are, depending on the needs of the organization, * “build” into its Q 4.0 model.

In our research, which is presented in the second part of the paper, we used this first approach
[10]. Also, our research presented in this work is based on the assumption that digital manufacturing
is the basis of Industry 4.0.

2.2. Digitization of Organization and Quality

Today’s trends of personalized production in large series, require specific ERP/MES models for
each work order (WO) separately, where digitalization in these cases helps tremendously, and QM
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is an integrated part of this process [11], Table 2. AI/ML is used to define the product inspection
strategy, as part of the overall data - driven concept analysis of product property propagation, which
enables digitization.

Table 2. Overview of quality digitization models.

Main issue Source Main messages
Driven analysis of product property

Digitization and QM at manufacturing [11] propagation based on AI/ML models for

level. . .
product inspection.
4. hnological di ion of quali
And 4.0 as a disruptive technology. [12] Q4.0as a technological dimension of quality
(MES).
Digitization of the TQM model, with the [13] Q 4.0: BDA and MES.
support of top management.
Professional ies of 1 f
rofessiona cor.npetenaes ot emproyees 1ot [14] New models of education for Q 4.0.
promotions and teamwork.
Q4.0 as an integration (,)f st%‘ateglc, cultural [15] Q 4.0 as a model for working in real time.
and technological issues.

The elements of I 4.0 essential for the Quality elements for Q 4.0 are: strategy,
development of the Q 4.0 model are: BDA,  [16] leadership, training and organizational
AI/ML horizontal and vertical automation. culture.

Integrated model Q 4.0 of digital product
development and their digital [17] Digital product model.
manufacturing.
TQM as infrastructure Q 4.0. [18] Digitization of quality as TQM 4.0.

Digital transformation is the basic
framework for building 14.0, aswellas Q  [19]
4.0.

Digital transformation is an innovative
process.

Some researchers [12] believe that Industry 4.0 represents a disruptive technology, which
requires a digital transformation of the organization, which is particularly important for business
processes and employees. In connection with Q 4.0 in this context, the emphasis is still placed on the
technological dimension of quality, i.e., quality management of conformity at workshop level (MES).

National Industry 4.0 projects are developing particularly intensively in the Far East and
Southeast Asia, and the Q 4.0 model is based on the digitization of the TQM model [13]. The specific
segments that are being researched and developed for Q 4.0 in these approaches are: BDA and
workshop-level conformance quality management through operational technologies (MES). Top
management’s support for these processes is the most important.

One of the particularly important aspects of Q 4.0 in practice is the professional competencies of
employees for this area (Industry 4.0). Conducted research shows [14] that in order for Q 4.0 to
succeed in practice, the focus of education must be on the application of I 4.0 technologies in
improvements, teamwork, and especially in researching phenomena in quality (cause - effect). That
is why BDA and AI/ML, the main elements of I 4.0, are extremely important for professional
competencies in the field of quality, and for the Q 4.0 model.

In the study [15] it is shown that the Q 4.0 model represents the integration of strategic, cultural
and technological issues. It is considered that Industry 4.0 technologies are key to improving product
quality, as they can monitor processes and collect data, as well as perform their analytics in real time.
All of this enables evaluation and prediction of quality, which transforms quality to a higher level.

The research shown in [16] showed that the most important elements for the application of the
Q 4.0 model in practice are the combination of two groups of factors: (i) the elements of Industry 4.0
(BDA, AI/ML and horizontal and vertical integration, and (ii) the elements of quality (strategy,
leadership, training and organizational culture.) Organizational self-assessment is one method for
determining the current state of affairs in relation to these elements.

do0i:10.20944/preprints202305.1156.v1
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The integrated Q 4.0 model, according to [17], integrates the following elements: (i) digital
quality management with the application of Industry 4.0 elements, (ii) quality management of digital
products, and (iii) quality management of digital product development. In this way, product
development and its manufacturing are integrated through the concept of Industry 4.0.

TQM as a basis for the development of the Q 4.0 model is presented in [18]. This approach is
characterized by quality management through entity connectivity, management intelligence and
online monitoring of quality process performance.

Digital transformation is a strategic project of every organization during the development and
implementation of I 4.0, i.e, Q 4.0. However, research in [19] shows that these processes are
innovative, because new technologies are used that shape a new way of functioning of the
organization, including quality.

Digitization of the organization is a conditional paradigm for the development and application
of the Q 4.0 model, which is explicitly shown by the analyzes in this chapter. It is also important to
say that the digitalization and innovative development of the organization is also based on disruptive
technologies, which gives its products and services additional value.

Our research in this paper also starts from this paradigm.

2.3. Quality Management Models and INDUSTRY 4.0

Through the MES model as a part of I 4.0, and with the support of IoT, a traditional QMS as a Q
4.0 model [20] was developed and applied, based on the online monitoring of quality parameters in
the manufacturing of one group of products, Table 3. Impressive results were achieved, the sigma
level is increased from 1.5 to 5.5 sigma. This concept will be extended to other products in this plant
of the automotive industry.

Table 3. Overview of QM models and their reality with I 4.0.

Main issue Source Main messages
Sigma manufacturing level increased from 1.5
Q 4.0 as a QMS model. [20]
to 5.5.
Q 4.0 as a QMS model with seven elements [21] Increased sigma level.
(ISO 9001:2015).
SOP model of material quality [22] Q 4.0 based on TioT, SPC and BDA.
management.
Factors for applying the PDCA model in the [23] The PDCA 4.0 model for the automotive
14.0 organization. industry.
Dimensions of Q 4.0 for organization. [24]  The consistency matrix for the organization.
TQM in model 1 4.0. [25] TQM 4.0 through four dimensions.
The QM model as a quality loop. [26] The quality loop as a framework for Q 4.0.
The elements of the model are: TQM, Lean
Six Sigma and Business Process [27] BE as a basis for the development of BE 4.0.
Management.

Q 4.0 is a framework for quality costing,
[28] monitoring and decision-making, and
manufacturing technology (CPS).
Q 4.0 as dynamic, networked structures for
real-time operation.

Building the organization’s business model
from the point of view of quality.

T(QM) models as static structures. [29]

Research in [21] showed that the QMS model can be translated into the Q 4.0 model with the
following elements: Management Leadership, Customer Management, Supplier Management,
Employee involvement, Process Management, Quality information and their analysis, Planning
(strategic and operational) and SPC tools and techniques. If we know that there are more than 1.2
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million QMS certificates in the world today, then this approach for about 0.7 million production
organizations can be an interesting approach.

Industry 4.0 has enabled advanced approaches to materials management in production. In [22],
an applied material quality management model on the SOP platform, with IIoT support and the
application of SPC methods as a tool for BDA, is presented.

The PDCA quality improvement model has been well known for several decades, but now in
the Q 4.0 model it takes on new dimensions. In the study [23] the factors that must be used in the
development of the PDCA 4.0 model were investigated and defined: ranking of product quality
factors, teamwork, leadership for continuous improvements, motivation and user-centeredness. The
pilot project is a mandatory approach, and all this was done in a company from the automotive
industry (ERP and MES model), as part of the overall I 4.0 project.

In the era of accelerated development and application of I 4.0, the technological aspects of QM
are gaining more and more importance. For these reasons, in [24] the dimensions of Q 4.0 for
manufacturing organizations were investigated and defined: manufacturing preparation and
manufacturing (ERP and MES), QM model (most often QMS, sometimes IATF), digitalization of QM
model, monitoring of KPI quality parameters and basic principles of Q 4.0 models for organization.
In this way, the consistency matrix for the organization is obtained.

In the Far East, there is more and more research related to the digitization of TQM. This should
not be surprising, because this model was first developed there and applied since the eighties of the
last century. Research, shown in [25], shows that TQM in model I 4.0 develops through four
directions: (i) creation of new values through quality in the organization (BDA and AI/ML), (ii)
development of best practice Q 4.0, (iii) customer participation in the creation of new products and
services, and (iv) CPS and ERP/MES model for QM in manufacturing.

QM as a quality loop modal is discussed in the example [26], which is digitized, for the
development of the Q 4.0 model. Therefore, it is designed in two levels: (i) integration of information
from the QM quality loop as a basis for creating new value, and (ii) application of I 4.0 elements (BDA,
AI/ML, IoT and CMM as CPS). All this led to the construction of a new model of quality culture in
the organization.

Business Excellence (BE) is an advanced model of TQM, which is used in this research as a
framework for building BE 4.0. It is developed through three dimensions: TQM, Lean Six Sigma and
Business Process Management [27], as a holistic model. The basis of the integration of these three
elements is shown to be data-driven, which means that the following elements of I 4.0 are applied:
BDA, AI/ML and horizontal/vertical integration.

QM for Q 4.0 in [28] is viewed in the context of the business model for I 4.0, as an approach that
should improve product quality: from the point of view of costs (ERP and MES model), monitoring
and decision-making (BDA) and manufacturing technology (CAPP) /CAM) with the application of
CPS. All this works in turbulent market conditions, with often undefined customer expectations.

The research shown in [29] shows that there is a gap in the development and application of I 4.0
elements in manufacturing and the QM model in their integration. Namely I 4.0 is based on the
integration of information through information technologies (IT) and IoT, with the support of Al,
cloud computing and CPSs. This concept enables the manufacturing of highly customized products,
which results in a controllable dynamic manufacturing structure, supported by an ERP and MES
model. On the other hand, QM models are based on formalized structures, which are immanent in
the concept of  4.0. Therefore, for these reasons, we should work on the development of the interface
between these two approaches.

In order to clarify this approach, it is necessary to perform an in-depth analysis of the QM and
Q 4.0 models, as indicated in Table 4, which was made according to [29].

do0i:10.20944/preprints202305.1156.v1
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Table 4. Towards Q 4.0 (adopted according to [29]).
Ch teristi
aor:ch;l; 1es From (T)QM today To Q 4.0 tomorrow (as a part of I 4.0)
1. Cognitive engagement
1. By automation 2. Mindful task execution
2. Used of standardized routines 3. The direction of attention towards one ‘s
(T)QM models . . . . .
3. Compliance with requirements and ongoing experience
procedures 4. Evaluating and questioning the value of
a routine
Intellectual 1. Managing employees (experience,
capital training) 1. Managing human, social, and
management 2. Managing human resources intellectual capitals
(HR) (education)
Making quality 1. Making accurate predictions using big
redictions data.
ﬁz)m bie data 1. Anticipating customer requirements 2. Using big data to determine changing
(BD Agan d and addressing them customer preferences, enable agility,
AIML) flexibility, and responsiveness, to create

delightful customer experiences.

Lean structures 1. Developing formal systems through

. manuals, procedures, work 1. Coexistence of technology and human-
(organization . .
and/or instructions, and records (documented based simplicity
information) 2. Alignment of human-side with new lean
processes) (ERP s .
2. Establishing documented evidence structures
and MES) .
for quality processes
Managin, 1. Management of networked firms
&g 1. Define boundaries and scope of ser .

networked firms . operating in business ecosystems

. . operations . . .

in business . 2. Managing collective value creation

2. Management of a relatively stable set . .
ecosystems 3. Going beyond supplier management to

of partners and suppliers

. integration with other firms for strategic
3. Supplier management

advantage.

(products or
suppliers)—14.0

This analysis was carried out through five dimensions: (T)QM models and their structure, new
knowledge for Q 4.0, big data management and quality predictions, lean process models and supply

chains and factories as eco-systems.
Our research, presented in this paper, will refer to this last approach, where we will start from

the QM model IATF 16949:2016, as a basis for building the Q 4.0 model.

2.4. Quality Engineering Techniques and Industry 4.0

The basic element of the I 4.0 model in the industry is the CPS, because it ensures the high quality
of the product on the one hand and is the hub of information for it on the other hand. Starting from
these facts, in [30] a CPS model from the automotive industry is presented, equipped with RFID and
IoT entities, with the help of which the online state of the process is monitored from the aspect of its
quality. In this way, their analytics (BDA) and prediction are performed, which achieves high KPI
values, including traceability, which is extremely important for this type of production, and thus the
key element of Q 4.0 in this case, Table 5.
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Table 5. Overview of quality engineering techniques and their relevance to I 4.0.

Main issue Source Main messages
CPS with RFID a'nd loT in the automotive [30] Traceability and high KPI values - Q 4.0.
industry.
ZDM is the ideal framework for Q 4.0. [31] Bring people to the six sigma level.
) . . ..
Big data and decision making. 32] The IADLPR 2model as an intelligent decision
support.
AHP technique for ranking 12 quality The three. mo.st 1r.nportant parameters in Q 4.0 are:
[33] analytic thinking, competence and customer
parameters. ..
centricity.
Framework for Q 4.0 with nine elements. [34] Q4.0 as contex [ 4.0.
Integration of I 4.0 and LSS. [35] Q4.0 as a basis for LSS 4.0.

Zero Defect Manufacturing (ZDM) is an ideal framework for the full application of the I 4.0
model, because with its elements: strategies (Detection, Repair, Prediction, and Prevention) and three
policies (Correction, Compensation, and Cultivation) [31], ensures six sigma manufacturing quality.
A special element of this concept that needs to be worked on in the Q 4.0 model is the knowledge of
people for application (education, skill, experience), in order to improve it, because the quality of the
process in relation to the part and the machine has been brought to the level of perfection. So, we
need to raise the sigma level of the process - people, in order to complete Q 4.0.

Research so far shows that manufacturing organizations have gone the farthest in applying the
Q 4.0 model. According to the same researches, the only pronounced problem in this application is
the large volumes of data on current processes as well as their prediction, on the basis of which
appropriate decisions should be made. For these reasons, and according to Six Sigma and DMAIC
methodology, the IADLPR 2 model was developed and applied (Identify, Acsensorize, Discover,
Learn, Predict, Redesign and Relearn), which improves decision-making procedures [32]. It helps us
decide in which direction the Q 4.0 model should be further developed, and gives advice to quality
engineers, using AI/ML, on how to solve systemic quality problems.

In [33], analytic was used hierarchy process (AHP) technique, in order to rank the twelve quality
parameters in the Q 4.0 model, which have an impact on organizational performance, agility and
sustainability. Those parameters are: strategic leadership, quality culture, customer centricity, QMS,
compliance, competence, analytical thinking, metrics and data driven decision making, advanced
analytics, data governance, innovation and new-age technology. On a sample of thirty six
organizations, it was shown that the first three influential parameters are: analytic thinking,
competence and customer centricity. This tells us that Q 4.0 is still based on traditional quality
management approaches.

It is considered, which is written about, that in relation to Industry 4.0, innovative models of
quality lag behind in development. Namely, while in manufacturing we are talking about the full
application of I 4.0 elements, that is not the case today in terms of quality, the old QM models are on
the scene. The birth of Q 4.0is going very hard. Why? Scheduled by quality researchers and engineers,
worldwide! For the above reasons, research is proposed in [34] to define a framework for Q 4.0 that
would include: (a) quality as a given driven disciplines, (b) the application of modeling and
simulation for evidence-based quality engineering, (c) monitoring and prognostics for quality, (d)
integrated QM, (e) maturity levels with respect to the I 4.0, (f) integrating innovation with quality
and managing for innovation, (g) Q 4.0 and data science, (h) integrating reliability engineering with
quality engineering, and (n) information quality. From our point of view, the proposed framework
can really be a good basis for building the Q 4.0 model, which was also shown in our research,
presented in this paper.

Conducted research shows that I 4.0 and Lean Six Sigma (LSS) are complementary and
synergistic models [35]. This means that it is possible to develop and apply the LSS 4.0 model, which
would include the nine elements of I 4.0 and the 21 elements of the DMAIC model, which is applicable
to all industries, types and sizes of organizations. Also, the exposed approach enables managers to
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connect advanced I 4.0 technologies with the LSS methodology, followed by a large amount of data,
managed by BDA and AI/ML models.

2.5. Quality 4.0 Definitions

The key elements of I 4.0 consist of hardware and software components, and in [36] the Q 4.0
model for the software structure of I 4.0 is presented, Table 6. The starting element is ISO / IEC
25010:2011, for which a list of five groups of requirements is defined: monitoring and resource
utilization I 4.0 specifics (with two subgroups), maintainability and compatibility (with eleven
subgroups), portability (with one subgroup), fault tolerance (with two subgroups) and security (with
one subgroup). The mentioned subgroups have their engineering and operational aspects in the 1 4.0
model and are related to the corresponding industry standards or recommendations: ISO/IEC, ISO,
IEC or VDMA. So, in this way, a quality model (Q 4.0) with a comprehensive taxonomy of quality
attributes was provided for software engineers (software architects I 4.0), which created prerequisites
for the development of an intelligent factory, Table 6.

Table 6. Overview of Q 4.0 definitions with basic features.

Main issue Source Main messages
0 4.0 model for software structure [ 4.0. [36] ISO / IEC 25010:2011 is the framework for this
model.
Digital quality chain in the product life 1] Q 4.0 with support for: BDA IoT, AI/ML and
cycle. VR/AR.
o1 ) .. Translation of the QM model (QMS, TQM, BE)
Building Q 4.0 models using digital tools. [2] into the Q 4.0 model.
Q4.0 can be defl.ned as the integration of I 53] From QC, through TQM to TQM 4.0,
4.0 technologies, quality and people.
Q 4.0 model for manufacturing
organizations from the automotive [37] Robust Q 4.0 model with eleven elements.

industry.

Q 4.0 is based on strategic, cultural and
technological entities.
Integration of traditional QC models with I
4.0 technologies.

Quality experts with soft and hard skills are

[38] needed.

[39] Q4.0—improvement of quality performance.

Q 4.0 - outsourcing management, forecasting,
Making decisions. [40] customer expectations, as well as employee
involvement.

The digital quality chain in the product life cycle, supported by I 4.0 technologies, is an ideal
framework for the development and application of the Q 4.0 model [1]. Therefore, with conventional
QM models, which through digital technologies and with the support of CAD/CAI/MES models are
developed as a Q 4.0 model, the extended Q 4.0 model includes quality monitoring in the exploitation
of the product itself. This is where 4.0 technologies come to the fore, such as: DT, BDA, IoT, AI/ML
and VR/AR, so that we move from the management model to quality prediction.

There is still no universal definition for Q 4.0, but digital tools (DT, BDA, ...) are increasingly
used in the practical development of this model [2]. At the moment, they enable online monitoring
of technological processes at the CPS level, which realizes the ZDM concept, which is an exceptional
improvement. Also, the need for the development of a digital culture of quality, with a new place
and demands on people, is increasingly entering the scene. All this leads to digitalization, step by
step, of existing QM models (QMS, TQM, BE).

Q 4.0 can also be defined as the integration of I 4.0 technologies, quality and people, in the
construction of an intelligent factory [3]. In this research, emphasis is placed on QC, as a key factor in
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quality management in the workshop. Starting from this, a TQM model is then built, which is then
translated into Q 4.0, as TQM 4.0.

In the study [37] the factors (eleven in total) of the development of the Q 4.0 model in Italian
manufacturing companies from the automotive industry were investigated. They are defined as: Q
4.0 based on I 4.0, quality 4.0 based on ISO 9001 (PDCA model), top management (involved,
committed), process mapping, automatic data collection (internal data, product life cycle data,
customer data), integration of data with ERP (customer relationship management, product life cycle
management, MES), artificial intelligence and predictive software, machine-to-machine
communication, smart technologies for identification and traceability (product identification and
traceability, measurement instrument control), automated document control, and digital skills for
quality staff. All of them proved to be relevant, and they are grouped into three areas that make up
the framework of the Q 4.0 model: people, processes and technologies. In this way, a robust Q 4.0
model for manufacturing companies was obtained.

The study [38] provided the theoretical framework of the Q 4.0 model, which is based on
strategic, cultural and technological entities, which in application provide the organization with a
competitive advantage based on increasing: customer satisfaction, increasing operational efficiency
and quality of products/services. The study also presents the advantages, critical factors and
challenges of the Q 4.0 model, factors of organizational readiness and the role of leadership in this
model. The role of experts is extremely important in the new model with hard and soft skills features,
as well as predictive analytics with sensors for online monitoring with feedback. This completes the
Q 4.0 model based on the I 4.0 technology.

The expansion of the application of the I 4.0 model in the economy also contributed to the
development of the Q 4.0 model. One of the first definitions of Q 4.0 reads: the integration of the latest
technologies (I 4.0), with traditional quality models (QC, QA, TQM), improves and expands quality
activities in the organization [39]. This definition tells us how I 4.0 improves quality performance in
the organization, in every sense of the word. In this study as well, the importance of quality experts
on the basis of 1 4.0 is especially emphasized.

Decision-making in the complex infrastructure model of I 4.0, especially Q 4.0, is becoming an
increasingly difficult problem, so research in this area is extremely important. Research, shown in
[40], showed that new approaches and decision-making tools can especially help in managing
outsourcing, anticipating customer expectations, and involving employees in quality improvement
according to the PDCA model.

2.6. Quality 4.0 in Practice

In [41], an IoT platform for collecting, managing and routing data streams from heterogeneous
CPS, on a configurable and interoperable basis, is presented. It uses advanced data analytics based
on AI/ML data mining models. It is applied in industrial conditions for preventive maintenance
(increasing OEE parameters) and quality management (ZDM), Table 7.

Table 7. Overview of the case study Q 4.0 model.

Main issue Source Main messages
IoT platform. [41] Predictive maintenance and ZDM.
SBD model for welding quality

management - BDA. [42] 7V and ANN for BDA.
BDA analyzes are hyperdlme.ns'lonal spaces [43] MCS model for BDA analyses.
of quality characteristics.
Horizontal exchange of quality information [44] FADI Platform.

in the supply chain.
Product development on platform I 4.0. [45] Q4.0 as an integrated model of CE and QMS.
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BDA model: multiple given sources, integrate

Q 4.0 in production quality control. [46] data and knowledge, data - driven, predictive
and prescriptive analytics algorithms.
Q 4.0 Maturity Assessment Model. [47] Seven levels of maturity.

BDA model for QA, cause-effect analysis and
prediction of quality characteristics.

Quality engineering techniques as the basis [48]
of Q4.0.
Measuring the maturity of the Q 4.0 model.  [49] Eleven orgamzatlon'al dimensions and five

maturity levels.

ANN and ES for quality management using

Q 4.0 in plaster manufacturing. [50] SpC.
The most important factors for [51] Three technical and three organizational
implementing Q 4.0 in practice. factors.
Q 4.0 model for PCB manufacturing. [52] ML and edge cloud computing model
framework.
Service-oriented manufacturing (SOM) and (53] Formal semantic network and process-

Q4.0. oriented ontology.

Online monitoring of data from technological processes is a special challenge due to: volume,
discontinuity, sampling method and simultaneous provision of multiple values. In order to overcome
these problems, the “ Subjectively Big Data” model was developed, which was applied to the quality
management of the welding process [42]. Here, 7V (SBD indicative characteristics for welding
monitoring) and ANN are used for training to manage this process.

BDA analyzes are a hyperdimensional feature space, especially for process quality management.
For these reasons, it is necessary to use the meta-learning algorithm for classification (MCS) of
features [43]. In the mentioned reference, one such model is shown, with a learning algorithm, by
means of which the sigma level is increased to the ZDM level, which is for applied industrial
production (electronic components) and a realistic production requirement.

From the perspective of product quality management, horizontal information integration is
extremely important for supply chains. In this sense, big data platforms for this area, such as FADI,
are extremely important [44], for building the Q 4.0 model. In this research for the European steel
industry, quality information of high reliability, improved decisions about achieved product quality
and automatic exchange were achieved. information which are adapted to existing customers and
orders.

The Cognitive Engineering (CE) model, one of the solutions for QM, which in this case refers to
the QMS model [45]. Namely, this approach guarantees high-quality products from the very
development and through all stages of its manufacturing, meeting the requirements of the standard.

Data analytics is the most important element for manufacturing quality management, but also
increasingly complex due to the complexity and variety of products and value chains. Therefore, the
quality control of manufacturing processes has a high potential of data analytics [46]. By researching
several case studies, we came to the key elements of BDA for the development of Q 4.0: data - driven
issue solving, predictive and prescriptive analytics algorithms, combining multiple given sources
(CRM, ERP, MES) and combining and integrating data and knowledge.

Quality is a key factor for economic sustainability and business excellence of an organization.
Now supported by the I 4.0 model, these elements come to the fore even more, and the quality
through the construction of the Q 4.0. However, each organization in the field of digitization is a story
for itself, and in order to determine its readiness and maturity for the application of the Q 4.0 model,
a model was developed to evaluate these elements [47]. It has four dimensions (strategic directions,
prople and culture, processes and methods and tools), and twenty-two elements. The maturity level
for Q 4.0 is defined over seven levels, from not applied (0 - 10%) to leader (85 - 100%) criteria
fulfillment. For each level, the elements of Q 4.0 in application are clearly defined, and this model has
been checked in several organizations in the Czech Republic.
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Quality engineering techniques, especially SPC methods, play an important role in the
development of the Q 4.0 model as well. That is why BDA analysis, for example in [48], is used in this
area for: control charts, cause-effect analysis and predictive recognition of trends in quality
characteristics. An additional aspect of this concept is the experts in these methods and their
understanding of the Q 4.0 model.

In the study [49], a model for measuring the maturity of the Q 4.0 model is presented, with
examples of application. It is evaluated through the organizational dimensions of Q 4.0, of which
there are eleven, from data to leadership and competencies. The model itself has five maturity levels:
absent quality —from 0% to 19.99%, basic quality —from 20.00% to 39.99%, traditional quality —from
40.00% to 59.99%, advanced quality —from 60.00% to 79.99% and Quality 4.0 — from 80.00% to 100%.
An analysis of the application of this model in the automotive industry and energy is given.

Quality is at the core of all manufacturing organizations, and Q 4.0 will be its framework for
factories of the future in smart manufacturing supported by intelligent argoliths. In [50], the hybrid
model Q 4.0, which uses ANN and an expert system (ES) for online plaster quality management, is
presented, using control charts (SPC). ANN is used to generate knowledge and learn about the
process in the context of quality parameters, and ES provides recommendations for corrective actions.

Q 4.0 is increasingly becoming a good practice and less a theoretical concept. In the study [51],
the constituent elements of the Q 4.0 model in application were investigated, and it was concluded
that they include: (a) BDA (collection, analysis and synthesis of data), (b) horizontal and vertical
integration of quality data, (c) Q 4.0 as a strategic advantage, (d) leadership in Q 4.0, (e) training for
Q 4.0 and (f) organizational culture for Q 4.0. This analysis shows that technical and management
factors are equally important for the application of this model in practice.

The following example refers to the PCB assembly [52], and the application of the Q 4.0 model
in online mode. The essence of the model is the use of machine learning techniques and edge cloud
computing technology, and the result of this model is a significant reduction in the scope of the final
inspection of PCB entities. The predictive model is trained on the basis of historical data from the
cloud, and new process quality parameters are returned to the machine’s computer, with the help of
which the entire process is managed.

Service-oriented manufacturing (SOM) is a new manufacturing paradigm, where CPS are key
elements for ensuring high product quality. The key element of the Q 4.0 model is a formal schematic
network, which is used to construct a process-oriented ontology for managing process quality
parameters [53] and data quality for the process.

The performed analysis shows us that different approaches are used to establish the Q 4.0 model
in the organization, and recently specialized platforms are being developed for it, which represents
the latest approach.

As a summary conclusion of this chapter, we can state that the digitization of the organization
is the basis for the application of the Industry 4.0 model, and the digitization of manufacturing is the
basis for the development and application of the Q 4.0 model.

The same approach was used in our example.

3. Digital model of Inmold Plast Company

The manufacturing of plastic containers for food and parts for the automotive industry is the
core business of this organization. She has been working on the digitization project for several years,
simultaneously introducing elements of Industry 4.0, as well as Q 4.0. The basic framework of the
digital model of this organization is shown in Figure 1.
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Figure 1. Digital model of Inmold Plast Company.

“Islands” of automation, business and engineering-development activities were created, which
are now being integrated according to the concept of Industry 4.0 into the cloud model of digital
manufacturing [10]. The digital manufacturing model, which is being developed in this organization,
has an integrated database (knowledge) on the cloud about all business entities, updated on a daily
basis - with the latest (current) versions of products and the history of their changes. The Q 4.0 model
is an integral part of the overall digital model of this organization and permeates all elements, from
the definition and adoption of customer requirements (CRM), to the delivery (DP) of that product to
that customer.

3.1. Functioning of Digital and Q 4.0 Models in Practice - Case Study

How the formation of the digital chain for the product in this organization begins, and how it
develops further ?

Based on the customer’s request, an offer is created in the CRM module. The customer defines
his requirements by email, technical drawing, by submitting a STEP model, or a sample (on the basis
of which a 3D model is made), with a list of requirements. In order to clearly define all requirements
(and in accordance with the stated standards that are applied in this organization), a document is
filled out that defines the quality characteristics that are defined and agreed both by the customer
and by Inmold and they are stated in the offer, which is shown in Figure 2.

6rponude: [ 0003/06 Tip: [ standard - 06 | Ukupne vrednost: 227000] R mitMwst | 270130 euRf offer UIZIIR #5
Pred. Ponuda: | wpec: E2E 00016, 55509 Konabt | M. Radic, Bois

Podscizagiavla {SVKE | Faktursanje Dokumenti Ostalo

Wl Stavka 1 We are pleased to offer you the following molds

[T WA 00T Sl i

5] [P

]

Pos. Description Price (EUR)|
1 10.01974 Bucket JET180 141,000.00

Bucket mold |ET180

9500]eUR
sws00][_amosJeue

0%

[ETTR—— Hob rinnan Maener
Status [Accepied o @ i

Gated: outside
= Housing material: 12085

& Cavity material: 1.2343 46 HRc

Material: i

Shrinkage: L%
tompre e 0 i [ Mold centering: Squre 45 deg
Sk [ o i i e e
[f 000077 WA T V-V TBE-00007 Sehmiedsempel B2 LTI 1.2343 50 HRc cavity, 1.2085 housing, Maenner hot runner, BeCu cavity ring ... Jokey standard
T WA 05602 W W-1741-60002 Motz - re Shee 500 T BB 8
3 WO - WTTE. WA1TE41-00008 Schmeidhs Shee S0 0 e 2
" m W W o Shee W0 @S0 w® 1002

(a) (b)

Figure 2. Creation of an offer for the customer - a) definition of all product characteristics, b) official
offer for the customer.
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This activity is performed in several iterations with the customer, using both previous solutions
and the product CAD model catalog, Figure 3, paying special attention to the quality characteristics
and their values (green box on Figure 3a).

Project picture book

et Lid Feta LSPOGI0- 145 Box Fota JSPOGI0- W64 Caviyse
L Fota LSP3630-1 4 cav Box Feta JSPI80-1 Zeav (Gaviy sets DETSS30-1, 2 s (M-

anicis Faciing

g Lid FOET200.9P, 2 856 ‘Bucket J£T110-32P 1855 Bucket JET1A0
Lid moid FDET290.9P, 2 cav Bucket it andlo JETH0-129, 2 Bucket mokd JET1A0

b
x caviies M-250 e sgniid D95 58
Aimetis

@) (b)
Figure 3. CAD product model with quality characteristics (a) and entities for 3D product modeling

(b).

Oeassistity A Pncim i Dpsctmee | Sosme |1 3o The et cavtes

When contracting the work, based on the quality characteristics, CAD model library, previous
experience, the planned expected costs for the realization of the project are calculated. When the Offer
is accepted by the customer, it becomes Project N (in digital form), for which a Production Request
(of products and/or tools) and Planned purchase orders for raw materials and tools are automatically
generated. These documents are generated in the ERP system. Also, the following sets of information
(reports) are then generated: (i) Planned costs and Actual costs (after product delivery), Figure 4.
They also contain costs quality (planned) and scrap costs (if it appears), (ii) monitoring of the
procurement process (list of entities for procurement with an overview of warehouse conditions),
Figure 5. Then the process of making the tool construction is approached. This is done in the
appropriate CAD systems. In addition to the technical documentation as a result of the design
process, a bill of materials (BoM - Bill of Materials) is generated. The BoM makes a list with clearly
defined positions of each part in the tool, name, designation, dimensions and material of the
preparation, as a recommended supplier. The item codes in CAD and ERP are harmonized so that
system integration is ensured by simple export or import of BoM from one system to another.

Costing
= Edit Project "M-854 - Bucket JET44, 1+1°
Project no: | M-854 | Project type: [ Packaging-mol A . .
Designation: | Bucket JET44, 1+1 | customen JOKEY Poland (1 Date: 22.12.2022 10:04 Project kind: Packagi
f;ﬂzmj‘;'m i Contact: Mr. Domin, Ada Project: M-830 Customer: INMOLD
Rt 2000 - Packagin: Project part: M-830-M-1.1-01 - 27 - PF Drawing No.:
Projectstatus: Finished Cost unit: Cvijovic |
Overview Additional info Controlling / Sales Parts (preliminary)  Mat/3PS (preliminary) Par Name: Mold for bullet box Cost centre: 101
N — 2 L
No. Lineite.. Cha.. Sh.. New Article number Name
O 1100 A Bucket JET44, 1+1 ‘ Calculated ‘ Real
O 21002 A Mold 3D design
O 31003 A Mold 2D design Activity ‘ P.Tm.[h]  M.Tm.[h] Costs ‘ P.Tm.[h]  M.Tm.[h] Costs
E | ;‘;’;;x:z’;mg Milling (MAHOL600/ 1000 / Alt. MICROMIL | 0.00 0.00 000 1045 1070 168.95
O s A Stonderd parts Cooling channels drilling (KIKINDA RB40, | 0.00 0.00 000 2425 24.75 304.89
O 71007 A Hot nner Drilling (HAUSER 5, OERLIKON) [ 0.00 0.00 0.00 | 0.00 0.00 0.00
O g8 A Moldtial Drilling (Borverk Lola, IXION, / Alt, [ 0.00 0.00 0.00 | 1.40 135 19.35
Ll g A Mold packaging and transport Rough CNC milling (SPINNER750, | 0.00 0.00 000 4555 62.45 955.10
Rough milling Borverk MICROMILL | 0.00 0.00 0.00 | 0.00 0.00 0.00
. . | I
(a) (b)

Figure 4. Planned costs (a) and actual costs (b) for the product (Project N).
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Projectros [0 [Project ype:  [Packaging-mold main templote =] preiect group: (2 Ambaiata/ Packagrg _ [BIIE

Designation: il for bulet box Customer:  [INMIOLD plast doo. 1, 1) e N - =

e i =

Box bullet U

Freestatus. | 3000- Delwery SIE

Ovenview Additional info Controlling / Sales Parts (preliminary) Mat/3PS (preliminary) Parts (Live) Mat/3PS (Live)

Qugdires [ [

[C] Purcha.. No. Lineite.. BOM..|CS/ES Quantity instock Name Quantity  Number of = Quantity .. Article

0 e os (@ oo 100 0 1 1-1e1 MPO/22/00285 MRy2/061 00 E2100/14/

=] 169 o5 (@ oo 551100732, a 41411 M/PO/22/00286 MPI22/0541 0.0 E1100/32-

o 53 o5 @3 .0 TosooM). 5 3 1-1e1 MPO/22/00286 MP2/041 00 e0rs/2

o B o os (@@ oo s10110w. 4 411 MPO/22/00285 MP20541 00 s

O 81 60 os  [@ oo S10110W. 2 41411 M/PO/22/00285 M/PI/22/0541 0.0 E1115/24-
865 o5 @ oo 0038/76- 2 PRER MPO/22/00285 MP2041 00 E1200/120
i o5 (@@ oo sori3/me0 T 11 MPO/22/00286 Mp2041 00 B0 ]

{ 91 81 0-5 m 0.0 70942/6 3 31-11 M/PO/22/00286 M/PI/22/0541 00 E2078/6 -

w05 | (@ oo stares- 1 1111 MPO/22/00285 MR2/041 00 Enzn2y
210 o5 @ oo san30/50 4 4111 M/PO/22/00285, M/P... M/P/Z20541,... 00 s42130/50]
92 os @ oo 2 21 MPO/22/00237 w052 00 Ror21e ]
2n os @@ oo 5 1 111 MPO/22/00237 W20 00 210010/
55 os @ 20 4 PRER MPO/22/00237 MR2/02 00 B2/
s o5 @ 10 2 PRER MPO/22/00237 WP202 00 B0/
156 05 m 20 e 81-1-1 M/PO/22/00237 M/PI/22/0542 00 E3174/20/1
o7 os (@ oo 2 211 MPO/22/00237 MP202 00 B 120/
9 09 os @ 20 Gydtecou 1 T MPO/22/00237 MR2/02 00 £2485/16)
w05 | (@ 20 107970359 2 T MPO/22/00237 MP202 00 £1720513)
e o5 | (@ 20 1 PREE) MPO/22/00237 M0 00 B2s)
w05 (@ 40 4 PRER MPO/22/00237 W20 00 B0/
2 os (@ w0 0-Ring10 P 1111 MPO/22/00251 MPV2033 80 Oeting
@ e o5 @3 a0 G-ting 2 2111 MPO/22/00251 MPY20033 1180 O-ting/S
105 96 os (@ oo G-ting i T M0 00 O-ting/
105 97 o5 (@@ 40 G-ting i 11t MpO/22/00251 MP203 30 O-ring/3
wws o5 | (@ 100 0-ting 4 4111 MPO/22/00251 MP2033 20 Oeting/th
s o5 | (@ a0 G-ting 2 PRER MPO/22/00251 MP2033 60 O-iing?
w05 | (@ 6o 0-ting 2 211 MPO/22/00251 M0 40 O-ting/55
@3 o5 @3 10 G-ting 2 FRER MIPO/22/00251, MIP... M/P/Z2054, . 1180 O-ring/Sx
%5 os (@@ o Kemlock <. a 4111 M/PO/22/00301 R8240 KMLSHRI
1 0-0 M@ 70 Polypropyl. 10 111141 00 PP-KO43 -
a5 5 @ oo To02583 2 0111 00 /e
©1 @ oo 1730 2 2 MPO/22/00043 00
E » (@ oo 12085 2 i MPO/22/00443 00

Figure 5. List of parts, materials and services for Project N.

After importing the BoM into the ERP system, the warehouse condition is automatically checked
in accordance with the required needs. Each item is defined by attribute categories, of which there
are six, and each item is defined with a huge amount of attributes (there are 250 of them), including
a picture, technical drawing and pdf documentation. This list also contains requirements for the
quality of the entities being procured. Also, it immediately calculates the stock of items, calculates
existing orders, necessary purchases, gives consumption in the last two years, monitors the stock over time, and
records changes in the price of items.

Casting tools (machine, data on the number of cycles, products produced in it, maintenance
technology, costs) are monitored especially in the warehouse.

= Edit Project 'M-830 - Mold for bullet box
Project no: [ M-£30 [ Project type: p [ p:[ 2 - Ambslaza / Packaging iz
Designation:| Moldfor bullet box Customer. [ INMOLD plst 00,01, ) ] seeprinct ]
Description: Coniack
Box bullet =
Freestatus: | 3000 - Delivery =
Ovenview Additionalinfo Controlling / Sales Parts (preliminary) Mat/3PS (preliminary) Parts (Live) | Mat/395 (Live)
P — 2 1|1
] [ i | oo Sl compietesn | New || e nember Neme Article Diame... Length |Width | Height | Quantity |I[]
O] am A 5 Airvalve 21 3 39 2
Ol w A 5% 36 136 1
IR A Support FS w0 4 2
O 1’2 A 5% 3% 6 1
0 202 A Centiri prsten 5 1
O 227 A M-820-M-1.1-01 PF 6 26 18 1
O 2728 A M-830-M-1.1-02 NT 41788 7124 38985 1
O 202 P 100:00% M-830-M-1.1-03-01 Inclined pin plate 2 s 3 2
[BIEE] A 100:00 M-230-M-11-04 Airvalve 2+1 6 37051 2
Ol sna A 100.00 5% 36 136 1
O 164 A E1030/24¥140 Mody E1030/2414 4
0 =% A 100:00% Support MS w4 2
[l it A 100.00 P 486,683 218263 57126 1
O] 373 A 100.00 Slider _1+1 86,048 ] 3 1
O 4354 A 100.00 % M-830-M-30-03-01 Slider|_1+1 97 4 % 1
[RIETES 2 M85 [T MANMN02.01 [ 5w s 1
<
[ select al parts
Steps  Materials and third-party services: Details Electrode Programmablage
No.  Activity Emp.ti. .. Ma. time  Pers. co.. Machin.. Start Date £nd Date Duration in clays (planned) Duration in days_ Finish... Finis
12102 - Rough milling (MAHOS00 / Alt. MAH. 400 b 40 800 500 27082022, 01.092022. 5 om
2 2203 - Drling (HAUSER B3 WMW BKoE / Alt... 000 b 0w s 30 s o
3 3110 - Rough CNC milling (SPINNERTS0,DM...| 1000 b 1000 1000 800 1309202 15.02022. EI
4 2103 - Cooling chanels driling (ALG200 / Al... 800 b 80 om0 350 02002022 05.092022 3 o
5 220 - Driling (HAUSER 5 OERLIKON) 000 b 0w 90 3% 000
6 3600 - Part inspection 200 00 900 000 05002022 05.092022 1 0w
73650 - Externall: Termie treatment 00 » 0w 0w 00 s © 0w
& 3600 - Part inspction 020 b 0m 90 000 26092022 26002022 1 0w
9 3710 - Flat grinding (ROSA GOLD, ROSA ER1... 200 20 1000 1000 21092022 22002022 s ow
10 3710 - Fiat grinding (ROSA GOLD, ROSA ERT... 000 b 00 1000 1000 000
114201 - CMM machine 000 b  0m e 100 000
12 4020 - Final milling (Hermle C250, AXILE V... 30 b 300 1200 4000 30092022 02102022 2 ow
13 4050 - Milling/ Turning (DMC 80FD DUO) 000 b 0w 1200 4500 000
<
el el e

Figure 6. EBOM for tools.

At the next level, manufacturing components (MBOM) are generated, which gives us relevant
data for: product/ tool production (CAPP operations), as well as tool maintenance technology, Figure
7.
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Project no: | M-634 |Project type: | Packaging-mold Ne koristi ]~ | pro) ] Projectnumber I M-835 I Description I Mold for lid 5668, 4 cavities [ Drawing|
Designation: | Mold for lid 2|, 2 cavities - octagons lids | Customer: Mpact Ltd (7000108) [ =] Base e
Description: Contact: Mr. Mayer, Brendan -
Velterz, 2nues ~ Freestatus: | 2000 - Packaging: Commissioned (or( | Final milling (7, HERMLE | Flat grinding (ROSA
2,551 P.h poMh | 96512Pn | 9.75n2mh | 275mpPn | 279
Oveniew | Addtionlinfo | Contoling/ Sales _ Pars (prfminan) | Mat/3PS preminary Ports (L) | Ma/2P (e Rough milling Borverk Part inspection CMM machin
uadines| |7 ues| |8 =)0 000 P-h 0/0 Mh 0/5 P 0/0 Mh 0/2P.h 0/
[7) No. Lineite.. Cha... Sh.. complete.. New Aticlenumber Name
O oA 66.00% lzrada Konstrukcione dokument
O 1o 300% lzrada CNC programa
O 21 F 3560% M-834-F-1.1-01-01 Core (NF)
O 14 F 4506 % M-834-F-1,1-02-01 Core rim (FV)
O 15401 F 000% M-834-F-1.1-02-01 Core rim (FV)
0 s A M-834/Lie/2000ml/moldsize Moldsize - - : -
B 1756 F 137% M-83-F-1.1-03-01 Nozzle bushing 2-2 (UC) 35 Moving form Final turning (NEF400, Final turning (CLY
87 F 208% M-834-F-1.1-03-02 Distante plate (0C) (PF) 12,6016 Ph | 12,7716 Mn | S4M6Ph | 94/
O s F 3% M-834-F-20-01-01 Fixed bearing plate (NP i d J - i 2 {
O 112 E1200/12¢25 Screw Rough milling (MAHOB00 / | Flat grinding (ROSA GOLD, |  Milling/Turning (HE|
O = F 90.44% M-5-06-01-02 Centering unit 82 (KLIN)
i 15 F os19% (/] [MBAF00201  JHotrunnerplote (PTK) 0/0 P.h ‘ 0/0 M. 0/8 P.n | 0/8 Mh 0/0 P.h l 0
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Figure 7. CAPP model for tools (MBOM) (shaded green— catting operaion).

This document also defines the metrological operations of process quality control, which make
up the elements of the CAI model, which are realized on the CMM, for the most important tolerances,
of the tool as a rule. The tolerances of the products are not as narrow as the tolerances of the tools in
which the products are made, Figure 8.
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Figure 8. Metrology sheet for tool parts (shaded in yellow —metrology operations).

After this activity, capacity planning is carried out, since all structural engineering (EBOM) and
technological (MBOM) resources are defined, with the aim of planning manufacturing at WS level,
Figure 9.

Filter
® Work card Project No.: Quickiter Z 4020 - Finlmiling (Hermle C250, AXIL
g'. l N MOLD & Prio. Project number Costunit Task Activity Start date End d
Work plan et Tiunoie Vsdin 4020 el milling (ernle.. 1 - Core (NF) - PS158 - UdaparjeNT 59 oeaz o
M-831 Trifunovi¢_Veselin 4020 - Final milling (Hermle... 17 - Core (NF) - P39193 - Finalna glodacka obrada - N.. 01.11.2022. 3112
Project = = = = wast Titunee Vel 40 Fno iling Hermies] o0 TE S K3 - P1OG353 - Fraln lodada sbr.. 01122022, 3012
kind: Packaging-mold Me korlstl Cost ult: Cuijovi¢ Jelica ME31 Trfunovic_Veselin 4020 - Final milling (Hermie... 31 - jector | (5P ) - P102453 - Finaina glodacka obrada _ 01.12.2022. 3112
Drawing No.: 5C3951 |Dne added: 11.07.2022 ‘End date:
Quantity: 1 Piece |Des:ripﬂon: Mold for lid 21, 2 cavities - of
Article No.: Name:
LIVE =) x
M-834-F-20-02-01 15 - Hotrunner pl

2020- Final milling (Hermle C250, AXILE
b Rad.bus. CMR. KR 65-1600(A41001)

b MAHO MH1000 C(A22011)
» SPINNER MVC1000(A22007)
3

b Rad.bus. CSEPEL RF31/A(A41003)

Copacity detais
= Verlzz || | ENMERAWATD
= ~ AXILEVS(22017)
Weekly capacity: 9600 I 4020 - Final milling (Hermle C250, AXILE
—— B Changes: ~ AXILEV7(A22016)
o Aty Willing (MAHOT6007 1000 / ATE, MICROMIL Challenger Date: e ¥
comment: Ml ) Date [ Name: signed: Dshowattendance
Obrada spoljasnjih gabarita i cbaranje ivica i 7 e
B02022 e | Cigighs cee s
s (LA — o
actiut Rough milling Borverk MICROMILL Date I 0 cocece
20 y: lough milling Borve e ‘ ‘ W ciitical

Figure 9. Work order for tool manufacturing (shaded in yellow —metrology operations).
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In this way, all the elements for scheduling manufacturing that are monitored through the
online ERP module are defined. The procurement process is carried out from the same place.
Procurement that is carried out in the form of a tender with a clearly and transparently defined cost
center for each position. The record of the beginning and end of operations, as well as the conclusion
of procurement documentation or warehouse documentation results, among other things, in the
sending of messages - notification of realization, Figure 10.
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Figure 10. On line ERP with automatic ordering.

This is how the MES module is completed, where the WO is monitored in the WS, and their
online checking is done after each operation (manufacturing or quality control) is completed. After
processing, a work order for heat treatment is created, which also includes heat treatment quality
control operations.

After the completion of the manufacturing of plastic products, a final quality control is carried
out, using SPC methods, and the test manufacturing of the parts is carried out with the tool, which
are controlled and thereby confirm the quality of the tool itself.

All business entities in this organization are marked with a BAR or QR code, including
documentation, so their status is monitored through the process.

3.2. Achieved results

Q 4.0 concept, was implemented : (a) a single database (knowledge) about all business entities,
located on the cloud, (ii) faster, clearer and more accurate definition of offers for the customer, (iii)
unambiguous definition of the customer’s requirements (especially in relation to the requirements of
ISO 9001:2015, IATF 16949:2016 as well as the HACCP model, and their management in the
manufacturing process (iv) online information of all participants in the project about its status (how
far it has come, what is the bottleneck, ...), and online monitoring of the project (without paper), (v)
realistic definition of time by project activities, better planning and scheduling of capacity on each
machine, workers are realistically rewarded (vi) complete insight into the complete costs of the
project through several types of reports, (vii) informing the customer about the real transit time of
delivery, (viii) a detailed overview of procurement/warehouse operations and all related costs, (ix)
full management of working documents and ensuring traceability, (x) noticing the weaknesses of the
production process in terms of organization and technology, and defining methods for its
improvement.

3.3. What next

In the next phase in this organization, it is necessary to build real CPS systems (equipped with
sensors and IoT entities). After that, a real IoT-based Work Order (WO) online management base will
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be created. This will enable the synchronous management of ERP processes, through their
orchestration, according to the model in Figure 11 [55].
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Figure 11. Inmold plast doo solution architecture for future ERP model [55].

This structure provides a detailed architecture of cloud computing services, with which
applications are managed through data centers, and supports all types of platforms: SaaS, PaaS and
IaaS. This organization will decide on its own which platform it will use, according to its capabilities
and the achieved technological level.

From the example shown, we can conclude that this organization is building the Q 4.0 model in
such a way that it raises the existing QM models (especially standardized ones) to a higher level using
the framework and elements of digitization from the Industry 4.0 model, as analyzed in points 2.2
and 2.3.

4. Conclusions

Q 4.0 represents a model under development, which will be built in the coming years, primarily
in accordance with the development and model of Industry 4.0. Its application in this organization
has brought great benefits, and at this level, and they will only increase with the application of IoT,
BDA concepts, as well as AI/ML models. All these elements will only contribute to the
“improvement” of this model (Q 4.0) in this organization.

This example comes from a small country and an organization that represents one of the national
leaders of digitization. Therefore, this work should be understood as an exemplary example for other
organizations in Serbia, which way to go, and for partners from abroad, it shows that they will
cooperate with an organization that has its own digital business model, which is compatible with
theirs, as stated in its basic characteristics in application.

What is future research? Key machine tools will be selected, which will be translated into CPS,
as explained in point 3.3. We will also work on improving the ERP system, as shown in Figure 11. In
this way, we will get a cloud model of digital manufacturing, as the best basis for the development
of smart manufacturing according to the full concept of Industry 4.0.

It will also be a real manufacturing example of I 4.0 / Q 4.0, a sustainable eco-technological
system.

But more about that in the following papers of this team, as soon as possible.
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