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Abstract

In the construction industry, the occurrence of work accidents is considered to be a critical issue. With ad-
vancements in technology, various innovative tools and methodologies have emerged that may provide solu-
tions to mitigate this risk. One of these technologies could be virtual reality that has the potential to enhance
worker safety by providing a controlled environment for practicing relevant safety tasks during safety train-
ing. The objective of the research and development was to create a system that links fall protection equip-
ment in the physical environment with the virtual space. This study presents a comprehensive examination
of the methodology, outcomes of the tool development, and the evaluation of this system.

Keywords: health and safety, fall protection, virtual reality, AEC industry.

1. Introduction

The risk of accidents at work in the construction
industry is particularly high. It has been present-
ed in research that between 2001 and 2020, 5% of
all accidents at work in Hungary occurred in the
construction industry, and in a narrower 5-year
period between 2014 and 2018, 17% of accidents
were caused by workers falling to a lower-level
[1]. This ratio shows that it is of paramount im-
portance to investigate how to prevent accidents
at work caused by falls from a height. With the
development of technology, several innovations
are emerging that could provide solutions to the
above-mentioned problem. One of these is virtu-
al reality (VR) technology. Researchers have ex-
plored the various possibilities for the use of VR
in the construction industry, with a large num-
ber of studies focusing on architectural design

support, architectural visualisation, building in-
formation modelling (BIM), quality control, and
education [2]. In recent years, there have been
tool developments [3] and publications that focus
on the use of VR technology for fall protection [4].
This paper presents details of a research and tool
development project that investigates the feasibili-
ty of combining virtual space with real fall protec-
tion tools, thereby expanding the application of VR
technology for fall protection.

2. Introduction of research and tool
development

2.1. Choosing the right VR and fall protec-
tion equipment
The first step of the research was to identify the
VR and fall protection tools that could be used to
achieve the development objectives. Profession-


https://doi.org/10.33895/mtk-2023.19.01
https://doi.org/10.33894/mtk-2023.19.01

2 Bakai N., Zagordcz M. B., Rdk O., Hillebrand P. — Miiszaki Tudomdnyos Kézlemények 19. (2023)

al VR devices can typically be divided into two
main categories, standalone VR solutions and PC
VR solutions. A major advantage of standalone VR
solutions is that the applications are run on the
device and therefore do not require a computer
connection. This solution gives users much more
freedom of movement and freedom of action com-
pared to wired PC VR glasses. There are two possi-
ble ways to manage the running applications, one
is to use controllers and the other is hand track-
ing. For the hand tracking, devices typically use an
infrared camera to determine the position of the
hand. From the point of view of the device, this
solution has the disadvantage that it is difficult or
impossible to apply it to other object tracking in
addition to hand tracking.

In the case of PC VR solutions, the VR goggles are
connected to a computer by a wire or, in some
devices wirelessly, and the application is running
on the computer. The VR application is typically
handled by controllers as well, but there are some
manufacturers that provide various developer
solutions for custom accessories. Taking this into
account, the Vive PRO VR set from HTC was se-
lected for this research and device development,
and a wireless adapter was added to improve its
mobility. The product can be extended with a sen-
sor called VIVE Tracker 3.0, which can be used to
integrate fall protection devices into virtual space.

One of the most used fall protection devices is a
lanyard with a shock absorber, which is easy to
learn and requires no prior training. A lanyard
with a shock absorber has one end attached to
a body or waist strap on the user and the other
end attached to a mooring point. Anchoring to the
mooring point shall be a twist lock carabiner or
screw gate carabiner or scaffold hook carabiner.
Looking at the possible devices, it can be conclud-
ed that twist lock or screw gate carabiners vary in
size between 10 and 15 cm, which is not sufficient
to secure the HTC Vive Tracker 3.0, which meas-
ures approximately 8 cm. It could not work with-
out affecting the functional operation of the car-
abiner. Scaffold hook carabiners are significantly
larger, averaging 21-35 cm in length, which may
be suitable for mounting the sensor. Considering
the above parameters, the Portwest FP51 type Y
strap equipped with FP 35 type scaffold hook car-
abiners were selected for the research.

The tools used in this research are shown in Fig-
ure 1.

Figure 1. Tools used in the research: (1) HTC Vive PRO
VR glasses, (2) VIVE Wireless Adapter, (3)
SteamVR Base Station 2.0, (4) Portwest FP51
Y sling, (5) Portwest FP35 hook carabiner, (6)
CADO AT 150 fixed mooring point, (7) CADO

AT 150 fixed mooring point.
A ; B
[ [ I Rt St T
_iF-T"' i_ :'_;_"_' T TF1 TFZ TF3
mEE wge J L & 9
HoH el AR TP TS
BF1 BFZ BF3

Figure 2. Examined (A) body and (B) sensor positions.

2.2. Examining possible solutions through
3D analysis

HTC Vive Pro uses the SteamVR Base Station 2.0
to track the spatial movement of the user and de-
termine the position and movement in the virtual
space. For this it is using signals reflected from
sensors on the VR glasses, controllers and the
Vive Tracker 3.0 sensor. The aim of the test was
to determine the correct position of the base sta-
tions, including the position of the sensor on the
carabiner.

The base station can detect in the vertical di-
rection 110° in the horizontal direction 150° at
a range of 7m [5]. The size of the "playing field"
using two base stations is 5 m?, which can be ex-
tended to 10 m?-re using 4 base stations [6].

A three-dimensional analysis of the possible
configurations was carried out using ArchiCAD 25
design software, in which the spatial configura-
tions were modelled (Figure 3.), considering the
body positions and sensor positions (Figure 2.).
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Figure 3. Possible configurations for base stations.

The "camera" tool in the software provides the
possibility to set the real position and the exact
field of view for the base stations. In addition to
the position of the base stations, the analysis also
included the visibility of the sensor (Figure 2. B)
mounted on the carabiner in the different possible
positions of the three body positions (Figure 2. A)
that occur during use. For reliable operation, at
least three sensors from at least two base sta-
tions must be visible on the sensor at the same
time. The study recorded the number of sensor
visibility from each base station on the left and
right hand carabiners for different base station
configurations (Figure 3.), in different body and
sensor positions (Figure 2.), As a first step in the
analysis, the proposed base station positions in
the manufacturer's instructions were examined
(Figure 3. I, IL). The proposed position of the
base stations is defined so that the user should
stand in the center of the space, if possible. It
is not feasible for this situation as the mooring
points have to be fixed to some vertical surface,
e.g. a wall. In the case of the four base station set
up (Figure 3. II.), there are many areas next to
the wall surfaces that are outside of the proposed
detection range of the base stations. For the two-
base station configuration (Figure 3. 1), it was
found that in the examined three body positions,
the carabiner, and the sensor on the hand (BS2)
are not visible, so there is a risk that the position
of the carabiner in virtual space may be inaccu-

rate during its use. Based on the experience of
the preliminary study, two configurations (Fig-
ure 3. III., IV.)) were defined to ensure that the
base stations have a proper view of the sensors.

It was found that for configuration III, enough
sensors are visible from all three body positions
and for different sensor positions (Figure 2. TP1
and TP2). In the other cases, the number of sen-
sors visible was less than three. For configuration
IV, all sensor configurations in all body positions
ensured that at least three sensors were visible
from at least two base stations. Furthermore, by
examining the possible positions of the sensors,
it was also found that sensors placed on the up-
per plane of the carabiner (TP1, TP2, TP3) are less
likely to be obscured. Looking at the sensor po-
sitions TP1, TP2, and TP3, there is no significant
difference between them.

2.3. Analysis of possible solutions through
physical testing

After the analysis in virtual space, the devices
were physically tested. The main objective was to
determine how the sensor could be attached to
the carabiner in a way that would not interfere
with the operation of the carabiner, would not
prevent the carabiner from being hooked into
the mooring point, and would not risk damag-
ing the sensor. During the tests, the attachment
of the carabiner to two different mooring points
was examined to determine which one might be
suitable for future VR development. The first was
a CADO AT 180 fix anchor made of a single-point
steel plate and the second was a CADO AT 150 fix
attachment point with two fixing points. To avoid
damage to the Vive Tracker 3.0, a 3D-printed rep-
lica of the device was attached to the carabiner
for testing (Figure 4.). The physical tests were
based on the sensor positions shown in Figure 2.

Figure 4. Physical testing.
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The testing identified the following statements:

—in the case of TP1, the sensor is highly interfer-
ing with the release of the carabiner locking
mechanism, but it does not affect the hooking of
the carabiner in the anchorage point;

—-n the case of TP2, the sensor slightly interferes
with the opening of the karabiner, it does not af-
fect the hooking of the karabiner in the anchor-
age point;

—in the case of TP3, the sensor does not affect the
opening of the karabiner, but the sensor may be
damaged when the karabiner is hooked;

—in the case of TP4, the sensor is highly interfer-
ing with the release of the carabiner locking
mechanism, it does not affect the hooking of the
carabiner to the anchorage point;

—in the case of TP5, the sensor does not affect the
opening of the karabiner, but the sensor may be
damaged when the karabiner is hooked;

—for all the attachment methods examined, there
is a risk of damage to the sensor due to the rota-
tion of the karabiner after hooking;

—it was also found that the hole in the CADO AT
150 steel plate mooring point was of a size suit-
able for hooking the carabiner, but too small to
allow accurate hooking while wearing VR gog-
gles.

2.4. Description of the tool development

Based on the results of the three-dimensional
and physical space tests, an accessory was de-
signed in Shapr3D software to mount the sensor
on a carabiner (Figure 5.). A key design consid-
eration was that the accessory should reduce the
risk of damage to the sensor and provide ade-
quate space to operate the carabiner's locking
mechanism. In addition, in accordance with the
manufacturer's instructions [7], it was necessary

Figure 5. 3D model of the designed device.

to ensure that the carabiner should be at least 30
mm from the lower plane of the sensor. The inte-
gration of the carabiner in virtual space was done
in the Unity development environment using an
accurate 3D model of the hook carabiner of the
HTC Vive Tracker 3.0 and the attachment acces-
SOry.

2.5. Testing the prototype of the device

As part of a non-representative evaluation, 5
people tried the first version of the tool. The feed-
back from users was consistent: the tool was suf-
ficiently accurate and suitable for integrating the
hook carabiner in the virtual space and could be
used for future developments.

4. Further objectives of the research

The objectives include the further development
of the tool and the solution of the opening mech-
anism in the virtual space. In addition, the aim is
to create simulation courses that combine physi-
cal and virtual space for learning and practicing
different tasks related to fall protection. Future
plans include a detailed study of the potential ed-
ucational uses of simulation and their validation
using scientific methods.

Figure 6. The developed device in operation.
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5. Conclusions

The study describes the development of tools
to link fall protection devices with VR technolo-
gy. The three-dimensional analyses and physical
tests that formed the basis of the development
were presented. Based on these results, the de-
velopment of tools was presented, and further re-
search directions were outlined. As a result of the
research, it can be concluded that it is possible to
combine VR technology and fall protection devic-
es by using appropriate VR solutions.
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QUALITY MANAGEMENT AND CORPORATE GOVERNANCE
OF ROMANIAN INDUSTRIAL COMPANIES THROUGH
THEIR WEB-BASED COMMUNICATION
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Abstract

Contemporary quality management is a more complex issue than first impressions might suggest. In order to
continuously assure a certain quality level, it is necessary, albeit far from sufficient, to create optimal tech-
nical conditions. Some non-productive activities can also be crucial in quality assurance. We considered the
quality manager and the manager for public relations/social responsibility to be of particular importance in
this issue. In our research, we examine to what extent the two roles are present in some Romanian organiza-
tions. The research sample is 158 companies, of which 92 are companies showing outstanding performance
at the national level, and 66 are predominantly small and medium-sized local companies from Transylvania.
The data show that there is little difference between the two types of company in the area of social respon-
sibility, while there is a significant difference in the case of corporate governance based on OECD principles.
While, at local level, the quality assurance details are somehow hidden, or less visible due to some kind of
indolence, the lack of corporate governance is obvious, the companies -if they apply these principles- show
transparency, accountability.

Keywords: quality management, quality, corporate governance, corporate social responsibility, Public Re-
lations in industry.

quality is now not only the direct responsibility
of the engineers and managers, but of all people
working in the organization. All areas of activity
call for attention to dimensions that no one pre-
viously considered to be performance factors in
industrial systems.

1. Introduction

Even the smallest production company is aware
that to meet high quality standards it is far from
sufficient to properly design the products and
production processes. The available workforce,
production-supporting processes and the degree
of commitment of the management are just few
of the factors that directly determine the quali-

2. Quality and leadership

ty of the products. The concept of quality today =~ The advanced quality management prin-
is becoming broader than ever. It depends on ciples, methods and techniques, developed
previously unexamined factors such as the stake- especially in industrial systems, have be-
holder identification accuracy, environmental come  widespread management  princi-

parameters, digitization level, socio-psychologi-
cal conditions, ethical and legal norms. All these
components may contribute to what we mean by
quality today. [1]

Total quality management presumes today to
improve all processes within the organization
— including it’s supply chain- in order to exceed
current and future customer needs. [2] Today,

ples, even in many non-industrial fields. [3]
Quality management methods, as theory and
practice, have a clear positive and direct impact
on product and process innovation. They can also
improve indicators such as customer/employee
satisfaction or market share. [4]

As we can see, quality assurance is a definitively
more complex process than it may first appear.
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While quality is primarily the result of an ac-
tivity (based on the real or induced qualities of
the product, shaped in the mind of the consum-
er), quality assurance is the ability of an organi-
sation to produce a certain level of quality on a
continuous and sustainable basis. To achieve this,
it is far from sufficient to have the right techni-
cal conditions (e.g. proper equipment, carefully
made technology design, right machine set-up
and skilful operators), it is necessary within an
overall supportive organisational environment.
In fact, only a fraction of quality management ac-
tivities and decisions relate to actual technologi-
cal issues. In real context, several other processes
usually require funding and senior management
attention to provide a constant quality level. The
lack of funding for some non-productive activ-
ities means in fact a breach of quality manage-
ment principles and a lack of management sup-
port. Under current standards and concepts, the
responsibility for quality assurance lies on the
top management of the enterprise in all circum-
stances. The first evidence of the absence of full
commitment is the unwillingness of managers
to develop clear job descriptions in the organi-
zation (primarily in the quality assurance field).
As a starting point for our research, we set out
to investigate if there are clearly separated roles
defined to support the work of top managers re-
garding quality assurance. In our assumption,
each organization —in order to achieve a constant
quality level of its products- must define an or-
ganizational chart with clearly visible roles, both
for internal and external stakeholders. We in-
vestigated the existence of two of key positions
regarding the quality management: The Quality
Manager and the Public Relations/Social Respon-
sibility Officer/Manager.

3. Quality and public relations

Companies operating in industrial environ-
ments, by proper CSR communication, can signif-
icantly increases their firm-value. [5] Guo et al.
demonstrated that this increase in firm’s value,
even though in lesser extent, is present and en-
hances the firm's reputation in the industry even
when it has to operate in a controversial and con-
flicting context at a given moment. [6]

While the optimal technical and organisational
conditions for the best quality standards are just
a small part of the quality management activity,
the management must demonstrate and promote
these capabilities in many other contexts. If the
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measurable technical features of the product
are inferior comparatively to competing brands,
market success depends on the salespeople, mar-
keters and, not least, those who are managing the
reputation and image of the company. It is their
job to make the product competitive even if it is
not technically so competitive. In such circum-
stances, the marketing and PR specialist becomes
as important a player as the engineers responsi-
ble for the production process.

Quality management methods often imply a
significant change in organisational culture.
Most of the companies around the world try to
achieve this upgrade using Japanese or Ameri-
can recipes. Unfortunately, these practices may
differ significantly from the domestic organisa-
tional culture, containing foreign clichés, slogans
and working methods that are difficult to assim-
ilate, especially at the level of the workers. The
EFQM quality management model [7], which is a
bit closer to the European business culture, is to
some extent an exception. However, even when
adapting EFQM, it is important to involve both
technical managers and communication experts
to facilitate the change. Some PR techniques may
help the introduction of changes and support to
achieve the objectives set. A PR professional, with
his knowledge of the art of communication, can
facilitate the work of those who are responsible
for implementing these modern management
concepts. The first condition for QM and PR pro-
fessionals to work together is that both roles exist
within the structure of the organisation. We ex-
plicitly sought and examined this in our research.
At the same time, we studied a less obvious im-
age-building issue, namely, how quality manage-
ment and CSR (Corporate Social Responsibility)
may contribute. Obviously, it is a blinkered view
to classify QM and CSR activities as conscious im-
age-building task, but certainly, there are some
connections to it. Empirical studies, through sta-
tistical measurements, proved that the emphasis
on CSR, TQM and proper Corporate Governance
contributes to a high level of sustainability of the
organisation [8]. Today, there is no doubt that
CSR has a significant role in competitiveness. In
a similar study to ours, G&A Institute, found that
92% of companies on the S&P500 list regularly re-
port on their sustainability activities [9]. In our
research, we did not find a single multinational
company without CSR information on their web-
site. As a rule, the CSR acronym is present on the
first page of the website. It is obvious that the
CSR activity has measurable impact on financial
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results, customer relations, risk management,
human resource management, innovation ca-
pacity, on anything that has a direct bearing on
what we mean today by quality. It is no longer a
social desire, but a condition of being on market
to demonstrate the responsibility and openness to
handle some of issues defined by the community
in which the organization acts [10]. The EU insti-
tutions [11, 12] the International Organisation for
Standardisation ISO [13], and the OECD [14], are
formulating recommendations, guiding princi-
ples and standards to create a consistent, uniform
CSR framework.

4. Corporate governance principles
and CSR

There several similarities between the concept
of corporate social responsibility and the concept
of corporate governance, to such an extent that
it is worthwhile to distinguish the two areas in
academic analyses. [15] Our research confirmed
these similarities on several points, and of course,
we succeed to point out some of the differences.
The OECD concept of corporate governance (CG)
is a more formalised set of governance principles,
in a legal sense, in contrast to the CSR concept,
which argues for a commitment above the legal
framework. Furthermore, CG focuses primarily
on internal mechanisms, whereas CSR focuses
more on the external environment of the organ-
isation.

Few decades ago, corporate governance was a
new topic even for practitioners, but nowadays it
is in the focus of the European Union, the OECD,
the World Bank and the International Monetary
Fund, and its literature is growing exponential-
ly [15]. The OECD (Organisation for Economic
Co-operation and Development) is one of the
world's most important organisations for eco-
nomic cooperation between countries, current-
ly with 38 member states, and membership is a
matter of prestige. Its aim is to coordinate the
best possible economic and social policies for the
member states, and addresses specific issues such
as corporate governance at the company level.
[16] In Romania, the OECD principles of CG is a
mandatory standard in the case of state compa-
nies. In order to become a full member, the state
encourages adopting the CD principles at all com-
panies, being compulsory —setting by the 0G109
regulation- [17], to all state companies. Notwith-
standing this, CG management is also prevalent
in multinational companies, as well as in listed
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companies. Today, it is common that prospective
business partners, before entering into their first
direct contact, inquire about their governance
model and about the way this is actually put into
practice in site. Actually, this analysis may consist
of the examination of all the three mentioned ar-
eas (QM, CSR and CG) simultaneously. Through
the analysis of QM, it should be relevant to see
the level of compatibility of the two organizations
regarding quality standards and commitment to
quality. In the case of reputation management
and CSR it should be interesting to see sensitivity
to public interest issues and the level willingness
to take conscious responsibility. Last, but definite-
ly not least, the existence a visible CG governance
model can reassure that a prospective business
partner has a transparent, well-regulated and le-
gally accountable relationship with its stakehold-
ers. It is safe to say that all three aspects and activ-
ities are of paramount importance in building a
company's image, not only in meeting customers'
expectations, but also in building partnerships. In
our research, we investigate the extent to which
the above three aspects are reflected in the organ-
isation chart of Romanian companies, especially
atlocal small and medium-sized enterprises.

5. Research results

Our research methodology, among the differ-
ent methodologies of social sciences, falls into
the category of content analysis (see e.g. [18]) We
proposed to evaluate how the investigated com-
panies reveal their staff for quality management
and public relations/corporate social responsibil-
ity, based on their website. Data collection took
place from August to November 2022. The study
sample consists of 158 companies located in Ro-
mania. In the first phase of the research, we sur-
veyed large companies. The selection was based
on publicly available data from several web
sources [19, 20]. We did not necessarily aim at
a top-list search, neither by turnover, nor by the
profit of the previous years, nor by number of
employees. The search criteria for certain types
of manufacturing companies was based on their
CAEN code (the code system for classifying eco-
nomic activities in Romania). [21] In spite of the
fact that several data were available, it was not
our intention to identify the largest industrial
companies (measured by any parameter), nor is
accurate accounting data relevant to the analysis.
The aim is to compare the situation of the lead-
ing companies in certain industries with that of
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Figure 1. AThe type of the surveyed companies

companies operating in similar fields in our own
region (Mures and Harghita counties). In the sec-
ond half of the research, these companies were
analysed. These firms, being manufacturing com-
panies, actually are not acting locally, as many of
them are present in global markets. Still, due to
their size (small and medium-sized companies)
and location, we will name them as local compa-
nies. Figure 1 gives an indication of the classifi-
cation of the companies surveyed, according to
whether they are major companies at national
level or local small/medium sized companies. We
can see in the picture, that we have slightly more
large companies, as they were relatively easier to
identify from the sources.

After identification of firms, we searched for
data related to quality management and social re-
sponsibility. The search sequence was as follows:

1.0rganisation chart

2.CV of managers/ description of the organisa-

tional sub-units

3.News feed

4.Body text

As a first step, we looked to see if the organisa-
tional chart was available on the website and, if
so, whether quality management and corporate
social responsibility as separate activities are
present on the chart. During the analysis, we
found that the organisational chart is generally
not publicly available, as only 24 of the 158 com-
panies surveyed had an organisational chart on
their website. Where we did not find the chart,
or where there was no separate quality man-
agement or responsibility evident role, we did a
second search to identify the two functions. This
time we searched for data on the CVs of the man-
agement and/or the description/presentation of
certain organisational sub-units. If the first two
criteria search did not yield data, we searched for
data in the news feeds or the content section of
the website. We show the source of our data in
figure 2.

The abbreviations CSR and QM in the figure are
only labels, as they indicate the research study
question in a very narrow sense. The CSR desig-
nation was used to refer not only to persons/ac-
tivities involved in CSR, but also more broadly to
everything related to public relations, stakehold-
er management, lobbying, customer relationship
management and other related areas. We decided
to use the acronym CSR because we were looking
primarily for activities related to the issue of cor-
porate social responsibility. If, during the analy-
sis, we found communication related to only one
of the areas listed, i.e. only to image, lobby rela-
tions or customer relations, we did not consider
the company responsible in a social sense, as we
believe, it focuses on only one narrow area, prob-
ably driven by self-interest. As far as the term QM

Figure 2. Source of data.
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Figure 3. Corporate social responsibility and quality management-

is concerned, we do not necessarily mean QM as
used in a technical context. Quality management
and control should be focused not only on manu-
facturing processes, but also on all other activities
(from purchasing to after-sales service), as well.
The second figure also shows that we have found
among the companies surveyed several that did
not include any information at all related to qual-
ity management or social responsibility. These
all were small local companies. Since the main
driving force of the research was to understand
the situation of local companies, and to compare
these companies with market leaders, in the field
of quality management, the comparison was
mainly made in the above two areas. Figure 3
compares the difference between CSR and QM
for the two types of companies, based on the data
found on the companies' websites.

The data show that with regard to CSR the dif-
ference is less than 5% between the two types
of companies. Most of the companies treat their
websites as an important tool to show their com-
mitment to social issues. Even for the smaller
companies, it seems to be important to indicate
that they are active in their social environment,
at some level. Most of the studied websites did not
present a clear connection between CSR and qual-
ity management activities. This is actually a good
thing, since this relationship should not even ap-
pear; CSR contributes to the overall quality pre-
cisely by not linking it to the product or service
produced during the core activity.

As for the QM area, as we can see at the right
side of the figure 4. there is a significantly great-
er difference between the two types of compa-
nies. The surveyed companies, even some of the
market-leading companies - more precisely 18%

Figure 4. A CG based management at the studied organizations.
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of the companies - do not consider it important
to promote their quality management activities.
This proportion is much higher in the case of local
companies, as we found data on QM in only 55%
of the sites. This result is fairly surprising if we
take in account the fact that, presumably, all com-
panies have a certified quality assurance system.
Without them, they would not be able to be pres-
ent on B2B, B2G markets. A possible explanation
for this might be that they consider it self-evident
that they have a certified high quality assurance
system and there is no need to report on it.

An interesting area of investigation was the
presence of OECD principles of corporate gov-
ernance (CG) in the companies surveyed. We did
not specifically look for state-owned companies,
since in the case of Romania, according to the
Government Decree 109, CG is usually present,
and therefore the companies studied are rather
multinational, in many cases listed on the stock
exchange. Figure 4 examines the presence of CG
based management in the companies studied.

Figure 4 shows the expected result that corpo-
rate governance according to the OECD principle
is not really present in local companies. We found
signs of this at a rate of less than 10% at the local
level. The corporate governance is present in a
significantly higher proportion in the case of mar-
ket leader companies, as 64% of the examined
companies clearly apply these principles. During
the research, perhaps the most interesting issue is
the analysis of the QM and CSR in relation to the
existence of visible CG rules at the studied compa-
nies. Figure 5 shows this relationship.
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In the figure above, we can see that we found
information about CSR and QM, without excep-
tion, in companies where corporate governance
based on OECD principles is present. In addition
to the clearly separated social responsibility and
quality management activities, these websites
clearly show who the leaders of the organization
are. They present the conscious commitment to
the adopted values, and there are obvious signs
of that in the company's communication. The re-
search also revealed that where there is no CG,
the company usually does not have an easily
identifiable manager.

We also observed that in the case of important
state-owned companies —due to legal require-
ments —there is a visible organizational chart. In
these, usually we found the responsible depart-
ments for QM and CSR. In the case of the other
examined non-state companies, but among those
that we considered large companies, we found
that if there is CSR, there is also QM, but the re-
verse is not always true. As for the sample of local
companies, we can see on the right side of Fig-
ure 4, that there are only really few firms with
CG based management. Usually, here neither the
management team nor the person responsible
for QM and CSR activities are visible. During the
research, we did not find a single organization-
al chart for all the investigated local industrial
companies. Here, too, we experienced the same
situation to the large companies: if there is CSR,
there is also QM, but the reverse is not true here
either. At local level, there are very few referenc-
es related to QM. Still, as we mentioned above,

Figure 5. Quality management and corporate social i.e., responsibility in

relation to CG
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they certainly have an advanced certified quality
management system, since without ISO9001 and
1SO14000 certification - in addition to the sec-
tor-specific standards - it is relatively difficult to
prevail in the market. The websites of the local
firms are usually outdated, or are redirected to
the parent company's website. However, in the
latter case, almost everything is perfect, so there
is usually a significant difference between the in-
formation intended for the public shown by the
parent company and its subsidiary.

6. Conclusions

Contemporary quality management is a more
complex issue than it might seem at first impres-
sion, since quality assurance today assumes the
organization's ability to ensure a certain quality
level continuously and sustainably. For this, the
creation of optimal technical conditions is far
from sufficient (e.g. professional technological
planning and proper machine settings), several
further activities can also be crucial in quality
assurance. It requires substantial senior manage-
ment attention to sustain these usually non-prod-
uct activities and to create several jobs to support
the quality management processes. One of the
essential starting points of our research is the as-
sumption that, in order to ensure comprehensive
quality, the top management must establish clear-
ly separated (middle and senior management)
roles to achieve this goal. Among these roles, we
considered the quality manager and the manager
for social responsibility to be of particular impor-
tance. In our research, we examined to what ex-
tent the two roles/ activities, are reflected in the
organization charts of companies located in Ro-
mania. We had a particular interest in local small
and medium-sized companies. During the content
analysis, we examined the websites of the select-
ed companies, and found that the organizational
chart of the companies is not usually public, since
only 24 of the 158 companies examined (15%) had
the chart available on their website. Among these,
we found that in 20 cases the QM activity is clear-
ly visible (this is 13% of the entire sample) and in
16 cases the CSR and QM activities appear clearly
separately. Looking at the sample of the studied
region, we found that there is lack of corporate
governance principles (in the sense defined by
OECD), the management team and the person re-
sponsible for QM and CSR activities are not visible
either. We experienced that if there is CSR, there
is also QM, but the reverse is not true here either.
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We have noticed that there is lack of information
referring to QM processes, in spite of the fact that
most of them, almost without exception, certainly
have a quality management system certified by
independent auditors. The websites of the stud-
ied local companies are usually outdated, or re-
directed to the parent company's website. The
biggest difference found between local compa-
nies and large national-level companies consists
of the level of adopting the corporate governance
principles. At local level only 9% of the compa-
nies have such kind of governance. This situation
is totally different regarding our findings related
to the existence of QM activities. While, the QM
issue is somehow a hidden, or less visible due to
some kind of indolence, the CG issue is real; the
companies -if they apply these principles- proud-
ly promote it, and there is evidence which proves
it in their websites.
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Abstract

The challenges presented by Industry 4.0 require an innovative, new type of thinking from the engineers.
Connecting old machines into a network presents significant problems, as the switch cabinets for these are
obsolete and non-upgradeable. This has made developing a solution necessary, that is later universally ap-
plicable for scrapped, but mechanically intact robot arms. During the realization of the project such an IoT
compatible graphical interface was developed, which can control a KUKA KR3 industrial robot unit and can
also Real-Time simulate it in virtual reality. The security functions of the robot are provided by a Pycom SiPy

developer panel.

Keywords: KUKA KR3, C++, JavaScript, Pycom SiPy, HMI.

1. Introduction

At the University of Debrecen, Faculty of Engi-
neering, Department of Mechatronics, in the Cy-
ber-Physical & Intelligent Robot Systems Labora-
tory, besides education, the testing and validation
of research topics is also conducted [1]. One of
the main aims of the projects is the complete re-
imagining of industrial robots and their control
systems, as well as realizing the support of new
network functions. Old robot units mechanically
don’t become obsolete, but their control systems
do.

In the laboratory students take part in a practi-
cal education in the subject of ,Robotics Knowl-
edge”, but the distribution of new knowledge also
happens here, as any research that is finished has
its discoveries added to the lessons. Many of the
robots that are found in the laboratory are un-
dergoing refurbishing, just like the robot KR3 that
was made by the company KUKA [2]. These units
are in a mechanically sound state, with work-
ing motor regulating circuitry, but their control

through their original industrial computers is im-
possible, because they are inoperable and their
parts cannot be repaired.

The reasons mentioned above made the devel-
opment and programming of a new, unique HMI
necessary for the KUKA KR3, which makes visual-
ization of 3D position possible in a Real Time en-
vironment. The Dead-Man switch was also reima-
gined, considering the relevant security standard.

2. KUKA KR3 Industrial Robot

The KUKA KR3 industrial robot and its variants
are six-axis industrial robots designed for precise
handling of light payloads.

These are used in small workspaces, for the
manufacturing of small parts, with a nominal
payload of 3kgs and a maximum reach of 635mm.
Its main applications are: arc welding, grinding,
assembly, automation in laboratories and the
moving and implanting of parts [3].

The structure of the robot can be seen on figure 1
where the axes, the angular ranges of rotations
and also the directions of the rotations are depicted.
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Figure 1. Structure of a KUKA KR3 robot. [3]

The robot itself is a 6R type robot, meaning, that
every axis makes a rotational movement possible,
resulting in a spherical field of action. It is also
important to mention, that the actual field of ac-
tion is influenced by the axis limitations of the ro-
bot unit in question.

1. tablazat. KUKA KR3-axis-mozgdstartomdnyok [3]

Maximum angular spe-
eds of robot

Axis 1 (A1) 240°/s
Axis 2 (A2) 210°/s
Axis 3 (A3) 240°/s
Axis 4 (A4) 375°/s
Axis 5 (A5) 300°/s
Axis 6 (A6) 375°/s

Range of motion for
axes in (degrees)

Axis 1: +180°

Axis 2:-45° [ +135°

Axis 3:-225°/ +45°

Axis 4: +180°

Axis 5: +135°

Axis 6: infinite

An industrial computer is a PC made for use by
the industry, that has to meet precise standards,
has to provide great reliability, upgradeability
and long-lasting technical support, besides being
usually more expensive, than everyday consumer
electronics.

An industrial PC is first and foremost used for
process control and/or data collection or in some
cases, if there is distributed processing, as a Front
End for another controlling computer.

The control system managing the industrial ro-
bot consist of an industrial PC and the HMI con-
trol interface.

The above points are general expectations that
need to be adhered to by the new control system
of the KUKA KR3.

One of the main reasons for this is that although
the complete control system is reimagined, in
theory it still has to be able to perform the same
functions as before, including a DeadMan Switch,
Joint, World, Tool, Base coordinate systems, veloc-
ity control and axis End-Stops have to be usable.

The KUKA KR3 robot wasn’t in sate at the be-
ginning of the project to be used with an HMI, as
it was missing one entirely. The robot was only
moveable per axis. with the use of Step-Dir com-
mands.

The main problem was presented by the fact,
that the control systems or control racks pres-
ent in the industry are usually company specific,
meaning they are not interchangeable or repaira-
ble. The real life-cycle is defined by the support of
the official manufacturer.

The original KR C3 controller used by the KUKA
KR3 (Figure 2) is not being sold anymore and is
inoperable. Since it is missing basic functions and
the impossibility of a software update, in the case
of a working control cabinet, would still present
limitations in the performable tasks. The Embed-
ded OS, which is available for it is Windows 95
- an earlier Microsoft development - which had its
official support terminated on 31 December 2001.
Of the supported ports at that time, the USB 1.0
was also only added with a later OSR 2.1 update,
with a data transfer speed of 1,5Mbps. The use of
broadband internet was also not possible [5].

Taking the above points into account, we can de-
clare, that the KR C3 industrial control unit does
not correspond to the expectations of Industry
4.0, nor to the network communication standards.

In essence, the control cabinet is capable of con-
trolling the KR3 servo-motors, can run its man-
ufacturer HMI, setting speed values and storing
programs. In itself the industrial PC elements of it
are the same as those of a general use Desktop PC,
meaning it has basic hardware elements such as:
CPU, RAM, HDD, Motherboard.

The parts cannot be replaced, as these also func-
tion as a type of hardware key for the original
HMI.

In the original control unit is an MFC expansion
card, this handles the I/O s; and also a DeviceNet/
CAN bus to make communication between a teach
pendant (KCP2) and the industrial PC possible.
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Figure 2. Structure of KR C3 robot controller.

3. Control of BLAC Motor

Inside the KUKA KR3 industrial robot there are
several servo motors, which all perform rotation-
al movements in every joint of the robot. These
motors are all brushless AC motors, meaning that
the spools are found on the stator and the mag-
nets on the rotor.

For the precise operation of the servo motor, a
HALL sensor is needed, so that the exact position
of the motor can be determined at every moment
of time. The current for the coils of the motors can
be switched with the control of transistors, allow-
ing for the creation of the electromagnetic fields
needed for the rotation [6].

In general, BLAC type motors operate with bet-
ter efficiency, since they are brushless and pro-
duce lesser thermal losses (Figure 3).

The outlets of the coils are designated with U, V,
W, while those for the HALL sensor are VCC, GND,
HU, HV, HW. Data provision regarding the posi-
tions from the motor side are made possible by
Tamagawa TS5643 N 100 (11/24 bit) encoders [7].

The KUKA KR3 robot arm uses Inertia Dynamics
M1701-2221 (FSB series) brakes, that operate with
24V DC current, but not on all 6 axes (A1, A2, A3,
A4, A5 applies brakes).

The role of these brakes in the case of industrial
robots is to make sure, that if the supply voltage
ceases, the position and torque values are kept
[8].

In the case of the KR3 robot the former motor
controllers were changed out for the industrial

Figure 3. Circuit of BLAC motors. [4]

Figure 4. LeadShine ACS606 servo controller [9]
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Figure 5. Signals EA+ és EB+.

Figure 6. ACS606 servo controller & sensors [9]

Figure 7. Block diagram of the system.

type Leadshine AC606 [9] servo motor control-
lers. These are used for multiple axis industrial
milling machines, for purposes of production,
primarily for brushless (BLAC) motors (Figure 4).

The direct current supplied for the motors by
the controller ranges from +18V up to +60V. On
the outlets of U, V, W the supplying of current to
the motors is made possible. Processing of the
positions of each axis controlling motor happens
through a 15-pin unique connector.

Arectangular signal is provided on the encoders
EA+ and EB+, and on the HALL sensor’s HU, HV
and HW outlets (Figure 5. ).

AThe encoders were validated with an oscillo-
scope before the new HMI was engineered. The
complete rotation of an axis consists of 8192
impulses. In Figure 5 on the X-axis of the oscil-
loscope is a ,t”-time depicted (2ms), while on the
Y-axis the current. The RPM set for the motors
was 0,915 rotations/minute.

The cable type used for wiring was a twisted
pair wire that was routed in a hose.

4. Designing the HMI & Requirements

As was earlier described, most of the elements
of the KUKA KR3 are not changeable, as they also
function as a sort of hardware key in regards to
this system, while the KR C3 control cabinet found
in the laboratory was also in an inoperable state.
However, during the engineering of our HMI
(Human Machine Interface) there were certain
points, that, if implemented correctly in our own
HMI would mean, that in theory, the original HMI
would be reproduced. Therefore, so that the new
HMI corresponds to the requirements of Industry
4.0, the system depicted in Figure 7 was devel-
oped [7].

To each axis of the robot, one by one a servo con-
troller is connected, depicted in Figure 6. [9] each
of these are also connected to a computer. This
computer can be an industrial PC as well, just as
it was in our case. On this computer a Linux 0S
is running that was modified so that it could run
our own application in real time. Furthermore, it
also houses a webserver, on which the 3D model
of the KUKA robot, as well as the website respon-
sible for the HMI can be stored, thus providing a
flexible solution for the user. Unlike an industrial
PC which only has one given hardware key, inside
a network we can run our HMI on basically any
computer, as long as that computer possesses a
JavaScript enabled browser.
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If a client wants to connect to the webserver, it
first checks whether the Real-Time application is
running, afterwards providing the files of the 3D
model and the JavaScript program code neces-
sary to run the HMI to the client.

This means, that the Human Machine Interface
runs completely on the client, it sends the com-
mands through the network to the Real-Time ap-
plication, that executes those.

5. Industrial Compute Engine

For the realization of the project a one-card
computer was selected, which is present as an
embedded system during its application. The
Strato Pi Base Board [10] was applied together
with a Raspberry Pi [11] (Figure 8), that makes
RS-232 as well as RS-485 communication possible.

With the help of the extra expansion card, it is
now possible to use the Raspberry Pi to complete
industrial tasks. The webserver and the Linux OS
itself run on the Raspberry Pi, in turn the Strato
Pi Base Board [7] sends signals to the servo con-
trollers. Before replacing the old industrial PC, it
proved necessary to test the waveforms sent to
the motor control electronics.

The motor controller receives a STEP/DIR type
signal, that means to every axis there are two cor-
responding signal cables. On the cable connected
to the DIR input, depending on the direction of

8. dbra. Strato Pi Base Board & Raspberry Pi [11]

the motor steps, either OV or 5V current is present
(Figure 9).

A 5V peak voltage pulse with a 16us period is
connected to the STEP input to move a unit in the
direction specified by the DIR signal. The step unit
depends on the range of motion of the respective
axis and the resolution of the position encoder
and the gear ratios of the motor.

6. Real Time Application

The version number of the Linux kernel of the
applied operating system is 5.4.51-v8+, a Preemp-
tive type kernel, which is key for running the ap-
plication in real time.

The ,,core” program starts as a system level ser-
vice, after initializing the network interfaces. The
program is based on the principle that the specific
position of the axes is given as a digital code, i.e.
we know exactly how many steps are allowed due
to the digital encoder. After starting it, the ,,core”
program reads the saved maximum position
numbers, then the initialization process happens,
where it creates the corresponding POSIX socket
resources for the network communication. In the
background 6 threads are created, each of those
corresponding to ‘on’ of the axes of the KUKA KR3
industrial robot. In the event that an inbound
connection occurs, a new thread is created that
executes it. The threads corresponding to the axes

adsWorker(int nrAtis)

nUmOfhreads+»:

Init Global variables:
bool NoExitSignal=1;

it axisPOS{4JNUMOF_AIS]
int numOfThreads=0,

HiposiionChanged)

i(currentPos>newPos)
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Figure 9. Waveforms sent to motor controllers.

Figure 10. Pycom SiPy Pinout
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check whether there is a change in the incoming
information compared to that which is stored. Ad-
ditionally, the state of the DeadMan Switch is also
checked, which happens over the network as well
(Figure 10.).

7. Developing the Dead Man’s Switch

A problem encountered during design was that
if the HMI is accessible from anywhere on the net-
work, the robot operator may not always be near
the emergency stop button, which is dangerous.
Starting from Murphy’s Law, which reads, “What
can go wrong, will go wrong” [12], the implemen-
tation of a simple emergency stop button accessi-
ble from anywhere under the network was nec-
essary.

The solution is provided by Pycom's SiPy [13]
development module, a Micropython-program-
mable microcontroller based on the Espressif
ESP32 chipset (Figure 11).

Inside it are two processors: a network proces-
sor, that handles the WiFi radio connection and
a main processor that runs a user installed pro-
gram. Pycom's SiPy features include ultra-low
power consumption, the implementation of a
1Km Wifi radio between Pycom devices, and Sig-
Fox communication with other IoT devices.

The wireless Dead Man’s Switch only turns the
power on or off from the SiPy panel.

The program running on the microcontroller
will definitely try to connect to the real-time ap-
plication on the network, which will detect the
status of the connection and the MAC address of
the device (Figure 12).

8. 3D KUKA KR3 HMI

One of the basic conditions of the HMI was to
display the given robot unit in 3D. There were
several reasons for this, one of which was to make
it easier to track changes in the positions of indi-
vidual axes and to allow easier user coordination.

The 3D model of the KUKA KR3 industrial robot
arm was designed in 3D CAD (Computer Aided
Design) program.

One solution to this is provided by SketchUp [14]
which allows us to model 3D spatial shapes with
a low polygon number, making it not only easier
to slice 3D models during 3D printing, but also to
design different simulation models.

The HMI interface was produced with the help
of the JavaScript based Three]S 3D graphical en-
gine. The functions of the HMI, such as calcula-
tions of coordinates, positioning of the robot, has

Figure 11. Pycom SiPy Pinout. [13]

Figure 12. Pycom SiPy Deadman Switch.

Figure 13. KUKA KR3 3D HMI.
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14. abra. 3D vs Real KUKA KR3 HMI

also been written in JavaScript, as such the HMI
runs in its entirety on the client computer (Figure
13).

Through the HMI the sending of signals towards
the real KR3 industrial robot is possible, thus that
will follow the position designated in the HMI.
Positions can be reached through the velocities
allowed by the robot’s settings (Figure 14).

During the tests, the used client PC was and in-
dustrial Panasonic Toughbook Toughbook CF-C2,
with 8 GB DDR3 RAM, Intel Core i5 4300U CPU.

The Cyber-Physical & Intelligent Robot Systems
Laboratory previously provided opportunities for
other types of research tasks as well. Whether it
was image analysis for detection of specific ele-
ments in work stations [15], creation of virtual
environments [16] or conducting measurements
related to singularities [17]. In addition to the
aforementioned, the HMI design and control task
mentioned above further strengthens this labora-
tory.

9. Conclusion

This project was fully realized and everything
within it was also fully engineered. The KUKA
KR3 industrial robot had its HMI engineered, for
which a 3D model of the robot unit was also made
that was integrated into a virtual reality environ-
ment. For the Dead Man's switch a SiPy controller
developed by Pycom was used, while for the PC a
Linux based OS, a once-card computer, a Strato Pi
Base Board and Raspberry Pi were applied.

With the help of the 3D KUKA KR3 HMI, we can
exactly track the changing of positions and also
make the coordination of the real KUKA KR3 pos-
sible. As further possibilities for development, the
integration and 3D modeling of a gripper tool for
the virtual reality environment were considered.
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Abstract

The aim of the paper was to review the main reusable sources of heat from industrial facilities and to an-
alyze the most efficient way in which they can be exploited. In order to carry out some case studies, exam-
ples were chosen from fields of industry in which energy consumption is very high, namely the energy and
mining industries. It was shown that although there are large amounts of energy that can be recovered, they
are generally low temperature heat sources. Their efficient recovery can be achieved with the help of heat
pumps, but due to the final temperature of the heat source, which is around 70 °C, they can be used mainly
as heat sources for heating or hot water. This use greatly limits the research and projects for the reuse of
these secondary energy resources, therefore future research should focus on obtaining higher temperatures,
but also on the production of steam from these sources. The production of steam would facilitate an increase
in projects for the recovery of these secondary energy resources for industrial use, which would lead to a

superior valorization of them.

Keywords: waste heat, secondary energy resources, heat recovery, primary energy source savings.

1. Introduction

The guideline drawn by the EU from a sustain-
able development point of view is concretized by
the European Green Deal which stated that we
are striving to be the first climate-neutral conti-
nent.

The starting point of the strategy is that climate
change and environmental degradation are an ex-
istential threat to Europe and the world. To over-
come these challenges, the European Green Deal
will transform the EU into a modern, resource-ef-
ficient and competitive economy. The major goals
of the Green Deal can be summarized as follows:
no net emissions of greenhouse gases by 2050;
economic growth decoupled from resource use;
no person and no community left behind.

An important part of the action plan is a set of
proposals to make the EU's climate, energy, trans-
port and taxation policies fit for reducing net
greenhouse gas emissions by at least 55% by 2030,
compared to 1990 levels.

It is also not accidental that two of the featured
initiatives are energy related: REPowerEU and EU
action to address energy crisis.

Basically, this is the mainframe in which Eu-
rope’s industry will be functioning in the future.

2. Industry and power demand

The current state of the European Union from
an energy point of view will be analyzed in the
following section.

In figure 1 [1] can be seen that the primary en-
ergy consumption of the EU, compared to 2005,
dropped. Also, the impact of the COVID pandemic
can be clearly noticed.

Another important aspect is that the use of hard
coal and brown coal dropped consistently, and
as a result, in order to meet the energy demand
use of natural gas, petroleum and nuclear energy
grew. The overall tendency is the decrease of the
primary energy consumption.

The gross electricity production as presented in
figure 2 highlights that fossil fuels were again the
leading source for electricity generation. The sec-
ond source is nuclear, but hydro power and green
energy is also in the top.

From a heat recovery point of view in order to
show the current state of the use of renewable re-
sources, data presented in figure 3 mare important.
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Figure 1. Primary energy supply. [1]

Figure 3. Renewables inland consumption. [1]

Figure 2. Gross electricity production. [1]



24

Figure 4. Final energy consumption by sector. [2]

Figure 5. Final energy consumption by sector. [3]

Figure 6. Primary energy consumption U.S. [4]

Figure 7. Primary energy consumption China. [5]
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In the first place is the primary solid biofuel con-
sumption followed by biogases.

Is important to notice that use of heat pumps
also has an important share that is increasing
over time. Renewable and non-renewable munic-
ipal waste, as well as non-renewable industrial
waste have their share, but there is room for im-
provement.

Regarding the use of final energy, figure 4 shows
that there are three major energy consumers: in-
dustry, road transport and households.

While heat recovery in road transport can be
technically challenging, and the large share of
household is due to their large number (which
makes heat recovery usually economically ineffi-
cient), it means that from energy recovery point
of view we should focus on industry.

The Energy-Intensive Industries cover a broad
range of sectors such as chemicals, steel, paper,
plastics, mining, extraction and quarrying, refin-
eries, cement, wood, rubber, non-ferrous metals,
glass and ceramics.

Their share in the final energy consumption is
presented in figure 5 mutatja be [3].

Some discussions must take place regarding the
data presented in figure 5, as the numbers are ab-
solute values, and they must be analyzed from en-
ergy-intensity point of view. Therefore, the share
of a certain industry in the overall consumption
will be analyzed.

For example, the mining industry is far more
energy-intense than can be inferred on the basis
of figure 5.

Its current status is due to the fact that the min-
ing industry in Europe almost no longer exists as
a result of the closure of most of the mines.

In order to have a complete picture, data on en-
ergy production and consumption in the case of
the USA and China will be presented.

Figure 6. abrat shows that ,compared to fig-
urel, the data are almost the same. In figure 7
the large share of coal in the primary energy con-
sumption of China cannot be overlooked.

A more complex picture is presented in figure 8
[6], regarding energy consumption by source and
sector in the case of the USA.

Data in figure 8 is consistent with data in fig-
ure4 as major end user sectors are transporta-
tion, industry and residential (household).

Comparing data in figure 5 with data in figure9
reveals that in China the share of the mining in-
dustry in total energy consumption is greater
than in the case of EU (figure 5). and in recent
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Figure 8. Energy consumption by source and sector.
(61

Figure 9. Net electricity generation by fuel type (Chi-
na). [5]

Figure 10. Energy consumption by industry sector
(China) [7]
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years this energy consumption is quite constant
as China still has its mining industry.

Moreover, energy consumption in the mining
industry is on the third place, which shows that
mining is an energy-intensive industry.

Another important aspect is that in figure 10
the energy industry is also presented as major
consumer, being in the first place in terms of
share of total energy consumption. In case of the
EU and the USA the share of energy industry is
not listed.

Conclusively due to the weight of industrial con-
sumption as presented above, and within it the
share of the energy and mining industry, in the
following, recoverable heat sources within them
will be identified and evaluated from the magni-
tude and efficiency of recovery point of view..

3. Waste heat sources in industry

Waste heat recovery is not a new topic, and con-
sequently such heat sources have already been
mapped out [8].

A short enumeration will be helpful in the pro-
cess of discovering the most promising recovera-
ble heat source from heat recovery point of view.

Some of the most typical waste heat sources and
their potential for energy recovery are [8]:
—process exhaust air (flue gas) between 30% to

90% can be utilized;

—waste heat from cooling systems - between 35%
to 95% can be utilized as process heating supply;

—air compression facilities — up to 90% of electri-
cal capacity can be recovered;

—ventilation technology — 35% to 90% can be uti-
lized for fresh air preheating.

3.1. Waste heat in energy industry

The waste heat sources enumerated above can
be found in all industrial sectors.

As stated above, the energy sector and mining
industry were chosen in order to evaluate possi-
bilities of waste heat recovery.

In order to highlight the very high potential of
the industrial waste heat from a heat recovery
point of view two types of waste heat sources
were considered:

—waste heat from cooling systems;
—waste heat from air compression.

3.1.1. Amount of waste heat from condenser
cooling

There are many studies in literature regard-
ing the operation of a thermal power plant. The
amount of heat released into the environment by
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condenser cooling is 66 % according to Gajendra
[9] while according to Kale in [10] the loss is 34 %.
In other works, heat rejected by the condenser
was found to be between 39,11% to 42,87% [11],
and 45,02 % to 45,98 % [12] depending on power
plant load.

These figures are high, and in absolute values
are around 200 MW for data listed in [11] [12].

Assessment of the available heat that can be re-
covered from condenser cooling waste heat can
be made using data gathered during heat balance
calculations.

In figure 11 the schematic of a 200 MW thermal
power plant is presented.

The steam turbine that works within this power
plant is a condensing type turbine and was de-
signed to operate at 3,000 rpm, 13 MPa pressure,
and 545 °C temperature with one steam reheat to
a temperature of 545 °C at a pressure of 2.44 MPa.
The exhaust pressure of steam is 0.0034 MPa. The
turbine has seven bleeder connections for regen-
erative feed water heating. Maximum tempera-
ture of feed water is 242 °C. From the outlet of the
High Pressure Turbine (HPT) steam is directed to
the re-heater at a pressure of 2.89 MPa and 350°C.
Steam is returned to the Reheat Turbine (RT) hav-
ing a higher temperature. The Low Pressure Tur-
bine (LPT) is of a double-flow design.

Steam for the turbine is provided by Pp-
330/140-P55 type steam generator, a once-through
coal-fired boiler [13].

An energy audit was carried out for this power
plant and, as regulations require for heat balance
calculations, measurements were carried out
for at least 3 different loads. The loads for per-
formance tests were fixed to 460 t-h™! - 70%, 560
t'h™'- 85% and 640 t-h™1 — 94% (steam flow rate).

Data in table 1 shows the huge amount of heat
available as waste heat and rejected by the con-
denser in the environment.

In order to be able to choose the appropriate
heat recovery method, besides the amount of
available heat the temperature of heat source is
also important.

In table 2 the cooling water temperatures are
presented..

The subject of another case study will be analyz-
ed: a 150 MW rated output power plant.

The schematic of this power plant is presented
in figure 12.

This power plant is equipped with K 160-130-
2PR-2 type steam turbine, presented in the sche-
matic diagram of the 150 MW unit (figure 12) .
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Figure 11. Schematic of the 200 MW power plant [11]

Table 1. Condenser loss

Load Heat rej e;tce‘g fg“c’ondenser
70% 209.291
85% 259.989
94% 261.675
Average loss 243.652

Table 2. Cooling water temperatures

Cooling water Cooling water
temperature at temperature at
Load .
condenser inlet, | condenser outlet,
°C °C
70% 26.00 32.74
85% 27.93 36.43
94% 26.19 35.15

This turbine is a condensing type turbine
with uncontrolled bleed, designed to operate at
12.8 MPa pressure, and 540 °C temperature, with
one steam reheat to a temperature of 540°C at
a pressure of 3.41 MPa. The exhaust pressure is
0.0038 MPa. At the listed steam parameters and a
cooling water temperature of 12 °C, the calculated
power of the turbine can reach 170 MW.

It also can deliver up to 175 MW (150 Gcal'h™)
of thermal energy from an unregulated bleeder
at 150/70°C or 130/70°C in the district heating net-
work.

Abbreviations used in figure 12 are: HPT - high
pressure turbine; RT - reheat turbine; LPT - low
pressure turbine; CP, CP-1, CP-2 - condensate
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Figure 12. Schematic of 150 MW power plant. [12]

pumps; LPH - low pressure feedwater heater;
HPH - high pressure feedwater heater; FP - feed-
water pump; DH - district heating heat exchang-
er; CPP — condensate polishing plant.

The turbine has five bleeder connections for re-
generative feed water heating to 235.4 °C. From
the High-Pressure Turbine (HPT) steam enters the
reheater at a pressure of 3.12 MPa and 350.7 °C
temperature, from which it is returned to the
Reheat Turbine (RT). The Low-Pressure Turbine
(LPT) is of a double-flow design.

Steam for turbine is a coal-fired boiler, with
540t-h~! rated steam output, at a pressure of
13.85MPa and 541°C for live steam and 471.4 t-h™!
at 2.96 MPa and 541°C temperature for reheat
steam. Feed water parameters at steam generator
rated load are: pressure 18.8 MPa, temperature
235.4°C.

The loads for performance test, for this power
plant, were fixed to 115 MW, 130 MW and 150 MW
power output for condensation operation.

Data in table 3 shows the amount of heat avail-
able as waste heat rejected by the condenser for
the 150 MW power plant. The amount of heat is
close to the value in table 1.

The temperature of the cooling water for the 150
MW power plant is presented in table 4.

Table 3. Condenser loss

Load, MW Heatr eiecl::i(,iﬁ)";ondenser
115 185.380
130 216.480
150 262.759
Average loss 221.540

Table 4. Cooling water temperatures

Cooling water Cooling water
temperature at temperature at
Load .
condenser inlet, | condenser outlet,
°C °C
70% 19.2 30.84
85% 21.44 34.62
94% 24.69 40.32

3.1.2. Waste heat from turbocompressor cool-

ing

Modern compressors employed today in the
mining industry are rotary-screw compressors,
but in the case of high air requirements and ne-
cessity of uninterrupted compressed air produc-
tion, turbocompressors are also used. Choosing a
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turbocompressor instead of a rotary-screw com-
pressor is due to their high compressed air yields,
and in addition, the turbocharger adapts well to
the changing compressed air demand since the
operating point of the turbocompressor moves,
as for any such machine or pump, so no control
is required if there is no major variation in the
compressed air demand.

In the heyday of mining, the mines in Jiu Valley
were all equipped with turbocompressors, and
sometimes even up to three turbocompressors
were in use.

This type of turbocompressor consists of seven
stages, arranged in three bodies, the first two bod-
ies having two rotors and the last having three.
Cooling is performed by means of two intercool-
ers (Figure 13) and a final cooler, each of which is
interchangeable.

Figure 13. Schematic of the turbocompressor. [15]

Figure 14. Measured data. [15]
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Rated characteristics according to operation
manual [14]:

Inlet air flow rate 16000 m3-h1;
Inlet pressure 1 bar

Inlet temperature 20 °C;

Outlet pressure 8 bar
Turbocompressor speed 9980 rpm;
Motor speed 1500 rpm

Air temperature at final cooler outlet 40 °C;
Cooling water temperature at inlet 25 °C;
Cooling water flow rates:

- through final cooler 55 m3-h1;
- through intercoolers: 95 m3-h;
— through oil cooler 20 m3-h1;
Rated motor power 1800 kW;
Motor efficiency 0.9;
Gear efficiency 0,95.

In order to accurately calculate the amount of
waste heat, 124 measurements were made [15].

Measurement data is presented in figure 14.

Inlet temperature of the cooling water can vary
from 15 °C in colder months (March), while in the
summer months it can reach 28 °C. In winter even
lower temperatures can be reached.

The temperature increase of cooling water is be-
tween 2-4 °C (2.75 °C average) and it is consistent
with the motor power, which is directly propor-
tional to the change in compressed air demand.

At a flow rate of the cooling water of 170 m3-h™!
the inlet temperature was measured at the outlet
of the cooling tower, while the outlet temperature
of the cooling water was measured at the inlet of
the cooling tower.

Therefore, amount of received heat is:

1)

where: Q — amount of heat, kW; V - volumetric
flow rate, m3-h~1; At — temperature difference, °C,
¢ - specific heat capacity of water at 25 °C, kJ-k-
g 1K', p — density of water, kg -m=3.

As can be seen, the amount of waste heat is very
high, 542 kW, and all this is released into the envi-
ronment. Not to mention that, high cooling water
temperatures can lead to inadequate cooling of
the turbocompressor, which negatively affects its
efficiency. Another disadvantage resulting from
inadequate cooling is that hot compressed air
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raises the temperature in the quarry, which has a
negative effect on humans.

Basically, if we solve the problem of waste heat
recovery, we will be able to solve the problem of
proper compressor cooling as well, and will be
able to extract a desired amount of heat, assuring
that way the proper cooling of the turbocompres-
sor. Solving these problems can bring huge ener-
gy savings.

The biggest challenge in this case, in terms of
waste heat usage, is that the temperature of the
water is very low, so that it cannot be used as it is
in other technological processes.

3. Efficiency of waste heat recovery

To better understand the amount of waste heat
available, some calculation can be carried out.

Heat demand of an average household can be
met usually by installing a 28-kW boiler for heat-
ing and hot water delivery.

Assuming that we can recover all the heat re-
jected by the condenser which theoretically is
221,540.0 kW we can provide heating for 7912
households, and if we consider recovering the
heat from the turbocompressor cooling water, we
can provide heat for 19 households.

Waste heat recovery can be conducted through
various waste heat recovery technologies, but
their applicability depends on the temperature of
the source.

In examples listed above the temperature of
the heat source is everywhere between 10 °C for
winter time and as high as 40 °C in summer. That
means that the waste heat is a low temperature
heat source.

For low temperature heat sources, the mechan-
ical vapor compression, water-water type [16]
heat pumps (figure 15) are suitable for harnessing
energy. They can use waste heat from water with
temperatures under 40 °C, and deliver heat at tem-
peratures between 50 to 80 °C whit a COP (coeffi-
cient of performance) in the range of 2.5 - 5.0.

Usually, a heat pump extracts heat from a
source, such as the surrounding air, geothermal
energy stored in the ground, or nearby sources of
water.

In order to evaluate the efficiency of heat recov-
ery let’s assume that we recover heat from the
cooling water of condenser of the 150 MW power
plant.

As hot water is usually delivered using pipe-
lines, losses can occur, so we set the required heat
delivery for the heat pump to Q,= 700 KW, a value
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Figure 15. Vapour compression heat pump.

close to the maximum capacity of heat pumps em-
ployed today.

Additional data for calculation are: T,=70 °C
— temperature of delivered hot water, T,=5 °C
- ambient temperature, AT, =5°C - temperature
difference required for heat transfer in condens-
er (heat delivery), AT,=5°C - temperature dif-
ference required for heat transfer in evaporator,
AT, =10°C- temperature difference for sub-cool-
ing, mechanical efficiency # 0.9, employed refrig-
erant R717 (ammonia).

It must be stated that the ambient temperature
will be the average temperature in the evaporator
taking into account that at outlet of evaporator
water temperature must be above 5 °C to prevent
freezing, and the inlet temperature is the con-
denser outlet temperature. In order to compare
the efficiency of using waste heat as heat source, a
heat pump using the heat source a body of water
is calculated first, considering heat source tem-
perature 5 °C, this will represent a basis of com-
parison.

Data in table 4 regarding cooling water temper-
atures were measured during summer.

Results are presented in table 5 and figure 16.

In addition, primary energy resources savings
brought by a heat pump can be calculated using
equation [17]:

@)

where u, is the practical COP (coefficient of per-
formance),; n,=0,35 - efficiency of electricity
production in the national power grid; n.,= 0,85
- energy efficiency of hot water production in
heat-only boiler stations.
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Table 5. Heat pump efficiency

Work
LGRS supplied to | Practical LB
ce tempe- T efficiency
rature, °c | COTmPres- He n
’ sor Pe, kW E

5 265.613 2.656 55,90

25 213.648 3.28 47,74

28 210.437 3.32 45,24

32.5 205.635 3.40 41,29

Figure 16. Work supplied, practical COP and exergy-
efficiency of heat pump.

Data presented in figure 16 reveals that the ex-
ergy efficiency of the heat pump varies from 55.90
to 41.29 % for the studied temperature range.

COP of the heat pump increases with the temper-
ature of the heat source up to 3.40 while the work
supplied to compressor decreases from 265.613
kW to 205.87 kW. The primary energy resources
savings calculated with equation (2) varies from
8.56 % to 28.57 %.

Hot water can be produced locally by small boil-
er units with energy efficiencies around 85% or
obtained from cogeneration plants having up to
80% energy efficiency.

In order to compare these values with exergy
efficiency of heat pump, exergy efficiency of boil-
er units and cogeneration plants must be estab-
lished. Literature provides data on cogeneration
plants showing that exergy efficiency can vary
from 23% to 30.7% [18][19], while exergy effi-
ciency of boilers can be between 16% to 25% [20].

4. Conclusions

A great amount of waste heat is available in in-
dustry, as in the examples provided, it can be seen
that the value of the heat rejected by the power
plant condenser is 243.652 MW for the 200 MW
power plant and 221.540 MW for the 150 MW
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power plant. The heat that can be recovered from
turbocompressor cooling is 542 kW.

A major problem linked to this waste heat is that
it is a low temperature heat source.

Using heat pump technology in order to recov-
er waste heat is a very good solution as the COP
of heat pump is between 2.65 and 3.40, while the
exergy efficiency is between 55.90 and 41,29 %.

Using heat pump technology can lead to impor-
tant primary energy savings varying from 8.56 %
to 28.57%, higher values for high heat source
temperature.

Unfortunately, the temperature of delivered
heat is around 70 °C, which limits its usage to
heating or hot water supply. As industrial facil-
ities are located usually far away from human
settlements, heat needs to be delivered, and that
can dramatically decrease the overall efficiency
of recovery (depending on distance).

This shortcoming can be eliminated by creating
industrial parks near these secondary heat re-
sources.

Another solution could be that research should
be developed in the direction of increasing the
temperature of the recovered heat source (waste
heat to steam solutions), increasing the possibil-
ity of using it in different directions, within the
framework of industrial facilities.
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Abstract

The aim of this work was to design an injection molding tool with replaceable inserts. The tool design is made
for a BOY 15S injection molding machine. Based on the interpretation and comparison of the simulation
results of the filling process, we optimized the plastic part design, the runner system and the location of the
gates and cavities in order to maximize productivity and efficiency while minimizing cost. In the process of
the tool design, we also considered the potential problems regarding the manufacturing process of the tool.

Keywords: injection molding, tool design, optimization, simulation.

1. Introduction

1.1. The basics of injection molding

The basic principle of injection molding is the
"injection" of a low viscosity plastic melt into
a closed cavity. This is done through a narrow
passage. Low viscosity is essential for a fast and
complete filling of the mold. Complete filling (for
thermoplastics) is also facilitated by high injec-
tion pressure. Due to the fundamental nature of
the injection molding process, the cooling process
of the melt only lasts a few seconds at most and
results in a final product of high dimensional
accuracy. In addition, the advantage of injection
molding is that it allows the production of com-
plex shaped parts that require no further machin-
ing other than the removal of plastic that has so-
lidified in the runner system.

1.2. The injection molding machine

The injection molding machine is responsible
for melting the plastic (usually in the form of
granules) and injecting it into the mold. It is also
responsible for opening the mold along the part-
ing plane and operating the ejection system. Its
mechanism is optimized for fast and efficient in-
jection molding and ejection of the product after
solidification.

The mold is designed for the BOY 15S injection
molding machine located at the University of Sa-
pientia EMTE Targu Mures, Faculty of Mechanical
Engineering.

1.3. The injection molding tool

The injection molding tool is the component that
allows the shaping of the part. It contains the run-
ner system and the mold cavities that are filled to
create the part. The type of tool used depends on
the part. The production of more complex parts
requires more complex tooling, so it is important
to think cost-effectively from the very first steps
of part design. The mold designed in this article
has a simple, two-plated design) (Figure 1).

It is also the tool’s task to convey the melt from
the nozzle of the injection molding machine to the
mold cavity, this is done by means of the inlet /
runner system.

The opening through which the plastic melt en-
ters the mold cavity from the runner system is
called the gate. The size and position of the gates
have a profound influence on the quality of the
final product. It can sometimes make the differ-
ence between a perfect and a defective part, so
correct sizing and positioning is of particular im-
portance.
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Figure 1. Construction of a two-plated injection mold-
ing tool. [1]

2. Methodology

Autodesk Inventor was used to create the as-
sembly model of the plastic part, inserts and tool
housing, and to perform the stress analysis. The
plastic flow of the melt was simulated using Solid-
Works Plastics. The parameters required to run
the simulations were chosen from the table of the
parameters of the BOY 15S injection molding ma-
chine.

In the calculations, at each step, we chose the
less favorable parameter of either polyethylene
or polypropylene, therefore the results provide a
significant safety factor.

2.1. Tool housing

In designing the tool housing, the selected com-
ponents were based on the simple two-plated tool
structure. The correct movement of the two tool
halves during tool opening and closing process
is ensured by pins and corresponding bushings,
the 3D models of which were downloaded from
the online parts catalogue of Meusburger GmbH
& Co KG.

2.2. Inserts

The design process of the inserts consists of
several steps. The first step is to design the shape
of the mold cavity, which is determined by the
plastic part. When designing the plastic part (and
therefore the mold cavity as well), it is important
to avoid shapes that are problematic for injection
molding. Examples include right-angled corners,
thin recesses, sections with staggered wall thick-
nesses, etc.

3.Results

3.1. Cavity filling simulations

To perform the simulations, a plastic component
model is needed. This model forms the final prod-
uct.

3.1.1. Determining the optimal gate position

The first result of the evaluation of the simu-
lations is the determination of the optimal gate
position. This was chosen based on the number
and size of air pockets and weld lines that appear
in the simulations, since these are manifested
as aesthetic defects in the final product [2]. The
overall quality of the filling process was also tak-
en into consideration.

In determining the optimal gate position, injec-
tion pressure, and a gate dimension were kept
constant so that the quality of the filling process
could be studied as a function of gate position.

In addition to the results of simulations with dif-
ferent barrier positions, cost-effective design also
played an important role in this decision.

Figure 2 shows the final gate position. This will
ensure that the melt front fills the model’s pro-
trusions longitudinally, which helps to eliminate
weld lines. [3]

3.1.2. Determining the optimal plastic part
model

The plastic part model represents a keychain
with the logo of the Sapientia University of Tran-
sylvania. The prominent parts of the 3D model
create a number of geometric corners, which
present difficulties for the injection molding pro-
cess. In the optimization process of the model, the
priority was to change these problematic shapes

Figure 2. Optimal gate position for symmetrical fill-
ing.
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Figure 3. Optimized model with reduced and cham-
fered protrusions.

in such a way that the deviation from the original
part was minimized (Figure 3).

The simulations helped in the optimization of
the plastic part model to ensure that the cavity
is fully filled. This was done by modifying the
geometric features that result in air pockets and
weld lines. [3]

3.2. Design of the injection molding tool

3.2.1. Design of core and cavity retainer plates

Due to the interchangeable inserts of
the mold, the space required for the in-
sert must be provided in the two mold
halves, which measure 80x100 [mm xmm].
The inserts have a thickness of 15 mm, and they
are positioned 13 mm deep in the two retainer
plates to ensure full contact of the inserts - and
only the inserts - during the closing of the tool.

The ejector rods must penetrate the moving
side of the core retainer plate to allow ejection of
the plastic part. This can be achieved by drilling
holes, but this would mean that different holes
would have to be drilled to accommodate dif-
ferent inserts (which have varying rod sizes and
placements). As one of the main concerns is to fa-
cilitate the interchangeability of the inserts, this
solution is not ideal.

In order to make the moving side of the tool suit-
able for different inserts, a through-slot must be
designed in the core retainer plate. The dimen-
sions of this slot are slightly smaller than the size
of the insert, as shown in figure 4. This is done to
achieve a shoulder that provides a support sur-
face for the insert..

To verify the functionality of the mold base,
stress analysis was performed. The maximum
load is known due to the injection molding ma-
chine parameters (50 tons). The analysis was per-
formed using AutoDesk Inventor Stress Analysis
(Figure 5). The material used in the simulations is
AISI 1045 steel. The mechanical properties of this

Figure 4. More retainer plate machined for insert
accommodation and ejection system opera-
tion.

Figure 5. Deformation of the moving side mold base
under 50 tonnes of load force (AutoDesk
Inventor Stress Analysis).

Figure 6. Side view of the parting plane (marked with
a blue line at the bottom of the part).

material can be found in the AutoDesk Inventor
material catalogue. The Young's Modulus of AISI
1045 is around 200 GPa.

The maximum deformation at 50 tonnes of clos-
ing force did not exceed 25 pm, as it is shown in
figure 5. This value is low enough to be consid-
ered negligible for injection molding.

3.2.2. Determining the parting plane

When designing an injection molding tool, it is
important to consider the position of the parting
plane. Since cost-effective design is a major ob-
jective, the part’s base plane has been chosen as
the parting plane (Figure 6). This offers several
advantages.
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Primarily, it ensures that the part remains in
the moving side of the mold during mold open-
ing, thus making part ejection possible. Next, the
position of the parting plane means that only one
of the inserts needs to be machined, reducing
production costs and time. There is one drawback
to the choice of this particular parting plane: the
edges of the part that are in the parting plane can-
not be rounded, nor chamfered.

3.2.3. Runner system and cavity design

The inlet channel diameter was chosen to be
2 mm, as this diameter is suitable for injection
molding all the listed plastics for the designed
mold (Table 1), since the maximum flow path is
70 mm (from the nozzle to the gates).

The relationship between the diameter of the
sprue and the diameter of the runner system
channels is given by the following formula:

previous = Dnext ’ (1)
where n is the number of channels in the junc-
tions, D,y 1S the diameter before the junction
and D, , is the diameter after the junction.

The runner diameter calculated from the size
of the sprue is 2,82 mm. Since the sprue channel
is tapered (0,5° taper angle), the value obtained
is the average diameter. Among the sprues dis-
tributed by Meusburger GmbH, one can be found
with an average diameter of 2,91 mm. This is suf-
ficiently close to the calculated value.

The positioning of the cavities is determined by
the factors previously mentioned: the chosen gate
position and the dimensions of the base plates.
Since the dimensions of the insert are 80 x 100
[mm x mm], four cavities can be placed leaving
a sufficiently thick (6 mm) wall between the tool
cavities and the outside of the insert (Figure 7).

The volume calculated from the 3D model of the
designed plastic part is 2.35697 cm?, so the vol-
ume of the four cavities is 9.42788 cm?3. The com-
bined volume of the inlet manifold and runner
system is 3.80619 cm3, so the volume of polymer
melt required for one injection molding cycle is
13.23407 cm?®. The maximum injection volume
per cycle is 96 cm?.

3.2.4. Determining the dimensions of the gates

When designing the gates, the aim is to mini-
mize the size of the gate. The reason for this is to
make the removal of plastic solidified in the gates
easier from the product of the injection molding
cycle.

Table 1. Maximum flow path of plastics in a 2 mm
diameter channel [4]

Max. flow pathin a 2
Plastic mm diameter channel
[mm]
Polyethylene (LDPE) 720
Polyethylene (HDPE) 400
Polypropylene 870
Polystyrene 670
Polyamide 66 560
Polyamide 6 510
ABS 370

Figure 7. Model of the moving side insert.

The limiting factors are the maximum shear
rate and the calculated pressure drop at the gates.
These values depend on the used plastic [5].

In the first step, the maximum shear rate was
considered: [5]

2)
where Y - shear rate [1/s], — volume flow
[cm?/s], w - gate width [m] and h — gate height [m].

The final dimensions of the barri-
ers are: w=2 mm, h=0,75 mm. The re-
sulting  shear  rate: v=17645.426  1/s.

Among the different polyethylene and polypro-
pylene types, the lowest maximum shear rate val-
ue was found to be that of HDPE and LDPE: 40000
1/s [6], which is not exceeded by the calculated
result.

Next, the calculated pressure drop across the
entire runner system was investigated. From the
results of the simulations, the pressure drop is
found to be less than 75 MPa. The used injection
molding machine is able to produce more than
twice the calculated pressure (P =168 MPa).

max
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3.2.5. Ejection system design

The ejector rods used in this design are cylin-
drical and have a flat face. In order to calculate
the minimum diameter, we had to determine the
force required for ejection using formula (3) [5].
The value of this force is 1970 N (rounded up).

3

where u - coefficient of friction, E - Young's Mod-
ulus [Pa], CTE - coefficient of thermal expansion
[1/°C], Ay~ shrinkage area of the plastic piece
[m?], € — material specific elongation, ¢ — taper
angle of the wall of the tool cavity that is stressed
during the shrinkage of the plastic [°].

Knowing the force required to eject the parts,
the minimum diameter required to resist the
shearing force by the plastic parts can be calcu-
lated. [5]

A

where ., — circumference of the face of the
ejector rods [m] (shear line), g, ., — yield strength
[Pa] and h — wall thickness of the plastic part at
the point of contact with the ejector rod [m].

The resulting minimum total circumference of
the ejector rods is 41.042 mm. The designed in-
serts have 8 ejector rods, so the minimum diam-
eter of one ejector rod is 1.63301 mm. Including
a safety factor, the rounded value is 3 mm; such
ejector rods are available from Meusburger
GmbH, which simplifies sourcing and obtaining
the part.

The ejector rods were also checked for deflec-
tion: their stress was 34.83725 MPa, while the
maximum allowable value was 2.86467 GPa.

The shape of the plastic part limits the position-
ing of the ejector rods, which can only come into
contact with the plastic part where its surface is
flat (Figure 8.).

4. Conclusions

We have successfully completed the design of an
injection molding tool with exchangeable inserts.
Thanks to the mold's design, it will be possible to
injection mold different plastic parts without the

Figure 8. Positioning of ejector rods on the plastic
part.

need for the lengthy and costly process of chang-
ing the tool. Thanks to the implementation of
several safety factors, the tool will be suitable for
analyzing the injection molding process of differ-
ent types of plastics.

This has been the first step towards enabling
students at our University to study the injection
molding process with an industrial injection
molding machine.
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Abstract

The problematic of gear profiles has again come to the fore during the power demands imposed by techni-
cal development. Most of nowadays gears have involute profile due to its numerous ad-vantages. The most
important is that that axis distance variation does not affect the transmission ratio. According to [1], a cosine
gear drive has a lower slip coefficient and the contact and bending stresses by charge are significantly lower
compared to an involute gear. This paper presents a study regarding the generation synthesis of a cosine pro-
filed gear pair, using a single cosine profiled rack, in a CAD environment. The profile of the generating rack
and the mathematical computations of the equations of gearing were performed in a Mathcad environment.
The tool models were created in Autodesk Inventor. Then it was implemented in Autodesk AutoCAD and
using its special programming language (Auto lisp), a simultaneous subtraction-rolling method was used to
obtain a realistic simulation of the meshing of the cut gear with the rack. Implementing the generated gears
in Autodesk Inventor environment, tests were performed in order to compare the cosine profile of the gener-
ated gears with the profile of the involute gears. In the near future, we intend to exploit the results obtained

and compare the transmission quality of the involute gears with the cosine gears.

Keywords: cosine profile, involute, CAD, Mathcad, Autolisp, cosine profiled rack, gear.

1. Introduction

In terms of tooth profile, gears can be classified
as involute, bolt, cycloid or circle arc shaped. The
most widely used profile is the involute profile
due to its numerous advantages among which the
following must be emphasized: the transmission
ratio is not affected by the variation of the axis
distance, and the manufacturing technology is
simple, robust and at reasonable costs. Certain-
ly, the involute gear has also drawbacks such as
the limited load capacity and the susceptibility to
interference and undercut. Thanks to the appear-
ance of numerical controlled machine tools, the
area of special tooth profiles has been vigorously
extended.

The use of cycloid profiled gears in today’s ma-
chinery is significantly uncommon - the area of
implementation being confined to the mechan-
ical clock industry and some special gear pump

constructions. It must be mentioned here that cy-
cloidal gears have the advantage of zero relative
slipping between the tooth flanks which results in
neglectable mechanical wear, lubrication is not a
prerequisite in any circumstances of exploitation,
and the contact ratio is certainly greater than for
the involute, bolt or circular arc teethed gears.

Bolt gears are the oldest type of gears. This type
of gear has made a major comeback in clock
mechanisms, cycloidal drives and lifting equip-
ment. Cyclo-drives consist of a wheel having the
teeth as circular section equiangular disposed
rods and a cycloid profiled counter gear.

There exists also the possibility of designing the
spur gears with circular arc profiled teeth. Their
field of application comprises concrete mills,
compressors, elevation systems and others. In
the US machinery the endowment of plastic gears
with circular arc profiled teeth is considered the
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most appropriate. These present certain advan-
tages due to their rigidity, resulting in high load
transmission capacity and silent functioning by
a corresponding lubrication. The efficiency of the
transmission is superior to non-grinded involute
gear transmissions [2].

2. The cosine-rack generated gear pair

2.1. The elements of the involute rack

For easier further application, the basic profile
is defined for the module m=1 mm. The stand-
ard profile angle is set at a=20". To increase the
rigidity of the dedendum zone, the root fillet is set
to p,,=0.38-m (Figure 1). The definition of the co-
sine rack is based on the values of the standard
involute rack, excepting the profile angle and the
linear flank form [2].

2.2. The design of the cosine generating
rack

The equations of the cosine rack profiles are
written to the frame Oy, X; Y, i€{1, 2}.

Respecting Litvin’s criterion, a gear pair’s gen-
erating racks must match like a template and
counter-template. Thus, the blue rack generates
part 1, while the green rack part 2 of the gear
pair. (Figure 2). Their common profile is the ABC-
DEFG cosine curve, shown in red. The equation of
the profile is sought in the form:

Yg;,00=a cos(bx), (1)
where

a=a,=b ;= (ho*+co*)m,

and hy =1, ¢ =0.25.

The implementation of the cosine curve needs
the pitch of the rack (p=m m) which must be syn-
chronized with the period of the function. Using
the periodicity of the cosine function it can be
written, that:

@)

After transforming the sum above in a product,
the result is:

3

Equation (3) must be true for any x, thus:
“@

The solution of the trigonometric equation in
canonic form (4) is:

)

So we get
(6)

The next possible value results in for k=1, thus:
(7)

Although the profile angle of the cosine rack is
variable, its nominal value is defined on the pitch
line. This choice allows the comparison with
a standard involute rack of, a,=20°. Based on
Figure 1, the cosine rack profile angle is defined
by the pitch line-point tangent of the cosine curve
and the perpendicular to the x axis.

Exploiting the geometric sense of the derivative,
one gets

)

After performing the computation we obtain:

Figure 1. Standard basic profile.

Figure 2. The common profile of the rack pair.
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The symmetry axis of the tooth gap of the ele-
ment 1 generating rack is axis y_S1 as can be seen
in Figure 2. Thus, the explicit equation of the rack
1 results in:

€))

The axis y,, is the symmetry axis of the tooth of
the element 2 generating rack. Let us observe the
template-counter template principle in the build-
up of the two racks. Thus, the equation of rack 2
results in:

(10)

If admitting the translation of a half pitch, to
overlap the symmetry axis of the tooth gap with
the axis yg, it must accept

As following , thus
one gets the equation of the profile of rack 1. By
this calculus it was proven that the principle of
the pattern- counter pattern persists and the two
racks not only present the same profile, but they
are congruent, exactly as in the case of involute
racks.

2.3. The synthesis of a cosine gear pair

The generating principle of the cosine gear pair
by conjugate generating racks is presented in
figure 3. On the left are presented the used
frames in their initial positions while on the right,
in a position that corresponds to an arbitrary mo-
ment of the generation process. The indices of the
axes have the following significance: zero is the
index of the fixed frame, 1 and 2 the indices of the
generated wheels while indices s1 and s2 are the
indices of the corresponding rack.

The transformation of coordinates between the
involved frames is given by the following matrix
equations:

(11)

In this paper the detailed form of the matrices is
omitted; although, if performing the computing,
the structural identity of M,, and M, is obvious.

2.4. The equations of gearing

The equations of gearing are written for wheels
1 and 2 which are contacting their racks. The rel-
ative velocities result from the position vectors
and angular velocities shown in figure 4. [7]

The expressions of the relative velocities be-
come:

(12)

2.5. The generation of conjugate profiles
with a common rack

Due to the fact that the validity of the tem-
plate-counter template principle was demonstrat-
ed in subsection 2.2, a cosine gear pair can be ma-
chined with a unique rack, admitting =0 profile
shifting. Thus, the equation of the rack coincides
with those given in subsection 2.2.

The matrix transformation equations used for
the meshing are as follows:

(13)

Figure 3. Generating geometry of a gear pair.

Figure 4. The scheme of coupling involving two diffe-
rent racks
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Angular velocity vectors and their moments re-
lated to the origin O, are as follows:

(19

If substituting column vectors (14) in velocity
expressions (12) one gets the relative velocity col-
umn vectors related to the frame of the rack:

(15)

In this model it is to remark that both profiles
are simultaneously in contact which means that if
M is the contact point, then n, =n,, thus, the equa-
tions of gearing become:

(16)

The cosine profile’s normal vector is written us-
ing the parametric form (9) (Figure 5):

17)

To get the first gearing equation expression (15)
and (17) are replaced in equation (16):

Figure 5. Machining with a unique rack.

(18)
This leads to the following solution:

19)
Similarly, the second gearing equation is:

20)

whose solution is presented in the following ex-
pression:

21

Implementing equations above in the Mathcad
environment, the resulting left (red) and the right
(blue) tooth gap profile’s shapes are drawn in
figure 6.

Transposing the coordinates of the contact
points gained with the function of gearing
@=¢@) in the fixed frame using the matrix
equations ry,= M, r , i€{1; 2}, the lines of actions
are obtained. These are represented in figure 7.

Figure 6. Tooth gap profiles.

Figure 7. Lines of actions for the left and right tooth
profiles.



Maté M., Gdl K. I, Tolvaly-Rosca F. — Miiszaki Tudomdnyos Kozlemények 19. (2023) 41

The real segments of action are comprised of the
addendum circle and the inner circle arcs (radius
of the inner circle is considered here greater that
the dedendum circle radius by ¢;'m.

3. Simulation of the gearing

In order to simulate the gearing and meshing
process, first the solid model of the generating
rack must be built up.

Model initial data was considered as follows:

m=>5mm; h,=1; ¢,=0.25; z,=19; z,=27; b=2/5

a=(h,+cy)m=6.25 [mm] 22)

Using the deduced equations with initial data in
the Mathcad environment, the generated cosine
profile is shown in figure 8.

The 3D rack model was realized in Autodesk
Inventor environment, using the coordinates of
the profile points (figure 9).The simulation of man-
ufacturing was performed in the Autodesk AutoCad
environment because the Inventor environment
cannot handle 3D solid object subtraction. Using
the AutoCad programming space, an Autolisp [3-5]
program was realized which simultaneously pre-
forms the rolling and subtraction.

4. Comparative study

Investigations were carried out on the gear pair
realized with the common rack. An involute gear
pair defined by similar initial data (number of
teeth, module, axis distance) was also modelled.

Figure 8. Generating rack’s cosine profile.

In order to obtain valid data, the profile shifting
coefficient was set to £=0. To increase the profile
precision of the cosine rack, the maximum pos-
sible number of profile points (500 points) was
considered, and spline fitting functions were de-
fined by them. Using the Autolisp programming
environment the solid models of cosine gears
with z,=19 and z,=27 teeth were obtained. The
precision value for the subtraction was set at 0.2
mm, due to the very high hardware demand of
this operation (a complex operation consisting
of step by step subtraction and surface regenera-
tion). Figure 12 shows the linear traces drawn by
the generating rack on the tooth surface [3].

Figure 10. The subtracting operation through the
rolling process.

Figure 11. Gear generated in the AutoCad environ-
ment

Figure 9. Solid model of the generating rack.

Figure 12. Traces of the generating rack on the tooth
surface.
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4.1. Graphical validation of the mathematical
model

Firstly, the matching of the mathematically de-
duced and the 3D modelled profiles was exam-
ined.

Figure 13 shows a perfect match of the profile
deduced with the use of the equation of gearing
in the Mathcad environment with the profile re-
alized by CAD-simulation. Thus, the validation of
the analytical formulae defining the mathemati-
cal model has been confirmed.

4.2. The influence of tooth number on tooth

file fi
profile Torm Figure 13. Proofing of the mathematical model

As is well known, involute profile curvature de-
pends on the tooth number, due to the variation
of the basic circle radius. This conclusion remains
valid for the cosine gears too, as can be seen in
figure 14.

It shows the profile of the tooth of z=19 gear
(magenta) set on the symmetry axis of the tooth
of z=27 gear (yellow), to realize a visual geomet-
ric comparison. If looking on the profiles from the
pitch circle out to the addendum circle, one can
observe that profiles defining the z=19 tooth ap-
proach eachother faster at the addendum , thus,
the tooth tip sharpens faster. Now if looking on
the profiles from the pitch circle to the root cir-
cle, the observed tendency is the decreasing of the
dedendum width teeth number. (see the magenta
profiles) That decrease causes the weakening of
the tooth root.

Figure 14. The influence of tooth number on the
4.3. Comparison of involute and cosine shape of the profile
profiles

The involute profiles of the involute gear pair
were drawn in the Mathcad environment. They
consist of an involute arc and a root fillet. The last
is a looped involute drawn by the tip of the gen-
erating edge of the involute rack (if considering
a simplified rectilinear rack tooth). The profiles
were overlapped using the axis y as symmetry
axis of the tooth together with their pitch circle
points. The calculus of the involute profile can be
found in a very large number of publications thus
it is omitted here.

Figures 16 and 17 show the profile comparison
in the CAD environment. In both cases the in-
volute tooth root fillet curve produces a weaker
tooth root than the cosine tooth root. If analyzing
the tip geometry, it is obvious that cosine gear tip

width in both cases is smaller than involute tip
width. Figure 15. The cosine and involute profiles.
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Figure 16. Case of Z=19.

5. Conclusions

The synthesis of a cosine gear pair requires
identical generating racks thus their cutting with
a single cosine planning comb is possible.

Tooth number has a significant influence on the
tooth profile shape.

Root width increases with the number of teeth.
The cosine gear tooth root’s rigidity is always
higher than that of the involute tooth. This will
probably lead to a more extended lifetime of the
gear pair.

At small tooth numbers, cosine gears are suscep-
tible to tip sharpening.
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Abstract

In today's world, in order to maintain competitiveness, all companies strive to meet deadlines and sell their
products to their customers in the best possible quality. Also, they want to produce these products as cheaply
as possible. This is no different in the elevator industry. At Wittur Hungdria Kft., we produce thousands of
elevator doors or their decorative elements every year, which must be provided with a protective film on a
painted or structured surface, thus ensuring that the customer receives the quality product they expect. The
main reason for the design of the machine is to speed up and automate the foiling process, while increasing
productivity and reducing costs. Therefore, we set out to design a machine with which we can make the work
of the workers easier and faster, since this operation is currently carried out manually, and we also ensure a
consistent quality with the least possible human intervention.

Keywords: elevator, foiling machine, machine design, finite element method, automation.

1. Limitations of Current Technology
and Advantages of Planned Develop-
ment

Currently, our company relies on a completely
manual process for foiling elevator doors and
decorative elements. This requires the worker to
guide the foil by hand and cut it manually to size.
The process is further complicated by the fact
that the worker must walk alongside the stand,
causing discomfort and fatigue. The new foiling
machine will not only streamline the process and
improve productivity, but it will also enhance er-
gonomics and raise the standard of work.

The limitations of our current technology also
make it difficult to apply foil to wider or taller
elements that hang off the table. To ensure full
coverage, extra foil must be used, and the ele-
ment must be moved several times, significantly
slowing down the foiling process. With the new
machine, we can overcome these limitations and
achieve faster and more precise foiling.

The current manual foiling process only allows
for one element to be covered at a time. However,

with the new design, up to four elements can be
foiled in a single cycle, resulting in increased pro-
ductivity and reduced operation time (Table 1.).
Currently, the quality of the foiling process is
inconsistent, often resulting in wrinkled or stuck
film and unnecessary film usage. Workers may
also cover elements at an angle, requiring multi-
ple foils and increasing costs while also harming
the environment. The new machine will improve
the quality of foiling by ensuring precise and even
coverage while reducing the amount of film used.

Table 1. Current technology

Machine
HEE 0y Current foiling | foiling to be
parameters A
introduced
Productivity 2 pcs/min 3-4 pcs/min
Maximum 795 mm 1000 mm
width
Maximum ele-
ment length 2450 mm 3300 mm
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1.1. Detailed presentation of current tech-
nology

To begin the manual foiling process, the worker
places the item on the foiling table and positions
itin front of the foil roll. The worker must ensure
that an adequate amount of protective foil is ap-
plied to both the top and sides of the element, us-
ing both foils for larger elements. Next, the work-
er pulls the foil over the element and smooths it
along the edges, repeating this process for larger
elements until they are completely covered. Once
the element is covered, excess film is cut by hand
using a scalpel, and the film is then smoothed on
the other side of the element (Figure 1.) [1].

2. Creation of the construction of the
new machine

The construction of the new foiling machine be-
gan with the tallest and widest door produced by
the company, which measures 3020 mm in height
and 930 mm in width. To ensure that the machine
can accommodate elements of all sizes, It has
been designed with slightly larger dimensions
(Figure 2) [2]. This will ensure that the protective
film can be applied to elements of any size with-
out any issues.

2.1. The design and requisitioning of the
table

To assess the feasibility of the new foiling ma-
chine, a thorough analysis of its structural integ-
rity using the finite element method was conduct-
ed. The analysis was performed under different
loading conditions, including the weight of sever-
al elevator doors and other potential loads [3].

In order to simplify the calculations, in this part
of the study I have not shown the assembly to be
presented later but during the verification, the
load resulting from the weight of the specific kit
as a distributed load was taken into account as a
distributed load (Figure 3) [3].

The analysis revealed that the rack is not over-
loaded even when both specific kits are located
in the center of the rack, with a maximum ten-
sion of: 3.68 N/mm?. Furthermore, as shown in
Figure4 [3] the deflection of the structure barely
reaches 0.1 mm.

In examining the results (Table 2) it is notable
that the average panel (Figure 5) [3], has almost the
same maximum compressive stress (4.26 N/mm?)
as the largest panel (4.27 N/mm?) (Figure 6) [3].

This may seem counterintuitive, but it is pos-
sible because the larger panel lies on a larger

Figure 1. Current technology.

Figure 2. Foiling machine.

Figure 3. Table load at idle.

Figure 4. Table deflection in idle.
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surface, and its weight can be distributed over a
larger area, placing the load on more stiffening
ribs, which in turn reduces the load on individual
elements.

Additionally, when subjected to another load
case where four 80-kilogram individuals sit on
the structure (Figure 7) [3] the data shows that
the structure is not critically loaded.

Table 2. The stresses of the table in the case of diffe-

rent loads
Average The largest
elevator door elevator door
R 4.27 N/mm? 4.26 N/mm?
tension
W ke e 0.18 mm 0.112 mm
bending
. In the case of
Load atidle other loads
LA 3.68 N/mm? 4.27 N/mm?
tension
Displacement/ |, 14q 1 0.18 mm
bending

2.2. Specific kit design and loads

The specific kit’s purpose is to guide and secure
the foil, and it will also house the roller responsi-
ble for smoothing the foil (Figure 8) [2].

The loads on the specific kit include its own
weight, the foil roll support shaft, bushings, and
bearings, as well as the weight of the foil roll and
the force required to pull it down.

To determine the force needed to peel off the
foil, a spring-loaded force meter was used at vari-
ous pull-off angles. The force required was found
to be 15 N, with a maximum force of 20 N. There-
fore, the maximum force of 20 N when calculat-
ing the loads was accounted for.

The maximum compressive stress on the specif-
ic kit was 1.032 N/mm? (Figure 9) [3]. However,
due to its dimensions, it is over-insured. In lat-
er versions, we will strive for weight reduction
while maintaining its strength. Although the kit is
relatively long, the largest deflection in the mid-
dle is still less than 0.01 mm (Figure 10) [3] which
is within more than an acceptable range.

Figure 5. For an average lift door load.

Figure 6. For the largest lift door load.

Figure 8. Specific kit.

Figure 7. In case of other loads.

Figure 9. Specific kit’s bending Figure
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Figure 10. Rotating shaft

Figure 11. Specific kit’s pressure tension Figure

Figure 12. Specific-kit-insert 02.

2.3. Operation of the specific kit

The worker places the item to be foiled on the
table, guides the foil under the smoothing roll-
er, and threads it between the clamping jaws on
the table. The operator then starts the machine,
which unrolls the film from the roll by capturing
it. The smoothing roller moves with the specific
kit to smooth the foil. Once the covering is com-
plete, the worker cuts the film that extends be-
yond the element and removes the element.

To increase productivity, two specific kits are
placed on both sides of the machine, which move
together. After foiling one element, the worker
threads the foil on the other side and starts the
specific kit in the other direction by pressing a
button, foiling the next element.

To replace the coils, a rotating shaft was imple-
mented (Figure 11) [2]. One end of the shaft is
equipped with a joint that can be easily folded out
to change the coils, and the other end has an easi-
ly removable clamping ring.

2.4. Specific kit inserts

The specific-kit-inserts are essential to facilitate
the connection of the linear carriages to the spe-
cific kit. If the assembly consisted only of hollow
sections, the carriage would only be able to rest
on the wall thickness of the hollow section, which
would not allow for safe and stable movement of
the carriage.

The specific-kit-insert 02 (Figure 12) [2] will
contain the necessary surfaces to grasp the ball
nut. This part will be connected to the ball screw
and ball nut, transferring the necessary move-
ment for foiling. The specific-kit-insert 01 (Fig-
ure 13) [2] will assist in guiding the opposite side.

Figure 13. Specific-kit-insert 01
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3. Dimensioning of linear line and line-
ar carriage

The specific kit slides on the linear wire with
the help of linear carriages. The linear carriag-
es are fastened to the specific kit with 6 pcs M10
screws, thus ensuring a connection with adequate
strength (Figure 14) [2].

The linear wire is loaded by the weight of the
specific kit when idling, but during foiling, pull-
ing off the foil also exerts some force on the linear
wire (Figure 15) [2].

Figure 14. Kit insert and linear carriage.

Figure 15. Linear wire’s load.

Figure 16. Linear carriage’s load capacities. [4]

Maximum load of linear carriag:
C,.ex=53 000N [4]

F,,=F;sina

- Fy,=-20N"sin 20°

-F 1y= 6.84 N

C= Myt M+ My,) 8- Fy,

- C=(42.5 kg+ 7.5 kg+ 5 kg)-9.81 m/s?-6.84 N

- C=546.39N

where:

C,.. linear carriage’s load capacity

C:load

F,: force required to peel off the foil

a: foil peel-off angle

m,,,. specific kit weight

my,;: weight of foil roll

m, ...~ machine components and the weight of
the smoothing roller

g: gravity acceleration
C<C,,—~ C=54639N<C, .

Ergo the chosen linear carriage is suitable.

4. Ball screw and ball nut sizing

A golydsorsot az elhanyagolhatd axidlis ter-
helések miatt csak a kritikus fordulatszamra
méretezem (katalégusadatok és képletek alap-
jan).

where:
N,,4 Maximum rpm
f: coefficient determined based on the mounting
method of the ball screw
d.: axle core gauge

L: mounting distance

The maximum speed, calculated with 32 mm
pitch:

The required speed is the one at which the de-
sired productivity is achieved. For this, the time
required to wrap one element can be 15s (¢, ). To
calculate the required speed, a 2200 mm (I) long
door panel is used as a basis.



Rezes G., Szigeti F. — Miiszaki Tudomdnyos K6zlemények 19. (2023)

Ergo the chosen ball screw is suitable.

5. Engine selection

To choose the appropriate motor, we first need
to determine the maximum load force (Figure 7)
[2]. This force is the sum of the friction force re-
sulting from the weight of the specific kit and the
force required to peel off the foil. Once we have
calculated the load force, we can determine the
required torque and choose a suitable motor.
For this project, a stepper motor will be the best
choice due to its torque retention and provision
of additional automation options.

5.1. Determination of the forces and torque
loading the motor
Fo=my+mp,+myg,,) 8
— F,=(42.5 kg+ 7.5 kg+ 5 kg) - 9.81 m/s?
- F,=539.55N

F,=F, i - F,=539.55N0.2
- F,=107.91N

F, =F,-cosa - F, =20N-cos20°
- F, =1879N

F=F +F,~F=107.91N+18.79 N
- F,=1269N

M=d/2-F, » M=0.032/2-126.7 N
- M=2.0272 Nm

where:

F: force due to the weight of towed elements

F: friction force

u: sliding friction coefficient

F:load

M: torque

d: diameter of ball screw

Since it is necessary to move two Kkits, double
this value must be taken.

Ergo: 2.0272 Nm-2 =4.054 Nm

Therefore, the following was chosen: NEMA 34
(6.6Nm) [6](M,,, = 6.6 Nm) type engine (Figure 18,
19).

6. Conclusions

During the verification of the design of the
construction, after evaluating the finite element
method, it was found that the structure is very
over-dimensioned, so in the next period economi-
cal production/design will become the focus.

Figure 17. Engine’s loads.

Figure 18. NEMA 34 type motor

Figure 19. A NEMA 34 type engine drawing [6]
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During the selection of the various sub-assem-
blies, such as the linear line or the linear carriage
running on it, is found that an operator can oper-
ate these units with very low utilization, since the
loading forces also assume low values. However,
during further sizing, it was established that, for
example, when determining the maximum speed
and RPV, the ball screw and ball nut can be oper-
ated with almost maximum utilization, due to the
large length.

In future, additional parts of the assembly, in-
serts and bushings, which are necessary for
proper operation, must be designed. As well as
the conditions for safe work, the machine must
therefore be equipped with light gates, protec-
tion against contact and jamming, and protection
against overload.

Furthermore, we selected full automation as a
development direction. This means that, apart
from the replacement of the foil roll and the one-
time threading, all operations need to be automat-
ed. This requires an automatic cutting system so
that the worker only has to do material handling.
To cut the film, a cutting system and path must be
planned and programmed. Therefore, we would
like to introduce an easy-to-use, programmed
PLC with a touch screen. With this, it is intended
that the worker will be able to perform the foiling
with a few touches, in the shortest possible time.

Alternative foiling methods are being investigat-
ed, a hot air blowing system has been formulated,
with which we could also cover elements with
more complex shapes and characteristics with a
protective film. The system that provides this still
needs to be developed and additional structural
solutions have to be found.
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Abstract

The authors have been dealing with the modelling and simulation of electric vehicles and motors for many
years. Knowing their electromagnetic and dynamic characteristics is essential for the simulation of electric
motors. These data have to be determined experimentally because the manufacturers usually do not provide
them. In the last two years, we have designed and realised a measurement system for testing electric motors
at the Faculty of Engineering of the University of Debrecen. In this publication, we present the validation and
calibration of the individual components of the above system, the applied methods and procedures, and the

obtained results.

Keywords: measurement system, electric motor, validation, motor test bench, sensors.

1. Introduction

At the Faculty of Engineering of the University
of Debrecen, we have been dealing with the sim-
ulation of electric vehicles and motors for many
years [1, 2]. For the simulation of electric motors,
it is essential to know the electromagnetic and
dynamic characteristics of the motor. Manufac-
turers usually do not provide most of these, so
it has to be determined experimentally. We have
published several papers on this topic [3, 4]. In

the last three years, we have designed and built
a motor testing measurement system (MS) (Fig-
ure 1). A detailed description of the system can
be found in [5]. Now, we present the validation
and calibration processes and methods regarding
individual elements of the system and the results
obtained during the research.

Firstly, the optical LED sensor was validated
(Figure 2). We measured the RPM of a 2.2 kW

Figure 1. The self-developed measurement system [5]

Figure 2. The schematic drawing of the measurement
system [5]
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three-phase asynchronous motor, which was part
of the MS at that time as a drive motor. It should
be noted that a motor can operate as a drive mo-
tor when fed with three-phase alternating cur-
rent using a frequency converter or as a load mo-
tor when fed with regulated direct current. For
the actual validation, on the one hand, we used
the inbuilt frequency converter of the MS; on the
other hand, a self-made device based on the prin-
ciple of magnetic induction; additionally, a man-
ual tachometer operating on the optical principle
was used. The process is presented in Section 2.

Secondly, we determined the relationship be-
tween the intensity of the direct current flowing
through a three-phase asynchronous motor - op-
erated as a load motor — and the load torque ex-
erted by it. Results are given in Section 3.

Lastly, we measured the total electrical resist-
ance of the high-performance starting resistor
used as the load resistor in the MS. Section 4 pro-
vides the details of the last test.

2. Validation of the optical LED sensor

In the MS, the angular speed is measured with
an optical LED sensor (ROS-P, Monarch Instru-
ment) which operates from 6 V direct current and
outputs a voltage signal of 6V or 0V, depending
on whether the light beam is reflected from the
film strip placed on the rotating surface (the shaft
of the motor) to the sensor or not. The maximum
angular speed which the sensor can measure is
250000 RPM. Applying more than one strip this
maximum value is reduced. The optical LED sen-
sor and its typical output voltage signals can be
seen in Figure 3. [5]

Figure 3. The optical LED sensor and its typical out-
put voltage signals. [5]

The output voltage signals are counted by the
software component of the MS [6] implemented
by our research group in NI LabVIEW. Simultane-
ously, the angular velocity is calculated from the
number of strips (N, ) - placed on the circumfer-
ence of the shaft — and the voltage signals (N,
detected during a short At time with the formula
given below [5]:

1)

The device was validated using several inde-

pendent methods:

—Compare the measured values to the ones that
are set and displayed on the frequency con-
verter.

—Compare the measured values to those provid-
ed by a homemade device that works on the
principle of magnetic induction. We attached
a permanent magnet to the shaft of the motor,
which then passes in front of a coil and induc-
es a voltage at every turn. The terminals of the
coil were connected to the NI 9239 analog-dig-
ital voltage module, which measures the in-
duced voltage as a function of time. The RPM
can be determined from the number of voltage
signals generated during a given period.

—Compare the measured values to those meas-
ured by a manual optical angular speed meter
(type: DT2234C+, measurement range: 2.5-
99999 RPM, accuracy: +0.05% + 1 digit).

Table 1 contains the rotational RPMs measured
by the methods mentioned earlier:

Table 1. The measured RPM values

The values

set on the
frequency con-
verter:

5Hz |10 Hz|20 Hz|30 Hz |40 Hz |50 Hz
(300 | (600 |(1200 (1800 (2400 |(3000
min)min~)|min-)|min-!) min-)|min-1)

The value

measured with
the optical LED
sensor (1/min):

291 | 585 | 1187|1789 | 2390 | 2983

The value mea-
sured using
the magnetic 291 | 587
induction prin-
ciple (1/min):

1188|1788 | 2390 | 2992

The value mea-
sured with a
manual optical | 292 | 587
tachometer (1/
min):

1187|1789 | 2390 | 2991
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Based on the measurement results, it can be
stated that the RPM values set by the frequency
converter — where the accuracy is 0.01 Hz — are
slightly higher than the RPM values measured
by the other three methods. However, the values
measured by the last three methods are consist-
ent. It should be noted that measurements based
on the optical principle only result in accurate
outcomes if the reflective strip(s) placed to the
circumference of the motor’s shaft is wholly sepa-
rated from its surface. A surface that is too bright
or uneven can easily distract the sensor. The most
significant relative deviation is within 0.5%; thus,
it can be concluded that all three methods are
suitable for measuring the RPM with sufficient
accuracy. The advantage of optical angular speed
measurement is that it does not affect the mo-
tion of the rotating object being examined in the
slightest way.

3. Determination of the value of the
load resistor

In the MS, the load resistor is a high-power start-
ing resistor used in trams (Figure 4). The coiled
resistance wires are mounted on eight separate
boards, which are attached to the base of the MS
with the help of four threaded rods. Our goal was
to determine the electrical resistance of the en-
tire system, that is, the maximum applicable load
resistance, which can be later reduced to the de-
sired magnitude.

Measuring the resultant resistance of the entire
system (Figure 5), which is a relatively high val-
ue, can be accomplished using a digital multime-

Figure 4. The load resistor. [5]

ter. However, when the individual smaller partial
resistances within the system are measured, the
following measurement setup is recommended.
The voltage across the partial resistance is meas-
ured, and the current flowing through it is de-
termined from the voltage measured on a shunt
resistor. The measured voltage and current ratio
gives the value of the sought electrical resistance.
Based on the measurement, the load resistance of
the entire system is 7.2 Q. The advantage of using
a high-power load resistor is that it only heats up
to a negligible degree, even at high current levels.

4. Determination of the relationship
between the torque exerted by the
load motor and the intensity of the
current flowing through it

Using the asynchronous motor as a load motor,
it is fed with a regulated direct current. The in-
tensity of the direct current can be regulated by
the control panel of the MS. As the intensity of the
current increases, the loading torque of the motor
increases proportionally. However, it is essential
to ensure that the current intensity does not ex-
ceed the rated current intensity of the motor for
an extended period, as this can cause damage to
the motor.

Our goal was to determine the loading torque
associated with different current values. During
the experiments, the load motor was connected to
a torque sensor via a rotating shaft and was driv-
en by another motor (Figure 2.). Afterwards, we
increased the current flowing through the load
motor in small steps, and for each current value,

Figure 5. Measurement setup for measuring low par-
tial load resistances.
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we read the value indicated by the torque sensor
attached to the rotating shaft. In this way, we de-
termined the torque-current characteristic of the
load motor.

Unfortunately, due to the failure of the torque me-
ter, we could not perform the measurements yet.

5. Conclusions

We validated the MS’s built-in optical angular
speed meter using two independent methods dur-
ing the above-described experiments. The rela-
tive deviation of the RPMs measured by different
devices was less than 0.5%. Thus, the device we
installed can be used with appropriate accuracy
to measure the angular speed of electric motors
in the tested range of 0-3000 RPM.

We determined the total electrical resistance of
the starting resistor used as a load resistor and
provided a procedure for precisely measuring its
partial resistances.

We provided a procedure for measuring the cur-
rent-load torque characteristic of the load motor.
However, unfortunately, due to the failure of the
torque meter, the measurements cannot be fin-
ished.
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Abstract

During the period between 2017 and 2022, the facades of 25 buildings were renovated within the framework
of the Modern Towns Program in Sopron. Due to the development supported by the Hungarian Government,
the Lenck House was born again and a Museum Quarter was established by the joint opening of the buildings
at 6-7-8 F6 tér. This study describes the restoration process of the facades of three historic buildings, giving
an insight even into the processes of authorization and execution. The aim is to present the work of the Hun-
garian authorities in the field of the protection of historic monuments (with special regard to Sopron), and to
highlight the results of such renovations of historic buildings that have been carried out lately.

Keywords: historic monuments, Sopron, Modern Towns Program, restoration.

1. Introduction

Among Hungary’s towns, Sopron has the larg-
est number of nationally protected monuments,
which includes more than 400 pieces of real es-
tate. Between 1945 and 1975, high quality re-
search and restoration projects took place in the
historic downtown, which received the Golden
Prize for Monument Preservation from the F.V.S.
foundation in 1975 [1]. The European quality, sci-
entific monument preservation activity, managed
by Ferenc David art historian, continued up to the
early 1990’s.

Starting from 2001, the National Office of Cultur-
al Heritage assumed authority over monument
affairs, which was taken over by the local gov-
ernment agencies ten years later. Ferenc David’s
and his followers’ approach to the direction and
methodology of local heritage protection is influ-
ential to this day.

From 2017 to 2022, the facades of 25 buildings
were restored on Sopron as part of the Modern
Cities Program. My study aims to briefly intro-
duce and evaluate the restorations of the last five
years through three examples.

2. Achievements of the Modern Cities
Program in Sopron

The Modern Cities Program (henceforth: MCP)
is a prioritized development program for major
cities that provides a total of 4200 billion HUF for
funding projects in 23 cities in Hungary. In So-
pron, Prime Minister Viktor Orban launched the
MCP scheme on March 15, 2015. The footstone for
the Sopron project was laid in 2017 at the mouth
of Kolostor street.

The goal of the project is to guide the priorities
of development in major cities. The restoration of
historic buildings, esp. of the facades facing the
streets, in the downtown area is an important ele-
ment of the project in Sopron. Among the various
projects, this study focuses on the restoration of
historic buildings. [2]

The main criterion for choosing the buildings
to be restored through the MCP was that they
shall be municipal properties. At the outset of
the program another scheme was suggested
where private real estate renovation would also
be financed by a third part state and third part
municipal funding, but unfortunately this option
was discarded due to the increased costs of the
ongoing renovations.
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The 25 buildings whose (mostly) street-facing
facades were renovated through the program
were, as follows: 1 F6 square, 2 Hatsokapu, 5 Or-
solya square, 3 Pet6fi square, 7 and 9 St. Gyorgy
street, 2, 4, 7, 15, 21 and 26 Templom street, 4,
8, 11, 12, 14, 16, 22-24, 26 and 28 Uj street, 54-56
Varkertulet. (see Figure 1).

In case of 22-24 Uj street, which are the hospi-
tal building and the temple keepers building, on
the right and left of the medieval community
synagogue located in the courtyard, respective-
ly, in addition to the street-facing facade, the two
lateral facades visible from the street were also
renovated, as per my suggestion. The MCP also
financed the renovation of the Lenck villa (Dedk
square 1), currently housing a museum, and the
creation of the Museum quarter (6-8 F§ square).
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Based on wood preservation experts’ reports,
the roofing materials and roof structure of the
buildings in 2 Fegyvertdr street, 2 Hats6kapu, 4
Pet6fi square and 56 Varkeriilet were in a very
poor condition. Based on the decision of Sopron
City’s Municipality, the roof structure was forti-
fied and the roofing replaced in 2 Hats6kapu and
56 Vérkertlet only. In case of 2 Hats6kapu, roof-
ing replacement was limited to street-facing roof
surfaces and chimneys.

In the following analysis, I will describe three
building renovation examples, introducing the
MCP process and achievements. I tried to choose
examples that include roofing renovation. In the
second example, earlier facade renovations were
amended, and in the third house, earlier renova-
tion results were revised and the fagade appear-
ance changed.

Figure 1. A MCP Building restorations within the baroque downtown area of Sopron. Bold lines represent the
restored facades. (Drawing made by Andrds Vedreds and Sdandor Tdrkdnyi) .
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3. Examples of MCP restorations in
Sopron

3.1. Facade renovations and partial roof-
ing renovations in 2 Hats6kapu street,
Sopron

The request for the Heritage Renovation Permit
regarding the street-facing facade of the building
was submitted by the Sopron City Municipality to
the Government Agency of Gy6r-Moson Sopron
County (henceforth: Government Agency) on
February 13, 2017. The ARCHL.DOC Architectur-
al Studio prepared the renovation documents in
September 2016, coordinated by architect David
Jozsa. The designs showed the existing and pro-
posed street facades (both those facing Hatsokapu
and St. Gyorgy street), with details of the damages
shown on the existing facades.

The following renovations were proposed for
the building in 2 Hatsékapu:

—chimney renovations (7 instances);

—-remedial chemical waterproofing of the wall

footing;

—renovation of the street-facing portion of the
roof, changing the roofing and flashings;

—plastering replacement in the ground floor,
where it has separated from the wall, as well as
reinforcing, repairing or replacing of the rest
of the plastering;

—introducing repair (WTA) plaster on surfaces
affected by soil moisture;

-repainting the facades;

—cleaning, reinforcing, complementing and
treating the surface of the stonework on the
facade to make them more hydrophobic;

-replacing the damaged roofing.

The Government Agency granted the Permit un-
der the following four conditions:

—submitting the detailed designs, including the
site inventory of the street-facing facades, pri-
or to starting the renovation;

—colours, materials, structures and fixtures to
be used during the renovation are to be pre-ap-
proved by the Agency, based on material or
surface samples;

—designer to supervise the works during con-
struction;

-stone fragments (gothic and baroque) on the
facade are to be restored based on official
stone restoration notices.

The contractor submitted the detailed designs

and the site inventory on April 20, 2017, and
the Government Agency approved them under
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the condition that the original wall sections and
stonework exposed earlier must be preserved
(designs did not show all of these fragments.) The
renovations did not start within a year and the
owner did not ask for an expansion. Thus, the Mu-
nicipality applied for another permit on March 5,
2018, with the earlier approved designs attached.

The new permit included three conditions:

—renovations require designer supervision and
researcher guidance;

-sample plastering and colouring should be cre-
ated on the facade surfaces and approved by
the designer;

—restoration of the original facade stonework
requires official stone restoration notices in
each case.

On December 18, 2018, the Municipality gave
heritage protection notice regarding the wall di-
agnostics of the building. Architect and historical
and structural diagnostics expert Heléna Szecsk6
created the research plan. The Government Agen-
cy recognized the notice on December 19, and is-
sued an official certificate.

On January 24, 2019, stonemason and restorer
Jozsef Siit6 submitted a stone restoration pro-
posal regarding the stonework on the fagade. In
the 14-page proposal, the restorer describes the
present state and the proposed cleaning, expos-
ing, desalination, reinforcement, complementing,
colouring and water repellent treatment process-
es. He also complemented the photographic docu-
mentation by a damage map of the stone surfaces
of the facade. The Government Agency accepted
the stone restauration notice on January 28, 2019.

The Municipality submitted the heritage reno-
vation permit request for the a posteriori water-
proofing of the facade of the 2 Hatsokapu building
on February 25, 2019. Building renovation and
insulation expert Erika Luthar prepared the ren-
ovation proposal, endorsed by Heléna Szecské.
The expert proposed that Oxal HSL siloxane mi-
cro-emulsion to be injected into the wall as hori-
zontal water barrier. This requires a single row of
drill-holes, spaced at 12 to 15 cm and drilled at an
angle of 30 to 45°. The footing should receive an
insulation coating of Oxal DS-HS sulphate resist-
ant insulation sludge.

There was a heritage protection art historian
and wall researcher inspection on February 20,
2019, with a reminder created. Art historian and
wall researcher Andras Nemes, construction su-
pervisor Tibor Eszes and structural engineer
Richard Degovics were present at the inspection.
The researcher requested keeping a 50 to 60 cm
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wide vertical strip of the original surface (witness
strip) on the striated portion of the shorter facade
section, from the level of the corner balcony,
between the first and second windows. He also
asked for 50 to 60 cm wide witness strips on the
longer facade (Hatsokapu street) on the left and
righthand side of the gate. The researcher also
instructed that, except for the cement plaster of
the footing, plastering must be removed by hand
only, and that a 0.9 to 1.0 m wide witness plaster
strip should be left in the upstairs lesene and par-
apet zone. Plastering replacement of the witness
surfaces was possible on the go, in stages. Andras
Nemes wanted to research the original colouring
and paint in the plastered console surfaces of the
enclosed balcony and the plastered mirror fields
under the windowsills. To his knowledge, the
building was painted with green engobe in the
1960’s. The developer gave notice of commencing
the renovation on February 26, 2019.

On the request of the contractor Szabé and co.
Ltd., structural engineer Richard Degovics creat-
ed a structural assessment of the roof structure
and cracks in the fagade and fascia. The assess-
ment exposed problems in the roof structure and
wall cracks, and suggested wall stitching to stop
wall cracking, detailing the method to be applied.

Regarding the queen post trusses, the following
recommendations were made:

—tying the lookouts to the wall plate using cramp

irons;

—tying the rafters to the purlin using inverted

cramp irons;

—incorporating a ridge beam and collar ties, as

well as a collar beam for each roof truss;

—creating chimney trimmers;

—intermediate rafters wherever rafters are

spaced at more than 85 cm;

—hacking away the top part of and strengthen-

ing rotted rafters;

—replacing the roofing materials.

Roofing included grooved tiles and rounded
roof tiles on the courtyard wing and street facing
roof, respectively. The assessment suggested us-
ing single grooved tiles on the street facing roof,
for structural reasons (creating symmetric snow
load instead of the earlier asymmetric situation.)

The contractor gave notice of eliminating the
construction zone to the Government Agency on
March 13, 2019. This was followed by another
heritage protection inspection on March 13, re-
quested by the authority in order to use tradition-
al methods for plastering. According to the report,
the contractor created the authentic facade col-

Tdrkdnyi S. — Miiszaki Tudomdnyos K6zlemények 19. (2023)

ouring, as identified by the art history research,
based on the samples and designs recommended
by the architectural designer, within one week.

Art historian Andrds Nemes submitted his re-
port regarding the colour investigations of down-
town buildings 2 Hatsokapu, 9 St. Gyorgy street
and 54-56 Varkertlet to the Government Agen-
cy, on April 9, 2019. Regarding the real estate in
question, the researcher stated that the historical
name of the building is ‘Green House’. The house
received ochre green colouring in the renova-
tions of 1963/64, presumably based on its earlier
colour. During this renovation, the house was
stripped of its earlier plastering, and thus the ex-
act colour before the 20th century is unknown. He
suggested that the colours used in 1963/64 should
be used again, as it appears presently.

The contractor submitted an alteration notice
on March 11, 2019, regarding the roofing mate-
rials. Based on consultation with the heritage
protection administrator, instead of the rounded
tiles named in the budget and technical descrip-
tion, grooved Creaton “Réna” tiles were approved
in natural (33%), antique (33%), and copper (33%)
colours, laid randomly, using battens spaced at
26 cm. The heritage protection administrator ap-
proved the roofing after creating a sample sur-
face of 2 square meters.

On March 28, 2019, the contractor submitted
another alteration notice, this time regarding the
plaster system to be applied. Instead of the Keim
Porosan repair plaster named in the budget, he
wanted to use the MC OXAL DS-HS insulation
sludge up to a height of 1.5 metres (or 20 cm of
above the adjacent terrain). Above this level,
he wanted to use the LB-Knauf Eurosan plaster
system. Above 1.5 m, LB-Knauf Kontakt sprin-
kle sub-plastering and Premium base were to be
used. The administrator approved the alteration
notice (Figure 2).

On April 11, 2019, the heritage protection ad-
ministrator viewed the colour samples painted
on the facade. Earlier, the Municipality requested
a deep ochre colour to be used. After the viewing,
the representative of the customer, chief archi-
tect Gergely Németh also discarded this concept.
Eventually, the heritage protection administrator
chose the base and insert colours from the vari-
ous sample shades. On this they, the colour of the
cast stone footing was also chosen. The pattern
structure and colour of the cast stone footing was
finalised and approved on April 29, 2019.

An official record regarding the facade paint-
ing and dismantling the scaffolding was created
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Figure 2. Moulding the fascia of the St. Gyorgy street
facade of 2 Hdtsokapu, using a mould knife
(author’s photograph).

on June 7, 2019, overseen by the representative of
the Agency and that of the contractor. The herit-
age protection administrator inspected the com-
pleted facade paint and roofing materials from
the scaffolding. The contractor has done first rate
work, and thus the scaffolding could be disman-
tled (see Figure 3). The Agency’s representative
asked that pigeon spikes would be installed on
the sill of the medieval stone window frames. The
contractor accepted this job.

On May 7, 2020, the Municipality submitted a
request to the Government Agency regarding the
final acceptance of the street facing facade and
roofing renovations of 2 Hatsékapu. The Agency
issued the acceptance certificate on June 2, 2020.

3.2. Facade renovations of 16 Uj street,
Sopron

The Municipality submitted the permit re-
quest to the Government Agency regarding the
street-facing facade of 16 Uj street on December
5, 2016. Renovation plans were created by the
A2 Architectural Studio, coordinated by architect
Szilard Fekete. In addition to the site layout, the
design documents also included the assessment
drawing of the existing facade (with damage
map) and the renovation plans.

The architect proposed the following proce-
dures as part of the facade renovation:

-replacing the damaged footing;

—-remedial waterproofing against ground water

by injection;

—-removing the stucco above the footing and

re-plastering using WTA plaster up to the win-
dowsill level;

Figure 3. A section of the restored facade of the 2
Hdtsékapu building, as seen from St.
Gyorgy street. (author’s photograph)

—scraping the paint from the facade, creating a
new skim coat layer using a tinted stone pow-
der rub, followed by red lime plaster;

—painting the gutters;

—painting the street-facing window frames;

-replacing the bottom row of the roofing tiles
and the mortar on the ledge and connections;

—staining the dormer window siding brown;

—stone structure renovations based on special
restoration permit.

In the heritage protection permit, the Govern-

ment Agency named five conditions:

—creating a construction plan and site inventory;

—renovations require designer supervision and
researcher guidance;

—final colour selection should be based on colour
samples;

—facade stonework restoration requires special
restoration notice to be submitted.

The Municipality submitted the construction de-
tails, facade site inventory and scientific architec-
tural history documentation on March 16, 2017.
The Government agency approved the plans on
April 3, 2017. Since the work didn’t start within a
year, the heritage protection permit expired.



60

A new request was submitted on March 6, 2018,
and the Government Agency issued the heritage
protection permit on March 9. The conditions
were, as follows:

—providing designer supervision and researcher

guidance;

—creating colour samples for final colour selec-

tion;

—submitting special restoration notice for facade

stonework restoration.

The Municipality submitted the facade stone-
work restoration notice on October 4, 2018. Stone-
mason and restorer Jozsef Sut6 prepared the
stone restoration documentation, proposing that
the stonework be cleaned, reinforced, and water
repellent-treated. In the case of the bottom stone
pillars of the gate, he proposed replacing them
with identical stone blocks due to extensive salt
damage. The Government Agency recognized the
notice on October 8, 2018.

The Municipality gave notice of starting the ren-
ovations on February 22, 2019. The work zone
was also created on the same day, documented by
an official record.

The Municipality submitted the heritage protec-
tion request for the remedial waterproofing of
the street-facing facade of 16 Uj street on March

Figure 4. The restored street-facing facade of 16 Uj
street (author’s photograph)
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19, 2019. Building renovation and insulation ex-
pert Erika Luthdr prepared the renovation pro-
posal, endorsed by Heléna Szecskd. The Agency
approved the remedial waterproofing notice on
April 11.

Approval of the wall colour, wooden door and
window frame and hardware colouring tran-
spired on July 31, 2019. The Municipality gave
notice of completing the street facing facade ren-
ovations of 16 Uj street on April 27, 2020. The Gov-
ernment Agency issued the official recognition
certificate of completion on May 5, 2020.

The contractor deviated from the approved con-
struction plan during the renovations on two occa-
sions. Instead of using a tainted skim coat on the
facade, they used white plaster, and instead of lime
plaster they used paint. Due to the white skim coat,
small facade damages show very prominently.
The other deviation was a positive one, namely,
installing new gutters instead of painting the old
ones (Figure 4).

3.3. Facade renovations of 8 Uj street,
Sopron

The Municipality submitted the permit re-
quest to the Government Agency regarding the
street-facing facade of 8 Uj street on December
5, 2016. Renovation plans were created by the
A2 Architectural Studio, coordinated by architect
Szilard Fekete. In addition to the site layout, the
design documents also included the assessment
drawing of the existing facade (including a dam-
age map) and the renovation plans.

The architect proposed the following proce-
dures as part of the facade renovation:

-replacing the damaged footing and installing a
higher, ventilated footing, up to the level of the
top of the basement windows’ stone framing;

—-remedial waterproofing against ground water
by injection;

-removing the stucco above the footing
and re-plastering using WTA plaster using
flesh-coloured smooth stone dust plastering
and textured stone dust plastering, up to and
above the top of the windows, respectively;

—repainting the imitation s graffito corner stone
details on the two edges of the building;

—witness surfaces will remain untouched on the
facade;

—painting the gutters;

-replacing the bottom row of the roofing tiles
and the mortar on the ledge;

—staining the dormer window siding brown;
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—stone structure renovations based on special

restoration permit.

In the heritage protection permit, issues on De-
cember 16, 2016, the Government Agency named
five conditions, the same as listed for 16 Uj street.
The Municipality submitted the construction de-
tails and site inventory on March 6, 2017 to the
Government Agency, which approved it on March
24.

Due to the expiration of the heritage protection
permit, the Municipality submitted a new permit
request on March 5, 2018. In the new permit, the
Government Agency included three conditions:

—providing designer supervision and research-

er guidance;

—creating colour samples for final colour selec-

tion;

—submitting special restoration notice for

facade stonework restoration.

Jézsef Siit6 prepared the stone restoration doc-
umentation, proposing that the stonework be
cleaned, reinforced, and water repellent-treated.
In case of the stone pillars of the gate, he pro-
posed replacing them with identical stone blocks.
The Government Agency recognized the notice on
October 1, 2018. The Municipality gave notice of
commencing the construction on October 8, 2018.

The Municipality submitted the heritage protec-
tion request for the remedial waterproofing of
the street-facing facade of 8 Uj street on March 19,
2019. Building renovation and insulation expert
Erika Luthar prepared the renovation proposal,
endorsed by Heléna Szecské. In the documenta-
tion, the experts made the same recommenda-
tions regarding the methods and materials as for
16 Uj street. The Agency recognized the remedial
waterproofing notice on April 11.

Art historian Andrds Nemes wrote an expert’s
report describing the witness surfaces on the
facade on June 13, 2019. Ten days earlier, the au-
thor viewed the site along with contractor Gabor
Baranyai, and researcher Andras Nemes. The
report states that “Earlier created site invento-
ry shows that the present stucco was created in
1961. So-called witness surfaces were created at
that time, conserved for posterity. At the time
of the 1990 fagade renovation, witness surfaces
were unfortunately not handled professionally.
In addition to reinforcing them, they received a
azure paint, which compromised their originality.
Borders created around the edges of the origi-
nal surfaces produced a map-like pattern. Their
current appearance is rather distracting, since it
interrupts the harmony of the fagade. The very
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understated harmony of the facade, ornamented
with sgraffiti on the edges and in the window
ledge zone, is disrupted by the witness surfaces.

In the expert report, the researcher makes the
following suggestions:

—-renovation (cleaning, conservation, restora-
tion, minimal supplementing where needed)
of the sgraffito-ornamented surfaces;

—after conservation, amorphous witness facade
surfaces should be covered with the help of
an expert restorer, to create an uninterrupt-
ed facade surface. This will create a pleasing
facade appearance.

Based on the report, the contractor modified the
materials and technologies to be used for the ren-
ovation, which was approved by the Agency. On
July 10, 2019, the final colours of the facade were
chosen based on the sample colouring applied
to the facade earlier. This included the base col-
ouring, as well as sgraffito, stone framework and
main ledge colours.

The Municipality gave notice of completing the
street facing facade renovations of 8 Uj street on
April 27, 2020. The Government Agency issued
the official recognition certificate of completion
on May 5, 2020.

Based on the results, errors and flawed deci-
sions made in the earlier renovation of the build-
ing were corrected during the recent restoration.
The street-facing facade went through exemplary
restoration due to the contractor’s conscientious
and circumspect work and co-operation with the
authorities and experts (Figure 5).

Figure 5. The restored street-facing facade of 8 Uj
street. (author’s photograph)
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4. Conclusions

This study introduced three examples of the
facade renovations completed in Sopron in the
MCP program. The case studies show that the ren-
ovations, although mostly limited to street-facing
facades, were properly prepared and expertly
executed. Contractors co-operated with the au-
thorities as well as experts during the renova-
tions. Whenever the condition of the buildings
required, they made extra efforts to get the de-
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sired outcome. Thus, MCP facade renovations
were successful from a heritage protection point
of view.
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Abstract

This study discusses the Franciscan church in Jaszberény, originally built in the Middle Ages. The methods
of Bauforschung/building archaeology were used in the attempt to create a theoretic recon-struction of the
church's former appearance, involving laser scanning and point cloud data. The re-search focused mainly on
the attic space, more specifically, on the question of the former vaults of the church.
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1. The Investigation of the church

1.1. Historical background

The church that was examined in this research
is the Friars' church of Jaszberény, Hungary,
which was originally part of the former Fran-
ciscan monastery. The town where the church
is located is in the centre of the Jadszkun region,
which is now part of Jasz-Nagykun-Szolnok coun-
ty. The last part of the county’s name likely comes
from Ispan Szaunik (ispan), who is known as
the companion of Gerard bishop in the Legend
of Saint Gerard. Also, the first two components
of its name could be derived from the Jasz and
Kun tribes, who were resettled in the area along
the river Zagyva. [1] The Franciscan order sup-
posedly began to convert the pagan people at
the same time as the Dominican order. Evidence,
such as the bulla of October 7th 1278 written by
Pope Nicholas III supports this theory. This bul-
la entails the Franciscan order's work amongst
the Kun tribes. Eventually, the Franciscan order
achieved outstanding success in the integration of
the Jasz and Kun people. The construction of the
church was feasible partially because of the eco-
nomic growth during the reign of King Matthias I.
Before starting the construction of the church, the
Jasz people asked King Matthias I for permission
to build the church. This is proven by a copy of an
authorised letter from the time. The letter is now
preserved in the Vatican archives, it was sent by

King Matthias I to Pope Sixtus IV, and it was deliv-
ered in 1472 by a high-ranking figure of the Hun-
garian province of the Franciscan order, Fabidn
Igali. Although there are no direct data available
related to the construction of the church, recent
art historical research suggests that there was a
Franciscan construction workshop in Hungary,
which also enjoyed the support of the royal court
of Visegrad. [2] 15-17. p.

1.2. On-site inspection of the church
1.2.1. The selection of the topic

Besides the personal connection, an important
question played a main role in the selection of this
church as a topic. The question came up several
times in the related literature, and has not been
answered in its entirety until now therefore this
became the main question of my research. The
question was, whether the church nave was orig-
inally vaulted, covered with a horizontal wood-
en slabs or had an open roof. Reviewing many of
the publications related to the construction his-
tory, revealed no clear answer to this question.
Therefore, it became the main starting point of
this research. The research was conducted with
the Bauforschung/building archaeology method,
during which the building was considered the
primary source of the study. The former Francis-
can church of Jaszberény has a single nave, with
a polygonal sanctuary narrower than the nave,


https://doi.org/10.33895/mtk-2023.19.10
https://doi.org/10.33894/mtk-2023.19.10

64

with medieval walls that are supported from the
outside by large stepped buttresses.

1.2.2. The medieval vaults

The most important observable trace in this re-
gard is the plastering of the nave wall at a height
of 2.15 m above the connection line of the current
vault in the attic. We can treat it as a fact that in
the Middle Ages, the church attics were not plas-
tered. This leads to the conclusion, that the interi-
or height of the nave was originally higher. This
statement is also supported by the remains of a
Gothic lancet window which was found on the
South wall of the nave.

Moving towards the west side of the building the
remains of two additional windows can be found.
This makes it probable that the nave of the me-
dieval church was illuminated by three windows
from the southern side. Additionally, this makes
it clear that the ceiling height of the church was
indeed higher compared to its current state. Fol-
lowing this, a search was conducted for imposts
and other signs on the wall that could indicate the
past existence of vaults. However, there was no
evidence to support the existence of these. There-
fore, we can accept that the ceiling height of the
church was 2.15 metres higher previously, but
there are no indicators of former existing vaults.

In conclusion, it can be stated that the church
indeed did not have vaults, there is another ob-
servation also supporting this. The space of the at-
tic between the nave and the sanctuary is divided
by a solid stone wall. This wall could have served
as a firewall, to prevent the spreading of fire be-
tween the two spaces. Although when the whole
body of the church is vaulted, this structure is not
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absolutely necessary in this place. Since there
were no remains of beams in either the North or
in the South wall, the possibility of an open tim-
ber structure is more plausible. Although, there
was no direct evidence to prove this assumption.

1.2.3. The examination of the western gable
wall

During further examination of the attic, the
building's west side gable wall was observed. It
is known from the Historia Domus of the church,
that the edges of the wall originally had a steeper
angle, the top of the gable wall was blown off in
the 18th century. Although the wall did not suf-
fer major damages, the roof’s angle of inclination
had to be less steep, this also reduced the height
of the walls.

While observing the gable wall several remark-
able things can be noticed. First, there were three
holes where beams might have been previously
on both ends of the wall. What is more interesting,
two bigger holes can be found under these. Above
one of these bigger holes, a typically carved stone
can be seen, which at first glance, looks like a lin-
tel. On closer inspection, a wooden beam can be
observed running through both holes in the West
wall’s Southern side. It is possible, that the bigger
holes in the walls functioned as light sources for
the attic.

1.2.4. The structural reinforcements of the
walls

In the attic space tie rods can be observed, con-
necting the church’s northern and southern walls
and the transverse arches of the vault, to prevent
the further outward shifting of the walls. On July

Figure 1. The remains of the walled-up Gothic lancet
windows located in the attic.

Figure 2. The three smaller holes and one bigger hole
with a stone functioning as a lintel in the
attic's gable wall.
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215t1868 an earthquake caused immense damage
to the building, then later in July, August and Sep-
tember further earthquakes shook the church.

According to contemporary descriptions, the
building was on the verge of collapse. On the ba-
sis of the contract signed by the Franciscan order
with the architect Jézsef Sz&dy, the installation of
the tie rods began in October 1868, so repair of
the suffered damages could begin with the con-
traction of the walls. These reparations were fin-
ished by the 10th of October.

1.2.5. The southern portal

A Gothic portal was discovered in the Southern
wall of the nave in 1925. The portal’s bottom is
located 1.4 m deeper than the current floor level
of the church. Later inspection revealed that the
portal did not serve as an entrance to the crypt, as
was originally assumed. Instead, the portal pro-
vided access from the monastery to the nave. [2]
35-51. p. The floor level had to be raised presum-
ably because of its proximity to the Zagyva river.
Since the monastery was built on a swampy area
by the river, it had to be protected from ground-
water, which might have been the reason for
the raising of the floor level. In the issue of Jasz
Hirlap published on 30th December, 1939, Jézsef
Komaéromi published an article about the church.
In that, he mentions that the newly discovered
gate, which was found in good condition, was
plastered by an enthusiastic painter working in
the confessional corridor of the church. As a re-
sult, the gate suffered damages that could not be
repaired even with restoration methods. [3]

Figure 3. The tie rods connecting the walls, the
vaults and the roof structure.
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1.3. The history of the church

1.3.1. The historical background of the Ba-
roque renovation

Following the Ottoman conquest of Hungary
and the Rakoczi War of Independence, the pop-
ulation of the Kingdom of Hungary did not show
a large decrease - compared to the growth of
other European countries it remained stagnat-
ed. Nationalities spread throughout the country
during the resettlement policy of Leopold II Holy
Roman Emperor and King of Hungary and Maria
Theresa. However, an important aspect of the re-
settlement was that all the settled nationalities
were Christian. This led to the growth of church
communities, which entailed the need to expand
churches.

1.3.2. Baroque reconstruction

The reconstruction of the church began in the
18th century. The reconstruction was influenced
by the 95 theses nailed on the gate of the All
Saints' Church of Wittenberg by Martin Luther on
31st October 1517. This act served as an indicator
in the development of the reformation movement
which swept across Europe. From an architec-
tural point of view an important part of Luther's
teachings was the preservation of medieval Pu-
ritan values. As a response, the Catholic Church
launched a counter-reformation movement,
which in its values was closer to the luxury repre-
sented by the Baroque. The transformation of the
medieval parts of the church was mainly due to
its ruin and destruction, but some elements were
transformed due to integration into the Baroque
style. Three respectively two large windows were
installed on the North side of the nave and of he
sanctuary , to let more light in. The importance
of light played a major role in the new Baroque
period, but because the interior's height was re-
duced due to the vaulting, the three Gothic win-
dows on the south side of the nave had to be
walled up. Smaller oval windows were installed
in their place. The Gothic portal was walled up
because the floor level had to be raised. In order
to allow access, a new gate was built between the
2nd and 3rd pillars of the South wall facing West.
According to the Historia Domus, the reconstruc-
tion of the tower started at the same time as the
construction of the organ loft before 1715. The
Baroque tower, built on medieval foundations,
was probably completed in 1720, as the baroque
tower spire was put on it at that time. Finally, the
most characteristic Baroque transformation was
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the creation of the organ loft, because the organ
played an important role during ceremonies. The
design of the organ loft is parallel to almost all
medieval churches still in use today. In 1769, the
vault of the sanctuary was replaced with a barrel
vault, similar to that of the nave. In 1780, it at-
tained the imposing baroque appearance expect-
ed by the Counter-Reformation. [2] 65-72. p.

1.4. The examination of the church

1.4.1. Laser scanner survey

3D laser scanning was conducted on the interior
of the church building. This inspection was done
with a Stonex laser scanner owned by the Univer-
sity of Debrecen Department of Civil Engineering.
The scans were recorded from two positions in
the sanctuary and from two positions in the nave,
each of these produces recordings in 360° around
the device.

During this process the scanner is mounted to a
levelled stand, the device then emits laser beams
around itself to its surroundings. These beams are
projected back from the surface of the surround-
ing objects. From the time of the rebound, the
device calculates the distance of the points, from
which it can create a point cloud. Therefore, it is
important to take scans from several different lo-
cations, because the system cannot obtain points
from objects covered by others. These blind spots
would lead to empty holes in the created point
cloud. Following this, the recorded points are
converted into PTX. format by using the scan-
ner's system. After that a complete point cloud is
created by piecing together the four partial point
clouds in the software, CloudCompare. Further
modifications were performed on the point cloud
with the software Meshlab. Lastly, the completed
model was cut in half with the use of the software
Blender 3D, and the church interior's negative im-
age was placed into a right prism to be prepared
for 3D printing.
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Figure 4. A three-dimensional model created by mer-
ging the points recorded with the scanner
into a point cloud.

2. Conclusion

Based on the observations, the Baroque trans-
formations of medieval churches can be divided
into two groups: the transformations resulting
from restoration, and those resulting from mod-
ernization. In addition, we can also talk about ad-
ditive transformations, which involve expansion.
Possibilities for research include the examination
of other similar churches using the methodology
developed here.
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