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Investigating and Prioritizing Factors Affecting Technology Selection Using Multi Criteria
Decision Making Methods in the National Iranian Petrochemical Company

Seyed Hossein Nouri, Tahmoures Sohrabi*

Abstract: Technology can be considered as the most important factor in changing human experiences. Much of the success of most top companies in the field of competition
rests on innovative activities that often rely on technology. On the other hand, defining valid and reliable as well as measurable indicators is necessary in order to make the most
accurate decision. This refers to the famous saying that anything that can be measured can be managed. Therefore, using various scientific sources, the present study seeks to
identify indicators of appropriate technology selection and then, prioritize them using multi-criteria decision making methods in the National Iranian Petrochemical Company. For
this purpose, first important factors have been identified by studying the research literature and utilizing experts’ opinion gathered and aggregated by Delphi method. Then, by
these factors have been ranked by screening and final identification through a hybrid approach of TOPSIS and Shannon entropy. According to the obtained results, technology
efficiency has the highest priority among the factors which shows that in technology with the highest level of efficiency must be transferred and used in petrochemical industry.
The competitive effects of technology have the lowest priority which shows that it is the least impact for technology transfer in this industry, and it need less attention from the

industry practitioners.

Keywords: MADM; Petrochemical Industry; Shannon Entropy; Technology Selection; TOPSIS Method

1 INTRODUCTION

As the most important factor in changing human
experiences [1], technology refers to the knowledge, skills,
techniques and tools needed to convert resources into
products [2]. The performance of each company is affected
by six important economic factors Including capital,
manpower, management, products, resources and
technology. In today's markets with increasing changes, the
ability of organizations to use new technologies is a
sustainable competitive advantage [3]. The major part of the
success of most successful companies relies on innovative
activities that are often based on technology [4]. On the other
hand, more accurate decision-making requires the definition
of indicators with a high level of validity and reliability, as
well as the possibility of measuring them. Because it is well
known in management that anything that can be measured
can be managed. Accordingly, utilizing various scientific
literature, the present study seeks to develop indicators to
select the appropriate technology and then prioritize them
using multi-criteria decision making methods.

1.1 Research Problem Statement and Literature Review

Today, due to the issue of rising costs, the complexity
technological change, and global competition and technology
resources, the strategic importance of technology has
received much attention [1, 5]. Hence, playing a vital role in
business, technology causes creating and maintaining the
core competencies of an organization for better performance
than competitors and business success [6]. Organizations
must be able to select the right technologies to be competitive
and adapt to emerging technologies.

Lack of accurate and scientific identification and
selection of technologies is one of the main problems of
organizations. It is mostly due to their emphasis on key
indicators such as cost or revenue, which are not the only

factors to achieve organizational success and development.
One of the main and key elements of technology strategy is
the selection of technologies for development. The
technology selection for development refers to identify those
technologies that need to be upgraded, or in other words, not
suitable for the organization and there is a gap between the
current and the desired situation regarding them. Due to the
importance of this issue, the present study aimed to identify
and prioritize technology selection indicators in the Iranian
National Petrochemical Company. The research literature
and background are presented in the following section.

A strategic technology planning model have been
developed by Reshnavadi and Rouhollahi (2018) in Iranian
petrochemical industry using network analysis process that
macro goals and strategies are significantly related to
industry technology strategies and alternatives and the
contribution of each in achieving the ultimate goals is
determined by sensitivity analysis. The vision of change and
its effects on criteria and alternatives have been created to
deal with change, scenarios and have been used for decision
making. The process of producing olefins and paraffin,
polymer, Nano composites, polymer membranes and
membrane and  hybrid  bioreactors, polyethylene
terephthalate, methanol synthesis catalyst and acetic acid
synthesis catalyst have been selected as the technology
priorities of the petrochemical industry [7].

The criteria of technology suppliers’ selection have been
identified and prioritized in the study conducted by Eskandari
et al. (2017) in industry in the Arak Petrochemical Company.
In this paper, PESTLE / SWOT analysis is used to identify
internal and external factors affecting the technology supplier
selection system. These factors are classified into six
categories of political, economic, social, technical, legal, and
environmental, and then divided according to their positive
or negative effect on the system. Finally, these factors are
provided for ranking using the fuzzy VIKOR method. These
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factors are then used for the purpose of technology suppliers’

Table 1 Technology selection indicators (continued)

selection in Arak Petrochemical Company [8]. Row | Researcher Dimension Indicator
G technology evaluation and selection in Iran's Jordan et al Software Cost, performance,
ree?n gy . . 7 2003) 16 ' evaluation implementation, reliability,
cement industry to reduce environmental pollutants using ( ) [16] (CMMS) efficiency and reparability
MCDM techniques have been addressed in Mousavi et al. Investigating the
(2017). Selecting green technology in the policies of Cgauen_ges Ef
countries is an effective factor in combating climate change. g | Khalil (2000) opzr;’ggﬁ%z:;on Reliability, quality, cost of
The purpose of this study is to evaluate and select green [17] of the technology | 2Pitah
technology in the cement industry. According to the obtained selection
results, lattice preheaters, furnaces with calcination apparatus framework
. . . . . Flexibility, compatibility,
and rotary cooling were selected as green technological Liwarcin etal. |  Selecting new
. 9 2006 [18 technol cost, vendor, strategy
options. ( ) [18] cchnology alignment
In a research to identify and prioritize the factors Performance, strategic
affecting the Technology Transfer Selection Methods, Haseli Machado ctal. | Evaluationand —alignment, flexibility, user-
et al. (2017) used the fuzzy BWM method to study the food 101 (1997) (1o | Selection Of ERP | friendliness,

. hi h h . ifi systems implementation time, total
aqd bg:verage industry. This research has identi ied and cost and reliability
prioritized the factors affecting the technology transfer Financial factors,
methods of the industry using fuzzy BWM method in order organizational factors, top
to manage and improve the technology transfer process in the i management role, impact
food i dg 9 P gy p 1 Torkkeli (2002) Srer:;;gglcgfrilsan on employees, impact on

00 m‘ ustry [9]. . . . [20] " J suppliers, impact on
Using fuzzy MADM techniques, Sadeghian and Karari systems customers, impact on
(2016) have identified and prioritized the technology shareholders and projected

selection strategies. In their research, first, the concepts of S T— benefits
strategy and technology strategy are reviewed and then, 1o | Torkkeli (2002) ;zgl;?;c&nszn Technology and strategic
while using the SWOT method in identifying and selecting [20] systems fit
technology strategy and using multi-criteria MADM fuzzy Productivity, quality, cost,
decision-making techniques, simple fuzzy cumulative 13 | Markusetal. | Selectingnew | delivery, flexibility,
. . . P . (2017) [21] technology innovation and employee
weighting in a car parts company, priorities has been given
: . . . morale
to the identified strategies and the most appropriate ] Investment cost, latency,
Selection of . .
technology strategy has been selected [10]. Mitchell et al advanced capacity, space required,
After reviewing the research theoretical foundations and 141 (1085 [22] production | Process flexibility, product
background, the technology selection indicators are provided technology | duality, raining, and
. employee disturbance
in Tab. 1. Sclection of | Cost, flexibility, reliability,
15 Mohrman, et advanced quality, efficiency and the
Table 1 Technology selection indicators al. (1990) [23] production impact of new technology
Row Researcher Dimension Indicator technology on employees
Impact on customer Evaluation of
satisfaction, improvement . advanced Cost, flexibility, efficiency,
during production and 16 Khoug;zi 4(]2 005) production quality, reliability and
1 Drejer (1996) Justification of | launching cycle, speed of technology for | impact on human resources
[11] productive cells | responding to changing world class
market demands and also Hax et al.
improving the operation (1996),
process Torkkeli Technological capabilities
Advanced Cost, performance, quality, 17 (2002), Capabilities and research and
Chan et al. . P
2 (2000) [10] technology delivery, flexibility, Shehabuddeen development background
selection innovation et al. (2006)
Effectiveness, [3,11,25]
Hax et al. New technology | applicability, Ford (1998), ..
3 (1996) [13] selection implementation duration, 18 Pegel (1996) Competition t(iglrﬁl pflt;tlve effects of
cost and risk [11,26] gy
Adaptability, flexibility, Prahalad et al.
4 Sadeghi et al. ERP selection | process improvement, (1990), Watts Political, legal and
(2019) [12] process customer satisfaction and 19 etal. (1997), Sanctions executive factors of
implementation time Radosevic economic sanctions
Yu-Lung Evaluating the Dependence, flexibility, (1999) [27-29]
5 performance of the | . .
(2010) [14] . time, quality and cost
production system 2 RESEARCH METHOD
Quality, cost, productivity,
Saen (2006) Deciding on customer satisfaction, . . .
6 [15] flexible production | dependence, adaptability, The present study is an applied research in terms of the
systems competitiveness and top purpose because its results can be used by organizations and
management commitment human societies and a descriptive research in terms of nature
because the researcher does not manipulate the results
450 TECHNICAL JOURNAL 15, 4(2021), 449-454
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obtained from the data. The tool used in this research is a
researcher-made questionnaire. Thus, technology selection
indicators in Iran's petrochemical industry after identification
have been provided to research experts to agree on the most
effective indicators. After the reviews, the list of agreed
indicators is as follows [30, 31]: A five-point Likert scale is
also used to answer the questionnaire questions. Shannon and
TOPSIS entropy [32] combinations were used to data
analysis.

Table 2 Technology selection indicators

The research statistical population is consisted of
managers specializing in Iran's petrochemical industry for
technology transfer. The profile of these people is as it is
given in Tab. 2. Variables related to the National Iranian
Petrochemical Company are selected based on the Delphi
method. As mentioned before, a questionnaire is designed
and distributed among 8 experts. Experts comment on the
Likert scale from 1 (least important) to 5 (most important).If
the average opinion of experts is 4 or less, that variable is
rejected and if it is 4 or higher, that variable is accepted.

No. of expert Experience Education 3 DATA ANALYSIS
1 40 Bachelor degree
2 36 MSc. ) )
3 33 MSc. Twenty factors have been considered for this research
4 44 Bachelor degree based on the Delphi method (Tab. 3), of which 5 variables
5 41 Bachelor degree have been rejected and 15 variables have been accepted.
6 39 MSec.
7 35 MSc.
8 37 MSc.
Table 3 Delphi method results
Row Indicators by importance Mean | Expert 1 | Expert 2 | Expert 3 | Expert 4 | Expert 5 | Expert 6 | Expert 7 | Expert 8 | Accept/reject
1 | Productivity 4.375 4 5 5 4 3 4 5 5 Accept
5 Technology complexity and technology 45 5 4 3 5 4 5 5 5 Accept
dependence
3 | Price 4.25 5 4 3 4 4 5 5 4 Accept
4 Knowledge transfe-r be-tween 1r.1ternal 3875 3 4 3 5 3 4 4 5 Reject
and external organizational units
5 | Need for new standard 3.875 3 4 3 4 4 3 5 5 Reject
6 | Maintenance and repair costs 4.25 5 4 3 5 5 4 4 4 Accept
7 Flexibility in the face of market changes 495 3 3 4 4 5 5 5 5 Accept
and customer needs
8 | Market changes and customer needs 4.375 4 5 5 5 5 4 4 3 Accept
9 | Simple operation and training of forces | 4.375 5 4 5 5 5 4 3 4 Accept
10 Environmental CQmpatlblllty and the 35 4 3 4 3 3 3 3 5 Reject
amount of pollution produced
11 | Implementation time 4.5 5 4 3 5 5 4 5 5 Accept
12 Availability of cheap material and the 4375 5 4 3 4 4 5 5 5 Accept
amount of material consumed
13 | Safety in operation 4.375 3 5 4 4 5 4 5 5 Accept
14 | Safety when leaving the service 4.375 5 5 4 3 4 4 5 5 Accept
15 | Safety during Shutdown 4.375 5 4 3 5 5 5 4 4 Accept
16 g;;)ccéuctlv1ty and usefulness according to 4625 5 4 5 5 4 5 4 5 Accept
17 | Availability of executive contractors 4.5 5 4 3 5 4 5 5 5 Accept
18 | Availability of parts and manufacturers 4.5 3 5 4 5 4 5 5 5 Accept
19 | Competitive effects of technology 3.625 4 3 5 4 4 3 3 3 Reject
20 | Possibility of technology localization 3.875 5 3 3 4 5 4 3 4 Reject
Table 4 Expert weighting by Shannon entropy method Due to the different opinions of each respondent
o = ~ @ < v © ~ 0 according to their expertise and background, the weight of
S 5 £ £ £ £ £ £ £ L. .
2 2 8 g 8 8 g 8 8 each opinion is different, so, the Shannon entropy method is
5 & S & = S & = & . .
A = ) o i 3 m i 3 used to obtain these weights.
Pl 6 6 3 4 6 3 3 3 In this step, we will rank the variables affecting
P2 7 6 8 5 7 8 6 8 technology transfer based on the TOPSIS method. In the first
P3 8 6 8 5 7 8 5 8 step, the decision matrix is formed. In this matrix, experts
P4 6 7 8 5 8 8 5 9 give each of the variables a number from 1 to 9 equivalent to
P5 7 8 9 6 8 9 6 9 .
6 3 7 ; 6 9 5 7 s the least to the most important.
P7 9 4 7 7 9 6 7 6 In .the. se.cond step, the matrix is norma}ized. This
P8 9 5 5 3 5 5 3 7 normalization is performed based on the type of index.
P9 4 6 6 8 6 4 9 8 The decision matrix is actually parametric and needs to
P10 5 7 7 9 7 5 8 9 be quantified, and for this purpose, the decision maker
W‘;ght 008 |02 ] 0.1 (()) '239 4292'18 0.08 | 0.09 | 0.16 determines the weight for each index. The set of weights is

multiplied by the normalized matrix.
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Table 5 Initial decision matrix

The two virtual options created are actually the worst and
best solutions. The distance between each alternative is
measured by the Euclidean method. That is, the distance
between the alternatives and the positive and negative ideal
alternatives is calculated.

In the Tab. 7, the variables are ranked based on the
proximity coefficient.

Table 7 The results ranking

Proximity
Result coefficient

Production productivity 0.6631
Technology complexity and technology dependence 0.6458
Price 0.6279
Maintenance and repair costs 0.5844
Flexibility in the face of market changes and customer needs 0.5457
Simple operation and training of specialized personnel 0.5326
Environmental compatibility and the amount of pollution

0.5289
produced
Availability of cheap material and the amount of material 05173
consumed )
Safety in operation 0.5123
Safety when leaving the service 0.5113
Safety during Shutdown 0.4985
Productivity and usefulness according to price 0.4943
Availability of executive contractors 0.4842
Availability of parts and manufacturers 0.4608
Technology competitive effects 0.4465

Matrix Criterion 11 | Criterion 12 | Criterion 13 | Criterion 14 | Criterion 15 | Criterion 16 | Criterion 17 | Criterion 18
Production productivity 6 8 6 7 8 9 7 8
Technology complexity and technology 6 3 7 9 9 3 7 5
dependence
Price 9 8 7 7 9 8 9 8
Maintenance and repair costs 9 8 7 8 7 8 7 6
Flexibility in the face of market changes and 9 3 6 7 7 3 9 3
customer needs
Simple operation and training of specialized 7 5 3 6 7 9 3 9
personnel
Env1ronrpental compatibility and the amount 6 9 3 7 6 7 3 9
of pollution produced
Avallabl}lty of cheap material and the amount 7 3 9 3 6 7 7 6
of material consumed
Safety in operation 7 6 9 8 7 9 8 9
Safety when leaving the service 8 7 6 8 7 8 9 9
Safety during Shutdown 8 7 6 8 9 8 9 7
Productivity and usefulness according to price 9 7 9 8 7 5 7 6
Availability of executive contractors 9 8 7 5 6 9 8 7
Availability of parts and manufacturers 8 9 8 6 8 7 6 5
Technology competitive effects 8 7 8 9 7 8 9 8
Criteria type P P P P P P P P
Criteria weight 0.084569 | 0.122841 0.195835 | 0.089413 | 0.176618 0.079223 0.091795 | 0.159704
Production productivity 6 8 6 7 8 9 7 8
Technology complexity and technology 6 3 7 9 9 3 7 5
dependence
Table 6 The best worst solution 4 CONCLUSION

=

=]

= — S o < n © ~ © . . . .

2 = = = = < = = = As one of the most important industries, the chemical
=1 2 = = 2 2 = = = industry has been of special interest to countries in the past
E| E = = g= 3= = 3= 3= few decades, and this has led to its prosperity and

2 |©] & ©] ©] @] &) O O . . . .

S pervasiveness in the world. It is currently the third largest

+ 10025 10.0375] 0.060 | 0.027 | 0.055 | 0.023 | 0.026 | 0.049 industry in the world after the food and automotive

0.016 [ 0.0209 | 0.040 | 0.014 | 0.037 | 0.012 | 0.017 | 0.027 industries. The variety of products and the supply of raw

materials for thousands of downstream workshops and
factories by it, has caused this industry to play a very
effective role in the country's economy in terms of job
creation, earning foreign exchange earnings and cutting
dependence.

The country’s petrochemical industry mechanism
should be such that it faces the least challenge in financing
its projects and developing this industry. Perhaps one of the
most fundamental challenges facing Iran's petrochemical
industry is this factor. For this purpose, first the important
factors for this matter were identified based on research
literature as well as interviews with experts. Then it is tried
to coordinate these factors with this industry in Iran.
Therefore, the Delphi method was used in which, 8 experts
were asked to comment on these factors. At the beginning of
the study, 20 factors were counted and based on the Delphi
method, 5 factors were eliminated and 15 factors were
confirmed. After screening and final identification of
indicators, these factors were ranked. Since in this research,
weight is considered for each expert based on specialization,
degree and work experience, etc., Shannon entropy method
has been used to meet this requirement.

The TOPSIS method is then used to rank these factors.
According to the obtained results, the technology
productivity factor has the highest priority. This means that
technology with the highest level of efficiency must be
transferred and used in the petrochemical industry.

452
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The competitive effects of technology have the lowest
priority and show that in this industry, the competitive effects
of technology have the least impact for technology transfer,
and petrochemical companies should pay less attention to this
factor. Since the research experts were the managers of this
company, it was difficult to access them. As a hybrid method
of Shannon and TOPSIS has been used in this research, two
separate questionnaires had to be prepared and presented to
the experts. Also, the number of tables in the TOPSIS method
for completion by experts has been high due to the large
number of criteria and sub-criteria, which has led to a
decrease in the reliability of expert responses and
prolongation of the research process.

The following items can be considered in future
research: the model presented in this study that is
implemented in the National Iranian Petrochemical
Company, can be used in other industries, especially related
industries such as oil, gas and refining industries, etc. This
model can also be combined with other MADM methods
such as WASPAS, ELECTER, MULTIMOORA, and so on.
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Abstract: Natural disasters that cause tremendous material harm and threaten human lives, infrastructure, and economic and social activities become more frequent. While most
material and human casualties are the effects of sudden and brief natural disasters, it is not possible to disregard long-term disasters, most frequently triggered by climate change.
Damage from long-term disasters is quite significant and hampers the sustainability of the economy and life in densely populated cities. Following climate change, it is concluded
that special attention should be paid to coastal cities, cities along rivers and the potential risks of possible disasters should be reduced before they materialize. The reduction of
disaster risk is an endeavor involving various professional fields, viewpoints, and stakeholders. An integrated approach that brings together all the necessary elements is therefore
required. The planning for protection against natural disasters and in the very moments when it occurs, it is necessary to quickly obtain reliable data to coordinate activities in the
field well. However, there are problems in the field with the availability, access, and spatial data use. In this sense, the Spatial Data Infrastructure (SDI) can provide an appropriate
framework for sharing spatial data through the cooperation of administration, public, and private institutions and citizens.

Keywords: natural disasters; spatial data; spatial data infrastructure

1 INTRODUCTION

The term natural disasters require a precise definition, as
there are some terminologies associated with this term. In
large part of the professional literature, one can find claims
that natural disasters do not exist. Only natural hazards can
turn into disasters due to the significant exposure of people,
animals, and material goods. However, the fact that we deal
only with those dangers that turn into a catastrophe allows us
to deal with them to reduce them and prevent them, to reduce
the risks. In this context, the hazard is a phenomenon that can
damage property and other public resources and interrupt
economic and social operations and cause injury or loss of
human life and deterioration of the environment ([1, 2]). A
natural hazard is the result of earthquakes, landslides,
volcanic eruptions, floods, or storms in the form of
geophysical, geological, or hydrometeorological activity [3].
A natural hazard can escalate into a natural disaster (see Fig.
1). A natural disaster results from exposure to risky elements
and the community's inability to cope with the situation ([4,

2]).

| heat stroke || epidemics and pandemics |

tornadoes and
typhoons

Natural disasters

volcanoes

blizzards

landslides

Figure 1 Examples of natural disasters

avalanches

The degree of risk of disasters in a particular place is a
function of hazard, vulnerability, and resilience.
Vulnerability is a state of possible danger-related harm or
damage. Resilience is a condition in which, by using its own

tools to recover its pre-examined -circumstances and
functions, a structure or society undergoing a catastrophe can
survive its impacts. However, it is not straightforward to
measure resistance; other approaches should therefore be
used in economic or systemic terms to calculate risk [5]. In
the Methodology for assessing Bosnia and Herzegovina's
threat from natural or other disasters [6], the terminology
used for vulnerability, its assessment, exposure to gambling,
and the risk of the natural disaster. Vulnerability refers to
specific physical, social, and economic factors or
environmental processes that raise a community's
vulnerability to a particular hazard. Vulnerability assessment
is a continuous assessment of the presence and impact of risk
elements on people's safety, their property (including
domestic animals), and the environment. Gambling exposure
means the number, types, quality, and monetary value of
various types of material goods or infrastructure and life that
may be subject to undesirable hazards that may cause
physical injury. Exposure is the only quantification of the risk
in the identified hazard zone. The hazard of a natural
catastrophe is the likelihood of adverse effects or anticipated
damages (dead, destroyed buildings, families, interruption of
economic development, or environmental destruction)
resulting from encounters between hazards triggered by
natural or human activities and circumstances of
vulnerability.

In battling the challenge of climate change, optimum
resource allocation is very important. In this way, a greater
understanding of risk makes for a proactive rather than a
reactive strategy. As an important part of asset management,
which is included in ISO 55001: 2014, risk recognition and
management were recognized. For risk identification and
prevention, the main steps are:

*  Hazard identification,
* Risk analysis, and
* Risk evaluation [7].

Geospatial data can be beneficial and significant in
decision-making at all stages of risk management. Initially,
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geospatial data were mostly used to respond to a disaster
adequately, but later their role extended to the entire risk
management decision-making cycle. Avoiding major
disasters begins with identifying hazards in a particular area.
In addition, an assessment of the vulnerability of people,
facilities, and property should be made. Disaster risk
management begins with creating a database of geospatial
data, inventory, overlapping layers, risk analysis, costs,
scenarios, probabilities, sensitivities, decision matrices,
spatial statistics correlations, and many other spatial analyzes
and algorithms. After defining the most vulnerable areas, the
mitigation process begins. The next step is to prepare a
scenario in case of natural hazard. Geospatial databases can
help identify shelters, alternative evacuation routes outside
the danger zone, hospital capacity, etc. It is also possible to
estimate the amount of food, water, and medicine for a
particular area. With geospatial data, analyzes are performed
during a disaster to perform damage assessment very quickly.
Other activities where GIS is beneficial in the event of a
disaster are: determining the area for evacuation, delivery of
various aids, identification of damaged or blocked roads,
planning routes for emergency supplies, identification of
locations, people, equipment, shelters, and other resources
needed for disaster management. The post-disaster phase
includes recovery and reconstruction. It is a process of
restoring vital qualities and rebuilding the entire community.
Disaster management includes a set of activities that start
with the mitigation consequences of the disaster, organizing
emergency activities (search and rescue the living things,
firefighting) and help in recovery from natural disasters.
Recovery from natural disasters includes the physical
reconstruction of facilities and the restoration of quality of
life after a disaster. Quality spatial information is a
fundamental condition for efficient disaster management.
However, current studies show significant problems with
managing spatial information (i.e., data) needed for disaster
management concerning data collection, sharing, access, and
use [8].

There are problems with spatial data management that
become even more serious in the disaster response phase.
Action during natural disasters is dynamic, and decision-
makers must have the latest spatial data to react adequately
and quickly. Any delay in the collection, access, use, and
exchange of data is detrimental to the quality of decision-
making and the quality of disaster response. With this in
mind, appropriate frameworks and technologies should be
used to address the spatial data issues necessary for disaster
management. To adequately respond to a natural disaster, it
is necessary to integrate a multitude of data sets, for which
many institutions are responsible. Spatial data infrastructure
(SDI) can solve the problem of accessibility by creating a
framework for their sharing [9].

Simultaneously, institutions involved in the community
for disaster management, as the SDI participants, have a legal
obligation to collect and maintain the data sets for which they
are competent. Assuming that each institution does its job
conscientiously then, up-to-date spatial data sets can be
expected to be available to decision-makers in the event of
natural disasters.

2 THE ROLE OF SPATIAL DATA INFRASTRUCTURE IN
DISASTER MANAGEMENT

2.1 INfrastructure for Spatial InfoRmation in Europe
(INSPIRE)

INSPIRE (INfrastructure for Spatial InfoRmation in
Europe) is an initiative launched to establish a European
Spatial Data Infrastructure (ESDI) [10]. This initiative calls
on the Member States of the European Union (EU) to publish
their geographic data on the geoportal and gradually
harmonize it. To support the integration of national
infrastructures into INSPIRE, members should allow access
to their infrastructure through INSPIRE-geoportals and other
access points. INSPIRE is based on spatial data
infrastructures established and implemented by the EU
Member States. It covers 34 topics related to space data (Tab.
1). The Directive entered into force on 15 May 2007 and is
planned to be implemented in phases, with full
implementation by 2021 ([11, 12]).

Table 1 Three groups spatial data topics of INSPIRE Directive [11]

Annex 1 Annex 2 Annex 3
Addresses Elevation » Agricultural and
Cadastral Land Cover Aquaculture Facilities

e o o o

Parcels Geology * Bio-geographical Regions
Geographical Grid Orthoimagery | * Buildings
Systems ¢ Energy Resources
* Hydrography * Environmental Monitoring
¢ Transport Facilities
Networks » Habitats and Biotopes
¢ Administrative * Human Health and Safety
Units * Meteorological
* Coordinate Geographical Features
Reference Systems * Mineral Resources
* Geographical * Oceanographic
Names Geographical Features
* Protected Sites * Natural Risk Zones

* Population Distribution and
Demographics

* Production and Industrial

Facilities

Sea Regions

Statistical Units

Soil

Species Distribution

Land Use

Utility and Governmental

Service

The main principles of the INSPIRE Directive can be

implement ([13, 14]):

1) Data shall be collected once and maintained at the level
at which it is most effective.

2) Allow spatial data from different sources to be combined
and shared among users and applications.

3) Spatial data collected at one level of the management
structure can be shared at all levels.

4) Spatial data should be available under conditions that do
not limit their extensive use.

5) Enabling easy detection of the required spatial data,
knowing the conditions of their use.

6) Spatial data should be easy to understand, interpret, and
should be visualized in a user-friendly manner.
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2.2 Spatial Data Infrastructure (SDI)

The Spatial Data Infrastructure (SDI) is a set of
technologies, measures, standards, implementing rules,
services, human capacity, and other factors that enable the
effective aggregation, management, and maintenance of
spatial data sharing to meet national and European needs
(Fig. 2 and 3).

'S a's N N\ N\ N ~

Scale and Content of Data || Data collection Access and
Resolution + Fundamental methods Aplications
+ Multi scale + Emergency + dassical » Geoportals
Databases || - Spatal "g“’t‘f‘f gendefic < R
Resoluion onien methods + WebGIS
+ Specriral * photogrammetry + Other
Resolution * laser scanning
+ Radiometric » salelite images
Resolution * maps and
SPATIAL DATA

( I\ I\ I\ Ao || )

Figure 2 Spatial data and SDI

« Maping agencies
* Involved Organizations
Volunteer Bodies

Data provider]

* Private Sector
* Involved Organizations
IValue Adders| * Volunteer Bodies

* Decision Makers
« Emergency Workers

End Users | * Volunteer Bodies

Figure 3 Scheme of connection of human capacities of different specialties in SDI

The purpose of establishing SDI is to streamline spatial
data collection and standardize them to be networked and
used well. Linking different spatial data types and their
interoperability will enable users to conduct complex
searches and analyze, and connect to spaces.

Thus, the preconditions for modern and efficient
management of space and spatial resources will be realized,
which directly stimulates and increases economic growth
([15, 12)).

In general, the Spatial Data Infrastructure establishment
implies creating an environment that will enable a wide range
of users to access, retrieve, and securely share spatial data.
By implementing SDI, users save resources, time, and effort
around collecting new datasets by avoiding duplication of
costs related to data production and maintenance and have
the ability to integrate their own data with other datasets. SDI
implies integrating spatial data of different institutions and
organizations, which is based on cooperation and
partnership. Using SDI, effective natural and other disaster
management model can be developed (Fig. 4).

Spatial data
000000

Technolog
60060060 0%, «*,
o A ) L)
Standards G © 00 0° @ w\
00000 O o 00000 Architecture® A Integrancn existing® Disaster
e 081d Platforms .data and systems L/ management

Regulations o) [ ]
00000 oo ) 0§ O . . [}

Staff ]

oco0Q000

Figure 4 Relationship between SDI and Disaster management

Bosnia and Herzegovina (B&H) is not a member of the
European Union, and the implementation of the INSPIRE
Directive is not binding on it. However, the importance of
INSPIRE principles for the advancement of the economy and
other areas of society as a whole is recognized. It has
established two SDI Geoportals (for Federation B&H and
Republika Srpska) and services through sharing data with
SDI subjects (only a few services and data sets).
Accordingly, the Government of Federation B&H has
adopted the Regulation on the SDI Federation B&H,
appointed the Council members, and adopted the SDI
Strategy. The Federal Administration for Geodetic and
Property Affairs has appointed as the contact point of the SDI
in Federation B&H.

2.3 Spatial Data Sharing

It is necessary to create an appropriate legal and business
framework with the mandatory application of technical rules
to create an efficient environment (virtual and real) for
sharing spatial data between different institutions. There are
different spatial data sharing models, which increase the
availability and access to data of users of public institutions
(state, federal, cantonal, municipal, and other institutions).
No matter which model of sharing spatial data is adopted, it
is necessary to previously implement legal, organizational,
semantic, and technical interoperability. Natural disaster
management involves the easy discovery, access, and use of
spatial and non-spatial data defined by crucial data sets. For
each spatial data set, which is considered crucial, defining the
legal framework and data management procedures is
necessary. That includes metadata about the frequency: of
data updates, data set sources and data quality assurance.
Data sharing is enabled through a web service. Thus, using
data is simplified, and available time in protecting against
natural disasters is spent more efficiently.

3 DEFINING KEY DATA SETS FOR NATURAL DISASTER
MANAGEMENT

Unfortunately, there is still no appropriate database
model on natural and other disasters in Bosnia and
Herzegovina. Therefore, a proposal of key data sets for
natural disaster management, based on INSPIRE topics, is
proposed here. According [16] there are four group key
datasets for natural disaster management:

1) Hazard
2) Vulnerability
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3) Risk!
4) Exposed? [16].

Table 2 Datasets and INSPIRE topic [11] (rearranged table)

Group Key Datasets INSPIRE topic
Watershed boundaries Hydrography
Water bodies Hydrography
Soil type Soil .
Natural Risk Zone
Natural Risk Zone;
Flood hazard maps Hydrography
Meteorological Geographical
Meteorological gauge data | Features
Hydrography
Hydrography — Hydro
Flood protection measures | Physical Waters
Natural risk zone
Hazard Meteorological Geographical
Seismic hazard map Features .
Natural risk zone
Geology
Site conditions map Geology, Soil
Meteorological Geographical
Wind Features
Natural risk zone
Historical records of
significant natural hazard | Natural Risk Zone
events in the country
Enylfo.nmental hazardous Natural risk zone
activities
Contaminated sites Natural risk zone
Land Use Land Use
. Population Distribution and
Population .
Demographics
. L Production and Industrial
Economic activities e
Facilities
Company registers Prodggtion and Industrial
Facilities
Buildings Buildings
Agricultural production Agr‘i(fulltural and Aquaculture
Facilities
Exposed Transport Network
Utility and Governmental
Critical infrastructures IS-Ii/r(\i/rlcc);raphy - Hydro -
Physical Waters'
Buildings
Expected growth of .
po;r))ulationg density No topic
Expected growth of GDP | No topic
Cultural Heritage Buildings
Environment Protected sites
Direct E(?qnomlc Natural risk zone
.... | vulnerability
Vulnerability - -
Indirect Economic .
s Natural risk zone
vulnerability
RlSkA mdlcatm‘”s from Natural risk zone
previous studies
Risk Risk assessment Natural risk zone
Historical Impacts on Natural risk zone
exposure

To these groups should be added a group named basic
data sets, which are not directly related to natural disasters,
which include:

! Risk is the combination of the consequences of an event (hazard) and the
associated likelihood/probability of its occurrence [17].

* Reference coordinate system,

*  Topographic bases (maps, digital orthophotos, satellite
images, laser scanning of the terrain),

* Digital terrain model,

*  Administrative units,

*  Geographical names and

* Landcover.

The proposal of crucial data sets according to the
division of groups and their coverage of INSPIRE topics are
presented in Tab. 2.

Based on the defined key data sets and INSPIRE
specifications for the mentioned INSPIRE topic, it is possible
to create an appropriate data model that will be used for
planning protection against natural disasters and effective
action during natural disasters. Data from crucial spatial data
sets should be described on the SDI Geoportal, and data
access provided through a web service with previously
signed spatial data sharing agreements and data use
agreements.

4 EXAMPLE OF DETERMINING SECTIONS OF MAJOR
ROADS EXPOSED TO FLOOD RISK

This paragraph proposes a technique for the
development of a GIS browser. It offers an example of a
thematic map for identifying critical sections of the
Federation of Bosnia and Herzegovina's major roads exposed
to natural flood disasters that can be used for flood risk
management. Integration of collected data into free QGIS
software, allowing spatial data to be analysed and visualized.

Three data sets are grouped into layers loaded into GIS
software, namely (Fig. 5):

1) Administrative boundaries with layers:
2) Road network
3) Rivers and flood lines.

The subject of research in this example will be major
road sections in the Sava River Basin.

The rivers in Federation B&H that belong to the Sava
River's catchment area are Una, Vrbas, Bosna, and Drina.
The layers of hazard and the layers of risk elements need to
be identified at the beginning. The layer of "Sava Flood
100Y" is classified as a hazard layer, while the layer of the
"Main Road Network" is defined as a layer representing
elements exposed to such hazards (Fig. 5).

As the road network is of the same (major) category,
there was no need to classify the road network, while the
flood lines were classified into different water-level grades,
as follows:

* Lowrisk: 0 - 1000 mm

Medium risk: 1001 - 2000 mm

* High risk: > 2000 mm.

2 Exposure. People, property, systems, or other elements present in hazard
zones, thereby subject to potential losses [2].
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Flood Polygon On Roads Line

— Length of roads

[ Hazard Aggregation Summary

I Aggregation Summary

[ Analysis Summary

Exposure Summary Table

Analysis Log

Saobracajna mreza

—— Main_Road_Network_su
® Culverts
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I Neretva_1_Flood_100Y

[ sava_Flood_100Y_su

[ HFI04_Sava_Flood_500Y

I Lakes

— Rivers

Administrativne granice

[ AB0O4_FBH_region_border

—— BiH_polyline_border

OpenStreetMap

Figure 5 The appearance of a created viewer [18]

Analysis detail

The program add-on "InaSAFE" has been used to

determine the critical road sections. These road sections that Estimated length of roads (m) affected by road type

overlap with the Sava River Basin flood lines (for 100 years o— Affected Not affected Totalnotexposed  Total
return period). A thematic flood risk management map and P ————| R ——
the results of the data analysis are displayed in numerical and
. . M15 0 0 0 45,500 45,500 156,000 242,000
graphical form (Figs. 6, 7, 8, and 9).
M14.1 0 0 0 14,500 14,500 45,600 60,000
@ M16 178 0 178 0 0 14000 114000
Ina SAFE Mi16.3 0 0 0 0 0 3300 3,300
Analysis question
M19.2 0 0 0 0 ] 28,600 28,600
In the event of a Flood, what length of Roads might be affected?
I EE of v
Estimated length of roads affected per hazard zone MLE 789 0 789 0 0 70,500 71,300
Hazard Zone Length (m) M5 0 0 0 52,200 52,200 360,000 413,000
i R M11 0 0 0 752 752 8500 9,200
Medium 7%
M20 0 799 799 864 854 32,800 34,500
Low 175,000
Mi64 1t 0 1L 0 0 0O 39200
Total Expnled 132,000
ML 0 0 0 0 0 N nM
Roads Length (m)
M7 6 0 3 6400 e 2
Affected 7,100
Not Affected 125,000 mis 0 0 0 0 0 179'm0 1m
Not Exposed 1,965,000 M162 463 0 463 0 0 69,400 69,800
Figure 6 Estimated length of roads affected by flood event _— i P § - - -_—
It can be found (Fig. 7) that the road route M4 is subject e ! ¢ ? ’ g N
to a high flood risk of 4.7 km in length (Fig. 8). The M20 M4 0 0 o| 450 450 640 T0%0
road exposed to medium risk in the length of 0.8 km, yvhlle e 2 3 2 3 2 PrS——
the M5 road in the length of 52.2 km and the M15 in the
length of 45.5 km are the exposed to low risk. it T @ ¢ 2 v i
Total 6,300 799 7,100 | 125,000 125,000 1965000 2,097,000
Figure 7 Estimated length of roads affected by road route
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The M4 road (the valley of the river Bosna and its
tributaries Spreca) is a more densely populated area in the
Federation of Bosnia and Herzegovina with the most
significant industrial capacity, so often increasing
watercourses and overflows result in endangering residential
and commercial buildings and traffic interruption.

A thorough review of the identified road sections
recommending steps at all flood risk management stages
would be the next step. In all phases of the comprehensive
flood risk management cycle, data read from the thematic
map can be used: prevention, protection, awareness,
readiness, and recovery.

5 CONCLUSION

Growth of the world population accompanied by
urbanization and increased pressures on natural resources,
and the process of land conversion in combination with
natural hazards lead to increased vulnerability, both people
and material goods [19]. Viewed from this angle, effective
management of disasters is crucial. Effective disaster
management involves managing a range of activities that
begin with mitigating vulnerability and the adverse effects of
disasters, increasing people's readiness to provide emergency
assistance, and actively participating in disaster recovery -
physical reconstruction and restoring the quality of life of the
community. For the effective implementation of these
activities, it is necessary to have easy access to reliable

spatial and other information, which needs to be integrated.
Since there are many data sets whose collection and
maintenance are the responsibility of wvarious public
institutions, there are significant problems in their detection
and sharing. The establishment of a Spatial Data
Infrastructure (SDI) creates a basic framework for sharing
up-to-date spatial data accessible to the broader community
and contributes to better management of natural disasters.
Since Bosnia and Herzegovina tend to join the European
Union, the procurement, collection, preservation, and
management of IT-based geo-data sets contribute to the need
for accelerated standardization and harmonization of the geo-
data sets with EU regulations in the INSPIRE Directive [18].
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Numerical and Experimental Vibration Analysis of a Steam Turbine Rotor Blade

Marko Katini¢*, Marko Ljubici¢

Abstract: Damage to the rotor blade of a steam turbine is a relatively common problem and is one of the leading causes of sudden and unplanned shutdowns of a steam turbine.
Therefore, the high reliability of the rotor blades is very important for the safe and economical operation of the steam turbine. To ensure high reliability, it is necessary to perform
a vibration analysis of the rotor blades experimentally and in a computer environment. In this paper, a modal analysis was performed on the twisted blade of the last stage of the
turbine in the Ansys software. The results of the modal analysis of the stationary rotor blade were compared with the results obtained by the bump test, which confirmed the
numerical model of the blade. A modal analysis of a rotating rotor blade was performed on the same numerical model, and Campbell diagrams were plotted to determine the

critical speeds.

Keywords: Campbell diagram; critical speeds; modal analysis; natural frequencies; rotor blades; vibration modes

1 INTRODUCTION

Steam turbines are rotary machines that are used
extensively in thermal power plants and the process industry.
The pursuit of higher power output leads to increasing
turbine operating speeds. However, higher operating speeds
pose a greater challenge to the turbine designers regarding
the dynamic machine behavior. Also, the turbine rotor should
be balanced in a higher class according to the ISO 1940
standard [1], which ensures an acceptably low level of
vibrations caused by the rotor unbalance.

Rotor blades of steam turbines operate in relatively
difficult conditions. During operation, they are subjected to
high tensile stresses, but resonant vibrations are also
common. They are the cause of bending stresses of the blade.
In addition to bending and tensile stresses, in high pressure
areas the blades are exposed to high working medium
temperatures. In low pressure areas blades are subjected to
moist steam which causes their erosion. Fatigue caused by
alternating stresses or a single stress greater than the
allowable one can cause the blade to failure. According to the
appearance of the fracture surface, it can be concluded which
type of fracture it is (due to fatigue or due to a stress greater
than allowed). The main cause of failure of steam turbine
blade is high cycle fatigue. [2] An example of rotor blade
fracture at the root as a result of high-cycle fatigue is shown
in Fig. 1. [3]

Rotor blade fractures caused by static stresses rarely
occur in practice. The most common cause of steam turbine
failures are fractures of rotor blades due to dynamic stresses.
Dynamic stresses are the result of vibrations of the rotor
blades, which after a certain number of cycles can lead to
fatigue fracture of the blades. Stress risers and corrosion
significantly reduce the fatigue strength of the blades,
resulting in initial cracks that propagate due to dynamic
stresses. When the crack extends so deeply that the stresses,
in the reduced cross-section of the blade, exceed the strength
of the material, a final violent blade fracture occurs. It is
especially dangerous when the rotor blades of the last stages
of the energy steam turbine, which are long and have a large
mass, failure. Due to the action of centrifugal force, the
fracture of such blades causes them to fly out and break

through the thick-walled turbine casings, which leads to
catastrophic damage. [4]

4 Fracture surfaces

”

Figure 1 Example of rotor blade fracture [3]

A vibration is any movement of the body that is repeated.
Avery body that possesses its own mass and elasticity has the
ability of oscillatory motion. The vibrations of the turbine
rotor blades can be free and forced. The rotor blades vibrate
in bending and torsion modes. Bending vibrations can be in
tangential (in the plane of the rotor bladed disc) and axial
(perpendicular to the plane of the rotor bladed disc)
directions. The torsional vibrations of the blades occur
around their longitudinal axes.

Turbine blades vibrate due to several of reasons. The
most common cause is a periodic force that excites
vibrations. Periodic forces, which excite the vibrations of the
rotor blades, can have an aerodynamic and mechanical
character. Purely aerodynamic causes of vibration are due to
the flow of steam through the stator channels and the local
flow of steam through the join of the upper and lower halves
of the diaphragm. The frequencies of the periodic excitation
force generated by the flow of steam through the stator
channels are zn and 2zn (z is the number of stator blades, and
n is the rotor speed in revolutions per second). [5] The
mechanical sources of blade vibrations are due to the
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vibration of the turbine rotor and the vibration of the discs
carrying the rotor blades. The frequencies of the periodic
forces in this case are the first and higher harmonics of the
rotor speed. In some cases, the so-called self-excited
vibrations may also occur. But self-excited vibrations in
turbine rotor blades are rare. When the frequency of the
excitation force coincides with the natural frequency of the
rotor blades, resonance occurs, which is manifested by an
increase in the amplitude of vibrations and consequently by
an increase in dynamic stresses. Unfortunately, such a
phenomenon can ultimately lead to failure of the rotor blades
and catastrophic damage of the turbine.

Before the analysis of the rotor blade, in this paper, the
modal analysis of the cantilever beam has been performed,
for which the natural frequencies and the corresponding
vibration modes have been determined. In order to verify the
numerical model, the analysis has been done analytically and
numerically for the non-rotating (stationary) and rotating
cantilever beam. The results of the analytical analysis have
been compared with the numerical results obtained using the
Ansys software package. [6]

After the numerical and analytical analysis of the
cantilever beam, the numerical modal analysis of the rotor
blade of the last turbine stage has been performed. The rotor
blade is twisted, and the shape of the blade profile changes
with the height of the blade. Due to the complexity of the
blade shape, the model will be created in the SolidWorks
software package. [7] Numerical modal analysis was
performed separately for non-rotating (stationary) and
rotating blade.

For additional verification of the numerical model, the
results of the numerical analysis for non-rotating blade were
compared with the experimental results obtained by the bump
test. Then the results of the numerical modal analysis of the
non-rotating and rotating blades was compared to determine
the influence of turbine rotor speed on the blade natural
frequencies. Finally, Campbell diagram was done to
determine the critical speeds. [8]

2 NUMERICAL MODEL VERIFICATION
21 Modal Analysis of the Cantilever Beam

A numerical modal analysis of the cantilever beam
shown in Fig. 2 was performed. The dimensions and
properties of the beam are given in Tab. 1.

The numerical modal analysis of the non-rotating beam
was performed first. The analysis was performed in the
Ansys software package. The results of the numerical modal
analysis were compared with the analytical results obtained
using the expression from [9] (Tab. 2). As can be seen from
Tab. 2, the largest deviations are below 1%, which confirms
the validity of the numerical model.

Table 2 Comparison of analytical and numerical analysis results of the cantilever

beam
Mode Naturgl frequency, H.Z Deviation %
Analytical | Numerical

22,65 22,69 0,18

Transverse mode y-axis 141,94 142,00 0,04
397,46 396,80 0,17

774,65 775,34 0,09

Transverse mode z-axis 54,35 24,35 0,00
340,65 338,09 0,75

Torsional mode 868,88 866,45 0,28

A numerical modal analysis of the rotating cantilever
beam was then performed. A prestressed modal analysis is
performed that involves the influence of centrifugal force due
to rotation. This is achieved by performing a static structural
analysis first on the rotating cantilever beam, followed by the
modal analysis. The result of static analysis are stress and
strain fields due to inertial loading. The inertial load is due to
the rotation of the beam about the y-axis at an angular speed
Q. The calculation was performed for rotational speeds of
25n rad/s and 50x rad/s. The obtained stress fields are further
used as input to the modal analysis. The results of the
numerical modal analysis were compared with the semi-
analytical results obtained using the following expression
[10]:

m

0, =\ O} + 2 (c; - sin’y), (1)
where w,, is the i natural frequency of the non-rotating
cantilever beam; y is angle of the beam inclination in relation
to the axis of rotation; ¢; is a constant that depends on the
vibration mode. A comparison of these results is shown in
Tab. 3. The largest deviations are below 1% which validates
the numerical model. In this way, confidence in the
numerical model of the cantilever beam is achieved.

Table 3 Comparison of analytical and numerical analysis results of the rotating
cantilever beam

Natural frequency, Hz
Mode Q=25nrad/s Q =507 rad/s
Analytical Numerical Analytical Numerical
25,17 25,03 31,56 31,36
Transverse 153,52 153,57 183,96 183,93
Figure 2 Cantilever beam mode y-axis 410,51 409,79 44735 446,25
788,66 789,23 829,28 829,32
Table 1 Cantilever beam properties Transverse 60,88 60,79 77,05 76,83
Modulus of elasticity E 200 GPa mode z-axis 346,54 343,97 363,64 361,01
Density P 7850 kg/m®
Poisson's ratio v 03 2.2 Modal Analysis of the Non-Rotating Twisted Rotor Blade
Cantilever beam length / 0,6 m
g:ﬂ:ﬁz: EZ:E l‘?;ldgt}}l]t z 0%0214121 The calculation of natural frequencies and vibration

modes was performed on a twisted rotor blade of the last
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stage of a steam turbine with a maximum power of 20 MW.
The turbine is condensing controled extraction, and it drives
an electric generator. The rotation speed of the turbine rotor
is 3000 rpm. The number of rotor blades of the last turbine
stage is 90, and the number of belonged nozzles is 74. The
geometry of the blade model was prepared in the SolidWorks
2018 software package (Fig. 3). [11]

e

Figure 3 Rotor blade geometry [11]

The above model was imported in ANSYS 17.2 for
modal analysis. The material of the blade is high temperature
steel X22CrMoV12-1 whose properties are given in Tab. 5.

[11]

Table 4 Rotor blade material properties [11]

Steel density 7700 kg/m®
Modulus of elasticity 216 GPa
Yield stress 675 MPa
Ultimate tensile strength 880 MPa
Poisson's ratio 0,28

The element mesh was generated using a three-
dimensional 10-node finite element SOLID187 (Fig. 4). The
mesh consists of 529418 finite elements and 768457 nodes.
[11] All degrees of freedom on the multi fork root surfaces
of the blade are constrained because they are firmly attached
to the rotor disk. This finite element model was used to obtain
the mode shapes and natural frequencies for the non-rotating
turbine blade.

ANSYS
R17.0

»
L
s

0 5000 10000 ()
—
2500 7500

Figure 4 Generated finite element mesh [11]

The natural frequencies of the actual rotor blade were
measured using a bump test (Fig. 5). The hits of a special
hammer on the object generate impulse excitations in a wide
range of frequencies, which excite a large number of natural

modes of vibration. Priieftechnick type VIBEXPERT II FFT
analyzer and Priieftechnick piezoelectric accelerometer type
VIB 6.142 R were used to measure the frequency response.

(1]

Figure 5 Measurement of natural frequencies of the rotor blade

A comparison of numerically calculated and
experimentally measured natural frequencies of rotor blades
is given in Tab. 5. [11] The deviations of the calculated and
measured frequencies are acceptably low, which gives full
confidence in the numerical model of the blade.

Table 5 Comparison of the results of numerical analysis and measurements on the
non-rotating twisted blade [11]

Natural frequency, Hz L
Mode Numerical solution Bump test Deviation, %
1 190,96 191 0,02
2 362,75 363 0,07
3 789,93 789 0,12
4 953,66 1004 5,01
5 1311,50 1277 2,70

3 MODAL ANALSYS OF THE ROTATING TWISTED ROTOR
BLADE

After the above verification of the numerical model, a
modal analysis of the rotating blade could be performed.
Similar to the case of the rotating beam, a static structural
analysis of the blade rotating around an axis coinciding with
the longitudinal axis of the rotor shaft was first performed.
The blade rotation radius was 533 mm (radius of the rotor
disc), and the rotational speed was 2 = 100z rad/s. The
obtained stress fields are further used as input to the pre-
stressed modal analysis. The results of the numerical modal
analysis are given in Tab. 6. [11]

Table 6 Results of numerical analysis of the rotating twistd rotor blade [11]

Mode Natural frequency, Hz
1 207,82
2 375,75
3 810,35
4 957,86
5 1329,00

Fig. 6 shows the first four modes of the turbine rotating
blade. [11]
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Figure 6 First four vibration modes of the rotating blade [11]

4 RESULTS AND DISCUSSION

Tab. 7 gives a comparison of the natural frequencies
obtained by the numerical calculation for the non-rotating
and rotating rotor blades. [11]

Table 7 Comparison of numerically calculated natural frequencies of non-rotating
and rotating blades [11]

Mode Natural frequency Hz
Non-rotating blade Rotating blade
1 190,96 207,82
2 362,75 375,75
3 789,93 810,35
4 953,66 957,86
5 1311,50 1329,00

As can be seen from Tab. 7 the corresponding natural
frequencies for the rotating blade are higher than for the non-
rotating one. This is physically understandable because the
centrifugal force, which results from the rotation, increases
the stiffness of the blade. The centrifugal force has the
greatest influence on the increase of the first natural
frequency, to which the bending mode of vibration belongs
(Fig. 6). The centrifugal force has the least effect on
increasing the natural frequency of the 4" natural frequency,
which is in fact a torsional vibration mode (Fig. 6). The
stiffening effect depends on the rotational speed. This means
that the natural frequencies depend on the rotational speed.
This dependence is represented in the form of a Campbell
diagram. The Campbell diagram is used to determine the so-
called critical speeds. Critical speeds are the speeds at which
the excitation frequencies coincide with the natural
frequencies of the rotating structure (resonance
phenomenon). The excitation frequency can be synchronous
to the rotation speed (1X) or multiples of the rotation speed
(2X, 3X, ...). The excitation frequencies are plotted as
straight lines in the Campbell diagram. The critical speed is
the intersection of this straight line with the natural frequency
curve.

Fig. 7 shows a Campbell diagram on which the straight
lines of the first eight excitation harmonics are plotted. [11]
The diagram (Fig. 7) shows that in the whole range of

rotational speeds no natural frequency curve intersects the
straight line 1X, 2X or 3X. The curve of the 1% natural
frequency intersects the straight line 4X, so the critical speed
of rotation is 330 rad/s. This critical speed is higher than the
operating speed (314.16 rad/s) by 5%, which means that at
the operating speed there will be no resonance of the blade
caused by the 4" excitation harmonic. The straight lines 5X,
6X, 7X, and 8X intersect the 1% natural frequency curve at
critical speeds that are lower than the operating speed of
rotation. During the start or stop of the turbine, this speed
range should be passed smoothly, without holding. The
straight lines 7X and 8X intersect the curve of the 2" natural
frequency, so the critical speeds are 339.2 rad/s and 293.9
rad/s. The first critical speed is 8% higher than the operating
speed, while the second critical speed is 7% lower than the
operating speed. It follows that the resonance of the blade
caused by the 7" or 8" excitation harmonic will not occur at
the operating speed.

500
450 et 15t mode

== 2nd mode

s 1X

s 2K

e 3

e X

s 5X

6X
7
8X

Frequency, Hz

== == Operating speed

Rotational speed, rad/s

Figure 7 Campbell diagram for the first eight excitation harmonics [11]
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Frequency, Hz
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Figure 8 Campbell diagram for 74t excitation harmonic [11]

Excitation of rotor blade vibrations can be caused by
steam flow from the nozzle channels. The flow of steam
causes pressure oscillations behind each stationary blade.
These oscillations are called nozzle wakes. Passing through
the nozzle wakes the rotor blades experience a series of
impulses. The frequency of these impulses is a product of the
number of nozzles and the frequency of rotation. This is
called nozzle passing frequency (NPF). Since the number of
nozzles is 74, the excitation frequency is then 74X. Fig. 8
shows a Campbell diagram with a straight line 74X plotted.
[11] It can be seen in the diagram that all the natural
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frequency curves intersect the 74X straight line at different
rotational speeds, which represent the critical speeds. All
critical speeds are significantly lower than the operating
speed. During the start or stop of the turbine, this speed range
should be passed smoothly, without holding.

5 CONCLUSIONS

Determining the natural frequencies and the
corresponding vibration modes of the steam turbine rotor
blades is an important step in dynamic analysis. By knowing
the natural frequencies, the occurrence of blade resonance,
which could lead to blade fracture and turbine catastrophic
failure, can be avoided. This paper shows that numerical
modeling in the software package Ansys can successfully
calculate the natural frequencies and vibration modes of the
non-rotating and rotating blades. Confidence in the numerical
model was confirmed by the results of measuring the natural
frequencies of non-rotating blades by bump test. The
confirmed numerical model could thus be applied to the
analysis of a rotating blade, thus calculating its natural
frequency values. Due to the influence of centrifugal force on
the increase of blade stiffness, the natural frequencies of the
rotating blade are higher than the corresponding natural
frequencies of the non-rotating blade. Analysis of the
Campbell diagram found that blade resonance would not
occur at the turbine operating speed. Namely, all critical
speeds are at speeds lower or higher than the operating speed.
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Abstract: Information and communication technology is an important factor for national, regional and local sustainable tourism development according to the long-term Croatian
national strategic plan. New forms of information, such as web sites; new media, materials, political and social change, all influence tourists’ decisions when choosing specific
destinations. The aim of this research is to determine, based on the analysis of the tourism media campaign, the relationship between new communication trends and the application
of photography as a medium that influences the experience when choosing a destination and the importance of crucial information factors on web pages based on their technical

and visual characteristics.
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1 INTRODUCTION

Tourism relies on the application of new technologies’
modern trends, innovations, and software solutions in order
to meet the individual needs of tourists. The influence of
changes in technology is reflected in the decision making
regarding the promoted destination because of the tourists’
need to choose the desired destination on their own.
Therefore, marketing communication in the digital world is
focused on creating a presence, a relationship and added
value for consumers and services in tourism. The basic
concept of integrated marketing communication is aimed at
encouraging the user to go to the desired destination relying
on the promotional message. With the development of new
media, new promotion services are emerging, and the
emphasis is on multimedia and interactivity. Combining
services and applying the appropriate marketing strategy is
reflected in making appropriate decisions. Photography and
fast loading of content on tourist websites are an important
element of advertising. Web sites have the ability to spread
information in a very short time. Consequently, web sites in
tourism have changed the way people research, gather
information, make decisions and share their experiences.
When choosing their destination, tourists search the internet
to explore offers, accommodation, and useful tips from other
tourists. In order to connect through web sites, in the most
appropriate, informative, and interesting way, photographic
images of the desired destinations have proven to be a key
element in tourism promotion as a means of information
exchange [1]. In the digital age, the importance of the visual
comes to the fore because it will occupy the observer and
involve them emotionally. Photography is necessary for the
presentation of products, ideas, thoughts, services, and it
attracts attention and directs the user to make decisions about
their tourist experience. Today, when photographing
advertising photography, the photographer is expected to
have a wide range of knowledge, experience and fresh ideas.
It is important to emphasize that advertising photography
goes through extensive editing [2, 3]. Photography's indirect
purpose is to realize the sale of the desired service.
Consumers spend 80% of their time on the perception of
photography, and 20% on the content of a text message, so it
is necessary to realize the idea of the photographer on a

perceptual level [4]. Perception is the process of receiving,
processing and storing stimuli that builds an impression of a
service. There is no simpler and more elegant way to
influence the viewer other than using photography [5]. The
goal of photography is to evoke emotions and feelings in the
viewer that describe the product and service. Clear
communication between the photographer and the viewer is
necessary for photography to be successful [6]. Photography
provides endless possibilities for expressing and
experiencing emotions. That is precisely the reason why
photography is an indispensable element when using visual
media for the purpose of advertising in tourism. Photography,
especially portrait photographic images, attracts attention,
transmits information and enhances communication and
understanding of the web site’s tourist offerings, [7, §].
Quality tourist web pages based on visual elements and
professional photography can create a better user experience
and spur the development of tourism. Previous research on
the analysis of photographic images of human faces shows
that their use contributes to the informativeness of the
website. Research has shown that a smiling face, the face
facing the camera, authenticity, and simple backgrounds are
elements which draw attention to the content of web pages
[9]. For this reason, the authors explore the visual content
under the technical characteristics of web pages and that
includes photography as a design element in a digital
environment. Preliminary research was based on the presence
of these elements: color, movement, photography and logos,
and the use of symbols and their characteristics. Following
the preliminary results, which support the hypothesis of the
importance and role of photography as an element that
attracts and retains the user on the website and increases the
amount of information, the authors in this scientific research
analyze photography as one of the most important
multimedia components reflected in the tourists’ destination
selection based on the definition of the technical
characteristics of the human face.

2 THE EXPERIMENT

In accordance with the web-based national presentation
of tourism in the Republic of Croatia, the authors conducted
a research on eleven websites defined at the national level.
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The results of the scientific research show that facial
photography affects the quality of the tourist website,
creating a better user experience, Fig. 1.
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contents of the website: A-social networks; B- text ; C-central photography of the
face; D-logo; E-Sibenik logo; F-navigation; G-picture above. Source:
https://www.sibenik-tourism.hr

The statistical analysis in this phase of the research
included all data from the empirical part of the research
analyzed by the method of descriptive statistics. The survey,
conducted on 150 participants, (75 male, 75 female
participants, the average age 25), established a subjective
assessment of the quality of the seen content based on the
information and guidelines for tourism development while
taking into consideration the user’s needs. The statistical
package STATISTICA 12.0 was used for statistical data
processing. Samples were displayed on an ASUS PA27AC,
HDR monitor and viewed at a distance of 650 mm from the
screen. Observer reactions and the number of fixations
required to perceive information were determined and
measured using the Tobii Eye Tracker X60. The software
used to conduct the test was Tobii Studio 3.2.1. The
observers were placed in front of the monitor which was
located in a separate room without additional lighting,
according to the standard for graphic technology and
professional photography ISO 3664:2009. At the beginning
of each individual experiment, the respondents were
explained the task and the content displayed on the monitor.
At the end of the survey, the respondents filled out a
questionnaire. During the experiment, using the Tobii Eye
Tracker X60, the movement of the gaze was recorded on
eleven samples, the time and number of fixations that the
subject needed to notice the information were measured. In
order to establish the way in which the participants viewed
the samples, certain areas of interest were defined on each of
the eleven samples according to their visual characteristics in
such a way that each individual graphic element was
considered a separate area of interest.

The analysis of the characterization of web page
elements as an information and communication tool, and the
statistical parameters of the respondents' evaluation of each
web page shows that among the technical characteristics
aimed at optimizing network tools intended for promotional
activities, "Google Chrome", was rated as best, followed by
"Mozilla Firefox", "Internet Explorer" and "Opera". Among
social networks that enable interaction and networking,
"YouTube" was rated as best, then "Facebook", then

"Instagram" and "Twitter". The best rated element of visual
features is photography, followed by dominant color, logo,
and movement. The best rated product from the development
perspective is the production group "sun and sea", followed
by adventure and sports tourism, cultural tourism,
gastronomy and oenology, nautical tourism, rural mountain
tourism, ecotourism, cycling, and health tourism, while the
lowest rated were golf and business visits.

The stated characteristics of the content of web pages as
an information and communication tool in relation to the
technical characteristics, visual characteristics and the
presence of content from the perspective of development on
web site sample "Sibenik" included areas of interest of
respondents (Fig. 2). It also included the following design
elements in the digital environment: central photography
faces, picture 2, logo, logo 2, social networks, striking text,
navigation bar, in relation to the samples that include the
following areas of interest: picture 3, picture 4, logo 3, virtual
walk / application, multilingualism, search engine.

Figure 2 Areas of interest of all respondents for the sample "Sibenik". Source:
https://www.sibenik-tourism.hr

The results show that participants who were offered
visual content of web site samples based on web tools that
offer more choices on how to use the content, rated it more
accessible, informative and credible when planning and
organizing trips, and the analysis based on Tobii Eye Tracker
X60 showed that the website sample "Sibenik" includes the
presence of visual information of new network tools and
confirms the presence of visual information through seven
areas of interest of the total observed. When viewing the
sample, the main points of interest, visual entries of the
participants to the web page are the central photography of
the face, picture 2, logo, logo 2, social networks, striking text,
navigation bar. The achievement of the goals defined on
national level is based on the assumption that promotional
activities tailored to end users, based on ease of access to
information and credibility, positively reflect on their
selection and decision-making process with direct impact on
the economy. The analysis of the sample "Sibenik" based on
application of new online tools for promotional activities
confirms the hypothesis of contribution to the development
of tourism as a strategic branch of the economy. Based on the
analysis of the portrait photographic images on the referent
website, the reference file size of the portrait photographic
image digital record of 28.8 M was determined as the original
digital record size. Digital biometric portrait photographic
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image obtained by shooting with the digital Leica format
Canon Eos SDSR camera with the maximum resolution of 50
MP in Adobe RGB color space with correct white balance
and correct exposure elements (exposure time 1/60 sec, lens
aperture 5.6) determined by TTL for sensitivity of 100/21
ISO was taken. The TTL system was used segmentally on the
skin color of the face. The Kaiser 1000 halogen reflector was
used as the light source. The photographic image was saved
in the finest JPG format (12) and loaded in Adobe Photoshop
2020 program where it was converted to the reproducible
sRGB color space, and the file size was reduced from
recorded to the reference size of 28.8 M. The photographic
image was saved in the finest JPEG format and defined as the
original. Defined original photographic image was degraded
for the purposes of research by using the tools of Adobe
Photoshop 2020 program.

The first degradation was performed by simulating the
exposure change in the step of decreasing and increasing 1/3
of the lens aperture in the range of + 1 lens aperture.

The second degradation was performed by changing the
saturation in steps of = 5 in the range + 15.

The third degradation was performed by changing the
color temperature by simulating the application of correction
filters: WF (85), WF (LBA), WF (81), CF (80), CF (LBB),
CF (82).

The fourth degradation was obtained by simulating the
decrease in sharpness in the range of 10-60 with the change
step of 10. The fifth degradation was obtained by saving the
digital record of the original photographic image in four
fineness of JPG records: low (1), medium (5), high (8),
maximum (12).

Degradations 1-3 were performed in the same way on the
Adobe Camera Raw color table, and degradations 4 and 5 on
the ISO 12233 resolution table, which was previously, as the
original resolution table, reduced from the file size 47,5MP
to the reference 28,8 M. The original and degraded
photographic images were evaluated by six experts in the
field of photographic images by the simultaneous
haploscopic (S) and memory (M) method of comparison in
controlled conditions according to the standard for graphic
technology and professional photography ISO 3664:2009.
For the evaluation ASUS PA27AC calibrated monitor was
used. Experts rated the degraded photographic images on the
Lickert scale of 1-4 where rating 1 means completely
unacceptable, 2 unacceptable, 3 acceptable and 4 completely
acceptable degradation. Degraded photographic images were
evaluated by experts according to the criteria of acceptability
of changes in exposure, saturation, color temperature and
sharpness (Fig. 3). For degraded color tables (degradation 1-
3), using Adobe Photoshop 2020, L* a* b* values of standard
light skin, dark skin and achromatic colors were determined,
as well as average L* a* b* color values of average table
color. For all observed colors, the total color change AEqo was
determined. On the degraded resolution tables (degradation
5, 6), the resolution of the lines horizontally and vertically
according to the image height (LW / PH) was determined.

Figure 3 Sample of reference image and degraded images of different simulations:
a) completely acceptable b) completely unacceptable

3 REASERSCH RESULTS WITH DISCUSSION

The results of the empirical research based on the
application of eye tracking technology are shown in Tab. 1
and Fig. 4.

e et i o e e i et i [ e

Figure 4 Thermal maps of the total value of all participants for the sample
"Sibenik". Source: https://www.sibenik-tourism.hr

Statistical parameters for the variables Time to first
fixation, Total duration of fixation, Fixation count and Visit
duration grouped according to the observed contents of the
sample "Sibenik" are shown in Tab. 1. Time to first fixation
shows a wide range of shortest time from only 0.63 s for
content C-central photo of face to 4.90 s for content D-logo
Hrvatska. The total duration of fixation, the fixation count
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and the visit duration is the longest for the content of the C-
central photography of the face (Fig. 2).

The results of the experts’ estimation of the acceptability
of the degradation of the portrait photographic image by
simulating the changes of exposure, saturation and applying
corrective filters changes are shown in Tabs. 2, 3 and 4.

Table 1 Statistical parameters for the variables Time to first fixation, Total duration
of fixation, Fixation count and Visit duration grouped according to the observed
contents of the sample "Sibenik". A- social networks; B-text festivals; C-central

photography of faces; D-logo HR; E-logo Sibenik; F- navigation; G-photography 2;

mean value; SD standard deviation; SE standard error; M-median.
Statistical Content
parameters | A B C D E F G
X 4,61 3,24 | 0,63 {490 1,78 1,96 | 2,19
SD 2,60 | 2,33 | 1,03 [2,19]1,95| 1,94 | 2,13
SE 0,341 0,22 | 0,08 |0,31]0,19]| 0,17 | 0,18
Min. 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 | 0,00
Max. 7,99 | 7,98 | 6,06 |8,04|7,10| 7,98 | 7,56
M 5,30 | 3,33 |1 0,32 |15,53]10,76| 1,49 | 1,87
X 0,59 | 1,06 | 2,51 [0,36]0,69| 1,55 | 1,33
SD 0,38 0,75 | 1,40 [0,19]0,54| 1,28 | 1,06
SE 0,05| 0,07 | 0,12 |0,03]0,05| 0,11 | 0,09
Min. 0,06 | 0,07 | 0,25 [0,01 0,10 | 0,06 | 0,03
Max. 1,60 | 3,98 | 8,05 [ 1,122,771 | 7,20 | 5,49
M 0,51 0,87 | 2,22 {0,32]0,52| 1,27 | 1,03

X 2,07 | 3,76 | 8,24 | 1,21 2,59 5,04 | 4,42

Variables

Time to first
fixation

Total duration
of fixation

% SD 1,34 2,33 | 3,55 [0,41 (1,71 | 3,23 | 3,23
Z SE 0,181 0,22 | 0,29 [ 0,06 0,16 | 0,28 | 0,28
2 Min. 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
.? Max. 6,00 | 14,00 | 21,00 | 2,00 | 8,00 | 14,00 | 17,00
= M 2,00 3,00 | 8,00 [ 1,00 [ 2,00 5,00 | 3,00
- X 0,55| 0,84 | 1,11 |0,35|0,40| 0,87 | 0,70
-2 SD 0,391 0,60 | 0,91 [0,19(0,31| 0,84 | 0,49
g SE 0,051 0,06 | 0,07 {0,03]0,03| 0,07 | 0,04
;2 Min. 0,06 | 0,07 | 0,24 |0,01 {0,10| 0,06 | 0,03
f Max. 1,60 | 4,15 | 8,05 [ 1,12 2,71 | 4,61 | 2,83
M 0,40 | 0,70 | 0,87 (0,30 (0,30 | 0,57 | 0,58
Table 2 Experts’ estimation for degradation in exposure
Method +0,33 —0,33 +0,66 —0,66 +1 -1
M 4 3,2 1,5 2,2 1 1,3
S 4 3,1 1,6 2,3 1 1,2
Table 3 Experts’ estimation for degradation in saturation
Method +5 =5 +10 -10 +15 —15
M 3,8 3,7 3 3 2,3
S 3,7 3,6 3 3 2,2 3

Table 4 Experts’ estimation for degradation in color temperature

Warm Cool

Method LBA Warm 81 | Warm 85 | Cool 80 | Cool 82 LBB
M 3,7 3,3 3 2,8 1 1,6

S 3,6 3,1 3 2,7 1 1,7

In the results shown in Tabs. 2, 3 and 4, experts took into
account changes in colors and tonal values based on the
simultaneous and the memory visual comparison. High
consistency of the results of simultaneous and memory
comparison confirms the qualitative ability of experts, and
high consistency of the results (in the criteria of the color,
tone values, saturation and the corrective filters applied) and
their acceptability as the expert group. Memory comparison
can be considered closer to the real conditions of
consumption of the photographic images realized on web
pages (and in general) because consumers generally do not
directly compare photographic images realized on the

different devices and output units. This comparison in the
expert group also gives a slightly higher tolerance of color
and tone values changes, regardless the degradation method,
but generally, the method of visual comparison in the expert
group did not significantly affect the estimation of the
degraded photographic images.

Tab. 2 shows that experts accept the change of 1/3 of the
lens aperture as the limit change, i.e. the degraded tone values
and colors are considered acceptable, and larger changes are
not. The total exposure increase of 1/3 of the lens aperture is
considered completely acceptable, and the decrease of 1/3 of
the lens aperture is considered acceptable. Tab. 3 shows that
the increase and decrease in saturation within £ 10 experts
estimate as acceptable, but the decrease in the saturation for
the maximum observed value -15 is estimated as acceptable
as well. This can be explained by the specificity of the
portrait as the motif often realized in the black-and-white
photographic system, and experts estimated the approach to
this system as acceptable. Skin color primarily determines
the perception of the portrait photographic image, so its
proximity to the achromatic point should be taken into
account. For other photographic motifs, in terms of
saturation, potentially different results can be expected.

The general acceptability of the color temperature
increase, i.e. simulation of warm corrective filters, and
extremely low acceptability of cold corrective filters (Tab. 4)
coincides with the previous research [4,13] which considers
the increase of the R channel as more acceptable than
increase of the B channel. These results should be taken into
account in the calibration of output units, and in defining the
light consumption conditions.

Tabs. 5-11 show the L *, a * b * values of the standard
skin colors, achromatic colors, and average colors of the
Adobe Camera Raw color table for the color table defined as
the original (Tab. 5) and the degraded color tables (Tabs. 6-
11). Tabs. 6-11 show the total color differences expressed as
AE in the relation to the defined original for the observed
colors.

Table 5L * a*, b * values for original color table

Color Phase L* a* b*
Dark skin (DS) Original 38 14 16
Light skin (LS) Original 67 17 18

White (W) Original 96 0 0
Neutral 8 Original 81 0 0
Neutral 6.5 Original 65 0 0
Neutral 5 Original 51 0 0
Neutral 3.5 Original 35 0 0
Black (K) Original 20 0 0
Average color Original 56,8 4 4,3

According to previous research results, the limit of AEgg
6 is defined as the acceptable limit for photographic images
in real conditions. The change in skin colors by increasing
and decreasing the exposure by 1/3 of the lens aperture can
be taken as acceptable (Tabs. 6 and 7). Tabs. 6 and 7 show
that the change of the exposure for 1/3 of the lens aperture,
the observed colors change is within the limits of
acceptability, which coincides with the experts’ estimations
(Tab. 2). In this case, the simulation of the change in
exposure primarily affects the lightness (L-value), affecting
the tonal values, which in achromatic colors and colors close
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to achromatic colors can be considered as the primer

acceptability modulator [4].

Table 8 Color change values by simulating saturation increase

Table 6 Color change values by simulating exposure increase
Color Exposure L* a* b* AEy
Dark skin (DS) +0,33 38 14 16 3,8196
Light skin (LS) +0,33 67 17 18 5,4258
White (W) +0,33 96 0 0 2,3298
Neutral 8 +0,33 81 0 0 5,2605
Neutral 6.5 +0,33 65 0 0 5,4471
Neutral 5 +0,33 51 0 0 3,9022
Neutral 3.5 +0,33 35 0 0 3,3773
Black (K) +0,33 20 0 0 1,3987
Average color - 56,8 4 43 3,870125
Color Exposure L* a* b* AEy
Dark skin (DS) +0,66 47 17 20 8,5764
Light skin (LS) +0,66 81 20 21 10,5264
White (W) +0,66 100 0 0 2,3298
Neutral 8 +0,66 97 0 0 10,119
Neutral 6.5 +0,66 80 0 0 10,4582
Neutral 5 +0,66 62 0 0 10,1821
Neutral 3.5 +0,66 43 0 0 6,9393
Black (K) +0,66 25 0 0 3,5533
Average color - 66,8 | 4,6 5,1 7,8355625
Color Exposure L* a* b* AEy
Dark skin (DS) +1 52 18 21 13,6244
Light skin (LS) +1 87 14 20 14,626
White (W) +1 100 0 0 2,3298
Neutral 8 +1 100 0 0 11,8466
Neutral 6.5 +1 87 0 0 15,0867
Neutral 5 +1 68 0 0 15,0585
Neutral 3.5 +1 47 0 0 10,7057
Black (K) +1 25 0 0 3,5533
Average color - 70,6 4 5,1 10,853875

Table 7 Color change values by simulating exposure decrease

Color Saturation L* a* b* AEy
Dark skin (DS) +5 38 14 17 0,6694
Light skin (LS) +5 67 18 19 0,6815

White (W) +5 96 0 0 0
Neutral 8 +5 81 0 0 0
Neutral 6.5 +5 66 0 0 0
Neutral 5 +5 51 0 0 0
Neutral 3.5 +5 35 0 0 0
Black (K) +5 20 0 0 0
Average color - 56,8 4 4.5 0,1688625

Color Saturation L* a* b* AEy
Dark skin (DS) +10 38 16 18 1,487
Light skin (LS) +10 67 18 20 1,1113

White (W) +10 96 0 0 0
Neutral 8 +10 81 0 0 0
Neutral 6.5 +10 66 0 0 0
Neutral 5 +10 51 0 0 0
Neutral 3.5 +10 35 0 0 0
Black (K) +10 20 0 0 0
Average color - 56,8 | 4,3 4.8 0,3247875

Color Saturation | L* a* b* AEy
Dark skin (DS) +15 38 17 19 2,1822
Light skin (LS) +15 67 20 21 1,9698

White (W) +15 96 0 0 0
Neutral 8 +15 81 0 0 0
Neutral 6.5 +15 66 0 0 0
Neutral 5 +15 51 0 0 0
Neutral 3.5 +15 35 0 0 0
Black (K) +15 20 0 0 0
Average color - 56,7 | 4,6 5 0,519

Table 9 Color change values by simulation by saturation decrease

Color Exposure L* a* b* AEg Color Saturation L* a* b* AEy,
Dark skin (DS) -0,33 34 13 15 3,4271 Dark skin (DS) -5 38 14 16 0
Lightskin (LS) | 0,33 61 | 15 16 52054 Light skin (LS) S 67 | 16 | 17 07092

White (W) -0,33 88 0 0 49187 White (W) -5 96 0 0 0
Neutral 8 -0,33 74 0 0 4,9746 Neutral 8 -5 81 0 0 0
Neutral 6.5 -0,33 60 0 0 5,0659 Neutral 6.5 -5 66 0 0 0
Neutral 5 -0,33 46 0 0 4,9645 Neutral 5 -5 51 0 0 0
Neutral 3.5 -0,33 31 0 0 3,2087 Neutral 3.5 -5 35 0 0 0
Black (K) -0,33 18 0 0 1,3696 Black (K) -5 20 0 0 0
Average color - 51,5 3,5 3,875 4,1418125 Average color - 56,7 3,8 4,1 0,08865

Color Exposure L* a* b* AEg Color Saturation L* a* b* AEy
Dark skin (DS) -0,66 31 11 14 6,1774 Dark skin (DS) -10 38 13 15 0,7965
Light skin (LS) -0,66 55 14 16 10,604 Light skin (LS) -10 67 15 15 1,8522

White (W) -0,66 80 0 0 10,2165 White (W) -10 96 0 0 0
Neutral 8 -0,66 67 0 0 10,3404 Neutral 8 -10 81 0 0 0
Neutral 6.5 -0,66 54 0 0 10,5547 Neutral 6.5 -10 66 0 0 0
Neutral 5 -0,66 42 0 0 8,7179 Neutral 5 -10 51 0 0 0
Neutral 3.5 -0,66 28 0 0 5,513 Neutral 3.5 -10 35 0 0 0
Black (K) -0,66 51 0 0 2,7112 Black (K) -10 20 0 0 0
Average color - 51 3,1 3,6 8,1043875 Average color - 56,7 | 3,5 3,8 0,3310875

Color Exposure L* a* b* AEy Color Saturation | L* a* b* AEq,
Dark skin (DS) -1 28 12 12 8,4224 Dark skin (DS) -15 39 12 13 2,1954
Light skin (LS) -1 50 13 14 15,5731 Light skin (LS) -15 67 14 15 2,2198

White (W) | 73 | 0 0 15,1995 White (W) 15 % | 0 0 0
Neutral 8 -1 61 0 0 15,2895 Neutral 8 -15 81 0 0 0
Neutral 6.5 -1 49 0 0 15,5021 Neutral 6.5 -15 66 0 0 0
Neutral 5 -1 37 0 0 13,0577 Neutral 5 -15 51 0 0 0
Neutral 3.5 -1 25 0 0 7,7353 Neutral 3.5 -15 35 0 0 0

Black (K) -1 14 0 0 4,0255 Black (K) -15 20 0 0 0

Average color - 42,1 3,1 3,2 11,8506375 Average color - 56,8 | 3,25 3,5 0,5519
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Table 10 Color change values by simulating a corrective filter

Color Filter L* a* b* AEy
Dark skin (DS) WF 81 38 18 | 22 3,4978
Light skin (LS) WF 81 67 21 | 28 5,0751

White (W) WF 81 97 2 6 5,858
Neutral 8 WF 81 81 10 | 18 15,2811
Neutral 6.5 WEF 81 66 8 15 13,3845
Neutral 5 WF 81 51 7 11 11,3181
Neutral 3.5 WF 81 35 5 9 9,2675
Black (K) WF 81 20 4 6 7,1239
Average color - 56,8 | 9,3 | 14,3 8,85075

Color Filter L* a* b* AEy
Dark skin (DS) WF 85 96 3 6 6,4165
Light skin (LS) WF 85 81 5 6 7,8959

White (W) WF 85 96 3 6 6,4165
Neutral 8 WF 85 81 5 6 7,8959
Neutral 6.5 WF 85 66 3 5 5,8421
Neutral 5 WF 85 51 3 4 5,3022
Neutral 3.5 WF 85 35 2 3 3,8729
Black (K) WF 85 20 1 3 3,1187
Average color - 56,7 | 6,5 | 825 | 4,4541375

Color Filter L* a* b* AEy
Dark skin (DS) WF LBA 38 18 | 19 2,1276
Light skin (LS) WF LBA 67 21 | 24 3,2632

White (W) WF LBA 97 3 5 5,8719
Neutral 8 WF LBA 81 8 12 12,2621
Neutral 6.5 WF LBA 66 7 11 11,3181
Neutral 5 WF LBA 51 6 8 9,4696
Neutral 3.5 WF LBA 35 5 6 7,8959
Black (K) WF LBA 20 3 3 48214
Average color - 56,9 | 89 | 11 7,128725

Table 11 Color change values by simulating a corrective filter

Color Filter L* a* b* AEy
Dark skin (DS) CF LBB 37 18 0 12,5961
Light skin (LS) CF LBB 66 23 -4 16,3963
White (W) CF LBB 98 1 -3 3,3328
Neutral 8 CF LBB 80 13 -20 17,0388
Neutral 6.5 CF LBB 65 11 -17 15,4064
Neutral 5 CF LBB 50 9 -15 13,8787
Neutral 3.5 CF LBB 34 7 -11 11,3475
Black (K) CF LBB 19 5 -9 9,293
Average color - 56,1 [ 10,9 | -9,9 12,4112
Color Filter L* a* b* AEy
Dark skin (DS) CF 82 37 18 0 3,3328
Light skin (LS) CF 82 66 23 -4 17,0388
White (W) CF 82 98 1 -3 15,3847
Neutral 8 CF 82 80 13 -20 13,8787
Neutral 6.5 CF 82 66 11 -17 11,3475
Neutral 5 CF 82 50 9 -15 9,293
Neutral 3.5 CF 82 34 7 -11 3,3328
Black (K) CF 82 19 5 -9 17,0388
Average color - 56,2 | 10,8 | -9,8 | 12,358175
Color Filter L* a* b* AEqy
Dark skin (DS) CF 80 38 17 11 4,9309
Light skin (LS) CF 80 67 21 11 6,4205
White (W) CF 80 97 1 -4 3,9418
Neutral 8 CF 80 80 11 -1 12,0538
Neutral 6.5 CF 80 65 8 0 9,4801
Neutral 5 CF 80 50 7 -1 8,5804
Neutral 3.5 CF 80 34 5 -1 6,5165
Black (K) CF 80 20 3 -2 4,4331
Average color - 56,4 | 9,1 1,6 7,04463

Tabs. 8 and 9 show the changes in the observed colors
by changing the saturation. Increase and decrease in

saturation by the value of 5 was estimated as completely
acceptable (Tab. 3). The measured values show the changes
that are assessed as visually imperceptible (AEg 0.2 or less).
It should be emphasized that Tabs. 8 and 9 indicate small
overall color differences of degraded photographic images
compared to the original by changing the saturation within
the observed limits and that the saturation change of + 15 still
gives acceptable differences (AEp < 3) even for the
consumption by direct comparison, although experts
estimated the change in saturation +15 as unacceptable (Tab.
2). This can be explained by the specifics of skin color as the
primer modulator of portrait photographic image perception.

Tab. 10 indicates that the simulation of the warm
corrective filter WF 85 application changes the standard skin
color above the limits of acceptability (AEy > 6) but, due to
the perception of the warmer skin color as the healthier,
experts estimate this degradation as acceptable as well. The
application of the cold corrective filters (Tab. 11) changes
colors more markedly, i.e. in the observed cases AEgo
changes are larger than with the application of warm
corrective filters (Tab. 10). As the acceptable degradation
limit for cold corrective filters, only the change by the CF 80
filter can be taken, which was also confirmed as acceptable
by the experts’ estimation.

Tabs. 12, 13, and 14 show the acceptability of reducing
the sharpness of the photographic image — Tab. 12 by expert
evaluations, Tab. 13 the ability of line separation by
degrading of sharpness simulation, and Tab. 14 by reducing
the fineness of JPEG records. Tabs. 13 and 14 show the
LW/PH values according to ISO 12233.

Table 12 Degradation by sharpness decreases and fineness of the record change -
the expert evaluation

Method | 10 20 | 30 40 50 60 L M | Max
M 3,8 4 3 2,5 1 1 4 4 4
S 3,7 4 3 2,4 1 1 4 4 4

Table 13 Degradation by sharpness decrease - line separation according to table

12233
Direction Original 10 20 30 40 50 60
Horizontal 1400 1000 | 600 | 300 | 150 - -
Vertical 1500 1200 600 | 300 | 150 - -

According to the experts, the degradation of sharpness
for the value of 40 is the limit of acceptability, and the value
of 50 is unacceptable. According to Tab. 13, this degradation
limit gives the line separation ability of 150 LW/PH. Tab. 12
also shows that experts consider all observed degradations by
reducing the fineness of JPEG records to be completely
acceptable, which is confirmed by the practically unchanged
ability of line separation according to ISO 12233 shown in
Tab. 14.

Table 14 Degradation by fineness of the record change for Low 1, Medium 5,
Height 8, Maximum 12 - line separation according to table 12233

Direction Original 12 8 5 1
Horizontal 1400 1400 | 1400 | 1400 | 1400
Vertical 1500 1500 | 1500 | 1500 | 1400

4 CONCLUSION

Research analysis confirmed that the Internet is
recognized as a place of tourist promotion and that certain
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elements affect the quality of the website in terms of
information, ease of access to certain content. The selected
page is adapted to the use of multiple search engines. They
are well connected with social networks, although it has been
noticed that the potential of Instagram is not used enough.
Multilingualism is well represented, with dominant English.
Visual intelligibility is based on the consistent use of the
principles of contrast, balance, rhythm, composition and
unity. On the symbolic level, the content is most often
communicated through color. The perception of the Republic
of Croatia based on the research results of this element show
that it is still perceived as a destination of the sea and the sun.
All analyzed destinations have a pronounced visual element,
and what is missing is a complete visual story of the Republic
of Croatia, which can be changed following the strategic
national guidelines for web promotion. When designing a
website, the authors suggest the implementation of a central
photography and a larger number of photographic images,
logos with the use of color that follows a coherent approach
to tourism promotion at the national level. Scientific research
based on the eye-tracker analysis indicates the importance of
implementing facial photographic image into touristic web
page design. Research results proved facial photographic
image to be the most important element of entry, based on
the results of speed of observation and length of focus on
individual content, measuring time to first fixation, total
duration of fixation, fixation count and visit duration. The
authors suggest the inclusion of facial photographic image as
an integral element in the creation of tourist websites. The
authors propose the application of the conducted research
methods based on deductive sequence for predicting future
scientific researches. Based on the scientific research of
facial photographic image’s technical characteristics, the
authors propose certain guidelines regarding the quality
control of the display and experience related to the
characteristics of color, sharpness, saturation, using
simulation and degradation of facial photographic image that
can positively reflect on tourism development.

Based on the study of the acceptability of the degradation
of a portrait photographic image that corresponds to the
technical website’s photographic images characteristics, it is
concluded that the degradation of tones and colors due to
simulation of exposure change 1/3 of the lens aperture is in
the limit of acceptability. This is confirmed by expert
estimation, determination of the total color difference AE
and the changes in height (i.e. L value) observing the skin
color as the dominant in the portrait photographic image
analysis. The change in saturation within limits of £ 10 can
be defined as completely acceptable saturation degradation,
based on the experts’ estimation and the determination of the
total color difference. The portrait is the photographic motif
in which the perception of the photographic image primarily
depends on the reproduction of skin color. Near the
achromatic point, experts’ estimation confirms even greater
tolerance in saturation decrease, but this conclusion cannot
be considered as universal for other photographic motifs of
websites in the function of tourism promotion and
development.

Expert estimation and determination of the total color
difference indicate a higher tolerance for the simulation of
changes by warm than cold corrective filter application,
which coincides with previous research of portrait
photographic images indicating the higher tolerance of
increasing the value of R, than B recording channels. This
conclusion, apart from being an indicator of degradation
tolerance, can also be used in the output unit calibration and
light consumption conditions.

Regarding the tolerance of degradation of the portrait
photographic image used for the realization of web pages in
the function of promotion and development of tourism, the
limit of acceptability in decrease in sharpness the value of 40
is defined, while for the fully acceptable degradation the limit
of value 20 can be defined. It means reducing the ability to
separate lines from 1400 (horizontal), 1500 (vertical) LW /
PH for original to 600 (horizontal) 600 (vertical) LW / PH
for value of degradation 20 and 150 (horizontal) 150
(vertical) for value of degradation 40. Reducing the fineness
of JPEG format recording did not affect the acceptability of
the sharpness of the observed portrait photographic images,
which can be used in optimizing records for the realization of
websites in the function of tourism promotion and
development.
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Exploring Successful Small Urban Spaces’ Criteria with Emphasis on Cultural Context
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Abstract: In the crowded cities of the present age, public spaces can provide a quiet area away from the hustle and bustle of the city that citizens can interact with by incorporating
utility features and meeting human needs and Relax there. Small urban spaces are among the most important and effective urban spaces to achieve this goal. Because these
spaces due to their small size and lower costs (compared to larger spaces) for construction can be created in large numbers and distributed throughout the city. In this way, citizens
will be able to reach a public urban space on foot in a short time. If these spaces are well designed, they can encourage people to stay in and interact with each other. It is not
difficult to identify and experience high-quality successful places, but identifying the reasons for their success is difficult and even more difficult, understanding if similar spaces in
other places can be considered successful. This question is important because public space with deep social content is considered a cultural product. Public space is the product
of the historical and socio-cultural forces of society. Therefore, one of the most important issues that should be considered in the study of public spaces and the reasons for their
success is the cultural context. In Iranian cities that have been influenced by the values and principles of Islam, recognizing Islamic principles and their role in shaping public
spaces can lead us to desirable results. The purpose of this article is to develop a conceptual model of successful small urban spaces with an emphasis on cultural issues,
especially in Iranian-Islamic cities. In this regard, the effective criteria for the success of urban spaces in general and small urban spaces in particular in the two categories of
Western countries and Iranian Islamic cities were examined and then, taking into account the criteria derived from cultural theorists, the conceptual model of research with 38 sub-

criteria is provided.

Keywords: contextualism; culture; successful space; urban space

1 INTRODUCTION

Different scales can be identified for urban spaces due to
many issues, such as function, size, capacity, and their
location in the city, especially concerning urban divisions
and hierarchies [1]. Since each person has different needs,
one space cannot meet all the needs of all users. Therefore, a
city must offer different types of public spaces [2]. Public
spaces have various scales from small spaces city.

Small public spaces include features such as small size,
large accessibility, and many facilities. These spaces provide
attractive views and easy access. Unlike large urban parks
and squares or other regional public spaces, small public
spaces mainly consist of small squares and small parks
around blocks and open spaces between buildings. In terms
of spatial pattern, small public spaces (as opposed to the
linear space of streets or alleys) are primarily blocks or dots.
In terms of space size, the criteria vary slightly between
countries and regions [3].

Small scale-spaces are very important. Rob Carrier also
believes that traditional small-scale urban spaces have
proved to be a place of communication for thousands of
years; Spaces with a human scale that can be easily walked.
Numerous activities take place in these spaces and group
activities including sports and games, chess, and card games
are prominent in small and medium public squares [4].
People need small spaces because they provide a place to
relax and, most importantly, spontaneous social interactions.
Social interaction is the mainstay of social capital. Places
with good social capital are sustainable and successful.
Building social capital is not very easy, but it is easy to create
spaces that can shape social capital. Small urban spaces are
some of the best spaces for this aim. In addition, the most
essential need in most cities is spaces that everyone can
access. Ideally, no one should be more than 1.4 miles (about
2250 meters) away from a small space [5].

1.1 Small Public Space Theorists

The issue of the scale and size of public space has always
been a thoroughly studied and analyzed subject; for example,
by people like Jacobs (1961), Seymour (1969), Whyte (1980
and 1988), Cooper Marcus and Francis (1998) and Gehl
(1989-2011). Jane Jacobs has conducted a comprehensive
social analysis of small pedestrian spaces, saying that
pedestrians are small but penetrate the entire city and often
go beyond a narrow corridor and act as small public squares
[6]. Seymour (1969) was the first theorist that used the term
‘small urban space’ to change the prevailing view of small
urban parks. He mostly referred to small urban spaces as
urban parks and children's playgrounds. Seymour points out
that to maintain our cities and make them habitable; we need
positive programs that provide beauty, fun, and enjoyment to
the inhabitants of our cities. Meanwhile, the proper use of
small urban spaces can significantly contribute to this
process.

William Whyte carried one of the most extensive
projects to investigate the causes of the success of small
urban spaces out. Whyte believes that people use spaces in
which they feel comfortable and can easily move around. He
believes that the multiplicity of small spaces is enormous and
not only the people who use it enjoy it, but all the passers-by
and even all the residents of the city who are aware of its
existence. In a city, such places that are built at low costs are
economical. It can be said that Whyte believed that people
are attracted to other people [7]. According to Whyte, the
presence of a large number of women, the existence of the
right to choose between sun and shadow, large seating space,
the use of water sound and visual beauty, the absence of
harmful people, and the phenomenon of triangulation make
small spaces successful. A great change was made after
Whyte's innovative research. Zukin believes that Whyte was
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an inspiration to many urban designers and planners and his
research changed the way we study cities [8].

Seeking a more active public life in the harsh climate of
Scandinavian cities, Jan Gehl used Whyte’s method to study
Danish urban spaces. He prefers small-scale spaces and says
that in narrow streets and small spaces we can see the
buildings, details, and people around us at a short distance.
On the contrary, a large scale leads to confusion of people
[9]. Cooper Marcus and Francis (1976) conducted another
similar study. During their research, they have identified
different types of public spaces (six types), three of which are
small spaces namely street square, which is a part of public
open space that is very close to the sidewalk, is open, and has
a close connection with the street. Such spaces are usually
used for short periods to sit, wait and watch; Common
courtyard (collective space) is part of a building complex and
its main use is the definition of entrance space. It is usually
privately owned but publicly available; Passage/related to
public transportation (temporary stop space) which is a
square-like space that has been created for easy access to the
entrance and exit of crowded public transportation terminals.
Although the predominant activity is traffic, terminal users
sometimes attract traveling vendors and viewers.

2 URBAN SPACE DESIGN CONCERNING CULTURAL
CONTEXT

One of the important cases in postmodern urban planning
is the organization of a suitable space for the social and
cultural context of the city [10]. Culture in its simple
definition is the discipline that connects people with the
outside world [11]. In general, it is believed that the physical
product of each society reflects its culture. The most
important physical product of a society is the body and urban
architecture that society creates for itself to grow and transfer
culture from one generation to another [12]. Contextualists
believe that the analysis of a physical phenomenon is
possible when we know how it is perceived in that culture.
Therefore, the context-oriented urban planner should be able
to understand the characteristics of a place and make it a part
of his design process [13].

The cultural system and social relations are
interconnected. On the one hand, culture is the product of
social relations and the establishment and continuation of
social relations strengthen values and norms or culture. On
the other hand, culture determines the conditions and manner
of formation of social relations. Since the main function of
public space is to prepare a context for the presence of
people, a social and cultural relationship takes place in space
[14]. Space becomes a place where cultural and physical
characteristics are combined with the emotional perceptions
and functional needs of individuals. This is why the
revitalization of places without considering cultural features
leads to the no-place [15].

Meanwhile, the task of urban planners is to create a place
that provides the best fit between the cultural and physical
contexts and the needs and expectations of users [14]. In the
next step, the design of the space is important. Design should
provide appropriate opportunities for the expression of

culture, and users with different social groups and different
cultures of users from the culture of designers should be
considered.

2.1 Culture and Urban Space Theorists

Paying attention to culture in recognizing and explaining
the city is not a new issue. Many theorists have paid attention
to the importance of the cultural dimensions of the city since
the beginning of the emergence of industrial cities in the
nineteenth century [16]. John Ruskin (1818-1900) is
undoubtedly one of the most influential thinkers and critics
of the nineteenth century, whose ideas greatly influenced
early twentieth-century artists. Ruskin greatly influenced his
disciple William Morris. William Morris Davis (1896-1834)
does not assent to the uniformity of urban spaces. The views
and thoughts of Ruskin and Morris were the results of a
comparison between the past and the present. Another
thinker in this field is George Simmel (1918-1858). He was
the first researcher to take the biological experience of
modern urban culture seriously. He claims that the life and
culture of those who live in metropolitan areas have been
formed mainly through people's reactions to a set of intense
stimuli [17]. His attention to the characteristics of life in
metropolises influenced theorists such as Walter Benjamin
(1892-1940). Benjamin  was interested in  the
interrelationships of the city as a meaningful space of several
layers. Like Simmel, he considered the city and the
architecture of the city as the main component of modernity
[18].

Roland Barthes (1980-1915) is also a theorist whose
writings have greatly influenced cultural studies. His attitude
towards culture is from the perspective of the meaning-
making process. In addition, among thinkers interested in
culture and the city, Claude Levi Strauss (1908-2009) is
known for introducing structuralism attitudes and methods
into anthropology. He sees culture as a set of symbolic
systems, all of which he believes aim to express aspects of
physical reality and social reality. Strauss believes that to
understand any culture, its underlying structure must be
understood [19].

Edward T. Hall (1914-12009) is also an anthropologist
who is interested in intercultural studies. In his view, culture
is the information and methods shared about coding
information and saving and retrieving it [20]. His ideas on
various types of urban spaces are very valuable. In addition
to Hall, Lewis Mumford (1898-1990) is one of the culturists
who have valuable theories about the city. He distinguishes
the city in two ways: one is the physical means including the
fixed body, the stable housing, and permanent installations,
and the other is the non-physical means including the
division of social labor which guarantees not only economic
life but also cultural processes [21]. Sharon Zukin (1946-
present), like Mumford, has dealt with the relationship
between the city and culture [22]. Finally, we can refer to
Amos Rapaport (1921-present) who has different theories
about space that emphasize the cultural dimension. He
believes that the cultural context is very important because it
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describes the events [23]. Tab. 1 shows the views of these

theorists.
Table 1 Theorists' views on culture, city, and urban space
Theorist Viewpoint
Encouraging honesty in architecture (building materials and methods); Culturally desirable housing is housing in which the houses
are beautiful and with appropriate differences in the personality and occupations of their inhabitants; Pro-diversity and anti-
John Ruskin repetition (and network grid); Architecture is an art that all people should learn from it because everyone benefits from it; If

buildings are built sustainably, this architecture will be passed on to future generations; The proposed use of ancient buildings and
textures should be in the direction of historical continuity.

William Moris Davis

Good work is the expression of a complete culture; Public art (sharing many different minds and natures) is valuable; Believes in
the correlation between culture and life in a modern way in the field of architecture; People should be involved in creating their
living space.

George Simmel

The life and culture of people in metropolitans are mainly formed through people's reactions to a set of intense stimuli; Culture is a
shaped mentality that emerges by human beings through the content of human life and interaction; The task of sociology is to
describe how individuals come together, the formation of groups, and their interrelationships; Increasing the size of human groups
has consequences; Space is not just a physical thing, but a kind of social construction; Establishing a social face at a focal point or
around a specific location; Socialization and social interaction fill the space.

Walter Benjamin

Emphasis on historical-cultural spaces as layers of cultural spaces (meaningful in the city); Emphasis on wandering, personal
experience, and space exploration; Emphasis on memories and experiences from communication and social interaction and
activities; Buildings, spaces, and monuments are both responsive to and reflective of patterns of social activity; The characteristics
of urban space are the result of the relationship between buildings and history, culture and activities; Each urban space belongs to a
specific place and time and is not repeatable.

Roland Barthes

Considering culture from the perspective of the semantic process; Believing in public arenas and contexts of public cultural spaces;
Emphasis on communication, wandering and personal experience and discovering the features of space.

Claude Levi Strauss

Culture is a set of symbolic systems that aim to express aspects of physical and social reality; To understand any culture, one must
construct its underpinnings; What makes a human being is not nature but the cultural dimension; In each society, different cultural
phenomena are reflected and follow a single structural core.

Edward Hall

Culture is the information and methods shared about the encryption, storage, and retrieval of information; Culture defines
communication, just as communication defines culture; Structures provide the context, something that makes communication
possible; Cultures generalize different forms of behavior; The study of any space, depending on the normative context and current
behavioral events in space, requires a special approach.

Louis Mumford

Emphasizing on historical-cultural spaces; In urban planning, all cultural and historical dimensions are considered; Believing in
that social relations are manifested in the form of cultural rituals and ceremonies; Urban space can lead to the growth of potential
human forces and give a human face to civilization and culture; Emphasizing on face-to-face and mobility relationships; Urban
space is a structure that considers human goals in terms of function and design.

Sharon Zukin

Emphasizing on the architectural body to preserve culture and therefore on local cultural heritage; culture is a tool for controlling
cities; Culture is the source of memories, ideas, and belongings of individuals; Believing in everyday life and interaction and
experience and cultural exchanges in unpredictable spaces; Public management and open access are two basic principles in public
spaces; Culture is the main factor in shaping space.

Amos Rapoport

Culture defines human traits with deep evolutionary roots; Urban space represents culture; Differences in bodies are due to
differences in cultures; Socio-cultural realm is the main factor in the formation of space; Emphasizing on designing spaces
following the context and culture of society; Cultural differences are effective in organizing the time and rhythm of human
activities; Pointing to the difference between urban planners and people in defining environmental quality.

3 THE EFFECTIVE FACTORS IN THE SUCCESS OF URBAN
PUBLIC SPACES

In this section, the effective factors in the success of
urban public spaces with an emphasis on small urban spaces
are proposed. Successful outdoor space has an important
effect on people's feelings. Design based on the needs and
desires of users is necessary. Since the definition of human
needs is different in various cultures and due to the deep
cultural differences between Western countries and Iran,
there is no doubt that the characteristics of public spaces in
these two cultures are different from each other. Of course,
similar criteria can be found, but due to differences in the
historical, cultural, and spiritual values of countries, it is
necessary to examine the characteristics of the success of
public spaces separately from Western countries and Islamic
Iranian cities.

From the perspective of perception in Western countries,
readability is an important factor in the design of urban
spaces. Therefore, it is necessary to pay attention to the
design of micro-spaces, human scale, space size, and

appropriate spatial scale. On the other hand, security is one
of the most important factors to attract people to the public
space at any time of the day [24]. In this regard, Cremona
believes that the presence of women can be a measurement
of security. From the point of view of Iranian researchers,
readability is also important due to the four factors of space
size, integration (existence of coherence in the field space,
avoiding excessive fragmentation of space, and the
possibility of creating a mental image of the whole space),
enclosure and spatial determination (Determining the borders
of'urban squares), and giving meaning to space [25]. Security
is another important factor. The existence of areas and
equipment required by different age or social groups and the
existence of spontaneous or organized activities to attract and
retain citizens are other important issues that allow the
presence of individuals [26].

About small urban spaces in particular, in Western
sources, factors such as legibility, visibility for pedestrians,
and functional accessibility have been mentioned. Whyte
also considers the high presence of women and the absence
of homeless people and addicts to be effective in the success
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of space [6]. In Iranian sources, in addition to referring to
these two factors, it is stated that the boundaries of the
squares should be clear and understandable to the people
inside it in a way that induces the feeling of presence in space
[11,25].

Besides, from the social dimension, several factors affect
the success of the space. The formation of social interactions,
vitality, and attracting people are the most important features
of social space [4]. A successful place is a place that is more
alive and active, and the diversity of space users, activities
and relationships, and social activities can be seen in it [27].

In Iranian-Islamic cities, the first and most important
factor in the success of public space in terms of social
dimension is sociability. The possibility of the presence of
different individuals and social groups and meeting the needs
of all individuals, including material, psychological, and
spiritual needs are important criteria for the sociality of the
space. Meanwhile, reminding, gentleness with the senses
through pleasure, respecting human beings in buildings and
behaviors and against the law [28], and interacting with all
people are among the characteristics that lead to the spiritual
growth of individuals. In addition, space should be lively and
provide the possibility of staying or relaxing [25]. One of the
qualities that affect the creation of vitality is diversity. We
must increase the diversity in the function, activities, times
of using the space, and groups of space users [25]. Moreover,
vitality in the urban space must be met by criteria such as the
desired urban form, preservation of cultural identity and
historical continuity; Adjust the space according to the
behavioral pattern of people; Providing facilities for
happiness and leisure; Provide suitable places for both social
and economic activities [29].

In addition, the design of small urban spaces emphasizes
intimacy and human connection among space visitors [30].
Moreover, the possibility of social life versus private life and
a sense of closeness to the place is essential in the acceptance
of space by people and its success as the result [6]. In Iranian
cities, local squares as a kind of small urban space bring
peace to their users. In addition to tranquility, intimacy and
the possibility of dominating the space are other important
features of local squares and all residents of the
neighborhood should feel a sense of belonging to the local
square [11].

In terms of function and accessibility, Western sources
state that the position of public space in the spatial hierarchy
shows how much space is used. As far as the amount of space
use is related to its location, two effective factors can be
mentioned: its location concerning the surrounding
environment and neighborhoods and how to access space.
Space should have strong connections with the surrounding
areas and provide easy and unobstructed access for all
people. Whyte (1988/1980) also emphasizes the importance
of paying attention to street communication due to the
inviting perspective (open and transparent street
communication and appropriate entrance design). In
addition, successful spaces are visible to users, have a
suitable entrance and access to public transport, and provide
enough parking lots. Another important design priority in
public spaces is the safety factor that directly affects the use

of space. Proper organization of pedestrian and bicycle paths
and protection against accidents lead to a sense of safety in
public space [31].

The functional dimension also includes how the site is
used (uses and activities). Successful open spaces are those
that meet the needs of society and provide the context for
economic, social, and cultural activities [33]. In addition,
between different parts of a space, the design and use of
public space can be done according to the center and edge.
Edges are preferred for both sitting and standing by people,
and the presence of elements and focal points also attracts
more people [34]. Activities also play an important role in
defining public urban space. Containing mixed activities is
the key to successful urban spaces [33]. In this regard, Whyte
believes that the elements should be located in a way that
greatly increases the possibility of activity around them [6].
Diverse activities in space can take the form of active
engagement (such as running and being able to explore the
environment) or passive engagement (such as looking at
people and the public arts) [35]. In addition, having a
comfortable space and providing user comfort is a key factor
for its success. Feeling comfortable includes various factors
such as providing the necessary facilities for people,
availability of sufficient and comfortable place to sit, feeling
of safety and security, and cleanliness. Mental comfort can
be a prerequisite for comfort. Relaxation and release of
physical and psychological pressures lead to comfort in
public spaces. The first functional factor influencing the
success of Iranian-Islamic spaces is providing easy and
unimpeded physical access for everyone. Another important
factor is visibility and visual access. Providing safety through
traffic control and connecting to surrounding areas are also
among the other effective factors in this field. In this regard,
special emphasis is on providing access for pedestrians and
access to public transportation [36]. Another very effective
factor is the space function and activities. By defining
multiple functions, traditional Iranian squares have induced
values and controlled the behavior of users, and have helped
identify and increase residents belonging to space [37]. These
spaces must be creative in creating different functions and
meeting the needs of different age or social groups [28] and
should be able to provide both social and economic activities
[25]. In addition, meeting the needs of play and entertainment
and the existence of spontaneous or organized activities to
attract people have special importance in achieving a
successful public space [26].

Functional factors also play an important role in the
efficiency of small urban spaces. Factors such as visibility,
maximum physical accessibility [38], proximity and ease of
access, location near sidewalks and in connection with the
street [6], visual communication with the surrounding
network, defining the square entrance [7, 24], providing
parking and managing motorcycle parking [3] are influential.
On the other hand, diversity in the configuration of spaces,
the presence of planned steps and activity edges and
attractive focal elements, and the variety and comfort of
sitting areas lead to the presence of more people in the space
[7]. Successful small space provides functions responding to
the needs of the surrounding population and provides the
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ability to adapt to a wide range of different functions [38].
Mixed-uses ensure the continued use of public squares
throughout the day [38]. The function of the surrounding
buildings also has an important role in the dynamics of the
space. Moreover, proximity to natural factors, the presence
of trees and other plants, the use of adequate sun and wind,
and playing with light and shade help to improve the
efficiency of small public spaces [6]. In addition, to promote
a sense of safety, it is important to ensure that views from
inside of the park are not completely closed [30]. In this
regard, some cases have been mentioned in Persian sources
too. Pakzad considers successful local squares as quiet and
not too crowded in which residents' supervision is evident
and activities have a local scale. Besides, all people should
have quick and easy access to space without movement
barriers, car movements should be minimized and disturbing
activities with loud noises should not be established [11].
Providing appropriate equipment and furniture in such spaces
is important too and there should be facilities to sit in the sun
or shade [25].

From a visual landscape point, from Sitte to Moughtin,
beauty and originality have been identified as important
factors for the success of public areas [7]. Among these, the
most important factors that play a role in the beauty and
innovation of public spaces are attractive buildings and
landscapes, beautiful architecture of the surrounding area,
enclosure, proper proportions, appropriate and varied paving,
proper landscape arrangement, designing due to topography,
designing beautiful furniture, using color and light in space,
the difference in level, and visual complexity and diversity
[7, 24]. The presence of aesthetic elements also affects
enjoying of public space. Appropriate scale, aesthetic quality,
and rich emotional experiences are effective in the sense of
pleasure [32]. Considering aesthetic factors is the most
important factor in Iranian-Islamic urban spaces too. This
element includes factors related to beauty and visual
attraction such as spatial diversity, proper body, proper
flooring, beautiful and desirable landscapes, and visual [18].
In Islamic texts beauty, respect for the human being,
creativity and perfectionism and modernity, and paying
attention to meaning [28].

Successful small squares also tend to create visual
beauty. Therefore, it is suggested that the width and length of
the site be appropriate [30]; Of course, a strong sense of
enclosure is not necessary for a small successful public space.
It is also necessary to pay attention to historical, cultural, and
geographical contexts, legibility of the environment, and
increasing diversity and avoiding repetition in place [38]. In
Iranian-Islamic cities, the small urban space is physically
geometrically specific and should be stress-free in the
physical elements [25]. In addition, space should have a
proper enclosure and a human scale. In addition, entrances
should be defined, not inviting; Of course, space should be
attractive for residents [18].

From an environmental point of view, every public space
should have a comfort zone in different weather conditions.
The main factors that affect a person's outdoor comfort are
temperature, sunshine, humidity, and wind. People are
looking for places that are safe from these factors; Therefore,

these issues should be considered when designing the space
and locating the sitting spaces. In addition, there should be
plant diversity, attention to the height and materials of the
surrounding buildings and the orientation of the field for
proper lighting, using the element of water, and the
protection of people from pollution [6].

In Iranian texts, the existence of environmental comfort
and enjoyment of climatic conditions is mentioned as a factor
in the success of urban spaces and it is stated that the fields
should benefit from light, sun, shadow, and the sound of the
wind among the leaves. In addition, preserving the
environment due to Islamic instructions, peaceful
coexistence with nature, use of natural elements and water
[26] are very important in Islamic cities.

In small urban spaces, Whyte believes that sun
(especially in winter), wind, water (to stimulate the senses
through sound, seeing, and feeling), and trees (due to the
creation of shade and natural environment) contribute to the
success of space [7]. Regarding the importance of natural
elements in Iranian-Islamic cities, it is also stated that light,
sun, shadow, and the sound of wind among the leaves should
be considered in the squares [25].

In the time dimension, using space at different hours,
days and seasons have a great impact on its success [32]. In
this regard, Montgomery emphasizes the existence of active
activities in the evening and night. Rapaport raises the issue
that cultural differences are effective in organizing the time
of activities and consequently the desirability of urban space
[23]. In Iranian-Islamic cities, characteristics such as
maintaining historical continuity, variety in times of using
space, and special function in specific or permanent times can
be expressed. Flexibility is important in the role, meaning,
and function of urban squares, and the square stabilizes its
character over time. Different activities and actions also
change easily based on needs, time, etc. [25]. Therefore,
accompanying time and history and respecting cultural
characteristics are valuable principles in the success of
Iranian-Islamic public spaces [28]. Time-related factors have
not been specifically addressed concerning the success of
small urban spaces. This is because the importance of the
variables of this dimension is the same in all scales related to
space and all types of spaces reflect change over time.

From the management dimension perspective, it can be
said that proper management of spaces leads to improving
life, work, and leisure experiences. In this regard, long-term
planning, short-term measures, respecting mutual rights of
space and users, proper management, the absence of barriers
to bureaucracy and encouraging local community
participation in  place management, management
coordination to maintain space and create a sense of security
and safety, the existence of regulations for the use of space,
flexibility in decision-making at all stages, and the existence
of dynamic programs are important [7]. In contrast, lack of
investment and lack of coordination between activities and
stakeholders can lead to reducing quality in public spaces. In
addition to the mentioned factors, urban management should
maintain space. High-quality maintenance and cleaning the
space make it pleasant to the public [39].
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In Iranian-Islamic cities, one of the most important
factors that help the space to achieve success is managerial
factors. Urban space management must perform its duties
well in all stages, including planning, implementation,
organization, policy-making, and control and supervision
[40]. In this regard, space is obliged to respect the rights of
city residents and the rights of nature, there should be
coordination between different management departments and
between management institutions and city residents, proper
management should be done in all sectors and there should
be space monitoring. Also, in addition to the participation of
groups who benefit from space and local management,

continuous control and management, unified and centralized
management along with paying attention to the council
structure of management [28].

Concerning the qualities of the managerial dimension,
there is less content that is specifically dedicated to
successful small urban spaces. This is because space
management to maintain it in all spaces requires managerial
cohesion and participation of individuals. In this regard,
Pakzad [18] emphasizes the role of local people in the
management and monitoring of space and believes that
successful local squares are spaces where residents' control
is evident.

Successful small urban space Criteria with an emphasis on cultural context
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Figure 1 Conceptual model of successful small urban spaces with emphasis on cultural context

4 CONCLUSION

To summarizing the mentioned issues, the factors
affecting the success of public spaces in general and small

urban spaces, in particular, were combined in two categories
of western countries and Iranian-Islamic cities, and those
variables of public spaces. In general, they were used that
were in line with the characteristics of small urban spaces and
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with Iranian Islamic culture, and inconsistent factors were
removed. Finally, the conceptual model of the research is
formulated as described in Fig. 1. In the right part of this
model, the criteria of successful urban space are presented
based on what was studied in the cultural context section. In
this column, the researcher has developed criteria that are
taken from the cultural context of each society and helps to
consider cultural differences in the final model. On the left
side of the model, the criteria for successful small urban
spaces, which are presented in Fig. 1, are given. In the middle
part of the model, the criteria of this research are stated. There
are seven criteria: contextualism, sociability, comfort,
human-centeredness, physical and functional desirability,
pedestrianism, and efficient participatory management, each
of which has sub-criteria - 38 sub-criteria are provided.
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Abstract: With proliferation of power grids, different types of faults are more likely to occur. The purpose of system protection relays is to detect abnormal signals that indicate
faults in the transmission system and to separate the fault section from the rest of the system to prevent the fault from propagating to other parts of the system. Proliferation of
electronic devices led to creation of digital relays made of microprocessors. Hence, analog measurements are converted into digital signals for processing by microprocessors.
Air grids are more likely to cause faults than other components of the power system; thus, disturbances affecting the system must be detected quickly and accurately. Therefore,
the problem of fault detection and classification is an important factor for economic exploitation of the power grid. Accurate fault handling results in faster repair operations, better
system availability, lower operating costs and timesavings. The proposed design in this study was based on detecting the type of fault caused in transmission lines. In order to
improve the condition of the relays in the transmission grid, analysis of the signals reached to the relay on both sides of the line was used to detect the fault and its type. The main
purpose was to quickly detect the type of fault using wavelet transform. For this purpose, the signal was sampled after the fault occurs and the feature signal was extracted after
analysis by wavelet transform. These features were included in the decision tree classifier and the type of the fault was decided.

Keywords: decision tree algorithm; parallel transmission line protection; transmission line error detection and classification; wavelet transform

1 INTRODUCTION

Transmission lines are one of the main elements of the
power system that connects production to consumption.
Lines are spread over a large area and have a variety of faults.
Current power systems, including factors that interact with
each other in complex ways, may cause system faults [1].
Line faults may be caused by a variety of reasons such as
lightning, sparks, birds, storms, snow and ice. Deformation
of insulating materials can also cause short circuit faults. Line
protection against faults is an important principle in system
protection. Because lines are important components of a
power system, its protection is essential to ensure system
stability and reduce equipment damage due to short circuits
that may occur in transmission lines. Continuity of this
system is very important to achieve reliability of the power
system. Air grids are more likely to fail than other
components of the power system; faults in high voltage
transmission lines also produce high frequency transients.
These fault-induced transients have frequency, size, and
damping rate that depend on many factors such as fault
location, fault type, and system parameters. Fault occurs
when two or more conductors come into contact with each
other or with the ground in a three-phase system. These faults
have devastating effects on power system equipment. The
fault that occurs on the transmission line not only affects the
equipment but also power quality. Therefore, it is necessary
to determine the type of fault, locate it on the line, and
eliminate it in the shortest possible time in order not to cause
damage. As a result, disturbances affecting the system must
be detected quickly and accurately. Rapid error detection, the
ability to quickly separate the faulty line and protect it from
harmful effects of the fault. To economically operate and
sustain the power grid, it is important to detect, classify, and
clear transmission line faults as soon as they occur. The
accuracy of fault detection methods depends on measurement
of voltage and current or its estimation method. Complexity
of this is further intensified despite random changes in

parameters such as fault type, fault location, fault angle, fault
impedance, and so on.

With proliferation of power grids, different types of
faults are more likely to occur. A typical fault elimination
system includes a circuit breaker and a protection relay. The
purpose of system protection relays is to detect abnormal
signals that indicate faults in the transmission system and to
separate the fault section from the rest of the system to
prevent the fault from propagating to other parts of the
system. In later years, faults were detected by
electromechanical relays. The measured values, such as
voltage and current, became mechanical force when they
exceeded the predetermined threshold value, causing the
relay to operate. Expansion of electronic devices led to
creation of digital relays made of microprocessors. Hence,
analog measurements are converted into digital signals for
processing by microprocessors. Transmission line relays
have three main functions: fault detection, fault
classification, and fault location. Fault detection means
detection of different modes of fault generation in
transmission lines during which system current and voltage
exceed the normal range; if the fault is not eliminated, it may
result in equipment damage or even instability in the power
grid and system collapse. Failure classification is detection
of fault type. In fact, at this stage, detection of faulty phase
or phases in order to correctly cut the faulty lines is done by
considering the reduction of power outages frequently. After
detecting the type of fault, fault location is determined in
order to determine the exact location of the fault in order to
send personnel and repair the faulty lines.

2 WAVELET TRANSFORM FUNCTION

Wavelets are mathematical transformations that divide
information into different frequency components. The study
is then performed on each component with a resolution that
is related to waveform scale. It has the advantage over
classical Fourier methods in analysis of physical situations
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where the signal contains discontinuities or sharp spikes.
Wavelets have been developed independently in the fields of
mathematics, quantum physics, electrical engineering, and
seismology. Exchange between these areas has led to newer
applications of wavelets in image processing, perturbations,
radar, and earthquake prediction in recent decades. The basic
idea of wavelets is to analyze them on a scale basis. This idea
does not seem very new. Because it was discovered in early
1800 that Fourier could create other functions by substituting
sine and cosine functions. Wavelet algorithms process
information at different scales and resolutions. If a signal is
viewed through a large window, its basic features can be
accessed. Similarly, if a signal is viewed through a smaller
window, more accurate and detailed features can be obtained.
For decades, scientists have sought to achieve more functions
like sines and cosines that form the basis of Fourier analysis
for variable signals. Limited studies have been published on
approximation of sharp spikes, but with wavelet analysis, it
is possible to use approximate functions located in finite
regions. The wavelet analysis process is actually the
matching of a sample function called parent wavelet with
original signal function. Transient-state analysis is performed
with a high-frequency and contracted parent wavelet sample,
while permanent-state frequency analysis is performed with
an open and low-frequency sample of a parent wavelet. Thus,
the main signal or function can be displayed in terms of
wavelet expansion.

As noted, wavelet transform has different base functions
from the Fourier transform, which has a limited energy,
leading to localization of these functions in the analyzed
range. Each parent wavelet also has a specific and limited
range of frequencies, which results in extraction of these
limited frequencies in each analysis range. These features
make the wavelet transform very efficient for extracting non-
static features. Fast Fourier transform and discrete wavelet
transform are both linear operators that produce a data
structure. Both transformations can work to convert a
function from one space to another. For fast Fourier
transform, this new domain includes base functions including
sine and cosine functions; for wavelet transform, this new
domain involves much more complex functions called
wavelet or parent wavelet. The most important difference
between the two types of transformation is that wavelet
functions are centralized, whereas cosine and sine functions
of the Fourier transform are not. One advantage of wavelet
transformations is that the windows are variable.

In order to separate the signal discontinuities, very short
base functions are required, and at the same time, very long
base functions will be responsible for analyzing the more
detailed frequencies. One-way to access, this information is
to have short high frequency base functions and long low
frequency base functions. This is exactly what a wavelet
transform creates. Another point to keep in mind is that
wavelet transforms, as Fourier transforms, do not have a
single set of base functions that use only finite sine and cosine
functions. Wavelet functions have an infinite series of base
functions. Wavelet analysis therefore provides access to
information that is obscured by other time-frequency
methods such as Fourier analysis. If the original signal is well

known, then the wavelet type is easily chosen, but generally
the signals are not well known in advance. Clearly, if the type
of parent wavelet is chosen correctly, predictive efficiency of
the model will increase. In this regard, there are various
wavelet generation algorithms that can match the wavelets
with the criteria defined by the user.

Continuous wavelet transform of the signal f{¥) is:

CHT(@h)= [ 1, (i ()
Y/a’b(t):%ﬁu(ﬂja,beﬂ%;aio @)
a

a

The function ¥(7) is the parent function or wavelet, and
a and b are dilation and translation parameters, respectively.
Wavelet transform is mainly used at & level because it can be
effectively performed using two filters (one is high-pass and
the other is low-pass).

The number of decomposition levels depends on the
sampling frequency and the frequency of which the
information is important. The results are sampled with a
coefficient of two reductions to reduce the computational
load. Two identical filters are used to output the low-pass
filter from the previous step. The high-pass filter is taken
from the wavelet function (parent wavelet) and details are
measured at a specific input. At the other side, the low-pass
filter receives the input signal. This idea is shown in Fig. 1.

Level 1 TLevgl 2 Level k
A A A

= d1

HP dz

B— -

Figure 1 Multi-filter discrete wavelet transform framework
3 C4.5ALGORITHM

ID3 algorithm is an algorithm for building a decision
tree. In this algorithm, the concept of irregularity is used to
classify the data, and the algorithm tends to minimize the
amount of irregularity in the upper nodes of the tree so that a
tree with a minimum height can be obtained. Thus,
irregularity is first calculated for all features of the raw data
and then the feature with the highest utility is chosen as the
root. Utility of each feature is then calculated, in which the
amount of irregularity remaining in the classes is due to the
use of a feature, which can be obtained by summing the
probability of occurrence of each division. This algorithm is
only able to classify data with a range of discrete and limited
features and is not efficient for noisy and distorted data.
Completed C4.5 algorithm is ID3 algorithm [2-4]. This
algorithm is also able to classify continuous and noisy data.
For this purpose, the data is first sorted; then utility values
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are obtained for all cases in which it is possible to separate
the sorted data, and choose the separator corresponding to the
largest value of utility as a separator [5-7].

4 RANDOM FOREST (RF) ALGORITHM

When forming a decision tree, a small change in learning
patterns can cause fundamental changes in the structure of
that tree. To overcome these problems, a random forest
algorithm is proposed, which is a learning method based on
a bunch of decision trees. In this method, classifier outputs
become much more powerful than noisy data. The random
forest prediction model is based on averaging the results of
all relevant decision trees. By using this method, useful
information about importance of each variable will be
obtained and thus the variables with the greatest impact on
the dependent variable are determined. In this method, the
number of m predictors are randomly chosen for bootstrap
sampling from the training and tree production set. After
producing a large number of trees, each tree votes for the
most popular class. By merging the votes of different trees, a
class is predicted for each sample. The very high accuracy of
this method is one of its advantages, while it can work well
with a large number of inputs [8, 9].

Jamali et al. [10] used several classifier algorithms to
classify power quality disturbances and finally concluded
that DT algorithms have higher accuracy and lower
computational load compared to others.

5 THE PROPOSED METHOD
5.1 Validating the Proposed Method

Conventional validation methods can be divided into
three categories. One method uses all the data both to train
the classifier algorithm and to test it, which, in addition to
possibility of over-fitting in the classifier, results in an
optimistic algorithm error rate. The other method randomly
breaks the data into two sets of training and testing, trains the
algorithm, and then classifies it. This method may also not
train the algorithm well and the exact error rate may not be
obtained. Another method is to break the data into several
classes. This type of validation is divided into three
categories:

1) Random multiple sampling method in which the data set
is divided into two subsets of training and testing. The
model is then trained using training data and the result is
validated using test data. This procedure is repeated
several times and average of the results is considered as
the final estimate. The advantage of this method is that
the ratio of training and test data in each run does not
depend on the number of subsets. The disadvantage of
this method is that some data may never be used for
validation and others may be used multiple times. In
other words, subsets can overlap.

2) Another method of breaking is called k-fold, in which the
data is randomly split into & subsets. Of these k subsets,
one is used at a time for validation and the other 41 for
training. This procedure is repeated & times and all data
is used exactly once for training and once for validation.

Finally, the average result of these k validations is chosen
as a final estimate. Ten folds are typically used.

3) Another method is called leave-one-out. As the name
implies, at each stage one of the data is left out for
validation and the rest of the data is used for training.
This method is actually the k-fold method in which £ is
considered equal to the number of data. This method is
computationally expensive because the training and
validation process is repeated over and over again [11,
12]. In this study, validation was performed using the k-
fold method with a value of k equal to 10.

5.2 Implementing the Proposed Method

Transient states in power systems generally have non-
periodic, short-lived, and non-stationary waveforms.
Wavelet transform can decompose signals into different
frequency ranges. Discrete wavelet transform of voltage and
current signals is used to extract the feature vector required
for classification. The purpose of feature extraction is to
determine the unique characteristics of a voltage or current
waveform that can be used to detect the type of fault.

In this study, different fault scenarios will be simulated
first using MATLAB software; in order to create a relay with
maximum speed and accuracy, some parent wavelets from
the Daubechies family that are widely used in the field of
power system disturbances detection will be studied and
examined. db4 from the Daubechies family will be
considered as parent wavelet. The fault signals obtained from
the grid simulation will be decomposed separately using each
parent wavelet to the required number of levels. The
coefficients obtained from the voltage or current signals will
be decided by discrete wavelet transform, as a feature vector
to the tree classifier and the decision tree will be trained using
WEKA software. WEKA software is a reliable software in
machine learning and data mining systems [13].

5.3 The Studied Grid

In order to implement the fault type detection project in
the transmission grid, a two-circuit line grid of the
transmission grid will be considered with the same start and
end. The relay is installed at the beginning, end of this line
according to Fig. 1, and will adapt the required signals from
the expected transmission line at any time [14].

400KV Bus 400KV Bus

B Ay Lin: 1 NS Br
P 7
@7 : = - 4@
N Line 2 N/
‘/\ Y

Figure 2 The studied transmission grid

In the above grid, 20 types of faults (10 types of faults
per line) including three single phase-to-ground faults, three
double phase-to-ground faults, three double-phase faults and
three-phase faults will be simulated in different scenarios.
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These scenarios will vary in terms of fault time (fault angle),
fault location and fault resistance. Simulated current or
voltage signals will be stored in the Simulink section of
MATLAB software and uploaded in its coding section for
analysis using wavelet transform. After wavelet analysis and
feature extraction and unification, the available data will be
inserted in Weka software in order to classify and detect the
type of fault. In this software, the best features are chosen by
different methods and the data is classified using the two
methods expressed by decision tree algorithm, and the fault
classes are separated from each other and the type of fault is
determined. Naturally, the type of feature and choosing the
best features will affect the final accuracy obtained. In fact,
Weka output will determine how accurately the proposed
algorithm is able to detect the type of fault. The parameters
for the simulated lines are as shown in Tab. 1.

As shown in Tab. 1, the first part of the line is 225 km
double-circuit line and the next part is 100 km single-circuit
line that connects the two parts of the system. The voltage at
both ends of the lines is 400 kV and the short circuit level for
both sides is 200 MV. A load angle of 30 degrees is also
considered so that nominal current of 730 amps can pass
through each circuit of the double-circuit line.

Table 1 Transmission line parameters [5]
First part of line Second part of line

Parameter | 75 i double-circuit line) | (100 km single-circuit line)
RO 81320 36.14Q
R1 81.16Q 36.62Q
X0 310.48 Q 137.99 Q
X1 108.82 Q 48.36 Q

G1
Liae 1
<3
O
1KMW

Figure 3 Single line diagram of the simulated system [17]
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The simulated circuit of the system in the Simulink
section of Matlab software is as shown in Fig. 3.

As shown in Fig. 3, the double-circuit line is simulated
separately at intervals of 22.5, 90, 90 and 22.5 km. In fact,
these distances provide 10, 50 and 90% of the line to simulate
the fault in different locations.

Discrete
0.000625 s.

6 SIMULATION OF FAULT TYPES

Since there can be twenty faults in two-circuit lines (10
faults per circuit), the relay of each circuit must be able to
correctly detect faults of the second circuit, in addition to
correctly detecting its own faults and commanding a faulty
circuit to disconnect, and do not command disconnection. In
fact, since the ends of this double-circuit line are connected
as shown in Fig. 3, the fault in one circuit will affect the other
line as well and increase its current. Therefore, it is obvious
that the desired protection is achieved when the
disconnection is commanded only in one circuit (circuit in
which the fault occurred) and the second circuit continues to
operate. Because the fault may occur anywhere on the line,
at any angle of the line voltage, and with any different fault
resistance, comprehensive information must be provided for
various faults. For this purpose, three-phase current signals
will be simulated at points 10, 50 and 90% of the line. Also
at each point, the fault will be simulated separately at 0 and
90 voltage angles. Each fault will be considered with
resistances of 0.001, 5, 10, 15 and 20 ohms.

As can be seen from the above, 300 signals for different
types of faults will only be simulated at 10% of the first
circuit line. In fact, these 300 signals will provide three-phase
currents for 100 different fault scenarios at 10% of the line.
The same will be simulated for 50 and 90% of the line, which
will result in 300 fault scenarios from all simulated faults. In
all scenarios, the simulated fault of the three-phase current
signals of the first circuit and the second circuit will be
removed, which will provide a total of 1800 signals (900
signals from the first circuit and 900 signals from the second
circuit) to analyze and extract the features. In fact, the first
circuit relay must detect 300 fault scenarios in the first circuit
and command disconnection after detecting the type of fault;
the second circuit relay, although it will observe fault current
signals, must detect the fault in the first circuit and not
command disconnection.

As noted earlier, single-phase faults including AG, BG,
CG, double phase-to-ground faults such as AGB, ACG,
BCG, double-phase faults such as AB, AC, BC and three-
phase ABC fault will be simulated in two circuits. In order to
train the decision tree algorithm, for each of the above
disturbances, 30 different simulation scenarios occur in the
proposed grid and waveform of three-phase currents is
stored. These simulations differ from points of view such as
fault time and fault resistance and fault location, and no two
scenarios will have the same waveform.

= =
Y a .E
: = I
——
Figure 4 The simulated system by MATLAB
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The simulated forms of these disturbances are generated
and stored by the Simulink and then analyzed using wavelet
transform and the feature is extracted from them. In the
following, the three-phase current waveforms for various
types of faults in 10% of the first circuit are presented from
the viewpoint of the relay embedded in the first circuit.

Fig. 4 shows faults of AG, BG, AC, ABG, ACG, BCG,
AB, AC, BC and ABC in location of 10% of the first circuit
and with fault resistance of 0.001 ohm seen from the relay at
the beginning of the first circuit line. Note that the sampling
frequency of the relay is 1.6 kHz. As a result, there are 1600
samples for 1 second. The simulations are done for half a
second (800 samples) and the shapes are drawn for better
clarity between the ranges of 200 to 600 samples.

6.1 Classification despite Noisy Data

Despite the noise in the data, accuracy of classifiers will

acquired features to lose their efficiency in separating the
classes. Output accuracy will vary according to different
values of signal to noise ratio (SNR) [14, 15]. In this study,
SNR values of 35 and 45 dB will be investigated [16]. The
classification results with different features and different
classification methods and 45 dB noise are presented in Tab.
2. It is worth noting that the results of this section will be
presented with 24 features (optimal value of features in
classification of phenomena obtained in the previous
section). The dispersion matrix is displayed only for the
decision tree algorithm with 10 trees, which provided the best
performance in terms of accuracy and speed in the previous
section.

Table 2 Accuracies of classifiers with reduced features despite noise
Number of features: 24; noise of data: 45 dB
Unification method: Zscore; validation method: k£ = 10, k-fold
Accuracy based on classification method (%)

RF (100 tree) RF (10 tree) RF (5 tree) C4.5
decrease. Because the presence of signal distortion causes the 98.5 98.5 96.83 95
BG fault in 10% of the first circuit seen from the first circuit relay AG fault in 10% of the first circuit seen from the first circuit relay
4 Three Phase Current
04 Three Phase Current x10
Samples Samples
ABG fault in 10% of the first circuit seen from the first circuit relay ~ CG fault in 10% of the first circuit seen from the first circuit relay
04 Three Phase Current x10* Three Phase Current
W e e e W e e e e e
ACG fault in 10% of the first circuit seen from the first circuit relay ~ BCG fault in 10% of the first circuit seen from the first circuit relay
Figure 5 Results of fault simulation
TEHNICKI GLASNIK 15, 4(2021), 483-490 487



Zeynab Mohabati, Maryam Khoddam: Improving the Performance of Distance Relay Using Wavelet Transform

104 Three Phase Current

Current (A)

Samples

AC fault in 10% of the first circuit seen from the first circuit relay

104 Three Phase Current
x

Phase A
Phase B
Phase C

Current (A)
Y

Samples

ABC fault in 10% of the first circuit seen from the first circuit relay

104 Three Phase Current
x

Phase A
Phase B
5k Phase C

Current (A)

Samples

AB fault in 10% of the first circuit seen from the first circuit relay

04 Three Phase Current

Current (A)

200 250 300 350 400 450 500 550 600

Samples

BC fault in 10% of the first circuit seen from the first circuit relay

Figure 6 Results of fault simulation (continued from previous page)

It can be seen that despite noise in the data, accuracy of
the classifiers decreases, but despite the noise of 45 dB, the
decision tree with 10 trees still performs well in classification
of faults. The dispersion matrix in this case, as shown in Fig.
5, indicates that only 8 out of 600 cases in the classification
are detected incorrectly.

a c d e f g h <-- classified as
30 a 0 0 0 a0 a [ g = AGml

0 30 i} 0 i} a 1] [ b = BGml

il 0 30 1] 0 i] 0 [ c = CGml

0 0 0 &0 0 i] 0 [ d = ABml

il 0 0 0 &0 a 0 (| e = ACml

1] a 0 1] 0 56 a 4 f = BCml

il 0 0 0 0 0 30 [ g = ABCml

u] a a 2 1 2 0 295 | h = m2
Figure 7 Confusion matrix of RF algorithm with 10 trees despite the noise in the

data

In order to further investigate, the amount of noise is
increased and SNR is reduced to 35 dB. With this amount of
noise in the current signals, the accuracies obtained in
separation of fault scenarios will be according to the table
below.

It is observed that output accuracies will decrease with
increasing noise in the data. It can be seen from the table
above that accuracy of the algorithm will not decrease with
100 trees in the decision tree algorithm. As a result, in case
of high noise in the data, the number of trees can be increased
in order not to reduce the classifier accuracy, in addition to
noise reduction methods. The dispersion matrix for the
decision tree with 10 trees is also shown in Fig. 7.

Table 3 Accuracies of classifiers with reduced features despite noise
Number of features: 24; noise of data: 35 dB
Unification method: Zscore; validation method: £ = 10, k-fold
Accuracy based on classification method (%)

RF (100 tree) RF (10 tree) RF (5 tree) C4.5
98.5 98 96 94.66
g d e I [+ h <-— claszified as
30 i} i] i i i} i} 01 a = AGml
0 29 ] i ] 0 1] 1] b = BGml
0 o 29 ] ] 1 o] ol c = CGml
0 i} 0 &0 i i} i} 01 d = RBml
0 0 ] 1 59 0 1] 01 e = BACml
0 0 ] i 0 55 1] 3 f = BCml
0 0 i] 0 0 0 30 01 g = RBCml
0 0 ] 2 1 1 0 296 | h =m2

Figure 8 Confusion matrix of RF algorithm with 10 trees despite the noise in the
data

7 CONCLUSION

Analysis and fault detection in power systems raises
issues related to power systems, including: significant
economic impacts for operators, maintenance agents, and
power industry. For this reason, the search and development
of new algorithms and methods to solve this problem has
been considered. Parallel transmission lines are widely used
in power grids to transfer high power and increase system
reliability. However, in terms of protection, parallel
transmission lines require special considerations to single-
circuit transmission lines. When considered as an
independent circuit from a conventional distance relay to
protect parallel lines, mutual coupling between two circuits
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affects the impedance measured by the relay. This will reduce
the range or increase the relay range depending on grid
features. This study suggests a method to improve the
protective performance of distance relays in transmission
grid based on wavelet transform and decision tree. Due to
shortcomings of Fourier transform in the field of fault
detection, the use of wavelet transform in the field of fault
detection or changes in signals of the power system has
attracted much attention in recent years. In fact, this method
is a mathematical conversion based on conversion of a signal
into various types of scaling by another function called parent
wavelet.

The most important reason for using wavelet transform
is high resolution and time and frequency precision of this
transformation. Wavelet transform is able to show some
signal properties that other transformations are not able to
show and destroy these properties during transformation.
These properties include high slopes in the function,
breakpoints in the function, discontinuities of higher order
derivatives of the function. Accordingly, it can be concluded
that wavelet transform provides a partial and regional view
of the function. This property increases the accuracy of the
work while a transformation like Fourier provides an
overview of the signal period. Each function used as parent
wavelet has a mean of zero and a unit energy, and as
proposed, this transformation provides a frequency time form
of the signal. This study used discrete wavelet transform as a
package. Since the 1.6 kHz signal sampling frequency is
chosen, this transform is able to extract signal information up
to 800 Hz (half the sampling rate) according to the Nyquist
theorem. By breaking the wavelet transform up to 4 levels,
we will achieve 50 Hz nodes. Because the generated fault
signals, including single-phase fault, double phase-to-
ground, double-phase, and three-phase faults, do not have
high frequencies in independent circuits, 0 to 50 Hz node in
the fourth level of wavelet transform containing information
about the main component of the signal is chosen to extract
features.

After extracting various statistical features and unifying
them, classification was done using two methods of decision
tree algorithm. These two methods differ in terms of tree
production and pruning, the ability to classify with high
accuracy despite the noise, and how to use the features in tree
production. Random forest uses a set of trees produced to
determine the final class, which makes this method more
resistant to noise in the data. After simulating 8 classes of
disturbances and generating 1800 different signals and 600
fault scenarios for classes and extracting and unifying
features, a 600x27 matrix was formed and given to WEKA
software. Then, the algorithm was tested by k-fold, £ = 10.
The results were investigated under different conditions
despite the noise in the data and with different number of
features. Considering the presented results, it can be argued
that if the features extracted from wavelet coefficients of 50
Hz node are used and the random forest method is used, it is
possible to classify the faults with maximum accuracy and
correctly detect the fault type. As only half, a cycle of post-
disturbance data is used and the presented features are used
and computational load of the random forest method is low,

it can be acknowledged that the proposed method, in addition
to low computational load, offers high speed and accuracy.
As wavelet transform coefficients are sensitive to noise in the
data, the accuracy obtained despite 35 and 45 dB noises were
also studied. Despite the noise in the data, signal denoising
methods should be used before extracting the feature in order
not to reduce the final accuracy, in which case the processing
and calculation operations of the algorithm will be increased.
A higher number of features or noise-free classification
methods can be used. By these results, it can be observed that
the algorithm will only have 2% fault and acceptable
accuracy despite 35 dB noise in data with 24 features and
without using denoising methods.
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Suitability of Recycled PLA Filament Application in Fused Filament Fabrication Process

Tomislav Breski, Lukas Hentschel, Damir Godec*, Ivica Buretek

Abstract: Fused filament fabrication (FFF) is currently one of the most popular additive manufacturing processes due to its simplicity and low running and material costs. Support
structures, which are necessary for overhanging surfaces during production, in most cases need to be manually removed and as such, they become waste material. In this paper,
experimental approach is utilised in order to assess suitability of recycling support structures into recycled filament for FFF process. Mechanical properties of standardized
specimens made from recycled polylactic acid (PLA) filament as well as influence of layer height and infill density on those properties were investigated. Optimal printing parameters

for recycled PLA filaments are determined with Design of Experiment methods (DOE).

Keywords: design of experiment; fused filament fabrication; polylactic acid; recycling

1 INTRODUCTION

Additive manufacturing (AM) is evolving on a daily
basis, especially with the emphasis on low-budget market
since most of the general patents related to AM technologies
are expired, or are about to expire [1]. Most affordable AM
machines are working on a principle of Fused Filament
Fabrication (FFF) which works on a principle of material
extrusion through numerically controlled nozzle [2]. One of
the drawbacks of the FFF process is that it needs support
material for overhanging surfaces of the model during
printing. After the print job is finished, support material can
be mechanically removed or dissolved with appropriate
solvent, but in most cases it is mechanically removed. As
such, support material if not used in any other function after
removal is waste material, but due to the nature of
thermoplastics primarily used in AM, it can be recycled and
reused in production of new products [3, 4].

Polylactic acid (PLA) is one of the most widely used 3D
printing filament [5]. PLA is a semi-crystalline polyester
produced by fermenting under controlled conditions of a
carbohydrate source, like sugarcane or corn starch. Glucose
fermentation produces L-lactic acid which is a basic
constituent of PLA [6]. PLA filament is cheap and in most
cases it is not viable for standard user to recycle it, but with
latest research in recycling processes, PLA recycling is
proving more valuable than ever. Lifecycle analysis
procedures related with filament recycling have shown that
distributed approaches in filament recycling can further
decrease filament prices without sacrificing any material
properties [7]. Recycling equipment such as shredders and
extruders are expensive for personal use, but with
establishment of distributed centres across the countries
where standard users could bring their own waste and in
return buy discounted recycled filament, initial investment in
recycling equipment is feasible.

Circular economy is based on regeneration of the
components and the materials. By utilising of the waste
material as a participant in the manufacturing process, virgin
materials usage is decreased. Circular economy distinguishes
two standpoints: a biological cycle, which returns the waste

to natural systems, and a technical cycle, which keeps the
flow of the materials in cycles which regenerate other
products or systems [8]. FFF processes can be observed as
circular processes, since waste materials used in the FFF
process can be recycled and used for printing of new parts.
Materials flow for recycled filaments for 3D printers is
shown in Fig. 1.

> Reused
Parts/components

Virgin Materials Recycled Materials < — —

Manufacturing

i Parts/components for Use

Materials fos li o
i erials for recycling

Materials go to landfill or Waste forrecyclos

energy recovering
Figure 1 Materials flow for recycled filaments for 3D printers [8]

Mechanical properties of recycled filament are very
dependent on number of recycling cycles [9], but with
particular mixing of recycled material and virgin material,
satisfactory material properties can be achieved even after 5
recycling cycles [10]. With repetitive recycling, elastic
modulus of PLA remains constant, but strain at break is
reduced up to 10% which needs to be taken into account.
Also, rheological properties of the material tend to degrade
with recycling cycles. Melt flow index (MFI) increases up to
6 times, which means that the recycled PLA filament tends
to flow better with repetition of recycling cycles [11].

In order to provide a statistical background in material
properties relationship with processing parameters, Design of
Experiment (DoE) approaches have been used successfully
in academia and industry. Processing parameters of PLA
filament used on specific FFF machine can be calculated with
great accuracy with modern DoE applications [12]. In this
paper, DoE approach is utilised to find whether the recycled
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PLA filament is appropriate for use on low-budget FFF
machines from the standpoint of accurate mechanical
properties prediction. In most cases, standard users of low-
budget FFF machines change only the layer thickness and
infill density in order to reduce material consumption and
print time, so in this paper, these processing parameters are
selected as influential parameters on measured responses of
mechanical properties of dog-bone specimens, specifically tensile
strength and elongation at break.

2 MATERIALS AND METHODS
2.1 Filament Production

Recycled PLA material was produced from shredded 3D
printed samples and support structures on mechanical
thermoplastics shredder (SHR3D IT, 3devo B.V, Utrecht,
Netherlands). Due to the nature of the mechanical grinding
process, shredded PLA particles vary in size and shape since
on the mentioned shredder, only one mesh size can be used.
Continuous filament production was not achieved with
3DEVO filament extruder, which was meant to be used as
low-budget filament production system, due to the high
variation of particles shape and size. Satisfactory geometrical
filament properties were achieved with a single-screw
extruder (FT-E20T-MP-IS, Dr. Collin GmbH, Ebersberg,
Germany) coupled with Teflon conveyor belt (GAL-25,
GEPPERT-BAND GmbH, lJilich, Germany) and a self-
developed haul off and winding unit with processing
parameters shown in Tab. 1.

Table 1 Filament extrusion parameters

Screw speed Pressure
0, O, 0, 0
O | BCC) | BEO) | Thorme (°C) (rev/min) (bar)
195 200 205 205 100 120
20
19
£
Eis
E17
s
16
151
0 200 400 600 800 1000 1200

Filament length in m
Figure 2 Diameter distribution of virgin PLA filament

During extrusion of the filaments from virgin PLA
pellets and from recycled PLA shredded particles, it was
observed that the recycled filament has increased variation of
diameter which comes from size and shape variation of
shredded PLA particles in comparison with virgin PLA
pellets. Diameter distribution during extrusion of the virgin
PLA filament is visible on Fig. 2, while diameter distribution
during extrusion of the recycled PLA filament is visible on
Fig. 4. Mean diameter of virgin PLA for the entire spool was
1,73 mm with standard deviation of 0,068 mm, while mean
diameter of recycled PLA for the entire spool was 1,71 mm
with standard deviation of 0,18 mm. Diameter histograms
and ovality measurements are shown on Fig. 3 and Fig. 5.

Extrusion process got interrupted at 170 mm of extruded
filament, but afterwards the process was continuous and
filament was extruded with satisfactory geometrical
properties.

300
Gmean = 173
+0.068 mm
250
200
‘glso
7
[=]
100
50
160 165 170 175 180 185 190 000 002 004 006 008
Diameter in mm Ovality in mm
Figure 3 Histogram of the diameter and ovality of virgin PLA
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Figure 4 Diameter distribution of recycled PLA filament
140
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+0.180 mm
100
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Figure 5 Histogram of the diameter and ovality of virgin PLA
2.2 FFF Process Parameters

PLA filament was extruded on an Original Prusa 13
MK3S fused filament fabrication machine (Prusa Research,
Prague, Czech Republic) with installed nozzle diameter of
0,4 mm shown in Fig. 6. Flexible PEI sheet was used as a
replaceable printing surface.

The software PrusaSlicer (Prusa Research, Prague,
Czech Republic) was used to prepare the G-code for dog-
bone specimens production with the following parameters
which were kept constant through all trial runs:

e Rectilinear fill patterns for top and bottom layers
o Fill angle of 45 %

¢ Printing speed of 35 mm/s

¢  Extruder temperature of 210 °C

¢ Bed temperature of 60 °C.
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Figure 6 FFF machine Prusa I3 MK3S

Parts for tensile tests were designed as dog-bone
specimens compliant with ISO 527:2019 — type A, with
dimensions shown in Fig. 7.

<

<

W

Figure 7 Dog-bone specimens for tensile testing (ISO 527:2019 - type A);
dimensions in mm

2.3 Design of Experiment Analysis (DOE)

For analysis of the material properties two-level factorial
Design of Experiment approach was used, which allows
investigation of influences of certain parameters on measured
responses, which in our cases are tensile strength (MPa) and
elongation at break (%). Design space includes two factors,
which are layer height (mm) and infill density (%), each at
two levels which is visualised in Fig. 8.

Hi (3 ®

Factorial

Factor B

Lo @J 3
Lo Factor A Hi
Figure 8 2 level factorial design

In order to increase statistical power of the design,
additional points in the centre of the parameter space are
added, and also 3 replicates for pure error calculation. Run
list of 2 factor interaction DoE is shown in Tab. 2.

Table 2 2FI DoE runs

Run Layer height (mm) Infill density (%)
1 0,1 50
2 0,2 30
3 0,1 30
4 0,3 70
5 0,3 70
6 0,3 50
7 0,1 30
8 0,3 30
9 0,2 50

10 0,3 30
11 0,1 70
12 0,2 70

Three identical specimens were printed for each run, and
their relative placement on the centre of the build platform is
visible in Fig. 9.

Figure 10 Shimadzu AGS-X 10 kN with fitted dog-bone spcimen
2.4 Tensile Testing

Tensile testing of 3D printed dog-bone specimens was
performed on a universal static testing machine Shimadzu
AGS-X 10 kN fitted with contact extensometer (Shimadzu
Corp., Kyoto, Japan) which is shown in Fig. 10. Tensile
strength (MPa) and elongation at break (%) was measured
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and used as characterisation parameters for the mechanical
properties of the printed dog-bone specimens only from
recycled PLA filament since virgin PLA filament mechanical
properties are widely available and well documented in
literature. Specimens were tested at deformation speed of 2
mm/min at the temperature of 22 °C, and relative humidity
of 50%.

During testing, specimens were breaking at the expected
regions inside the extensometers which is shown in Fig. 11.

3 RESULTS AND DISCUSSION

Tensile testing results with included standard deviation
(SD) of each run are shown in Tab. 3.

Table 3 Tensile testing results

Run Tensile strength (MPa) Elongation at break (%)
1 66,5+ 1,5 68+13
2 59,9+3,5 54+39
3 67,3+0,7 7,2+0,5
4 622+1,1 6,9+20
5 56,2+ 1,3 6,8 £0,3
6 56,9+ 1,9 74+1,6
7 66,1 +0,7 63+23
8 53,4+2,6 7,0£1,5
9 61,5£0,5 74+27
10 553+1,3 8,4+0,6
11 632+32 104+1,7
12 57,1+1,7 8,3+£2,8

Tensile stress — strain diagram for all specimens of the
DokE is shown in Fig. 12.

For statistical analysis of the tensile testing results the
software Design Expert 11 (Stat — Ease Inc., Minneapolis,
MN, USA) was used. Analysis of variance (ANOVA) and
response surface models were used in order to determine
significance of adjustable parameters during printing of
recycled PLA and their linear interactions on the observed
tensile properties. Furthermore, by utilizing the statistical
methods included in Design Experiment 11, mathematical
functions are evaluated, which can be used for prediction of
the observed tensile properties in the DoE model space.

~
d

—24
72 = | — 221
- —231
66 — — 241
: %‘ S —2:5.1
60 - 2 — 261
54 =1L —271
) — 281
. \ —291
£ —2410.1
=@ —2111
g3 —212.1
24/ -
18} \
12}
6 |d
0

0 1 2 3 4 5 6 7 8 9 10 11 12
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Figure 12 Tensile stress - strain diagram for all DoE runs
3.1 Statistical Analysis of Tensile Strength Property

Results of ANOVA for tensile strength testing are shown
in Tab. 4. Based on regression analysis, mathematical model
of the response surface (2FI — linear with 2 factor interaction)
for tensile strength (TS) can be presented in the form of an
Eq. (1), where all of the factors are in coded form which is
shown also in Tab. 4.

Table 4 ANOVA for tensile strength testing (2FI model, DoF - degree of freedom)
Source Sum of DoF Mean F-value | p-value Remark
squares square
Model 207,15 3 69,05 14,37 0,0014 | Significant
A-Layer| 11060 | 1 | 148,60 | 3093 | 0,0005 |Significant
height
B-Infill | 0486 | 1 | 00486 | 00101 | 09224
density
AB 31,13 1 31,13 6,48 0,0344 | Significant
Residual 38,44 8 4,80
Lackof | 1791 | s | 358 | 05236 | 07540 | . N
fit significant
Pure error | 20,53 3 6,84
Corrected 245,59 1
total

Tensile strength dependence on layer height and infill
density can be presented in coded equation:

EB =60,63-4,16-4-0,0753-B+2,17-4-B. 1)

By observing the Tab. 4 it is visible that the model is
significant, which means that the appropriate statistical
model is selected and that the model is accurately predicting
the tensile strength in the model space. Lack of fit is not
significant relative to the pure error which also gives the
information that the model is satisfactory inside model
parameter space. By increasing the layer height tensile
strength is reduced because the A coefficient in the coded Eq.
(1) is negative and from ANOVA, A4 coefficient is significant.
Also, interaction of layer height and infill density is
significant, which positively influences on tensile strength.
Tensile strength response surface is shown in Fig. 13.

Influence of infill density and layer height on tensile
strength is shown in Fig. 14

494

TECHNICAL JOURNAL 15, 4(2021), 491-497



Tomislav Breski, et al.: Suitability of Recycled PLA Filament Application in Fused Filament Fabrication Process

70
F 65
=
£ 60
j=2
c
B
5 55
EI
g 50
2

03

02

B: Infill_density (%) A: Layer_height (mm)

30 01
Figure 13 Tensile strength response surface
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B: Infill_density (%)
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A: Layer_height (mm)
Figure 14. Influence of infill density and layer height on tensile strength

As it can be seen from Fig. 14, the most significant factor
on tensile strength is layer height, where maximum tensile
strength can be obtained with minimum layer height. Smaller
layer height means that better inter-layer bonding can be
accomplished and the result is increasing of tensile strength
of the specimens. Although infill density is not significant
factor, it contributes through interaction with layer height
with positive influence.

3.2 Statistical Analysis of Elongation at Break

Results of ANOVA for elongation at break testing are
shown in Tab. 5. Based on regression analysis, mathematical
model of the response surface (2FI) for elongation at break
(EB) can be presented in the form of an Eq. (2), where all of
the factors are in coded form which is shown also in Tab. 5.

Table 5 ANOVA for elongation at break testing (2FI model, DoF — degree of

freedom)
Source Sum of DoF Mean F-value | p-value | Remark
squares square
Model 11,16 3 3,72 4,95 0,0394 | Significant
A — Layer
height 1,35 1 1,35 1,80 0,2162
5- Igﬁll 5,32 1 5,32 7,07 0,0288 | Significant
density
AB 7,26 1 7,26 9,66 0,0145 | Significant
Residual 6,01 8 [0,7514
Lack of fit | 4,62 5 109242 | 1,99 0,3023 | . Not
significant
Pure error 1,39 3 0,4633
Corrected
total 17,17 11
Elongation at break coded equation:
EB=7,54-0,3977-4+0,7877-B+1,05- 4- B. 2)

By observing the Tab. 5 it is visible that the model is
significant, which means that the appropriate statistical
model is selected and that the model is accurately predicting
the elongation at break in the model space. Lack of fit is not
significant relative to the pure error which also gives the
information that the model is satisfactory inside model
parameter space. From ANOVA analysis it can be concluded
that significant factor in this case is infill density, and
interaction between infill density and layer height.

By increasing the infill density, elongation at break is
also increased, while interaction between both parameters
has opposite influence on elongation at break. Elongation at
break response surface is shown in Fig. 15.

Elongation (break) (%)

03

0,2

B: Infill_density (%) 40 015 A Layer_height (mm)

30 01
Figure 15 Elongation at break response surface

Influence of infill density and layer thickness on
elongation at break is shown in Fig. 16.

In case of influence of infill density on elongation at
break, it can be concluded, that with lower density, more
brittle break will be present. In both cases, there more
complex influence is present through interaction between
both parameters, which is especially obvious in case of

TEHNICKI GLASNIK 15, 4(2021), 491-497

495




Tomislav Breski, et al.: Suitability of Recycled PLA Filament Application in Fused Filament Fabrication Process

elongation at break, where interaction is the most significant
factor with positive influence on elongation at break (Eq.

@)

Elongation (break) (%)

ty (%)

B: Infill_densi

40

01 015 0,2 0,25 03

A: Layer_height (mm)
Figure 16 Influence of infill density and layer height on elongation at break

Unexpected result in this research is that infill density
has almost no influence on tensile strength, or even negative
influence in case of minimum layer height. Therefore this
behaviour of specimens produced from recycled PLA has to
be more investigated.

4 CONCLUSION

In this research DoE approach was utilised in order to
assess suitability of recycled PLA filament usage in low-
budget fused filament forming processes. Results have
shown that the models are significant, and in correlation with
already done research. Due to particle shape and size
variation in shredded PLA material, low-budget filament
extruders are not yet suitable for general use, so filament
recycling is still not available to most of the users which use
low-budget fused filament forming 3D printers. Filament
produced on industrial grade extruder from virgin PLA
material has satisfactory geometrical and mechanical
properties, and can be used on low-budget FFF printers
without any issues during printing, while filament produced
from recycled PLA material has increased diameter variation
which can lead to potential clogging during printing on low-
budget FFF machines. The industry of filament recycling has
great potential and is yet to be more explored especially in
areas of filament dimensional stability and mechanical
properties  repeatability. Potential establishment of
distributed centres for 3D printing waste material recycling
is very promising and is yet to be adopted by industry
worldwide.
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Single-Tray VLM vs Dual-Tray VLM: Quantitative Throughput Comparison

Goran Duki¢*, Tihomir Opetuk, Brigita GajSek, Tone Lerher

Abstract: In this paper quantitative comparison of resulting throughputs for single-tray and dual-tray VLM devices is presented. Comparison is based on mathematical models for
throughput approximating dual command times of VLM's crane, for selected parameters of VLM device (height and crane’s velocity) and selected picking times per delivered tray.
Analysis showed that throughput increase achieved by using dual-tray VLM’s depends mostly on the average picking time relative to the expected dual command time of the
VLM'’s crane. Highest improvements are possible for picking time equal to expected dual command time and amounts over 80%, however for extremely low or high picking times

improvements are significantly reduced.

Keywords: dual-tray VLM; order-picking; single-tray VLM; throughput model; vertical lift module systems

1 INTRODUCTION

Automated storage and retrieval systems (AS/RSs) are
often implemented in logistics and manufacturing systems.
We distinguish between several AS/RSs that enable storing
and retrieving logistics units (loads) differing in dimensions
and masses. Compared to non-automated systems, the use of
AS /RS has a number of advantages, like reduction of labour
costs, reduction of required space, increased reliability,
accuracy, safety and security. There are also disadvantages
higher investments costs and less flexibility [1]. Several
different types of automated storage/retrieval systems have
found their application in order-picking process, mainly due
to the principle of bringing parts to human picker (making
them so called parts-to-picker systems).

Process of order-picking is known as usually very
laborious, with up to 55% of warehouse operating costs [2]
or about 65% of logistics centre operating costs [3].
Therefore, it is understandable why many companies seek to
improve order-picking with implementations of more
efficient systems. The improvements are the most commonly
built on reducing the time required to walk between the
storage locations of ordered items, which often represents
half of the time required to prepare a customer order [2].
Among all the types, part-to-picker AS/RSs allow the
greatest reduction in travel time. Their main advantage is that
the picker does not move along the storage racks. Instead of
walking, the system delivers required items to the operator,
to the area of his/her standing. Besides the name part-to
picker, those systems are also found with names stock-to-
operator, goods-to-man or end-of-aisle system.

An example of part-to-picker AS/RS is Vertical Lift
Module (VLM). In VLM, the insertion/extraction (I/E)
device is moving vertically and on its way extracts trays or
totes from the shelves and delivers them to the operator) [4,
5]. Trays or totes are deposited on the pick shelf (or pick
window) in front of the operator, colored red in Fig. 1. Usual
VLM systems have only one picking place, one extractor and
one lift (and are named single-tray VLM or single bay VLM).
Producers of VLMs provide also various extended solutions,
like dual-tray VLM, double extractor VLM, buffer VLM and
double lift VLM. All those extensions are aimed to increase
throughput (a.k.a. increased picking productivity) by

reducing the system’s cycle time. However, how much
improvement would be expected using some advanced
device instead of basic single-tray VLM configuration is not
so simple to answer. It would be wrong and naive to simply
assume that dual-tray or dual-lift might achieve doubled
throughput compared with single-tray single-lift VLM. This
paper focuses on dual-tray VLM and its throughput.
Additionally, throughputs of dual-tray and single-tray VLMs
are compared. The main idea is to search for picking
productivity differences based on various parameters. The
aim is to investigate the degree of efficiency increase of a
dual-tray VLM in relation to a single-tray VLM, based on a
developed analytical models of the analysed devices and
corresponding processes. Overall, such analysis contributes
to the logistics engineering field, both from the scientific and
the managerial aspect.

Figure 1 Vertical Lift Module (VLM)

The paper is several main chapters. Chapter 2 presents a
brief review of research papers regarding VLM throughput
models (developing and usage). Chapter 3 reviews with more
details two used throughput models, namely single-tray
VLM throughput model from Meller & Klote, 2004 [6] and
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dual-tray VLM throughput model from Dukic et al., 2015 [7].
Chapter 4 presents details of the conducted analysis and
results. Paper ends with the conclusions and further research
directions.

2 BACKGROUND AND LITERATURE REVIEW

Up to the last several years, literature about VLMs was
relatively scarce, although those systems have been in use for
almost 50 years [4]. Apart from some papers discussing
applications, main parts and benefits of using VLMs [4, 5],
the first paper that presented throughput model of single-tray
VLM was by Meller & Klote, 2004 [6]. Model from this
paper is used for analysis in this paper, so details are
explained in sub-chapter 3.1. As single-tray VLM was
supplemented by dual-tray VLM (also named dual bay VLM,
dual delivery configuration VLM, or VLM with double
access handling option), a demand for a throughput model
arose to aid the warehouse designers and managers to
determine expected throughput. Considering mini-load
AS/RS models [8-10] and single-tray VLM model [6]
previously presented in literature, dual-tray VLM throughput
model was developed and presented by Dukic et al., 2015 [7].
Accuracy of analytical model was determined by comparing
results to the results obtained by simulation. The proposed
model confirmed satisfactory accuracy for estimating
throughput of system with single dual-tray VLM and human
order-picker. The model assumed random storage policy
without using batching or retrieval sequencing.

Several more papers dealing with both single- and dual-
tray VLMs were published afterwards. Battini et al. [11]
performed case study, considering different storage
assignment policies and batch retrievals. Rosi et al. [12]
analysed VLMs using simulation model, considering various
velocity profiles of lifts. Lenoble et al., [13] analysed order
batching optimization in single-tray VLMSs, confirming that
batching increases throughput. Dukic et al. [14] used single-
tray VLM model for cycle-time and ergonomic assessment.
Sgarbossa et al. [15] analysed class-based storage and
sequencing retrievals to increase throughput of dual-tray
VLMs with short picking times. Same authors were dealing
with economic evaluation of VLM’s application in [16],
developing cost model for dual-tray VLM. Dukic et al. [17]
analysed influence of pick-time distribution on expected
throughput of dual-tray VLMs. Lastly, Vanhauwermeiren et
al. [18] presented throughput models for double extractor
VLM, buffer VLM and double lift VLM, providing some
insights into throughput differences of additional various
types of VLM devices.

In this paper, authors also compared resulted throughput
of all VLM types, varying only height of the units and
picking time. The authors presented results in form of graphs,
however lacking details and exact quantitative differences.

3 SINGLE-TRAY AND DUAL-TRAY VLM THROUGHPUT
MODELS

In this chapter single-tray VLM and dual-tray VLM
throughput models are presented. Although published with
explanations in original papers, the presentation is repeated

in some parts to show the models more clearly and adjusted
for comparison analysis.

3.1 Single-Tray VLM Throughput Model

Single-tray VLM model was presented in [7]. Model
assumed system of one VLM device and one human picker.
VLM is with one pick location, from which picker is picking
items from delivered trays (or could be totes). Those trays
are delivered by I/E device (called crane in the text below).
Model originally calculated total throughput time to
complete a set of orders with # items, which is actually the
sum of the expected retrieval time (crane) and picking time
(human), considering that storages and retrievals are always
performed in a combination as dual command cycle, except
the first and the last operations which are performed as single
command cycles. Also model calculated expected number of
trays to be delivered based on number of picking items and
number of trays device. In this paper we assumed work of
VLM with only dual commands, in order to calculate
throughput of the single-tray VLM and human picker
expressed in number of delivered trays per hour. Therefore,
picking time is expressed by average pick time per tray, not
per picked item, avoiding calculation of expected items per
delivered tray. In other words, no batching or picking
sequencing is assumed. Expected dual command cycles is
calculated based of expected travel between picking position
and sections within VLM (1, A2, h3) and velocity of the crane
v, as illustrated in Fig. 2.

n| 1 1
H
-
h| 3
=
h| 2 2|

Figure 2 Side view of VLM with typical sections [7]

Assuming random storage, model first calculates
expected travel times from/to picking place and sections ()
and expected travel times between sections (z;). Expected
dual-command VLM crane travel time E(DC) is then
calculated based on probabilities of a storage/retrieval of a
tray in corresponding sector (p1, p2, p3) as a basis to calculate
probabilities that dual command cycle stores a tray in section
i and retrieves a tray in section j(p;). According to the 4
pickups and deposits and three delay times due to
acceleration and deceleration, there is an additional constant
time per cycle (C). As said, expected system cycle time
E(CT) is then simply a sum of expected dual command cycle
time and picking time.

Model is given below. For more detailed explanation
readers are referred to [7] and [11].
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toy = (hy +h /2) v
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lo3 =(h3/2)/"
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h3 =13 :(h1/2+h2/2)/"

Iy :(h2/3)/"

by =ty =(hy/2+hy/2) v

t33 =(h3/3)/v
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2

3 3
E(DC):ZZ(ZOi+tl]'+t0j)'pipj 4)
i=1 j=1
C =3ty +4-1y (5)
E(CT)=E(DC)+C+ p; (6)

3.2 Dual-Tray VLM Throughput Model

Dual-tray VLM model presented in [11] assumed system
of single VLM with two picking locations (two locations for
delivered trays). With 2 picking position, VLM crane is able
to store previous tray and retrieve next tray from the rack
location while human picker is picking item(s) from another
place. Storage and retrieval of trays are still done with dual
commands, however now alternatively form those 2
mentioned locations, positions A and B, which is illustrated
together with sections of VLM device in Fig. 3. The
throughput model in this case is based on system’s cycle
similar to mini-load AS/RS model developed by Bozer and
White [8-10], but using idea of calculation crane’s expected
dual-command of VLM presented in section 3.1. Since crane
is doing alternatively dual commands from two positions,
first average E(DC) is calculated from those 2 expected dual-
commands and time to move between them (which again
were calculated based on travel times between picking places
and sections (Za;, tgj). Travel time between sections and
probabilities are the same as for single-tray VLM model.
Standard deviation of dual command travel time was
approximated as S(DC) = 0.383- E(DC), based on calculation
for various configurations, leading to the limits of uniform
distribution of approximated dual command travel time (k;
and k) and limits of uniform distribution of dual command
cycle time (¢ and ;). Please note that in this case constant
time per cycle C consists of four times to pickup/deposit a
tray and four acc./dec. delay times.

|1 1
H
e i
d$—:A_{?_3 5
b2 2| |

Figure 3 side view of dual-tray VLM with typical sections [7]

Then, based on assumption that pick time is deterministic or
exponentially distributed, expected system cycle time E(CT)
could be calculated in two variations.

This model is given below, while for more detailed
explanation readers are also referred to paper [11].

E(DC), + EDC)y  d

E(DC) = : -

()

3 3
EDC), = ZZ(tAi +l+in) Pip;
i=l j=1

®)

303
E(DC)g = ZZ(tBi +1; +ig) Dip;
i=1 j=1

tgy =(hy—d+h/2)[v
tgy =(d +hy/2)/v
by =[((hy —=d)/2)-((hy =) /) +(d/2)-(d/s) ] Jy = @)

=[(th-a? +a?) J2n, :|/v

k, = E(DC)-1.7321-S(DC)

(10)
k, = E(DC)+1.7321-8S(DC)
L=k+C
(11)
t,=k,+C
EMDCY+C for 0< pr <
2 2
Pt —2prh +14
E(CT)y=q{—————= forty < p; <t 12
(CT) 2ty —1) 1<Pr =D (12)
Pr forz, < pr

E(CT)=E(DC)+C +

2 13
L1 exp[—t—lj—exp(—t—z] (13)
L =4 Pr Pr
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4 RESULTS OF THROUGHPUT COMPARISON

With presented models for single-tray VLM and dual-
tray VLM, one can for same input parameters (VLM’s
height, dimensions of sections, crane velocity, acceleration/
deceleration delay time, pickup/deposit delay time, pick time
per delivered tray) compare resulting system’s cycle time and
therefore throughput in delivered trays per hour RT as

q=3600/E(CT) (14)

Comparison was done for plenty combinations of
systems. For four various VLM heights and three different
speeds of lift, there were total 12 different VLM
configurations used in research (dimensions of section A, =
900 mm, 43 = 750 mm and d = 300 mm were constant in all
analysed configurations). For each configuration throughputs
were calculated for five different values of average pick
times per delivered tray. In first step, three pick time values
were specifically selected to be approximately equal to the
lower value of approximated uniform distribution of dual-
command cycle time of VLM’s crane mean (average) dual-
command cycle time and upper value of approximated
uniform distribution of dual-command cycle time of VLM’s
crane, respectively, named pri, pr2 and pr3. In next step of the
research two other picking times were selected to be
relatively small and high, named pro and pr4, defined as

= 2
Pro =P/ (15)
Pra =2 pr3

Tab. 1 presents values of first three selected picking
times for analysed 12 configurations

Table 1 Picking times per tray, in seconds
v (cm/s)

H (mm) 50 100 150

P pn2 | pm3 Pl pm pPT3 pPri pm2 pr3
4500 27 34 41 25 29 33 25 | 275 | 30
6000 28 | 375 | 47 26 31 36 25 | 285 | 32
7500 29 | 415 | 54 26 | 325 | 39 25 | 295 | 34
9000 31 45,5 60 27 34,5 42 26 31 36

Based on models presented above, resulting throughputs
are given in Tab. 2 and Tab. 3.

Comparison of achieved throughputs, expressed in
percentage of increased throughput by using dual-tray VLM,
is given in Tab. 4.

Table 2 Single-tray VLM'’s throughput (delivered trays per hour)

v (cm/s)
H (mm) 50 100 150
q: gz g3 q1 gz gs q: [} g3

4500 | 61,43 | 54,88 | 49,59 | 69,50 | 64,52 | 60,20 | 71,71 | 68,31 | 65,22
6000 | 56,76 | 49,36 | 43,67 | 65,79 | 60,28 | 55,62 | 69,93 | 65,48 | 61,56
7500 | 52,69 | 44,54 | 38,57 | 63,53 | 56,99 | 51,67 | 68,21 | 62,85 | 58,27
9000 | 48,48 | 40,56 | 34,86 | 60,37 | 53,63 | 48,24 | 65,35 | 59,91 | 55,31

Table 3 Dual-tray VLM’s throughput (delivered trays per hour)

v (cm/s)
H (mm) 50 100 150
q1 q2 qs q1 q2 gs q1 g2 gs

4500 | 106,26 | 101,12 | 87,80 | 124,40 | 120,81 | 109,09 | 131,92 | 128,80 | 116,13
6000 | 95,64 | 90,36 | 76,60 | 116,81 | 112,32 | 100,00 | 126,09 | 122,95 | 112,50
7500 | 86,75 | 81,08 | 80,00 | 109,92 | 105,63 | 92,31 | 120,68 | 117,49 | 105,88
9000 | 79,30 | 73,65 | 60,00 | 103,75 | 99,12 | 85,71 | 115,64 | 111,77 | 100,00

Table 4 Increased throughput of dual-tray VLMs compared with single-tray VLMs
v (cm/s)
H (mm) 50 100 150

Pl pr2 P13 pri pr2 p13 pri pr2 p13
4500 | 72,96% | 84,27% | 77,07% | 78,99% | 87,25% | 81,21% | 83,95% | 88,55% | 84,00%
6000 | 68,52% | 83,06% | 75,38% | 77,55% | 86,33% | 79,78% | 80,32% | 87,77% | 82,75%
7500 | 64,65% | 82,05% | 72,83% | 73,04% | 85,36% | 78,64% | 76,94% | 86,95% | 81,71%
9000 | 63,57% | 81,59% | 72,10% | 71,84% | 84,83% | 77,69% | 76,97% | 86,56% | 80,81%

Visualizing results of throughput of one selected
configuration (in this case H = 6000 mm, v = 100 cm/s) with
Fig. 4 clearly shows that resulting throughput is higher for
smaller picking times, but also that difference is variable (in
our cases between 63,57% and 88,55%).
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Figure 4 Throughput's of single-tray and dual-tray VLMs depending on picking time
per delivered tray (three analysed picking times)

From the Tab. 4 one can conclude that largest increase of
throughput by using dual-tray instead of single-tray VLM is
possible in cases where picking time per tray equals mean
(average) dual-command cycle time of VLM’s crane.
However, question arises whether curves will continue on
both sides for lower and higher throughputs with the same
tendencies, which the reason for analysis of throughputs for
pro and pr4 is picking times.

Table 5 Increased throughput of dual-tray VLMs compared with single-tray VLMs
including 2 additional extreme picking times

v(cm/s)

| 50 100 150
(mm) |

| Po | Pu | P | Pu | Pa | Po|Pu|Po|Po|Pu|Po|Pn|Pn|Ps|Py
4500 | 33 | 73 |84 | 77 | 39|36 | 79|87 |81 |41 |38 |84|89 84|42
6000 | 31 | 69 | 8 | 75 | 38 |35 |78 |8 | 80|40 |37 80 |8 |83 |4l
7500 30 | 65 82 | 73 36|33 |73 (8 | 7939|355 778 8|4
9000 | 29 | 64 82 | 72 | 36 |33 72 |8 | 78|39 |35 77 8 |8 |40

Tab. 5 is now showing extended Tab. 4, with percentages
of increased throughput including those two extreme picking
times. In this case it is very interesting to see how the
potential of using dual-tray VLM compared to single-tray
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VLM is heavily reduced in cases of picking times
significantly lower or higher than lower and upper value of
approximated uniform distribution, respectively, as shown in
Fig. 5 for one selected configuration.
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Figure 5 Throughput's of single-tray and dual-tray VLMs depending on picking time
per delivered tray (all analysed picking times)

5 CONCLUSIONS

VLM systems are evolving intensively, which raises
their importance among AS/RSs. Development is taking
place in the direction of new possibilities of process use,
capacity improvement, improved productivity and rational
use of space. Importance is also given to the health of
workers in terms of ergonomics. The system’s throughput
calculation is used to achieve the desired performance
indicators through the selection of the optimal type of VLM
system. Research has shown advantages of the dual-tray
VLM system in comparison to the single-tray VLM system.
The dual-tray VLM system does not wait for the order-picker
to complete picking items from the delivered tote but already
delivers the next tote in the meantime. Comparison of
throughputs of mentioned systems revealed that installing a
dual-tray VLM system could benefit in up to 90% higher
throughput than the single-tray VLM systems. However, the
performance of dual-tray VLM system relative to the
performance of dingle-tray decreases for average picking
times lower and higher than the mean dual command cycle
time of lift. Calculations done for two arbitrary chosen
picking times extraordinary different that (2 times less and 2
times higher than lower and upper values of uniformly
distributed dual command cycle time) showed that in those
cases performances of dual-tray VLMs were just 30 to 40%
better compared to the single-tray VLMs. The calculation
revealed that actual time spent for picking from delivered
tray influences absolute throughput and relative difference of
throughputs achieved by VLM systems as well. The
calculated result can be beneficially used by warehouse
designers and managers when deciding on the VLM system
type.

In the future it would be interesting to check how much
efficiency increase is possible to achieve by storage and/or
batching methods implemented with dual-tray VLMs. It
would be also interesting to investigate differences between
dual-tray, double extractor and double lift VLMSs, not only in

expected throughputs but also in investment and operating
costs.

Another direction of further research is related with the
ergonomics. As already mentioned, paper [14] analysed
single-tray VLM from the ergonomic aspect as well. Such
analysis could be done for dual-tray VLM, revealing how
much increased productivity increases energy expenditure of
the picker, therefore affecting more fatigue.

Notice

The paper was presented at MOTSP 2021 — 12t
International Conference Management of Technology — Step
to Sustainable Production, which took place in
Pore¢/Porenzo, Istria (Croatia), on September 8—10, 2021.
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Comparative Study on the In-Ladle Treatment Techniques for Nodulizing the Iron’s Graphite

Imre Kiss

Abstract: The objectives of this research is to study and understand the nodulizing of ductile iron using in-ladle treatment process. Among the more common nodulizing agents
is magnesium (Mg) which is conventionally added to the cast iron by combining suitable alloys of one or both of these elements with molten cast iron. Depending on the
characteristics of each master alloy used as nodulizer, different treatment methods and techniques are used, among these, the most widely used being in-ladle, in-mould, and
flow-through, the first being the most used. This research deals with the parameters, that affect the quality of ductile iron produced using in-ladle treatment process. The parameters
involved are the percentage of magnesium—ferrosilicon (Fe-Si-Mg) used and the nodulizing technique. In-ladle treatment used consists of a deep pocket into the bottom of ladle,
in which magnesium-ferrosilicon is placed into it together with a steel scrap barrier (steel sheets) or calcium carbide. This study, take into account, the degree of assimilation of
magnesium, which shows the performance of the chosen process, depending on the nodulizer used and the temperature of the treatment.

Keywords: assimilation degrees of magnesium; ductile iron (nodular graphite iron); in-ladle treatment methods; magnesium; nodulizing agents; silicon-based master alloys

1 INTRODUCTION necessary to obtain the graphite in spheroidal or compacted

Ductile iron (nodular graphite iron) has became one of
the most important engineering materials, in view of its
excellent castability, significantly better mechanical
properties and low cost [1-6]. Generally, ductile cast iron
consist of graphite spheroids dispersed in a matrix. The
ductile iron can be produced by adding small quantities of
magnesium [Mg] to a base cast iron which transforms
graphite spheroids instead of flakes [3-13]. Therefore,
production of nodular cast iron consists of three basic stages
[1-13]:

- Casting of basic cast iron with proper chemical
composition, characterised by the high graphitization
(nodulizing) ability. This is insured by appropriate high
content of carbon and silicon. The cast iron cannot
contain elements opposing the crystallization of nodular
graphite (the antispheroidizing elements) in amounts
exceeding the determined limits;

- Introducing the spheroidizing (nodulizing) agent into the
molten metal, most often magnesium or its carriers in the
form of various alloys being used for this purpose;

- Subjecting the cast iron to graphitizing (nodulizing),
modification  directly after the spheroidizing
(nodulizing), with ferrosilicon or calcium silicon with
small additions of other elements.

The carbon present in molten iron is normally in flake
form, and if the metal solidifies with the carbon in such form
[1-3]. For a number of years it has been known that flake
graphite can be converted to the nodular form by the use of
nodulizing agents, which initially were used to treat gray iron
as it flowed from the melting furnance or when it was
received in the ladle from which castings were poured [1, 4].

Nodulization is a process of controlling the structure and
properties by changing the graphite shape from flakes to
spheroidal in cast iron during solidification [1-8]. The
nodularisers are added in liquid iron to promote the formation
of spheroidal or compacted form of graphite, specific for the
ductile irons. Therefore, a certain quantity of magnesium is

form [1-13].

Figure 1 Microstructure for Cast Iron (100x): (a) gray cast iron; (b) ductile iron

The properties of cast iron can be improved by the
addition to it of nodulizing elements, commonly magnesium
and cerium, or both [1-13]. In the presence of these elements
the free graphite in cast iron tends to assume a spheroidal
form, and both the tensile strength and ductility of the cast
iron are increased. Nodulizing agents containing the
nodulizing elements are added, suitably, by immersing them
into the molten iron. Among the nodulizing agents which are
immersed into iron are magnesium—ferrosilicon and cerium—
containing magnesium—ferrosilicon [1, 3, 8, 11].

Nodularizing, or magnesium treatment, of cast iron is a
method of modifying the solidification structure so that the
graphite phase precipitates and grows as spherical particles
instead of flakes, thus resulting in a ductile cast iron with
significantly improved mechanical properties [1-13]. The
nodularizing action can be described as desulfurizing and
deoxidizing treatment, where elements having strong affinity
to both sulfur and oxygen are added. This is done by adding
a strong sulfide and oxide forming agents as magnesium. The
less violent treatment will, for the best available processes,
give low fume, smoke and slag formations, and consequently
high magnesium recoveries [1, 4].

According to the prior art nodular cast iron may be
produced by treating the molten cast iron with nodulizing
agent so as to impart to the cast iron in the as—cast condition
a minimum amount of the nodulizing agent [1-6]. Among the
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more common nodulizing agents is magnesium which is
conventionally added to the cast iron by combining suitable
alloys of one or both of these elements with molten cast iron.

Figure 2 Silicon-based (light) pre-alloys used as nodulizer

The most commonly used as nodulizers are silicon—
based light pre—alloys which contains spheroidal graphite
forming elements such as magnesium, cerium, calcium,
barium, etc. On the other hand, silicon which is the primary
graphitising element, prevents carbide formation and
controls the release of magnesium. Nodularisers are
ferrosilicon alloys containing magnesium with, when
needed, rare—earth elements [1-6]. In practice, the nodulariser
usually contain magnesium, as pure magnesium, or as an
alloy, such as magnesium—ferro—silicon (Fe—Si—-Mg alloy) or
nickel-magnesium (Ni-Mg alloy), which may contain rare
earth metals (cerium, lantan), required in order to counteract
the harmful effect of certain trace elements on the iron
graphite shape (notably lead, antimony and bismuth).
Magnesium is the main element in Fe-Si-Mg alloys
responsible for creating the necessary conditions for the
graphite phase to grow from the liquid into the required
spheroidal form [1, 2]. The level of magnesium can be
selected from a range between 5 to 10% [1-6]. For
commercial production of ductile iron, these master alloys
may contain additions of aluminum, calcium, or rare earths
(cerium, lantan). Calcium is an element which retards the rate
of reaction of magnesium with the liquid iron and thereby
improves magnesium recovery and reduces the reaction’s
violence. In excessive amounts, Calcium [Ca] can produce
slag [1, 2].

Nowadays, iron foundries supply varieties of ductile iron
products, ranging from low quality to high quality. Several
choice factors include treatment method used, degree of
acceptable reactivity and economy of addition rate [4—13].
Many ways of introducing magnesium or magnesium
containing master alloys into cast iron have been developed.
Light master alloys require the use of appropriate methods
for improving magnesium recovery by keeping the treatment
alloy below the liquid iron surface until it is fully dissolved,
thus minimizing magnesium losses and reducing pyroeffect
[1, 12]. The decision of whether to use a nodulariser
containing rare earth elements is generally determined by the
quality and consistency of the raw materials used as melt
stock. Depending on the characteristics of each master alloy
used as nodulizer, different treatment methods and
techniques are used, among these, the most widely used
being in—ladle, in—mould, and flow—through, the first being
the most used [1, 4, 7, 11, 12].

2 IN-LADLE TREATMENT METHODS

In-ladle nodulizing is one of the most common treatment
technology used in today industries due to its simplicity [1-
7, 12]. For in-ladle treatment, the magnesium—ferrosilicon is
introduced into a pocket built into the ladle and is then
covered with either steel punching or ferrosilicon. The cover
acts as a physical barrier between the magnesium—
ferrosilicon and the pouring molten cast iron which delays
reaction time, prevents floating of magnesium—ferrosilicon
[1, 13].

A number of in—ladle treatment techniques have been
developed to prepare ductile iron over the years [1, 4, 12].
The most common treatment techniques in use today are the
plunging process, the open ladle process, the sandwich
process, and tundish process.

Figure 3 In-ladle treatment

As a way of increasing the assimilation of magnesium
(Mg) from the pre-alloy, in order to achieve the
nodularization of the graphite of cast iron, changes made
constructively to the treatment ladle were used [1, 12, 13].
Thus have evolved the treatment procedures, from simply
immersion with the plunging bell, to the treatment in a
special pocket made in the bottom of the treatment ladle [1,
12, 13].

- The Plunging process (Fig. 4) is one of the most widely
used for ductile iron production, which use a refractory
plunger bell, containing pure magnesium or magnesium
master alloys. This method is simple and widely used but
magnesium recovery rates are inconsistent [1, 4, 9, 12].
Moreover it is necessary to use more nodulariser to
successfully achieve the required level of treatment.

- The Open Ladle process (Fig. 5) is the choice of many
foundries worldwide, due to simplicity and low
investment costs [1, 4, 9, 12]. The nodulariser is added
into the bottom of treatment ladle and the ladle is
subsequently filled. The disadvantages of the process are
excessive flame coupled with variable magnesium
recoveries and inefficient use of the treatment alloy.

- The Sandwich (Overpouring) process (Fig. 6) is an
improved modification of the open ladle process. In this
process, the magnesium—ferrosilicon is introduced into
pocket built into the ladle and is covered with steel scrap
or ferrosilicon [1, 4, 9, 12]. The iron is then poured into
the ladle and reaction with the treatment alloy is slowed
by the steel scrap barrier (steel sheets). The major
advantages of this method are simplicity and low cost.
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The sandwich process is flexible and can be used for

different sizes of ladles.

H H |

Figure 4 The Plunging process

The Trigger method (Fig. 7) is similar to the Sandwich
method and uses the same treatment ladle with a
"pocket", in which the nodulizer is placed, over which a
layer of calcium carbide is placed, instead of steel sheets.
The liquid iron causes a layer of slag over the nodulizing
alloy, which prevents, for the time being, direct contact
between cast iron and the nodulizer [1, 4, 9, 12]. After
filling the treatment ladle, the slag layer is perforated
with a steel bar, thus making contact between the iron
and the nodulizer. The reaction is less violent.

Figure 7 The Trigger method

The Tundish—Cover process (Fig. 8) is a further
improvement of sandwich method and is aimed at
reducing the oxygen level inside the ladle by applying a
special cover [1, 4, 9, 12]. A special dividing wall is
located at the bottom of the treatment ladle to separate
the area with nodulizing material and is the part to be

Figure 5 The Open Ladle process

Figure 6 The Sandwich process

filled first in order to avoid premature master alloy
dissolution. A covering material is also required, though

generally in lesser quantities than used in the Sandwich
process.

1]

H
J
.

3

4

Figure 8 The Tundish-Cover process

The most difficult operation during the cast iron
nodulizing with magnesium is introducing the nodulizing
metal or its alloys to the melt [1-6, 12]. This is caused by a
large density difference between cast iron (about 7 g/cm?)
and magnesium (about 1.7 g/cm®) that leads to floating of
magnesium.

The foundries production capacity in ductile iron can
determine the type of nodulizing treatment or type of
nodulizer [1-6, 12]. Nowadays, the treatment processes
commonly used are those in the ladle, and those that use Fe—

Si-Mg alloys as a nodulizer are applied in most of the
foundries.
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Continuing developments in liquid metal treatment
technologies have made major contributions to the quality,
performance and reliability of metal castings. Advances in
melt conditioning, in magnesium treatments to produce
ductile irons, and in nodulizing techniques have ensured that
cast irons remain key and competitive engineering materials.

3 METHODOLOGY & MATERIALS

In order to modify these irons, developed in electric
induction ovens (with chemical compositions according to
[14]), classical nodulizing methods — the Open Ladle method,
the plunging bell immersion (Plunging method), the
Sandwich method, the Trigger method and one of the covered
ladle methods, i.e. Tundish-Cover — were used (described
above in Section 2).

Figure 9 Tratment ladles

Table 1 Silicon based pre-alloys used in experiments [15]

Silicon based Chemical composition (%)
pre-alloys Mg Si Ca Al Ce Ba
FeSiMg 5 5 42 0.5 1.0 1.5 0.5
FeSiMg 6 6 42 0.5 1.0 1.2 0.5
FeSiMg 10 10 42 0.5 1.0 1.2 0.5
Nodulin 5.8 5.8 48 1.5 1.0 2.0 1.2

Figure 10 Silicon based pre-alloys used in experiments
(a) Fe—Si-Mg 5; (b) Fe—Si-Mg 6; (c) Fe—Si—Mg 10; (d) Nodulin 5.8

As nodulizers Fe—Si—Mg pre—alloys were used (Fig. 10),
with different percentages of magnesium (i.e. 5, 6 and 10%),
but also a special magnesium-silicon based pre-alloy,
considered "light pre-alloy", category Nodulin, with
composition given by Tab. 1 (according to [15]).

Among the nodulizing agents that may be
advantageously used in the process are magnesium,
magnesium—ferrosilicon, cerium (Ce) containing
magnesium—ferrosilicon, and rare earth oxides [1, 2].

Under the practical conditions of nodulization process,
in all our experiments, the same amount of iron, melted in an
induction furnace (12.5 t), using one of the above mentioned
technique, with one of selected pre—alloy, has been treated.

The experiments starts from a given capacity of liquid
iron (1000 kg), which has a temperature range of 1350-1450
°C. The amount of nodulizing alloy used is between 1.2—
1.8% of the quantity of treated iron, so that the remaining
magnesium must be between 0.03 and 0.06 %. The pre—-alloy
are inserted in the ladle (granulation 20—40 mm), preheated
in advance, to increase the magnesium assimilation. The
treatment effect lasts between 5—30 min, during which time
the casting of iron must be carried out at 1400-1450 °C.

4 RESULTS & DISCUSSIONS

In a series of experiments on cast irons intended for the
casting of rolling rolls, the classical Plunging, Open Ladle,
Sandwich and Trigger techniques were incorporated,
including the Tundish-Cover. A very important factor for the
assessment of nodulization process is the degree of
magnesium assimilation by the treated cast iron (called also
the yield of magnesium). It is a proportion between the
amount of magnesium remaining in the alloy and the total
amount of magnesium introduced to the cast iron during its
treatment. The direct data concerning the discussed
parameter are presented in Tab. 2. Different degrees of
assimilation of magnesium into the iron were obtained,
depending on the method and the type of nodulizing pre—
alloy used in the experiments. This data is rendered in a
synthesized way in a summary table (Tab. 2).

Table 2 Summary table on experiments

.. Nodulizing | Treatment | Quantity of Degree‘ @if
Nodulizing " magnesium
. agent temperature | nodulizer s
technique O ©C) %) assimilation
(%)
FeSiMg 5 1450 1.8 28
Plunging | FeSiMg 6 1450 1.8 29
method | FeSiMg 10 1450 1.8 32
Nodulin 5.8 1450 1.8 32
FeSiMg 5 1450 1.8 33
Open Ladle | FeSiMg 6 1450 1.8 33
method | FeSiMg 10 1450 1.8 33
Nodulin 5.8 1450 1.8 34
FeSiMg 5 1450 1.8 35
Sandwich | FeSiMg 6 1450 1.8 35
method | FeSiMg 10 1450 1.8 36
Nodulin 5.8 1450 1.8 38
. FeSiMg 5 1480 1.8 42
Ee‘tghg:; FeSiMg 6 1230 13 3
FeSiMg 10 1480 1.8 45
Nodulin 5.8 1480 1.8 50
. FeSiMg 5 1480 1.8 45
T‘é‘;‘i‘:ﬁ" FeSiMe 6 1430 18 47
method FeSiMg 10 1480 1.8 51
Nodulin 5.8 1480 1.8 58
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Unlike gray iron, which contains graphite flakes, ductile

iron has an as—cast structure containing graphite particles in ‘ § Nodulin 5.8 NN 1480
the form of small, rounded, spheroidal nodules in a ductile G ‘g FeSiMg 10 I 1480
metallic matrix. Treatment to produce ductile iron involves =ls .
. . - 55 FeSiMge NN 1430
the addition of magnesium to change the form of the graphite, e 3 i
followed by or combined with nodulizing of a silicon— S FeSiMgs NN 1480
containing material to ensure a graphitic structure with - Nodulin 5.8 NG 1480
freedom from carbides. The research describes the in—ladle g’DE FeSiMg 10 I 1480
method§ with silicon based magnesium pre—a}loys treatment. -éﬂ ‘g FeSiMg 6 I | 430
This study takes into account, the followings: FeSiMe 5 MM 1430
- The nodulizing agent (nodulizer), which indicates the . &
optimal procedure when several categories of modifiers S 5 Nodulin 5.8 [N 1450
(Fe-Si-Mg and Nodulin) are available; ' & FeSiMg 10 [N 1450
- The magnesium content of each nodulizing agent, g Té FeSiMg 6 [ 1450
corresponding to t'he'chpsen procedure;, . N FeSiMg 5 [ 1450
- The degree of assimilation of magnesium, which shows " Nodulin 5.8 [ 1450
the performance of the chosen process, depending on - ’
. ® & FeSiMg 10 I 1450
both the modifier used and the temperature of the - 2 g
treatment, the size of the ladle, the composition of the S g FeSiMgo [ 1450
cast iron to be treated, the amount of cast iron elaborated o FeSiMg 5 I 1450
and necessary fpr nodulizing etc.; . ' Nodulin 5.8 [N 1450
- The cost of the investment, for the adoption of an optimal 23 FeSiMg 10 [ 1450
process. A simple nodulizing ladle shall be considered as 2 . &
a basis, plus the costs of adapting the technologies. Z g FeSiMg6 B 1450
- The flexibility of the used technique, which describes the FeSiMg 5 I 1450

elasticity of the process, the freedom to modify the
treatment process, by improvement or alternative to the
existing one;

- The smoke emissions, which shows how polluting the

1440 1450 1460 1470 1480
Figure 11 Treatment temperature (°C)

process may be, due to magnesium evaporation or the § Nodulin 5.3 NN ;3
reaction smoke. Thus, a separate ventilation system is Se F SiMg 10 T 5!
required for high emissions, which also raises the cost of o= eSVE 3
investment. Z g FeSiMgo NN 47
- The sulphur restrictions, showing the maximum E FesiMe 5 T 45
recommended sulphur content, from the preparation, < )
before treatment, sulphur being a factor dictating the 2 Nodulin 5.8 RN 50
applicability of one process or another; 2 FeSiMg 10 NI 45
- Therisk of the silicon growth when the Fe—-Si—-Mg range 5  FesiMe6 I 43
is used as a nodulizer. 8 g
£  FeSiMgs NG 42

Based on the results obtained in the performed Nodulin 5.8 NN 33

experiments, we can conclude the followings: S 5 .

- The classical modification procedures (Plunging, Open E £ FeSiMg 10 NN 36
Ladle, Sandwich / Over pouring and Trigger) provide £ 2 FeSiMgo NN 35
relatively lqw degrees of assimilation of magnesium ” FesiMg 5 [ 35
embedded in the pre-alloys. For the purposes of -
increasing assimilation, practice shows that the Tundish- Nodulin 5.3 NS 34

Cover process can be used at higher performance as FeSiMg 10 N 33
alternatives to the classic techniques. FeSi
o i . eSiMg 6 NN 33
- The nodulizer’s granulation (2040 mm) was subject to
the conditions of ensuring an optimal. FeSiMg 5 NN 33
- A separate ventilation system is required for high Nodulin 5.8 NN 32
emissions, which also raises the cost of investment. It .
should be noted that only one of the nodulizing FeSiMg 10 NN 32
technology (Tundish-Cover) complies with the severe FeSiMg 6 NN 29

Open Ladle
method

Plunging
method

environmental protection. The cover attached to the FesiMg 5 I 28

treatment ladle, considerably reduced the emission of

smoke and flame, ensuring the protection of the foundry 0 20 40 60 80
environment. Figure 12 Degree of magnesium assimilation (%)
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- There is a risk of silicon increasing in cast iron due to the
nodulizing agent. In this respect, it was sought that the
iron, in the melting phase, should contain minimum
values prescribed by the standards.

- Most ladle treatment methods involve the use of
magnesium—ferrosilicon alloys in specially prepared
ladles as in the Sandwich and Tundish (covered ladle)
processes. Compared to Open Ladle treatments, the use
of a covered Tundish ladle gives better magnesium
recovery with much less fume.

5 CONCLUSIONS

In the "in-ladle treatment method" the nodularizer alloy
is placed in the bottom of the ladle whereafter liquid cast iron
is filled into the ladle on the top of the nodularizer alloy.
Depending on how the nodularizer alloy is placed in the
ladle, the method is known as Open Ladle, Overpour /
Sandwich, Trigger or Tundish-Cover treatment methods.
These basic treatment methods are used in our experiments.
Four different experiments were performed, for each method.
In three of the experiments magnesium—ferrosilicon alloy
with different magnesium content were used (5, 6 and 10%),
and for comparison purpose, one experiment was done with
Nodulin 5.8, a special magnesium-silicon based pre—alloy.

From the multitude of alternatives presented, in the case
of nodulizing process, foundries can make these
constructions themselves, at quite low costs. Everyone can
choose the system according to the facilities, possibilities and
needs of this sector. It all comes down to choosing a process,
which by practical application leads to the best efficiency of
assimilation, as a primary and economic purpose, but also to
reduce, as far as possible, the costs of production and last but
not least, to reduce the emission of gas and smoke, in order
to achieve a clean climate, in these sectors with a high degree
of pollution.

Proper nodulizing process of irons cannot be over
emphasized, because this technological step defines the final
microstructure and resultant properties and minimizes
problems. The nodulizing process, if done correctly,
produces the correct mechanical properties, improves
machinability, and will decrease shrinkage. Therefore, the
magnesium treatment is an important step in ductile iron
processing.
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Six Sigma Approach to Enhance Concurrency of the Procurement Process for Raw Materials

Atanas Kochov*, Aleksandar Argilovski

Abstract: This paper presents the improvement of the procurement process for raw materials in a real manufacturing company supported by the Lean Sig Sigma as structured
approach to deliver the improvement. The manufacturing company that is a subject of this paper have received a significant amount of complains regarding the internal purchase
orders approval process and the overall procurement process of the company from both internal employees and external vendors and contractors. Considering that the company
is procuring the raw goods from selected vendors, therefore the entire manufacturing plan depends on these materials, the company decided to improve this process trough Lean

Six Sigma. The Lean Six Sigma approach was selected in order to obtain the improvement

in a short time, based on indicators that were previously analyzed and prioritized. The

paper focuses on simplifying of the process trough decreasing the number of mandatory steps.

Keywords: concurrent engineering; Lean; manufacturing; procurement; raw materials; Six Sigma

1 INTRODUCTION

The purchasing of the raw materials is one of the key
features of the production planning and control process.
Although sometimes this process is viewed as administrative
and repetitive, it should be strategic and based on the current
needs for purchasing of the companies.
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It is one of the most important factors that affects the
shortening of the production plan and therefore enhancement
of the competitiveness of the entire company on the market.
Once this process is optimized and thought through, it could
also generate a lot of savings for the companies as well as
improve the relationships with the external contractors,
vendors, and suppliers.

Manufacturing dept.

Figure 1 Map of the current process

510

TECHNICAL JOURNAL 15, 4(2021), 510-517



Atanas Kochov, Aleksandar Argilovski: Six Sigma Approach to Enhance Concurrency of the Procurement Process for Raw Materials

Six Sigma puts the customers (or suppliers) first and uses
the facts and data to drive better solutions and improve
processes [1]. Six Sigma efforts target three main areas:
improving customer (or other types of associates)
satisfaction, reducing process cycle time and reducing
defects.

The case given in this paper is focused on improving a
process to both reduce the process cycle time but also
improve the relationships with one of the most important
associates of the production companies — the suppliers of raw
materials. Besides having the supplies responsible for the
design, quality or performance of the materials, the
production companies must work closely and transparently
with the main suppliers. Considering that the manufacturing
companies are highly dependent on the suppliers, actions
such as these small improvements in the communication or
easing the procedures for collaboration, can prevent a factory
collapse, in more senses, starting from not producing enough,
to building inventory or even cause environmental issues due
to inadequate products or supplied materials.

PO (or purchase order) could be defined as "request for
purchase", in fact is an official confirmation from the buyer
that they accept the quotation issued from the seller and they
are willing to purchase the goods or services offered by the
seller. A PO is the simplest type of fixed price contract [2].
The shortening of the administrative or technical process of
issuing a PO, will help both the production company and the
seller’s company. Besides the enhancement of the production
plan and the reduction of the responsibilities for the
employees, the improvement of this process will also
improve the communication between both sides which leads
to opportunities for both sides (the buyer and the seller) such
as further business collaborations, contracts, discounts etc.
The benefit of this improvement could be monetarized
through the reduction of manpower and shortening of the
production plan.

The problem that is covered in this paper is taken from
real manufacturing company (Company A). The extended
process of identification of the needs for purchasing and the
purchasing itself in this company is illustrated in Fig. 1. The
suppliers of this company are constantly complaining about
the significantly long time for receiving of the official order
(PO) from the manufacturing company counted from the
moment when they issue their financial quotation. The
current lead time for defining the needs and releasing PO for
raw materials in the Company A is approximately 51
working hours.

The project will be led according to the DMAIC
framework (define, measure, analyse, improve and control)
since this improvement is being implemented on already
existing process [3].

The project team is consisted of:

e Project sponsor (1 member) — business representative (in
this case the Plant manager) and project initiator,

e Six Sigma Black Belt (1 member) — to translate business
goals into Six Sigma deliverables, define Six sigma
strategy and mentor other involved sides.

e Six Sigma Green Belts (2 members) — for project tools
execution to deliver results.

Due to the type of the process (cross-departmental)
several other employees from different departments were
contacted to gather the needed data (especially in the
Measure phase).

2 DEFINE

To define the problem, the team will issue problem and
goal statement based on the requirements of the project
sponsor (the Plant Manager of Company A) as well as the
voice of the stakeholders that are directly involved in this
process. Other project management aspects such as
resources, time and cost are also finalized in this phase, but
this will not be showcased within this paper in details.

The time required to implement this improvement is
estimated to be three months with minimum costs needed for
the improvement of the purchasing system.

2.1 User Requirements

This process has several users such as the different
suppliers of raw materials and all the internal departments
that are included in this process such as Planning,
Purchasing, Manufacturing, Transport & Logistics, Finances,
Supply Chain and finally, the sponsor of the project — the
Plant Manager of Company A.

To gather user requirements, Six Sigma offers tool that
is as simple as "Voice of the customer (VOC)". "Customers"
of this process are all above mentioned sides that are part of
the process in any way. Fig. 3 is showcasing the full VOC
analysis for the project.

2.2 Problem and Goal Statement

The problem and the goal statements are one of the main
starting point of the Six Sigma project. The statements should
be based on a brainstorming session within the team — they
should be short and perfectly clear to the team. Fig. 2 is
showing the "Problem Statement" and the "Goal Statement"
for this project.

PROBLEM STATEMENT GOAL STATEMENT

66 The process of
procurement of raw
materials in the company
needed as base for the
manicuring process is too
long and complicated
which results with delays
of the manufacturing and
unsatisfied clients and
suppliers.

66 The goal of the project is
to shorten the time
needed for the needs
identification and
procurement of the raw
materials, reduce the
steps and approvers and
increase the concurrency
of the process.

Figure 2 Problem and goal statements

Further explanations of these statements could be done
in a separate document, if needed.
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CUSTOMER WHY ARE THEY SAYING IT? WHAT DO THEY NEED?

The suppliers need information in order to
“Do not ignore our follow-up e-mails” plan their capacities. They could take this as
bad collaboration from the Company A.

They need frequent feedback even if this
feedback is negative (not accepting the quote).

Company A sometimes takes liberty to set Previously defined specification regarding the
more parts in the orders than the quoted quantities that will satisfy the production and
number. This is not good for supplier’s plan. the storage requirements of Company A.

”Orders usually don’t reflect the number of
the exact number of quoted parts”

“The relationship with our suppliers is not Procurement employees think that the
very good because we are very late with the process of internal PO processing is very Reduction of the administrative work.
POs slow.

Logistics (Warehouse) department is The inventory of raw materials should be as
struggling with the quantities of raw optimized as possible because inventory
materials sometimes. generates waste.

“We don’t have enough space to store all
materials”

Planning department should modify the plan Just-in-Time delivery of all raw materials in

“The project plan is changing frequently to
reflect the available raw materials”

according to available raw materials — no order not to produce uncritical parts just to
matter if these parts are not critical.

keep the equipment running.

Exclude all unnecessary approvers from the
process and find a way to have them
responsible earlier in the process.

“There are too many levels of approval, we  Procurement is struggling to make all
have to follow-up them all the time” managers/supervisors to approve on time.

Figure 3 Voice of the customer

o ) ) ) TRADITIONAL LEAN (COCURRENT)
As stated in Fig. 2, the main goal is to transform this PROCUREMENT PROCUREMENT
process into more concurrent (parallel) process and therefore e .
horten the ti ded f . th d Besid. Order size Big size, based on Smaller sizes, based
shorten the fime needed Ior processing the Orders. Sesiacs previous experiences @ on the current needs

shortening and clarifying the procurement process, this will
shorten the production plan as well as reduce the risks of
deficiency of raw materials for the production process. To
clarify this, the project team expanded the goal statement and
brainstormed several additional benefits/points how to
transform the current traditional procurement into
contemporary procurement that will be driven by the Lean
philosophy and concurrent engineering fundamentals.

As seen on Fig 4., thanks to the LEAN and concurrent

Rare deliveries, big Frequent deliveries,

Delivery schedule . ) ;
Y sizes and higher costs @ small sizes and costs

Long and relaxed,
rare follow-ups

Delivery time Short and agile,

y highly controlled
Quality of the
received parts

bility of
the buyer

Responsibility of
the seller

engineering principles, some of the usual steps of the ey —— Sequential, no Parallel,
procurement process will be transformed which means management previous introduction managementis
smaller order sizes, agility, frequent control, performing : Ll RO SIS
more steps parallelly, standardization of the steps and Requests for Baseexd ::ear:g;ous Samepreliaed formsis
implementation of Just-In-Time (JIT) methodology. These quotations i ’ and current updates

repetative

directions will be the focus of the team during the Improve

phase, but also will help to define the Key Performance Stam e No care for the Order only if

Indicators that will measure the success of this improvement needed storage [ storage is available

after the implementation. Figure 4 Transformation of traditional procurement to LEAN (concurrent)
procurement process
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2.3 SIPOC

Considering that the Define phase is laying-out the
general characteristics of the problem/process, the SIPOC
gives high-level management that simplifies and separates
the process variables in five groups: Suppliers, Inputs,
Process, Outputs and Customers. The SIPOC analysis for the
discussed problem is shown in Fig. 5.

Production

Production r:‘t?gdsti N Raw
Raw plan entificatio Forming materials
materials Request for accurate supplier
supplier quotations specification
Raw
materials Issuing PO
needs Procurement
) Management ) department
Budget for Quotations approvals Issuing PO
raw from the to the
materials suppliers Supplier gets supplier :
PP the PO 22 Manufacturin
Preparation of g
Approved reg:;e:—anw ° department
budget materials
Raw
Management . Shippment materials
approvals Production (goods) Plant
needs and T —_— delivery Manager
requests on-site
Figure 5 SIPOC analysis
3 MEASURE

The purpose of this step is to thoroughly understand the
current state of the process and collect reliable data on the
process time, quality and costs and use that data to identify
possible bottleneck, to set clear and measurable goals and
have real figures for comparation and confirmation of the
improvement at the end of the project [1].

3.1 Mapping of the Current Process

The current process was observed several times so that
the team be able to map it in a simple flowchart. Fig. 1 is
giving more realistic view on this process but when it comes
to using the Six Sigma tools in the right way, a flowchart
should be created to have clear overview of the steps. This
will also help to set the KPIs and identify the value-added
and non-value-added steps in the process.

The flowchart for the process is shown in Fig. 6. On a
first look, it is obvious that this process is not predictable and
straight forward. It includes few decisions that could end-up
with at least two outputs, sub-steps that are time consuming,
manual steps etc. This process could be easily separated in
few different processes such as (a) the identifying of the
needs, (b) the administrative procurement process (c) the
supplier’s process. For this process, this is unwanted due to
the connection between all these sub-processes. This process
is specific, and all of these steps need to be integrated and the
participants to be as involved in each one of them as much as
possible and as early as possible.

START

Planning meets to look
into the needs

Materials
needed?

Monitoring of the
materials

Planning escalates to
Manufacturing
Manufacturing checks
space and inventory

Materials Monitoring of the
needed? inventory

Meeting to Meet Procurement to
determinate the needs present needs
v
Procurement forms Requests for
specifications quotations
Waiting for quotation

Inserts all quotesin the
system

v

BID

\/

Management approvals <€ PO raise

\/

PO sent to the supplier

Supplier prepares the
materials

v

Shipment

v

Storage on site
v
END
Figure 6 Map of the current process

It is easy to observe that the process is sequential — there
are many "walls" (Fig. 7) [4] between the departments that
are driving this process and these walls are the main sources
of miscommunications, delays and variations of this process.

-

% % N Y
= c
£ 3 T =
g’ o 9 £ £ 0 o
£ B B oo o
c g 7] v ] b
c 3 'O 5 2>c c
5 ° o 3 ] s
5 o o ] as
o & - ° 3 =
[-% 0

Figure 7 “Walls” between the stakeholders of the process
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3.2 Key Performance Indicators

Tab. 1 is showing the generated and measured KPIs of
the current process. The KPIs are generated based on the goal
of the project because these KPI values will be compared
with the same values measured at the end of the project.

Table 1 Key performance indicators summary

Indicator Unit Value
hours needed for vendors to receive PO working hours 16,5
mistakes in the Purchase Orders mistake/month 9
discounts from the suppliers monthly € 4k
delays of parts delivery due delay of the PO | working hours 16
response time to vendor’s questions h 8
number of steps in the procurement process steps 22
number of approvers person 7to 10
length of the full process h 116

4 ANALYSE

The Analyse phase for this project will focus on two
main things: the investigation of the root cause and
identification of the obsolete steps in the current process —
the steps that do not add any value for the clients/suppliers or
the Company A itself. The data is gathered mostly by
observation of the current process and interviewing.

41 5Why
The 5 Why analysis [5] is an easy and creative way to

identify the root cause of the problem and give one more
direction to the team for designing better solution.

“"Orders processing to

the suppliers of raw
materials is too slow
and complicated”

"Because the approval is needed from many
different departments”

"Because all supervisors/managers should
check the reliability of the order
"Because not all needed departments are
included from the beginning”
"Because only planning have insights of the
current needs and storage”
"Because that is how the procedure is set” m

"Because the previous plant manager set it
like this”

Problem

“"Because Procurement and Manufacturing
wanted to focus on their primary scope of m
work”
"Because they have no enough people that
would care for the stock of raw materials m
and JIT needs”

Figure 8 5 WHY analysis

The analysis shown on Fig. 8 states gives a perspective
what could be the potential root causes for this problem,
finally concluding that the careless approach to stock and
Just-in-Time needs of raw materials is causing the problems.

4.2 Value-Added Analysis

To identify which steps are obsolete in this process,
Value-added analysis [1] will be performed. This analysis
consists of three different types of activities that are assigned
to each step of the process [6]. These activities are defined as
such:

e value-added activities — activity/step which adds any
value that a customer is willing to pay for to the
manufacturing company,

e non-value-added steps — opposite to the value-added
steps, these activities do not add any value to the finished
product, these activities consume time, space and
resources but they do not contribute to satisfy the
customer’s needs at the end, these steps also generate
waste (Fig. 9) [6],

e necessary steps — these activities/steps are also
consuming time, space and resources and do not
contribute to produce what the customer wants, but these
steps are needed or mandatory in the process.

I%

DEFECTS

OVERPRODUCTION OVERPROCESSING HANDLING

Figure 9 The six wastes of LEAN

The goal of the value-added analysis is to classify all
steps of the process as steps that add value, steps that do not
add value and necessary steps [1]. There should always be
steps that add value and these steps should stay in the process.
The ones that do not add value should be immediately
eliminated, and the ones that are necessary, even though they
don’t add any value, they cannot be eliminated, therefore
these steps should be optimized or reduced to minimum.

For this analysis, a flowchart is needed (could be used
the one in Fig. 6) and a table laying out all the steps. We will
also get back to the Measure phase outcomes and use the
results in the table to find out which steps are doing the most
“damage” to the process.

Since the team is mostly focused on shortening the time
of this process, the lead time of all steps should be measured
and set in the table (in the Lead time column, all values are
in hours). After that, all steps are labelled according to the
fact if they add value (VA column) to the process/products or
the company, they do not add value (NVA column) or they
are simply necessary (N column). After this segregation, the
"non-value-added" steps are being eliminated, and then the
team decides for the further improvement or rearrangement
of the value-added and the necessary steps (Action column
will state the future of the given step of the process). Tab. 2
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is summarizing the Value-added analysis for the problem
reviewed in this study.

Table 2 Value-added analysis

Lead Type of Value-added .
Step ime [ VA [NVA ] N ] Action
Meeting f(_)r the needs of 2 5 limpiae
raw materials
Escalation to
Manufacturing 0,5 0
Checks in Warehouse 1 1
Feedback from
Warehouse 0,5 .
Manufacturing &
Planning meet to 1,5 1,5
determinate needs
Meeting with
Procurement to present 0,5 0,5
needs
Procurement forms
. . 2 2
specification
Request for quotation 2 2
Waiting for quotations 24 24
Insert all quotes in the
1 1 Improve
system
BID analysis 1 1 Improve
Vendor selection and 1 1 Improve
quote selection
PO Raise 0,1 0,5 Improve
Manufacturing approval 1 1
Planning approval 1 1
Logistics Approval 1 1
Finances checks 3 3
available budget
Finances approval 1 1
Procurement approval 1 1
Supply chain manager 5 5
approval
Plant manager approval 3 3
PO sent to the vendor 0,5 0,5
Vendor process the PO 1 1
Manufacturing of the 40 40
materials
Packing 2 2
Shipping 16 16
Delivery on site 2 2
Storage on site 3 3 Improve
Materials enter
. 1 1 Improve
manufacturing
Total (h) | 116 46 16 54
5 IMPROVE

During this step, the team will implement all actions that
were identified in the Analyse phase. For this given case,
considering that the team is improving a strategic process of
the company, they should ensure that this process is stable,
predictable and meets customer requirements. Thanks to the
Six Sigma’s structured and step-by-step methodology, all of
the mentioned process characteristics were already taken into
consideration in both Measure and Analyse phases. At the
end of the phase the team should also compare the results
with the baselines given at the beginning of the project
(especially with the set end measured KPIs).

To illustrate the process transformation, "To-be" process
map (Fig. 10) was created where the obsolete steps are

moved to the side of the flowchart and new connections or
steps are created.

STEPS THAT ADD VALUE AND  STEPS THAT DON’T ADD VALUE —

MANDATORY STEPS OBSOLETE STEPS
START
_________________ N
v
v
Materials ol

needed?

v
A 4
Look into the Materials

materials needs needed?

Procurement
prepare specific.

Requests for
quotations

Waiting for
quotation

Inserts all quotes
in the system

PO raise ]»

Management
approvals

Automatize steps

‘bujuueld Ino axe|

PO sent to the
supplier

Jabeuely jueld pue so13s1607
‘Bulinioejnuely “Jusawalndoid

Supplier prepares
the materials

Shipment

Materials enter [
manufacturing

END

Figure 10 Map of the "to-be" process (light grey), the steps that are obsolete and
will be eliminated (dark grey)

The final process, for comparation to the one on Fig. 6,
could be seen on Fig. 11 with all removed and modified steps.
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START

v

Meeting to
determinate the needs

v

Procurement forms
specifications

v

Requests for
quotations

v

Waiting for quotation

v

Quotes analysis and PO
raising

v

Management approvals

v

PO sent to the supplier

v

Supplier prepares the
materials

v

Shipment

v

Materials enter
manufacturing

v

END
Figure 11 Map of the improved (final) process

5.1 Compare Results to the Baseline
The KPIs set and measured previously in the Measure
phase of the project, are now re-measured. The goal is to

quantify the success of the improvement after the
implementation of the process.

(I)A

>

N
N

10

AFTER QUOTE
NUMBER OF STEPS IN THE
PROCESS

NEEDED HOURS FOR PO RAISE

BEORE AFTER

Figure 12 (1) Needed hours for raise a PO after the quote, (2) number of steps in
the process before and after the improvement

The results of the re-measurement are given in Tab. 3, as
well as on the chart in the following figures (Fig. 12 and Fig.
13).

The improvement of many KPIs is notable from Tab 3.
For example, the hours needed for the suppliers to receive the

PO was decreased from 16,5 working hours to only 6, which
is mostly thanks to the reduced number of approvals by the
different departments that was also reduced from 7 approvers
to only 2 mandatory approvers.

Table 3 Comparation of the Key Performance Indicators measured in Measure
phase and the current values of the same KPls

Indicator Unit Before | After
hours needed for vendors to receive PO h 16,5 6
mistakes in the Purchase Orders # 9 0
discounts from the suppliers monthly € 4k 12k
delays of parts delivery due delay of the PO h 16 0
response time to vendor’s questions h 8 1
number of steps in the procurement process # 22 10
number of approvers # 7-10 2
length of the full process h 116 90

7 APPROVERS
Figure 13 Number of PO approvers before and after the improvement

2 APPROVERS

6 CONTROL AND MONITORING PLAN

The modified process must be accepted by both internal
stakeholders (company’s departments) and external sides
(vendors, suppliers and customers) in order to keep
transparency and avoid miscommunications or generating
waste (generating inventory, overproduction, transportation
related waste of time, unnecessary steps etc.) in the future.

Internally, in the company, this will be performed in the
following order:

e the procedure for procurement of raw goods will be
completely revised in compliance with the internal
Quality Management System,

o all relevant employees will be trained for this procedure,

e to avoid additional miscommunications, the change will
also go through the internal Management of Change
process where the entire management is responsible for
understanding, approving, and sharing this change with
their teams.

The external vendors should also be introduced to the
process change due to compliance with the quality assurance
standards up to a level of details which is defined in the non-
disclosure agreement between the Company A and the
possible suppliers of raw materials. The transparent approach
regarding the process changes with the suppliers is
mandatory if the Company A is looking forward to
improving the communication and business with the
suppliers.

The process will be monitored in the following steps that
are considered to be the bottlenecks of the process:

e the Finances Department will be responsible to
standardize a procedure/process for just-in-time
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approved funds for raw materials due to the importance
of these materials for the overall production — Finances
will frequently monitor the budget and make sure that
funds are available in the right time,

o the Procurement manager will be responsible to perform
a weekly audit of randomly selected vendors including
the filled POs, the communication between the suppliers
and the internal teams and the delivery of the materials,

o the Plant Manager will be responsible to audit the
process - monthly,

e the attendance on the initial meeting for discussion
regarding the needs will be mandatory and attendance
tracker will show who, when and why was or wasn’t
attending the meeting,

« Planning department will be responsible to standardize a
procedure for just-in-time purchasing and arrival of the
raw materials — Planning will be responsible for
implementation of this procedure as well as monitoring
1t,

e All managers approvals should be acquired within one
hour after the PO release (this only applies to the raw
materials POs), if not, needed approvers will be
highlighted by the system and automatically followed-

up.

All these monitoring/controlling actions will be
integrated in the new procedure for procurement of raw
goods as well as the above-mentioned processes for JIT funds
approvals and arrival of raw materials.

7 CONCLUSIONS

The purpose of this study was to improve the process for
purchasing of raw materials in a real manufacturing
company. The goal of the improvement was to enhance the
concurrency of the process using the Lean Six Sigma
framework for process improvement. The purchasing of the
raw materials is one of the key aspects in the production
planning and control process. This process used to be very
repetitive, administrative and sequential which could be
observed in the several flowcharts presented in the paper
which was not sufficient for the company considering that
this process is strategic and should be based on the optimized
and Just-in-time needs for purchasing of the raw materials.

During this study, the team was using the DMAIC
(define, measure, analyze, improve and control) framework
to implement the improvement. The focus of the study is the
Analyze and the Improve phases where the Value-added
analysis is performed in the full scale. This analysis helped
the team to reduce the number of steps in the process from 22
in the initial process to only 10 in the final process which is
sufficient for this project to be a success. The analysis also
has shown that many of the steps are repetitive and should be
integrated and possibly automated. The number of meetings
as well as number of PO approvers was set to bare minimum
which saved at least 12 working hours. The full length of the
process was brought from 166 working hours down to 92
hours for execution of the entire process including the needs

identification, administrative procurement process and the
delivery of the materials.

Due to the highly complicated process at the beginning,
Six Sigma was the right choice for this improvement
considering its facts-based and step-by-step approach which
helped to clarify the process steps and all the involved sides.
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Applying Simulation Modelling in Quantifying Optimization Results
Ratko Stankovi¢*, Diana Bozi¢

Abstract: Improvements achieved by applying linear programming models in solving optimization problems in logistics cannot always be expressed by physically measurable
values (dimensions), but in non-dimensional values. Therefore, it may be difficult to present the actual benefits of the improvements to the stake holders of the system being
optimized. In this article, a possibility of applying simulation modelling in quantifying results of optimizing cross dock terminal gates allocation is outlined. Optimal solution is
obtained on the linear programming model by using MS Excel spreadsheet optimizer, while the results are quantified on the simulation model, by using Rockwell Automation

simulation software. Input data are collected from a freight forwarding company in Zagreb, specialized in groupage transport (Less Than Truckload - LTL).

Keywords: cross docking; gates allocation; optimization; quantifying; simulation

1 INTRODUCTION

Because of the growing competition on the global market
and more complex customers’ requirements, freight
forwarding companies must constantly improve their
operations and create competitive advantages in terms of
timing, quality and cost. For a groupage transport (Less than
Truck Load - LTL) specialized freight forwarding company,
optimal cross dock gates assignment is one of the crucial
factors in improving the performance of the cross docking
operations [1]. Handling of freight in a cross dock terminal is
labour intensive, and workers must quickly transfer freight
during a short time period [2]. This is a typical optimization
problem in logistics, which can be solved by methods of
linear programming [3].

Input data are collected from a freight forwarding
company in Zagreb, specialized in groupage transport.
Optimal solution of the company cross dock receiving gates
is obtained on the linear programming model, by using MS
Excel spreadsheet optimizer Solver. Since the improvement
comparing to the company empirical solution cannot be
quantified in physically measurable values, it isn’t suitable
for presentation to the company stakeholders.

In order to quantify the improvement achieved by
optimization in units of time, which is in this case the most
important key performance indicator (KPI), the simulation
model of inbound cross docking operations is designed, by
using Rockwell Automation simulation software Arena.

Two simulation experiments, with the same input data
are performed, first with the empirical solution the company
normally use and the second with the optimized solution
obtained from the linear programming model. The results of
the experiments enable comparing throughput time (duration
of cross docking operations) as the KPI which is required.

This way, the simulation modelling enables quantifying
the improvement of cross docking operations in physically
measurable values, in case when the linear programming
model objective function is expressed as a non-dimensional
value.

2 CROSS DOCKING AND GROUPAGE TRANSPORT

Generally, a cross dock terminal is a point in the supply
chain where incoming shipments are transferred to outgoing
delivery vehicles, with minimal internal processing and
storage delay time. The main purpose is to enable economies
in transportation by shipment consolidation but also a
reduction of lead time and a decrease of inventory levels. In
a cross dock terminal, shipments are unloaded from incoming
trucks, moved across the terminal, sorted by outbound
destinations and finally loaded onto outgoing trucks [2].

Groupage transport or Less-than-Truck-Load (LTL) is a
type of road transport, based on consolidating (grouping
together) shipments dispatched by several different shippers,
for several different consignees, into the same truck load. The
main benefit of consolidation is an optimal utilization of the
vehicle payload, which enables reduction of transport costs.
Besides the road network, the main infrastructure of
groupage transport are cross dock terminals (XD terminals),
operated by freight forwarders.

Groupage transport is an important segment of the
freight forwarders services, therefore any improvement in
cross docking performances have significant impact on their
competitiveness [4].

In order to get relevant information and input data,
analysis of the freight forwarding company cross docking
operations, focussed to the receiving gates allocation, was
performed in February 2021. Due to limitations of the
software tools (academic versions) only a representative
segment of the XD terminal is modelled, both by the linear
programming model and by simulation model. However, the
conclusions drawn from the results of the optimization
process and from the optimization experiments may be
considered relevant for the entire system.

3 OPTIMIZING RECEIVING GATES ALLOCATON BY
APPLYING LINEAR PROGRAMMING MODEL

Optimization of the XD terminal gates assignment is
actually a resource allocation problem, which can be
mathematically depicted by a linear programing model, the
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resource allocation model. Optimal assignment of the XD
terminal gates to the incoming trucks is related to the quantity
of goods (number of pallets) for each destination zone and
Manhattan distance between each receiving gate and the
respective consolidation zone.

3.1 Manhattan Distance

As shown in Fig. 1, Manhattan Distance or Taxicab
Distance is the distance between two points measured along
axes at right angles. The name alludes to the grid layout of
the streets of Manhattan, which causes the shortest path a car
could take between two points in the city.

In Manhattan, the shortest
possible path between two
points is not a straight line

Figure 1 Manhattan Distance [5]

The reason for implementing Manhattan Distance
instead of Euclidean Distance is because forklifts also follow
similar paths within the XD terminal (instead of buildings
there are pallet racks or rows). Also the actual distances in
meters are not important, but ratios of distances between the
gates and the consolidation zones, as shown in Fig. 2. The
distances in the mathematical model are expressed in unit
Manhattan Distances, where the distance between a gate and
the closest consolidation zone (d11, d»2, d33, das) equals 1 unit.

Figure 2 Unit Manhattan Distances in the XD terminal [6]

Manhattan Distance d; between two vectors p = (p1, p2,
...,pn)and g =(q1,q>, ..., q,) inn-dimensional space is given
by the Eq. (1).

n

dip. ) =|p-al, =2 |p; — 4 (1)

i=1
3.2 Mathematical Model

A linear programming model is designed to
mathematically describe the problem of optimizing the
receiving gates allocation to incoming trucks, as follows.

Objective function:

- To minimize the quantity of goods moved and the
distances passed by the forklifts (sum of products of
quantities and respective distances), as given by the Eq.
2).

Constraints:

1) One receiving gate must be allocated to each inbound
truck, as given by the inequity (3).

2) Each receiving gate can be allocated to only one or none
inbound truck, as given by the inequity (4).

Input data:

- Number of inbound trucks;

- Quantity of goods (number of pallets) for each
consolidation/destination zone, in each inbound truck;

- Total number of receiving gates;

- Total number of consolidation zones;

- Manhattan Distances from the receiving gates to the
consolidation zones.

The mathematical model that encompasses all the
elements of the problem is given by the following
mathematical structure:

n m [
minF:ZZquj -dl-j X 2)

i=1 j=1k=1

Dxyp =1V k=1,..,1 3)
i=1

!

Dxp <1V k=1..,n 4)
k=1

Xy € {0, 1} Yi=1l..,n 5)
n>I (6)
Where:

qi - number of pallets in inbound truck & for consolidation
zone j

dyj - Manhattan Distance between receiving gate i/ and
consolidation zone j

xir - decision variable (binary): 1 - receiving gate i allocated
to incoming truck k; 0 - receiving gate i not allocated to
incoming truck &

n - total number of receiving gates

m - total number of consolidation zones

[ - total number of trucks

Mathematical expression (5) defines the decision
variable x; as binary. Inequity (6) prevents the total number
of inbound trucks to exceed the total number of receiving
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gates. This in fact wouldn’t be an issue, since in such
situation a queue is created.

3.3 Empirical Solution of the Problem

Empirical solution the company normally applies is
based on a simple principle that the inbound truck that has
the greatest number of pallets for a particular consolidation
zone, gets the receiving gate closest to that zone. The truck
with the second greatest number of pallets for a particular
consolidation zone gets the next receiving gate closest to that
zone, unless the gate is already allocated. Then it gets the
second closest gate and so on. It is somewhat alike the Clarke
& Wright’s Savings Algorithm (1964), although in the
company they are not aware of that.

The value of the objective function, calculated with the
empirical solution in MS Excel spreadsheet, is shown in Fig.
3.

INPUT DATA
Number of pallets gy Total
Truck |Zone 1 Zone 2 Zone 3 Zone 4|pallets
1 6 12 4 11 33
2 9 10 8 6 33
3 14 6 9 4 33
4 8 9 11 s 33 Objective Function: minF= 285
Unit Manhattan Distance d;; 2 qiid Xk
From/To|Zone 1 Zone 2 Zone 3 Zone 4|Truck 1 Truck 2 Truck 3 Truck 4|Truck 1 Truck 2 Truck 3 Truck 4| ¥ x;;
Gate 1 1 2 3 4 86 77 69 79 1 1
Gate 2 2 1 2 3 65 62 64 62| 1 1
Gate 3 3 2 1 2 68 67 71 63 1 1
Gate 4 4 3 2 1 79 88 96 86 1 1

$xg 1 1 1 1
Figure 3 Empirical solution

In compliance to the a.m. empirical solving principle,
Gate 1 is allocated to Truck 3, Gate 2 is allocated to Truck 1,
Gate 3 is allocated to Truck 4 and Gate 4 is allocated to Truck
2. This solution of the receiving gates allocation yields the
objective function value of 285 (non-dimensional value).

3.4 Optimal Solution of the Problem
The optimal solution (Fig. 4) of the same problem is

obtained by optimizing the mathematical model of the
problem, using MS Excel spreadsheet optimizer Solver.

INPUT DATA
Number of pallets gy Total

Truck |Zone 1 Zone 2 Zone 3 Zone 4|pallets

1 6 12 4 11f 33

2 9 10 8 6 33

3 14 6 9 4 33

4 8 9 11 s[ 33 Objective Function: minF= 273

Unit Manhattan Distance d; 2 ayds Xig

From/To|Zone 1 Zone 2 Zone 3 Zone 4|Truck 1 Truck 2 Truck 3 Truck 4|Truck 1 Truck 2 Truck 3 Truck 4| § x;;
Gatel 1 2 3 4 86 77 69 79 1 1
Gate2 2 1 2 3 65 62 64 62 1 1
Gate 3 3 2 1 2 68 67 71 63 1 1
Gate 4 4 3 2 1 79 88 96 86 1 1

Sxg 1 1 1 1
Figure 4 Optimal solution of the problem

In the optimal solution, Gate 1 is allocated to Truck 3,
Gate 2 is allocated to Truck 2, Gate 3 is allocated to Truck 4
and Gate 4 is allocated to Truck 1. This solution of the
receiving gates allocation yields the objective function value
of 273 (non-dimensional value).

4  SIMULATION MODEL AND RUNNING SIMULATION
EXPERIMENTS

Since the values of the mathematical model objective
function are non-dimensional values, while the improvement
should be quantified in units of time, as the key performance
indicator (KPI), the simulation model of inbound cross
docking operations is designed, by using Arena simulation
software. Arena is a discrete event simulation software
developed by Rockwell Automation Inc. Discrete event
simulation describes a process with a set of unique, specific
events in time. It is designed for analysing the impact of
changes involving significant redesigns associated with
supply chain, manufacturing, logistics, distribution,
warehousing and service systems.

The input data for the model are durations of the inbound
cross docking operations, which are continuous stochastic
variables. In order to determine the statistical distribution of
the duration times, a representative sample is needed.

For this purpose, the inbound cross docking operations
were scanned during February 2021 and 100 records of each
movement were made. Due to limited resources, certain
approximations have been introduced, but that is irrelevant
for the main objective of this article.

Based on the empirical data, theoretical functions of
probability distributions are determined, by using Arena
Input Analyser software tool. The input data analysis resulted
by selecting normal distribution of the cross docking
operations duration times, as shown in Fig. 5.

P 2
& Input Analyzer ) (= o
B8 file Edit View Fit Options Window Help
Ded & o @ N \

Distribution Susmary |

Distribution: Normal I
Express. NORM(2, 0.201)
Square Error: 0.000132

Chi Square Testc
Nuzber of intervals
Degrees of freedom
Tear Statistic

Corresponding p-value = 0.688
Kolmogorov-Smirnov Test
Teat Statistic = 0.00785

Corresponding p-value > 0.15 |

Data Summary

Nuzber of Data Foints = 100

Min Data Value = 1.26 |
Max Data Value = 2.66

Sample Mean -2 "
Sample Std Dev = 0.201 s

« A8

Figure 5 Theoretical probability distribution of the duration time

The distribution shown in Fig. 5 refers to movements
from a receiving gate to the closest consolidation zone (e.g.
Move from Gate 1 to Consolidation Zone 1) and is
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considered a unit time. Analogously to the Manhattan normally use and the second with the optimized solution
Distance calculation, durations of movements in other obtained from the linear programming mathematical model.
combinations Gate - Zone are listed in the Tab. 1.
Time per Entity
Table 1 Duration times of the inbound cross docking operations ] ]
Operation Probability Mean | Standard deviation VATime Per Entity Average Half Width Minmurn Mamum
(Gate - Zone) Distribution (minute) (minute) Move 11 79800 (Insutficient) 76863 73880
Move 1, 1 Normal 2 0.201 Move 12 30188  (Insufficient) 28838 3.2575
Move 1.2 Normal 3 0.201 Move 13 4.0850  (Insufficient) 3.7764 4.3115
2 - Move 14 50807  (Insufficient) 47589 5.3055
Move 1, 3 Normal 4 0.201 Move 21 31603 (Insufficient) 28820 3.5047
Move 1, 4 Normal 5 0.201 Move 22 19993  (Insufficiert) 16983 2 2504
Move i, j Normal . 0.201 Move 23 31324  (Insufficient) 2.8860 3.3447
Move ... Normal . 0.201 Move 24 39129  (Insufficient) 3.4525 4.1800
Move 31 4.0321 (Insufficient) 3.7462 4.4033
Move n, m Normal 2 0.201 Move 32 31736  (Insufficient) 30628 3.3031
Move 33 1.9427  (Insufficient) 1.6517 2.2864
. . . [ Move 34 29198 (Insufficient) 26234 3.1254
Wlth refergnce to the. prln.01ple .of determnpng the cross Move 41 10025  (neufficient) 45248 gt
docking operations duration times illustrated in the Tab. 1, Move 42 29400  (Insufficient) 25340 3.2010
. . . . . Move 43 3.0656 (Insufficient) 29712 3.1975
the a.ctual duration tllmes g@nerated in the simulation Move 44 20082 (nsufficier) 8500 o 3188
experiments are shown in the Fig. 6. Figure 6 Duration times in the simulation experiments
The key performance indicator (KPI) refers to the
average time needed to move one pallet from the gate to the 4.1 Simulation Experiment with the Empirical Solution
respective consolidation zone.
Two simulation experiments, with the same input data Process flow of the simulation model with the empirical
are performed, first with the empirical solution the company receiving gates allocation is shown in Fig. 7.
Project Bar v ax I:i Empirical Solution Model.doe - Run Mode X [E; Optimal Solution Model.doe I hd
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Figure 7 Process flow of the simulation model with the empirical receiving gates allocation
The value of the key performance indicator (KPI) 4.2 Simulation Experiment with the Optimal Solution
obtained by the simulation experiment with the empirical
receiving gates allocation is 3.30 minutes per pallet (the data Process flow of the simulation model with the optimal
generated in the Arena simulation reports). receiving gates allocation is shown in Fig. 8.
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The value of the key performance indicator (KPI)
obtained by the simulation experiment with the optimal

receiving gates allocation is 3.16 minutes per pallet (the data
generated in the Arena simulation reports).
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Figure 8 Process flow of the simulation model with the optimal receiving gates allocation

5 DISCUSSION OF THE RESULTS

The improvements in performances of the inbound cross
docking operations, achieved by optimizing the receiving
gates allocation, are listed in the Tab. 2.

Table 2 Improvements achieved by optimization

OPTIMIZATION MODEL SIMULATION MODEL
Objective function Minutes per pallet | Total minutes
value
Empirical 285 3.30 436.06
Optimal 273 3.16 417.07
Reduction 4.2% 4.4% 18.99

The improvement on the optimization model (linear
programming mathematical model) is quantified as the
difference between the value of the objective function in case
of the empirical receiving gates allocation (285) and the
value in case of the optimal gates allocation (273).

Since the wvalues are non-dimensional, only the
percentage reduction (4.2%) may be referred as the
improvement achieved, although it still cannot be expressed
in any physical dimension (weight, time, distance or so).

The results of the simulation experiments enable
comparing processing time (average duration of inbound
cross docking operations) as the KPI required.

The KPI value in the experiment with the empirical
receiving gates allocation is 3.30 minutes per pallet and the
total time to process all pallets unloaded from all four
inbound trucks (132 pallets) is 436.06 minutes.

The KPI value in the experiment with the optimal
receiving gates allocation is 3.16 minutes per pallet and the
total time to process all pallets unloaded from all four
inbound trucks (132 pallets) is 417.07 minutes.

Therefore, the improvement is quantified in minutes, as
the reduction of processing time achieved by optimization of
the receiving gates allocation: 4.4% or 18.99 minutes for
processing all 132 pallets.

Academic version of the Arena simulation software is
limited to the maximum of 150 entities, which are pallets in
this model. Because of this limitation, only four receiving
gates could have been encompassed by the model. Each gate
is allocated to one truck, therefore receives 33 pallets, which
means a total of 132 pallets are generated out of four
receiving gates. Each additional gate would generate 33
pallets more, which would exceed the limit of 150 entities.

6 CONCLUSION

Optimal receiving gates allocation enables minimizing
the quantity of goods moved and the distances passed by the
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forklifts in the XD terminal, thus reduces working hours and
the duration of the cross docking operations. Due to the
simplicity of use, flexibility and fast problem solving, the
optimization by linear programming mathematical model is
suited for daily use in real situations, even when deviations
in schedule of trucks arrivals occur.

However, the inability to quantify the improvement
achieved by the optimization in physical dimensions (weight,
time, distance, or so), may be a major disadvantage in
presenting the actual benefits to the stakeholders of the
system being optimized.

In order to quantify the benefits achieved by the
optimization in units of time, as the required key performance
indicator (KPI), the simulation model of inbound cross
docking operations is designed, and two simulation
experiments are performed. First with the empirical receiving
gates allocation and the second with the optimized receiving
gates allocation, obtained from the linear programming
mathematical model.

This way, the simulation modelling enables not only
quantifying benefits of the optimization in physically
measurable values, but also verifying the mathematical
model.
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Supply Chain Management in Pandemic Times: An Experience from Macedonian Automotive
Industry

Atanas Kochov*, Elena Kochovska

Abstract: The automotive industry is one of the sectors that has been hardest hit by the pandemic crisis. The pandemic’s effects have resulted in multiple disorders, which led to
loss of important suppliers and the inability to obtain vital parts, exposing the vulnerability of current Lean Just in Time supply chains. This paper provides a brief analysis of the
COVID-19 pandemic's impact on the automotive sector in the Republic of North Macedonia. The provided findings are based on a research study conducted simultaneously in
eight automotive organizations in the Republic of North Macedonia. This study sought to investigate the extent of the pandemic's influence on organizations' supply chains, what
preventive steps have been implemented to minimize the virus's transmission, and what are the most prevalent obstacles that organizations have experienced during the pandemic.

Keywords: automotive industry; pandemic; supply chain

1 INTRODUCTION

Following the initial COVID-19 outbreak in early 2020,
concerns about a destabilization in Chinese parts exports
quickly transitioned into massive manufacturing disruptions
across Europe, as well as the world’s other industrial leaders.
As the coronavirus spread from China, the world's second-
largest economy, to the other countries in Asia, Europe, the
Americas, and the Middle East, the global economy and
international markets suffered. [1] Policies aimed at
preventing the virus's spread, such as travel restrictions and
quarantines, have had the unfortunate effect of disrupting
international supply chains, restricting business operations,
and decreasing revenues.

Due to the rapid spread of COVID-19 throughout the
world, on March 11, 2020 the World Health Organization
declared it as a pandemic. [2] Countries around the world
have also been shutting down their economies in order to
slow the spread of the disease and avoid overcrowding in
hospitals. Closing borders was also one of the first defensive
measures implemented. As a result, the movement of goods
and materials was temporarily suspended. In such a situation,
the normal operation of even more organizations' supply
chains around the world becomes a significant challenge.

COVID-19 has had a rapid and significant impact on
today's integrated automotive sector and has presented
unexpected challenges to the entire automotive supply chain.
The first shock was caused by containment measures
designed to slow the rate of infection. These measures
explicitly reduced output by keeping workers away from
work. Supply-chain contagion also amplified immediate
supply shocks as manufacturing sectors in less-affected
countries found it more difficult and/or expensive to obtain
necessary imported industrial inputs from hard-hit nations,
and then from each other. [3]

The pandemic caused by the coronavirus is still
disrupting social and human interactions, while also having a
significant impact on complex, global production networks.
Waves of localized outbreaks, regional or national blockages,
and ongoing supply and demand disruptions continue to
present organizations with new and unexpected challenges
that must be addressed by making adjustments on their

business operations in order to maintain and protect their
supply chains.

In accordance with the discussion above, the aim of this
research is to provide critical insights and identify the most
critical barriers into the reactions of Macedonian automotive
companies and lessons learned in relation to the COVID-19
pandemic. To begin, as far as the authors are aware, this is
the first preliminary study that looks specifically at the
possible consequences of COVID-19 for the automotive
sector in the Republic of North Macedonia.

Second, the paper aims to present the immediate actions
of primarily organizational decisions made by automotive
companies, taking into account the complexity of the
automotive sector's real-world responses and their impact on
supply chain resilience. The rest of this paper is organized as
follows: Section 2 provides insights and explains the
significance of the automotive industry in the Republic of
North Macedonia.

Following that is a description of the research
methodology. Section 4 presents the findings based on the
data analysis of the results from the questionnaires. The
authors reach the conclusion by summarizing the key points
and emphasizing the study's limitations, as well as making
recommendations for future research.

2 AUTOMOTIVE INDUSTRY IN NORTH MACEDONIA

The automotive industry is absolutely essential to the
Macedonian economy, both in terms of exports and the
number of jobs it provides. The high quality products
manufactured in these factories in accordance with the
highest automotive standards ensure that the Macedonian
automotive component production is ready for export. The
latest reports state that the automotive sector employs over
28000 people, while also provides the largest number of
newly created jobs in the last 3 years compared to any other
sector in the economy. In the period 2017-2019, more than
16,000 employees were created in the automotive industry,
which shows that this industry is reaching its greatest
progress in recent years. [4]

In addition, according to the recent data from the State
Statistical Office, 65% of the country's total exports in
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January 2021 were made by companies in the automotive
industry.

The country's auto parts manufacturing companies are
heavily integrated into the European automotive industry's
supply chains. These are companies that are primarily export-
oriented and account for a significant portion of the country's
exports. In the last few years, the Macedonian economy has
become much more deeply integrated into global supply
chains through these companies for the production of
automotive parts, but it has also completely changed the
export structure, particularly in favor of products with higher
technological finishing.

As the European car industry was heavily affected by the
pandemic and decreasing demand for automobiles, the high
concentration of exports to this industry resulted in a sharp
drop in exports. The significant decline in the number of
companies in this industry has a negative impact on the
Macedonian economy and employment. The Macedonian
economy has been experiencing extremely difficult times in
the past period because of the negative impact of the global
pandemic's health and economic crisis.

In 2020, the economy contracted by 4.5%, with a 10%
drop in exports, as well as a drop in industrial production and
employment. Many businesses were affected by the crisis,
and the period of stabilization will last longer because the
development dynamics of some businesses in the post-crisis
period will be delayed. As a result, the companies in this
industry have appealed to all state institutions to take a
serious approach to supporting this industry in order to
overcome this challenging situation without major layoffs.

[5]
3 RESEARCH METHODOLOGY

Comparative method was used for conducting this
research. Data collection was performed by using
questionnaire surveys. The flexibility provided by the survey
process, which can be used to obtain a large number of
different types of information at the same time, is the main
advantage of this way of gathering information. [6] The
survey conducted through an electronic questionnaire
significantly reduces the costs and time required to conduct
the survey. Additionally, at a time when employee health is
a priority, online questionnaire surveys provide a safe, risk-
free environment for interaction.

The process of planning and preparing the questionnaire
is of great importance in this way of gathering information.
When developing the questions, special care was taken to ask
clear and understandable questions that are not ambiguous or
suggestive. Moreover, it was essential for the questionnaire
to ensure the anonymity of all respondents, which would
result in greater objectivity of the results.

The first section of the questionnaire asked general
questions about the respondent, such as their current position
in the organization and their experience in the automotive
industry. The main part of the questionnaire, consisting of 6
questions, aimed to determine the impact of the COVID-19
pandemic on the organization's supply chain, what
preventive measures have been taken to deal with the spread
of the virus, and what were the most common challenges that
organizations have faced in the past period. The third part

included 15 separate statements and each of the statements
was answered within the offered answers: 1 completely
disagree (1 point), I do not agree (2 points), I neither agree
nor disagree I agree (3 points), I agree (4 points), I completely
agree (5 points).

Before distributing the survey to respondents, a pilot
survey was conducted as part of the questionnaire
development process. This pilot survey was used to change
and eliminate variables. Academics and industry experts
were also consulted. Although no changes to the
questionnaire were made during this phase, it was necessary
to obtain approval that the questionnaire was understandable
and acceptable for data collection.

The survey was conducted during May 2021, and
according to all recommendations for working in conditions
of COVID 19 pandemic. Respondents from eight different
companies in the automotive sector in Republic of North
Macedonia contributed to answering this survey
questionnaire. The automotive companies involved in this
study are all considered to be belong to the category of large
enterprises. According to the State Statistical Office of North
Macedonia, large enterprises are those companies that have
full time employees more than 251. The automotive
companies who were involved in this study ranged from 300
employees to 6500 employees. The total number of
employees in the companies included in the study is 12630.

The questionnaire was developed on the Google Forms
platform and all respondents answered it online. For a better
overview of the obtained results, they are presented in tabular
or graphical form

The initial invitation to participate in the survey was sent
to contact persons from 10 different automotive companies.
A total of 8 positive responses were recieved, while the
remaining 2 stated that they can't participate and provide the
requested information. To the companies who chose to
participate in the survey, an online link was provided, who
was later distributed to the employees who fit our target
categories (managers, team leaders, supervisors). When
analyzing the recieved responses, first all responses from
each company were summed up and later analyzed at group
level by having one average answer per company.

A qualitative analysis of the results was used to analyze
the complex phenomena and concepts of the research, as well
as the topics listed as key in the thesis. Quality instruments
should lead to an introduction and explanation of the
problems, an understanding of the differences between the
various strategies used to reduce disruption levels, as well as
a description of the experiences, benefits, and challenges that
occured during the pandemic.

4 RESULTS AND DISCUSSIONS
4.1 Respondent and Company Profile

The first aspects to be investigated were the general
background of the respondents such as the job position and
years of employment in the company. The sample of
respondents to the survey questionnaire included employees
from different areas in the organizations and from different
levels of the hierarchy: managers, production leaders,
planners, but for the most part they were coordinators and
leaders for continuous improvement. Most respondents
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(75%) stated they have between five and ten years of
experience in the automotive industry. Regarding the quality
system certification, all respondent companies have at least
one certification in the relevant field. Over 90% of
respondents said their organization uses the ISO 9001
standard, a quality management system standard.
Additionally, more than two-thirds use ISO 14001, the
environmental protection system standard. Other types of
quality certification such as ISO 13053, ISO 45001 and ISO
5001 were owned by 8% of respondent companies
respectively.

4.2 Data Analysis

At a time when employee health is prioritized, in
addition to mandatory measures imposed by the government,
many organizations are also forced to close their facilities or
work with a reduced number of employees in order to meet
the requirements to customers in a timely and quality manner.
In this questionnaire, respondents were asked what
precautions their organizations had taken to protect their
health and prevent the spread of the virus. Fig. 1 depicts the
results.

Mandatory precautionary
measures for employees

Body temperature measurement I B 92

I 100%

Remote work / work from home I 53%

Work with reduced production
capacity

Process restructuring I 25%

I 42%

Closure of production 25%

Shift entry / exit protocol 8%

0% 50% 100%

Figure 1 Responses to question: What preventive measures has your organization
taken to deal with the spread of COVID 19?

While supply chain disruptions have a negative impact
on the overall functioning of the organizations, some sectors
within the companies have been more severely affected than
the others.

According to the responders of this questionnaire, the
disruption in Sources and Procurement was the source of the
most significant challenges. Procurement is the process of
acquiring goods, inputs, and materials that an organization
requires for its operational activities, whereas sourcing is the
process of establishing and maintaining vendor relationships,
vetting suppliers, and developing and maintaining a supply
chain of vendors who are ideal for the needs of the
organization. Both processes involve dependence on other
third entities, so in times when this third companies are also

affected by the pandemic and have disruptions in the way
they function themselves, it's clearly how this can cause the
biggest challenge. Following that are the difficulties in
managing International Logistics and Transportation, as well
as Supply Chain Planning. The closure of borders, as well as
other pandemic-related disruptions in the normal movement
of products across the world were resulting in record-high
freight prices and perhaps increasing costs of transportation
damage. According to certain studies the pandemic has a
statistically negative and significant influence on air and land
freight, while it has a statistically inconsequential effect on
ocean freight. [7] In addition, although the supplier capacity
is not directly conected to the supply chain, by monitoring
and proactively minimizing supplier capacity risks, supplier
capacity management helps companies in preparing for
unavoidable interruptions.
The total results are presenend on Fig. 2.

Sources and procurement I NN 75%
Supply chain planning N 53%

International logistics and
transport

Production I 25%

I 58%

Inventory management 25%
Supplier capacity 8%
Storage and distribution 8%

0% 50% 100%

Figure 2 Responses to question: Which areas of your supply chain were most
affected by the COVID-19 pandemic?

Although it is used to improve production efficiency and
flexibility, the "just-in-time" inventory model - which keeps
only the minimum additional inventory required to meet
customer demand - is a process that is vulnerable when
subjected to high operating stress caused by a crisis [8].

The challenges that organizations have had to face are
numerous, but according to the sample of respondents to this
questionnaire, the majority of the organizations have had to
deal with delayed or canceled orders, both from suppliers and
to customers. Fig. 3 portrays the other challenges listed by
the respondents.

The challenge for organizations is to strengthen their
supply chains without jeopardizing their competitiveness. To
meet that challenge, managers must first understand their
vulnerabilities before considering a number of steps, some of
which should have been taken long before the pandemic
struck. A year after the beginning of the challenges posed by
COVID-19, over half of the sample respondents stated that
their organizations had already recovered from the
disruptions caused by the pandemic. Fig. 4 displays the
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organizational division based on the current situation and the
phase of response to disruptions.

Deliveries from suppliers are late | | N <7
Delayed or canceled delivery I

orders to customers

Production interruptions | [ I 42%
Delayed receipt of orders | N NRRN 33%

Unavailability of transport

0,
capacity 33%

Inaccessibility of human capacity 25%

0% 20% 40% 60% 80%

Figure 3 Responses to question: What are the most common challenges your
organization faced during the COVID 19 pandemic?

= Early stages of responding to the disruption.
= Already recovered from the disruption.

Advanced stage of responding to the disruption.

Figure 4 Responses to question: What is the current state of your supply chain in
relation to COVID 19?

Once the immediate supply chain risks have been
identified, leaders must design a resilient supply chain for the
future. This begins using scenario analysis to assess the
structural resilience of critical logistics nodes, routes, and
modes of transportation, followed by the risk assessment
task, the constant updating of risk impact assessments,
remediation strategies, and risk management oversight.
Processes and tools developed during the crisis management
period should be formalized. Stronger collaboration with
suppliers can help to strengthen a supplier's entire ecosystem
over time, resulting in greater resilience. According to the
sample of respondents to this questionnaire, the necessary
reinforcements mostly refer exactly to the level of
preparedness, planning and risk management.

Readiness and continuity
planning

Supplier risk management I NEEEEEN 67

I 5%

Demand forecasting [ NNREE 55%
Inventory management [N 17%
Production [ 17%

Storage and distribution 8%

Advanced logistics chain

0,
business analysis techniques 8%

0% 20% 40% 60% 80%

Figure 5 Responses to question: Which areas need changes to strengthen
the supply chain of the future disorder?

As more organizations rely on global suppliers from
China or other locations affected by COVID-19, supply chain
continuity activities are critical. This huge supply disruption
highlights the importance of creating or updating business
continuity plans that identify key and secondary suppliers as
well as alternative resources. A company's ability to quickly
and effectively respond to interruptions can be improved by
identifying and contracting with vendors and other providers
prior to a crisis, where applicable. As evidenced by the
ongoing pandemic, organizations must carefully and
constantly analyze the impact of new threats on their existing
processes and their supply chain business continuity plan
reaction. The essential phases in risk management are
identifying business interruption risks, evaluating the
possible implications on the company, devising mitigation
solutions, and preplanning ahead of a circumstance like
COVID-19. Companies will be best positioned to tackle the
challenges ahead and prosper in the long run if they take steps
to stabilize supply chain operations and execute business
continuity strategies.

5 CONCLUSION

The goal of this paper was to investigate the COVID-19
pandemic's impact on the Macedonian automotive industry.
The authors used a research approach based on primary data
from questionnaire surveys to gain an understanding of the
implications and reactions.

A very encouraging finding was that almost 60% of the
respondents' companies had already recovered from the
pandemic's disruptions. While black swan events like the
coronavirus cannot always be forecasted, the ability to
understand supply chain risks and opportunities allows
organizations to plan ahead while maintaining customer
relationships in times of crisis. The authors also discovered
that the most common issue they have encountered were late
or cancelled deliveries from both from their suppliers and to
their customers. The analysis results also revealed that the
most improvements are necessary in the areas of
preparedness and planning. The majority of the respondents'
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sample size of eight companies is not only small, but the
authors also limited the research to a single industry. Also in
order to improve and enrichen the research findings, it is also
necessary to improve and strengthen the collaboration
between the academic institutions and the companies from
the specific industry, as well as develop new motivational
methodologies for future collaboration. As a result, the
authors encourage future studies to expand the sample size
and diversify the respondents' industrial sectors, resulting in
unique and complementary insights.
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Porec¢/Porenzo, Istria (Croatia), on September 8—10, 2021.
The paper will not be published anywhere else.

6 REFERENCES

[1] Pisch, F. (2020). Just-in-time supply chains after the Covid-19
crisis. https://voxeu.org/article/just-time-supply-chains-after-
covid-19-crisis

[2] WHO Director-General’s opening remarks at the media
briefing on COVID19 -March 2020

[3] Baldwin, R. & Freeman, R. (2020). Supply chain contagion
waves: Thinking ahead on manufacturing ‘contagion and
reinfection’ from the COVID concussion.
https://voxeu.org/article/covid-concussion-and-supply-chain-
contagion-waves

[4] ... (2020). Invest North Macedonia-Official Government
Agency for Investment and Export Promotion.
https://investnorthmacedonia.gov.mk/mk

[5] ... (2020). Short-term Economic Trends - Ministry of Finance
of North Macedonia.

[6] Nayak, M. S. D. P. & Narayan, K. A. (2019). Strengths and
weakness of online surveys. IOSR Journal of Humanities and
Social Science, 24(5), 31-38.

[7] X., Yanling, J.-P., Li, C.-C., Chu, & Dinca, G. (2021). Impact
of COVID-19 on transportation and logistics: a case of China.
Economic Research-Ekonomska IstraZivanja, 1-19.
https://doi.org/10.1080/1331677X.2021.1947339

[8] Bryce, C., Ring, P., Ashby, S., & Wardman, J. (2020).
Resilience in the face of uncertainty: early lessons from the
COVID-19 pandemic. Journal of Risk Research, 23(7-8), 880-
887. https://doi.org/10.1080/13669877.2020.1756379

Authors’ contacts:

Atanas Kochov, Prof. dr.

Ss. Cyril and Methodius University in Skopje,

Faculty of Mechanical Engineering — Skopje,

Karposh Il bb, 1000 Skopje, Republic of North Macedonia
+389 71-299-299,

atanas.kochov@mf.edu.mk

528 TECHNICAL JOURNAL 15, 4(2021), 524-528



ISSN 1846-6168 (Print), ISSN 1848-5588 (Online)
https://doi.org/10.31803/tg-20201015132216

Subject review

Sensors and Their Application in Precision Agriculture
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Abstract: The paper depicts sensors in precision agriculture. It encompasses the most significant and frequently used sensors in agriculture. Furthermore, the paper explains the
main sensor types according to their design, the recorded range of electromagnetic spectrum, as well as the way of detection, recording, measuring, and representation of the
detected energy. The development of remote research has provided deeper understanding of remote sensors and their advantages. The sensors installed on soil testing equipment,
fertilizing and crop protection machinery, as well as crop picking machinery have been analyzed relative to precision farming. The paper depicts widely known sensors OptRx,
ISARIA and VRT technology. The results of the paper assess the data collected by sensors and processed in order to produce maps for agrotechnical operations. The application
of maps decreases the employment of human resources, heightens the capacity of data collection, increases the precision of agricultural activities, and finally results in decreasing
the cost of final products. The technological progress over the past decade has enabled the development of technology with variable application standards (VRT) that, according

to current needs, enables input optimization.
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1 INTRODUCTION

The basic aim of precision agriculture is to increase the
quantity of accurate real-time data that can be deployed by
farmers for decision making [1, 2]. Precision agriculture
saves time and financial means, and improves crop yield and
its quality [3-8]. The authors [9] state that precision farming
also serves to improve ecological improvements, reduce
environmental burdens and encourage naturally spatial
conditions and improve production process documentation.
The contemporary agriculture machinery is already equipped
with sophisticated technology so the machine operator can
get a direct and prompt insight into the farming area, monitor
plant development and assess soil conditions [10]. In the
future, almost all agricultural farms will be able to use
information technology such as the global positioning system
(GPS), geographic information systems (GIS), as well as the
technology of precision agriculture and navigation systems
[11].

The application of various sensors establishes and
records the real- time parameters of production processes.
Using modern sensors it can causes of operational efficiency
as well as inefficiency can be accurately determined [12, 13].
The implementation of precision agriculture has made
possible due to the development of sensing technology. Also
precision agriculture is possible with the mapping of
variables pertaining to a specific agrotechnical operation
such as ploughing, sowing, fertilizing, plant protection, and
harvesting. The application of optical sensing results in
significant savings that make agriculture more profitable [14,
15]. The sensors that facilitate a simple collection of spatial
and meteorological data are the principal element of
precision agriculture [16].

Depending on the method of the conversion of a physical
measurand into measurement information there are: first,
sensors using analogue converters; second, sensors using
analogue converters for the conversion of analogue signals
into a signal with a changeable period or frequency; and
finally, sensors with analogue-digital converters [17]. The
application of sensors in agricultural machinery, i.e. the use
of machine vision, provides numerous information on soil

condition, plants, pests, and weeds [18]. The data collected
in that manner enable an optimal use of resources. The author
[18] proposes that the farmers who utilize data in an efficient
way will reach higher yields compared to those who do not
engage in this practice. The authors [21, 22] state that sensors
are part of key technologies that increase the overall
productivity, such as GIS and GPS.

2 DIFFERENT SENSORS SYSTEMS

Navigating agricultural aggregates with different sensors
such as yield and fuel sensors and similar installed in
agricultural aggregates has enabled an accurate data
distribution across the data processing area. Sensors are
devices used to detect, record, and measure the radiation of
electromagnetic energy, their own (emitted energy), as well
as reflected energy. Sensors can be categorized according to
their design, the registered range of electromagnetic
spectrum, the way of detection, recording, measurement, and
representation of the detected energy [23]. Sensors can
record both wide and narrow spectral regions, individual
spectral lines, i.e. the rays of the same wavelength or a series
of separated spectral lines encompassing one spectral region.
Since sensors are one of the principal components of
contemporary electronic circuits and devices, they are
frequently produced together with microprocessors to
perform multiple functions. According to the type of the
detected energy, sensors can be passive or active. The active
sensors produce their own energy, send it to the object, and
register the reflected radiation. Passive sensors, they just send
and receive energy without producing energy. In remote
readings, an active sensor is a device which transmits a light
signal of a particular wavelength or an electron that is
reflected off the target object carrying the data collected by
the sensor through its reflection. Sensing technology is used
in remote researches for remote measurements or the
measurements of the occurrences that are invisible to the
naked eye. Passive sensors detect energy emitted by the
object itself regardless of whether the object has its own
energy, or it transmits it. The main characteristics of sensors
are sensitivity, linearity, precision, and resolution of signals.
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Sensors convert a physical quantity into either analogue
electrical or digital data. They react to conditions, which they
convert into output signals [24]. The measurement of non-
electrical signals starts with the conversion into the electrical
ones and their subsequent processing. The conversion of
nonelectrical quantity into an electrical signal requires
energy coming from the domain of the signal or outside of it,
which is facilitated through physical effects. Most
measurement converters has three main parts: a sensor or a
source of information; a measurement system or processor;
and some kind of display for representation. Sensors use the
energy emitted by a special source to create the data
representing the measured quantity. The secondary element
i.e. the processor processes the signals emitted by the sensor.
The system of information representation is part of the
measurement converter that produces the measurement
output [25]. Agriculture sensors find their application in soil
testing equipment, fertilizing and crop protection machinery,
as well as crop harvesting machinery. The most frequent
types of sensors in current use are electromagnetic and
ultrasonic sensors. LIDAR and infrared sensors are currently
in scientific investigation for agro-purpose. Electromagnetic
sensors work on the principle of the dependence of
inductance on changes in magnetic resistance. When a metal
object gets closer, the magnetic resistance of the coil decrease
while inductance increases. The parameters of
electromagnetic flow and the characteristics of the object
determine the region of detection by electromagnetic sensors.
On the contrary, the working principle of inductive sensors is
based on the change of magnetic resistance. The main
advantages of inductive sensors are the following: resistance
to water, oil, dirt, non-metal parts, object colour and
roughness, impact, and vibration. Photoelectric sensors work
on the principle of the change of parameters (optical signals)
together with the changes of the measured physical data
(occurrence of photoelectric effect). There are also some
differences about the distance from the sensor to the crops.
For example, the SPAD and the ClorofiLOG sensors need to
make static measurements, touching the sensors on crop’s
leaves [26]. The working principle of thermoelectric sensors
is based on the measurement of the temperature difference
resulting in electric voltage. Their use are common in in
biotechnology, medicine, the environment, and the
agriculture [27, 28, 29]. Capacitive sensors rely on
capacitivity to determine variable values. The change in the
distance between surfaces impacts the change of capacitivity.
This occurrence is utilized by capacitive sensors to identify
the changes in object positioning. Accordingly, the sensor
must be placed in the proximity of the observed object (0.25-
2 mm). The inductive transducers include measurement tapes
used to measure deformations, such as in statically and
dynamically stressed constructions. One of the most common
capacitive sensor used in precise agriculture for monitoring
soil moisture content is Field Connect [30]. The working
principle of potentiometer sensors is based on the changes of
resistance due to changes in the sliding contact. The
disadvantage of these sensors is the contact point between the
slider and resistance wire. They are used to measure sensor
resistance at close distances. Common use in agriculture is in
following trajectory [31]. Ultrasound sensors are used to
determine distance when the range of the obstacle is

determined by the time necessary for the ultrasound to travel
from the object as a reflected wave. According to the research
done by the authors [32], ultrasound sensors (Fig. 1) can
detect an object from 0.6 to 6 m with the minimal area of the
object to be detected of 0,02 m? Their common use in
agriculture is in spraying boom height control [30].

Figure 1 Ultrasonic sensor (Source: https://components101.com/ultrasonic-sensor-
working-pinout-datasheet)

LIDAR optical sensors (Light Detection and Ranging)
function on the principle of the change of parameters of
optical signals in dependence on the change of a measurand.
They deploy a measuring instrument that emits laser beams,
which in turn, reflect off very tiny particles dispersed in the
atmosphere (aerosols, cloud drops), and afterwards get
registered by an optical receiver (Fig. 2). Optical sensors are
applied in the contactless long-range detections. They are
widely used since the object material is irrelevant [23].

HDL-64E
HDL-32E

VLP-16
Figure 2 LIDAR sensors-left (Source: https://velodynelidar.com/products/hdl-64e/),
Infrared sensor-right (Source: https://ctgrow.com/vpd-sensors/25-vpx-3-vpd-
infrared-sensor.html)

OptRX system is one of the most widely known sensor
systems in agriculture. Sensors are mounted on an aggregate
providing direct readings of crop condition and exerting a
direct impact on agrotechnical operations. Additionally,
MSP3 is another well-known approach to the measurement
of soil characteristics by sensors. The working principle of
sensors is the same, whereas, unlike the former system, it
requires processing of the collected data through a computer
and mapping software. The data can result in various types
of maps, which can be later used in agrotechnical operations
[23]. Additionally, sensors are widely used by combine
harvesters in annual harvesting. Combine yield sensors can
be classified as systems for volume measurement, systems
for power/impulse measurement, and other indirect
measurement systems. Yield sensors deliver measurement
values (grain diameter, grain flow, grain quantity), and for
each harvested area (it represents the yield) equation
calculations are performed ([23]. The yield volume
measurement system calculates the volume of the crop that
flows past photosensors, which register and measure the time
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of rays that are either let through or not. This period is
calculated using a corresponding algorithm. The system’s
main disadvantage is the conspicuous inaccuracy of the data
produced by measuring on sloping terrains. The systems for
power/impulse measuring determine the mass against the
time unit based on the power or impulse action of grains. Two
finger-shaped sensors attached to a single power/impulse
measuring unit are the main components of a sensor. Instead
of the finger-shaped sensors, similar systems deploy
electrical trackers and a spring plate for measuring the
voltage change [23]. Apart from the mentioned systems,
there are indirect measuring systems that deploy gamma rays
shined towards the radiation detector by a weak source of
radiation. Higher-quality sensors mounted on combine
harvesters include microwave or infrared-NIR sensors (Near
Infrared Reflectance). NIR sensors produce satisfactory
results and are widely used for the measurement of moisture
and protein content. NIR sensors are the basis for commonly
used sensors in detecting plant disease and stresses [33]. For
the crop protection is commonly using the application of
variabale rate technology (VRT). The VRT use in field crops
is based on the sensory approach to light reflection measuring
from plants and the collected data analysis. By varying the
luminous flux on the sensor, which depends on individual
plant properties, an electronic signal is sent to the regulator
which performs the dosing device opening and the particular
medium’s application [34]. According to [35] the plant
sensor PRO Active has a growing impact on modern
agricultural concepts. This sensor has been developed for
daylight conditions. It consists of two sensor units and a
reference sensor attached to the roof to measure the incidence
light (the quantity of insolation). The sensor estimates the
status of nitrogen and plant biomass. The data are used to
calculate the optimal application level in real-time.

3 RESULTS AND DISCUSSION

The above discussed sensors generally deliver data when
the machinery is in motion. Some information needs to be
additionally processed through computers and mapping
software. The processed data facilitate the creation of various
types of maps for further use in agrotechnical operations. The
obtained values in forms of dots provide the basis for all
maps. The first maps of sensor collected values consisted
solely of the measured values represented through dots. The
measuring points are assigned the colour of the respective
yield value. Fig. 3 depicts a dispersible yield map. Using the
grid display, algorithms can be applied to create an isometric
yield map with the aim of improving the characteristics of
maps (Fig. 4). Isometric design improves the visual design;
however, it is not applied in precision agriculture as it cannot
be applied to the contemporary machinery. The results
acquired by MSP3 are read by FieldFusion software used for
measurement of pH soil values (Fig. 5).

OptRx sensor uses the wavelengths of 670, 730, and 760
nm to calculate NDVI and NDRE. Op¢Rx sensors are not
sensitive to ambient lighting and can consequently be used
both during the day and night-time. Additionally, they belong
to few sensors that combine more than six values. A sensor
must be able to discover crop stress (for crops such as potato

and wheat) in early and later growth phases as well as to
record exact VI values under the dusty field conditions. Plant
growth significantly impacts the change of reflexion. Fig. 6
shows that it is necessary to change the red border in later
growth phases and maintain the comparison of healthy
against unhealthy plants when plant sensors read only the red
light with the reflexion change being significant due to plant
growth. The OptRx sensor manages this situation in the most
reliable, practical and economical way on the market. The
results show the relation between NDVI and NDRE and a
kilogram of nitrogen per hectare (Fig. 7). The OptRx sensors
have displayed their ability to discover crop stress, e.g. in
potatoes and wheat, during the earlier and later growth
phases. A major advantage of the OptRx sensors is the
recording display of the exact value of VI in field conditions

(Fig. 8).
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Figure 3 Scatter yield card-left, Figure 4 Outline map of yields (Source:
http://polj.savetodavstvo.vojvodina.gov.rs/sites/default/files/precpoljplascak.ppt)
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Figure 5 Example of soil pH measurement results
(Source: hitps://veristech.com/the-solutions/fieldfusion%E2%84%A2)
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Figure 8 Readings of different wavelengths of OptRx sensors
(Source: Hans Stiekema Ag Leader Europe)

The advantage of the plant sensor PRO Active is the
application of real-time relative to crop growth and without
the atmospheric factors impact. The main working parameter
is nitrogen (Fig. 9).

Nitrogen needed

2
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Figure 9 Nitrogen distribution area according to PRO Active
(Source: https://www.isaria-digitalfarming.com/en/product/isaria-pro-active/)

4 CONCLUSIONS

In addition to the navigation system, precision agriculture
requires the support of other systems to be completely
functional. The most important systems are the system for
the application of artificial fertilizers and plant protection.
They are equipped with various sensors that read and send
data to a processing unit that makes decisions based on the
collected data. Technology development has resulted in a
wide availability of precision farming. Besides the navigation
of aggregates, every bigger farm uses a system of precision

agriculture including the growing use of sensors. Nowadays,
every new machine comes with a range of various integrated
sensors. They convert analogue signals to the digital ones,
read and processed through a computer. The data collected
by sensors determine further steps of agrotechnical activities
with the aim of production improvement. One of the most
well- known sensors is OptRx with aim to calculate the
vegetative indices NDVI and NDRE at the wavelengths of
670, 730, and 760 nm. These sensors can perform in difficult
field conditions, unlike other sensor types, which failed to
produce accurate data in the same conditions. The advantage
of the plant sensor PRO Active is the driver’s ability to
change the settings even in movement, and to adjust the steps
of calculations in one work phase. Using application of
variabale rate technology (VRT) farmers have immediate
insight into the condition of the crops and simultaneous
application of the product. Farmers must deploy modern
agricultural systems to ensure the survival of their
production. The large EU market provides ways of easy
placement and export of agricultural products of differing
quality. The quality as well as the product price can be
improved through the application of modern systems and a
wise use of resources, which is the goal of the sustainable
agricultural production. Future use in precise agriculture is
having autonomus robots with sensors for each agrotechnical
operation so farmers will be only for monitoring and sending
a robot scout as needed.
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Planetary Gearbox Prototype Development and Manufacturing

Jasmin Smajic, Isad Saric, Adil Muminovic, Muamer Delic, Adis J. Muminovic*

Abstract: Goal of this research was to develop and manufacture planetary gearbox prototype using rapid prototyping technology (additive manufacturing). Developed prototype
was used to visually analyse the design of the planetary gearbox. Also, it was used to improve and innovate education of students on several courses at Mechanical Design study
program at Faculty of Mechanical Engineering. It is shown that low cost rapid prototyping technology can be used to manufacture prototypes of complex machines and machine
elements. Prototypes manufactured using this technology have same functionality like the real one. Main limitation is the fact that they cannot sustain real world loads and stresses.
This paper shows opportunities which low cost rapid prototyping technology is offering in improvement and innovation of education process at engineering schools and faculties.
All complex and heavy machines can be manufactured using this type of technology and on that way more precisely presented to the students.

Keywords: education; mechanical design; planetary gearbox; rapid prototyping

1 INTRODUCTION

When professors at mechanical design courses, like
machine elements, wants to present working principles, for
some type of machine, they do it on one of the following
ways. They can show some drawings and pictures, they can
show some videos, or they can go with students to factories
or laboratories where those machines can be found. This is
possible only if professor has small number of students. He
cannot bring one hundred students to the factory just to show
them one or two machines and repeat that process for every
class. It would be the best if professor can bring some of those
machines to the classroom. Unfortunately, this is not possible
because, usually, those machines are too heavy. Best
examples are gears transmission drives, planetary gearboxes,
couplings and brakes. This research is carried out to find out
is it possible to use low cost rapid prototyping to manufacture
above mentioned machines using lightweight polymer
materials. Machines manufactured using this technology will
have functionality like the real one and they will be light
enough for professors to bring them to the classroom.
Planetary gearbox machine is chosen for this research. This
area of research is in focus right now because it is important
to enable students to feel the parts and assembly in their
hands. Research about enhancing the teaching of machine
design by creating a basic hands-on environment with
mechanical ‘breadboards’ was done in paper [1]. Similar
research can be found in paper [2]. Goal of the research was
to improve the mechanical design education introducing
hands-on experience with machine parts. Research about
development of machine part exhibition and functional
mock-ups to enrich design education was carried out in paper
[3]. Similar research was done at machine design courses at
the United States Air Force Academy and at the University
of Texas in Austin in USA in paper [4]. As early mentioned,
planetary gearbox is chosen as case study for this research.
Today, planetary gearboxes are used in many places where
power and torque transmission are needed. Especially in
mobile mechanical systems like cars, planes and bouts [5].
Planetary gearboxes are different in comparison to standard
gears gearboxes. Main difference is in fact that standard gears

gearbox has all shafts loaded in one housing and all shafts are
rotating only around their own axes. Planetary gearbox has at
least one shaft which is loaded in rotating element. That shaft
is rotating around his own axis and around one additional axis

[6].

11
Py

NG

Figure 1 Basic principles of planetary gearbox

Planetary gearboxes remained in focus of research in last
few years. Simulation of different types of planetary gearbox
was carried out in papers [6-8]. Power loss and efficiency
were studied in several research papers and doctoral
dissertations. The power loss and efficiency model of a
planetary gear transmission system was built with a system
modelling method in paper [9]. The method takes number of
different transmission elements such as gear, planetary gear
sets, hydraulic torque converter, friction disk, lubrication,
sealing, bump and motor into consideration and calculates
non-load and load power loss for each element. The overall
calculated power loss and efficiency are more accurate than
the meshing power method. To make simulation more
reliable it is compared with the test data [9]. Designing a
transmission with goal to maximize efficiency, while keeping
operating safety factors in proper boundaries is done in
doctoral dissertation [10]. The main purpose of this
dissertation was to study the influence of operating
conditions and gear oil formulation in the efficiency of
meshing gears (applied to a planetary gearbox) including
elastic and dynamic effects. Vibrations of planetary
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gearboxes are studied in several papers. Planetary gearboxes
excite highly modulated vibration. From the existing
literature, contradicting descriptions can be obtained. In
order to resolve this situation, six commodity gearboxes are
investigated on a test rig. A simple, yet powerful method to
extract their vibration signatures is proposed in paper [11].
Paper [12] deals with description of a diagnostic device used
at the Department of Design and Machine Elements at the
University of Zilina which has been built in order to measure,
diagnose and evaluate gearbox faults by vibrodiagnostics.
Paper [12] describes methods and damage creation process
for tested gearboxes. Evaluation of different faults is also
processed in paper [12] as well as description of comparative
measurements between real and artificially created pitting.
Comparison of all measured data with SPM methods is also
included.

1.1 Rapid Prototyping

Rapid prototyping technologies are in the focus of
research for many authors these days. One of the main
manufacturing technology for rapid prototyping is additive
manufacturing, especially fused deposition modelling
(FDM), which is used in this research for manufacturing of
planetary gearbox prototype. Machines for FDM have low
cost and they become available for regular people out of the
universities and big companies. Detail reviews about rapid
prototyping and additive manufacturing can be found in
papers [13, 14]. By advancing of additive manufacturing
technology, a lot of new questions, challenges and
applications emerges. Additive manufacturing technology
enables design of machine elements with less mass but in the
same time with same stiffness and stress loading capacity.
Example of these principals which are used for gears
innovative design and manufacturing are shown in paper
[15]. Also there are other papers and research about usage of
rapid prototyping for gears manufacturing. Main goal of
paper [16] was to establish optimal additive manufacturing
parameters (printing direction, layer height and percent of
infill) which will allow printed gears to replace failed steel
gears, for at least some time, enough for spare steel gears to
be produced and delivered on site. Special type of polymer
material was developed for production of gears using rapid
prototyping in paper [17]. Recent developments in additive
manufacturing of gears are given in paper [18]. In paper [18]
it is stated: "Additive Layer Manufacturing (ALM) is an
advanced technology to produce quality gears of metals and
plastics. Some significant benefits such as capability to
handle complex gear shapes and design, and produce near
net-shaped gears; resource efficiency; and rapid product
development etc. make this process a sustainable alternate to
the other processes of gear manufacturing". From above
papers and literature review, it can be seen that rapid
prototyping and additive manufacturing can be used for
production of planetary gearbox prototype. It is important to
notice that dimensional accuracy of gears manufactured
using rapid prototyping will be low. Because of this real gear
ratio of two gears will significantly differ from analytical

one. Example of toothing accuracy was studied in paper [19].
Polymer gears also have several additional problems.
Problem of significant deformation during contact of two
gears and problem of significant wear of two gears toots in
contact. These problems can also affect the gear ratio [20-
22]. To solve these problems additional modification of spur
gear profile can be carried out [23]. Goal of this paper is to
analyse possibilities to use FDM additive manufacturing
technology to produce planetary gearbox which can be used
for design analysis and for education purposes. Planetary
gearbox shown at Fig. 1 is chosen as case study.

2 ANALYTICAL CALCULATION

In this chapter, analytical calculation of planetary
gearbox, shown on Fig. 1, is presented. More detail
calculation procedure can be found in any book which deals
with design of planetary gearboxes, good example is book
[24].

Initial data:
n1 = 2000 min~! — rpm of gear 1
n3 =-500 min! — rpm of gear 3
i1R3 = -3 — gear ratio between gears 1 and 3, in regard to

lever R
P, =25kW — power at gear 1
z1 = 24 — number of teeth of gear 1.

2.1 Choosing Number of Satellite Gears and Calculation of
Number of Gear Teeth for Gears 2 and 3 of Planetary
Gearbox

Equation for gear ratio is given as:

. ZyZ
lﬁﬂ4ff71 (1)
1742

Where is: & — exponent for number of coupling with external
gearing; z; — number of teeth’s of gear 2; z; — number of
teeth’s of gear 3.

From Eq. (1) number of teeth of gear 3 can be calculated
as:

5 =~(=3)z =72 o)

Number of teeth of satellite gears 2 can be calculated
from the requirement for coaxial characteristic of gears:

zy =2z, 42z, 3)
From Eq. (3):
== @

Except for requirement for coaxial characteristic of
gears, planetary gearboxes which have more satellite gears
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must fulfil requirements for neighbourhood satellite gears.
They must not come in contact during operation. This
requirement must be checked using following equation:

LM Zp+2
sin— >

®)

Z] +22

For planetary gearbox shown on Fig. 1, using Eq. (5),
following values are calculated and above mentioned
requirement is fulfilled:

0.707 > 0.54 (6)

The third requirement, which has to be fulfilled, is
requirement for checking is it possible to carry out proper
assembly of satellite gears. If this requirement isn’t fulfilled
planetary gearbox will have low dynamic characteristics.
Assembly of first satellite gear is always possible, but
assembly of other two gears won’t be possible if this
requirement is not fulfilled during design process. This
requirement can be checked using following equation:

Z +z
L3 —integer number @)

Where is: K = 3 — number of satellite gears, chosen by
designer.

For planetary gearbox shown on Fig. 1, using Eq. (7),
following values are calculated and above-mentioned
requirement is fulfilled:

24472
3

32 (8)

2.2 Calculations of rpm for Gears 2 and 3 and for Lever R of
Planetary Gearbox

Analytical calculations of rpm (revolution per minute)
for gears inside planetary gearbox are based on calculation of
rpm for regular gears (when relative movement to the lever
R is observed (lever R is stationary). Gear ratio can be
calculated using number of teeth’s of that gears, Eq. (9).

Ba 7TR. )

R k Zb
Iy = (=1 i —
b~ TR

a

First, calculation of rpm for lever R needs to be carried
out using Eq. (9).

m —ng

i =(-DF- 2= (10)
Zp ny—ng
n —i%-n
ng =——2—=125min""' (11)
—ij3 +1

Now, calculation of rpm for gear 2 for planetary gearbox
shown on Fig. 1, using the same Eq. (9) can be carried out.

m —ng

iR =12 = (12)
Zp My —hg
R
—ng +ify - .
ny =R TIR 1750 min! (13)

5]

Where is:

illg =(- l)k i—z =—1 — gear ratio between gears 1 and 2.
1

2.3 Design of Gears for Planetary Gearbox

First, initial data needs to be selected. Initial data is same
for all gears inside of the planctary gearbox and they are
chosen by designer with following values:

m =2 mm — module

£ =0° — helix angle

o = o, = 20° — pressure angle

w = 20 — gear tooth length factor

z1 = 24 — number of teeth of gear 1.

Diameters and face width of all gears can be calculated
according to [25]. Gears 1 and 2 have same dimensions.

Pitch diameter:
dy=d, =m-z; =48 mm

Addendum diameter:
d, =d,, =d; +2m =52 mm

Dedendum diameter:
dy =dpy =m-(z, —2.4)=43.2 mm

Base diameter:

Face width:
b =b, =m-y =100 mm

Gears 1, 2 and 3 are shown on Figs. 2, 3 and 4.
Calculation of other machine elements inside planetary
gearbox (shafts, bearings, pins etc.) are not presented in this
paper because these calculations are too extensive. Those
calculations can be found in [24].

Diameters and face width of gear 3 are also calculated.

Pitch diameter:

dy =m-z; =144 mm
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Addendum diameter: Dedendum diameter:

dyz =m-(z; —2) =140 mm dn =m-(zy +2.4) =148.8 mm

a.

Base diameter:

dpy =d;-cosa =135.32 mm

Face width:
by =m-y =100 mm

3 DEVELOPMENT OF CAD MODEL AND MANUFACTURING
OF PLANETARY GEARBOX

Computer aided design (CAD) model is developed
according the calculations which are described in previous
chapter. CAD models of gears and shafts are developed
according to the calculations. Other machine elements like
bearings, screws and pins are chosen as standard elements.
CAD model of planetary gearbox housing is developed
according to the machine where planetary gearbox will be
mounted. Inside gears of developed CAD model of planetary
gearbox are shown on Fig. 5.

Figure 3 Gear 2

Figure 5 Inside gears of planetary gearbox

Completely developed CAD model of planetary gearbox
is shown on Fig. 6. For manufacturing of planetary gearbox
fused deposition modelling (FDM) additive manufacturing
technology is selected as most affordable technology for
rapid prototyping. For manufacturing, different materials are
used for different parts of planetary gearbox. Materials like
polylactic acid (PLA), polyethylene terephthalate (PET), co-

==:sn polyester (CPE), thermoplastic polyurethane (TPU) and
Figure 4 Gear 3 polyamide. Manufactured gears are shown on Fig. 7. Gears 1
and 2 are manufactured by combination of two materials,
polyamide (gear teeth’s) and PET (gear body).
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Polyamide is chosen for gears teeth’s because it has good
wear resistance and good mechanical properties. Basically it
lubricates itself, similarly like Politetrafluoretilen (PTFE)
material. PET is used for inside parts of gears because it has
better mechanical properties than polyamide materials.

Because of those mechanical properties, interference fit
can be achieved between real metal bearings and gears.
Polyamide and PET have similar thermal properties, which
is one of the reasons why those two materials can be used
together.

Figure 6 Developed CAD model of planetary gearbox

Gear 3 is manufactured fully from polyamide material.
More about different mechanical and thermal properties of
materials for additive manufacturing can be found in [26].
Real bearings are used because they are complex machine
elements with complex tolerances and fits. They cannot be
manufactured using FDM additive manufacturing process if
high accuracy is needed, which was the case in the
manufacturing process of planetary gearbox. More about
tolerances and fits of parts manufactured using additive
manufacturing can be found in [27].

Figure 7 Gears 1 and 2 manufactured by additive manufacturing using two
materials

Axles for gears housings are manufactured using CPE+
material because they are the most often loaded parts inside
planetary gearbox and CPE+ material has best mechanical
properties of all materials available for FDM additive

manufacturing up to today (at least to the knowledge of the
authors).

Firstly, authors tried to manufacture these axles using
PLA material but that axles did not sustain the bending stress
loads because stress concentration appear at the places where
Seeger rings need to be mounted (Fig. 8).

Figure 8 Example of fractured axle manufactured using PLA material

Figure 9 Example of fractured axle manufac

|

Figure 1-0 Inside assembly of planetary gearbox

All shafts of planetary gearbox are manufactured using
PLA material. Shafts have bigger dimensions and because of
that, they can sustain all loads. One of the manufactured
shafts are shown at Fig. 9. Seals are manufactured using TPU
material. TPU material is additive manufacturing material
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which is most similar to rubber materials. Because of that, it
can be used as seal.

Housing of planetary gearbox is manufactured using
PLA material, because it is most common material with low
price and it can fulfil all requirements in this case.

Inside assembly of planetary gearbox are shown on Fig.
10. Full outside assembly are shown on Fig. 11.

<
2
L
| O
o
z
=
=
'.‘_

Figure 11 Full prototype of planetary gearbox

4  ANALYSIS OF ROTATION ACCURACY AND
IMPROVEMENT OF EDUCATION

After manufacturing of planetary gearbox, analysis of
rotation accuracy is carried out. Prototype of planetary
gearbox is not intended to be fully loaded because those
materials cannot sustain full load like steel. To carry out
rotation accuracy analysis, gearbox is loaded with 10% of
usually full load, which was enough to measure output
rotation speed, calculate measured ratio and compare
measured ratio to calculated one by analytical calculation.
Results for measured ratio and calculated one are shown in
Tab. 1.

Table 1 Table title aligned centre

Ratio
Analytical calculation 4
Measured on prototype 3.994
Error in % 0.15%

Improvement of education is analyzed thought
discussion with the students at several courses at mechanical
design study program. All students have positive opinion
about this type of improvement of education. It is much
easier to explain working principles of machines using fully
functional prototype in comparison to videos, pictures or
drawings. Future research will focus on design and
development of other complex machines using low cost rapid
prototyping technology.

5 CONCLUSION

Design, calculation and manufacturing of planetary
gearbox is carried out in this paper. Gears and shafts are
designed and calculated. Other machine elements (bearings,
screws, pins, etc.) are chosen from standard machine
elements. Housing of planetary gearbox is also designed. Full
planetary gearbox is manufactured using additive
manufacturing as the most affordable rapid prototyping
technology (except of standard machine elements). FDM
additive manufacturing technology is used.

Goal of the research was to find out is it possible to
produce prototype of planetary gearbox which will be used
to study the design of all elements of planetary gearbox and
to use it in educational purpose at mechanical engineering
courses. This type of prototype has low weight, so it can be
carried out by professor to the classes. It can be fully
disassembled and assembled in front of the students. In
addition, it has full functionality like the real planetary
gearbox. This paper shows opportunities which additive
manufacturing is offering in improvement and innovation of
education process at engineering schools and faculties. All
complex and heavy machines and machine elements can be
manufactured using this type of technology and on that way
more precisely presented to the students. It can be concluded
that planetary gearbox is successfully developed and
manufactured.
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ATLaS: Assistant Software for Life Scientists to Use in Calculations of Buffer Solutions

Ugur Comlekcioglu*, Nazan Comlekcioglu

Abstract: Many solutions such as percentage, molar and buffer solutions are used in all experiments conducted in life science laboratories. Although the preparation of the
solutions is not difficult, miscalculations that can be made during intensive laboratory work negatively affect the experimental results. In order for the experiments to work correctly,
the solutions must be prepared completely correctly. In this project, a software, ATLaS (Assistant Toolkit for Laboratory Solutions), has been developed to eliminate solution errors
arising from calculations. Python programming language was used in the development of ATLaS. Tkinter and Pandas libraries were used in the program. ATLaS contains five
main modules (1) Percent Solutions, (2) Molar Solutions, (3) Acid-Base Solutions, (4) Buffer Solutions and (5) Unit Converter. Main modules have sub-functions within themselves.

With Pylnstaller, the software was converted into a stand-alone executable file. The source code of ATLaS is available at https:/github.com/cugur1978/ATLaS.

Keywords: ATLaS; buffer; Pandas; Python; solution; Tkinter

1 INTRODUCTION

There is a high demand for computer-based support for
diverse scientific research, but the software that suits the need
cannot always be found [1, 2]. While researchers lack the
necessary programming skills to develop the required
software, software developers are generally unfamiliar with
scientific research [3]. Although it is necessary to conduct
interdisciplinary studies to solve this problem, it is important
to train software developers who are experts in certain
scientific fields [4, 5]. Because the cooperation to be
achieved by the design, development and distribution of free
software by scientists will enable researchers to spend more
time on their research [6].

Using programming languages such as C++, Python,
Fortran or Pearl, a variety of software, pipelines and
packages have been developed to meet all analysis demands
of scientific or industrial researchers. Examples of these
software include BioCoder[7], Tellurium [8], Biotite [9].
Various web-based tools allow researchers to handle their
studies outside of the command-line environment; however,
these programs need a stable internet connection and thus
hinder offline analysis. Internet-free software with a
graphical user interface (GUI) has greatly helped researchers
in their work [10].

Python is an interpreted, object-oriented, open-source
language, has possibly become the actual standard for
investigative, interactive, and computation-driven scientific
research [11]. Its ease of learning and use combined with the
open-source nature of the language make it an ideal platform
for scientific computing [8]. Python help develop
computational research tools by providing a balance of
clarity and flexibility without decreasing performance [12].
Python stands out with its scientific libraries as well as
features such as object oriented and functional programming
[13]. Scientific softwares use of a very rich available
collection of scientific libraries such as SciPy, NumPy, and
Matplotlib. SciPy, for example, has become the de facto
standard for leveraging scientific algorithms in Python, with
over 600 unique code contributors, thousands of dependent
packages, more than 100,000 dependent repositories [14].

In scientific applications, requirements can vary greatly,
from basic scripts for usual data analysis with pre-existing
toolkits and software to complex general-purpose structures
that search to automate and facilitate a wide variety of
computational jobs [15]. The place of experimental study in
laboratories has always supposed a high profile at all levels
of science. However, errors in laboratory experiments can
occur in any step of the process. Casadevall et al. [16]
reported that more than half of all error-related retractions
were attributed to laboratory error. Experimental errors have
negative effects in terms of cost, time and effort. In addition,
insufficient description of materials and methods limits the
reproducibility of the scientific researches [17]. Methods
reproducibility mentions to the providing of adequate detail
about study protocols and data so the same protocols could,
in theory or in actuality, be completely repeated [18].
Protocols need to be highly detailed in order to reduce
experimental errors and increase the reproducibility of
experiments. However, methods in the literature are usually
given without a detailed and complete account of procedures
[7].

In this study, we are introducing a stand-alone software
ATLaS (Assistant Toolkit for Laboratory Solutions), which
is an assistant toolkit that includes basic and widespread
calculations of solutions with a user-friendly GUI. This
toolkit developed to save time and energy of wet-lab
researchers from various calculations of preparing solutions.
Additionally, the purpose of this software is to minimize
calculation errors in solution preparation in experiments. The
code of ATLaS is open, where the software's code could be
altered, enhanced or combined in various laboratory
softwares. ATLaS is a basic package software that carries out
a range of calculations to prepare various solutions for a
variety of scientific experiments. Considering that not every
laboratory has access to the internet, ATLaS is intended to be
software independent from the internet.

2 IMPLEMENTATION

ATLaS is platform-independent software that can be run
under all operating systems. The code of the software has
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been licensed under MIT and freely available at
https://github.com/cugur1978/ATLaS. ATLaS was
developed using Python 3.8.5, an interpreted object-oriented
high-level programming language that has become broadly
adopted in the scientific community due to its clean and open
syntax with uncomplicated semantics that make it instinctive
to learn, active developer community and free availability
[19, 20]. Additionally, Python is very beneficial while
building a prototype more quickly with less code. PyCharm
2020.3.2 was used as the coding editor. PyCharm offers a
smart code editor and a powerful graphical debugger [21].
Tkinter package is very useful to construct the GUI that
contain components such as windows, list boxes, entries etc.
Tkinter supplies usability to link codes and functions by
pressing buttons and show the output in a variety of options
determined by the developer [22].

Modularization is the process of organizing the code into
reusable and parametrizable components. Modularization
prevents errors, makes code more readable and testable, and
simplifies code reuse over redundant duplication [15].
Therefore, ATLaS is designed to consist of 5 main modules.
Functions are placed in these modules. A function is a block

of code that expresses the solution to a small, independent
problem or task. Structuring a program by functions also
helps with the modularity and interpretability of the program
code and ultimately simplifies the debugging process - an
important consideration in all programming projects [19].
The modules used in the calculation of percent and molar
solutions contain 3 functions each. These functions perform
(1) calculation of percent/molar solutions, (2) dilution and (3)
percent/molar conversions. Chemicals in Acid & Base and
Buffer Modules are presented to the user as a list.
Information such as empirical formula, formula weight of
these chemicals are saved in Microsoft Excel files. ATLaS
makes calculations by calling these values from the Excel
files. Unit Converter module performs concentration
conversions under volume, mass and density options.
PylInstaller was used to convert ATLaS to a standalone
executable software. PylInstaller gathers packages accessed
in python software and assemblies locally installed packages
in the directory where the application can find the packages
in this directory and take the required function from these
packages in place of the function in the system. The flow
chart used in the design of the software is given in Fig. 1.

Python 3.8.5 Pandas
\ 4
ATLas
Main Page
\ 4 L 4 \ 4 L 4 L 4
Moduls Percent Molar Acid Base Buffer Unit
Solutions Solutions Solutions Solutions Converter

Percent Solution Molar solution Molarity Buffer solution Volume
—~———— . ——— ~———
— e  ————— —

Functions = Dilution Dilution Normality Mass

—— ] —

Percent to Molar Molar to percent Density
~——— e ———

Figure 1 The flowchart used in the development of ATLaS

3 RESULTS AND DISCUSSION

The research in life science laboratories requires a
diverse collection of software tools. These tools range from
laboratory equipment software to data analysis software, and
custom software developed to handle the relatively numerous
calculations. Researchers increasingly depend on these tools
to handle complicated laboratory protocols. Ultimately,
research needs in laboratory motivated us to develop an
assistant toolkit called ATLaS. The goal of ATLaS is to assist

wet-lab scientist with various domains in life science
laboratory researches. The benefits it provides at a functional
level are unified functions, interface simplicity and efficient
usage. Solution calculator is the first domain in ATLaS. We
developed a calculator for preparing solutions in
experimental studies. In this software, we focused our
attention on reducing calculation errors in solution
preparation by researchers. Thus, this domain allows
researchers to prevent time, labor and financial losses by
hindering experimental errors raised from faulty calculations
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in solution preparation. Although solution calculations are
made on various websites on the Internet, not every site can
meet all the calculations needed. For this reason, the
researcher may have to navigate various sites to make the
calculation he/she wants. In addition, the lab may not have
stable internet access or internet connection speeds may be
low. ATLaS collects the calculations that may be needed
while preparing solutions by life scientists in a single
software. It does not require internet connection with its
stands-alone structure. The versatility of a program comes
from the variety of functions it has. ATLaS includes 10
functions under 5 modules. Since the documentation will
become more important in software development, modules
and the overall functions of ATLaS were illustrated in the
user manual and available at https://github.com/cugur1978/
ATLaS/blob/main/ATLaS User Manuel.pdf

The modular development of ATLaS provided an
advantage in debugging. The modules written separately
were brought together after the errors were corrected. In this
way, the codes can be read more easily for those who want to
develop ATLaS by cloning. A good GUI makes an
application intuitive and easy to use. Tkinter, which is default
graphical user interface widget set for Python, was used for
GUI. Tkinter was selected because of its availability on all
operating systems [23]. Graphical user interfaces allow the
user to send information into the program without accessing
the code [24]. One of our main purposes was that the GUI of

ATLaS had a simple interface. It can be confusing to present
all parameters in a single interface, so ATLaS is designed
modularly. Thus, even the first person to use the program can
make calculations without difficulty.

Scientific software developed by researchers typically
appeals to a very narrow audience [25]. Effective scientific
software should be coded to meet the needs of the researcher
over a long period. Scientific software may produce the
intended results in developers hands, however, the potential
new user may not benefit in a similar manner. In order to
enable ATLaS be flexible enough to adapt to a variety of
laboratories, chemical information did not inserted into the
codes. Taking into account the difference of the solutions or
chemicals needed in different laboratories, ATLaS allows the
researcher to create a chemical database in Acid-Base and
Buffer solution modules. The information in these modules
is called from the Microsoft Excel file located in the same
folder as ATLaS. Python language uses the Pandas library for
processing spreadsheet-format data such as Excel and
therefore to read the data in Excel files, Pandas library was
imported to ATLaS. If the researcher enters the information
of the chemicals required, depending on the format in the
Excel file, ATLaS will use this information in calculations.
Finally, calculation results are reported to the user as a recipe.
Thus, the results were made more understandable especially
for students and young researchers who start working in
research laboratories.

§ amas - o X 4 B [ _c D
1 \Name Formula FW Equivalent
.o 2 |AceticAcid CH3CO2H 6005 1
ACID & BASE SOLUTIONS List items called from Excel 3 |Ammonium Hydroxide NH40H 35.05 1
¥ 4 |Barium hydroxide Ba(OH)2 171.34 2
. _ = = 5 |Calcium hydroxide Ca(OH)2 74.09 2
iﬁmeuc Acid Hvdronid [Phosphoric Acid 6 |Formic Acid HCOOH 46.03 1
monium Hydroxide -
Barium hydroxide Formula Enter the density: 7 |Hydrobromicacid HBr 80.91 1
. X 8 |Hydrochloric Acid HCcl 36.46 1
Calcium hydroxide H3Po4 1.685 g/ml i
Forrmic Acid i 9 |Hydrofluoric Acid HF 20.01 1
Hydrobromic acid Formula weight Weight percentage 10 |Hydroiodic Acid HI 127.91 1
Hydrochloric Acid [ea0 gmal B % Wiw 11 |Lithium hydroxide LiOH 23.95 1
Hydrofluoric Acid Equivalent Enter desired volume as ik 12 |Nitric Acid HNO3 63.01 1
Hydroiodic Acid ‘3 Moo 13 |Perchloric Acid HClD4 100.46 1
Lithium hydroside mi 14 |Phosphoric Acid H3POA 38.0 3
Nitric Acid Enter desired concentration as M 15 |Potassium Hydroxide KOH 56.11 1
Perc““"”? Acid o5 16 |Sodium Hydroxide NaOH 40.0 1
1 rrnale {d on ).
Phosphoric Acid Sontlyc oyl M/N B 17 |suifuric Acid H2504 98.08 2

Potassium Hydroxide

Scdmrn Hy_dm’dde == Take 3.421 ml from 14.615 M solution.
Sulfuric Acid >> Slowly add 3.421 ml to 25.0 ml dH20.
>> Then adjust the final volume to 100 ml.

A

>> The concentration of your stock solution is 14.615 M.

>> The concentration of your solution is 43.844 N.
>> Take 1.14 ml from 4.872 N solution.
>> Slowly add 1.14 ml to 25.0 ml dH20.
>> Then adjust the final volume to 100 ml

—

C

Figure 2 Acid and base solution module (A), Excel file called from ATLaS (B) and Normal Calculation output (C)

As an example, the calculations required for preparing
0.5 M and 0.5 N phosphoric acid solutions are shown in the
application in Fig. 2. Acid and Base Solution module in
ATLaS contains 16 acids and bases. The formulas, formula
weights and equivalent values of these chemicals are called
from the Excel file. The researcher could add more acid and
bases to this Excel file, thus the chemical database could be
expanded by the user. However, density and weight
percentage values are requested from the user. This is
because these values may differ according to the brands of
chemicals used in laboratories. As seen in Fig. 2, when
phosphoric acid is selected from the list and the relevant

fields are filled, the outputs can be seen when the molarity or
normality buttons are pressed. Instead of giving the
calculated values directly to the user, the preparation of the
solution comes as a recipe as more understandable laboratory
instructions. For this, the calculated values are assigned to the
defined variables and placed in the codes containing
instructions.

The open-source code of ATLaS enables the developers
to be able to better understand the methodology and
reproduce the results. Open-source software development
has had remarkable effect on scientific research. Open
sharing not only enables the scientific approach through
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replication, validation, and error checking, sharing is the key
to a sustainable forthcoming for computational research, and
publishers require open-source code for reviewing the
software used to generate results [26]. However, the
retainability of softwares after publication is presumably the
most important problem faced by scientists who develop it
[27]. Additionally, version control is necessary for
sustainable software development [25]. In order to overcome
these issues, ATLaS uploaded to GitHub, which is a popular
web-based hosting service for Git version control. GitHub
provides a useful software development platform, wherein
developers can upload their open-source projects. The most
important issue in a repository is having a license that clearly
defines the permissions and restrictions attached to the code
and other files in the repository [28]. Since ATLaS was
deposited in GitHub under the license of MIT, which gives
permissions without limitation to use copy and modify, it is
possible for other developers to develop this software.

4 CONCLUSIONS

We took into account "Release early, release often" as an
open-source mantra, and reported the first version of ATLaS
in this study. We aim to present new versions to researchers
by adding different modules to ATLaS. Scientific software
development is a significant need that has to be fulfilled. It is
essential that experiments be analyzed in a reproducible
manner. Computational research software systems allow for
the standardization of analysis pipelines, thus enables the
scientific studies repeatable in different laboratories.As
scientists, we need assistant softwares that will standardize
laboratory protocols and calculations. Development of open-
source software is a collective process and therefore our
expectation is that different scientists and software
developers will be involved in the development of ATLaS.
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An Overview of Precision Irrigation Systems Used in Agriculture
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Abstract: The introduction of precision agriculture increased the efficiency of plant production, while simultaneously reducing the production cost. Precision irrigation can be
considered as the combination of sensors, computer software and irrigation systems. Precision irrigation has reduced water consumption and increased yields, and thus increased
economic profits. The development of new crop monitoring technologies in precision irrigation has been made possible by the imaging and analysis of real-time crop condition
data. The aim of this study was to describe the present state and possibilities of precision irrigation in practice in the EU and Croatia. An overview of the current precision irrigation
technologies, as well as its adaptive management to the decision-making in agricultural water management, represents a fundamental basis for future practical studies in precision

irrigation.

Keywords: micro-irrigation/flooding; precision agriculture; rainfall irrigation/flooding; sensors; simulation; surface irrigation/flooding

1 INTRODUCTION

The application of irrigation systems in agriculture in
Europe is near 30%, while in Croatia it is only about 2% [1].
The available water levels are in constant decline in the
world, which urges for the accurate determination of the
exact amount of water required by the crops during the
growing season. Precision agriculture is defined as the
technology based on the identification and management of
variabilities within the agricultural field for optimal
profitability, sustainability and protection of land resources
[2]. The advantages of precision agriculture in terms of
economic and environmental benefits are in the reduced use
of water, fertilizers, herbicides and pesticides [3]. One of the
most important areas in which precision agriculture is applied
is the management of soil properties heterogeneity, which is
crucial for most agrotechnical operations [4]. Precision
irrigation requires the possession of soil-related information
such as: texture, water capacity, moisture and crop water
demand at certain growth stages. The procedures within
precision irrigation are supported by technical components,
such as sensors and computer processing software.

In the water the soil is bound to the soil particles with the
force that the root system must overcome during the water
absorption. Therefore, water in the soil is divided into
accessible (free) and inaccessible (bound). The forces that
hold water along the soil particles are the moisture tension
(surface, hydrostatic and gravitational forces), and the
osmotic pressure of the water soil phase [5]. In [6], on
agricultural lands that do not have enough water for crop
production during their partial or full growth period, water
should be artificially applied. All operations which include
the man-made and artificial increase of the soil water content
with the aim of crop production are considered as irrigation.

Author [7] stated that thermal remote sensing used for
the determination of crop water content is based on the
emitted radiation of the plant in relation to the temperature
difference between the leaf and stem. It significantly varies
with air temperature and evapotranspiration intensity. The
best method for determining soil moisture in potato
cultivation were studied in research of [8]. The authors noted
the efficiency of watermark tensiometers for that application.

However, they emphasize the need for a calibration curve in
order to relate the values of pressure (kPa or cbar) and
volume of soil water content (vol%) to the current soil
moisture. The same authors stated that Aquaterr sensors were
sensitive to changes in soil temperature and therefore do not
recommend their use in potato cultivation. According to [9],
the efficiency of watermark sensors depends on weather
conditions. The depth of sensor placement should not be the
same in average climatic years and in years with extreme
weather conditions. Authors [10] measured soil water content
on five soil types with the help of electrical conductivity, and
the influence of the change in the amount of water for future
soil mapping was confirmed, similar to measures of [11].
Many authors [5, 12] divided the irrigation systems into three
fundamental methods: surface irrigation/flooding, rainfall
irrigation/flooding and micro-irrigation systems.

2 THE DEVELOPMENT OF PRECISION IRRIGATION

Research related to precision irrigation began in the
United States in the early 1990s. The research was largely
based on the modification of mobile irrigation systems that
are able to cover a large area and apply a diverse amount of
water. Such systems were controlled using the input spatial
data [13]. Various procedures have been evaluated to
implement valve control to achieve the desired application of
irrigation rates. It was concluded that due to the cost and
complexity of these systems, economic feasibility depends
on large agricultural production and does not pay off for
small farmers [14]. The number of studies by European
researchers regarding precision irrigation increased in the
2000s and emphasis was placed on the purpose and
performance of spatially variable irrigation rates [15-19].

The studies conducted by [20] and [21] included the
application of an infrared thermometer mounted on a rain
wing. These pivot systems were used for the data collection
of soil temperature and plant surface temperature for the
development of automatic irrigation. Authors [20] concluded
that the method of modeling the dynamics of crop cover
temperature can be cost-efficient. Due to the low cost and
simplicity of the method, this method became accessible for
smaller farmers as well.
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Additional research conducted in Europe, according to
authors [15], focused on variations in yields due to uneven
irrigation. In New Zealand, authors [22] investigated water
savings and the economic benefits of precision irrigation
using pivot systems. Common features of these studies
include: the emphasis on system design and control to obtain
spatially diverse applications; the use of global navigation
satellite system (GNSS) for irrigation control using
previously created soil maps; and differential irrigation in the
areas from 40 to 100 m?. Authors [16] focused on the
development and testing of digital control systems that use
an embedded computer to process and apply transmitted
radio waves. They used the low-energy precision application
(LEPA) system on the pivot irrigation system. It was
concluded that pivot systems and LEPA can be corrected for
the application of spatially different irrigation. The common
precision irrigation strategy was to change the amount of
water rates, and thus the depth of water application. Precision
irrigation relies on the development of the appropriate
irrigation management systems based on the data collected
about the crop requirements for water and nutrients in real-
time.

The notion of spatially variable irrigation is based on the
hypothesis that each plant requires a non-uniform amount of
water due to the difference in root system depth. The yield is
maximum if each plant receives the exact amount of water it
requires, considering the within-field heterogeneity [16].

The primary objective of precision irrigation is to
optimize the amount of water in the entire agricultural field.
Variable-rate irrigation in specific locations can achieve
significant water savings [14]. According to authors [19],
variable-rate can produce water savings in the range from 10
to 15 % compared to the conventional methods. Authors [23]
even estimated that the potential water savings using
precision irrigation can reach about 25 %.

Authors [24] observed that the potato yield using the
pivot systems based on the spatially variable irrigation
systems can increase the yield from 4 to 6 %. Crop modeling
and spatially variable irrigation have proven to be essential
and effective means of yield management. Two authors [25]
used the CERES model to model maize crops and the
feasibility of maize irrigation. Spatially variable irrigation
also resulted in higher maize yields. However, in some
instances, multiple authors [26-28] pointed to the fact that
such a system might not be profitable for small farmers.

3 PRECISION IRRIGATION METHODS AND SYSTEMS
3.1 Surface/flooding Irrigation

The rirmod irrigation model has been accepted as a
standard for the evaluation and optimization of surface
furrow irrigation in Australia [29]. It is based on solving full
hydrodynamic equations and its accuracy is determined only
by input parameters. This model uses real-time irrigation data
and creates irrigation statistics for future use. Using the
Winsrfr model and the aim model, many authors [30, 31]
used approximate hydrodynamic equations and their
accuracy was determined only for individual situations.

Real-time automation and adaptability control produced
quality results for managing infiltration time variability.

According to authors [32], this procedure ensures greater
efficiency of irrigation compared to traditional irrigation
estimates, allowing significant labor savings. The real-time
control system monitors the water movement along the
furrow. It determines the characteristics of soil absorption
through the simulation procedure and therefore modifies the
input variables (water flow and moment of irrigation
cessation). If the set irrigation parameters are continuous and
change automatically, it means that the irrigation system is
adaptable to the conditions in the field.

AWMA Pyt Ltd, is an Australian company that
developed the aquator system for automatic and remote
control of water resources. Operations assigned via aquator
are transmitted by a device that is most commonly mounted
on the base station roof. The control openings have built-in
receivers and are powered via solar panels. Reverse remote
reading was developed by authors [33] as an alternative
contact sensor that serves to monitor the progress of water
entry into the furrows and allow automatic control of water
flow. The camera is located at the field boundary and images
water flowing down the furrow during irrigation. The images
are analyzed by a computer system to calculate the actual
position of the incoming water.

Authors [32] laid the foundations for the practical control
of furrow irrigation in real-time. The proposed system
includes: automatic start of inflow into furrows and its
measurement; measuring the water flow through the furrows;
real-time assessment of soil infiltration and soil moisture
deficiency; real-time simulation and optimization of
interruption time and automatic shutdown of inflow at the set
time. The system performs all procedures without user
interaction.

 Apgplication afficiency %

Figure 1 IrriPro optimization screen [34]

Decision-making software is an important segment for
such a system and includes: continuous flow measurement
using pressure measurement in the supply system; earlier soil
characterization by determining the soil type; and the
probability of water infiltration into the soil. The IrriPro
software package was developed to extend the hydraulic
modeling of a single furrow or an entire field. It uses
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hydrodynamic equations and multiple simulations for each
furrow in the field and combines the results to create 2D
networks of applied depths (Fig. 1 and 2). It then determines
the flow rate and the end time of the flow in order to achieve
maximum effect.

Fig. 1. represents an example of the IrriPro optimization
screen, which lists the parameters for multiple furrows in the
entire field. The green area indicates the zone of optimal
performance. Fig. 2 shows the predicted irrigation end
periods for 84 furrows, considering the heterogeneity of the
furrows.
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Figure 2 IrriPro predicted irrigation end periods [34]
3.2 Rainfall Irrigation

Simulations of rainfall irrigation/flooding models have
been rapidly evolving over the last two decades. The
computer software Space Pro includes the known templates
for the purpose of selecting the size and spacing of the
sprayers for the maximization of irrigation uniformity. This
software relies on known parameters for each sprayer, such
as the pressure and above ground height. The wind influence
is usually neglected in the process, which impairs the
efficiency of the sprayer [35]. Two main approaches are
commonly used: a ballistic approach to calculate the flight
path of individual water droplets; and an empirical approach
involving extrapolation from measured parameters. These
parameters include varying wind speeds and directions,
pressure and droplet flight path.

Travgun is the model developed by authors [36], which
uses the irrigation direction to calculate the wind-free pattern
and to determine the six parameters used to adjust the wind
impact pattern. The information obtained from the model is
an estimate of the uniformity of irrigation application for any
angle, distance, droplet flight path, wind speed and direction.
The model does not predict irrigation depths at specific
points in the field. The purpose of all models is to assess the
uniformity of irrigation, the selection of appropriate nozzles
and their spacing.

Of all irrigation systems, rainwater irrigation systems
offer the greatest potential for uniform irrigation, as they are
easily adaptable for spatially variable management.
Significant progress has been made in the development of
hardware to control the pivot system with the aim of
achieving irrigation precision. According to authors [37],
further development of decision-making tools in irrigation

pivot systems is needed to achieve optimal irrigation
accuracy.

A number of technologies for the variable water
irrigation have been developed, classifying them as [16]:
multiple discrete devices combined with a constant
application rate to achieve irrigation depth; a fixed flow rate
device with the possibility of rapid interruption to ensure a
range of depth of irrigation application; and variable sprayers
with time control. A control system has also been developed
to control the irrigation speed for each individual sprayer.
Key criteria in the development of these technologies
include: ease of installation in existing commercial irrigation
systems; adequate uniformity of water application within the
management zone; compatibility with existing irrigation
system equipment; reduction of robust electronics; two-way
communication; and the possibility of future upgrade.
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Figure 3 Farmscan irrigation rates [34]

To achieve higher precision of water application to a
specific location, the exact locations of all elements for
irrigation application must be known. To determine the
center pivot locations, either multiple electronic compasses
that continuously measure inconsistencies along the length of
the system; or GNSS for positioning at one or more locations
are used. The pivot devices for application with variable
irrigation rates are currently commercially available
technology. The farmscan 7000VRI is a system used to
control the center pivot device [34]. The prescribed maps
were created using a personal computer (Fig. 3). The
application map separates the circular areas covered by the
sprayer into circular clips with an angle of 2° to 10° and each
clip is divided into segments. Irrigation installments per
segment are variable values and it is possible to mark several
or all segments for irrigation. The irrigation rates calculated
in this way can easily be transferred to the controller. If
irrigation rates are to be increased above 100 %, the sprayer
will automatically slow down.
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Farmscan system supports the creation of five irrigation
rates. Up to 48 zones can be irrigated by adding auxiliary
nozzles located along with the supports. The nozzles are
grouped into blocks, and the blocks are controlled by the
main line that is electronically controlled by a controller [34].
Farmscan irrigation management map divides the
agricultural area into cells that are differently colored
according to the percentage of water available to the crops.
Since soils have different structures, varying water retention
capacities and infiltration rations, irrigation rates may differ
between different zones in one agricultural field [34]. Sensor
systems can be more accurate than those based on maps due
to access or data collection in real-time. Control systems that
dynamically collect data using remote sensing or built-in
sensors on the irrigation system are under development [38].

Automated irrigation control systems use sensors
grouped in one location. This management method uses only
the obtained soil properties data for irrigation planning and
aims at crop uniformity in the field, without optimizing
production in different parts of the field. However, the local
microclimate, plant genetics and the occurrence of
infestation/pests in crops can result in one area having a
different yield compared to another. The system developed
by authors [39] creates a soil map based on data obtained
from neutron probes which provide soil moisture data and
meteorological stations.

Most conventional irrigation systems are designed to
operate with a constant flow in the system and pressure on
the sprinklers. In precision irrigation, pivot irrigation
systems use constant pressure but variable water flow.
Possible solutions for variable water supply are multi-pump
systems or the use of a variable speed pump [16].

3.3 Micro-Irrigation Systems

Micro-irrigation systems are designed for the exclusive
irrigation of the zone in the plant proximity. The advantages
of this approach are: irrigation of a smaller area, minimal
water evaporation from the soil surface, reduced weed
presence, and uniform water application in the root zone of
the plant. A special advantage of micro-irrigation is the
addition of a smaller amount of water at short irrigation
intervals. This provides the ability to maintain soil moisture
with a certain water deficit below the capacity of the field. It
can be managed throughout the entire season or only its part,
thus achieving greater irrigation efficiency and reducing
irrigation costs. The efficiency of micro-irrigation can be
higher than 90 % [40].

Water losses in micro-irrigation mainly occur by
evaporation of water from the soil surface and outflow of
water into the drainage. Evaporation losses are small due to
the limited irrigation area and no standing water on the soil
surface. The causes of possibly uneven irrigation in micro-
systems are the length of the pipe, pressure oscillations and
clogging of the applicator during its operation. The micro-
irrigation system has a higher potential for widespread
implementation compared to other systems. Management is
easy and is usually automated based on time, soil moisture,
or surrounding temperature [40].

Authors [41] used a system for monitoring the moisture
in the root zone in viticulture and measured soil moisture in
a closed-loop system. Authors [42] focused on the
development of a spatially variable micro-irrigation system
that enables the management of individual micro applicators
(droppers) in an orchard. The basis of the research was a
varying water supply for one or more individual trees located
on a single pipeline. The focus was particularly set on
designing an intelligent node of a micro-irrigation system
that can individually manage applicators. This required the
development of a physical network for energy distribution
and communication between applicators and individual
nodes along the irrigation line. Development was supported
by software for managing the main controller,
communication devices and individual micro applicator
nodes. A total of 50 nodes were deployed. Each node
consisted of a micro-controller and an electrical circuit. The
solenoid valves individually controlled the water flow on
each applicator. A pressure sensor was used to monitor the
pressure in the applicators. The applicator controller
provided information and stored data for the irrigation
schedule. The laptop was used to transmit the irrigation
schedule and access the sensor data on the pipeline regulator.
The results showed that the micro-irrigation system can be
configured for varying irrigation according to the individual
needs of each plant [43]. Fig. 4. displays a micro-irrigation
system with a wireless network.
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Figure 4 Micro-irrigation system [43]

That system operates on the principle of a wireless
network. The sensor connected to the wireless node measures
the soil moisture according to the set values and determined
the irrigation starting period. The wireless controller
measures soil moisture and temperature and using a built-in
transmitter that sends information to the central node. The
central node controls the solenoid valves and the node has a
built-in receiver that receives information sent from the
wireless node. The central node can be connected to a laptop,
and can also be controlled via a mobile device using a GSM
module. The controller in the central node processes the data
according to the set values and thus manages the automatic
micro-irrigation. Water pumps and associated solar panels
for pumps can be installed on this system. It is possible to
operate the controller via a mobile phone and to enter/export
data obtained from the humidity sensor in real-time [43].
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4 SENSORS AND METHODS OF DATA COLLECTION

The precision irrigation systems require accurate
spatiotemporal data of soil and crop conditions in the field.
They also require the ability to identify and quantify such
data in order to apply appropriate irrigation. Various
measuring devices for collecting data on soil moisture and
plant water requirements are present. Spatial variability of
the field can be measured: continuously (imaging in motion
using a camera placed on pivot centers), discrete (point
sampling of soil properties using soil moisture probes) and
remotely (multispectral sensors mounted on unmanned aerial
vehicles or satellites). A wide range of plant sensor
technologies is available for the detection of plant stress.
Crop monitoring technologies can be divided into two
groups: contact sensors (provide detailed data for individual
plants that are useful for understanding daily fluctuations)
and remote (more suitable for collecting spatial data at the
local or regional level and therefore more suitable for
estimating spatial differences in plant loading and application
in precision irrigation system). Such sensors typically
measure plant responses associated with water intake,
moisture evaporation, and plant growth rates. Variations in
these measurements that indicate crop stress can be used in
decision-making in precision irrigation. Crop sensors do not
give any indication of water deficiency, so these methods
should be used in combination with soil moisture
measurements. Crop sensors typically have the ability to
record and GNSS readings and can produce field
measurement maps. There is also a wide range of satellite
sensors from which data can be obtained for agricultural use
[44-47].

4.1 Multispectral Sensors

Authors [44] noted that a wide range of sensors that can
be used regardless of their distance to imaging object to
measure the electromagnetic reflectance of the surface.
Authors [45] provided a description of spectral bands that can
be used to monitor soil variability. Data obtained in the
spectral bands can usually be processed to highlight
differences in crop conditions using the normalized
difference vegetation index (NDVI). Various researchers
have found a relationship between NDVI and crop coefficient
for a wide range of crops. An alternative to using NDVI is to
predict the actual evaporation of crops using remote energy
balance research. According to [46, 47], both approaches
support obtaining a large amount of data on crop water
evaporation for irrigation management. Fig. 5. represents an
example of the NDVI image in precision irrigation.

NDVI quantifies the vegetation by measuring the
differences between the reflectance in the near-infrared band,
NIR (which is strongly influenced by vegetation), and red
band, RED (which is highly absorbed by vegetation). The
NDVI was calculated according to formula (1) [48]:

_ (NIR—RED)

NDVI .
(NIR + RED)

(M

Healthy vegetation with high chlorophyll content reflects
more near-infrared and green wavelengths compared to other
wavelengths but absorbs more red and blue wavelengths. The
result of the formula (1) creates the values in the number
interval between —1 and +1. If they are low in the RED band
and high in the NIR band, NDVI will result in a value close
to 1 and vice versa [48]. Thus, in the example displayed in
Fig. 5, green pixels indicate healthy and dense vegetation
while red pixels indicate a crop under water stress.

N

s,

Figure 5 NDVI values for precision irrigation management [4

Multispectral sensors are commonly implemented on
satellites and unmanned aerial vehicles, which regularly
achieve a higher spatial resolution [43]. In Fig. 6 an example
of determining soil moisture and an irrigation map of the
Ceres model is presented.

Inization mm

Figure 6 An irrigation map obtained using the Ceres model [34]
4.2 Thermal Sensors

Canopy cover temperature represents a relative measure
of the water evaporation rate and indicates crop water stress.
Infrared thermal cameras measure the radiation energy
(temperature) of an object using thermal infrared
wavelengths. The canopy cover temperature obtained by
thermal sensors is compared with the crops without water
stress for the calculation of crop water stress index (CWSI).
CWSI is calculated according to formula (2) [34]:

CWSI = M’ Q)

dry wet
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where: T. represents vegetation temperature obtained from
the thermal image; T\ represents the lower temperature limit
and Ty represents the higher temperature limit. Thermal
sensors and thermometers enable the creation of maps
representing soil water content variations in the agricultural
field. CWSI was developed in 1981 and was normalized to
determine operates works on the principle of thermal infrared
wavelengths and can be mounted on an unmanned aerial
vehicle for aerial monitoring [50].

Fig. 7. displays the agricultural area divided into pixels
with a CWSI value after imaging, which determines the
amount of crop water deficiency. If the pixel value is 0, it
indicates that the crop is not under stress and contains the
optimal amount of water. If the pixel value is 1, the maximum
crop water stress is present and the irrigation should be
implemented or applied.

Figure 7 Display of CWSI values representing water stress after imaging [50]
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Figure 8 Crop water stress scale [50]

Fig. 8. displays an example of a crop water stress scale
[50]. Authors [38] noted the irrigation schedule for the
controlled pivot system and the drop-by-drop systems were
controlled by the temperature-time threshold (TTT) method.
The TTT method includes infrared thermal cameras that
continuously measure the temperature of the plant cover. If
the cover temperature rose by a predetermined value in a
certain time, irrigation would be started.

5 CONCLUSION

The combination of crop and soil monitoring with
appropriate growth simulation models is the first step of
precision irrigation. Upgrading these models with the control
and optimization systems of each irrigation system completes
the precision irrigation system. These procedures rely on the
ability to manage variations in individual plants’ water
balance.

There is no best universal precision irrigation system.
Moving towards precision irrigation requires a system that
can adapt to the existing conditions. It also implies the idea
that the system will succeed in achieving a certain goal, like
maximum water utilization, maximum yield, or maximum
profitability.

The four important steps for precision irrigation are data
collection, data analysis, control, and system evaluation.
Precision irrigation systems require accurate and updated
spatial data obtained by field measurement and collected
using a variety of imaging sensors. The obtained data are
interpreted and analyzed by computer software to aid in
decision making. Precision irrigation can potentially increase
economic efficiency through optimal irrigation in each part
of the field according to crop requirements and thus reduce
costs.

According to available data in the Republic of Croatia,
irrigation is not significantly developed and amounts to only
0.46% of the agricultural area (less than 10 000 ha). There
are the most suitable soils for irrigation in Osijek-Baranja and
Vukovar-Srijem counties. According to the available quality
and quantity of water, Croatia can irrigate about 30% of
arable land or about 600 000 ha.
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The Metaphorical Culturalistic Approach to Technology Assessment

Patricia Girrbach

Abstract: This paper aims to demonstrate that technology assessment (TA) must be seen in a new enhanced culturalistic way cause cultural aspects determine TA in an
incremental way. Therefore, it is important to analyze how the process of TA depends on cultural influences. Moreover, it is important to show how to handle this problem due to
the fact that TA aims to be objective instead of cultural determined and normative. Therefore, the objective of this paper is to create a new way of reflecting TA, to show impulses

for non-normative ethics in technology assessment and to present the new enhanced metaphorical culturalistic approach (MCA) of technology assessment.

Keywords: metaphorical culturalistic approach; non-normative ethics; technology assessment

1 INTRODUCTION

Digitalization is the essential basis for today’s industry
4.0 [1]. In this context new technologies enable a new level
of production including a total transformation of processes
along the entire value chain of firms. These new technologies
include for example well known technologies such as
Internet of Things, Smart Manufacturing or Cyber Physical
Systems which are crucial for nowadays industry. Based on
these new technologies industry 4.0 paves the way to a new
technological age including not only the incremental
transformation of production, value chains and business
models but also raising the way of consumption to a new
level. Since new technologies can shape whole societies, it is
very important to take care of their possible future drawbacks

i+ new technology used |
I3 (=
 impact on industry 4.0 ! :

already in the development process [5]. Therefore, the crucial
question of each new technology is, are there more positive
effects on society than negative. Concerning this issue
technology assessment (TA) comes into play focusing
especially on the chances and risks arising out of a new
technology [2, 5]. Therefore, TA influences industry 4.0, in
detail the technologies used. This is caused in the reason that
only if technologies are assessed as useful and not dangerous
for the environment (pollution or unacceptable risks which
should be averted) or the society (e.g., in terms of aspects
such as the health or privacy of people that should be
protected) they will be produced and applied in industry.
Consequently, there is a great interdependency and a high
impact of TA on technologies used in industry 4.0 (Fig. 1).

......................................

technology assessment

assessment of negative and positive
effects on society and environment

: potentials and
risks arising out
of the technology

Figure 1 The impact of TA (own figure)

2 TECHNOLOGY ASSESSMENT

TA can be understood as the research on technology [2,
5, 11]. Hereby technology contains not only the conception,
and production but also further important aspects such as the
use of the technology, the disposal as well as its institutional
and organizational framework conditions [3]. Moreover, TA
can be considered as problem-oriented research regarding
methods as well as results in the context of their actual
assignment and principals [2, 5]. Finally, TA is a scientific
consulting practice offering updated well-founded
orientation knowledge based on its experience with
technology-induced social conflicts [2, 5, 11]. The subject is
detecting and analysing not only specified goals or means but
also potential un-/acceptable consequences for the society or
environment rising out of a new technique [4, 5, 11]. Thus,

the key question of predictive TA focuses on the
consequences of technical interventions on the natural as well
as the related socio-cultural environment [5]. To decide the
tolerable depth of future intervention in natural cycles it is
important to consider both negative un-/certain consequences
of technical interventions as well as the intensity of the
desired effect for given social purposes [5]. In this context
various participants often rate the risks and chances of a new

technology differently caused in two possible reasons [6]:

e The first reason is that participants of the TA process
often start from different descriptive prerequisites,
therefore their assessment in terms of actual limits,
possibilities, or the specific design of future applications
is different [6].

e A possible second reason can be that participants of the
TA process presume various normative prerequisites; in
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this case they evaluate the expected consequences of the
technology application presented based on different
value systems (their normative orientation) differently
[6]. It is obvious that this can lead to value conflicts
during the TA process [6, 7].

Therefore, technology research requires not only the
knowledge of the consequences of the respective
interventions as part of scientific and technical risk research
but also and even more important the knowledge in terms of
the desirability and ethical justification of these interventions
by society [5]. This includes a comprehensive debate on
issues of the environmental impact (regarding environment
as a kind of cultural asset) and a potential desirable change in
current socio-cultural systems [5]. Thus, TA can be described

formal and
informal rules

basic assumptions
people are not aware of

invisible and unconscious \

A J L\
. t of a new :
norms technology norms
\ 0

0
.,
te. .
.........
...................

as cultural science for several reasons. Especially any
technology is not primarily problematic from the technical
aspect of its functioning, but rather regarding its cultural
significance and the specific evaluation of the consequences
according to the culture and implicit cognitive models of
participants. Thus, technology conflicts are determined by
normative and cultural aspects such as conflicts about ideas
about the future or concepts of society in an incremental way
[5]. This is caused in the reason that what is socially desirable
or acceptable is usually controversial depending on the
cultural background of people [6, 8, 13] (Fig. 2). Therefore,
according to the socio-ecological approach of TA problems
are always defined socially and in consequence culturally [5,
6, 8].

Cognitive models . e . Cognitive models :
of participant A ‘ :,." controversial '-.‘.‘ \ of participant B
symbols ¢ assumptions and symbols
habits resulting controversial : habits  \

R formal and
informal rules \

basic assumptions
people are not aware of

invisible and unconscious \

Figure 2 Controversial assumptions caused in different cognitive models (own figure based on Schein [10])

3 INTERDEPENDENCES BETWEEN ETHICS, NORMATIVITY
AND TA

Ethics is the reflection of values and norms as well as the
underlying assumptions [9]. Hereby, descriptive ethics
describes and explains existing morals including formal (e.g.,
law) and informal rules of a society. Therefore, the subject of
the research interest is the objective description &
explanation of existing values & norms of a social group as
well as the inclusion of underlying ethical principles. These
underlying ethical principles are important to understand the
existing morality of a society in a certain time. In contrast to
that normative ethics assesses current morals and gives
recommendations for improvements and better behaviour
from a moral point of view [9]. In consequence normativity
can be understood as a statement in which a specific
evaluation is expressed [e.g., honesty is good and desirable].
In this context normative ethics tries to develop well-founded
normative principles that are intended to serve as orientation
and recommendation for action or regulative idea to guide
individual as well as collective behaviour in a certain manner.

In addition to ecological, social, legal, or economic
aspects, cultural and thus ethical and normative questions
play an important role in TA [5, 6, 13]. Thus, TA is
accompanied by a normative charge since normative
elements as well as decisions can be identified at three levels
of all TA processes [7, 13, 14, 15]:

1) The context of the TA process (e.g., presumptions,
working method, selected participants of the TA process)

2) The function of TA as political advice (e.g., content of
the advice, the subject such as ecological consequences
or even the choice of the new technology)

3) The normative core of TA (in detail e.g., the prioritized
objective of sustainability or the priority of social
objectives and issues over economic ones)

So, we can identify different types of normative aspects
concerning TA [7, 13, 14, 15]. On the one hand there are
implicit value references of TA such as in-normativity [15].
In-normativity includes values and norms of the participants
taking part in the TA process. On the other hand, meta-
normativity comprises fundamental inherent goals of TA
such as the claim for a healthy environment, the protection of
privacy or sustainability as objective, as well as the often-
mentioned TA's obligation to inclusion and a democratic
debate containing the well-known presumption that a more
pluralistic process will always produce better outcomes than
another procedure [2, 13, 15, 16]. Other examples for further
inherent and normative determined aspects of TA are the
choice of a certain technology (the technology itself, e.g.,
delivery drones or robots that should be evaluated), focused
areas that should be analysed in terms of the new technique
as well as the selected actors involved [13].

Beside that there are also central explicit normative
guiding principles of TA such as sustainability, social justice,
and human rights that provide a normative framework for the
assessment of new technologies [13, 16]. So, we can
conclude that culture and value references determine TA in
general as well as its procedures, e.g., used scientific-
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technical knowledge, concepts, goals, procedures, and
consequently also the results of the TA process [13].
Accordingly, culture determines how we look at a new
technology (e.g., delivery drones or robots) [5, 6].
Therefore, the augmented metaphorical culturalistic
approach (MCA) of TA contains a new way of looking at
TA. It enhances former approaches by using the metaphor of
cultural glasses to point out the direct interdependence of
culture in terms of our assessment. Thus, our cultural-colored

The enhanced metaphorical culturalistic approach of TA
Cultural glasses determine how we perceive things
Depending on the culture, the glasses have different colors

cultural :
glasses
A
(blue)

normative orientation A
implicit values i
basic assumptions

T T —

invisible

normative orientation
i implicit values & assumptions

glasses determine how we perceive things. Depending on the
culture, the glasses have a different color. It is the same as
looking at a yellow lemon with blue glasses. The result is you
see the lemon green (according to traffic lights green implies
e.g., the technology is accepted as useful). If your glasses are
red, the lemon seems to be orange (orange implies e.g., the
new technology is not accepted as useful). In this example
the lemon stands for a new technology that is assessed in
different ways due to different cultural assumptions (Fig. 3).

e

cultural
glasses
B
(red)

normative orientation B
implicit values
basic assumptions

different cognitive models cause different resulting assessments of technology in terms of
e cultural, social, ecological, economic goals
e cultural, social, ecological, economic consequences
e required ecological, economic means

We can estimate that normativity in TA exists because it
cannot be neglected that normative elements and resulting
decisions can be identified at all levels and along the entire
TA process [13]. In addition to ecological, social, legal, or
economic aspects, cultural and thus ethical and normative
questions play an important role in TA [5, 8, 13]. The crucial
problem is this shatter the often-mentioned claim of TA to
neutrality and non-normativity [13, 14]. Therefore, it
contradicts the TA's demand for neutrality focusing a
competent, neutral assessment of the possible advantages and
disadvantages of new technologies [13, 17]. So, the question
is how to deal with this existing normativity and are there any
possible solutions?!

4 FOCUSING THE INVISIBLE

The underlying idea of the approaches shown in this
paper is to replace the existing implicit normativity by
reflexive normativity aiming to enable TA to reflect,
describe, explain, and analyze the current normative structure
of technology conflicts [13]. In the sense of reflexive
normativity TA should provide a helpful contribution to the
clarification of the normative level, including decision-
making processes in terms of inherent goals, or the
acceptability of resulting consequences for the whole society,
affected people or the environment [13]. Thus, the concept of
reflexive normativity does not negate normative influences
of TA rather it opens the TA process and inherent normative

Figure 3 The enhanced metaphorical culturalistic approach of TA: Cultural glasses determine how we perceive things (own figufe)

determined assumptions for a productive discursive debate
[6, 13]. That is important since the aim is to increase
procedural neutrality. Moreover, the purpose is the
identification and disclosure of normative premises at all
levels of TA and a systematic, method-based analysis of the
value references which are relevant within each TA process.
Reflexive normativity focuses on the value systems on which
research is based to identify in- and explicit presuppositions
for the sake of a greater transparency in terms of normative
aspects [13]. Moreover, the aim is to justify the research
underlying value systems with reasoned arguments for e.g.,
selected goals. This offers the chance and possibility to take
responsibility for them. Thus, reflexive normativity aims to
make values and normative preliminary decisions of TA
processes transparent and more manageable [13] (Fig. 4).

......................................................................................................
o .

TA focusing on symbols™
cognitive models ||[|
of participants norms

basic assumptions
results

transparency in terms
of cognitive models

.,

Figure 4 Focusing cognitive models in TA processes (own figure)
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So, we can summarize that the aim of reflexive
normativity is to utilize the outcomes for balancing one-sided
selections in favor of a greater plurality of positions and
heterogeneous perspectives in TA processes [6, 13].
Consequently, reflexive normativity replaces neutrality
which is always only fictitious with the constant awareness
of normative references under which TA is carried out to
avoid or at least to minimize the often-unconscious
selectivity in the TA process which contradicts the aim of
neutrality [13, 17]. There are several practices of reflexive
normativity that can be used in the context of TA [6, 13]: The
first starting point is to establish and operationalize
reflexivity by the introduction of specific standards, rules for
transparent procedures, or Codes of Conduct. Moreover, the
involvement of supervisors can be useful at a very early stage
who critically question the entire procedure of the project as
well as underlying assumptions. So, a continuous reflection
of current premises and methods along the entire process is
required. Research diaries or reflexive journals can be helpful
to document the research process by noting normatively
relevant questions permanently and reflecting them critically,
to make the path and choices made by participants more

awareness of cultural aspects as  ::
basis of decisions and different  ::
opinions

symbols

norms

basic assumptions

operationalization of normativity by
different approaches for reflexive

Starting points e.g.: research journals, !
Code of Conduct , supervisors, pluralistic :
processes including different stakeholders :

transparent, visible, and thus traceable [13]. This enhances
the objectivity of the TA itself. Furthermore, the inclusion of
further actors from the field of governance is recommended
to change innovation trajectories in the sense of promoting
the common good. To enhance the heterogeneity of opinions
and to include knowledge from different areas, at best, actors
such as natural, social, as well as human sciences should
already communicate during development in the laboratory.
Moreover, normative guiding principles and resulting ideals
driving scientific research should be disclosed to support the
reflection of laboratory scientists in terms on the socio-
ethical context. Finally, the inclusion of other potentially
affected parties in the process of technological development
is crucial to improve and enrich the process of development
of the technology itself early [2, 13, 16]. By using these
methods of reflexive normativity, the transparency of
cognitive models and resulting normative orientations can be
enhanced. Especially in participative processes these
techniques are useful to gain a broader holistic view in terms
of the assessment of new technologies and to understand
upcoming controversial discussions (see Fig. 5).

normativity

g

Figure 5 Operationalization of normativity of TA (own figure)

There is no doubt that participation processes are
essential for reflexive normativity [6, 13]. Hereby,
participants using different cognitive models, often assess
differently the desirability of new technologies (e.g., robots)
without recognizing why they disagree in this context [6].
This lake of understanding each other must be closed.
Otherwise, an opportunity to understand each other and to
reflect on one's own point of view is wasted [6]. But
especially this reflection is crucial to support constructive
discussions for the sake of better outcomes, to understand
each other and to bring the points of different views closer
together [6, 13]. Since participants do often not have a
common vocabulary with which they can explicitly express
their values a common vocabulary is needed especially in
participatory processes with a greater number of participants
with different cultural and scientific background [6]. A
common vocabulary serves as a basis for understanding each
other and gaining transparency regarding the values of the
participants. How this can look like, will be explained in the
following chapter as part of the LOTA method [6].

5 METHODS FOR REFLEXIVE NORMATIVITY

The LOTA method [Landscape of Opinions for
Technology Assessment] is intended to help involved
participants with different background to recognize the
reasons why they assess the opportunities and risks of a new
technology differently [6]. The method supports discussion
in participatory TA by capturing normative orientations of
the participants to create transparency and to promote
understanding [6]. LOTA uses a special software also called
LOTA to evaluate, and to visualize data [6]. Data is collected
through an online survey in which respondents answer
questions about the new technology. Hereby, the selection
and prioritization of the targets takes place in step 1. This is
done by answering questions on the assessment of the
urgency and long-term validity of the presumed goals and on
the assessment of the opportunities and risks of the
technology in relation to the selected goals. Participants must
subjectively assess risks and opportunities arising in their
opinion for the various goals, such as safety [6]. The software
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tool evaluates the results of the research and visualizes them
in diagrams. These are created for each person so that each
participant can see his or her rating compared to the average
of the participants of the process. Then, data is aggregated
into an opinion landscape of participants that serves as a
discussion starting point [6]. In the following the procedure
of the LOTA method will be described.

The starting point for the online survey is a common
vocabulary that serves as a basis for understanding the value
foundations of the TA process [6]. But is it possible to reach
agreement on a shared ethos of TA? LOTA solves this
problem through an orientation towards values with already
global approval. Thus, the underlying idea is to extract the
vocabulary from already existing documents that have
emerged from a broad-based political process [6]. In this
context two important sources are for example the United
Nations Sustainable Development Goals as well as the
Universal Declaration of Human Rights [6]. In terms of the
objectives there is no restriction to local or national contexts
instead the objectives are global which implies a conscious
normative setting caused in the reason that TA is understood
in such a way that future consequences of a new technique
(e.g., robots or drones) should be regarded for the entire
planet [6]. Target systems are brought into the process;
therefore, they are not normatively presupposed. Moreover,
all participants have the chance to decide explicitly for or
against the goals what increases transparency in terms of

underlying normative models. In case participants cannot
find the topic relevant to them in the given system, they even
can formulate their own goal and add it to the system. In the
following the different steps & process phases of the LOTA
method will be described in detail with delivery drones as
new technology which has to be assessed [6].

Step 1 is an online survey: In this first step participants
select and prioritize the goals and answer further questions to
assess the urgency and long-term validity of the objectives as
well as the opportunities and risks of the delivery drones in
relation to the goals selected before [6]. Obviously, there is
an abstraction gap between general global goals and the
respective technology (in this case delivery drones). This gap
is filled by the individual assessment of the participants
without any presumed guidelines only determined by the
personal underlying value systems [6].

Step 2: In the next step the evaluation of the online
survey takes place where the results of the survey are
visualized for each participant in radar diagrams focusing the
risks and chances as well as the level of concern in terms of
the different goals such as securing the basic needs [6]. To
increase transparency in terms of own and other implicit
assumptions participants can see the own assessment colored
black and the average assessment of the others coloured
green. The following figure addresses chances and risks of
the new technology in detail delivery drones due to the
opinions of participants (Fig. 6) [6].

Chances of the technology

securing the basic needs

healthy
environment

]

access to education and information

Risk of the technology

securing the basic needs

healthy
environment

security
and peace

access to education and information

Figure 6 Radar diagrams in the TA — focusing on risks [6]

Afterwards a pseudonymized opinion landscape based
on a cluster analysis is created [6]. The numerical values of
the Cluster plot stand for the different participants of the
survey. To save the privacy of the participants their names
are pseudonymized in the Cluster plot. The moderator can
use this representation to select the people to participate in
the further process of TA whereby at least one person from
each cluster should participate to raise the heterogeneity of
different views and opinions [6]. Thus, this process increases
not only the plurality of opinions, heterogeneity and diversity
in the process but also promotes a more holistic view of TA.

Step 3: The third step contains a second online survey
[6]: Based on the selected goals that had the highest
subjective relevance for the participants the LOTA system
creates a new updated list. Then all participants of the future
workshop are asked once again in terms of the goals from the
other actors that they had not selected themselves before.

These goals are new to the combined and updated list. Beside
the questions from phase I, actors are questioned about the
goals and their interaction in detail. Then, the results of step
3 are visualized as an impact graph (Fig. 7) [6].

Step 4: The impact graph is important to serve as starting
point of the workshop visualizing the following information
based on the opinion of the participants [6]: Target system
and relevance of the targets (node size), mutual influence
(arrows), influence of the technology discussed, strength of
influence (arrow thickness), and standard deviation via
brightness. Thus, this impact graph can be understood as a
visualization of the current opinion landscape of the
participants of the TA process. Since it visualizes the existing
heterogeneity of opinions it creates a greater awareness of the
diversity of opinions due to different normative backgrounds
and supports transparency as well as a common
understanding during the TA process [6].
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Figure 7 Impact graph (based on [6])

Operationalization of normativity: The culturalistic approach of TA

Acceptance and awareness of cultural aspects, inherent
norms, and normative orientations

operationalization of normativity

Approaches for reflexive normativity

Codes of Conduct, research journals, supervisors, pluralistic processes
including different stakeholders, methods such as LOTA

Effects:
> disclose normative reference points
» results become more transparent
» normative aspects of TA become discussable

Figure 8 The culturalistic approach of TA (own figure)
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Figure 9 The enhanced metaphorical culturalistic approach (MCA) (own figure)
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Participatory TA projects bring together people not only
with different scientific background but even more important
with different normative orientations caused in the
heterogeneity of people [6]. Therefore, it is important to face
this problem and to handle it by constructive procedures such
as the described LOTA method [6]. In this context we can
state that LOTA serves as a methodological approach aiming
to support participants in dealing with the plurality of values
in a transparent and traceable way [6]. Therefore, LOTA
discloses different views, creates transparency and
understanding for other opinions and assessments, and
prepares participants for the following discussion. Although
global goals as a normative frame of reference are presented
the participants cannot only express their normative
orientations by prioritizing presumed goals but even enhance
them due to their own normative orientation [6]. Since a
landscape of opinions pointing out different views is created,
the LOTA method operationalizes normativity, discloses
normative reference points and makes results more
transparent for all participants [6]. Consequently, inherent
normative aspects of TA become discussable. This
significantly increases the quality of the TA process.
Therefore, the LOTA method serves as a practical tool to put
the metaphorical culturalistic approach (MCA) into practice
(Fig. 8 &9).

6 CONCLUSION

Today we are facing an incremental digital revolution
based on new technologies offering chances and risks for the
whole society including global consequences [1]. In these
times TA becomes even more important than ever. Therefore,
the aim of this paper is to point out an existing incremental
issue in terms of TA in detail the claim for neutrality [13, 17].
This contains neutrality and objectiveness in terms of
normative and thus cultural aspects. TA focuses the
assessment of new technologies (e.g., robots) in terms of
arising chances and risks for the environment and the
consequences for the society [5, 11]. Moreover, TA is
established to provide orientation. So, as it is pointed out in
this paper, it is not even an option but a necessity to focus on
normative aspects driving and controlling TA including
techniques themselves, the goals to protect and many further
dimensions [13]. Thus, this paper shows a concept that is
based on the idea of the socio-ecological approach of TA
including the insight that problems are always defined
socially and culturally [5]. The cultural background
consisting of various basic assumptions and resulting in-
/formal norms determines how people look at things such as
new technologies [5, 6, 13]. This is caused in the reason that
the assessment takes place based on different cognitive
models that are implicit and often unconscious.

In this context the metaphorical culturalistic approach
(MCA) of TA is presented containing a new way of looking
at TA enhancing former approaches by using the metaphor
of cultural glasses pointing out the direct interdependence of
culture in terms of our assessment (Fig. 9). The enhanced
metaphorical culturalistic approach presented in this paper

states that each cultural orientation can be seen as coloured
glasses which determine our view of things we look at in an
incremental way. Hereby the importance of cultural aspects
is pointed out since people are always determined directly in
an incremental way by their cultural orientation like wearing
cultural glasses. This requires dropping out holding on the
idea of neutrality of TA and substitute that view with a new
metaphorical culturalistic way of looking at TA.

In this context reflexive normativity comes into play
including different methods and approaches such as e.g., the
introduction of codes of conduct or rules of practice [13].
Moreover, creating standards aims to establish and to
operationalize reflexivity in TA practice, too. Beside that the
involvement of supervisors who critically question the
assumptions of the project can be useful for the sake of more
reflexivity. Reflexivity along the entire process can thus be
implemented [13]. By noting normatively relevant questions
and reflecting them critically research diaries as well as
reflexive journals document the research process [13].
Furthermore, an important aspect is to increase the
heterogeneity of TA for the sake of a more holistic view.
Therefore, the early inclusion of further actors from the field
of governance, natural, social, and human sciences is
important to address different social norms and values in a
very early stage [13, 18]. Then, normative ideals that drive
scientific research can be focused, analysed, and disclosed.
Consequently, the reflection of socio-cthical aspects as well
as the plurality of opinions during the TA process is
supported [2, 13, 16, 18]. A very useful method to implement
such a reflexive normativity is the LOTA method [6].

The most important point of today’s TA is focusing on
cultural and in consequence normative aspects, instead of
neglecting them because normative aspects can be found in
the whole TA process [13]. Then TA becomes not normative
neutral (that is impossible since humans are part of it) but
aware of its implicit normativity. That offers the chance, to
change implicit to explicit reflexive normativity and to
enhance the transparency in terms of TA [13].

In this context the metaphorical culturalistic approach
(MCA) presented in this paper offers an incremental and
crucial new insight presented as metaphor. The most
important insight is understanding that each person has
implicit cultural assumptions understood as cultural glasses
with different color which determine how we look at things
as well how we assess things in detail e.g., new technologies.

Notice

The paper was presented at MOTSP 2021 — 12
International Conference Management of Technology — Step
to Sustainable Production, which took place in
Pore¢/Porenzo, Istria (Croatia), on September 8—10, 2021.
The paper will not be published anywhere else.
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A New "Intersection" Method for Multi-Objective Optimization in Material Selection

Maosheng Zheng*, Yi Wang, Haipeng Teng

Abstract: Till now the previous methods for multi-objective optimization adopt the "additive" algorithm for the normalized evaluation indexes, which has the inherent shortcoming
of taking the form of "union" in the viewpoint of set theory. In fact, "simultaneous optimization of multiple indexes" should be more appropriate to take the form of "intersection” for
the normalized evaluation indexes in the respects of set theory and "joint probability" in probability theory. In this paper, a new concept of favorable probability is proposed to reflect
the favorable degree of the candidate material in the selection; All material property indicators are divided into beneficial or unbeneficial types to the material selection; Each
material property indicator correlates to a partial favorable probability quantitatively, and the total favorable probability of a candidate material is the product of all partial favorable
probabilities in the viewpoints of "intersection” of set theory and "joint probability" in probability theory, which is the sole decisive index in the competitive selection process. Results

of the application examples indicate the validity of the new method.

Keywords: favorable probability; material selection; multi-objective optimization; probability theory; quantitative assessment

1 INTRODUCTION

At present, there are more than 40,000 useful metal
alloys and non-metal engineering materials in the world [1].
These large amounts of materials form a material library,
which is available to designers and engineers together with
many manufacturing processes and selection attributes
(maybe conflicting with each other). Due to its complexity, it
makes material selection an uneasy task.

Therefore, a commonly quantitative assessment for
material selection is needed for the appropriate design and
application of material in engineering.

It has been more than 40 years since the early work in
material selection [2], a series of methods have been
developed to analyze the big amount of data involved in
material selection process so as to obtain a systematic result.

Farag et al proposed an integrated approach to the
interrelated activities of product design, materials selection
and cost estimation [1]. The wide range of engineering
materials is first narrowed to a limited number of candidates
using design limitations and performance requirements. Each
of the candidate materials is used to develop an optimum
design which is then used in cost estimation. An optimization
technique, i.e. benefit - cost analysis, is used to select the
optimum design - material combination for the initial
screening of materials. This method is lacking of quantitative
comparison of other attributes, such as difficulty of
manufacturing and processing technique, environment, etc.
In his book [2], the performance index method is introduced,
which is an alternative form of the weighted property method
in aiming to overcome the drawback of combining unlike
units together in the original weighted property method by
introducing scaling factors [2]. However, in the scaling
process the scaled value is proportional to normal material
property value for the beneficial material property index, but
the scaled value of the unbeneficial material property index
is in reverse ratio to the normal material property value,
which obviously sets the beneficial property index and
unbeneficial property index in a nonequivalent or
unconformable manner [2].

Ashby developed material selection charts for a wide
range of materials. Two performance indices are shown in a
chart [3]. A wide range of physical properties of materials
(i.e. electronic conductivity, elastic modules, etc.) are
correlated to the interstice parameters (i.e. density, heat
capacity, etc.) empirically in the chart, which is suitable for
the initial screening of materials due to the lacking of
effective comparison of other indexes, such as processing
technique and difficulty of manufacturing, environment, etc.

Analytical Hierarchy Process (AHP) was developed by
Saaty, AHP is a theory of measurement through pairwise
comparisons that relies on the judgments of experts to give
priority scales. Through these scales the intangibles are
measured relatively. The comparison is made using an
absolute judgment scale, which indicates the degree to which
one element dominates another element in terms of a given
attribute. Obviously, in order to conduct the scaling process,
the denominator is subjectively selected, which affects the
value of each decision matrix element and determines the
final result of the comparison. Different scaling algorithm,
the such as vector normalization, linear scale method,
extreme value processing method, and standard deviation
normalization method, etc., will lead to different result [4].

Vlisekriterijumsko KOmpromisno Rangiranje (VIKOR)
method was developed by Opricovic, which determines the
compromise ranking-list, the compromise solution, and the
weight stability intervals for preference stability of the
compromise solution obtained with the initial (given)
weights. The multi-criteria ranking index Q is proposed on
basis of the particular measure of "closeness" to the "virtual
ideal solution", besides an artificial weighting factor v is
introduced in evaluation procedure of VIKOR value Q. [5].

Technique of ranking Preferences by Similarity to the
Ideal Solution (TOPSIS) was proposed by Hwang and Yoon
originally in 1981, and further developed by Chen and
Hwang in 1992 [6]. The TOPSIS method introduces two
"virtual ideal points", i.e., the so called a "positive ideal
solution" and a "negative ideal solution". TOPSIS method
determines the best alternative by minimizing the distance to
the ideal positive solution and maximizing the distance to the
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negative ideal solution. In addition, a scaled decision matrix
and Euclidean distances are utilized in TOPSIS to measure
the alternatives with their positive ideal solution and negative
ideal solution. The preference order of alternatives is
obtained through ranking the Euclidean distances. The
validity of the "virtual ideal points" and the denominator in
the scaling is not clarified.

Multi-Objective Optimization on the basis of Ratio
Analysis (MOORA) for discrete alternatives was developed
by Brauers, el al. [7]. This method depends on a ratio system
in which each response of an alternative on an objective is
divided by a denominator, which is representative for all
alternatives concerning that objective. Furthermore, these
responses are added in case of maximization and subtracted
in case of minimization for the optimization. Obviously, in
MOORA, the reasonability of the selection for the
denominator to each response of an alternative and the
algorithm of "added in case of maximization and subtracted
in case of minimization" in final optimization procedure are
unclear.

From above discussion, it can be seen that since the
introduction of artificial factors or subjective denominator in
the scaling process for the normalization of decision matrix
in some methods, the relevant algorithms could not be seen
as complete quantitative ones, which are at most semi -
quantitative approaches in some sense. Besides, the treatment
for beneficial property index and unbeneficial property index
is not equivalent and conformable in some approaches. On
the other hand, the previously proposed methods for multi-
objective optimization adopt especially "additive" algorithm
after parameterization and scaling of the evaluation indexes
to get the final unified indicator for the candidate. From the
perspective of "simultaneous optimization of multiple
indexes", which is equivalent to taking the form of "union"
in set theory [8], it has the shortcomings inherently. In fact,
from the points of view of set theory and probability theory,
"simultaneous optimization of multiple indexes" should be
more appropriate to take the form of "intersection" and "joint
probability" for the evaluation indexes [8]. Therefore,
comprehensive study in materials selection is still needed so
as to develop a quantitative and overall approach.

The motivation of this research for the multi-objective
optimization is from the "simultaneous optimization of
multiple indexes" that corresponds to "intersection" method
in the point of view of set theory. In this paper, a new
"intersection" method for multi-objective optimization in
material selection is developed on basis of set theory and
probability theory. A new concept of favorable probability is
introduced, and the total favorable probability of a candidate
material is the product of the partial favorable probabilities
of all possible material property indicators for the candidate
material in the point of view of probability theory, which is
the overall consideration of all possible material property
indicators. The total favorable probability of a candidate
material is the decisive index for the material to get victory
in the selection process.

2 ANEW "INTERSECTION" METHOD FOR MULTI-
OBJECTIVE OPTIMIZATION ON BASIS OF PROBABILITY
THEORY

2.1 Concept of Favorable Probability for Material Selection

Usually, a material exhibits many features in different
sides; each material property indicator could reflect one
aspect of the material characteristics in some sense. Some
material property indicators might be beneficial to the
material selection, but other property indicators are
unbeneficial (cost) to the material selection. In fact, an actual
material is the integral body of both beneficial and
unbeneficial indicators to the material selection and
utilization. It is not possible for a material to have only full
beneficial or unbeneficial property indicators to the material
selection and utilization. So, an overall consideration for
material selection is needed in the viewpoint of impersonal
analysis, which makes the material selection a systemic and
comprehensive task. Therefore, both beneficial and
unbeneficial (cost) indicators should be dealt with properly,
so as to propose an integral and overall consideration to the
material selection quantitatively.

Take the design and manufacture of a flight as an
example, the strength and ductility of a candidate material are
the beneficial indicators for the material selection, while the
specific gravity (density) is unbeneficial indicator to the
material selection. The beneficial indicators have the
characteristics of the higher the better, while the unbeneficial
(cost) indicators have the characteristics of the lower the
better to the material selection.

Therefore, all the material property indicators are
divided into two types, i.e., beneficial or unbeneficial (cost)
types to the material selection naturally.

As a quantitative assessment to the term "the higher the
better" and "the lower the better" for a material property
indicator, a new concept of "favorable probability" can be
introduced; the favorable degree of the material property
indicator in the material selection competition can be
characterized quantitatively by the favorable probability
comparatively.

2.2 Quantitative Assessments of Favorable Probability and
Multi-Objective Optimization in Material Selection

From the principle of simplicity, it assumes that the
favorable probability of a material property indicator with the
character of "the higher the better" (beneficial indicator) in
the material selection process is positively correlative to this
material property indicator linearly, i.e.

By o< Xy,
i=1,2, n j=1,2, . m. 1)
By =a; Xy,

In Eq. (1), X; represents the j material property
indicator of the /™ candidate material, P; is the partial
favorable probability of the beneficial material property
indicator Xj; n is the total number of candidate materials in
the material group involved; m is the total number of material
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property indicators of each candidate material in the group;
a; is the normalized factor of the ;™ material property
indicator.

Furthermore, according to the general principle of
probability theory [8], the summation of each Pj; for the index
i in /™ material factor is normalized and equal to 1, i.e.,

Z})ij =1, thus, it obtains naturally
i=1

1

ZO‘X':ZP":L“: —. )
i=1 Y i=1 ! ’ nX;

X ; is the average value of the j" material property indicator

in the material group involved.

Equivalently and conformably, the partial favorable
probability of the unbeneficial (cost) material property
indicator Xj is negatively correlative to its material property
indicator linearly, i.e.

P; o (X jmax + X jmin — X5,
ij Jjma: Jjmin y i=1,2, " n;j:l,z’ ., M. (3)
Pl‘j:ﬁj(ijax+ijin_Xij)’

In Eq. (3), Ximax and Xjmin represent the maximum and
minimum values of the material property indicator X; in the
material group, respectively; /is the normalized factor of the
j™ material property indicator.

Correspondingly, by using the normalization principle of
probability theory generally [8], it obtains ordinarily

- ! : 4
ﬂj - |:n(ijax + ijin)_n}/} ( )

Furthermore, according to basic probability theory [8],
the total / comprehensive favorable probability of the i
candidate material to be selected is the product of its partial
favorable probability of each material property indicator Pj;,

i.e., "joint probability" or "intersection" in set theory,

F=F-Fy--h, = Plj )
J=1

Finally, the total favorable probability of a candidate
material is the sole decisive index and dominator for the
material selection comparatively; the ranking of the
candidate materials can be conducted according to their
values of total favorable probability, which decides the
winner of the material selection.

The main characteristics of our new "intersection"
method for multi-objective optimization in material selection
on basis of probability theory is that the treatment for both
beneficial property index and unbeneficial property index is
equivalent and conformable without any artificial factors or
subjective scaling factor.

By far, the concept of favorable probability and its

quantitative assessment as well as the new multi-objective
optimization method for material selections are developed.

3 APPLICATION OF THE NEW METHOD OF MULTI-
OBJECTIVE OPTIMIZATION IN MATERIAL SELECTION
3.1 Material Selection for a Rectangular Beam

Md Abdul Maleque once proposed a problem of material
selection for a rectangular beam with a length of 0.5 m and
width of 50 mm, which is subjected to a concentrated load of
10 kN acting in the middle of the beam [9]. There were four
candidate materials for this rectangular beam design. Table 1
cites the material property indicators of the candidate
materials in the rectangular beam design. The candidate
materials shown in Tab. 1 could form a candidate material
group for the selection process.

Table 1 Properties of candidate materials for the rectangular beam design [9]

. Elastic modulus | Specific gravi Relative cost
Materials E (GPa) P (glon) v c
Steel AISI 1020 207 7.86 1
Steel AISI 4140 210 7.86 1.5
Al 6061 T6 70 2.7 6
GFC 25 2.11 9

The material property indicator £ has the characteristic
of the higher the better for this usage, so the factor E is the
beneficial property indicator to the material selection; while
the specific gravity d and the relative cost index C are the
unbeneficial material property indicators to the material
selection, which have the characteristic of the lower the better.
So, the assessment for partial favorable probabilities of
beneficial or unbeneficial type material property indictors
can be conducted according to Eqgs. (1) and (2), or Egs. (3)
and (4), separately.

Tab. 2 shows the results of partial favorable probability
Pj and the total favorable probabilities P; assessed for each
material property indicators for the four candidate materials.

Table 2 Partial and total favorable probabilities of the candidate materials for the
rectangular beam design
Materials PjforE | Pyford | PjforC | P;x100 | Rank
Steel AISI 1020 | 0.4043 0.1090 0.4000 1.7634 1
Steel AISI4140 | 0.4102 0.1090 0.3778 1.6896 2
Al 6061 T6 0.1367 0.3757 0.1778 0.9132 3
GFC 0.0488 0.4062 0.0444 0.0882 4

It can be seen from the last column of Tab. 2 that the
comparative result clearly shows the maximum value of total
favorable probabilities P; being steel AISI 1020, so the
optimal selection for the material of rectangular beam design
is steel AISI 1020, which agrees with the common
knowledge.

3.2 Material Selection for Automotive Piston Design

Md Abdul Maleque also raised a problem of material
selection for automotive piston design [9]. Tab. 3 cites the
material property indicators of the seven candidate materials
in the automotive piston design [9]. The material property
indicators 3, 4, 6 and 7 are beneficial indicators, and the
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material property indicators 1, 2, 5 and 8 are unbeneficial
indicators for the material selection, respectively. In addition,
the material property indicators 6 and 7 are both the material
strength indicators with the similar meaning and function,
therefore the material factor 6 is taken into consideration here

only.

Tab. 4 presents the results of partial favorable
probabilities and the total favorable probability assessed for
each material property indicator of the seven candidate
materials.

Table 3 Material properties indicators of the candidate materials in automotive piston design [9]

Material property factor
Material L 2 3 4 > 6 7 8
Friction Wear rate Thermal capacity | Thermal conductivity | Specific gravity | Yield strength | Tensile strength | Relative
coefficient | (x10°mm’/N/m) (KJ/kg'K) (W/m'K) (Mg/m®) (MPa) (MPa) cost
GCI 0.41 2.36 0.46 80 7.2 460 455 1
Ti-alloy 0.34 246.3 0.58 17.58 4.42 700 1014 20
Ni-alloy 0.39 5.32 0.41 12.6 8.4 851 1100 17
Al-alloy 0.36 2.89 0.714 190 2.73 480 510 10
AMC 1 0.35 3.25 0.98 155 2.7 276 310 2.8
AMC 2 0.44 291 0.92 180 2.8 425 485 2.6
T™MC 0.31 8.19 0.51 17.85 4.68 700 1029 20.5
Table 4 Partial and total favorable probabilities of the candidate materials for automotive piston design
Material Py for 1 Py for2 P for 3 Py for4 Py for5 P, for 6 Py for 8 Px10° Rank
GCI 0.1283 0.1676 0.1006 0.1225 0.0871 0.1182 0.2676 0.7301 4
Ti-alloy 0.1547 0.0016 0.1268 0.0269 0.1492 0.1799 0.0196 0.0004 7
Ni-alloy 0.1358 0.1656 0.0896 0.0193 0.0603 0.2187 0.0587 0.0301 5
Al-alloy 0.1472 0.1673 0.1561 0.2930 0.1870 0.1233 0.1501 3.8700 3
AMC 1 0.1509 0.1670 0.2143 0.2374 0.1876 0.0709 0.2441 4.1642 2
AMC 2 0.1170 0.1672 0.2011 0.2756 0.1854 0.1092 0.2467 5.4180 1
T™MC 0.1660 0.1637 0.1115 0.0273 0.1434 0.1799 0.0131 0.0279 6
Tab. 4 shows that the ranking order of this material Table 6 Partial and total favorable probabilities of the candidate materials for
selection is AMC 2 > AMC 1 > Al - alloy > GCI > Ni — alloy automotive brake pad design
. . ; Materials Pyford | PyjforY | PyforC | Pix100 |Rank
> TMC > Ti — alloy. The best material selected from this Alumina whiskers | 0.2844 0.9958 0.2692 7.6238 1
procedure is AMC 2, which coincides with the result of the CFRP 03697 | 0.0018 | 0.1923 | 0.0128 | 2
semi-quantitative method — the so-called digital logic method 4340 Steel 0.0948 | 0.0010 | 04615 | 0.0043 | 3
accidentally [9], while the selection process of the latter is Al-alloy 02512 | 0.0014 | 00769 | 0.0027 | 4

quite complex. The subsequent ranking for other candidate
materials is not exactly the same as the result of the digital
logic method due to the utilization of weighting factors and
performance index method in the latter [9].

3.3 Material Selection for Automotive Brake Pad Design

Md Abdul Maleque’s next example is the design of an
automotive brake pad [9]. Tab. 5 cites the material property
indicators of the four candidate materials in the automotive
brake pad design [9]. The yield strength Y is the beneficial
material property indicator, while specific gravity d and
relative cost C are unbeneficial (cost) type material property
indicators in the material selection, individually.

Tab. 6 presents the results of partial favorable
probabilities and the total favorable probability assessed for
each material property indicator of the four candidate

materials.

Table 5 Candidate materials for automotive brake pad design [9]

. Specific gravity d | Yield strength Y | Relative
Materials ’ (g/crgn3 ) ! (MPa)g cost C
Alumina whiskers 3.8 300,000 3.5
CFRP 2.0 544 4.5
4340 Steel 7.8 296 1
Al-alloy 4.5 420 6

From Tab. 6, it can be seen that Alumina whiskers is the
appropriate material comparatively in the competition, which
agrees with the elementary knowledge.

3.4 Material Selection of Polymeric Nano-Composite Material
for Automotive Bumper Beam

Hasanzadeh et al studied the material selection of
polymeric nano-composite material for automotive bumper
beam by using multi-criteria decision making methods [10],
including AHP - TOPSIS, AHP - MOORA, Entropy -
TOPSIS and Entropy - MOORA. Three PA-6 based nano -
composites with the codes of M-1, M-2 and M-3 and three
PC based nano - composites with the codes of M-4, M-5 and
M-6 were employed [10], the material property indicators
including difficulty in manufacture and relative cost are cited
in Tab. 7.

In Tab. 7, the relative cost of the raw materials was
evaluated in range from highest value of 6 to the lowest value
of 1, and the difficulty of the manufacturing process was
evaluated in range from most difficult with value of 6 to the
easiest with value of 1 as well. The material property
indicators of tensile strength and impact strength have the
feature of beneficial indicators, and the material indicators of
the relative cost and difficulty in manufacture have the nature
of unbeneficial indicators for the material selection,
individually.
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Table 7 Material property indicators of the 6 nano-composites

. Tensile strength | Impact strength | Relative | Difficulty in

Alternative (MPa) ¢ p(MPa) ¢ cost manufacti/ure
M-1 25 113.07 4 1
M-2 37.55 103.54 5 2
M-3 34.79 96.51 6 3
M-4 135.38 224.58 1 4
M-5 141.71 154.06 2 5
M-6 141.92 133.53 3 6

The ranking of the evaluation results by using the new
quantitative method is shown in the second column of Tab.
8. In addition, the ranking of alternatives which were
assessed by using other four methods are cited in subsequent
columns of Tab. 8 [10] as well.

Table 8 Ranking of the alternatives corresponding to the 5 assessments

Alternative New AHP- AHP- Entropy- | Entropy-

method | TOPSIS | MOORA | TOPSIS | MOORA
M-1 4 4 4 4 4
M-2 5 5 5 5 3
M-3 6 6 6 6 6
M-4 1 1 1 1 1
M-5 2 2 2 P )
M-6 3 3 3 3 3

The assessment results for the ranking of the alternatives
in Tab. 8 show a consistent consequence accidentally, but the
new method is rather simple without any subjective factor.

4  APPLICATION IN MULTI-OBJECTIVE TEST DESIGN

The new multi-objective optimization method for
material selection proposed in section 2 could be extended in
application of multi-objective orthogonal test design and
uniform experimental design due to the similarity of the
problems.

In general, the multi-objective orthogonal test design is
conducted by the so called "comprehensive balance method"
or "comprehensive scoring method" [11], or "grey relational
analysis" [12], signal to noise ratio analysis [13], which
involve personal factors and are not full quantitative, but an
empirical ones instead.

Cheng et al proposed a multi-objective robust
optimization method based on parameter design using inner
- outer array, analysis of signal to noise ratio (SNR) and the
technique for order preference by similarity to ideal solution

(TOPSIS) [14]. Then formulation of the process parameter
schemes is conducted on basis of uniform experimental
design and stepwise regression analysis [14], which is rather
complex in addition to the common problems of TOPSIS and
SNR.

In this section, the new method developed in the section
2 is utilized to study the multi-objective orthogonal test
design and uniform experimental design so as to extend its
application in optimal design quantitatively.

4.1 Multi-Objective Optimization Design on Extrusion
Process for Joint Bearing

Xin et al. conducted the multi-objective optimization on
extrusion process for joint bearing by FEM software [11], it
involves three input variables and four levels, i.e., extrusion
groove depth and width of bearing outer ring and the feeding
amount of mold as the input variables. The bearing crevice
At, the maximum extrusion force Fn.x and the maximum
contact pressure Puax of liner are taken as the indicators of
the multi targets by using orthogonal test design with the help
of comprehensive balance analysis method [11].

The indicators A¢, Fuax and Puax are all unbeneficial
indicators to the technique optimization, therefore, Egs. (3)
and (4) are employed to perform the assessment for their
partial favorable probability.

Tab. 9 cites the results of the orthogonal test design
optimization on extrusion process for joint bearing [11]. Tab.
10 presents the results of the test and the partial favorable
probabilities as well as total favorable probabilities for
bearing tightness, the maximum extrusion force and the
maximum contact pressure of liner.

In Tab. 10, the test 4 exhibits the maximum of the total
favorable probability P;, it could be chosen as one of the
optimal combination in the multi-objective orthogonal test
design directly.

Table 9 Factors and levels of the orthogonal test design optimization on extrusion
process for joint bearing [11]

Process factors
Levels | Groove depth Groove width | Feeding amount of mold
d (mm) h (mm) [ (mm)
1 0.28 7.6 6.35
2 0.42 9.1 6.40
3 0.56 10.6 6.45
4 0.70 12.1 6.50

Table 10 Results of orthogonal test design for optimization on extrusion process for joint bearing [11]

Test No Process factors Objective indicator Partial favorable probability Total favorable probability

: d h I At (mm) Finax (KN) P o (MPa) Py for At Py for Fiax Py for Prax Pix10* Rank

1 1 1 1 0.019 108 481 0.0774 0.0550 0.0630 2.6818 9

2 1 2 2 0.011 107 506 0.0925 0.0558 0.0598 3.0850 5

3 1 3 3 0.014 97 465 0.0868 0.0629 0.0650 3.5483 3

4 1 4 4 0.014 87 431 0.0868 0.0701 0.0693 4.2109 1

5 2 1 2 0.021 113 537 0.0736 0.0515 0.0560 2.1192 10

6 2 2 1 0.018 100 469 0.0792 0.0608 0.0645 3.1051 4

7 2 3 4 0.021 98 500 0.0736 0.0622 0.0606 2.7732 8

8 2 4 3 0.026 76 376 0.0642 0.0779 0.0762 3.8066 2

9 3 1 3 0.03 120 599 0.0566 0.0465 0.0482 1.2671 15

10 3 2 4 0.025 114 600 0.0660 0.0508 0.0481 1.6105 12

11 3 3 1 0.03 83 415 0.0566 0.0729 0.0713 2.9412 6

12 3 4 2 0.037 71 349 0.0434 0.0815 0.0795 2.8130 7

13 4 1 4 0.04 125 656 0.0378 0.0429 0.0410 0.6640 16
566 TECHNICAL JOURNAL 15, 4(2021), 562-568




Maosheng Zheng, et al.: A New "Intersection" Method for Multi-Objective Optimization in Material Selection

Table 10 Results of orthogonal test design for optimization on extrusion process for joint bearing [11] (continuation)

Test No Process factors Objective indicator Partial favorable probability Total favorable probability
: d h / At (mm) Froax (KN) Piax (MPa) P for At Py for Frax Py for Prax Pix10* Rank
14 4 2 3 0.034 110 582 0.0491 0.0536 0.0503 1.3232 14
15 4 3 2 0.041 87 465 0.0358 0.0701 0.0650 1.6321 11
16 4 4 1 0.049 65 327 0.0208 0.0858 0.0823 1.4653 13

Furthermore, Tab. 11 presents the results of range
analysis of the total favorable probabilities for the orthogonal
test design of optimization on extrusion process for joint
bearing.

Table 11 Results of range analysis of the total favorable probabilities for the
orthogonal test design of optimization on extrusion process for joint bearing

Level d h /
1 3.3815 1.6830 2.5483
2 2.9510 2.2810 2.4123
3 2.1580 2.7237 2.4863
4 1.2712 3.0740 2.3147
Range 2.1103 1.3909 0.2337
Order 1 2 3

From range analysis of the data in Tab. 11, it shows that
the order of the input variables for impact decreasing is from
d, h to [. The optimal combination is d,/4/;, which coincides
with the result of the complex comprehensive balance
method in the multi-objective orthogonal test design
accidentally [11]. The FEM simulation test indicates that the
corresponding bearing crevice At is 0.04 mm, the maximum
extrusion force Fimax and the maximum contact pressure Prmax
of liner decreased by 47.3% and 65.6% as compared to the
previous condition before optimization [11], respectively,
which reflects the validity of the optimization.

4.2 Multi-objective robust optimization of injection molding
process parameters based on TOPSIS and uniform
experimental design

Cheng et al dealt with the problems of multi-objective
robust optimization of injection molding process parameters
based on technique for order preference by similarity to ideal
solution (TOPSIS) and uniform experimental design for

mobile phone panel [14]. The volume shrink rate @ (%),
sink index Zink (%), buckling deformation W (mm) were
taken as the objective indicators, and the input variables
include melt temperature, injection time and packing
pressure while keeping injection pressure of 100 MPa,
packing time of 3 s and the cooling time of 5 s, then the
uniform experimental design was conducted.

Tab. 12 multi-objective robust optimization of injection
molding process parameters based on TOPSIS and uniform
experimental design [14].

Table 12 Uniform experimental design U1o(5%) for the optimization [14]

Levels
Factors 1 5 3 2 5
Melt temperature X; (°C) 265 270 275 280 285
Injection time X; (s) 0.50 | 0.55 | 0.60 | 0.65 | 0.70
Packing pressure X; (MPa) 70 75 80 85 90

Since the volume shrink rate @, sink index Ik,
buckling deformation W are unbeneficial indicators to the
technique optimization, therefore, Eqs. (3) and (4) are
employed to perform the assessment for their partial
favorable probability.

Tab. 13 presents the results of the partial and total
favorable probabilities for the volume shrink rate @, sink
index Isnk, and buckling deformation W in the uniform
experimental design.

In Tab. 13, the test 2 exhibits the maximum of the total
favorable probability P;, while the total favorable probability
of test 1 is very close to the maximum total favorable
probability Pi, so they could be chosen as one of the optimal
combination in the multi-objective uniform experimental
design directly.

Table 13 Results of the multi-objective robust optimization of injection molding process parameters based on TOPSIS and uniform experimental design [14]

No Xi X, X; G (%) Lsink (%) W (mm) P for ¢ Py forl P, for W Pix10° Rank
1 2 5 5 6.037 3.230 0.4048 0.1084 0.1140 0.1074 1.3279 2
2 4 1 5 6.200 3.393 0.3735 0.1059 0.1097 0.1144 1.3297 1
3 5 2 2 6.895 4.057 0.4306 0.0953 0.0920 0.1016 0.8917 6
4 4 5 1 6.937 4.090 0.4695 0.0947 0.0911 0.0929 0.8020 7
5 3 3 3 6.587 3.744 0.4314 0.1000 0.1003 0.1015 1.0182 5
6 2 1 1 7.114 4.286 0.5103 0.0921 0.0860 0.0838 0.6622 9
7 5 4 4 6.299 3471 0.3815 0.1045 0.1076 0.1126 1.2658 3
8 3 3 3 6.587 3.744 0.4314 0.1000 0.1003 0.1016 1.0184 5
9 1 2 4 6.463 3.614 0.4406 0.1019 0.1038 0.0994 1.0516 4
10 1 4 2 6.777 3.938 0.5054 0.0971 0.0952 0.0849 0.7846 8

Cheng et al gave a test result of pack pressure P = 90 5 DISCUSSION

MPa, injection time = 0.7 s and melt temperature Gneir = 275
°C, it is in fact with a compromised parameters of the tests 1
and 2 [14], which exhibits smaller volume shrink rate @,
sink index sn and buckling deformation # and implies the
validity of the novel assessment.

From above study, it can be seen that the new
"intersection" method for multi-objective optimization in
material selection on basis of set theory and probability
theory treats both beneficial property index and unbeneficial
property index equivalently and conformably, which is
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impersonal without any personal or subjective scaling factor.

The evaluation results for material selection for a
rectangular beam, automotive piston design, automotive
brake pad and polymeric nano-composite material for
automotive bumper beam, the multi-objective orthogonal test
design and uniform experimental design are all acceptable
and conform to known, which indicates the reasonability of
the new "intersection" method.

The evaluation result of the new "intersection" method
for multi-objective optimization in material selection is not
needed to equal to other previous approaches exactly due to
the utilization of personal coefficients or other subjective
factors in the latter.

6  CONCLUSION

Through this study, a new "intersection" method for
multi-objective  optimization in material selection is
developed based on the probability analysis for all possible
material property indicators comprehensively. All the
material property indicators are divided into beneficial type
and unbeneficial (cost) type; each material property indicator
contributes to its partial favorable probability in positively
correlative or negatively correlative manner, individually.
The total favorable probability of a candidate material is the
product of its all possible partial favorable probabilities. The
total favorable probability of a candidate material determines
the final result of the material selection decisively and
comprehensively.
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Overview of Environmental Problems Caused by Logistics Transportation: Example of
European Union Countries

Abdullah Emre Keles*, Gékhan Giingor

Abstract: Logistic transportation works is considered the main pollutant for the environment, with over 25 per cent CO> emissions in the EU. This situation has raised concerns
for the EU and governments to find solutions and impose regulations to diminish the environmental impact. The purpose of this paper is to investigate two questions regarding
environmental issues connected to transportation; “What are the recent trends for establishing sustainable logistics for different transportation methods?” “Which alternatives can
be incentivized to decrease the environmental impact of transportation activities?” These projects among the most noteworthy environmental benefits, which are also the case
studies of this research are The Viking Concept, The WestMed Bridge, Scandinavian Shuttle and Baxter Inland Sea Transport. The result highlighted in this research is that shifting
transportation modes has been successfully implemented, with considerable positive outcomes in terms of environment impact, cost and lead times in several European Union

funded projects.

Keywords: construction works; environmental solutions; green logistics; logistic solutions; sustainable logistics

1 INTRODUCTION

Logistic systems have been improved for over the years
to become faster and more efficient with a focus on lower
costs and lead times. As this approach make businesses
profitable, the environmental issues are often neglected in the
firm’s strategy. EU governments are concentrating efforts to
reduce the negative environmental impact by imposing new
regulations for pollutants. As such, the transportation sector
has being identified as a major source of pollutants, with 32%
of total energy consumption in the EU, resulting in 44% of
CO; emissions from fossil fuels [1]. Other issues such as the
degradation of the ozone layer, noise, vibrations and
atmosphere pollution are also side effects of the
transportation sector [2].

Because of increased number of motor vehicles and
migrations, the use of motor fuels has risen. Transport is the
sector in that the most of fossil [3]. This situation threatens
future generations because of damage to the environment.

Construction work to use hundreds of different materials,
bringing them to the site, such as storage, transport needs.
Since the environmental damage is high and the impact is
large, the sector must be controlled.

In the logistics literature, sustainability and
environmental issues are topics of increased interest, as more
firms engage in such efforts to reduce risks and improve the
competitive of the firm day by day [4-7]. It has usually
claimed by these researchers that sustainability efforts in
general lead to improvements in economic performance.

The purpose of this paper is to investigate environmental
issues connected to logistics of sustainable transportation.
The focus will be on analysing different transportation
methods, considering cost, time, efficiency and
environmental impact specifically. Considering the fact that
the main purpose of all companies is profit, the importance
of this issue is better known. Especially in recent years, it has
become one of the more important issues for construction

companies. Legal regulations are also forcing companies in
this regard in EU.

2 MATERIAL AND METHOD

In this paper, several academic papers were reviewed to
establish the theoretical background, further complemented
with four case studies. In searching relevant literature,
keywords such environmental responsible logistics,
sustainable logistics, sustainable transportation, green
logistics were used. The cases studies helped to identify
recent trends in the market towards establishing sustainable
transport logistics. Moreover, the benefits and challenges of
each trend supported the understanding of optimal
transportations methods with the lowest environmental
impact, as well as other benefits.

The paper is limited to the European Union level,
considering only external logistics transportation. Another
concept such as the level of centralization was recognized as
a factor for sustainable logistics and briefly mentioned.

2.1 Environmental Impact of Logistics Activities

Transportation in logistic activities is considered the
main pollutant for the environment. Regulations require
companies to adopt environment friendly solutions for their
activities and transportation methods. Therefore, the
questions arise: What are the recent trends for establishing
sustainable logistics for different transportation methods?
Which alternatives can be incentivized to decrease the
environmental impact of transportation activities?

As described above, effective distribution systems
impacts air quality generates noise and contributes to the
global warming. According to [8], the environmental impact
by external transport causes emissions consisting mostly of
nitrogen oxides, carbon monoxide, carbon dioxide, sulphur
oxides, hydrocarbons and particles. These emissions are
clearly presented to affect the environment locally, regionally
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and globally, and the complexity of identifying and reducing
them is related to the source of these emissions. Furthermore,
the complexity increases with longer distances. Carbon
dioxide is described to affect the environment in a longer
time perspective in terms of global impact. Looking at
different transportation systems (Fig. 1), it can be observed
that the logistic activities involving transportation present a
considerable threat to the environment [9].

Considering Cavagnaro and Cruiel [10] presenting three
dimensions regarding sustainable development, Jonsson [8§]
uses a similar approach when identifying environmental
impacts into three factors. These are financial, technological
and social conditions where it is described that each company
need to adapt their logistics solutions to these factors with the
purpose to always consider the environmental impact.

Distribution systems has their own different level of
environmental impact and important to consider both direct
environmental impact as the indirect impact [8]. Distribution
by railways constitutes of direct effects when diesel is used
instead of electricity. However, using electricity will affect
the environment indirect through its production. Looking at
air transport the emissions of greenhouse gases is seen as the
most serious problem. Finally, sea transport consumes
relatively low energy per transported ton-kilometer where the
emissions are small. Moreover, sea transport exploit less
areas and gives therefore more advantage in an
environmental perspective.

Logistics
Buildings

o
(=]
o
[==]

2,500

I
(=]
o
[==]

1,500

1,000

500 NN ]

Total Mobility Emissions
~ 2,500 Mega Tonnes CO2e

GHG Emissions (mega-tonnes CO2e per year)

Logistics and Transport Activity
Figure 1 Logistics and Transport Activity [8]

According to Kohn and Bordin [11], the performance of
logistics can be measured and expressed in terms of service
level and costs with the overall goal to achieve a service that
is cost efficient. Namely, the traditional view of logistics is
to maximize profit and minimizing lead-times and costs. This
view of logistics has to change in order to become more
environmentally friendly and sustainable. The total
environmental impact of the logistics system should be added
to the traditional view. In addition, to create a sustainable
logistic system the different variables should be considered
together [11].

There is an inherent conflict between the different
variables that determine the logistics systems performance.

Therefore, trade-offs are necessary to create the best overall
performance and not focus on optimizing one variable at the
expense of another. The goal should be to create a balance
between the different variables without compromising the
total overall performance [8].

To create a logistic system that balances the different
variables requires management. One study carried out by
Aronsson and Brodin [2] discusses how logistic systems
environmental performance can be improved without
compromising the performance in terms of service delivery
and costs through centralization. They suggest that
centralization creates opportunities that do not exist in a
decentralized system such as consolidation and changes in
transport modes. This is also supported by Kohn and Brodin
[11] who state that centralization enable consolidation which
has a positive impact on CO, emissions and costs. An
increased level of centralization results in more
transportations than a decentralized system. However, with
appropriate strategic decisions, it is possible to improve the
environmental performance of the logistic system without
impairing the costs and service.

2.2 Policies of the European Union in Environmental
Logistics

Logistics and transportation sector have direct
interaction with sustainable environment issues in various
aspects. Main problems arise from the mentioned sectors can
be listed as follows:

* Fast increase in the number of vehicles
* Insufficient maintenance and misuse

*  Old and inefficient vehicle stock

* Lack of air pollutant gas control

*  Air pollution and vehicle traffic

*  Urbanization around highways.

The first remarkable efforts towards establishing a
common policy towards establishing a transportation
mechanism within EU started at 1993 with the Maastricht
Agreement. In this agreement, the basis of Trans-European
Transport Networks (TEN-T) has been discussed, principles
are set and legal documents have been prepared. The aim
with this project was connecting the isolated regions to the
rest of union and eliminating the bottlenecks which prevent
the socio-economic de-fragmentation of the member
countries [12].

Another purpose of the mentioned project was the
integration of the logistics and transportation to the plans of
sustainable development. Logistics is the leading sector
within EU, in terms of influencing the sustainability policies.
25% of the CO, emission is caused just from the logistic
related activities. Also, according to the data, 44% of the load
transportation is done by highways, while the share of sea
freight and rail freight are 39% and 10% respectively [13].
When the constant increase in the traffic population,
deterioration in the services and air pollution are considered,
it was evident that new precautions were necessary. The
council defined restructuring of the motorways, development
of railway network and prevention of the delays in airways
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and more effective use of sea transportation as the new goals
and started to incentivize projects which are serving for these
purposes.

In the scope of TEN-T, 30 new projects have taken to
evaluation which are believed to be finding solutions to the
adaptation problems of recently joined countries to the
European environmental standards and long term sustainable
logistics. These projects included motorways, high speed
trains, river transportation, and multi-mode methods. Apart
all these different suggestions, the most remarkable one was
the "Marco Polo Program" [14].

Marco Polo program is the most significant effort among
the activities of European Union to solve the environmental
problems related to logistics. It strives for offering
alternatives to conventional motorway transportation with
seaways, railways and inland waterways. Marco Polo as a
whole is a funding program, which collects proposals for
environment friendly transportation methods every year and
provides funding for them. While the initial budget between
2003 and 2006 was 115 million Euros, it is increased up to
400 million later on, with the introduction of Marco Polo II
program [12].

As stated before, the main purpose of the program is
shifting the land transportation to the sea as much as possible.
The researches show that especially the inland waterways are
much safer and environment friendly compared to all other
methods. Still, it is believed that inland waterways are not
used as much as desired and Marco Polo wants to incentivize
such methods with its funding. Under the scope of Marco
Polo, there are several projects completed successfully. The
term success here both satisfies the profitability and
efficiency as well as environmental awareness. There are two
examples of such projects you will find below with further
details.

3 ANALYSIS: TRENDS FOR SUSTAINABLE LOGISTICS
TRANSPORTATION

Reducing transport emissions is an important measure
for companies in achieving greener logistics. As with the
focus to stay competitive on the market with shorter lead
times and cost benefits, it is argued that 'greening' efforts may
affect logistic effectiveness and efficiency (Huaccho et al.,
2013). Yet, leading companies are gradually implementing
environmental principles in their supply chain, to the extent
of a win-win situation, satisfying governmental policies but
also focusing on the competitive advantage [15]. Looking on
how companies have adapted new transportation solutions
shows that environmental and cost requirements can be
satisfied.

An effective trend is shifting the traditional road
transportation to sea, inland or rail transportation. This
solution has been adopted by several international shipping
providers with great benefits. In the case of Baxter, switching
transportation modes resulted into 40% cost savings and
reduced environmental impact. The fuel consumption for
barges was less with 20% per kg than the truck
transportation, also having the advantages of reduced CO,
emissions and eliminating trucks of the roads. This solution

also increased certainty and faster delivery times, avoiding
the high risk of road congestions [15]. Another approach of
lowering transportation costs and environmental impact is
the Viking Rail project, which focused on shifting 35 to 40%
road transportation to rail by using an intermodal solution.
This approach resulted in lowering CO, emissions by 63% as
well as decreasing lead times for about 12 hours for some
routes. As in the previous case, fewer trucks were used and
this meant a reduction of -15 tonnes per year of CO», less fuel
consumption by 3.5 million litres per year as well as
considerable reduction of other pollutants e.g. nitrous oxide,
sulphur oxide emissions. From a cost perspective, the
benefits were less considerable with only 5% improvements
[16].

3.1 The WestMed Bridge Project

Project Name: The WestMed Bridge

Funds: 4.5 Million Euros

Duration: April 2008 — March 2011

Contractor: Atlantica S.P.A di Navigazione, Italy
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Figure 2 The WestMed Bridge Project

Shifting transportation modes proved also to be a wise
choice in the case of The WestMed Bridge project as shown
Fig. 2. It aimed at shifting the motorway transportation
towards the sea, thus increase the environmental benefits and
decrease the transportation costs. Using larger capacity
barrels to carry the liquids, the total transportation capacity
has been increased by 65%. The travel time of the products
has become 1.3 times faster than before and the cost of
transportation has been reduced by 40% compared to the
former method. During the lifetime of the project, it is
expected to shift 72585 trucks worth of load to be shifted to
sea transport. While the fund given for WestMed Bridge was
4.5 million Euros, the environmental benefit is estimated to
be around 66.5 million Euros. The numbers show that the
project was successful from every aspect [12].
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3.2 The Scandinavian Shuttle Project

Project Name: Scandinavian Shuttle
Funds: 2.5 Million Euros

Duration: June 2006 — May 2010
Contractor: UBQ AB of Malmo, Sweden
Total load shifted from motorway:

923 million tons/km

Estimated Environmental Benefit:

27,5 Million Euros

Figure 3 The Scandinavian Shuttle Project

A similar project, the Scandinavian Shuttle as shown Fig.
3, had also considerable benefits in terms of environmental
and cost benefits. It aimed at building a long lasting railroad
between central Europe and Scandinavia and shifting the
traffic load caused from logistic activities between those two
regions to railroad. The project started train expeditions
between Sweden and Germany through Denmark. Since the
contingencies are minimal in railroad transportation, the
arrival times of the train to its destinations are planned with
“just in time” principle. With the introduction of the railway,
an alternative opportunity has been given which is also as
flexible and reliable as the former methods. Overall, the
Scandinavian Shuttle project managed to shift 923 million
tons of loads from motorway and generated 27.5 million
Euros worth of environmental benefit by the time of May
2010 [12].

The purpose of this paper was to investigate
environmental issues connected to logistics of sustainable
transport solutions. With theory that stresses the
transportations’ actual impact on the environment, combined
with transportation solutions reviewed in four different cases,
the conditions to begin with the analysis have now been
established.

The number of pollution of 25% caused through logistics
activities and where transportations represent 32% of total
energy consumption, it has been clearly stated by Aronsson
and Brodin [2] the serious and actual impact in the society.
European Commission [12] presented common policies
which become established in the early 90’s and one thing to
notice is the relation of the Maastricht Agreement with the

socio-economic de-fragmentation. Equally with this
agreement [17] emphasized almost two decades later the
social dimension as an important part for sustainable society,
together with the economic and the environmental
perspective. Alidnge et al. [18] identified sustainability as a
starting principle for innovation and business development
and this principle has actually been found in each of the four
reviewed cases in this paper.

The Viking concept, the WestMed Bridge project,
Scandinavian Shuttle project and Baxter inland sea transport,
are all cases where environmental issues connected to
sustainable transport solutions have been analysed and where
recent trends have been reviewed. However, the positive
outcome from these cases as acting beneficial to the
environment additionally variables need to be considered,
mentioned in theory as environmental management. As a
matter of fact, Khon and Brodin, [11] emphasizes the
importance of considering different variables together such
as cost, time, efficiency. Based on that, several performance
variables need to be considered when developing and
evaluating new transportation solutions.

As has been mentioned actual cases bring up challenges
and can be related to how to manage performance variables
in order to reach the most beneficial outcome of new
implemented sustainable transportation system. The analysis
shows that sustainability is the driven action for new
transportation solutions. However, what should be further
analysed is if the success behind these presented cases is only
connected to the indirect initiative by findings from the
European Union.

4 CONCLUSION

In conclusion, it is evident that as a result of increasing
globalization, the competitiveness of the market, intensity of
environmental laws, customer expectations and social
responsibilities of the companies are rising. Furthermore,
considering the increasing attraction on the environmental
issues today by individuals, organizations and companies
from different industries makes it inevitable that some
changes are going to take place in logistics industry to
contribute the solution of this global problem. The numbers
shown from various researches indicate that logistics
industry has a major responsibility to carry out this change
process, since it has a major role in the root of the problem.
Recent trends in the approach of EU and the sector itself
show that awareness is actually there, which is being the
driving force to make both companies and authorities to step
up their environmental efforts and revise their strategic plans
accordingly.

On the legal side of the transformation of logistics into a
more environmental friendly sector, biggest responsibility
lies upon European Commission, as well as the particular
authorities from the related countries. Looking at the recent
efforts, it is observable that the commission is actively
incentivizing the companies to take part in the resolution by
shifting into greener logistic solutions. TEN-T program as a
whole and Marco Polo program in particular are outstanding
examples of collaborative handling of the common problem.
Given that the mentioned cases in this paper are just a mare
start and the programs themselves are looking for a 30-year
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period, it is possible to make optimistic estimations about the
future state of the industry.

On the sectorial side, it is encouraging to see that
companies are taking the initiative to lead the change in
accordance to the legal regulations. The decisions taken on
the strategic level show their effects on the different faces of
logistic activities throughout the supply chain, especially on
the material transportation. The Viking concept, West-Med
Bridge, Scandinavian Shuttle and Baxter inland sea transport
can be regarded as major steps taken towards making a more
green future for logistics and hopefully more projects will
follow as it is seen that both environmental and monetary
profits are remarkable. However, there are other concerns as
well for logistic companies as mentioned such as cost, lead
times, and flexibility and so on. Shifting their current
practices with more environmental friendly ones may tackle
them in those departments initially but, as new methods are
established better over time, they would not be an issue any
further.

To sum up, although there is still plenty of room for
improvement, current efforts are giving the signal that the
sector is on the right track. Emphasizing the importance of
alternative transportation methods other than land freight
(especially in-land water ways) seems to be the key factor for
greener logistics in Europe. Maintaining the combination of
incentives from the authorities and sense of responsibility
from companies, will let the common understanding to be
transferred to future generations for minimized
environmental impact from logistics transport activities.

In all cases where environmental issues connected to
sustainable transport solutions have been analysed, it is
observed that the monetary value of the environmental
benefits far outweighs the shifting costs. In the evidence of
successful implementations in EU, the authors of this piece
aspire to raise awareness locally on the same subject by
arguing that it is possible to maintain the same productivity
in alternative transportation while simultaneously earning
major environmental benefits.
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Professional paper

Preliminary Analysis of Load Input into the Accumulation Varazdin by Rain Overflow

Domagoj Naki¢*, Tanja Trabe Baranasi¢, Drazen Vouk, Bojan Burin

Abstract: The wastewater treatment plant Varazdin upgrade project envisages the reconstruction of the rain overflow directly upstream of the plant. Physicochemical parameters
of water quality (Biological Oxygen Demand, Chemical Oxygen Demand, Total Nitrogen, Total Phosphorus, Suspended Solids) in sewage/drainage system and in the accumulation
were analyzed. In accordance with expected values of concentrations in overflow and in the accumulation, an analysis of the water quality in the accumulation after mixing was
performed with certain assumptions. The results show that the ecological condition of the accumulation generally remains unchanged, classified as good condition, except for
Chemical oxygen demand which is a critical parameter. Paper refers to the frequency and duration of possible exceedances of the Chemical oxygen demand limits and gives
critical analysis of the realistically expected impacts. A proposal for conducting more detailed analysis with a larger database and by modelling pollution discharge by a complex

three-dimensional model is given.

Keywords: accumulation Varazdin; agglomeration Varazdin; rain overflow; regulation on water quality standard; wastewater treatment plant

1 INTRODUCTION

The quantity and quality of wastewater is determined by
many factors. Not all humans or industries produce the same
amount of waste. The design of the sewer system affects the
wastewater composition significantly [1]. In combined
systems a part of the total wastewater is discharged to local
water bodies, often without any treatment. There is no doubt
that the overflow structures in combined sewage systems are
large and difficult to control sources of water pollution,
especially in populated areas. If they want to be controlled,
then it is very expensive, complex, and generally rarely
sufficiently effective. Combined sewage is characterized by
the presence of overflows, through which during rainy
periods untreated wastewater together with stormwater flows
from the sewer system to the receivers. Main role of
overflows in mixed sewers is essentially economic.
Discharging large amounts of stormwater directly into the
receivers reduces the flow of water in the sewer downstream
of the overflow structure and thus significantly reduces the
cost of construction and operation of the sewer, but also the
costs of wastewater treatment plants (WWTP). With the
increase in water pollution because of accelerated urban
development that generates large amounts of wastewater and
polluted stormwater, such a concept of sewage/drainage is
becoming less and less acceptable. Namely, overflow waters
are a source of uncontrolled environmental pollution that can
cause aesthetic pollution, increased health risk of disease for
all direct or indirect users of the receiver (bacteriological
pollution), environmental damage in the receiver and the
associated environment (various pollutants contained in
stormwater and municipal wastewater) and a reduction in
dissolved oxygen levels that may adversely affect the living
world of the receiver [2].

Various studies provide a wide range of pollution
parameters in the stormwater runoff. The characteristics of
stormwater runoff quality, hydrology, retention and other
issues have all been examined in the literature, and it has been
found that significant quantities of organics, nutrients, and
heavy metals are present in stormwater runoff. It has long

been recognized that the pollutant build-up and wash-off
processes are influenced by rainfall and catchment
characteristics [3]. However, the pollution parameters are
many times higher in sanitary wastewater than in the inflow.
The two definitions used worldwide are that one Population
Equivalent (PE) produces about 150 I/d and 60 g/Biological
Oxygen Demand (BOD) [4]. The actual contribution from a
person living in a sewer catchment, so-called the Person
Load, can vary considerably (Tab. 1).

Table 1 Variations in person load [1]

Parameter Unit Range
COD g/cap-d 25-200
BOD g/cap-d 15-80

TN g/cap-d 2-15
TP g/cap-d 1-3

*BOD - Bilogycal Oxygen Demand; COD — Chemical Oxygen Demand;
TN — Total Nitrogen; TP — Total Phosphorus

The concentrations found in wastewater are a
combination of pollutant load and the amount of water with
which the pollutant is mixed. The daily or yearly polluting
load may thus form a good basis for an evaluation of the
composition of wastewater. The composition of municipal
wastewater varies significantly from one location to another.
On a given location the composition will vary with time. This
is partly due to variations in the discharged amounts of
substances. However, the main reasons are variations in
water consumption in households and infiltration and
exfiltration during transport in the sewage system.
Stormwater will further dilute the wastewater as most
stormwater components have lower concentrations compared
to very diluted wastewater [4].

Tab. 2 provides a comparative presentation of the mean
values of the concentrations of individual pollution
parameters in the inflow and sanitary wastewater.
Additionally, the limit values for wastewater emissions are
stated, depending on the degree of treatment according to the
Ordinance on Limit Values for Wastewater Emissions (NN
26/20) [5].
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Table 2 Comparison of composition of raw municipal wastewater with minor
contributions of industrial wastewater with pollution concentrations in stormwater
from mixed residential-commercial urban watersheds (mean values) and

wastewater emission limit values depending on the degree of treatment
Emission limit
Raw municipal values depending
. Stormwater
Parameter | Unit wastewater (3, 9-19] on the degree of
[4, 6-8] ’ treatment [5]
1L 111,
BOD;s mg/l 260.50 18.60 25 -
COD mg/l 600.50 107.08 125 -
N mg/l 39.00 4.34 - 15 (10)**
TP mg/l 7.75 1.09 - 2 (Ly**
SS mg/l 219.50 99.43 35 -

* SS — Suspended Solids
** WWTP capacity 10,000-100,000 PE (or over 100,000 PE)

Therefore, when discharging untreated mixed inflows
into the environment, such water pollution is no longer
acceptable to the public nor is it legally allowed, so it is
necessary to control overflows, i.e. reduce or completely
eliminate the negative impact on water resources, and the
first step in this process is to analyse the impact of individual
overflows on the water quality of the receiver. This paper
provides an example of such preliminary analysis.

2 DESCRIPTION OF THE LOCATION AND TECHNICAL
CHARACTERISTICS OF THE ANALYZED EXAMPLE

The wastewater and drainage system of the city of
Varazdin is a combined system, which means that
wastewater from households, industrial wastewater and
rainwater is collected by a single collector network. The total
length of the collectors is over 100 km. The total amount of
mixed wastewater is discharged by the main collector profile
DN3000, which is dimensioned for a flow of Q = 13.2 m?%/s.
Main rain overflow was built on the system, at the end of the
main collector, and before mechanical and biological
treatment within WWTP. As part of the actual project of the
agglomeration Varazdin, it is planned to upgrade and
reconstruct the WWTP, which will have a capacity of
127,000 PE with the 3™ stage of purification. The hydraulic
capacity of the WWTP is calculated as Omax = 716 1/s which
will be transported by the inlet pumping station towards the
mechanical pre-treatment. Wastewater inflow greater than
716 1/s will be directed via rain overflow into a retention
basin with a volume of 2,500 m3. The retention basin should
retain inflows up to 4Qury (1,440 1/s), which will prevent the
overflow of wastewater of higher pollution into the recipient
and ensure its additional protection. Wastewater inflows
greater than 1.4 m3/s will activate rain overflow, which will
gravitationally transport overflow waters to the right
drainage channel of the hydro power plant (HPP) Cakovec
accumulation. The maximum amount discharged by the
gravitational part of overflow (overflow 1 in Fig. 1) is 7.36
m?/s (8.8-1.44 m>/s).

In the event of a flow of more than 8.8 m3/s, it will
activate other part of the rain overflow (overflow 2 in Fig. 1)
through which a maximum of 11.2 m3/s will be transported
to pumping station with a useful volume of 400 m*. Pumping
station will be equipped with vertical pumps (five pumps)
that will transport overflow waters by the pressure pipeline

through the right embankment into the accumulation of HPP
Cakovec. In front of the rain overflow, automatic chain
coarse grid of 5 cm openings, with a total capacity of 20 m?*/s,
will be installed in three parallel lines (6.67 m?/s each). Large
automatic grates will remove large waste from wastewater,
which will ensure the smooth operation of pumps in the
pumping station for overflow waters and protect the
recipient, i.e., the accumulation of HPP Cakovec.

TOWARDS MECHANICAL
PRE-TREATMENT

INFLOW

COARSE
GRID

COARSE
GRID

OVERFLOW 2 | OVERFLOW 1

Figure 1 Schematic concept of the designed solution with rain overflow at the
entrance to WWTP Varazdin

The receiver of the effluent from the WWTP Varazdin is
the right drainage channel of the accumulation lake, which
inflows downstream into the old Drava riverbed. It is
envisaged that in the future project, the receiver of overflow
quantities from the rain overflow in front of the WWTP will
be the right drainage channel and the accumulation lake of
HPP Cakovec (in case of heavier precipitation). Given that
the accumulation has been identified as a sensitive part of this
system, and the legislation generally restricts the discharge
of wastewater into this type of water bodies, even if it is
extremely rare and limited in time, as in this case, the impact
of overflow on the quality of water in the accumulation will
be analyzed below. Preliminary analysis of load input into
the accumulation was performed in relation to the available
input data. Due to the lack of continuous data during the
calendar year, i.e. several years, data on minimum and
maximum values of concentrations of water quality
indicators of the influent and accumulation, and minimum
and maximum values of flow through the accumulation were
used. These data were used as input parameters for the
calculation of concentrations after mixing of overflow waters
and accumulation, and the determination of concentration
limits of the ecological status of the water body for the basic
physicochemical quality parameters.

3 ANALYSIS OF WASTEWATER AND ACCUMULATION OF
HPP CAKOVEC
3.1 Relevant Overflow Quantities and Accumulation Flow

The planned reconstruction of the rain overflow
envisages the discharge into the recipient - the HPP Cakovec
accumulation only in the case of precipitation resulting in
higher total inflows (more than 8.8 m?/s). This roughly
corresponds to precipitation of return period of 3 years,
which was confirmed by using a hydraulic mathematical
model of the sewage/drainage system (Fig. 2 - first graph).
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The model was created using the EPANET software package,
version 2.2.

— Total inflow (s) — Overflow (I/s)
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3
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Figure 2 Results of the hydraulic model (EPANET, version 2.2) at the location of
the analyzed rain overflow for the relevant precipitation of the RP 3, 5 and 10 years

As mentioned above, the maximum overflow expected
into pumping station is projected at 11.2 m? /s. The project
envisages a pumping station with 5 parallel pumps, each with
a capacity of 2,240 l/s. This means that the maximum
possible overflow into the accumulation is 11.2 m*/s and this
occurs when all 5 pumps are activated. However, from the
graphs shown above, even in the case of precipitation for
return period (RP) 10 years not all 5 pumps are activated, but
only 3. Namely, with precipitation of 10 years RP total inflow
at the location is approximately 14.2 m3/s (Fig. 2 — third
graph). This means that about 5.4 m3/s of the total inflow
remains for transfer into the accumulation (since 8.8 m%/s
goes downstream, towards the WWTP and the gravitational
part of the overflow ending in the right drainage channel),
which is easily covered by three pumps (Fig. 3 — Q3).
Therefore, it can be concluded that the designed solution was
made with an extremely high degree of safety and that the
activation of all 5 pumps in the overflow pumping station is
expected only in the event of precipitation of significantly
higher RP (over 10 years). Fig. 3 shows the possible amounts
of overflow water into the accumulation depending on the
number of active pumps. For example, to activate all 5
pumps, the total inflow should be around 17.8 m%/s (8.8 m’/s
going downstream and the amount of overflow 2 (from Fig.
1) greater than the capacity of 4 pumps, i.e. 8.96 m’/s.

Another important amount for the subject analysis
relates to the flow through the accumulation. Fig. 4 shows the
measured data on accumulation flows for the period 2017-
2019, where the values marked in red represent the absolute
minimum, i.e., the maximum in the observed period.

Overtlow depending on the number of active pumps

12
10

8 6.72
:
4
2
0
Ql Q2 Q3 Q4 Qs

Figure 3 Possible variations of overflow into the accumulation

The presented results to be used in further analyses are
summarized in Tab. 3. In the conducted analyses, the so-
called constant accumulation volume is neglected, thus the
results obtained will be on the safe side. Namely, the analyses
below shows that the concentrations of individual pollution
parameters in the accumulation are far below their values
within the sewerage/drainage system, so mixing additional
amounts of less polluted water would further contribute to
dilution and reduction of total pollution concentrations.

Table 3 Recorded flows through the accumulation of HPP Cakovec for the period
2017-2019.
Flow Min Mean Max
0 (m’/s) 141 309 625

Flow through the accumulation
Q [m?s]
701
601
301
401
an

201

101

200771 200WI0 2017/ 20171V 20131 201811 2018/10 20181V 20191 201911 2019110 20191V

—Win Mean  em—Max

Figure 4 Flow changes through the accumulation for the period 2017-2019 with
highlighted absolute minimum and maximum in the observed period

3.2 Water Quality in the HPP Cakovec Accumulation

Sampling of water quality in the HPP Cakovec
accumulation is performed according to the Technical
Observations Project, which is performed quarterly
throughout the current year at specific, fixed control points,
and for further analysis, four control points were taken as
relevant for this analysis. The data taken for analysis at these
points are the concentrations of water quality indicators
[mg/l] BODs, COD, TN, TP, and SS in the period 2017 —
2019 (Tab. 4).
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Table 4 Concentrations of water quality indicators in the accumulation for the

period 2017-2019
Parameter | Unit 1 2 3 4 Min/Max | Mean
BODs [ [ 0.507 [70.507 ["0.607 ["0.50/ [ 0507 |
(min/max) 200 | 270 | 170 | 2.00 | 2.70 :
COD <4.00/ | <4.00/ [ <4.00/ [<4.00/ | <4.00/
(min/max) | ™" | 580 | <4.00|<400|<400| ss80 | *%3
N 0.60/ | 0.80/ | 1.10/ | 1.00/ | 0.60/
(min/max) | ™| 150 | 180 | 160 | 170 | 180 130
TP 0.01/ | 0.02/ | 0.02/ | 0.02/ | 0.01/
(min/max) | ™| 017 | o011 | 00 | 013 | 017 | *V7
S | gt | <5007 <5.007[ <5007 590/ <5007 71
(min/max) 19.00 | 20.40 | 22.70 | 3590 | 35.90 :

According to the Decree on Water Quality Standards
(NN 96/19), the condition of a water body is assessed
according to the value of the 50" percentile for rivers,
transitional and coastal waters, i.e. the average annual
concentration for lakes. These values are called the relevant
values and are calculated on the basis of all measurement
results, measured in different periods during the calendar
year. Given the limited data available for this preliminary
analysis, the mean values from the data presented above will
be used for this classification, since these are estimated to be
approximately relevant.

Table 5 Limit values of ecological status for basic physicochemical parameters for
the water body of the HPP Cakovec accumulation

Panonska

ecoregion BODs (mg/l) | COD (mg/l) | TN (mg/l) | TP (mg/l)
2 very _gqod 150 550 120 0.0
m‘ condition
o~ good
T | condition 3.50 5.50 2.50 0.20

The analysis of water quality in the HPP Cakovec
accumulation, based on the basic physicochemical quality
parameters (Tab. 5), shows the characteristics of the category
of good ecological condition.

3.3 Wastewater Quality

Sampling of wastewater, i.e. influent quality, the
company Varkom d.d. performs on 24-hour composite
samples that are tested and determined on the basis of the
Ordinance on waste water emission limit values (NN 26/20).
The summary results of these tests for the period 2017-2019
are shown in Tab. 6.

Table 6 Concentrations of wastewater quality indicators at the inlet of the WWTP

for the period 2017-2019.

Parameter Unit Min Mean Max
BODs mg/l 120.94 240.06 365.00
COD mg/l 317.45 590.04 960.00

TN mg/1 12.91 20.06 25.97
TP mg/l 1.71 3.32 4.64
SS mg/l 8.29 13.56 20.03

The analysis of wastewater quality in front of the WWTP
(influent), shows that the concentrations are far above the
emission limit values for pollutants in wastewater that are
allowed to be discharged into the environment, and which are
determined according to the Ordinance on wastewater

emission limit values (NN 26/20, Annex I). The reason for
this is that the analyzed wastewater is raw, and as mentioned
before, result of 24-hour composite samples that were not
diluted with large amounts of precipitation water and that
were not taken instantly, during higher precipitation (and this
is the time when the rain overflow is activated). Thus, taking
these values for the calculation of the concentrations of the
analyzed parameters in the accumulation after the inflow of
overflow waters, obtained results are expected to be on the
safe side, i.e. the conducted scenario assumes a hypothetical
worst case.

4  ANALYSIS OF THE INFLUENCE OF OVERFLOW WATERS
ON WATER QUALITY IN THE ACCUMULATION

Possible consequences of overflow water generally in
relation to the parameters analyzed, are reflected in the
following [2]:

e« BODs (COD) - reduction of the dissolved oxygen and
mortality of wildlife

¢ TN and TP - eutrophication and algal blooms and
deterioration of aesthetic values.

The calculation of the concentrations of physicochemical
parameters in the accumulation after discharging the
overflow waters was made within the following assumptions:
1) Instantaneous mixing of total quantities
2) The "constant" volume of the accumulation is neglected

- only the flow through the accumulation is taken into

account (this gives results on the safe side). Namely,

there is always a certain amount of water in the
accumulation, defined as a "constant" volume, while
additional quantities flow through the accumulation and
further through the engine room of the HPP. Since the
concentrations of the observed pollution parameters are
far lower in the accumulation compared to the
wastewater, by mixing them the accumulation water
actually lowers the concentrations of the mixture, and
analysis that considers only the quantities flowing
through the accumulation yields results on the safe side.

The calculation of concentrations in the accumulation
after the discharge of overflow was calculated according to

Eq. (1):

_G 'Qa+c0 'Qo
¢y =———2—2—==. @)
Onm

Where are: ¢, - concentration of the observed parameter in
the accumulation after discharge of overflow (mg/l); ¢, -
concentration of the observed parameter in the accumulation
before discharge of overflow (mg/1); ¢, - concentration of the
observed parameter in the overflow (i.e., inflow) (mg/1); O, -
flow through the accumulation (m®/s); O, - overflow (m*/s);
Om - total flow as the sum of the flow through the
accumulation and overflow (m%/s).
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Two extreme hypothetical cases were defined:
Best case scenario: Oamax and camin+ Qo.min and Co min
Worst case scenario: Oy min and camax + Qo.max and o max.

N =

Although both scenarios defined are unlikely (it is to be
expected that at higher overflows the flow through the
accumulation will be higher because this is a moment of
significant precipitation, and it is also to be expected that the
concentrations in overflow waters due to dilution will be
lower at higher overflows and vice versa), the actual range of
concentrations of the analyzed parameters that can be
expected in the accumulation, after overflow is discharged, is
in the range between the values obtained for these two
scenarios (Tab. 7). Still, expected concentrations in real
conditions are much closer to lower presented values.

Table 7 Concentrations of water quality indicators in the accumulation after
discharge of the overflow

. Best case Worst case Good condition

Parameter | Unit . X .
scenario scenario limits
BODs mg/l 0.93 29.36 3.50
COD mg/l 2.20 76.02 5.50
TN mg/1 0.64 3.58 2.50
TP mg/l 0.02 0.50 0.20

SS mg/l 491 34.73 -

Based on the results in Tab. 7, it is concluded that, if the
overflow pumping station would be active all year round, the
condition of the accumulation would meet the limits good
condition in relation to the analyzed parameters for the best
case scenario, while for the worst case scenario these values
would be significantly exceeded for all analyzed parameters,
especially organic load, i.e. oxygen demand in water
(expressed as BODs and COD).

With the same assumptions adopted previously, the so-
called realistic scenario was defined so that mean values were
taken for the relevant flow through the accumulation and for
the concentrations of each pollution parameter in the
accumulation. Overflow quantities are defined depending on
the number of active pumps (Fig. 3) in the range of 2.24-
11.20 m’/s. Concentrations of pollution parameters in
overflow are taken as minimum values based on wastewater
sampling in front of the WWTP (Tab. 6) for the flow of the
first pump (O = 2.24 m*/s). Namely, in the conditions when
the overflow pumping station is activated, a significant
dilution is already present in the sewage/drainage system,
and since the values shown in Tab. 6 are result of 24-hour
composite samples, it is logical to choose minimum
concentration values. For the values of concentrations in
overflow resulting from pumps 0,-QOs, the average of mean
values of individual pollution parameters in stormwater were
chosen based on a literature review (Tab. 8).

Table 8 Literature range of pollution concentrations in stormwater from mixed
residential-commercial urban watersheds [3, 9-19]

BOD;

(98

/]

\

cm [m

‘ ——good condition limit |

—_

0
Q1=224 Q2=4.48 Q3=6.72 Q4=8.96 Q5=11.20
Overflow [m3/s]
COD
12
10

-

‘ ——go0d condition limit ‘

cm [mg/l]
- (= o0

(3]

0
Q1=2.24 Q2=4.48 Q3=6.72 Q4=8.96 Q5=11.20
Overflow [m3/s]
TN
3
=2
=
5 __
| =—2000d condition lnmt‘
0
Ql=2.24 Q2=4.48 Q3=6.72 Q4=8.96 Q5=11.20
Overflow [m3/s]
TP
0.3
= 0.2
8D
3 0.1
‘ =——g00d condition limit |
0
Q1=2.24 Q2=4.48 Q3=6.72 Q4=8.96 Q5=11.20

Overflow [m3/s]
Figure 5 Concentrations of water quality indicators in the accumulation after

discharge of overflow in relation to the amount of overflow water (number of active
pumps) — realistic scenario

Results of this analysis are shown in the Fig. 5 from
which exceeding the limit values of good condition of the
water body of the accumulation (based on the analyzed
parameters) occurs only regarding COD, while the other
considered parameters are within limits regardless of the
number of active pumps.

The presented results show that with a larger number of
active pumps, the input of pollution into the accumulation
also increases, although in these conditions the dilution is

Parameter Unit Min Mean Max
BODs mg/l 1.08 18.60 270.67
COD mg/l 6.01 107.08 880,00

TN mg/l 0.02 4.34 42.93

TP mg/1 0.03 1.09 13.70

SS mg/l 2.00 99.43 3,577.00
578
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significant. Again, the COD has been identified as a critical
parameter, moreover, when operating more than one
overflow pump, regardless of the concentration in the
overflow waters of pump Qy, it is not possible to meet the
limits of good water body condition in a short term (Tab. 9).
The reason for this is that the assumed concentration in the
overflow waters Q,-Qs (stormwater inflow) is already high
enough to exceed the maximum allowable values. What
needs to be emphasized is that these are extremely rare
moments when more than one pump will be activated at all.
Namely, with the precipitation of RP 3 years, only short-term
activation of the first pump is expected, which based on the
presented results may, depending on the actual concentration
of COD in the sewage/drainage system, result in only short-
term exceeding of good condition criteria. Based on the other
analyzed parameters, good condition is always satisfied,
regardless of the inflow and the number of active pumps. For
the COD parameter, the risk of exceeding the good condition
criteria increases with the increase in the number of active
pumps and the amount of overflow water. Even for this
criterion, these are extremely short-term effects (which occur
only during the extreme precipitation) at a frequency level of
an average of once in about 3 years or even less.

Table 9 Maximum allowable concentration of analysed pollution parameters in Q
overflow to maintain good condition of the accumulation
Number of active pumps

Parameter | Unit

1 2 3 4 5
BODs mg/l | 327.67 | 312.57 | 297.47 | 28237 | 262.27
COD mg/l 97.92 X X X X

TN mg/l | 168.04 | 166.20 | 164.36 | 162.52 | 160.68
TP mg/] 18.13 17.24 16.35 15.46 14.57
*X — not possible to meet the criterion of good condition

Table 10 Load input into the accumulation in the event of relevant precipitation of a
RP of 3, 5 and 10 years

Parameter Unit RP3 RP'S RP 10
years years years
Overflow duration® min 14.0 34.0 62.5
Average overflow* /s 321.5 1,148.6 2,601.9
Total overflow _mto the m 270 2343 9,757
accumulation
BODs kg/event 64.82 562.50 2,342.25
COD kg/event | 159.33 1,382.57 5,756.98
TN kg/event 5.42 47.00 195.72
TP kg/event 0.90 7.78 32.39
SS kg/event 3.66 31.77 132.30

*Qverflow above 8.8 m¥/s - since it is the part of the total overflow that goes
into the accumulation (results of hydraulic model)

Concentrations of individual parameters in the
accumulation are not the only parameter important for
defining the impact of overflow quantities, and it is certainly
necessary to have data on total amounts of pollution (mass
inflow) that enter the accumulation during a certain period,
for example at the annual level. It is necessary to know the
data in the total time of overflow activation according to the
accumulation in the observed period, which requires long
series of historical data on precipitation. It is recommended
to examine the above in the context of further analyzes. In
relation to the available data set, Tab. 10 estimates the
amounts of pollution that are introduced into the
accumulation in the event of relevant precipitation of a RP of

3, 5 and 10 years and for mean concentrations of wastewater
quality indicators at the inlet of the WWTP for the period
2017-2019 (Tab. 6). These are, especially in the case of
organic load, significant absolute amounts, but it is still
necessary to consider the frequency of occurrence of the
analyzed events, i.e., on average once in 3, 5 or 10 years.

After conducting more comprehensive analysis using
complete input parameters and preferably a 3D model of
pollution discharge that would include all influential
parameters, it is possible to apply additional measures to
improve the condition of the accumulation, for example by
introducing artificial aeration of the accumulation by surface
aerators as aesthetically and environmentally acceptable
solutions.

5 CONCLUSION

Paper presents preliminary analysis of load input by
overflow in front of the WWTP Varazdin into HPP Cakovec
accumulation. The impact on available oxygen (BODs and
COD parameters) and nutrient concentrations (TN and TP
parameters) in the accumulation were analyzed. The results
indicate that only in extremely short and rare periods
deterioration in good condition of the accumulation could be
expected. Such situations are expected at the level of an
average of once in 3 years or less and in the maximum
duration of extreme precipitation. In these extreme cases, the
critical parameter is the content of dissolved oxygen in the
accumulation expressed as COD.

With the aim to define the impact of load input in the
accumulation using a comprehensive analysis the data on
actual measured concentrations of pollution in the overflow
in real time should be used, and with the rest of the data
incorporated into complex 3D model which would include all
influential parameters. In case of deterioration of the
accumulation condition regarding dissolved oxygen levels, it
is possible to consider additional measures to improve the
water quality.
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Testing the Force Absorption of Composite Materials to Select the Best for Making a Helmet
Bozo Bujani¢, Matija KoSak*

Abstract: The paper presents and describes the procedure of testing the materials that were available for the production of a multifunctional protective helmet. The procedure
was carried out at the company Sestan-Busch d.o.0. as part of the EU project for the development and production of a multifunctional protective helmet. The test results showed
that carbon fibers polymers as a composite material have the best impact absorption properties which was a key criterion for material selection. Other materials; glass fibers
polymers, aramid fibers polymers and combinations in the test procedure showed worse results compared to the selected criterion.

Keywords: aramid fibers; carbon fibers; composite materials; glass fibers; impact absorption; multifunctional protective helmet

1 INTRODUCTION The machine has the ability to release weights of a certain mass by
free fall on the object under test, and is equipped with adequate

The project of a multifunctional protective helmet (Fig. 1) was software.
realized through the phases of design and development,
procurement of specific equipment and realization i.e. serial
production.

In the development and design phase, all the necessary input
parameters were collected, i.e. data and information in order to be
able to approach the development of a multifunctional safety
helmet.

One of the requirements was that the helmet has the best
possible protective properties against mechanical impacts and that
it should be as light as possible, which required the selection of
adequate materials for its production. The designers had at their
disposal composite materials used to make protective helmets.
Specifically, these were polymers with carbon fiber, glass fiber,
aramid fiber, and a combination of aramid and carbon fiber [1].

These composite materials are characterized by high strength
and low mass [2, 3]. Higher strength means that the material absorbs
a large part of the impact force, which means that a smaller part of
the impact force will be transferred to the head of the user using the
helmet.

Figure 2 Shock absorbing device

Figure 1 Multifunctional safety helmet [4]

2.1 Sample Preparation

2 TEST OF IMPACT RESISTANCE OF MATERIALS
Specimens prepared for the experiment were in the tile

The test was performed on a Hototech machine, shown in Fig. shap'e with dimensions 150 x 1:20 x2 mm. Four types of
2. The hototech machine is the machine with the special purpose of specimens were prepared, tiles with carbon fibers
helmet impact testing but it can be used in different ways as well. reinforcement, aramid fibers, glass fibers and with the
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combination carbon-aramid (2 layers of aramid fibers and 5
layers of carbon fibers). The tiles are shown in Fig. 3. From
each of the listed materials, 6 tiles were made. Each tile
consists of 7 layers of composite fibers. The tiles are made
by manual lamination with epoxy resin matrix. By the
procedure described in the book Comprehensive composite
materials [5].

Figure 3 Sample tiles of composite materials; 1 - carbon fiber, 2 - aramid fiber, 3 -
glass fiber, 4 - combination of aramid and carbon fiber

After preparing samples of composite materials, samples of
PE foam were also prepared. The material of the foam is
polyethylene because the pads in the interior of the protective
helmet are made of the same material [6].

Foams measuring 125 x 155 x 10 mm and a foams
measuring 125 x 155 x 20 mm were made for the two work
cycles of the test.

2.2 Test Procedure

The test was conducted in three cycles, specifically;

The test cycles were carried out in such a way that a
weight of 5 kg was released from the Hototech device from a
height of one meter, and the residual force after impact on the
sample was measured by means of a sensor. Two specimen
of each material were tested in each of the cycles. In each
cycle, the specimens were tested twice at precisely defined
places (Fig. 4).

In addition to measuring the force on the device, the
speed at certain heights of weights was also measured. After
the test procedure the results could be compared and
adequate conclusions could be drawn.

The first part of the tiles was tested without a foam which
additionally absorbs the impact. In the second and third
cycles, a foam 10 mm and 20 mm thick was placed under the
tiles. After each impact, the force sensor measure the
remaining amount of force that the material failed to absorb.

3 RESULTS AND DISCUSSION
3.1 Test Results

The results of the first cycle in which the tiles were tested
without the foam are shown in Tab. 1. The values given in
Tab. 1 show the force measured on the force sensor.

Table 1 Results for tiles without foam

Measured force (kN)
Sample Strike Glass Carbon | Aramid A combination
of carbon and
fibers fiber fibers .
aramid fibers
18 1 21.63 21.02 21.59 21.29
sample 11 22.27 21.43 21.59 21.55
2nd 111 22.13 21.42 21.61 21.63
sample v 21.96 21.15 21.35 21.41
Arithmetic mean (X ) | 21.99 21.25 21.53 21.47

Force absorption graph

- I’ test cycle of tiles without foam base, = 22,5
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\ // Figure 5 Presentation of the results of the first test cycle
“__Place of In the test of composite materials on impact, in which
: there is no foam as an additional material for force
im paCt absorption, forces from 21.25 kN to 22.47 kN were recorded,
. o which can be seen in Fig. 5.
= - ST TR e The best results in terms of absorption are observed on
. ] . carbon fibers, followed by carbon fibers in combination with
Figure 4 Drawing of the tile and the place of impact
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aramid fibers, and aramid fibers while glass fibers showed
the worst result and did not absorb force like other tested
materials.

Tab. 2 shows the measured test values for the case when
a 10 mm thick foam is placed under the composite tiles.

Table 2 Results for tiles with a 10 mm thick foam

Measured force (kN)
Sample Th? place Glass Carbon | Aramid A combination
of impact of carbon and
fibers fiber fibers .

aramid fibers
I I 10.71 7.67 12.5 9.56
sample 11 13.59 6.48 11.4 9.5
2nd 111 11.23 6.07 11.68 7.05
sample v 12.1 5.79 12.25 9.98
Arithmetic mean (X ) 11.91 6.50 11.96 9.02

In this test cycle, the largest differences between the
results between different materials were observed, which is
best seen in the deviation of the values of the forces obtained
as a result (Fmin = 5.5 kKN, Finax = 13.5 kN). Fig. 6 shows the
deviations of the results between the different materials for
each individual test.

The best results were again achieved by carbon fibers,
followed by a combination of aramid and carbon fibers,
aramid fibers and glass fibers.

Force absorption graph
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Figure 6 The results of the second test cycle
Table 3 Results for tiles with a 20 mm thick foam
Measured force (kN)
Sample Th? place of Glass | Carbon | Aramid A combination
impact of carbon and
fibers fiber fibers R
aramid fibers
1 1 2.86 2.82 3.1 2.76
sample 11 2.34 2.73 2.48 2.73
ond 11T 2.3 2.35 2.16 2.59
sample 1\ 2.39 2.44 2.16 2.38
Arithmetic mean (X) | 2.47 2.58 2.47 2.61

The results of the last test cycle are shown in Tab. 3 and
Fig. 7. The last cycle, in which there was a foam 20 mm thick
under the tiles of composite materials, showed results that are
almost the same for all materials and do not deviate between

different materials. This occurs due to the thicker foam that
absorbs most of the energy.

In Fig. 7, we see how similar the results are regardless of
the type of material.

Force absorption graph
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Figure 7 Presentation of the results of the third test cycle
3.2 Comparison of Results

The test results showed that the thickness of the foam
under the composite material affects the value of the force
loaded by the sensor. The thicker the foam the more energy
it absorbs.

Through three test cycles, it was concluded that the most
energy was absorbed by carbon fiber materials as seen in the
first cycle results, where there was no PE foam, and
especially in the second cycle results where there was a 10
mm thick foam under the tile. The results of the second cycle
show the largest discrepancies between the results of
individual materials and it can be concluded that carbon fiber
is the most appropriate choice when choosing materials for
making a protective helmet because it absorbed the impact
force, which served in the final decision.

The combination of aramid and carbon fibers had
slightly worse results, however if the helmet needs to have
some characteristics (toughness, wear resistance) that aramid
fibers can provide, the choice of combination of carbon and
aramid fibers may be better than choosing the carbon fibers
themselves to make the helmet.

Aramid fibers and glass fibers absorbed the impact force
less, so the results for these materials were worse.

By comparing the strength of the material and the
amount of energy absorbed, the tests confirmed the findings
on the relationship between strength and energy absorption.
The higher the strength of the material, the greater the
absorption.

4 CONCLUSION

Through examination of the impact absorption of
composite materials, it was concluded that the materials that
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best absorb the force are carbon fibers. For this reason, it was
decided to use carbon fiber to make a multifunctional
protective helmet due to the force absorption ability and high
strength (3000-5000 MPa), which guarantees maximum user
safety.

It was concluded that further research of composite

materials is possible and necessary using other criteria such
as; price, appearance, comfort, reliability, etc.

5
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1 INTRODUCTION (Article Design)

(Tab 6 mm) The article is written in Latin script and
Greek symbols can be used for labelling. The length of the
article is limited to eight pages of international paper size of
Letter (in accordance with the template with all the tables
and figures included). When formatting the text the
syllabification option is not to be used.

1.1 Subtitle 1 (Writing Instructions)

The document format is Letter with margins in
accordance with the template. A two column layout is used
with the column spacing of 10 mm. The running text is
written in Times New Roman with single line spacing, font
size 10 pt, alignment justified.

Article title must clearly reflect the issues covered by
the article (it should not contain more than 15 words).

Body of the text is divided into chapters and the
chapters are divided into subchapters, if needed. Chapters
are numbered with Arabic numerals (followed by a period).
Subchapters, as a part of a chapter, are marked with two
Arabic numerals i.e. 1.1, 1.2, 1.3, etc. Subchapters can be
divided into even smaller units that are marked with three
Arabic numerals i.e. 1.1.1, 1.1.2, etc. Further divisions are
not to be made.

Titles of chapters are written in capital letters
(uppercase) and are aligned in the centre. The titles of
subchapters (and smaller units) are written in small letters
(lowercase) and are aligned left. If the text in the title of the
subchapter is longer than one line, no hanging indents.

Typographical symbols (bullets), which are being used
for marking an item in a list or for enumeration, are placed
at a beginning of a line. There is a spacing of 10pt following
the last item:

e Jtem1
e Jtem?2
. Item 3

The same rule is valid when items are numbered in a
list:
1) Item 1
2) Item2
3) Item3

1.2 Formatting of Pictures, Tables and Equations

Figures (drawings, diagrams, photographs) that are part
of the content are embedded into the article and aligned in
the centre. In order for the figure to always be in the same
position in relation to the text, the following settings should
be defined when importing it: text wrapping / in line with
text.

Pictures must be formatted for graphic reproduction
with minimal resolution of 300 dpi. Pictures downloaded
from the internet in ratio 1:1 are not suitable for print
reproduction because of unsatisfying quality.

Font Character Spacing

Font: Font style: Size:
Times Mew Roman Regular 10
Tekton Pro -

Figure 1 Text under the figure [1]

The journal is printed in black ink and the figures have
to be prepared accordingly so that bright tones are printed in
a satisfactory manner and are readable. Figures are to be in
colour for the purpose of digital format publishing. Figures
in the article are numbered with Arabic numerals (followed
by a period).

Text and other data in tables are formatted - Times New
Roman, 8pt, Normal, Align Center.

When describing figures and tables, physical units and
their factors are written in italics with Latin or Greek letters,
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while the measuring values and numbers are written
upright.

Table 1 Table title aligned centre

1 2 3 4 5 6
ABC ab ab ab ab ab ab
DEF cd cd cd cd cd cd
GHI ef ef ef ef ef ef

Equations in the text are numbered with Arabic
numerals inside the round brackets on the right side of the
text. Inside the text they are referred to with equation
number inside the round brackets i.e. ".... from Eq. (5)
follows ...." (Create equations with MathType Equation
Editor - some examples are given below).

1 prp+t
Fae(tt0) == ] " Fla(0), p(0)] dr, (M
cos a+cosﬁ=ZCosa;ﬂ'cos%, 2)
4B)' =B"A4". 3)

Variables that are used in equations and also in the text
or tables of the article are formatted as ifalics in the same
font size as the text.

Define Sizes X
[Fun 0 Jpt v A
| Subscript/Supersaript 7 pt v ( 1+ B)2 Cancel

Sub- Subscript/Superscript 7 pt v kp
[symbol 150 |% v X n, i)
| Sub-symbol 0 |pt v p=1
;User 1 75 % v Apoly
|User 2 150 % v|w Use for new equations | Factory settings

Figure 2 The texts under figures

Define Styles X
O simple (®) Advanced
Style Font Character Style Cancel
Bold Italic
Help
Text covvvus Times New Roman i O O
Function...... Ti New R ]
unction imes New Roman ~ O Apply
Variable ...... Times New Roman e O
Factory settings
L.C. Greek . ... |Symbol v O L g
U.C. Greek. . . . |Symbol 7]} A o= e
lLsL i D equations
Symbol . ...... Symbol A O O
Vector-Matrix . . | Times New Roman e
Number ...... Times New Roman v O O
ExtraMath . ... |MTExtra o O O
[} g EO—. Courier New ~ O O
User2 ....... Times New Roman s O O

Figure 3 The texts under figures

Figures and tables that are a part of the article have to
be mentioned inside the text and thus connected to the
content i.e. " ... as shown in Fig. 1..." or "data from Tab.
1..." and similar.

2 PRELIMINARY ANNOTATION

Article that is offered for publication cannot be
published beforehand, be it in the same or similar form, and
it cannot be offered at the same time to a different journal.
Author or authors are solely responsible for the content of
the article and the authenticity of information and
statements written in the article.

Articles that are accepted for publishing are classified
into four categories: original scientific papers, preliminary
communications, subject reviews and professional papers.

Original scientific papers are articles that according to
the reviewer and the editorial board contain original
theoretical or practical results of research. These articles
need to be written in such a way that based on the
information given, the experiment can be repeated and the
results described can be achieved together with the author’s
observations, theoretical statements or measurements.

Preliminary communication contains one or more
pieces of new scientific information, but without details that
allow recollection as in original scientific papers.
Preliminary communication can give results of an
experimental research, results of a shorter research or
research in progress that is deemed useful for publishing.

Subject review contains a complete depiction of
conditions and tendencies of a specific domain of theory,
technology or application. Articles in this category have an
overview character with a critical review and evaluation.
Cited literature must be complete enough to allow a good
insight and comprehension of the depicted domain.

Professional paper can contain a description of an
original solution to a device, assembly or instrument,
depiction of important practical solutions, and similar.
The article need not be related to the original research, but
it should contains a contribution to an application of known
scientific results and their adaptation to practical needs, so it
presents a contribution to spreading knowledge, etc.

Outside the mentioned categorization, the Editorial
board of the journal will publish articles of interesting
content in a special column. These articles provide
descriptions of practical implementation and solutions from
the area of production, experiences from device application,
and similar.

3 WRITING AN ARTICLE

Article is written in the English language and the
terminology and the measurement system should be
adjusted to legal regulations, standards and the International
System of Units (SI) (Quantities and Units: ISO 80 000 -
from Part 1 to Part 14). The article should be written in third
person.
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Introduction contains the depiction of the problem and
an account of important results that come from the articles
that are listed in the cited literature.

Main section of the article can be divided into several
parts or chapters. Mathematical statements that obstruct the
reading of the article should be avoided. Mathematical
statements that cannot be avoided can be written as one or
more addendums, when needed. It is recommended to use
an example when an experiment procedure, the use of the
work in a concrete situation or an algorithm of the
suggested method must be illustrated. In general, an
analysis should be experimentally confirmed.

Conclusion is a part of the article where the results are
being given and efficiency of the procedure used is
emphasized. Possible procedure and domain constraints
where the obtained results can be applied should be
emphasized.

4 RECAPITULATION ANNOTATION

In order for the articles to be formatted in the same
manner as in this template, this document is recommended
for use when writing the article. Finished articles written in
MS Word for Windows and formatted according to this
template must be submitted using our The Paper
Submission Tool (PST) (https://tehnickiglasnik.unin.hr/
authors.php) or eventually sent to the Editorial board of the
Technical Journal to the following e-mail address:
tehnickiglasnik@unin.hr

The editorial board reserves the right to minor redaction
corrections of the article within the framework of prepress
procedures. Articles that in any way do not follow these
authors' instructions will be returned to the author by the
editorial board. Should any questions arise, the editorial
board contacts only the first author and accepts only the
reflections given by the first author.

5 REFERENCES

The literature is cited in the order it is used in the
article. No more than 35 references are recommended.
Individual references from the listed literature inside the
text are addressed with the corresponding number inside
square brackets i.e. "... in [7] is shown ...". If the literature
references are web links, the hyperlink is to be removed as
shown with the reference number 8. Also, the hyperlinks
from the e-mail addresses of the authors are to be removed.
In the literature list, each unit is marked with a number and
listed according to the following examples (omit the
subtitles over the references — they are here only to show
possible types of references):

1] See http://www.bibme.org/citation-guide/apa/

2] See http://sites.umuc.edu/library/libhow/apa_examples.cfim

3] (Style: Times New Roman, 9pt, according to APA)
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