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Uvodna rije¢

UVODNA RIJEC

Postovani suradnici, autori i citatelji,

Na kraju smo jos jedne kalendarske godine koja ée u
povijesti  Sveucilista Sjever ostati zapisana zlatnim
slovima jer se nakon niza godina konacno ostvarila zelja
stanovnika Sjeverozapadne Hrvatske da dobiju svoje
Jjavno sveuciliste koje ¢e u potpunosti biti okrenuto
potrebama i razvoju sjevera drzave.

29. svibnja 2015. godine Hrvatski sabor donio je na
svojoj 17. sjednici Zakon o prijenosu osnivackih prava
nad Sveucilistem Sjever na Republiku Hrvatsku cime je
Sveuciliste Sjever i formalno postalo osmo javno
sveuciliste u Hrvatskoj. Time se ostvario niz novih
mogucnosti za daljnji razvoj Sveucilista, gradova koji su
ga pokrenuli, ali i regije u cjelini. Sveuciliste Sjever
postalo je tako najmlade javno hrvatsko sveuciliste.

U ovom trenutku obrazujemo kadrove primarno u
tehnickom i biomedicinskom podrucju i izvodimo nastavu
na 11 studijskih programa. Uz to, imamo izvrstan broj
studenata u tzv. STEM, biomedicinskom i podrucju
informacijskih i komunikacijskih znanosti, a nasi studenti
po zavrSetku studija, osim u Hrvatskoj, uspjesni su i rade
diljem Europe, Sjeverne Amerike i Azije, cemu u velikoj
mjeri pridonosi cCinjenica da studenti uz teoriju dobar dio
znanja stjec¢u kroz praksu, uceci od vodecih strucnjaka u
pojedinim poljima. Na tim temeljima, Sveuciliste Sjever
ima namjeru postati moderno europsko sveuciliste koje
¢e svoje mjesto u Hrvatskoj, ali i Sire, dobiti kvalitetom
znanstvenog i nastavnog rada, uspjesnim povezivanjem
teorije i prakse te kontinuiranim unaprjedenjem
postojecih i otvaranjem novih studijskih programa.

Tehnicki glasnik, takoder, iza sebe ima jos jednu
izvrsnu godinu. USli smo, po posjecenosti na Portalu
znanstvenih casopisa Hrvatske Hrcéak, u prvih 50
Casopisa iz svih znanstvenih podrucja (na kraju studenog
2015. bili smo na visokom 43. mjestu) i u top 10 u
podrucju tehnickih znanosti (na kraju studenog 2015.
nasli smo se na izvisnom 8. mjestu). Uspjeh je to koji
smo do nedavno mogli samo sanjati, ali smo ga takoder i
ocekivali, potaknuti rezultatima koje smo ostvarili u
proteklih  godinu, dvije. Jo§ vise no do sada, svoje
stranice  otvorili smo medunarodnoj  znanstvenoj
zajednici i ona je na to izvrsno reagirala, a usmjerenje
ka internacionalizaciji naSeg rada ostaje trajno
usmjerenje urednistva.

Na kraju prosle godine zadali smo si zadatak da
Tehnicki glasnik postane relevantno mjesto ne samo
novih znanstvenih spoznaja, nego i prostor koji uspjesno
povezuje znanost i praksu odnosno visokoskolske
institucije i gospodarstvo. Spomenuti podaci pokazuju da
smo u tome naumu bili uspjesni!

Stoga, kao i na kraju 2014. godine, Zelimo jos jednom
zahvaliti svima koji su u ovom uspjehu sudjelovali te vas
pozvati da u iducoj godini Tehnicki glasnik podignemo
jos vise i ucinimo ga jos boljim!

Urednistvo

Tehnicki glasnik 9, 4(2015)
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IDENTIFICIRANJE RELEVANTNIH CIMBENIKA PRIMJENE TEHNOLOGIJA ZA POTREBE
DINAMICKOG CARPOOLINGA

IDENTIFYING RELEVANT FACTORS OF APPLYING TECHNOLOGIES
IN DYNAMIC CARPOOLING

lvan Grgurevié, Adam Stancié, Marko Slavulj

Izvorni znanstveni ¢lanak

SaZetak: Razvoj i sveopca primjena brojnih suvremenih tehnologija (i usluga) znatno utjece na unaprjedenje i dostupnost
informacija u cilju povezivanja korisnika sustava zajednickih vozZnji osobnim vozilima (carpooling). Dinamicki
carpooling podrzan informacijsko-komunikacijskim (ICTS) i lokacijsko-navigacijskim tehnologijama i uslugama (LNTS)
predstavlja nadogradnju tradicionalnog i povremenog carpoolinga te suvremeni nacin povezivanja korisnika. U cilju
kvalitetnijeg povezivanja korisnika u radu se analiziraju karakteristike kljucnih programskih aplikacija koje mogu
poboljsati funkcioniranje carpoolinga. Sustavnim pristupom (prema fazama istrazivanja) omogucava se prepoznavanje
relevantnih cimbenika primjene tehnologija za potrebe dinamickog carpoolinga. Metodom anketiranja utvrduju se
potrebe Kkorisnika carpoolinga unutar prometnog okruZzenja (prometne mreze). Cilj provedenog istraZivanja je
identificiranje relevantnih cimbenika primjene tehnologija za potrebe povezivanja korisnika carpoolinga i ukupnog
razvoja dinamickog carpoolinga. Doprinos ¢lanka ogleda se u utvrdivanju relevantnih cimbenika primjene tehnologija
za potrebe razvoja carpoolinga kao alternativnog i odrzivog nacina prijevoza.

Kljuéne rijeci: cimbenici, dinamicki carpooling | ridesharing, informacijsko-komunikacijske tehnologije i usluge (ICTS),
lokacijsko-navigacijske tehnologije i usluge (LNTS), prometno okruzenje

Original scientific paper
Abstract: Development and overall application of numerous advanced technologies (and services) affects significantly
the improvement and availability of information with the aim of connecting the users of the carpooling system by
passenger cars. Dynamic carpooling supported by Information-Communication (ICTS) and Location-Navigation
Technologies and Services (LNTS) represents the upgrade of the traditional and casual carpooling and the modern
method of connecting the users. In order to realize a better connection of users, the paper analyzes the characteristics of
key software applications that can improve carpooling functioning. A systemic approach (according to research phases)
allows identification of relevant factors of applying the technology for the needs of dynamic carpooling. The survey
method was used to determine the needs of carpooling users within the traffic environment (traffic network). The aim of
the carried out research is to identify the relevant factors of applying the technologies in order to connect the carpooling
users and the total development of dynamic carpooling. The contribution of the paper is reflected in determining the
relevant factors of applying the technologies for the needs of carpooling development as alternative and sustainable
transportation mode.

Key words: factors, dynamic carpooling / ridesharing, Information-Communication Technologies and Services (ICTS),
Location-Navigation Technologies and Services (LNTS), traffic environment

1. INTRODUCTION

The dynamic or real-time carpooling / ridesharing
(also known as instant ridesharing, dynamic ridesharing
and ad-hoc ridesharing) is a service which enables
connecting and scheduling of passengers in the function of
shared rides in a very short period of time using advanced
technologies. For carpooling to function well, commuters
need to be able to connect with each other. Traditionally,
carpooling arrangements between two or several unrelated
individuals to travel to work or study were relatively

passengers to agree on casual shared rides in advance or
within a shorter period of time, and it is based on the
application and integration of various technologies. The
basic characteristics of dynamic user connection are
simplicity, flexibility and practicality.
Telecommunications is one of the keys to effective
dynamic carpooling and can shape the way travel occurs.
In general, the more reliable and more efficient the
underlying communications technology is, the greater is
the possibilities for achieving success with dynamic
carpooling [1].

inflexible. Dynamic carpooling allows additional The W_Ofld trends of implementing various model§ of
flexibility of shared rides allowing the drivers and  shared rides by passenger cars (e.g. carpooling,
Tehnicki glasnik 9, 4(2015), 337-344 337
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carsharing, ridesharing, etc.) are oriented to the need of
using innovative systems and solutions from the domain
of Intelligent Transportation Systems (ITS), Innovative
Transport  Systems  (INTS), Information  and
Communication Technologies and Services (ICTS) and
Location and Navigation Technologies and Services
(LNTS) in order to increase the use of alternative and
sustainable modes of travelling [2], [3].

The intensity of traffic system development in general,
as well as the intensity of the development of shared ride
models require increased application of information,
communication and location-navigational technologies
and services. In order to achieve efficiency in performing
a shared ride by passenger cars the real-time transfer of
relevant and necessary information is significant. In recent
years there has been a substantial number of various types
and categories of papers that analyse the application of
information, communication, location and navigation
technologies in the function of carpooling [4], [5]. For
carpooling to function adequately, the passengers should
have the possibility of accessing timely information about
the vehicles and rides, realizing communication and
interconnections. The application of the information and
communication technologies affects especially positively
the connecting of the users in order to realize joint
mobility [6], [7], [8].

Until recently, carpooling systems had limited usage
because of the lack of efficient data processing and
information-communication support. However, recent
development of information, communication and
location-navigation services have contributed towards the
upgrade and acceptance of the carsharing system. In the
last 10 years a substantial number of various types and
categories of papers have been analyzing the application
of information and communication technologies in the
function of carpooling. In previous studies [9] the analysis
was made on the application of information and
communication technologies in the function of carpooling.

The analysis of the current available studies has shown
a lack of studies that identify and define the relevant
factors of applying the technologies that affect the
performance of joint rides by passenger cars — carpooling.
Current solutions in the domain of joint rides by passenger
cars are partial, non-standard, and non-regulated, and the
terminology is non-uniform and / or unrecognized
(carpooling # carsharing). The implementation of the
carpooling system, as well as other subsystems of urban
public transport require satisfactory infrastructural
capacities that certainly include the implementation of
adequate information, communication, location and
navigation support.

The aim of research is to identify the relevant factors
of applying the technologies facilitating the connections
of carpooling users and the overall development of
dynamic carpooling.

The purpose of the performed research is to improve
the connections of the users of joint rides by passenger
cars by using the advanced technologies and services
based on them (ICTS and LNTS). Section 2 describes the
procedure, that is, the used research methodology.

2. RESEARCH METHODOLOGY

Systemic approach enables recognition of key factors
of applying technologies for dynamic carpooling needs.
The proposed research methodology, which consists of
five main operation phases is presented in Figure 1.
Systemic research of relevant factors is presented by a
flowchart using UML (Unified Modeling Language)
notation which shows all the activities of studying the
relevant factors of applying the technologies for the needs

of dynamic carpooling.

/ Identification of relevant
\’ factors of applying technologies |

/

\for the dynamic carpooling requirements/

Goal, purpose and ‘
expected results J/\/

e Study of the existing N

L relevant literature v,

No
Literature studied

Yes

‘/Study of the requirements of users ™

{ L. . .
\_ Within the traffic environment /

User needs studied
through survey

Yes

[ technologies for the dynamic
carpooling requirements

,/ Defining of factors of applying>

Factors define

//Verifying the factors and defining\‘

\ of criteria by traffic experts
\ y perts

Criteria verified

Yes

/" Assessment of criteria by \‘

L traffic experts v,

- Itis not an integral part |
. of the presented research |
_ |

—_—— e e —

Figure 1. Research methodology of relevant factors of
applying the technologies for dynamic carpooling
requirements
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This paper studies the first three phases (out of five).
The initial activity while working on this problem
included the study of the current relevant scientific
literature that differs depending on the subject and
objective of research, and includes the study of the
characteristics of the system and the dynamic carpooling
users (first phase). The study of the needs of the
carpooling users within the traffic environment consists of
quantitative research (second phase).

Quantitative research comprises the following
knowledge obtained from the collected responses of
targeted groups of users:

e  Selection of relevant data from the survey;

e  Segmentation of data and mapping of respondents
according to the classification of workplaces, gender,
age, passenger car ownership, parking, etc.;

e  The weights of survey data and implementation of
statistical tests; and

e  Reports of quantitative results of research.

Subsection 4.2 shows the most important results of the
survey of the users related to the implementation of the
technology for the dynamic carpooling requirements.

The third phase of research comrises the defining of
the factors of applying the technologies for the needs of
realising the dynamic carpooling. Figure 1 shows the
phases of systemic research of relevant factors of
applyingthe technologies for the dynamic carpooling
requirements.

The continuation of research (future plans) should
encompass the definition of criteria for the selection of the
technology for the needs of dynamic carpooling, checking
of criteria based on qualitative research (traffic experts,
fourth phase) and evaluation of criteria by traffic experts
(fifth phase). For the evaluation of criteria the use of multi-
criteria analysis is proposed. The properties of the multi-
criteria analysis, such as: larger number of criteria,
differences or conflicts among criteria, incomparable units
of measuring criteria, selection of the best alternative (e.g.
solutions, systems, implementation methods), or ranking
the alternatives, can find adequate implementation in
defining the factors of applying the technologies for the
dynamic carpooling needs.

Further in the text the characteristics and requirements
of dynamic carpooling are analyzed.

3. ANALYSIS OF THE CHARACTERISTICS AND
REQUIREMENTS OF DYNAMIC CARPOOLING

In studying the carpooling system one can classify
three types of problems or methods of sharing the vehicles
and rides that depend on certain factors. The first
suggested classification is into static (traditional
carpooling as the first type of problem) and dynamic
carpooling, and then the classification of the dynamic into
casual (the second type of problem) and technology
facilitated dynamic carpooling (the third type of problem).
The core of static carpooling operation depends on
interpersonal relationships and the agreement among
family members, friends or employees (traditional
carpooling). Casual carpooling depends on the starting

location of the stop i.e. user location and at this level the
relevant parameters in research [10] are identified, and the
multi-criteria model is proposed in the selection of the
locations in the urban environment.

The technology facilitated dynamic carpooling lies in
the focus of this study. The static and dynamic
classification of the carpooling system is presented in
Figure 2.

Traditional
carpooling

D\

( Casual (slugging)
\ carpooling

Technology facilitated
dynamic carpoooling

e

o &
Interpersonal\j Meeting
places

relationships

Virtual
framework

Static Dynamic

Figure 2. Static and dynamic classification of
carpooling system

Dynamic carpooling facilitated by information and
communication, and location and navigation technologies
and services represents an upgrade of the traditional and
casual carpooling and the advanced method of connecting

the users.

Table 1. Characteristics of software applications in
dynamic carpooling

Application Technologies Function / service
Interface for controlling
user accounts, editing,
Witl)isstsed Software module cancellation of trips and
general communication
among carpooling users.
Software module . .
_ Integration of wireless
Mobile Wireless connection and GPS
terminal device connection localisation.
client Localisation Plotting of GIS map of data
(GNSS, GPS/ of users and planned trips.

GLONASS, etc.)

Trip matching

Software module

Fast trip matching, filtering,

Payment

module Optimisation scheduling a_nd c_)ptimization
algorithms of joint rides.
Database Saving and loading data
Database management used for trip (rides)
module system (DBMS) matching and user profile
Database servers system.
Email servers
Short Message
User Service (SMS) Communication among
communication servers different carpooling users
module Instant based on mobile telephony.
messengers /
communication
software
API module of Software web Connection to AP
- (Application Programming
social network module -
Interface) of social network.
E-payment Transactions that refer to

service provider

Financial
management

the realized rides, keeping
the register on transport
payments per user,
transactions to bank
accounts.
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Dynamic or real-time carpooling services have the
tendency of relying on a similar set of technologies and
share similar characteristics. The basic requirements of
dynamic carpooling include the following elements of the
value chain of information and communication
technologies and services in the carpooling system,
previously studied in [11]:

e user equipment (smartphones and other mobile
terminal devices);

e applications  (carpooling
functionality);

e services (ride matching algorithms);

e network (constant network connectivity); and

e contents (traveller information, pre-trip information,
data repository).

applications,  GPS

Table 1 shows the key software applications that can
improve the carpooling operation. Software applications
are described by applicable technologies and functions /
services.

The technologies include Geographic Information
System (GIS) or GLONASS (Russian: GLObal’naya
NAvigatsionnaya Sputnikovaya Sistema), Global
Navigation Satellite System (GNSS), Radio Frequency
Identification (RfID) and various other technologies to
determine the location with more or less precision,
coverage, and higher or lower costs of installation and
maintenance. An increasing role in using and studying
carpooling belongs to GNSS systems that together with
GIS information technologies and Augmented Reality
(AR) enable locating the users and accessing a new
segment of information. Determining the location of
carpooling users can be realized also by applying other
technologies, such as locating by means of base stations
(GSM, UMTS, LTE) and WLAN. Apart from obtaining
precise information on the location of the carpooling users
in space, the RfID technology is introduced also to solve
the drawbacks in sharing the transport costs among the
carpooling users [3]. For the needs of carpooling various
multi-agent systems have been developed that are
accessible by means of mobile terminal devices [12], [13].

Dynamic carpooling uses development of mobile
telephony and enables its users to organize joint drives in
short periods of time from virtually any place in the world
which is covered by mobile network.

4. RESEARCH DESCRIPTION AND RESULTS

4.1. Survey description

With the aim of identifying the relevant factors of
applying  technologies for dynamic  carpooling
requirements, a survey has been performed among the
target group of users of advanced technologies who are
familiar with the issues of carpooling (the survey area is
the City of Zagreb, Republic of Croatia). The survey was
carried out in April and May 2015 in three different ways:
by electronic mail (32 respondents, 7.459%), by web
survey (382 respondents, 89.044%) and by interview (15
respondents, 3.497%). The surveyed group comprised
respondents in the age between 18 and 65, and it covered

the employed citizens and full-time students. These two
groups of respondents represent the active population,
considered to be commuting every day in the Zagreb
transport network. In order to avoid, i.e. eliminate
epistemological difficulties, the survey was applied on the
sample of respondents that have almost equal level of
education. Thus, every respondent’s answer has the same
value and equally forms the statistical mass. The survey
encompassed a total of 429 respondents. The number of
the surveyed employees in 2015 was 223 (51.981%), and
of full-time students 206 (48.019%). Statistical error for
223 employees was E = 5.51% and for 206 full-time
students it was E = 5.72%. From 223 surveyed employees
there were 118 male respondents (in percentage 52.914%)
and 105 female respondents (47.085%). From 206
surveyed full-time students there were 98 male
respondents (in percentage 47.572%) and 108 female
respondents (52.427%). The target group and the number
of respondents represent a representative sample for
research.

For defining of the representative sample it was
necessary to determine the frequency of using carpooling
(the carpooling system does not yet exist in the city of
Zagreb) by passenger cars, and the frequency was
classified according to the period of usage (never,
sometimes, once a week, 2-3 days a week, and 4-5 days a
week). The option “sometimes”, when it comes to the
frequency of usage, means monthly usage of carpooling 3-
4 times a week. The respondents who never use the
carpooling option and the respondents who did not
respond to the survey in full were eliminated from further
analysis. Thus, the analysis takes into account the
respondents: sometimes / monthly 3-4 days (19.438%),
once a week (17.564%), 2-3 days a week (26.230%), and
4-5 days a week (22.482%). Therefore, the number of the
respondents taken into account was 366. From 366
respondents, there were 191 employees with residence in
the City of Zagreb (52.186%) and 175 full-time students
studying in the City of Zagreb (47.814%) and who
prevailingly use the carpooling services.

Further in the text the usage of information,
communication, location and navigation technologies and
services from the user’s point of view in the function of
carpooling has been analyzed.

4.2. Survey results

The survey provided the answers of the respondents
about the application of certain information-
communication services to the connection of the
carpooling users. The application of information-
communication services for the carpooling requirements
is presented in Table 2. The data from Table 3 that refer to
the years 2010 and 2012 are related to the carried out
research [9], and the source and method of collecting data
for 2015 is presented in subsection 4.1. In the mentioned
survey question several answers could be given, i.e. three
services mostly used by the carpooling users. The call
services in order to connect the users are used by about
eight out of ten respondents, seven respondents use
electronic mail, and six out of ten respondents use SMS
services. In 2015 the Social Networks / Media (Facebook,
Twitter, My Space, LinkedIn etc.) and Instant messengers
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/ communication software (WhatsApp, Viber, Skype,
Line, etc.) are considered with special care as advanced
methods of communication [14]. Social networks are
represented by as much as 23%, i.e. Instant messengers /
communication software with 17%. In the use of public
Internet pages / portals, as well as carpooling applications
of mobile terminal devices there was a noticeable trend of
increase in the three observed years (2010, 2012 and
2015).

Table 2. Application of information and communication
services in order to connect the carpooling users
(a part of data dates from 2010 and 2012 [9])

Information and communication services | 2010 | 2012 | 2015

Voice communication via mobile telephony | 82% | 87% | 78%

E-mail 61% | 63% | 62%
SMS 74% | 79% | 49%
Social Networks/Media n/a n/a 23%

Instant messengers/communication software

0,
(WhatsApp, Viber, Skype, Line, etc.) n/a n/a 17%

Carpooling public websites 4% 7% 7%
Carpooling smartphone applications 1% 2% 3%
Carpooling operators (call centers)* 0% 0% 0%

* there are no carpooling operators in the city of Zagreb

The biggest recorded fall happened in case of SMS
messages (74% in 2010, 79% in 2012, and in 2015 only
49%). The reason is the development and widespread use
of Instant messengers / communication software, which is
realised due to its simplicity and numerous interactive
possibilities (user grouping, etc.). The biggest
development potential to connect the carpooling users
belongs to the services based on Social Networks / Media
and Instant messengers / communication software,
because of numerous advantages such as simplicity and
availability of usage by means of mobile terminal devices.

The significance of information and communication
technologies and services in connecting carpooling users
is shown in Table 3 for various research years (2010, 2012
[9] and 2015), and it is visible how vital that impact is on
the future development of the carpooling model.

Table 3. Significance of ICTS in advancing
connectivity of carpooling users
(a part of data dates from 2010 and 2012 [9])

Significance of ICTS in
advancing connectivity of 2010 2012 2015
carpooling users

Of crucial importance 48.4% | 50.19% | 53.83%
Impo_rtan_t and substantial 2266% | 41.15% | 39.62%
contributions

Contributions, but not significant 7.68% 7.64% 5.46%
Not important 1.26% 1.02% 1.09%

Total | 100% 100% 100%

More than half of the respondents (197 — 53.83%) have
chosen significance of ICTS as being of crucial
importance (2015). More than one third of respondents
(145 — 39.62%) have chosen significance of ICTS as
important and substantial contribution, 20 respondents
(5.46%) have chosen contributions, but not significantly,
and only 4 respondents (1.09%) have chosen not
important. Such results can be interpreted as the expected
ones regarding the development of ICTS and its
possibilities of implementation in the traffic environment.

4.3. Discussion

Applications for real-time booking of places in a
passenger car have great potentials to enable the user who
has the basic computer literacy to use this concept, thus
reflecting the personal benefit of the user in visible savings
while travelling by passenger car. The user-friendliness is
insured by a simpler interface, and the applications are
performed on mobile terminal devices that have access to
the Internet. This type of carsharing is generally provided
by the following infrastructure:

e GPS / GLONASS navigation instruments that
determine the driving route and allow the accuracy of
common rides;

e mobile terminal devices —smartphones in order to
receive travel requests with expressed flexibility, and

e social networks that allow establishing of
confidentiality and reliability between the driver and
the passengers.

In order to realize a greater total number of users of
joint rides by passenger cars, the application of
technologies can be especially classified as shown in
Table 4.

Table 4. Technological groups in the function of
increasing the number of carpooling users

Technological group Possibilities

Mobile terminal devices (smartphones,
tablets, etc.) carpooling applications

Propagation of Internet services and
potential of Future Internet (Internet
carpooling portals)

Information and
communication
technologies

Ridematching Databases

Social Network / Media and Social
Networking Applications

Location Based Service (LBS)

Availability of GNSS based

Location and .
location

navigation
technologies

Hardware (RfID Cards, transmitters,
receivers)

Today the innovativeness is reflected in combining the
benefits of social networks to solve the carpooling issue,
i.e. connection of the users and their personal safety. The
lack of confidence and safety seems to be the main
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problem for greater use of the system of joint rides by
passenger cars, and the integrating social networks do
have precisely the informing role about other users thus
gaining confidence and reliability. One of the innovative
characteristics of the system in the function of on-trip
information is a mobile client. A mobile client consists of
a software that is run on a mobile terminal device, and
requires wireless Internet connection and built-in GPS /
GLONASS support (containing GNSS receivers). The
implementation of mobile applications allows the
visibility of the contents and the ability of localizing the
user, thus realizing the trip search and grouping of users
(drivers and passengers). By adding such innovativeness
it is possible to present a number of possibilities to
overcome the current carpooling challenges.

5. IDENTIFICATION OF RELEVANT FACTORS

There are many factors that affect the system of joint
rides by passenger cars, and that are closely related to
attracting and accepting the users. The performed study,
based on the presented research methodology in Section
2, has defined the factors that affect the usage of options
of joint rides by passenger cars. Carpooling can be
basically considered also by means of sociodemographic,
traffic, spatial, time-related, psychological and
technological factors that are presented in Figure 3.

4 1\

- Availability of urban
public transport

Age - Quality of urban public
- Gender
transport
- Revenues

- Accessibility of passenger
cars

- Trip length

- Trip duration

- Travelling speed

- Number of passengers per
vehicle

- Travelling costs

- Number of household
members / number of
passenger cars per
household

- Number of citizens in a
certain environment

- Residential location of
citizens (suburban, urban
and CBD areas)

- Location of citizens’
employment (suburban,
urban and CBD areas)

Time-related

- Flexibility of trip schedule
(depends usually on the
motive)

- Regularity (every workday,
every Monday, etc.)

Technological

- Level of development of
the information-
communication system in
the environment

- Application of carpooling

Psychological

- Trust internet portals and
- Safety mobile applications
- Reliability - Dynamic information of
- Motivation the user (carpooler)
N\ J

Figure 3 - Factors affecting the use of carpooling
system

Studies [15], [16] confirm the mentioned factors;
however, often there is an absence of psychological
factors that have a significant impact on carpooling users.
Psychological factors encompass the complexity of
interactions among the individuals, and are characterized
by psychological elements, such as confidence, safety,
reliability and motivation of the user. Positive influence
on the psychological factors can come from the
application of various applications based on information
and communication technologies (e.g. information
exchange about the users via social networks, etc.).

Identified factors are interdependent and can be
observed from various levels and approaches. Each of the
factors consists of a number of elements and potential
requirements related to the implementation of the
technology in the function of dynamic carpooling. Figure
4 shows the interdependence of the recognized factors and
the application of technologies.

-
Time-related

Sociodemographic Traffic Spatial

Psychological

{ Technological }

((lers ] [ Nts ]
Figure 4. Interdependence of factors and technologies
application

For instance, the interdependence is most simply
presented through a sociodemographic element i.e. age of
the user. The younger the carpooling user, the greater the
benevolence of using the new and advanced technologies.

Out of identified factors that affect the performance of
joint rides by passenger cars it is possible to define the
selection criteria of the technology (ICTS and LNTS) for
the dynamic carpooling requirements according to the
target groups of users.

6. CONCLUSION

Joint ride by passenger cars (carpooling) parallel with
the development of technologies (ICTS and LNTS) is
becoming a more and more significant topic and subject
of study on the transport demand management. Dynamic
carpooling based on the strength of information,
communication, location and navigation technologies and
services has been a widely accepted concept to implement
better transportation system.

With the aim of better connection of the users, the
paper analyzes the characteristics of key software
applications that can improve the carpooling operation.
Based on the performed survey (in three phases) that
included the analysis of the existing relevant literature and
the users' needs for joint rides by passenger cars in the city
of Zagreb, relevant factors of applying technologies for
the dynamic carpooling requirements were recognized
(sociodemographic, traffic, spatial, time-related,
psychological and technological).

The survey provided answers of the respondents about
the implementation of certain information and
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communication services (voice communication via mobile
telephony, e-mail, SMS, social networks / media etc.) and
their significance was determined in case of connecting
the carpooling users (in three observed years: 2010, 2012
and 2015). More than a half of the respondents (197 —
53.83%) chose the significance of ICTS as of crucial
importance (2015). A potential limitation of research is the
sample size. Further data should be collected in order to
generalize results to a larger population.

The research results can be implemented in the
procedure of introducing and operationalization of
carpooling as partial measures of mobility management in
the cities and in designing and production of various types
of carpooling applications. The obtained research results
also allow expansion of the possibilities of connecting the
users of joint trips by applying the advanced information
and communication technologies and the contemporary
user terminal devices.

Future plans for the continuation of research include
the defining of criteria (and sub-criteria) for the selection
of technology for the dynamic carpooling requirements,
verification of the criteria on the basis of qualitative
research (traffic experts, proposed fourth research phase)
and assessment of criteria by traffic experts (fifth phase).
For the needs of criteria assessment, the use of multi-
criteria analysis is expected.
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POSTUPCI RAZVRSTAVANJA OTPADA KOD POSTUPKA RECIKLIRANJA PROIZVODA
METHODS OF WASTE SEPARATION IN THE PROCESS OF RECYCLING

Tajana Vasko

Strucni élanak

SaZetak: Kod prerade otpada potrebno je otpadne proizvode, koji se sastoje od raznih vrsta materijala raznih svojstava,
razdvoyjiti te nakon toga razvrstati kako bi se sto uspjesnije proveo postupak recikliranja. Opisano je rucno razvrstavanje
te postupci mehanickog razvrstavanja otpada koja se temelje na razlicitim svojstvima materijala kao sto su razvrstavanje
oblikom, magnetni postupci razvrstavanja, razvistavanje na osnovi elektricne vodljivosti te razvrstavanje na osnovi
gustoée. Mehanicki postupci doprinose sofisticiranju razvrstavanja otpada, ali u posebnim sluc¢ajevima kod prisutnosti
necistoca, ulja i drugih zagadenja koja se ne mogu potpuno ukloniti mehanickim postupcima, ruc¢no razvrstavanje ima
velik znacaj i Cesto ostaje glavna opcija.

Kljuéne rijeci: mehanicko razvrstavanje otpada, recikliranje, rucno razvrstavanje otpada, zastita okolisa

Professional paper

Abstract: In the process of waste management, there is the need to separate and sort waste products, which consist of
different materials that have different properties, so that the recycling process could be carried out successfully. Here
are described manual sorting procedures and mechanical classification of waste products, which are based on the various
properties of materials, such as sorting by shape, magnetic separation procedures, classification based on electrical
conductivity and classification based on density. As much as the mechanical procedures contributed to the sophistication
of waste classification, in special cases, such as in the presence of dirt, oil and other contaminants that cannot be

completely removed by mechanical methods, manual sorting remains the main option.

Key words: Mechanical waste separation, Recycling, Waste separation by hand, Preservation of the environment

1. INTRODUCTION

One of the major problems in preservation of the
environment, especially in developed countries, is waste
that is inevitably associated with the manufacturing
process of every product. Objectives pursued in waste
management are to reduce waste, and increase
ecologically acceptable recycling processes, with
promotion and application of acceptable waste
management. Additionally, it is important to emphasise
the development of governmental measures for recycling.

In the process of product and material recycling, it is
necessary to achieve simple disassembling, or the
application of easily separable compounds. Due to the
high cost of human labour in manual separation, there are
numerous procedures developed for the shredding and
sorting of waste by the material and fraction type. In the
waste classification process, there are different material
properties used, such as magnetic properties, mechanical
properties, electrical conductivity, surface colour, colour
of the fractured surface, emission spectral analysis, X-ray
fluorescence analysis, and so on. [1]

In this article, there are described manual sorting and
mechanical processes of waste separation, such as the
classification by shape, magnetic sorting procedures,

classification based on electrical
classification based on density.

conductivity and

Figure 1. International symbol of recycling [2,3]

2. MANUAL WASTE SEPARATION

One well-known, but increasingly rare method of
separation of materials is the manual process. Most
commonly used are visual methods that distinguish the
material type by colour (Table 1.). [1]

In the case of mixed waste processing, bulky items
(home appliances, furniture, etc.), and certain
contaminations generated in different industries, there is
often performed manual waste separation before the
mechanical process. Manual classification can also be
used to remove impurities from previously sorted
materials. [4]
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The equipment used for manual separation of materials
usually involves a sorting conveyor-belt or table
containing a mix of materials. Workers are positioned on
one or both sides of the conveyor-belt or table. The
containers for the removed parts should be -easily
accessible. For larger amounts of materials, there is
typically a conveyor-belt used that carries the parts that
need to be sorted, with previously removed harmful waste
products, oily components and such. Workers, that are
sorting the waste, are placed on both sides of the
conveyor-belt, which holds the materials that need sorting.
Working length per worker (along the belt) should be
about 1.50 to 1.80 meters, and the working depth should
not be bigger than 0.6 meters, so that with two workers on
both sides, the width of the material flow is a maximum of
1.20 meters. The flow rate is adapted to the complexity of
the materials sorted, and usually amounts to 0.15 to 0.2
meters per second. Also, it is necessary that the workers
can sort parts with simple hand movements that require
little power. Meanwhile, they need to have a good
overview of the parts on the conveyor-belt.

Designing processes that rely on manual sorting
require a good understanding of the basic principles of
time and movement, composition of the waste feed, and
requirements of comfort and worker safety. In the
application of simple, labour-intensive designs, safety and
process control cannot be neglected.

Table 1. Surface colour of metals and their alloys [1]

COLOUR METAL / ALLOY

red, reddish Copper

yellow to gold-yellow Alloys Cu-Zn, Cu-Sn

bluish to dark grey
bluish white at fresh break
or cut,
later becomes dark grey

bluish white at fresh break;
later becomes bluish-grey

pale to light grey
white, light grey
oxidized layer

Lead, Pb-alloys

Zinc, Zn-alloys

Magnesium

white to pale grey Aluminium, Al-alloys

almost silver-white,

with faint grey shine Nickel

Tin, Sn-alloys, Cu-Ni-
alloys, Cu-Ni-Zn-
alloys

almost silver-white

One of the indicators in selecting the procedure for
processing waste products is the weight of parts. With
increase in weight, the efficiency of mechanical
(automatic) classification decreases, so in such cases it is
justified to resort to manual procedures. This also applies
to parts with lower mass, if the fraction is valuable (for
example, due to the content of precious metals).

A, Y \"‘
) ,/.,g
S 4 b A

Figure 2. Example of a conveyor-belt for manual
classification of materials [5]

3. MECHANICAL WASTE SEPARATION

Mechanical classification is relatively cheaper than the
manual kind. A requirement for economical profitability
of manual separation is a significant difference in the
observable characteristics of the materials. Distinguished
features must be apparent quickly and accurately. For
example, iron is easily separated from other materials
using ordinary magnets. Other metals can be sorted out by
eddy current separators with slightly less accuracy. Fast
separation of polymers can be achieved via density.
Specifically, fluids, such as liquid and gas, can be used to
separate two types of polymers. The lighter polymer with
lower density than the fluid will float, while the polymer
with higher density will sink. If two polymers have
approximately the same density, separation is not possible.

Mechanical classification is based on three related
operations:

e isolating parts or pieces for individual identification,
e identifying parts or pieces based on distinguished
features and evaluating of gained measurements,

e separation of the identified parts or pieces in separate

containers.

Their individual efficiency determines the overall
efficiency of the individual mechanical classification
process.

3.1. Separation by shape

Classification procedures based on shape and size of
particles (“screening”) are used to prepare raw materials
of uniform size for certain mechanical processes, and for
improvement of the metal content. This is necessary,
because the particle size and shape characteristics of
metals are different than those of plastic and ceramics.

Screens are used for achieving efficient separation of
particles through dependence on differences between
particle sizes. The separation results in a division of the
feedstock into at least two size fractions, one of which has
the minimum particle size larger than that of the individual
screen openings, and the second that has a maximum
particle size smaller than the individual screen openings.
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The first group is retained on or within the screen, because
the particles are too big to pass through the openings. The
second group passes through the screen openings and
contains particles with sizes under average. Screens may
also be used to separate materials into three or more size
classes. In such cases, several screen surfaces of different
size openings are fitted in series in the frame of the
screening equipment. [4]

Predominantly, three types of screens are used by the
solid waste industry for sizing particular fractions of
processed and unprocessed mixed waste and previously
sorted materials. These three types are the vibratory flat
bed screen, the disc screen, and the trommel screen. Of the
three, the trommel has proven to be quite effective and
efficient for processing mixed waste and other mixtures
where large, flat particles (e.g., paper) and aggregated-
type particles (e.g., crushed glass) must be separated and
represents the most commonly used type of screen used
for separation by the shape and size of particles.

This device has a high resistance against clogging,
which is important according to the diversity of the shapes
and sizes of particles that the waste consists of. The
vibratory flat bed screen is also largely used, especially in
facilities for non-ferrous material recycling, but with the
frequent problem of wire clogging.

In the case of size classification of formerly separated
materials, vibratory flat bed and trommel screens are used
in a number of facilities. The size classification of waste
feedstocks that contain components with similar particle
size distributions or that contain materials that can capture
smaller particles and, therefore, hinder their flow through
the openings of thee screen surface requires tumbling in
order to be efficient.

<—srﬁ“\
Figure 3. End view of a trommel screen [4]
The trommel is a downwardly inclined, rotary
cylindrical screen; its screening surface can be either a
wire mesh or perforated plate. It can be used to process
raw mixed waste prior size reduction, as well as to process
shredded mixed waste. The characteristic tumbling

movement, caused by the rotating screen, results in
efficient separation. [4]

3.2. Magnetic separation

Magnetic separation or classification is a process used
to segregate magnetic (i.e., ferrous) metal from a mixture
of different types of materials, e.g., mixed waste or
commingled metal, glass, and plastic containers. The
process is technically simple and relatively low cost.
Magnets used in the separators can be either permanent or
electromagnetic. Magnetic separators are available in
three configurations: magnetic head pulley, drum, and
magnetic belt. The magnetic head pulley-conveyor
consists of a magnetic pulley that serves as the head pulley
of a conveyor.

In this kind of operation, the material to be sorted
passes over the magnetic pulley, and the magnetic
particles are pulled way around the rotating pulley while
the non-magnetic particles follow a separate unrestrained
path. Figure 4. shows a magnetic belt that consists of a
stationary magnetic assembly that is mounted between the
head and tail pulleys. Their function is to attract the
magnetic particles and carry them away against the belt
surface while the non-magnetic particles fall under the
influence of gravity.

In the case of the drum magnet, the electromagnetic
assembly is usually mounted inside the rotating drum
where the assembly remains stationary.

Magnetic Belt -
First Stage

Magnetic Belt -
Second Stage

@ Py o,
\ Ferrous Ferrous L‘\:N’\Q
\ o
¢

o

Mixed Waste or
Commingled
Containers

Z

Non-Ferrous

v Non-Ferrous v
—

® ENO)

Non-Ferrous Collection Conveyor

Figure 4. Device with multiple stages of magnetic
separators (schematic) [4]

Figure 5. Magnetic belt for separation [4]
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mixed waste
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magnetic pulley

conveyor belt

non-ferrous

ferrous waste waste

Figure 6. Example of magnetic separation — separating
ferrous waste with a magnetic pulley [1]

magnetic conveyor belt
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/
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Figure 7. Example of magnetic separation — separating
ferrous particles with a magnetic conveyor belt [1]

According to [6], magnetic separation procedures can
be divided into:

e Ferromagnetic techniques — shredded waste travels
with the conveyor belt over a magnetic pulley with a
strong magnetic field. The ferromagnetic materials
are drawn by the magnet to the conveyor belt, and the
non-magnetic particles fall due to gravity.

e High gradient magnetic separation — can be used to
separate paramagnetic materials from non-magnetic
materials by directing the waste flow through a strong
magnetic field with high gradients.

3.3. Separation based on electric conductivity

Electric conductivity-based separation separates
materials of different electric conductivity or resistance.
There are three typical types of techniques: eddy current
separation, corona electrostatic  separation, and
triboelectric separation. This type of separation was
initially developed to recover non-ferrous metals from
shredded automobile scrap or for treatment of municipal
solid waste. [7]

Currently, eddy current separators (Figure 8.) are
almost exclusively used for waste reclamation, where they
are particularly suited for handling the relatively coarse
sized feeds. The separation criteria in this process are
electric conductivity and density. Principles of this kind of
separation are repulsive forces exerted in the electrically
conductive particles due to the interaction between the
alternative magnetic field and the eddy currents induced
by the magnetic field (Lorentz force).

When a conductive material fraction is in an alternate
magnetic field, an induction of eddy currents occurs in it.
Conductive particles rotate away from the electric current
while the non-conductive particles don’t. It is used for
separating non-ferrous metals away from ferrous, or only
for separating non-ferrous metals. With this procedure,
particles larger than 5 millimetres can be processed.

l waste feed

gy piiny oot
M NV \'}

Figure 8. Separating particles with eddy currents by the
company Steinert (M — magnetic particles, NV — non-
conductive particles, V — conductive particles, 1 —
vibrator, 2 — conveyor belt, 3 — pulley, 4 — polarizer) [1]

The rotor-type electrostatic separator, using corona
charging, (Figure 9.) is used to divide raw materials into
conductive and non-conductive fractions. Extreme
differences in electric conductivity or specific electric
resistance between metals and non-metals supply an
excellent condition for the efficient application of this
kind of separators in waste recycling.

Nonconductive Particle
Conductive Particle é
1

Corona Electrode

High Voltage
Vi

Electrostatic Electrode
Part A —
Conductive
Fraction
High Voltage
v2
PartB —

Nonconductive Middling Conductive
Fraction

Fraction  Fraction

Figure 9. Schematic representation of the two-roll type
corona-electrostatic separator [8]
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Electrostatic separation has been utilized for the
recovery of copper or aluminium from chopped electric
wires and cables, or the recovery of copper and precious
metals from printed circuit board scrap. Particle sizes that
can be separated by this process are 0.1 to 5 millimetres,
that is, 10 millimetres for laminar particles. Fragmented
particles get electrostatically charged and guided through
boards with different charge. Conductive materials are
detracted from the electrode, because of the same charge
as on the board. Nonconductive particles are drawn to the
board surface.

Triboelectric separation (Figure 10.) makes it possible
to sort plastics depending on the difference in their electric
properties. There are many advantages of triboelectric
electrostatic separation, such as independence of particle
shape, low energy consumption, and high throughput. It is
used to separate plastic particles with the size of 5
millimetres, exceptionally 10 millimetres.

Airflow regulator
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®  Flakes
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*° Electrodes -

le d N
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Collecting bins

Figure 10. Schematic design of the triboelectric
separator [9]

3.4. Separation based on density

Several different methods are employed to separate
heavier materials from lighter ones. The difference in
density of the components is the basis of separation. This
method separates materials of different specific gravity by
their relative movement in response to the force of gravity
and one or more other forces, the latter often being the
resistance to motion offered by a fluid, such as water or
air. The motion of a particle in a fluid is dependent not
only on the particle’s density, but also on its size and
shape, large particles being affected more than smaller
ones. In practice, close size control of feeds in gravity
processes is required in order to reduce the size effect and
make the relative motion of the particle specificly gravity
dependent. [7]

Air classification is a process of separating categories
of materials by the differences in their aerodynamic
characteristics. The aerodynamic characteristic of a
particular material is primarily a function of the size,
geometry, and density of the particles. The process
consists of the interaction of a moving stream of air,
shredded waste material, and the gravitational force within
a confined volume. In the interaction, the drag force and
the gravitational force are exerted in different directions
upon the particles. The result is that waste particles that
have a large drag-to-weight ratio are suspended in the air
stream, whereas components that have a small ratio tend
to settle out of the air stream. Paper and plastic materials
are usually found in the light fraction, whereas metals and
glass are components of the heavy fraction. Air classifiers,
also called wind sifters, appear in a number of designs,
such as vertical, horizontal and zigzag tubes (Figures 11.-
14.).
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Shredded N\
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Settling Air
Chamber
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-
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Figure 11. Horizontal air classifier [4]
Air
Shredded Light Fraction Shredded

Mixed Waste Mixed Waste

2

i

Light Fraction

e

R

! l
i
.

Heavy Fraction

Air =7

Heavy Fraction Air

Figure 12. Vertical straight and vertical zigzag air
classifiers [4]
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Figure 13. Air classifiers (a: counter current method, b:
cross current method, c¢: centrifugal method) [1]
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Figure 14. Table for air classification [1]

The gas-cyclone separates solid particles from a gas by
means of centrifugal forces that appear due to differences
in density and dimensions of the particles. They are mainly
used to extract dust from air (Figure 15.).

Separation media &
mixed plastics feed

High density
plastics

Figure 15. Conocylindrical cyclone [10]

Mixed plastics
feed

Low
density
plastics

Separation media

High density
plastics
Figure 16. Cylindrical cyclone [10]

The float-sink technique is used to separate solid
particles by means of differences in density. The particles
are immersed in a liquid having a density value between
the densities of the two components that need to be

separated. Heavier particles sink to the bottom, while
lighter particles float on the surface.

material

S
light
fraction

heavy
fraction

Figure 17. Float-sink technique in liquids [1]

Figure 18. Schematic display of separation in fluid
current - counter current method: A — material feed, L —
light fraction, M — medium fraction, S — heavy fraction,

W - water [1]

The hydrocyclone is used to separate solid particles
from a fluid stream based on differences of particle density
and dimensions, affected by centrifugal forces generated
by the whirly motion of the fluid that passes through a
circular tube. It is also used to separate contamination
from a liquid.

4. CONCLUSION

The advantage of manual separation is that the
recovered material is more pure than that recovered from
mechanical separation, and therefore has a higher value.
The disadvantage is the high cost due to the worker labour
expenses. As the mechanical separation techniques are
improved, the disadvantages of manual recycling will
become overwhelming for materials used in small
quantities or low weight materials. [11]

Magnetic separators, particularly those of low
intensity in the form of a pulley, are commonly used for
the separation of ferromagnetic materials from non-
ferrous or other non-magnetic waste. The classification
based on electrical properties separates materials of
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different electrical conductivity or different electrical
resistance. The most important methods are: eddy current
separation, electrostatic separation and triboelectric
separation. In order to separate heavier materials from
lighter ones, methods are used based on the difference in
densities of components. This type of classification
includes: gas- and hydro-cyclone, float-sink technique and
air classification.

Processing of municipal waste or previously sorted
waste to recovered materials includes a number of
processes depending on the level of the previous
separation, as well as the type of material that needs to be
processed. The principles of each process are influenced
by the physical and chemical characteristics of certain
materials or types of material for which they are intended.
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UNAPRIJEDENA SIMULACIJA NIVOA VODE ZA PROTOTIPNU
AUTOMATIZIRANU CRPNU STANICU

ADVANCED SIMULATION OF WATER LEVEL FOR PROTOTYPE
AUTOMATED PUMPING STATION

Kruno Kokot, Igor Petrovi¢, Zoran Vrhovski

Strucni rad

SaZetak: U ovom Clanku opisan je proces analize i unaprjedenja prototipnog modela crpne stanice koji se koristi za
izradu, provjeru i unaprjedenje programskog koda, te vizualizacije sustava (SCADA sustav). Originalno rjesenje je bilo
iznimno dobro za analizu rada upravljackog sustava, no mehanicke komponente modela nisu dovoljno dobro obradene.
U obradenim unaprjedenjima prvenstveno se osvrtalo na mehanicke odnose dotoka i odtoka vode, te promjene u nivou
vode, Sto je u originalnom rjesenju rijeseno rucno. Novo rjesenje mehatronicki je naprednije i bolje jer obuhvaca realniju
sliku dinamickog stanja crpne stanice. Uz to, novo rjeSenje automatizirano provodi simulaciju nivoa vode direktno iz
istog PLC uredaja koji provodi regulaciju rada pumpi, pa je s te strane sustav dobro integriran.

Kljuéne rijeéi: Automatizacija, crpna stanica, PLC, SCADA, TIA Portal

Professional paper

Abstract: In this paper the process of analysis and improvement of a prototype model of a pumping station is described,
which is used to build, validate and improve the programming and visualization of the system (SCADA system). The
original solution was extremely good for the analysis of the control system, but mechanical components of the model were
not sufficiently processed. In described improvements the main issue was mechanical relations of incoming and outgoing
water flow, and result differences in water level, which were provided manually in the original solution. The new solution
is more advanced and better from the point of view of Mechatronics, since it can give a more real image of a dynamical
state in the pumping station. Furthermore, the new solution conducts automated simulation of water level directly from
the same PLC device which controls the operation of the pumps, so from that point of view the system is well integrated.
Key words: Automation, pumping station, PLC, SCADA, TIA Portal

1 INTRODUCTION In order to create a new solution, the existing PLC
device was used, as well as the communication channel
The existing prototype automated pumping station, ~ and the upgraded SCADA application.
with details described in [1], is a faithful replica of a real
pumping station drive concerning the integration of digital
automation. The automation was implemented using a

Siemens Simatic S7-1200 PLC device, with 2 ANALYSIS OF THE EXISTING PROTOTYPE

characteristics available in [2], and the visualisation was MODEL OF A PUMPING STATION
implemented using a WinCC application in the TIA Portal
V11 SP1, with characteristics available in [3] The The existing prototype model of a pumping station

communication between the PLC device and a SCADA consists of Components which can be found in a real

application is achieved using a Profinet communication  pumping station. The result of water level movement is
protocol described in [4]. The prototype automated  simulated manually. A water level measurement in real

pumping station was used to test the operation of real  pymping stations is replaced by three limit switches which
pumping stations and to improve the solution programme  show the state of water level as “higher” or “lower” than
of a pump control. their level. The levels of the belonging KPs_are marked as

] “low”, “medium” and “high”. Two DC engines in the
The paper presents the analysis of the drawbacks of the  model replace real pumps. The model is controlled by the
mechanical part of the station, according to [5] and gives PLC S7-1200 with the SCADA support. Figure 1 shows

solution to the identified problems, according to [6].  the existing prototype model of a pumping station. The
Improvements were found for every identified problem,as  existing model components which are important for the
well as a repeated evaluation of the new solution,  paper are the mechanical parts for water level simulation:

according to [7]. The new system must give a more 1 g panel for manual water level simulation
realistic display of the way a real pumping station works.
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2 limit switches for water level simulation
The limit switches are connected as digital inputs and
they can show four different states:
1 a level lower than “low*
2 a level higher than “low* and lower than “medium*
3 a level higher than “medium* and lower than “high*
4 a level higher than “high*

Figure 1 The exisiting prototype model of an automated
pumping station

In real pumping stations the incoming water level,
which the regulation is based on, is performed using an
analogue signal. The pump operation is based on a
regulation according to default levels which are entered by
an operator. Digital inputs are performed using level
switches and they also serve as a security system which
takes the main regulating function if, for some reason, a
level sensor falls out of the system, i.e., makes an error.
Standard procedure for industrial equipment is using
voltage analogue signals 0-10 V, i.e., current analogue
signals 4-20 mA. Such uniformly chosen signals enable
compatibility of all the equipment used in the operation.
Standard procedure for input / output digital signals in
industrial application is normally 24VVDC, while internal
intermediate circuits of a PLC device (galavanically
separated from input / output connectors, inaccessible to a
user) are performed on a 5VDC level.

The pump regulation is based on a “main/auxiliary*
regime, where the pumps exchange their main and
auxiliary statuses in each iteration. The controller is
performed in such a way that it holds water level within a
certain range which is determined by an operator. In the
case of the existing model the flexibility of the system is
very small considering the fact that there is a difference
between only four band levels instead of an exact amount
of water level.

It has been established that the main drawback of the
existing prototype automated pumping station is the way
the water level is simulated in the station. Namely, the
existing solution performs a simulation based on
recognition of discrete water levels. This kind of
simulation is good enough concerning the simulation of
working conditions of the control system, but it is not good
enough in showing the real relationship between
mechanical phenomena and the actions determined by
actuators, in this case water pumps. The water level is
changed manually according to the rise or fall of water
level with discrete levels which are precisely defined by
limit switches. They also serve as a replacement for real
level switches. It is necessary to create such a way of water

level simulation which will continuously change the
existing discrete water levels from 0 to 100 %. In this
paper we devised a way which still demands a manual
simulation of water level.

Two DC engines, which represent the operation of two
pumps, make the power section of the existing model. In
order to be able to show the possibility of using the PLC,
both DC engines were reversed. A solution programme
was used to solve the inhibition of energisation of both
rotation directions of DC engines.

3 IMPROVEMENT OF THE PROTOTYPE MODEL
OF A PUMPING STATION

The components for water level simulation were taken
as finished circuits from a scanner and a printer and they
were connected to a rheostat. Figure 2 shows the system
for water level simulation and it consists of the following
components, which are marked with a number:

1 a rounded board made of acrylic glass

2 limit switches

3 a drive motor and a spur wheel with a slider
4 a rheostat

Figure 2 The improved prototype model of a pumping
station

The drive part for the movement of the water level
simulation system is a DC engine and the feedback is
achieved using a sensor which is designed as a rheostat
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and it shows water level in the shaft. Considering the fact
that these are the main components of the designed
system, it is necessary to know well their characteristics.
These data are necessary for the pairing of the system with
a control panel. The drive motor data are given for the
nominal voltage value of 12 VDC and they amount to
8170 r/min and 0,89 A with developed power of 6,74 W.
The rheostat data are adjusted to the signalling mode
which the system is expected to work in. A linear rheostat
was chosen with total resistance of 1 kQ with = 5 %
tolerance and rated power of 100 W.

The existing wiring of the prototype model of a
pumping station was upgraded with new cables and
conductors. The characteristics of the wiring (group
appliances, colour, sectional views) from the existing
condition were preserved and used for the newly installed
equipment. The cables and conductors were fixedly
connected to the control panel and disconnection can be
completely done on the mechanical part of the prototype
model of a pumping station, as it is shown in Figure 3. The
final version of the mechanical part of the prototype model
of a pumping station is shown in Figure 4.

Figure 3 Wiring of the prototype model of a pumping
station

Figure 4 The final version of the prototype model of a
pumping station

The power section of the DC motor supply requires
reconstruction so that another reversible DC motor can be
capacitated. For that reason the pump operation is
rearranged in such a way that they work in one direction

only, which is actually correct, and the other two relays
are used for two directions of the DC drive motor for water
level simulation. Minimal changes in wiring resulted in
full functionality of the power section of the prototype
model of a pumping station.

4 RESULTS OF THE IMPROVED PUMPING
STATION MODEL IN OPERATION

The existing solution, in response to manual water
level simulation using limit switches, defined four discrete
levels, which were described in previous chapters. The
values of water level were defined as: 5% for a level lower
than “low*, 15% for a level higher than “low* and lower
than “medium®, 55% for a level higher than “medium‘ and
lower than “high* and 95% for a level higher than “high*.
Uniform lifting of the water level simulation panel in the
existing solution resulted in the response to the SCADA,
as it is shown in Figure 5. It is evident that the state
changes at the moment when the state of the limit switches
changes. It is a significant change and in one case it is 10%
and in the other two cases even 40%. This kind of
feedback resolution is not satisfactory.
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Figure 5 A graphical representation of the operation of
two cycles of the existing state - high level [1]

The programme which was made for the redesigned
model included a regulation of water level using pumps, a
visualisation and a control of water level simulation in the
pumping station. A visualisation screen which serves for
the pump control and the water level simulation is shown
in Figure 6 during the testing run. It is evident that the
improvement had a good result and that is a continuous
water level simulation. In this case the water level above
the limit switch is “medium* and below the limit switch is
“high“, but this time the amount is not assumed to be 55%,
as it is in the old solution, but in this case its actual value
is measured and for the shown example it is 77%. A
system operation has been recorded for the same typical
scenarios as in [1]. In the first scenario there is an
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incoming water flow and it is assumed that one pump is
enough to pump out water. After that, a scenario is
recorded in which there is an incoming water flow, but a
single pump operation is not enough to reduce the water
flow. Then two pumps operate together, which creates an
outgoing water flow high enough to reduce the water level.
Responses in Figure 7 show primarily that the water flow
changes continuously, which were demanded. The testing
of the scenario shows that the regulation of functionality
did not change according to the old solution which
faithfully described a real controller which is used in
pumping stations.
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Figure 6 A SCADA screen for water level regulation
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Figure 7 A graphical representation of the responses to
operation scenarios of the pumping station

5 CONCLUSION

A discrete water level simulation in the pumping
station, which was shown in the original prototype model
of a pumping station, was good enough from the point of
view of performance and testing the control programme
operation and communication with SCADA.

In this paper more attention was paid to the analysis of
drawbacks of the mechanical part of the prototype model
and improvements were suggested and implemented. The
quality of simulation of water level measurement was
improved. Incorporation of new active and passive
components enabled an automated rise and fall of the
simulated water level and at the same time a continuous
feedback to the PLC was achieved.
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FATIGUE BEHAVIOUR OF LOTUS-TYPE POROUS STRUCTURE:
NUMERICAL APPROACH

Matjaz Sraml, Janez Kramberger, Saso Dervaric¢, Srecko Glodez

|zvorni znanstveni rad

SaZetak: Cilj ovog clanka analizirati je zamornu cvrstocu Celijaste lotusne strukture crvicastog lijevanog zeljeza kao
osnovnog materijala. Broj ciklusa naprezanja potrebnih za Sirenje pukotine od inicijalne do kriticne duzine pukotine
odredeno je numericki pomoéu modela konacnih elemenata, u okviru Abaqus computation FEM koda. Kriterij
maksimalnog viacnog naprezanja razmatra se kad se analizira putanja pukotine unutar celijaste strukture. IzvrSenje
racunalne analize pokazuju kako su koncentracije naprezanja oko individualnih celija veée kada vanjsko opterecenje
djeluje u transverzalnom smjeru u odnosu na distribuciju ¢elija. Clanak je produljenje rada, prezentiranog na posljednjoj
MATRIB konferenciji u 2014. godini [1]

Kljuéne rijeci: numericka analiza, porozne strukture, zamorna cvrstoca

Original scientific paper
Abstract: The objective of this paper is to analyse fatigue strength behaviour of lotus-type structure with nodular cast
iron as a base material. The number of stress cycles required for crack propagation from initial to the critical crack
length is numerically determined using finite element (FE) models, in the frame of Abaqus computation FEM code. The
maximum tensile stress (MTS) criterion is considered when analyzing the crack path inside the porous structure. The
performed computational analyses show that stress concentrations around individual pores are higher when external
loading is acting in transversal direction in respect to the pore distribution. The actual paper is prolongation of the work,
presented at the last MATRIB conference in 2014 [1]

Key words: Lotus-type porous structures, fatigue strength, numerical analysis.

1. INTRODUCTION

Lotus-type is a new type of porous material which
comprises unidirectional pores. This makes the lotus-type
materials very useful for application in lightweight
structures, medicine, automotive engineering, sports
equipment, etc. [2]. The porosity of lotus metals is usually
lower than 70 %, which is lower if compare to some
conventional porous metals where porosity is often higher
than 70 % [3]. Moreover, pores of lotus-type metals are
cylindrical, where the length of pores is usually large if
compare to pore diameter (Fig. 1). Since the stress field
around the pores depends on the loading direction, the
relative high level of anisotropy is typical for lotus-type
materials. While uniform stress distribution appears in the
case when loading is acting along longitudinal direction of

Figure 1. Cross section of lotus-type porous iron in
transversal (a) and longitudinal (b) direction [2].

When porous material is used as a structural element,
he relative hiah X d th the fatigue behaviour of such porous structure should be
pores, the relative high stress concentration around the known. Some investigations regarding fatigue behaviour

pores is characteristic for the perpendicular loading  of ojyminjum porous structures have been reported in [4-
direction. 6]
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However, these results can not be used for lotus-type
porous materials due to different pore shapes and their
orientations. Seki et al [3, 7, 8] have been studied the
fatigue behaviour of cooper and magnesium lotus-type
porous structures where the effect of porosity, anisotropic
pore structure, and pore size distribution have been taken
into account. Their experimental research has shown that
for the fatigue loading parallel to the longitudinal axis of
pores the stress field in the matrix is homogeneous and slip
bands appear all over the specimen surface. This is not the
case for transverse loading, where stress field is
inhomogeneous and slip bands are formed only around
pores because of high stress concentration in this region.
Lately, some research works on metal foams have already
been done at the University of Maribor [9-11]. However,
these materials have not been fully characterized yet,
particularly in the way of fatigue life behaviour.

In the present paper, the fatigue process of lotus-type
material is divided into the crack initiation and crack
propagation phase, where the total service life of treated
structural element equals:

N=N,+N,, (1)

where N; is the number of loading cycles required for the
fatigue crack initiation and N, is the number of loading
cycles required for the crack propagation from initial to
the critical crack length when final fracture can be
expected to occur.

When determining the crack initiation phase N, the
strain life approach with consideration of simplified
universal slope method [19] has been used

R \0 R \*®
g :0.623-(E”‘j [(2N,)°® +0.0196- (z,)** (Ej [(@N)*

(2)

where g, is the total strain amplitude, Ry, is the ultimate
tensile strength, E is the modulus of elasticity and &t is the
true fracture strain. It is evident from Eq. (2) that the two
exponents are fixed for all metals and that only monotonic
material properties Rm, E and & control the fatigue
behavior.

The crack propagation phase in this paper is described
using Paris equation

da
— =C-AK" 3
N (3)

where da/dN is the crack growth rate, AK is the stress
intensity factor range (AK=Kmax—Kmin), and C and m are
the material parameters which are determined
experimentally according to the load ration R=Kmin/Kmax
(the value R=0.1 has been considered in this study). The
number of loading cycles N, required for the crack
propagation from initial crack length a; to the critical crack
length a; can then be determined with integration of Eq.

@)

X 1% da
! dN :EI AK (a) )

g

2. COMPUTATIONAL MODEL

In publications [2, 11] the regular models with aligned
or for some angle aligned pores have been used when
determining the strength behavior of lotus-type porous
material. In these studies, the used computational models
are built of multiple representative volume elements
(RVES) which are presented by a square block with central
cylindrical hole of diameter d. The porosity of such
structure is then regulated with change of pore diameters
by keeping the size of the RVEs as a constant value [2]. In
our study, the irregular pores distribution of lotus-type
material is considered where only pore distribution in
transversal direction is assumed. A special image
recognition code was developed, which was used to
convert the chosen lotus-type material cross section image
into the CAD model which is then used to create the
appropriate numerical model. The transverse
computational model by square cross section of treated
porous structure with length of 3.3 mm and randomly
distributed pores with minimum and maximum diameters
Omin = 0.084 mm and dmax = 0.47 mm, is introduced,
respectively (Fig. 2). For such pores distribution, the
porosity is equal to 36 %. The boundary conditions are
presented as displacement value of 0.01 mm at the top
edge and fixed restraints in the bottom edge of used
computational model (Fig. 2).

& 4 'y s 4 y 4 bas Yy

N

displacement

restraints

Figure 2. 2D computational model for pores distribution
in transversal direction.

In performed computational analyses the lotus-type
structure is made of nodular cast iron EN-GJS-400-18-LT
as a base material, with monotonic material properties
presented in Table 1. The true stress-strain behavior of
material (Fig. 3), which is needed for determining the
crack initiation phase Nj, is assumed.
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Table 1. Monotonic material properties of nodular cast
iron EN-GJS-400-18-LT [12]

Yield Ultimate True Modulus Poisson’s
strength tensile fracture of ratio
strength strain elasticity
R, [MPa] Rm [MPa] g [-] E [MPa] v[-]
256 417 0.235 1.82.10° 0.33
A T )
(¢) rue stress-strain
500
[MPa]
400
3001
Engineering stress-strain
200
100
| | | | | |

| | >
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
€

Figure 3. True stress-strain curve of base material [12].

3. NUMERICAL ANALYSIS

Computational models were discretized with quadratic
finite elements with linear interpolation. Previous
verification of required finite element size has also been
done in respect to the results convergence with relative

error 0.05. Figure 4 shows the 2D FE-mesh for treated
porouos structure.

Figure 4. 2D FE-mesh

3.1. Crack initiation phase

When studying the crack initiation phase, the stress
filed around individual pores and location of the
maximum stress concentration should be determined first.
The maximum von Mises equivalent stress om = 350 MPa
with the appropriate total strain ¢ = 0.022 are recognized
in a cross section No. 1 (Fig. 5 (a)). Considering the
pulsating loading (ea=¢/2=0.011 ) and material
properties as presented in Table 1, the number of loading
cycles N;i required for the fatigue crack initiation is then
calculated according to Eq. (2). In the next step, the initial
crack ai = 0,05 mm is added into the critical cross section
No. 1 (Fig. 5 (b)) and the numerical procedure is continued
with the crack propagation phase. When the fatigue crack
reaches the critical length, the complete fracture of cross
section No. 1 occurs which mean that two neighboring
pores are connected with a seam and the complete
procedure is repeated regarding to the other critical cross
section.

2
ai=0.05 mm

[

()

finite elements

around crack tip ﬁ
|

(b)

Figure 5. Crack initiation phase: (a) maximum stress concentration in a cross section No. 1 and (b) initial crack in a
cross section No. 1.

3.2. Crack propagation phase

The crack initiation period of each critical cross
section is finished with the formation of initial crack of
length a; after the appropriate number of stress cycles Ni.
The crack propagation period is then analyzed using Paris
equation (3), where the following material parameters
have been considered [12]:

m/cycle
(MPay/m)*®
AK,, =208 MPav/m; AK,, =30.4 MPaJ/m .

C=4.608-10" m=3.86;
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Than, the stress intensity factor is determined using
Abaqus FEM software, where the equivalent stress
intensity range AKeq as a combined value of mixed mode
conditions AK| and AKj, has been considered. To analyse
the fatigue crack growth under mixed mode conditions the
value AK in Eq. (3) has to be replaced with the value AKqq.
The crack propagation angle is in each calculating step
determined using maximum tensile stress (MTS) criterion.
The analysis of crack propagation has been stopped when

2

|
A .
o7

=0.05 mm
AKeq = 15.9 MPa-m®5

a

\/

x,/

o L~

a=0.10 mm
AKeq = 20.7 MPa-mo:5

the equivalent stress intensity factor range AKeq exceeded
the critical value AK;c or when the crack reached the
vicinity of neighboring pore. At that moment it was
assumed that two neighboring pores are connected with a
seam and the computational procedure was continued with
the crack initiation period in other critical cross section.
Figure 6 shows the numerical procedure of crack
propagation in a cross section No. 1.

P

./
) @

—

\

a=0.15mm
AKeq = 275 MPa-m0-5

Figure 6. Schematic procedure of crack propagation period in a cross section No. 1.

4. DISCUSSION OF THE RESULTS

Figure 7 shows the numbering of critical cross sections
where both, crack initiation and crack propagation period
have been studied. The maximum stress concentration
appeared, firstly, in cross section No. 1 where initial
failure occurred after certain number of stress cycles
(N; = 472 cycles for formation of initial crack of length
a; = 0.05 mm and N, = 212 cycles for this initial crack to
propagate until critical length a; = 0.15 mm). Thereafter,
the complete computational procedure is repeated in a
cross section No. 2, where the maximum stress
concentration occurred in the next calculating step. Here,
the seam between neighboring pores in a cross section No.
1 is considered during the numerical analyses. As shown
in Figure 7, seven subsequent cross sections have been
analyzed in respect to the crack initiation and crack
propagation period in treated lotus-type porous structure
with pore distribution in transversal loading direction. The
final computational results are presented in Tables 2 and
3. The appropriate total number of stress cycles according
to Eq. (1) can then be assumed as a total fatigue life of
treated structure.

Table 2. Computational results for the crack initiation

phase

Von Mises - Crack Initial

sg(i?izsn equivalent 'I;cr)rt]allisttlgglen initiation crack
stress P phase length

No.

om [MPa] Ea Ni [cycles]  aj [mm]

1 350 0.0110 472 0.05

2 378 0.0229 110 0.03

3 344 0.0136 307 0.03
4 336 0.0121 387 0.03
5 327 0.0108 489 0.03
6 326 0.0200 495 0.03
7 304 0.0090 731 0.03

Table 3. Computational results for the crack propagation

phase
Cross Initial ~ Critical Crack
section crack  crack Function propagation
length  length phase
No.
a ac AKeq = f(a) NP [CyCIeS]

[mm] [mm]

1 0.05 0.15  4E+08a’+35734a+13.171 212

2 0.03 0.09  1E+09a?+40056a+14.989 113

3 0.03 0.09  1E+09a’+115195a+6.629 350

4 0.03 0.19  -4E+08a*+139479a+6.189 1109

5 0.03 0.13  3E+08a’+113530a+12.203 162

6 0.03 0.13 519

5E+08a%+119507a+10.049

7 0.03 0.11 -5E+07a%+17932a+11.267 1099
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A;/’\\_K-\
Figure 7. Numbering of critical cross sections.

4. CONCLUSION

The computational fatigue strength investigation in
respect to the crack initiation and crack propagation in
dynamic loaded lotus-type porous structure made of
nodular cast iron is discussed in this paper. The crack
initiation period, Ni, has been determined using strain life
approach with consideration of simplified universal slope
method to determine the number of stress cycles, Ni,
required for formation of initial cracks. The crack
propagation period, Np, has been determined using Paris
equation, where the relationship between the stress
intensity factor and crack length has been determined
using Abaqus FEM software. Here, the MTS criterion has
been considered when analyzing the crack path inside the
lotus-type porous structure. The crack initiation and crack
propagation period have been studied in seven subsequent
critical cross sections between different pores as shown in
Figure 7. The total fatigue life, N, of the lotus-type porous
structure under given boundary conditions has then been
determined as a sum of Ni and Np for all considered cross
sections.

Computational results for the pores distribution in the
transversal direction have shown that the number of stress
cycles for the crack initiation in the individual cross
sections varied between 307 and 731, while the number of
stress cycles for the crack propagation until final breakage
of individual cross section varied between 113 and 1109,
which correspond to the regime of low cycle fatigue.
Computational results have also shown that quite uniform
stress distribution appears in the case when loading is
acting along longitudinal direction of pores. Therefore, the
appropriate longer fatigue life could be expected in that
case.
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3D OBLIKOVANJE | PRORACUN KUCISTA VIJCANE PUMPE
3D DESIGN AND CALCULATION OF A SCREW PUMP HOUSING

BoZidar Hr$ak, Ante Cikié, T ajana Vasko, Igor Cusek

Struéni ¢lanak

SaZetak: Prikazano je 3D oblikovanje i proracun kucista trovretene vijcane pumpe na temelju postojece 2D radionicke
dokumentacije u lijevanoj izvedbi. Izraden je kontroini proracun debljine stienke kuéista trovretene vijéane pumpe za
materijale SL-25, NL—42, AISiMg i ispitni tlak 1,5 MPa (15 bara). Svi 3D modeli pozicija, sklop i "generirana” 2D
radionicka dokumentacija izradeni su u programskom alatu SolidWorks naprednim tehnikama 3D oblikovanja. U
programskom modulu Solidworks Simulation provedene su analize naprezanja kucista trovretene vijéane pumpe Finite
Element Analysis — FEA za materijale: SL-25 , NL-42 i AISiMg koje su potvrdile tocnost provedenog kontrolnog
proracuna, te analiza toka strujanja fluida u 3 modelu sklopa trovretene vijcane pumpe. Pomocu 3D pisaca MakerBot
Replicator 2X primjenom FDM tehnologije taloznog ocvrsc¢ivanja materijala izraden je umanjeni 3D model sklopa
trovretene vijcane pumpe. Istaknuta je prakticna primjenjivost unapredenja i razvoja vijcanih pumpi.

Kljuéne rijeci: Analiza naprezanja kuéista, analiza toka strujanja fluida, kuciste trovretene vijéane pumpe, proracun
debljine stjenke kucista, 2D radionicka dokumentacija, 3D oblikovanje

Professional paper

Abstract: Shown is the 3D design and calculation of a three-spindle screw pump housing based on existing 2D workshop
documentation of a cast version of the housing construction. A control calculation of the thickness of the wall of the
housing of the three-spindle screw pump has been made for materials SL-25, NL-42, AlSiMg and test pressure of 1,5
MPa (15 bars). Each 3D model of positions, assemblies and generated 2D workshop documentation are made in the
software tool SolidWorks with advanced techniques of 3D modelling. In the software module SolidWorks Simulation
stress analysis of the housing of a three-spindle screw pump was performed, that is, Finite Element Analysis — FEA for
materials SL-25, NL-42 and AlSiMg, that confirmed the accuracy of the calculations made, and the analysis of the fluid
flow of the 3D model of the assembly of the three-spindle screw pump. With help of the 3D printer MakerBot Replicator
2X with application of FDM technology of sedimentary hardening of materials, a miniature 3D model of the assembly of
the three-spindle screw pump was created. The practical application of the improvement and development of screw pumps
is emphasized.

Key words: Stress analysis of housing, Fluid flow analysis, Housing of a three-spindle screw pump, Calculation of wall
thickness of housing, 2D workshop documentation, 3D modelling

1. INTRODUCTION One-spindle screw pump (Figure 1.) has only one
rotating element, and is mostly used in pharmacy, food
The application of screw-like machine elements for ~ and chemical industry.

medium flow is dating from the third century B.C. and is
attributed to the Greek philosopher Archimedes. Screw
pumps of simple construction with a screw positioned
inside a pipe were used for pumping water out of canals
with the purpose of watering. Today, screw pumps with
one, two or three spindles are produced and only have one
driving shaft, while the synchronous rotational speed in =
two-spindle pumps is achieved with a pair of the same gear Ol e _ stator
wheels, whereas in three-spindle pumps with the pressure howsie

of the working medium. Inside one-spindle screw pumps,

suction driving

alteration of the volume of the working space is Figure 1. One-spindle screw pump [2]
established with periodical changes of the space between _ o _

the inner wall of the housing and the rotor, while the rotor Two-spindle screw pumps are divided into one-flow
is spinning [1]. and two-flow pumps. This pump drives the medium away

in one axial direction, just as the one-spindle screw pump.
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On Figure 2. the one-flow two-spindle screw pump is
shown.
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Figure 2. One-flow two-spindle screw pump [1]

The two-flow two-spindle screw pump (Figure 3.)
separates the medium in the suction box into two parts that
are lead off to the outer parts of the pump screws. With the
spinning of the screws, the part of the medium that was
lead off to the left side, is driven from the left to the centre
of the pump, where it is brought together with the part that
was driven to the right at the suction box, and is lead out
of the screw pump through the flange.

ff/§

Figure 3. Two-flow two-spindle screw pump [1]

With the goal of optimisation of the existing product,
the control calculation of the wall thickness of the housing
is shown for the test pressure 1,5 MPa (15 bars) and
housing materials SL-25, NL-42, and AlSiMg, and 3D
modelling of parts and assembly of a three-spindle screw
pump based on existing 2D documentation of a cast
version of the housing construction. Applying reverse
engineering, in the software tool SolidWorks, a 3D model
of the assembly of the three-spindle screw pump is
created, with all the positions, and with the Exploded View
feature, the exploded 3D model of the three-spindle screw
pump is displayed. In the software module SolidWorks
Simulation, stress analysis (Finite Element Analysis —
FEA) and safety factor analysis (Factor Of Safety - FOS)
are performed for the housing of the pump at the test
pressure 1,5 MPa (15 bars) and materials: SL-25, NL-42
and AlSiMg, and the analysis of the fluid flow of the 3D
model of the assembly of the three-spindle screw pump.

2. THREE-SPINDLE SCREW PUMP

The three-spindle screw pump contains three spindles,
of which one is the guide spindle, and the other two are
guided. The guide and guided spindles are positioned
inside the liner in which they rotate and form transporting
chambers. With the rotation of the spindles, the helixes
close the transporting chambers, take hold of the medium
in the suction box, and continuously ,,drag® the medium
along the spindle axis and push it into the pressure
chamber of the housing of the pump. The helixes of the
spindles are two-stroked and their surface is designed so
that it ensures fine sealing between the guide and guided
spindles, and between the spindles and liner. The guide
spindle transfers the load and is mostly driven by electro-
or pneumatic motor, while the guided spindles hinder the
back flow of the liquid from the pressure chamber into the
suction chamber and are used for sealing inside the pump
[3].

Figure 4. displays the schematic view of the spindles
inside the liner of the three-spindle screw pump.

GUIDED SPINDLE

GUIDE
SPINDLE

SPINDLE

Figure 4. Schematic view of the spindles inside the
liner of the three-spindle screw pump [3]

Three-spindle screw pumps are designed in an ,,H*
construction with the input and output on the same axes,
or ,,S* construction with the input and output on parallel
axes [4]. Also, they can be constructed horizontally
(Figure 5.) or vertically (Figure 6.).

Figure 5. Cross-section of a horizontal construction of
the three-spindle screw pump [5]
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Figure 6. Vertical construction of the three-spindle
screw pump [6]

Three-spindle screw pumps are used as transfer or fuel
dosing pumps, oil pumps, oil pumps in main or auxiliary
motors, oil and fuel separators, and as hydraulic system
pumps for pressures up to 8 MPa [3]. Media in the pumps
are gasoline and heavy fuel oils, lubricants and hydraulic
oils, and other self-lubricating and nonaggressive fluids.

The flow rate of three-spindle screw pumps totals 50
to 560 litres per minute, while the working temperature
goes from 20 to 180 °C with the working pressure of 10
bars [4].

Table 1. displays common characteristics of one-, two-
, and three-spindle screw pumps.

Table 1. Common characteristics of one-, two- and
three-spindle screw pumps [7]

PUMD tvpe Desirable Common
piyp application characteristics
Self-priming
pump capacity
Fluids with or | Not sensitive to
without viscosity
. lubricating
:g:g\;m::qle characteristics, VIVea_k
PUMP | Fluids that pulletiia
contain air or (s
gas noiseless
L functioning
Media with
lubricating Safe
Three-spindle | characteristics, handling
screw pump high pressure
and noiseless Low
functioning susceptibility to
dirt

3. CONTROL CALCULATION OF THE WALL-
THICKNESS OF THE HOUSING OF THE THREE-
SPINDLE SCREW PUMP

Based on the existing 2D workshop documentation for
a cast construction, a control calculation of the wall-
thickness of the housing of the three-spindle screw pump
is performed for the test pressure of 1,5 MPa (15 bars) and
housing materials: SL-25 , NL-42 and AISiMg.

Figure 7. Housing of the three-spindle screw pump

Test pressure 1,5 MPa (15 bars) and housing material
of the three-spindle screw pump SL — 25 [8]:

__bd mm, 1)
° 200- o,
C:6-[l p-d J mm, (2)
27500
5=06,+C mm, (3)
whereat:

d, - theoretical thickness of the housing wall, = 1,50 mm,
S - real thickness of the housing wall, = 7,11 mm,

p - test pressure, = 15 kp/cm?,

d - nominal diameter, = 120 mm,

O yop - Allowable stress, = 6 kp/mm? SL-25 [9]

C - addition due to inaccuracies in production, = 5,61
mm.

Acquired wall thickness of the pipe of the housing of
the tree-spindle screw pump § =7 mm.

Test pressure 1,5 MPa (15 bars) and housing material
of the three-spindle screw pump NL — 42 [8]:

Relations (1), (2) and (3) are used, whereat:
g, - theoretical thickness of the housing wall, = 0,97 mm,
o - real thickness of the housing wall, = 6,58 mm,
p - test pressure, = 15 kp/cm?,
d - nominal diameter, = 120 mm,
O yop - llowable stress, = 9,3 kp/mm? NL-42 [9]
C - addition due to inaccuracies in production, = 5,61
mm.
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Acquired wall thickness of the pipe of the housing of
the tree-spindle screw pump & =6,5 mm.

Test pressure 1,5 MPa (15 bars) and housing material
of the three-spindle screw pump AlISiMg [8], according to
relations (1), (2) and (3), whereat:

d, - theoretical thickness of the housing wall, = 3 mm,
S - real thickness of the housing wall, = 8,61 mm,

p - test pressure, = 15 kp/cm?,

d - nominal diameter, = 120 mm,

Odop ™ allowable stress, = 3 kp/mm? AlSiMg [9]

C - addition due to inaccuracies in production, = 5,61
mm.

Acquired wall thickness of the pipe of the housing of
the tree-spindle screw pump § =8,5 mm.

4. CONSTRUCTION OF THE 3D MODEL OF
PARTS AND ASSEMBLY OF THE THREE-
SPINDLE SCREW PUMP

Based on the existing 2D workshop documentation of
the cast version of the housing of the three-spindle screw
pump the sketch of the mounting flange with the diameter
»230 mm is created, and material is added with the
Extruded Boss/Base feature (Figure 8.).

PropertyManager ¥

=T X1 e

¥ R &

From A

Sketch Plane -

Direction 1 E
(=]

| |

&
=

-
-

Draft outward

£«

||:| Direction 2

«

|Selected Contours

Figure 8. 3D modelling of the mounting flange with
adding material through the Extruded Boss/Base
feature

With help of the feature for advanced 3D modelling
and the feature for final rendering, the housing of the
three-spindle screw pump was created (Feature 9.).

Figure 9. Rendered (photorealistic) depiction of the 3D
model of the three-spindle screw pump

The process of 3D modelling of the guide spindle of
the three-spindle screw pump starts with creating the
sketch and adding material with the Extruded Boss/Base
feature (Figure 10.).

Figure 10. Initial 3D model of the guide spindle of the
three-spindle screw pump with the feature Extruded
Boss/Base

With help of the feature for advanced 3D modelling
and the feature for final rendering (Final Render) a
rendered (photorealistic) 3D model of guide spindle
(Figure 11.) and guided spindle (Figure 12.) are created.

Figure 11. Rendered (photorealistic) display of the>;'3D
model of the guide spindle of the three-spindle screw

pump
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Figure 12. Rendered (photorealistic) display of the 3D
model of the guided spindle (left helix) of the three-
spindle screw pump

In a similar way, the other parts that the assembly of
the three-spindle screw pump contains are designed (ring,
bearing, housing lid, separator, distance ring, carrier, seal).
After modelling of all the needed parts, the assembling is
performed (Figure 13. and 14.).

Figure 13. Photorealistic display of the 3D model of the
assembly of the three-spindle screw pump

Figure 14. Exploded View of the 3D model of the
assembly of the three-spindle screw pump

5. 3D PRINTING OF THE ASSEMBLY MODEL OF
THE RETURN FLAP VALVE WITH LEVER AND
WEIGHT

3D printing of the model of the three-spindle screw
pump (Figure 15.) is achieved with the FDM technology
of sedimentary hardening of materials with the 3D printer
MakerBot Replicator 2X.

Figure 15. Finished (miniature) 3D model of the
assembly of the three-spindle screw pump created by the
3D printer MakerBot Replicator 2X

6. STRESS ANALYSIS (FINITE ELEMENT
ANALYSIS - FEA) OF THE HOUSING OF THE
THREE-SPINDLE SCREW PUMP

The stress analysis (Finite Element Analysis - FEA) of
the housing of the three-spindle screw pump is performed
in the program module SolidWorks Simulation based on
the control calculation of the wall thickness of the housing
for the test pressure 1,5 MPa (15 bars) and materials SL—
25, NL-42 and AISiMg.

On Figures 16. and 17. are results of the stress analysis
(Finite Element Analysis - FEA) and safety factor
calculation (Factor Of Safety - FOS) displayed for the
housing of the three-spindle screw pump for the test
pressure 1,5 MPa (15 bars), wall thickness of the housing
o =7 mm and material SL — 25.

von Mises (N/mm*2 (MPa))
60.00
55.00
_ 5000
. 45.00
. 40.00
. 35.00
30.00
H 25.00
_ 2000

_ 15.00

[z Laos: ] 1000
5.00
0.00

—P Vield strength: 60.00

Figure 16. Results of the stress analysis of the housing of
the three-spindle screw pump with the test pressure 1,5
MPa (15 bars), wall thickness 5§ =7 mm and material
SL-25
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Results of the performed analysis for the material SL
— 25 confirm that the nominal stress of the housing of the
three-spindle screw pump (Figure 16.) is considerably
lower than the allowed stress for the material SL-25 that
is mentioned in chapter 3., which amounts to

Ogop = 60N / mm?, so that it is established that the initial
control calculation of the wall thickness of the housing of

the three-spindle screw pump is accurate, which is visually
and numerically displayed on Figure 16.

Figure 17. Factor of safety of the three-spindle screw
pump with the test pressure 1,5 MPa (15 bars), wall
thickness 6 = 7 mm and material SL — 25

Additionally, the analysis of the safety factor of the
three-spindle screw pump (Factor of Safety — FOS) for the
given test pressure 1,5 MPa is performed. The gained
results show that the minimal safety factor (Factor Of
Safety — FOS) amounts to 1,5; and for the other parts is
significantly larger which is visually and numerically
displayed on Figure 17., so that it can be concluded that
the housing can endure even higher working pressure than
the test pressure.

Figures 18. and 19. display the results of the stress
analysis (Finite Element Analysis - FEA) and safety factor
analysis (Factor Of Safety - FOS) of the housing of the
three-spindle screw pump for the test pressure 1,5 MPa (15
bars), wall thickness & = 6,5 mm and material NL —

42,

P vield st 93330

Figure 18. Results of the stress analysis of the housing of
the three-spindle screw pump with the test pressure 1,5
MPa (15 bars), wall thickness & = 6,5 mm and material

NL — 42

Results of the performed analysis for the material NL
— 42 also confirm that the nominal stress of the housing of
the three-spindle screw pump (Figure 18.) is considerably
lower than the allowed stress for the material NL — 42 that
is mentioned in chapter 3., which amounts to

Ogop = 93N/mm?, so that it is established that the initial

control calculation of the wall thickness of the housing of
the three-spindle screw pump is accurate, which is visually
and numerically displayed on Figure 18.

FOS

Figure 19. Factor of safety of the three-spindle screw
pump with the test pressure 1,5 MPa (15 bars), wall
thickness & = 6,5 mm and material NL — 42

The gained results show that the minimal safety factor
(Factor Of Safety — FOS) of the heaviest loaded parts of
the housing amounts to 3,96 ; and for the other parts is
significantly larger which is visually and numerically
displayed on Figure 19., so that it can be concluded that
the housing can endure an even higher working pressure
than the test pressure.

On Figures 20. and 21. are results of the stress analysis
(Finite Element Analysis - FEA) and safety factor
calculation (Factor Of Safety - FOS) displayed for the
housing of the three-spindle screw pump for the test
pressure 1,5 MPa (15 bars), wall thickness of the housing
6 =8,5 mm and material AlSiMg.

von Mises (N/mm*2 (MPa))

» 30.000
27.500

. 25.000

. 22500

_ 20,000

. 17500

L 15.000

i 12500

L 10.000

7.500

5.000
2500
0.000

— Vield strength: 30.000

Figure 20. Results of the stress analysis of the housing of
the three-spindle screw pump with the test pressure 1,5
MPa (15 bars), wall thickness & =8,5 mm and material

AlSiMg
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Results of the performed analysis for the material
AISiMg confirm that the nominal stress of the housing of
the three-spindle screw pump (Figure 20.) is considerably
lower than the allowed stress for the material AISiMg that
is mentioned in chapter 3., which amounts to

Ogop =30 N/mm?, so that it is established that the initial
control calculation of the wall thickness of the housing of

the three-spindle screw pump is accurate, which is visually
and numerically displayed on Figure 20.

Figure 21. Factor of safety of the three-spindle screw
pump with the test pressure 1,5 MPa (15 bars), wall
thickness 6 = 8,5 mm and material Al.Si.Mg NL — 42

The gained results show that the minimal safety factor
(Factor Of Safety — FOS) of the heaviest loaded parts of
the housing amounts to 1,14 ; and for the other parts is
significantly larger which is visually and numerically
displayed on Figure 21., so that it can be concluded that
the housing can endure even higher working pressure than
the test pressure.

8. FLUID FLOW ANALYSIS (FLOW SIMULATION)

The analysis of the fluid flow in the 3D model of the
assembly of the three-spindle screw pump is performed in
the program module SolidWorks Flow Simulation.
Whereat, the flanges of the housing of the three-spindle
screw pump are closed with Lids that are used to define
the input and output parameters with the Boundary
Conditions feature. On the input flange, a volume flow
rate of 0,000935 m®s is given, and on the output flange
the atmospheric pressure of 0,1 MPa is set. After defining
of all needed parameters, the analysis of the fluid flow is
performed. On Figures 22. and 23. the fluid flow is shown
with graphical depictions of the fluid flow rate through the
3D model of the pump assembly.

5911
5.254
4.597
3.941
3.284
2627
1.970
1314
0.657

0
Velocity [mis]

Flow Trajectories 1
Flow Trajectories 4

Figure 22. Two-dimensional display of the fluid flow
and speed rate through the 3D model of the assembly of
the three-spindle screw pump

5911
= 5.254
4.597
3941
o 3.284
2627
1.970
1.314
0.657

a
Velocity [mis]

Flow Trajectories 1
Flow Trajectories 2

Figure 23. Three-dimensional display of the fluid flow
and speed rate through the 3D model of the assembly of
the three-spindle screw pump

9. CONCLUSION

Based on the existing 2D workshop documentation of
the cast version, the control calculation of the wall
thickness of the housing of the three-spindle screw pump
is shown for the test pressure 1,5 MPa (15 bars) and
materials SL-25, NL-42 and AlISiMg.

Using reverse engineering, a ,.flexible” 3D model of
the assembly of the three-spindle screw pump with all
parts, just as the complete 2D workshop documentation of
the assembly and parts is created. In the program module
SolidWorks Simulation are performed: stress analysis
(Finite Element Analysis — FEA) and safety factor analysis
(Factor Of Safety — FOS) for the housing of the three-
spindle screw pump for the test pressure 1,5 MPa (15 bars)
and materials SL-25, NL-42 and AISiMg that confirmed
the accuracy of the performed control calculation, as well
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as the analysis of the fluid flow in the 3D model of the
assembly of the housing of the three-spindle screw pump.
With advanced program tools and the program module
SolidWorks Simulation it was concluded that the 3D
model of the housing of the three-spindle screw pump can
reliably endure the test pressure, and therefore assure the
safe ,,transport™ of the medium in the pipe systems.

Applying the FDM technology of sedimentary
hardening of materials with the 3D printer MakerBot
Replicator 2X the printing of the miniature 3D model of
the assembly of the three-spindle screw pump was
performed. This is the preposition for the practical
implementation of the improvement and development of
machine elements of screw pumps.
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DISTRIBUIRANI OBRAMBENI MEHANIZMI ZA CLONE NAPADE TEMELJENI NA
ALGORITMU ZA ISTRAZIVANJE GRAVITACIJE (GSA) U WSN

DISTRIBUTED DEFENSE MECHANISM FOR CLONE ATTACKS BASED ON
GRAVITATIONAL SEARCH ALGORITHM (GSA) IN WSN

P. Uma Maheswari, P. Ganesh Kumar

Izvorni znanstveni ¢lanak

SaZetak: Bezicne senzorske mreze (WSN) Cesto su rasporedene u neprijateljskom okruzenju i ranjive su na napade zbog
prirode senzora koji su tehnoloski ograniceni. Clone napad u WSN jedan je od glavnih problema gdje se poruke
prisluskuju, zarobljeni cvor se klonira te napadac proizvede visestruke ¢vorove istog identiteta. Kako bi nadvladali te
probleme, ovaj rad predlaze distribuirani obrambeni mehanizam za clone napade temeljen na algoritmu za istraZivanje
gravitacije (GSA) u WSN. Kako bi se sumnjivi ¢vorovi efikasno detektirali, ¢vorovi u kanalu mogu se podijeliti u évorove
svjedoke i trazene cvorove. Cvorovi svjedoci odgovorni su za otkrivanje sumnjivih évorova, dok trazeni ¢vorovi trebaju
za potrebe procesa detekcije navesti svoj identitet. Za izbor ¢vorova svjedoka, koristi se GSA kako bi se izabrala grupa
¢&vorova koji su najprikladniji. Nakon izbora ¢vorova svjedoka, otkivanje clone napada vrsi se promatranjem ponasanja
susjednih ¢vorova. Otkrivanjem clone napada aktivira se proces opoziva kako bi se opozvao clone napad u ¢vorovima
svjedocima. Prema rezultatima dobivenim iz simulacije mozZe se zakljuciti kako predlozeni algoritam pruza bolju zastitu
od clone napada smanjivanjem odbacivanja paketa i povec¢avanjem omjera isporuke paketa.

Kljuéne rijeéi: GSA, DDM, WSN, clone napadi, otkrivanje, zakon gravitacije, zakon gibanja

Original scientific paper

Abstract: Wireless Sensor Networks (WSN) are often deployed in hostile environment and are vulnerable to attacks
because of the resource constrained nature of the sensors. Clone attack in WSN is one of the major issues where the
messages are eavesdropped, the captured node is cloned, and multiple nodes with same identity are produced by attacker.
In order to overcome these issues, in this paper, a Distributed Defense Mechanism for Clone Attacks based on
Gravitational Search Algorithm (GSA) in WSN is proposed. For efficiently detecting the suspect nodes, the nodes in the
channel can be divided into witness node and the claimer node. The witness nodes are responsible for the suspect nodes
detection, whereas the claimer nodes should provide their identities for the detection process. For the witness nodes
selection, we utilize the GSA to pick out the best witness nodes set. After selecting the witness nodes, clone attack detection
is performed by observing the behavior of the neighbor nodes. On detecting the clone attack, revocation procedure is
triggered to revoke the clone attack in the witness nodes. By simulation results, it can be concluded that the proposed
algorithm provides better protection to clone attacks by reducing the packet drop and increasing the packet delivery
ratio.

Keywords: GSA, DDM, WSN, Clone attacks, Detection, law of gravity, law of motion
forwarding data to base station in order to reduce both

communication and energy costs. WSN can be used for
collecting and monitoring data. It can be used in military

1 INTRODUCTION

Wireless Sensor Networks (WSNSs) is a network

formed by a large number of distributed autonomous
nodes with sensors, embedded processor, and low-power
radio to enable wireless communication with each other
and also with the base station [1]. Sensors are resource-
constrained tiny devices with limited memory storage
capacities, low computation capacities, and reduced
energy supply, which can neither be charged nor be
replaced [2, 3]. Sensor nodes can sense the environmental
changes, that is, physical, mechanical or chemical
changes, and transfer it to base station for user analysis.
Signal can be processed, computed, and aggregated before

applications, environmental applications, smart homes,
health monitoring, and so forth [2, 4, 5]. Yet, sensor nodes
are prone to various attacks because of limited computing
resource and feeble wireless communication. Attacks in
routing protocol make the network unstable. Limited
processing power and resources may impose difficulty in
utilizing defense mechanisms of wired networks in
wireless networks [4].

Data security is devastated by threats, vulnerabilities,
and attacks, which are the three crossly related entities that
intend to bypass the security control of the system. In
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addition, there are active and passive attacks [1]. As
sensors are unshielded devices, WSNSs are prone to various
types of novel attacks such as compromising attacks,
intrusion attacks, deny-of-service (DoS) attacks, and
nodes replication attacks [6, 7]. Several existing attacks in
WSNs are physical attacks, sybil attacks, clone attacks,
sinkhole attacks, and replication attacks [1, 3, 4, 6].

Clone attack is also called as replication attack in
which the exchanged messages can be eavesdropped, and
nodes can be captured by an attacker, thereby obtaining all
information stored in devices. Then, the captured nodes
can be cloned, and multiple nodes are generated by the
attackers with same identity. The clones could be then
deployed in network area to launch a variety of malicious
activities [6, 7].

A self-healing efficient protocol, which is randomized
and distributed, is presented for detecting node replication
attacks [7]. Here, a random value is distributed among all
the nodes using a centralized or distributed mechanism. A
digital signature is then added by each node, and its claim
ID and geographical location are broadcasted. The claim
is not sent directly to the specific node instead transmitted
to the node that is closest to the location. Moreover, the
signature check will be carried out only in destination, but
not in forwarding nodes. Here, the witness has to be
captured faster within a window period so as to prevent
clones in detecting the witness of clones.

However, this scheme focuses more on exhausting
battery of nodes and verifies the received signature and the
message freshness, but it failed to detect the attacks.
Moreover, the witness selection procedure is not accurate
and consumes more time. Most

of the existing mechanisms that detect clone attacks
are not efficient and also, they did not provide any
approaches to mitigate the attack.

In this paper, we propose a Distributed Defense
Mechanism for Clone Attacks in WSN based on GSA
where the witness nodes are used to detect the clone
attacks. The witness nodes periodically broadcasts request
messages with a time stamp to the claimer nodes. GSA is
used to select the witness nodes in the network. Clone
attack detection is performed by observing the behavior of
the neighbor nodes. Then, revocation procedure is
triggered by flooding the network with two incoherent
response messages received by the witness node. This
cancels the clone attacks in the witness nodes. This
algorithm provides better protection to clone attacks with
reducing packet drop and increased packet delivery ratio.

The paper is organized as follows. Section 2 presents
the literature review of existing works on clone attacks in
WSN. Section 3 presents the proposed methodology of
distributed defense mechanism for clone attacks. The
simulation results and analysis are presented in section 4
and the conclusion is given in section 5.

2 LITERATURE REVIEW

Mauro Conti et al [7] have proposed a new self-
healing, Randomized, Efficient, and Distributed (RED)
protocol for the detection of node replication attacks. This
protocol is highly efficient in communication, memory,
and computation; and is much more effective than

competing solutions in the literature; also resistant to the
new kind of attacks. RED is more resilient in its detection
capabilities. However RED is more influenced by path
lengths, since a malicious node can stop the protocol
wherever it appears in the paths.

Mebi Sernaz and Anand Pavithran [8] have proposed
risk aware mitigation scheme for the isolation of clone
nodes and black hole nodes. It provides better response
with adaptive isolation and the response cost calculation
when IDS inform it with an alert confidence value. By
combining Time Domain Detection and Space Domain
Detection (TDD and SDD) with risk aware mitigation, a
good detection and response mechanism can be developed
for the detection of clone nodes in MANET.

H. Wen et al [9] have proposed a novel scheme to
detect the node clone attack in WSN by channel
identification characteristic in which the clone nodes are
distinguished by the channel responses between nodes.
The proposed scheme aims at achieving fast detection and
minimizing the data transmission cost by taking advantage
of temporal and spatial uniqueness in physical layer
channel responses. The proposed approaches feature
nearly-perfect resilience to node clone attack with low
communication and computation costs, low memory
requirements and high detection probability. However the
detection rate falls with increase in the velocity.

Zhongming Zheng et al [10] have proposed a location-
aware energy-efficient ring based clone detection protocol
with clone detection protocol, which guarantees
successful clone attack detection and has little negative
impact on the network lifetime. Moreover, their proposed
protocol can significantly improve the network lifetime,
compared with the existing approach. The proposed
protocol can approach 100% clone detection probability
with trustful witnesses. However the energy consumption
is high.

Richard Brooks et al [13] have proposed an algorithm
to detect the presence of clones in the sensor network.
Keys on the cloned nodes are detected by looking at how
often they are utilized to authenticate the nodes in the
network. The system can recover from a cloning attack by
terminating connections with the help of cloned keys.
Results show that this method can accurately detect the
presence of clones in the system and support their
removal. Moreover, the extent of false positives and false
negatives in the clone detection process is qualified.
However, the key encryption technique requires more
computation and resource consumption.

Zhijun Li, and Guang Gong [14] have propose two
node clone detection protocols with different tradeoffs on
network conditions and performance. The first protocol
depends on a distributed hash table (DHT) that is used to
construct a fully decentralized, key-based caching and
checking system. This protocol is capable of catching the
cloned nodes effectively. As DHT-based protocol
increases the communication cost, the second distributed
detection protocol is proposed that provides good
communication performance for dense sensor networks,
by a probabilistic directed forwarding technique with
random initial direction and border determination. These
protocols can obtain better efficiency on communication
overhead and satisfactory detection probability along with
minimal storage consumption.
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Yingpei Zeng et al [15] have proposed two new NDFD
protocols, RAndom WalLk (RAWL) and Table-assisted
RAndom WaLk (TRAWL) based on random walk. The
random walk strategy performs weel as it distributes a core
step, the witness selection, to every passed node of random
walks. Hence, the adversary cannot easily determine the
critical witness nodes. The number of walk steps needed
for ensuring detection is theoretically analyzed. These
protocols have the lowest overheads in witness selection,
whereas the communication overheads of these protocols
are higher but are affordable due to their security benefits.

Conti et al. [16] have proposes two distributed,
efficient, and cooperative protocols to detect replicas.
They are history information-exchange protocol (HIP) and
HIP’s optimized version (HOP). Both HIP and HOP
influence local communications and node mobility. It
differs for the amount of computation required. By
considering two different mobility models, the behavior of
these protocols are studied against the introduced types of
attacker. Results show that the solutions provide high
detection rate while experiencing limited overhead.

Soumya Sara Koshy and Sajitha et al [17] have
proposed a zone-based node replica detection in WSN
using trust in which the network is divided into a number
of zones and the zone leaders are chosen before the node
deployment. Hence, the zone is dynamically formed. Trust
values are estimated for each node and replica nodes are
detected by the zone leader based on these trust values.
Before the zone formation, the trust values are checked
and updated. Result shows that this technique can improve
the packet delivery ratio and reduce the end to end delay.

Mayur R. Khandekar and U. K. Raut [18] have
surveyed the node replication attack algorithms in WSN.
Several replication attack detection algorithm are
analyzed and these algorithms are classified into two
schemes, namely, centralized and distributed schemes.
Generally, distributed detection scheme is preferred over
the centralized detection scheme, even if both the schemes
have some disadvantages. The recent research has mainly
focused on the communication costs and energy efficiency
of the algorithm.

Wibhada Naruephiphat et al. [19] have proposed an
area-based clustering detection (ABCD) method for WSN
to achieve high successful detecting replica rate with less
communication overhead than the line-selected multicast
approach. Even though ABCD requires more memory
capacity to store location claims in the central node, it can
easily support more number of nodes in a network. When
the number of sensor nodes in the network increases,
ABCD can reduce the number of message stored in a node
and preserve the network lifetime.

LeiJin etal. [20] have proposed a detection framework
to discover the suspicious identities and to validate them.
For this, two approaches based on attribute similarity and
similarity of friend networks are utilized. The first
approach considers the scenario in which mutual friends
in friend networks are taken into account, whereas the
second approach captures the scenario in which similar
friend identities are involved. The suspicious identities are
finally validated. Results demonstrate the flexibility and
effectiveness of these approaches.

Wazir Zada Khan et al. [21] have considered a node
replication attack or clone node attack in which an
adversary can create its own clone nodes and misinform
the network to acknowledge them as legitimate nodes. The
existing attack detection techniques are broadly
categorized into distributed and centralized classes. The
algorithms in both classes are capable of detecting and
preventing clone attacks with some noteworthy
shortcomings. This study analyzes the challenges and
issues in clone detection schemes that need to be resolved
to become more applicable to real-life situations.

Moirangthem Marjit Singh et al [22] have reviewed the
existing node replication attack detection techniques for
static WSNs. These techniques can be classified into two
categories, namely, location aware protocol and location
independent protocol. In location aware protocols, the
nodes should know their geographic location. Hence, it
requires GPS or relies on the base station to compute their
location coordinates. In location independent protocol, the
knowledge of the nodes’ location is not required to detect
node replication. The performance of these techniques
depends on the density of the networks.

3 PROPOSED METHODOLOGY

3.1. Overview

In this paper, we propose a Distributed Defense
Mechanism for Clone Attacks in WSN based on
Gravitational search algorithm where the nodes are divided
into two groups, namely, witness nodes and claimer nodes
[9]. The witness nodes periodically broadcasts request
messages with a time stamp to the claimer nodes. On
receiving the messages, these claimer nodes send the
response message with in a time interval to the witness node.
The response message contains the node ID and the pilot.
With this, the suspected nodes are detected, and they are
stored in the suspected list. In order to confirm the clone
attacks, the suspect list is broadcasted to the claimer nodes.
Hence, after receiving the broadcasted message, the claimer
nodes send the response message which contains node ID,
sequence, and time stamp. If the two nodes have the same
ID and different random sequence, then the nodes are
considered to be attacked.

For selection of witness nodes in the network, GSA can
be used that tends to find the global optimum faster than
other algorithms with higher convergence rate. Gravitational
constant adjusts the accuracy of the search, thereby
decreasing with time. As GSA is a memory-less algorithm,
it works efficiently like the other algorithms with memory.
This shows the good convergence rate of the GSA [11].
After the detection of the clone attack, revocation procedure
[7] can be used. Here, the revocation is triggered by flooding
the network with two incoherent response messages
received by the witness node. This cancels the clone attacks
in the witness nodes.
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Figure 1. Block Diagram

3.2. Classification of Nodes

For effective identification scheme, all nodes are
divided into two main groups: witness group and claimer

group in which the nodes are represented as nyvand nl?,

respectively. The nodes in the network channel
periodically play these two roles.
Here, the witness node periodically transmits request

messages M, to claimer node with time stamp S ,. As a

result, all neighboring claimer nodes, present within the
signal range of the witness nodes, receive the previous

request messages |\/|W. In return, the claimer node

transmits the return response messages M . tothe witness

nodes within time interval Ad +Ag , where Ad
represents response delay and A& must be less than the
network channel coherence time Al .

The response message I\/ICcan be represented in the
following format:

M. :{Node ID, Pilot} @

Once witness node receives the messages M, then

n

they extract the channel measure B (nj —n"), here

j=1,2,...... ,H 1=12,..... H,,, where H_ and

HWrepresents the number of nodes present in claimer
group and witness group, respectively.

After that, they perform comparison, we normalize the
likelihood ratio test (LRT) statistic as ®'j'k , which is
given below.

J=k=l,j=1,2,....... , G, 1=12,...... G, .

N,IB (o, >n)-B (ol —>n)?

- = <B
®Ij,k = R Z = {> Blﬂ/
IB (ol >n)I? ’
— dl
(2

n

where B denotes the channel response with
-d
measurement errors.
Nco represents the normalization factor and assume the

threshold  €[0,1].

3.3. Selection of Witness Node

In order to detect the clone attack, selection of the best
and authenticated witness node is a major challenge. In the
proposed scheme, the selection of the witness node is
performed using Gravitational Search Algorithm (GSA),
which is described in the following section.

3.3.1. Gravitational Search Algorithm (GSA)

This section describes about GSA optimization
algorithm which is based on the law of gravity.
Gravitational search algorithm (GSA) is a new
optimization algorithm that depends on the law of gravity
given by Newton: “Every particle in the universe attracts
every other particle with a force that is directly
proportional to the product of their masses and inversely
proportional to the square of the distance between them.”
In GSA, agents are considered as objects, and their
performance is estimated by their masses. All these
objects attract each other by the gravitational force, and
this force results in global movement of all objects
towards the object which comprises heavier masses. Thus,
masses assist using a direct form of communication based
on gravitational force.

In GSA, each agent mainly has the following four
specifications: position, inertial mass, active gravitational
mass, and passive gravitational mass. The position of the
mass gives the solution of the problem, and its
gravitational and inertial massed are found with the help
of fitness function. Or, in other words, each mass represent
a solution and the algorithm is directed by properly
regulating the gravitational and inertia masses. By elapse
of time, it is assumed that masses be attracted by the
heaviest mass and this mass is the optimal solution. The
GSA need to be considered as an isolated system of
masses.

In the proposed algorithm, heavy masses corresponds
to good solution as it moves more slowly than lighter ones,
assuring development step of the algorithm. Moreover, it
mainly obeys Newtonian laws of gravitation and motion
which is described as below:

Law of Gravity

Each particle attracts every other particle with a
gravitational force, where gravitational force is directly
proportional to product of their masses and inversely
proportional to the distance between them. In GSA,
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distance is considered as D instead of D? to get better
experimental result.

Law of Motion

The new current velocity of any mass is equivalent to
the sum of the fraction of its previous velocity and
variation in the velocity. Variation in the velocity called
as acceleration of any mass can be defined by force acted
on the system divided by mass of inertia.

Consider a system with P agents (masses). The
position of the ith agent can be defined as below:

Yo = (Yo Y enyl L fori=12,...,P ®3)

where, yie represents the position of the ith agent in eth

dimension.
At a particular time °s’, force acting on mass i from
mass K is given as below:

pi (S) x N ak (S)
Dy (8) +7

N
Fi(s)=G(t) (Ve () - ye(s) @

where N ak denotes the active gravitational mass related to

agentk. N pi Fepresents the passive gravitational constant

i
at time s. 77 represents small constant. Dik (s) is the
Euclidian distance between two agents (masses) i and k:

D (s) =l Yi (). Y (S) I, )

In order to give a stochastic characteristic to the GSA,
it is assumed that the total that acts on agent i in a
dimension e to be an arbitrarily weighted sum of eth
component of the forces applied from other agents:

P
Ff(t)= > rand, F(s) ®)

k=1k=i

where t‘al’ldk is a arbitrarily number in the interval [0,1].

Hence, according to the law of motion, the acceleration of
the agent i at a particular instant time t, and in direction

dth, &’ (t) can be given as below:

_FO

0=

U]

where N;; represents the inertial mass of the ith agent.

In addition, the next velocity of an agent is measured
as a fraction of its current velocity additional to its
acceleration:

Hence, its position and velocity can be computed as
below:

v (s+1) =rand, xv;(s)+a’(s) 8)

yo(s+2) =y/(s)+V(s+1) 9)

where rand; denotes uniform random variable in the

interval [0, 1]. This random variable is used to give a
randomized characteristic to the search.

The gravitational constant, G, is initialized at the
starting and is decreased with time to control the search
accuracy. Otherwise, G is a function of the initial value

G, and time (s):
G(s) =G(G,, 9) (10)

Gravitational and inertia masses are simply computed
by the fitness evaluation. A heavier mass represents more
efficient agent, which means better agents have higher
attraction level and walk more slowly. By assuming the
equality of gravitational and inertia mass, the values of
masses are computed using map of fitness. Hence, the
gravitational and inertial mass is updated using the
following equation:

Ny =Ny =N;=N_,i=12,..pP (11)

0. (s) = fit, (s) —worst(s) 12)
best(s) — worst(s)

N, (5) = =& 13

z::lnk (s)

Where fit; (S) denotes the fitness value of the agent i
attime s, and
min__fit (S) minimization problem

) keft,.....P}
best(s) = kE{rpaxp} fit (s) maximization problem

(14)

max_fit (s) minimization problem

worst(s) = ¢ P N
(s) ) {mln }fltk (s) maximization problem
[= P

(15)

In order to perform a good comprise between
exploration and exploitation, it is important to reduce the
number of agents with elapse of time in equation (7). Here,
only a set of agents with bigger mass apply their force to
other. However, the policy needs to be used carefully as it
may reduce the exploration power and enhance the
exploitation abilities. In order to avoid the trapping in a
local optimal, the algorithm use exploration at the
commencement. By elapse of iteration, exploitation must
fade in and exploration must fade out. To enhance the
performance of GSA by controlling exploitation and

exploration only the J, . agents attracts the others.
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JbeSt is mainly a function of time, with initial value

J,, atthe commencement and decreases with time . At the
beginning, all agents apply the force; as time moves,
J et i decreased linearly and at the end, there will only

one agent applying force to the others. Hence, equation (6)
can be modified as:

F’(s)= D rand F{(s) (18)

KeJpes ki

where J, . represents set of first J agents with the best

fitness value and biggest mass. The different steps of the
proposed algorithm can be described as below:

Search space identification

Randomized initialization

Fitness computation of agents

Update G(s), best(s), worst(s), and N (S) for i = 1,

2...P

Computation of total force in different direction
Computation of acceleration and velocity
Update agents’ exact position

Repeat Step 3 to 7 till stop criteria is reached
End

> e

©oo~No O

Hence, the agent with the best fitness value is selected
as a witness node to detect the suspect node for clone
attack.

3.4. Clone Attack Detection

Once, the witness node is selected, clone attack
detection starts by observing the behavior of the neighbor
node. Here, we have considered three scenarios for
malicious node detection, as shown in Fig. 2.

Scenario 1: As in figure 2(a), two or more malicious

node surrounds a witness node. Node 0a, represents the
captured node, and O|2 represents the cloned node from
04, . The witness node here is, nZ”. Lines shows the
nodes surround N, .

In case, |d; —d, [< A& and @'j’k <y for nodes
0a, andOl,, n, can then conclude that nodes 0a, and
0|2 are suspects nodes. Hence, these suspects’ nodes are

saved into susplist, . After that, n,’ transmits
2

susplistnw to the network and ejects the clone node.
2

Scenario 2: As shown in figure 2(b), two or more
malicious node belong to different witness nodes and here
the witness nodes share part of their neighboring nodes.

Scenario 3: As shown in figure 2(c), two or more
malicious nodes belong to the distinct witness nodes and
the witness nodes are far from each other and hence they
do not share any of their neighbor nodes. In both second
and third situations, witness node is unable to find the
suspect nodes based on performance comparison

according to equation (2). Hence, each and every witness
nodes transmits a list of its neighbor node to other witness
nodes.

Once, a witness node Nn," receives the list of their

neighbor nodes from other witness nodes, it verifies all the
list and save the witness ID that consist of at least one

same notes ID with it into same node 1D list snl DIiStnw
|

. Moreover, random sequence is transmitted to find the

suspect nodes. Hence, all witness nodes present in
snIDlist , transmits randomly selected sequences sq ,,
| |

to their neighboring node and requests all their neighbor

nodes to reply back the received sequences along with

their ID. The transmitted random sequences are different

in different witness nodes. The response of the neighbor
node can be

M, :{NodelD,sq_. } (19)
1
After that, every witness node transmits report ,, that
|

consist of neighboring nodes’ M s to other witness nod