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ICT IN HIGHER EDUCATION: 

AN EXPERIENCE WITH E-BOOKS 
 

 

Abstract  

The present paper seeks to explain the diverse advantages of virtual books 

and also the main barriers that make it difficult their implementation 

in the classroom. A brief review of the literature on ICT, e-learning, 

distance education and e-books will be complemented with a case study 

about the preparation, development and implementation of an e-book. 

The paper could be helpful both for systems analysts and for teachers 

when they are developing and implementing e-books.  

 

 

1. INTRODUCTION 

 

Recent years have been characterized by an extensive growth in the use 

of Information and Communication Technologies (ICT) in the education. 

These technologies not only have provided tools for data analysis or access to 

huge scientific resources, but also enable students to communicate with each other 

or with their teachers or instructors through email, electronic forums etc. [1].  

E-books represent one of the recent applications of ICT in the educational arena. 

  Although the expression “e-book” or “electronic book” is not new, its 

meaning is not completely clear either. The definition of e-book is not confined 

to any digital text which can be read on an LCD screen. In fact, it implies many 

more concepts. The first attempts that were made in the development of e-books 

took place in 1970 with the so-called Gutenberg Project, at Illinois 

University [12]. E-books were usually published in CD-ROM or made to be 

used in PDAs (Personal Digital Appliances) at the time. Nowadays, e-books are 

accessible in a wide range of devices, including PCs, PDAs, BlackBerry’s, 

pocket PCs, tablets, mobile telephones and iPods [10]. 
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  In the early 21
st
 century, the e-book industry has grown to a considerable 

extent, but the e-book market on a European level has not been too successful 

yet. In fact, many publishers have not launched themselves into the world of  

e-books because they fear the effects on their revenues. However, they have 

invested in the production of supplementary electronic material, such as  

CD-ROMs or links to web pages, meant to support the sale of their conventional 

books. Vassiliou and Rowley [12] propose a definition of the e-book concept in 

two parts. The e-book is a digital object with textual or another type of content 

which arises as a result of adding the characteristics provided by an electronic 

environment to the familiar book concept. 

Furthermore, e-books typically have features such as the search and cross-

referencing function, links to hypertext, bookmarks, notes, underlining 

or highlighting, multimedia objects and interactive tools [8].  

While the first part of the definition is quite well-defined, the second one 

gradually changes as e-books are further developed [12]. 

The present paper discusses electronic books and the broadest concept of 

ICT, e-learning and distance education, especially supported on mobile 

technologies. For this purpose, a brief review of the literature about these topics 

will be complemented with a description of our experience in the preparation, 

development and implementation of e-book publishing software.  
 

 

2. LITERATURE REVIEW 
 

E-learning can be defined as the delivery of educational and learning 

programs through electronic means, including the Internet, Intranets, audio/video 

tapes, interactive TV and CD-ROM. This term is utilised as a synonym of the 

expression “technology-based teaching” and implies a greater variety of 

equipment and facilities than on-line education or teaching alone. E-learning 

comprises not only synchronous teaching, such as real-time chats, video/auto 

conferencing, web-based conferencing, etc. or asynchronous teaching, but also 

self-learning methods, the mere exchange of e-mails with mentors, instructors 

or lecturers, or the use of an electronic discussion group [2]. In short, e-learning 

implies the full integration of ICTs into educational processes. 

The concept of e-learning has been linked to that of mobile technology 

in recent years [7] because the miniaturisation of ICTs has led users to demand 

all the possibilities that these technologies can offer us in a mobile format. 

Hence the idea of mobile learning, or m-learning, which consists in the type of 

learning that occurs through different locations and benefits from 

the opportunities provided by portable technology. Mobile learning takes place 

on actual students’ demand because they can make the best of their time in their 

learning processes anywhere and at any time.  
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Several aspects related to mobile technology make it different from the point 

of view of teaching and learning. First of all, mobile devices are nearly always 

with students. There are three things that people always carry with them today: 

the keys, the wallet and mobile technology, which includes the mobile telephone 

and the PDA. They usually have these mobiles on them not only because they 

want to be reachable but also because they are a tool for taking down notes, 

finding a place or searching for information. Thanks to its easy access, mobile 

technology makes it easier to study anywhere and at any time. Students can 

somehow guide their own learning, through which that learning can become 

more efficient [2]. 

Mobile technologies are not restricted to informal learning. Numerous 

schools and universities use it to manage tasks such as calendars and timetables, 

task assignments, reminders, announcements, enrolment and communications 

between the household and the study centre. 

The utilisation of ICTs in teaching processes presents multiple advantages, 

like the following ones:  

Interaction: ICT-based learning is interactive. Using an interactive learning 

system can increase the student’s enjoyment and can also enhance aspects such 

as understanding, effectiveness and efficiency in the long term. It additionally 

helps to improve their motivation and confidence. The learning environment can 

be referred to as interactive if it allows the student to perform tasks such 

as navigating through it, receiving feed-back from his own actions, selecting 

information, answering questions using the keyboard or the mouse, touching the 

screen or via voice, solving problems, creating presentations, collaborating with 

others, and thus becoming involved in all sorts of learning activities. 

Learning interaction can occur at three levels: a) student-instructor, when the 

student interacts with an expert; b) student-content, when interaction only exists 

with information and various contents; and c) student-student, when students 

have the chance to interact or cooperate with one another [9]. The interaction 

between students and teachers through ICTs reduces the cultural 

and communication barriers that separate these two human groups. 

Cooperation: ICTs are naturally social technologies, which is why they improve 

cooperative learning. Therefore, they can help students to share information through 

the creation and upkeep of their own social networks. Data exchange as well as the 

collaboration with other students allows students to satisfy their innate need for 

communication. A shared environment can be created by connecting students’ 

PDAs or their computers to data collections or to a communications network. 

Furthermore, different studies [3] have proved that collaborative learning, defined as 

the activity which makes learning easier through social interaction, leads to better 

academic results. Students learn more, can better retain what they have learnt, 

develop a higher reasoning level and feel more valued and self-confident. 
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Individuality: Many e-learning programs include the possibility of intro-

ducing several difficulty levels which can be adapted to different students. 

Change of roles: As mentioned above, ICTs promote interaction 

and communication among students; in other words, they are encouraged to 

discover the principles by themselves. This means a role change within the 

learning process that is in keeping with the demands of the new EHEA. 

In fact, the EHEA at least theoretically leads us to a more student-centred 

teaching system, as students must become the real protagonists of their own 

learning [11]. Teachers consequently abandon their role as a “source” of 

knowledge, assuming another as a “guide” or “counsellor” towards knowledge, 

as this role can not only be found in the teaching staff but also in multiple 

formats, both traditional (books, journals, conference papers) and virtual ones. 

The teacher only gives assistance in learning and design activities meant to 

ensure a high interaction level between the students themselves and with the 

learning materials as well. This means that the teacher’s role changes to become 

a facilitator who provides general guidelines and allows students to explore 

around the course materials without any restrictions. The teacher must explain 

how to learn and how to use electronic tools effectively, acting as a guide for the 

student to be able to navigate through the different resources [4]. 

Time, flexibility: ICT use will most probably reduce learning costs and time 

through the physical reduction of classroom attendance and its consequences. 

The aim is not to eliminate face-to-face interaction but rather to reduce it, 

to complement it with technology [9]. Moreover, the demand for ongoing 

training among professionals has to face limits regarding time, financial 

resources and responsibilities that workers have both at work and outside the 

home. That is why, thanks to their flexibility and mobility, the new technologies 

represent a suitable tool for us to be able to offer education to those students who 

have more time-related problems [4]. 

Competitive advantage: The inclusion of ICTs in teaching-learning processes 

would be beneficial even if it did not – as it actually does – increase teaching 

quality, since students acquire a significant competitive advantage in today’s 

globalised and computerised world: these technologies prepare students for the 

roles and the way of work that they are going to use in their future working 

environment. 

Despite all these advantages, ICT-based teaching is not free from problems 

and hindrances, both of a technological and essentially of a human nature. 

With regard to the former, technology developers must place special emphasis 

on problems related to privacy and security, as these systems can contain 

different access levels – for instance, a restricted area for teachers, for students, 

an area for marks and progress – which can be neither visible nor accessible 

to everyone. Furthermore, technologies must be friendly enough to ensure that 

learning to use the technological tool is not more complex than learning the 
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subject matter that one seeks to teach through them. The economy is another 

basic aspect that needs to be considered; the student must perceive that 

technological tools are more economical than the conventional media, 

such as paper books, for instance.  

Nevertheless, the most complex barriers for the adoption of ICTs in teaching 

are undoubtedly of a human nature. Teachers as well as students can have 

problems when it comes to adopting technology. For example, those students 

who own more technological skills may have an advantage above the rest and 

lead themselves to a certain degree of isolation with respect to the less-

technologically-gifted ones [14].  

As for teachers, some authors [6] distinguish four teaching staff models 

according to the way in which innovative technologies are incorporated into 

teaching. The first group is formed by the “entrepreneurs”, who are at the 

forefront both in innovation and in the assumption of the risks associated with it. 

The entrepreneurs are committed to quality teaching, are up-to-date 

with educational technologies and have become expert users of those 

technologies. The second group of teachers can be described as “risk-aversive”. 

Although they are committed to quality in teaching, they are not experienced 

enough in the field of technology and are therefore afraid of changing their way 

of teaching. That is why this second group – unlike the entrepreneurs – needs 

some support and assistance in order to take full advantage of using the new 

technologies inside the classroom. In third place, some teachers can be described 

as “reward seekers”, that is, they only adopt technologies if they obtain 

a personal benefit such as promotion opportunities or financial compensations. 

The fourth group is represented by the “reluctant” ones, who have a low level of 

technological skills and resist change because they think that they have already 

invested a great amount of time in the most conventional educational models. 

It would be highly advisable to check what kind of teachers we are 

addressing in order to be able to offer them the support that they need for 

the implementation of ICTs in the teaching processes. Softening barriers 

and improving the means and resources available are basic steps when it comes 

to adopt technologies in the teaching context. ICT-based interactive education 

requires the existence of training in ICTs not only for students but first and 

foremost for the teachers themselves, who must learn not only to use those new 

technologies but also the new teaching methods which are made possible thanks 

to them [13].  
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3. METHODOLOGY 

 

The case method was used to observe the pertinence, advantages and 

drawbacks of ICTs in general and e-books in particular in higher education. 

This method stands out for being one of the most popular in studies related 

to ICT implementation inside organisations [5]. Case studies are very well suited 

to the study of ICTs because they represent a first step in empirical research, 

especially appropriate when there is little information available about the 

specific variables to be used. The problem about this method lies in its 

essentially qualitative nature, which is why it is sometimes criticised for its lack 

of scientific rigour. To this must be added that it has difficulties when it comes 

to result generalisation, since it is risky to generalise conclusions from one 

or a few specific cases. 

Despite the aforementioned drawbacks, an effort should be made to eradicate 

the belief that the normal way of doing research basically depends on statistical 

analyses and large samples. What is more, as opposed to the inflexibility of other 

scientific methods, case studies are highly flexible, which makes them suitable 

for the study of phenomena which have not previously received much attention 

and are therefore ideal for our study object, namely: the implementation of  

e-books and the advantages and hindrances associated with that implementation. 

 

 

4. CASE STUDY: LA UNIDIGITAL (THE DIGITAL UNIVERSITY) 

 

Launidigital is a project undertaken by the SIRHO Research Group 

and financed by the Prosegur Chair of the University of Alicante (fig. 1). 

Its main goal is the development of software meant to encourage the publication 

of virtual materials oriented to teaching at all its levels, from primary education 

to university. The aim is to make authors assume a starring role in the production 

and edition of their own teaching materials. 
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Fig. 1. LaUNIdigital presentation [source: own study] 

 

The reasons which led to its development within the group at the end of 2011 

are listed below:  

– The great disappointment and little interest currently found among the 

potential authors when it comes to quality book publication, mainly 

because this activity does not bring any significant economic returns. 

The big business is done by the publishing companies which take the 

lion’s share of the book’s retail price. 

– The experience of over 20 years that the SIRHO research group members 

have as authors of teaching textbooks and as classroom teachers both 

in undergraduate and postgraduate courses. 

– The experience acquired in advisory agreements with five important 

multinationals for research on teaching methodologies in management 

matters: Tea Cegos, Deloitte, Randstad, Sage and Walters Kluwer Group. 

– The success obtained at the teaching of the course “The community 

manager in the firm” – which has become a referent in the Spanish-

speaking context – through the MOODLE platform. 

– The financing provided by the Prosegur Chair of the University 

of Alicante, which has been used to carry out the acquisition of 

multimedia material for video recording and editing. 

– The economic crisis as an optimum moment to offer alternatives which 

mean real and significant savings for the student, while simultaneously 

improving content quality in comparison with the traditional teaching 

system, a demand fostered by the EHEA. 
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The results obtained with the project, in the second semester of 2013, can be 

summarized as follows:  

1. A software program in the format of an internet portal 

(http://www.launidigital.com) which has as its purpose to act as a virtual 

library in the cloud with five books inside its catalogue.   

2. The publication of an e-book entitled “Lessons of Human Resource 

Management”, which includes 150 videos with an average duration of 

7 minutes, 400 pages of texts and 60 power point files. More than 500 

copies of the e-book have been sold, sales being basically concentrated at 

the University of Alicante and the Tarragona Rovira i Virgili University. 
 

The experience lived during the development of the launidigital project and 

the aforesaid e-book is explained next. 
 

4.1. The structure of launidigital software 
 

With regard to project development, the first stage consisted in the analysis 

of the needs identified by the students enrolled in the Master’s Degree in Human 

Resource Management of the University of Alicante, which was being imparted 

in a semi-physical format through the MOODLE platform. Based on their 

experience and their contact with students, the researchers collected the potential 

requirements for such a portal. A document with technical requirements was 

drawn up using this information. 

Work subsequently started for the design of the portal structure and its 

functionalities were selected. Once the structure and functionalities had become 

clear, the attention moved towards the visual line of the portal along with its 

usability. After determining the graphic line, our next step was to do the design 

layout in HTML5 for the portal to be visible in any browser. HTML5 was selected 

because, although it is not a standard for W3C yet, it has been adopted de facto by 

the whole industry. Parallel to the portal design layout process is the development of 

the computer analysis work oriented to the program structure design. 

Our decision to use a database for the project was based on the fact that it 

allows us to store the data corresponding to students, teachers and books. 

An estimate for its consumption was carried out in different scenarios, after 

which a decision was made to use the MySQL technology for its scalability 

and usefulness in projects characterised by a low simultaneous traffic. 

As for the portal, it was necessary to develop two parts: the server part and the 

browser part. Our decision to use PHP as the development language for server 

programming stemmed from the fact that it interacts very well with MySQL and 

also because this language permits to carry out very fast developments. 

A Linux server – in this specific case the Debian distribution with Apache as web 

server – was chosen both to execute this language and to install the database. 
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Portal programming came next. After finishing a first version, a private beta 

was launched in order to carry out tests internally. These tests revealed a number 

of bugs that were progressively corrected, ultimately allowing us to launch 

a public beta that soon became a production version. 

This version was launched in September 2012 and, as students used it, they sent 

us feedback thanks to which new functionalities have been added to the portal. 

  The software includes a set of modules, each one of which provides the  

e-book with a number of advantages: 

1. Users’ system with a student or a teacher profile (fig. 2): The portal allows 

accessing different functionalities depending on the user profile. Students 

can buy books, read books and do exams. Teachers can create exams, call 

for exams and mark them. 

2. Storage system for digital books: The portal makes it possible to store 

books in a digital format and establish security permits to restrict book 

access exclusively to authorised users. 

3. Digital book playback system: Students and teachers can use their 

browsers to see the content of digital books stored in the portal. 

4. Digital book purchase system (fig. 3): The portal provides a payment 

gateway to buy the books on sale stored in it. Book shopping is connected 

to the users’ system. 

5. Book trial system: The portal permits to active a trial mode with the books 

stored in the portal so that users can see some parts of those books. 

6. Exam creation and management: The portal allows teachers to create exams 

and add questions, either multiple choice test or essay- type ones (fig. 4). 

 

 

Fig. 2. Teachers’ room [source: own study] 
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Fig. 3. Shopping (cart) interface [source: own study] 

 

 

Fig. 4. Practical exercises [source: own study] 

 

7. Automatic multiple choice test marking system. Test-type exams are self-

marked when students answer them. 

8. Essay exam marking system: The teacher can mark essay-type exams. 

9. User support system: Students and teachers can request technical support 

to solve any technical incidents through the portal. 

10. Multiple media: This portal is accessible from any type of device, whether 

it is a computer, a tablet or a mobile, even if their design is computer-

oriented. 
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4.2. The book “Lessons of Human Resource Management”  
 

Ever since 1995, the lecturers belonging to the SIRHO group involved in this 

project have used textbooks in paper format written by themselves and published 

by Civitas/Aranzadi/Thomson in their classes. The retail price of these books 

is 35€ at present. As a consequence of the high price, most of the students 

photocopied the book. The cost of the photocopies with the corresponding coil 

amounts to 13€ more or less. 

A decision was made to prepare an e-book for the purpose of reducing the price 

and increasing the quality of the book. This e-book would contain all the material 

from the printed book plus approx. 70-90 minutes of video footage for each unit, 

a power point per unit and a set of multiple-choice questions so that students could 

check their degree of comprehension of the topics studied (fig. 5). 

Fourteen lecturers specialised in human resource management took part 

in the video recording process, which meant that content quality was guaranteed. 

The recordings were carried out at a workshop of the Universidad of Alicante 

called la FragUA (the initials for a Spanish word meaning “forge”). 

Each lecturer recorded a specific number of videos with an average length of 

seven minutes. After their edition, they were lodged in the VIMEO server 

because it has a very low cost and is more reliable than YOUTUBE (figure 6). 
 

 

Fig. 5. E-book cover [source: own study] 
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Fig. 6. Video interface [source: own study] 

 

At the end of the 2012/13 academic year, 400 students enrolled at the 

University of Alicante and 150 from the University Rovira i Virgili have used 

the e-book. The experience has been highly positive. The most favourable 

comments came from those students who had more difficulties to attend classes 

and the Erasmus students who found it difficult to follow a normal class due 

to language problems. However, a number of issues have emerged which can 

influence the effectiveness of these books: 

1. The paper culture. The students who have used the book –mostly enrolled 

in the final degree years– have had physical books all their life; changing 

that mind-set is hard. The need to underline, to paint with highlighters 

and touch the folio is still evident. 

2. The “totally free” culture. Students are used to paying 30€ for a ticket of 

a concert or a football match but they have the deeply-rooted belief that 

everything on the Internet is free and even if it is not, it can be copied, 

even fraudulently. This is the infringement culture, which means that 

computer and internet crimes are so easy to commit that users are 

very often unaware of the crime. 

3. Physical problems. Students usually dedicate many hours to studying. 

Many students often prefer the paper format when they have to memorise 

because computer screens cause problems such as tired eyes. 

4. Internet access. The online book needs a good connection to the Internet 

and some students, such as Erasmus students or those with less economic 

resources, do not have a 24-hour connection to the Internet. 

5. Obsolete Technology. Despite being basic Internet users, some students have 

not updated their browsers or use relatively old computers. These aspects may 

result in a far from enthusiastic reception of the e-book in the first days. 
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Regarding the teaching staff, they have hardly shown any resistance to the 

implementation of the e-book as they have actually taken part in its development 

and, in that sense, they can be considered entrepreneurs-lecturers according to [6].  

 

 

5. CONCLUSIONS 

 

The university cannot waste the advantages offered by ICTs in the teaching-

learning processes because, although knowledge is the basis and the heart of 

university and technology alters people’s skill to process information, there must 

be an impact on the way in which universities carry out their mission. 

Our experience has allowed to identify the multiple advantages brought by the 

use of e-books, taking into account financial aspects – with a price far below 

that of a conventional book – and its manifold possibilities: adapted to different 

profiles, with various access levels, with a simple shopping system, 

with the chance to generate and do exams, both with automatic marking and 

with marking by the teacher. Furthermore, the e-book to which this paper 

is dedicated has an assistance technical support for any problems that can be 

posed by users and can work in multiple media, including the mobile [14]. 

Nevertheless, different signs of reluctance to its implementation have been 

detected, essentially among students. Some of these barriers stem from cultural 

problems (paper culture, infringement culture), physical problems (above all 

tired eyes) and technical problems (bad Internet connections and having old or 

deficient technological media).   

Hopefully, thanks to the experience acquired with this e-book and to its 

proven advantages, it will be possible to help students to overcome the aforesaid 

barriers. 
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Abstract 

The paper presents a new process for flanging hollow parts. This process 

is performed using a specially designed set of tools with movable sleeves. 

The principle of operation of the tool set is described and examples of the 

numerical analysis results are given. The FEM simulation was performed 

on the assumption that the hot-formed hollow workpiece (tube) is made of 

AlMgSi aluminum alloy. The obtained FEM results show changes in the 

workpiece shape during flanging, variations in the forming force and the 

damage function distribution computed according to the C-L failure 

criterion. The theoretical  results of the new flanging method provided 

basis for experimental tests. 

  

  

1. INTRODUCTION  

  

Hollow parts find more and more applications in numerous sectors 

of industry. Given the constant pursuit of machinery producers to reduce weight 

of machines, new technologies for producing individual parts need to be 

developed; also, this requires that materials with the lowest possible density and, 

at the same time, high immediate and fatigue strength be used. For this reason, 

magnesium, aluminum and titanium alloys are more and more often industrially 

applied due to their low density and relatively high strength. Nonetheless, the 

cost of these alloys is relatively high, which can be an obstacle to series 

production. Hence, if these materials are to be used, technologies that enable 

increased material yield must be implemented.  
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Currently used methods for producing flanged hollow parts mainly consist 

in connecting the hollow part with the flange by welding, pressure welding 

or soldering. These methods cannot however be employed to produce solid parts, 

for example ones that are used in the aviation industry. To produce such parts, 

machining is applied, where solid or hollow bars are used as semi-finished 

products. Other metal forming methods can be applied, too, for instance flanging 

of tube ends by rigid tools performing a translational [1] or translational-rotary 

motion [2]. There are also studies on the flanging of an end of tube (sleeve) by 

orbital forging [3] cold upsetting-extruding [4] and cross-wedge rolling [5]. 

These methods, however, reveal some limitations, such as a disadvantageous 

state of stress in the deformation zone, low effective strain as well as quickly 

occurring cracks. In addition, the thickness of walls of the flanges produced 

thereby is lower than the thickness of the billet wall.  

The present paper describes a new flanging method [6] which ensures producing 

a part that is free from the defects that occur in the flanging of tube ends. 

 

 

2. NEW PROCESS FOR FLANGING  

 

2.1. Description of the process 

  

 The forming process for flanged hollow parts is characterized by a number 

of limitations, which means that there are few methods that enable producing 

defect-free parts. The higher the flange-to-core-diameter ratio D/d (Fig. 1), 

the more difficult the process for producing the part by metal forming methods.  

 

 
Fig. 1. Typical hollow part with a flange [source: own study] 

  

D

d
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The fundamental limitation of the flanging process is radial cracking caused by 

circumferential tensile stresses. The stresses increase with an increase 

in the flange diameter, which means that the process can be carried out only until 

the occurrence of first cracks, as cracking prevents obtaining the maximum 

flange diameter from the billet. The effect of the circumferential tension of the 

flange is that the further it is from the axis of the hollow billet, the higher the 

decrease in the flange thickness.  

 One advantage of the new proposed method for flanging hollow parts [6] 

is that it overcomes the above mentioned technological limitations, which means 

that parts produced with this method have better quality compared to those 

produced by other methods. Another benefit of the process is that it enables 

producing a flange with constant thickness; the thickness can be equal to 

or lower/higher than the thickness of wall in the non-deformed fragment of this part. 

 The flanging process consists in forming a flange in three stages according 

to the schematic shown in Fig. 2. The tool consists of a mandrel, punch, two 

movable sleeves, one internal sleeve and one external sleeve. A tube section 

is put on the mandrel and inside the internal sleeve. The internal sleeve prevents 

the billet from buckling, while the mandrel prevents radial flow of the material 

toward the inside. Initially, the two movable sleeves are located on the frontal 

surface of the mandrel; the spacing between the internal sleeve and the frontal 

surface of the mandrel is equal to the flange thickness (Fig. 2a). Flanging takes 

place due to the impact of the punch on the billet. The punch moves until the 

free space between the internal sleeve, first movable sleeve, punch and mandrel 

is completely filled up with the material (Fig. 2b). When the punch is stopped, 

the first movable sleeve is lifted by a value equal to the thickness of the flange 

being formed. Due to the lifting of the sleeve the process can be continued 

because there is some new free space created; this time, the space is created 

between the internal sleeve, both movable sleeves, punch and mandrel (Fig. 2c). 

As previously, flanging is continued until the space between the tools 

is completely filled up with the material. With the punch stopped, the second 

movable sleeve is lifted, and flanging can be carried out again (Fig. 2d). 
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Fig. 2. Design of the flanging process, where: 1 – punch, 2 – workpiece,  

3 – internal sleeve, 4 – first movable sleeve, 5 – second movable sleeve, 6 – external sleeve,  

7 – mandrel, a) initial stage of flanging, b) first  stage of flanging, c) second stage of flanging,  

d) third stage of flanging [source: own study] 
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2.2. Numerical model of the process 

 

The numerical analysis of the flanging process was performed by the finite 

element method using DEFORM-3D. In the simulations, the mandrel, punch, 

movable sleeves, internal sleeve and external sleeve (Fig. 2) are rigid bodies, 

while the billet is a deformable body divided into four-node tetragonal elements 

and described by a rigid-plastic model. It was decided that the billet would be 

made of AlMgSi aluminum alloy, the material properties of the alloy were taken 

from the library database of the program. The initial dimensions of the billet 

(Fig. 2) were: (d x d0 x l) : ø20 x ø12 x 50 mm. Following the forming process, 

a flanged tube with the external diameter D (Fig. 1) equal to 40 mm is produced. 

The initial temperature of the tools was set to 300 °C, while the billet 

temperature was set to 450 °C. The punch velocity applied in the calculations 

was maintained constant at 100 mm/s. The tool-billet contact conditions were 

described by a constant friction model, with the friction factor m set to 0.3 

and the tool-material heat exchange coefficient set to 14 kW/m
2
K. 

The model of material damage applied in the calculations corresponded to the 

modified  Cockcroft-Latham criterion [7]: 

 

Cd
m

*

0

1

 

(1) 

 

where:  φ* – the effective strain, 

   σ1 – the largest principal stress, 

   σm – the mean stress, 

   C – the critical damage parameter. 

 

2.3. Numerical analysis results 

  

Figs. 3a, 4a and 5a show changes in the workpiece shape in three stages 

of flanging and the damage function distribution respectively at the end of the 

first, second and third stage of the process performed with the movable sleeves. 

In contrast, Figs. 3b, 4b and 5b present analogous numerical results for the 

flanging process performed using the internal sleeve only. 

The initial phase of individual stages of flanging are similar to the flanging 

process performed without the use of the movable sleeves. The material 

is deformed until it contacts a check surface (the first or second movable sleeve, 

or the external sleeve). The contact between the material and the check surface 

accounts for the use of the movable sleeves and external sleeve. The initial phase 

is relatively short compared to conventional flanging methods [8-10]. 
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Fig. 3. Changes in the workpiece shape and the damage function distribution 

(calculated according to the Cockcroft-Latham criterion) in the first stage of the  

flanging process: a) flanging with a movable sleeve, b) flanging with an internal sleeve  

[source: own study] 

 

 

 
Fig. 4. Changes in the workpiece shape and the damage function distribution  

(calculated according to the Cockcroft-Latham criterion) in the second stage of the flanging 

process: a) flanging with a movable sleeve, b) flanging with an internal sleeve  

[source: own study] 
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The calculation results demonstrate that it is vital that the first movable 

sleeve have the smallest possible internal diameter, which allows reducing 

the time of unconstrained material flow. Nevertheless, given the assumption 

saying that the thickness of the flange is equal to the thickness of the tube wall, 

the internal sleeve has a rounding with a radius equal to the tube wall thickness. 

Hence, the resultant value of the internal diameter of the first movable sleeve 

is 28 mm, which is equal to the diameter of the flange produced in the first stage. 
 

 
Fig. 5. Changes in the workpiece shape and the damage function distribution  

(calculated according to the Cockcroft-Latham criterion) in the third stage of the  

flanging process: a) flanging with a movable sleeve, b) flanging with an internal sleeve  

[source: own study] 
 

After the contact with the first movable sleeve, the flange diameter does not 

increase any further. What increases is the thickness of the flange; simul-

taneously, compressive stresses are generated and they should prevent radial 

cracking. It is also worth observing that lapping does not occur when the flange 

thickness is being increased. This stage is characterized by the fact that the internal 

edge of the billet (one that is changed into the lower external edge of the flange) 

remains in constant contact with the surface of the mandrel until it contacts 

the first movable sleeve. When the thickness of the flange is equal to the that of 

the billet wall (Fig. 3a), the punch is stopped and the first movable sleeve is lifted 

by a value equal to the flange thickness; after that, the punch is set into motion 

again. And the second stage of the flanging process begins (Fig. 4b). In this stage, 

the flange diameter increases from 28 mm to 34 mm. Like in the first stage, the 

increase in the flange diameter immediately results in a decrease in the flange 

thickness, which can be observed until the flange contacts the second movable 

sleeve. The decrease in thickness is lower than was the case in the first stage: 

the increase in the flange diameter in the second stage is lower by 25% compared 

to the decrease which took place in the first stage. 
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Summing it, individual stages of the process are characterized by a number of 

differences. Unlike in the first stage, in the second stage of the process the lower 

external edge of the flange does not contact the mandrel surface, while the upper 

external edge of the flange does not contact the first movable sleeve. In the third 

stage, the lower external sleeve of the flange does not contact the mandrel 

surface, either; yet the upper external edge of the flange contacts the second 

movable sleeve. Local changes in the direction of material flow can therefore be 

observed in individual stages of the flanging process.  

 

  
Fig. 6. Forming force versus time in the first stage of the flanging process 

 [source: own study] 

 

The differences also pertain to variations in the forming force (Figs. 6-8). 

At the beginning of the first stage, the force exerted by the punch on the billet 

increases at a slow rate, almost in a linear fashion, until the billet contacts the 

first movable sleeve. From this moment on, the increase in the force versus time 

is higher, reaching the maximum value of about 70 kN. In the second and third 

stages of flanging, the forming force is initially almost constant, equal to 35 kN 

and 42 kN, respectively. As soon as the billet material contacts the second 

movable sleeve or external sleeve, the increase in force versus time is almost 

constant, reaching the maximum value of about 70 kN, both in the second 

and third stage.  
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Fig. 7. Forming force versus time in the second stage of the flanging process  

[source: own study] 

 

The maximum values of the forces in particular stages of the process are 

similar. Differences can only be observed in the initial phases of particular 

stages, i.e. only until the flank of the flange remains unconstrained by the 

movable sleeves or external sleeve. 

 

 
Fig. 8. Forming force versus time in the third stage of the flanging process 

[source: own study] 

 

The stabilized value of the force in the initial phase of the second stage is 35 kN, 

while in the initial phase of the second stage – it is 42 kN. The increase in the 

force is caused by the increase in the flange diameter. Nonetheless, 

the variations in the forces are relatively small because the increase in the flange 

diameter leads to a decrease in the length of the flanged sleeve; this, in turn, 

results in decreased friction forces between the tubular part of the sleeve and the 

mandrel and the internal sleeve in the total forming force. 
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Comparing flanging with the movable sleeves to flanging based on the use of 

the internal sleeve only, the following differences can be observed (Figs. 3-5): 

the application of the movable sleeves allows producing a flange 

with a thickness equal to the thickness of wall of the tube on which the flange 

is made. The flange thickness is constant, irrespective of the distance from the 

billet axis and flange diameter. flanging leads to a decrease in the flange 

thickness along with an increase in its diameter. The damage function 

distribution presented in Figs. 3-5 is similar to both flanging performed without 

the use of the sleeves and flanging performed with the movable sleeves. 

The longer the distance from the axis of the billet, the higher the value of the  

C-L function. Small differences can only be observed in particular zones. 

For example, the damage function distribution given in Fig. 5 shows that the 

maximum value of the examined damage function is 0.75, which pertains to the 

part of the flange with the diameter exceeding 28.8 mm and 24.1 mm for 

flanging performed with the movable sleeves and without these sleeves, 

respectively. As a result, the application of the movable sleeves prevent radial 

cracking in the flange. 

 

 

3. CONCLUSIONS 

 

 The paper presented a new process for flanging hollow parts. The propo-

sed method consists in forming a flange in three stages using two movable 

sleeves. The FEM simulations were based on the assumption that the movable 

sleeves have a wall density of 3 mm. The proposed value can be higher or lower; 

also, there can be more than just two movable sleeves. It is expected that 

increasing the number of movable sleeves and decreasing their wall thickness 

will have a positive effect on the quality of the flange being formed. It is 

demonstrated that the application of the movable sleeves enables forming 

a flange with constant thickness irrespective of its diameter. In addition, 

the application of the movable sleeves helps prevent radial cracks on the flange.  

 By using specialized computer software (DEFORM-3D and Solid Edge), it is 

possible to further analyze the process. The use of computer techniques 

accelerate research and reduce their costs. 

 Further research on the process will focus on determining the effect of the 

wall thickness of particular movable sleeves and the number of movable sleeves 

on the process feasibility and product quality. 

 
The research is conducted as part of the project "Modern Materials Technologies 

Used in the Aviation Industry” No. POIG.01.01.02-00-015/08-00 under the Innovative 

Economy Operational Programme (IE OP). The project is co-financed by the 

European Union from the funds of the European Regional Development Fund. 
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Abstract 

Cloud data storages in their internal structure are not using their full 

potential functionality because of the complexity of behavior of network 

traffic, which affects the quality of service. The paper describes various 

models of network traffic and analyzes the most promising models for 

cloud data storages that take into account the phenomenon of self-

similarity. The result of research found the frequency of cloud data 

warehouse traffic and that the intensity of storage load mainly depends on 

the incoming and outgoing traffic. Sufficiently high value of Hurst 

parameter indicates the potential for modelling and prediction of con-

gestion cloud data storage in the long run. 

 

 

1. INTRODUCTION  

 

During the processing and storage of information we can observe a need to 

exchange data between the players of the process. At the end of 70s the rapid 

development of computer networks and corresponding network equipment 

began. Local and global networks continue to evolve, new data transfer 

protocols appear, the hardware capabilities of network equipment expand the 

number of connected users, and the total volume of traffic increase. 

Existing modern cloud data storages by its internal structure do not use its 

potential capabilities functionality to the fullest. One of the reasons is comple-

xity in behavior of network traffic, both within in and outside the cloud that 

affects the quality of service. 

In terms of current trends in telecommunications and not only cloud data 

warehousing the topical task is to build a converged multi-service network. 

Such a network ought to provide an unlimited range of services to provide 

flexibility for the management and creation of new services. The latter requires 

the implementation of universal transport network with distributed switching, 
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where the interaction between devices and applications is done by creating of 

virtual connections. Intricacies of the management of which significantly affect 

the features of the stochastic dynamics of packet switching processes influence 

on its management to a great lengths. 

On the other hand, intensive development of the industry entails a number of 

problems. One of them is the increasing number of consumers of information 

services together with the increasing demands for network and server equipment 

needed to maintain the proper level of service quality. 
 

 

2. RELEVANCE OF THE TOPIC 

 

Development of network equipment and transport protocols ought to be 

based on appropriate mathematical models and parameters of traffic simulation 

tools network processes. The nature of the network traffic is determined 

by several factors starting with the behavior of users or application software and 

finishing with the transmission protocols and equipment used. It goes without 

saying that macro-parameters of network traffic on a relatively large time 

intervals are defined by the man. However, the nature of the traffic at the 

intervals of microseconds is mainly determined by the order of transport 

protocols, network equipment and server software. Thus, the study of the basic 

characteristics of cloud server, such as the allocation of memory, CPU usage and 

process status of the operating system set against the intense network traffic is 

a topical task. 

One of the most relevant problems of the study of cloud data warehouses 

temporal probability characteristics is consideration of the features of the 

network traffic. The aim of the study is to examine different models of network 

traffic and analyze the most promising models for cloud data warehouses, 

which takes into account the properties of self-similar traffic as a time series. 

On the basis of real cloud data warehouse the dynamic characteristics of 

incoming and outgoing traffic as well as the distribution of hardware capacity 

of cloud server worked out. For all processes the self-similarity was defined. 

It confirms the applicability of fractal models to work with cloud data warehouse, 

particularly to predict the behavior of the servers of cloud data storage. 
 

 

3. PURPOSE AND PROBLEM STATEMENT 

 

The classical theory of remote traffic approaches are based on the assumption 

that the input streams are stationary Poisson flow type, that are superposition of 

a large number of independent stationary ordinary flow evenly without 

aftereffect of low intensity. For telephone networks with channel switching this 

assumption is valid. However, studies show that modern telecommunication 
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network traffic cloud data storage packet has a special structure that can not be 

used in the design of conventional methods that are based on Markov models 

and formulas of Erlang. This is a manifestation of the effect of self-similarity 

remote traffic is always present in the implementation of a certain amount 

of emissions sufficiently strong against the background of relatively low 

average. This phenomenon significantly affects the properties (increasing losses, 

delay and jitter) of the self-similar traffic passing through the network. 

Until recently, the theoretical basis for the design of information distribution 

provided teletraffic theory which is a branch of queuing theory. 

This theory sufficiently describes the processes occurring in such systems 

distribution information like telephone networks built according to the principle 

of switching channels. The most common call flow model (of data) in teletraffic 

theory is the simplest torrent (ordinary stationary stream without aftereffect), 

also known as a stationary Poisson flow. 

The current state of rapid development of high technology has led to the 

emergence and spread of ubiquitous networks, packet data, which gradually 

began to force the system switching network, but still they were designed on the 

basis of the general provisions of the theory of teletraffic. 

Thus “the teletraffic problem of self-similarity” formed, to which in recent 

years more than a thousand works were devoted, and that still has not lost its 

relevance. Despite the considerable popularity of the subject and a long period of 

active learning, we have to admit that there are still a lot of questions and 

unsolved problems. 

The main ones are: 

– virtually no theoretical framework that would come to replace the 

classical queuing theory in the design of modern information distribution 

systems with self-similar traffic, there is no single universally accepted 

model of self-similar traffic; 

– there are no credible and recognized methods of calculation of the burst 

for a given flow, which corresponds to the ratio of peak intensity to the 

admission process service requests to its median; 

– parameters and indicators of quality of information distribution subject to 

the influence of the effect of self-similarity; 

– no algorithms and mechanisms providing quality of service in terms of 

self-similar traffic. 

 

The aim is to determine the characteristics of fractal processes of different 

data streams in cloud data warehouses to make relevant decisions about how to 

manage them. 
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To achieve this goal the following problems have to be solved: 

– to examine traffic cloud data repositories; 

– to analyze combined data streams; 

– to conclude that the dependence of the total flux of fractal self-similar 

properties of individual flows which it contains. 

 

 

4. NETWORK TRAFFIC IN THE CLOUD MODELS REVIEW 

 

Stochastic traffic models, which were widely used in the past [7], based on 

Markov-Term represented processes that have short-term dependence. 

Such models were described by Poisson distribution with variable-length 

messages according to law of exponent, and were based on queuing theory. 

These models were formed during the early networks of ARPANET. 

Simulation results of traffic based on theory of queuing were corresponding 

to time distribution of calls in telephone networks. 

However, with time we can observe the works in which the tendencies of 

data gateway exchange and the total volume of traffic were indicated. Similarly, 

the nature of the traffic began to affect new data transfer protocols on the 

network, particularly in the internal environment of cloud storage data. 

Based on similar researches the concept of “chain of packets” was developed 

in 1986. In the model it is considered that the network packets are transmitted 

together but at the same time each package of the Poisson model is worked 

separately [10]. 

In recent years a model within which the volume of traffic has a long-term 

relationship has became popular. It was also found that traffic is self-similar and 

is characterized with heavy tails distribution [9]. 

Within the classical traffic model it is considered that the data sources work 

shifts [2]. That means that periods of high activity are changed by long delays. 

Thus, it was defined that an incoming message length and its time obey the 

exponential distribution, and the process of incoming messages of data sources 

is Poisson process. All the processes are stationary and independent. 

Poisson model does not take into consideration that real network traffic has 

periods of strong bursts of activity. For classical model autocorrelation function 

tends to zero for large samples, the same time as the presence of bursts of 

activity in the real test traffic leads to positive autocorrelation. 

Traffic patterns as a message thread was formulated and became popular in 

the 80s [5]. Within the model it is considered that the traffic packets are 

transmitted together and can be processed as a unit. Networking at each point in 

the network may decide to further processing chain for the first message. Such an 

algorithm would prevent the network from unnecessary operations analysis staff. 

However, it should be noted that this is the model of source messages. 
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The model can be applied only to messages that have the same destination. It is 

evident that the implementation of transport protocols and network equipment 

model for a message thread and classic models will be radically different. 

In many modern works it is observed [6, 9] that combining traffic from 

multiple sources of variables leads to the fact that traffic becomes auto-

correlated of long-term dependence [8]. This leads to the fact that the stability of 

correlation structures doesn't vanish not even for large values of lag. In other 

words, a set of a plurality of data sources that exhibit infinite variance syndrome, 

as a result provides integrated self-similar network traffic, which is close to the 

fractal Brownian motion. Moreover the studies of various traffic sources show 

that strongly variable behaviour is a property that is inherent to client/server 

architecture. 

The problems of self-similarity of network traffic were exploited by many 

scientists. In particular the paper [14] studied the properties of actual traffic 

in networks with packet switching. Using of the R/S analysis shows self-similar 

nature of network traffic in information networks. Based on this approach, 

a model of traffic generator that implements the multifractal behaviour of data 

streams in real-world information systems which allows simulating traffic with 

given performance self-similarity has been developed. The work [16] shows that 

the standard 802.16b network traffic self-similar properties are shown at data 

link as well as transport layers. The values of the main exponents of fractal 

network traffic were obtained and the methods of aggregating the output 

statistics were suggested [15]. 

The work [6] is devoted to experimental removal of network traffic of 

a major Internet - providers, as well as the results of the analysis of structural 

features of the given traffic are provided. The authors have shown that self-

similar properties manifest themselves as data link and transport layers. In paper 

[1], U.S. researchers studied the processes of long-term dependence. To generate 

such processes the authors propose the use of the fractal model integrated 

moving average. 

Self-similarity is a property of the object the parts of which are similar to the 

whole object as unit. Many objects in nature have the following properties, 

e.g. coast, clouds, the circulatory system of a person or animal. 

Informally self-similar (fractal) process can be defined as a stochastic process 

whose statistical characteristics exhibit scaling property. Self-similar process 

does not change significantly when considering species at different scales on the 

time scale. In contrast to processes that do not have fractal properties, there 

is no  quick “smoothing” process at a scale averaging process saves time, that is 

the process is penchant for bursts. 

Let 0,1,2,...} =k ;{Xk  is a stationary random process. Taking into 

consideration the assumption of stationary and the existence and finiteness of the 

first two points, let us introduce the notation: 
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When averaging timeline let us understand the transition to process }{X (m)
, 

as such that 
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where:  ]E[X = m t
 – the average value or expectation, 

    ]m-E[X = 2

t

2
 – dispersion, 

    m)]-m)(X- E[(X = R(k) tk+t
 – correlation function, 

   
2R(k)/ = R(k)/R(0) = r(k)  – correlation coefficient. 

 

When modelling network traffic value kX  is interpreted as the number of 

packets (less frequently as the total volume of data in bytes) that entered the 

channel or network for k -th time interval. The output process is thus already 

averaged. In some cases where there is a need to avoid this initial averaging 

either a point process or flow of events are considered, that is a sequence of 

points in receipt of individual packets in the network. 

There is no single causal factor that causes self-similarity. Different corre-

lations that exist in the self-similar network traffic and affect the different time 

scales can occur due to various reasons, manifesting themselves in character-

ristics to specific time scales. 

The reasons for the long-term dependence in network traffic can be the 

following factors: 

– user behaviour and application software; 

– generation, structure and retrieval of data; 

– combining of traffic; 

– network administration tools; 

– optimization mechanisms based on feedback; 

– complexity of network structure, increasing the number of subscribers. 

 

The process X is called self-similar with parameter /2)(-1H  if its 

autocorrelation coefficient is 

Nkkgkkkkr ),(])1(2)1[(
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where the function is: 
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expressed by means of the central difference operator of 2nd order  

))((2 xf , which affects on the function 
2)( xxf such that ))(( xf

)2/1()2/1( xfxf . 

The essence of self-similarity is evident in the fact that for a process that 

satisfies the first condition, the equality )()( krkrm  is valid, which means 

that this process does not change the coefficient of autocorrelation after 

averaging over blocks of any length m . Therefore, for the process of self-similar 

statistical characteristics of the second-order normalized aggregate process 

)(mX is not different from the characteristics of the output process X  with 

a significant range of change m . 

The parameter H  is an indicator of degree of self-similarity process and 

indicates that he has such properties as persistence/anti persistence and long term 

memory [4]. The parameter can accept values from 0 to 1. For white noise 

(Markov process) Hurst parameter is equal to 0.5, which means a complete lack 

of long-term or short-term dependence and the process is completely random, 

respectively, the simplest (Poisson) flow is called “the stream of pure 

randomness of the first kind”. 

If ]1,5.0[H  the process is persistent, has a long-term dependency [3]: 

if for some time in the past, there has been an increase in process parameters, 

then in the future there will be the average growth. In other words, the 

probability that at step 1k  the process deviates from the average in the same 

direction, as at $k$ step is as large as the parameter H  is close to1 . 

If ]5.0,0[H  process inherent anti persistence, it has short-term depen-

dence [4]: high values of the process are followed by low and vice versa. 

That is, the probability that at step 1k  the process deviates from the average in 

the opposite direction (relative deviation k  step) is as large as the parameter H  

is close to 0. 

Long-term dependence is causing sharply pronounced fluctuation process, 

but gives the opportunity to discuss some predictability within narrow limits of 

time. From the point of view of the theory of queues, an important 

consequence of correlation flow is unacceptability of parameter estimation 

queues that are based on forecasts of identical and independent distribution of 

intervals in the input stream. 
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5.  PRACTICAL RESEARCH OF NETWORK TRAFFIC OF DATA 

STORAGE 

 

In order to confirm the existence of self-similarity properties of the different 

data streams of multiservice network, it is necessary to measure some of the 

characteristics of different types of network traffic. This requires statistics on 

traffic flows and data, and a study of the combined flow and variables cloud data 

storage should be conducted. 

For studying purposes the cloud data storage was used. The physical server is 

divided into multiple virtual areas using the Solaris operating system, each of 

which is used to perform a number of tasks. Most of the traffic is transmitted by 

HTTP/HTTPS, FTP/FTPS and SFTP protocols. 

For remote monitoring of data warehouse parameters in real-time application 

Zabbix is used [13]. Zabbix is a client-server application used to collect, store 

and process information about the network status, network load, and the state of 

the operating system of the data warehouse server in real-time. 

For further processing the following parameters of a data warehouse were used: 

– incoming / outgoing traffic; 

– number of running processes; 

– load and idle processors; 

– the average load on the processor; 

– the amount of cache. 

 

The received data is consolidated during the week, so we can assume that 

they represent the real picture of cloud data storage usage. The time dependence 

of the volume of traffic is shown in Figure 1 for input (a) and output (b). 

Similarly to the data graph of the incoming and outgoing traffic (Figure 1), 

the other dependencies of other dynamics repeat. This is due to the fact that the 

main function of a cloud data warehouse is input, storage and output of users’ 

data. Therefore the main load on the servers of data warehousing represents 

incoming and outgoing traffic. Thus the analysis and modeling of cloud storage 

can be limited to traffic patterns only or congestion model of processor. 

Graphical representation of the autocorrelation coefficient allows visual 

verifying that the analyzed traffic has a long-term dependency. 
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Fig. 1. The time dependence of the incoming (a) and outgoing (b) traffic  

[source: own study] 
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Fig. 2. Time dependence of switching (a) and load (b) of processors [source: own study] 
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Fig. 3. Time dependence of system CPU (a) to user (b) usage [source: own study] 
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In Figure 4 the graph of correlation coefficient for the process that matches 

incoming traffic on a logarithmic scale is given. It is evident that the points on 

the picture as a whole are grouped around a straight line whose slope can be 

determined by linear regression. 

If the process is self-similar, then according to (2) slope coefficient 

)1(2 H . If the resulting value 2125.0  Hurst parameter was found 

to be 0.8937. 

 

 
Fig. 4. The logarithmic dependence of the autocorrelation coefficient 

of incoming traffic [source: own study] 

 

For outgoing traffic the graph of correlation coefficient – Figure 5, as well as 

for incoming traffic points are generally grouped around a straight line whose 

slope can be determined by linear regression. For a self-similar process slope 

coefficient 1986.0  Hurst parameter was at 0.9007. 

Traditionally, self-similarity in any stochastic process is revealed through the 

definition of Hurst parameter H . The fact that 15.0 H , thus Hurst 

parameter value is other than 5.0  is considered a sufficient basis for the 

recognition of self-similar process. It should be noted that the value of H , 

which is approaching to 1 could mean that the process is deterministic, that is 

not accidental: for some strictly deterministic processes structure is strictly 

repeated on any scale, leading to Hurst parameter of 1. 
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Observing the time dependence of traffic the presence of a periodic 

component in it that also leads to a large value of the Hurst was noted. 

The proximity of Hurst parameter to 1 allows performing more accurate 

predictions. In order to investigate the traffic details one needs to consider the 

temporal dependence separately within the same day. 
 

 
Fig. 5. The logarithmic dependence of the autocorrelation  

coefficient of outgoing traffic [source: own study] 

 

 
Fig. 6. The logarithmic dependence of autocorrelation  

coefficient for one-day traffic [source: own study] 
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Excluding the daily periodic component of traffic analysis and separating it 

within one day (Figure 6) shows a bit smaller Hurst parameter value, it ranges 

from 0.70 – 0.87. 
 

 

5. CONCLUSIONS 
 

As a result of this study the frequency of traffic cloud data warehouse, which 

has daily character was found. Intensity of storage load mainly depends on the 

incoming and outgoing traffic. Sufficiently high value of Hurst parameter 

indicates potential possibility of modelling and forecasting workload cloud data 

storage in the long term. 
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CAN LOCAL KNOWLEDGE WORKERS 

SIGNIFICANTLY CONTRIBUTE TO THE 

GROWTH OF THE NATIONAL LEVEL OF 

INNOVATION? 
  

  

Abstract  

This paper systematically examines the role of knowledge workers on the level 

of innovation development in Poland. Specific hypotheses on the importance 

of the collaboration of knowledge workers for the growth of national 

innovation in two areas: knowledge creation and knowledge exploitation are 

examined. The study is based on a survey and interviews with 40 IT workers in 

small Polish businesses. The results show that cooperation between 

knowledge workers enables an improvement in the amount of human 

resources in science and technology and an increase in the number of high- 

and medium-tech Polish manufacturing enterprises. Specifically, the results 

confirm the hypothesis that the greater the amount of collaboration between 

knowledge workers, the higher the level of national innovation measured in 

these two indicators. 

 

 

1. INTRODUCTION  

 

The concept of innovation involves the production and the transfer of 

technological knowledge into new products or new processes. Innovations can 

be distinguished as various types: social, organizational, administrative or 

technical, incremental or fundamental, product or process [10]. It has been 

argued that countries can achieve higher rates of growth by specialising in 

knowledge-intensive products with higher added value [14]. Hakansson and 

Olsen (2011) [8] stated that innovation is the result of interaction among several 

actors like firms, suppliers, customers, universities, laboratories, technology 

centres, trade unions, service providers and financial institutions. 
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The author believes that the determinants of the level of national innovation 

output, as defined actors, mainly consist of innovation inputs. Studies from 

a macro-perspective investigate the impact of innovation networks on macro 

systems in which a single actor has a secondary role [12, 13]. 

Innovative firms and R&D policies have identified knowledge workers as 

a key resource. According to Fabrizio 2009, [6] personal knowledge networks 

are critical for innovation development. On the other hand, Lechner and 

Dowling (2003) [11] stated that IT firms need a specific mix of networks in 

different developmental phases; and unfortunately collaboration within this 

network decreases with the firm’s development. 

According to Archibugi (2005),  [2] the national innovation system (NIS) 

is a state network encompassing all science and technology resources and 

organizations related to innovation and the interaction between them. 

I agree with Altuzarra (2010), [1] that the primary innovation activities and 

resources of regional innovations systems include: research activities, 

infrastructure, human skills, capital, and many other components. A regional 

innovation strategy (RIS) examines how various elements, actors and networks 

influence regional success in innovation. 

This paper combines considerations of the diversity of the actors: knowledge 

workers within personal knowledge networks, as well as of the outcomes 

deriving from them, in order to call for more research on the role that knowledge 

workers play in the processes of the growth of the national innovation level. 

The subject seems to be relevant because, starting from a micro-perspective of 

observation - including the features of actors and their interaction, can be helpful 

to understand the effectiveness of the growth of the national innovation level. 

This paper aims to address these issues by systematically examining the 

relative significance of IT workers (information technology) on the growth of 

the national innovation level. The results are based on a survey and interviews 

with 40 IT workers – including technology managers, and managing directors in 

a number of micro businesses. The paper tests whether the role of personal 

knowledge networks varies the growth of the national innovation in the field 

of knowledge creation. 

The remainder of the paper is structured as follows. First, the existing 

literature is critically discussed, gaps are highlighted and the hypotheses are 

developed in Section 2. Section 3 outlines the material and methodology used in 

the study. Afterwards, Section 4 presents and discusses the results. 

Finally, Section 5 concludes and reflects on the implications and limitations of 

the study. 
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2. THEORETICAL BACKGROUND AND HYPOTHESES  

 

2.1. Knowledge Workers within Personal Knowledge Networks 

 

Knowledge workers create, distribute or apply knowledge within their jobs. 

Based on the example IT workers, this study aims to define the collaboration of 

knowledge workers within personal knowledge networks in a way that that can 

be exploited for the growth of the level of Polish innovation.  

In the literature we can find that knowledge relationships with (local or non-

local) external partners are considered to be essential for innovative 

geographical clusters [3, 4, 5, 9]. Personal knowledge networks refer to the 

interactions of a set of knowledge workers, whereas personal knowledge 

contacts refer to the person with whom somebody has a knowledge relationship. 

Factors of collaboration between IT workers within personal knowledge 

networks in the Polish companies in study were based on feedback surveys and 

their sources are listed here: 

Collaboration between IT workers within personal knowledge networks: 

The degree of contact between an IT worker from one company with an IT 

knowledge worker from another company and by which one employee can help 

to share the knowledge of another:  

– Collab-factor1: I share my knowledge from work with colleagues in my 

organization and in other organizations  infrequently. 

– Collab-factor2: I share my knowledge from work with colleagues in my 

organization and in other organizations  frequently.   

– Collab-factor3: I share my knowledge from work with colleagues in my 

organization and in other organizations very frequently.   

 

2.2. The Level of Polish Innovation 

 

Poland, together with Slovakia, Lithuania, Hungary, Romania, Latvia and 

Bulgaria is among those countries who have a low share of innovative 

enterprises (from 27% to 36%). In 2010, the leaders of innovative activity were 

Germany and Luxembourg, whose share of innovative enterprises were 

respectively (79%) and (68%) (Eurostat Statistics Database).  

In line with theoretical considerations on the structure of a local innovation 

index [3, 16] this study focuses on the two key dimensions of the level of Polish 

innovation, namely: knowledge creation and knowledge exploitation. 

The following set of innovation measurement indicators were used to define the 

level of Polish innovation in this area: 

 

Knowledge Creation (KC): 

(1) Government R&D expenditure (per capita), 

(2) Basic research expenditure (per capita),  
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(3) Human resources in science and technology (HRST) (per capita), 

(4) Number of graduating students in Science and Engineering per capita 

(per capita). 

 

Knowledge Exploitation (KE): 

(1) Average number of valid home patent applications for four years 

(per capita), 

(2) Corporate R&D expenditure (per capita),  

(3) Applied research expenditure (per capita),  

(4) Experimental research expenditure (per capita), 

(5) Number of high- and medium-tech manufacturing enterprises. 

 

Therefore, based on data from the Polish Central Statistical Office, the values 

of the indicators were defined which would be the result of the cooperation of 

knowledge workers within personal knowledge networks (see Table 1). 

 
Tab. 1. Set of indicators which result from knowledge workers within personal knowledge 

networks 

 2007 2008 2009 2010 2011 

Knowledge Creation (KC) 

Gross domestic expenditure on research and 

experimental development (GERD) per capita 

in PLN 

175 202 238 207 303 

Basic research expenditure per capita in PLN 66.15 77.16 91.39 82.18 110.29 

Human resources in science and technology 

(HRST) per capita 159.97 165.14 179.75 189.97 194.45 

Number of graduating students in Science and 

Engineering per capita 49.83 49.81 47.23 44.74 41.49 

Knowledge Exploitation (KE) 

Patent applications to the Patent Office of the 

Republic of Poland 
2392 2488 2899 3203 

3878 

Average intramural expenditure on R&D in 
Polish enterprises and entities which conducted 

research and experimental 

development in millions of PLN - - - - 2.01 

Applied research expenditure per capita 41.83 45.25 44.98 42.23 72.72 

Experimental research expenditure per capita 67.03 79.59 101.63 82.39 119.99 

Number of high- and medium-tech (innovative) 
Polish enterprises  

- - 

302 908  
 

18.1% of 

the total 

number of 

enterprises 

291 806 
 

16.9% of 

the total 

number of 

enterprises 

301 597  
 

16.9% of 

the total 

number of 

enterprises 

 

It is clear that many aspects of innovation activities are indeed local [15]. 

Therefore, an attempt was made to examine the relative significance of Polish 

local IT workers (information technology) on the growth of the Polish inno-

vation level. 
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The factors of the examination of the Polish innovation level were based on 

feedback surveys and their sources are listed here: 

The Polish innovation level – the degree to which the growth of the Polish 

innovation level is affected from the knowledge sharing of local IT workers:  

– InnovGERD-factor1: I know that sharing knowledge with local IT 

workers is not very important for Polish gross domestic expenditure on 

research and experimental development (GERD).   

– InnovGERD-factor2: I know that sharing knowledge with local IT 

workers is quite important for Polish gross domestic expenditure on 

research and experimental development (GERD).   

– InnovGERD-factor3: I know that sharing knowledge with local IT 

workers is very important for Polish gross domestic expenditure on 

research and experimental development (GERD).   

– InnovBR-factor1: I know that sharing knowledge with local IT workers 

is not very important for Polish basic research expenditure.   

– InnovBR-factor2: I know that sharing knowledge with local IT workers 

is quite important for Polish basic research expenditure.   

– InnovBR-factor3: I know that sharing knowledge with local IT workers 

is very important for Polish basic research expenditure.   

– InnovHRST-factor1: I know that sharing knowledge with local IT 

workers is not very important for Polish human resources in science and 

technology (HRST).   

– InnovHRST-factor2: I know that sharing knowledge with local IT 

workers is quite important for Polish human resources in science and 

technology (HRST).   

– InnovHRST-factor3: I know that sharing knowledge with local IT 

workers is very important for Polish human resources in science and 

technology (HRST).     

– InnovSSE-factor1: I know that sharing knowledge with local IT workers 

is not very important for the number of graduating students in Science and 

Engineering in Poland.   

– InnovSSE-factor2: I know that sharing knowledge with local IT workers 

is quite important for the number of graduating students in Science and 

Engineering in Poland.  

– InnovSSE-factor3: I know that sharing knowledge with local IT workers 

is very important for the number of graduating students in Science 

and Engineering in Poland. 

– InnovPATENT-factor1: I know that sharing knowledge with local IT 

workers is not very important for the number of valid patent applications 

in Poland for four years.   

– InnovPATENT-factor2: I know that sharing knowledge with local IT 

workers is quite important for the number of valid patent applications 

in Poland for four years.   
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– InnovPATENT-factor3: I know that sharing knowledge with local IT 

workers is  very important for the number of valid patent applications 

in Poland for four years.   

– InnovR&D-factor1: I know that sharing knowledge with local IT 

workers is not very important for Polish corporate R&D expenditure.   

– InnovR&D-factor2: I know that sharing knowledge with local IT 

workers is quite important for Polish corporate R&D expenditure.  

– InnovR&D-factor3: I know that sharing knowledge with local IT 

workers is very important for Polish corporate R&D expenditure. 

– InnovAR-factor1: I know that sharing knowledge with local IT workers 

is not very important for Polish applied research expenditure.   

– InnovAR-factor2: I know that sharing knowledge with local IT workers 

is quite important for Polish applied research expenditure.   

– InnovAR-factor3: I know that sharing knowledge with local IT workers 

is very important for Polish applied research expenditure.   

– InnovER-factor1: I know that sharing knowledge with local IT workers 

is not very important for Polish experimental research expenditure.   

– InnovER-factor2: I know that sharing knowledge with local IT workers 

is quite important for Polish experimental research expenditure. 

– InnovER-factor3: I know that sharing knowledge with local IT workers 

is very important for Polish experimental research expenditure. 

– InnovEnterprise-factor1: I know that sharing knowledge with local IT 

workers is not very important for the number of Polish innovative 

enterprises.  

– InnovEnterprise-factor2: I know that sharing knowledge with local IT 

workers is quite important for the number of Polish innovative enterprises.   

– InnovEnterprise-factor3: I know that sharing knowledge with local IT 

workers is very important for the number of Polish innovative enterprises.  

 

This paper aims to develop a model to evaluate the growth of the national 

innovation level in terms of the work of knowledge workers within personal 

knowledge networks, also it aims to investigate the relationship between the 

collaboration of knowledge workers and the Polish innovation level within two 

key areas: knowledge creation and knowledge exploitation. A research model 

can be presented, as shown in Fig. 1. 
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Fig. 1. A research model [source: own study] 

 

where: KW – knowledge worker: IT workers – including technology managers, 

and managing directors in micro businesses. 

 

Thus, this paper proposes the following hypotheses: 

H1. The collaboration of knowledge workers within personal knowledge 

networks positively influences the Polish innovation level in the area of 

knowledge creation. 

H2. The collaboration of knowledge workers within personal knowledge 

networks positively influences the Polish innovation level in the area of 

knowledge exploitation. 

As presented in Fig.1, the research model posits, from the preceding 

argument, that the collaboration of knowledge workers within personal 

knowledge networks will have a positive influence upon the defined level of 

Polish innovation. 

The following section describes the item measurement and data collection 

carried out in the research. 

 

 

3. MEASURES AND METHODS 

 

A survey was conducted in Poland to test the research model. The data for this 

study were collected from 40 IT workers – including technology managers, and 

managing directors in micro businesses between April-May 2013 through the use 

of direct interviews with respondents. Each employee was required to complete a 

questionnaire. A three-point scale was used for all survey items, ranging: 

“disagree” (one point), “agree” (two points),  “strongly agree” (three points). 
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4. RESEARCH RESULTS AND STRUCTURAL MODEL 
 

The research model was analysed using a correlation approach in order to 

estimate the effect of the collaboration of knowledge workers within personal 

knowledge networks on the level of Polish innovation. A moderated correlation 

approach using Statistica ver.10.0 was used to test the hypotheses. The data were 

carefully examined with respect to linearity, equality of variance and normality. 

No significant deviations were detected. Table 1 presents descriptive corre-

lations for the main variables. 
 
Tab. 2. Correlations analysis 

Construct Item/Factor Correlation r2 t p 
Knowledge Creation (KC) 

Collaboration of 

local IT workers 
GERD 

Collab-factor1/Collab-

factor2/Collab-factor3/ 

InnovGERD-factor1/ 
InnovGERD-factor2/ 

InnovGERD-factor3 

-0.097428 0.009492 -0.603456 0.549791 

Collaboration of 

local IT workers 
BR 

Collab-factor1/Collab-
factor2/Collab-factor3/ 

InnovBR-factor1/InnovBR-

factor2/InnovBR-factor3 

-0.144053 0.020751 -0.897359 0.375178 

Collaboration of 
local IT workers 

HRST 

Collab-factor1/Collab-
factor2/Collab-factor3/ 

InnovHRSTfactor1/InnovHRS
T-factor2/InnovHRST-factor3 

0.203448 0.041391 1.280929 0.207981 

Collaboration of 

local IT workers 

SSE 

Collab-factor1/Collab-

factor2/Collab-factor3/ 

InnovSSE-factor1/InnovSSE-
factor2/InnovSSE-factor3 

-0.071429 0.005102 -0.441443 0.661394 

Knowledge Exploitation (KE) 

Collaboration of local 

IT workers 
PATENT 

Collab-factor1/ Collab-

factor2/Collab-factor3/ 

InnovPATENT-factor1/ 
InnovPATENT-factor2/ 

InnovPATENT-factor3 

0.031010 0.000962 0.19125 0.849346 

Collaboration of local 

IT workers 
Polish corporate R&D 

expenditure 

Collab-factor1/Collab-
factor2/Collab-factor3/ 

InnovR&D-factor1/ 

InnovR&D-factor2/  
Innov R&D -factor3 

-0.257465 0.066288 -1.64249 0.108739 

Collaboration of local 

IT workers 

Polish applied 
research expenditure 

Collab-factor1/Collab-

factor2/Collab-factor3/ 

InnovAR-factor1/ InnovAR-
factor2/ InnovAR-factor3 

-0.073284 0.005371 -0.45297 0.653145 

Collaboration of local 

IT workers 

Polish experimental 

research expenditure 

Collab-factor1/Collab-

factor2/Collab-factor3/ 

InnovER-factor1/InnovER-

factor2/ InnovER-factor3 

-0.073284 0.005371 -0.45297 0.653145 

Collaboration of local 
IT workers 

Number of Polish 

innovative enterprises 

Collab-factor1/Collab-

factor2/Collab-factor3/ 
InnovEnterprise-

factor1/InnovEnterprise-

factor2/InnovEnterprise-
factor3 

0.316468 0.100152 2.05654 0.046645 



52 

The study tests the hypotheses using a correlation analysis because an 

interaction effect exists only if the interaction term makes a significant 

contribution.  

Table 2 presents descriptive correlations for the main variables. This includes 

the results of the correlation analyses which estimate the effect of the 

collaboration of local IT knowledge workers, as well as their interaction with the 

Polish innovation level. The primary interaction of the collaboration of local IT 

knowledge workers  makes a significant contribution to one of the defined 

factors of the Polish innovation level: human resources in science and 

technology (HRST) (correlation = 0.203448).  The second interaction of the 

collaboration of local IT knowledge workers makes a significant contribution 

to one of the defined factors of the Polish innovation level, namely: the number 

of Polish innovative enterprises  (correlation = 0.316468). 

The results of the analysis indicate that cooperation between knowledge 

workers enables an increase in the amount of human resources in science and 

technology and number of Polish innovative enterprises. This means that this 

cooperation, whether formal or informal, can lead to the creation of new work-

groups and furthermore to the creation of new companies based on knowledge. 

Knowledge plays a special role in the innovation creation process. According to 

Garvin (2006), a knowledge-oriented company is one with the cooperation and 

collaboration of first-class professionals (knowledge workers) who possess the 

necessary responsibilities to achieve a competitive position for the organization. 

Therefore, it can be stated, that knowledge workers are one of the main 

determinants in the growth of the national innovation level. The results of the 

structural model are shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Analysis of the results [source: own study] 
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5. CONCLUSIONS AND RECOMMENDATIONS 

 

This section of the paper summarizes the new findings of this study 

and discusses the implications.  

This research analyzes the effects of the collaboration of local IT knowledge 

workers on the Polish innovation level in two areas: knowledge creation (KC) 

and knowledge exploitation (KE). By proposing a model which addresses the 

influence of cooperation between IT workers on the national innovation level, 

this study contributes to filling the gap which exists in the literature. 

The empirical findings of this study confirm the general hypothesis. 

It is therefore clear that among knowledge workers, those with sound knowledge 

can create the innovations necessary for businesses. Innovation is defined as the 

introduction of new, improved ways of doing things at work. It can be stated that 

knowledge workers can enhance the innovation level, whether at the company 

level, or national. 

Like all studies, this one has certain limitations that further research should 

aim to overcome. Firstly, because the intention is to analyze the Polish 

innovation level, this study focuses on Polish IT workers. It would be unwise to 

generalize the findings too broadly to other countries. Furthermore, all the 

variables are measured at the same moment in time. So, it would be useful to 

provide such research over a longer time period and at different stages. 

These conclusions and limitations suggest proposals for future research 

directions, such as exploring additional factors that could improve the effect of 

the collaboration of knowledge workers on the national innovation level. 
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Abstract 

In accordance with the requirements of the modern market, small 

and medium-sized enterprises (SMEs) need to offer a wide range of 

products tailored to the specific and individual requirements. The article 

presents the conditions of production using modern computer techniques. 

Presented solutions are used in modern practice. 

 

 

1. INTRODUCTION 

 

Mass production tendency has turned into mass customization tendency 

[17, 27, 33]. In the past the fundamental objectives for most companies were to 

produce as cheaply and efficiently as possible and to reach as large a customer 

group as possible with the same product (mass production philosophy). 

The customer orientation is one of the most essential strategies for every 

manufacturer. Previously the primary source of competitive advantage for 

manufacturing companies in many industries was related to price. Therefore, all 

manufacturing strategies were driven by attempts to reduce the cost of the 

product. Technological advances, in manufacturing as well as in information, have 

provided the impetus for change in many paradigms, including customer 

expectations. Customers have become more demanding and want products that can 

meet their specific individual requirements. Producing customized products at 

a low cost, which seemingly is a paradox, is the purpose of many enterprises. 

The production cycle consists of, among others: the processing time and setup time.  
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Despite using modern management techniques e.g. SMED (Single Minute 

Exchange of Die) technique, in the conditions of unit production in SME, 

total setup time is still significant.  

For high-variety production the cumulative amount of setup time results from 

the number of changeovers [1]. To shorten the production time and reduce costs 

the methods of group technology have been used for many years [15]. 

Despite having many input data from this kind of information systems area of 

organization of the production process is still supported at insufficient level. 

The manufacturing system should be supported by efficient IT tools targeted at 

the possibilities of implementation in small and medium enterprices. 

To manufacture in efficient way, expert system and methods, which enable 

quick identification of situation with a crucial impact on the production are 

needed [3, 5, 12, 16]. Fulfilling customer needs, results in production by unit and 

small batch process. Enterprises, which manufacture in this conditions have 

at their disposal modern and universal machinery equipment. For high-variety 

production the cumulative amount of setup time results from the number 

of changeovers. In studied SME enterprises proportion between changovers time 

and processing time is high and it is from several to over a dozen percent of 

processing time [18, 24].  

Research based on real data of enterprises, which use ERP systems 

in production managment, have induced author to develop method 

of changeovers time reduction by dynamic grouping and scheduling tasks of 

operating production plan. Above article presents a problem of optimization 

of manufacturing using element’s grouping techniques with dynamic 

classification of machine elements (at the level of operation of manufacturing 

process). Concept of classification refers to the issues connected with group 

technology [25, 23]. In order to reduce labor intensity of this method data 

needed to establish “similarity” has been taken from ERP system, using 

information which has been introduced “on another occasion”. Above research 

has been applied in production practice. 

Success of many enterprises, which work in mass production system and use 

economic effect of scale production slowely is a thing of the past. IT systems 

focused on management in big companies start to to be interested in 

manufacturing systems in smaller enterprises. There are many enterprices, 

generally small and medium manufacturing in unit and small batch production, 

for which it is necessary to develop optimal methods of production management 

taking into account the flexible production requirements, matched to the time-

varying customer’s demand [28,  2, 19, 21].  

An example of flow processes in small and batch production is shown in Fig. 1. 
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Fig. 1. Processes Flow for the unit and small batch production [source: own study] 

 

For this purpose, it is necessary to use appropriate methodology of 

scheduling production tasks and IT system, which have functionality for 

efficient planning and controlling realization of production processes. To be able 

to manage production efficiently, system and methods, which enable quick 

identification of situation having big influence on manufacturing are required. 

Suitable reaction to threats of deadlines or budget, continuous improvement of 

organization of the production process are still challenge for IT systems in SME. 

Enterprises to adapt to conditions of modern market invest in modern, universal 

machines park, which is able to fulfil changeable and unpredictable requisition. 

Presented method of production management support with using dynamic tasks 

classification can be one of the elements in optimization of high-variety 

production in SME [2, 29, 22]. 
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2. DESIGNING STEPS OF THE PRODUCTION PROCESS 

 

Today, manufacturing is complex activity, connecting people, who follow 

different professions, with using different machines, equipment and tools, 

which are in varying degrees automated, including computers and robots. 

This process consists in appropriate utilization of resources: materials, energy of 

capital and people and it leads to manufacture products from raw materials 

according to well-prepared plan [7, 35, 4]. 

Designing of manufacturing process consists of several elements: 

– structural design, which aims at development of shape and geometric 

features of products fullfiling human needs, 

– materials design, in order to ensure necessary durability of a product or its 

elements made from engineering materials with required physico-

chemical and technological features , 

– manufacturing process design, which enable giving the required geometric 

features and property to particular elements of the product, and also their 

proper cooperation after assembly, taking into account the volume of 

production, the level of automation and computer support, and at the 

lowest cost of this product, 

– organization of manufacturing process design. 

 

Number of factors and criterions, which are necessary to properly design the 

product, prepare and organise production connected with launching a product needs 

continuous development, and above all implementation in production practice 

modern aided design systems, manufacturing and organization of production 

process. It means implementation in area of engineering design of computer 

systems CAx (CAD, CAM, CAP, CAPP), management of product data and life 

cycle of products PDM, PLM, PLM II also production using manufacturing 

executive system (MES), enterprise resource planning system (MRPII/ERP/ERPII) 

and supply chain management system (SCM) [4, 13, 14, 8, 3, 22]. 
 

 

3. PRODUCT DESIGNING 

 

A characteristic feature of traditional, used in the 70's and 80's of the twentieth 

century way of organizing the design work was big participation of manual work, 

i.e. design ideas were manually transferred to the paper by successively drawn 

sketches and illustrations of particular machines’ elements, devices or subassem-

blies and assemblies. On the basis of these drawings strength calculations of 

designed constructions, which aim was preliminary determination and selection 

of materials have been made. After the development of design documentation, this 

documentation was passed to technological department, where cost calculation of 

product and analysis of the possibility of its manufacturing using owned 
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machinery were done. The next step was designing the manufacturing processes 

for individual parts using the available resources of the enterprise [35, 9, 11]. 

More and more often the organization of the design work changes. Customer more 

frequently takes part in this process.  

 

 
Fig. 2. The 3D model of helical-bevel reducer BH [32] 

 

In the vast number of enterprises, which create design projects CAD 

systems are standards. Besides the possibility of drawing on the plan, first of 

all, they give the ability of designing and creating the 3D model in virtual 

space (Fig. 2) [8, 19, 14]. Traditionally in the superficial design building the 

model of newly designed object in order to exact fit subassemblies and 

assemblies, which were supposed to be placed inside the model was 

necessary. CAD systems enable generating a 3D model on a computer screen 

and realization of analogical operations without building such a model 

in practice [21]. For this purpose numeric entry model surface, generating 

a spatial grid, in which every spot inside the model is clearly, geometrically 

defined is used. This function enables precise fitting components of the model 

by unequivocal downloading the design data from a spatial model of the 

product [35, 14]. 

The effects of changes in the organization of design work, resulting from 

the application of computer support are reducing labour intensity of work and 

shorter product designing. Owing to new tools it is possible to control 

progress in the designers’ works and to apply changes. Not without 

significance is also synergy effect in the teamwork, the designers have 

stopped working in solitude, often not seeing the results of their work. 

Computer technology gives the ability of simultaneous working on the 

product and evaluating the effects of own work on a virtual model of a new 

product. Also applying changes is much easier and it involves the modifying 

of the drawing in electronic form, and then printing or sending it in electronic 
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form to production department. By visualizing 3D model manufacturability of 

product becomes much simpler. With having a model it is easier to check the 

possibility of manufacturing the machines’ elements. Additionally model can 

form the basis to automatic generation of CNC program [35, 30, 32, 3].  

 
 

4. DESIGNING OF MANUFACTURING PROCESSES 

 

Nowadays designing of manufacturing process is supported by IT systems. 

An important role in this process is played by CAPP (Computer Aided Process 

Planning) systems. CAPP systems are the connecting elements between CAD 

systems and CAM systems, providing database and graphical representation of 

the manufacturing process. CAPP systems can be separate applications 

(eg. Sysklass) or they can be modules of ERP systems [22, 3].  

The concept of a Sysklass computer system is based on creating opportunities 

of as precisely as possible identifying relevant parameters of any object which is 

the subject of production. On the basis of specified by the identification 

information, system can generate certain technical solution, feasible to apply in 

given production conditions. The effectiveness of the identification provides 

classifier (Fig. 3) based on a combination of methods of shape and parameters of 

objects recognition, construction features and element’s properties database and 

data connected with manufacturing process. Sysklass has parts database of the 

firm base and standard norms clearly arranged in graphic classification system 

with possibility of quick searching based on shape similarity and properties 

defined by user. Such capabilities are particularly important in SME, which use 

unit and small batch production [34, 21]. 

 
 

5. DESIGNING THE ORGANIZATION OF MANUFACTURING 

 

5.1.  Modern methods and techniques of designing the organization 

of manufacturing  

 

The technical progress, development of information systems in the twenty-

first century also cause changes in the organization of the manufacturing 

process. In their offer many SME have high-variety products, customized to 

customer’s needs. This kind of requirements intensify need for reducing to 

minimum time and cost of designing the manufacturing processes. In this 

context, particular importance has the term of “Digital Factory” [8, 20]. 

The “Digital Factory” is seen as the planning instrument of the future. 

A large part of the factory planning, production- and product-planning is already 

supported by digital tools. These various planning phases are not integrated and 

thus are generally carried out in isolation. The goal is to achieve a holistic 
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planning, evaluation and continuous improvement of all significant processes 

and resources in the factory in connection with the product. All elements within 

the production should be modelled during planning by means of computer-

supported methods, in such a way that the physical manufacturing of the product 

meets all quality, time and costs goals. 

 

 
Fig. 3 Graphical classifier Sysklass [34] 

 

The computer-supported models within the Digital Factory must document 

and visualize all the elements of the future factory as well as describe their 

interplay. Only when the digital product has successfully passed through the 

Digital Factory, the product is released into the real factory [8, 20]. 

“Digital Factory” technologies enable complex modelling and simulation 

through virtualization of processes. Methods and techniques of “Digital 

Factory”, due to the cost find use in big corporations [20, 26]. However, it is 

expected, that in the future this kind of designing will be applied in SME. 

One of the major problems connected with organization the manufacturing 

process using tools of digital factory is problem with data acquisition. 

The development of laser technology has initiated the gradual emergence of 

scanners making quick acquisition of point clouds and its record in a form that 

allows further processing. Now, in the field of non-contact measurement of laser 

beam techniques, a whole range of devices, varied due to the accuracy and size 

of the scanned object is offered. While the acquisition of information and data 

from measurements performed using 3D scanners does not cause considerable 

difficulties, processing received by this method point clouds – does. 

Although the manufacturers of laser scanning equipment give customer IT 

programs, but usually it is used only for integration of data sets from different 

measuring stations and visualization of received cloud [20, 21]. 
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The use of 3D scanners enables performance of virtualization of production 

systems before the designing of real system. After creating a virtual model of the 

production system simulation analysis using a three-dimensional applications 

can be carried out. An example of this type of tool is Delmia system or 

Technomatix system by Siemens. DELMIA Digital Solutions allow 

manufacturing organizations to design and visualize the entire manufacturing 

process for digitally specified product before implementation it to production.  

They are closely integrated with the CATIA design solutions, and also with 

ENOVIA and SmarTeam used to data management and to teamwork and therefore 

they provide significant benefits for customers, who implement PLM [6].  

 

 
Fig. 4. Simulation of the assembling line [10] 

 

Figure 4 shows an example of digitalized assembling line. Virtualization of 

workstations of one of the enterprises in the Bielsko-Biala region was created 

after the 3D scanning and transferring data to environment of Delmia software. 

After building a model of workstations , simulation of the manufacturing process 

in a virtual environment was done.  

Above project was realized in “Polish-Slovak Cross-Border Networks of 

Innovation and New Technologies”, co-funded by the European Union 

(European Regional Development Fund) [10]. 

 

5.2.  Designing organization of manufacturing in conditions of unit  

and small batch production  

 

In the processes of the organization and management of production most 

of manufacturing enterprises use in practice ERP systems. Using this kind of 

systems under current market conditions in the traditional form often becomes 

(is) insufficient. Traditional areas of application of such systems like finances, 

materials management have to be significantly expanded in the field of 

production management. The current market situation forces companies to 
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shortening manufacturing cycles of variant production, manufactured in ever 

smaller batches and at the same time to reducing costs and cutting time of 

availability of products. The answer to these requirements is change of machine 

park, organization and techniques of manufacturing as well as inclusion in the 

decision making process information systems [21]. The most important change 

in the ERP systems is starting treating them not, as the target applications, self-

operating, but as the intermediate layer, enabling operation of management 

support systems in the area of operational management production. 

These systems have became more open. They enable superstructure of dedicated 

(customized) solutions on the universal solutions, specific for individual 

companies. The new quality is supporting decision at the operational level 

(in the) “on line” [24, 25]. 

So far in conditions of unit and small batch production often only one variant 

of the manufacturing process has been designed. Currently this approach is not 

enough. Due to the variable nature of the availability of resources it is necessary 

to separate organizational preparation of production in two stages. In the first 

stage – static, database of the available variants of the manufacturing process is 

created. In the second stage, at the operational level, from the available process 

variants optimal variant, which takes into account the current availability of 

renewable and non-renewable resources is chosen.   

 

6. SUMMARY 

 

The requirements of today's customer, determine manufacturing systems. 

Strategies of small and medium enterprises are more and more often directed 

towards manufacturing customized products. At present manufacturing systems 

must be prepared to produce families of products in the shortest possible 

production cycle. In conditions of unit and small batch production information 

system to support management decision making process is in many cases 

insufficient This is result of both, the assumptions of management model and 

insufficiency of used algorithms. Large variability of the planning factors and 

variety of products have an impact on this situation. Because of labor 

consumption of building the model, the use in decision making process standard 

simulation methods is too expensive and can bring correct results too late. 

In the processes of the organization and management of production part 

of enterprises use ERP systems use in production practice. The use of this class 

of systems under current market conditions in the traditional form often becomes 

insufficient. The traditional application areas of this kind of systems as finance, 

materials management must be considerably expanded in the area of production 

management. The current market situation forces enterprises to shorten 

production cycles of variants products, manufactured in smaller batches and at 

the same time reducing costs and shortening time of availability of products. 

The answer to these requirements is a change of machine park, organization 
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and manufacturing techniques, and inclusion in decision making process IT 

systems. The most significant change in the area of ERP systems is to start 

treating them not as a target application, self-operating, but as an intermediate 

layer, enabling the operation of management support systems in the area of 

operational management of production. Systems of this class have become more 

open, enabling superstructure above universal solutions of dedicated solutions 

specific to individual enterprises. The new quality is decision support at the 

operational level in the "on line" mode. So far, in conditions of unit and small 

batch production often only one variant of the manufacturing process has been 

designed. This approach currently is not enough. Due to the dynamic nature of 

the availability of resources it is necessary to divide organizational preparation 

of manufacturing into two stages. In the first stage - static, a database of the 

available manufacturing process variants is created. This course of action with 

the use of computer system is not very expensive. In the second stage, at the 

operational level, from the available process variants, optimum variant, taking 

into account the current availability of reusable and consumable resources 

is chosen.   

Because of the complexity of the issue and the fact that the coding method 

depends primarily on the specific conditions of the enterprise, the use of this 

classification under practical conditions faces serious difficulties. An alternative 

approach is the use of grouping requiring no coding, carried out in an automatic 

way not at the level of manufactured element, but at the level of organization of 

operations of the manufacturing process. The new method of approach also 

assumes the automatic generation of operations of manufacturing process 

considering the results of the dynamic grouping.  

Both, carried out research and production practice have proved utilitarianism 

of the proposed solutions.     
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USING DISK SPRING SOLVER APPLICATION 

FOR PROTOTYPING DISK SPRINGS 

IN PASSENGER LIFT CATCHERS 
 

 

Abstract 

The foregoing study presents the use of Disk Spring Solver DSS 

application for prototyping configurations of disk spring pile applied in 

the design of friction lift catchers. The methodology of disk springs 

selection was presented on the basis of possibilities given by DSS 

application. On the basis of this application and the conducted analyses 

disk springs were optimally matched with catchers as main flexible 

element. The design of catchers was worked out in model environment 

SolidWORKS 2012 together  with MES analysis.  

 

 

1. INTRODUCTION 

 

Nowadays virtual prototyping is a very convenient tool, not much increasing 

the costs of manufacturing new products. With the application of the newest 

tools from the domain of rendering the product can be very realistically 

visualized, with emphasizing of its aesthetic values. On the basis of the created 

3D documentation structural changes can be made quickly, as well as rendering 

and preparing offers for customers. To obtain full computer support, except the 

above-mentioned advantages of 3D systems, there are still other programs by 

means of which our work can be easily  and quickly supported, especially 

in technical domains. 

In the foregoing study we showed the use of SPRING DISK SOLVER 

application  for selecting disk springs applied in constructing catchers which 

have been  worked out in SolidWORKS 2012 environment. Literature contains 

many examples of supporting engineering works with computer applications 

[1, 2, 4, 5, 6, 7]. 
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2. EMERGENCY CATCHER BRAKING  

 

Figure 1 shows the project of a new solution for catchers which are to be 

manufactured as first in Poland. Catchers are nothing else but brakes, the tasks 

of which is to arrest the moving car of passenger lift. Catchers are to arrest 

accelerated lift car burdened with nominal load in the case of exceeding the 

speed by 0,3 m/s in relation to nominal speed. The increase of the moving car 

speed can be in fact caused by two cases [8, 10]: 

– by breaking carrying springs, 

– by sudden acceleration of driving system. 

In actual working conditions of lift appliances none of these cases occurred. 

 

 

3. DESIGN OF CATCHERS  

 

Figures 1 and 2 show the virtual prototype of catchers worked out in 

SOLIDWorks 2012 environment. Catchers belong to the group of subassemblies 

with percussive working conditions. This means that all the elements of catchers 

during braking undergo overloading caused by losing energy of accelerated car 

weight. 

 

 
Fig. 1. Virtual design of catchers worked out in the environment  SolidWORKS 2012  

with a braking roll placed in neutral position [source: own study] 

 

Figure 2 shows a catcher with a braking roll placed in the position where the 

roll contacts the guide after it is stopped. In other words, the presented figure 

shows the maximum position of braking roll in the catcher body. 
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Fig. 2. Virtual design of catchers  worked out in SolidWORKS 2012 environment 

with braking roll in the position of maximum deflection from neutral position  

[source: own study] 

 

On the basis of survey of the available literature [3, 8, 9] and the solutions 

available in the market, we suggested a solution of catchers shown in figure 1 

below 1.  

An innovative approach to the presented catcher structure is that during 

braking, the force generated by the package of disk spring is variable in relation 

to the braking distance made and that the braking force changes with the change 

of roll position in relation to  cam. The above means that the trace left on 

the guide after braking is of variable depth, and that braking depth depends upon 

the value of braked weight. Such an approach is aimed at soothing braking with 

simultaneous securing the highest comfort of the passengers. 

Having performed the CAD project validation by means of MES software, 

we eliminated all the unfavorable places in the body and roll, thus obtaining the 

optimum shape of catcher structure.  

To secure the appropriate catcher work, the methodology of selecting disk 

spring package, in result of which changes can be made easily and quickly in the 

spring pile configuration arrangement in the catcher.  

To optimize the selection of spring packages the available application named 

SPRING DISK SOLVER was used. 
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4. SPRING DISK SOLVER – DECISION SUPPORTING TOOL 

 

The available application for selecting disk springs is based on the base of 

disk springs available in the market. Selecting an appropriate spring pile the user 

is able to lie the characteristics of the load of  single spring and the required 

package on the basis of input data. 

Figure 3 shows the main window of the program where in field I (Pole I) 

we enter the dimensions of spring we are interested in, in field II (Pole II) we 

determine the pile of springs, in field III (Pole III) we calculate loads and 

stresses of strings used in the configuration (pile), and in field IV (Pole IV) 

we lie the characteristics of springs, on the basis of which we can check at which 

deflection the required load of the matched spring package will take place [11]. 

 

 
Fig. 3. Window of SPRING ISK SOLVER  program for disk spring selection 

[source: own study] 

 

 

5. SKID CATCHERS – DESIGN 

 

The characteristic feature of skid catchers is that braking the accelerated car 

weight must be smooth, so that overload happening in the car during braking 

ranges from 0.2 to 1 g [10]. 

The presented idea of catcher has a simple and compact structure. 

The catcher components are presented in figure 4. 
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Fig . 4. Structure of skid catcher designed by LIFT Service S.A. [source: own study] 

 

The catcher consists of the body 5, in which a cam 4 is  fixed with the use of 

screws. Between cam 2, and the body 5 there are two packages of disc springs 3, 

assembled in appropriate piles, securing obtaining proper braking forces. 

Along cam 2 roll 1 moves, the position of which is controlled by lever which 

is not shown in Figure 4. The roll cooperates with guide 6 , exerting braking 

force on a part of it. On the other side of the guide, in the catcher body packing 

plates are  fixed 4, which help to stop the accelerated weight. 
 

 

6. SELECTION OF DISK SPRING PACKAGE ON THE BASIS OF   

 CATCHER DESIGN 
 

To determine the characteristics of disk spring package the following catcher 

working parameters were initially determined: 

- Nominal lift velocity v = 1,6 m/s, 

- Maximum load F = 25000 N, 

- Overload coefficient 125%. 

Maximum catchers load Q  is determined by a mathematical relationship (1): 

Q = P, K, D, Q 
 

(1) 

where: P – car weight  [N], 

   K – car frame weight [N], 

   D – car door weight [N], 

   Q – nominal lifting capacity [N]. 



72 

 During operation tests of the appliance the catchers are overloaded on the 

basis of standard regulations [10]. In accordance with the relationship (1), 

the hoisting capacity Q during operation tests must be increased by overload 

factor of 125%. Therefore, the above relationship takes the following form: 

Q = P + K + D + 125% ∗ Q 

 

(2) 

For the considered catchers design the maximum hoisting capacity for which 

catchers are designed equals 31250 N. In connection with the relationships (1) 

and (2), the nominal hoisting capacity will equal 25000 N, to which such pile of 

disk springs should be selected, so that losing the velocity of accelerated weight 

is possible.  

Using the computer application SPRING DISK SOLVER the disk spring 

package was selected that met the set requirements. Figures 5 and 6 present 

screen projections from the application, showing particular stages of decision 

support in selecting spring package. 

Figure  5 shows the main program window with inscribed quantities chara-

cterrizing the selected disk springs on the basis of catchers design. 

 

 

Fig. 5. Main window of Disk Spring Solver application [source: own study] 
  

Figure 6 shows a screen with characterization determined on the basis of the 

selected disk spring package. 
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Fig. 6. Deflection characteristics of  disk spring package matched  

with catchers in Disk Spring Solver application [source: own study] 

 

On the basis of the presented characterization we can determine the value of 

force occurring in each braking phase. The main criterion of determining the 

value of force with which the spring package affects the roll  is the vale of 

package deflection. According to the standard  [11] the value of  affecting force  

depends on the deflection, which is determined on the levels 0,25; 0,5; 0,75 

and 100 % of package height. One can read from the presented characterization 

that for the value designed package deflection the force value  is  on the level of 

32000 N, which, in the considered case is the expected value from design [11]. 

 

 

7. CONCLUSIONS 

 

Supporting virtual prototyping with applications  becomes very common 

in engineering. Such a procedure is connected not only with  the possibilities 

given by the available applications, but also with related savings in constructing 

expensive prototypes. The foregoing study presents decision supporting 

connected with  fast and easy selection of appropriate set of disk springs in the 

catcher structure. In the above-described case the presented application gave 

very positive results as to the changes, which cannot be avoided in the case of 

prototyping. The authors of many publications emphasize that supporting 

engineering works in the time of cost restricting becomes more and more 

common. 
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