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GENERATIONAL MOTIVATION DIFFERENCES AT THE R&D CENTERS: GEN Y
AND GEN Z
Prof. Dr. Afşin Güngör1 , PhD. Student Gözde Toprakcı Alp2
Faculty of Mechanical Engineering - Akdeniz University, Turkey1
Faculty of Social Policy and Labor Relations- Akdeniz University, Turkey2
afsingungor@hotmail.com, toprakcigoz@gmail.com
Abstract: There often seem to be differences in work values between employees (and managers) who are from different generation. There has
been a continuing debate about the extent to which Gen Yers and Zers are motivated by similar values and processes as those from earlier
generations, who were already in the workplace when earlier studies were conducted. An associated question might be whether Gen Yers
(many of whom are now working as junior and middle managers) and Zers that work on R&D center subscribe to similar motivational
techniques and theories as those managers who were born in an earlier generation. Although there has been a great deal of speculation and
opinion regarding the motivation of the Generation Y and Z that work on R&D center, there has been relatively little formal research.
Keywords: GENERATION Y, GENERATION Z, GENERATIONAL DIFFERENT, RESEARCH AND DEVELOPMENT EMPLOYEES,
WORK MOTIVATION, WORK VALUE, INNOVATION.

2. Generation Y

1. Introduction

Generation Y is a collective termused to refer to those ―born
between 1980 and 2000, also referred to as the Internet or dot.com
generation‖. Generation Y grew up in a time of economic expansion
and prosperity, but is maturing during years of economic
uncertainty and upheavals. Many Yers have work experience while
being a student before they graduate from school and enter the fulltime workforce. It is assumed, ―therefore, that they have clear
expectations about what they want to do, for whom they work, and
who they want to be in the future‖ [4].

The study of generational differences has garnered increasing
interest among organizations, practitioners and researchers in recent
years. There are many reasons for this keen interest, including the
need to manage people from several different generations, to better
adapt the workplace to a multigenerational workforce, to attract and
retain new talent, and to identify the working conditions that will
lead to positive attitudes and behaviours among younger
generations [1]. Generation concept is defined a group that shares
important vital events at the same birth year and critical
developments within these events [2]. Generation Y is defined as
those born between 1980 and 1995, while Generation Z is generally
defined as the cohort of those born between 1995 and 2010. But in
the national and international literature, Generation Z doesn‘t take
place on the classify vastly. The cause of it could be the period of
time on which researchers of that time were in or being not
predicted of changing of improving events on the World and ways
of life rapidly with the effect of globalization at the same time [3].

They favor an inclusive management style, tend to dislike
slowness, and desire immediate feedback about their performance
[5]. Baruch (2004) argues that ―they seem to be less interested in a
lifelong job, but more interested in challenging and meaningful
tasks that help to achieve high career goals‖ [6]. Nevertheless,
enjoying a fulfilled and balanced life also appears to be a motivator
for this generation. They are willing to fight for freedom, and value
home and family. Different from Generation Xers and other older
employees, the Yers want to enjoy their work but not let it rule their
lives. Employment flexibility is away of achieving work-life
balance, so management and organizational culture should support
such flexibility [7]. Generation Yers have a drive for career
success, and crave opportunity and responsibility [8].

In most families, the behaviors and interests of children—in
music, dress, food, and attitudes toward work-differ substantially
from the behaviors and interests of their parents. Given that culture
is defined as a circumstance of shared values, generational
differences could be construed as differences between cultures,
much like the differences between nationalities. In much the same
way, there often seem to be differences in work values between
employees (and managers) who are from one generation and those
from a different generation. There has been a continuing debate
about the extent to which gen Yers and Zers are motivated by
similar values and processes as those from earlier generations, who
were already in the workplace when earlier studies were conducted.
An associated question might be whether gen Yers (many of whom
are now working as junior and middle managers) and Zers that
work on R&D center subscribe to similar motivational techniques
and theories as those managers who were born in an earlier
generation. Although there has been a great deal of speculation and
opinion regarding the motivation of the generation Y and Z that
work on R&D center, there has been relatively little formal
research.

In the workplace, Suleman and Nelson (2011) described ―Gen
Y as providing competitive advantages to companies because Gen
Y employees are highly educated, well-versed in technology,
innovative and confident‖ [9]. On the other hand, ―Gen Y
employees have also been found challenging to deal with as they
not only demand clear instruction and instant feedback (Saxena and
Jain, 2012; Petroulas, et all, 2010) but also has a short-term focus
and low loyalty to companies‖ [10].
The Ys are the first technologic and global generation of the
world. Their most distinctive trait, which differs from other
generations, is that they live together with the technology.
Therefore it is remembered as the ―most technological generation‖.
The Ys often use technology in order to carry out the tasks they are
commissioned. We may suggest that their adaptation capacity is
high. They are a generation who is able to keep pace with change,
even like and want it. They are aware of speed of change. They can
fulfil their all sorts of work very quickly. The Ys do not like waiting
and do not know to be patient [11].

This study firstly explains the individual and organizational
characteristics of generation Y and Z in a comparative manner. This
study provides comparative information on the attitude and work
motivation of gene Y and gene Z in the workplace. The
intergenerational differences of R&D employees who constitute the
main axis of the study are discussed within the context of
organizational motivational determinants. The studies and
researches on this subject have been compiled and analyzed in a
holistic manner.

On the other hand, the members of the Generation Y can think
more globally than the other generations can do as they were born
into a globalized world. They respect other races, sexes, ethnic
origins, cultural values and sexual choices. Depending on the
terrorist attacks they suffered from, instabilities in politics and their
distrustfulness for authority and politicians, the Ys prefer making
short-run plans to long-run plans. Another trait of the Ys is that
―they want any job they do to be fruitful and different. As they are
resolved and selfreliant they hold their motivation high‖ [11].
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Thanks to the advantage of being a technological generation the
employees of the Generation Y do not have any difficulty in
researching and may use the information they get for their job. They
easily may access to information and use it to solve the common
problems of the company they work for. ―The Ys have an ability to
compile information from different sources and use it to solve the
problems filtering out the information they gather as they are
exposed to information bombardment since they were born‖ [12].
The Y employees want to be led at the corporation they work for
and prefer an individual work supported by coaching.

have a command of Internet technology, play Internet-based games,
socialize on Internet environment, like to be online 7/24, get
information from Internet and share continuously something‖ [11].
One of the positive traits contributed to this generation by the
Internet technology is that they are able to be interested in more
than one subject at the same time. As their ability to be interested in
more than one issue is highly advanced, they are thought to have the
highest motor skill synchronization for hand, eye and ear in the
history of humanity. The Zs like activities and games allowing
creativity. Their most distinct traits are socializing through Internet,
consuming rapidly, practicality and speed, interactivity, efficiency,
dissatisfaction and being result-oriented. They suppose anything
possible in the World and can do everything thanks to their
equipment. Their self-reliance is high. They tend to be efficient and
innovative. ―They are expected to live under better living standards,
longer and be wealthier than the previous generations thanks to the
advanced technology. The Zs still continue to study today‖ [11].

In order to motivate the Generation Y, who challenge the
authority, do not like the orders and hierarchy and not are impressed
by the title and position, need a manager believing in and
supporting them. As the children who grew up with the family
support they want the older staff to be their manager – not their
fellows. ―They need the fellow to have fun in the workplace and set
up a pleasant work environment‖ [11].
The Generation Y expecting quick promotions because of their
impatient personalities may easily change the job unless they are
promoted. Changing job seems to be a normal thing for this
generation. The Generation Y, with its character open to change, do
not have a difficulty in adapting to the new companies in which
they are employed. Therefore they prefer working to live to living
to work. The members of this generation who are able to do more
than one job at the same time and prefer multitasking jobs – even
careers – want to be known by their careers not the job they do. The
employees of the Generation Y attaching importance to the spiritual
values in business life and demanding their opinion to be asked
always want to be active in the company. ―Instead of being a part of
a chain that is unaware of what it is doing, they choose to be in a
critical position regarding the vision of the company and involve in
the innovation works to improve the company‖ [13].

Gamification is a delightful concept: it is a creditable idea to use
―video game elements to improve user experience and user
engagement in non-game services and applications‖ [15]. İncreased
engagement is claimed to have numerous benefits like improved
performance and greater user satisfaction [16]. The basic mechanics
of gamification are closely related to the mechanics of game design:
addressing the human desire for socializing, learning, mastery,
competition, achievement, status, self expression, altruism, or
closure [16]. An important element of games and thus gamification
is to make small steps of progress visible and thus look greater.
Nowadays, the theories of gamification that are closely related
to gen Z, and these effects on their business life are important. On
the other hand gamification is technology that can drive gen Z
engagement at work. ―Gamification is the application of big data
and video game mechanics to workplace activities. With many
companies already using contests and competitions to engage their
employees, gamification technology can help formalize a
performance-driven culture. It can also teach new skills and
increase transparency with real-time feedback, he added — all traits
that appeal to those in gen Z‖ [17].

The members of the Generation Y work to become free not for
money. They aim to improve their careers together with their
seniors coaching them. They lean towards teamwork within the
corporation in order to gain their personal goals. ―The Ys, who want
to work for technology-integrated companies thanks to their
entrepreneurial and innovative spirits, prefer using instant
messaging and e-mail. Initially they may discourage the companies
because of their different personalities. But soon after they start to
work, they may make a breakthrough for the companies that
achieve to obtain efficiency from them. The way to keep the Ys in
the company is to motivate them‖ [11].

4. Generational Motivational Differences at the
Research and Development Services (Gen Y and Gen
Z)
In addition to deciding the types of HRM motivators and
incentives to be used, unlike any other industry or field, an
organization with employees in research and development must
consider other underlying factors. One of these factors is
generational differences. Studies show that ―in order for an
organization to build an effective retention plan and keep its
employee base highly motivated, strategies and tactics need to be
tailored to reflect generational differences‖ [18].

3. Generation Z
The Generation Z, ―consisting of the people born since 1995,
are also called as Children of Internet, Digital Generation, Digital
Natives, Media Generation, .com Generation, iGen or Instant
Online‖ [14].
The most distinctive traits of the Generation Z are reliance,
freedom, individualism, addiction to technology and speed. There is
a great difference in terms of utilizing technology between this
generation and the Generation X, who are their parents. The Zs are
the children of PC, GSM and Internet. The members of the
Generation Z trying to comprehend the rapidly changing world and
grow up in it are the generation of the future. The evaluations
carried out regarding the Z generation cannot go beyond
supposition as they are under age, their personalities are not
maturated and it is not known what events may have an impact on
them in the years to come. The Generation Z, the children of the Xs
that were an important generation, is a complete technology
generation as they were born into technology rather than being
accustomed to it. They have been equipped with the technological
devices since they were babies. ―The members of the Z generation
who were born into a techno-global world can get contact with any
person in any location of the world in seconds and share
information. The Zs that may be called as the technology addict

For decades researchers have acknowledged that both pecuniary
and nonpecuniary incentives play a critical role in research and
development or innovative activity. In the previous chapter, we
emphasized the personal characteristics and various determinants of
the generation y and z. Adaptation to technological changes and
innovative ideas that affect deeply both generations are important in
R & D services [18].
According to the (2014) Millennial Branding and Randstad US'
research, reveals other attributes that distinguish Gen Z and Gen Y
employees. ―Gen Z has a clear advantage over Gen Y because they
appear to be more realistic instead of optimistic, are likely to be
more career-minded, and can quickly adapt to new technology to
work more effectively,‖. ―Additionally, since Gen Z has seen how
much Gen Y has struggled in the recession, they come to the
workplace better prepared, less entitled and more equipped to
succeed.‖ Research (2014) by Millennial Branding and Randstad
US provides an insightful picture of what employers can use to
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As compared with the previous generations they start to be
educated at the earlier age and get a developed and planned
education. They may benefit from the advantages of the education
they get in business life. Just a few of them can work because of
their age. Based on the specified traits of the Generation Z, ―they
are expected to have characteristics such as multitasking, efficient
technology utilization, individualism (not to like the teamwork),
creativity, global point of view and preference of non-standard and
personalized works‖ [11].

motivate, drive and inspire this newest generation as part of their
overall recruitment and retention strategy. ―Generations are
increasingly separated along narrower age bands, requiring
managers to juggle the needs and preferences of four or even five
distinct generations working side by side‖ [19].
Table 1: An Overview of The Working Generations (Gen Y and Gen Z)
Gen Y
Gen Z
Characteristics
(Born between 1980(Born between 19951995)
2010)

Formative
Experiences

9/11 Terrorist Attacks
Playstation
Social Media
Invasion Of Iraq
Reality Tv
Google Earth
Glastonbury

Economic Downturn
Global Warming
Global Focus
Smart Devices
Energy Crisis
Arab Spring
Produce Own Media
Cloud Computing
Wiki-Leaks

Aspiration

Freedom And Flexibility

Security And Stability

Attitude Toward
Technology

Digital Natives

‗‗Technoholics‘‘ –
Entirely Dependent On It :
Limited Grasp Of
Alternatives

Attitude Toward
Career

Digital Entrepreneurs –
Work ‗‗With‘‘
Organisations Not
‗‗For‘‘

Career Multitaskers – Will
Move Seamlessly
Between Organisations
And ‗‗Pop-Up‘‘
Businesses

Signature
Product

Tablet / Smart Phone

Google Glass, Graphene,
Nano-Computing, 3-D
Printing, Driverless Cars

Communication
Media

Text Or Social Media

Hand-Held (Or Integrated
Into Clothing)
Communication Devices

The disparate life experiences encountered by different
generations may affect each generation‘s value for extrinsic
rewards. More recent generations have more individualistic and
materialistic value orientations than past generations. ―On the other
hand the notion that extrinsic rewards such as pay, material
possessions, and prestige are the primary factors that motivate
humans to work is as old as the scientific study of work itself‖ [21].
In contrast today‘s young generation is more motivated by
innovative work than by money. Given that they saw their parents
work too hard and spend less time at home, and that they are more
likely to be laid off themselves, Gen Z members may believe that
there is more to life than a big salary, resulting in a lower value for
the extrinsic rewards by Gen Z [21]. ―Nevertheless, based on the
belief that Gen Z cares more about volunteerism and social issues, a
number of companies, as a way to attract younger employees, have
introduced extensive volunteer programs that allow employees to do
volunteer work on the company‘s time‖ [21].
To sum up, Gen Y and Gen Z love the idea of freedom at work.
Whereas others may be motivated by classic career models or the
prospect of a high salary, having meaningful work is the number 1
motivation factor for these younger generations. Work is not an end
in itself – it must have a deeper meaning, be fulfilling and enable
you to achieve tangible goals. To reach these goals, the place of
work is irrelevant. Especially if your workplace is a place that can
improve R & D and quality services. ―Younger generations see
traditional office workplaces with a presence culture and rigid
hierarchies as more of an obstacle to productive work. By contrast,
the importance of flexible working models is increasing: the content
of the activity is detached from space and time‖ [22].

Communication
Instant Messaging
Facetime
Preference
Source:Barclays Wealth: Talking About My Generation: Exploring The
Benefits Engagement Challenge (2013).

According to the table (Tab.1), which shows the main
characteristic and motivational differences of gen Y and gen Z, the
managers and human resource planners of the R & D firms should
take into account the significant inter-generational differences. The
potential innovative side of the Y and Z generation should be
evaluated separately by the managers.

5. Discussion
Understanding the work values of new generation young
individuals helps organizations appreciate how to structure jobs,
working conditions, compensation packages, and human resource
policies to attract Gen Z. ―What a other different generation valued
or expected from work when he or she was young may be very
different from what a member of Gen Z values coming into the
workplace‖ [21]. Thus, the management techniques that were
effective for young workers 20 years ago may not work now. In
addition, the same old recruiting techniques outlining the same old
jobs may not be effective for each new generation as it enters the
workforce. ―For example, many companies recognize they should
have a stronger presence on Internet sites such as Facebook. But
what should those advertisements and company descriptions
emphasize—what will be most likely to attract Gen Z? What
motivates Gen Z to work, and what do its members want out of a
job? The answers to these questions should drive the recruiting and
retention techniques used by companies. Thus empirical research
conducted on generational work values of Gen Z is needed‖ [21].

Generation Yers are generally described ―aswell-educated,
confident, socially conscious and having integrity and setting and
achieving personal goals matters to Generation Y‖. Research
studies also proved that Generation Yers want clear directions and
managerial support while at the same time, they demand
responsibility and flexibility to get tasks done in their own way [4].
That this generation is career orientated is also reflected in their
being prepared to work hard, at the expense of their work–life
balance, at the early stages in their career so as to progress. At the
same time, there are expectations of having some flexibility in
working hours and of having a level of salary commensurate with
graduate employment. Therefore Generation Ys can be seen to be
seeking a fair effort–reward equation. ―Generation Ys apparently
tend to seek encouraging and supportive management styles that
would allow them to perform well in a dynamic working
environment‖ [20].

The limited research on generational differences in work values
and work motivation has often relied on nonempirical data
(anecdotes, interviews) or problematic methods (cross-sectional
studies, which cannot separate the effects of age and generation).

The members of Z generation accessing to any kind of
information on Internet they need are supposed to be the most
connected generation ever born. The Generation Z perceive the
technology as a part of usual life but not an innovation, convenience
or a requirement one must be accustomed to [11].

―The effects of age can be explained by generational
differences, as younger employees may not perceive the standard
nine-to-five working day as a norm and may be more willing to
explore flexible working time arrangements‖ [23].
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Employees who want a lot of creativity intensity in their work
may need to be given more flexibility in choosing the most
appropriate times to realise their creative potential. Managers of
R&D employees might discover that offering freedom in choosing
daily and weekly working time in creativity intensive R&D jobs
may benefit both the employer and the employee [23].

[5] Francis-Smith, J. (2004). Surviving and thriving in the
multigenerational workplace. Journal Record, 1.
[6] Baruch, Y. (2004). Managing careers: Theory and practice.
London: Prentice Hall.
[7] Maxwell, G. A. (2005). Checks and balances: The role of
managers in work-life balance policies and practices. Journal of
Retailing and Consumer Services, 12(3), 179-189.

6. Conclusion
This study contributes to the literature with the compared
analysis, of the work values and work motivation of Gen Z and Gen
Y, important in R&D services. R&D employees prefer to challenge
themselves generally to do better than others, due to the
requirements of their roles in creativity and risk-resistance.

[8] Kerslake, P. (2005). Words from the Ys. New Zealand
Management, 52(4), 44-46.
[9] Suleman, R., and Nelson, B. (2011). Motivating the millennials:
Tapping into the potential of the youngest generation. Leader to
Leader, 2011(62), 39–44.

Young workers are now entering the workforce with different
values, on average, from other older generation, which may affect
recruitment and management. The ambition and idealistic role of
the new generations makes them able to develop in a motivational
way.

[10] Vui-Yee K. and Paggy K. (2018). The Effect of Work
Fulfilment on Job Characteristics and Employee Retention: Gen Y
Employees. Global Business Review 21(2) 1–15.
[11] Berkup Baysal S. (2014). Working With Generations X And Y
In Generation Z Period: Management Of Different Generations In
Business Life. Mediterranean Journal of Social Sciences, Vol 5 No
19.

Managers are encouraged to both recruit R&D professionals
who are intrinsically motivated and identify the rewards and
recognition practices that serve to promote intrinsic motivation
among existing employees. Unfortunately, intrinsic motivation
cannot be administered directly; rather, intrinsic benefits must be
provided ―more indirectly in the provision of facilitating conditions,
through, for example, task assignments (e.g., providing more
challenging assignments).‖ ―HRM practices should emphasize selfactualization, self-control, and self-regulation (e.g., through the use
of flexible working arrangements, team-based job design, and
formalized career development)‖ [18].

[12] Buckley, R. Beu D. Novıcevıc M. Sıgerstad T. (2001)
Managing Generation Next: Individual and Organizational
Perspectives", Review of Business, Vol.22/1.
[13] Schawbel, D., (2013) Millenials vs. Baby Boomers: Who
Would You Rather Hire? http://business.time.com/millenialsvs-baby-boomers-who-would-you-rather-hire (Date Accessed:
26.04.2019).

In sum, it appears that both intrinsic and extrinsic motivation
resources are important to R&D employees. But considering
intergenerational differences of R&D employees design an
appropriate mix of extrinsic and intrinsic incentives is important.

[14] Levickaıte, R. (2010) Generations X Y Z: How Social
Networks Form The Concept Of The World Without Borders The
Case Of Lithuania, Liımes.
[15] S. Deterding, M. Sicart, L. Nacke, K. O‘Hara, and D. Dixon,
―Gamification. using game-design elements in non-gaming
contexts,‖ in Proceedings of the 2011 annual conference extended
abstracts on Human factors in computing systems, New York, NY,
USA, 2011, vol. 2, pp. 2425–2428.

It is important to adopt change in order to make the
achievements of R & D studies sustainable and to prevent intergenerational conflicts. ―Moreover, the nature of work itself, and
creative knowledge work in particular, has changed considerably in
recent decades, and younger professionals entering the workforce
might be more able to adapt to those changes by using more flexible
working time to improve their individual competitiveness in the
creative R&D labor market‖ [23].

[16] Korn O. and Schmidt A. (2015). Gamification of business
processes: Re-designing work in production and service industry.
Procedia Manufacturing 3 ( 2015 ) 3424 – 3431.

Overall, generational characteristics have a strong impact on the
work attitude and motivation that creative R & D employees. It
appears to be unwise to have similar working motivation factors for
all generations. Working conditions (such as motivation and value
factors) that ignore the generational preferences of the employee
may make work results less efficient and could harm the well-being
of the employee, at least in the case of the creative R&D employees
covered by this study.

[17]https://www.cmswire.com/digital-workplace/building-a-culturethat-attracts-generation-z/. (Date Accessed: 26.04.2019).
[18] McAllister R. B. and Vandlen C. E. (2010). Motivating
Employees in R&D, Cornell HR Review.
[19]http://millennialbranding.com/2014/geny-genz-globalworkplace-expectations-study/ (Date Accessed: 26.04.2019).
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ИННОВАЦИОННАЯ ЭКОНОМИКА: ТЕНДЕНЦИИ И ОЦЕНКИ ЭФФЕКТИВНОСТИ ИННОВАЦИОННЫХ ПРОЦЕССОВ
INNOVATIVE ECONOMY: TRENDS AND EVALUATION OF THE EFFICIENCY OF INNOVATIVE
PROCESSES
Кундиус Валентина Александровна1 – д.э.н., профессор, Ан Евгений Алексеевич2- д.э.н.,
заведующий кафедрой экономики, анализа и статистики Алтайского государственного аграрного университета, Россия 1
Руководитель Центра аналитических исследований КазНУ им.Аль-Фараби, Казахстан2
Резюме:В научном представлении инновационная экономика – это экономика, основанная на знаниях, новых достижениях в научно-технической сфере и высокоинтеллектуальном капитале. В статье определены основные составляющие инновационной экономики, каждый из которых достигает конкурентоспособного уровня по мировым критериям: прежде всего это инновационный
потенциал; институциональная инновационная система; инновационная инфраструктура и высоко организационные формы
взаимодействия экономических субъектов, включая инновационные центры, технопарки, технополисы, кластеры, венчурный бизнес и другие; благоприятная среда роста человеческого капитала. В процессе проведенного исследования нами обоснованы индикаторы инновационного развития экономики, критерии и показатели оценки инновационности производства, инновационной активности на уровнях предприятий, организаций, территорий, так же определены индикаторы инновационной восприимчивости
экономики и эффективности инновационных процессов.
КЛЮЧЕВЫЕ СЛОВА: ИННОВАЦИОННАЯ ЭКОНОМИКА, ИНДИКАТОРЫ ИННОВАЦИОННОГО РАЗВИТИЯ ЭКОНОМИКИ,
КРИТЕРИИ, ПОКАЗАТЕЛИ УРОВНЯ ИННОВАЦИОННОСТИ, ОЦЕНКИ ЭФФЕКТИВНОСТИ ИННОВАЦИОННЫХ ПРОЦЕССОВ
Summary:In scientific representation the innovation economy is the economy based on knowledge, new achievements in scientific and technical sphere and high intellectual capital. The article defines the main components of the innovation economy, each of which reaches a competitive level according to the world criteria: first of all it is an innovative potential; Institutional innovation system; Innovative infrastructure and highly organizational forms of interaction of economic entities, including innovation centers, Technoparks, technopolises, clusters,
venture business and others; Favorable growth environment for human capital. We have substantiated the process of research Indicators of
innovative development of economy, criteria and indicators of estimation of innovation of production, innovation activity at the levels of
enterprises, organizations, territories are substantiated, as well as the indicators of innovation susceptibility are defined Economy and the
effectiveness of innovation processes.
KEY WORDS: INNOVATION ECONOMY, INDICATORS OF INNOVATIVE ECONOMIC DEVELOPMENT, CRITERIA, INDICATORS OF
INNOVATION LEVEL, EVALUATION OF INNOVATION PROCESSES EFFICIENCY
Теория и методология исследования основаны на
фундаментальных трудах отечественных и зарубежных ученых-экономистов в области региональной экономики, размещения производительных сил, теории интеграции, концепции
национальных систем нововведений, теории кластеров.
Информационная база исследований сформирована на
основе официальных данных об экономическом потенциале
регионов России, в особенности, Алтайского края и Республики Казахстан, достижениях науки и образования, их реализации на практике, представленных в официальных статистических изданиях, сети Интернет; материалах личных наблюдений
авторов.
В работе применены основные методы исследования:
монографический, системного анализа, статистические, абстрактно-логический, экономико-математические, системного
моделирования, экспертных оценок. Исследования основаны на
диалектическом, системном, кластерном, бизнес-процессном
подходах.
Результаты и дискуссия.
Исследования показали положительную динамику и ускорение инновационных процессов не во всех регионах России.
В Сибирском Федеральном округе удельный вес организаций,
осуществляющих технологические, маркетинговые и организационные инновации в общем числе обследованных организаций увеличивается практически в двух регионах из двенадцати
– в Томской области и Алтайском крае (табл.1).

Введение
Инновационная экономика – безальтернативный вектор
развития бизнеса, территорий, в целом страны, поскольку
обеспечивает их конкурентоспособность в производстве и на
мировых рынках. Опыт реализации инновационных стратегий
в последние годы показал недостаточность администрирования
и инвестиций в отдельные программы. Инновационная экономика требует формирования базиса развития в единстве производительных сил и производственных отношений в рамках
общего экономического окружения. В настоящее время процессы развития инновационной экономики сдерживаются как
имеющими место проблемами финансирования науки, модернизации базы научных лабораторий и институтов, так и проблемами подготовки инновационно активных кадров специалистов. Несомненно, негативное влияние оказывают отставание в
научно-техническом обеспечении учебного процесса, взаимодействие с производством, недостаточная инновационная активность бизнеса в этом направлении, его низкие финансовые
возможности. Поскольку инновационные процессы требуют
инвестиций, в этой связи в процессе их аналитической оценки
необходимо оценивать не только инновационный потенциал и
инновационную активность субъектов хозяйствования, но и их
экономическую эффективность на основе интегральных подходов, что предопределяет разработку системы показателей и
алгоритмов их расчета.
Материалы и методы исследования.
Таблица 1. Инновационная активность организаций, %*

Годы
2010
9,5
8,2
8,2
5,5
18,4

Российская Федерация
Сибирский федеральный округ
Алтайский край
Новосибирская область
Томская область
*
Составлено по данным источника [1].
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2013
9,3
9,1
11,3
9,9
14,6

2015
9,3
8,0
12,0
9,4
12,8

2017
8,5
7,3
12,8
7,5
14,0
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При этом показатели инновационной активности организаций в данных регионах превышают средние уровни показателей Сибирского Федерального уровня и среднероссийские
(рис. 1) .
Однако, в реализации стратегии инновационного развития экономики важно определить не только уровень инноваци-

онной активности организаций, но, в большей мере, эффективность инновационных процессов, инвестиций в инновации, в
конечном итоге, эффективность реализации инновационных
стратегий. На эффективность инновационных

Рисунок 1. Инновационная активность организаций, %
процессов оказывают влияние большое количество факторов, которые схематично представлены на рис. 2.
Рейтинг
инновационного
развития региона

Инновационный

Научный потенциал

Интеллектуальный потенциал

Факторы инновационной восприимчивости
региона

Индикаторы
инновационной
активности региона

Экологичность
производства

Затраты на исследования и
разработки на 1
занятого

Количество освоенных инновационных разработок

Производительность труда

Затраты на технологические
инновации на 1
занятого

Доля инновационно активных
субъектов (организаций)

Фондоотдача

Выпуск инновационной продукции на душу
населения

Наличие инновационной инфраструктуры

Рис. 2. Факторы рейтинга и индикаторы инновационного развития региона
Важным фактором эффективности инновационной деятельности, по нашему мнению, следует считать степень восприимчивости, т.е. востребованности экономикой и обществом результатов инновационной деятельности. В современной науке и
практике пока не сформирован единый комплексный подход к
восприимчивости нововведений во всех сферах общества
[2,3,4], требует национальной адаптации и актуализации модель открытых инноваций [5,6].
Основываясь на представлениях об основных инновационных системах и необходимых условиях для экономического роста инновационного типа. При построении модели рекомендуем выделение четырех основных уровней: индивид, организация, интегрированные формирования, включая территориальные кластеры, регион. Выявлено то, что степень воздействия инновационных процессов на их развитие определяется
наличием и состоянием инновационной инфраструктуры в
регионе, институциональных и организационных условий, ин-

новационной политики. С целью определения уровня инновационности и эффективности инновационной деятельности организаций, научно – производственных систем и регионов,
нами предложен интегральный показатель инновационной
активности региона, который может быть рассчитан по формуле:
(1)
IPa   pici ,
IPa – интегральный показатель инновационной активно-

где
сти; pi – вес отдельного i-го показателя инновационной активности; ci – балл в зависимости от изменения отдельного i-го
показателя инновационной активности.
Основные показатели, характеризующие инновационную активность, представлены в таблице 2.
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Таблица 2. Основные показатели инновационной активности региона
Показатель

Формула расчета

1. Инновационная емкость продукции
промышленного производства (Еи)

X1=Еи=Зти/Vпп, где Зти – затраты на технологические инновации предприятий;
Vпп объѐм промышленного производства
2. Доля затрат на технологические инно- Х2 =YТИ= Зти/Vип, где Vип – объѐм (стоимостная оценка)
вации в стоимости инновационной про- инновационной продукции промышленных предприятий
дукции промышленных предприятий (Уш)
3. Доля инновационной продукции в об- Х3 = Уип= Уип/Упп
щем объѐме промышленного производства (Уип)
4. Инновационная отдача (Оти)
Х4 = Oти= 1/Еи
5. Удельный вес инновационно-активных Х5 = Уиа = Киа/Кобщ,
предприятий (Уиа)
где Уиа – удельный вес инновационно активных предприятий в общем количестве обследованных предприятий;
Киа – количество инновационно активных предприятий;
Кобщ – общее количество обследованных предприятий
6. Доля интеграционных формирований Х6 = Уиф = Киф/Кобщ,
науки образования и производственных где Уиф – удельный вес интеграционных формирований в
систем
общем количестве предприятий; организаций;
Киф – количество предприятий, организаций в интегрированных формированиях;
Кобщ – общее количество организаций, предприятий в регионе

Обозначение
X1

Min

Мах

0

1

Х2

0

1

Х3

0

1

Х4
Х5

0
0

1
1

Х6

0

1

бизнесом финансируется разработка лишь 15–20% технологий,
а более чем в 60% разработок бизнес не имеет возможности
участвовать.
Современное инновационное производство обусловливает необходимость расширения интеграционных связей науки,
образования и производства не только в воспроизводственном,
но и в территориальном аспектах. Интегрированные формирования науки, образования и производства становятся базисом
инновационного развития экономики, а их взаимодействие
выходит за пределы одного административного образования,
распространяется на сопредельные, трансграничные территории. При этом формируется ядро развития в виде кластера,
представляющего локализованную инновационную подсистему
трансграничных регионов. В этой связи разработка теории,
методологии и рекомендаций для практики пространственной
интеграции науки, образования и производства, формирования
пространственно локализованных инновационных подсистем в
том числе трансграничных территорий на основе их инновационного потенциала является актуальной проблемой, не получившей должного внимания в экономических исследованиях

Для расчета инновационной активности необходимо
проследить характер изменения рассчитанных показателей
инновационной активности («+»/
«-») и в зависимости от этого присвоить каждому показателю
соответствующий балл (табл. 2).
С учетом полученных баллов вычисляем итоговый интегральный показатель инновационной активности региона по
основной формуле:
Иа=Х11C11+Х12 C12+Х13C13+Х21C21…….
Х61C61+Х62C62+Х63C63.
(2)
В зависимости от полученного значения итогового показателя целесообразно определить уровень инновационной
активности региона посредством следующих критериев:
– значение интегрального показателя инновационной активности варьирует от 3 до 2,5 – регион обладает высоким уровнем
инновационной активности;
– от 2,4 до 2 – регион обладает средним уровнем инновационной активности;
– от 1,9 до 1 – регион обладает низким уровнем инновационной
активности;
– от 0,9 до 0 – регион обладает низким уровнем инновационной
активности и непривлекателен для потенциальных инвесторов.
Таким образом, расчет интегрального показателя предложенным методом позволяет выявить слабые и сильные стороны в достижении инновационной активности региона с учетом развития либо замедления интеграционных процессов в
сферах науки, образования и производственных систем.
Формирование условий инновационной восприимчивости экономических субъектов в регионе предусматривает группу мероприятий, связанных с нормативно-правовой поддержкой инновационной деятельности, регулированием инновационной политики, информированием общественности. Важнейшая роль принадлежит человеческому фактору, в котором заложен главный потенциал и в то же время – главная опасность
в формировании инновационной восприимчивости экономических субъектов.
Заключение. Ограниченные возможности, территориальная и административная обособленность регионов с особым географическим положением, к которым относятся Алтайский край, а так же сопредельные территории Казахстана, не
позволяют в относительно короткий период создать высокоэффективный базис инновационного развития в каждой отдельно
взятой территории. В то время как ряд технологий, которые
представляют интерес для бизнеса, наука предложила раньше,
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Abstract: Industry 4.0 has a significant impact on the economic and social sphere of society. Changes in the economic system give rise to
a number of social risks associated primarily with the labor market, occupational structure and employment. In the article the social risks of
the digital economy, identifies threats and challenges to the education sector are systematized. Contradictions of the functioning of
educational institutions are described. The innovative role of the educational system, which it can play in regional development, is defined.
Innovative approaches to the development of the education system based on existing experience are proposed.
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Changes in economics and management, related to Industry 4.0,
significantly affect on the professional structure and needs of the
labor market, on the quality and competencies required for human
capital carriers. Consequently, the educational system has new
tasks, the role of educational institutions is changing significantly.
The principles of federalism suppose a high degree of freedom of
the regions in choosing ways to develop the economy and in
regulating regional markets. Under the conditions of the new
economy, educational institutions in the region may become an
additional shock absorber of emerging social risks, if such
institutions realize their innovative role in these processes.

1. Introduction
Modern socio-economic systems are developing in terms of
new challenges associated with the deployment of the fourth
industrial revolution, called Industry 4.0, which has a significant
impact on all aspects of public life: economic processes, social
interactions, philosophical understanding of human place in the
modern world. The scientific discussions of recent years have
focused their attention on finding mechanisms for developing
competitive advantages in the conditions of the new economy, on
potential social benefits and threats The multilateral aspects of the
implementation of the ideas of Industry 4.0 had considered at the
economic forum in Davos at its discussion platforms. [1]. Later this
topic was on the agenda of the St. Petersburg Economic Forum
(2017).

2. Prerequisites and means for solving the problem
The implementation of the ideas of the new industrial
revolution, the construction of enterprises on the basis of the digital
economy are becoming sources of competitive advantages for
individual organizations, regions and countries. However, one
should not overlook the social risks and threats that could
potentially arise. These risks and threats form the prerequisites for
changing the role of educational institutions in regional
development.

A new digital economy emerging under the impact of the
industrial revolution is based on the organization of production
processes on a digital basis, which implies a wide automation and
control based on intelligent systems, the use of cyber-physical
systems in production, constant interaction with the external
environment, eroding the boundaries of the enterprise as such, the
use of cloudy technologies. Formable digital economy not only has
a number of new properties, but also greatly changes the relations of
production, the existing social structure of society, social
relationships, makes new demands on the personnel and on the
system of its preparation [2].

Let consider some of them.
In past, many researchers and practitioners had recognized the
increasing role of personnel in supporting the activities of an
enterprise, also the influence of the human factor on production
processes. At the new type enterprises, the employees itself does not
mediate decision-making; it is done by means of intelligent systems,
relying on databases. Production is becoming flexible,
individualized. And this is already a reality. For example, this is
how the Siemens plant (Amberg) operates, producing Simatic
controllers. About 75% of all work at the plant is carried out
without human participation. The plant offers over 1000 production
options, and communication with consumers is carried out via the
Internet [3].

Production processes and relationships are becoming
qualitatively different. Earlier also innovation activity, automation
of management processes was carried out, but organizationally it
happened inside one enterprise (or their group), the employees, as a
rule, was in constant communication with the employer, the
qualification requirements for personnel were relatively stable for
long time. Changes in data exchange with the outside world, their
intensification, cloud technologies, digital platforms gives
possibilities to form global industrial networks based on new
principles, when the processes of automation, generation and
implementation of innovations go beyond individual enterprises and
create a kind of common production environment.

So, on the one hand, the requirements for personnel, for its
adaptability, flexibility, learnable are increased, on the other hand,
as in any case of automation, there is a release of labor. And here,
therefore, there is a need for continuous training of personnel
employed in the production, as well as solving the problem of
employment for those released from the production process.

In the digital economy, data (databases) are becoming key
elements for making management decisions. New information
systems, in contrast to the previous ones, have a huge performance,
with the highest (almost unlimited) level of automation, as well as
with high connectivity, which provides interaction regardless of
physical distances. The Internet of Everything (IoE) connects into a
single complex of people, all kinds of processes, things and
services. Management decision-making models are changing. The
use of objective databases allows you to overcome the intuitiveness
of decision-making in business and in government service, where
there is a traditionally high level of subjectivity and "magic of job
title of decision-maker".

In addition, some professions are at risk due to changes in the
technological basis of production, increasing automation of
production processes, and robotization. A person can be replaced by
robots in those works that are routine in nature, performed on the
basis of an It is necessary to pay special attention to the social risks
associated with changes in the needs of the labor market and the
structure of employment. According to the report “Russia 2025:
from cadres to talents” of the organizations WorldSkills Russia, The
Boston Consulting group (BCG) and Global Education Futures, by
2025, in Russia there will be the most demand for workers of the
so-called category “knowledge”, who have the abilities for making
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improvisation, taking independent decisions, working with
uncertain situations. Currently, approximately 17% of employees
perform creative or analytical tasks (in European countries - 2945%), about 50% are mainly engaged in routine work. 35% of
employees are engaged in activities that do not require special
training (the most popular professions are the driver (7%), the seller
(6.8%), the security guard (2%)). It is assumed that in Russia about
10 million people may remain without work in the future. At the
same time, there will be a shortage of about 10 million people
capable of solving analytical, creative, non-standard tasks [4].

Consumers of educational services at all levels intuitively
respond to the defects of the system, which is expressed in such
trends as: an increase of almost 10 times from 2008 to 2017 the
number of children in home education; a significant increase in the
number of consumers of online courses [6]; huge volumes of the
market of tutoring services (according to experts of the Center for
Economics of continuing education of the Institute of Applied
Economic Research of the Russian Academy of National Economy
and Public Administration, in 2017 the volume of this market was
120 billion rubles, since 2000 it has grown 6 times, the annual
growth is 3-5%) [7].

It should be noted that in terms of robotization, Russia is still
lagging behind the leading countries. Thus, the average rate of
robotization in Europe in 2016 was 99 robots per 10 thousand
employees, in South Korea (the absolute leader) - 631 robots per 10
thousand employees (in 2015 this figure was 531), in the most
robotized European country - Germany - 309 robotic solutions per
10 thousand employees, in the USA - 189. The average number is
74 robots per 10 thousand employees. In Russia, this figure is 1 [5].
At the same time, the Russian economy is developing in line with
global trends, so the risks of employment change may be somewhat
postponed in time, but they cannot be ignored.

In addition to the risks to the labor market, it is also necessary
to highlight the problem of social adaptation of the population to the
digital economy, in particular, it concerns needs for continuous
training and for the development of new skills in the digital space.

3. Solution of the examined problem
The essence of social risks can be determined as follows:
changing the role of personnel
in
decision-making and
management; abrupt changing in the types of professions and in
requirements for them; increasing demands for adaptability,
flexibility, creativity, and training of personnel; the threat of a new
type of unemployment; and the need for social adaptation of the
population to digitalization. It seems that the risks can be reduced
by using innovative approaches to education. It is obvious that
changes affecting the economy and the labor market cannot but
affect the education system. However, traditional models and
methods are unlikely to be viable in the future. At the same time,
the introduction of innovations in the educational process can bring
a synergetic effect, forming not only the prerequisites of the digital
economy, but also preventing emerging social threats.

The potential of economic growth is provided by the
manufacturers and providers of Internet services, which are
penetrated to the traditional spheres and which are transform them
on the basis of cloud technologies (taxi service, accommodation
booking, etc. Thus, the Internet of Things is actively developing in
the transport industry. It is not only a remote monitoring system.
Currently, smartphones are very popular among users (about 50%
of all mobile devices), and this gave impetus to the development of
services such as Uber, Yandex, to building a system for monitoring
road congestion on maps. The taxi market in major cities has
changed a lot [6]. So some professions may dissapear in the future,
while others may appear dynamically.

Educational organizations should be guided by a changing
competency model. Thus, according to the WorldSkills
classification, it is possible to single out New skill - a competence
that currently does not exist or exists individually in advanced
technological enterprises; Transforming skill - the competence that
will change under the influence of new technologies; Redundant
skill - competence that will be outdated and disappear. The adopted
national program “The Digital Economy of the Russian Federation”
is set a number of important tasks for the education sector:
formation of educational programs aimed at ensuring digital literacy
of the population, as well as training for the digital economy. The
special categories of the population in the program are people over
50 years of age, teachers, civil servants, who is extremely interested
in advanced training and involvement in the digital economy. By
2024, it is planned that the share of domestic spending on the
development of the digital economy will be increased to 5.1% (now
1.7%) [8].

According to expert estimates, the most advanced in terms of
the use of IoT technologies, currently in Russia are the following
industries and fields of activity:
- electric power industry (new technologies for equipment
operation, formation of a center for gathering technological
information);
- logistics service (cargo tracking system and their geo-location,
“smart” transport infrastructure management, primarily in large
cities);
- healthcare (electronic health monitoring, remote examinations,
for example, drivers, telemedicine);
- “smart city” (management of resources, electricity, transport);
- “smart home” (control of heating, lighting, microclimate,
security, consumer services);

The additional challenges to the education system in the digital
economy are the following: reducing the value of obtaining a
diploma as an education certificate (leading companies disclaim
mandatory requirements, in particular, Google, Apple, IBM);
obsolescence of professions in the period of preparation (the period
of professional training is 3-4 years); changes in employee
competency requirements; growing need for continuous retraining;
growing demand from the population for new flexible programs;
growing needs of the population in obtaining knowledge about
various spheres of life.

- agro-industrial complex (precision farming, remote control of
agricultural equipment) [3].
In the report mentioned above the reasons for the low level of
Russia's competitive advantages are cited: insufficient demand for
knowledge on the part of employers, systemic problems in the field
of education, and the desire of the workforce for stability, not
growth. In order to meet the needs of the new economy the content
of education must be changed to meet the needs of the new
economy: from the knowledge in the subject area to the acquisition
of universal competencies, allowing to solve various tasks. The
systemic problems of Russian education are: an insufficiently high
level of competence, flexibility and abilities to change, which
school teachers have; the inability of educational institutions to
work in conditions of increasing competition (the emergence of
alternative sources of increasing knowledge and competencies); the
substitution of education by the presence of a diploma; insufficient
level of financing of secondary vocational education and its weak
connection with the needs of the regional labor market.

The functioning of the modern education system is associated
with the manifestation of a number of contradictions. Professional
education organizations form and approve recruitment plans for
certain professions in advance but the demand for these professions
may fall. Also, the terms of training are set by law, while the
regional market and the digital economy need to quickly obtain the
necessary knowledge and skills. Educational organizations operate
in a highly bureaucratic environment, but the market dictates
flexibility. Requirements for teacher's competencies are faced with
the routine nature of determining the level of their qualification.
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Educational organizations cannot resolve these contradictions on
their own, it is necessary to change the legal framework and the
whole system of regulation of the education sphere.

organization, even if the quality of management is perfect. Changes
in legislation and the entire system of regulation of educational
activities are required. If this is not done, the education system can
be a brake on the development of the digital economy.

Organizations of vocational education in the region can reorient
themselves to flexible models for obtaining knowledge in
accordance with new needs, offering advanced training courses for
workers in new industries in close connection with practical
activities (training in connection with practical tasks). For exempt
workers, educational organizations may offer comprehensive
retraining services in cooperation with employment services (which,
in turn, must take into account not only the current situation, but
also its forecast). For the population of the region, various formats
of learning digital competencies, training of users of “smart
systems”, including in the form of tutoring, are possible. School
educational organizations need to focus on developing flexible,
creative thinking among students. It is possible to solve this task on
the base of introduction into educational programs such courses as
music education, visual arts, and culture study; these disciplines
affect on “right hemisphere” activities development and create an
opportunity for students to solve non-standard tasks in various
fields of knowledge.

Innovations in professional education contribute to the
adaptation of the educational system to new challenges, provide
possibilities to use educational institutions as educational centers of
regional development. In the new conditions, universities can act as
integrators of transformations and a platform for interaction of
actors of the regional socio-economic system. It is necessary to
study the positive experience of universities aimed at increasing
flexibility, developing the concept of continuing education,
intensifying contacts with the population of the region and training
in the field of additional education programs.

5. Conclusion
Thus, the fourth industrial revolution puts society in the face of
new social threats and challenges. The greatest risks are associated
with modifications of the social structure of society concerned with
the requirements for the professions changing. It is necessary to
organize system of lifelong learning for employees. In addition, the
population of region needs to adapt to digitalization processes, not
only learn how to correctly use new technologies, but also do it in a
safe way. The educational system can provide an answer to these
challenges, but this requires a significant change in the approaches
to knowledge transfer processes, the formation of flexible training
modules based on the use of innovations. This, in turn, will be
possible only in the conditions of abandoning the old models and
methods of regulating the educational environment, including the
revision of formalized standardized approaches to assessing the
quality of education.

There are some positive experiences of universities activities in
Russian regions. The university may be an innovation driver as well
as a center of digital development. For example, Omsk Agrarian
University is implementing the project “University Open to the
Region”, in which the university interacts with the population,
business, and educational institutions of a different level (secondary
vocational education).
A significant role is played by the organization
WorldSkillsRussia, which has developed five programs for Russian
universities. WorldSkills Academy will be engaged in advanced
training of university teachers. This is one of five programs
designed specifically for higher education institutions. Other
programs are aimed at training experts among university faculty
members for holding championships and a demonstration exam on
WorldSkills standards, training championship organizers and
enhancing the managerial qualifications of the university’s
personnel reserve. 11 universities are already participating in the
movement. These universities already use the WorldSkills tools in
their work: they implement WorldSkills standards in the
curriculum, conduct a demonstration exam, develop new
competencies, and also create training grounds and specialized
competence centers on their basis [9]. These are predominantly
technical universities, but also the universities that have the
educational program of social work are trying to join the movement.
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4. Results and discussion
The formation of the digital economy affects not only on the
economic but also the social sphere. The main problems associated
with the functioning of the education system in the digital economy,
the following: changing the role of staff in decision-making and
management; drastic changes in the types of professions and
requirements for them; increasing demands for adaptability,
flexibility, creativity, training of personnel; the threat of a new type
of unemployment; the need for social adaptation of the population
to digitalization.
A number of contradictions can be distinguished in the
education system, the manifestation of which reduces the
effectiveness of the activities of educational institutions: the
possible lack of demand for the profession - centrally establishing
of students recruitment plans; availability of long-term fixed
training periods - the need for their reduction for the regional
market; fixing competences in educational programs, strict
regulation of their implementation - the requirements of flexibility;
the need to change the competencies of teachers - the traditional
assessment of qualifications; the need to involve practitioners in
teaching - an outdated regulation of teaching. However, these
contradictions cannot be resolved within a separate educational
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environment on the development of the enterprise's potential. In the
given scheme the level of interaction of technological, innovative,
economic, informational, organizational, competitive, labor
potential with the development of innovative potential is
determined. It can be argued that in order to establish investment
potential, to improve investment activity, it is necessary to take into
account development opportunities, financial resources, and the
influence of exogenous and endogenous factors.
The classification of the factors that influence the
formation, development and efficiency of the investment potential
of the enterprise was proposed by Bormotova M.V., Moskalenko B.
A., Sukhorebryi Y.V. [4, p. 60-62]. These factors were divided into
two groups: by sources of origin - external and internal factors; by
direction of influence there are the mobilization and application of
investment resources. Internal factors include: financial and human
resources; supply of raw stuff and materials; demand of buyers;
position of the enterprise in the domestic market; level of
competition; support from the state. The factors of external
influencing are: inflation; exchange rate fluctuations; trust of
investors; tax regulation; development of the country's economy;
the level of corruption. We believe that the level of influence of
these factors must be taken into account in the formation and
development of investment potential, so far as the assessment of
factors of the market environment allows to identify threats, risks,
and to establish financial sustainability of the enterprise.

and

With the growth of investment at industrial enterprises,
the production of new types of products, expansion of markets, the
establishment of foreign economic relations, the attraction of
advanced technologies the level of investment capacity and activity
of the enterprise increases. The setting up of investment activity
requires a thorough analysis of the risks of the investment market,
the assessment of economic development, the determination of the
environmental factors, the implementation of the forecast of the
functioning of the market. The improving the level of development,
strengthening the competitive position in the market, increasing
financial stability, improving the economic situation in the country
testifies to a high level of investment activity and improvement of
investment activity. Planning, development, implementation,
management and implementation of investment activity is carried
out with the help of investment potential. The development and
implementation of an investment project is a mechanism for
identifying, growth and adoption of the investment potential of an
enterprise, therefore the study of this issue is justified and relevant.
We believe that the use of investment potential of industrial
enterprises creates opportunities for: increasing profits; minimize
costs; growth of company's welfare; settlement of investment
activity; forecasting the size of financial investments; establishment
of relations with the state; execution of contracts; assessment of
investment risks; adjustment of production process and
organizational structure.
Tolpezhnikov R.A., Mamatova L.Sh. [1, p. 360-361]
proposed a model for assessing the financial and investment
potential of the enterprise. The proposed model is carried out at the
following stages: collection, processing and analysis of information
on the activities of the enterprise; assessment of the existing level of
financial and innovation potential, analysis of financial activity
indicators; definition of normative values of financial and
innovation potential; comparison of actual results with normative
indicators; identification of additional funding sources; conducting
an analysis of the effectiveness of the system of development of
financial and investment potential; development and use of ways to
increase the financial and investment potential of the enterprise. The
mechanism of providing financial and investment potential, which
is based on the stages of planning, organization, and control, was
considered. However, the author did not take into account the stages
of implementation and development of the investment project, did
not reflect the impact of the threat of the investment market.
Pashkevych M. [2] adhered to the idea that the concept of
investment potential and investment attractiveness are different.
Therefore, the investment potential was considered as a process for
the effective use of own, borrowed, debt resources, available
opportunities in order to improve the economic development of the
enterprise, betterment the environmental safety and social
development. In addition, the efficiency of management of the
investment potential of an enterprise is evaluated using: the
coefficient of investment potential use; the level of used investment
potential. Dorosh Yu.V. and Gulko L.G. observed the theoretical
aspects, role, scheme of development of investment potential. [3, p.
289]. The scheme of development of investment potential takes into
consideration the influence of factors of external and internal

Results.
The process of organization of management begins with
the definition of purpose, the formation of goals and objectives
without which the investment project is impractical and there are no
reasons for its implementation. The targets and objectives of the
investment project must be in line with the interests of the
enterprise. The following is an analysis of the results of the
financial activity of the company in order to conclude new contracts
and obtain loans. Methods play an important role in the process of
project management, since they are used to assess the risks and
threats of the environment, determine the project's duration, main
goals, targets and objectives, form a project team, calculate the
amount of borrowed funds, determine the sum of required financial
resources, estimate costs, form the budget of the project, monitor
and evaluate the effectiveness of the project, make management
decisions, enter into contracts with suppliers. Consequently, the
process of organizing a project management system depends on the
rational use of management methods.
In general, there are different approaches to construction a
management system for investment projects that have advantages
and disadvantages, but the proposed system is efficient and
profitable, so far as the relationship between the enterprise and the
project team is taken into account, the threats and risks are
considered, the factors of the internal and external environment are
assessed, the financial condition of industrial enterprise is
estimated, algorithm of action, operation of the project team is
defined.
In difficult conditions of development in Ukraine there is
a decline in economic activity of industrial enterprises due to the
instability of the economic situation. An important prerequisite for
establishing economic development, increasing the competitiveness
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of industrial enterprises in the international market, improving
social development and welfare of the population, filling the state
and local budgets, and successful development of the region is
attraction of investments. However, Ukraine is characterized by the
ineffectiveness of passed legislative acts, political instability, lack
of state financing of industrial enterprises, aggravation of the socioeconomic crisis, exchange rate fluctuations, high inflation and
interest on bank loans, all that limits the volume of foreign capital
investment in the activities of industrial enterprises. Most industrial
enterprises are characterized by low level of financial stability,
security of economic development, paying capacity, business
activity, they lose competitive positions in the market and are
unprofitable.
The only way to establish the development of industrial
enterprises is to implement structural transformations both in the
country's economy and in the growth of industries. In particular, at a
state level, it is necessary to organize a well-balanced and wellfounded investment policy that will facilitate investment attraction,
their efficient allocation and use to satisfy state, regional and local
needs, and implement development programs. The attraction of
foreign capital is carried out in conditions of stability, reliability,
development, and therefore this process will allow making
structural changes in the economy of the country, improving social
development, raising the security of development and the level of
financial stability of industrial enterprises, and increasing the level
of public confidence. In order to increase the country's economic
effect from the use of investment capital, it is necessary to develop
and implement investment projects of industrial enterprises,
guaranteeing the rationality of using investment resources,
protecting the interests of investors and maximizing achievement of
the set goals.
For most industrial enterprises there is not enough own
financial resources in the process of activity, therefore there is a
need to attract either borrowed resources or investment capital. The
use of borrowed resources will result in an increase in the amount of
debt capital, accounts payable, which will cause a reduction in net

profit, equity and, in some cases, will contribute to an increase in
the volumes of production and sales. However, more rational for
enterprises is investment attraction and participation in an
investment project that will expand and change the structure of
production, increase product range, modernize outdated equipment,
carry out technical re-equipment, develop new types of activities.
Implementation of the investment project of an industrial
enterprise will create preconditions for improving the welfare of the
population, establishing socio-cultural development, increasing
demand for products, filling the local budget, solving environmental
problems, betterment of the medical care of employees,
infrastructure growth.
In the process of developing an investment project,
investors' interests and requirements need to be taken into account,
as investors invest their financial resources, mainly in the short run,
due to the desire to return the invested funds with interest.
Investments in investment projects require a rather long period and
is accompanied by a risk of non-repayment of funds. Therefore,
investors, in order to assess the reliability of the investment project,
analyze the following information: risks and threats of the project;
provision with labor and financial resources; project cost; term of
project implementation; goals and objectives; project business plan;
comparison of several projects; enterprise activity analysis; choice
of priority directions of investment of funds.
Kalinichenko Z. D. analyzed theoretical approaches to the
interpretation of the essence of the concept of "investment potential
of the enterprise", the characteristic features, functions and
methodical approaches to the assessment of the investment
potential. [5, p. 275; 6]. Methods for evaluation the investment
potential, which are shown in Fig. 1 are used by industrial
enterprises to calculate the cash flows, time for receiving revenue
and paying off defrayal, project life and return on investment with
interest payments, increase in revenues from participation in an
investment project, assess investment risks, and make risks and
threats predictable.

Methods to apply
under conditions of unstable
development

Methods used under
conditions of stable economic
development
development
An assessment of the internal norm of
return on investment

Capital asset valuation model

The method of pure reduced
cost

The method of a better state
Simplified discounting method

Evaluating the profitability index

Arbitration theory of evaluation

Calculation of payback period
investment

Fig. 1 Methods for assessing the effectiveness of the investment potential of the enterprise [5, p. 275; 6, p. 213-214]
sales markets and manage its risks. The stages of assessing the
effectiveness of investment potential include: collecting information
and defining methods for assessing investment potential, financial
sustainability, as well as the definition of normative values of
indicators; there is a grouping of indicators by features or purpose;
choice of coefficients for investment potential assessment;
calculation of indicators; estimation of investment potential level.
The advantage of this approach is the ability to assess the low,

In our opinion, the use of these methods will create
opportunities for determining the appropriateness of investing
capital investment, participation in an investment project, the
formation of investment potential.
The order of estimation of efficiency of investment potential
of the enterprise was proposed by Andrianov Yu.O. [7, p. 43-46],
who argues that due to the investment potential, the company is able
to increase its competitiveness, attract investment capital, expand its
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medium, high investment potential of the company and develop
measures to increase it.

Conclusions.
In our opinion, the mechanism for ensuring the
development of the investment potential of an industrial enterprise
is a complex organizational process that is carried out by
implementing principles, methods, observance of functions, model,
established norms taking into account the optimal ratio of own and
attracted investments, time parameters, investment risk, which
ensures the establishment of investment activity, level of activity,
achievement of the established tasks with the purpose of
improvement of development of investment potential as a
mechanism component of the investment project and it secures the
establishment of the enterprise activity and the development of the
components of the potential in the long run.
The mechanism of ensuring the development of the
investment potential of an industrial enterprise, in contrast to the
existing ones, is a complex organizational process for improving the
development of investment potential as an integral part of an
investment project, for establishing enterprise activity and
developing the constituent of potential in the long run through the
implementation of principles, methods, observance of functions,
taking into consideration available investment capital, investment
risk, which creates an opportunity to resolve the investment
problem of attracting investment resources, providing organization,
forming investment potential.
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Abstract: CRM Systems (Customer Relationship Management) - Customer Relationship Management Systems. The success of any
company is determined by customers, their satisfaction with the company's products, their satisfaction with access to them and their
willingness to return to the company. That's why every company has to give its customers the appropriate attention and time. However, this
can be very difficult in practice.
In fact, customer relationship management often involves lengthy searches for appointment notes, important customer information, and
relevant documents. Therefore, this is an inefficient, costly and, in many, unnecessary way of working.
There are software solutions that not only save companies a lot of time, but also help them improve and streamline their customer
communications. These solutions are referred to as CRM (Customer Relationship Management) - customer relationship management
systems or otherwise customer systems. These systems are no longer hot news anymore, but they have recently gained enormous interest
from both users and suppliers. To put it simply, more and more businesses have already recognized that keeping a customer is cheaper than
looking for new ones that are not yet disappointed. At the same time, more and more software vendors have noticed that their customers are
increasingly taking care of marketing and looking for the right tools for it.
At present, companies are increasingly focused on building, developing and effectively managing their relationships with their
customers. One of the reasons for the increased focus on quality customer satisfaction was the change in the competitive environment in the
1990s and the impact of information technology development. The advent of the Internet has been strengthened by the ubiquity of
competition.
One of the most effective ways a business can differentiate itself from a competition is a perfect understanding of individual customers
and their needs, a personal approach and an excellent level of service. However, if a company has hundreds, thousands or millions of
customers, it is impossible under normal conditions to know each other's wishes, needs and preferences. And that is why CRM systems have
been developed that, when properly applied, enable a large number of individual customers to understand, tailor their offerings to their
needs and wishes, and know and manage their value for society. In summary, simply automating business processes, such as logistics or
human resource management, comes with the automation of customer contact.
Keywords: CUSTOMER RELATIONSHIP MANAGEMENT (CRM), CRM PROCESSES,
or set automatic alerts for important dates. However, the system
does not offer the user any document management, analytical and
statistical processes, or automation of reporting for colleagues and
superiors. It is up to each user to create a system for storing
documents or to perform statistical calculations and analysis using a
spreadsheet editor. The most common used are Outlook, Excel,
Word, Access ...

1. Short view to the past
At the end of the 1960s, some Ted Lewitt (business expert)
declared that the basic principle of successful business is the ability
to win and retain a customer. He said that a modern business should
understand the whole business process as a firm commitment to
discovering, creating, encouraging and satisfying customer needs.
Lewitt had predicted the key roles of today's CRM systems by 30
years.

In the case of Outlook, this ambition is to form a system-wide
integration article. Basically, it is an electronic filing system that
can search and sort contacts in the database and support the
automation of electronic communications. On the other hand,
sorting and searching functions are limited. The main drawback is
the linkage of all activities undertaken with the user, rather than
being linked to the individual contacts in the database to which the
activities relate. The basic advantage is low cost (programs are now
installed on most computers) and automate the most repetitive data
filling procedures. A significant advantage is the freedom to
organize other necessary processes at their own discretion. Even
this system is in most cases combined with the above-mentioned
well-known file containing customer cards. Indeed, even the paper
diary is not a lot of people willing to leave [1].

Thanks to modern technologies and possibilities of the Internet
there is a significant increase in competition - even big suppliers
have to worry about small competitors. Without Interne, small
competitors would not usually exceed the region's borders. The
Internet allows them to reach at relatively low cost customers
around the world. In the recent past and today it is possible to trace
4 basic types of CRM systems, differing in the use of computer
technology, the degree of automation of activities, the suitability of
use for different types and sizes of organizations, and the extent and
complexity of:
a)

Paper database system

This is the oldest way to keep track of all customer-related
activities. It has two great advantages - it does not depend on the
use of computer technology and allows easy storage of documents
that exist only in paper non-electronic form. It is a system in pure
form of individual processes. The biggest drawback is the zero rate
of activity automation - endless data copying, yearly database
search, manual statistics creation ...

c)

These applications have pioneered truly electronic CRM
systems. Even for users who are not 100% of their PCs, they are
also comfortable in managing contacts, related documents and
schedules. I can perfectly automate not only the processes of filling
out documents, but also storing them in history (electronic customer
card).

This system was justified when computing was too expensive
for every worker to have a computer. Even now, with a wellfunctioning system of this type, we can meet most of the doctors the patient card is a perfect record of our health history.
b)

Programs for contact management and time management

The database is built in such a way that not only contact
information is stored in it, but also important business information the size of the company, demand products, purchase volume, etc.
The database can be used to search quickly and efficiently for the
necessary criteria. The system is not built as a stand-alone
application, but it uses broad links to other programs. In particular,
contact management and time management systems are a welldeveloped database linked to the surrounding software world and

a Microsoft office packed solution

Such a system allows partial automation of some processes and
activities. Once you have created an electronic contact database,
you can easily automate the filling of templates, forms and tables,
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thus a unifying element that links individual "Office" applications to
a functional whole. Although these systems are not the
technological highlights of CRM, they are easy to use and maintain.
For small and medium-sized organizations, they are currently the
optimal solution to ensure customer care activities.
d)

1.3 Automation of marketing activities
The marketing activities module is the heart of CRM. He plays
a key role in creating strategies and tactics for long-term successful
customer care. Creators and users of CRM systems are becoming
more and more aware of the importance of this module, and will
soon take over the dominant role that Automation of Sales
Activities has advocated so far. The main function of the module is
the Campaign Management.

Complete CMR-systems

Nowadays, in the field of CRM, the technological top is made
up of extensive electronic systems including 4 basic CRM modules:





This includes:

Automation of sales activities
Marketing activities automation
Automation of service activities and customer support
E-commerce





These systems are mainly applied in large and multinational
organizations. While previous contact management and time
management programs can be considered a good sales activity
automation module, extensive systems offer far more options. Very
important is the interconnection of individual modules, which
enables efficient communication and cooperation both in the
horizontal direction and in the vertical direction.



Sorting database customers into groups and managing
individual campaigns for individual groups
All available forms of communication with
customers: e-mail, Internet, phone, or print media
Evaluation of the campaign conducted by
sophisticated procedures, which are also a standard
part of the module
Mutual link between marketing and sales module

1.4 Automation of service activities and customer
support

They allow to analyze the customer's affection to purchase.
From the CRM point of view, it is primarily the search for patterns
and trends in customer behavior. Another valued analytical tool is
monitoring customer value and managing it - it is about gaining the
profitability of individual customers from available information and
estimating their future potential [2]. The main drawbacks are the
high purchase price, the need to ensure well trained users and the
continued maintenance of the system.

The task of the module is to streamline communication with
customers and manage service activities after sale. The basic
features are:



Customer Center - communication by phone and
Internet
Field Service

1.5 Electronic trading

1.1 The usual building of a complex CRM system

It is the youngest module experiencing a strong boom. In most
cases, this is a standalone application on an Internet browser access
base. It enables automated execution of business in electronic form.
It is important to ensure maximum connectivity with other CRM
system modules.

Most people with a basic awareness of CRM systems have in
mind the automation of marketing and sales processes when
describing them. They don't realize that CRM involves far more. In
addition, the CRM issue cannot be reduced to software. It is only a
support that facilitates and streamlines the functioning of the entire
system.
In a basic and simplified form, CRM can be defined as
integrating and coordinating marketing, sales and customer service
into a unified and comprehensive approach to each customer's care.
It technically includes the possibility to use all available
communication channels, knowledge bases or web portals.
CRM can be divided into already mentioned 4 modules:





Sales Activity Automation - Sales Force Automation
(SFA)
Marketing Activities Automation - Marketing
Automation (MA)
Service and Customer Support Automation - Field
Service Automation (FSA)
E-commerce - E-business (EB)

Fig. 1 Cloud computing

2. Development trends of CRM systems
1.2 Automation of sales activities

The worldwide CRM systems market now has the following
features:

It is perceived as the cornerstone of CRM. The module should
allow all traders, possibly external business partners, quick and
efficient access to important customer information, work program
planning and use of knowledge bases and other sales tools included
in the system.







Main Module Features:
Contact and Time Management
Managing New, Unidentified
Management)
Management Reporting Tools
Remote System Access Tools
Business Partners Management

Contacts

Significant growth of the entire sector launched towards the end
of the 1990s - growth in 2000 reached 38% worldwide CRM
systems have become a global issue - the European and Asian
markets show higher growth rates than the American market on
which these systems have been pushed forward CRM systems are
indispensable to most business sectors, being deployed not only in
traditional financial services, telecommunications, or high
technology industries, but also in industries including conservative
defense industries

(Lead
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The global size of the CRM systems market is currently
estimated by experts to be more than $ 12 billion. USD. In some
countries (Europe), the growing use of CRM systems is hampered
by strict legislation limiting work with personal data

Fine-tuning the structure of the information system and its
linking with other systems used in the company: the adjustment is
carried out in cooperation with the system manufacturer, eventually.
its supplier to ensure the smooth running of customer care processes
and information flows. It should start from comparing automated
systems processes with those identified in previous analyzes and
identifying areas where the system needs to be harmonized with
business needs.

Accordingly, I can therefore state the following:






High growth of CRM systems market despite cooling
of information technology industry
The most important trend is the rapid development of
Internet-based CRM applications
CRM systems as a paid service
Maximum openness of systems with the ability to run
with important applications
Higher modularity of systems - Add-on modules can
be added to the module providing basic functionality

Gradual implementation of the system: It is good to divide the
implementation, especially for complex systems used in large
companies and intervening in all organizational units. Beginning
with the sales department and sales activity automation module,
continue with marketing and analytics tools, and then eventually
engage service, logistics, and other modules [5]. A necessary part of
the gradual introduction of the system is the training of the staff
connected with the motivation of the company employees to use the
system.

3. How to avoid the failure of installing CRM
systems?

Ensuring Feedback for Implementation Process Control:
Continuous control must interweave the entire process from
analysis to completion. Valuable control requires the use of
measurement methods to quantify parameters. Above all, two basic
parameters - the rate of return on investment and the level of
relationship marketing achieved - should be subject to control. It is
clear in practice that adhering to such a structured process of
deploying a CRM system can significantly minimize the risk of
failure.

Part of the installation of CRM systems is their failure.
Therefore, it is necessary to consider the causes of this frequent
phenomenon. On a closer look at the situation, it is possible to
recognize the shortcomings on the part of the supplier organization
as well as the company itself.
The major shortcomings on the supply side include:






Small vendor experience with a variety of industries.
Not only every industry, but every company requires
a CRM system tailored to its structure and internal
processes.
Promising too short implementation time and then
impetuous deployment without sufficient analytical
preparation
Insufficient training of future system users and their
motivation to change thinking and use the benefits
offered by the system
Insufficient advice after installation

The worldwide CRM systems market now has the following
features: Significant growth of the entire sector launched towards
the end of the 1990s - growth in 2000 reached 38% worldwide
CRM systems have become a global issue - the European and Asian
markets show higher growth rates than the American market on
which these systems have been pushed forward CRM systems are
indispensable to most business sectors, being deployed not only in
traditional financial services, telecommunications, or high
technology industries, but also in industries including conservative
defense industries [6].

4. Conclusion
Customer Reletionship Management (CRM) has recently been
heavily employed not only by software developers, solution
vendors, but also by customers themselves. It can be said to be a
fashionable hit in recent years. What is the development trend of
CRM?

On the contrary, problems arising on the part of the sponsor
include:






A biased image of the possibilities and real benefits of
the system
Pressure for rapid implementation regardless of
complexity and persistence of people's thinking
Selling insufficient documents on company processes
and information flows to the supplier
Low level of employee motivation to move to a new
customer care system
Lack of trust between management and employees

The approach has changed, from the original focus on
productivity and profitability to focus on customer value. A genuine
competitive advantage is no longer achieved through profits from
operational efficiency or through product benefits, but through
greater customer knowledge. The paradox is that in the past many
CRM systems have, by their conceptual focus, actually diverted
their attention from the increased focus on the customer and
considered it to be a product. Operational CRM systems were used
for customer care through product campaigns and call centers.

Once the implementation bottlenecks are identified, the
business needs to follow this procedure so that the errors mentioned
above do not happen:

CRM has become a hit because it has promised to increase
business turnover through campaigns to attract new customers and
keep old customers on the one hand and save costs through
productivity gains on the other. The main trend now is to focus on a
rapid and measurable return on investment with respect to the final
profit, as many past promises have never been realized. One
consequence is the increasing trend towards analytical CRM.
Directing has changed from increasing automation and
commoditization to intelligence and uniqueness.

Focusing on internal corporate processes and information flows:
every effort should start here. It certainly pays not to rush and to
carry out a thorough analysis of all company processes with an
emphasis on those that are directly related to customer
communications [3]. It will greatly help if a flowchart process map
is created for each company department. Thus, the process links
between the various parts of the company are well visible and often
the internal processes are optimized and streamlined [4].

We can best illustrate the difference in these two approaches
through a call center example where we can choose either
Operational CRM to increase the number of calls a trader can make
per day or analytical CRM to increase the number of calls made.
We can say that we need both, but as the market is increasingly
sensitive to the costs that both approaches require, it is a current

Choosing an Information System Configuration: There are a
number of different systems available in a variety of configurations.
When choosing, it is necessary to take into account the transferred
process analyzes, business department, organization size,
anticipated necessary costs, or future needs.
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trend to choose one, based on parameters such as the need to
improve customer dialogue, product production time and cost.
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The strength of the Central and Eastern European region lies in
the willingness to adapt to the speed of the market and to accept the
historical data acquired by individual firms about their customers.
However, these historical data are often stored in old systems,
which in turn requires a broad portfolio of options to access them.
However, such data is clearly a competitive advantage for the local
organization, as opposed to global or local competition, which is
unable to benefit from this advantage. The biggest challenge in any
project is to consolidate all customer data while maintaining the
consistency and quality of the data [7]. Many projects have not been
successful in the past, as new customer data warehouses have begun
to be deployed and all historical data stored in old OLTP systems
has simply been ignored.

5. Acknowledgement
We cooperate with VIPO, a.s. In the near future, we plan to
contribute by introducing a new CRM system to achieve better
insight into customer needs and requirements, timely handling of
claims and more comfortable collaboration and customer care to
achieve higher profits.

This article was made under the support of project APVV-170310. Project title: Implementation of the 4th Industrial Revolution
Principles in the Production of Tyre Components.

21

INNOVATIONS 2019

DIVERSE INDIVIDUAL VALUE-SETS AMONG ENTREPRENEURS IN EUROPE
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Abstract: The paper examines the relevant value-sets of entrepreneurs in Europe. As both approaches, i.e. the perspective of Economics,
which is interested in ideal entrepreneur mentalities, and Sociology that rather takes entrepreneurs' ethically-morally significant roles into
its main focus, are addressing epistemological and praxis-related aspects, then this paper highlights the importance of values as ontological
foundations to these features. From the various value-theories Shalom H. Schwartz's concept about Basic Human Values is applied as a
framework. Schwartz distinguishes ten types of values, which are interrelated based on a twofold axes. The empirical part starts with a
differentiation of entrepreneur-groups by cluster analysis based on the individualistic values. Then the collectivist values are invoked in
order to draw up more comprehensive profiles about the primarily identified groups. Finally additional variables contribute to the clarification of these profiles.
Keywords: ENTREPRENEURS, VALUES, EUROPE
variability (Schultz 1975), i.e. an understanding that critically and
dynamically question the fixed and static conventional solutions.
1. Introduction
For this an intellectual openness, an inner-inspiration and innerBeing an entrepreneur is consensually understood as somemotivation for continuous learning and re-assessing is needed. So,
thing individual commitment to face with challenges or to begin
one chain of features in linked to autonomy, while another is rather
adventures that are rather avoidable for people in general. The word
related to a competency of managing resources. This latter agency
‘entrepreneur’ etymologically originates back to the French expresis focused on maximizing profits and minimizing losses; it requires
sion entreprendre, which means undertaking a certain responsibility
a contemplative position of rational calculation and operating,
or task. This connotation signifies that an entrepreneur relies on
administering, controlling, and registering actorness over tangible
individual attributes, dispositions, capacities, competencies, and
and intangible resources, as well as over other people (Hart et al.
actorness. Economics is for a long time interested in the abstract
1995, Kwiatkowski 2004). This cold-headed approach is relevant
agent of the ‘idealistic entrepreneur’; it tries to conceptualize all
for the entrepreneur, yet it could lead to socially detached and inthose individual features that can support a subject to become a
strumental
praxes if the subject is narrowing down its perspective to
successful entrepreneur. Sociology, instead, is focusing on the
profit-orientation.
reflexive and critical capabilities of the entrepreneurs as agents who
The sociological approach actually takes this latter statement as
can facilitate progressive developments in the social realm. Accora starting point. As it was already said, this lens is interested in the
dingly, the previous approach is about the question ‘what makes
social roles and functions of the entrepreneurs. It argues that while
somebody an entrepreneur?’, while the latter is more about ‘what
the entrepreneurs are building up their success, they reflexively and
can an entrepreneur do for its social surroundings?’. Both perspeccritically recognize certain structural interplays (Kapitány & Katives contrast entrepreneurs to non-entrepreneur subjects in order to
pitány 2013). For instance, their autonomy could be unfolded if
reveal these two groups’ diverse features, and social roles and funcfreedom is generally facilitated in the social realm; their innovations. Yet, it is hardly presumable that all entrepreneur subjects are
tiveness could be unconstrained if rigid (traditional) cultural logics
similar respective to their individualities and agencies. Of course,
and references are substituted by more universal semantics and
they have different features, different cognitive-normative ideas,
patterns; their rationality could become a standard if social strucand different routinized praxes. They have to be diverse as they are
tures and institutions are substantially driven by common-sense
also human beings with individual subjectivities. We are all selfrationale; their priorities about learning and critical rejuvenation
constituted selves applying praxes (way of doing things) based on
could be progressed if social level openness, deliberative communiepistemologically relevant ideational substances (way of thinking).
cation, and continuous growth of knowledge based on diverse persOn the ontological level our subjectivity is underpinned by culturalpectives are flourishing. Accordingly, the sociological approach is
ly framed values. Values are both rationally, emotionally, and mointerested in the entrepreneurs’ moral-ethical reflexivity and how
rally driven beliefs serve as justifications and standards for our selfthis agency is facilitated by the spirits (logics) of capitalism (Bolconstructed ideas (individual understandings about the objective
tanski & Chiapello 2005).
world, natural environment, and other people) and applied practices.
This is why this paper is comparatively inquiring individual value3. Values as Ontological Foundations
sets as ontological level framings in order to map out if there are
significant value-references among entrepreneurs in Europe.
The previous chapter briefly summarized how Economics and
Sociology address the various features of the abstract Entrepreneur
as an idealistic agent. The discussed features are identified in these
2. The ‘Ideal Entrepreneur’
literatures as epistemologically relevant and praxis-related aspects.
The ideal features of the abstract Entrepreneur are addressed in the
As it was stressed in the introduction, compare to these features
Economics literature by many individual attributes, dispositions,
values are ontological foundations with framing capacities. They
competencies, capacities, and agencies. Most of these features are
are both emotionally affective beliefs and rationally consistent
interrelated, thus they contribute to each other’s evolvement (Chell
justifications serve as guidelines for the subjects to construct cogni2008). One of the core features is to strive for individual autonomy
tive-normative ideational substances and apply/avoid certain praxes.
(Hayek 1995 [1937], Holt 1997, Kirby 2004, Mises 2007 [1949],
Values have different meanings. Irrespective to cultures these
Smith 1976 [1776]), which could be described as independent
meanings are constant, however the subjects’ own sets of values,
decision-making, free choice about desired priorities and objectives,
their own value-preferences are culturally framed (Schwartz &
and freedom about goal-realization. This autonomy requires riskBilsky 1990). Therefore, values are abstract and general, but the
taking abilities and attitudes (Arrow 1951, Holton 2004), since
subjective set of values is always particular. This constellation
uncertainties are usually just calculable and manageable, but not
makes us individually unique, yet also embedded into a sociofully reducible. Dealing with risks is also a problem-solving compecultural and socio-moral environment. Among the contemporary
tency that urges entrepreneurs to be innovative and unbounded by
value-theories, Shalom Schwartz’s concept (1992, 2005, 2006,
routines and constraining customs (Baumol 1990, Schumpeter
2012) about the Basic Human Values is a well-refined approach.
1934). Trying the untried, attempting the unknown, searching for
Schwartz highlights that values are referring to three universal
new alternatives and options are impulses that can result out-of-therequirements: (1) about one’s biological needs, (2) about coordinabox outcomes. This ability requires creativity (Florida 2004) and
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Schwartz to differentiate the values into a four dimensions, two
axes model is more crucial. These dimensions are Openness to
change vs. Conservation on one axe, and Self-enhancement vs. Selftranscendence on the other axe (Figure 1).
Based on the arguments proposed in the literature of Economics
and Sociology about the idealistic features of the abstract Entrepreneur, it is presumable that (1) entrepreneurs consider the relative
importance of rather individual-centered values (i.e. Self-direction,
Stimulation, Power, and Achievement) in their own subjective set
(previous studies found evidences about this linkage, see: Holt
1997, Noseleit 2008); (2) the relative importance of values with
more collective connotations (i.e. Universalism, Benevolence,
Tradition, Conformity, and Security) is dependent on the aspect if
the entrepreneur subject prefers the individual-centered values of
‘Openness to change’ or rather ‘Self-enhancement’ as these two
dimensions are on different axes in Schwartz’s theory (overpreference of ‘Openness to change’, i.e. Self-direction and Stimulation should be positively associated with Universalism and a bit less
with Benevolence, and negatively with Tradition, Conformity, and
Security, while over-preference of Self-enhancement should be
negatively associated with Universalism and Benevolence, while
rather positively with Security and also conceivably with Tradition
and Conformity).

tion of social interactions, and (3) about survival needs related to
welfare and well-being of different social groups. Beside these
requirements, he also identifies six universal features of values: (1)
values are both rational justifications and emotional beliefs; (2)
values motivate for desired goals (what to achieve); (3) but values
are also standards with normative content (how to achieve objectives); (4) values are abstract in their natures, so they transcend
particular situations; (5) values are ranked according to subjectively
understood relative importance; and finally (6) individual agent’s
ideas and praxes are always underpinned by more than one value.
Schwartz distinguishes 10 types of the Basic Human Values:
1. Self-Direction: the desire of experiencing autonomy about
one’s own life, independence and innovativeness both
about thoughts and actions.
2. Stimulation: the desire of enjoying changes and new, untried paths in one’s own life; taking risks and pursuing
novelties and challenges; breaking with routines and habits.
3. Hedonism: pleasure and sensuous gratification for oneself.
4. Achievement: the ambition for personal success through
demonstrating competence.
5. Power: the desire of well-acknowledged social status and
prestige, as well as control or dominance over people and
various resources.
6. Security: a desired goal to achieve existential – both material and physical – safety and harmony of personal relationships, as well as to enjoy social stability and predictability.
7. Conformity: being loyal, adjusted, and accommodated to
social norms and expectations.
8. Tradition: respect for the norms and customs represented
in the cultural logics and semantics.
9. Benevolence: preserving and enhancing the welfare of ‘ingroup’ subjects with whom one is in frequent, close-knit,
and/or more intimate personal contact.
10. Universalism: the importance of others’ welfare and wellbeing (solidarity and equality), appreciation for the peaceful reconciliation of social problems (peace and justice),
respect for deliberative pluralism (democracy) and diversity (tolerance), and protection of nature.

4. Empirical Results of the Comparative Analysis
Data for the inquiry were obtained from the 8th wave of the European Social Survey (ESS 2016).1 The ESS is using the Portrait
Value Questionnaire (PVQ) respective to the Schwartz-test in order
to measure individual value-sets. PVQ is a 21 items-based survey
proposes individual profiles with value-contents, and the respondents are perceiving on 1–6 scale, where ‘1’ is ‘very much like me’
and ‘6’ is ‘not like me at all’, how much they can identify themselves with the given descriptions. The paper then uses the centered
scores of each profile-variable, which means that the individual
preference of a certain value-content is calculated in comparison to
the given subject’s total average about the 21 items. In light of this,
on Figure 2 and Table 1 below 0 is the total average, and values
with positive scores are preferred, while values with negative scores
are dispreferred ones. It should be mentioned as well, that the ESS
enables us to distinguish individuals according to their occupationstatus (if they are – or they were in their last job – employees or
self-employed ones). The paper also used the age group of 20–75 as
a filter. After sampling 12.1% (or 4137 individual respondents)
remained in the inquiry from the total database. In a first step the
paper applies the method of non-hierarchical KMEANS Cluster
Analysis based on Self-direction, Stimulation, Power, and
Achievement in order to find out if there are significantly different
groups of entrepreneurs according to these typically individualcentered values (Figure 2).
Four different entrepreneur-clusters were identified based on the
individual-centered values of Self-direction, Stimulation, Power,
and Achievement. The size of the cluster-samples are close to similar. In group1 only Self-direction is preferred in the respondents’
value-sets. In group2 both Self-direction and Achievement are in
the positive range, while Power in this cluster is also preferred
compare to group1’s general value-set, yet Stimulation is very much
dispreferred by members of group2. In group3 Self-direction is
highly prioritized, while Stimulation reaches positive score just
among respondents of this cluster. Power is strongly dispreferred by
group3. Finally group4 favors the selected individual-centered
values the most, insofar all components are close to be preferred,
yet none of them is really prioritized in the subjective value-sets.

Source: Schwartz 2012

Figure 1. The Schwartz model
These 10 basic values are in a dynamic interrelation according
to Schwartz. They can be grouped into two main categories: the first
five have rather self-oriented, more individual-centered meanings
(the subject in contrast to others as a unique agent), while the
second half embraces values with rather collective connotations (the
subject among others with respect to the references, patterns, interests, diversity, etc. of these social groups). Notwithstanding, for

1
The ESS is an open-source, academically driven, cross-national, bi-annual,
representative survey that has been conducted across Europe since 2001.
The survey measures the attitudes, beliefs and behavior patterns of diverse
populations; respective to the 8th wave this means more than 40 thousands
respondents from more than 20 countries.
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surroundings, and they are paying attention for the welfare and
well-being of others. Group4 or the Individualists represent almost
the opposite compare to the previous cluster. They disprefer most of
the values with collective meanings, especially Conformity and
Tradition. They have an individualistic mindset, but not in a sense
that they are motivated by self-trials, like solving problems in an
innovative way or searching for new challenges. They appreciate,
instead, the agency of control over material resources and others;
Individualists like to keep competencies in their hand, to supervision everything around them, and to manage all processes according
to their priorities. They are profit-oriented with moderate attention
to others’ welfare and well-being. Group2 or Risk-avoiders appreciate predictability and security, as well as balanced relationships.
They are in need of being socially acknowledged for their achievements and successes, they try to use this capital in order to build up
controlling competencies, yet they are frustrated by uncertainties
and untried challenges. Risk-avoiders are neither innovative, nor
creative; they are bounded by routines and customs. Group3 or
Innovators are their counterexamples. Members of this cluster
rejects conventions and well-established answers; they are continuously searching for new opportunities and paths, they are creatively approaching problems and aiming for innovative solutions,
and they are understanding that their autonomy and uniqueness
could be unconstrainedly evolved just if the whole social-cultural
milieu is liberated from static and rigid structural frameworks and
hierarchical stratifications.
As a final step, further socio-demographic indicators are included in order to refine our entrepreneur-clusters’ profiles through
logistical regression models (Table 2). Sex shows significant association respective to two clusters: among women there are more
Collectivists and less Individualists. Age has a significant correlation regarding to all clusters: with age the chance of belonging to
the clusters of Collectivists and Risk-avoiders is increasing, while
belonging to the clusters of Innovators and Individualists is decreasing. Education has significant impacts on two clusters: with higher
level of education the chance of belonging to the cluster of Innovators is increasing, while belonging to the cluster of Risk-avoiders is
decreasing. Income also shows significant association regarding to
two clusters: among entrepreneurs with low-income there are more
Risk-avoiders, while among entrepreneurs with high-income there
are more Individualists. Finally, the macro-region of residence has
cricual linkages: among entrepreneurs from East-Central Europe
there are much more Risk-avoiders and Individualists than Collectivists or Innovators. The same is true about entrepreneurs from
Southern Europe, yet with a smaller margin. Of course, this means
that among the entrepreneurs from Northern and Western Europe
there are significantly more Collectivists and Innovators than in the
other two macro-regions.

Source: Author’s own elaboration based on data from ESS8

Figure 2. Entrepreneur-clusters based on individual-centered
values
To gain more comprehensive profiles about the above-described
entrepreneur-clusters, values with rather collective meanings, i.e.
Universalism, Benevolence, Tradition, Conformity, and Security
were included into the examination (Table 1). Based on the outcomes, the entrepreneur-clusters could be named accordingly.
Table 1. Preference of values with collective connotations among
the entrepreneur-clusters
Collectivists
(1)
Hedonism
Universalism
Benevolence
Conformity
Tradition
Security

-0.31
0.96
1.09
0.03
0.48
0.63

Riskavoiders
(2)
-0.63
0.51
0.68
-0.08
0.24
0.66

Innovators
(3)

Individualists
(4)

0.06
0.75
0.75
-0.93
-0.33
-0.07

-0.12
0.10
0.26
-0.43
-0.30
0.19

Source: Author’s own elaboration based on data from ESS8

Based on data of Table 1 the entrepreneur-clusters’ profiles
could be enriched significantly. Group1 could be named as Collectivists since members of this cluster clearly favor all values with
collective connotations. These agents do not have individualistic
understandings and praxes; they are not representing the ideal entrepreneur features identified in the literature of Economics. The
Collectivists are rather appreciate predictability, security, and calmness; they respect the cultural references and patterns of their social

Table 2. Logistical regression models about the identified entrepreneur-clusters
Collectivists
Risk-avoiders
Sex (ref.: women)
0.82**
1.03
Age
1.03***
1.02***
Education
0.98
0.97***
Income (ref.: Finding it very difficult
1.16
0.75***
on present income)
Macro-region of residence (ref.:
Northern and Western Europe)
East-Central Europe
0.44***
1.51***
Southern Europe
0.75***
1.53***
RL2
0.041
0.026
Nagelkerke R²
0.065
0.044
N
857
1036

Innovators
0.97
0.98***
1.04***

Individualists
1.21***
0.98***
1.02

0.97

1.21**

0.27***
0.36***
0.069
0.109
967

3.56***
2.20***
0.068
0.112
1277

Source: Author’s own elaboration based on data from ESS8
your household’s income nowadays?’. Replies of ‘Living comfortably on
present income’ and ‘Coping on present income’ were merged as 1, while
‘Finding it difficult on present income’ and ‘Finding it very difficult on
present income’ were merged as 0. About the macro-region of residence 3
categories were differentiated: Northern and Western Europe (Austria,

Legend: As regards to the explained variables – 0: does not belong to the
given cluster; 1: does belong to the given cluster. Education was measured
by the highest level of education. Income was measured by the variable
‘Which of the descriptions on this card comes closest to how you feel about

24

INNOVATIONS 2019
Belgium, Finland, France, Germany, Iceland, Ireland, Netherlands, Norway,
Sweden, Switzerland, and United Kingdom), East-Central Europe (Czech
Republic, Estonia, Hungary, Lithuania, Poland, and Russia), and Southern
Europe (Italy, Portugal, Slovenia, and Spain). References respective to the
categorical explaining variables are in parenthesis; as regards to the given
categories odds ratio (OD) should be understood compare to the references.
The level of significance of the ODs is marked as: * p<0.1, ** p<0.05, ***
p<0.01

Smith, A.: The Wealth of Nations. London: Dent & Sons, 1976
(1776).
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THE INFLUENCE 2% ADHESION PROMOTER ON COEFFICEINT OF FRICTION
OF OPP, PE AND PET FILMS HAS BEEN ADDED INTO FLEXOGRAPHIC INKS
Małgorzata Zakrzewska*, Halina Podsiadło**
Hubergroup Polska*
Ul. Nowa 21, Nowa Wieś Wrocławska, 55-080 Kąty Wrocławskie
Department of Printing Technologies , Institute of Mechanics and Printing, Faculty of Production Engineering, Warsaw University of Technology**
Ul. Narbutta 85, 02-524 Warszawa.
It is used in flexo printing in order to improve adhesion and temperature resistance in folloing Gecko based series: Gecko Frontal Eco,
GFE, Gecko Frontal Uni, GFU, Gecko Frontal Shrink, GFS, Gecko
Bond Top, GBT, Gecko Bond Star, GBS.
The research has been focused on dynamic Coefficient of Friction
for printing substrate, OPP, PET, PE film and Gecko Frontal Eco
CMYK printing inks, surface printing.

1. Introduction
For a numbers of years, flexo printing has been one of the
most important processes for the printing and other products in the
high quality required. Today printing technology is highly automated in all phases of processing. Production times have shortened,
while the quality of the final product has been improved steadily
[10],[5].
Working in virtually every facet of our lives, friction is the unseen
force that allows, or hinders the movement of two surfaces that are
in contact with one another.
A packaging film’s ―coefficient of friction‖ (COF) provides a relative indication of frictional characteristics. Coefficient of Friction,
COF, is a very important parameter in the process of flexographic
printing. For film substrates are particularly important to determine
the static and dynamic coefficient of friction. Controlling COF
gives processors the ability to optimize performance and avoid
problems in forming, transporting, and storing of packages.
Research has therefore been undertaken to determine the effect of
the adhesion promoter on the coefficient of friction for OPP , PE,
PET films.
2. Objective and research methodologies
The test of COF were made for OPP, PET, PE films, which is a
printing substrate:
 before printing, substrate OPP, PET, PE ,

immediately after printing,
 after 20 minutes and after drying at 50o C.
The printing sample were made using Labratester-automatic machine.
The sample has been dried in a laboratory oven, SML.
The coefficient of friction, COF, was measured by using a Zwick /
Roell.
The adhesion promoter reference No. 70GH278345 does not contain acetylacetone.

2.1 The equipments

2.1.1. The maschine Zwick / Roell testing machine equipped with
appropriate fixturing to determine the coefficients of friction The
equipment used to measure the COF of the film.

2.1.3. Labratestr automatic maschine

2.1.2. The laboratory oven SML
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2.2. The results
2.2. 1.The result of influence 2% COF on films before drying

2.2.2. The result of influence 2% COF on films after drying

[2] B. Jaworski, A. Dietłaf, L. Miłkowska, G. Siergiejew — Kurs fizyki, t. 1,
Wydawnictwo
Naukowe PWN, Warszawa 2000
[3] A. K. Wróblewski, J. A. Zakrzewski, — Wstęp do fizyki, t. 1,
Wydawnictwo Naukowe
PWN, Warszawa 1976
[4] R.H. Leach, R.J. Pierce - The printing Ink manual , fifth edition 1993.
[5] German speaking flexo printing associtation and prof. Karl –Heinz
Meyer ,
4th new and revised , St. Gallen , Coating, 2000
[6] Stefan Jakucewicz – Farby drukowe , wydanie 1, Wrocław 2001, druk
Wydawnictwo I Drukarnia ―KORAB‖ Spółka z o.o.
[7]
https://medium.com/@EC1LODZ/woda-pod-różnymi-kątamibcf201dd497f, 26.04.2018
[8] Wikipedia, Wolna encyklopedia, 13.11.2016
[9] Folia i arkusze z tworzywa sztucznego, (ISO 8295)
[10] COF in Printed Packaging June 30, 2005, Dr. Richard M. Podhajny,
Ph.D. Contributing Editor
[11] Tworzywa sztuczne w Europie e-czytelnia, Fundacja Plastic Europa
Polska, Warszawa
[12] Klasyczne Tworzywa z ropy naftowej, plastice COBRO
[13] Poligrafia – praktyczny przewodnik‖, David Bann, wyd. ABE Dom
Wydawniczy
[14] Peter J.Blau , ―Friction science and technology, CRC Press, 1995
[15] R.Holm, 1938 ― The friction force over the real area of contact‖.

3. Conclusion
This study provides information about influence ready ink and
additive on COF films.
The influence on COF film has ready ink without additive. In the
most cases the printed ink reduces the COF film. The 2% additive
added into ink a little bit increase the COF films.
It changed even after drying and depended on what inks and what
substrate was tested .
The additive added in the ready ink has a different effect on the
coefficient of friction,
depending on:
•
the quantity of the additive,
•
the type of film,
•
the type of ink,
•
drying time the printed samples.
4. Literature
[1] D. Halliday, R. Resnick, J.Walker—Podstawy fizyki, t. 1, Wydawnictwo
Naukowe
PWN, Warszawa 2005
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LIMITATIONS TO SUSPENSION PERFORMANCE
IN A TWO-DEGREE-OF-FREEDOM CAR ACTIVE SUSPENSION
Assoc.Prof. Katerina Hyniova
Faculty of Information Technology –Czech Technical University in Prague, the Czech Republic
hyniova@fit.cvut.cz
Abstract: It is often assumed that if practical difficulties are neglected, active systems could produce in principle arbitrary ideal behavior.
This paper presents the factorization approach that is taken to derive limitations of achievable frequency responses for active vehicle
suspension systems in terms of invariant frequency points and restricted rate of decay at high frequencies. The factorization approach
enables us to determine complete sets of such constraints on various transfer functions from the load and road disturbance inputs for typical
choices of measured outputs and then choose the “most advantageous” vector of the measurements from the point of view of the widest class
of the achievable frequency responses. Using a simple linear two degree-of-freedom car suspension system model it will be shown that even
using complete state feedback and in the case of in which the system is controllable in the control theory sense, there still are limitations to
suspension performance in the fully active state.

Keywords: VEHICLE, ACTIVE SUSPENSION, CONTROL, LIMITATIONS, PARAMETRIZATION

Note that if the one-quarter-car model contains also a passive
suspension system (a sprung of stiffness k and a shock absorber of
damping quotient b then the active suspension force u(t) involves
also the adequate force generated by the passive suspension system.

1. Introduction
Two major performance requirements of suspension are to
improve ride and handling quality when random road and load
disturbances from the environment act upon running vehicles.
Automotive suspensions are designed to provide good vibration
insulation of the passengers and to maintain adequate adherence of
the wheel for braking, accelerating and handling, i.e. the purpose of
active suspensions in terms of performance is to improve both of
these conflicting requirements.

On the base of the Youla-Kucera parametrization, complete sets
of limitations were derived for transfer functions from the road
disturbance input (load f(t) is absent):

In this paper, it will be shown the factorization approach taken
to derive limitations of achievable frequency responses for active
vehicle suspension systems. As we will see, limitations derived for
a traditional one-quarter-car model (Fig.1) in the frequency domain
arise in the form of invariant frequency points and restricted rate of
decay at zero and infinite frequencies.

1 (𝑠) =
𝐻𝑧𝑤

𝑍𝑠 (𝑠)
/
𝑍𝑟 (𝑠) 𝑓=0

2
𝐻𝑧𝑤
(𝑠) =

𝑍𝑠 (𝑠)−𝑍𝑢 (𝑠)

3 (𝑠) =
𝐻𝑧𝑤

𝑍𝑢 (𝑠)−𝑍𝑟 (𝑠)

𝑍𝑟 (𝑠)

(to the sprung mass position)

/𝑓=0

(to

the

suspension

(1)

deflection)

(2)

Youla-Kucera factorization approach to feedback system
stability has been shown in [2], [3] to derive achievable dynamic
responses for active suspension systems of vehicles. Complete sets
of constraints on various transfer functions from the road and load
disturbance inputs were derived for typical choices of measured
outputs.

𝑍𝑟 (𝑠)

/𝑓=0 (to the tire deflection)

(3)

and analogically for the load disturbance input for various
choices of measured outputs even for full state feedback.

2. Comprime Factorization
Consider the standard feedback configuration shown in Fig.2,

Fig. 1. One-quarter-car model

Fig. 2 Standard feedback configuration

The approach was illustrated for the one-quarter-car model
shown in Fig.1, where:
u(t) control input (active suspension force) [N]
mu weight of the unsprung mass (wheel) [kg]
ms weight of the sprung mass supported by each wheel and
taken as equal to a quarter of the total body mass [kg]
kt
stiffness of the tire [N/m]
zr(t) road displacement (road disturbance) [m]
zs(t) displacement of the sprung mass [m]
zu(t) displacement of the unsprung mass [m]
f(t) load disturbance [N]

where w is the exogenous input, typically consisting of
disturbances and sensor noises, u is the control signal, z is the
output to be controlled, and y the measured output. In general, u, w,
y, and z are vector-valued signals.
The transfer matrices G(s) and K(s) are, by assumption, realrational and proper: G represents a generalized plant, the fixed part
of the system, and K the controller [4]. Partition G(s) as:
𝐺(𝑠) =

28

𝐺11 (𝑠) 𝐺12 (𝑠)
𝐺21 (𝑠) 𝐺22 (𝑠)

(4)
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Then Fig.2 stands for the following algebraic equations:
𝑍(𝑠) = 𝐺11 (𝑠)𝑊(𝑠) + 𝐺12 (𝑠)𝑈(𝑠)

(5)

𝑌(𝑠) = 𝐺21 (𝑠)𝑊(𝑠) + 𝐺22 (𝑠)𝑈(𝑠)

(6)

𝑈(𝑠) = 𝐾(𝑠)𝑌(𝑠)

(7)

It is obvious from (19) and (20) that the sprung mass position
transfer function HSP has an invariant “tire-hop” frequency at
where:
𝜔1 = 𝑘𝑡 /𝑚𝑢 ,
𝐻𝑆𝑃 (𝑠)/𝑠=𝑗 𝜔 1 = −𝑚𝑢 /𝑚𝑠

Similarly, from (16) and (18) the suspension deflection transfer
function HSD has an invariant “rattle-space” frequency at
𝜔2 = 𝑘𝑡 /(𝑚𝑢 + 𝑚𝑠 ) and:

Manipulating the equations listed above, the following transfer
function Tzw(s) from w to z as a linear-fractional transformation of
K(s) can be derived:
= 𝐺11

−1 𝐺
21

𝑇𝑧𝑤 = 𝐺11 + 𝐺12 𝐾 𝐼 − 𝐺22 𝐾
+ 𝐺12 𝐼 − 𝐾𝐺22 −1 𝐾𝐺21

(22)

𝐻𝑆𝐷 (𝑠)/𝑠=𝑗 𝜔 2 = −(1 + 𝑚𝑢 /𝑚𝑠 )

=
(8)

(23)

Finally, from (20) and (21), the tire deflection transfer function
HTD does not have any invariant frequency point except 𝜔3 = 0,
where:

It is shown in [1] that the set of all proper real-rational matrices
K(s) stabilizing G(s) is parametrized by a free parameter 𝑄(𝑠) ∈
𝑅𝐻∞ as follows:

𝐻𝑇𝐷 (𝑠)/𝑠=𝑗 𝜔 3 = 0

(24)

−1

𝐾 = 𝑌 − 𝑀𝑄 𝑋 − 𝑁𝑄
=
−1
= 𝑋 − 𝑄𝑁
𝑌 − 𝑄𝑀

(9)

4. Transfer Functions Limitations

where:
M(𝑠), 𝑁(𝑠), 𝑋(𝑠), 𝑌(𝑠) ∈ 𝑅𝐻∞ ,
𝑀(𝑠), 𝑁(𝑠), 𝑋(𝑠), 𝑌(𝑠) ∈ 𝑅𝐻∞ can be found by
factorization approach of G22(s):
𝐺22 (𝑠) = 𝑁(𝑠)𝑀−1 (𝑠) = 𝑀 −1 (𝑠)𝑁(𝑠)
𝑋(𝑠)
−𝑁(𝑠)

−𝑌(𝑠) 𝑀(𝑠)
𝑀(𝑠) 𝑁(𝑠)

In the next, consider the standard block diagram shown in
Fig.2.
As an example, consider:
w=zr , z=zs
𝑦 = 𝑧𝑢 , 𝑧𝑠 − 𝑧𝑢 , 𝑧𝑢 − 𝑧𝑟 𝑇 .
Then:

and
comprime

𝑌(𝑠)
=𝐼
𝑋(𝑠)

(10)

𝐺(𝑠) =
(11)

Substituting the equation (9) into (8) we obtain the transfer
matrix Tzw(s) from w to z in terms of the free parameter 𝑄(𝑠) ∈
𝑅𝐻∞ :

=

𝑇𝑧𝑤 (𝑠) =
= 𝐺11 (𝑠) + 𝐺12 (𝑠)𝑀(𝑠) 𝑌(𝑠) − 𝑄(𝑠)𝑀(𝑠) 𝐺21 (𝑠) =
= 𝐺11 (𝑠) + 𝐺12 (𝑠) 𝑌(𝑠) − 𝑀(𝑠)𝑄(𝑠) 𝑀(𝑠)𝐺21 (𝑠)
As the parameter Q(s) varies over the set of all stable proper
functions, the equation (12) parametrizes all achievable transfer
functions Tzw(s).
If it is assumed that the tire does not leave the ground, for the
one-quarter car model (Fig.1) the linear differential equations of
motion are:
(13)

𝑚𝑢 𝑧𝑢 = −𝑢 + 𝑘𝑡 (𝑧𝑟 − 𝑧𝑢 )

(14)
=

(17)

𝐻𝑇𝐷 (𝑠) = 𝑍𝑢 (𝑠) − 𝑍𝑟 (𝑠) /𝑍𝑟 (𝑠)

(18)

𝑚𝑠 𝑠 2 𝐻𝑆𝑃 (𝑠) + 𝑚𝑢 𝑠 2 + 𝑘𝑡 𝐻𝑇𝐷 (𝑠) = −𝑚 𝑢 𝑠 2

(20)

)𝑠 2

(𝑚𝑢 + 𝑚𝑠
+ 𝑘𝑡 𝐻𝑇𝐷 (𝑠)
= −(𝑚𝑢 + 𝑚𝑠 )𝑠 2

+ 𝑚𝑠 𝑠 2 𝐻𝑆𝐷 (𝑠)

=

𝑚 𝑢 𝑠 2 +𝑘 𝑡

(25)

−𝑚𝑠 𝑠 3
𝑝4 (𝑠)
(𝑚𝑢 + 𝑚𝑠 )𝑠 2 + 𝑘𝑡 𝑚𝑠 𝑠 2 (𝑚𝑢 𝑠 2 + 𝑘𝑡 )
=
𝑝4 (𝑠)
𝑝4 (𝑠)
𝑀 −1 (𝑠)
−𝑚𝑠 𝑠 2
𝑝4 (𝑠)

−1

=

−1

𝑚 𝑠𝑠

𝑚 𝑠𝑠2

𝑝 2 (𝑠)

𝑝 2 (𝑠)
𝑚 𝑢 𝑚 𝑠𝑠2

0

0

1

−𝑚 𝑠 𝑘 𝑡

𝑝 2 (𝑠)
𝑚 𝑢 +𝑚 𝑠

𝑝 2 (𝑠)
𝑠

𝑝 2 (𝑠)

0

𝑝 2 (𝑠)

(26)

𝑝 2 (𝑠)

0
𝑁 (𝑠)

where p2(s) and p4(s) are Hurwitz polynomials of degree 2 and
4, respectively. Then:
𝐻𝑆𝑃 (𝑠) =
= 𝐺11 (𝑠) + 𝐺12 (𝑠)𝑀(𝑠) 𝑌(𝑠) − 𝑄(𝑠)𝑀(𝑠) 𝐺21 (𝑠) =
−𝑠𝑘𝑡
1
𝑠(𝑚 𝑢 𝑠 2 +𝑘 𝑡 ) ∗
=−
𝑌(𝑠) 𝑘𝑡 +
𝑄 (𝑠)
𝑝 4 (𝑠)
𝑝 4 (𝑠)
𝑚𝑢 𝑠 2
where𝑄 ∗ 𝑠 =

Manipulating the equation (15) we can derive the following
invariant identities:
(19)

𝑚 𝑢 𝑠 2 +𝑘 𝑡

𝑀 −1

3. Invariant Properties

(𝑚𝑢 + 𝑚𝑠 )𝑠 2 + 𝑘𝑡 𝐻𝑆𝑃 (𝑠) − 𝑚𝑢 𝑠 2 + 𝑘𝑡 𝐻𝑆𝐷 (𝑠) = 𝑘𝑡

𝑚 𝑠 𝑠 2 (𝑚 𝑢 𝑠 2 +𝑘 𝑡 )
−1

−1

that is independent on the suspension force u. The following
transfer functions will be investigated:

𝐻𝑆𝐷 (𝑠) = 𝑍𝑠 (𝑠) − 𝑍𝑢 (𝑠) /𝑍𝑟 (𝑠)

𝑚 𝑢 𝑠 2 +𝑘 𝑡
−𝑚 𝑢 𝑠 2

𝑝 2 (𝑠)

(15)

(16)

𝑚 𝑢 𝑠 2 +𝑘 𝑡
(𝑚 𝑢 +𝑚 𝑠 )𝑠 2 +𝑘 𝑡

𝑁(𝑠)

First, let the load disturbance is absent (f=0). Adding equations
(13) and (14) we obtain the invariant equation of:

𝐻𝑆𝑃 (𝑠) = 𝑍𝑠 (𝑠)/𝑍𝑟 (𝑠)

𝑚 𝑢 𝑠 2 +𝑘 𝑡
−𝑘 𝑡

𝐺22

where zu and zs are measured from the static equilibrium position.

𝑚𝑠 𝑧𝑠 + 𝑚𝑢 𝑧𝑢 = 𝑘𝑡 (𝑧𝑟 − 𝑧𝑢 )

𝑠𝑘 𝑡

𝑚 𝑠𝑠2
−𝑠

The limitations of all achievable closed-loop transfer functions
𝑇𝑧𝑤 (𝑠) = 𝐻𝑆𝑃 (𝑠) are derived from the right and left comprime
factorization of G22(s), i.e.:

(12)

𝑚𝑠 𝑧𝑠 = 𝑢 − 𝑓

1

0

𝐺11 (𝑠) 𝐺12 (𝑠)
=
𝐺21 (𝑠) 𝐺22 (𝑠)

𝑄3 𝑠
𝑝2 𝑠

(27)

, 𝑄(𝑠) = 𝑄1 𝑠 𝑄2 𝑠 𝑄3 (𝑠) .

It follows from (27) that thanks to the term 𝑌(𝑠) − 𝑄(𝑠)𝑀(𝑠)
bounded for large s:
𝑙𝑖𝑚𝑠 2 𝐻𝑆𝑃 (𝑠) < ∞
𝑠→∞

(21)

i.e., the resulting rate of decay is of second degree:
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𝐻𝑆𝑃 (𝑠)/𝑠→∞ = 𝑂(𝑠 −2 )

and suspension deflection velocity are measured, is as follows
[2],[3]:

(29)

It is obvious from (27) that the member

𝑠(𝑚 𝑢

𝑠 2 +𝑘

𝑡)

𝑝 4 (𝑠)

has two

1
𝐻𝑧𝑤
(𝑠)/𝑠→∞ = 𝑂(𝑠 −3 )

imaginary axis zeros - at s=0 and 𝑠 = 𝑗𝜔1 = 𝑗 𝑘𝑡 /𝑚𝑢 - which can
not be canceled by the denominator of 𝑄 ∗ (𝑠) ∈ 𝑅𝐻∞ . With respect
to (27) and the Bezout identity (11) it follows, that:
1
𝐻𝑆𝑃 (𝑠)/𝑠=0 = −
𝑌(𝑠)
𝑝4 (𝑠)
=−

𝑘𝑡

𝑌 (𝑠)/𝑠=0 =
𝑝 4 (𝑠) 2

(infinite frequency constraint)

1
H zw
( s ) / s 0  1  O( s 2 )

1
𝐻𝑧𝑤
(𝑗𝜔1 ) = −

−𝑠𝑘𝑡
𝑘𝑡 /𝑠=0 =
𝑚𝑢 𝑠 2

𝑚𝑢
𝑚𝑠

for 𝜔1 =

(zero frequency constraint)
𝑘𝑡
𝑚𝑢

and analogically:

1

(30)

2 (𝑠)/
𝐻𝑧𝑤
𝑠→∞ = −

and similarly:

𝑘𝑡
𝑚𝑢

𝑠 −2 + 𝑂(𝑠 −3 ) (infinity freq. constraint)

2 (𝑠)/
2
𝐻𝑧𝑤
𝑠→0 = 𝑂(𝑠 ) (zero frequency constraint)

𝐻𝑆𝑃 (𝑠)/𝑠=𝑗 𝜔 1 = −

1
𝑌(𝑠)
𝑝4 (𝑠)

−𝑠𝑘𝑡
𝑘𝑡 /𝑠=𝑗 𝜔 1 =
𝑚𝑢 𝑠 2

2 (𝑗𝜔 ) = −(1 +
𝐻𝑧𝑤
2
3 (𝑠)
𝐻𝑧𝑤

= −𝑚𝑢 /𝑚𝑠
(31)

𝑠→∞

𝑚𝑢
𝑚𝑠

= −1 +

) for 𝜔2 =
𝑘𝑡
𝑚𝑢

𝑘𝑡
𝑚 𝑢 +𝑚 𝑠

𝑠 −2 + 𝑂 𝑠 −3 (infinity
freq. constraint)

This result endorses (25).
3 (𝑠)/
𝐻𝑧𝑤
𝑠→0 =

Thanks to the first order of the imaginary axis zero at s=0, the
first derivative of the transfer function HSP(s) does not have any
similar restrictions at this point. Expressions (29), (30) and (31)
create the complete set of limitations which any admissible transfer
function 𝐻𝑆𝑃 (𝑠) ∈ 𝑅𝐻∞ must satisfy. Another words, if any
complex transfer function satisfies the mentioned limitations, there
exists a stabilizing controller K(s) so that 𝑇𝑧𝑤 (𝑠) = 𝐻𝑆𝑃 (𝑠). It does
not depend on what variables are chosen as the measured output the limitations always arise in the form of invariant frequency
points as was shown in paragraph 3 and in the form of restricted
rate of decay at infinite frequencies as shown in (29).

𝐻𝑆𝐷 (𝑠)/𝑠→∞ = 𝑂(𝑠 −2 )
𝐻𝑆𝐷 𝑠
𝜔2 =

𝑠=𝑗 𝜔 2

=− 1+

𝑚𝑢
𝑚𝑠

In control law design for active suspension system of vehicles it
is demanded to prevent magnitudes of the road and load frequency
responses from being too large. There are some frequency points
and frequency ranges where the transfer functions have modulus
strictly greater than one i.e. where road and load disturbance
amplification occur. On the base of the Bode integral it can be
shown that the transfer functions must be greater in modulus to at
least the same extend that it is less than one, when measured in
terms of the area on a Bode magnitude plot [1], [2] [3]. In such a
case there is a possibility to shift frequency ranges where
disturbance amplification occurs to a ”more advantageous place” or
to make magnitudes lower spreading the frequency range.

(33)

, where

𝑘𝑡 /(𝑚𝑢 + 𝑚𝑠 )

(34)

𝐻𝑇𝐷 (𝑠)/𝑠→∞ = −1 + 𝑂(𝑠 −2 )

(35)

5. Analysis of the Complete Sets of Limitations

𝐻𝑇𝐷 (𝑠)/𝑠=0 = 0,
𝐻𝑇𝐷 (𝑠)/𝑠→0 = −(𝑚𝑢 + 𝑚𝑠 )𝑠 2 /𝑘𝑡 + 𝑂(𝑠 3 )

In context with transfer functions 𝐻(𝑠) of the one-quarter-car
model given in Section 1, the generalized Bode integral theorem
can be modified as follows [1] :

(36)
Note, that even though it is desirable to prevent amplitudes of
the frequency responses 𝐻𝑆𝑃 (𝑠), 𝐻𝑆𝐷 (𝑠), and 𝐻𝑇𝐷 (𝑠) being too
large in any frequency domain, a brief analysis of the expressions
(29) - (36) enables to find out that the investigated transfer
functions must have modulus strictly grater that one at some
frequencies what indicates the fact that the road disturbance signal
is amplified at these mentioned frequencies.

Theorem 1. Let 𝑅𝐻∞ is a set of rational transfer functions that
are stable (their poles lie in the open right half-plane) and proper
(the numerator degree of these functions is less than or equal to the
denominator degree). Let 𝐻(𝑠) belongs to 𝑅𝐻∞ and satisfies
𝐻(𝑠)/𝑠→∞ = −1 + 𝑂(𝑠 −2 ). Let 𝑧𝑖 , 𝑖 = 1, . . , 𝑛 𝑛 ∈ 𝑁 are zeros of
𝐻(𝑠) with 𝑅𝑒( 𝑧𝑖 ) > 0. Then:
∞
𝑙𝑜𝑔
0

The same approach can be used to derive limitations for other
transfer functions and various choices of the measured outputs.

of invariant frequency points (for example 𝜔1 =
𝑘𝑡
𝑚 𝑢 +𝑚 𝑠

for

𝑘𝑡
𝑚𝑢

𝐻(𝑗𝜔) 𝑑𝜔 = 𝜋

𝑛
𝑖=1 𝑅𝑒( 𝑧𝑖 )

(37)

In control law design, it is desirable to prevent amplitudes of the
1 (𝑠), 𝐻 2 (𝑠) and 𝐻 3 (𝑠) from being too
dynamic responses 𝐻𝑧𝑤
𝑧𝑤
𝑧𝑤
large.

It has been shown that the limitations always arise in the form

1 (𝑗𝜔 ), 𝜔 =
𝐻𝑧𝑤
1
2

+ 𝑂(𝑠 4 ) (zero freq. constraint)

It is often assumed that if practical difficulties are neglected,
active systems could in principle produce arbitrary ideal behavior.
This paper presents the factorization approach that is taken to derive
limitations of achievable frequency responses for active vehicle
suspension systems in terms of invariant frequency points and
restricted rate of decay at high frequencies.

(32)

𝐻𝑆𝐷 (𝑠)/𝑠→0 = 𝑂(𝑠)

(𝑚 +𝑚 )
− 𝑢 𝑠 𝑠2
𝑘𝑡

3 (𝑗𝜔 ) = 0 for 𝜔 = 0.
𝐻𝑧𝑤
3
3

Complete sets of limitations for the transfer functions HSD(s)
and HTD(s) can be similarly carried out from the corresponding
transfer functions G(s) or using (26), (27), (28) and the
corresponding invariant equation stated above. That way the
following complete sets of limitations can be derived:

𝐻𝑆𝐷 (𝑠)/𝑠=0 = 0,

and

for

A brief examination of the results stated in Section 1 shows that
2 (𝑠) has modulus
the suspension deflection transfer function 𝐻𝑧𝑤

2 (𝑗𝜔 ) and 𝜔 = 0 for
𝐻𝑧𝑤
2
3

3 (𝑗𝜔 )) and in the form of restricted rate of decay at frequencies
𝐻𝑧𝑤
3
tending to zero and infinity.

strictly grater than one for 𝜔2 =
− 1+

As an example, the complete sets of constraints for transfer
1 (𝑠), 𝐻 2 (𝑠) and 𝐻 3 𝑠 , when suspension deflection
functions 𝐻𝑧𝑤
𝑧𝑤
𝑧𝑤

𝑚𝑢
𝑚𝑠

𝑘𝑡
𝑚 𝑢 +𝑚 𝑠

2 (𝑗𝜔 ) =
( 𝐻𝑧𝑤
2

), i.e. at this frequency an amplification grater than one

occurs. This amplification can be made less only and only by
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adjusting the ratio of the unsprung and sprung masses. From the
result:
3
𝐻𝑧𝑤
(𝑠)/𝑠→∞ = −1 +

𝑘𝑡
𝑚𝑢

𝑠 −2 + 𝑂(𝑠 −3 )

6. Results
Using a simple linear two-degree of freedom car suspension model
in Fig.1, it was shown that there are still some limitations to
suspension performance even in the fully active state. It has been
shown in the paper that there are some frequency points and
frequency ranges where the transfer functions have modulus strictly
greater than one i.e. where road and load disturbance amplification
occurs. On the base of the Bode integral theorems, it has been
shown that the transfer functions must be greater in modulus to at
least the same extent that it is less than one when measured in terms
of the area on a Bode magnitude plot. In such a case there is a
possibility to shift frequency ranges where disturbance
amplification occurs to a ”more advantageous place” or to make
magnitudes lower spreading the frequency range.

(38)

3
𝐻𝑧𝑤
(𝑗𝜔)

it is evident, that
must tend to one from above as 𝜔
3
tends to ∞ and it turns out that 𝐻𝑧𝑤
(𝑗𝜔) cannot be made less than
or equal to one at all frequencies. Since the right-hand side of (37)
3 (𝑗𝜔) to be less than
is non-negative then it is not possible for 𝐻𝑧𝑤
or equal to one at all frequencies since that would make the lefthand side of the equation (37) negative. It has been shown in [3],
that no matter what signals are used for feedback, the tire deflection
transfer function must amplify road disturbances at some
frequencies. This fact is valid even for full state feedback used in
the control loop.
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Theorem 2. Let 𝐻(𝑠) belongs to 𝑅𝐻∞ and satisfies𝐻(𝑠)/𝑠→0 =
1 + 𝑂(𝑠 2 ).Let 𝑧𝑖 , 𝑖 = 1, . . , 𝑛 𝑛 ∈ 𝑁 are zeros of 𝐻(𝑠) with
𝑅𝑒( 𝑧𝑖 ) > 0. Then:
∞
𝑙𝑜𝑔
0

𝐻(𝑗𝜔)

𝑑𝜔
𝜔2

=𝜋

𝑛 𝑅𝑒 (𝑧 𝑖 )
𝑖=1 𝑧 2
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Abstract: Mathematical modeling is the key parameter in designing new devices. Renewable energy technologies are getting higher
importance in the near future. Mathematical modeling of circulating fluidized bed (CFB) biomass combustion could improve both their
design and operation, reduce any associated problems and facilitate the implantation of this technology. A good understanding of the
combustion and pollutant generating processes in the gasifier can greatly avoid costly upsets. Presently, there is a focus on developing
models of CFB for burning biomass and waste material. The objectives of these models are to be able to predict the behavior with respect to
the combustion efficiency, fouling problems and pollutant emissions performance of different fuels or mixtures in commercial CFBs. In this
study, importance of mathematical modeling in designing CFB biomass gasifiers is investigated in view of innovative solutions.
Keywords: INNOVATION, MODELING, INDUSTRY 4.0, CFB

Biomass energy, which is concerned with all the above issues and
which has become increasingly important in today's energy use; It
stands out with its potential to be considered within the scope of
sustainable development, environmental awareness and energy
efficiency. Biomass is a renewable energy source that has some
important advantages, such as sustainability, ease of accessibility
and undesirable effects on the environment. Biomass energy has a
wide application area around the world with its environmentfriendly, sustainable energy production and environmental
management. For this reason, the importance of biomass in energy
production in the world has gained importance [3-5].

1. Introduction
In its simplest definition, innovation is to develop and
implement new and different ideas. These ideas can be developed to
solve previously unresolved issues or respond to previously unmet
needs. Or many of the already existing products and services can be
more beautiful, more useful, more useful to people. Innovation is
carried out with the realization of these ideas and the emergence of
products, services or methods of work, followed by the start of the
sale of these products and services or the implementation of
business methods [1].
The innovation process is defined as the transformation of
knowledge into economic and social benefit. Therefore, it is a
whole of technical, economic and social processes. The desire for
change in individuals and in society requires a culture of openness
to innovation and a culture of entrepreneurship. Individuals with an
innovative culture of thought create new ideas.

3. Mathematical modeling of CFB Systems –
Performance Improvement
Mathematical modeling and simulation techniques has become
an important and popular tool in the fluidization system design,
optimization, and scale up in the last years [6]. Zhang et. al were
developed operation diagram for CFBs. Other than other developed
works which defined as work map, the study allows to designers to
delineate the optimum working characteristics of CFBs. Also, the
experimental findings were emprically correlated [7]. Operation
modes of the system is given in Fig. 1.

Simulation studies are a powerful helper in problem solving and
there are several reasons for this widely used. First of all, complex
systems can be examined in a more convenient and analytical way
through simulation. In addition, new strategies enable the testing of
new parameters and new operating conditions, enabling the
performance of the system to be evaluated in new situations without
jeopardizing the system itself [2]. In addition, different system
designs are made and these designs are compared.
Today, many different biomass combustion technologies are
being developed. Circulating fluidized bed (CFB) technology offers
high efficiency while reducing NOx and SO2. Fluidized bed with
high pressure air fluidized sand particles in the base of the system.
During the combustion of biomass components in the bed,
compressed air force biomass components are suspended. When
biomass is suspended, the unburnt particles which are directed to
the chimney by air pressure are kept in cyclones and sent back to
the bed and burned. Since the bed temperature is lower than in other
biomass combustion technologies, NOx emmisions are also reduced.
In this study, importance of mathematical modeling in
designing CFB biomass gasifiers is investigated in view of
innovative solutions.

2. Biomass and Circulating Fluidized Bed (CFB)
Due to the world population growth and developing technology,
the need for energy increases day by day. In recent years, energy
efficiency, alternative fuel options, renewable energy sources,
energy consumption problems, and environmental solutions are the
main topics that occupy a major place in the world energy agenda.

Fig. 1. Operation modes [7]
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In a study conducted by Gungor, various parameters of the
fluidized bed biomass gasifier were simulated. The studied model is
1D, steady state and isothermal. In addition, it is based on on the
two-phase theory of fluidization. Simulated model were also
compared and validated with the test results. For solid calculation,
The single-phase back-flow cell model is utilized (Fig. 1.a). For gas
phase two-phase model were used (Fig. 2.b)

(a)

Fig. 3. Flowchart for the biomass gasifier system model [3]

(b)
Fig. 2. A single-phase back-flow cell model (a), Two-phase model (b) [4]

Koçer et. al investigated the potential hydrogen production from
greenhouse rediues. Pepper and tomate pomace were blended in
different rates for the tests. Also a numerical model were developed.
Flowchart of the study is given in Fig. 3 [3]. As a result, the study
were proved that greenhouse wastes has a potential for hydrogen
production. Mirmoshtaghi et. al investigated effect of various
parameters on CFB biomass gasification application. In the work,
genetic algoritm and partial least square-regression were used to
optimize input paremeters for three different output targets [8]. In a
research performed by Zhu et. al, 3D large-scaled CFB risers were
analysed. Developed material-property-dependent sub-grid drag
modification were validated with simulation model [9]. Doherty et.
al investigated the impact of air preheating on the performance of
the CFB biomass gasifier. Simulation study was performed with
ASPEN Plus simulation software. The developed model was
calibrated with the test values. Investigated CFB biomass gasifier
system is shown in Fig. 4 [10]. Gungor analysed the combustion
efficiency and emission performance of CFB biomass gasifier with
simulation method. FORTRAN language were used in the
simulation study. Gauss-Seidel iteration were utilized in the

Fig. 4. Investigated CFB biomass gasifier system [10]
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solution procedure. According to the findings, carbon monoxide
emissions were increased as excess air increment. Results showed
that biomass based fuels can be used for energy generation in CFB
systems. Flowchart of the system model is illustrated in Fig. 5 [11].
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Fig. 5. Flowchart of the CFB biomass gasifier system model [11]

CFB systems were also analysed with computational fluid
dynamics (CFD) approach. It is possible to understand the
behaviour of the different parameters in CFB systems with CFD
software such as ANSYS FLUENT. Researchers investigated
various areas such as carbon capture process [12], particle
conversion [13], supercritical boilers [14], cluster movement
prediction [15] with CFD. Also there are many different developed
CFD approaches for improving the performance of the CFB
systems [16-19].

5. Conclusion
Mathematical modeling is an important approach for
performance improvement of the CFB systems. Innovative solutions
also helps to achieve the goals of Industry 4.0. As known,
production with minimum losses is very important in transition to
Industry 4.0. This goal can be achieved with innovative solutions.
System optimization is provided by mathematical modeling and
simulation approaches. Besides, the input parameters of the system
are determined. When the studies about CFB systems were
examined, it was seen that the designs using the models were
compared with the experimental procedure and optimal designs
could be made. At the same time, visual representation of
mathematical modeling will guide the designers.
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Abstract. Today’s customer has more choices than ever. Customers always have had high expectations about what is in the items they buy.
This desire for clarity has heightened the need for supply chains to provide more, and more granular, content. To succeed in today’s
business environment, companies need to meet consumer demand for in-depth product information across a variety of shopping channels,
with greater specificity, than in the past. Excellence in business is driven by consistent information. Today technology and innovation enable
a much closer connection between the buyer and seller, paving new paths for experience and sales. Using them to build the hyperpersonalized supply chain that delivers exactly what the customer wants, when, where and how they want it will become the paradigm of
modern supply chain management. Personalization (creating a progressively better customer experience by using technology and data to
meet and anticipate its needs in a way that makes their interactions easier) is a growing challenge, particularly for supply chains strongly
influenced by global competitors. Personalization is fueled by new technologies and new data sources, all leading to more impactful
customers insights. In this paper we will examine how personalization today is not only a strategic imperative for companies, but also for
their supply chain partners in order to reach better profitability and increased customer lifetime value.
KEY WORDS: SUPPLY CHAIN, CUSTOMIZATION, PERSONALIZATION, MULTICHANNEL ENVIRONMENT, SHOPPING BEHAVIOR,
ONLINE CHANNEL.
that products are massively produced, but the customer is offered a
limited adjustment option for the product - such as choosing
INTRODUCTION
different colors. An example would be the NikeID service provided
Personalization is one of the most dominant and fastest
by Nike.1 Adidas AG also customizes its sneakers. Mass
growing trends today (9). Personalization is based on the use of
customization emerged almost two decades ago as the primary
consumer data and technologies to better predict and meet their
strategy used by companies in all branches of industry to profit
needs, as well as to establish more intimate interactions with them.
from the heterogeneity of demand and a wide range of other
The level of personalization increasingly determines the success of
consumer demands (10). The third level of personalization consists
companies in today's multichannel world.
of creating completely individually bespoke products. In the event
Supply chains realize the power of personalization and are
of a totally individually bespoke product (such as a particular
increasingly resorting to it. Today, their flexibility and
software, for example), the customer is involved in the process of
competitiveness must be based more on mass customization.
its creation from the beginning to the end of the process, so that the
Regardless of the fact that economies of scale encourage
product is unique. Mass customization is a new paradigm in
supply chains to make each product the same, market circumstances
production and has an increasing implication on supply chains.
require them to accept a segmented approach in product
Personalization is the strategic imperative of all
development. Therefore, for example, supply chain managers in
companies in the supply chain, because it contributes to the increase
some particular circumstances want to purchase, produce, and
in their growth, efficiency, profitability and customer lifetime value.
deliver products for a single customer. In other circumstances, these
The ultimate goal of personalization is to profitably create a better
"personal" products can be directed at a wider but specific customer
consumer experience in the purchasing process.
segment.
Personalization is based on the use of data so that
Today, customers function in an omni-channel
customers can easily find and consume what they want, how and
environment. This environment allows overcoming the separation
when they want it, not just on the basis of past experiences or
of offline and online sales, marketing and customer service, as all
Internet searches, but also on the basis of understanding what is
channels are synchronized with each other. In such an environment,
behind their preferences. Accenture Interactive has launched
customers can simultaneously use all channels to enhance their
Accenture Genome - a personalization technology that uses
shopping experience.
interactions with customers to create Living Profiles based on
Personalization is a way for the customer to gain a
unique aspects of customers. These Living Profiles can help guide
positive experience in relationships with companies in the supply
orchestrated experience through personalization platforms, such as:
chain. The customer experience in the purchasing process is a new
brand and requires a strong connection of companies in the supply
chain. In order to succeed in this new world of marketing, supply
1
Since 2000, Nike has been offering NIKEiD service to its
chains need to understand what it is that individual buyers want and
customers, which enables them to personalize and make shoes and
why, and to invest in new technologies to provide customers with
clothes unique before purchasing. Customer becomes a designer
flawless experiences.
while changing and giving some kind of a personal stamp to the
More and more often, customers start their search for
selected product. Nike has thereby revolutionized the customer’s
preferred products before visiting physical sales facilities. Supply
perspective on shoes and experience related to their purchase. At
chains are challenged to keep this process flawless, in order to make
first, customers were able to use the NIKEiD service in a virtual
purchasers and others loyal to their products.
world - via the company's website. Later, this service was also
offered to customers in the real world through more than 100
1. PERSONALIZATION AS A FEATURE
physical objects called NIKEiD Studios, located in the US, China,
OF MODERN BUSINESS
Canada, France, England and other European countries. The result
Personalization means interacting with customers in an
is unique products (shoes, clothes, equipment) that the customer, in
intimate and intuitive way. Personalization is a phenomenon that
a fun and easy way, designed for oneself. Such products are to the
occurs in various sectors. Deloitte conducted a study on the basis of
customer’s taste, carry his/her personal stamp and show his/her
which he identified three levels of personalization (13). The first
character. The NIKEiD website allows visitors to easily transform
level of personalization is mass personalization, where products are
into creators and to choose their favorite model, color, materials,
changed to meet consumer preferences, using existing data without
air sole and even to print personal messages. It is a new lifestyle
any input from (contributions of) consumers (other than obtaining
that allows customers to take the power of creation and creation of
their permission to use the supplied data). An example would be
the brand into their own hands. Nike's experience has shown that
Amazon’s personalized recommendations on its website. The
many customers want to pay more but to design their own products
second level of personalization is mass customization, which means
themselves.
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recommendation engines, data management platforms, rules
engines (11) or inference engines – desktop tools for developing
expert systems, campaign management platforms and experience
optimization tools.
Personalization can be used to reduce customers’
discontent and change the way they experience the company.
Personalization says a lot about the company. For example,
Amazon, although operating in accordance with the guidelines and
rules, at the end of the day it keeps the customer at the center of
everything.
The common mistake that companies make is that they
underestimate the amount of effort to personalize demands from the
perspective of logistics, supply chain, technology and costs.
Successful personalization requires technology, change of
assortment, change of organizational structure and use of
appropriate sales channels. At the same time, it is a challenge for
customers, because when a company offers too many options, that
creates confusion and frustration among customers.

2017, it served 2.9 million individual customers and realized 7.9
million orders (1).
However, an increasing number of customers, especially
young people, buy online, i.e. without going into physical sales
facilities. Also, more and more purchases start online. According to
research by the Chicago company IRI, about 76% of shopping trips
in the United States begin online (4). Nevertheless, surely not all
customers will realize all their purchases online.
The desire of buyers to find out information about the
products they buy and use gets bigger and bigger. This desire
increases the obligation of companies in the supply chain to provide
customers with numerous and detailed product data (on
environmental impacts, payment options, transport alternatives,
etc.). By providing customers with access to product content
information, manufacturers and retailers encourage the process of
its purchase and use. Confidence of customers in what they buy and
where they buy is significantly determined by the scope, accuracy
and reliability of the available information.
Although it is clear to company managers that hyperpersonalization is long-lasting and, from a standpoint of investment
in modern technology, a very demanding process, it is very present
in a modern business and changes its look. It is not hard to see that
online shopping, which began to develop in 1994 with the online
sale of Ten Summoner's Tales, a CD by the English rock singer
Gordon Matthew Thomas Sumner, better known as Sting, and then
expanded to other products (15), fundamentally changed consumer
experience in retail. In order to become and remain competitive,
retailers successfully differentiate according to what is most
important to consumers - assortment, price, product presentation,
inventory replenishment, personalization, delivery time, etc. (12).
Some retailers succeeded in it while others are still struggling.
Lately, the rules of the game have changed in online sales
and thus the conditions for the personalization of supply chains. In
2017, Amazon bought (acquired) Whole Foods Market for $13.7
billion, with the intention to increase its participation, in a profitable
way, in the online food market where the fastest growing trends in
online sales in the United States are manifested (7). Amazon is not
unknown on the food market. Since 2007, it has been delivering
groceries in the United States, and it has its own food store in
Seattle. Amazon is aware of the fact that the Internet offers more
and more opportunities to personalize not only the ordering of
products, but also many other activities and supply chain processes,
and that these chances should be maximized.
Regardless of the fact that there are still irreconcilable
differences between the online and offline sales channels, their
convergence is more and more pronounced in the markets around
the world. At the same time, modern technologies increasingly
impose, but also stimulate, the transformation of supply chains, in
order to better meet the needs and wishes of individual consumers.
The said acquisition provides enough evidence for this. It was
expected that, by the acquisition of Whole Foods Market, Amazon
would significantly change the way of selling natural and organic
food, just as it had changed the way of selling books at one point,
and that the sale of these food products would remain in the shadow
of selling other products. However, this did not happen. Even the
Whole Foods Market continued to operate under its own brand.
This acquisition has undoubtedly shown that for effective
competition in the food market, there is a need for ever-increasing
convergence between the online and offline channels of their sales,
as well as a strong local presence in the field. Which is what
Amazon has achieved by the acquisition of the Whole Foods
Market (2). In addition, this acquisition is a clear invitation to food
business managers to quickly transform demand-driven supply
chain into consumer-driven supply chain. It is a gold standard for
the supply chain. This transformation affects, positively or
negatively, all companies - regardless of how they sell their
products to customers (online or through classical sales facilities)
and the type of products they sell.

2. OMNICHANNEL ENVIRONMENT
After a single channel, multichannel and cross-channel
sales approach, an omnichannel approach appeared on the scene. At
the center of this approach is a customer and not a brand.
Today's customers have a greater choice than ever since
they live in an omnichannel world. Omnichannel experience is
provided to customers by: internet website(s), social media, mobile
devices, promotion and advertising, new technologies, software
solutions, reports and analytics, payment methods and sales
locations. Omnichannel marketing, by coordinating and integrating
all channels of customer engagement, provides a consistent
experience. Each channel is familiar with the changes that have
occurred in other channels, and each one receives valuable
information on customer behavior.
Customers in the omnichannel world want to be
connected to brands anytime, anywhere, via any device. They value
consistent and personalized shopping experience but also transfer
interaction from one channel to their next channel. In the
omnichannel world, customers have been provided with a consistent
experience, regardless of the course of their movement during the
purchasing process. The customer can now find products or services
through different channels (Google, social media, television, radio,
print media, personal recommendations, etc.). So, today's customer
is an omnichannel shopper because he/she has many different ways
to find the products he/she wants.

3. CONVERGENCE BETWEEN ONLINE
AND OFFLINE SALES CHANNELS AS A
SIGN OF PERSONALIZATION
The supply chain concept, based on the demand-driven
supply chain, has existed for more than a decade. This concept
requires companies in the chain to be able to change production on
the basis of short-term demand fluctuations.
In order to successfully maneuver in the tsunami of shortterm demand fluctuations, supply chain companies, especially
retailers, must be ready for hyper-personalization - to provide
individual consumers with what they want, when, where and how
they want it. More often, consumers want to choose products that
reflect their preferences, to get them faster and to not have to pay
extra for it. The practice shows that companies cannot meet such
consumer preferences without comprehensive changes in their own
supply chains.
Customers combine shopping through physical sales
facilities and online shopping. This happens, for example, when a
customer orders products online, visits a supermarket in his/her
neighborhood and picks up these products. Similar possibilities are
also offered to customers by Alza – the largest online retailer of
consumer electronics in the Czech Republic, which since 2014 has
been operating in several other European Union countries (Czech
Republic, Slovakia, Hungary and Austria). It allows customers to
order products via the website and to take them over in its physical
sales facilities. Alza owns 53 stores and 90 AlzaBoxes. During
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Light”. Devices with pink lights were placed in subway cars, and
women were allowed to use beacons. When a woman with a beacon
enters the subway, the pink light on the device turns on, which
allows other passengers to find out that there is a pregnant women
nearby in need of a seat.
Online customers expect the company to treat them the
same as offline customers. Online customers want the company to
recognize them upon their arrival, to remember their unique
preferences and pay attention to them as well as provide them with
recommendations for easier navigation in a particular situation.
Retailers need to choose the appropriate option to refill
inventory. Most retailers use more options to fill in inventories,
such as distribution centers, retail outlets and deliveries directly
from sellers (drop shipping).3 Choosing the right option to fill in the
inventory is crucial for companies that want to reduce their
expenses by meeting the growing consumer expectations.
All the resources of companies in the supply chain should
always be in the service of individual customers. The supply chain
is not perfect, but its success depends on the application of
technologies: for ensuring the visibility of its processes, activities
and flows; for predicting potential problems; and for informing
individual customers about each stage of the order execution
process (fulfillment process - reception, processing and delivery of
orders to end consumers).
Any decision in the supply chain, whether it concerns the
introduction of new technologies, the employment of workers or the
selection of the location of sales facilities, should be based on the
wishes and needs of individual consumers. Companies in the supply
chain must increasingly take into account the fact that the customer
- an individual - is now one market.

4. TECHNOLOGICAL FOUNDATION OF
PERSONALIZATION IN RETAIL AND
SUPPLY CHAINS
Investments in the supply chain increase the chances of
sales growth. However, investments in online sales should be
observed in relation to the number of physical sales facilities. Even
after the takeover of Whole Foods Market, which was discussed in
the previous section, and allowing the delivery of food to customers
within two hours, Amazon achieves a modest success in this
segment of business. Based on its research, Bricks Meets Clicks
concluded that online orders of groceries from physical sales
facilities amount to about $200 per consumer per month, while
Amazon's consumers order such goods less often and spend only
$74 per month (14). It turned out that Walmart, Kroger and Target,
after having increased their investment in technology, sales
facilities and food delivery to customers, each individually gained
an advantage over Amazon because of having a large number of
physical sales facilities (14).
Creating hyper-personalized supply chains requires
increasing investment in a wide range of technologies. A key role is
played by investments in technologies that enable:
 ordering by the end user, which is driven by artificial
intelligence,
 automated inventory fill-ins,
 efficient inventory control.
Investment is also needed in technology that enables the
strengthening of customer-seller relationships, increasing sales and
creating new customer experiences. Increasing the level of
integration of a number of processes of supply chains (e.g. ordering,
production and delivery of products) should enable better
satisfaction of everyday needs of individual customers.
Manufacturers and retailers are able to record an
increasing number and a wider range of data (location, product
characteristics, demographics, psychography, and behavior across
individual channels) about almost every customer. By integrating
such data, manufacturers and retailers can create more personalized
customer experiences in sales facilities and increase their loyalty.
A good example of this is setting up beacons into a sales
facility. Beacons placed in the sales facility interact with the
customer by sending special personalized offers and greetings. The
goal of the use of the beacons is to provide customers with hyper
locally personalized offers based on their location in the sales
facility. Another example is Marc's – a retailer in North East Ohio,
which has distributed Allrecipes.com2’s beacons in sales facilities to
enable their customers to receive personalized meal-related
recommendations via the “Allrecipes Dinner Spinner” mobile app.
After entering the Marc's sales facility, users of the “Allrecipes
Dinner Spinner” application receive recommendations by local
home cooks via their smart phones in relation to meals, together
with recipes and products sold in that store. As a result, around 35
million views of Allrecipes.com’s recipes are identified every
month, made by customers using this application while they are in
the Marc's sales facility.
Personalization of the offer is also possible with
companies in public transport. In order to make it easier for
pregnant women to find a seat in public transport, in 2016, South
Korea's second-largest city, Busan, co-operated with Korean
company Daehong, which implemented a pilot project called “Pink

5. PROVIDING A FLAWLESS CUSTOMER
EXPERIENCE
More often, customers’ expectations overcome
companies' efforts to adapt the offer to their requirements. Due to
the endless number of choices, it is more likely that customers will
make bad decisions, be less satisfied, and abandon this experience.
In such circumstances, companies need to humanize their digital
experience by switching from marketing communications to digital
conversations.
Managers of all companies in the supply chain know that
their strategic focus must be on the customer. Due to the use of
modern technologies, customers are becoming more sophisticated
and more powerful. Companies that know the preferences and
interests of their customers can benefit more. By analyzing relevant
data of MyBuys4, whose database contains shopping behaviors and
intentions of 250 million customers who use about a billion devices
for Internet access and online shopping (8), it can be concluded that
customer-focused marketing enables the increase in overall online

3

A supply chain management method that implies that the retailer
does not keep goods in stock, but instead transfers details related to
customer orders and shipments to the manufacturer, to another
retailer or to a wholesaler who then sends the goods directly to the
consumer. De facto, drop shipping is a retail selling method where
the seller does not hold the products sold in the warehouse. Instead,
a seller who sells a particular product buys it from a third party
and sends it directly to the buyer. As a result, the seller never sees
or manipulates the product. The biggest difference between drop
shipping and standard retail sales is that a trader who sells goods
does not have those goods in stock. Instead, that trader buys stocks,
if necessary, from a third party (usually from a wholesaler or
manufacturer) to carry out orders.
4
MyBuys provides coordinated personalizing solutions for display
ads, e-mails, websites and mobile devices to retailers,
manufacturers and agencies. It automates and delivers billions of
targeted offers each day using its Active Shopper Database
comprised of 250 million consumers. MyBuys is headquartered in
Silicon Valley. Since 2009, it has been named the top provider of
personalization solutions to the IR500.

2

Allrecipes.com, the world's largest social network focused on
food, annually receives more than 1.3 billion visits from local chefs
who interact with and inspire each other through recipes, photos,
reviews, collections, videos and customer profiles. Since its launch
in 1997, this website based in Seattle serves as a dynamic,
irreplaceable resource for chefs of all levels who are looking for
reliable recipes, fun ideas, food offers and practical cooking tips.
Allrecipes is a global, multi-platform brand with 19 websites and
three mobile apps serving 24 countries in 13 languages. It is owned
by Meredith Corporation, which has about 73% of millennial
women in the US in its portfolio.
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sales by 25% as well as a certain increase in customer lifetime
value.
The ultimate goal of personalizing an online offer is to
create an impression of the right one-to-one relationship with
customers. According to a recent study by Infosys, a global leader
in the field of consulting and technology services, 86% of
customers and 96% of retailers pointed out that personalizing online
offers had at least some impact on purchasing decisions. And a
research conducted by Synqera5 showed that 85% of customers
wanted personalized online offers that reflect their previous
purchasing behavior.
However, personalizing online offers is one of the biggest
challenges for retailers. Creating a flawless shopping experience
through all sales channels is a game that carries high risks.
Competition is fierce, and the most valuable customers (in terms of
the lifetime value) are those who buy via multiple channels. Online
sales are definitely growing. It is therefore not surprising that, in
2018, it was exactly online sales that were responsible for about
50% of the growth of the CPG6 (Consumer Packaged Goods)
industry in the US.

processes, activities and flows between their members. Increasing
investments in technologies that enable the creation of hyperpersonalized supply chains (which provide exactly what the
consumer wants, when, where and how he/she wants it), becomes a
requirement for companies' competitiveness.
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chains. It can even be said that this is the age of hyper-personalized
supply chains. They implement modern customer service
technologies, but they also provide a high level of visibility of

6.

7.

8.

9.

5

Develops in-store communication technologies that allow
consumers a personalized shopping experience in physical sales
facilities.
6
Retailers sell products to the end user / consumer. Typical CPG
retailers are Walmart, Target, Amazon and Costco as well as all
stores that we see in shopping malls. CPG refers to a wide range of
manufacturers, sellers and marketers (those who promote or sell
products) of physical products used by consumers or sold through a
retailer. It can be said that CPG companies control the production
and distribution of products. Such are, for example, Procter &
Gamble, General Mills, Clorox, Nike, Adidas, Johnson & Johnson
and Apple. CPG companies often have retail items. For example,
Gucci, Prada or Dolce & Gabbana are technically CPG
companies, since their primary activity is the design and sale of
handbags, often to retailers of high quality products such as
Barneys, Saks and Neiman Marcus. However, they also have sales
facilities in which they exclusively sell their own products. CPG
companies make and sell products to end consumers, and their own
brands compete with retailer brands. CPG companies are
increasingly entering the retail sector through their own classic sales
outlets and via e-commerce, expanding both brand recognition and
chances of profit. For example, in 2012, Nike increased its sales by
opening its classic sales facilities and via e-commerce. In 2012,
Adidas opened more than 2,000 stores and significantly increased
sales. In 2001, Apple opened its first store (Apple stores) and in
2012 more than 400 of such facilities made up about 12% of total
revenues.
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In other models, scholars use a specific criterion as the basis of
division into stages of growth, namely:
Corporate growth is considered as one affected by
the particularities of business structure and its changes (L. Greiner,
D. Каtz and R. Kahn);
Corporate growth is closely related to the group
cohesion. The model describes natural sequence of stages to pass
through, specifies the mentality that determines each of them (W.
Torbert);
Corporate growth depending on each stage`s
functional problems - the problem of adaptation to the environment,
resources acquisition, goals achievement and patterns of behavior
promotion (F. Lieden);
Concentration on two key parameters of corporate
life: flexibility and manageability (І. Аdizes);
Enterprise graduates through stages of its life cycle.
Different emphasis and tasks at different stages cause various
performance criteria (R. Queen and К. Cameron) [1; 2].
Larry Greiner was one of the first who proposed own theory of
corporate life cycle. He substantiated that an enterprise which
operates in an industry consistently goes through five phases of
growth: growth through creativity, growth through direction,
growth through delegation, growth through coordination and
control, growth through cooperation [3].
The characteristics of corporate life cycle phases by L. Greiner are
presented in Table 1.
According to the scholar, each stage of corporate growth has two
phases: evolutionary development and revolutionary development.
In the period of evolutionary development, enterprise evolves
continuously, without significant leaps, in contrast to revolutionary
development, when enterprise suffers internal conflicts caused by
tasks and management style disparities. This initially leads to output
drop and deteriorating financial position. The management is
charged at the stage of revolutionary business growth to choose and
implement quickly new managerial tools.
Analysis of corporate growth stages by L. Greiner indicates the
following limitations of the model:
- firstly, the size of an organization is the determining parameter of
its growth: small enterprises` strategy does not require significant
increase in its size, and they do not face some stages and crises;
- secondly, the model does not describe the development of an
enterprise but of its management system;
- thirdly, the author himself did not determine what is the final crisis
of the fifth stage of evolution.

The key problem facing all enterprises is that of survival. Corporate
life cycle theory is an important tool for the survival and
development of business entities based on value changes affected
by external and internal environment shifts. It gets an enterprise to
rethink its existing values, organization itself, production process,
scale of production, business structure, mechanism of adaptation to
environmental changes, resources acquisition, flexibility and
manageability formation, as well as of personnel and external
stakeholders systems` relationship. Understanding the specifics of
the main corporate life cycle stages allows to avoid numerous
mistakes in its development and predict typical growth problems.
Awareness of the mentioned specificity makes an enterprise to think
about the management system before the problems take place. Life
cycle analysis enable problems structuring faced by an entrepreneur
or a manager.
Adaptation of the biological cycle concept in management led to the
formation of corporate life cycle theory developed in the studies of
I. Adizes, L. Greiner, K. Cameron, R. Kahn, D. Katz, J. Kimberly,
R. Queen, F. Lieden, D. Miller, B. Scott, W. Torbert, P. Friezen.
Ukrainian scholars like Y.S.Primush, S.V. Koryagina, T. Malajeva,
S. Dovbnya, Y.S. Shembel, A.M. Shtangret, O.I Kopylyuk, O.Y.
Kuz`min, O.G. Mel`nik and others also conduct research in the
field.
According to this theory, the life cycle is the period when an
enterprise essentially changes its values and attitudes, graduating
several successive stages of its development, which determine the
peculiarities of managerial tools corresponding to the period of
enterprise performance. It should be noted that changes in value
orientations and objectives based on external and internal business
environment changes are the main reasons of enterprise cyclical
development. The changing external environment factors make
enterprise to adopt to these changes, rethink the existing values,
organization itself, production process, system of staff and external
stakeholders’ relationship.
A range of issues associated with the corporate life cycle is quite
wide: number of stages, causes of cycles, changes in the various
business characteristics during life cycle`s stages, stages` sequence
and duration, opportunity to diagnose a particular life cycle stage,
application of managerial mechanisms at different stages of its
development, etc.
Researchers like T. Y. Bazarov, T. Zheleznyak, J. Kimberly, D.
Miller, B. Scott, P. Friesen, when building the model of corporate
life cycle, characterize in general its position at certain stages of
growth. They describe scale of production, business structure
adjustments, rate of return and other aspects of activities.

Table 1 Characteristics of corporate life cycle phases by L. Greiner
Life cycle phases
Stage details
Growth through
Own product design and market boundaries identification. Rapid business growth. Leadership crisis. Growing
creativity
employees number. Formalized management structure. The owner sets rules, priorities and principles of work. The
expediency of hiring a professional manager.
Growth through
Stable sales growth, expansion of management, more compound organizational structure of an enterprise. Centralized
direction
management. The crisis of autonomy. The need to approve decisions with top-management. Managers cannot make
decisions on their own, which impedes business development.
Growth through
Responsibility is given to the middle managers. Capturing new markets, product assortment expansion. Profit centers
delegation
and bonuses are used to motivate employees. Acquiring outside enterprises that can be lined up with enterprise units
structure. Crisis of control. Autonomy of employees lead to decisions not approved by the top management.
Introduction of more rigid forms of control and reporting.
Growth through
Sales growth. All decisions are consistent to corporate mission and general goals of management. The risk of any
coordination and
mistake is minimal. Strengthening control in big business. Decentralized divisions are merged into product groups
control
(producing homogeneous group of products). Formal planning procedures are introduced and intensively improved.
The number of top managers is being increased. Increase of control. Every product group is treated as an investment
center. The border crisis. Lower overall innovativeness, flexibility and speed of decision-making.
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Growth through
cooperation

The focus is on solving problems through team action, staff experts at headquarters are reduced in number, formal
management systems are simplified, increased number of discussions in the form of open conferences, educational
programs are used to train managers at an enterprise. Project and consulting teams` formation, training programs.
Creation of information management systems. Economic rewards are geared more to team performance.
Source: compiled by [1]
2) abnormal problems;
The model of I. Adizes is widely spread in science and practice. It
3) pathologies that the company cannot solve by itself.
includes the following stages: courtship, infancy, go-go,
The scholar noted that if an organization does not solve regular
adolescence, prime,
stability,
aristocracy,
recrimination,
problems, they become abnormal and eventually turn into
bureaucracy, death [4]. The model develops the theory of L. Greiner
pathology. The aging phase begins. Besides, if an enterprise ignores
and complements its methodology of diagnosing various problems
negative changes during its downturn, or management failures, it
and their elimination.
can lead to its death. An enterprise loses its ability to provide
Professor I. Adizes believed that every corporate life cycle stage
effective business and market share; it may become bankrupt and
ends with a crisis, and it is necessary to consistently solve the
pass to the stage of death. However, I. Adizes points out that after
problems that arise, caused by business growth, competition,
the downturn phase, there are two ways of growth: recovery or
technologies and environment changes. He noted that corporate
bankruptcy.
crisis are the result of predictable problems, which can be divided
Corporate priority values for different life cycle stages are presented
into three groups:
in Table 2.
1) typical problems of adolescence (or "disease of adolescence");
Table 2 Corporate priority values in the context of I. Adizes` life cycle model
Stages
Organization
Management
Staff
Courtship
++
++
++
Go-go
-

Capital
+
-

Consumers
++
+++

Policy
-

Infancy
+++
++
Adolescence
++
++
++
Prime
+
++
+
+++
++
Stability
+
+++
+
+
+
Aristocracy
+
+
+
++
Recrimination
++
Bureaucracy
+++
Source: compiled by [4-7] Note: +++ – the most priority values; ++ – quite priority values; + – priority values; - – absence of priority values.

In order to recover, an enterprise needs to make radical changes in
all fields of its activity. To cope with the crisis, it is not enough to
cut business costs and jobs. There has to be a comprehensive
program of business growth. If an enterprise is able to provide
restructuring and modernization, then it can survive and continue to
exist [8].
Solving complex tasks during the recovery stage is possible by the
newly appointed managers’ team. However, according to I. Adizes,
new top management helps an enterprise to skip aging, only if it
changes the system (organizational structure, remuneration system,
information system, etc.) [4]. To increase business flexibility, it is
important to motivate managers and staff initiatives. It is possible to
launch new units. The development of new products makes it
necessary to upgrade technology and equipment. During the
recovery period, the problem of employee adaptation to
organizational changes is a topical issue. There has to be
employees’ loyalty to management activities, commitment to longterm goals and preparation to deal with temporary difficulties. The
main purposes of this period are business recovery and bailout.

Deteriorating key financial indicators represent one of the first
symptoms of corporate aging, which indicates pathological
problems at the early stages of aging (stability, aristocracy).
Profit orientation prevails throughout the downturn. Due to the
predominance of investor interests in comparison with the
consumers’ interests, the return on investment gradually plays
increasingly more important role than the return on sales. At the
aristocracy stage, the return on investment becomes a priority goal.
Indicators of the return on sales and turnover lose their significance.
The corporate future of an organization, which loses its competitive
advantages, depends mainly on investors. Thus, indicators like the
return on equity, financial soundness, liquidity and solvency, which
often have inadequate values, are of key importance to measure
entrepreneurial activity at the recrimination stage.
The main financial task at the final stage of a life cycle
(bureaucracy) is to receive disbursement to artificially support
corporate performance.
Table 3 illustrates the priority values at the growth and ageing
stages.

Table 3 Priority financial indicators at the corporate growth and ageing stages
Investment
Liquidity
and Turnover
Return on sales Return
on
Stages
solvency
equity
Courtship
+++
Go-go
+
Infancy
+
+++
Adolescence
+
++
+++
Prime
+
+
++
+
Stability
+
+
++
Aristocracy
Recrimination
+
+++
Bureaucracy
+++
+
Source: compiled by [1; 4; 5]
Note: +++ – the most priority values; ++ – quite priority values; + – priority values; - – absence of priority values.
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CONCLUSIONS
The life cycle concept gives the opportunity to structure problems
that an entrepreneur, an owner or a manager face. The life cycle
models allow to predict development and critical situations,
therefore, they enable their thorough preparation. These models
describe in detail what is going on within an enterprise, thus
revealing principles, natural phenomena and deviations, which
help managers to focus on the problem solution.
Despite the differences in life cycle models, it is obvious that
business characteristics vary at different life cycle stages, which
requires application of various management methods. Studying
corporate life cycle allows to consider business entity as a
dynamic, but not static institution and to approve timeliness in
decision-making aimed at its growth.
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MODERN APPROACHES TO THE FORMATION OF THE CONCEPT OF
"MANAGEMENT OF INNOVATIVE ACTIVITY STRATEGY"
Cherep O.G., D. e. s, professor1, , Bondarchuk M.K., D. e. s, professor2
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Annotation. The essence of the concept "management of the strategy of innovation activity" is explored. The groups of factors of the
external and internal environment that influence the management of the strategy of innovative activity of industrial enterprises are
distinguished. The necessity of using methods and tools that will reduce or neutralize the factors of the external and internal environment and
increase the effectiveness of the strategy of innovative activity of industrial enterprises is substantiated. The author's definition of the
theoretical essence of "management of the strategy of innovation activity" is proposed.
Keywords. Management, strategy, innovation activity, innovation development, process, efficiency, algorithm, stages, factors.
Analysis of recent researches and publications. Domestic
and foreign scientists were engaged in the study of issues related to
the definition of the theoretical essence, the role of the concept of
innovation strategy management in the activity of enterprises,
management of the innovation strategy, innovation development
management, and innovation activity management, among them:
Dudar T.G. [1], Kasyanova L.P. [5], Kozlovsky V.O. [2, 3],
Kovtunenko K.V. [9], Kolinko N.O. [4], Lebedev I.B. [5],
Melnychenko V.V. [1], Novak O.V. [5], Sokolovsky S.A. [7],
Stadnyk V.V. [8], Stanislavyk O.V. [9 ], Yokhna M.A. [8],
Tarasenko V.V. [11], Telenchuk V.S. [10], Shapiro S.B. [11]. Note
that for today the essence of the concept of management of the
innovation activity strategy is not sufficiently thoroughly
investigated, since most researchers carry out an analysis of the
concept of management of innovative activity and do not take into
account the specifics of this economic category.
Results. The continuous development of a market economy,
the emergence of innovative technologies, research and
development require industrial enterprises to take timely measures
to introduce innovations in order to increase competitive positions,
penetrate new markets, gain advantages along with competitors in
the production of new types of products or services. Therefore,
achievement of the above-mentioned results is possible on the basis
of the use of effective strategies of innovation, which are an integral
part of the enterprise's activities. The effectiveness of the innovation
strategy is achieved on the basis of factors influencing the market
environment, that is: at the country level - socio-economic
development; the level of taxation of enterprises; optimality of the
credit system of commercial banks; the effectiveness of the
legislation on the regulation of innovation activity; the level of the
investment climate; the experience of world leaders in the
development and implementation of innovations; at the enterprise
level - coherence of the mechanism of work of the enterprise; level
of qualification of the personnel; diversification of production;
directions of innovation activity; level of competition;
implementation of research and development; assortment of
products; the coverage of a particular market segment; the ratio of
costs, risks, effects received. In turn, according to the selected group
of factors of the external and internal environment, there is a need
for the use of methods, means, tools that will reduce or neutralize
their effect and increase the effectiveness of the strategy.
Telenchuk V.S. analyzed in detail the features of the
management of IA [11], she considered that it covers two areas of
operation of the enterprise, namely: investment development,
investment capital, resource availability; level of introduction of
innovative technologies, production of new products. That is, the
author focuses on the feasibility of using innovative technologies,
the assessment of environmental factors that will contribute to the
development of the enterprise and an incentive for further growth,
but left out of attention the strategic aspect, the model of business
development.
A similar point of view was observed by Stadnik V.V.,
Yokhna M.A. [9, p. 74-75], who under the control of the IA
considered a complex mechanism aimed at gaining competitive
advantage of the enterprise, meeting the demand of consumers,
developing a new market of products, subject to the establishment
of the process of organization and planning of innovation

The main way that will timely identify the threats of the
market environment, develop effective methods of protection, build
a clear system of actions for the organization of work and the
adoption of sound management decisions, to determine the future
options for enterprise activities is to manage the strategy of
innovation. Calculated management of the strategy at the enterprise
will allow, at the development of new products, to assess the needs
of the manufacturer, investors, the domestic and foreign market, as
well as the consumer, to identify prospects for development in the
future, taking into account the introduction of innovative
technologies.
Industrial enterprises have the necessary prerequisites, that is,
resource potential, geographic location, technical capabilities, to
carry out research, but there is no mechanism for not only
developing but also managing the strategy. Therefore, it is advisable
to implement at the enterprises of the management strategy of
innovation, which will allow not only to manage the strategy, but
will also ensure its implementation, on conditions that a set of
interrelated measures is developed, an algorithm for action is
created, and a sequence of development and application of
innovative technologies is established to achieve the formed goals.
The foregoing proves the expediency and necessity of researching
the essence of the concept of "management of the strategy of
innovation activity", the peculiarities of the implementation of the
strategy management process, the identification of stages or the
algorithm of the construction of the management process, the
importance of using the system and mechanism for managing the
innovation activity of the enterprise (MMIAE).
In the writings of Malceva S.V. [6] the essence,
appropriateness of the formation and features of the use of strategic
management of the IA are considered in detail. The strategy of
management of the IA is considered as a set of actions, a set of rules
aimed at using the mechanism of production of new products in
order to meet the needs of customers, improving the image of the
enterprise, organizing the application of the development strategy.
The disadvantage of this approach is that the impact of
environmental risks on the implementation of the strategy is not
defined, there is no algorithm for managing the company's or
company's
IA.

development, development of innovative projects. The advantage of
the above interpretation is the definition of the role of innovation
projects in the implementation of the IA, the feasibility of attracting
investment capital, but the need to adapt to the factors of the
environment and eliminate the factors of the internal environment.
Dudar T.G. [1], Kozlovsky V.O. [2] also focused on the
study of the essence of the concept of management of innovation
activities and concluded that it aims at achieving the long-term
goals of the enterprise, provided that planning, control, and
stimulation of innovation processes are implemented. Accordingly,
the authors focused on the mechanism of implementation of
innovation activities in order to increase the level of
competitiveness and not noted the possibility of changing the goals
and directions of innovation development.
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assistance for the implementation of innovative projects. The
advantage of the analyzed approach is to determine the
appropriateness of training the personnel of the enterprise.
Kolinko N.O. [4, p. 12] argued that the management of the IA
aimed at achieving various kinds of effects in the enterprise on the
basis of the tasks performed, the coherent work of staff, the rational
use of their own resources, the production of new or improvement
of existing products. The advantage of the approach is to take into
account the factors of the internal and external environment for the
operation of the enterprise and the process of innovation, but the
role of innovation strategy is not defined.
Despite the diversity of approaches to interpreting the
definition of management of the innovation strategy, there is no
single approach to its definition, the systematization of the influence
of factors on the use of the strategy, the failure to take into account
the volatility of market needs, the sequence of actions for the
organization of innovation activities, the implementation of control
over the implementation of innovations, the conditions of the
enterprise development and the question remains as to the role and
practical significance of the management process for the activities
of industrial enterprises. Consequently, the results of the study
expanded the meaning of the concept of "management of the
strategy of innovation activity of the enterprise", since it is not
appropriate to identify with other concepts (Fig. 1).

Another author analyzed the interaction of innovation
management with innovation activity, as management studies the
process of production of new products, the development and
implementation of inventions, improving the quality of goods and
their consumer values, meeting the needs of consumers, the
relationship of the company with the markets of products [7, p. 5-6].
However, this approach is aimed at researching the process of
managing innovation, rather than identifying the peculiarities of
innovation and innovative development of business.
A different approach was observed by Lebedeva I.B. [5, p.
24-26], who, under the direction of innovation activity, understood
the method or tool of applying innovative technologies, the
attraction of innovations, the advancement to the market of
improved products, as well as the unity of actions of public
authorities in channeling funds to the development of the IA. Note
that the author considered the management mechanism at the statelevel for its innovative development and did not mention the
peculiarities of innovation at the enterprise level.
In contrast to the previous approach, Shapiro S.B. [12, p. 4246] conducted an analysis of the management of innovation
activities at the enterprise level, the state. The basis of the activity
of any enterprise is the use of the process of
managing the IA in order to interest employees in the development
of innovative technologies, raising the level of qualification. At the
same time, the state should be interested in providing financial

Economic for investment development
formation of innovative direction, economic effect
Timeliness of control over implementation
innovation strategy

Set of actions, methods, tools of
strategy implementation

Process management tools of
introduction of innovations

Long-term character of activity
A set of business development solutions

The development of ideas, the number of
innovations

Activation of innovation activity
Use of scientific and technical
developments

Timeliness of engagement of
investment resources

Number of threats to the environment

Innovative activity
Management

Strategy
Management of innovation strategy

Innovations
Fig. 1. Scheme of forming the essence of the concept of "management of the strategy of innovation"
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Note: developed by the author
It is determined that management of the strategy of innovative
activity of the enterprise is a process of strategy development,
which includes methods, tools, means of management of innovative
activity, covers the implementation of a strategy for resource use,
innovation development, technology implementation, which will
determine the prospects of economic development in accordance
with the variability of the needs of the environment.
Conclusions. In the proposed definition, unlike the existing:
there is the relationship in the direction of "management - strategy innovations - innovation activity - management of innovation
strategy", which reflects the combination of actions from the use of
tools, the formation of a business model to the introduction of
technologies, the production of new products and use of the
algorithm for implementing the enterprise strategy; it is established
that it is not advisable to identify this concept with the essence of
the definition of the management of innovation strategy, the
management of innovative development, since it is wider and
covers the directions, goals, tasks of the IA, the peculiarities of
organization and management of this strategy.
In the above definition, the strategy is considered not only as
a set of measures, algorithm of decisions but also as a system of
related actions, methods, tools, a set of rules that contribute to the
assessment of environmental factors, the formation of strategies for
protecting the strategy from their actions, the identification of
innovation activities directions, the development of innovative
technologies, the selection of innovations that should be
implemented that will meet the needs of participants in innovation
activities. At the same time, the system of interrelated actions are
understood as follows: the definition of the goals of the
organization; assessment of the internal environment; evaluation of
the feasibility of a new product; sequence of innovation
implementation; the procedure for implementing the strategy of
innovation activity; interaction of participants in innovation
activities and coherence in the adoption of managerial decisions;
control over the process of management and implementation of the
strategy. The choice of a more effective strategy is also provided by
a management process that facilitates comparisons of several
strategies, assessment of the factors affecting them, the
implementation of the chosen strategy, identifying a set of actions
that will allow the use of innovations, and establish enterprise
activities.
Achievement of the economic effect from the implementation
of the process of managing the strategy of enterprise IA depends on:
determining the sequence of implementation of the steps necessary
for the realization of the strategy; construction of an algorithm of

planning, organization and management of the strategy; determining
the factors of the external and internal environment that affect the
IA; development of methods of protection against the risks and
methods of competitive struggle; adjusting the goals of the activity;
search and introduction of innovative technologies; realization of
scientific researches and development of innovations; making
calculated management decisions.
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DEVELOPMENT OF ARTIFICIAL INTELLIGENCE IN THE INDUSTRY
Assoc. Prof. Eng. Stoyanka Kasabadzhakova, PhD
Higher School of Security and Economics - Plovdiv
Summary: Artificial Intelligence (Artificial Intelligence – AI) was a technology that everyone feared. The idea that computers can think and
learn as we do, raises fears that at some point we will stop understanding them and be able to control them. Now we are moving in a
direction other than the creation of a man-like artificial intelligence, we can look at its progress as a tool for the development of any
industry. The report addressed the implementations of technology such as Robotic Process Automation (RPA), in order to improve the
productivity of its organizations and expand the value of their business models.
Keywords: artificial intelligence, robotic intelligence, business models
"AI is found in many forms. For example, many people
talk with their phones or virtual assistants. The car I bought recently
has features such as an automatic brake, reads the speed signs and
warns me if I move too fast [6]. These are all examples of how
machine automation takes on the role of intelligent people and can
therefore be seen as a form of intelligence. "
"You teach them to analyze, theorize and update like us.
We observe our environment; we appreciate it and we have an idea
of how it to respond t. Then we try this idea, and if it doesn't work
the way we expect, we're trying something else. This interactive
cycle of observation and learning is what distinguishes the
mechanistic behavior of AI."
How can we discern the intelligent machines to which we
are exposed in almost all aspects of our lives, and those who have
elements with AI? IBM uses the term cognitive intelligence to
distinguish the two.
The year 2017 was a breakthrough for artificial
intelligence, through which unprecedented achievements were
achieved in understanding technology with AI. While there is still a
lot of work to be done, artificial intelligence gives us the
opportunity to do much more and it far more efficiently than
before? [3].
Only a few years ago, the development of AI technology
required a strong knowledge of engineering and data science. [2].
Today, it is much easier to get access in the industry. An artificial
intelligence tools, training programs and more achievable career
goals now enable staff without technical education to enter this ever
untouchable realm.
Often the articles about artificial intelligence and its
influence on the labour market provoke a meaningless panic. Often
people are afraid that the development of artificial intelligence will
affect their future job opportunities. [2]. While some professions
will be irrevocably replaced by AI technology, most will evolve to
incorporate artificial intelligence, which will maximize the benefits
for companies and their employees.
Against the backdrop of the increasingly large and often
performed hacker attacks, engineers begin to deal with these
problems at the level of data and algorithms through artificial
intelligence. At present, the skills of hackers exceed the capabilities
of the cybersecurity the professionals who need to take care of the
vulnerabilities of technology.
3. An Artificial Intelligence and Industry
It is expected that there will be a significant change in the
industry. An Artificial intelligence is increasingly embedded in
platforms and the technologies that are used to assess consumer
experience, finance management, training, and more [1].
The artificial intelligence is increasingly gaining
consumer confidence in the world. The industry it self is trying to
ensure that customers feel comfortable using products and services
with AI. All this communication must and will take place in a
simple language that everyone can understand [8]. If companies
manage to predispose consumers so that they feel more comfortable
with artificial intelligence, this will probably contribute to tackling
ethical concerns and the greater proliferation of AI Technologies.
In this respect, giants such as Facebook , Google and
Amazon will start partnering with startup companies and specialists
in leading scientific institutions to create protections using artificial
intelligence. Ultimately, such cooperation will help build AI

1. State of the Industry in the Republic of Bulgaria
The restructuring of production towards higher valueadded sectors is also evident in external trade data and, in particular,
those on exports [4]. It is evident that the large "winner" of the
restructuring of the economy, industry and exports is precisely the
investment goods that belong to the goods with high added value.
They have increased their share of exports more than double since
2000, from 11 to nearly 26%. These are the machines, appliances
and appliances, the electric machines, the means of transport, the
parts for them and other investment goods. The remarkable part is
that all subsectors of investment goods without exception increase
their share in the country's exports. This restructuring of higher
value-added goods is happening at the expense of all the other
major product groups – energy resources, consumer goods, raw
materials and materials. This does not mean that their exports are
decreasing, on the contrary – simply its growth is relatively slower
compared to that of investment goods.
Share of main product groups in exports in 2017 and 2000 , %
2000
2017
Consumer goods
29.8
25.1
Raw materials and
44.2
39.5
materials
Investment goods
11.4
25.8
Energy Resources
14.6
9.3
Source: BNB
However, it is important to note that in the three groups
mentioned, whose share of exports is shrinking, there are products
which enjoy an increasing burden in external sales [4]. For example,
in consumer goods the share of food increases; the same applies to
food-producing raw the Materials, which also have a significantly
higher Proportion in 2017. Source: BNB
Overall, a Gross domestic product (GDP) , a industrial
Production and Export table show the following:
1/The Bulgarian industry has been developing well since
2000 and has increased its weight in the economy, mainly due to the
expansion of the manufacturing industry;
2/In the manufacturing industry there is a persistent trend
of restructuring towards a greater share of high value-added subsectors at the expense of those with lower processing levels;
3/This restructuring process is dictated mainly by the
external markets and reflects the competitiveness of the Bulgarian
producers of goods with relatively high added value. More at:
https://ime.bg/bg/articles/v-bylgariya-nishto-ne-seproizvejda/#ixzz5pUUn5GcP.
2. An Artificial Intelligence (AI) development
There are two definitions of an artificial intelligence. They
differ mainly in terms of motivation - why we make artificial
intelligence. In the first school AI aims to mimic the way we,
people, think, act, feel, talk [5]. Their motivation is to imitate and
people understand work. In the other School, the goal is to realize
tasks in a smart way people to help.
While technology continues to evolve at a frantic pace,
the Holy Grail for most technology companies is artificial
intelligence. Far from science fiction, AI is becoming increasingly
part of our daily lives. Andy Stanford-Clarke, the chief inventor
at IBM, points out that AI has the potential to revolutionize the way
we live:
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systems capable of monitoring, identifying and preventing hacker
attacks.
The artificial intelligence regulations are expected to
increase. The Governments around the world are increasingly trying
to learn about the AI industry, and the main players in it will begin
to reveal what self-regulation is used in company applications based
on artificial intelligence. The Governments around the world are
increasingly trying to learn about the AI industry, and key players in
it will begin to reveal what self-regulation they use in enterprise
applications based on artificial intelligence . In addition, t he
pressure on the industry is expected to increase in transparency, and
enterprises will be asked to clearly identify how they use data ,
especially consumer information, in the creation and training of AI
applications.
AI entering the business activities of the companies
In 2018 , an international survey by MITSloan
Management Review (MIT SMR) among more than 3000 directors,
managers and analysts showed the present level of development of
artificial intelligence (AI) and prospects for this technology. The
results show that there is still a significant "gap between ambition
and performance".
In 2018, an international survey of the MITSloan
Management Review (MIT SMR) among more than 3000 directors,
managers and analysts shows the current level of AI development
and the prospects for this technology [10].
Three of the four directors believe that artificial
intelligence will allow their companies to start new business
ventures, and 85% expect an AI to give companies the opportunity
to maintain a competitive advantage. However, up to 2017 years,
less than 20% of companies actually implemented AI in their
activities or product offerings. Only 39% of the companies have
artificial intelligence, and these are mostly large corporations.
The authors of the study point out that their research
reveals the big differences between today's leaders (companies
understand and implement AI) and laggards. One of the main
differences between them is the approach to data. In order to be able
to derive the best of its artificial intelligence, business must collect,
organize and submit the data so that the AI can evolve, improve and
become useful.
The same authors point out that as a serious difference
stands out the understanding of what is needed for the creation of
AI [1]. Leading companies are more likely to have top-notch
support and have developed a justification for AI initiatives.
However, the good thing is that there is considerable
progress on artificial intelligence. The studies from 2015 show a
serious distrust of the market towards artificial intelligence. At this
time units are the users of AI companies, and 49% have no plans to
use it in the future [10].
Industrial companies are now deriving the greatest
benefits of artificial intelligence. The BP company unites the skills
of its employees with AI in an effort to improve its activities. She
uses the BP well Advisor – a program that analyzes all the data
from the drill and advises engineers how to change the drilling
parameters to make it as productive as possible. The company also
works to automate the analysis of the main causes of damage, as the
system self-teaches itself over time and passes from a description to
forecasting and giving recommendations.
The industry will begin to focus on the use of artificial
intelligence to solve the right problems. At the moment we do not
apply AI to solve the most serious and pressing challenges the
world faces today. Instead, most AI companies and user
applications focus on niche issues of small scale and importance.
Today's AI technologies possess the potential to deal with
much more complex problems, such as managing all employees and
resolving the consequences of climate problems [8]. In the near
future, it will be possible for people in different industries to apply
AI technologies to solve the most complex and important problems
globally.
4. Optimizing User Service
The Internet and digital technologies are changing the
world. However, existing barriers online mean that citizens do not

have access to all goods and services, the prospects for Internet
companies and start-ups are limited, and businesses and
governments cannot fully benefit from Digital tools. It is time for
the EU single market to be adapted to the digital age by removing
regulatory barriers and moving from 28 national markets to a single
market. This could bring 415 billion euros a year to our economy
and lead to the creation of hundreds of thousands of new jobs [7].
On the highly connected market, where customers expect
to be able to communicate with businesses at any time, wherever
and as they wish, consumer service becomes a serious challenge.
In recent years, artificial intelligence has found a very
wide application in consumer spheres. It turned out that technology
can be built into almost any market product. That's what Prof .
Valeri Mladenov, lecturer at TU and head of laboratory
"artificial Intelligence and CAD systems" in Sofia Tech Park.
"By 2020, in 90% of the market products will have
embedded artificial intelligence, show forecasts".
In the laboratory of Artificial intelligence in Sofia Tech
Park we try to analyze the signals of the brain, he explained.
"With instrumentation we record the signals from the
brain activity of a person. We strive to use signals to recognize
certain thoughts. That's how we do robot management. "
After 5-10 years many professions will disappear and the
development of artificial intelligence will be leading, prof.
Mladenov commented.
If you did not have the first contact (AI), we did not have
to do anything. One of the issues, since AI is the most important
thing to do.
If you did not have the first contact (AI), we did not have
to do anything. One of the issues, since AI is the most important
thing to do.
The highlighting authority will use the queries for the
requested item and in the pipeline for testing. Whenever the
coffeepettes will not be tested and will be taken off the shelf. You
will also be able to find out about the problem.
Video Surveillance
Sometimes the focus is on cyber security, but company
owners know very well how important physical security is. IP
Camera technology is evolving rapidly and we can see how an
artificial intelligence transforms this sphere.
Developing AI create algorithms that can see an image
and say what it represents [6]. In the world of security, this is used
in the form of facial recognition. In the US technology is already in
use and there is evidence of thousands of arrests made thanks to
facial recognition.
With the enhancement of AI technologies and algorithms,
it is expected that businesses can identify individual people through
real-time security cameras. However, a number of scientists,
economists and business people consider these fears to be
unfounded. According to them, the apocalyptic fears are
exaggerated, and the only thing we are afraid of is fear itself. These
people are of the opinion that the combination of artificial
intelligence, automation and robotics will lead to new and better
solutions to the world's problems. Their arguments are stated:
Eric Schmidt: Can we afford not to take advantage of
the technological and business opportunities to work more
efficiently? [10].
The robots will never conquer the world, and
technological advances would create a tidal wave of new
professions and opportunities. On this post is the president of
Google Eric Schmidt. "The main issue is economic. Can we afford
not to take advantage of the technological and business
opportunities to work more efficiently? All economic laws stipulate
that global solutions that increase efficiency improve the well-being
of all, "Schmidt commented during the World Economic Forum in
Davos. "But what will happen to the closure of jobs? The same
thing that happened when people stopped to process the land
themselves and started using tractors. New skills and services have
emerged. " :
Dr. Petar Kormushev: The Machines and technology
of robots will be assimilated by humans.
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"A common theme in science fiction is the inevitable
conflict between people and machines at a time when machines
reach out and surpass people in physical and mental capacity. But in
my opinion this will never happen in reality for the simple reason
that in the distant future the difference between people and
machines will be fuzzy, "says the Bulgarian scientist Dr. Petar
Kormushev in front of Economy.bg.
"What do I mean by that? People will begin to "upgrade"
their own body with technology from robots-eg. Stronger bodies,
better senses, faster and more developed brains with a direct
connection to a computer and a global network, and so on. In this
way people will become partly in machines, as rather it will be the
next evolutionary step in the development of mankind. As a result,
the machines and technology of robots will be assimilated by
humans – yet who would refuse a body that is eternal and can be
easily repaired and refreshed? "
The companies are also researching implement
technologies, such as the Robotic Process Automation (RPA), to
improve the productivity of their organizations and to expand the
value of their business models. In fact, the RPA market is expected
to grow to 1.2 billion by 2021, with a total annual growth of 36%
[9].
An artificial intelligence (AI) can bring enormous benefits
to our society and economy, ranging from better healthcare to
increased security of transport and to more sustainable agriculture.
However, issues arise regarding its impact on the future of work and
its inclusion in existing legislation. An open and inclusive debate is
therefore needed on a broad basis on how to successfully and
ethically use and develop an artificial intelligence.
CONCLUSION
One of the ingenious physicists of our time-Stephen
Hawking, sees in artificial intelligence a real threat to mankind. He
fears that someday a machine will be created that will be able to
improve and develop itself, while at some point it will surpass the
person and replace it. Last year, also hawking called for rigorous
control of technology and stressed that people should be able to
quickly identify potential threats before they put our civilization in
jeopardy.
Developing strategies on how to develop artificial
intelligence will prevent such sinister scenarios from being realized.
A good strategy should outline the place where we want to see
society in the future; the role that the artificial intelligence will have
in the selection of personnel, as well as in the management of cars
and in shopping, and in all other activities of our daily lives. Of

course, it is difficult to predict what rules are needed in "that
fictitious future, where we are now with a developed artificial
intelligence... But undoubtedly there must be some norms... We
cannot believe that this issue does not exist and we do not address
it. Each one chooses which side will look at the question, from the
negative or the positive. Opponents will focus on the risks, on
possible problems and on the dangers of artificial intelligence to
develop independent behaviour towards people and at some point to
try to act against them. Supporters in turn believe that this is
impossible, as any system can be controlled.
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REGULARITY IN INNOVATION AND PLANNED AGING
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Dimitar Damyanov, Prof. Dr. Eng., Department "ADP" at MF, Technical University – Sofia
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Abstract: Technological development and its consequences, in the form of innovative aging of products and processes, lead to producers'
attitude towards searching for ways and means of improving and changing their parameters. The trend of changing the parameters of
innovative products and processes as a result of their rapid innovation aging has already formed a new alternative concept for innovation
development. It also puts new requirements both on the consumer nature of innovative products and on the methods, approaches and ways of
their production and consumption. The main directions that provide an effective way out of the constraints imposed by rapid innovation
aging to create competitive innovative products are being actively applied by many companies in automotive and electronics. This new
approach, quickly adopted by manufacturers, is already showing its advantages in the practice of many industrial companies. The purpose
of this article is to explore this process and define the main directions of its alternative and development. In essence, this means shortening
the life cycle of products and reducing their resource use.
Keywords: INNOVATIVE DEVELOPMENT, INNOVATIVE AGING, PLANNED AGING, ETC.

1. Introduction
The trend of changing the parameters of innovative products
and processes as a result of rapid innovation has begun to gain
momentum. This speed is also in line with the aging plan for
businesses or the fact that industrial products are becoming more
and more damaged and increasingly need to buy new ones. It is
usually acceptable for the products to arrive on the products within
a few days after the expiry date. In addition, people also use some
of the ways to catch up with aging, which has become the term
"planned aging". They have many industrial products that are
designed to compete with new ones as well as new products and
services that use this market approach. There is also an alternative
to innovative aging, which is actively applied by many companies,
both in household and electronics, as well as in automotive and
aviation engineering. This new, integrated, dynamic and alternative
approach, which was quickly adopted by industrial companies,
already shows its advantages in the following directions:
New age is considered to be an integral part of every
stage of our life. It is the main engine that drives science,
technology and the economy forward.
Planned aging as an established practice of modern
industry has been deepening in recent years, shows a
German study by the Federal Environmental Protection
Agency. However, many experts, along with some of the
manufacturers, believe that the frequent change of models
leads to waste of resources and environmental damage. It
appears that the average life of home appliances has
decreased over the last few years by more than 3 years.
The aim at the beginning of the last century was for
industrial companies to produce better quality by keeping
almost the same price. Or, the longer the life of the
products is possible at the same price. This was the goal
in the past, and today with the global economy and
competition everyone wants to sell more and faster. This
means that the repair stage of industrial products is
already lost.
Many experts believe that the shortened life of industrial
products and equipment is achieved partly through the use
of lower quality materials.
- Other experts believe that the planned aging by
demonstrating its qualities of category efficiency should
also be taken as an alternative to rapid innovation aging.
Among the driving forces behind this process is the
consumer-driven drive for industrialized products.
High impact of environmental factors in the global
environment.
The advantages of this new approach are shown in the
following graph, Fig1.

ADVANTAGES OF THE AGING APPROACH

aging of products and processes

alternatives to innovation

planned aging

shortening the cycle

shorter life cycle
raise % of individualized products

ALTERNATIVES OF AGING
Fig 1. Advantages of the aging approach.

2. Planned (regulated) aging.
Planned or regulated aging is an American initiative from the
early 20th century. The phrase "planned obsolescence" became
popular after 1954, when American industrial designer Brooks
Stevens gave the following definition in a speech: "creating a desire
for the user to have something newer, a little bit better than it is
needed. "Since then, large companies have begun to invest in
development projects to produce the" next best product ", including
through design change itself. According to a German study
submitted to the Bundestag in March 2013, the damage from such
practices amounts to EUR 100 million per year.
As a result of several crises that are devastating to the global
economy, real producers see that the problems of the global
economy are rooted in the over-saturation of the market with
commodities with too long a life cycle and difficult to improve
consumer qualities, including design. It has to be concluded that the
high quality of consumer goods inevitably leads to economic crisis,
unemployment, and so on. An analysis has also been made that
consumers are reluctant to spend a lot of money on quality
equipment, but they are happy to make emotional purchases of lowquality, efficient design.
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Currently, many manufacturers and consumers are opposed to
the global approach to planned aging, but it is also certain that
almost all of them work in a place that depends on the planned
aging. Research, offices, factories, workshops, services - everything
works because of the principles of planned aging. And this is not a
temporary but a mandatory mechanism of the consumer society,
driven by currency signs, circulation and replacement of products
and services, which has already built its own principles of
development and refinement.

some industrial, economic and social problems of the development
of society. Including satisfaction of user's individual requirements.
Considered as a development, from this point of view and from this
angle of view, the planned aging is increasingly becoming an
alternative to the rapid innovation of product and process aging.

4. Innovative aging.
Innovative aging is an inevitable consequence of innovative
developments in the field of technology and technology on a holy
scale. This direction of innovation aging emerges under the
influence of innovative solutions expressed in the new, more
modern, more productive and improved techno-economic
indicators, constructed and introduced in production, machines and
equipment compared to those produced before them. In these cases,
the efficiency of the use of old machinery and equipment will be
significantly lower and will devalue themselves to a certain extent.
The effect of using such a technique will be reduced as the
magnitude of this decrease will depend on the power of the
manifestation of the factors characterizing their innovative aging.
Innovative aging in its manifestations contains some features that
most fully reveal its essence and the economic consequences of its
influence on the elements of production. [11] The main feature is
that it generates partial or complete relative devaluation of
machinery, apparatus, equipment and other elements in terms of
their user value, resulting in the need to replace the technically
outdated equipment with a new one before it expires the duration of
her physical wear. The economic feasibility of such substitution is
not determined by the very fact of the emergence of new machines
of similar technological purpose but by the degree of the innovation
depreciation of the machines and equipment in operation and the
level of lowering the technical and economic efficiency of their
continued use. However, it should be borne in mind that the loss of
consumer value and the need to replace machines is conditioned by
a number of factors reflecting the specific directions of the impact
of innovation development.
Taking into account these factors that characterize the
qualitative side of innovation development, it is possible to reveal
not only the mechanism of its impact on performance indicators but
also its impact on the different aspects of the production process.
Therefore, innovation aging is a legacy of innovation in all
directions of world progress.

3. Principles of planned aging.
Planned aging is based on the following basic principles;
- Deliberately planned lifecycle of the entire product
(warranty period, expiration date, service life, etc.).
- Scheduled limitation of product properties for subsequent
improvements (example of locking (freezing) some
product functions ie it becomes non-functional.)
- Offering products with poor user qualities to be replaced
by a better alternative (eg laptops and displays, or
limited color coverage, poor spectrum, etc.)
- Mandatory introduction of legislative sanctions and
obliging consumers and producers to update the
product (eg, handsets, control devices, etc.)
- Expanding design and introducing one that is influenced
by fashion marketing and seasonality factors;
- Suspend the supply of industrial products in exploitation
with inexhaustible production resource (especially
characteristic of computer equipment).
- Integration of components with lifecycle constraints, but
including over 50% of the product value.
- Embedding of complex non-repairable items (capsulated).
.Application of a single mailbox causes the device,
device, etc. to be compromised, to meet the needs of
the computer or to respond to any problems that may be
caused by a crash, etc.
- Restrict the product's shelf life.
- Use of low-grade and low-grade materials, means that for
every new device or product we buy, more
consumables, more energy and more water are needed.
And this leads to further pollution and greenhouse
phenomena for the planet.
These principles of planning the aging of industrial products are
shown in Figure 2.

5. Principles of innovative aging.
The basic principles that provide an effective way out of the
constraints imposed by rapid innovation aging in creating
competitive innovative products are actively applied by many
industrial firms. The basic principles of innovation aging rapidly
adopted by industrial firms already show their advantages in the
following directions:
application of the modular principle of design and
production of innovative products;
Design and production of modules with different
technological purpose;
Design and production of innovative products with
the highest possible reliability and short service life;
Consideration of the design and production cycle as
a continuous process and use of the methods of
competitive
engineering,
simulation,
virtual
presentation, etc. with the aim of shortening the
cycle as much as possible;
as short a cycle as possible from an idea to an
innovative product.

PRINCIPLES OF PLANNED AGING

limitation of the living
cycle

suspension of product
maintenance

limitation of quality

building in the product
of components

born user qualities

insert of elements not
subject to repair

mandatory renewal of
the product

reducing the reliable
duration of the product

design extension

use of more current
materials

TARGETED AND CONTROLLED HUMAN ACTIVITY

Innovative obsolescence is a regularity, and it imposes
conditions that companies must comply with. This stems both from
their technological attitude and from the strong impact of consumer
interest on them. That is why more and more companies are starting
to apply flexible technological and organizational forms of behavior

Fig.2. Principles of planned aging
As a conclusion to the above, it can be assumed that planned
aging is purposeful and controlled activity by man in order to solve
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to the surrounding industrial and market world, which are an
alternative to rapid innovation aging.
-

6. Technical progress and innovative and planned
aging.

-

It is well known that technical progress, innovation
development, innovation aging and planned aging are
interconnected but they are not unique. They are not the same
manifestation, although there is a definite relationship between
them. This relationship essentially defines objective interactions and
impacts on both world progress and the social relationships of
society as a whole.
The interrelationship between innovation development,
innovation aging and planned aging is shown graphically in Fig.3.

-

In many of the technical universities in the world, the
mechanisms of planned aging are studied by young engineers,
designers and programmers. And that's okay because these
specialists have to keep the world economy working and serve the
interests of their investor. There is room for the idealists who want
to design the perfect technique. Their task is to make quality
corporate products for special purposes and special users. At
present, the economies of individual countries, and more recently
on a holy scale, are increasingly beginning to rely on planned aging,
which is also beginning to control the development of technical
progress. Revolutionary discoveries are bought, destroyed or stored
for future use in the interest of planned aging. Small hardware and
software companies with highly innovative new products are
swallowed by the big ones in order to preserve the status quo and
ensure a steady progressive development. There are many examples
of the absorption and stopping of revolutionary technologies. It
makes it imperative that you follow the principles of planned aging,
and the bigger you are, the more aggressive you need to do in the
development of the industry. This also imposes a planned success.

innovation development and
innovation aging
alternatives of
innovation aging

striking example of this is the graphics card of
Nvidia, later also of AMD / ATI;
Slightly chassis, which leads to bending, cracks
unmasking on a motherboard, display, hard drive and
more. important components;
A hard disk designed to last until the end of the
warranty period. The new "magnetic" drives have a
much shorter resource than the old ones for SSD
enforcement;
Stay or limitation of maintenance on older models
are simulated traffic flows passing through various
jobs The resulting results provide effective operation
of the automatic workshop created to clean
metvarhnini before painting.

Technical
progress

planned aging

8. Constructive changes in products.
Fig.3. The interrelationship between innovation development
innovation aging and planned aging

7.

As a practice, there is already a requirement that a planned
outgrowth technique is not intended for the consumer market, and
the availability of this segment is not desirable for the global
economy. Even if it is offered for sale outside of the corporate
markets, its price is overwhelming for most consumers. Example:
Hardware printers of the corporate market (eg Workstation) can be
acquired by individuals after their use by a corporate client. This is
an excellent opportunity at a low price to acquire a unique product
without a built-in timer for aging and defect. Despite its high price
on the consumer market, elite models are profitable for the
corporate customer because they are bound by a quantity contract
and subsequent replacement of the model with newer after 1-2
years. That's why sometimes a company that wants quality
equipment for 100 jobs and it is more profitable to buy 100
computers with a corporate contract than the same 100 of the
consumer market. Therefore, much of the computers and laptops
offered were not in operation. Every retailer of used computers
receives offers describing the parameters and the state of the art.
Unlike other vendors who order middle and bad status due to the
lower price, it is preferable only a technique with a high to perfect
status.
In conclusion, it should be noted that the market is regulated
not only by producers and intermediaries, but also by consumers.
[12] As you can see, the market also offers products without
planned aging, which are affordable or even in some cases lower
than the products that are still defective. The spare parts which are
necessary for the proper and safe operation of the products must be
provided at a price commensurate with the nature and the life of the
product.

Imposed world practices and development
trends.

Many companies that have captured elite and profitable
corporate markets to be fair to the global economy also offer
mediocre consumer technology, but are distinguished by its name
and origin. Some models are positioned only for certain markets.
There is also a big difference in the design and production of this
technique. Typically, the elite series of large companies are
produced in special factories. In addition, each user class has a
planned aging and the mechanisms for achieving it are varied. Such
aging mechanisms, the need for renewal, and even a defect in the
technique to be profitable for maintenance only until the end of
their warranty period are set. Such examples have many, but are
most typical of computer technology. As examples, the following
mechanisms already used in the art, including;
Poor cooling, which is amortized and leads to a
graphics card defect, recently and a processor (yes,
many Intel Core processors have "died"
unexpectedly). Designed to be non-preventive,
difficult to replace, with a turbine that easily collects
dust, with improperly installed ventilation openings
that suck up rubbish;
A battery with a limited life resource that has a chip
that keeps it "alive" for about a year and subtle
items. Chips with counters also have custom-grade
printers;
Built-in defect in a graphics chip, chipset, power
supply, inverter or other important component. A
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countries’ colloboration”, Kocaeli from 22nd to 24th of October
20156.
[6] Guergov, S. A review and analysis of the historical
development of machine tools into complex intelligent mechatronic
systems, Journal of Machine Engineering, ISSN 1895-7595 (Print),
ISSN 2391-80-71 (Online), 2018, Vol. 18, No. 1, 107-119 (in
Scopus)
[7] Nikolov St., Examination the Influence of the Type of the
Contact Surfaces on the Stresses Receiving in the Manipulated
Details by Using Parallel Gripper, Problems of Engineering
Cybernetics and Robotics, Volume 70, pp 51-58, Bulgarian
Academy of Sciences, July 24-26 2018, Sofia, Bulgaria, ISSN
0204-98488.
[8] Nikolov St., Selection of a technological strategy for the
generation of control programs for surface planing with CAM
systems, Scientific reports of the NTS in Mechanical Engineering,
year ХХVI, issue no. 3 (224), pp. 292-297, June 2018, ISSN131039469.
[9] Nikolov St., Methodology for Modification of Generalized
Postprocessors, Scientific Announcements of NTS in Mechanical
Engineering, year ХХIII, no. 9 (172), pp. 500-507, June 2015, ISSN
1310-394610.
[10] Hristov, M., Sociological and Financial Aspects of
Bankruptcy of CCB - Experience for Analysis, 14 ISME
International Scientific Conference, 19-23 June 2016, Sozopol,
[11] Petrova D., Management of Company - Management and
Investment, Publishing House "EKS - PRESS" - Gabrovo 2011,
ISBN 978-954-490-249-0, 267 p.
[12] Petrova, D., Analysis of Trends and Opportunities for
Technological Development of Bulgarian Enterprises Proceedings
of the International Conference Danube Black Sea, 3E – Energy,
Environment & Efficiency, September 18-21, 2013 Galati,
Romania, ISBN, pp. 413-417
[13] Shehtov, Hr. System for automatic control of the
operation of the refolding device-manipulator, Collection of Reports
from ICNC "ADP-2017", p.314-318.
[14] https://www.economic.bg/
[15] https://ikonomika.dokumentite.com/

9. Technological changes.
Investigation of physical and innovative aging in the context of
solving contemporary development problems requires a review of
traditional or conventional approaches to the formation of
requirements in the use of technology and technology, and the
search for flexible organizational forms of application. Given that
the issue of creating new technologies, machines and devices
essentially follows an upward trend of permanent innovative
solutions leading to rapid innovation of technology and technology
aging, the problem of planned aging is also developing. This
development is in the direction of a regulated perception of the
process of technical progress in the world.
The following conclusion can be drawn from this article.
Analytically, the processes of innovation development, innovation
aging and planned aging are analyzed. On this basis it is proved that
there is a certain interdependence and interdependence between
them. The more active the innovation development, the faster the
innovation aging, this dependence can be assumed as a regularity.
As far as planned aging is concerned, it is becoming more and more
emerging as an emerging alternative process of innovative aging.
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THE INNOVATIVE DEVELOPMENT OF QUALITY MANAGEMENT
Аssoc. Prof. Eng. Ina Nikolova-Jahn
Dept. IIIM, TU – Sofia, Bulgaria
Abstract: Smart Products have information about their manufacturing processes, management of their quality, future application and
recycling. They actively support the production processes (when they will be produced, with what parameters, with what materials they
should be produced, where their quality control should be located , when, what modifications, etc.). In these conditions, quality management
should meet new requirements imposed by the fourth industrial revolution.
KEYWORDS

: Industry 4.0, Quality 4.0, intelligent products, quality management
Internet of Things (Components) and the Internet of
Services [3].
Physical world information is a real position or
state, unlike the information of the virtual world, such as
electronic documents, drawings, simulation models,
etc.[9,11]
Quality 4. 0 is a reference to Industry 4.0. The
fourth Industrial Revolution is happening around us at the
moment. The digital impact of it is expanding and uniting
it with the physical and natural world. Several critical
technological changes have been allowed, including big
data, analysis, connectivity, scalability and collaboration.
It connects people, machines and data in new ways,
creating an adequate environment, leadership, cooperation.
Historically, the notion of quality assurance through
control at the end of the production process today has
changed to the concept that the quality is planned, created
and provided to the production of the product or the supply
of the service. The optimization of quality planning
processes, the introduction of preventive actions reduces
errors, reduces costs and achieves greater efficiency in
value. As a result, new management methods and concepts
of production control are developed and implemented,
through quality assurance and total management of
customized products[5].
According to a number of studies, for example the
Stuttgart Quality Management Institute, the highest
proportion (70 per cent) of discrepancies occurred at the
product planning stage and the highest proportion to
remove inconsistencies (80 per cent) was in the production
stages and sales shown in Fig.. 1 [8].

Introduction
Industrial development passed through different
stages of development or the so-called. Industrial
revolutions. The first industrial revolution is related to the
mechanization driven by water and steam. It was followed
by the second industrial revolution, mass production (Ford,
Taylor, etc.) with the help of assembly lines and the use of
electrical energy. The third industrial revolution is the
digital revolution characterized by the use of electronics
and information technologies to further automate
production. However, the increasing complexity of the
products, new requirements for production and quality
management are set, which are the heart of the fourth
Industrial Revolution (Industry 4.0).

I. Requirements of Industry 4.0
The factors that impose these changes are: increasing
flexibility requirements, resource efficiency product
customization, integration of customers and suppliers in
the designing and production process, reorganization of
the value chain of production processes in the global
market.
The following questions are standing:
• How do you integrate the production data and
all the quality data that is attached to it in the new
digitized business processes?
• What is the current state of Industry 4.0
development and how will it affect the industry?
• Why should quality management also be
reinvented and what safety aspects should be
considered?
• How Automated Quality Management Systems
(CAQ) will be developed to meet Industry 4.0
requirements in the near future

II. Intelligent Factory (Smart Factory) and
Innovative Development of Quality
Management
Structure of Smart Factory. An important element
of the fourth Industrial Revolution is the Smart Factory.
Quality management is an important part of the future
intelligent infrastructure function [1] Smart Factory is
defined as a factory where there is independent
communication between people, machines and resources
in integrated network to perform production tasks. These
systems perform their tasks based on the information
coming from the physical and virtual world through the

Fig. 1. Creating and removing errors in
stages of product development

Each manager should have knowledge to create the
quality as well as the social and didactic-methodical
knowledge of their distribution in the company. Because
of this reason, the interest in quality is constantly
increasing in theoretical and practical terms.
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companies have reliable WLANs. Discussions made it
clear that currently that clouds are very important part of
the modern companies.
Technology related to Intelligent Factory - IoT, big
data advanced machine learning reality, and so on - can be
used to improve quality.

Quality management occupies a significant share in
various sciences, and it is actively presented as a subject of
contemporary empirical interdisciplinary researches and
has an important role in the field of economic science and
management theory.
In a study in 2017 of the Bulgarian Chamber of
Commerce and Industry (BCCI) about 500 companies
have expected to increase their export revenue but only
37% actually did it [10].
The most common questions for quality managers:
• Are the certifications based on ISO, CMMI, etc.
going to be sought?
• Does the quality take a new meaning in Industry
4.0 organizations?
• What kinds of trainings should quality managers
get so that they can prepare for rapid changes in their
organizations (or their customers’ demands)?

III.

Challenges to Quality 4.0.
On the basis of the conducted studies, the
requirements of Quality 4.0 can be outlined in the different
stages of the product life cycle:
• / design / design stage
In the past, "quality" is usually associated with
production processes - used raw materials, assembly,
finishing and packaging - but quality must be an integral
part of the concept / design / design phases.
• At the control and service stage
By collecting and getting the sense of user data
from the field, future failures can be prevented with
minimal loss of material. The time it takes to identify
inconsistencies can be extremely short, thus ensures
customer satisfaction.

IV.

The Role of Human Factor and
Company Culture in Quality 4.0

Quality 4.0 has broad scope of business, and
companies should strive to inspire a quality approach as
part of the overall corporate culture[1,2,7].
The use of sensors to collect data for root cause
analysis, diagnostic techniques can be performed remotely.
By collecting feedback from a number of devices, it can
also be used as a method for further analysis of machine
behavior or product performance.

Fig. 2. Focus Areas of quality problems
Quality is not limited to the manufacturing process.
To achieve the highest quality, it must already be created
in process of designing. 82% of respondents say that
production quality plays a big role in their business, but in
contrast, only 48% say their quality management also is
focuses on the concept definition phase.

Conclusions
The following conclusions can be made:
• Ensuring Quality 4.0 is one of the most important
key factors for successful implementation of Industry 4.
• Unified frameworks and standards need to be set
up at an early stage to make industry ready to invest. This
is necessary to examine the individual quality issues in
more detail and to further explore through detailed
technology impact assessments.
Quality management must be in constant optimal
relation to the functions of the production cyber-physical
system. • Quality management is radically altered and
qualitatively different from the existing one, with the
information component (stream) being entirely virtual in
cloud boundaries, allowing free real-time communication
with Smart-Cyber system
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TRANSPARENCY IN THE LIFE CYCLE MANAGEMENT OF FINANCIAL
INSTRUMENTS OF INDUSTRIAL PRODUCTS
Kavaldzhieva K
University of National and World Economy – Sofia
Summary. The specificity of lifecycle management of industrial products as a set of activities that are coupled in a certain way over
time and space require an appropriate organization for its development and control. In this sense, companies must have such an
organizational attitude that stimulates and implements an appropriate policy that provides competitive advantage and high efficiency.
Essentially, this means well-established network linkages and functional links at all organizational levels and all units. This organization is a
set of relatively stable relationships that exist between its components. It is a means of transparent management through which the goals,
strategy and policy of the companies are realized. The purpose of this article is to explore the process of managing the life cycle of industrial
products using financial instruments.
-Economic devaluation with globalization and high technology
is creating an increasingly dynamic development environment. This
in essence means that this indicator will play an increasing role in
the future and more and more assets and industries will depend on it
The most commonly used assessment approaches are currently:
revenue, cost and market. When applying the different valuation
approaches, a discount factor is applied that reflects the movement
of money over time. This process is strictly regulated, both
normative and factual. After the asset is released, its amortization or
accrual of depreciation charges is initiated, which presents different
risks. Differentiation methods are used at different stages of the
product's life cycle. This toolkit can also serve as an attempt to
methodologically summarize the individual discounted methods that
can be used at different stages of the product's life cycle.

Transparency in product life cycle management.
Firms themselves determine the way they operate and
develop according to market requirements and formulate their
goals, defining and realizing relevant development priorities. Thus,
they organize transparency in their activities, taking into account the
organizational conditions and the impact of internal and external
factors. In this context, it is of paramount importance to create
conditions for the transparency of the life cycle of the industrial
product in its management with financial instruments . This is
particularly typical and necessary for industrial products that refer
to the category of tangible assets. Thus, different valuation
approaches are used to determine the value of industrial products
that have the nature of tangible fixed assets. All of them, however,
are related to the asset's cost of production and it changes
throughout the product's life cycle. It has different factors at
different stages in its formation, but not all are taken into account in
its assessment. All evaluation methods are tailored to evaluate it
after login in operation, without taking into account impacts when it
was produced but not yet in operation (storage time).

Characteristics and stages of the life cycle of an industrial
product.
The life cycle of the industrial product is its main feature, which
characterizes and represents the period from its origin to its sunset.
In this case, an industrial product that includes two models is
considered. In this case, the model will only mean design changes
without altering the main technical performance of the product such
as performance, weight, gauges, etc.

It has been shown that industrial products have the strongest
influence on the following groups of factors, which have a certain
interrelationship with each other;
- Physical waste, which begins after the product has entered
service.

Or these are the main indicators whose change leads to innovative
aging of the old product to the new one. The life cycle graph of
such a product with two models is shown in Figure 1 and is shown
in a bulk without the individual stages of the cycle being indicated.

-Innovation aging that affects throughout the product lifecycle from
start to finish. It leads to the search for approaches and ways to
shorten operational life, to extend the warranty period and to
increase the normative level of reliability.

55

INNOVATIONS 2019
where:
t - time
Ta, Ta '- investments, including the idea, study, design and
production stages of the 1st and 2nd industrial product model.
1 and 2 models
Tv, Tv '- including development, realization, maturity and aging for
1 and 2 product model.
M, tm - innovative innovation aging for the 1st model
At sunset for the industrial product is meant not a complete
depletion of the product's lifetime resource, but aging has resulted
from new design solutions that are better designed and improved. A
distinction should be made between the life cycle of the first model
and the life cycle of the second model. For one product we can have
several successive model solutions. In addition, the life cycle of the
product as a whole is a concept that expresses the change in sales
and profits from product creation to market marketing. However,
they have many common ground. For example, in innovation aging
of the innovative solutions set in the product, there is a drop in sales
due to a partial loss of competitiveness.
Receiving data during work in a highly automated information
environment opens up new opportunities in the field of services
related to the use and service of the product. Conditions and the
opportunity to make unified, accurate, accurate information
solutions at every stage of the product's life cycle are created.
Managing the life cycle of the product.
In the case of product lifecycle management, the industrial
company manages all information in real time using information
technology. The goal is to provide the relevant information at the
right time and scope, thus requiring comparisons of market,
consumer, company and regulatory requirements , benchmarking
and more.
The concept of lifecycle management of an industrial product
(asset) is important in:
- developing new products as the life of innovative products is short
and the development of a new product requires ever greater
investment;
- building an efficient product and technological structure of the
companies;
- the complex study of innovative solutions for the past and
future, which would provide a rich information base for evaluation
and prognosis of product and technology prospects.
- Discontinuous processes in these conditions - risk.
-Economy of development of these processes.
It is therefore important not only to examine the life cycle of the
industrial product, but also the possibilities for its management with
financial instruments, requiring full transparency of the life cycle of
the product (asset).

To analyze the theoretical basis of the discount processes in
estimating the revenues and expenditures under the conditions of
rapid innovation aging.
To study the factors that affect the level of cash flows species, nature, impact strength
Look for alternative solutions to eliminate the harmful
effects on the estimation of the forecasters that form the value of the
cash flows.
To examine the discount processes in these conditions and to
determine the magnitude of the risk, etc.
Explore the patterns of development of these processes
Particularities of cash flows in the context of the rapid
innovation of aging of tangible assets.
Cash inflows in the context of fast-moving aging of material
assets influence various internal and external factors. Influencing
external factors are innovation aging and internal regulations, state
policy, and so on.
The manifestation of properties of rapid innovation aging manifests
in the current and future value of the material asset. Thus properties
of the present value in the context of alternative solutions against
rapid innovation aging and in the case of planned aging can be
managed with financial instruments. A particular role in this
governance process will be played by discounting definitions such
as discounted cash flow, cash flow, nature of the financial
instrument, peculiarities. Discontinuous processes in these
conditions of uncontrolled risk, the regularities of the development
of these processes through the different stages of the life cycle.
Discontinuous processes in estimating revenue and expense
under the conditions of rapid innovation aging.
The factors that influence the level of cash flows determine their
type and nature can also be divided into internal and external,
Alternative solutions for eliminating the harmful effects on the
estimation of the forecast elements forming the value of the cash
flows can be taken internally.
Based on the life cycles of the different products, their interaction
and a complex impact on the main economic indicators, it is
deduced that the company provides resources and the dynamics of
the company's development. At any given time, companies must
maintain a dynamic balance between opportunities and reality, to
take the production of the old products in a timely manner, to
maintain the maximum volume of production of those products that
provide high efficiency and to carry out the necessary research and
engineering developments for the creation and introduction of new
products in production. The life cycle of an innovative product is
given in Figure 2.

Fig.20. Life cycle of an innovative product
where:
t - time;
Life cycle of the product, including its production;
Tr - sales;

1 - cash changeover curve where investments are invested during
periods of time and in the period of return are reversed with the
profit;
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M, M ', M "- emerging innovation aging at time tm and points P,
P', P" - change of profit.
In the life cycle of the product, we have a change in the time span
(tm-t), which is derived from the effects of various factors. This
decline is for both sales and profits. This means that even after
the innovative aging of the innovative product in you, the sales
and the profits for a certain period of time continue to grow, with
the decline only after R, R '.
This is due to the impact of various internal and external factors,
such as the conservative nature of consumer taste, advertising,
market specificity, etc. Despite the impact of these factors, the
product's life cycle has already exhausted its resource and the
company should create new innovative products.
The life cycle curve consists of a development cycle and a market
cycle. The market cycle covers product entry time, growth,
maturity and declining sales.
The stages of the life cycle of an industrial product
and its characteristics are reflected in Table 1. For individual
companies, they may vary according to the specific objectives,
resources and competitive environment of the company

Criteria

Competition

18
16
14

R (%)

12
10
8
6
4
2
0
0.5

1

1.5

Table 1. Life cycle stages of an industrial product
Stages of the life cycle of an industrial product
Development of design,
Introduction
Growth
Maturity
production
One product

Users
Product assortment Two models
Sales

average

Strong

Innovators

Serial Market

Serial Market

One model

The number is
growing
GrowGrowss

Full assortment

Нараства

High

Depends on the
conditions
Small

Profit
Strategy

Пазарна линия на ценните книжа

Designing a new
product

Experiment of the
new product

Zero Series

Grows

2

Decline
Small
Reduction
Save
decreases
decreases

Sales

σr - the general risk margin:
sr - the specific risk margin:
One of the commonly accepted methods of measuring the overall
risk of an investment is to calculate the standard deviation of risk
from the average.
n
σ = Σ (Ri - R) pI

In fact, one product may have more than one model, and their life
cycles usually do not match the life cycle of the product. The
product may also have innovative obsolete elements and designs
or innovative elements whose life cycle is even higher even after
Summation Method) се описва от следната обща формула:
re = rf + σ r + sr
the innovative product aging, the product to mark a market
downturn but some innovative elements in it are at an early stage
or in growth respectively

I=1
Where pI is the probability of occurrence of this condition.
Each discount rate, regardless of the method of its determination,
includes the following three relevant elements:
1. Return on risk-free investment.
2. A risk premium that expectations of return on the
capital market in general - one of the most stable
elements of the norm.
3. Risk specific risk that depends on the particular
company. For companies with a lower risk than the
capital market, it can also accept a negative value.

Formation of a discount factor as a financial instrument to
derive the market value of tangible assets.
When estimating the market value of tangible fixed assets,
different valuation approaches are used. When applying the
different valuation approaches, a discount factor is applied that
reflects the movement of money over time. This process is
strictly regulated, both normative and factual. After the asset is
released, its amortization or accrual of depreciation charges is
initiated, which presents different risks. The measurement and
evaluation of the degree of risk includes;
The method of accumulation (risk-build)
proposed a decade ago by James H. Schild and later extended to
specific cases by Shannon Pratt (Summation Method) is
described by the following general formula
r = rf + σr + sr
re - expected rate of return:
rf - risk-free rate of return:
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the risk analysis part of the financial condition analysis is a very
important part of the assessment process.

THE CAPITAL ASSET PRICING MODEL (CAPM)
FOLLOWS THE USE OF FACTOR B FOR RISK
MEASUREMENT:

Determination of the discount rate (rate of return)
The discount rate (rate) for bringing a sequence of net cash
receipts to a value at the present time can be determined by the
Weighted Average Cost of Capital (WACC), the Capital Asset
Valuation Model (CAPM) the method of risk, the dividend yield
method, according to the Gordan model and the Arbitrary Pricing
Theory (ART).
This methodological toolbox provides the opportunity for
financial impact and control over the stages and lifecycle of the
product.
Conclusion

re = r f + b. (rm-rf)
re - expected rate of return:
rf - risk-free rate of return:
b - Systemic risk:
rm - average market return:
(rm-rf) - the total market premium.
The above formula gives the formal relationship between two
variables by which the model determines the cost of capital assets
as their function:
1. The Required (Required) Rate of Return (RRR),
The risk consists of a systematic and non-systemic component.
The systematic risk measure is the coefficient of the linear
regression equation β, the value of which represents the return of
a single share versus the return on the whole market and reflects
the market sensitivity of a share. The average value of b of all
shares is 1.0. If a share with a higher rate of return on the market
is more risky, ie it will fall more at the same rate of decline in the
market. From a mathematical point of view there is no upper
limit for β, the lower is 0. For most actions, the value of β ranges
from 0.5 to 1.5.
The risk premium for a share will be determined by the product
of the total market risk premium for equity and the corresponding
b. To assess a particular b, data from the relevant branch is used.
If a market is missing, data on the share of other companies'
shares in the particular branch is used. The cost-to-income (R / E)
relationship is formed, and then an analysis is made of whether
the enterprise is more or less risky to find its place in the line of
business in the branch.
The theory of the model is based on the following three idealized
assumptions:
• Smooth market - ie. complete, completed market (without
friction), in which each asset is completely detailed and each
person can buy individual details of these assets, there are no
taxes, no information costs and there is a great deal of demand
and supply, so the individual can not influence the price:
• rational behavior - everyone acts on a rest that will give him
maximum wealth and reduce the risk, so everyone is very well
informed:
• homogeneity of expectations - all people have fully matched
expectations in terms of predictable revenue.
shares, or do not have shares at all on the market, bits can not be
measured directly. However, there is a significant correlation
between b and the risk that can be calculated from companies'
financial statements. Because the non-systemicity component of
the risk (not reflected in b) is too important for components that
are not public, do not have shares in the market,

On the basis of the above, the following conclusions and
summaries can be made:
Managing the life cycle of an industrial product (tangible
asset) can define transparency across all product cycle loops. The
use of financial instruments is a successful approach to
management and control not only of the individual stages of the
cycle but also an informational possibility for interim and prudent
valuation of the asset.
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success in the high-tech industry. These products differ from products in others industries in many ways, but the most distinguishing features
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life cycle and the integration of innovation. Products should also be
differentiated as simple components or complex systems and
according to their degree of standardization or customization. Last
but not least characteristic of high technology products that worth
to be mentioned is the fact that public sector has strong influence,
either directly, through governmental research programs, or
indirectly, through the military budgets.

1. The main features of high-tech products
Nowadays we witness the rapid development in any
businesses, but the most prominent is in the field of high-tech
industry. ICT including, blockchain enables the manegers to guide
business and give them more options in this distributed
microenvironment by introducing clear and highly customizable
framework to connect them all. In addition, all information, which
is saved on the blockchain, is immutable and transparent for
everyone. The technology promises real-time information about the
most important KPIs of all the participants [1]. Companies must be
able to respond quickly and effectively to change, such as when
dealing with new quality problems, rapidly declining prices, or
subtle but steady shifts in value from hardware to software and
services. The best way to survive and thrive in such an uncertain,
competitive world, particularly in an age of technological
disruptions as well as economic globalization is to focus on
understanding in details the product characteristics that will enable
managers to find the best way to prepare the company to perform
well over years and decades [2,8]. This means that thay should be
able to distinguish short-term tendencies in management thinking
from long lasting principles, which are closely related to the nature
of the products, that can help them to create value for customers in
the long run.

2. The specifics of high tech product business
strategies
These differences have a significant impact on the contents of
a software product’s business strategy. According to the literature
organization’s strategy describes how it intends to create value for
its shareholders, customers and society as a whole. The key
challenges stem from the fact that strategy is tightly related
to three dynamically changing factors, the lack of data needed for
one to choose how to reach his/her goal – “ignorance”; the
“incommensurable” business context, and the “indeterminate”
people, who are sometimes “unpredictable – and creative”. These
factors fall in the overarching category of “knowledge absence”
[5]. Software product managers are responsible for developing the
strategy for the products and for implementing and updating it over
time. A strategy covers a time span of about one to five years but it
largely dependents on the product’s context, i.e. domain,
technologies, and market segments. The product strategy describes
how the product is supposed to evolve over this strategic
timeframe. There is no difference between high-tech products and
other industries in respect of the management objectives. The
primary aim of software product management is the same as those
in other industries - to achieve sustainable success over the life
cycle of the product This generally refers to economic success,
which is closely related to the generated profit margins. The role of
product manager is also the same. He has to plan and keep track of
the business aspects. They should make decisions concerning long
term perspective and if the losses related to an investment phase
will be followed by a rise in the profits in the next phase, a longerterm perspective is appropriate. They are responsible for applying
the most suitable business model, which can lead to sustainable
development of the company. In the literature, a business model is
described as the rationale of how an organization creates, delivers
and captures value by interacting with suppliers, customers and
partners. A business model describes which products and services
are offered by a company, and how revenue streams relate to the
different products and services. It is often considered at the
corporate or business unit level, but its consideration can also make
sense on a solution level that spans multiple products and services
or on an individual product level.
There are different
classifications of business models according to different
dimensions. The most important can be attributed to the: types of
products/services provided, business model archetypes used and
revenue streams [7,11].

To support ease of reading this paper we will generally use the
term “software products” instead of referring to software-intensive
products and services as well. The term software product
management covers not only software products, but also software
in software-intensive systems and services. These products are
often intended for specific markets and belong mostly to the
industries such as biology, telecom equipment and information,
electrical equipment, automotive, aerospace, and energy. Software
differs from products of other industries in many ways and they
require large investments in research and development [7].
The term “high technology” is a contemporary category that
includes any product manufactured with some type of an advanced
technology, not only from shoes to long-range missiles, but also
can be applied to many categories of services. In the literature,
there is no a clear definition for high-tech products but the main
finding is that a technology is not the only characteristic and
distinguishing feature of these products. According to some authors
high-tech products can be described as follows:
They need sophisticated technology;
They are changing and updating frequently;
They are new for the markets;
They involve high research and development investment;
They are for specific markets;
They are integrated into hightech applications [4,10].
Having considered the above mentioned characteristics, as the
most important can be pointed out three of them, namely
incorporation of sophisticated technology, a relatively short product
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According to the former criteria, types of high-tech
products/services can be financial products (cash and other assets),
physical products (real, physical products, durable and non-durable
goods), intangible products (software but also other intellectual
property, knowledge and brand image) and human services
(people´s time and effort).

3. The specifics of high tech product marketing
strategy
Marketing strategy is a part of business strategy of the
company. That is why it is necessary to pay attention on its
specifics in high-tech industries. Excluding the strong technical
content, short life cycle and its innovative aspects, a high-tech
product should be considered as a product that can satisfy the
customers’ needs either an individual consumer or an organization.
The “high-technology” dimension comes only as an extra layer that
is added to a product. It still can be defined by its tangible or
service aspect and the nature of its consumer or industrial market.
Thus the marketing of high-tech products is no more than a subset
of marketing consumer goods; of industrial marketing; or of
services marketing, whichever the case may be. It is contingent on
the technological context [3,9].

The latter criteria (Business Model Archetypes) is described in
the literature as a basic patterns of doing business There is no
difference in software product industry and the archetypes are as
follows: creator, distributor, lessor and broker. In general creator
uses supplied goods and internal assets and transforms them to
produce a product that can be sold to the customers. The main work
that creator should be done is designing the product. For an
example of creator can be pointed out Apple who designed the
iPod. The main function of distributor is to buy products and to
resell the same products to customers. Illustrative examples are
companies in the wholesale and retail industries, like Sears or Saks,
or stores that sell shrink-wrapped software. A lessor provides the
temporary right to use, but not own, a product or service to
customers. For instance landlords, lenders of money, consultants
and software companies that license their software to customers.
For human services, HR lessors lend their employees´ time to
customers. A broker facilitates the connection between potential
buyers and sellers. A broker don’t have ownership of the products
and services. An example is a stock broker. In the context of
software products the example is Google´s advertising business,
which matches the advertiser with potential customers.

According to some authors marketing managers agree with
these findings and claims that, their objectives are not very
different from those of their colleagues who work with more
products that are traditional. As a common feature between hightech and other industries can be specified the fact that both types of
managers seek to increase their market share and profits while
optimizing their available resources according to the product range,
the price, the promotion, and the distribution. Even if the basics of
marketing concept aren’t change, their composition and respective
importance will have to take into account the distinctive
characteristics of high-tech products. From marketing strategy
stand-point there are several specifics, derived from specifics of
high-tech products, that should be mentioned. When managers
developing marketing strategy they have to take into account the
four distinctive characteristics of hightech products, namely, a
tendency to worry many customers, the need for efficient time
management, the direct cooperation with the research and
development department, and the ever-changing conditions of the
markets.

In the practice of high-tech industry a business model is
constructed by choosing and combining one or more of these three
business model elements. Products and services can be offered
standalone, or they can be offered as a group of them. For example
of a such combination can be considered software vendors who are
typically offering intangible products and act as a creator and lessor
of software, but also offer human services like consulting,
maintenance and support. A cloud business model not only offering
a service to the customer, but also has the software vendor who act
as a creator, a lessor and a broker. Furthermore, a service to operate
the software products is offered. These different products and
services are bundled into a cloud service offering, and there usually
is a revenue stream compensating for the cloud service offering.
There is a strong relationship between the three dimensions and the
canvas areas of business models. The relationship between
products/services and revenue streams refers to the fact that single
products/services or bundles are compensated by the customer.
This compensation can be financial (revenue streams) or nonfinancial (exchange of products, services or information). Thus, for
each product there always is a compensation, which in many cases
is a revenue stream. Companies maximize their value in this way,
Fig.1

The first distinctive characteristic is predominantly related to
the concerns of the customers that they can’t managed with the new
technology. This is due to different reasons. For example customers
are intimidated by the task of learning how to use a high-tech
product, some are risk-averse to any novelty, and others are afraid
that the current technology available will become obsolete quickly.
Consequently, this lead to postpone their buying decisions.
The same pattern of consumer’s attitude toward the high-tech
products can be found in the organization’s managers behavior.
Many of them are worried to adopt the new technology and
innovative solutions and that’s way tend to use various strategies to
reduce risks in purchasing high-technology products. They
constantly try to evaluate strictly the risk/return ratio of such
investments. However, the role of marketing is to make consumers,
either final consumers or companies, to be acquainted with
innovation, to make them more comfortable with technology and to
help them to work out precisely the return on their investment.
The second distinctive characteristic, namely the short product
life cycle, requires efficient time management including
development of schedules and defining marketing time limits.
From time period perspective the average life cycle of a personal
computer, a mobile phone, and many consumer electronics, is
under one year while the number of models is increased
dramatically. The high-tech industry is similar to fashion industry,
since more than 90 percent of the models change every 6 months.
[6]. Therefore, operational excellence and agility becomes of a
prime priority, not only in development and manufacturing, but
also in marketing. In other word if they miss a sale a drop of 30%
in margins of the producer’s sale price will occurred. As un
example can be shown Apple. In 1990s they underestimated
demand for two of its best-selling products and in turn it had lost
around $300 million in potential sales. Furthermore, the market for
these products had disappeared. The positive effect was that Apple
learned the lesson and today it can now make and deliver a

Figure 1: Google´s Business Model
Bearing in mind the distinctive characteristics of software
products we can conclude that the flexibility of software in
combination with human services reveals the wide space for
creative business model innovation, in particular in connection with
the internet and mobile services.
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above all they start at the same point - a product vision. That’s why
it is very important to understand the distinguishing characteristics
of the products, since it appears that traditional marketing and
managemnt concepts and tools should be adapted to the specific
requirements imposed by high-tech products. With so much
unpredictable change, which are typical for those kind of industry,
managers experience difficulties to predict which practices, firms,
industries, and geographies will dominate two or three decades
from now. But, if they have a deep knowledge of the nature of their
products they will be able to apply principles that can stand the
tests of time and help managers overcome both internal and
external challenges to their business.

computer ordered on-line within 3 days. The same marketing
pattern concerns industrial products which also have a short-term
life cycle. In application software, the life-cycle duration is at most
2 years. Similarly, in the firewall market, a new product can
become obsolete within 12 months, and that makes time to market
critical problem for any firewall vendor, like Cisco Systems, Nokia,
IBM.
Product innovation, as a third distinctive characteristic,
requires interactions between research and development and other
services. According to findings of numerous studies, conducted by
academics and practitioners research and development and
marketing interact and have a significant role in the new product
development process. Their main conclusion is that the integration
of research and development and marketing can cause influence on
the success or failure of new product development projects, both at
the project and the company [4]. From managers perspective this
close collaboration is not limited to the development of new
products. It is also very important in all the different stages of
product management, starting with the product launch and ending
with its exit from the market, as well as in the management of the
different components of operational marketing. Some scholars and
practitioners believe that the most important driver of a high-tech
firm’s performance is the interaction between marketing and
research and development capabilities [6].
The last one, related to the ever changing conditions of the
market is of vital importance. This is due to the fact that sometimes
technology will dramatically change the market conditions by
creating an exceptional attraction for a product. For example,
consider broadband technology. Consulting firm McKinsey
estimates that more than 40 million households and businesses had
subscribed to broadband, and more than 100 million people around
the world had access to it. This means that broad band has achieved
around 25% penetration only for six years from its launch.
According to the literature in US in 1925, only one in 10
households had a radio, but by 1930 more than 45% of households
were tuning in. In 1950 fewer than 10% of U.S. households had a
TV, but after 5 years that number soared to 65%. The most
important characteristics of high-tech products marketing is that that
it crosses the boundaries of B2B and B2C.
There is a general perception that the marketing of technology
is essentially important for market organizations. But there is no
denying that technology is penetrating the consumer markets very
rapidly, due to the adoption of information technologies, such as the
personal computer, the cellular phone, and the Internet. This is also
can be noticed in the new developed strategies of the largest hightech firms. Companies such as HP, IBM, Microsoft, and Nokia are
marketing solutions for both business customers and consumers.
Some B2B companies seceded in entering the consumer market
very successfully. From one hand can be pointed out HP with its
digital cameras and Samsung, which is today the second leading
producer of cell phone handset. On the other hand Microsoft and
Dell Computer have made substantial penetration into the
professional markets.
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1. Introduction
2. Building an Interpretive Structural Model for
Factors Defining Co-Participation Level

Individual approach to the customer finds its way even in the
time before the first industrial revolution, when there also have
been a number of customized/individual products or so-called Oneof-a-Kind Products. This has not been causing a serious disturbance
for manufacturers due to the significantly limited scale of the
activity, geographically isolated markets and insignificant
competition.
However, with the growing industrialization, the scale of
manufacturing has been gradually expanding, the number of
customers grew incredibly, and the satisfaction of their individual
requirements and expectations become impossible. In an effort to
meet the demand, manufacturers rely on standardization and
uniformity of production and take advantage of the opportunity to
realize economies of scale.
In the late 1960s and early 1970s, however, the tendency to
individualize (customize) the production, but on a much wider
scale than the old ones, began to imply, until it came to its full
manifestation today.
Given that almost all products nowadays have alternative
substitutes and market supply significantly exceeds market
demand, it is becoming more and more difficult to satisfy the
preferences of customers who are constantly changing and growing
in quantity. Every one of them expect to receive a unique product
as well as one-to-one marketing. The "typical" customer no longer
exists. Given this, the achievement of the corresponding degree of
product capitalization, which corresponds to the expectations of the
clients, becomes an increasingly difficult task for the producers.
Various approaches are considered in the literature to help
producers perform an efficient customized production through
customer engagement in the process of creating and manufacturing
the product, such as Customer Order Decoupling Point / CODP,
Mass Customization, Co-Production, Order Penetration Point,
Point of Postponement, etc.
The technological potential of Industry 4.0 makes operations
system of the enterprise more efficient in adjusting to the individual
and specific requirements of each individual customer in terms of
design (the physical structure) and functional features (functional
structure) of the end item (the final product) [1,2,3,4,5,6]. Thanks
to Industry 4.0, even manufacturing of individual components
(batch of one component) can be profitable [2,5,7,8,9]
The purpose of this publication is to investigate the
interrelationships and interactions between the factors that underpin
the process of product customization according to the expectations
of each individual customer. Building a model describing the
connections and interaction between these factors will help to
integrate them into a comprehensive conceptual framework,
presenting the producer-customer interaction in the conditions of
Industry 4.0 and, as a result, will lead to an increase in the
efficiency of the process of creating value tailored to the individual
requirements and expectations of the customer.

To investigate and structure the interrelationships and the
interaction between the factors that determine the level of customer
involvement in the value creation process, the use of the so-called
Interpretive Structural Modeling (ISM) hereby is proposed. ISM
was created by J. N. Worfiled as a computer-added methodology to
study complex issues and to structure them in terms of words and
directed graphs which can be easily understood [10].

2.1. Interpretive Structural Modeling
Methodology
The ISM application is based on the methodological order
presented below [10,11,12,13,14] .
Step 1: Problem Identification
One of the main areas in which Industry 4.0 enables improving
operations is the achievement of an efficient product customization,
considering individual and customer-specific requirements in the
value creation process. With the help of the Cyber-physical systems
(CPS), Internet of Things (IoT), Internet of Services (IoS) etc.,
Industry 4.0 allows for a major change in the way of implementing
and managing a customer-to-customer interaction [1,2,5,7]. Thanks
to them, it the so-called “Smart Factory” is possible to build, in
which physical processes are performed and monitored by CPS
maintaining a digital duplicate of the entire operations system and,
correspondingly – of the processes performed by it, taking
decentralized decisions. Through IoT, CPS interact with each other
and with people in real time, and this makes the operations system
more adaptable, efficient, and more customer-oriented, e.g. – agile.
To achieve a high degree of operations system responsiveness
and comprehensive flexibility, a great degree of contribution is
brought by the new capabilities of 3D-printing (Additive
Manufacturing). Based on CAD data, components of metal, ply or
ceramics are produced that up to now would be very difficult
manufactured or with high cost. This method allows small-volume
and less-weight manufacturing, as well as achieving higher product
strength and reliability. Another very important advantage of 3Dprinting is the ability to react quickly when changing product
structure and design.
To summarize, technological change can provide a more
flexible way to serve the customer‟s individual needs through a
comprehensive digitalization of the operations system performance.
This way, with the help of ISM, it is necessary to establish the
dependencies between the factors influencing the customer's degree
of co-operation in the value creation process and their presentation
in a structured manner so as to assist their integrating into one
complete digital model for an effective customization.

62

INNOVATIONS 2019
(F3) Factors, characterizing Operations Processes

Step 2: Identification of the Factors
Based on a deeper analysis of the literature [15,16,17,18,
19,20,21,22,23] factors, defining the opportunities for customers‟
co-participation could be classified in three main groups:

- Delivery Time (f3.1) – the time period between the moment
of receiving the order and the moment of delivery of the product to
the customer.

(F1) Factors, characterizing Market Demand

- Process Flexibility/Agility (f3.2) – the higher the degree of
flexibility and dynamism of the production process, the greater the
possibilities for a higher degree of customer involvement.

Customer Attitude (f1.1) – this factor is related to the
customer's expectations regarding the delivery time for the item
ordered (product or service). Two scenarios are mainly discussed
[25,26]: (1) “Immediate purchase” – limited customer intervention
is presumed and (2) “Ready-to-wait” – most often the customer's
attitude for waiting is connected with his/her requirements to the
end item in terms of brand, quality etc. The more specific these
requirements are, the higher the degree of customer‟s intervention
in the process of value creating.

- Process Modularity (f3.3) – one of the main prerequisites
for assisting the producers' pursuit of product customization
[27,28,29,30]. In fact, through modularity, some degree of
unification of the manufacturing processes for the various
components and/or end items from the product mix of the
enterprise. This reduces the variety of operations and/or processes
that could potentially be affected by a customer's intervention,
which in turn favors their effective organization and management.

End Item Price (f1.2) – it a complex economic category in
which the interests of both the producers and the customers reflect.
When the focus of producer‟s attention is on proving a competitive
price, the tendency is to reduce the degree of customization. On the
other hand, when the aim is to meet the specific requirements of the
customers, then the higher the price is acceptable and the tendency
is to increase the degree of customer engagement (it could vary
from "Distribution-to-order" to "Design-to-order").

The factors discussed so far could be combined in a single
model with the help of ISM to present the interrelationships and
interactions between them and to take into account their complex
influence in deciding on the level of customer involvement in the
value creation process. They will be grouped as follows:
Step 3: Defining the Relationships between the Factors
According to the ISM methodology, it is necessary to define
the dependencies between the observed factors. Table 1 lists all
possible dependencies that may occur among the factors presented
in step 2. The table also shows the assumed conditional indications
of the individual dependencies to be used in the following steps:

Type of Market Demand (f1.3) – three situations are
considered to have an impact on the degree of customer
engagement: (1) Independent Demand, (2) Dependent Demand, and
(3) a Combination of Dependent & Independent Demand. In the
first case, the customer‟s role is depersonalized – he/she don‟t
participate in the end item forming. In the second case, the end item
is formed entirely by his/her specific preferences – in terms of raw
materials, the manufacturing technology, product design etc. As to
the third case, it implies an intermediate degree of customer
engagement, which sometimes means sub-assembly to order of
some of the components, or assembly to order of the end item.

Table 1. Relationships between any two factors (i and j)

Demand Volume (f1.4) – (1) Large-volume, (2) Mediumvolume and (3) Low-volume market demand. In order to be
adequate to the current market situation, the producers should focus
on the search for opportunities, regardless of the volume of demand,
to ensure such a degree of customer involvement that meets their
requirements. This is one of the most serious challenges facing
modern businesses, which Industry 4.0 promises to overcome.

F:

Forward relationship from factor fi to factor fj i.e. factor
fi helps to achieve or influences factor fj;

R:

Reverse relationship from factor fi to factor fj i.e. factor
fj helps to achieve or influences factor fi;

FR:

Dual directional relationship i.e. factor fi and factor fj
helps to achieve or influences each other;

X:

No relationship exist between factor fi and factor fj.

Step 4: Developing Structural Self-Interaction Matrix
In this step, the so-called Structural Self-Interaction Matrix
(SSIM) is developed, in which the dependences between each two
factors are expertly defined. The SSIM case presented in this
publication is shown in Figure 1.

Demand variability (f1.5) – the following types of market
demand nature exist: (1) uniform, (2) variable and (3) seasonal/
cyclical. In all three cases, the aim is to ensure the greatest possible
involvement of the customer for the particular situation, up to the
degree to which it is profitable for the enterprise. However, this
consideration is true of any of the factors relevant to the problem
discussed.

X axis
Y axis
f1.1
f1.2

(F2) Factors, Characterizing the Product

F1

- Product Architecture (f2.1) – this is one of the factors with
the most important significance, as far as the opportunities for the
product variance are considered, therefore it is a basic indicator for
the product complexity. Given the architecture specificity of the
product, the company must be very cautious in determining the
point (operation) up to which the customer should be "allowed to
penetrate" the process of end item determining, because in some
cases this may lead to deterioration of product qualitative and
functional characteristics. The aim is to design/construct products
with a high degree of architecture modularity, as it is an opportunity
to "control" the diversity and to some extent makes the task of the
manufacturers easier. In addition, as far as the degree of customer
involvement is concerned, it has the potential to vary from "maketo-order" up to "sub-assembly/assembly on order". Also, the more
modular structure of the final product, the greater the possibilities
for product customization, which enables a higher degree of
customer involvement (up to "design-to-order"). Otherwise, a good
strategy would be to allow the customer to penetrate up to "subassembly/assembly on order”.

f1.3
f1.4
f1.5

F2

f2.1

f1.1

f1.2

F1
f1.3

f1.4

f1.5

F2
f2.1

f3.1

F3
f3.2

f3.3

F

R

R

R

R

FR

FR

FR

R

FR

X

R

R

R

R

R

X

R

R

FR

FR

F

F

F

F

R

F

F

F

F

FR

FR

FR

R

FR

f3.1
F3

f3.2

FR

f3.3
Figure 1. Structural Self-Interaction Matrix
Step 5: Developing Initial Reachability Matrix
The SSIM developed in step 4 should be transformed into the
Reachability Matrix, which shows the dependencies between the
pairs of factors in a binary format.
Based on the indications in Table 2, SSIM is converted to the
Initial Reachability Matrix, which is shown in Figure 2.

-
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Table 3. Reachability, antecedent and intersection sets for
final reachability matrix
Factors

Table 2. Binary format conversion
fij
fji
0
0
1
0
0
1
1
1

Relationship
X
F
R
FR

f1.1

The matrix has been named Reachability Matrix because it
shows whether any variable is reachable from the remaining
variables.
X axis
Y axis
f1.1
F1

F2
F3

f1.2
f1.3

f1.1

f1.2

F1
f1.3

f1.4

f1.5

F2
f2.1

f3.1

F3
f3.2

1

1

0

0

0

0

1

1

1

f1.2

0

1

0

1

0

0

0

0

0

f1.3

1

1

1

0

0

0

0

0

1

f2.1

f1.4

1

1

1

1

1

1

1

1

1

f3.1

f1.5

1

0

1

1

1

1

1

1

1

f3.2

f2.1

1

1

0

0

0

1

1

1

1

f3.1

1

1

1

0

0

1

1

0

1

f3.2

1

1

1

0

0

1

1

1

1

f3.3

1

1
1
0
0
1
1
Figure 2. Initial Reachability Matrix

1

1

f3.3

f1.4
f1.5

f3.3

Euclid [10] had stated that “Things which are equal to the
same things are also equal to one another”. This is the concept of
Transitivity, which is an important feature of ISM.
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Figure 3. Final Reachability Matrix

1

1

F1

F2
F3

Antecedent Set

f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1

f1.1, f1.3, f1.4 f1.5,
f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1

Intersection Set
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1
f1.1, f1.2, f1.3, f1.4
f1.5, f2.1, f3.1, f3.2 f3.1

Step 8: Developing Level Partitions
The reachability, antecedent and intersection sets for initial
Reachability Matrix are defined for informative and instructive
purpose only. It is the final Reachability Matrix that we are
interested in for building the digraph. For this, level partitions i.e.
different levels based on a series of iterations, are to be developed.
Levels starting with the top level contain the variables for which the
Reachability and Intersection sets are the same (meaning that both
the sets contain the same variables) in each iteration. The top level
(Level 1) is identified by checking the variables in the final
Reachability Matrix for which the reachability and intersection sets
are the same [10]. In our case, each factors occupy Level 1. The
factors for which the reachability and the intersection sets are the
same occupy the top level in the ISM hierarchy and the top level
factors are those factors that will not lead the other factors above
their own level in the hierarchy [12].

Step 6: Incorporating Transitivity and Developing final
Reachability Matrix

X axis
Y axis
f1.1

Reachability Set

Step 9: Developing Conical Matrix
The Conical Matrix is the step just before building the digraph.
It is developed by clubbing together the factors in the same level,
across rows and columns of the final Reachability Matrix [12].
What is done here is that on the X-axis and Y-axis, the factors are
written down based on their levels starting from Level-1. In our
example, the factors in Level-1 being f1.1, f1.2, f1.3, f1.4 f1.5, f2.1, f3.1, f3.2
f3.1, these factors are first written down on the X and Y axes. The
Conical Matrix is similar to the Reachability Matrix with the
exception that the factors in the Conical Matrix are written on the
X- and Y-axes based on their levels. The relationships between the
factors are taken from the Reachability Matrix. The Conical Matrix
for our case is the same as final Reachability Matrix (figure 3).

Step 7: Developing Reachability and Antecedent Sets
The utility of the Reachability Matrix is that it can be used to
develop hierarchical restructuring [13]. For this, we have to first
define reachability and antecedent sets. A reachability set is defined
for each factor as a set containing factors, which can be reached
from that particular factor. In other words, the set for each factor
contains factors whose cells in the row pertaining to the variable are
allotted “1” in the Reachability Matrix.
An antecedent set is defined for each factor as a set containing
factors, which can reach that particular factor. In other words, the
set for each factor contains factors whose cells in the column
pertaining to the factor are allotted “1” in the Reachability Matrix.
For our example the reachability, antecedent and intersection set for
the final Reachability Matrix is given below in table 3.

Step 10: Building Digraph
Based on the Conical Matrix, the initial Digraph is built. A
Digraph is defined as set of nodes (representing the variables in the
Conical Matrix) which are interlinked together as per the
relationship in the matrix (F, R, FR or X) and all the links are
shown as arrows indicating the direction from one node to the other
[10].
The final Digraph as shown in Figure 4 is developed after
removing the Transitivity Links.
Thus developed Digraph is the structural model of the
interrelationships and the interaction between factors that support
the process of developing an individual approach to customers.

64

INNOVATIONS 2019
(HiTECH 2018), DOI: 10.1109/HiTech.2018. 8566256, 11-14 June
2018, Sofia, Bulgaria

f3.1

9. Nikolov, B., Possibilities and Restrictions in Forming and Development of
f1.5

f1.1

the Innovative Potential of the Enterprises in Bulgaria, International
Scientific Journal Innovations, Year VII, Issue 1 /2019, pp. 6-8, ISSN
(Print) 2603-3763, ISSN (Online) 2603-3771

f1.2

10. Poduval, P.S., Pramod, V.R. Dr and Jagathy Raj, V.P. Dr (2013),
f3.2

Interpretive Structural Modeling (ISM) and its application in analyzing
factors inhibiting implementation of Total Productive Maintenance
(TPM), International Journal of Qality&Reliability Management,
pp.308-331.

f1.4

11. Promod, V. & Banwet, D. (2013) Analysing the synergic power of

f1.3
f2.1

inhibitors of an Indian telecom supply chain, International journal of
business Excellence, Vol. 6, No 4, pp. 448-471

12. Attri, R., Dev, N. and Sharma, V. (2013), “Interpretive structural

f3.3

modeling (ISM): an overview”, Research Journal of Management
Sciences, Vol. 2 No. 2, pp. 3-8.

13. Malone, D.W. (1975), “An introduction to the application of
interpretive structural modeling”, Proceedings of the IEEE, Vol. 63 No.
3, pp. 397-404.

Figure 4. Final Digraph

14. Janes, F.R. (1988), “Interpretive structural modeling: a methodology for
structuring complex issues, Trans Inst MC, Vol. 10 No. 3, 19pp.

As can be seen from figure 4 there is a lot of interaction
between the factors that help building an individual approach to
customers. With the technical support of Industry 4.0 the reporting
of the interactions between the factors can be done in real time and
thus to build an effective integration of the clients in the process of
creating value.

15. George, G.L. (1980), “Structural modeling – a tutorial guide”, IEEE
Transactions on Systems, Man and Cybernetics, Vol. 5 No. 12, pp. 807840.

16. Giesberts, P. & L. van der Tang, (1992). Dynamics of the Customer
Order Decoupling Point: Impact on Information Systems for Production
Control. Production Planning and Control, 3(3), pp. 300-313.

17. Sharman, G., (1984), The Rediscovery of Logistics. Harvard Business

3. Conclusion

Review, 62(5), pp. 71-80.

In this paper discuses the interrelationships and the interaction
between factors, affecting the level of customers Co-Participation,
and their integration in a structured way, with the help of the socalled Interpretive Structural Modeling (ISM) to help integrate them
into a comprehensive conceptual framework that represents
producer-customer interactions under Industry 4.0 conditions and,
as a result, increase the efficiency of the process of creating value
according to the individual requirements and expectations of the
customer.

18. Olhager, J. (2003). Strategic Positioning of the Order Penetration Point.
International Journal of Production Economics, 85(3), pp. 319-329.

19. Olhager J. & B. Ӧstlug, (1990). An Integrated Push-Pull Manufacturing
Strategy. European Journal of Operational Research, pp. 135-142.

20. Olhager, J. & J. Wikner, (2000). Production planning and control tools.
Journal of Production Planning & Control, 11(3), pp. 210-222.

21. Pagh, J. & M. Cooper, (1998). Supply Chain Postponement and
Speculation Strategies: How to Choose the Right Strategy. Journal of
Business Logistics, 19(2), pp. 13-33.

22. van Donk, D. (2001). Make to Stock or Make to Order: The Decoupling

4. References

Point in the Food Processing Industries, International Journal of
Production Economics, 69, pp. 297-306.1

1. Концепция

за цифрова трансформация на българската
индустрия(Industria 4.0), 2017 https://www.mi.government.bg/ files/
useruploads/files/ip/ kontseptsia_industria_4.0.pdf.

23. Velev M., O. Andreev & T. Panayotova, (2011). Using AHM Approach
to Position CODP. Business Modeling and Software Design, pp 80-87.

2. N. Koleva, Industry 4.0‟s Opportunities and Challenges for Production
Engineering and Management, International Scientific
Innovations, issue 1, pp. 17-18, ISSN 1314-8907, 2018.

24. Андреев, О. & Н. Колева (2012). Фактори, определящи

Journal

местоположението на точката на контакт с поръчката на клиента,
Юбилеен конгрес с международно участие „Науката и
образованието в бъдещето“, Варна, 4-6 октомври;

3. O. Andreev, and G. Peneva, Problems Concerning Operations System
of the Enterprise in the Context of Industry 4.0, X International
Scientific Conference “E-Governance & E-Communications”, pp. 165170, ISSN 2534-8523, 2018.

25. Андреев, О. (2013). Съвременни системи за производствен и
операционен мениджмънт. Учебник, Софттрейд, ISBN 978-954334-150-4.

4. Andreev, O. & Peneva, G., Методически подход за изследване на

26. Andreev, O. The Operations Managers‟ Dilemma or How to Decide

възможностите за внедряване на Индустрия 4.0 в българските
индустриалния предприятия, 16тa МНК „мениджмънт и
инженеринг„18“, 24-27 юни, стр. 739-745, Созопол, ISSN 13103946, 2018

What Method to Use International Conference “New Trends in
Knowledge Management of Engineering Education”, October 2013,
Universidad Central, Bogota, Colombia.

27. Baldwin, C. (1997). Managing in an Age of Modularity. Harvard

5. Andreev, O., Operations System Agility – the Underlying Factor for

Business Review, 75(5), pp. 84-93.;

Mass Customization and the Most Important Feature of New Industrial
Revolution, International Journal for Science and Innovations for the
Industry, Issue 1, ISSN 1314-8907, 2016

6.

28. Mikkola, J. & O. Gassmann, (2003). Managing Modularity of Product
Architectures: Toward an Integrated Theory, IEEE Transactions on
Engineering Management, 50(2), pp. 204-218.;

Daskalova, M., Big Data for Business – Challenges and Opportunities
for the Bulgarian Economy, International Conference on High
Technology for Sustainable Development HiTECH 2018, 11-14 June
2018,
Proceedings
6
December
2018,
Article
number 8566518, ISBN: 978-153867039-2, DOI:
10.1109/HiTech.2018.8566518;

29. Sanchez, R., & J. Mahoney, (1996). Modularity, Flexibility, and
Knowledge Management in Product and Organization Design. Strategic
Management Journal, 17, special issue, pp. 63-76.;

30. Schilling, M., (2000). Toward a General Modular Systems Theory and
its Application to Interfirm Product Modularity. Academy of
Management Review, 25(2), pp. 312-334.

7. Дамиянов, Д., Гешев, Т. и Чукалов, К. Четвърта индустриална
революция – същност и проблеми, ИК „Кинг“, ISBN978-954-9518-97-9,
2019.

8. Nikolova

Jahn, I. Siyka Demirova Emil Entchev (2018), Creating
conditions for application of digital dimensions in logistics activity,
International conference on High Technology for Sustainable Development

65

INNOVATIONS 2019

REEFER CONTAINER POWER SUPPLY AND SUPERVISION SYSTEM ONBOARD
RAILWAY WAGONS
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Faculty of Engineering – University of Rijeka, the Republic of Croatia 1
Transagent Ltd., the Republic of Croatia 2
dubravko.frankovic@riteh.hr
Abstract: Concerns about greenhouse gas emissions and environment protection in general, lead to application of new, eco-friendly
solutions in almost all areas of human activities. Today, transportation is in the focus of many researchers since transport units generate
substantial emissions locally as well as globally. Turning to electricity powered transportation units seems to be a logical step if global
power production transitions to renewable energy sources (large hydro, wind, solar, biomass, etc). This paper demonstrates a technical
solution applicable to reefer containers railway transport, as an alternative to road transport with conventional trucks or railway transport
with diesel gen-sets. In fact, reefer containers are frequently used to transport sensitive goods. Therefore, containers must be almost
constantly supplied with electric power to maintain desired ambient parameters (temperature, humidity, number of air changes per hour,
etc.). An innovative technical solution which provides suitable power supply to reefer containers aboard wagons has been developed and
tested in real-life conditions. Electrical power is drawn from the locomotive’s single-phase, head-end-power line (usually 1500 Vac, 1500
Vdc or 3000 Vdc), available at the locomotive, or on wagons with electric installation. Throughout the paper, the developed static converter
system suitable for transforming single-phase 1500 Vac, into three-phase 400 Vac, 50 Hz is presented. Furthermore, a dedicated
communication system is developed which enables users to perform supervision of transported goods (temperature and relative humidity)
and track the reefer container onboard railway wagons.
Keywords: REEFER CONTAINER, STATIC CONVERTER, RAILWAY TRANSPORT, REMOTE SUPERVISION

1. Introduction

At present, railway transport of refrigerated containers with a
connection to a power source is not common within EU railway
system. On the other hand, a number of legal EU railway norms
does not allow usage of any autonomous units to supply several
containers with electricity at the same time. Despite the fact that
there are self-contained diesel generator units, manufactured with
dimensions of ISO-containers, for safety reasons, they are not
allowed for use on EU railways.
The use of non-autonomous generators, serviced and
maintained by service personnel, is not less difficult. Firstly, the
extremely high labour cost in the EU makes such an approach inapt.
Secondly, such transport requires specialized carriages both
equipped with diesel generators, and passenger spaces to carry the
servicing staff.
Another way of refrigerated containers railway transport in
Europe is transport using gensets. In fact, these stand-alone diesel
generators are a universal tool that is commonly used on vehicles as
well as on the railway. Generator’s capacity and fuel tank allow the
units to supply one container with electric energy for a few days.

Intermodal (multimodal) transport of refrigerated goods
demands continuous, stable power supply in order to preserve the
quality of products inside reefer containers, transported from origin
to destination. Modern refrigerated containers are such that they
allow maintaining goods’ temperature in the range of -25 to +25 C.
This in turn permits to transport virtually any goods requiring
special temperature conditions. Reefer containers, while on ship, get
power supply from ship’s low voltage electric distribution system.
When disembarked at port, reefer containers are powered from the
land power distribution system. Land power connection provides
reaching desired transport temperature, therefore permitting the
containers to travel a limited period of time without power
connection. At arrival terminal the container is reconnected to the
power supply and hopefully the temperature inside the container
hasn’t raised above permitted level. If longer transport time is
required, reefer containers must be powered. Naturally, for higher
ambient temperatures and/or prolonged exposition to direct sunlight
shortens allowed unpowered transport period, Fig. 1.

However, this solution is often compromised in the case of fuel
theft, genset theft, fuel leakage, fuel lack, gen-set failure, etc.
resulting in power loss and damage to transported goods.

Heat

If power supply is removed, independent on its cause, a serious
extraordinary situation arises. In fact, when electric power supply is
cut-off from the reefer container, the compressors of the cooling
system stop as well as the fans which provide temperature
uniformity of transported goods. Therefore, the temperature field
inside the container becomes very non-uniform, especially in the
case of cargo temperature rise. Container heating from above by
direct sunlight makes natural convection of the air through the gaps
between stocks of carton boxes placed on pallets difficult, Fig. 1. As
a result, the outer layers of carton boxes full of cargo (e.g. bananas),
marked red and orange, have a higher temperature than those placed
in the middle, and the calculated delay of heating the inner carton
boxes as compared with the outer boxes amounts from 4 h to 8 h,
[1].
Having in mind afore stated shortcomings of reefer containers
railway transport relying on diesel generators, a research and
development project has been conducted that resulted with a static
power converter for railway application that mitigates highlighted
problems.

Fig. 1. Up - schematic diagram of arrangement of carton boxes filled
with bananas in the reefer container; bottom – cargo’s (banana’s)
temperature rate of rise in the upper layer of carton boxes (marked red in
left figure) inside reefer container cut-off from electricity supply source, [1]

66

INNOVATIONS 2019
prototype converter of same topology but with reduced power was
constructed and tested in laboratory environment, Fig 3.

2. Reefer container wagon power supply system
At the Faculty of Engineering in Rijeka, Croatia, in cooperation
with the company Transagent also from Rijeka, supported by the
European Union from the European regional development fund a
research and development project has been conducted that resulted
with a reefer container power supply for railway wagons. The
developed power supply fulfilled all basic requirements for reliable
reefer container railway transport in controlled conditions without
“fuel dependence”. Electric power for the reefer container power
supply is drawn from the train’s single-phase, head-end-power line
(usually 1500 Vac, 1500 Vdc or 3000 Vdc), available at the
locomotive, or on wagons with electric installation, connected to the
locomotive. The constructed power supply includes a step-down,
single-phase power transformer, an AC/DC rectifier, DC link, a
DC/AC inverter and an output filter. Due to considerable permitted
deviations from the nominal voltage, according to the relevant (e.g.
UIC 552, IEC 60850, etc.) railway standards, a carefully designed
control of the static converter system had to be developed.

Fig. 3. Small scale prototype model of the power converter

The desired characteristics that the full-scale power converter
for railway application should possess are listed in the following
table.

Electric energy distribution from the locomotive’s main power
transformer to the last wagon in the railway composition is
performed with a single power line i.e. a high-voltage railway cable
of appropriate cross-section. The cable runs through a non-magnetic
metallic conduit which protects the cable from mechanical stress.
The conduit of appropriate diameter is fixed to the metallic
construction of the wagon, [2]. The return conductor of the high
voltage head-end-power circuit are the rails, composed of the
wheelset contact assemblies with brushes (1 grounding circuit per
axis), and protective resistors (1 resistor per axis), Fig. 2. The
wagon’s earthing system is designed as to comply with the standard

Table 1: Desired parameters of the power converter for railway application
Power [kVA]
Input voltage range [V]
Frequency of input
voltage [Hz]
Output voltage [V]
Frequency of output
voltage [Hz]
Output voltage
waveform
Converter rated power
[kVA]
Temperature range
[°C]
Max. dimensions
[mm x mm x mm]
Standard compliance

>18.75
1000-2000, 1ph
50
400, 3ph
50
sinus
> 20
-30 to +40
2000x1500x600
UIC, IEC and RIC

The following two figures demonstrate the influence of the
smoothing output filter (C=100 F, L=200 H) upon the voltage
waveform.

DIN VDE 0123.
Fig. 2. Wagon’s grounding system, [2]

Electrical interconnections of wagon’s electric power system
are performed with appropriate standardized elements, in
compliance with the railway standard UIC 552, Figure 3.

Fig. 4. Voltage measured in front the smoothing filter of the power
converter

Fig. 3. Connection elements according UIC 552, [3]

The main component of the reefer wagon power system is the
power converter that provides stabilized, sinusoidal, 3-phase output
voltage 400 V, 50 Hz. As previously mentioned, the power
converter consists of a 1-phase, step-down transformer, AC/DC
rectifier, DC link capacitors, DC/AC inverter and a smoothing
output LC filter. The reefer container wagon power supply is based
on high power insulated-gate bipolar transistor (IGBT) switching
technology. Before constructing the full-scale power converter, a

Fig. 5. Voltage measured at smoothing filter terminals of the power
converter
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supply of the reefer containers is performed with low-voltage
railway cables of appropriate cross-section and number of
conductors. The cable is run through a metallic conduit of
appropriate diameter, which protects the cable from mechanical
stress and is made of non-magnetic material. The conduit is fixed to
the metal construction of the wagon. The industrial sockets are of
the 3p+PE, 32A, 400V type, IP67 protection degree and located in a
metal housing with lockable door.

Figure 6. demonstrates voltage waveform dynamics upon startup and shut-down of the power converter.

Fig. 6. Voltage transient at power converter terminals upon start-up
and shut-down

After extensive testing in laboratory conditions on the smallscale prototype model, a full-scale model (Fig. 7) was constructed
with constructive parameters as defined in Table 1.

Fig. 8. Reefer container wagon with power supply - layout

3. Reefer container remote supervision system
Tracking transport of goods in reefer containers along the
supply chain is the means by which product quality can be
guaranteed, [5]. Integration of emerging information technologies
can now provide real-time status updates. In fact, in order to ensure
real-time monitoring of reefer container’s power supply, a dedicated
communication system has been developed using industrial grade
communication equipment (GSM/GPRS modem). The application
running on the GSM/GPRS modem has been developed and coded
in LUA programming language.
Reefer container’s remote supervision system consist of several
key elements:


Fig. 7. Full-scale power converter during vibration testing

The nominal power of the converter was selected to be 30 kVA
in order to withstand the starting current of older generation reefer
containers, [4].



LV compartment



Power converter

GSM/GPRS modem running the developed
application for remote supervision for both the power
converter and the reefer container powered from the
converter,
Server application that collects data from the
GSM/GPRS modems,
Mobile application for remote supervision of reefer
containers installed on user’s mobile phone.

Remote communication with the power converters installed on
railway wagons and with reefer containers powered from these
converters is done by Orbcomm’s IDP 782 module for cellular fleet
management, Fig. 9.

Fig. 8. Wagon after installation of the reefer container power supply
system components

Furthermore, the converter had to be equipped with an
appropriate switch-disconnector for isolating the converter from the
input high voltage (1500 Vac) and grounding for safe operation on
the converter and to comply with stringent railway norms. Also, the
converter is equipped with a device for emergency start/stop in all
conditions. The power converter itself is in a metal housing of
appropriate size with adequate cooling openings providing IP67
protection degree. The metal housing is therefore attached to the
metal construction of the wagon, as visible in the following figure.

Fig. 9. IDP 782 – GSM/GPRS module for remote communication, [6]

The software application running on the IDP 782 module was
written in LUA programming language and provides serial
communication on Modbus protocol. Since there are two serial
ports on the IDP module, one is used for communication with the

Distribution of low voltage power (400 V, 50 Hz) from the
power converter to the industrial sockets designated for power
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power converter operating software while the other is selected for
communication with the reefer container’s control system.

departure terminal, thus ensuring desired transport temperature, and
afterwards permitting the containers to travel for a limited period of
time without power supply. In order to overcome the necessity for
limited travel time and/or short travel distances a technical solution
was developed that is based on power electronics technology. In
fact, a high-power converter for railway application was developed.
The power converter is powered from the train’s head-end-power
line (usually 1500 Vac, 1500 Vdc or 3000 Vdc), available at the
locomotive, or on wagons with electric installation. The developed
converter is resilient in terms of substantial input voltage
fluctuations permitted by the railway regulations, due to large
capacitance of converter’s DC link.

Extensive testing by the principle of “trial and error” has been
undertaken in order to establish communication with reefer
container’s logic i.e. microcontroller, Fig 10.

A dedicated communication system has been developed using
industrial grade communication equipment that permits the users to
remotely supervise reefer containers while on railway wagons. The
communication system consists of a GSM/GPRS modem running
an application that continuously communicates both with the power
converter logic and with reefer container logic circuits. The serial
communication is based on the Modbus industrial protocol. Apart
from the software application running on the GSM/GPRS modem, a
server application has been developed that collects data from the
modem. The data transmitted to the server application includes
reefer container’s parameters (container ID, temperatures, humidity,
alarms, …) power converter data (status, power, energy, alarms, …)
and actual GPS position. Also, a mobile application has been
developed that allows registered users to access server data
containing information regarding their reefer containers while on
railway wagons during transport.

Reefer container's
controller

Communication
socket

Future research and development will be focused on a multivoltage power converter that will provide full compatibility with all
railway standard voltage ratings. In fact, a multi-voltage power
converter is already undergoing testing procedures.

Fig. 10. Reefer container used for communication testing purposes

At the same time, a server application has been developed that
collects data from the IDP 782 module. The data transmitted to the
server application includes reefer container’s parameters (container
ID, temperatures, humidity, alarms, …) power converter data
(status, power, energy, alarms, …) and actual GPS position.

5. Acknowledgment and disclaimer
The project was partly financed by the European Union from
the European regional development fund.
The authors share full responsibility for the contents of the
manuscript.

Finally, a mobile application has been developed that permits
registered users to remotely supervise reefer containers powered
from developed converters during railway transport. The mobile
application shows the user actual GPS position of the reefer
container, ambient parameters inside the container and electric
parameters reflecting power converter’s operation, Fig 11.
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Fig. 11. Mobile application for reefer container remote supervision

4. Conclusion
Railway transport of refrigerated containers with a connection
to a reliable power source is not common within the EU railway
system. Today, it is common to power up containers at the

69

INNOVATIONS 2019

IMPLEMENTATION OF INS FOR CONTROL OF ROBOTS WITH A DC MOTOR
Dr.h.c Prof. Boţek P. PhD., Ing. Mudrikova A. PhD.
Faculty of Materials Science and Technology – Trnava Slovak University of Technology, the Slovak Republic
pavol.bozek@stuba.sk

Abstract: This paper describes the activity system and the importance of INS with the possibility of implementation to the robot control.
The contribution also introduces the execution of DC motor regulation utilized for the positioning of a rotary positioned arm. The motor
control comprises the current regulation, angular velocity and the rotation of the motor shaft fixed to the arm regarding the required
angular change course of the arm rotation. The regulation structure of the DC motor is carried out in MATLAB/Simulink program. The arm
movement is investigated via the mathematical model and virtual dynamic model formed in MSC.ADAMS program.
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required navigation parameters. The crucial activity is focused on
three basic fields:
- The first goal is to analyze accelerometer and gyroscopic
sensors and their possibilities of utilization for inertial navigation.
The simulation of the effect of sensors with different metrological
parameters and their effect on the properties of the proposed
combined navigation system.
- The second goal is to optimize a specialized processor system
for processing the data from the defined sensors in connection with
controlling items of an industrial robot [10]. The proposal of an
algorithm of combined navigation with respect to the used
processor system.
- The third goal is to verify experimentally the proposed inertial
navigation system in real conditions of the industrial robot
operation.

1. Introduction
The integration of navigational information represents the actual
issue of reaching higher accuracy of required navigational
parameters by using more, less accurate navigation systems. The
inertial navigation is the navigation based on uninterrupted
evaluating of the position of a navigated object with utilizing the
sensors which are sensitive to motion, i.e. gyroscopes and
accelerometers, which are regarded as primary inertial sensors or
other sensors located on the navigated object. The position,
orientation, direction and velocity of motion without external
sources of information about the motion are constantly determined
by means of the navigation computer and data from sensors. The
actual position of the object is evaluated on the basis of knowledge
of the initial position and subsequent continual measuring the
acceleration and direction of motion in a reference system. The
principle of inertial navigation obeys the laws of classical
mechanics defined by Newton. The INS includes at least one
navigation computer and a platform or a module containing
accelerometers and gyroscopes. From the constructional point of
view inertial navigation systems are divided into platform so-called
gimballed systems and non-platform so-called strapdown systems.
In the platform system inertial sensors are attached to the platform
which is installed in a gimbals suspension with three degrees of
freedom with the aim of remaining the constant space orientation in
defined directions (north – south, east – west and vertically on
performing the gravitational attraction), while the gimbals
suspension is firmly connected to the construction of the navigated
object. The moving mechanical parts of the systems cause relatively
low reliability towards the non-platform systems. The inertial
sensors of non-platform systems are firmly connected to the
construction of the object (usually in the centre), for whose
navigation they are determined. Both types of the inertial navigation
systems consist of an inertial measurement unit and a navigation
computer.

1. Characteristic of issue
The demand of navigation autonomy, i.e. the independence of
the external sources of navigation information became the reason
for implementing the inertial navigation systems. The principle of
inertial navigation is based on Newton’s laws which express
a change of motion under the action of external forces and
acceleration which is directionally and by size proportional to the
acting external force. The inertial navigation system consists of
a measurement unit containing accelerometers and gyroscopes and
from a navigation computer which evaluates the data from
measuring devices. In contrast to all the other navigation systems
inertial navigation is completely autonomous, self-sustaining and
independent of the surrounding environment, i.e. the system is
resistant to outside influences such as magnetic disturbances,
electronic interference and signal distortion. Computing operations
in the inertial navigation system are based on Newton’s law of
motion

The aim of the research is to investigate and develop a new
combined inertial navigation system based on electronic
gyroscopes, magnetic and barometric sensors. The mentioned
system will ensure the accuracy which is necessary for example for
the calibration of robotic workplaces and thereby the necessities of
utilizing the calibration agents will be limited. A big advantage of
the INS is also its autonomy in comparison with methods used
nowadays. This leads to the essential simplification of calibration
and it even carries big possibilities with it in the field of control and
measuring, for example, avoiding the accidental collisions of robots
etc. To solve a problem of ensuring the required accuracy is a basic
problem. The integration of more measuring devices (INS) is one of
the possibilities [11]. The integration of navigation information
represents the topical issue of achieving greater accuracy of

.
Fig. 1. Basic principle of INS activity
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For the purpose of navigation in a coordinate system it is
necessary to keep the direction of motion in the direction of
acceleration. This is not practically possible, and therefore sensors –
gyroscopes are used for detecting the rotary motion. Seeing that
each free object in space has six degrees of freedom (internally
mutually independent variables) the inertial navigation system
usually consists of three gyroscopes and three accelerometers where
each pair (gyroscope, accelerometer) is able to record the rotation or
acceleration in the direction of one axis which is perpendicular to
the others. Of the six degrees it is three linear degrees of freedom
―Fig. 1‖, the translation in the X-axis, Y-axis and Z-axis which
indicate the position of the object and three degrees of freedom of
rotation which indicate rotating around the X-axis, Y-axis, and Zaxis. The position of the object is also known if we know the six
variables. If this data is observed for a certain period of time, it is
possible to determine the trajectory and speed of an object’s motion
from it. The electronic gyroscope is one of the most modern
gyroscopic sensors. The mentioned sensors use the Coriolis force
which acts on the particle moving with certain speed in a rotating
non-inertial reference system and which is directly proportional to
the absolute value of the angular velocity vector of this system. The
Coriolis force acts on the resonating mass, which is flexibly
embedded in the frame and when the frame turns, in the direction
perpendicular to the axis of rotation (perpendicularly to the plane of
the frame) and perpendicular to the direction of motion of
resonating mass. The Coriolis force also alternates its orientation in
the direction perpendicular to the direction of motion because the
resonating mass oscillates in one direction. The amplitude of this
force is measured by means of a change of electric capacity of a
condenser whose electrodes are connected to the stable and movable
frame.

where J0 is the arm moment of inertia to the rotation axis 0, m is
the arm mass, L is the distance between the rotation axis and the
arm centre, g is the gravimetric acceleration,  is the angle of the
rotation and  is the angular acceleration of the solid.

Fig. 2. Mathematical (left) and virtual dynamic (right) arm models

Equation (1) is the mathematical arm model and its solution
MATLAB/Simulink program is shown in ―Fig 2‖, left. The driving
motor moment illustrated by the block of the constant value will be
substituted by the block scheme of an electromotor control [1,2].
This solution is qualified by knowing the mass, moment of inertia
and arm centre regarding the rotation axis as well. These parameters
can be calculated via geometry, dimensions and the density of the
arm material.
Virtual dynamic arm model developed in MSC.ADAMS
program is advantageous as it is not necessary to constitute the
mathematical system description, which can be quite complicated
for the complex sets of fixed solids [3,5]. The system, in our case
the arm, represents a 3D geometric built in a random CAD program
and imported to MSC.ADAMS program ―Fig. 2‖. The geometric
model is appropriately positioned, the numeric value of the arm
material density is assigned (subsequently the program
automatically calculates the position of the centre, the weight and
moments of inertia to the centre axes), then by the rotation
geometric bond it is fixed to the stable space and the place of
driving moment is prescribed. In addition, for the needs of the
control, it is essential to develop the sensors of the angle rotation
and the angular arm velocity. The prepared virtual model can be
imported to MATLAB/Simulink program, to which the block
scheme of the electromotor control is applied ―Fig. 2‖, right).

The inertial measurement unit (IMU) is an essential item of
each INS. Sensors, whose output is influenced by the motion of the
object on which the IMU is placed, are regarded as primary sensors
of the IMU. Primary sensors in inertial navigation are sensors of
angular velocity, whose output signals after integration are used for
determining the orientation in space, and accelerometers whose
output signals after precise compensation of gravitational
acceleration and the Coriolis force can be integrated onto the speed
and position. Such an inertial measurement unit has six degrees of
freedom. This means it enables to measure translational and rotary
motion in three orthogonal axes. The accuracy of inertial sensors
plays a key role in autonomous navigation. Errors of current inertial
sensors have the approximate value of 0.01°/hour for gyroscopes
and 100 µg for accelerometers. The mentioned errors are integrated
in time and cause the error of determining the position which is
expressed by the non-accuracy of measuring per hour, which is,
however, minimal. Such high-power IMU are implemented only
into the inertial navigation systems for special use. The mutual
integration of accelerometers, gyroscopes, magnetometers,
barometric sensors and microprocessor items into a compact unit,
whose output values is the data about position, rotation, height and
the like, is a current trend in the development and production of
inertial units. Basic inertial sensors are supplemented with a GPS
module or magnetic sensor to compensate the errors of inertial
sensors.

The manipulation arm parameters: mass m = 0.798 kg, moment
of inertia to the rotation axis J0 = 0.013655 kg.m2, distance between
the rotation axis and the centre L = 0.096 m. The prescribed arm
rotation is shown in ―Fig. 2‖, left. Via the inverse dynamic analysis
in MSC.ADAMS program we can obtain the corresponding rotation
moment for the motion required, ―Fig. 3‖, right. The maximum
value of the rotation moment is 0.7514 Nm.

Fig. 3. Prescribed arm rotation (left), course of torque (right)

4. Model of DC motor with regulation

In the following part there is an example of solving robot arm
movement in one axis. Also, the possibilities for extending the arm
movement simulation result solved by a mathematical model in a
virtual environment, and the program MATLAB / Simulink.

As the main control drive the Parvex RS110M DC motor [7]
with the gear (gear ratio 1:50) was used ensuring the decrease of the
required rotation moment and increase of working motor
revolutions. Motor parameters are shown in Tab. 1.

3. Rotation arm dynamics

DC linear motor model with permanent magnet in
MATLAB/Simulink program was developed on the basis of the
mathematical models of mechanical (2) and electrical (3) motor
parts [1, 2]:

By the arm rotation ―Fig. 2‖ round the horizontal axis 0,
neglecting the friction of the positioning, the arm is subject to Mm
torque, MD moment of inertia and the moment of the related
gravitational force component MG. The equation of the motion
describing the arm movement is as follows:

Mm  M D  MG



M m  M L = Jm

M m  J 0  mgL sin  (1)
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where Mm is the motor torque, ML is the moment load of the
motor power, Jm is the moment of inertia of the rotor, ω is the motor
speed, u is the power voltage, Rm is the motor anchor resistance, Lm
is the motor anchor’s winding inductance, i is the current flowing
through the motor windings, t is the time and ui is the induced
voltage on the motor anchor’s winding. The relation of the
mechanical and electrical parts is expressed as follows:

ui = Cuω ω ; M m = Cumi

Fig. 5. Mathematical arm model control

(4)

where Cum is the torque constant of the motor and Cuω is the
voltage constant of the motor.
Table 1: Parameters of DC servomotor Parvex RS110M [7]
Torque
constant

Fig. 6. Virtual dynamic arm model control

Rotor
inertia

Winding
inductance

Winding
resistance

Jm
[kg.m2]

Lm
[H]

[Ω]

Cum

Cu

[N.m/A]

[N.m/A]

2.4.10-6

0.0016

4.5

0.037

0.037

Torque

Maximum
supply
voltage

Peak
current

Nominal
current

Maximum
speed

Rm

Voltage
constant

Mm

Umax

Imax

Inom

max

[Nm]

[V]

[A]

[A]

[rpm]

0.05

33

4

1.5

8300

Fig. 7. Course of arm rotation and motor torque for mathematical model
(Math.) and virtual dynamic model (Adams)

6. Conclusion
For the motor modeling we used the model, in which the losses
in iron are not considered. We used the cascade regulation to
control the manipulation arm positioning ―Fig. 3‖. The innermost
loop represents the current control, or DC motor torque control. The
control of the angular velocity is the loop which is given
precedence, and the arm rotation control is the highest loop. For the
current loop, P regulator is utilized, for the angular velocity
regulation of the motor PI regulator is used, and the positioning
loop is controlled by P regulator.

The results of the controlled position are illustrated in ―Fig. 7‖.
Regarding the rotation required; the course of the arm rotation from
the mathematical model is very precise. For the virtual dynamic
model the deviations are more significant ―Fig. 8‖, therefore, it
would be necessary to modify the values of regulators for this
model.
All in all, we present the solution of the dynamic system
regulation on a dynamic model incorporating the influences of the
forces of inertia emerging in the movement of the system as well as
all the external forces influencing the system. The significance of
these models utilization is much higher for the complex systems of
fixed solids, where the mathematical description is more
demanding.

Individual constants of regulators were obtained via the autotuning in MATLAB/Simulink program and are shown in
Tab. 3.
In the overall model the limitations arising from the motor used, as
shown are in Tab. 1, were utilized. In the model the dynamics of
sensors and dry friction is not considered.

Fig. 4. Regulation scheme of JM motor
Table 2: Terms of the individual controllers

Controller
P
I

Current

Angular velocity

Rotation

9.184

1.342

2.398

-

2.629

Fig. 8. Deviation of arm rotation regarding the value required
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5. Arm regulation
The schemes of arm position control for the mathematical model
and virtual dynamic models are illustrated in ―Figs. 5 and 6‖. In
both cases the same motor regulators set ups were used case of the
virtual model, the input of the load velocity effect to the arm
movement to the control motor block is missing. The data together
with the arm inertia effects are automatically generated in the block
of the dynamic model developed in ADAMS program.
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Abstract: The desalination is an important technological process applied not only to obtain drinking water, but also for wastewater
treatment from e.g. dyes, textile and mining industry. In this process, membrane processes such as reverse osmosis, pervaporation,
electrodialysis and membrane distillation are quite commonly used. This work focuses on membrane distillation. The research was carried
out in order to produce membranes absorbing solar radiation, to use this energy in the distillation process. Membranes were produced using
the phase inversion method from polysulfone polymer at various proportions of ingredients to select the optimal blend composition. The
fabricated membranes were investigated to assess wettability, maximum pore size and execute preliminary tests of the membrane distillation
process.
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the sea water desalination have been conducted for over 30 years,
leading to very good process optimization and decreasing the
energy consumption to the level of 2 kWh/m3. This value is very
close to the theoretical energetically demand of 1_kWh/m3.
Regardless, well-established technology and fine optimization of
the process, RO has its drawbacks, e.g. susceptibility for
concentration polarization and fouling from inorganic, organic and
biological constituents, what influences permeate stream obtained in
the process.

1. Introduction
According to current global estimations, approximately 2.7
billion people around the world do not have access to drinking
water [1]. Prognosis of this situation is getting worse and worse,
due to the climate changes and deteriorating quality of the inland
waters, mainly due to the environmental pollution. It is estimated
that by 2025, even 2/3 of world population may not have access to
the drinking water [2]. At the moment, more than 14000
installations desalting sea water are actively working, giving total
efficiency of about few billions liters per day. More than half of
those type of systems are placed in the area of the Middle East and
the Persian Gulf. They working principle is based on conventional
electrical power and heating stations.

When the transport of cations and anions from solution occurs
through semi-permeable ion-exchange membranes this technique is
known as electrodialysis. The difference in electric potential is the
driving force of this process [10]. This method is not that popular as
MD, which in the recent years reached success in the water
desalination. In contrary to RO settings, where high pressure on the
side of the feed causes the process, the driving force of MD is
temperature difference. It is possible to run MD at normal pressure,
at the feed temperature below the boiling point. The very important
asset of MD is possibility to operate at wide range of salt
concentrations, because it has no effect on overall driving force of
the process. And also obtained this way water is of the high purity
and quality. Additionally, due to the thermal parameters of the
process it is feasible to use off-heat or renewable sources of energy
[10,11,12].

The use of the conventional fossil fuels for desalting sea water
has two main drawbacks: increases costs of purified water as well
as has negative influence on natural habitat [3]. Due to the fact that
amount of available fossil fuels is constantly decreasing and
geographical localization of the areas suffering from drinking water
shortage in zones with high solar radiation, the application of the
renewable sources of energy in the water desalting and purification
process is getting more and more cost-effective.
Desalination of the water, according to the basic definition, is a
process in which salty water is separated to fractions of fresh water
(do not containing salt) and brine concentrate (fraction of higher
salinity) [4]. Generally, desalination processes can be divided into
three categories: thermal, membrane, and alternative. The last type
includes freezing and ion exchange techniques. Thermal processes
can be categorized further, including: multi-stage flash distillation
(MSF) [5], multiple-effect distillation (MED) [6], vapourcompression evaporation (VC) [7], cogeneration [8], solar water
desalination (SD) [9]. Cogeneration using off-heat from already
existing installations is difficult, cause their localization not always
cohere with places endangered by lack of access to drinking water.

A direct absorption of the solar energy on the membrane is
other alternative and innovative method. First research studies of
this type conducted at Rice University in Huston reports on
efficiency of the process at the level of 5dm3 of water from 1m2 of
membrane within an hour, reaching desalination of 99.5%, when
using modified membranes. Even though these results are not
outstanding in comparison to other MD technologies gives the path
for novel approaches for modifications of the MD processes.
The applied membrane has been modified by thin film coating
of PVP containing carbon nanoparticles. This type of modification
caused blackening of the membrane and increased absorption of the
solar radiation [13].

Solar water desalination process needs large surface areas
dedicated to collectors, that inhibits running the process in large
scale. Energy consumption in the thermal processes is significantly
exceeding reasonable values of the cost-effective methods.
Therefore membrane-based techniques are getting more and more
popular. Membrane processes belongs to the technology for
splitting mixtures or solutions exploiting porous or non-porous
membranes.

2. Materials and methods
2.1. Chemicals
Polisulfone (PSU) Mn~22,000 (Sigma Aldrich), Ultrapure water
(Milli-Q®,Millipore N,N-dimethylacetamide (DMA, 99.5%,
Honeywell), Polyvinylpyrrolidone (PVP) K15 and K30 (Fluka),
Copper(II) oxide nanopowder (Sigma Aldrich) were used to
membrane preparation.

Water desalination processes are based mostly on following
phenomena: reverse osmosis (RO), electrodialysis (ED) and
membrane distillation (MD).

2.2. Solar Membrane distillation process

Reverse osmosis is a process running under pressure between
10 to 100 bar, exploiting a membrane which is able to filter lowmass compounds, or even ions. Investigations of the RO applied in

A schematic illustration of the experimental equipment is
presented in Fig. 1. It consisted of a 3L thermostated feed tank
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(stainless steel), linked to membrane module (with polycarbonate
window) containing membrane (area: 11 cm2). The pump placed in
feed tank allowed the feed (salinity water, temperature 50oC)
flowing through the membrane unit with flow velocity of 4mm/s.
The process was conducted in air gap membrane distillation
configuration (air gap is interposed between the membrane cold
surface and a condensation surface) in two series: without and with
membrane illuminated by an artificial light source Helios 100 W
Neodymium Bulb Daylight Lamp. Luminous flux density on the
contactor surface ~70000 lux. The condensation surface was made
of a copper plate and cooled by circulated water (temperature 8oC).
The distillate samples were collected into a measuring vessel with
simultaneous measurement of time.

2.4. Salt concentration
The salt concentration in the collected samples was measured
with a universal Elmetron CPC 501 device using a conductometric
method and a type CD-2 electrode. The samples of distillate after
the process was measured at 20°C using a previously prepared
calibration curve.

2.5. Wettability
The contact angle was determined for all prepared membranes
using
goniometer
Surftens-universal
(Optik
Elektronik
Geratechnik). A droplet by volume 2 µl of deionized water was
used as the probe. The measurement for each sample was conducted
at ten different locations, and average value was reported.

2.6. Distillation flux
The distillation flux was calculated by Eq. (1):
Jv 

V
At

(1)

where: V is the volume of the permeate obtained after time t, [m3],
A s the area of the membrane [m2] and t is time taken to collect
permeate volume V [h].

2.7. Salt rejection
For the purpose of evaluating the desalination performance, the
following fundamental formula was used, giving the rejection
coefficient (Eq. (2)):

Fig. 1 Schematic diagram of the laboratory solar membrane distillation
setup. 1 – Feed inlet, 2 – cooling water inlet, 3 – polycarbonate window, 4 –
membrane, 5 – cooling plate, 6 – distillate outlet, 7 – light source, 8 – feed
thermostated tank, 9 – membrane module

 cp
R  1 
 cF

2.3. Membrane preparation

2.8. Maximum pore size
The bubble point test was used to determine maximum pore
size. Maximum pore size was calculated using Eq. (3):
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where: P [Pa] is the pressure, D [m] diameter of capillary or pore, θ
[deg] is the contact angle between the liquid and capillary wall and
γ [N/m] is the surface tension of the liquid.

2.9. Overall porosity
The overall membrane porosity was measured by the
gravimetric method [14,15]. After the phase inversion, solvent
(DMA) was exchanged in the membrane by the deionized water.
Samples for overall porosity determination were further immersed
in distilled water for another 72 h. Then they were wiped with
blotting paper and weighed to determine the wet mass (mw, g).
After being dried in vacuum dryer for 24 h at 40 °C, the dry mass of
the samples (md, g) was measured. The overall porosity (ε, %) was
calculated using Eq. (1).

Table 1: Composition of solutions for different membranes
PVP 15
[g]

(2)

where: R is rejection coefficient [%], cP is concentration of salt in
the distillate [mg/kg] cF is concentration of salt in the feed [mg/kg]
8mg/kg (corresponding to the salinity of Baltic Sea)

Flat, porous membranes were prepared by the phase inversion
method. The, polysulfon was dissolved in DMA to achieve
concentration in the range of 18-23%, and PVP was gradually
added as blowing agent. The mixture was stirred continuously at 30
°C for 12 h until a transparent solution was obtained. The copper
oxide was added to selected solutions to increase the absorption
coefficient of light. The detailed composition of the membranes is
given in the table 1. In order to carry out the phase inversion
process the solution was cast onto a clean glass substrate at room
temperature using a stainless steel knife. The knife rod was used to
define solution height during casting, the knife height was 240 μm.
The substrate was immersed into a ultrapure water bath
(temperature 25 °C) in order to carry out subsequent phase
inversion process. The resulting membrane was removed from
water bath, and immersed into deionized water for 48 h.
Membrane Polysulfone DMA
[g]
[g]


  100%


mw  md 


w

mw  md 
w



md

 100

(4)

p

where ρw is the density of water (0.997 g cm‒3 at 25 °C) and ρp is
the polymer density (1.24 g cm−3 at 25 °C).
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Abstract: The aim of the study was to assess the influence of the polymer molar mass on the properties of polymeric membranes produced
with the addition of carbon nanostructures (commercial graphene oxide, GO). The membrane support layer was made from polysulfone
(PSU) dissolved in dimethylformamide (DMF). The polymer matrix was formed from polyvinylidene fluoride (PVDF) dissolved in
dimethylacetamide (DMAC). PVDF, serving as the base polymer, was purchased in two different physical forms, i.e granules with a molar
mass of 530,000 g/mol and powder with a molar mass of 534,000 g/mol. The membranes were prepared via wet phase inversion, with or
without the addition of GO to volume of the polymer matrix. The experiments helped to determine the thickness, tensile strength and contact
angle of the produced membranes. Hydrodynamic studies allowed calculating the volumetric permeation flux and total resistance of both the
reference membranes and the membranes containing GO was evaluated using a laboratory OSMONICS KOCH ultrafiltration unit.
KEYWORDS: ULTRAFILTRATION, HYDRODYNAMICS, GRAPHENE OXIDE, POLYMERIC MEMBRANES

1. Introduction
2. Preparation of the membranes
Membrane processes are especially useful for removing
contaminants from dilute aqueous solutions. The quality of drinking
water and, on the other hand, reducing the contamination of
wastewater released into the environment are among the most
important problems facing the world today. Scientific research
concerning this subject is oriented towards improving the efficiency
and selectivity of membranes with simultaneous reduction in energy
consumption [1-2]. Recently, membranes containing various
nanoparticles and carbon based nanomaterials have become
increasingly popular thanks to the growing availability of these
materials and their mechanical and chemical endurance.
Nanoadditives in the form of carbon nanotubes, graphene oxide or
graphene itself have numerous applications [3-9]. Graphene has
been tested as an additive to the membranes intended for
desalinating seawater, producing drinking water and separating
gases [10-12]. Unfortunately, the production of graphene is still
very expensive, thus its derivative, graphene oxide, has become
more common. Graphene oxide is much cheaper and can be
laboratory produced via modified Hummers' method. It is a method
of oxidizing pulverized graphite into graphite oxide. KMnO4 is used
as the oxidizing agent [13]. Graphene oxide has amorphic structure
and its properties are dependent on the type and distribution of
functional groups containing oxygen such as the hydroxyl, carboxyl
and epoxy group. It can be dispersed in water and organic solvents
as well as in various polymeric and ceramic matrices, improving
their mechanical and electrical properties [14-15]. In most cases, the
membranes containing graphene oxide are used as selective
partitions for the separation of gases and liquids [16-19]. The
application of nanoparticles causes certain technical problems, for
example, it is hard to control the distribution of particles and pore
sizes in the membranes containing graphene and its derivatives.
Usually, however, the main problem lies in obtaining proper
structure of the material containing carbon nanoparticles and
determining possible mechanisms of the transfer of water through
the membrane [6-8].
Polyvinylidene fluoride is widely used in membrane research
because of its special properties such as high thermal stability, good
chemical resistance and the ability to form membranes [20]. More
and more often new modifications of membrane compositions are
being introduced to improve their hydrophilicity and at the same
time to prevent fouling without changing other process parameters
[21].
The aim of the study was to establish the proper composition of
polymeric membranes produced with the addition of carbon
nanoparticles in the form of graphene oxide (GO) so that they
would be stable and mechanically durable. The function of GO
particles distributed throughout the volume of the polymer was to
increase the permeation of water through the membrane. The study
was also aimed at evaluating the influence of the polymer molar
mass (and hence its structure) on the membrane preparation process
as well as the membrane hydrodynamics during ultrafiltration.

The membranes were produced via the phase inversion method with
or without a polysulfone (PSU) support. The active layer of the
polymer matrix was made of polyvinylidene fluoride (PVDF)
dissolved in dimethylacetamide (DMAC). Polyethylene glycol
(PGE) was employed as a plasticizer. Afterwards, the membranes
were enriched with graphene oxide (GO) nanoparticles distributed
throughout the whole volume of the polymer. All the reagents were
purchased from Sigma Aldrich (USA).

2.1. Reference membranes – polymer matrix without GO
15 g of PVDF in the form of granules (molar mass 530,000 g/mol)
or powder (molar mass 534,000 g/mol) were dissolved in 80 g of
DMAC (molar mass 87.12 g/mol) through magnetic stirring for
24 h at ambient temperature. In order to improve its mechanical
properties and enhance its plasticity and porosity, the polymer
matrix was enriched by adding 5 g of the plasticizer (PGE) having a
molar mass of 200 g/mol. In this manner, a polymer matrix with the
reference composition was prepared. Then, a 250 µm thick
membrane was formed from the matrix with an Elcometer 3530
casting knife. The membrane so produced was conditioned in
distilled water for about 24 h. As a result, porous and symmetrical
membranes were obtained (Mem1 and Mem2). Their composition is
summarized in Table 1.
To improve the mechanical properties of the reference
membranes, a support layer was applied, made of polysulfone
(PSU) with a molar mass of 60,000 g/mol dissolved in
dimethylformamide (DMF). The support layer was formed with a
casting knife and then dried under ambient conditions for about
30 min. Afterwards, the active layer, made from PVDF with one of
two different molar masses, was formed on the support layer, and
thus double-layer membranes (Mem1*, Mem3) were obtained. The
procedure for preparing the membranes with a support layer is
schematically shown in Fig. 1.
As it turned out, forming multilayer membranes was not as easy as
it initially seemed. Several obstacles were encountered while
combining the active layer with the support. Unfortunately, the
active layer containing granules of polyvinylidene fluoride
(M = 530,000g/mol) did not form a homogeneous membrane with
the polysulfone support (Mem1*). An air pocket occurred between
the layers, which hampered further tests. Consequently, this
membrane was dismissed from further study.

2.2. Membranes with the addition of GO
In the next stage of the study, the PVDF membranes (with or
without a support layer) were enriched with graphene oxide (GO).
The carbon nanoparticles were distributed throughout the whole
volume of the polymer in an amount of 2 mg per 100 g of the

77

INNOVATIONS 2019
Table 2. Mechanical properties and contact angle of the
membranes produced with and without the addition of GO

polymer matrix. GO was ultrasonically dispersed in 10 g of DMAC
for 1 h and then combined with the polymer matrix, which is
schematically illustrated in Fig. 1. Membranes without support were
formed according to the second line of the picture. Table 1 contains
the compositions of all the created membranes.

Membrane

Thickness
[mm]
0.1010.006

Tensile
strength
[MPa]
0.410.08

Young's
modulus
[MPa]
40.321.32

Contact
angle
[o]
82÷91

Mem1
Mem2

0.0990.005

1.130.14

75.168.81

75÷82

Mem3

0.0790.006

2.010.13

136.4917.33

66÷75

Mem4

0.1070.004

1.830.27

123.4113.87

59÷62

Mem5

0.1120.003

2.710.03

179.0918.12

53÷56

Mem6

0.1320.003

5.260.23

232.2921.12

36÷44

As can be noticed, adding GO decreased the contact angle from
close to 90° to as low as approximately 40°, which was caused by
an increase in hydrophilicity of the membrane [22].
3.1. Hydrodynamic studies

Fig. 1. Preparation of the active layer with graphene oxide on PSU
support

The water permeability of the membranes was assessed in the
ultrafiltration process using an OSMONICS KOCH apparatus under
transmembrane pressures between 1.0 and 6.0 MPa. In the process,
a membrane with an area (A) of 0.002826 m2 was tested. The
volumetric permeation flux was determined using Eq. (1):

Table 1. Compositions of the produced membranes
Active layer
Membrane

PVDF

Support layer

PGE

GO

PSU

PGE

530000

m
[g]
5

m
[mg]
-

m
[g]
-

m
[g]
-

(1)
where: Jv ˗ volumetric permeation flux [m3/(m2·h)], V ˗ volume of
the permeate [m3], A ˗ area of the membrane [m2], t ˗ time [h]
The membrane resistance was calculated from Eq. (2) using
the known permeation flux:

Mem1

m
[g]
15

Mem1*

15

530000

5

-

15

5

Mem2

15

534000

5

-

15

-

Mem3

15

534000

5

-

15

5

Mem4

15

530000

5

2

-

-

Mem5

15

534000

5

2

-

-

Mem6

15

534000

5

2

15

5

M [g/mol]

Jv 

Rm 

V
A t

P
J v 

(2)

where: Rm ˗ hydraulic resistance of the membrane [1/m], ΔP ˗
transmembrane pressure [Pa], η ˗ viscosity of water at 25°C [Pa·s]
Fig. 2 shows the permeation flux calculated for the membranes
produced without a support layer (basic membranes). The
application of PVDF with different molar masses and different
physical forms (granules or powder) definitely influenced the
permeation flux. In the case of PVDF with a greater molecular
mass, at ΔP = 6 MPa the flux was even 16 times higher. After
thorough analysis, a decision was made to enrich all the reference
membranes with graphene oxide in order to improve their
mechanical properties and increase their permeability to water. The
values of fluxes through so produced membranes are compared in
Figs. 3‒5.

From this point, the following symbols will be used to refer to the
membranes and their composition: S ‒ support, GO ‒ graphene
oxide, Pgranules, Ppowder ‒ PVDF with a molar mass M of 530,000
g/mol and 534,000 g/mol, respectively.
3. Results and interpretation
As a result of the experiments, membranes with or without the PSU
support and with or without the addition of GO were obtained.
These membranes were later evaluated via determination of their
thickness, contact angle, tensile strength and morphology
(microscopic images of the surface). The contact angle was
measured with a Surftens-universal instrument purchased from
Optik Elektronik Geratechnik. The mechanical properties (Young's
modulus [MPa] and tensile strength [MPa]) were assessed with an
Instron 3345 apparatus. The quantities so determined are gathered
in Table 2.

Fig. 3 shows the increase in the flux of water for the membranes
enriched with GO, regardless of the type of PVDF applied. For
membrane Mem5, the increase was fourfold. Worse results were
recorded for membrane Mem6 containing a support layer and
membrane Mem4 produced from PVDF with a smaller molar mass.
Fig. 4 compares the permeation flux through the membranes
produced without a support layer, enriched and not enriched with
graphene oxide. It is clear from the graph that a several fold
increase in permeability was obtained thanks to the addition of GO.
Moreover, the membranes produced using PVDF with a greater
molar mass (powder) and not yet enriched with GO provided a
similar flux as the membranes made of granular PVDF, already
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0.35

Jv [m3/(m2·h)]

enriched with GO. If we additionally consider the difficulties in
using granular PVDF, the powdered polymer seems better suited for
the production of membranes and as such should be selected as a
basis for further experiments.

Mem1 - Pgranules
Mem2 - Ppowder

0.30

Jv [m3/(m2·h)]

0.25

1.0

Mem3 - Ppowder + S

Mem5 - Ppowder + GO
Mem6 - Ppowder + S + GO

0.8
0.6

0.2

0.15

0.0
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P [Pa]
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Fig. 5. Comparison of the permeation flux through the membranes
produced with and without GO
10000

20000

30000

40000
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Fig. 5 shows the flux of water through the membranes produced
from the powdered polymer (with a greater molar mass)
with/without a support layer and with/without graphene oxide. It
can be observed that the membranes containing the polysulfone
support layer displayed only a slight increase in permeability after
adding GO, compared to the membranes consisting of only the
active layer. Most probably, this behavior resulted solely from the
resistance of the PSU layer. Regrettably, the improvement in
mechanical properties does not always go hand in hand with
increased permeability.

P [Pa]

Fig. 2. Permeation flux through the reference membranes produced
without GO

1.2

Mem4 - Pgranules + GO

1.0

Mem6 - Ppowder + S + GO

Mem5 - Ppowder + GO

0.8
0.6

3.00E+008

0.4
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Fig. 3. Permeation flux through the membranes produced with GO
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Fig. 6. Total resistance of the membranes produced with and
without GO

0.4

Fig. 6 compares the resistance of the membranes made from
powdered PVDF with/without a support layer and with/without
graphene oxide. As can be noticed, the resistance decreased after
adding GO nanoparticles. This phenomenon is corroborated by Fig.
5, where it is visible that membrane Mem5 provided the highest
permeability to water.
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4. Conclusions

Fig. 4. Comparison of the permeation flux through the membranes
without a support layer, with and without the GO addition

The paper describes a procedure for preparing polymeric
membranes via the phase inversion method. In the course of the
study, elastic and mechanically durable membranes were obtained.
Permeation fluxes through the investigated membranes were
compared with one another in relation to the molar mass of the base
polymer constituting the active layer (PVDF in the form of granules
with a molar mass of 530,000 g/mol or powder with a molar mass
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of 534,000 g/mol). Higher permeation fluxes were achieved with
the membranes lacking a support layer, produced from the
powdered PVDF. Moreover, certain problems were encountered
when forming a membrane from the granular polymer such as the
increase in mixing time and the occurrence of air pockets while
joining the active layer with the support layer. These problems
hampered further experiments with this membrane. Therefore, it
should be emphasized that the quality of membrane preparation is
strictly related to the molar mass of the applied polymer as well as
its physical form.
It was also established that the addition of graphene oxide
significantly increased the permeability of the investigated
membranes to water which was stated in previous own works
[23,24]. Much higher permeation fluxes were obtained for the
membranes without a support layer, enriched with graphene oxide.
It can be concluded that the polysulfone support layer generated
additional permeation resistance. Besides, it was proven that the
presence of carbon nanoparticles in the membrane made its surface
more hydrophilic, which manifested itself with the decreasing
contact angle.
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БОРБА С ПОЖАРИ НА БОРДА НА КОРАБА ПРИ СПАЗВАНЕ НА
СЪВРЕМЕННИТЕ ТЕНДЕНЦИИ В ЗАКОНОДАТЕЛСТВОТО
FIGHTING FIRES ON BOARD THE SHIP AND CURRENT TRENDS IN LEGISLATION
Доц. д-р Стоянов Р.
r_stoyanov@abv.bg
Abstract: The coastal organization and jurisdictions vary from country to country and may include civilian or military emergency
authorities. The way people deal with this operation will also depend on whether the ship is on the high seas or at a port. Local authorities
usually engage fire guards that provide the necessary assistance in ports. The overall firefighting organization on board the ship consists of
several teams, with the responsibility and direction of the operation entirely for the captain.
Keywords: FIGHTING FIRES ON BOARD, ORGANIZATION, ENGINE SIMULATORS, TEACHING METHODS, DIESEL
ENGINE, FIRE INSTRUCTIONS

Таблица 1: Класификационни организации.

1 Увод

American Bureau of Shipping
или
Американският корабен регистър е
създаден през 1862 година с щаб
квартира в Хюстън Тексас. В края на
2006 е третият по големина регистър с
общо над 10 000 плавателни съда и
офшорни съоръжения. Първоначалано
е
създадено
като
бюро
за
сертифициране на капитани в Ню
Йорк, но в последсвие с работата си се
превъща в една от най-големите
неправителствени
органицации
в
щатите.
Създадено в Атверпен през 1828
година като Bureau de Renseignements
pour les Assurances Maritimes или
Инфомационнен офис за корабно
застраховане, през 1862 придобива
сегашното си име. Като в момента с
над 1400 офиса и повече от 59 000
служители. Освен корабен регистър
организацията сертифицира стоки и
услуги от всякакъв вид, а главният
офис се намира в Neuilly-sur-Seine
близо до Париж, Франция.
Китайският корабен регистър е
създаден през 1956 година, а през май
1988 става член на IACS. В момента
освен кораби компанията има дейност
по серитицираенто на много други
услуги не само на територията на
Китай.
Stiftelsen Det Norske Veritas (DNV) е
класификационна
организация,
създадена
с предмет на дейност,
защитата на живота, имуществото и
околната среда. Създадена е през 1864
в
Норвегия
като
основно
е
инспектирала
техическите
характеристики на плавателни съдове.
Тази дейност е основната и до днес,
като заедно с
Lloyd's Register и
American Bureau of Shipping това е
една
от
трите
най-влиятелни
сертификационни компании в света на
морския бизнес. Има над 300 офиса и
лаборатории в повече от 100 държави,
а числото на общия брой служители,
работещи за компанията, надхвърля 10
000.

Морските
класификационни
организации
са
неправителствени организации, които определят и следят за
спазването на технически стандарти при изгражднето и
експлоатацията на кораби и офшорни съоръжения. Нуждата от
подобни организации се поражда главно от необходимостта от
гарантиране на безопасността и сигурността на морската
област по отношение на плавателните съдове и различните
морски конструкции. Основната роля на подобни организации
се определя главно в сертифицирането на кораби и съоръжения
при тяхното изграждане, както и изпълнението на периодични
инспекции при експлоатацията им [1].
Flags of convenience или флаг на кораба е термин, описващ
бизнеспрактика на регистриране на плавателното средство в
държава, различна от тази на корабособсвеника. Основната цел
при подобна регистрация е намаляване на оперативните
разходи или избягване на определени разпоредби. Терминът
навлиза в сила от 1950 година и изразява държавата, под чийто
флаг плава корабът, като по този начин в случай на спор или
инцидент се спазват законите на съответната държава. Тази
практика, превърнала страни като Либерия, Панама и
Маршаловите, острови едни от най-големите корабни регистри
в днешно време, образуващи 40 % от целия световен флот.
Регистрите в този вид държави, в повечето случаи имат
занижени стандарт, по отношение на оборудването и екипажа в
сравнение с традиционите морски страни, което ги прави
изключително атрактивни за корабособсвениците.
Класификационната организация помага да се постигне
следното:
- Очакване на подробна система за плавателните съдове и
съоръжения, които ще бъдат категоризирани
- Осигуряване на плавателните съдове и съоръжения в
съответствие с тази точкова система чрез поставяне на
подходящи оценки
- Определяне на необходимия клас или степен на кораба,
както и продължаване на оценяването, за да се гарантира, че
корабите спазват предписаните нотации за съответния клас.
Класификационните общества са включени в морската
система съвсем безпроблемно. Те са важна брънка в общите
морски операции вече повече от два века [2].
Кратък списък на
организации – таблица 1.

най-големите

класификационни

Други големи класификационни организации са също
руския, италианският и японският корабен регистър, като
почти всяка морска държава, включително и България,
притежава собствена класификационна организация.

Базирана
в
Хамбур,
Германия,
организацията е създадена през 1867
година. В момента отговаря за повече
от 7 000 кораба.
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Тренировките във виртуална реалност (използвайки
симулаторите на машинно отделение ERS Engine Room
Simulator) и елементи от реалния свят, като развитие на пожар
на борда на кораб, са изключително важен елемент при
практическото
изпълнение
на
задачите
на
реален
противопожарен полигон. При работа в тази система на
обогатена реалност (произлизаща от идеята за добавена
реалност) се дефинират следните подсистеми:

Първата и единствена за времето си
организация от този вид. В днешно
време е може би класификационна
организация с най-голям имидж в света
на морския бизнес. Днес LIoyd's
Reigister
основно
е
морскакласификационна компания и
независима организация за управление
на риска, оценка на риска и услуги за
намаляване и сертифициране на
системи за управление, освен това
предметът на дейност е широко
обхватен в почти всяка една област на
икономиката.
Централата
на
компанията е в Лондон, служителите
работещи в момента в нея са десетки
хиляди.

Работа в интерактивно/реално време (упражнения на
ERS свързани с контролиране и изграждане на определени
умения и навици при аварийни ситуации);
Работа свързана с прогнозиране и съвместяване
между реалното и виртуалното, избира се най-добрия подход
при създалата се обстановка. Взимат се под внимание, вече
известните данни от симулатора (показания на сензори,
датчици и др.) и се наблюдават възможните сценарии за
развитие на създалата се обстановка – работи се на пожарен
симулатор по БЖК;

2 Предпоставки и начини за разрешаване на
проблема

Работа в реална обстановка на Противопожарен
полигон, по ликвидиране на последствията от създалата се
кризисна ситуация, при използване на най-доброто решение от
предходната дейност [9].

Тактика при гасене на пожари на борда.
Под тактика разбираме планиране, поведение при действие
или процедури, които са предназначени, за да доведат до найдобрия възможен резултат. Това включва поставянето и
координация на членове на екипажа или екипи по такъв начин,
че да се оптимизира способността им да се справят със
ситуацията в помещения, обслужващи и пасажерите и силовата
уредба [3,5,11,12,13].
Тези процедури включват:
1. Сигнализиране и уведомяване
2. Алармени инструкции
3. Спасяването на човешки живот
4. Аварийни устройства за дишане при евакуация
5. Ограничаване на пожара
6. Използването на противопожарните врати
7. Използването на пожарни и димни датчици
8. Гасене на пожар

Провеждайки практическото упражнение, съчетавайки в
себе си работа на симулатор и действителна работа на
материално оборудване по едно и също време, се постига една
по-действителна подготовка на кадри. Натрупаният опит по
време на едно упражнение е не само теоретичен, а пряко
насочен към увереността и самодисциплината на всеки един.
Такъв тип упражнение съчетава елементи на визуализацията,
симулацията в реално време и взаимодействие човеккомпютър. Целите са ефективна и интуитивна работна среда,
като се разработват и се оптимизират вече съществуващи
процедури и алгоритми. Фокусът е и върху иновативните
решения, за да се гарантира удобен и ефективен работен
процес от взаимодействия.

3 Решение на проучения проблем

В началото на 90-те години в Морския Институт във
Великобритания започва да се говори не само за оценка на
риска, но и за управление на риска на море. Принос в тази
насока дава професор Костас Граменнос (публикация от 2011г.:
65-та позиция сред 100-те най-влиятелни мъже в морската
индустрия, той е сред най-добрите специалисти в тънкостите
на финансирането в корабната индустрия, професор в Cass
Business School и според Lloyd’s List неговото присъствие
между най-влиятелните хора в морския бизнес е абсолютно
оправдано, поради академичния му принос). В годишната си
лекция през 1994 г., озаглавена “Financing International Fleet”“Финансиране
на
международното
корабоплаване“,
подчертава, че банките, които не извършили оценка на риска
при финансиране на корабоплавателните компании, са
претърпели сериозни загуби [4].

При използване на симулаторите – пожарни или за
машинно отделение, може и да се обърне внимание и на
няколко технически и икономически приемливи техники за
намаляване на емисиите. В инкономическо отношение тези
техники са много по ефективни в сравнение с предишните
методи за намаляване на емисиите. Методите за намаляване на
емисиите от серен диоксид са преминаването от горива с
високо съдържание на сяра към такива с ниско съдържание на
сяра и въвеждането на технологията за очистване, използваща
солена вода. За намаляване на азотните окиси найобещаващите методи са вътрешните модификации на
двигателите, техниките, свързани с впръскване на вода,
технологиите, използващи рециркулация на изходящите газове
(EGR - Exhaust Gas Recirculation) и системи за селективно
редуциране (SCR - Selective Catalytic Reduction). Емисиите от
твърди частици се намаляват при използването на методите за
намаляване на серния диоксид, а също така се използват
оксидиращи катализатори и филтри за твърди частици.
Емисиите въглероден оксид (CO) и въглеводородните емисии
(CH) от корабите обикновено са с ниски нива и затова няма
развити технологии за отделното им редуциране. Въпреки това
някои от техниките като SCR и EGR системите намаляват също
и CO, и HC емисиите. Емисиите на различните замърсители
могат да бъдат редуцирани и чрез оптимизирането на
корабното устроиство, използвайки алтернативни източници на
енергия и използването на брегово ел. захранване, когато
корабът е в пристанище [14,15,16,17,18,19,20].

Внедряването на нови и по-сложни системи за управление
на главни и спомагателни машини на кораба, наложи
разработването и прилагането на специални автоматизирани
системи за обучение. Тези съвременни средства довеждат до
икономия на време, мото ресурс и значително повишаване на
учебната ефективност. Подразделят се на тренажори,
тренажорни системи и имитатори.
Тренажорите служат за формиране на навици и умения. Те
са точни копия на част от оборудването на корабната система.
Тренажорните системи са цялостни копия на реалната корабна
техника и способстват за формиране на сложни умения и
навици на етапа на единичната подготовка и съвместната
работа на екипа. Имитаторите пресъздават различни
експлоатационни ефекти и се използват съвместно с
тренажорите и тренажорните системи [6,7,8,10].

Съвременният свят е характерен с голяма динамика във
всички области на човешките дейности. В технологичната и
производствена сфера тя е свързана с усъвършенстването на
технологиите и използването на нови материали в
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управляващите технологии и с подобряването на средствата за
управление с широко внедряване на компютърните
управляващи системи. Съществено място в тези процеси заемат
транспорта и комуникациите. Движението на стоки, материали
и хора е основополагащо в принципите на Европейския съюз
(ЕС) и тясно кореспондира с потребността от енергия и
енергоносители. Важно място след тях в последните
десетилетия има принципът за икономия на енергия и анализ
на екологичните проблеми – съществен проблем с оглед
оцеляването на човечеството. В този аспект анализът на
използваните двигатели третира както икономичността, така и
влиянието на тяхната работа върху околната среда. Затова и
усилията на много изследователи понастоящем са насочени
към намирането на алтерна-тивни енергийни източници или
максимално ограничаване на породеното от тях екологично
замърсяване [21,22].

[7]

[8]

[9]
[10]

4 Резултати и дискусия
Тренажорите служат за формиране на навици и умения, а
полигоните за придобиване на реален опит. Те са точни копия
на част от оборудването на корабната система. Тренажорните
системи са цялостни копия на реалната корабна техника и
способстват за формиране на сложни умения и навици на етапа
на единичната подготовка и съвместната работа на екипа.
Противопожарния
полигон,
пресъздава
различни
експлоатационни ефекти и се използва съвместно с
тренажорите и тренажорните системи за намиране на найдобрия метод и средства за повлияване на създалата се
ситуация – пожар в машинно отделение.

[11]

[12]

[13]

В симулатора са заложени сценарии на реални ситуации по
борба с пожари, с които се сблъскват инженерните кадри при
работа в машинно отделение на такъв тип кораб. Важна част от
сценария, е ситуацията с Корабната силова уредба на
симулатор да бъде ясно и точно предадена, за прогнозиране и
уеднаквяване/съвместяване на сценариите за развитие на
пожара и реално гасене на пожара на Противопожарен
полигон.

[14]

[15]

5 Заключение

[16]

Има създадени различни подходи и начини за обучение по
отношение на конкретната информация и умения. Изборът на
иновации в обучението зависи от индивидуалния подход до
различните технологични иновации. Обогатената реалност е
подход/технология, която бързо намира място в обучението,
поддържането и развитието на навици и умения. Необходими
са допълнителни проучвания и решения, свързани с разходите
и ефективността на приложените новости, както и обратна
връзка от менинговите компании, институции и фирми,
свързани с морската икономика, корабостроене, кораборемонт
и корабоплаване.

[17]

[18]

[19]
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AN INNOVATIVE APPROACH FOR REPAIRING OF CORRODED REINFORCED
CONCRETE INDUSTRIAL STRUCTURES IN AGGRESSIVE ENVIRONMENT BY
HIGH-TECH HYBRID REINFORCED SPRAYED CONCRETE WITH CAPILLARY
CRYSTALLINE ADMIXTURE
Assoc. Prof. Eng. V. Naidenov, PhD
Institute on Mechanics - Bulgarian Academy f Sciences
valna53@mail.bg
Abstract: Solvay Sodi JSC, Devnya, Bulgaria, is the biggest calcite soda production plant in Europe. It is built in 1974 and it works
in three-shift production regime up to present days. The exploitation environment is highly influenced by numerous factors, acting
corrosively on main reinforced concrete structures – active atmospheric processes (in continental type moderate climate), sea water born
chloride-aerosols, as well chemical attack caused by carbon dioxide and nitric acid, presented in the air in form of evaporation. The most
reinforced concrete structures need urgent remedial measures to restore the load-bearing capacity of its components.
The “light soda” silos are reinforced concrete facilities (cylindrical shells) which repair has to be executed during continuous
production process. The options for repair of these structures and restoration of their load bearing ability by specially designed innovative
high-tech hybrid reinforced sprayed concrete, containing capillary crystalline admixture, are discussed in the report.
The in-situ tests and wide-range comparative studies are carried out, covering basic physical and mechanical structural
characteristics of the proposed sprayed concrete for wet spraying and another one - based on proportioned dry ready mix.
The original scientific results concerning strength-deformation properties, phase composition and structure of hardened sprayed
concrete, directly related to the durability in aggressive environment, are obtained by X-ray diffraction (XRD), differential thermal analysis
(DTA), mercury porosimetry, low temperature gas adsorption (BET-method) and computer X-ray tomography.
The static and dynamic analysis of the structure is performed using the test results obtained and the fully specified engineering solution
has been presented to restore the load-bearing capacity of the structures with a guaranteed service life of at least 50 years.
Keywords: CORROSION, HYBRID REINFORCED SPRAYED CONCRETE, CAPILLARY CRYSTALLINE ADMIXTURE, X-RAY
DIFFRACTION (XRD), DIFFERENTIAL THERMAL ANALYSIS (DTA), MERCURY POROSIMETRY, LOW TEMPERATURE GAS
ADSORPTION (BET-METHOD) AND COMPUTER X-RAY TOMOGRAPHY

All mentioned above gave me enough reason to propose
different type of repairing approach based on wet technology
technical and technological basic advantages - high performance
productivity (3-5 m3/h), single layer thickness – up to 20 cm (all
repairing concrete section deep will be executed in single stage!!!),
rebound reduced (up to 15%), possible to used special designed
high-performance fiber-reinforced fine-grained sulfate-resistant
sprayed concrete, strict control of concrete mix design (fresh
concrete mixed at batching plant under control), possibilities to
incorporate in concrete mix different type of fibers (control the
shrinkage processes in different hydration stages and dramatically
increases resistance to brittle fracture, increase the residual strength
after the first crack strength of fatigue in long-term load and impact
strength, which ensures the integrity of the concrete even in partial
depletion of bearing capacity) and incorporated in concrete mix
special deep crystallization admixtures (self-healing, water-proof
concrete, 4G - impermeable concrete).
A special repair wet-shotcreting mix WS is designed for this
purpose. The mix consists of polymer-modified hybrid fiberreinforced concrete (maximal size of large aggregate Dmax= 8 mm)
and internal-crystallizing chemical admixture (Table 1).

1. Introduction
Currently, silos for light-weight soda silos "4" and "5" are used
for temporary storage and subsequent distribution of the product.
Serious corrosion damages are observed on the concrete wall,
visible corroded areas of the steel-reinforcement, too. (Photo 1).

Table 1: Wet-shotcreting mix design, type WS
Photo 1 Silo's concrete structures visualization

Ingredients

The design for repair should be based on the principle of
reasonable sufficiency, without providing for a change in the
geometry of the existing sections of the building structure and
partial or complete closure of the technological openings in the
structure.

Sulfate resistant portland cement CEM I 42,5 SR5
River sand, SILISTRA, "Polaris - 8", 0-4 mm
Crashed washed sand, ESKANA, "Sini vir ", 0-4 mm
Crashed stone, PATSTROY, Karnobat, 4-8 mm
Highly water reducing admixture
DYNAMON SX, MAPEI, Italy – 0,6% of cement mass
PP fibersFM150, Propex Concrete Systems, USA
PP fibers FM300, Propex Concrete Systems, USA
КМС – thixotropic polymer modifier increasing mix
compactness (water solution of 10% dry compound–
conforming to a prescription)
Internal-crystallization chemical admixture
KRYSTALINE Add +, Spain
Mixing water for dry aggregates
Consistency (regarding to slump test), cm

According SOLVAY SODI JSC preliminary experience such
structures were repaired by dry-shotcreting by "MC Bauchemie"
dry ready mix, type "Torkret W81" (MC). The method used should
be optimized to avoid some disadvantages - very expensive dry
mixture, technical requirements for very thin shotcrete single layer
(up to 2 cm), need for at least three layers to reach the design
repairing thickness of about 6-7 cm, possible dusting during work,
relative large rate of rebound, etc.[1,2,3].
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Quantity,
kg/m3
550
745
300
505
3,30
0,900
0,900
10,00
6,0
~190
S1
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- Computer x-ray tomography.

2. Test sampling
Under SOLVAY SODI JSC requirements before design
procedure starting, an approved test program is performed. The
main purpose of the tests planned was to compare in parallel the
basic technical characteristics of MC and WS shotcretes,
established in real production conditions (Photo 2).

Photo 5 Volume density

Photo 6 Compressive strength

Photo 7 Speed velocity

Photo 8 Elastic modules

Photo 9 Water penetration

Photo 10 Splitting tensile strength

Photo 11 Frost resistance

Photo 12 Weight lost

Photo 2 WS mix wet site-shotcreting

5 days after shotcreting was performed standard preparation of
samples from the fragments (test panels) fabricated via
experimental deposition of both types of shotcrete in the casing
forms (boxes). This was done by extraction of a coordinated
number of cores with diameter of 100 mm and height equal to the
thickness of the deposited shotcrete layer – 150 and 200 mm,
respectively (Photos 3 and 4).

Photo 3 Cores boring

The structural tests visualization are given on Fig. 1-15 and
Photos 13-16.

Photo 4 Samples taken

All samples taken were stored before testing on 7- and 28 days
of age under respective EN standard requirements.

3. Test performed
Pursuant to the agreed test program the following standard tests
[4,5,6] were performed:
- Volume density and compressive strength;
- Speed of ultrasound propagation;
- Static modulus of deformation;
- Depth of water penetration under pressure;
- Splitting tensile strength;
- Frost resistance;
- Adhesion to old concrete.
The standard tests visualization are given on Photos 5-12.
Trying to emphasizes the differences between MC and WS
mixes a set of additional high-tech structural tests were performed
by using direct physical methods [7,8,9]:
- X-ray diffraction (XRD);
- Differential thermal analysis (DTA);
- Mercury porosimetry;
- Low temperature gas adsorption (BET-method);
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Fig. 1 X-ray МС – 7 days

Fig. 2 X-ray WS – 7 days

Fig. 3 X-ray МС – 28 days

Fig. 4 X-ray WS – 28 days
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Fig. 5 DTA MC - 7 days

Fig. 6 DTA WS - 7 days

Photo 13 X-ray computer tomography,
type Nikon XT H 225

Fig. 7 DTA MC - 28 days

Fig. 8 DTA WS - 28 days
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4. Test results

5. General conclusion

In Tables 2 and 3 all test results are presented and compared by
two different mixes (MC and WS).

The analysis of the experimentally found physico-mechanical
and structural characteristics of the analyzed mixes for shotcreting
yields the following CONCLUSION:

Table 2: SUMMARY RESULTS from the tests conducted of MS and WS PHYSICO-MECHANICAL CHARACTERISTICS
Composition
Index tested
МС
WS
Volume density (kg/m3), at:
- 7 days
- 28 days
Compressive strength (МРа), at:
- 7 days
- 28 days
Ultrasonic speed velocity (km/s), at:
- 7 days
- 28 days
Static modulus of elastic
deformation (МРа), at:
- 7 days
- 28 days
Water penetration depth (mm), at:
- 7 days
- 28 days
Splitting tensile strength (МРа, at:
- 7 days
- 28 days
Calculated mean bending strength
(МРа), at
Frost resistance class (cycles
passed), Сfr

2230
2230

2320
2300

34,00
44,20

51,90
60,10

4,202
4,333

4,450
4509

24,00
28,80

35,80
37,20

44
35

35
20

2,02
3,18

2,39
3,39

The physico-mechanical and structural characteristics of the
proposed of the repair mix WS for "wet" shotcreteing significantly
surpass those of mixes used for the repair of silos for heavy soda
MC.

The WS mix for “wet” shotcreting displays strengthdeformation and structural characteristics typical for performance
shotcrete of the newest generation - high strength, elasticity
modulus and degree of frost resistance. The mix properties
combined with its high impermeability to aggressive agents
(inclined to increase during exploitation) makes it entirely
applicable from a technical-economical point of view in the repairrecovery of silos “4” and “5” for light soda.
All mentioned above gave enough reason SOLVAY SODI JSC
to make a decision to assign respective structural design to be
performed in accordance to all BG-standards.

References

2,795

3,965

[1]

(4) Сfr150

(5) Сfr 200

[2]

Table 3: SUMMARY RESULTS from the tests conducted of MS and WS STRUCTURAL CHARACTERISTICS

[3]
Composition
Index tested
X-ray – portlandit (%), at:
- 7 days
- 28 days
DTA - C-S-H (%), at:
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- 28 days
DTA - Total loss of chemically set
water (integral hydration
characteristic) (%), at:
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- 28 days
Low temperature gas adsorption
(ВЕТ-method) – pore structure
parameters at 7 days of age:
- specific pore surface SBET, m2/g
- total pore volume Vt, cm3/g
- mean pore diameter Dav, nm
Low temperature gas adsorption
(ВЕТ-method) - pore structure
parameters at 28 days of age:
- specific pore surface SBET, m2/g
- total pore volume Vt, cm3/g
- mean pore diameter Dav, nm
X-ray computer thomography (pore volume in interval 0,02-0,10
mm) at:
- 7 days
- 28 days

МС

WS

7
10

10
20

3,944
4,164
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7,893
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11,095
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18,879
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0,397480,00040=0,397
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ENERGY CONTROL PRINCIPLES
IN AN AUTOMOTIVE ACTIVE SUSPENSION SYSTEM
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Abstract: In the paper, energy recuperation and management in automotive suspension systems with linear electric motors controlled
using a proposed H∞ controller to obtain a variable mechanical force for a car damper is presented. Vehicle suspensions in which forces
are generated in response to feedback signals by active elements obviously offer increased design flexibility compared to the conventional
suspensions using passive elements such as springs and dampers. The main advantage of the proposed solution using a linear AC motor is
the possibility to generate desired forces acting between the unsprung and sprung masses of the car, providing good insulation of the car
sprung mass from the road surface disturbances. In addition, under certain circumstances using linear motors as actuators enables to
transform mechanical energy of the vertical car vibrations to electrical energy, accumulate it, and use it when needed. Energy flow control
(management) enables to reduce or even eliminate the demands concerning the external power source.

Keywords: VEHICLE, ACTIVE SUSPENSION, LINEAR MOTOR, ENERGY FLOW, CONTROL, DISTURBANCES, ROAD

consists of a spring (stiffness kp), passive damper (damping quotient
cp), sprung mass is taken as one-quarter of the body mass (mb),
unsprung mass representing one wheel (mw) and a spring
connecting the unsprung mass to the road and representing the tire
stiffness (kt). The active force (Fa) acting between the sprung and
unsprung masses of the car is generated by a linear electric motor.
For analysis and verification, we used a more complex model (see
[1] for details).

1. Introduction
The theoretical research concerning the active suspension of
mechanical vibrations and improving ride comfort and handling
properties of vehicles is concentrating on various suspension
innovations. The main goal of the paper is to describe H∞
controlled active suspension design with respect to the management
of the energy flow distribution. In the time of growing interest in
the overall minimization of energy consumption, the presented
paper could be accepted as a contribution to these efforts.
Especially in the application field of automotive vehicles, energy
consumption optimization plays an important role in the design
process.

1. Linear AC Motor
From the point of view of the aspects discussed above, the
authentic application of a linear electrical AC motor seems to be
very perspective. The beauty of linear motors is that they directly
translate electrical energy into usable linear mechanical force and
motion and vice versa. Compared to conventional rotational electromotors, the stator and the shaft (translator) of direct-drive linear
motors are linear-shaped (see Fig.2). One can imagine such a motor
taking infinite stator diameter. The direct drive AC linear motor
exhibits the property of the contact-less transfer of electrical power
according to the laws of magnetic induction. The electromagnetic
force is applied directly without the intervention of a mechanical
transmission. Low friction and no backlash resulting in high
accuracy, high acceleration and velocity, high force, high reliability
and long lifetime enable not only effective usa of modern control
systems but also represent the important attributes needed to control
vibration suspension efficiently. Linear motor translator movements
take place with high velocities (up to approximately 200m/min),
large accelerations (up to g-multiples), and forces (up to kN). As
mentioned above, the electromagnetic force can be applied directly
to the payload without the intervention of a mechanical
transmission, which results in high rigidity of the whole system, its
higher reliability and longer lifetime. The main advantage of the
proposed solution using a linear AC motor is the possibility to
generate desired forces acting between the unsprung and sprung
masses of the car, providing good insulation of the car sprung mass
from the road surface disturbances. In addition, under certain
circumstances using linear motors as actuators enables to recuperate
energy i.e. to transform mechanical energy of the car vertical
vibrations generated by the road disturbances to electrical energy,
accumulate it, and use it when needed.

In most active suspension systems, the biggest disadvantage
consists of energy demands. Regarding linear electric motors, this
drawback can be eliminated because under certain circumstances
there is a possibility to recuperate energy, accumulate it and use it
later when necessary. This way, it is possible to reduce or even
eliminate the demands concerning the external power source. In the
next chapters, we will describe the proposed strategy on how to
control the energy distribution.
All suspension systems are designed to meet specific
requirements. In suspension systems, usually two most important
features are expected to be improved - disturbance absorbing (i.e.
passenger comfort) and attenuation of the disturbance transfer to the
read (i.e. car handling). The first requirement could be presented as
an attenuation of the damped mass acceleration or as a peak
minimization of the damped mass vertical displacement. The
second one is characterized as an attenuation of the force acting on
the road or in a simple car model as an attenuation of the unsprung
mass acceleration. It is obvious that there is a contradiction between
these two requirements. With respect to these contradictory
requirements, the best results can be achieved using active
suspension systems generating avariable mechanical force acting in
the system.

For the automotive suspension system, the application of the
synchronous three-phase linear motor TBX 3810 fy Copley
Controls Cooperation (technical parameters: peak force 2027N,
peak current 21.8A, continuous stall force 293.2N, electrical time
constant 1.26ms, continuous working voltage 320Vac, maximum
phase temperature 100oC) has been designed by the research team.

Fig. 1. One-quarter-car model

The H∞ controller synthesis for active suspension has been
done using a simple one-quarter-car model (see Fig. 1). The model

It is necessary to answer one important question - if it is more
advantageous to include the model of the linear electric motor in the
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velocities. In the plot, when the recuperated energy is equal to zero
it is necessary to supply the energy into the system. This
characteristics surface gives a piece of important information
regarding one of the requirements on the control system as the
optimization objectives are equal to a maximization of the
recuperated energy (with necessary trade-offs).

model for active suspension synthesis or if it should be used only
for simulations.
Comparing the advantages and disadvantages of the model
inclusion, it can be said that the closed-loop provides more
information so that better control results can be achieved.
Unfortunately, there are also some significant disadvantages to such
a solution. The first one insists in the rank of the system (and
consequently the rank of the controller which increases up to 5) and
the second one is that the D matrix in the state space description of
the motor model does not have full rank and that is why
implementation functions are limited or too complicated. On the
base of this comparison, the linear motor has not been included in
the model for active suspension synthesis.

4. Controller
The controller for active suspension we designed [2] using H∞
theory. The standard H∞ control scheme is shown in Fig. 4. When
the open loop transfer matrix from u1 to y1 is denoted as Ty1 u1
then the standard optimal H∞ controller problem is to find all
admissible controllers K(s) such that || Ty1 u1||∞ is minimal, where
||||∞ denotes the H∞-norm of the transfer function (matrix). For
more information, see [2], [3]. The H∞ controller is stated
minimizing the ||Ty1 u1||-norm. In addition, it is possible to shape
open loop characteristics to improve the performance of the whole
system. For the active suspension system, the performance and
robustness outputs should be weighted. The performance weighting
has to include all significant measures as comfort and car stability
(body speed, suspension displacement, actuator force, etc.). For the
linear electric motor in the position of an actuator, an additional
weight should be added to control maximum force, energy
consumption, and robustness of the system.

There is another important question whether the linear motor
model could be omitted and a linear character of the desired force
could be supposed. The answer is “yes”. Both the mechanical and
the electrical constants are very small – just about 1ms. Moreover, it
will be shown that the robustness of the H∞ control design has been
verified using numerous simulation results and experiments.

Fig. 4 H∞ control scheme.

5. Quantification
Some quantitative measures have to be defined to evaluate the
results achieved by the closed-loop system and to compare the
active and passive systems.

Fig. 2 Linear motor - basic design
(adapted manufacturer spreadsheet).

Car Stability

3. Energy balance

The first requirement in the active suspension system is to
improve car stability and “road friendliness”, that can be
characterized as the attenuation of the tire pressure, or more
precisely the attenuation of the unsprung mass force acting on the
road. To get a measurable parameter, the following RMS function
has been introduced:

As mentioned above, linear electric motors are able to
recuperate energy. When the generated force is of the same
direction as the suspension velocity, the energy has to be supplied
into the system. Otherwise, it can be recuperated and accumulated
for future usage.

T

J stab 

 ( z w  zr )

2

dt

(1)

0

where zw represents wheel displacement and zr is road
displacement.

Passenger Comfort
The second important requirement in the active suspension
system is to improve passenger comfort. This requirement can be
formulated as the sprung mass acceleration attenuation when the
RM S function is defined as:
T

Fig. 3 Force-velocity profile of the recuperated energy
of the used linear motor

J comf 

 Gw * zb dt
2

(2)

0

.In fact, there are some non-linearities in the recuperation
process and that is why energy management is a bit difficult. The 3D plot (shown in Fig. 3.) represents the force-velocity profile of the
recuperated energy. It shows how much recuperated (and only
recuperated) energy can be obtained under the given forces and

where zb represents body acceleration; Gw is a weighting function
for human sensitivity to vibrations and * denotes convolution.
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controller = 20 total for the closed-loop rank). Hence the poles have
been tested for stability for a given input coefficient range.

4. Energy Control
The H∞ controller has been designed using appropriate weights
to optimize the minimum of the energy consumption with respect to
the performance.

The stability test in graphical form is shown in Fig. 6 and Fig. 7.
In the figures, closed loop poles are plotted for the input coefficient
range of (-0.5 ÷ 1.7). Zoomed surroundings of the stability region
from Fig. 6 is shown in Fig.7. The original H∞ pole placement is
presented by *, pole placement for the stable region by #, and
unstable region by ■, respectively.

In the car, where the working conditions change according to
the various drive situations it is very difficult (if possible) to say in
general what level of performance is sufficient enough and how
much energy can be obtained. It would be optimal to find a
possibility of real-time control of energy consumption. The energy
management is supposed to be controlled by an external signal
depending on the car and road parameters, i.e. on the energy
accumulator capacity and on the road surface, respectively. The first
possibility consists in the analysis of the driving conditions and
cyclic re-computing of the control signal in real-time. While the
time requirements of the H∞ controller design are too high
(sampling period has to be less than 1ms!) and moreover the
performance of the H∞ controller cannot be guaranteed for all
operating conditions this approach has been rejected. The second
possibility is to control the energy consumption by controller
deterioration. Then the designed H∞ controller is reliably robust
and the active suspension system is relatively stable. Let´s assume
two driving conditions:
a)

the terrain/surface the car is driving on is very rough and
uneven and there is enough energy stored in the
accumulator system - then the controller works in the
standard mode, the motor consumes energy from the
accumulator and the suspension performance is preserved.

b)

the terrain/surface the car is driving on is relatively smooth
and there is not enough energy stored in the accumulator
system because of the situation described above. The
external signal provides the information to the H∞
controller to deteriorate its performance and to reduce
energy consumption. The deterioration is stated by the
desired force attenuation.

Fig. 6 Pole plot in energy control.

If the force is attenuated too much then the active suspension
system works similarly to the passive suspension and the linear
electric motor works as a generator producing energy for the
accumulator system. Of course, in such a case the suspension
performance is deteriorated (to the passive suspension level in the
worst case). The influence of these controller modifications to the
suspension system performance is discussed in the section below.

Fig. 7 Pole plot in energy control (zoom).

On the base of the test mentioned above, we have stated the
maximum and minimum stable input coefficients. To achieve
stability the coefficient must not exceed the range of (0.000 ÷
1.613).

The principle of the proposed energy management strategy is
illustrated in Fig. 5. The H∞ controller is extended by the variable
gain block controlled by the external signal (energy management
control input). In paragraph 4, energy management is discussed as
an extension of H∞ controller abilities. Now the influence on the
performance and robustness will be presented. The H∞ controller is
deteriorated by the desired force attenuation using the input
coefficient that is given by a superior controller.

The coefficient range should be determined to achieve also
certain robustness. That is why we have chosen the pole region of
relative damping 1.4 and maximum real part -0.1 as a condition. In
Fig. 7, the selected region is represented by the dashed line.
According to the previous section it does not have any sense to set
the input coefficient greater than one. The resulting input coefficient
range that satisfies the defined conditions is as follows:
minimum: 0.512; maximum: 1.000
At the end, the influence of the input coefficient on the active
suspension performance has been tested.
The quantitative measures we have compared using passive
suspension performance. The random road disturbance we have
used as the first test input, and driving over a bump as the second
input. The comparison for minimum and maximum input
coefficients and their influence on the active suspension system
performance is summarized in Table I [1]. The percentage values
are computed as relative improvements of the active system
compare to the passive suspension.

Fig. 5 Modified controller structure.

At first robustness tests have to be done to find the range of the
input coefficient in the energy management block. To test
robustness the direct numerical method has been chosen because the
rank of the closed system is relatively small (4 for plant + 6 for
weights = 10 for the system, 10 for the system + 10 for the
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Table 1: Influence of Input Coefficient on Performance
Coefficient
Coefficient
0,512
1
H∞ norm
0.455
0.359
Comfort
20.13%
29.89%
Stability
8.92%
12.83%
Energy
-71.1J
127.6J

6. Conclusion
In the paper, energy recuperation and management in active
suspension systems with linear electric motors controlled using a
proposed H∞ controller to obtain a variable mechanical force for a
car damper has been presented.
The strategy for direct real-time energy management we have
designed to decrease the energy consumption in the closed loop
system. The method used modifies the standard H∞ controller and
develops a stable controller with variable energy demands. All
expected results have been tested in numerous experiments and
simulations.
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CONTROLLING WETTABILITY MODES
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Abstract: It has been established that in the study of a solid surface by atomic force microscopy, the hydrophobic interaction is more
advantageous due to a decrease in the interaction forces between the probe and the liquid adsorbed on the surface under study. Despite the
fact that silicon is a hydrophobic material, it has been shown that the material acquires hydrophilic properties in air, as a result of which the
use of carbon-modified probes has been proposed. An approach to experimental statistical modeling is proposed, based on the experiment
planning method, which shows that with a scanning speed of 12 μm / s, a scanning step of up to 82 nm and a delay time before scanning of 6
ms, the interaction force between the probe and the adsorbed liquid reaches minimum values. As a result of the research, it was found that
with a decrease in the scanning speed, a scanning step and an increase in the delay time of the probe before measurement, the interaction
between the probe and the liquid membrane is hydrophobic. It is shown that by changing the initial parameters, it is possible to control the
hydrophobic interaction between the probe and the liquid. It has been established that increased air humidity leads to hydrophilic
interaction. This is due to the increase in the thickness of the adsorbed liquid layer on the surface under study.
KEYWORDS: WETTABILITY, PROBE, ATOMIC-FORCE MICROSCOPE, HYDROPHILITY, HYDROPHOBILITY
1)

Considering at the same time that the magnitude of the force
of separation of the probe from the liquid membrane is several
orders of magnitude higher than the strength of van der Waals, this
may cause partial or complete disability of the measuring
instrument.
By the nature of the interaction of the probes with liquids, one
should distinguish between hydrophobic and hydrophilic probes [7].
To date, both types of probes are actively used in various methods
of AFM. For example, hydrophilic probes are used as colloidal
sensors, and the use of hydrophobic probes for obtaining
microgeometry of dielectric surfaces is more beneficial due to the
smaller number of artifacts and greater scanning accuracy [8].
However, when studying soft (viscous) objects (for example,
biopolymers, cells, biological membranes, etc.), hydrophobic
probes destroy the surfaces of the samples under study.
One of the main materials used for the manufacture of AFM
probes is silicon, which by its nature is a hydrophobic material.
However, a layer of silicon dioxide forms in the air on the surface
of silicon, which adsorbs hydrocarbon molecules and water
molecules (Fig. 2), as a result of which the surface of the probe
acquires hydrophilic properties.

1. Introduction
The development of modern science and technology is aimed
at increasing the accuracy, reliability and durability of products.
The solution to this problem today is seen in the reduction of
components and elements to nanometric sizes. In this connection,
methods and tools for the study of such elements at the atomic level
are increasingly in demand. Among modern research methods, the
atomic-force microscopy method is most popular because of its
versatility, method accuracy, ease of use, and also because of the
possibility of studying not only microgeometric parameters, but also
physicomechanical properties.
However, among the artifacts of the method, the influence of
the environment should be noted since the study is conducted in air.
Thus, when a sample is kept under ambient conditions, a layer of
liquid is absorbed on its surface, which distorts the scan results.
This is due to the fact that in the contact mode the probe (measuring
instrument of the microscope) interacts with the adsorbed liquid and
during scanning an additional force of viscous interaction acts on
the probe. The study of this interaction is devoted to the work of
many foreign and domestic experts, including works of:
Bykov V.A.,
Bruschan B.,
Karbovs-ky V.L.,
Litvin P.N.,
Mironov V.L., Suslov A.A., Tolstikhi-na A.L., Chizhik S.A. and
others 1-5.
At the same time, it has been established [6] that the distortion
of the scan results is possible due to the low rigidity of the console
and the sensitive sensor, the probe, which are subject to significant
deformation when a meniscus is formed at the moment the probe
detaches from the liquid membrane on the sample (Fig. 1).

Fig. 2 – The result of energy dispersive chemical analysis of the
probe surface CSC38 (Phenom ProX4, Netherlands), which
demonstrates the formation of silicon dioxide on its surface
As a result of a review of the literature [1–8], it was found that
in the study of solid samples, the effect of capillary interaction
forces between a hydrophobic probe and a liquid is less than that
between hydrophilic (table 1).

Fig. 1. Scheme explaining the mechanism of interaction of the
probe with a liquid membrane adsorbed on a solid surface
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Tabl. 1. Determination of capillary forces depending on the
nature of the interaction of the probe with the adsorbed liquid
The force of the
The force of separation
Nature of
capillary attraction
of the probe from the
interaction of the probe to the
liquid membrane
liquid membrane
Fc.sum.h.phil. =
Hydrophilic
Fc.est.h.phil. = –3πRγ
= 4πRσ cos θ
Fc.sum.h.phob. =
Hydrophobic
Fc.est.h.phob. = –2πσR
= 2πσ(R2 + 2zR)½

remains to control the wettability of probes in nanoscale studies.
The purpose of this work is to conduct experimental statistical
studies and establish the modes of wettability of atomic force
microscope probes, which leads to the management of their
hydrophobic and hydrophilic properties.

2. Experimental-statistical simulation
To solve this problem, an experimental-statistical model of the
action of capillary forces with silicon probes modified by carbon
coating by the method of planning a multifactorial experiment was
developed, which was further confirmed by the experimental part.
To identify the possibility of controlling the hydrophobic
properties of the probe, we considered the contact mode of the AFM
at which the matrix was scanned. The following parameters were
monitored (Fig. 3):

number of measurements taken in directions X and Y
(Num points);

step length between two adjacent measurement points
along the scan line (Step, nm);

time delay before measurement at the point (Delay, μs).

Given that the value of the capillary interaction forces are in
the range (5…10)·10-9 N, and the limit of mechanical destruction of
the probe is of the order 140·10-9 N [9], it can be assumed that with
such efforts the adhesive (liquid membrane) is destroyed. Herewith,
the destruction of the probe is impossible. When the hydrophilic
interaction occurs, the liquid sticks to the surface of the probe, and
two components are applied to the capillary force: internal friction
and capillary attraction that distorts the scan result. At the same
time, during the hydrophobic interaction, such components will be
negligibly small, so they can be ignored. Therefore, the actual task

Fig.3. The trajectory of the probe when scanning flat surfaces along one line indicating the main operating parameters:
А – step of vertical probe stroke during scanning, µm; h – step of horizontal probe stroke between two consecutive scanning points, nm;
V – horizontal scan speed, µm / s; τ = S/V – interaction time of the probe with the surface, μs;
S – horizontal distance traveled by probe, nm
time before measurement (Х3), scan step (Х4) (tabl. 2). The
following factors were taken into account: the physical
independence of incoming and outgoing parameters, the normal
distribution of probable measurements, the stability of the
experiment to interference, and the order in which the
measurements were carried out did not disturb the planning
orthogonality.

To select the mode of diagnosing microgeometric parameters,
at which high indicators of reflection accuracy of the studied relief
are achieved, the method of determining the rational AFM operation
modes using the multivariate experiment planning method was used
10.
For the main parameter in the simulation, the force of the
capillary interaction was chosen under the condition that it should
tend to zero. Independent variables (optimization factors) were
selected: ambient humidity (Х1), horizontal scan speed (Х2), delay
Tab. 2. Experimental levels of variation
Factors of optimization
Humidity, RH, %
Horizontal scan speed, Vгор, μm / sec
Delay time before measurement, τ, ms
Step scan, h, nm

Coded value of
factors
Х1
Х2
Х3
Х4

According to the procedure described in [10], a four-factor
experiment plan was drawn up. Using n-th order statistical planning
methods, the mathematical model was obtained in the form of a

Variable
interval
50
4
1,5
12

upper
100
17
6
102

Levels of factors
main
50
13
4,5
90

lower
0
9
3
78

non-linear regression equation of quadratic form for four
optimization factors:
Cm = b0 + Σbixi + Σbijxixj + Σbiixi2,
where х – dimensionless variable (xi = (Xi – Xi(0)) / ΔXi).
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%; 2 – 50 %; 3 – 100 %

To exclude a systematic error, the experiments were
randomized using a table of random numbers. At the main level,
four parallel experiments were carried out, on the basis of which the
dispersion of the experiment was established with two degrees of
freedom sC2 = 0,0139.
According to the experiment and the proposed optimization
method using the method of planning a multifactor experiment, the
regression coefficients were calculated (in coded scale):
b0= 2,6
b11= 0,67125
b1= 0,283
b12= 0,355
b2= 0,02
b13= 0,08
b3= - 0,615
b14= 0,025
b4= 1,0617

speed of up to 12 μm / s, a scanning step of up to 82 nm and an
increase in the delay time of up to 6 ms, the force of interaction
between the probe and the liquid adsorbed on the test surface
reaches minimum values Fcap ≤ 1.10-12 N, which reduces the
distortion of the scan results due to the action of surface capillary
forces.
To confirm this model, a set of experiments was performed.

3. Results and discussion
A method was developed for determining the wetting angle of
the atomic force microscope probes, which was performed in the
following sequence (Fig. 6):
1. Determination of the degree of hydrophobicity of silicon by
measuring the wetting angle using witness samples;

b22= -0,47125
b33= -0,41375
b23= 0,4575
b34= 0,4125
b24= -0,1275
b44= 0,24625
The tabular value of the Student's t-test with 16 experiments
and a significance level of 0.05 is 4.3. Confidence intervals when
calculating regression coefficients b0, bі, bii, bij, respectively:
0,2916; 0,1458; 0,2544; 0,2193.
The resulting model of the dependence of the force of
capillary interaction on four specific factors is:
Fcap = 2,6 + 0,283.RH – 0,615.τ + 1,0617.h +
+ 0,355.RH.V + 0,4575.V.τ + 0,4125.h.τ + 0,67125.RH2 –
– 0,47125.V2 – 0,41375.τ2 + 0,24625.h2.
As a result of the work of the obtained model were established
the dependences of capillary force Fcap from horizontal scan speed
V and time delay before measurement τ (Fig. 4) and from horizontal
scan speed V and scan step h (Fig. 5) for environmental humidity
limits.
With dependencies (Fig. 4 – 5), it can be seen that with a
decrease in ambient humidity up to 0%, a scanning

Surface scan is performed
in two-pass mode

With the help of the SE-program, the
obtained results are analyzed

Determines the thickness of the layer
of adsorbed liquid by weighing

Determine the degree of hydrophilicity
of the probe by the Stokes method
Fig. 6. The sequence for determining the hydrophobic
properties of AFM probes

2. Determination of the hydrophobicity of probes when scanning
various wetted surfaces based on the result of two-pass hydroscopic
scanning.
To compare the degree of hydrophobicity, two batches of
witness samples were used as test samples – silicon and silicon
modified by a carbon coating in accordance with the method
described in [11]. To determine the wetting angle, the following
approach was used. The samples are placed on an equal footing,
using micro-pipette, 50 μg of distilled water was applied to them.
To determine the contact angle, the drop was photographed into a
profile, after which the information was transferred to the computer
(Fig. 7).
Further, using a special software T-Flex CAD, a tangent to the
droplet surface was constructed at the point of contact with the
surface and the wetting angle was determined (θ). Wettability (B)
was defined as cos θ: the less wettability, the more hydrophobic is
the surface.

Fig. 4. Capillary force dependence Fcap on horizontal scan
speed V and time delay before measurement τ for environmental
humidity limits (RH): 1 – 0 %; 2 – 50 %; 3 – 100 %

Fig. 5. Capillary force dependence Fcap on horizontal scan speed
V and scan step h for environmental humidity limits (RH): 1 – 0

94

INNOVATIONS 2019

a.

b.

c.
d.
Fig. 7. Photos (a, b) of distilled water droplets and a scheme for determining the wetting angle using програмного appli-cation T-Flex (c,
d) on hydrophobic silicon plate (a, c) and a hydrophilic plate whose surface contains silicon dioxide (b, d)
2. Two-pass scanning mode activates mode selection «Two-pass
scanning» on the panel «Main» control programs AFM.
3. Capillary force mapping is provided for the static measurement
mode, for which the «STATIC» mode is selected in the «Mode»
selector.
4. Sets the distance that the probe rises.
5. To start the scanning procedure, press the “START” button in
the “Main” panel.
6. The data set obtained after the end of measurements contains
the image of the topography (on the first pass) and the image of
contrast (on the second pass).
7. At the end of the scan, data is loaded into the «Surface
Explorer» program, the operation of subtracting the images of the
first pass and the second is performed, resulting in a map of the
distribution of viscous friction forces (F).
8. Determined by the degree of hydrophobicity of the probe,
which is wetted along its radius:
r = F / (6πηV),
where R – the radius of the probe, which is in contact with the
liquid membrane; η – water viscosity; V – scan speed.
The interaction is considered hydrophilic, in which the wetting
angle lies in the range of 0° – 90°, and hydrophobic – 91° – 180°.
9. The thickness of the layer of adsorbed water on the substrate is
determined as follows. Silicon thin plates and a 200×100×0.5 mm
coating on it are dried in a vacuum chamber of the UVN-71 unit,
after which they are weighed on a torsion balance (for example,
WAGA-TORSYJNA-WT). Then the humidity of the air gradually
increases to 100% and the mass of the plates is checked every 10%
of the humidity. The thickness of the adsorbed layer is determined

For silicon samples whose surface was protected from the
formation of silicon dioxide by modifying with a thin carbon
coating, the wetting angle was θ = 110° (wettability В = –0,34 –
hydrophobic sample), Fig. 7 – a, c. Wherein, the wetting angle of
unmodified silicon is θ = 60° (wettability В = 0,5 – hydrophilic
sample), Fig. 7 – b, d. Therefore, we used probes coated with thin
carbon coatings (coating technique described in [11]), at the same
time probes have hydrophobic properties. However, despite the
hydrophobicity of the carbon coating, when scanning hydrophobic
surfaces in some modes, the hydrophilic interaction between the
probe and the layer of liquid adsorbed on the surface under study
still occurs. This may be due to the fact that the thickness of the
adsorbed liquid is sufficiently large (more than 10 nm), which leads
to complete wetting of the probe. It was also found that when
scanning materials with different hydrophobicity, the wetting angle
is different.
To check the hydrophobic properties of the AFM probes, the
two-pass scanning mode was used. In this mode, the probe performs
two passes relative to the surface: the first scan pass is performed to
obtain an AFM-image of the topography; during the second pass,
the system increases the distance between the probe and the sample
and re-scans the same surface area, moving the probe parallel to the
relief based on AFM-data obtained during the first pass (similar to
the constant force mode). The difference between the two passes
will contain the force of viscous friction between the probe and the
surface to be studied.
For the implementation of two-pass scanning, the following
sequence of operations is observed:
1. The device turns on and the detection system is set.
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conditions: τ = 6 ms; V = 12 µm/s (other symbols – similar to
the symbols in Fig. 9).

by assuming that the adsorbed moisture layer is water and the layer
is evenly distributed:
h = m / Sρ,
where m – the difference of the plate mass at a certain humidity and
the mass of the plate after drying in a vacuum chamber; V – volume
of adsorbed liquid; S – plate area on which liquid is absorbed
evenly; ρ – density of water.
10. The wetting angle is calculated on the basis of hydrophobic or
hydrophilic interaction (Fig. 8):
tg θ = h / r = 6hπηV / F,
where θ – wetting angle; h – membrane thickness.

Fig. 11. Dependence of wettability (B) of the probe modified
with carbon coating on the delay time before measurement (τ)
under
the
following
conditions:
h
= 82
nm;
V = 12 µm/s (other symbols – similar to the symbols in Fig. 9).
As can be seen from fig. 9, with a decrease in the horizontal
scanning speed to values of 12 – 15.5 μm/s, the sign of wettability
for silicon probes changes from hydrophilic to hydrophobic for
most of the studied surfaces (the exception was a thin coating HfO2
10 nm thick on a silicon substrate). In this case, the dependences of
the change in the wettability of the probe on the scanning speed for
both the hydrophilic and hydrophobic silicon probe are nonlinear,
and the growth of the hydrophobicity of the probes with decreasing
speed is more pronounced than their hydrophilicity.
The dependence of the probe wettability on the scanning step
(Fig. 10) has a character similar to the dependence of the probe
wettability on the scanning speed. Wherein, the sign of wettability
changes from positive to negative, which corresponds to the
transition of the surface properties of the probe from hydrophilic to
hydrophobic in the range of the scanning step 82 – 94 nm.
At the same time, the dependence of the wettability of the
probe on the delay time before measurement with the surface under
investigation has the character opposite to the dependence of the
probe on the step and scanning speed. From Fig. 11 it can be seen
that the shorter the interaction time, the stronger the wetting of the
probe. At the same time, the drop in the curve for hydrophobic
probes is more pronounced than for hydrophilic ones. The range in
which the transition from hydrophilic to hydrophobic interaction
takes place for such a dependence is 3.9 – 5.5 μs.
Some of the scan results for different modes are shown in Fig.
12.

а.
b.
Fig. 8. The interaction of hydrophilic and hydrophobic probes
with a liquid membrane
In the course of the experiments, the following dependences of
the degree of wettability of the probes when scanning various
materials on the values of the operating parameters of the scan were
obtained (Fig. 9 – 11).

Fig. 9. The dependence of wettability (B) of the carbon-modified
probe on the horizontal scanning speed (V) under the following
conditions:
h = 82
nm;
τ=6
ms;
1 – silicon; 2 – optical glass; 3 – thin coating Au-995;
4 – thin coating HfO2 10 nm thick on a silicon substrate

Fig. 10. Dependence of wettability (B) of the probe modified
with carbon coating on scanning step (h) under the following
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a.

b.

c.
d.
Fig. 12. Topogram (а, c) and profilograph (b, d) of the test structure in different modes: а, b – V = 12 µm/s, τ = 6 ms, h = 82 nm; c, d –
V = 17 µm/s, τ = 3 ms, h = 102 nm
Thus, as a result of the research, it was established that with a
decrease in scanning speed, scanning step and an increase in the
delay time of the probe before measurement, the interaction
between the probe and the liquid membrane is hydrophobic. By
changing the initial parameters, it is possible to control the
hydrophobic interaction between the probe and the liquid. In
addition, it was found that increasing the humidity of the air leads to
hydrophilic interaction, which is associated with an increase in the
thickness of the adsorbed liquid layer on the surface under study.

As can be seen from the above, with a decrease in the
horizontal scanning speed, an increase in the delay time before the
measurement and a decrease in the scanning step, the image is
blurred. According to the authors, this is due to the fact that with a
decrease in the time of interaction of the probe with the sample, the
process of interaction between the liquid membrane and the silicon
probe occurs more actively (the hydrophilic properties of the probe
appear).
In addition, dependencies are shown in Fig. 9 – 11, the
following conclusion can be made: the greater the wetting angle in
the surface under study, the greater the likelihood that the probe will
come into contact with the adsorbed liquid. Thus, for a qualitative
study of the surface topogram without distortion due to the action of
capillary forces, it is recommended to research materials with a
wetting angle less than that of the probe. When scanning according
to certain optimal modes, it can be argued that the binding energy
between the membrane and the surface under study is greater than
that between the probe and the membrane, so the probability that
liquid molecules will adsorb to the probe is small.
The dependence of the wettability of the probe was also
established with optimal scanning modes for different
environmental humidity (Fig. 13), which showed that when the
ambient humidity is above 60%, the interaction between the
modified silicon probe carbon coating and all the surfaces
considered is hydrophilic.

Conclusion
It has been established that in the study of a solid surface by
atomic force microscopy, the hydrophobic interaction is more
advantageous due to a decrease in the interaction forces between the
probe and the liquid adsorbed on the surface under study
Despite the fact that silicon is a hydrophobic material, it has
been shown that the material acquires hybrophilic properties in air,
as a result of which the use of carbon-modified probes is suggested.
An approach to experimental statistical modeling, based on
the experimental planning method is proposed, which shows that
when the scanning speed is 12 μm/s, the scanning step is up to 82
nm and the delay time before scanning is 6 ms, the interaction force
between the modified probe and the adsorbed liquid reaches its
minimum values.
Developed the methods for determining the degree of
wettability of the probe, which includes the following items:
- determination of the wetting angle of modified and unmodified
silicon (which is 110º and 60º respectively);
- determination of the degree of hydrophobicity of the probe in the
study of various surfaces
- determination of the thickness of the adsorbed liquid layer on the
surface under study, depending on the humidity of the environment.
On the basis of the experiments performed, rational modes
were established for determining the microgeometry parameters of
solid surfaces, in which the capillary force of the interaction of the
probe with moisture adsorbed on the surface is the smallest, under
such
conditions:
humidity,
RH < 30%; horizontal scan speed V = 10 – 11,5 µm/s; delay time
before measurement τ = 4,5 – 6 ms; scan step h = 78 – 82 nm.

Fig. 13. Dependence of wettability (B) of the carbon-modified probe
on the air humidity (RH) with the following parameters of sample
scanning: V = 12 µm/s; h = 82 nm/s τ = 6 ms (other symbols –
similar to the symbols in Fig. 9).
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DETERMINATION OF THE TRIBOLOGICAL CHARACTERISTICS OF HEAVY LOADED
FRICTIVE PAIRS BASED ON DENSITY MODIFICATIONS OF BORON NITRIDE
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Abstract: In this work the constructive solution of the friction node is proposed, which provides the possibility to obtain reliable information
about the tribological characteristics of the materials for work in heavy loaded slip supports. The method of determining the expediency of
application in friction pairs of different materials is considered, which is based on certain shapes and sizes of the contact spot and the state
of the friction track on the counter bodies. The efficiency of polycrystalline superhard materials application based on the wurtzite boron
nitride in heavy loaded friction pairs due to an increase in the antifriction characteristics of the pair by the formation of graphitelike boron
nitride on the surface of a thin film В2О2 as a result of the reverse phase transformation of dense phases (cBN + wBN) → gBN is shown.
KEYWORDS: FRICTION NODE, SAMPLE OF POLYCRYSTALLINE SUPERHARD MATERIAL, COUNTERBODY, CONTACT
SPOT, WEAR INTENSITY.

1. Introduction
For efficient functioning of heavy-duty friction pairs of
machines and mechanisms, complex technological and design
solutions are used to create nodes and aggregates that are operated
under the influence of severe adverse factors: corrosive
environments, abrasive components, temperature difference, etc.
In most cases, the given adverse factors act simultaneously,
resulting in a reduction in working capacity and warranty resource
for the operation of machines, mechanisms, transport systems,
mining equipment.
In working junctions and nodes of machines and mechanisms,
heavy-loaded friction pairs are subject to intense wear in the process
of operation, especially in conditions of limited lubrication.
Such objects include shaft bits, which are widely used in
boring, in the minerals exploration, during boring operations for oil
and gas, as well as for the continuous boring of wells for various
purposes in the mining industry and construction with the sludge
cleaning by washing with liquid or using compressed air.
The resource of the bit is determined by many factors, the
most important of which are mining-geological conditions
(hardness, abrasiveness and rock blockage, the degree of rock mass
homogeneity, its watering, etc.), and the associated conditions of
operation (load on the chisel, rotation frequency, lubricating and
cooling medium).
The efficiency analysis of the chisel bit in conditions of
operation of the ore mining and processing plants showed that
mainly the failure of the bit is observed due to the failure of the
support sliding bearing (60 ... 70%), therefore, the work aimed at
increasing the service life of the parts of the friction pairs of the
bearings with the use of functional materials based on composite
superhard materials are an effective means of reducing the
efficiency of operating factors, mainly corrosion-mechanical.

Fig. 1. Shaft bearing design with sliding bearing: 1 - pin; 2 – bit
chassis; 3 - support puck; 4 - shafters housing
Consideration of the wear process of the contacting friction
pair indicates its complex nature, which includes such phenomena
as interaction in the relative displacement of friction surfaces,
changes occurring in the surface layer of materials, the destruction
of surfaces.
In this case, the mechanical interaction of surfaces is
expressed in the mutual penetration and involvement of
microniveness in combination with their collision in the case of
high level of micro-rigidity, so the state of the surface of the friction
pair is of great importance, and the molecular interaction is
manifested in the form of adhesion and seizure. It should be noted
that gripping is characteristic only of metal surfaces and differs
from adhesion with more strong bonds. Changes in the friction
surfaces are due to plastic deformation, temperature rise and
chemical interaction with environment.
Plastic deformations lead to a change in the structure of the
surface layer of the material, which at a temperature below the
temperature of recrystallization, will lead to defamation and its
strengthening to some depth, however, the microhardness is
unchanged at the very surface.
The temperature exceeding the recrystallization threshold
contributes to increased plasticity, and in some local areas, under
high load conditions, the formation of tempered structures. Plastic
deformations, possible high temperature gradients and structural
changes cause tension in the material of the friction pair, which can
affect its wear resistance. Therefore, the materials of the friction
pair of bitumen are subject to high requirements. They should have
high strength, hardness, heat resistance, wear resistance.

2. Problem status.
Investigation of frictional characteristics and possibilities of
composite material usage of the «wBN-diamond» system in heavy
loaded nodes operating under axial load conditions.
The friction pair of the axial slide bearing is the tip of the pin
1 on the foot of the chassis body 2 and the support washer 3,
pressed into the cavity of the shaft 4 body, located at the top of its
cone (Fig. 1). During the bit operation, its support is subject to
significant dynamic loads that are accompanied by heat release. To
reduce the temperature in the contact area of the friction pair, a fivepoint purge hole is forged in a pinion with a support or solid
lubricant.
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Selection of the most suitable materials for slip friction pairs
can be made on a case-by-case basis only by carefully comparing
the working conditions of the contacting parts, the initial properties
of the materials and those changes taking place on the surfaces of
friction, and also taking into account other essential circumstances.
According to, there are some following rules for the selection
of friction pair materials, in accordance to which it is necessary:
- to combine hard metal with solid: such friction pairs have a
high wear resistance due to the small mutual penetration of their
surfaces.
- application in hard-to-reach for lubrication of structures of
antifriction materials;
- application of the selective transfer mode by the selection of
friction pair materials and antifriction additives.
The application of coatings to the spin improves the reliability
of the pairs in the most dangerous period - at the initial stage of
work, while high precision of manufacturing and assembly,
considerable rigidity of construction, thorough tuning, and
improved lubrication conditions significantly increase the service
life of the friction pair of solid materials. This is confirmed by the
use as a material of the support washer of a solid alloy ВН-20,
which allowed to increase the resource of friction pair in 1,5 ... 1,8
times.

3. Experimental part.
In this paper, the possibility of using in a friction pair of an
axial slide bearing of a roller bit of a composite on the basis of
dense modifications of boron nitride and diamond was studied.
Based on the recommendations of the friction pair
selection, which has the maximum wear resistance for the material
of the basic bit washer, composite polycrystalline superhard
material (PCSM) on the basis of dense modifications of boron
nitride obtained by sintering a powder of wurtzite-like boron nitride
and diamonds of static or dynamic synthesis under high pressure
and temperature conditions has been investigated. It can be both in a
single-phase state in the form of sphalerite boron nitride (сBN), and
contain wurtzite and graphite-like components.
For tribotechnical studies, a developed universal friction
node was used to test materials for heavy-duty friction pairs and to
perform oil or grease selection, air-emulsion environment or
lubricating fluid, etc., since at this time the selection of materials for
sliding pillars of roller shutters was carried out only with bench and
field tests, which are relatively labor-intensive and expensive.
The use of the proposed friction unit, which provides the
conditions for obtaining reliable information about the
tribotechnical characteristics of materials in heavy loaded sliding
supports, makes it possible to select new materials used for
operation in these mechanisms. The design of the universal friction
node is shown in Fig. 2.

The dimensions of the friction unit are selected so that it
can dissipate a thermal power of about 100 watts at a temperature in
the friction zone of not more than 120 ºС.
The dimensions of the counterbody and the samples were
determined experimentally and had dimensions - a disk
(counterbody) with a diameter of 20-0.5 mm, a height of 7-0.5 mm,
samples in the form of a disk of the same size with a counterbody,
and those in the form of a cylinder of dimensions : diameter 10 -0,1
mm and height 20-0,5 mm
Surface roughness of samples and counterbody after lapping
by steel washer with boron carbide 50 micron grain powder was Ra
0,63 ... 0,32.
Friction node consists of housing (cup) 1, which is executed
with step cavity, the lower part accommodates the sample holder,
and the top part is designed for lubrication and moving grip with
counterbody. The sample 4 is set in the grip 2 and tightened with a
clamping screw (clamp) 7. After filling the shell with the oil, it is
installed in the centering slot, fixed by the shpanizers on the desk of
the table drill machine.
The chuck of the machine fix a clamp with a counterbody,
which has the ability to move by the machine spindle, and make it
contact with the sample. In this case, the contact area "counterbodysample" with a clamp 8 is immersed in oil by 3...4 mm. On the
handle of the spindle tare weight is hanged and machine is started.
At the end of a given test time the machine turns off and the friction
node is getting disassembled in reverse order.
For the study of the tribotechnical properties of the pair
«counterbody WC10-PCSM» (counterbody WC10, a sample of
composite PCSМ) the following conditions of friction were
adopted: a rotational speed of 1410 rpm; average slip speed of 1
m/s; lubricating oil industrial I20; duration of tests not less than 35
min; load - 50 kg.
After the tests, the shape and dimensions of contact spot on the
specimens, the condition of the friction track on the counterbodies
were determined. Also, calculations of the coefficient of friction,
intensity of wear Іt,, and the contour pressure Ak were also
performed.
To find out the effectiveness of the application of PCSM in
friction pairs, comparative tests of different materials were
conducted under the same conditions.
Figure 3 shows the wear and tear on the counterpart and the
test specimen from a composite PCSM based on wurtzite boron
nitride and diamond.

Figure 3. The nature of the wear of the friction pair "solid alloyPCSM" × 3: 1 - counterbody of solid alloy;
2 - sample of composite PCSM; 3- wear spots.
Abrasion wear spot after the test has a mirror surface whose
roughness is at Ra 0.16 ... 0.08 μm..
The bearing capacity of the resulting oil film in the friction
pair "solid alloy - composite PCSM" reaches 1000 kg/cm2, and the
coefficient of friction is characterized by the smallest value, which
in our opinion is due to the following. Composite PCSM based on
wurtzite-like boron nitride is a heterogeneous high density material
with a homogeneous, fine-crystalline structure having a grain size
of 0.1 ... 0.3 μm.

Fig. 2. Construction of the friction node for tribotechnical test
materials: 1 - friction node; 2 - sample capture for tests; 3 sample from PCSM; 4 - Finger sample; 5 - counterbody (sample);
6 - capture with a heel sample; 7 - movable clamp with
counterbody; 8 - screw-clamp.
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High compressive strength (up to 4 GPa), modulus of
elasticity, hardness and thermal conductivity in combination with
high values of crack resistance (Table) can provide resistance to
fracture at high critical loads, as indicated in the work.

4. Conclusion.
The possibility of using in a friction pair of an axial slide
bearing of a shale bit of a composite based on dense modifications
of boron nitride and diamond is considered.
The method of evaluation of tribological characteristics of
heavy loaded friction pairs and the design of the device for
realization when selecting the most efficient materials pair is
developed.

Table. Tribotechnical characteristics of friction pairs
Materials of
Wear
Contour
friction pair
Slip friction intencity of
pressure
counterbodycoefficient
the sample,
Ak,
sample
It, μm/h
kg/cm2
WC10-WC10
0,058
1,8х10-7
570
WC10-WC10*
0,05
1,7х10-7
600
WC10-PCSM
0,04
2,5х10-8
800
* Counterbody with bronze coating
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The increase of the antifriction characteristics of the friction
pair "solid alloy - composite PCSM" is likely to occur both through
the formation of a stable oil film and by the formation on the
surface of a thin film B2O3 or graphite boron nitride (gBN) arising
during the reverse phase transformation of dense phases
(cBN+wBN)→gBN in microobjects, when contacting surfaces are
interacting, when short-range flashes (10-7...10-8s) occur in the
microcontact zone with a significant energy release and a decrease
in the coefficient of friction due to the presence in the composite a
high proportion of solid BNC solution and high thermophysical
characteristics.
Figure 4 shows the construction of the proposed composite
solid-alloy bearing equipped with composite elements with PCSM
based on wurtzite boron nitride with increasing antifriction
characteristics.

Fig. 4. Combined support bearing: 1- heel; 2 - paternal; 3 reinforcing elements from PCSM.
The research carried out by the method of electronic OZE spectroscopy of steel samples treated with cutting with the presence
of shock loads, showed the presence of oxygen, as well as boron
and nitrogen on their surface, which was confirmed in, where the
frictional properties of materials are considered on the basis of
dense modifications of boron nitride, which gives reason to assume
the possibility of formation of thin antifriction films on test
samples.
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MODELLING OF BIMORPH PIEZOELECTRIC ELEMENTS FOR
INFORMATIONAL SYSTEMS
Petrishchev O., Dr.Sc.; Bazilo C., PhD.
Faculty of Electronic Technologies and Robotics – Cherkasy State Technological University, Ukraine
b_constantine@ukr.net
Abstract: The relevance of the use of various functional elements of piezoelectronics in informational and measuring systems is
explained, first of all, by their high reliability, as well as small dimensions and weight, which greatly facilitates the solution of the problem of
miniaturization of such systems. Currently, there are no reliable and valid methods of constructing of mathematical models of piezoelectric
transducers, which could be used as a theoretical basis for characteristics and parameters calculating of this class of functional elements of
modern piezoelectronics. The purpose of this article is to solve the problem of the excitation of transverse bending oscillations in bimorph
piezoelectric element. Construction and features of mathematical description of bimorph piezoelectric element, the principle of which is
based on the use of axisymmetric transverse bending oscillations, are considered. The solution of the problem of transverse bending
oscillations excitation in bimorph piezoelectric element by the difference of electric potentials is obtained.
Keywords: PIEZOELECTRIC DISK, BIMORPH ELEMENT, PHYSICAL PROCESSES, MATHEMATICAL DESCRIPTION.

1. Introduction

2. Materials and methods

According to the results of the analysis of the world market of
micro-devices based on the piezoelectric effect (piezoactuators, jet
nozzles, microphones, pressure, vibration sensors, etc.), the
consulting company "Yole Développement" (France) found that, for
today, this market has almost reached the mark of $ 85 million, and
by 2023 it will be about $ 310 million (while the Compound Annual
Growth Rate will be 30.3%) [1]. It should be noted that the main
accent that is being made by this company in the analysis of the
piezoelectric device market is the research of devices with
piezoelectric ceramics PZT (lead zirconate titanate). The
unconditional advantages of using PZT piezoelectric ceramics are:
low cost of raw materials and technology for the manufacture of
piezoceramic elements, a relatively simple manufacturing
technology, the majority of technological operations are unified
with operations of microelectronics technologies, high inertness to
the influence of climatic factors of the environment (including for
aggressive and dangerous environments temperature, pressure,
acidity, radioactivity, etc.), highly stable indicators of
electromechanical coefficient, electrical and mechanical strength,
ultra-high sensitivity to external mechanical influences and others
[2].
The relevance of the use of various functional elements of
piezoelectronics in in-formational and measuring systems, radio
electronics is explained by their high reliability and small
dimensions, which solves the problem of miniaturization of such
systems. Piezoelectric disks with surfaces partially covered by
electrodes are often used to create various functional
piezoelectronic devices. Manipulating the geometric parameters of
electrodes and their location relative to each other, you can have a
significant effect on the energy of oscillatory motion particular type
of material particles of piezoelectric disk volume. It should be
especially noted that this piezoelectric element has compatibility
with microsystem technology, so it can be made as
microelectromechanical structures (MEMS) [3]. In this regard, the
technologies and devices that use the direct and / or reverse
piezoelectric effect in the principles of their work are promising.
Bimorph piezoceramic elements, in which elastic oscillations of
transverse bending are excited, are used to solve a fairly wide range
of scientific and technical problems.
A significant scientific contribution to the development of the
theoretical, mathematical and methodological and experimental
basis for the development of new devices with piezoelectric
ceramics was made by many scientists. For solving problems
related to the improvement of manufacturing technologies for
piezoceramic elements have been devoted, for example, works [4,
5].
The aim of the paper is solving the problem of the excitation of
oscillations of transverse bending in bimorph piezoelectric element.

Let consider the construction, which is shown in Fig. 1, а.

Fig. 1. The main components of bimorph piezoelectric element (a) and
transverse bending formation circuit (b)

Position 1 in Fig. 1, a denotes a metal disk, the thickness of
which 2h is substantially less than its diameter 2R , i.e., strong
inequality holds h R  1 . Along the contour   R the metal
disk is rigidly fixed on an absolutely fixed support (position 3).
Wherein, the elements of the cylindrical surface (   R ;

0    2 ; h  z  h ) (  ,  , z are coordinate axes of the
cylindrical coordinate system) do not have the ability to move along
the coordinate axes  ,  , z . Two identical electroded
piezoceramic disks are attached to the surfaces z   h of a metal
disk by conductive glue (position 2 in Fig. 1, а). Investigation of
current-conducting electrodes of piezoelectric elements modified by
low-energy ribbon-shaped electron stream is presented in [6].
Electroded surfaces of piezoceramic disks, which are in electrical
contact with a metal plate through a thin layer of conductive
adhesive, always have the same, zero (Fig. 1, a) electric potential.
Piezoceramic disks are not glued to the metal plate in an arbitrary
manner, but in such a way that the direction of electrical
polarization of these disks, which is shown in Fig. 1, a, bold arrows
were the same. We will assume that these directions coincide with
the positive direction of the coordinate axis z (Fig. 1, а). In this
case, the matrix of the material constants of the upper and lower
disks have the same construction and, most importantly, the
elements of the matrix of the piezoelectric modules of the upper and
lower disks have the same sign.
If on the top and bottom electroded surface of the piezoceramic
disks are applied the electric potential difference as shown in Fig. 1,
a, then the physical state of each of the disks will be determined by
the following rations:

 ij    cijkE  k    ekij Ek   ,








Dm  emij ij   mn En ,

(1)
(2)

where the plus sign determines the physical state of the upper
piezoceramic disk, and the minus sign determines the lower; cijkE ,
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are material constants – elements of the matrix of elastic
ekij ,  mn

  z   z   2c55E   z  e15 E   ,

modulus, piezoelectric modules and dielectric constants (see ratios;

where E



 ij   ,  k  , Ek   and Dm   are amplitude values that vary in time

electric induction vector D  , which is defined by two components

D



electrical potential U0 . It is obvious that the axial components Ez  
of the electric field intensity vector in the upper and lower disks





zero.
In the low frequency range, when the scale of the spatial
inhomogeneity of the stress-strain state far exceeds the thickness 
of the piezoceramic disks, the mode of axisymmetric planar
oscillations is realized in these disks. Wherein, the direction of the

 D  , E    0  z  V




piezoceramic disks will have opposite directions (Fig. 1). This leads
to the appearance of bending moments M  , which force the entire
structure to perform axisymmetric transverse bending vibrations.
The source of these oscillations is the generator of the difference of
electric potentials. Naturally, the adhesive bond introduces some
slippage of the components of the structure relative to each other.
At the same time, it can be argued that with high quality gluing
together with a thin layer of high-molecular glue, these slippages
can be neglected in a wide frequency range, up to the frequency of
the third electromechanical resonance.
Shown in fig. 1, a construction it is accepted to call a bimorph
piezoelectric element [2].
The bimorph piezoceramic element is completely naturally
divided into two parts – active zone ( 0    R0 ),where R0 is
piezoceramic disk radius, and passive zone – metal ring
R0    R .
In order to construct the equation of harmonic oscillations of the
material particles of the active zone of a bimorph element, let us
consider the integral characteristics of the stressed state of this
region.
First, we write the expressions for calculating the deformations
in the active zone. Since it implements an axisymmetric transverse



(3)

(4)
(5)

  2 w0 1  w0 

E  

  c33 zz  e33 Ez ,
2








(6)

 zz   zc12E 

2
1  w0 

   w0
 
Dz    e31
z

  33 Ez ,
2
  
 

(13)

E
,
c11  c11E   c12E  c33
2

E
,
c12  c12E   c12E  c33
2

(equality to zero) axial stress  zz   , i.e. for planar harmonic
oscillations mode of the polarized in thickness thin piezoceramic
disk.

 Dz

 2 w0 c11E  w0 
 
E  

  c12 zz  e31Ez ,
  
 2





z

From condition div D    0 (conditions of absence of the
electrical conductivity) it follows that in this situation conditions



 



z


E


2
E
, 33
are elastic modulus,
 33
 e33
e31
 e31  e33c12E c33
c33
piezoelectric modulus and dielectric constant for constant mode

 
In the absence of shear stresses  
the generalized Hooke's



   ,      0  z  V , where

(12)

where

where w0 is the deflection of the active zone of the bimorph
piezoelectric element depending on the values of the radial
coordinate  .

     z  c12E

and

 2 w0 c11  w0 



  e31Ez ,
  
 2



defined as follows

law (1) is represented by the following rations
  2 w0 c12E  w0 
 
 
E  
 
  z  c11E

  c12 zz  e31Ez ,
2
  
 





     z  c12



 2 w0
z  w0

,        z   
,
 2
 

(8)

Eliminating the axial deformation  zz  from expressions (4), (5)
and (9), with using the ration (10), we obtain the following
formulas:
  2 w0 c12  w0 



(11)
 
  z  c11

  e31Ez ,
2








 
bending, axisymmetric deformations  
and    should be


 
    z    z



V is disk volume.
If the bimorph piezoelectric element oscillates in a vacuum or,
which is practically the same, in air, then the reaction of the
environment  zz  0 , and the ration (6) in the low-frequency region
can be written in the following form
  2 w0 1  w0 

E 
 zc12E 

  c33 zz  e33 Ez  0 ,
2
  
 
where it comes, that
e
c E   2 w0 1  w0 
(10)
 zz   33E Ez   z 12E 

.
c33
c33    2    

of the material particles of the





  2 w0 1  w0 

 
 

(9)
Dz    e31z 

  e33 zz  33Ez .
2
  
 
When writing rations (4) – (6) and (9), the same in magnitude
material constants were designated, as is customary in the
mechanics of a deformable solid, by the same symbols.
As shown earlier, for thin piezoceramic disks in the lowfrequency
region,
approximate
estimates
are
valid

 
 
(    , z ) and strains  
are
means that the shear stresses  

u



D   2e15  z  11 E  ,

have opposite directions, i.e. Ez   Ez (Fig. 1, b). It follows that
the stress-strain states of the upper and lower disks at any time have
opposite signs. If the disks are glued to the metal plate strictly
coaxially, then the stress-strain state of the piezoceramic disks and,
as a result, all shown in Fig. 1, a, design has axial symmetry. This

radial displacements

and Dz   . The circumferential component D   0 due to the

axial symmetry of the physical state of the piezoceramic disk. In
accordance with the general formulation (2) of the law of electric
polarization of a dielectric with piezoelectric properties, we can
write the following rations:

piezoceramic elements of equal size, of disks there is a positive



is the radial component of the electric field strength

vector in the upper (plus sign) or lower (minus sign) piezoceramic
disk.
The electrical state of the piezoceramic disks is determined by the

according to the law e i t of the components of the elastic stress and
strain tensors and the electric field strength and electrical induction
vectors, respectively.
Suppose that at an arbitrarily fixed moment of time on the
electroded surfaces z     h  , where  is thickness of



(7)
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z  0

must be satisfied. This means, that certain

expressions (13) of axial components Dz   and of the electric
induction vector, do not depend on values of coordinate z . This
fact can be used to determine the electric field strength Ez   . Since
the adduce is possible Ez       z [7], where   is a scalar
electric potential in the volume of the upper and lower piezoelectric
disk, the following entries will be fair
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2
1  w0 

   w0
 
,
Dz    e31
z

  33
2
  
z
 

2
1  w0 

   w0
 
.
(14)
Dz    e31
z

  33
2
  
z
 
Let integrate the ration (14) by coordinate z in ranging from
   h  to  h , and the ration (14) – in ranging from h to

  h . Taking into account that  Dz   z  0 , integration results
can be written as follows:

  2 w0 1  w0 


  33U 0 ,
2







2



w
1

w



0
0
 Dz      h   2 e31


  33U 0 ,
2







where U0 is an amplitude value of the electric potential on the
electroded surfaces of piezoceramic disks. From recent records, it
follows that
2
1  w0 

   w0
 U0
.
(15)
Dz    h   2 e31


 33
2








Definitions (13) and (15) are physically equivalent definitions

 Dz     h   2 e31


of the same quantity – the axial component Dz   of electric
induction vector. Equating the right sides of the definitions (13) and
e31   2 w0 1  w0 
e31   2w0 1  w0  U 0

. (16)
  h   2   2 

 
2
33   
  
33   
   
Substituting expression (16) into the definitions (11) and (12) of
normal stresses, we obtain the following calculation formulas:


 e31    2w 1  w0   e U 0 , (17)
  w k w 
  zc11D  20  D 0    h   2    20 
 31
  
33   
  

 
2

 e31    2w0 1  w0   e U 0 , (18)
  2 w0 1  w0 
      zc11D  kD

   h   2   2 
 31
2
  
33   
  

 
2

where


c11D  c11   e31
 33 ,
2


c12D  c12   e31
 33
2

are

elastic

м

calculated by the following formulas:
Ez   2 w0   w0   м
Ez   2 w0 1  w0 
 м
,
 









 , (19)

1  2   2    
1  2   2    
where E and  are Young's modulus and Poisson’s ratio of metal
disk material.
Following the foregoing technology for calculating bending
moments, we can write that the linear density M  of bending
 
 
 
moments, that are created by normal stresses  
and  
,  
,
м

is defined by the following formula
  h

M 



   h 

z  dz 
j

h



   h 

h

z  dz   z  dz 


h

м

  h


h

0 

4

h

z  dz   z  dz 





  h

 2h

m

м



 2 pe  2 D1

is the wave number of

harmonic oscillations of the transverse bending of the active zone of
a bimorph piezoelectric element; m and  pe are densities of metal

passive zone, i.e., the metal ring R0    R , of the bimorph
piezoelectric element are solutions of the following equation
(24)
4 w1  14 w1  0 ,
where

1  4 2hm  2 Dm

is

wave

number

of

harmonic

oscillations of material particles of a metal ring.
Let consider the features of the joint solution of differential
equations (23) and (24).
Since the active zone of the bimorph piezoelectric element
contains a point   0 , so the general solution of equation (23) is
the function w0    , which is defined as follows
(25)

I 0  0   are Bessel function and modified zero order Bessel

 
bimorph piezoelectric element normal stresses  
and    are

м

where

j

where A1 and A2 are constants to be defined; J 0  0   and

In the metal layer h  z  h (Fig. 1, а) of the active zone



h

  2w 1  w0 

z  dz   D1  20 
  M 0 .(21)
    
h
   h 
   h 
h
Substituting the determines (20) and (21) into the formula of
linear density Q of the transverse forces in the active zone of the
bimorph piezoelectric element, we get the following calculation
 3w0 1  2 w0
1  w0 
(22)
Q  D1 

 2
.
3
2


 





From the conditions of dynamic equilibrium of an element of
the volume of the active zone of a bimorph piezoelectric element
(see the derivation of formula (17)) follows the equation of
harmonic oscillations of the material particles of the active zone
(23)
4 w0  04 w0  0 ,



z  dz 

w0     A1 J 0  0    A2 I 0  0   ,

modulus that take into account the connectivity (consonant action)
of elastic forces and Coulomb forces in the volume of a deformable
piezoceramics; kD  c12D c11D .
м

  h

M 

Deflection or axial movement w1 of the material particles of the

Ez   z


 

the same way

plate and piezoceramics. In deriving equation (23), it was taken into
account that  z  0 .

(15), we obtain the formula for calculating the strength Ez   :

2

is created by the source of flexural oscillations, i.e. the generator of
the difference of electric potentials.
The linear density of the flexural moments M  is determined in

  2 w   w0 

z  dz   D1  20 
  M 0 , (20)
    

where D1  Dпэ  D0  Dм ; D2  kD Dпэ  D0   Dм ;   D2 D1 ;

function [8].
The general solution of equation (24) is
w1     A3 J 0  1   A4 N 0  1   A5 I 0  1   A6 K 0  1  ,
where

A3 ,..., A6 are constants to be defined; N 0  0   and

K 0  0   are Neumann function and zero order Macdonald

function [8].
On the conditional boundary   R0 between the active and
passive zones of a bimorph piezoelectric element, common
solutions w0    and w1    should ensure continuity of the stressstrain state of the bimorph element. This is achieved by stitching on
this border the kinematic and dynamic characteristics of the stressstrain state of the active and passive zones. The stitching conditions
are written as follows:
 w0   
 w1   
w0      R  w1      R ,

,
(27)
0
0
  R
  R
0

3
Dпэ  2c11D   h   h3  3 is flexural rigidity of a piezoceramic


disk as part of the active zone of a bimorph element;

D0  2  h   2   e31
 33 is a component of flexural rigidity due

(26)

M   R  M

 m

0

where M 

m



  R

and Q

0

m

0

, Q     R  Q



0

 m

  R

,

(28)

0

are linear densities of bending

moments and shear forces in the metal ring of the passive zone of
the bimorph piezoceramic element. The numerical values of these
quantities are calculated by the formulas

to the connectivity of elastic and electric fields in the volume of a
piezoceramic disk; Dм  2 Eh3 3 1   2   is a flexural rigidity of

U 0 is a flexural moment, which
the metal disk M 0  2  h   2  e31
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  w1 1  w1 1  w1 
  2 w   w1  m
m
 2
M        Dm  21 
 .(29)
 , Q     Dm  3 
2





      


3

2

After substituting determines (25) and (26) into the matching
conditions for solutions (27) – (28), we obtain a non-uniform
system of four algebraic equations containing six unknown
constants A1,..., A6 . Missing two equations deliver loop fixing

m  7800 kg m3 , plate half thickness h  5  104 m , radius

conditions   R . In practice, three methods of fastening are most
simply implemented, namely, rigid (this method is described in the
comments for Fig. 1, а), hinge and free fastening.
When rigidly fixed, the position of material particles, which in
their entirety form a cylindrical surface   R , is strictly fixed,
which can be formally described by the following rations
 w1   
w1      R  0 ,
0.
(30)
  R
With the hinge fixing, the material particles of the cylindrical
surface   R cannot move up or down, but the section itself as a
whole can freely rotate relative to the axis that passes through the
neutral plane z  0 of the metal plate. The above is formalized as
follows
w1      R  0 , M 

м

  R  0 .

(31)

With free fixing the contour   R is attached to practically
weightless elastic supports or threads that do not resist the
movement of elements of a cylindrical surface   R . The surface

  R can freely move up or down and rotate. Since there is no
force reaction on the side of elastic supports, the following
conditions must obviously be met
M 

m

  R  0 ,

Q

m

  R  0 .

of the contour   R of the metal disk, determined by alternating
functions whose graphs are shown in Fig. 2. In the process of
calculating the numerical values of the determinants were used the
following material constants: metal (steel) plate: Young's modulus
Poisson's
ratio
density
E  200 GPa ,
  0,28 ,

R  5  102 m ; piezoceramic (PZT type ceramics) disks: elastic
c11E  110 GPa ,

modulus

c12E  62 GPa ,

E
c33
 100 GPa ,

piezoelectric modulus e31   9 C m2 , e33  18 C m2 , dielectric

33  13000 ,

permittivity

0  8,85 10

12

dielectric

constant

F / m , density  pe  7400 kg / m , disk thickness
3

  10 m ,

disk radius R0  1,5  102 m . Obviously, by
manipulating the dimensions of the piezoceramic disks (thickness
and radius), one can control the numerical values of the resonant
frequencies of the bimorph piezoelectric element. The numerical
values of the dimensionless frequencies   1R of the first three
resonances were determined for various types of contour fixing
  R of metal disk. The symbols r0 and  0 indicate the
dimensionless radius and thickness of the piezoceramic disks,
where r0  R0 R and 0   h . In the process of calculations, the
material constants of the components of the bimorph piezoelectric
element were used, which are indicated above in the commentary to
Fig. 2. Wherein, to the dimensionless frequency   10 is
3

corresponds the cyclic frequency f  9694 Hz .

(32)

Conditions (27) – (28) and conditions for fixing the contour

  R form a heterogeneous system of six algebraic equations,

which contains exactly six constants A1,..., A6 . Obviously, such a
system of equations is resolved with respect to the desired constants
in the only way. This system of equations has the following form
M0
, j , k  1,...,6 ,
(33)
m jk Ak   j 3
D102
where coefficients m jk for rigid, hinge and free fixing are defined
in [37];  j 3 is Kronecker symbol equal to one when j  3 and

Fig. 1. Frequency dependent change in the determinant of the system of
equations (33)

equal to zero for all j  3 . The right part of the third equation in
the system of equations (33) can be represented as follows:
M 0  D102   W0U 0 , where W0  2  h   2   D102  is an
absolute sensitivity of the active zone of a bimorph piezoelectric
element (the dimension is meter divided by volt).
The solution of the system of equations (33) can be represented
as follows

k 3
Ak   1 W0U 0 3k , k  1,...,6 ,
(34)
0
where 3k is an algebraic complement with unknown coefficient;

Ak is a determinant of matrix sized 5  5 , which is obtained from

small values of r0 the rigidity of the bimorph element increases at a
slower rate compared with the increase in the mass of the oscillating
element. Upon reaching a certain value of the parameter r0 its
further increase is accompanied by a leading increase in the rigidity
of the bimorph piezoelectric element. As the thickness of the
piezoceramic disk increases (parameter  0 ) these dependences
become more pronounced. For the second and third resonances, two
(second resonance) and three (third resonance) intervals are
observed for the numerical values of the parameter r0 , where there
is a decrease and increase in the numerical values of the
dimensionless frequencies of resonances. This, most likely, can be
explained by inertial effects on the surface areas of the bimorph

the matrix of coefficients m jk system of equations (33) by crossing
out the third line and k -th column; 0 is a determinant of matrix

6  6 which is obtained from the coefficients m jk of system of
equations (33).

3. Experiments and results
If for a while it is assumed that there are no energy losses in the
materials of the elements of the bimorph piezoelectric element, then
the frequency-dependent change in the determinants 0 , that
correspond to the rigid (  0  ), hinged ( 0  ) and free ( 0  ) fixing
h

sh

Calculations showed that the first three dimensionless resonance
frequencies of a bimorph element with rigid contour fixing   R
have the highest values compared with the frequencies of
resonances that are observed with free and hinged fastening of the
edge of a metal plate. This can be explained by the fact that the
integral rigidity of the structure of a bimorph element with a rigid
clamping of the contour   R of the metal plate is the highest
compared with the total (integral) rigidity of the whole structure
with other methods of fastening. The frequency of the first
resonance with rigid and hinged fastening with increasing parameter
r0 firstly decreases and then begins to increase. This is because, for

f

105

INNOVATIONS 2019
element with antiphase motions of material particles.
To complete the mathematical description of a bimorph
piezoelectric element, it is necessary to determine the potential U0
on the electroded surfaces of piezoceramic disks (Fig. 1), i.e. to
connect the deflections w of neutral plane with a difference of
electric potentials U г at the output of the electrical signal
generator. To do this, it is necessary to determine the electrical
impedance of the electromechanical oscillatory system, the design
diagram of which is shown in Fig. 1.

determined as usual

U0 

electric induction vector, it follows that the electric charges Q   on
the electroded surfaces of the upper and lower piezoceramic disk
are equal in absolute value, but have opposite signs. The values of
these charges are calculated by the following formula


Q

R0

 2   Dz d   2  h   2 e R
 


31 0

0

 w0   

Ak 

C U 0 , (35)


where C0   R02 33
 is a dynamic electric capacitance of a
piezoceramic disk as part of bimorph piezoelectric element.
Taking into account the definition (25) of the deflection w0   

0


zone of a bimorph element; W0  2  h   2 e31
 02 D1  is an

(36)

where  0  ,   is a function that depends on the frequency and
set of parameters (symbol  ) of the components of the active zone
of the bimorph piezoelectric element. The numerical values of the
function  0  ,   are calculated by the formula

  c


where K312  e31

 0 D1


2J  R 
2I   R  
   31 1 0 0   32 1 0 0  ,

R
0 R0 
0 0




is squared electromechanical coupling

2

2

E 
11 33



coefficient of piezoelectric ceramics in the mode of planar
oscillations polarized through the thickness of a thin disk.
Let rewrite expression (36) as Q   C 0U   
 0 ,    1 ,




where U     U0 .
From the last expression it follows that the amplitudes of the
electric currents that are flowing through the conductors to the
upper and lower piezoceramic disk have the following values

I     iC 0U   
 0 ,    1 .


1  2iC



k 3

W0U g  3k



Z g 
 0  ,    1  0

.

(39)

5. References

absolute sensitivity of the active zone.
Substituting the last expression into formula (35), we get the
following result

c11E  h   2  

.

The main result of this article can be fixed as follows: design
and features of the mathematical description of a bimorph
piezoelectric element, the principle of which is based on the use of
axisymmetric oscillations of transverse bending are considered; the
solution of the problem of the excitation of transverse bending
vibrations in a bimorph piezoelectric element for informational
systems by the difference of electric potentials, which is produced
by a real generator with an output electrical impedance, is obtained.

where 0 is a wave number of bending oscillations in the active

 0  ,    2 K 312

Z pe  2Z g

4. Conclusions

of the neutral layer in the active zone of the bimorph element and
the general solution (34) of the system of algebraic equations (33),
we can write the following expression
 w0   



  0W0U 0  31 J1  0 R0   32 I1  0 R0   ,
  R


0
 0




U g Z pe

Expression (39) completes the solution of the problem of the
excitation of oscillations of transverse bending in a bimorph
piezoelectric element by the difference of electric potentials, which
is produced by a real generator with an output electrical impedance
Zg .

  R0

Q    C 0U 0 
 0 ,    1 ,

 1
0


0



Z BE  Z g



Substituting relation (37) into the last expression, we get the
following calculation formula
Ug
.
(38)
U0 

1  2iC0 Z g 
 0 ,    1
Substituting the expression (38) into the general solution (34),
we obtain the final form of the expression for calculating the
numerical values of the coefficients Ak :

From the definition (15) of the axial component Dz   of the

 

U g Z BE



The electrical impedance Z pe  of the upper and lower disks in


the composition of the bimorph piezoelectric element is determined
from Ohm's law for a part of the electrical circuit as follows

U 
1

Z pe       
 Z pe .
(37)
iC0   0  ,    1
I
It is clear that equal electrical impedances Z pe  are connected in


parallel. For this reason, the electrical impedance of the bimorph
element is Z BE  Z pe  2  Z pe 2 .


The electric potential U0 with the presence of the final output
resistance Z g in the source of the difference of electric potentials is
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SEISMIC ACTION INFLUENCE ON THE PRESSURE PARTS OF THE
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Abstract: The main aim of this paper is to analyze seismic action influence on the pressure parts of the watertube steam boiler
construction. Design of the structures in earthquake areas according to Eurocode 8 (EN 1998-1) has been explained and performed on
pressure parts construction of one watertube steam boiler. Using the finite element method, reaction forces in the supports, which occur
under the influence of boiler weight and during the earthquake in the Abaqus / CAE 2016., have been calculated. At the end, the comparison
of the results is shown and analysis of the results is given. Comparison of the European standard EN 1998-1: Design of structures for
earthquake resistance and Turkish TEC-07: Turkish Earthquake Code in analysis of the watertube steam boiler is also done, in order to
determine whether structures analyzed by EN 1998-1 can also be built on the territory of Republic of Turkey.

Keywords: STEAM BOILER, SEISMIC ACTION, EARTHQUAKE, FINITE ELEMENT METHOD, EUROPEAN, TURKISH,
REGULATIONS

1. Introduction
A steam boiler or steam generator is the central part of any
thermoenergetic power plant. Field of steam boilers constructioning
has been developing for last 200 years and significant progress has
been made over the last few decades. The principle of the
thermoenergetic power plant operation can be described in a couple
of simple steps: the working medium is heated to the point of
evaporation - the generated steam drives the turbine and the turbine
generates electricity. Although it seems simple at first glance, the
gradual improvement and optimization of the process and plant
performance in which the process takes place, has led to the point
that creation and management of such a facility has becoming a sort
of science. In technical terms, steam boiler is a complex steam
generating system used for various purposes. It includes various
heat transfer phases from flame to heating surfaces (economizer,
drum, heat exchanger, superheater, air heater, etc.) as well as
various auxiliary systems such as fuel delivery, water treatment,
cleaning system, water and impurities drainage, flue gases ducts,
etc1,2,3. Steam boilers can be divided by several different criteria and
generaly they are classified into two categories: firetube and
watertube steam boilers. Recently, watertube steam boilers have
received great attention due to their benefits regarding costs,
simplicity and safety of operation4,5. Ease of operation, safety,
inspection, maintenance, repair, and cleaning should be of major
concern when considering the design and arrangement of boilers6.
Since the steam boilers operate at high temperature and high
pressure conditions it is of great importance to make an effective
assessment of their safety under abnormal situations. However, such
facilities are subject to several operating failures and accidents,
which could expose the system to technical problems and serious
hazard7,8. Therefore, when conclusion about safe operation is
needed to be done it is also important to take a seismic action into
consideration too. The European standard EN 1998-1, Eurocode 8:
Design of structures for earthquake resistance: General rules,
seismic actions and rules for buildings9 is used for calculations of
buildings and engineering structures for location in Croatia where
one watertube steam boiler it is itended to be built. Considering
possibilities of building the same watertube steam boiler
construction in Turkey, an analysis of differences and similarities
between European and Turkish regulations in seismic analysis
where Turkish Earthquake Code 2007, or TEC-0710, Turkish
standard used for calculations of structures has been done. Standard
EN 1998-1 is used as a foundation in seismic analysis of the
watertube steam boiler design. Influence of seismic actions on
pressure parts of the watertube steam boiler construction is analysed
by applying the design spectrum for elastic analysis on the
watertube steam boiler construction model made in Abaqus CAE11.
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Later the same Abaqus model of the steam watertube boiler
construction is analysed using the Turkish standard TEC-07.
Obtained results for displacement and raction forces in boiler
construction supports are compared. Earthquake is an endogenous
process that occurs due to displacement of tectonic plates, and
consequence is the shaking of Earth's crust and release of a large
amount of energy12. Factors affecting the strength of earthquakes
are the amount of released energy, the depth of the hypocentre, the
distance of the epicenter and composition of the Earth's crust.
According to EN 1998, the earthquake motion in specific point on
the surface is represented by an elastic acceleration spectrum of
base ground response that is called an elastic response spectrum.
The shape of the elastic response spectrum is assumed to be the
same for two levels of earthquake action in the case of a
requirement for no destruction (limit state of load-carrying capacity)
and for requirement of limited damage. Horizontal earthquake
action is described by two orthogonal components, assumed to be
independent, and represented by the same spectrum of response.
When earthquakes affecting a location occur in different sources,
consideration should be given to the possibility of using more than
one form of spectrum in order to appropriately show the calculated
earthquake effect. In such circumstances, for each type of spectrum
and earthquake, different values of the calculation acceleration on
the ground floor will typically be required. For important
constructions, the effects of increase due to topographical
circumstances should also be considered8,13.

2. Finite element modeling
To help ensure comparability of the results given by analysis
according to EN 1998-1 and TEC-07, it was necessary to undergo
the watertube steam boiler construction similar conditions. Ground
conditions, seismic zones and other conditions regarding the site of
the structure by EN 1998-1 and TEC-07 were all provided by Đuro
Đaković Termoenergetska postrojenja d.o.o. The boiler model is
modeled according to the same documentation and associated loads,
constraints and boundary conditions are assigned (Fig. 1). For finite
element calculation, the finite element method was used, and the
Abaqus/CAE 2016 program was used. The membrane walls of
boiler is approximated by an equivalent orthotropic plate and it is
discretized by a four-knode double-curved shell finite element.
When calculating the reaction in the base supports of the steam
boiler, the load of the weight of the boiler construction, working
medium, dirt, walling and insulation is taken into account. Materials
of membrane walls and bands belong to the group of low carbon
steel C ≤ 0.3% carbon. The calculation temperature is the water
vapor saturation temperature. Assuming that the mechanical
properties of the boiler construction are isotropic, the elasticity
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modulus for all three materials is approximately equal to 181990
MPa. For the Poisson factor, the value of 0.3 is adopted.

showed vibration periods of the construction shown on Fig. 3 and
Fig. 4.

Fig 3. First mode of vibration obtained using finite element analysis
Fig. 1 Geometry and meshed finite element model of watertube steam boiler

The boiler is supported on ten supports, five on the left side wall
distribution chamber and five on the right side wall chamber. The
boiler’s drum is supported on two downcommer’s tubes. In the
second passage of the boiler the packages of heating surfaces are
set. Membrane walls of the boiler are made with a step of 80 mm.
The cross section of the membrane tubes is 57×4.5 mm and a
membrane strip thickness is 6 mm. Members of the elasticity matrix
of equivalent orthotropic plates, for the membrane boiler walls, are
calculated according to14 and are: A11=2006179 N/mm,
A12=12772 N/mm, A22=42573 N/mm, A33=432024 N/mm,
D11=587686516 Nmm, D12=67884006 Nmm, D22=8435021
Nmm and D33=47343775 Nmm (Fig. 2).

Fig 4. Second mode of vibration obtained using finite element analysis

a)

In finite elements results frequencies are expressed in number of
cycles in time and they are needed to be recalculated in Hz, beacuse
loads of density is given in kg/mm3 and in kg/mm2 as wall load.
Geometry is defined in mm and Young's modulus of elesticity is
assigned in N/mm2. In order to obtain frequency in Hz, frequency
obtained in finite element analysis is multiplied by frequency
coefficient kf =31.62. This gives vibration periods:

T = 0.57 s (for X-axis)

T = 0.42 s (for Z-axis)
Considering the vibration periods, ground type and values of the
parameters describing the recommended Type 1 elastic response
spectra, EN 1998-1 recommends the following equation for
calculating the design spectrum Sd (T) for elastic analysis:
q
(1)
Sd (T )  ag  S 
1.5
where S represents the soil factor from the table of values of the
parameters describing the recommended Type 1 elastic response
spectra and ag design ground acceleration on type A ground.

b)
Fig. 2 a) Internal forces and membrane rigidity of the Am membrane
equivalent to the internal forces and the membrane stiffneess of the
orthotropic plate Ap, b) Internal moments and flexural stiffness of the
membrane wall Dm equivalent to the internal moments and the flexural
stiffness of the orthotropic plate Dp

Conditions by EN 1998-1
For steam watertube boiler analysed by EN 1998-1 standard,
conditions were given as followed:
 Ground type C
 Peak ground acceleration agR = 0.16g
 Building importance class III (importance factor γI = 1.2)
 Behaviour factor q = 1.5
Peak ground acceleration agR is obtained from the seismic map
of Republic of Croatia. Frequency analysis of the ABAQUS model

Conditions by TEC-07
Conditions used for analysis by TEC-07 are listed below:

Group C soils, local site class Z3
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Seismic zone 3 (A0 = 0.2)

Building type 2 (importance factor I = 1.4)

Structural system behaviour factor R = 4
Ground conditions and vibration periods determine the
sequence of equations used for calculating the reduced acceleration
spectrum ordinate. The territory of Republic of Turkey is divided
into four seismic zones. Different effective ground acceleration
coefficient is assigned to each zone.15
Since the same construction model is used for TEC-07 analysis,
vibration periods of the construction are the same as the vibration
periods for EN 1998-1 analysis. For previously listed conditions,
TEC-07 provides following equations:
(2)
S (T )  2.5
where S (T) is the spectrum coefficient and
(3)
Ra (T ) = R
where Ra (T) is the seismic load reduction factor.
Equation used for calculating the reduced acceleration spectrum
ordinate SaR (T) is:

SaR (T ) =

sae (T )
Rae

(4)

where A(T) is the spectral acceleration coefficient determined by:
(5)
A(T ) = A0  I  S (T )
Seismic load
After calculating both design spectrum for elastic analysis Sd (T)
by EN 1998-1 and reduced acceleration spectrum ordinate SaR (T)
by TEC-07, significant difference is visible:
(6)
Sd (T )  3.61 m/s 2 (EN 1998-1)

Table 1 and Table 2 show support reactions obtained in both EN
1998-1 and TEC-07 analysis as a result of gravitational and seismic
load for X and Z axes. Since support reaction forces are the same for
negative and positive direction of the seismic load, only forces in
positive direction are presented. The same reaction forces for X and
Z for TEC-07 are shown on Fig. 6 and Fig 7.
Table 1: Support reactions in Y-axis direction for seismic load - X axis
(MOD_X)

Support
R1
R2
R3
R4
R5
R6
L1
L2
L3
L4
L5
L6

Support reaction
MOD_X+
(EN 1998-1)
FY /N
-87 890
-199 533
99 078
516 065
417 854
165 750
-87 732
-199 183
99 703
518 193
417 902
165 772

Support reaction
MOD_X+
(TEC-07)
FY /N
-23 473
-27 572
141 235
364 185
289 242
168 841
-23 400
-27 322
141 507
364 782
289 107
168 854

(7)
SaR (T ) = 1.7168 m/s 2 (TEC-07)
Seismic load is applied on the watertube boiler construction
model in Abaqus, in both positive and negative directions of X and
Z axis.

3. Results of analysis
For stability of the watertube boiler construction during the
earthquake, support reactions in Y-axis direction are relevant.
Reaction forces oriented in the negative direction of Y axis indicate
instability of the steam watertube boiler construction during the
earthquake. Fig. 5 shows the arrangement of supports of the steam
watertube boiler construction and the direction of seismic load for X
(MOD_X) and Z (MOD_Z) axis.

Fig. 6 Values of obtained reactions in boiler construction supports using
finite element analysis in Y direction for MOD_X (TEC-07)
Table 2: Support reactions in Y-axis direction for seismic load - Z axis
(MOD_Z)

Support

R1
R2
R3
R4
R5
R6
L1
L2
L3
L4
L5
L6

Support reaction
MOD_Z+
(EN 1998-1)
FY /N
308 451
399 423
480 905
667 830
443 718
249 644
-237 741
-141 240
-122 695
-220 264
-95 398
93 349

Support
reaction MOD_Z+
(TEC-07)
FY /N
165 013
257 273
322 819
436 360
301 543
208 738
-94 740
0
-35 739
-13 595
-44 997
-134 413

Distribution of displacements of finite element model of watertube
boiler pressure parts construction for EN 1998-1 is shown on Fig. 8
and Fig. 9.

Fig. 5 Arrangement of supports of the steam watertube boiler construction

109

INNOVATIONS 2019
steam watertube boiler construction in the same support locations.
To assure comparability of analyses, the same model of the
watertube steam boiler construction is analysed and only seismic
load is changed based on TEC-07 calculation. Analysis by EN
1998-1 brought up much greater reaction forces unlike TEC-07.
With that considered, it can be assumed that EN 1998-1 is more
conservative than TEC-07 and that construction analysed by EN
1998-1 can be built in Republic of Turkey. It is necessary to
emphasize that previous conclusion has significance only for
analyses of support reactions of structures subjected to lateral
seismic loads calculated by EN 1998-1 and TEC-07. For concrete
buildings, reinforced concrete buildings, steel buildings, wooden
buildings and masonry buildings, different and more complex
analysis and comparison is needed. In this specific case the analysis
of the results concluded that the reaction forces in the boiler
supports during the occurance of the earthquake are adversely
affected and that for this kind of boiler support there is a risk of
overturning. In order to prevent the risk of overturning, it is
necessary to find a solution that will affect the reduction of
unfavorable forces in the supports or that will reduce the large
displacements occurring in the boiler walls.

Fig. 7 Values of obtained reactions in boiler construction supports using
finite element analysis in Y direction for MOD_Z (TEC-07)
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Abstract. The relevant task of animal husbandry is to provide animals with high-quality and cheap feed protein. In this regard, a promising
direction is the use of a protein feed additive, produced as a result of the microbiological synthesis of the yeast Debaryomyces hansenii var
hansenii (D.f.v.) during the processing of milk whey. To assess the results of the applicability of this additive when feeding animals,
comparative tests were carried out with chicken replacements. It was found that the introduction of domestic protein feed additive in the
compound feed of chicken replacements, produced by processing milk whey, equal to the amount of fish meal (5%) according to energy and
protein nutrition, contributes to an increase in the growth rate of young chickens by 5.2%; reduction of feed costs per 1 kg increase in body
weight by 4.5%; a more active evidence of physiological maturation of young chickens (by changing the first-order flight feathers); and an
evidence of sexual dimorphism (by the size of the caruncle) in comparison with the control group.
KEY WORDS: protein feed additive based on the milk whey (PFA-MW), feed protein, increase in body weight, chicken replacements,
efficiency.

1. Introduction
An important problem in animal husbandry is the
development of own sources of food protein for feeding animals.
In this regard, a promising direction for solving this problem is
the use of the milk whey [1]. State-of-the-art technologies of
whey processing make it possible to solve only partially the
problem of its use, because either they are not wasteless
(production processes of lactose and biogas), or are low-tonnage
(production of beverages and food protein), or are very
expensive.
The purpose of this work was to study the efficiency of
using protein feed additive based on milk whey (PFA-MW) in the
feeding of chicken replacements.

Feeding of young stock was carried out by complete feed with
three-phase change of intakes: feed recipe KDP-2-1 at the age of 0-5
weeks, which contained 1210 kJ of metabolic energy (ME) and
19.3% of crude protein (CP); KDP-2-2 at the age of 5-10 weeks
(1185 kJ of ME and 17.6% of CP); KDP-3 at the age of 10 weeks
and until the end of growing (1160 kJ of ME and 14.9% of CP).
Compound feeds were balanced according to a wide range of
nutrients and biologically active substances. Scientific and economic
experience was carried out according to the scheme presented in
table 1.
Table 1 – Experience scheme
Number of
Groups
heads

2. Results and discussion
Scientific and economic research was carried out in the
poultry farm. The object of research was chicken replacements of
“White Hisex” cross from daily to 91-day-old.
To study the efficiency of using a protein feed additive based
on milk whey (PFA-MW) in the feeding of chicken replacements,
a protein feed additive based on milk whey was used [2]. PFAMW has the following physico-chemical indicators: moisture
content – max. 10.0%, crude protein content – min. 45.0%, raw
fat content – max. 6.0%, ash content – max. 17.0% and contains
45% of protein. PFA-MW is a fine powder that looks no different
from dry milk or dry milk whey.
It is known that not only biomass rich in protein and vitamins
is accumulated in the process of vital activity of protein
synthesizing yeast in the milk whey, but also a whole complex of
biologically active substances – the products of their endogenous
and exogenous activities, as a result of which the whey acquires
qualitatively new properties, turning into a highly efficient
biologically active feed product [3-5].

1st (control)

50

2d (experimental)

50

Feeding features
BCF * + compound feed according
to growing phases, containing 5%
of fish meal
BCF + 5 % of PFA-MW
similar to the amount of fish meal
in the control group

* BCF – Basic compound feed.
As a result of the experiment, it was found that at the daily age
the body weight of both groups of chickens formed according to the
principle of analogues was 36-37 g. Further, the growth rate of the
chickens was differentiated as follows: chickens of the second group
of the 42-day-old exceeded control in body weight by 14.4 g, and in
the 91-day-old – by 53.6 g, or 5.2%, with a statistically significant
difference.
During the growing of chicken replacements with limited
feeding and sufficiently high livability (96% in both groups), it was
found that the chicken replacements of the experimental group
differed most in nutrient conversion of the compound feed, where
by 4.5% less feed was used than in the control group for every
kilogram of growth.
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The decisive criterion for the applicability of various
innovative developments in poultry farming is their economic
efficiency. When growing chicken replacements of the egg
direction of productivity, the components of production
efficiency are indicators of livability, growth rate and feed costs
per unit of weight body growth. Table 2 shows the calculations of
the economic efficiency of production.
Table 2 – Calculations of the economic efficiency
Groups

Indicators
1st

2d

Initial number of heads, heads

50

50

Livestock preservation, %

96

96

Number of feeding days, days

4365

4378

Body weight of day-old chicks, g
Body weight of day-old chicks at the
end of the experiment, g

36,3

36,5

1021,9

1075,5

Body weight growth of 1 head, g

985,6

1038,5

Gross body weight growth, kg

47,3
-

49,8

Additional growth, kg
Cost of additional growth, rubl.

-

2,5
4,25

Additional costs, rubl.

-

0,21

Additional profit, rubl.

-

4,04
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Conclusion
Introduction of domestic protein feed additive in the feed of
chicken replacements, produced by the milk whey processing,
equal to the amount of fish meal (5%) according to energy and
protein nutrition, contributes to an increase in the growth rate of
chicken replacements by 5.2%; a reduction in the cost of feed per
1 kg of body weight growth by 4.5%; a more active evidence of
physiological maturation of young stock (by changing first-order
flight feathers) and an evidence of sexual dimorphism (by the size
of the caruncle) in comparison with the control group.
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Abstract: Boron carbide ceramic products are made using an innovative technology and their elastic and static properties are tested. The
products are of different shape and thickness and can be user to build the front layer of macro dispersal ceramic-polymer modular systems
for individual protection and for armoring of military land and air mobile and stationary objects.
Keywords: ELASTIC CHARACTERISTICS, BALTIC BORON CARBIDE CERAMICS, MACRO DISPERSAL MODULAR
PROTECTION SYSTEMS

I. Introduction

(2)

The structural elements made of pure boron carbide have an
extremely wide range of physicochemical and mechanical
properties, which make them unmatched in many technological
areas. Their high hardness (third in order after the diamond and the
boron nitride), the values of their modulus of elasticity, the speed of
sound propagation in them, and their low relative weight make them
a leader in the construction of multilayer ceramic polymer systems
for protection against high-speed kinetic impact [1] .
At present, research into the synthesis of pure boron carbide and
the production and the properties of articles made from it is being
given a great deal of attention in various larger and smaller
countries around the world.
Particular attention is paid to the improvement of the hot
pressing method. Bulgaria is one of the countries where innovative
production of boron carbide ceramic parts is carried out.
The Technological Center Nomat Ltd., Burgas and a team from
MSETHC"Acad. A. Balevski "- Bulgarian Academy of Sciences
produce boron carbide ceramic articles and study their physico
mechanical and elastic properties and the ballistic characteristics of
modular ceramic polymer protective systems based on boron
carbide [2].
The products are made using innovative technology, including
the use of pure boron carbide with a specific sediment composition.

(3)
The ultrasound wave velocities are determined by measuring
the propagation time of waves. Ultrasonic wave velocity device
consists of an ultrasonic apparatus and ultrasonic transducers for
longitudinal and transverse waves. The measurements of
longitudinal waves have been performed at frequency 10 MHz
using an echo method. The transverse wave measurements have
been made by through transmission method at 3.5 MHz .
Relative errors in the determination of propagation time and
ultrasound wave velocity in the reference sample are less than 1%.
Accuracy of measurements is up to 2%. The measurements were
made on the two preliminary polished plates from each type of
materials. The presented results are averaged on the 5
measurements and shown by type of plates in Table 1.
Table 1. Results from ultrasonic testing and elastic constants
calculated by Eq.1-3. Plates 50х50х8mm
No

II. Determination of the elastic properties of
ceramic parts made of boron carbide.

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12
8.13
8.14
8.15
8.16
8.17
8.18
8.19
8.20
Aver.
StDev.

1. Subject of study - square tiles with thickness 8 and 10 mm
with a 50 mm side length, a total of 40 pieces.
2. Investigation methods.
Two investigation methods have been applied to characterize
the elastic properties of ceramic composite plates:

Ultrasonic method

Vibration method
2.1. Ultrasonic method for determining the elastic properties of
boron carbide plates
Determination of dynamic elastic material modules by
ultrasound is based on the dependencies (1), (2), (3) between the
velocities of longitudinal (CL) and transverse (CS) ultrasonic waves,
the density ( ), the linear deformation modules (E)) and shear
modulus (G), the Poisson coefficient (μ) derived from the
mechanical wave propagation equations in isotropic medium [3,4]:

(1)

113

,
kg/m3
2597
2544
2549
2586
2586
2526
2606
2532
2594
2546
2531
2563
2567
2482
2575
2537
2541
2542
2580
2596
2559
31.36

CL,m/s
11890
11442
11890
12024
11562
11737
11977
11798
11723
12060
11811
11080
11480
12011
11617
11731
11790
11856
11790
12000
11763
241

Cs,m/s
7500
7570
7790
7690
7250
7590
7690
7390
7690
7367
7450
7560
7690
7206
7405
7390
7600
7705
7696
7694
7546
166

µ
0.17
0.17
0.12
0.16
0.21
0.15
0.15
0.18
0.14
0.20
0.17
0.15
0.15
0.22
0.16
0.17
0.13
0.14
0.13
0.15
0.15
0.15

G,Pa
1.5E+11
1.5E+11
1.6E+11
1.5E+11
1.4E+11
1.4E+11
1.5E+11
1.4E+11
1.5E+11
1.4E+11
1.4E+11
1.5E+11
1.5E+11
1.3E+11
1.4E+11
1.4E+11
1.5E+11
1.5E+11
1.5E+11
1.5E+11
1.5E+11
1.E+11

E, Pa
3.67E+11
3.65E+11
3.60E+11
3.79E+11
3.71E+11
3.52E+11
3.74E+11
3.58E+11
3.67E+11
3.73E+11
3.53E+11
3.15E+11
3.38E+11
3.58E+11
3.48E+11
3.49E+11
3.48E+11
3.59E+11
3.59E+11
3.74E+11
3.8 E+11
3.36E+11
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Table 2. Results from ultrasonic testing and elastic constants
Plates 50х50х10mm
No
10 10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
10.13
10.14
10.15
10.16
10.17
10.18
10.19
10.20
Average
StDev

kg/m3

2524
2473
2424
2502
2519
2524
2467
2484
2465
2456
2518
2443
2547
2435
2576
2521
2464
2398
2526
2558
2491
48

CL,m/s
11980
11788
11998
11926
11946
11941
11960
11993
11919
11996
11973
11935
12013
11960
12022
11957
11935
11994
11903
11959
11961
66.29

Cs,m/s
7800
7700
7500
7940
7620
7712
7700
7620
7699
7750
7720
7666
7735
7690
7700
7680
7690
7450
7940
7700
7701
114

µ
0.17
0.17
0.12
0.16
0.21
0.15
0.15
0.19
0.14
0.20
0.17
0.17
0.16
0.20
0.16
0.17
0.13
0.14
0.14
0.15
0.16
0.15

G,Pa
1.46E+11
1.46E+11
1.55E+11
1.53E+11
1.36E+11
1.46E+11
1.54E+11
1.38E+11
1.53E+11
1.38E+11
1.4E+11
1.46E+11
1.52E+11
1.29E+11
1.41E+11
1.39E+11
1.47E+11
1.51E+11
1.53E+11
1.54E+11
1.53E+11
1.E+11

Experimental modal analysis
The test device for experimental modal analysis is shown in Fig.
2. The exciting impulse is produced by striking the plate with a
suitable hammer. As a pickup transducer is used acoustic
microphone which signals are addressed to personal computer.
After signal processing the values of the natural frequencies of
vibration are obtained.
The specimens used in the experimental modal analysis are 16
plates 50 mm x 50 mm x 8 mm and 15 plates 50 mm x 50 mm x 10
mm. For reference sample we use aluminum square plate with the
same dimensions.
The specimen is impacted to position 1 and microphone is
located in position 9 (fig. 1). The frequency response function
curve is plotted and natural frequencies are obtained. Fig. 3 shows
frequency response function for the first node of boron carbide plate
N5.
Young’s modulus is derived expressed using the formula (4)

E, Pa
3.4E+11
3.8E+11
3.7E+11
3.6E+11
3.7E+11
3.8E+11
3.5E+11
3.8E+11
3.7E+11
3.8E+11
3.6E+11
3.7E+11
3.6E+11
3.8E+11
3.7E+11
3.8E+11
3.5E+11
3.8E+11
3.8E+11
3.9E+11
3.7E+11
5.6E+11

(6)
where f is the natural frequency, m is the mass of the specimen, a is
the length of the plate, h is the thickness, and λ is a non-dimensional
factor obtained from [8,9].

2.2. Vibration method for determination of elastic properties
for boron carbide plates.
The impulse excitation method is а new technique for
determination of dynamic elastic properties of materials. The
applicability of the resonance method depends on knowledge of the
frequency equations relating the natural frequencies of test
specimens, dynamic elastic properties and density of the material.
These relations are solutions of a differential equation, which
depend on the boundary conditions and shape of the specimen [5-7].
Procedures and recommendations for the elastic characterization of
isotropic materials using free-edge test specimens like bars, rods,
and circular plates are specified in ASTM Standards 1876.
In our work we use expression for estimating the natural
frequencies of plates with freely supported boundary conditions
[5,6]:

(4)

Fig.2 Experimental setup

Fig.3. Frequency response
function for the first node of
boron carbide plate 5.

The first resonance frequency was used in the calculations. The
relative errors between the analytical and experimental frequencies
of the freely supported plates can be calculated using the formula

(7)

Where f is the natural frequency in Hz, λ is a dimensionless
natural frequency factor for freely supported plate [7,8], D is the

,%

where:
is the experimental natural frequency obtained through
modal analysis ;
is the theoretical natural frequency obtained by
equation (4).
Comparisons between experimental and theoretical natural
frequencies as well as the values of the elastic constants calculated
by Eq.7 are presented in the Table 3 and 5.

plate flexural rigidity,
is the density, h and
are the thickness
and width of the square plate, E is modulus of elasticity,
is the
Poisson’s ratio of the material of the plate. The frequency factors λ
depend on the ratio of length and width of the plate as well as on
Poisson’s ratio, if one or more edges of the plate are free.

Table 3.Comparisons between experimental and theoretical
first natural frequencies and values of elastic constants for some of
investigated plates 50х50х8 mm.
(5)

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12
8.13
8.14
8.15
8.16
Аverage
StDev

Eq. (4,5) allow the calculation of natural frequencies of plates
having any combination of free, clamped, or simply supported
edges, if the elastic constants are given as well as determination of
the elastic modulus.
The values of the frequency factors λ are chosen from [7,8] for
various values of Poisson’s ratio , defined geometry of the plate,
and fixed values of density of material.

Fig.1 First four modal shapes for a freely supported
isotropic plate

114

f1 теор.,Hz
25384.9
25599.69
25337.67
25934.48
24968.4
25429.61
25904.48
25358.14
25551.77
24908.48
25317.1
24168.62
24911.93
24600.9
24788.04
24928.13

f1 exp,Hz
23888.5
22514.62
24928.59
25395.75
24288.2
24468.96
25213.14
23808.83
19169.84
23276.63
19839.75
24242.77
24030.11
14855.83
23302.44
23927.13

Еrror,%
2.4
0.1
5
1.5
2.9
2.8
-1.7
-0.2
1.3
2.1
2.9
7.4
-4.7
5.8
3.6
5.4

E, Pa
3.9E+11
3.6E+11
3.7E+11
3.5E+11
3.9E+11
3.5E+11
3.8E+11
3.5E+11
3.8E+11
3.7E+11
3.7E+11
3.9E+11
3.8E+11
3.9E+11
3.8E+11
3.8E+11
3.8E+11
1.9E+10
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5. Examination of the compressive strength of boron carbide
samples measuring 10 x 10 x 10 mm.

Table 4. Comparisons between experimental and theoretical first
natural frequencies and elastic modulus for some boron carbide
plates 50х50х10 mm

Tab. 7. Results of the hardness measurement of 10 test specimens.
N 10

f1 теор., Hz

f1 exp, Hz

Еrror, %

Spec. No.
Valume
σ, MPa

E, Pa

1

32346.65

33365

3.1

3.7E+11

2

31538.53

33301

5.3

3.9E+11

3

31804.35

33279

4.4

3.8E+11

4

32078.27

33354

3.8

3.98E+11

5

31924.26

33301

4.2

3.97E+11

6

31920.35

33570

5.0

3.8E+11

7

32011.37

32390

1.2

3.5E+11

8

31730.73

33365

5.0

3.7E+11

9

31874.00

33269

4.2

3.8E+11

10

31901.73

33312

4.2

3.9E+11

11

31915.77

33419

4. 5

3.7E+11

12

31807.57

33311

4.5

3.9E+11

18

31602.71

32310

2.2

3.9E+11

19

32095.55

33365

3.8

3.8E+11

20

32224.30

33290

3.2

3.8E+11

Average

3.9E+11

StDev

1.33E+10

1

2

3

4

5

6

7

8

9

10

1800

1840

1840

1820

1850

1840

1800

1810

1830

1820

III. Conclusions
The conducted study of the elastic and static characteristics of
boron carbide products shows that their values exceed those of
standard ballistic ceramic materials, which is a prerequisite for
achieving a high effect in creating hybrid modular protective
systems using the obtained boron carbide products.
Based on the information obtained from the conducted studies,
as well as on the results regarding the created boron carbide ceramic
compositions, the improved production conditions, respectively the
physical and physical-mechanical parameters of the sample batches
show that the developed technology and compositions possess the
indicators that allow their use for ballistic purposes.
From the investigated ballistic ceramic material, a functional
multi-layer system has been designed to protect against high-speed
effects. The weight of one unit of armored protective area is lower
than the weight of the equivalent corundum bumper.
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Figure 4 illustrates good agreement between the values of
elastic modulus obtained by ultrasound and vibration method.

Fig.4. Elastic characteristics E, obtained by ultrasonic and vibration
methods
The values of elastic modules of boron carbide ceramic
specimens are approximately 400 GPa (380 ± 20 GPa).
3. Measuring the Rockwell hardness number HRc of 50 x 50 x 8
mm boron carbide plates with Indentor w (a diamond cone).
Tab. 5. Results of the hardness measurement of 20 test specimens.
Spec. No
Value ?
Spec. No
Value ?

8.1
94,0
8.11
98,0

8.2
95,5
8.12
98,0

8.3
93,0
8.13
98,0

8.4
90,5
8.14
97,0

8.5
93,0
8.15
98,0

8.6
71,0
8.16
98,0

8.7
65,5
8.17
95,5

8.8
90,0
8.18
97,0

8.9
98,0
8.19
93,0

8.10
69,0
8.20
96,0

4. Measuring the Rockwell hardness number HRc of 50 x 50 x 10
mm boron carbide plates using Indentor w (a diamond cone).
Tab. 6. Results of the hardness measurement of 20 test specimens.
Spec. No
10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 10.10
Value HRC 97,5 96,5 97,5 97,0 94,5 95,5 93,5 78,5 96,0 97,0
Spec. No
10.11 10.12 10.13 10.14 10.15 10.16 10.17 10.18 10.19 10.20
Value HRC 98,0 98,0 98,0 97,0 98,0 98,0 95,5 97,0 93,0 96,0
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STUDY OF THE POWER INTERACTION OF A MOVABLE BLOCK COMPOSED OF
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Abstract: In the paper is analyzed the dynamics of a movable block,
consist of two boring tool with oppositely positioned cutting inserts,
applied as a cutting part of tools for combined machining of deep
holes by cutting and surface plastic deformation. Tribo-mechanical
and force dependencies were derived, connecting the geometry of
the cutting inserts and the friction forces in the contact surfaces of
the block with its working capacity.
Key words: movable block composed of two boring tools, selfbasing, cutting forces, friction forces.

In the course of machining the movable boring block is self-basing
in the radial direction as a result of the constant striving to equalize
the radial cutting forces acting on each of the cutting inserts. This
striving is not affected by whether the plates are located in a plane
perpendicular to the axis of rotation or are displaced relative to each
other in the axial direction. The last is applied if it is necessary to
remove a larger allowance of machining and removal without
defect the tool from the machined hole [3,7,10].
In order to analyze the kinematic behavior of movable block with
two boring tools in the course of its evenly feed movement, the
process of machining the hole is conditionally devided into three
periods depending on its behavior in contact with the workpiece
[8]: period of initial self-basing, period of an established cutting,
period of final self-basing.
The period of initial self-basing starts from the moment when one
of the two opposite inserts get in contact with the entrance face of
the workpiece and ends at the moment when each of them reaches
the cutting depths regulated by the size of the static adjustment of
the block, in which will run the second period.
The first period is divided into two stages: the initial self-basing
stage without incision and a stage of initial self-basing at incision.
The dynamic behavior of the block during the different periods of
its interaction with the workpiece and the holder is similar to the
kinematic, but the emerging forces in the contact zones impose
additional constraints that ensure its efficiency [1,4].

1.INTRODUCTION
The movable boring blocks with two cutting tools for boring are
most commonly used as cutting parts of tools for the combined
machining of deep holes by cutting and surface plastic deformation
(SDP) to the surfaces of which there are high quality
requirements[1,6,10].
There is a wide variety of tools for the combined machining of
holes, and the design of most of them can be represented
cinematically as shown in fig. 1. It is composed of three main parts:
cutting, deforming and joining.
The cutting part includes movable boring block 1 with oppositely
positioned cutting inserts П1 and П2 and holder with guides 2. The
deforming part comprises a support cone 4, deforming elements
(rollers or balls) 5 which are arranged in a separator 6. The three
parts are mounted on a bearing shaft 7 [4,5].

Fig.1. Kinematic scheme of a tool for combined machining:
І – cutting part; ІІ – deforming part; ІІІ – joining part
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frictional force T at the cutting edge and the guides of the block. In
order to carry out the relocation, it is necessary to meet the
condition:

2.EXPLANATION

(6)
FY  T .
If this condition is not met, the cutting process will run at work
only of one cutting edge, i.e. such as cutting at boring with a fixed
tool.
From equation (5) for the radial force is obtained:

FY 

FX
tg ( r   )

(7)

The friction force T is determined by summing the friction forces

T2 respectively by normal force FN
component FX :
T  1.FN . cos(90   r )  2 .FX .
T1

and

and its axial

(8)

Considering the homogeneity of the contacting materials in this
case it can be assumed that

  arctg 2 and
T  .FN .sin  r  FX  .
According to fig.2

FN  FN д . cos  

Fig.2 Scheme of self-basing stage without
incision: 1,2– cutting inserts; 3 – guides of a
block; 4 – holder; 5 –workpiece

FN

cos( r   )

cos  .sin  r  sin(  r   )

is

practically shifted and has a modified value:

FN д  FN / cos  ,

where

FN

(1)

is normal force to the cutting edge, and



- friction

angle.
Considering this the friction angle is determined by the
dependence:

FP  FPA  FPB

(2)
  artg1  2  ,
where 1 is the coefficient of friction between the cutting edge

FN д

At FP  T the last is stationary relative to the holder,
corresponding to roughly equal depths, respectively the cutting
forces for the both tools.
For establishing the force dependencies resulting from the
mismatch of the axes in fig.3 is made geometric analysis of the
forces acting on the boring block [2].

on the both coordinate axes are:

FX  FN д .sin(  r   ) ,

(3)

FY  FN д . cos( r   ) .

(4)

The ratio of both forces is obtained:

FX
 tg ( r   ) .
FY

(5)

In the process of self-basing under the action of the radial
component

and continues until the condition is met

FP  T , where T is the friction force between the guides and

- the coefficient of friction between the block and its guides.

The projections of the force

(11)

the block.

and the workpiece;

2

(10)

of the cutting edge angle  r under different friction conditions.
The incision stage ends when the elements of the cut layer reach
their maximum dimensions. From this point begins the period of
established cutting characterized in that the cut layer theoretically
has to be divided between the two cutting parts of the boring block
whereupon to achieve fully equilibrium radial cutting forces [9].
Despite the theoretically uniform cutting depths, in real conditions
the ideal equilibrium state is unattainable due to: the resistance of
the friction forces against the radial shift of the boring block; the
deviation of the axis of symmetry of the machined hole relative to
the axis of rotation of the machine and the position of the block
relative to the both axes.
The shifting in radial direction is realized under force

perpendicular to the cutting edge. Its magnitude depends on the
magnitude of the cutting edge angle of the insert and on the friction
resistance of the cutting edge with the workpiece and with the

FN д

(9)

Based on the dependence (11), can be determined the limit values

directed

guides. As a result of the friction, the actual normal force

FX . cos 
.
sin  r   

whereupon

After the substitution of (7) and (10) in (6) an expression is defined,
determining the self-basing condition of the tool before the start of
chipformation, when the workpiece contacts with only one cutting
edge:

Fig.2 shows schematically the stage of initial self-basing without
incision. It is considered under the condition that I is the symmetry
axis of the block having an initial displacement e relative to the
matching axes of symmetry of the hole and the holder with the axis
of rotation of the machine II [8,10].
Upon contact of one of the cutting edges to the workpiece during a
feeding at the point of contact appears normal force

1  2  

FY , the movable block moves against which resists the
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After replacing of (16) and (13) in (12) and taking into account that

F fA  F fB  F f

, the expression for determining the total

frictional force acquires the type:

L
T  2  H FC  F f
 l

.



(17)

Dependance (17) enables to establish that the force of friction in the
guides between block and holder depends only on the tangential
and axial components of the cutting force and the length of the
guides of the holder but the tangential component's influence is
stronger.
3.CONCLUSIONS
1. The phase of self-basing without incision of movable boring
block with rectilinear cutting edges depends on cutting edge angle
of the cutting inserts, the resistance of friction in the guides of the
block and its contact with the workpiece. If the restrictive condition
(11) is not complied with, the phase may not consist whereby the
cutting part of the tool will bore the hole at stationary block
disposed asymmetrically with relative to the axis of the hole of the
workpiece which will obtain an unregulated expansion.
2. From the exploitation point of view, it is crucial for dimension
forming of the cylindrical holes during the period of established
cutting. In self-basing of the movable boring block by translation it
is realized only by the action of the radial cutting forces at the both
cutting inserts and is influenced by the sensitivity of the block to
the difference between them arising for different reasons. There is a
threshold of sensitivity to this difference, which is determined by
the force of friction in the guides of the block.

Fig.3. Scheme of the power load of a movable boring
block at deviation relative to the axis of rotation
The total force of the resistance of friction between the block and
guide it will be:
(12)
T  TА  TB  TХ .
Friction forces can be obtained through the dependencies:

TА  FRA . ;
(13)
TB  FRB . ;
TX  F fA  F fB . ,
where  is the coefficient of friction between the block and the
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guides.
For defining FRA and FRB - the pair of forces balancing the
torque of action of tangential cutting forces and transverse forces as
well, the Z-axis equilibrium conditions and the torques relative to
the center O are used.

Z

M

i

Oi

 0; FCA  FAH  FRA  FBH  FRB  FCB  0



 

 0; FCA  FAH  FCB  FBH

 L2

H



l
FRA  FRB   0 ,
2

(14)
where l is the length of the guides
In fact, due to the small value of the clearance between the block
and the holder, the load on it under the action of the main cutting
forces has a triangular distribution, whereby FRA and FRB are its
equivalent forces. In this case, the distance between them is less
than l, but it can hardly be determined. For this reason, the full
length of the guides is selected for the moment arm of the pair of
forces, resulting in some decrease in the calculated value of the
friction force.
The force balance is not considered for axial displacement of the
plates because its small value makes its influence on the friction
force insignificant.
According to the theory of equilibration of the cutting forces:

FCA  FCB  FC ; FPA  FPB  FP ; FAH  FBH  F H
.
As a result of solving of the system (14) it is obtained:

FRA 

(15)

LH
L
2e
2e
FC 
FP ; FRB  H FC 
FP .(16)
l
LH
l
LH
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CONDITIONS FOR APPLYING OF TOOLS FOR THE FINISHING PROCESSING
OF HOLES THROUGH SURFACE PLASTIC DEFORMATION
Stefan Kostadinov
“Angel Kanchev” University of Ruse, Bulgaria, Department of Technical Mechanics
8 Studentska Str., 7017, Ruse, Bulgaria
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Abstract: The schemes of tools for Surface Plastic Deformation
(SPD) in processing holes is the most spread method in the
processing engineering. Rotation rolls (balls, cone-shape or
spherical rolls) are being used as deforming elements. They
deform through axial feeding, rolling over the processed surface.
There are two main groups of tools – “Tools operating with axial
feeding“ and “Tools with radial feeding“. The main feature of the
tools with axial feeding is the helical character of the trajectory of
the deforming elements on the processed surface. These tools
have some disadvantages which could be avoided by using the
tools with radiall feeding, the tools with periodical radial feeding
and the tools with dynamic work.
Key words: surface plastic deformation (SPD), axial feeding,
radial and periodical radial feeding, dynamic work.
1. INTRODUCTION
Surface Plastic Deformation (SPD) is a heavy-duty method for
finishing processing of details. It provides a combination of
geometrical and physical characteristics of the quality of the
working surfaces, which has a great impact on their exploiational
properties [4, 5, 10]. There are plenty of other advantages, which
motivate the wider spread of SPD, and also the necessity of its
improvement and appropriate applying. In most of these cases,
the deforming elements are rotating bodies applying their
deformation effect, rolling on the machined surface [2, 5].
Deforming elements are also used which are a guide-smoothing
elements with prismatic shape operating at a sliding friction on
the machined surface [1, 7].
Combined tools combining the cutting and SPD are also being
used at machining of internal cylindrical surfaces [3]. The cutting
can be performed either by boring [10] or by tools for deep
drilling [8].
Depending on the properties of the contact determining the
scheme of kinetic interaction between the technology system
elements, there are two kinds of tools [4, 5, 6, 10, 11].
2. ANALYSIS
Tools operating by schemes corresponding to those for
processing through cutting, are known as “Tools operating by
axial feeding” (Fig.1, a). This group has been used since the
earliest stages of application. It helped the creation of a great
number of constructive variants of tools, operating by forces axial
feeding or by feeding themselves [11]. A basic characteristic of
the tools by axial feeding id the helical character of the trajectory
of the deforming elements on the processed surface. It takes a
guaranteed recovering of the generant, which length is equal to
the length of the contact zone. The reason for that is the short
length of the deforming elements (balls, cone-shape or spherical
rolls). It is known that pressure doesn’t divide equally in the zone
[4]. Its maximum value and the ones near it, determining the
primary effect of the deforming impact, include a section long
around one third of the length of the generant. This means that at
50% recovering of the generants, there will be sections of the
surface with varying degrees of deformation alternate with each
other on the processed surface. This results in different values of
the quality parameters. The reducing of this nonhomogeneity
requires working with low feeding but it usually is economically
unprofitable an in practice we usually use several times greater
feeding. However, the increase of the feeding goes together with
an increase in the nonhomogeneity of the quality of the processed
surface. The increase of the number of the deforming elements
reduces the negative consequences of this disadvantage but it
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cannot remove it completely – the greater number of the
deforming elements makes the instrumental equipment more
expensive and puts limitations related to the diameter of the
processed holes. There are some defects characteristic to the tools
with axial feeding [10]:
 limited application for short holes with high requirements
for accuracy, resulting from a too high increase of the share
of the so called “extreme effect” (an increase of the diameter
of the hole in close proximity to the breaks of its surface);
 these tools cannot be used for processing of holes which
have unlocked contour and diameter less than 25mm in length
 these tools have limited possibilities for correcting of the
accuracy of the form of the holes because of the short length
of contact of the deforming elements and the processed
surface;
 the productiveness is limited by the possibilities for
increasing of the axial feeding.
In the other group – “Tools without axial feeding” – most of the
indicated defects are overcome. Their basic characteristic feature
is that the length of the contact zone between the deforming
rollers and the surface of the hole is equal to the length of the
generant of the processed cylindrical surface. This is a
precondition for realization of heavy-duty finishing processing.
The group of the tools without axial feeding includes the tools
with radial feeding, with periodical radial feeding and with
dynamic work [4].
The tools with radial feeding (Fig.1, b) use long conical rolls as
deforming elements. Their characteristic features are: their
productivity is considerably higher than the tools with axial
feeding; the time for processing doesn’t depend on the hole
length; the extreme effect is inconsiderable; the kinematics of the
process is simpler (there is not axial feeding of the rolls); there is
the possibility of processing with high accuracy and processing of
interrupted surfaces [6].
The negative aspects of these tools are caused by the conical form
of the deforming rolls [10]. The conditions at which the
deforming effect on the processed surface is going are unequal,
this caused by the difference of the diameters in the separate
radial sections of the rolls sliding along the whole length of the
contact zone and the change of its width. The gradient of the
change of these conditions is as higher, as greater is the angle of
the cone of the deforming rolls. The indicated unequal conditions
determine not-homogeneity in the quality along the length of the
processed surfaces.
The deforming elements of the tools with periodical radial
feeding (Fig.1, c) are cylindrical rolls [3, 10]. The use of such
rolls leads to elimination of the defects related to the nothomogeneity in the quality of the processed surfaces. There are
other characteristic features of the tools with periodical radial
feeding, namely:
 there isn’t relation between the diameter and the length of
the processed holes – this makes them applicable in wide
field of diameters (form10 to 200mm);
 they have simple, reliable and technological construction,
which allows them to be used for various metal cutting
machines (universal-, special-, automatic-, multi-purpose and
other machines).
The tools with dynamic work (Fig.1, d) have cylindrical
deforming rolls. Their main feature is the short period of the
contact action between the rolls and the processing surface. This
results in effects that allow processing of details for which the use
of other kinds of SPD tools is not possible because of the little
stability of the walls of the details.
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The particular constructive variant provides coordinated rotary
motion of two concentric separators, in which there have been
placed respectively percussive and deforming rolls. The
separators rotate at different angular speeds, therefore:
 they create preconditions for control of the process of
forming of the secondary longitudinal ruggedness. That gives
the desired parameters of the quality of the processed
surfaces;
 by means of regulation of the frequency of rotation of the
separator of the percussion rolls it is possible to create effects
typical for the tools with elastic work.
The indicated characteristics of the varieties of holes processing
tools and of the processes realized through them lead us to make
the following considerations related to their field of application:
 the processing of interrupted cylindrical surfaces requires
the use of tools at which no axial feeding motion is realized;
 it is expedient to use tools with axial feeding with the
length of the holes greater than 260 mm, if the loss of bearing
area of the connection must not be higher than 5%;
 the use of tools with radial and periodic radial feeding
with of the processed holes over 160mm is approved;
 the possibilities for application of the tools radial feeding
are narrow because they depend on the proportion between
the length and the diameter of the holes;
 the tools with dynamic work overcome the difficulty in
processing thin-walled and unequal-walled details which
makes them a successful replacement of the tools with radial
and periodic radial feeding;
 the use of the tools with periodic radial feeding and those
with dynamic work allows us to achieve much higher
homogeneity of the quality of the processed surface,
compared to the tools with radial feeding;
 the possibility to control the tools with dynamic work,
thus securing equal deforming force, and the possibility the
tools with radial feeding to operate as ones with elastic work,
allows us to reach homogeneity of the roughness within a
pack of details;
 the possibility to regulate the size of the diameter of the
tools with axial and radial feeding (within certain limits)
allows them to be used for processing of holes with small
differences in their nominal diameters;
 if it is possible to use two or more than two kinds of tools,
the choice depends on the economic evaluation.
On the basis of the explained considerations it has created and
algorithm for the choice of an instrument for SPD. Beside the
four shown schemes of tools it is produced a fifth one, related to
the use of guide-smoothing elements with prismatic shape (Fig.1,
e) [9]. They can be applied for machining of holes with different
diameters.
3. CONCLUSIONS
1. The described properties of the tools with and without axial
feeding show that they are sufficiently varying and cover a great
range of technical requirements of the processed surfaces. This is
a precondition for expanding of the application of the SPD
method.
2. The differentiation of these properties requires a strict defining
of the fields of independent application of a particular scheme of
instrument with an emphasis on the actuality of application of the
tools without axial feeding.
3. The created algorithm (Fig.2) for choice of an instrument for
SPD is a precondition for the introducing of automated projecting
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of the technological equipment which is used for realization of
the SPD method for processing of holes.
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Fig.1 a - Tools operating by axial feeding; b - Tools with radial feeding; c - Tools with periodical radial feeding; d - Tools with dynamic
work; e – Combined tool for hole making
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Fig.2 Algorithm for choice of an tool for SPD
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Continuation of Fig.2

Fig.2 Algorithm for choice of an tool for SPD
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Electricity consumption forecasting using recurrent
neural network: Electrical trade market study
Stefan Borkovski1, Stefan Petkoski2, Maja Erkechova3
Abstract – In this paper the task of power consumption forecasting
is discussed by using the LSTM (Long Short-Term Memory)
recurrent neural network. Many recent studies have shown that
LSTM networks are greatly successful in handwriting recognition
and speech recognition, but also in making predictions based on
time series data. Most of the forecasting is applied on long periods
and it is of great value for the electricity management. The aim of
this paper is to present short-term power consumption
forecasting for large consumers in Macedonia or widely. This
paper also discusses the benefits of short-term forecasting as well
as it offers suggestions for future trading.
Keywords – Electrical energy consumption, short-term load
forecasting, electrical trade market, LSTM Network

I.

INTRODUCTION

The electric power system plays a significant role in the
economic growth of the country. It is crucial to make a
continuous improvement on both long term and daily basis.
Correspondingly, load forecasts are especially important for
energy suppliers and other participants in the electric energy
generation, as they help a utility to make a decision on
purchasing and generating electric power using predictions.
Load forecasting can be divided into three categories, based on
the time period. Short-term forecasts refer to one hour to one
1Stefan Borkovski is with the Faculty of Electrical Engineering and
Information Technologies at Ss.Cyril and Methodius University of
Skopje, Rugjer Boshkovikj 18, Skopje 1000, Macedonia, E-mail:
stefan.borkovski@yahoo.com
2 Stefan Petkoski is with the Faculty of Electrical Engineering and
Information Technologies at Ss.Cyril and Methodius University of
Skopje, Rugjer Boshkovikj 18, Skopje 1000, Macedonia, E-mail:
stefan_perkoski@yahoo.com
3 Maja Erkechova is with the Faculty of Electrical Engineering and
Information Technologies at Ss.Cyril and Methodius University of
Skopje, Rugjer Boshkovikj 18, Skopje 1000, Macedonia, E-mail:
maja-erkechova@hotmail.com
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week ahead prediction whereas medium forecasts refer to one
week to one year. If the prediction is longer than one year
ahead, then it is considered as long-term forecast. Medium and
long-term forecasting of energy demand and consumption
form the basis of the electric power systems, as in [1]. For that
reason, creating an accurate model for load forecasting is
essential to the planning of an electric utility company and
leads to lower operating cost which contributes to savings of
the company.[5]
Primarily, the majority of the electrical energy quantity that are
missing in Macedonia are purchased annually. The inability for
a flexible selling principle is another detail of great
significance, meaning selling surplus of electrical energy
occurs very infrequently. Most of the large suppliers supply
electricity in long-term, therefore in Macedonia it is a classic
power supply for a longer period of time, not dynamic, active
trading of electricity.
The main disadvantage is the fact that making a prediction for
electricity supply for a longer period of time provides a global
image, in which rapid changes are not easily noticeable and
obtaining accurate predictions is difficult, while forecasting
based on short-term data is more effective and of considerable
interest.
The main goal of this paper is to explore the possibility of using
short-term electricity forecasting which would help the
suppling companies, as well as the large consumers. The shortterm electricity consumption forecasting can be the key for
minimizing the financial risk and improving the accuracy of
the electrical consumption prediction as well as the reliability
of the system. [3] Furthermore, today with the usage of smart
grids and the rapidly increasing share of renewable energy
sources in the electric power systems, the need for electricity
consumption forecasting on hourly level becomes even more
important. Especially now, with the liberalization of the
electric power industry, these predictions are really important
in decision making for both the power system operators and
the other concerned participants.
There are several options for selection of the input variables
when forecasting time series variables. One of the approaches
is time series forecasting, which accounts only for previous
values of the variables in order to do forecasting. The second
approach is characterized by including more variables which
are correlated with the forecasted variable. Electricity
consumption forecasting by using the time series forecasting
approach is implemented in Ref. [6]. However, it is shown that
the accounting for the temperature as an input variable greatly
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influences the electricity consumption. [7] So, in Ref. [9]
temperature data and historical power consumption data had
been used for electricity forecasting. Alongside the
temperature and historic load inputs, exact date with hour and
type of day (workday, weekend or holiday) were also used. [8]
Additionally, similar input variables on a coarser scale such as:
month, day of the week and historical load were used. [10] So,
the adequate selection of forecasting time series variables
appears as a complex task.
There are many algorithms used for time series forecasting and
they can be generally divided in two groups. The first group is
comprised of algorithms based on statistical methods and the
second group is composed of methods based on artificial
intelligence (AI). The most common approaches that are
widely used are based on multiple regression, AR (Auto
Regressive), MA (Moving Average) and ARIMA (Auto
Regressive Integrated Moving Average) [12], because of their
simplicity and low needs of computational resources. On the
other hand, the AI based methods are based on expert systems
like fuzzy logic [9], RF (Random Forest) [11], neural
networks, GB (Gradient Boosting) algorithms and so on.
The AI based methods are a complex solution compared to the
statistical methods. However, the AI methods provide a
considerably better forecasting compared to the statistical
methods. The approach discussed in this paper offers a shortterm forecasting solution for large consumers located in
Macedonia or widely. The end consumers will be equipped to
predict the power consumption on intervals as 15 minutes, 60
minutes or 24*60 minutes. This will enable them to participate
and trade in the electricity market with the forecasted values.
Multiple algorithms have been compared, alike neural
networks with LSTM layers, ARIMA, RF and GB. This
paper’s main goal was developing a neural network with
LSTM for short-time forecasting. There are many models for
solving long-term power prediction forecasting which are
commonly trained with data that covers very long time periods.
Here, the model is trained with data which covers a year-long
time period and may be used by consumers whose power
consumption does not follow a certain trend and has rapid
changes through the years. This paper goes one step beyond
classical approaches for time-series forecasting by providing
solution for multiple types of consumers for trending on the
market. Also, a special attention is paid for feature selection
for every user separately using methods like autocorrelation,
feature importance through RF and feature-output correlations.
[13] The model was applied to historical data from five
consumers stationed in Slovenia. The consumers have very
different characteristics and behavior, so a wide range of users
may use the model.
More precisely, five data sets are used, one for each user (N5,
N8, N10, N12, N13) respectively. They contain information
about the weather conditions which refer to the location where
the power consumption measurements are taken, power loads,
currents, voltages and time-based data which carry information
about an hour of a day, a day of week and a holiday.

II.

METHODOLOGY

As mentioned in the introduction, most of the electrical energy
large consumers use the statistical method ARIMA for
analyzing time series data to predict the future energy
consumption. In this paper several algorithms, which are used
in the machine learning area, are proposed.
A. ARIMA
ARIMA represents simple, yet powerful tool for analyzing and
forecasting time series data. There are couple of parameters
that could be tuned for better prediction of time series data and
those parameters are: p, d and q. [15] P parameter refers to the
number of lag observations included in the model (Ex. If p =
3, that means that there will be used three previous periods in
autoregressive portion). D represents the degree of
differencing and Q indicates the lag of the error component.
B. Random Forest Regressor
RF Regressor is a flexible and easy mechanism for
implementing. It combines both decision trees and bagging
method to increase its accuracy. It represents an ensemble of
decision trees and because of its randomness, overfitting
hardly occurs. RF algorithm trains each tree independently,
using a random sample of the data [17]. This algorithm is one
of the few algorithms that can be used for regression and
classification problems. In terms of its performance with good
parameterization it can provide very good results with short
time of training. [16]
C. Gradient Boosting
GB Regressor uses decision trees, but unlike random forest
algorithm which uses bagging method, it relies on boosting
method meaning that predictors are made sequentially and
each new tree assists in correcting the errors made by the
previous one. GB method involves three methods:
optimization of loss function, weak learner making a
prediction and adding weak learners to minimize the loss
function. One of the downsides of this method is that GB is
greedy algorithm and can overfit quickly.
D. Recurrent Neural Networks and LSTM Network
First, in order to understand the Long Short-Term Memory
Networks, the concept of common neural network needs to be
explained.
The “common” Feed Forward Neural Network consists of
input layer of neurons, hidden layer and an output layer. In the
feed forward neural network the information moves only in
one direction, forward, from the input layer through the hidden
into the output layer. The nodes in the network have no
memory of any previous input, they only get the current input,
which causes problems with predicting sequential data,
particularly time-series data.
In the case of Recurrent Neural Network, the nodes obtain
information of the previous input which was received in the
previous epoch. This helps to determine the future value based
on the immediate past and the current value and it is essential
when working with time series data. But this method has its
own imperfections when the algorithm does backpropagation
through time. Backpropagation helps to correct the weights of
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the nodes by calculating the error at the end of each epoch and
going through the network and correcting the weights of the
nodes. It changes the weights based on their responsibility for
a portion of error by calculating partial derivatives or their rate
of change. The higher the gradient is the faster the model
learns, meaning if the gradient is very low the model stops
learning. The real problem in the network occurs with
“Exploding” and “Vanishing” gradients. In the event of
exploding gradient the model assigns very high values of the
weight, similar to domino effect. Vanishing gradients becomes
larger problem when the gradient is too small and the model
stops learning. The solution of vanishing/exploding gradient is
using Long Short-Term Memory Network. [18]
Long Short-Term Memory network basically solves the
problem of vanishing gradients by extending the memory of
the nodes. In other words, the network is hugely capable of
learning from important past experiences. It enables each node
to remember its inputs over a long period of time and it is
capable of updating the information if needed. In LSTM there
are 3 gates [19]: input, output and forget gate. The forget gate
is used to determine whether the current information is
important for the next prediction and delete it unless it is not
valuable. The input gate decides which new information will
be needed and stored in the cell state. Lastly, the decision
which value is going to be outputted from the node is made by
the output gate. Sigmoid functions are used as gates. With this
the problem with vanishing gradients is solved and very high
accuracy is achieved.

III. EVALUATION METRICS
Information about the metrics is used as in Ref. [20].
A. Mean absolute percentage error – MAPE
MAPE is a measure of prediction accuracy of forecasting
methods, used as a loss function for regression problems too.
It usually expresses accuracy as a percentage and is defined by
the formula:
𝑛
100%
𝑥𝑖 − 𝑦𝑖
𝑀=
∑|
|
(1)
𝑛
𝑥𝑖
𝑖=1

B. Mean absolute error – MAE
In statistics, MAE is a measure of difference between two
continuous variables. [21] MAE is linear score which means
all the individual differences are weighted equally in the
average. Mathematically, it is calculated using this formula:
𝑛
1
𝑀𝐴𝐸 = ∑|𝑥𝑖 − 𝑦𝑖 |
(2)
𝑛
𝑖=1

C. Mean Squared Error – MSE
MSE is the most simple and common metric for regression
evaluation. It is defined by the equation
𝑛
1
𝑀𝑆𝐸 = ∑(𝑥𝑖 − 𝑦𝑖 )2
(3)
𝑛
𝑖=1

𝑥𝑖 represents the actual expected output and 𝑦𝑖 is the model
prediction.
D. Root mean squared error – RMSE
RMSE is a square root of MSE. The square root is introduced
to make a scale of the errors to be the same as the scale of the
targets.
𝑛

1
𝑅𝑀𝑆𝐸 = √ ∑|𝑥𝑖 − 𝑦𝑖 | = √𝑀𝑆𝐸
𝑛

(4)

𝑖=1

E. R Squared 𝑅2
𝑅2 is very intuitive metric unlike MSE. It is closely related to
MSE, but has the advantage of being scale-free. The value of
𝑅2 is always going to be between -∞ and 1.
𝑀𝑆𝐸(𝑚𝑜𝑑𝑒𝑙)
(5)
𝑅2 = 1 −
𝑀𝑆𝐸(𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)
MSE (model) is computed as showed above, while the MSE of
the baseline is defined as:
𝑛
1
𝑀𝑆𝐸(𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒) = ∑(𝑥𝑖 − 𝑥𝑚𝑒𝑎𝑛)2
(6)
𝑛

Figure 1 Neuron from hidden layer in LSTM Network

The configuration of models that are used depends on the user
that we make a prediction for. This paper discusses models in
which neural networks with 2 – 3 LSTM layers are used and
the first layer has ability to access hidden state with the
parameter return_sequences set to true. The number of nodes
specified in our LSTM layers vary between 16 and 64. For
activation, the ‘relu’ function is used. After the LSTM layers,
the dense layers follow and the number of nodes is slightly
lower and is between 4 and 16. The activation function for
dense layers is the ‘linear’ function. ‘Mean Average Error’ is
used as a loss function and optimizer ‘adadelta’.
The data used here is divided into three groups: training data,
testing data and validation data. For validation a period of 3
weeks has been used.

𝑖=1

IV. CASE STUDY
The major focus of this paper is to analyze the impact of the
short-term load forecasting of the electrical consumption in the
Macedonian electric power system. Therefore, a short
overview of the electric power system and energy consumption
from the previous years is presented.
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A. Overview
Around 6.42 billion kWh is the total consumption of electric
energy per year in Macedonia. Macedonia is a country which
can partly provide itself with self-produced energy. The total
production of all electric energy producing facilities is
approximately 5 billion kWh, which means Macedonia
produces around 84% of its own needs. The rest of the
electrical power is imported from foreign countries.[4]
The Macedonian system for selling and purchasing electrical
energy based on supply and demand is called The Electricity
Market. The regulated electricity market conducts its
purchases and sales of electrical energy and power at prices
and under conditions approved by the Energy Regulatory
Commission.
Participants in the regulated electricity market are as follows:
1. Electricity producer with a license for providing
public service (AD ELEM – Skopje);
2. Electricity supplier to tariff-based consumers (EVN
Macedonia AD – Skopje);
3. Electricity transmission system operator, as well as an
operator in the electricity market to purchase and sell
the produced electricity to privileged producers of
electricity (AD Mepso – Skopje).

numbers of product orders. On the contrary, the power
consumption is pretty high at some periods which may
represent cold weather and need for more power for heating
processes. If these changes are corelated with some of the used
features and follow some trends, the neural network will be
able to learn the user’s behavior. This explanation is confirmed
by the statistical methods listed in the introduction section and
it verified the logical assumption.

Figure 2 Power consumption trend and mean power consumption
through every month of a year for user N5

The power consumption trend and average power consumption
through a week for user N13 is presented in Fig. 3. It can be
noticed that during two days the power consumption is lower
than the expected value. Statistical methods have indicated that
information about weekend and holiday is useful for the
forecasting. Thus, the days with low power consumption may
be explained as non-working days.

In the unregulated electricity market, the purchases and sales
of electric energy and power are at prices under conditions
mutually agreed between the purchaser and seller.
Participants in the unregulated electricity market are as
follows:
1. Electricity producers;
2. Electricity suppliers;
3. Electricity traders;
4. Qualified consumers of electricity.
When it comes to large consumers, in 2011, Cementarnica
Usje AD – Skopje, Okta – Skopje, Skopski Leguri – Skopje,
Makstil AD – Skopje, Feni Industri AD Kavadarci, Bucim
DOOEL Radovis and a few more are qualified consumers of
electricity. [14] Almost 70% of the total consumption of
electrical energy is purchased by eight companies –
metallurgical and energy facilities that purchased the energy at
market prices from electricity traders. Referring to the large
energy consumers, purchasing that much electricity means a
very large amount of money. Applying the short-term load
forecasting can contribute in the interest of lowering the costs
which may be made with an incorrect prediction using the
long-term load forecasting.

Figure 3 Power consumption trend and average power consumption
through a week for user N13

The variance through months for user N8 is presented in Fig.
4. It can be noticed that the variance is quite big in the winter
period. This may be correlated again with temperature in the
winter period supposing the user is working during the night
there will be a very big difference between the power
consumption during the day due to low temperature and
heating power costs.

B. User power consumption analysis
The analysis of the users’ data is crucial when selecting input
data for the models. To understand the users’ behavior better
some statistical information will be presented like mean power
consumption, variance and autocorrelation factor. Because the
information about the nature of the users is unknown, logical
assumption in the next section will be made. The power
consumption trend and average power consumption through
every month of a year for user N5 is presented in Figure 2. It
can be noticed that the power consumption is low at some
periods which may allude to equipment maintenance or low
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Figure 4 Variance through months for user N8

Figure 6 Autocorrelation plot through week for user N13

Having a global picture for the user’s characteristics largely
influences when time series forecasting, leading to a better
methodology. The feature selection will be explained
thoroughly in the following section.

In Fig.6 autocorrelation plot through week for user N13 is
presented. The graph shows that there is strong correlation
between power consumption values from the previous day.
More precisely, two peaks are distanced for 96 units which
presents one day of data. This shows that values for power
consumption from the previous day should be included in
feature data map.
When using the second approach, methods like feature
importance from RF are used. Table 1 demonstrates the feature
importance coefficients for user N5 for all available features
that may be used. Used features for user N5 are hour,
dayOfWeek, holiday, uvIndex, minute, month. The names of
the features are self-explaining in context of their meaning. It
can be noticed that minute as a feature has low importance in
this table, but from expert knowledge [8] it is common to use
minute as a feature in feature map. Many features beside low
RFFI (RF Feature Importance) coefficient were tested and used
in feature map. Along, many features with high RFFI
coefficient were tested and extracted from feature map due to
their bad impact on the accuracy. This trend was applied for
every user. So, RFFI was used only to shorten our feature
search, because as we mentioned there were some false
positives/negatives RFFI coefficients.

C. Selection of the input variables
Feature engineering as a process of considering the human
expertise or extracting knowledge from the data is very
important for creating features that make machine learning
algorithms work. In the previous section are presented and
explained some graphs which carry information about the data
and can be used for selecting input data. As mentioned in the
introduction section, there are two approaches for selection of
the input variables. In this paper both approaches will be used.
When using the first approach the main knowledge that should
be obtained is the size of the time frame that can be used for
the most correlated data with the present power consumption
data. This is done using autocorrelation function from scikitlearn Python library.

Table 1 Feature importance coefficients for user N5

Feature
Temperature
uvIndex
Month
dayOfWeek
Hour
Pressure
Holiday
Visibility
CloudCover
Humidity
windspeed
windBearing
Minute
dayBeforeHoliday
Year

Figure 5 Autocorrelation plot through year for user N12

In Fig.5 autocorrelation plot through year for user N12 is
presented. The correlation can be noticed between every week.
More precisely, every two peaks are distanced for 672 units
which presents one week of data. The larger the autocorrelation
coefficient is, the lagged data is more correlated with the
present data. So, power consumption values from the previous
week should be used in features data map.
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V.

RESULTS AND DISCUSSION

MAPE metric

The methods of LSTM, RF, GB and ARIMA are implemented
in Python environment. As described in the previous section,
two approaches were used for the selection of the input
variables. By following practical guidelines for training LSTM
networks [22] the parameters of the LSTM network were
obtained for each of the five users. Best results were achieved
with presented structures of the network in Table 2. The
structure of the network varies for every user as every user has
different characteristics. Many other configurations were
tested in order to determine which one has most positive
impact on the results and best performance.

9.00
8.50

8.62

8.73

RF

ARIMA

8.18

8.00
7.50

7.34

7.00
6.50
LSTM

GB

Figure 8 Calculated error in percentage using MAPE metric for user
N12

Table 2 Best results achieved

User
LSTM layers
Dense layers
N5
NL/HLS
2/ (64,64)
3/ (32,16,1)
N8
NL/HLS
4/ (64,64,32,16)
1/1
N10
NL/HLS
2/ (16,8)
2/ (4,1)
N12
NL/HLS
4/ (64,64,32,16)
1/1
N13
NL/HLS
4/ (64,64,32,16)
1/1
HLS represents the hidden layer size while NL is the number
of layers.
When forecasting time series data, if correlation with the
previous time series frames occurs, it is very important to prove
that usage of the machine learning based algorithms achieve
better results than taking the previous values from the same
time frame lagged for the length of the time frame.
The test period consists of data for one day. Results for one
user can be seen on the graphs below. User N12 is chosen
randomly. The first graph points out the calculated error with
MAE metric whereas the second shows the calculated error
with MAPE. The attained results using LSTM surpass the
results gained with statistical method ARIMA by 2373 kWh
using MAE metric and 1.39% using MAPE metric.

The results displayed above are standing for the load prediction
shown in Fig. 9. This consumer peaks his daily energy
consumption from 4:00 until 13:00. There is a period of half
an hour when energy consumption falls drastically to a level of
consumption that is typical during the night. This pattern goes
through whole data set and is typical for factories or industrial
objects that usually work only two daily shifts with one-hour
rest break between them.

Figure 9 Predicted versus real consumption value on daily basis

On a weekly basis, the prediction is successful for working
days. A slight error occurs when trying to predict the value for
Saturday as a consequence of the similarity of the power
consumption between the weekend days.

MAE metric
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Figure 7 Calculated error in kWh using MAE metric for user N12

0
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Figure 10 Predicted versus real consumption value on weekly basis
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VI. CONCLUSION
This paper proposes a machine learning solution for the
disadvantages of long-term load forecasting. Firstly, the idea
of short-term load forecasting and its benefits are presented as
well the idea for trading on the electricity market with the
forecasted power consumption values. The solution includes
two approaches used for feature selection, defining the
structure, setting up the hyper parameters of the network and
finally, applying the models on data in order to do the
forecasting. The predictions are made on different data sets
which have non-identical characteristics thus they cover a wide
range of users that may use the model for predicting the power
consumption in defined time frame. The models are trained on
data sets which covers one-year time frames. All of the
presented results are based on predictions from these models.
The training with short frames of data is perfect fit for
companies which power consumption varies a lot through
years and is not correlated with the previous years meaning a
yearly overtraining is needed. The presented results show that
short-term forecasting is way more accurate than the long-term
forecasting.
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