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PREFACE

The first (2006) and second International Workshops “Intelligent Technologies in Logistics and Mechatronics
Systems ITELMS” were held at Riga Technical University. The 3™ international workshop ITELMS'2008 was held at
Kaunas University of Technology Panevezys Institute on 22 — 23 May, 2008. The international conferences
ITELMS"2009 — ITELMS'2014 traditionally takes place at Kaunas University of Technology Panevezys Institute.

The aims of the Conference are to share the latest topical information on the issues of intelligent technologies
in logistics and mechatronics Systems. The papers in the Proceedings presented the following areas:

Intelligent Logistics Systems
Multi Criteria Decision Making
Composites in Infrastructures
Automotive Transport
Intelligent applications of solid state physics
Intelligent Mechatronics Systems
Mechanisms of Transport Means and their Diagnostics
Railway Transport
Transport Technologies
Modern Building Technologies
Sensors and Sensing Phenomena
In the invitations to Conference, sent year before the Conference starts, the instructions how to prepare reports
and manuscripts provided as well as the deadlines for the reports are indicated.

A primary goal of Conference is to present the highest quality research results. A key element in attiring goal
is the evolution and selection procedure developed by the Conference Scientific Committee.

All papers presented in Conference and published in Proceedings undergo this procedure. Instruction for
submitting proposals, including requirements and deadlines, are published in “Call for Papers” in the
http://ktu.edu/en/content/conferences-2014. Paper proposals must contain sufficient information for a trough review. All
submissions to determine topic areas are directed to appropriate Topic Coordinators. The Topic Coordinators review the
submissions much them to the expertise according to the interests and forward them to selected reviewers. At least two
reviewers examine each submission in details.

Selection of papers for the Conference is highly competitive, so authors should assure their submissions to
meet all Conference Scientific Committee’s requirements and to be of the highest possible quality.

All Conference participants prepare manuscripts according to the requirements that make our Proceedings to
be valuable recourse of new information which allows evaluating investigations of the scientists from different
countries.

Prof. Z. Bazaras
Prof. V. Kleiza
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MIMO-BICM Multimode Transmission Schemes with iterative Detection

A. Ahrens, S. Lochmann

Hochschule Wismar, University of Applied Sciences - Technology, Business and Design, Philipp-Miiller-Strafie 14,
23952 Wismar, Germany, E-mail: andreas.ahrens@hs-wismar.de, steffen.lochmann@hs-wismar.de

Abstract

In this contribution a coherent (2%2) (multiple input multiple output) MIMO transmission with iterative detection over a
measured multimode fiber channel at 1325 nm operating wavelength is studied. For the channel measurements a fibre
length of 1.4 km was chosen. Extrinsic information transfer (EXIT) charts are used for analyzing and optimizing the
convergence behaviour of the iterative demapping and decoding. Our results show that in order to achieve the best bit-
error rate, not necessarily all MIMO layers have to be activated.

KEYWORDS: Multiple-Input Multiple-Output (MIMO) Transmission, Optical Fibre Transmission, Multimode fiber
(MMF), Iterative Detection.

1. Introduction

Intelligent technologies and electrical engineering are inter-connected. MIMO (multiple-input multiple-output)
transmission is becoming a foundational basis for reliable data transmission and is aimed at enhancing channel capacity.
It is as revolutionary as the intelligent technologies” support behind the smart grid in the electric as well as mechatronic
industry.

The concept of MIMO (multiple input multiple output) transmission has been investigated since decades now
for both, twisted-pair copper cable transmission, suffering from crosstalk between neighboring wire pairs [1], as well as
for multi-antenna radio systems, where signal interference occurs on the radio interface [2, 3]. In the recent past the
concept of MIMO transmission over multimode fibers has attracted increasing interest in the optical fiber transmission
community, targeting at increased fiber capacity [4-6].

Bit-interleaved coded modulation (BICM) was designed for bandwidth efficient transmission over fading
channels, offering an improved link adaptation capability and an increased design freedom. Wireless MIMO bit-
interleaved coded modulation (BICM) transmission schemes for both non-frequency and frequency selective MIMO
channels have attracted a lot of attention and reached a state of maturity [3, 7]. By contrast, MIMO-aided and BICM-
assisted optical systems require substantial further research [5, 6]. That is why in addition to bit loading algorithms in
this contribution the benefits of channel coding are also investigated.

Since the “design-space” is large, a two-stage optimization technique is considered. Firstly, the uncoded
MIMO scheme is analyzed, investigating the allocation of both the number of bits per modulated symbol and the
number of activated MIMO layers at a fixed data rate. Secondly, the optimized uncoded system is extended by
incorporating bit-interleaved coded modulation using iterative detection (BICM-ID), whereby both the uncoded as well
as the coded systems are required to support the same user data rate within the same bandwidth.

The novel contribution of this paper is that we jointly optimize the number of activated MIMO layers and the
number of bits per symbol combined with powerful error correcting codes under the constraint of a given fixed data
throughput and integrity. The performance improvements are exemplarily studied by computer simulations at a
measured 1.4 km multimode MIMO fiber channel at 1325 nm operating wavelength.

The remaining part of this contribution is organized as follows: Section 2 introduces our system model and the
proposed uncoded solutions. In section 3 the channel encoded MIMO system is introduced. The associated performance
results are presented and interpreted in section 4. Finally, section 5 provides our concluding remarks.

2. MIMO System Model

In order to form the optical MIMO channel, different sources of light have to be launched into the fiber. At the
receiver side, different spatial filters can be used. In this work, the spatial filters were produced by depositing a metal
layer at fiber end-faces and subsequent ion milling. Details on the optical MIMO configuration, which has been
determined by channel measurements, are given in [6]. For the investigated optical MIMO channel an eccentricity ¢ of
10 um and a mask diameter » of 15 pm were chosen. The arising electrical (2x2) MIMO channel is highlighted in Fig. 2.

The measured MIMO channel impulse responses at 1325 nm operating wavelength are depicted in Fig. 3 and
illustrate the activation of different mode groups according to the transmitter side light launch conditions (Fig. 1). The
individual mode groups are clearly separated since no chromatic dispersion is imminent at the wavelength of 1325 nm.
The block-oriented system for frequency selective channels is modeled by:

u=Hc+w (1)
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In (1), the transmitted signal vector ¢ is mapped by the channel matrix H Honto the received vector u.

Fig. 1. Forming the optical (2x2) MIMO channel (left: light launch positions at the transmitter side with a given
eccentricity J, right: spatial configuration at the receiver side as a function of the mask diameter r)

The vector of the additive, white Gaussian noise (AWGN) is defined by w. Details on the transmission model
are given in [6] with reference to the results in [7, 8].
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Fig. 2. Electrical MIMO system model (example: n = 2)

Singular-value decomposition (SVD) has been established as an efficient concept to compensate the
interferences between the different data streams transmitted over a dispersive channel: SVD is able to transfer the whole
system into independent, non-interfering layers exhibiting unequal gains per layer as highlighted in Fig. 4.
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Fig. 3. Measured electrical MIMO impulse responses with respect to the pulse frequency fr=1/T,=5.12 GHz at
1325 nm operating wavelength

The singular-value decomposition (SVD) of the system matrix H results in: H=S V D", where S and D" are
unitary matrices and V is a real-valued diagonal matrix of the positive square roots of the eigenvalues of the matrix
H" H sorted in descending order. The MIMO data vector ¢ is now multiplied by the matrix D before transmission. In
turn, the receiver multiplies the received vector u by the matrix S*. In doing so, neither the transmit power budget nor
the noise power characteristic is changed. The overall transmission relationship is defined as:
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y=S”(HDc+w)=Vc+v7) 2

The unequal gains per layer at the time £, i. e., the diagonal element ,/&,, and ,/&,, of the matrix V, are

defined by the positive square roots of the eigenvalues of the matrix H H.

In this contribution, coherent transmission and detection is assumed together with the modulation format QAM
(quadrature amplitude modulation) per MIMO transmission mode. By taking the different layer-specific weighting
introduced by the positive square roots of the eigenvalues of the matrix H" H, into account (Fig. 4), bit- and power
loading per layer can be used to balance the bit-error probabilities and thus optimize the performance of the whole
transmission system.
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Fig. 4. SVD-based layer-specific transmission model

Given a fixed transmission bit rate, the optimization target is a minimum BER: therefore the bit loading to the
different transmission modes is optimized according to the options shown in Tab. 1.

Table 1
Parameters for bitloading: Investigated QAM trans-mission modes for fixed transmission bit rate
Throughput Layer 1 Layer 2
4 bit/s/Hz 16 0
4 bit/s/Hz 4 4
2 bit/s/Hz 4 0
2 bit/s/Hz 2 2

3. Channel Encoded MIMO System

The channel encoded transmitter structure is depicted in Fig. 5. The encoder employs a half-rate non-
systematic, non-recursive convolutional (NSNRC) code using the generator polynomials (7.5) in octal notation. The
uncoded information is organized in blocks of &V; bits, consisting of at least 3000 bits, depending on the specific QAM
constellation used. Each data block i is encoded and results in the block b consisting of N, =2 N; + 4 encoded bits,
including 2 termination bits. The encoded bits are interleaved using a random interleaver and stored in the vector b.
The encoded and interleaved bits are then mapped to the MIMO layers. The task of the multiplexer and buffer block of
Fig. 5 is to divide the vector of encoded and interleaved information bits, i. e. b , into subvectors according to the
chosen transmission mode (Tab. 1). The individual binary data vectors are then mapped to the QAM symbols ¢; x and
¢2 ¢ according to the specific mapper used (Fig. 5).
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b Cak
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Fig. 5. The channel-encoded MIMO transmitter structure

The iterative demodulator structure is shown in Fig. 6. When using the iteration index v, the first iteration of
v=1 commences with the soft-demapper delivering the N, log-likelihood ratios (LLRs) L(2V=l) (b) of the encoded and

interleaved information bits, whose de-interleaved version L(avjl) (b) represents the input of the convolutional decoder as

depicted in Fig. 6. This channel decoder provides the estimates L(1V=l) (i ) of the original uncoded information bits as well
as the LLRs of the N, NSNRC-encoded bits in the form of
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As seen in Fig. 6 and (3), the LLRs of the NSNRC-encoded bits consist of the receiver’s input signal itself plus
the extrinsic information L(e,le) (b), which is generated by subtracting L(avjl) (b) from L(1V=1) (b) The appropriately

ordered, i. e. interleaved extrinsic LLRs are fed back as a priori information L(,ﬁz) (5 ) to the soft demapper of Fig. 6 for

the second iteration [7].
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Fig. 6. Iterative demodulator structure

4. Results

The numerical analysis targets at BER results. For this purpose it is assumed, that each optical input within the
multimode fiber is fed by a system with identical mean properties with respect to transmit filter and pulse frequency
fr=1/Ts. For numerical assessment within this paper, the pulse frequency is chosen to be fr=5.12 GHz, the average
transmit power is supposed to be P =1 V? — this equals 1 W at a linear and constant resistance of 1 Q — and as an
external disturbance a white Gaussian noise with power spectral density Ny is assumed. In order to transmit at a fixed
data rate while maintaining the best possible integrity, i. e., bit-error rate, an appropriate number of MIMO layers has to
be used, which depends on the specific transmission mode, as detailed in Tab. 1.

The optimization results, obtained by computer simulation at an overall data rate of 20.48 Gbps, are shown in
Fig. 7: The BER becomes minimal in case of an optimized bit loading with highest bit loading in the layer with largest
singular values. The optimized MIMO transmission exhibits an improvement with respect to SISO (single input single
output) transmission, but a non-optimized MIMO transmission leads to a significant degradation of the system
performance. Furthermore, the simulation results show that in order to minimize the overall BER at a fixed data rate,
not necessarily all MIMO layer should be activated. Instead, only the strongest MIMO layer should be used with
appropriate modulation level in the considered example.
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Fig. 7. BER performance at 1325 nm operating wavelength when using the transmission modes introduced in Tab. 1
and transmitting 4 bit/s/Hz over frequency selective optical MIMO channels

The so far considered joint optimization of the number of activated MIMO layers as well as the number of bits
per symbol was found to be effective at high SNRs. However, iterative receivers are able to work in a much lower SNR
region. Therefore, it would be interesting to see how the design criteria change when coding is added to the
transmission system.

Using the half-rate, constraint-length K. =3 NSNRC code with the generator polynomials of (7.5) in octal
notation, the BER performance is analyzed for an effective throughput of 2 bit/s/Hz based on the best uncoded schemes
of Tab. 1. In addition to the number of bits per symbol and the number of activated MIMO layers, the achievable
performance of the iterative decoder is substantially affected by the specific mapping of the bits to both the QAM
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symbols as well as to the MIMO layers. Here, the maximum iteration gain can only be guaranteed, if anti-Gray mapping
is used on all activated MIMO layers [7, 9].

Furthermore, observed by comparing the extrinsic information transfer (EXIT) chart results of Fig. 8, the
overall performance is strongly influenced by the allocation of the number of bits to the MIMO layers.

o o
1*)] o]
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o

extrinsic demapper output —

—— NSNRC code
O (16,0) QAM, MIMO
< (4,4) QAM, MIMO

o
o

% 02 o4 o6 08 1
extrinsic decoder output —

Fig. 8. EXIT chart for an effective user-data throughput of 2 bit/s/fHz and the different QAM constellations at
10 logio (Ps Ts / No) = 18 dB (1325 nm operating wavelength and anti-Gray mapping on all activated MIMO
layers)

In order to guarantee an open EXIT tunnel and therefore an efficient information exchange between the soft
demapper transfer characteristic and the decoder transfer characteristic at a given signal-to-noise ratio, not necessarily
all MIMO should be activated. In the considered example only the strongest MIMO layer should be used with
appropriate modulation level. Activating all MIMO layers the information exchange between the soft demapper and the
decoder stops relatively early, resulting in a reduced BER performance.

The BER performance is finally presented in Fig. 9 based on the best uncoded schemes of Tab. 1 and confirms
the EXIT chart results. The information word length is 3000 bits and a random interleaver is applied.

5. Conclusions
Coherent MIMO transmission over measured multimode optical fibers has been investigated targeting at

minimized BER while keeping the transmission bit-rate constant. The results show that MIMO transmission based on
SVD is a promising approach, in particular when the bit loading is optimized.
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Fig. 9. BERs assuming anti-Gray mapping scheme on the activated MIMO layer for an effective user-data throughput
of 2 bit/s/Hz (1325 nm operating wavelength)

In that case significant BER improvements can be achieved compared to a conventional SISO system. The
proposed MIMO-BICM scheme includes an adaptation of the transmit parameters. EXIT charts are used for analysing
and optimizing the convergence behaviour of iterative demapping and decoding. Here, the choice of the number of bits
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per symbol and the number of MIMO layers combined with powerful error correcting codes substantially affects the
performance of a MIMO system, suggesting that not all MIMO layers have to be activated in order to achieve the best
BERs.
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Abstract

Engineers contribute to the emergence and development of intelligent technologies which allow solving social
challenges. However, little attention has been paid to the analysis of engineering students’ attitude to use of such an
intelligent technology as Web 3.0 in university studies. The aim of the paper is to analyse engineering students’ attitude
to use of Web 3.0 technologies in university studies underpinning elaboration of a hypothesis on use of Web 3.0
technologies for promotion of engineering students’ research. The meaning of the key concepts of university studies,
Web 3.0 technologies and attitude is studied. Moreover, the study demonstrates how the key concepts are related to the
idea of intelligent technologies and shows how the steps of the process are related: students’ attitude to use of Web 3.0
technologies in university studies — empirical study within a multicultural environment — conclusion. The results of
the present research show that engineering students’ attitude to use of Web 3.0 technologies in university studies is
positive. A hypothesis on use of Web 3.0 technologies in university studies for promotion of engineering students’
research has been proposed. Directions of further research have been identified.

KEYWORDS: intelligent technologies, engineering, Web 3.0 technologies, university studies, research, attitude.

1. Introduction

Intelligent technologies in engineering perform a two-fold role. On the one hand, by solving social challenges,
engineers contribute to the emergence and development of intelligent technologies. On the other hand, use of intelligent
technologies in engineering that is based on research facilitates the engineers’ success in innovative management with a
variety of problematic situations in all the life dimensions such as medicine, education, logistics, building,
transportation and others. However, little attention has been paid to the analysis of engineering students’ attitude to use
of such an intelligent technology as Web 3.0 in university studies.

The aim of the paper is to analyse engineering students’ attitude to use of Web 3.0 technologies in university
studies underpinning elaboration of a hypothesis on use of Web 3.0 technologies in university studies for promotion of
engineering students’ research. The meaning of the key concepts of university studies, Web 3.0 technologies and
attitude is studied. Moreover, the study demonstrates how the key concepts are related to the idea of intelligent
technologies and shows how the steps of the process are related: students’ attitude to use of Web 3.0 technologies in
university studies — empirical study within a multicultural environment — conclusion.

Methodological background of the present research is based on the System-Constructivist Theory. The
System-Constructivist Theory is introduced as the New or Social Constructivism Pedagogical Theory. The System-
Constructivist Theory is formed by
o Parsons’s System Theory [38] on any activity as a system,

Luhmann’s Theory [28] on communication as a system,
the Theory of Symbolic Interactionalism [34],
the Theory of Subjectivism [20].

The System-Constructivist Theory implies the dialectical principle of the unity of opposites that contributes to
the understanding of the relationship between external (social, social interaction, teaching, etc) and internal (individual,
cognitive activity, learning, etc) perspectives as the synthesis of external and internal perspectives [5]. In comparison,
the Constructivism Theory focuses on learning and, consequently, the internal perspective, the Social Constructivist
theory — on teaching and, consequently, external perspective as well as on the balance between teaching and learning
and, consequently, the balance between the external and internal perspectives [5].

The System-Constructivist Theory and, consequently, the System-Constructivist Approach to learning
introduced by Reich [39] emphasizes that human being’s point of view depends on the subjective aspect:

e cveryone has his/her own system of external and internal perspectives [2] that is a complex open system [41], and
o experience plays the central role in the knowledge construction process [30].
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It should be noted that the terms experience and competence are used synonymously in the present manuscript
as both terms are similarly structured: experience [43] as well as competence [16] include knowledge, skills and
attitudes as highlighted in Fig. 1.

Experience as well as

competence
Knowledge Attitude

Skills

Fig. 1. Elements of experience as well as competence

Hence, engineers’ attitude is identifies as part of their experience as well as competence.

The elements of experience as well as competence, namely knowledge, skills and attitude, are inter-related.
Engineers’ negative attitude fails to promote their research expressed by the increase in the level of their knowledge and
skills as well as experience and competence, in general. In contrast, engineers’ positive attitude ensures the promotion
of their research revealed by the enrichment of the level of their knowledge and skills as well as experience and
competence, in general. Therein, the subjective aspect of human being’s point of view is applicable to the present
research on use of Web 3.0 technologies in university studies for promotion of engineering students’ research.

The novel contribution of this paper is expressed in the hypothesis on use of Web 3.0 technologies in university
studies for promotion of engineering students’ research.

Our target population to generalize the educational model of engineering students’ attitude to use of Web 3.0
technologies in university studies for promotion of engineering students’ research in formal higher education.

The remaining part of this paper is organized as follows: the next section introduces theoretical framework on
students’ attitude to use of Web 3.0 technologies in university studies for promotion of engineering students’ research.
The associated results of an empirical study will be presented in the following section. Finally, some concluding
remarks are provided followed by a short outlook on interesting topics for further work.

2. Theoretical Framework

Engineering constantly develops. The enrichment of engineering is ensured via research as shown in Fig. 2.

In its turn, research is part of university education as depicted in Fig. 3.

It should be noted that university education proceeds in university studies as demonstrated in Fig. 4.

In the present manuscript, the terms university studies, tertiary studies, educational process, teaching and
learning process are used synonymously.

Engineering
Research
Fig. 2. The relationship between engineering and research
Research
University education

Fig. 3. The relationship between research and university education

University education

University studies

Fig. 4. The relationship between university education and university studies
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Many universities throughout the world have already adopted or are incorporating intelligent technologies in
their studies as such a benefit of use of intelligent technologies in university studies is emphasised as individualisation
or personalisation of university studies. It should be noted that intelligent technologies include Web 3.0 technologies as
revealed in Fig. 5.

Intelligent technologies

Web 3.0 technologies

Fig. 5. The relationship between intelligent technologies and Web 3.0 technologies

Web 3.0 technologies are based on four dimensions, namely the infrastructure dimension, the functionality
dimension, the data dimension, and the social (or socialization) dimension as depicted in Fig. 6.
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Fig. 6. Four dimensions of Web 3.0 technologies

In comparison with Web 2.0 technology as a system aimed at creating social interaction, Web 3.0 is
characterized by such qualities as mobility and semantics. Mobility of Web 3.0 is founded on the concepts of cloud
computing and information access anywhere, anytime, on any device. The concept of semantics means to provide a
particular user of intelligent technologies with the content that is relevant to his/her social networks. Web 3.0 mostly
includes but is not limited to online networks. Elements of Web 3.0 depend on specifics of a particular process. As
university studies are centred on research, Figure 7 illustrates the elements of Web 3.0 technologies in university studies
that include use of
e university e-Libraries,

e patent databases such as European Patent Office (EPO), US Patent and Trademark Office (PTO),

e bibliographic databases such as SciVerse Scopus (SCOPUS), Thomson Reuters, Education Resources Information
Center (ERIC),

e research communities’ networks such as < www.researchgate.com >, < www.ResearcherID.com >, etc.

We 3.0 technologies

Bibliographic

A research community network
database

E- Library Patent database

Fig. 7. Elements of Web 3.0 technologies in university studies

University e-Libraries provide access to eResources such as electronic resources, i.¢., online journals, indexes,
databases, and books that is restricted by licenses with vendors to university’s students, faculty, and staff. A particular
university’s students, faculty, and staff have off-campus access is only ensured to these licensed eResources.

Patent database enables users to search the full text of multiple international patent collections. Users can
search published applications, granted patents and utility models mostly from 1985 to the present time. The data
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available includes full text patents, English machine translations and full document images. These collections are
periodically updated to include additional years of coverage.

A bibliographic database is a database of bibliographic records, an organized digital collection of references to
published literature, including journal and newspaper articles, conference proceedings, reports, government and legal
publications, patents, books, etc. In contrast to library catalogue entries, a large proportion of the bibliographic records
in bibliographic databases describe articles, conference papers, etc., rather than complete monographs, and they
generally contain very rich subject descriptions in the form of keywords, subject classification terms, or abstracts [18].
A bibliographic database may be general in scope or cover a specific academic discipline. A significant number of
bibliographic databases are still proprietary, available by licensing agreement from vendors, or directly from the
indexing and abstracting services that create them [40]. Many bibliographic databases evolve into digital libraries,
providing the full-text of the indexed contents. Others converge with non-bibliographic scholarly databases to create
more complete disciplinary search engine systems, such as Chemical Abstracts or Entrez.

Research community networks in the present contribution mean use of web-based tools to discover and use
research and scholarly information about people and resources [8]. Research community networking tools serve as
knowledge management systems for the research enterprise. Research community networking tools connect institution-
level/enterprise systems, national research networks, publicly available research data (e.g., grants and publications), and
restricted/proprietary data by harvesting information from disparate sources into compiled expertise profiles for faculty,
investigators, scholars, clinicians, community partners, and facilities. Research community networks are designed for
such target groups as [4]:

e investigators
o to discover potential collaborators,
o more rapidly and competitively to form teams,
o to identify targeted grant opportunities and
o to create digital vitae,
e administrators
o to work with better data for institutional business intelligence,
o to better assess performance for annual reviews,
o to recruit new faculty and attract students,
e researchers
o to study networks of science teams to improve research effectiveness.

Research community networks [4] include four technology components such as
a controlled vocabulary (eg., the VIVO Ontology) for data interoperability,
an architecture for data integration and sharing (Linked Open Data),
applications for collaboration, funding, business intelligence, or administration and
rich faculty profile data of publications, grants, classes, affiliations, interests, etc.

Further on, repositories of profile data need to talk to institutional systems like faculty directories [4].

Research community networks’ tools facilitate the development of new collaborations and team science to
address new or existing research challenges through the rapid discovery and recommendation of researchers, expertise,
and resources [7, 17].

Research community networks’ tools differ from search engines such as Google in that they access information
in databases and other data not limited to web pages. They also differ from social networking systems such as LinkedIn
or Facebook in that they represent a compendium of data ingested from authoritative and verifiable sources rather than
predominantly individually asserted information, making research community networks’ tools more reliable [19]. Yet,
research community networks’ tools have sufficient flexibility to allow for profile editing. Research community
networks’ tools also provide resources to bolster human connector systems: they can make non-intuitive matches, they do
not depend on serendipity, and they do not have a propensity to return only to previously identified
collaborations/collaborators [10]. Research community networks’ tools also generally have associated analytical
capabilities that enable evaluation of collaboration and cross-disciplinary research/scholarly activity, especially over time.

Importantly, data harvested into robust research community networks’ tools is accessible for broad
repurposing, especially if available as linked open data (RDF triples). Thus, research community networks’ tools
enhance research support activities by providing
e data for customized,

e up-to-date web pages,
e CV/biosketch generation, and
o data tables for grant proposals.

A short description of a research community network such as ResearchGate gives a short overview of
functions of a research community network: ResearchGate is a social networking site for scientists and researchers to
share papers, ask and answer questions, and find collaborators [27]. The site has been described as a mashup of
“Facebook, Twitter and LinkedIn” that includes “profile pages, comments, groups, job listings, and ‘like’ and ‘follow’
buttons” [27]. Members are encouraged to share raw data and failed experiment results as well as successes, in order to
avoid repeating their peers’ scientific research mistakes [14]. Microsoft co-founder Bill Gates is among the company's
investors [26]. ResearchGate announced in 2013 that the site had two million members.
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Research community networks demonstrate such opportunities as [4]
e support to innovative team building approaches,
e provision of richer data for comparative institutional studies and
o potential for national networks of collaborative research.

Research community networks reveal the existence of such threats as [4]
o some desired data are private (eg., award amounts) or restricted (eg., FERPA),
* negotiation between research and administrative efforts is required, and
efforts threaten established networks of research influence.

For success of research community networks, such issues are to be considered as [4]
leveraging existing institutional efforts for research networking and annual faculty review,
understanding institutional culture and policy for faculty information sharing,
making the technology investments to develop the required new capabilities, and
identifying sources of available high quality profile data (institutional, corporate, federal, Linked Open Data cloud),
use of existing research or administrative initiatives and workflows that manage profile data,
overcome of institutional cultures that may not prevent data use for research networking, and
bringing together (typically) multiple initiatives that manage faculty profile data in a sustainable institutional
strategy.

Hence, research within university studies is promoted by use of Web 3.0 technologies as a kind of intelligent
technologies. In its turn, use of Web 3.0 technologies in university studies is measured via engineering students’
attitude.

Attitude has been defined by a number of researchers. Palmer and Holt define attitude as an individual’s
positive or negative feelings about performing the target behavior [37]. This implies that learners’ positive or negative
feelings about their use of Web 3.0 technologies in university studies would directly influence their behavior to use
Web 3.0 technologies in university studies. Consequently, attitude comprises positive as well as negative feelings as
shown in Fig. 8.

Attitude

Positive feelings Negative feelings

Fig. 8. Feelings of attitude

Another definition of attitude that is of the interest of the contribution’s authors is attitude identified as a
combination of evaluative judgements about a phenomenon [12].

Analysis of these definitions of attitude carried out by the contribution’s authors and complementing the
attitude definition formulated by Crites, Fabrigar, Petty [12] with the word individual leads to such a newly determined
definition of student’s attitude as an individual combination of evaluative judgements about a phenomenon. As well as,
in comparison to attitude’s positive or negative feelings determined by Palmer and Holt [37], the contribution’s authors
differentiate attitude into positive, neutral or negative as illustrated in Fig. 9.

Attitude
Positive Negative

Neutral

Fig. 9. Differentiation of attitude

Understanding students’ attitudes towards Web 3.0 technologies in university studies can help to determine the
extent to which students utilize Web 3.0 technologies in university studies [36].

Attitude differentiation is considered as levels of attitude shown in Tab. 1.

A positive attitude is associated with the evidence of motivated behaviour, while a negative change is linked to
a less motivated behavior [6, 35].

The nature of attitude is rooted in emotions. Thus, emotions and attitude are inter-related as depicted in Fig. 10.

However, emotions refer to psychology, and attitude — to pedagogy. Therein, psychological processes provide
the basis for pedagogical developments.
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Table 1
Attitude as a criterion of application of Web 3.0 technologies in university studies and levels of attitude
Levels

o Level 1 Level 2 Level 3

Criterion L k
low optimal high
1 2 3
Students’ attitude to use of Web 3.0 technologies in university studies Negative Neutral Positive

Attitude ﬁ Emotions

Fig. 10. The relationship between attitude and emotions

Emotions defined as nerve impulses ensure this faster reaction to a problem situation as emotions encourage for
acting by use of an immediate plan of action [24]. The main thing is that emotional processes and states have their own
special positive development in man [25]. Therein, it is widely believed that men and women differ in their emotional
responding [33]. The positive development of emotional processes and states must be especially emphasized in as much
as the classical conceptions of human emotions as "rudiments" coming from Darwin, consider their transformation in
man as their involution, which generates a false ideal of education, leading to the requirement to "subordinate feelings to
cold reason" [25]. Consequently, the relationship between human emotions and age has to be further analysed. Emotions
are not only feelings, but also other elements, such as expressions in the face or the voice, physiological changes, and
changes in action tendencies or action readiness [13]. Emotions fulfill the functions of internal signals, internal in the
sense that they do not appear directly as psychic reflection of objective activity itself [25]. The special feature of
emotions identified by Leont’ev [25] is that they reflect relationships between motives (needs) and success, or the
possibility of success, of realizing the action of the subject that responds to particular motives. Therein, emotions do not
reflect those relationships but reveal a direct sensory reflection of emotions, about experiencing [25].

Further on, emotions are relevant to the social activity and not to individual actions or operations that realize it
[25]. As a result emotions are not subordinated to activity but appear to be its result and the “mechanism” of its
movement [25]. For the cultural dimension of the process of use of Web 3.0 technologies in university studies, it is
important that the experience and expression of emotions is dependent on learned convictions or rules and, to the extent
that cultures differ in the way they talk about and conceptualize emotions, how they are experienced and expressed will
differ in different cultures as well [11]. Consequently, taking into consideration the discipline culture, as emotional
practitioners, students can make the process of application of Web 3.0 technologies in university studies exciting or dull
[21]. Moreover, students’ interactions can be crucial in developing students’ academic self-concept and enhancing their
motivation and achievement [23]. Thereby, on the one hand, emotion reflects the culture trait of a person [22], and, on
the other hand, the emotions are social constructions [3].

Analysis of the inter-relationship between attitude and emotions contributes to the identification of attitude’s
indicators and constructs presented in Tab. 2.

Table 2
Attitude’s indicators and constructs
Criterion Indicators Constructs
Students’ evaluative judgements Verbal expression A word, sentence, etc
on Web 3.0 technologies in Non-verbal expression Face expression, body language, mimicry, etc
university studies Cultural expression Cultural habits

Such constructs of verbal expression as a word or sentence may express a positive or negative meaning. For
example, “excellent” is considered as a construct that demonstrates a positive attitude, “moderate” — neutral, and “bad”
— negative.

Regarding non-verbal expression, smiling face means positive attitude, a neutral voice tone — neutral attitude,
crossing one's arms — negative attitude.

Such constructs of cultural expression as applauding demonstrates positive attitude, listening without a
comment — neutral, and turning one’s back to a colleague — negative.

3. Empirical Study

The present part of the contribution demonstrates
o the design of the empirical research,



23

e survey results, and
o findings of the present empirical study.

The design of the present empirical research comprised the purpose and question, sample and methodology of
the present empirical study as demonstrated in Fig. 11.

Design of the empirical

research
Purpose :
Question

Sample Methodology

Fig. 11. Elements of the design of the present empirical research

The guiding question of the empirical study was as follows: what is engineering students’ attitude to use of
Web 3.0 technologies in university studies?

The purpose of the empirical study was to analyse engineering students’ attitude to use of Web 3.0
technologies in university studies underpinning elaboration of a hypothesis on use of Web 3.0 technologies in university
studies for promotion of engineering students’ research.

The present empirical study involved 23 engineering students of Baltic Summer School Technical Informatics
and Information Technology held at Vilnius Gediminas Technical University, Vilnius, Lithuania, July 20 — August 4,
2013. The respondents of Baltic Summer School Technical Informatics and Information Technology held at Vilnius
Gediminas Technical University, Vilnius, Lithuania, July 20 — August 4, 2013 involved four female and 19 male
students. The age of the respondents differentiated from 22 to 35. All 23 students had got Bachelor Degree in different
fields of engineering and computing. Working experience of the students was different, too. The students represented
the cultures of Lithuania, Russia, Poland, Pakistan, France, Estonia, Serbia, Czech Republic, Finland, Ireland, Germany,
Mexico, Georgia and Ethiopia. Therefore, the sample is multicultural as the respondents with different cultural
backgrounds and diverse educational approaches were chosen. Students’ different cultural and educational experience
emphasized the significance of each student’s contribution to the analysis of their attitude to use of Web 3.0
technologies in university studies. Thus, the groups’ socio-cultural context (age, cultural and educational experience,
mother tongue, etc.) is heterogeneous.

The interpretive paradigm was used in the empirical study. The interpretive paradigm aims to understand other
cultures, from the inside through the use of ethnographic methods such as informal interviewing and participant
observation, etc [42]. Interpretive research paradigm that corresponds to the nature of humanistic pedagogy [29] was
used in the present empirical study. The interpretive paradigm creates an environment for the development of any
individual and helps them to develop their potential [29]. The core of this paradigm is human experience, people’s
mutual everyday interaction that tends to understand the subjectivity of human experience [29]. The paradigm is aimed
at understanding people’s activity, how a certain activity is exposed in a certain environment, time, conditions, i.e., how
it is exposed in a certain socio-cultural context [29]. Thus, the interpretive paradigm is oriented towards one’s conscious
activity, and it is future-oriented [29]. Interpretive paradigm is characterized by the researcher’s practical interest in the
research question [9]. Researcher is the interpreter.

Explorative research was used in the empirical study [31]. Explorative research is aimed at developing
hypotheses, which can be tested for generality in following empirical studies [31]. The explorative methodology
proceeds as demonstrated in Fig. 12 [1]:

o from exploration in Phase 1;
o through analysis in Phase 2;
¢ to hypothesis development in Phase 3.

Phase 1 Exploration is aimed at data collection. Phase 2 Analysis focuses on data processing, analysis and data
interpretation. Phase 3 Hypothesis Development ensures analysis of results of the empirical study and elaboration of
conclusions and hypotheses for further research.

In order to analyse the students’ feedback regarding their attitude to use of Web 3.0 technologies in university
studies, the informal structured interviews were based on the following question: Do you use Web 3.0 technologies in
university studies? Only verbal expression of engineering students’ attitude to use of Web 3.0 technologies in university
studies was taken into consideration. The evaluation scale of five levels for the question was given, namely, strongly
disagree “17, disagree “2”, neither disagree nor agree “3”, agree “4”, and strongly agree “5”. The evaluation scale was
transformed into the level system as illustrated in Tab. 3.

The engineering students’ results of the question (students’ attitude to use of Web 3.0 technologies in
university studies) in the informal structured interviews are shown in Fig. 13.
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Phase 1:

Exploration

Phase 2:
Analysis

Phase 3:

Hypothesis Development

Fig. 12. Methodology of the explorative research

Table 3
Indicator and levels of students’ attitude to use of Web 3.0 technologies in university studies
Levels
. Level 1 Level 2 Level 3 Level 4 Level 5
Indicator : :
very low low average optimal high
1 2 3 4 5
Verbal expression | Strongly disagree | Disagree | Neither disagree nor agree Agree Strongly agree
Very negative Negative Neither negative nor Positive Very positive
positive

Evaluation Scale

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Students' Code Number

Fig. 13. The engineering students’ results of the question (students’ attitude to use of Web 3.0 technologies in
university studies)

The engineering students’ results of the question (students’ attitude to use of Web 3.0 technologies in
university studies) reveal that
e one engineering student’s evaluation of his/her attitude to use of Web 3.0 technologies in university studies refers to

the low level,

o three engineering students’ evaluation of their attitude to use of Web 3.0 technologies in university studies refers to

the average level,

o three engineering students’ evaluation of their attitude to use of Web 3.0 technologies in university studies refers to

the optimal level,

e 16 engineering students’ evaluation of their attitude to use of Web 3.0 technologies in university studies refers to the

high level.
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The results of the question (students’ attitude to use of Web 3.0 technologies in university studies) show that
the majority of engineering students’ evaluate their attitude to use of Web 3.0 technologies in university studies to be of
the high level.

The data were processed applying Excel software.

Frequencies of the engineering students’ answers were determined in order to reveal students’ attitude to use of

Web 3.0 technologies in university studies as shown in Tab. 4.

Table 4
Frequency of the students’ answers
Question Level Number of answers | Percentage

Very low 0 0%

Low 1 4%

Do you use Web 3.0 technologies in university studies? Average 3 13%
Optimal 3 13%

High 16 70%

The frequencies of engineering students’ answers to the question (students’ attitude to use of Web 3.0

technologies in university studies) show that the majority of engineering students’ evaluate their attitude to use of
Web 3.0 technologies in university studies to be of the high level (70%).

technologies in university studies (4.5) as shown in Tab. 5.

Further on, the mean results determine the high level of engineering students’ attitude to use of Web 3.0

Table 5
Mean results
Question Level Number of answers Mean

Very low 0

Low 1
Do you use Web 3.0 technologies in university studies? | Average 3 4.5

Optimal 3

High 16

The findings of the empirical study allow concluding that engineering students demonstrated the high level of
attitude to use of Web 3.0 technologies in university studies (4.5). The summarizing content analysis [32] of the data
reveals that the engineering students’ attitude to use of Web 3.0 technologies in university studies is homogeneous.

4. Conclusions

The theoretical findings on the inter-relationship between the relationship between students’ attitude,
intelligent technologies, Web 3.0 technologies, university studies in the present research allow determining such
criterion of use of Web 3.0 technologies in university studies as students’ attitude.

The findings of the present empirical study allow drawing conclusions that engineering students’ attitude to
use of Web 3.0 technologies in university studies is positive. Students’ positive attitude to use of Web 3.0 technologies
in university studies is considered as a favourable opportunity for the increase of the level of students’ knowledge and
skills as well as experience and competence, in general.

Further on, validity and reliability of the research results have been provided by involving other researchers
into several stages of the conducted research. External validity has been revealed by international co-operation as
following:

o working out the present contribution in co-operation with international colleagues and
assessment of the present research by international colleagues on the basis of co-operation between universities,
participation in workshops given by the international colleagues,
presentations of the research at international conferences and
use of individual consultations given by the Western researchers.

Therein, the researchers’ positive external evaluation of the research of the present contribution validates the
findings of the present research.

The following hypothesis has been formulated: students’ positive attitude to use of Web 3.0 technologies in
university studies promotes students’ research expressed by the increase of the level of students’ knowledge and skills
as well as experience and competence in general if
e a favourable blended educational (blended teaching, blended peer-learning and blended learning) environment

focused on research via use of Web 3.0 technologies is organized within university education,
o students are externally motivated to use of Web 3.0 technologies in university studies by
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o asking students to consider the preconceptions about subject-related topics that they bring to the distance learning
[15],
o educators’ adapting teaching styles [35] to the student while use of Web 3.0 technologies in university studies,
o showing students the relevance of the learning topics to their everyday lives [35],
o students as well as educators are provided with technical support in use of Web 3.0 technologies in university
studies,
o educators are ensured training courses focused on use of Web 3.0 technologies in university studies.

The present research has limitations. The inter-connections between students’ attitude, emotions, intelligent
technologies, Web 3.0 technologies, university education, university studies, engineering and research have been set.
Another limitation is the empirical study conducted by involving only the engineering students. Therein, the results of
the study cannot be representative for the whole area. Nevertheless, the results of the research, namely indicators,
constructs and levels of students’ attitude to use of Web 3.0 technologies in university studies, may be used as a basis of
analysis of students’ attitude to use of Web 3.0 technologies in university studies in other institutions. If the results of
other institutions had been available for analysis, different results could have been attained. There is a possibility to
continue the study.

Further research tends to analyse students’ attitude to use of Web 3.0 technologies in university studies on the
basis of the methodological background different from the methodological background of the present contribution,
namely the System-Constructivist Theory introduced as the New or Social Constructivism Pedagogical Theory. Future
research intends to re-shape applications of Web 3.0 technologies in university studies. Students’ extrinsic motivation
centred on a positive attitude to use of Web 3.0 technologies in university studies has to be further investigated. The
relationship between human emotions and age has to be further analyzed, too. Teaching methods of use of Web 3.0
technologies in university studies that increase students’ positive attitude to use of Web 3.0 technologies in university
studies are of great interest for a scientific discussion. Efficiency of use of Web 3.0 technologies in university studies
could be analysed in future. The search for relevant methods, tools and techniques for evaluation of students’ attitude to
use of Web 3.0 technologies in university studies is proposed. Further research tends to implement empirical studies in
other students’ groups. Further empirical studies could be focused on the analysis of other indicators of attitude,
namely, non-verbal and cultural expression. Constructs of students’ attitude to use of Web 3.0 technologies in university
studies are to be further polished. A comparative study of students’ groups of other university’s programmes is to be
proposed. Particularly, a study of student teachers’ attitude to use of Web 3.0 technologies in university studies is to be
ensured as teachers have a two-fold role:

e in society, teachers are the agents of change and,
¢ in education and training, teachers are the key actors for the development of learners’ use of mobile technologies in
distance learning.

A comparative research as well as studies of other countries could be carried out, too.
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Abstract

The article presents the multicriteria decision support system of the residential house walls and floor typical
constructions. According to the normative requirements for building design, the specific calculations of walls and floor
typical constructions for individual cities of Lithuania, the database of these constructions and the decision support
system are made. The change of the revised value and the comparative value of market of evaluative commercial offers
are determined according to the results of multicriteria analysis. The obtained data of the variant design is offered to
integrate to the systems of “AutoCAD”, energy performance certification of building and others.

KEYWORDS: Web-based negotiation support system, multiple criteria analysis, method, walls, floor, decision
support systems, single family residential building.

1. The analysis of alternatyves and the identificatio of most efficient ones

According to the methods of multicriteria analysis of complex proportional assessment and determination of
efficiency degree and market value the decision support system of the residential house walls and floor typical
constructions selection is build up. The databases of the walls and floor are presented in the system. The typical
constructions are presented in Tab. 1 and 2.

Then we can solve the problem of the objectives pursued and required monetary resources for these objectives,
that is the most rational constructions efficiency and price ratio combination is identified after analysis of all possible
options. This we can make by the methods of the variant design, the multicriteria analysis, the determination of
efficiency degree and market value and by the decision support systems which are made on the basis of them.

Table 1
Typical walls constructions
Code Type of typical walls constructions
SN-1 Plaster + Min. wool + blocks of Fibo
SN-2 Plaster + Min. wool + blocks of silicate
SN-3 Plaster + Min. wool + blocks of ceramic
SN-4 Plaster + Min. wool + blocks of porous concrete

SN-5 Plaster + EPS70 + blocks of Fibo

SN-6 Plaster + EPS70 + blocks of silicate

SN-7 Plaster + EPS70 + blocks of ceramic

SN-8 Plaster + EPS70 + blocks of porous concrete

SN-9 Decoration brick + TSL 30 mm -+ Min. wool + blocks of Fibo
SN-10 Decoration brick + TSL 30 mm + Min. wool + blocks of silicate
SN-11 Decoration brick + TSL 30 mm + Min. wool + blocks of ceramic
SN-12 Decoration brick + TSL 30 mm + Min. wool + blocks of porous concrete
SN-13 Decoration brick + EPS50 + blocks of Fibo

SN-14 Decoration brick + EPS50 + blocks of silicate

SN-15 Decoration brick + EPS50 + blocks of ceramic

SN-16 Decoration brick + EPS50 + blocks of porous concrete

Analyzed two types of the masonry walls constructions: two-layer and three-layer masonry (Fig. 1).
Typical floors constructions are illustrated in the Fig. 2.
Analyzed two types of floor on soil constructions: dry and wet operating mode (Fig. 2).
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Fig. 1. Two-layer (a) and three-layer (b) masonry constructions [3, 5, 21]

Typical floors constructions

Code

Type of typical floors constructions

GR-1

Background + min. wool + linoleum

GR -2

Background + min. wool + cork

GR -3

Background + min. wool + laminate

GR 4

Background + min. wool + parquet

GR -5

Background + min. wool + wooden board

GR -6

Background + min. wool + tiles

GR -7

Background + EPS 80 + linoleum

GR -8

Background + EPS 80 + cork

GR -9

Background + EPS 80 + laminate

GR -10

Background + EPS 80 + parqet

GR-11

Background + EPS 80 + wooden board

GR -12

Background + EPS 80 + tiles

GR -13

Background + Ecowool + linoleum

GR-14

Background + Ecowool + cork

GR -15

Background + Ecowool + laminate

GR -16

Background + Ecowool + parqet

GR -17

Background + Ecowool + wooden board

GR -18

Background + Ecowool + tiles

GR-19

Background + XPS 50 + linoleum

GR -20

Background + XPS 50 + cork

GR -21

Background + XPS 50 + laminate

GR -22

Background + XPS 50 + parqet

GR -23

Background + XPS 50 + wooden board

GR -24

Background + XPS 50 + tiles

Fig. 2. The dry (a) and wet (b) operating mode floor on soil constructions [3, 17, 21]

Table 2

In accordance of the quantitative and qualitative information of the database of typical walls and floor
constructions information the decision-making matrix is forming (Tab. 3 and 5). The specific calculations are performed
in according to the examined criteria and the significance of criteria for every individual Lithuanian cities (Vilnius,
Panevezys, Siauliai, Kaunas and Klaipeda). The significance of commercial offers, the degree of efficiency and the
comparative market value are performed also (Tab. 4 and 6).
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0

Fragment the finding out of real estate alternatives and making of a comparative table
of floors constructions [3, 8,9, 11, 13, 14, 16, 18, 20 and 22]

Table 3

Examined
criteria

The
measure-
ment units
of criteria

*|

The
signify-
cance of|
criteria

GR-1

GR-2

GR-3

GR-4

GR-5

GR-6

GR-7

GR-8

GR-9

GR-10

GR-11

GR-12

GR-13

GR-14

Topcoat’s
resistance to
wear,
scratching

class

0.0436

The
performance
of topcoat

Scores

0.034

0.9

0.8

0.8

0.8

0.9

0.8

0.8

0.8

0.9

0.8

w

[Healthiness

SCOres

0.09

0.9

1

0.8

1

0.9

0.9

1

0.8

0.9

0.9

1

[Aestheticity

SCOres

0.045

0.8

0.9

0.8

1

0.9

0.8

0.9

0.8

0.9

0.8

0.9

W

Resistivity of
topcoat’s deck

m’K/W

0.0032

0.1057}

0.1472

0.2057}

0.2057}

0.35

0.1057}

0.02

0.0615

0.12

0.12

0.35

0.02

0.1057}

0.14724

Thermal
transmis.
coeffic. of
thermal
insulation

W/m2K

0.196

0.041

0.041

0.041

0.041

0.041

0.041

0.038

0.038

0.038

0.038

0.038

0.038

0.041

0.041

3

The thickness
of thermal
insulation

0.0014

0.13

0.13

0.12

0.12

0.12

0.13

0.11

0.11

0.1

0.1

0.09

0.11

0.13

0.13

Long-term
water
absorption,
(W)

%

0.0072

23

23

23

23

23

23

16

16

Flammability
classification

Euroclass

0.013

10

The
compressive
strength, (om)

kPa

x

0.0015

20

20

20

20

20

20

80

80

80

80

80

80

8.8

8.8

11

Density

kg/m?

0.006

105

105

105

105

105

105

17

17

17

17

17

17

50

50

12

Junction
resistivity

m’K/W

0.018

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

4.05

13

Junction 1 m?
rice

LT/m?

0.3115

128.66]

167.01

137.48

160.36]

169.124

176.824

126.23

164.61

135.12

158

166.3

174.38

146.84

185.24

1

N

1 m?
installation
time

human
hour

0.1976

2.39

2.25

2.55

3.22

3.26

4.41

2.39

2.25

2.55

3.22

3.26

4.41

2.8

2.66

15

Calc. thermal
transmission
coeffic. of
floor on
ground, Uy

w/(m*K) |-

0.005

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

1

=)

Internal
specific heat
loss, Hpi

W/K

0.005

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

24.14

17

External
specific heat
loss, Hpe

W/K

0.005

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

6.91

18

Calc. heat
flow average,
Dg

w

0.005

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

349.84

1

\O

Calc. loss
through the
floor, O

kWh

2
m” - years

0.005

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

15.39

20

Totals
included
financial
losses through

the floor

Lt

2
m” - years

0.007

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92

2.92
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Table 4
Fragment the results of multi-criteria analysis of typical floors structures
The
Examined The measure- signifi-
INT. criteria ment.um.ts of [*| cance | GR-1 | GR-2 [ GR-3 | GR-4 | GR-5 | GR-6 | GR-7 | GR-8 | GR-9 |GR-10|GR-11|GR-12
criteria of
criteria
Topcoat’s
I |resistance to class |+ 0.04360.0022(0.0016]0.0005[0.0016]0.0022[0.00270.0022{0.0016|0.0005|0.0016|0.0022|0.0027
wear, scratching
The
2 [performance of |  scores  [+0.0340(0.0014]0.0013]0.0016]0.0013/0.0013]0.0016]0.0014/0.0013]0.00160.0013|0.0013 [0.0016
topcoat
3 [Healthiness scores  |H 0.0900]0.0036]0.0040{0.0032[0.0040]0.0040[0.0036]0.0036[0.0040{0.0032[0.0040[0.0040[0.0036
4 |Aestheticity scores  |H 0.0450(0.00170.0019]0.0017[0.0021]0.00210.0019]0.0017[0.0019]0.0017[0.0021]0.0021 [0.0019
5 [Resistivity of m’K/W  [+0.00320.0001{0.0001]0.00020.00020.0003]0.00010.0000/0.00010.0001|0.0001 |0.0003 [0.0000
topcoat’s deck
Thermal
6 [(ransmis. W/mK  |-[0.1960 [0.0086]0.0086|0.0086]0.0086]0.0086]0.0086]0.00800.0080[0.0080]0.0080{0.0080|0.0080
coeff.of thermal
insulation
The thickness of]
7 thermal m -10.00140.0001{0.0001]0.0001{0.0001 [0.0001{0.0001 |0.0001]0.0001 [0.0001|0.0001 [0.0000|0.0001
insulation
Long-term
8 |water absorp- % -10.00720.0006{0.0006]0.0006|0.0006|0.0006|0.0006|0.00010.0001 [0.0001|0.0001 [0.0001 |0.0001
tiOl’l, (Vle)

Flammability

9 maby Euroclass |- 0.0130 [0.0002[0.0002[0.0002{0.0002{0.0002[0.0002{0.0007{0.0007{0.0007{0.0007{0.0007|0.0007

classification
The

10|compressive kPa  [+0.0015]0.0000{0.0000{0.0000{0.0000{0.0000{0.0000{0.0001{0.0001{0.0001|0.0001{0.0001{0.0001
strength, (om)

11|Density kg/m® |+ 0.0060]0.0005[0.0005]0.0005[0.0005]0.0005[0.0005]0.0001[0.0001]0.0001[0.0001]0.0001[0.0001

12 gz;z::s‘:ty m’K/W  [+0.0180(0.0008]0.0008]0.0008]0.00080.0008]0.0008]0.00080.0008|0.0008|0.0008|0.0008 |0.0008
: 2

13 }J)‘:?C?O“ Im LT/m>  |-{0.31150.0101/0.01310.01080.0126(0.01320.01380.0099(0.01290.01060.01240.0130[0.0137
= 4

14 tliﬁe‘““a“a“‘)“ human hour |-{0.1976 [0.0063]0.00590.00670.0085(0.0086|0.0116]0.0063[0.0059]0.00670.0085(0.0086 [0.0116
Calc. thermal
transmission

1

W

coefficient of w/(m’K)  [-]0.00500.0002|0.0002|0.0002(0.0002[0.0002(0.0002 {0.0002(0.0002 {0.0002{0.0002{0.0002|0.0002
floor on ground,

Uk
16 L“et;”;jsl:pflc_]ﬁc WK |-[0.00500.00020.0002(0.0002[0.0002{0.0002{0.0002{0.0002{0.0002{0.0002|0.0002|0.0002|0.0002
> Hpi
External
17 [specific heat WK  [-{0.0050]0.0002{0.00020.0002|0.0002[0.0002{0.0002{0.0002(0.0002|0.0002[0.0002]0.0002{0.0002
loss, Hpe
18 acva;;;:af;"w W -10.0050{0.00020.0002{0.0002{0.00020.0002{0.0002[0.0002{0.0002[0.0002|0.0002{0.0002 [0.0002
s )8
Calc. loss KWh
19 [through the ——— |-{0:0050{0.0002]0.0002|0.00020.0002|0.00020.0002| 0.00020.0002 0.00020.0002|0.0002 0.0002
floor, O years
Totals included Lt
20|financial losses | 5~ |-10.00700.0003|0.0003]0.0003|0.00030.0003|0.00030.0003|0.00030.0003 0.0003 0.0003 | 0.0003

through the floor
The sum of maximizing normalized
evaluations indicators, S+;

The sum of minimizing normalized
evaluations indicators, S+;

The significance of commercial offer, O; 0.0465(0.0433{0.0433{0.0414]0.0414{0.0384{0.0472{0.0439( 0.044 [0.0418| 0.042 [0.0386
The efficiency degree of commercial offer, N; [ 99% | 92% [ 92% | 88% | 88% [ 81% [ 100% [ 93% | 93% [ 89% [ 89% [ 82%
The priority of commercial offers 2 6 7 13 14 21 1 5 4 12 11 20
Price of construction, Lt/m? 128.66(167.01]137.48]1160.36]169.12|176.82]126.23]164.61{135.12]{158.00{166.30]|174.38
Comparative price, Lt/m? 128.66[167.01]137.48]159.66|168.38|163.14]126.23]164.61{135.12{158.00/166.30]162.70

0.0103{0.0102{0.0085/0.0105]0.0112{0.0112{0.0099(0.0099]0.0081|0.0101]0.0109]0.0108

0.0272(0.02980.028310.0319]0.0326{0.0362(0.0264( 0.029 |10.0275|0.0311]0.0317]0.0355
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Table 5
Fragment the finding out of real estate alternatives and making of a comparative table
of walls constructions [2, 3, 4, 8, 10, 12, 15, 19 and 20]
Nr]  Examined criteria The measurement units|,f The significance | o ; | oo [ §N-3 | SN-4 [SN-5| SN-6 | SN-7 | SN-8
of criteria of criteria
1 [Price Lt/m? - 0.321 191.74201.42/188.56167.34168.9[174.67163.51[147.92)
2 |Installation time human, hour |- 0.116 525|544 [543[5.01[502]515]5.16]4.72
Thermal transmission
3 |coefficient of thermal W/m2K - 0.109 0.0390.039{0.039{0.039 0.0390.039{0.039| 0.039
insulation
4 |The thickness of thermal m - 0.043 0.17 [ 0.19 | 0.18 | 0.14 |0.18| 0.19 | 0.19 | 0.15
insulation
5 [Thermal transmission W/m?K - 0.039 0.18|0.52 [ 0.32 [ 0.11 [0.18] 0.32 | 0.32 | 0.11
coefficient of masonry blocks
6 [Block thickness m - 0.01 0.2 [0.18]0.188] 0.2 [0.2]0.188]0.188] 0.2
7 [Parameter Ry of sound dB 0115 52| 53| 51| 41 |s2] 51| 51 4
isolation Block sound
8 |Healthiness scores - 0.128 4 1 3 2 4 3 3 2
g |The compressive strength of MPa H 0011 5 l125 10235 10] 10]23
masonry blocks
10|Block resistance to cold cycles +H 0.028 50 50 25 25 | 50 | 25 25 25
11|[Weight of block kg/m? - 0.009 130 24843 152 | 80 [ 130 152 | 152 | 80
12[Junction resistivity m2K/W ] 0.055 519519 [5.19[5.19[5.19] 5.19 [ 5.19 [ 5.19
13 Zalc' loss through the walls, |y wy/ (2. years) |- 0.007 19.7219.72|19.72(19.72{19.7219.72 19.72] 19.72
4/Totals included financial Lt/(m?years) |- 0.009 3.75 | 3.75 | 3.75 | 3.75 [3.75] 3.75 | 3.75 | 3.75
losses through the walls
Table 6
Fragment the results of multi-criteria analysis of typical walls structures
The The
Nr. Examined criteria measurement |*|significance] SN-1 [ SN-2 | SN-3 | SN-4 | SN-5 | SN-6 | SN-7 | SN-8
units of criteria of criteria
1 |Price Lt/m? -] 03210 | 0.0232 [0.0243[0.0228[0.0202[0.0204[0.0211{0.0198[0.0179
2 |Installation time human, hour [-| 0.1160 | 0.0083 [0.0085[0.0085[0.0079]0.0079]0.00810.0081/0.0074
3 |Thermal transmission coefficient | w011 0.1090 | 0.0067 [0.0067]0.0067]0.0067]0.0067/0.0067]0.0067]0.0067
of thermal insulation
4 |The thickness of thermal m -| 0.0430 | 0.0028 |0.0031{0.0030/0.0023/0.0030|0.0031|0.0031(0.0025
insulation
s [Mhermal transmission coefficient |y o |1 0.0300 | 0.0016 [0.0047]0.0029[0.0010[0.0016{0.0029/0.0029(0.0010
of masonry blocks
6 [Block thickness m -] 0.0100 | 0.0006 [0.0006]0.0006[0.0006]0.0006]0.0006]0.0006]0.0006
7 |Parameter R of sound isolation dB +| 0.1150 | 0.0076 0.0078|0.0075(0.00600.0076|0.0075[0.00750.0060
Block sound
8 [Healthiness scores -] 01280 | 0.0122 [0.0030[0.0091]0.0061]0.0122[0.0091]0.0091{0.0061
g The compressive strength of MPa +| 0.0110 | 0.0005 [0.0012{0.0009{0.0002|0.0005(0.0009]0.0009]0.0002
masonry blocks
10[Block resistance to cold cycles  |+| 0.0280 [ 0.0024 0.0024[0.0012[0.0012[0.0024]0.0012[0.0012[0.0012
11|{Weight of block kg/m? -] 0.0090 | 0.0005 [0.0010[0.0006]0.0003[0.0005[0.0006]0.0006]0.0003
12|Junction resistivity m’K/W  [+| 0.0550 | 0.0034 [0.0034/0.0034]0.0034]0.0034]0.0034]0.0034]0.0034
13|Calc. loss through the walls, O, | kWh/(m?-years)[-[ 0.0070 | 0.0004 [0.0004]0.0004]0.0004]0.0004]0.0004]0.0004[0.0004
4| Totals included financial losses |y 2. venrgy || 0.0090 | 0.0006 |0.0006(0.0006{0.0006]0.0006{0.00060.0006{0.0006
through the walls
The sum of maximizing normalized evaluations indicators, S+; 0.0139 {0.0148[ 0.013 [0.0108[0.0139] 0.013 [ 0.013]0.0108
The sum of minimizing normalized evaluations indicators, S+; 0.0569 {0.0529]0.0552(0.0461]0.0539]0.0532|0.0519]0.0435
The significance of commercial offer, O 0.0563 [0.0604[0.0567[0.0632(0.0587[0.05840.0595[0.0663
The efficiency degree of commercial offer, N; 77% | 83% | 77% | 86% | 80% | 80% | 81% | 91%
The priority of commercial offers 16 9 15 6 12 14 11 5
Price of construction, Lt/m? 191.74 [201.42{188.56{167.34[168.90]174.67|163.51[147.92
Comparative price, Lt/m? 174.87 [196.59(171.97(167.34[159.44|164.89[156.10[147.92
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2. The performance of the revised value of evaluative commercial offers and the determination of comparative
value of market

According to the results of tabs 3 and 5 is determined that in the first approaching cycle the comparative flour
(GR-7) offer (N7 =100%) and walls (SN-10) offer (Mo =100%) are the most advantageous and acceptable. As seen in
calculated degree of efficiency of commercial offers the initial prices of the assessed floor (GR-18) unit
(x1318 = 200.49 Lt/m?) and walls (SN-1) unit (x;; = 191.74 Lt/m?) are too large. As a result, these commercial offers are
not equally competitive in the market, in comparison with others commercial offers if we holistically rate their positive
and negative characteristics.

According to the results of multicriteria analysis (Tab. 3 and 5) the revised value of evaluative commercial
offers is calculated by x11-, =x11 (1 + k1 /100) formula, according | k1 | <s inequality is determined whether the revised
value is calculated precisely enough, according xi; -z = x11 -, formula is determined the comparative value of market.
The examples of determination of the revised value of worst floors (Fig. 3) and walls (Fig. 4) variant and the
comparative value of market are presented in the article.

KMNOWLEDGE BASED E-NEGOTIATION DECISION SUPPORT SYSTEM
FOR REAL ESTATE -

Variation of corrected value and determination market value of real estate

Approximation |The corrected value of aveal | Itis determined whether the corrected value of a real estate being valnated had been
cycle estate calculated accurately enongh
1 20049 |-11,31] = 10%
\ H 176,61 [-9,70 | < 10%
\ 3] 159,49 |-6.87 < 10%

Price adjustment graph

The
corrected
walue of a
real
estate
1 2 3

Approzmation
cycle

Fig.3. The example of the change of the revised value of commercial offer of floors (GR-18) unit and the
determination of comparative value of market

KMNOWLEDGE BASED E-NEGOTIATION DECISION SUPPORT SYSTEM
FOR REAL ESTATE -

Variation of corrected value and determination market value of real estate

Approximation |The corrected value of a real | Itis determined whether the corrected value of a real estate being valnated had been
cyele estate calculated accurately enongh
1 191,74 | -8,80 | < 10%
2 174,87 | -6,80 | < 10%

Price adjustment graph

The
corrected
walue of a
real
estate
1 2

Apprommation
cycle

Fig. 4. The example of the change of the revised value of commercial offer of walls (SN-1) unit and the determination
of comparative value of market

3. The data integration to the systems of “AutoCAD” and energy certification of building

The best data of complex design selected under the decisions support system of typical construction single
family residential buildings is proposed to integrate to the systems of “AutoCAD” [1], energy performance certification
of building and others (Fig. 5).

Therefore proposed solutions must be stored in the knowledge bases on the internet [23], and information —
available for all, periodically updated, integral, clear and reliable. Forthcoming customer and designer could connect the
geometric parameters of designed building (area, length, volume, ...) [24] with automated design systems (energy
certification, estimate formation, works layout and others) by taking advantage of this information and the decisions
support systems.
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Fig 5. The data integration

4. Conclusions

The specific calculations are performed and the Decisions-making matrices for tipical constructions are formed
for every individual city of Lithuania (Vilnius, Panevezys, Siauliai, Kaunas and Klaipeda). The article presents the
decision support system (DSS) of selection of typical constructions (walls, floor) of the design residential house. the
best data obtained by the variant design is proposed to integrate to the systems of “AutoCAD”, energy performance
certification of building and others.

The topics, which are examined in the article, must be considered as general knowledge base of the design of a
single dwelling unit house and his environment. The proposed solutions must be stored in the knowledge bases on the
internet, and information — available for all, periodically updated, integral, complete, detailed, clear and reliable.
Forthcoming customer and designer could assess and choose the most advantageous and acceptable commercial offer in
terms of quantitative and qualitative indicators by taking advantage of this information and the decisions support
systems.
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Abstract

In this article the conception of construction anthropomorphic manipulator with hydrostatic drive system is shown.
Made a revision of this type of construction determining used kinematics chains in it, ways of forcing to move
particular elements and used drive systems. Formulated kinematics structure of manipulator being imitation of human
hand, and determined a way of initiate movement of elements from which assembled a manipulator. Examined and
presented series of load cases on manipulator’s construction, which allowed to determinate which elements are the most
encumbered. Determined the radius in which manipulator can be useful and presented requirements which should be
matched by potential carrier of manipulator construction.

KEYWORDS: anthropomorphic manipulator, hydrostatic drive, steering.

1. Introduction

In the end of 20" century began making projects of devices, which would be as much as possible exact as
human arm. Tried to achieve manipulability on human upper limb’s level. Moreover designed steering system had to
ensure intuitiveness and simplicity of working with manipulator. To achieve it used so-called copying systems, with
which operator was equipped. Advantage of such solution, besides steering simplicity, is lack of need long term
operators’ training. Constructions which are reaching mobility on human arm level and making use of mentioned
steering type has been called as anthropomorphic manipulators [1-5].

To increase functionality and working possibilities of such type of devices, their sizes were significantly bigger
than human arm. By this devices had bigger range of work space and capability. It simplified in significant degree
moving and transporting of particular shipment without the need of moving closer to object. Nowadays such type of
constructions found more and more usage in industrial, medicine, and military. It proves that there is an increase in
requirement and interest in functionality and anthropomorphic manipulators’ possibilities, which proves their equity to
design and construct such devices.

2. Constructional and kinematics solutions of anthropomorphic manipulators

In the market there are many anthropomorphic manipulators are accessible. Most of them uses electric drive
system [6, 7].They find their usage in medicine and light industrial sector, where masses of lifted object which do not
exceed 100 kg. Besides it, environment (surrounding) do not expose it for humidity and significant pollution.

Hydrostatic drive system significantly increases working possibilities of manipulators. Connected with themb
(possibilities) are lifting capacity, range and working radius. Besides it, this drive system is immune to overloads. That
is why further analysis of manipulator constructions concerned only manipulators with hydrostatic drive system

First from discussed constructions was designed by Kraft company and it is called “Predator” (Fig. 1).

Fig. 1. Manipulator “Predator” [8]

Manipulator is based on open kinematics chains with six degrees of latitude. It has 2 m range and it has ability
to lift object which weights 93 kg. Maximum weight to lift for this manipulator equals 230 kg. Its construction contains
four elements. Their movement is forced by both linear servomotors (lifting whole manipulator and movement of
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second element) and rotational movement (rotation of manipulator and gripper and movement of third and fourth
element. “Predator” was used to underwater works in conservation and placement of phone lines. Vehicle named
Hercules became its carrier. Moreover manipulator of Kraft Company was used with works concerning neutralisation
atomic objects and with remote Duds’ attendance. In second case a vehicle named ARTS [9].

Next analysed constructions were Tmsuk company manipulators. They were mounted on “T-52” and “T-53”
robots. First from then (Fig. 2a) is based on open kinematics chain with eight degrees of latitude. Its range reaches
4.9 m and it is able to lift an object with mass of 500 kg. Movement of every element in manipulator are forced only by
linear servomotors [10]. In some chains they work in lifting systems to increase possibilities of movement [11].

Fig. 2. Anthropomorphic manipulators built by Tmsuk Company: a — T-52; b — T-53 [10]

Second construction (Fig. 2b) is also based on open kinematics chain with six degrees of latitude. For
powering the manipulator, linear servomotors has been used and one with rotational movement. It is used to rotate the
gripper or other executor element. It has the range of 4 m and it is capable to lift an object which weight 100 kg [12].

Both “T-52” and “T-53” found their usage in rescue actions. Their duties are removing wide range of results
after catastrophes and natural disasters. It must be capable to lift, move and transporting concrete elements, metal rods
etc.

All of the analysed anthropomorphic manipulators’ constructions are based on open kinematics chain. Drive
system, which is used in them, allows them to reach high immunity from overloads. This need mainly derives from
specification of given tasks, environment and maximum weight which they can handle [13, 14]. Number of latitude
degrees which discussed constructions dispose oscillates between six and eight. Based on this it may be determined that
to ensure appropriate functionality (close to human upper limb) of manipulator, its kinematics chain must be based at
least on six latitude degrees [15]. Steering is performed by systems which are copying the movement of the operator. It
allows achieving high work intuitiveness with this device [16-18]. Exemplary illustration of Robot’s steering station
“T-52”, in which operator is equipped with copying system of arm movement is shown in Fig. 3.
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3. Project of Manipulator’s kinematics structure

It was assumed that the carrier of designed manipulator should be the engineer support robot which weights
circa 3000 kg. Stability which it consist should enable for safe realisation of tasks given to manipulator [19]. Moreover
must consist assembly space enough to mounting designed construction was not significantly hindered.

It was estimated that the manipulator will be used in rescuing. Its task will be clearing of rubble the gobs
caused by catastrophes and work linked with clearing those places. It must be able to lift, move or transport materials
such as chunks of concrete, rods, pipes. Its intervention is to quicken and simplify every kind of work linked with
clearing sites after natural disasters (e.g. earthquake) and to reduce human involvement in such works to minimum.
Influencing on increasing safety of people, which are performing tasks.

It was assumed that kinematics structure should ensure this kind of manipulator movement, which in
significant degree will copy human arm movement. It was estimated that the angular movement ranges of particular
elements should be close to these achieved by human arm [20]. Scheme of angular human arm movement’s possibilities
are shown in Fig. 4.

27_0f__;;7 Shoulder

~160°

il =y ]
\
3

Fig. 4. Ideological scheme of angular human arm’s possibilities

It was assumed that the length on each elements of manipulator will be proportional to their equivalents in
human arm (Fig. 5).

Pic. 5. Length of each parts of human arm

It was assumed that the manipulator will dispose range of 3.7 m. Moreover it will be able to lift 200 kg.
It was estimated that manipulator’s construction will consist four elements and working tool — gripper. Sizes of
these elements are shown in Tab. 1.
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Table 1
Sizes of manipulator’s elements
Name of element Assumed size[mm]
1 Element 1 1500
2 Element 2 1200
3 Element 3 300
4 Element 4 300
5 Gripper 400

Main elements composed into manipulator’s construction are shown in Fig. 6.

Fig. 6. Basic components of manipulator’s construction: 1 — mounting plate; 2 — attachment of first element; 3 — first
element; 4 — second element; 5 — third element; 6 — fourth element; 7 — working tool

Based on kinematics structures occurring in analysed anthropomorphic manipulators and angular human arm
movement’s possibilities formulated a kinematics scheme of designed anthropomorphic manipulator.

a b

Fig. 7. Manipulator’s kinematics scheme: a — side layout; b — layout from above; 1, 2, 3 — possible placement of
manipulator

In relation to human arm, designed kinematics scheme (Fig. 7) consists one latitude degree less. Rotation
possibility has been reduced for arm and forearm (Fig. 4) to one place which is gripper’s joint (Fig. 7). Moreover increased
range of movement of certain elements. It is to enable proper density of construction after disassembling for transport.

4. Rotation’s mechanism of anthropomorphic manipulator
Based on estimated assumptions formulated two kinds of constructional solutions of anthropomorphic

manipulator. Their main difference is the way of rotating of whole construction. First solution assumes that the rotation
will be realised by servomotor with rotational movement (Fig. 8).



Fig. 8. Construction’s conception of anthropomorphic manipulator number 1

Second solution assumes that to rotate the manipulator two linear servomotors will be applied (Fig. 9). This
kind of solution is used in excavator-loader units to rotate excavator equipment for 180°.

Fig. 9. Construction’s conception of anthropomorphic manipulator number 2

Advantage of first solution is achieving dense construction and constant momentum value while rotating the
manipulator. Based on initial calculations concerning rotational momentum’s value which has to create by servomotor
determined its specification according to catalogue [21]. On this base determined that the fundamental defect of this
solution is the weight of the servomotor (reaches 200 kg) and its size (height circa. 600 mm).

Second rotation solution characterise with lower weight (circa 90 kg) and simplicity of performed elements of
construction. It has been estimated as a result of initial design of manipulator rotation mechanism.

It was assumed that the second conception will be used (Fig. 9). As a condition for outclassing first solution
was because their significant weight difference

5. Manipulator hydrostatic system
To ensure estimated kinematics assumptions between its elements which are forcing the movement has been

implemented into it, to allow for reaching assumed angles. These elements are hydraulic servomotors with reciprocating
or rotational movement. Placement of those hydraulic servomotors in anthropomorphic manipulator is shown in Fig. 10.
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Fig. 10. Demonstrative drawing presenting placement of hydraulic servomotors’ attachment: 1 —manipulator’s
rotational servomotors; 2 — manipulator’s lifting servomotor; 3 — Second element’s movement servomotor;
4 — Third element’s movement servomotor; 5 —Fourth element’s movement servomotor; 6 —gripper’s rotational
servomotor

Maximal rotation angle which can be achieved by linear servomotor reaches 120°. Servomotors with rotational
movement reach almost 360°. In manipulator’s cords, rotation angle, which should be achieved, is more than 120° lever
systems have been used [22]. In manipulator used six linear servomotors, which were responsible for movement of
every element and rotation of whole construction and one rotational servomotor. It is responsible for gripper rotation.
Diameters of pistons in hydraulic servomotors have been calculated basing on following equation [23]:

[ 4F,
D= |—— (1)
T Ap n;

where: Fy; — force affecting on servomotor, N; Ap — pressure drop in system, MPa; n, — efficiency of hydraulic
servomotor.

Servomotor’s calculations were conducted for several loading conditions. One of them was concerning the
ability to lift a weight of 200 kg by manipulator on maximum range of 3.7 m. They were concerned on 2" and 4%
servomotors (Fig. 10). In calculations, there were included inertia’s forces arising while lifting and rotating the
manipulator. Rest of servomotors should enable horizontal movement of loading on maximum range with acceleration
reaching 0.5 g and from this condition they were calculated.

Combination of basic hydraulic servomotors’ used in manipulator is shown in Tab. 2 [24, 25].

Table 2
Basic parameters of hydraulic servomotors used in manipulator
Servomotors’ Force/momentum Piston’s Cylinder rods’ Working Jump, Weight,
marking which may achieve diameter, mm | diameter, mm | pressure, MPa mm kg
1 140 kN 80 40 32 200 20
2 140 kN 80 40 32 500 32.5
3 140 kN 80 40 32 300 25.5
4 85 kN 63 30 32 320 18.4
5 55 kN 50 25 32 80 7
6 930 Nm - - 21 - 16

Estimated servomotors’ attachment points and its jumps allow for reaching assumed rotation angles of
particular manipulator’s elements.
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To determine effectiveness which hydraulic pump should dispose, determined maximal speed of pushing in the
hydraulic servomotors, which assure movement of gripper with loading with specific speed. It was estimated that both

horizontal and vertical movement this speed equals 0.5 m/s.
Determining the speed for linear servomotors was achieved basing on Adams software. Model, which was

used for calculations, is shown in Fig. 11.

Fig. 11. Manipulator’s model created in Adams software: 1 — rotational manipulator’s cylinder rods; 2 — attachment of
whole construction; 3 — first element attachment; 4 — first element; 5 — manipulator’s lifting servomotor;
6 — second element’s rotation servomotor; 7 — third element’s movement actuator; 8 — second element;
9 — third element; 10 — fourth element’s movement actuator; 11 — gripper’s rotation servomotor; 12 — fourth
element; 13 — gripper; V, — speed of gripper with load while lifting; V,, — speed of griper with load while
rotating

For each of servomotors created a graph presenting speed with which must be pushing to ensure assumed
movement speed of gripper with load. Exemplary run for manipulator’s lifting servomotor is presented in Fig. 12.
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Fig. 12. Run of changes for manipulator’s lifting servomotor

To determine pump effectiveness, maximal servomotor’s absorption has been calculated. Dependence, which
has been used to determine servomotor’s absorption with rotational movement [23]

Qsi = (2)

where: V; — filling and this rotational servomotor’s volume, dm?; # — rotation and this servomotor’s time, min.
Calculations of linear actuators’ absorptions have been made accordingly to dependency [23]

1 1

0=, 4 3)

where: v; — maximal pushing out speed and this linear servomotor, m/s; 4; — piston surface and this linear servomotor, m>.
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To determine hydraulic pump’s effectiveness, assumed that while working with manipulator it is possible to
simultaneously usage of four actuators working with maximal speeds. To them belong rotational and manipulator lifting
servomotors, movement of second element and rotation of the gripper.

After conducting necessary calculations determined the effectiveness with which hydraulic pump should
dispose. Its basic parameters are shown in Tab. 3 [26].

Table 3
Basic parameters of hydraulic pump
Pump indication A2FO Series 6 Size 45
Name of Effectiveness, Working pressure, MPa Rotational speed, obr/min Weight,
parameter dm®/min Nominal Maximal Nominal Maximal kg
Value 102 32 37 2000 3750 13.5

It was assumed that in hydraulic system will be implementer proportional divider, with seven sections, four-
way three-positioned with electro-hydraulical control. It will ensure the sufficient accuracy of pushing out speed
control, and this will have its influence on reaching high accuracy of manipulator’s movement [27-30].

6. Manipulator structure’s durability

It has been assumed that manipulator will be used from thin-walled closed profile. To estimate characteristic
geometric values, conducted a series of durability calculations and considered many load cases.

It has been assumed that the manipulator should be a construction with high durability and relatively light.
That is why it has been assumed that it will be build from iron 15SHGM [31].

Dependencies allowing for estimating sizes of transverse the most loaded element’s section depend on
character of load working on construction. Equation allowing calculating maximal bending stresses is presented in
following way [32]

—£ <k 4
Og max = =
g VVg 4

where: M, — maximal bending momentum, Nm; W, — bending durability value, m?; k, — admissible value of bending
stresses for adopted material, MPa.

For thin-walled profile with measurement of 140x110x4 mm has been conducted analysis of manipulator
construction’s exertion to check its durability. To achieve it module MES from CATIA software has been used. On
Fig. 13 and 14 presented some of results.

Fig. 13. Analysis of manipulator construction’s exertion on maximal range with load derived from weight
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Fig. 14. Analysis of manipulator construction’s exertion for second element rotation for 90° with load derived from
weight

In presented analyses of manipulator construction’s exertion, burden derives from maximal weight of load,
which is capable to lift. In first case (Fig. 13) bending dominates. Maximal value of stresses reached 238 MPa. Its
concentration occurs in placement of first and second elements’ attachment. In second case (pic. 13) turning linked with
bending dominate. The biggest stresses reach 273 MPa, and its concentration occurs in first element. Values of
admissible stresses for adopted iron equal: for bending 468 MPa, while for turning 288 MPa. In both first and second
presented analyses they were not exceeded.

7. Conclusions

Manipulator construction’s conception is based on open kinetic chain with six latitude degrees. An
implemented solution gives manipulability on human limb level. Moreover combined with upper limb copying steering
system, the operator is able to achieve very precise manipulator’s movement. By this work with it becomes intuitive and
there is no need for long specialisation trainings for operators.

Elements from which manipulator is built are anatomic imitations of their equivalents in human upper limb.
Their lengths were proportionally enlarged. Anatomic analogy of human arm for manipulator’s construction affects on
simplicity in anticipation of its reaction while working by operator. These significantly simplifies and quicken it, it is
very important in area of application for which it has been designed.

Material adopted for manipulator’s construction affects on minimization of its weight. Moreover great
influence on it has limitation of servomotors’ number with rotational movement to one, and in places where it was
necessary to achieve rotational angles higher than 120°, linear actuators working in lifting systems were implemented.
The usage area of designed manipulator is helping the rescue teams with removing results of natural disasters. Related
with it are tasks with clearing out rubble and arranging terrains touched with them. Manipulator’s construction ensures
enabling to simply, intuitive and precise performance of tasks related to it.
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Abstract

In connection with an electric power increasing demand in the world in 21-st century one of the main development
direction of the nuclear power systems is transition from water-moderated reactors to metal-liquid nuclear reactors
which are used lead or lead-bismuth alloy as the heat-carrier. Development of the new nuclear energy technology based
on the fast reactors with the closed nuclear fuel cycle will increase natural uranium and spent nuclear fuel usage
efficiency. Subject to the program fulfilment, since 2020-2025 the role of fast reactors in maintenance of consumers of
energy should increase essentially.

KEYWORDS: water-moderated reactors, fast reactors with the lead heat-carrier, sheet from pearlitic low-alloyed steel.

1. Introduction

In recent years there is an omnipresent and continuous growth of the electric power demand on a world scale
[1]. Nowadays this is one of the cardinal problems which society is necessary to face with. In addition to grows both
manufacture and electrical energy consumption.

2. Rezults and analysis

Both that and another plays a key role in steady development of the national economy. The electric power is an
economic and social development of the world population engine. Its production per head in some way can be the
economic development indicator. Russia is already on the 11-th place in the world (2740 kWh) by electric power
manufacture per head, a little exceeding average world parameter which is 2140 kWh. Electric power manufacture per
head in various countries is presented in Table 1.

Table 1
Electric power manufacture per head in various countries, kWh
Country USA |Finland | Switzerland | Japan |Germany| UK France Rggzgllic Russia | Ukraine
Per head kWh | 33540 |25090 36310 34340 35750 | 36310 | 23560 5170 2740 770

In accordance with the welfare growth electric energy deficiency will be one of the biggest problems for the
significant part of the world population. First of all it is predicted organic fuel deficiency and also with necessity of
thermal stations electric capacities replacement which have exhausted its resources. Nuclear engineering development is
also necessary in connection with the growing of the organic fuel cost which is used for thermal power stations and on
the other hand it has got a difficult ecological situation during these kinds of fuel usage. Thus, the main sources for the
electric power generation at present are the coal and natural gas burning thermal stations and nuclear power stations. In
addition to nuclear resources can be used considerably longer. Besides in nuclear power engineering carbon dioxide is
not let out in the atmosphere. In spite of the fact that nuclear power units create radioactive wastes which cause a
problem with the reprocessing and burial of the nuclear wastes they are more viable for the electric power
manufacturing during at least the nearest 50-100 years. Only the nuclear power engineering as it is cheaper has
practically inexhaustible resources.

In spite of the difficult development (for the half a century of civil nuclear power there were three large
failures: at nuclear power station "Three Mile Island" in the USA in 1979, at the "Chernobyl" nuclear power station in
the USSR in 1986, at nuclear power station "Fukushima" in Japan in 2011, it is inevitably develops. Unconditional
advantage is behind water-cooled power engineering which is continuously improved by way of safety increase during
longer operation time. In 2013 from 433 operating power blocks majority were reactors with pressurized water PWR
(271) and boiling water BWR (83). British cooled by carbon dioxide reactors (reactor Magnox — older design and
AGR — newer design) in 30 pieces and Russian light-water reactors with graphite moderator type RBMK and EGP in 15
pieces. And only one power unit BN-600 with liquid-metal sodium coolant already operating more than 30 years.

In February, 2010 the federal goal-oriented program «New generation nuclear energy technologies for the
years 2010-2015 and future prospects up to 2020» has been accepted. The purpose of the program is new nuclear
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technologies on the base of the fast reactors with the closed nuclear fuel cycle development that will increase efficiency
of the natural uranium and spent fuel usage. On the assumption of the program execution, since 2020-2025 fast reactors
role in supply of electrical customers should appreciably increase. However now there is one operating fast reactor BN-
600 on the Beloyarsk nuclear power station though more powerful reactor this type is under construction and new
sodium nuclear reactor BN-1200 is projected in Russia. Besides at the present time in Russia there is a project of new
generation fast neutron reactors with heavy liquid-metal heat-carrier, double-loop cooling system and overcritical steam
conditions called BREST. In connection with the ample quantity of constructive decisions which are new in this field
the first project will be research and demonstrative reactor installation with the capacity of 300 MW called
BREST-OD-300.

This reactor is used high-boiling, radiation-resistant and low-activated lead heat-carrier, which is chemically
passive in water and air that allows low pressure heat-sink cooling and excludes fires, chemical and thermal explosions
during circuit depressurization, leaks of the steam generator and heat-carrier overheating.

The reactor is pool-type, i.c. there is no reactor vessel in construction — it is shaft made of heat-insulating
concrete covered with the metal liner, filled in with the lead heat-carrier where placed an active zone, a steam generator,
a pump and other supporting systems.

According to the base project metal liner should be made of steel type 09Mn2Si cladding with austenitic steel
called EP302. Sheet thickness of steel type 09Mn2Si is 32 mm, in load carrying places is 52 mm (horizontal sheets),
cladding layer thickness of the steel type EP302 is 7 mm. On account of construction complexity, high manufacturing
cost of cladding steel there have been carried out some preliminary tests of samples from steel type 09Mn2SiA-A in the
lead heat-carrier flow at the special test stand in CRISM “Prometey”. On the base of the results it was offered to replace
the cladding steel with sheets from steel type 09Mn2SiA-A.

After Fukushima failure world community was divided in two groups by meaning about nuclear energy usage:
1. The countries against nuclear power engineering: Japan, Germany, Switzerland, Italy, Austria, Holland, Poland,

Spain, New Zealand, Sweden (10 countries);
2. The countries for active nuclear power station construction: China, India, Iran, Russia, Turkey, Belarus
(6 countries).

Russia in 2012 is ready to begin Severskoy NPP construction in Tomsk region. By "Romir" data to 2008 when
the project has been started, 73% of region population was against construction. Experts consider that there is no
necessity in NPP construction — there are a lot of hydroelectric power stations in Siberia which provide region on 50%.
It will be entered into operation large Boguchanskaja hydroelectric power station; it is restored Sayano-Shushenskaja
hydroelectric power station which will on total power since 2014. Thermal power stations on the coal are under
development. The NPP in Tomsk region at prospects of an expenditure of the electric power for 20 years not only
unnecessary, but also is economic detriment. The gain of the power consumption in region was 0.1% per annum, and
now is only 3%. By 2030 it will probably be a renewed energy source - a sun, a wind and so on.

2. Conclusions

Nowadays it is possible to approve, that nuclear fuel has an important role in a power balance of the country
though in long-term outlook it is not excluded that renewed energy sources will be dominate. So far in stationary
nuclear power engineering thermal-neutron reactors with light-water moderator and the heat-carrier of the first and
second generations are dominate and such type nuclear power station of III and III+ generations will be under
construction during several decades.
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Abstract

Concrete is material obtained by mixing binding substance, coarse and fine aggregates, water and additives which
acquires its desired properties during the hardening process. The main properties of concrete are determined by the
quality and properties of raw materials used to produce concrete, W/C ratio and the uniformness of the mix compaction.
The compressive strength of concrete is among the main concrete properties. The article analyses the influence of
plastifying additive on concrete properties and selects optimal quantity of the additive. Investigations of concrete
properties with different quantities of plastifying additive have shown that the increase of the quantity of plastifying
additive up to 0.8% increases the compressive strength and slump of samples and reduces water absorption. The
increase of the quantity of plastifying additive up to 1.2% reduces the compressive strength and slump of samples and
increases water absorption.

KEYWORDS: concrete, limestone cement, coarse and fine aggregates, compressive strength, plastifying additive.

1. Introduction

Concrete mix is a composite multicomponent polydispersed system obtained by mixing the mixture of cement,
aggregates and additives with water. This system consists of smaller or larger particles of cement, particles of fine and
coarse aggregate, suitable additives, water and entrained air.

Concrete is one of the oldest substances used in construction. It has been used for buildings, structures and
articles of various purposes since the invention of Portland cement in the mid-17" century. Currently, one of the most
important tasks of concrete industry and, consequently, of construction industry is to reduce the emissions of carbon
dioxide to the environment. Thus, one of the methods to reduce CO, emissions is to increase production and use of
cements where a certain portion of clinker is replaced with mineral additives, such as limestone, pozzolan, slag, etc.

The research has shown that the effect of crushed clinker particles on limestone particles is similar to that of a
“lubricant” and thus they ensure a more even distribution of cementitious particles and a more even and thicker
structure of hardening cement carcass, in particular in cases with lower W/C ratios [1].

It is states that, in order for cement (without additives) to fully hydrate, W/C ratio must be at least 0.38, lower
W/C ratios do not ensure full hydration of cement and some cement particles remain as micro-aggregates. It has been
determined that limestone additives facilitate the dispersion of silica particles with a tendency to agglomerate and
improve their distribution in cement and, thus, silica additive is an additional cementitious substance essential for the
production of strong high-density concrete, as it enhances strength properties during later hardening stage [9].

It was found that limestone additive in cement clinker reduces water demand in the preparation of cement paste
of normal thickness. It was determined that the replacement of 15% of cement clinker with limestone reduces water
demand by 2% in comparison with initial clinker and when the replaced portion is increased to 35%, water demand is
reduced by 3% [7].

Also, it was determined that limestone had double impact on strength properties. Large quantities (35%)
significantly (by approx. 40%) reduced concrete's compressive strength after 28 days in comparison with initial cement
clinker, while small quantities (5%) insignificantly (by approx. 5%) increased concrete's compressive strength. It has
been found that the replacement of 5-10% of clinker with limestone increased compressive strength after 2 and 7 days
in comparison with initial samples without limestone additives [7].

Concrete additives in modern construction industry were investigated [2]. Results have shown that the simplest
and most effective way to modify the properties of concrete mix and to improve quality is the use of chemical additives.
They become as important as binding substances, aggregates and water in concrete mix. The use of additives is the most
effective way to get concrete of better quality. High strength, frost-resistance, water impermeability and the durability
of concrete are ensured by using modern additives in concrete mixes.

Studies show that, in the contrary to, for example, pozzolanic Portland cements, all most popular SPs are
suitable for limestone Portland cements; SPs allow to reduce water demand necessary for the preparation of concrete,
i.e. they eliminate the deterioration of concrete performance due to increased W/C ratio in case of limestone Portland
cement. Researchers have determined that in production of particularly dense strong concretes with low W/C ratio
(0.25-0.30) where SPs are necessary, the impact of limestone additive (certain quantities, mostly up to 15-20%) on the
strength properties of concrete is negligible in comparison with concrete made of cement without additives. The
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researchers claim that the strength of such concrete in later hardening stages may be only slightly lower (7-10%) but
such concrete is characterised by smaller isolated pores and, consequently, by lower permeability and a more even
structure and, as a result, by a better performance [2, 8].

The use of plasticizer C-3 in concrete production was investigated [11]. The study examined the quantity of
plasticizer additive which must be added to get concrete mix with as low water content as possible but with higher
strength and density. Concrete properties may be adjusted by lowering water and cement ratio using a plasticizer. The
study found that the use of plasticizer in concrete mix reduced water demand by 20%. The introduction of
superplasticizer increased concrete slump characteristics from 2-4 cm to 20 cm without changing water content in the
mix. During the investigation, the quantity of plasticizer did not exceed 0.4-0.8% from concrete weight.

Both limestone and slag Portland cement are produced in Lithuania; therefore, in order to promote wider use of
these types, it is important to know their specific properties as well as the particularities of the influence of widely used
concrete additives such as superplasticizers, retarders, accelerators, etc. on their properties. As is well known, these
chemical additives can essentially modify concrete properties. Under Lithuanian conditions, the most rational solution
is to promote usage of limestone Portland cement because limestone is a local raw material for cement production and
the cheapest additive.

Two types of cement, coarse and fine aggregates, a plastifying additive and water were used to produce
concrete samples. CEM II/A-LL 42.5N cement is used during the warm season. Mortars and concretes made from this
cement do not stratify, have high plasticity and do not exude water and, therefore, they are suitable for long-term use.
CEM I 42.5N is the purest type of cement because other cements contain large portion of additives while this one only
contains up to 5%.

The fine aggregate is sand. In the study, sand of fraction 0/4 was used, i.e. dried sand, the granulometric and
quality parameters of which make it suitable for the production of dry construction mixtures. This sand complies with
the standard from LST EN 12620:2003 group.

The coarse aggregate is gravel from fraction 4/16. It is the most widely used gravel in concrete production.

Water used for the preparation of concrete mix and watering of concrete must be clean, without harmful
impurities which could impede normal hardening of concrete, i.e. drinking water complying with the standard from LST
EN 1008:2003 group.

The plastifying additive is polymer-based superplasticizer of the new generation. 8 series of samples were
produced for the study. The series differed in the quantities of plastifying additive and water in concrete. Their
compositions are presented in Tab. 1.

2. Research and Testing

Research methods, composition of raw materials and test mixes together with analysis of the research is
presented in the following part.

2.1. Research Methods

Concrete mixes have been mechanically mixed in the laboratory. After forming 10x10x10cm samples in
moulds smeared with oil, they have been compacted on vibro-table. After 24 hours, the samples were removed from
moulds and kept in water at 20°C temperature until the testing.

After 7 days of hardening in the water, the strength properties of concrete cubes were determined. Concrete
compressive strength was determined in accordance with LST EN 12390-3:2009 standard.

Ultrasonic Pulse Velocity was determined as per the requirements of LST EN 12504-4:2004 standard.

The slump of concrete mix was determined in accordance with LST EN 12350-2.

2.2. Composition of raw materials and test mixes

The composition of different series of concrete with plastyfying additive is presented in Tab. 1. The series
differed in the quantities of plastifying additive and water in concrete.

Table 1
The composition of concrete with plastifying additive
Series Cement, kg Sand, kg Gravel, kg Water, kg Plasticizer, kg W/C
OL 45.5 70.0 119.0 18 0 0.4
0.4L 45.5 70.0 119.0 16.2 0.182 0.36
0.8L 45.5 70.0 119.0 12.6 0.364 0.28
1.2L 45.5 70.0 119.0 9 0.546 0.2
ON 45.5 70.0 119.0 1.62 0 0.36
0.4N 45.5 70.0 119.0 14.4 0.182 0.32
0.8N 45.5 70.0 119.0 14.4 0.364 0.32
1.2N 45.5 70.0 119.0 12.6 0.546 0.28
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General characteristics of parameters used to test the properties of concrete samples are presented in Tab. 2.

Table 2

Characteristics of physical and structural parameters

Name and dimension of . Description and dimensions of the components of
Calculation formulae
parameter parameters
. F F — destructive force, N
Compressive strength, MPa R,, vl A — affected area, mm?
] 7 — signal travel time, ms
Ultrasonic pulse velocity, m/s vz s [ — length of sample, m
t-10 10°° — conversion factor
mo — mass of a sample dried until permanent mass is
Density, kg/m? p= 2 reached, kg
4 V — volume of water-saturated sample, m?
m—m mo — mass of completely dry sample, g
Water absorption, % w=——2.100 m1 — mass of a sample with water content absorbed under
o standard conditions, g

2.3. Analysis of the research

The results of the concrete slump test using CEM II/A-LL 42.5N cement are presented in Fig. 1.

30

25

5

20
15
10

5
r‘ .
Q

oL 040

26
25
0.8 1L

Series, CEM II/A-LL 42.5N used

Fig. 1. Concrete slump test results using CEM II/A-LL 42.5N cement

With CEM II/A-LL 42.5N type cement used, the highest slump value was obtained when the quantity of the
plasticizer was 0.8% from the mass of cement. Until this quantity was reached, slump value grew with more plasticizer

being added but, after the maximum value was reached at 0.8%, concrete slump value started, however slightly, to
decrease with increasing quantities of plasticizer.

The results of concrete slump test using CEM 1 42.5N cement are presented in Fig. 2.

Concrete mix slump, in cm

[
=

Slump, in cm

5 5
5 .
o

0N 04N

26

08N

Series, CEM 1 42.5N used

Fig. 2. Concrete slump test results using CEM 1 42.5N cement

When using CEM 142.5 N cement, test results were much more pronounced and obvious. Without plasticizer,
slump value reached 5 cm, with 0.4% plastifying additive added, slump value remained the same (see Fig. 3). When the
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quantity of plastifying additive was increased to 0.8% from the cement mass, slump value jumped to as much as 26 cm.
With this trend observed, it seemed logical to expect that slump value would further increase with growing quantities of
plasticizing additive but, after the limit of 0.8% of plasticizer was exceeded, the slump value dropped to that of 0.4%.

Fig. 3. Concrete slump test method

Concrete compressive strength test results after 7 days using CEM II/A-LL 42.5N and CEM 1 42.5N cements
are presented in Fig. 4.
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Fig. 4. Concrete compressive strength test results after 7 days using CEM II/A-LL 42.5N and CEM 1 42.5N cements

When using cements of both types, the highest compressive strength was reached when the quantity of the
plasticizer was 0.8% from the cement mass. Until this quantity was reached, the strength increased with more plasticizer
added but, after the highest value was reached at 0.8%, concrete strength started decreasing with growing quantities of
plasticizer. It can be clearly seen in the obtained results. When using CEM II/A-LL 42.5N cement, the highest strength
after 7 days was 71.3 MPa while with CEM I 42.5N cement, the strength increased to 70.8 MPa. Both strength values
are close to each other.

The results of concrete compressive strength test after 28 days using CEM II/A-LL 42.5N and CEM I 42.5N

cement are presented in Fig. 5.
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Fig. 5. Concrete compressive strength test results after 28 days using CEM II/A-LL 42.5N and CEM I 42.5N cement
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The calculations of compressive strength after 28 days showed the same trends in the variation of strength
value. The highest concrete strength value using CEM II/A-LL 42.5N and CEM I 42.5N cements was with plasticizer
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quantity of 0.8% and afterwards strength value started decreasing when more plasticizer was added. Compressive
strength with CEM II/A-LL 42.5N cement was 71.3 MPa after 7 days and increased to 78.3 MPa after 28 days. With
CEM 1 42.5N cement, compressive strength increased from 70.8 MPa to 74.4 MPa.

The results obtained when investigating the kinetics of water absorption in the samples formed using CEM
II/A-LL 42.5N are presented in Fig. 6.
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Fig. 6. Water absorption kinetics of CEM 11/ A-LL 42.5 N

When analyzing the curves of water absorption kinetics, it was clear that the water absorption of concrete with
CEM IVA-LL 42.5N cement rapidly increased during the first 2 days of soaking rising from 0 to approx. 3—4.5%.
Further increase of water absorption was already much slower and, after 4 days, the samples reached maximum water
content and practically did not absorb any more water. The graph also shows that the higher the quantity of plastifying
additive was, the lower the water absorption was.

The results obtained when investigating the kinetics of water absorption in the samples formed using CEM I
42.5N are presented in Fig. 7.
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Fig. 8. Water absorption in concretes with different cements after 72 hours
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Having investigated water absorption kinetics of samples when CEM 1 42.5N cement was used to prepare
them, the obtained results were similar to the results of samples prepared with CEM II/A-LL 42.5N cement. Water
absorption rapidly increased during the first 2 days rising from 0 to 1.97-2.86%. During the following days, water
absorption further increased and reached 3.04% in the samples that were prepared without plastifying additive.

Water absorption of concretes with different cements after 72 hours is presented in Fig. 8.

When using CEM II/A-LL 42.5N cement, the highest water absorption value (3.12%) was obtained when no
plastifying additive was used. With the quantity of plasticizer being increased, water absorption decreased. Water
absorption value was the lowest (1.69%) when 0.8% of plasticizer was added. When further increasing the quantity of
plasticizer to 1.2%, water absorption started growing again and rose to 1.82%. The other cement gave different results.
The highest water absorption value of samples made with CEM I 42.5N cement was also measured when no plastifying
additive was used in the samples. With plasticizer added and its quantities increased, water absorption of samples
decreased, dropping from 2.91% to 1.96%.

3. Conclusions

In order to obtain concrete with good properties, various additives are added to accelerate or slow down the
binding of concrete mix, to make it more plastic, to accelerate hardening and to increase strength and water
impermeability.

It has been found that the strength properties of concrete samples depend on the quantity of plastifying additive
when hardening the samples in water. The comparison of two sorts of cement with equal quantities of plastifying
additive has shown that the highest value was reached when using limestone Portland cement and 0.8% of plastifying
additive.

Research has shown that polymer-based plastifying additive reduces water absorption in concrete when its
quantity is 0.8%. With the said quantity of plasticizer, water absorption of concrete with CEM II/A-LL 42.5N cement
was reduced by ~43% while water absorption of concrete with CEM 142.5N cement was reduced by ~31%.
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Summary

In this case study work I research panel — frame construction house tightness. I also review laws in wich requirements
for buildings tightness are regulated and describe work equipment model as well as a shortened work course with given
results. This study also reviews which specifications are necessary for good house tightness. All building parameters
which are needed in order to accomplish tightness research are also described.

This work consists of 4 chapters: introduction, measurements (all needed data and calculations are shown), conclusion
and information sources list.

KEYWORDS: panel frame construction buildings, tightness research.

1. Introduction

When technologies nowadays changes so fast there are a lot of possibilities to create something better than its
precursor. This leads to easier life for all human beings. Various inventions cover all areas — building industry is no
exception. One of the most important things to every of us is our living place, our home. While number of people on
earth is growing rapidly the main goal of scientist and inventors is to find alternative resources for ones who are
lacking. Modern buildings are built using newest design and installation technologies and materials.

In this case study I will research one of the most trending building industry sectors — panel frame construction
buildings. We will test tightness of house which was build by Lithuanian company by demand and requirements of a
client. We will also review data of this research.

A house is tight only if you can inflate air in it by using special equipment and generate a higher pressure then
it is outside the house. In other word it means that fresh air can't get in through various cracks and walls because it
would be a waste of heat. Hot air can't get into colder layers of house insulation because it would result in condensate
generation which would lead to wet insulation material. If a building is not tight it is very affected by a direct wind. It is
closely related to internal (steam isolation layer) ant windward (wind isolation and decoration) layers tightness,
however it should transmit steam. In order to get better tightness it's needed to connect sheets with a respective bonding
tape for outdoor and indoor works depending on what kind of sheets is needed to be connected.

In order to build a warm and tight house you need to pay attention not to insulation materials itself (however, it
is also really important), but to internal tightness layer because it is most important.

There are a lot of various technologies and counting models to determine main buildings guardrails operational
parameters, but to determine air tightness of a building you need special equipment and measurement which are
discussed in LST EN 13829:2002. All main requirements for buildings air tightness are regulated in STR 2.05.01:2013
“Buildings energetic efficiency projection”.

2. Measurement

In order to perform air tightness test you need to know several important parameters, such as:

1. Outside climate parameters (speed of wind, air temperature);
2. Building internal temperature;
3. Building parameters that are needed in order to calculate its capacity (length, height, width);

When all needed measurements are done, blowing doors system Mineapolis BlowerDoor Modell 4 is being
installed in a certain place of the building where outside borders with inside. Tightness test was done in two ways: first
one, extracting air from building when pressures difference is to 50 Pa, the second method is done by blowing air into
building when pressures difference is to 50 Pa.

Building information:

1. Premises capacity of 203 cube meters;

2. House has built in air ventilation system;
Environment parameters:

1. Inside temperature: 23 °C;

2. Outside temperature: 17 °C;

3. Barometer pressure: 101.33 kPa.
Negative pressure averages: Apoi+ 0.2 Pa, Apo1- -0.6 Pa, Apg>+ 0.2 Pa, Apy,. -0.2 Pa.
Over pressure averages: Apoi+ 0.1 Pa, Apoi- -0.7 Pa, Apo2+ 0.8 Pa, Apg,- -0.4 Pa.
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Negative pressure measurement data

Table 1

Used ring, ABCDE Building pressure, Equipment pressure, Al air flow, m*/h Measurement bias,
Pa Pa %
Apm -05 - - -
B -71 81 724 -1.50
B -66 72 686 -1.47
B -61 66 653 -0.35
B -56 58 613 -0.12
B -50 50 573 1.76
B -46 44 536 0.97
B -40 38 496 3.15
B -36 31 448 1.73
C -31 328 383 -2.88
C -25 255 336 -1.38
Ap()z -O.l - - -
Table 2
Negative pressure measurement results
Correlation » = 0.997 Range
Air flow rate ceny 30 max 36 min 26
Air leakage rate ¢ 31 max 36 min 26
Air flow exponent n 0.74 max 0.79 min 0.70
Table 3
Overpressure measurement data
Used ring, ABCDE Building pressure, Equipment pressure, Al air flow, m*/h Measurement bias,
Pa Pa %
Apm -0.4 - - -
B 71 91 768 -1.11
B 67 93 777 4.17
B 61 72 684 -2.11
B 55 62 635 -2.15
B 49 56 602 0.18
B 44 49 566 0.82
B 39 40 511 -0.59
B 34 34 470 1.15
B 30 27 424 0.85
C 25 316 376 -0.74
Ap()z 02 - - -
Table 4
Overpressure measurement results
Correlation » = 0.997 Range
Air flow rate ceny 39 max 46 min 33
Air leakage rate ¢ 39 max 46 min 33
Air flow exponent 7 0.70 max 0.75 min 0.66
Table 5
Overall results
Vso, m’h | Indeterminacy, % | #nso, h! | Indeterminacy, % m:f:n’zh Indeterminacy, %
Nagative pressure 562 +/-7% 2.8 +/-7% 6.7 +/-7%
Overpressure 615 +/-7% 3.0 +/-7% 7.3 +/-7%
Pressure average 589 +/-7% 2.9 +/-7% 7.0 +/-7%
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Fig. 1. Tightness test air leak curve

3. Conclusions

1. Based on requirements from STR 2.05.01:2013 “Buildings energetic efficiency projection” measurements results is
nso = 2.9. Building does not meet requirements that were given.

2. Air infiltration sources were found using thermal imaging cameras. It was caused by bad tightness and other
building actions.

3. The owner of the building was recommended to fix shortages that were found in order to make building tightness
and overall quality better.
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Abstract

This publication presents results of a research conducted on influence of force impulse loadings on the fracture kinetics
in aluminum sheets made from 2024-T3 alloy, with the assistance of a complete diagrams method. It incorporates a full
description of experimental research device for realization of a complex loading and analysis of research results in
changes of mechanical properties in a deformation range (0...9%) in dependence from intensity of impulse loading.
Aluminum alloy realises wide spectrum of its capabilities in connection to structure change under a complex loading
from increase in general plasticity to practically instant fracture.

KEYWORDS: aluminium alloy 2024-T3, impulse loading, dynamic non-equilibrium processes, additional impulse
forces, complex static loading.

1. Introduction

Under the conditions of real exploitation engineering constructions may be subjected to action of different
types of loads. Practically always object is subjected to actions of a few types of loads and to make prognosis for the
resource of exploitation and strength reserve, it becomes very important to account their common actions.

Today, in the designs for the engineering construction for the basis accept one or two types of mostly character
construction loads. This is due to difficulties in designs and lengthy analytical and numerical models of loading process.
Considering all parameters in the process of loading — is a complex task, which not always can be realised on the basis
of classical methods of a fracture mechanics.

Otherwise, critical situations and construction fracture mostly happen when construction material has been
subjected to influence of additional, often one-time loading. This leads to following; material of the construction that is
in the state of relative equilibrium, transforms into state of non-equilibrium.

The change of material mechanical properties in this condition can be characterised most adequately on the
basis of mechanics of chaos.

In accordance with theory of non-equilibrium state and self-organization, processed by the school of I.
Prigozhina [1-3], we may assume, that under external parameters on a mechanical system (material) by non linear
parameters, it would adapt to the new state by the way of creation of the new arranged structure (state of material). This
structure is a result of non-equilibrium phase transmissions, which in its turn are consequence of the change of leading
parameters (loading). It is understood that mechanical properties of such structure will be different.

Especially importance, it has for the constructions that are design for static loading and in the process of
exploitation can be additionally loaded with the force impulse.

Additional impulse loading depending on the value, velocity of realization, level of fatigue of main material,
may lead to instant fracture of the material as well to some increase in plasticity of the material. Which does positively
reflects on the general resource of the construction.

The research of a problem requires processing of methods as well development of adequate experimental
equipment for application and realization of shock changes of additional loading in the process of the main one. In the
publications [4], authors propose universal experimental device for the research of such phenomena and worked out
general methodology for conducting of research for wide spectrum of materials.
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Within the frame of the joint project with a Department of Material Resistance and Construction in Civil
Engineering at the National University of Life and Environmental Sciences of Ukraine has been carried out a number of
researches for studying changes in mechanical properties of aluminum alloy 2024-T3 under the conditions of complex
loading.

The choice for the given material is stipulated by the frequent application in aviation construction for the
highly responsible element of the plane construction. In addition material constantly is found under the influence of
different kinds of loads, among which it is guaranteed, that at least once impulse force jumps will show up.

The goal of the research is evaluation of influence of changes in mechanical characteristics of given material
under the influence of additional impulse loadings, under the conditions of static tensile, as one of the main types of
loading of the main construction.

2. Materials and methods of mechanical research

The research was conducted on aluminum alloy 2024-T3, that was plated on both sides in the state of delivery;
chemical content and mechanical properties of which are presented in the Table 1.

Table 1
Chemical content and mechanical properties of aluminum alloy 2024-T3

Chemical structure, %
Cu Mg Mn Fe Zn
3.82-4.04 1.75-1.77 0.56 0.08-0.18 0.16
Mechanical properties in direct roller (LT)
R, MPa Ro2, MPa A, %
459 - 466 339 — 345 21.5-247

Flat specimens were cut out from the sheet of aluminum in the direction of the rolling. Specimens were
measuring in working width of 10 mm and thickness of 3 mm (Fig. 1). A two series of specimens, each consisting of 20
pieces were researched.

The research of influence of additional impulse load was realized by using hydraulic machine ZD-100Pu, with
experimental device proposed in [2-4]; general view of which is shown on Fig. 2.

v

Fig. 1. Specimen for the research

Fig. 2. Installation for a research of dynamic non-equilibrium processes: 1 — specimen; 2 — brittle specimens satellite;
3 — dynamometer rod; 4 — saddles
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Additional impulse was realized on the elastic as well on non-elastic areas of deformation diagram in the range
of £=0...9%.

The processes of deformation and fracture of the material under shock changes in the mode of loading were
researched as integral part of a mechanical system, statically not defined construction from three parallel elements
(Fig. 2).

A central element of the system — grips with a spherical rests, dynamometer, strain gage and specimen of a
researched material. Two symmetrical side elements 2, 3 rods with own stain-gauge dynamometers. Under the certain
load of the whole system a brittle specimens-satellites failure and additional impulse load of the main sample is
realized.

For realization of simultaneous fracture of brittle specimens saddles 4 were wedged out by four bolts with
traverse under controlled effort.

The properties of the loading system determine velocity of material deformation under dynamic relocation of
stresses, caused by the failure of specimens-satellites. Because of the inertia of a massive traverse, it was practically
possible in the area of momentary increase in deformation velocity to instantly slow down process of deformation of
plastic material.

As a result of such procedure, shock changes the energy balance in process of high velocity material
deformation and a significant part of the energy that is released in the process of specimen-satellites failure, dissipates
into researched material, causing substantial structure changes which accompaniment by “anomaly” of weakening on all
stages of deformation.

Above mentioned effects of plastic material deformation appear only under applying to the mechanical system
additional conditions. Those conditions in general view under testing of a standard specimen may be formulated as
following [5]:

1. The number of stages in the process of shock changes in the loading mode has to be not less than three:
o on the first stage, deformation velocity drastically increases;
¢ on the second stage, drastically slowing down;
¢ on the third, again repeating increase.
All three stages of complex loading mode must be conducted continuously, without outside breaks in loading
process.
2. Output impulses of influence on the system are set in the range of 100 — 1500 N-s during 0.02 s.
3. At the time of the testing, loading on the specimen should be transferred through spherical rests without a rigid
attachment.

The test-device was equipped with computer assisted measurement system for parameters registration with the
frequency up to 2400 measurements per second and ability to record onto hard drive.

Specimens fracture under the conditions of static tensile after a complex loading were carried out on servo-
hydraulic testing machine Instron 8501. Operation of the machine was performed by deformation with record of
appropriate level of deformation and load onto computer’s hard drive. To measure deformation dynamical extensometrs
with base measurement of 12.5 mm was used. Deformation velocity £ was estimated at10 mm/s.

Control specimen series in the amount of 20 pieces were tested in two stages. Stage one was carried out by
deforming to maximum levels of deformation received at complex loading. The deformation velocity € was at 1 mm/s.

Then specimens were unloaded and repeatedly were loaded until failure was recorded. In this case deformation
velocity increased to level of € =10 mm/s.

3. Results and discussions

To analyze the results of the research we needed to systematize received results.

As criteria it has been selected values additional loading impulse and maximal value of material deformation
on the stage of additional loading. Since fracture of the two brittle specimen satellites was coming practically
simultaneously (the difference in time and value of the impulse less than 1%) therefore for the analysis it has been
accepted maximal value of one impulse (Fig. 3).

As it is shown on Fig. 3, all additional loading impulses practically are the same; the average impulse value
located on the level of 110...116 kN for all specimens except one, which reaches practically 130 kN.

Additional impulse forces were performed in three deformation areas: 0...2 €%; 3.5...5.5 €%; 8.5...9 €%. So,
they were reaching into elastic and non-elastic areas of the fracture diagram (Fig. 4).

Since in the first and second group clearly visible significant density of impulse loadings, then for the further
benefit of the analysis let us limit to selected specimens which are character to each of the groups. Again, in the each
group we will analyze specimens in the order of increase of previous deformation value level under which additional
impulse loading was performed. According to this specimens in the groups are located as follows, Fig. 5.

By analyzing fracture diagrams in groups it is important to notice that results obtained from the specimens
under a complex loading were compared to the results of control group under static load (Fig. 6).

On the first stage of loading by realizing a scheme of complex loading a character mark is clear non-linear
elasticity of the diagram area. On all graphs is clearly visible decrease and increase of elasticity. In all of this, at the
moment of addition impulse force application, it’s not always able to register a jump of stress (Fig 6; a, b). Evidently, a
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break that is registered on the graph (blue line with darkened circles) it is a second part of the impulse which is
physically recorded by the measuring system. A velocity of fracture processes continuity physically exceeds speed of
registration and recording system; therefore we obtain such result.
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Fig. 3. Relation of additional impulse force to deformation
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Fig. 4. Areas of overlaying of addition impulse force load on the diagram of static tensile of aluminum alloy 2024-T3
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Fig. 5. Distribution of specimens in groups by the level of previous plastic deformation of aluminum alloy 2024-T3
under complex loading

Second particularity found in following, that on the same area (Fig. 6, a-d) a graph reaches peak elasticity
stress, not a significantly greater than in comparative to ordinary static loading. This also, may be testifying that in a
material a certain structural changes happen connected with change in active surface (volume) of material, capable of
resistance to failure.
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Fig. 6. Diagram of aluminum alloy 2024-T3 specimens failure under a complex static loading (group I)
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In order to reach the assigned level of deformation under realization of a complex loading in all cases it is
required to interface lower level stress in comparison with classical static loading. In one of the cases (Fig. 6¢), such

difference estimated around 35%, that obviously connected with material structure and possible level of loading.

practically identically, repeating quite well and demonstrating minimal data dissipation.

around 150 MPa, but it is obviously connected with internal defects that were present in the specimen.

Within the control group of the specimens at the same deformation velocity maintains a stable synonymous
and similarity of loading curves (red line with darkened circles). Material deformation to assigned level is passing

By disregarding the difference in material behaviour on the first stage of loading, then on second stage under
increase of deformation velocity on the order, level of the stresses difference disappears. A fracture of the specimens of
the first and second series are happening practically on the same level of stress, that insignificantly higher for the
second series (Fig. 6, a-d) (red line with open circles). Only in the case, on the Fig. 6¢ such difference is estimated
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A more significantly differ areas of repeated static load in case of both specimen series in lengthwise. By
comparing their prolonging it was notices that the material after a complex loading has much longer area of plasticity.
Its length in respect to length at ordinary static loading changes from 0,3 to 3,1 times (Fig. 6; a, b, ¢, d). On the Fig. 6c¢,
plasticity area almost five times greater from controlled. By excluding from the analysis this specimen, it is possible to
affirm, that under complex loading the additional impulse force leads to increase of material plasticity under the room
temperature. The mechanism of these phenomena apparent connected with material structure changes and perhaps
requires additional research including a fractographic.

Simultaneously such material behaviour without a doubt is influenced by additional load impulse value, time
and place of its application and deformation velocity. On the basis of this we may suppose, that in the case of additional
impulse force (additional energy) system “specimen-equipment” by the account of internal reconstruction attempting to
adapt to the new energy level, and creating at that time separate clusters with a new quality mechanical properties.

Such reconstruction is happening not in a whole volume of the material, but in separate sub-volumes in the
direction of implementation of the force (energy impulses).

These affirmations in full scale relate to specimens from the second group (Fig. 7). On the first stage of loading
none of the core differences were observed, besides that under a complex loading stress do not exceed suitable level
under a static deformation (Fig. 7, a and d). In the case that is shown on the Fig. 7b with a maximal level of deformation
covered with static deformation of second specimen series.
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Fig. 7. Diagram of aluminum alloy 2024-T3 specimens failure under a complex static loading (group II)

The difference on the second stage of loading, within the border of the given group consists in that some of the
specimens on Fig. 7 a, ¢, d; under a repeated static loading practically failed by becoming brittle. The first series of
specimens, after a complex loading was demonstrating a growth in plasticity in tens of times.

A specimen on the Fig. 7b is a single one in this group that did fracture similarly to the first group. When
compared with corresponding graph from first group (Fig. 6d) let note that practically under a same impulses of
additional loading and comparable levels of deformation, we receive somewhat smaller area of plasticity. However,
growth order is maintained the same: 1.1 times in this case against 2 in the first group. Here it is obvious influences a
level of deformation under which additional force impulse is realized.

All considerations that pertain to the research of structure and assumptions noted earlier for the explanation of
the mechanism of this phenomenon are still maintaining its validity.
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The last group is represented only by one specimen (Fig. 8), that found its way there only exclusively from the
point of view of deformation level under which additional force impulse was realised. Since the impulse level was
practically close to specimens from second group, we may expect a similar behaviour of mechanical properties. On the
first stage of plasticity under a complex loading do not exceed analogical loads under a static deformation. In reality,
fracture on the second stage corresponds to a picture obtained for three specimens from the second group. Practically
brittle under a static loading and significant plasticity area after a complex loading. Same as in two previous cases,
sample on the second stage exceeding base elasticity parameters which are characteristic to un-loaded material.
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Fig. 8. Diagram of aluminum alloy 2024-T3 specimens failure under a complex static loading (group 3)

By graphic characteristics a specimen from the given group is more closely similar to a sample from Fig.7a.
By disregarding that the levels of deformations were different practically for 2%. A general process is similar and the
main difference consists in sample fracture from the second series under a repeated static loading. Specimens after a
complex loading demonstrate stability and similarity.

4. Conclusions

1. Conducted research was carried out to determine influence of loading force impulses on fracture kinetics of
aluminum alloy 2024-T3. It was established that under a certain complex mode of loading a processes are realised
that connect with a shock energy exchange in the elements of the mechanical loading system, which in its turn lead
to modification of a mechanical properties of a researched material.

2. An effect was identified: appearance of plasticity areas, with different length, under a repeated static deformation of
aluminum alloy 2024-T3, after a single impulse loading of different magnitude, under the room temperature.

3. It was shown, how in a short interval of a preliminary static deformation (0...9%), depending on intensity of impulse
loadings, aluminum alloy realises wide spectrum of its abilities, connected with structure change under a complex
loading from shock plasticisation increase of general plasticity to 40 %, to practically instant failure. For the detail
explanation of this phenomenon further fractographic research is needed.
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Abstract

In the article was shown how the elasticity of hydraulic lines and the compressibility of a working medium affects the
trajectory of the manipulator tool of an engineering robot. The study was done for a serial kinematic structure
manipulator with two degrees of freedom. The methodology consisted of moving the manipulator tool along vertical
and horizontal trajectories. The analysis of the required data was done based upon set geometrical reference parameters.
KEY WORDS: manipulator, simulations, hydraulic, kinematics, dynamics.

1. Introduction

There exist a wide variety of different kinds of equipment for engineer robot manipulators. They differ from
each other mainly by the range of functions and which drive unit is used. Particularly, manipulators of heavy engineer
robots are characterized by a wide functionality. Most often they exceed operative range of 3 meters and have lifting
capacity of above 100 kilograms. Bearing this in mind, the most commonly used drive for these devices is a hydrostatic
drive unit. Components used in its construction may significantly affect the precision of the control of the engineer
robot manipulator. This stems primarily from the nonlinearity and dynamics of the work of hydraulic control elements
[1], but also from the elasticity of hydraulic lines and the compressibility of the working medium. Literature [2] shows
how the length of elastic lines which link the control element and hydraulic receiver affects the eigen frequency, which
directly stems from the elasticity of lines and the compressibility of the working medium. Unfortunately, there is lack of
information as to how this affects the trajectory of manipulator tool.

The limitation in the control effectiveness also stems from the used manipulator control system. Most
commonly it is a system based upon individual control of a particular hydraulic actuator by the appropriate over
steering of joysticks [3, 4]. Such system is characterized by a low control intuitivity because of this it is hard to realize
the established manipulator tool trajectory. In order to increase the control effectiveness, dedicated control systems
[5-8] are built. Bearing this in mind, a concept of a control system where the manipulator tool copies horizontal and
vertical motions of the operator’s hand was adopted in this article (Fig. 1).

The lack of explicit data on the topic of the impact of the elasticity of hydraulic lines and the compressibility of
the working medium on the trajectory of manipulator tool limits the use of the proposed control system. Bearing this in
mind, for the purposes of this article there have been performed simulation tests which accounted for the impact of the
elasticity of hydraulic lines and the compressibility of the working medium on the trajectory of manipulator tool. The
impact of any possible changes in the construction of the drive unit on the trajectory of the manipulator tool, namely the
change of elastic lines to stiff lines, has also been taken into the account.

Fig. 1. The idea for an intuitive control system
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2. The methodology of the simulation tests

The methodology of the simulation tests is in the accordance with the article [1]. It consists of mowing the
manipulator tool along the 8 set trajectories (Figure 2), which stem from the assumed control system.

Trajectory 1
—

Trajectory 2 |

——

Trajectory 3
. g . —--——'._

Trajectory 4 |
*—i - -

Trajectory 5

@ Start point b = = /

® End point L

Fig. 2. The examined trajectories chart

The assessment of trajectories of manipulator tool in relation to set trajectories was done on the basis of 6
geometrical reference parameters (Fig. 3):
Vmax (+) — the maximum positive deviation along the vertical direction of the manipulator tool trajectory,
Vmax (-) — the maximum negative deviation along the vertical direction of the manipulator tool trajectory,
i — the deviation along the vertical direction of the end of the manipulator tool trajectory from the set trajectory,
vave — the average arithmetic value of the manipulator tool trajectory,
vrus — the average root mean square value of the manipulator tool trajectory,
r — the deviation of the manipulator tool trajectory

7= Ymax(+) = Vmax(-)

A — Manipulator tool's trajectory

A
Ymax(+) : YrMs
v -
/ Y \ :,Lr Y ave iyk
\‘--

Ymax(-) \

=
-

Reference trajectory

Fig. 3. The geometrical reference parameters chart

3. The structural model of the manipulator

In this article an open kinematic chain manipulator with two degrees of freedom was analyzed. The
manipulator model is shown in the Figure 4, while his geometrical measurements are shown in the Table 2.

The program of the conference is intended to be published on Web page of KTU. The authors are requested to
submit the manuscript (not exceeding six pages), summary and the presentation title (in English, up to 600 characters)
before April 15,2011 by E-mail as an attached file.

Main points in the construction of the manipulator model and his drive unit are:

e individual elements were examined as uniform, non-deformable rod elements of set both mass and mass moment of
inertia,
e actuators were examined as non-deformable elements of masses reduced to a point of their attachment,
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a b

Fig. 4. Manipulator model: a — kinematic scheme; b — structural scheme

Table 1
Structural measurement of the manipulator model

h1 hz al a bl w1
0.8m 02m 1.8m 1.8m 0.1m 02m

leaks in the hydraulic system were not considered,
a constant drop in the hydraulic distributor pressure was presupposed,
it was presupposed that the pump provides the necessary flow rate to the respective manipulator actuators,
the pulsating work nature of the hydraulic pomp was omitted,
the pressure in the actuar was shown as a counterweigh force to the reduced load on the cylinder rod stemming from
the set configuration of manipulator elements,
the electro-hydraulic non-linearity and dynamics of the hydraulic distributor were omitted,
the manipulator inertia, compressibility of the working medium and elasticity of hydraulic lines through the elements
of elastic and suppressive qualities which have constant stiffness and suppression parameters.
Maximum cylinder rod velocities were reduced to the actuator velocity levels of these types of machines,

v=0.1 m/s. The selection of parameter values of stiffness and suppression of elements of elastic and suppressive
qualities was done based upon real-life work output of the manipulator of heavy robot “Bogus” (Fig. 5) [9]. The
examination of the analyzed model was done in the similar way to the examination of the actual model, selecting
parameter values of k stiffness and ¢ suppression compliant with the suppressed free vibrations period 7y and
logarythmic suppression decrement J of the actual model (Fig. 6). Such way of approach is often used in the
identification of chosen parameters of simulation models [10-13].

Fig. 5. The manipulator of heavy robot “Bogus” [9]
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The value 7o = 0.8 s was taken directly from the pressure progression in the manipulator arm actuator of the
“Bogus”, and the value of 6 = 1.197 based upon the dependency relation of

5=t (1)

2

The 6, which was set in his way, allows for the calculation of zero-dimensional suppression rate ¢, which based
upon the dependency relation of

E=— @)

where: 7= S suppression rate; @, = 2z eigenfrequency.
Ty Ty

For such obtained values the zero-dimensional suppression rate ¢ was set on the level of £ =0.2. The work
shown on the Fig. 5 was done by a manipulator in the maximum outreach with the grapple load of 180 kg in a sudden
stop in the vertical position parallel to the surface. Keeping this mind, the examination of the set structural model was
done in MSC Adams software designed for simulating compound mechanical systems. Based upon values of 7y and &,
values of k1, = 12000 kN/m and c¢;> = 100 kNs/m were picked. The examined manipulator of the robot “Bogus”, for
which 75=0.8 and ¢=0.2, is equipped only with elastic lines linking the distributor with actuators (Fig. 5). By
shortening the length of cables and substituting them with stiff lines, the change in the design approach was adopted,
coupled with the change in values to 7o =0.8-0.4 s and {=0.4-0.2. For the examined manipulator, lower values from
the set of values were accepted to be k1, = 40000 kN/m and ¢;, = 180 kNs/m.
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Fig. 6. The progress of pressure in the grapple actuator in the manipulator arm of the robot “Bogus$” in a sudden stop
in the vertical position parallel to the surface

4. The control signal

The signal controlling the manipulator tool was set upon set trajectories (Fig. 1). It was set on the basis of
equation of motion of the manipulator tip stemming from the imposing of motions of its particular elements for the
purposes of inverse kinematics [1]. The task was examined for the dyadic flat mechanism, which is the manipulator in
question. On the basis of the depicted scheme (Fig. 7) dependencies were set which took into the account the grid
references of point A(x, y) in the angle function ¢ .

Using the law of cosines

c? =a’ +a} —2a,a,cos(t —,) (3)
and taking into the account

A =x*+y* and cos(n' —qoz)z —COS @, 4)
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Fig. 7. The scheme for the setting of coordinate dependencies of the point A(x, y) in the angle function ¢

so after transformations

X +1?—a’—a?
cosQ, = oy al Z =T (5)
1%2

based on the above equation and tasking in to the account the dependency on the trigonometric identity the angle ¢,
equals to

—V1-T?
0, = aretg (©)
defining the angle ¢, was done under the condition of
P =0 — Py (7
where
¢, = arctg ®)
X
and ¢, was defined taking into the account the law of cosines
sin gy, = LS, (9)
2 2
X" +y
then, after necessary transformations
tgey, = Bl (10)
\/x2 +y? —a,sin’ @,
and substituting
x*+y* =a’+a; +2a,a,cosp, (11)
the @1, was defined as
o, =arctg—2°0%2 (12)
a, +a, cos Q,
and so the angle ¢; equals to
Q= arctgl - alrctgM (13)
X a, +a, cos @,
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Defined in this way ¢; and ¢, dependencies were differentiated in relation to the x or y variable in dependency
to the examined vertical or horizontal trajectory. Variable definitions were made in the accordance with the scheme on
the Fig. 4a. Based on these dependencies, deployment speeds of individual actuators were assigned in dependency on ¢,
and ¢, angles with accordance to the dependency of

S = h cos(% - ylj and $§, =¢, h, cos(% - yzj (14)
Discretization of the above equations is done in the accordance with
T T
As, = Ao, hy COS(E - ylj and As, = Ae, h, COS(E - yzj (15)

and was inserted into the simulation program in order to simulate them. Next, it was defined that the nominal flow rate
generated by the Oy pump is equal to the sum of strains exerting the force on the particular actuators Q; and O»

ON=01+t0 (16)

Proportional division of the flow rate for the examined actuators was also taken into the account. It was done
under the dependency of
9 _4Ah

_ 17
QZ ASZ FZ ( )

After appropriate transformation of dependencies (16) and (17) control signals for the individual actuators
were set. This was done in the form of their speed

1=$ and v2=§—N (18)
L+1 F &+1 F,
As) F| As, F,

where: F| and F> — surface are of the piston of the actuator 1 and 2.
5. The results of the simulations tests

On the basis of the performed simulation tests, trajectory profiles of the vertical and horizontal coordinates of
manipulator tool have been generated. Sample profiles generated in the MSC Adams software for the trajectories 3 and
6 are shown in the Fig. 8 and 9, where I describes the manipulator tool trajectory with elastic lines and II with stiff lines.
Trajectory 3 of the horizontal trajectories is the hardest to realize together with the trajectory 6 from the vertical ones.
This stems from the charts for the examined geometrical parameters.
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Fig. 8. The profile of manipulator tool trajectory where: I-for elastic lines, II-for stiff lines
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Fig. 9. The profile of manipulator tool trajectory where: I-for elastic lines, II-for stiff lines

On the basis of the parameter y4yz it can be said that, manipulator tool trajectory values are below required
horizontal trajectory values, while the opposite is true for the vertical trajectories. However, after examining the
parameter y.,s it was noted, that the structural changes of introducing stiff lines in the majority of cases noticeably
improve the control precision. This is confirmed by the charts in the Fig. 10-15. It is also worth noting that in the case
of vertical trajectories the structural changes do not improve significantly the control precision. In fact, they may even
worsen it (parameters y,»s and y4yg, for trajectory 6).
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Fig. 10. The comparison of the influence of changing the stiffness of hydraulic lines in the functioning of examined
manipulator tool trajectories based on the yuax+) parameter: I — for elastic lines; II — for stiff lines
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Fig. 11. The comparison of the influence of changing the stiffness of hydraulic lines in the functioning of examined
manipulator tool trajectories based on the yuax-) parameter: I — for elastic lines; II — for stiff lines
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Fig. 12. The comparison of the influence of changing the stiffness of hydraulic lines in the functioning of examined
manipulator tool trajectories based on the y, parameter: I — for elastic lines; II — for stiff lines
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Fig. 13. The comparison of the influence of changing the stiffness of hydraulic lines in the functioning of examined
manipulator tool trajectories based on the .., parameter: I — for elastic lines; II — for stiff lines
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Fig. 14. The comparison of the influence of changing the stiffness of hydraulic lines in the functioning of examined
manipulator tool trajectories based on the y... parameter: I — for elastic lines; II — for stiff lines
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Fig. 15. The comparison of the influence of changing the stiffness of hydraulic lines in the functioning of examined
manipulator tool trajectories based on the » parameter: I-for elastic lines, II-for stiff lines
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6. Conclusion

Based upon the received simulation tests results it was concluded, that the manipulator tool trajectory
deviation, which stems from the stiffness of the hydraulic lines, is couple of centimeters. Maximal manipulator tool
trajectory deviation values reach 4.5 centimeters. Adopting the structural changes which influence the stiffness and the
suppression of hydraulic lines and the compressibility of the working medium may decrease twofold the manipulator
tool trajectory deviation from the required norm, and therefore increase the control precision. To sum up, in the majority
of cases the influence of the lines stiffness on the manipulator tool trajectory control precision is not significant and it
could be disregarded. However, not taking into the account the examined phenomenon as early as in the design phase,
can severely hamper the effectiveness of the realization of the tasks which require high precision, like for example the
process of pipe welding.
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Summary

In order to find out most rational sandwich panels filling, we examined basic technical characteristics while applying
methodology analysis and market research techniques. The main object of the research — sandwich panels fillings.
While applying methodology analysis and market research techniques we identify most important technical
characteristics, draw respective diagrams and select most rational filling.

KEYWORDS: sandwich panels, fillings, technical characteristics, rationality.

1. Introduction

Nowadays industry is growing faster and faster, in order to build buildings faster and cheaper various
alternative building materials gets more popularity. Most of industrial buildings concrete constructions are replaced
with newer and more effective constructions. One of the most important constructions is a wall. In order to build wall
cheaper and faster builders use sandwich panels. In process of this research we established which sandwich panels
filling is most effective, calculated heat transference coefficients and compared fillings types by price and weight.

2. Process

Using formulas:

d
1
U= @)

there: R — heat resistance; d — panel thickness; A4 — determined heat resistance coefficient; U — heat transference
coefficient, heat transference coefficients of 80, 100, 120, 140, 160, 200 mm thickness sandwich panels with
polystyrene foam, mineral wool and polyurethane fillings is calculated. Results are show in Table 1 and Fig. 1.

Table 1
Sandwich panels with different fillings heat transference coefficient calculation
4. mm Polystyrene foam Mineral wool Polyurethane
’ Adec, Wm-K U, W/m? K Adec, Wm-K U, W/m?-K Adec, Wm-K U, W/m? K
80 0.0035 0.43 0.0041 0.51 0.0021 0.26
100 0.0035 0.35 0.0041 0.41 0.0021 0.21
120 0.0035 0.28 0.0041 0.34 0.0021 0.17
140 0.0035 0.25 0.0041 0.30 0.0021 0.13
160 0.0035 0.21 0.0041 0.26 0.0021 0.11
200 0.0035 0.17 0.0041 0.21 0.0021 0.10

Market analysis method shows us different sandwich panels fillings square meter price dependence of its
thickness (as shown in Fig. 2). Interesting fact — as manufacturer says concrete wall panels which characteristics is
similar to 140 mm. thickness sandwich panel costs around 260 LT per one square meter and it is 2.7 times more than
cheapest sandwich panel.

In building sites many employers not understand importancy of sandwitch panel weight. There are many
situations when it is not possible to lift a sandwich panel with a crane so workers may need to do it manually, using
diesel or scissor lifters. In that case it is important to choose panels with filling which has least load for a one square
meter. In Fig. 3 you can see results of analysis how different types of fillings affect panels weight depending on its
thickness.
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Heat transference coefficient calculations results diagram
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Fig. 3. Sandwich panels with different fillings 1 square meter load dependence on its thickness

3. Conclusions

As a sandwich panels heat transference research showed, sandwich panels with polyurethane filling has the
best thermal insulation attributes.

Market analysis method showed that cheapest sandwich panels come with polystyrene foam filling. It also
showed that mentioned panels are about 2.7 times cheaper than panels made of concrete.



75

According to a manufacturer date we compared sandwich panel’s fillings load per 1 square meter. This

comparison showed us that sandwich panels with mineral wool filling has much bigger load than 2 other fillings, in that
case it is wise not to choose sandwich panels with mineral wool filling.

According to results we came to conclusion that it is best to use sandwich panels with polystyrene foam

fillings, but only wool filling is fireproof so it is only one that could be used to build firewalls.
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Abstract

The object of the article is accident rate in the Baltic States. The aim of the article is to assess the situation of accident
rate in the Baltic States over the period of 2008-2013.
KEYWORDS: transport, accident rate.

1. Introduction

The speed of today’s life inevitably increases traffic density, the number of cars and other vehicles. Traffic
density determines the number of road accidents, the injured and road deaths. The problems of traffic safety and
accident rate are the object of research of many fields of science. The article is focused mainly on the complex analysis
of accident rate in the Baltic States. Complex attitude towards the analysed phenomenon allows covering socio-dynamic
tendencies of traffic safety and helps design the methods of managing accident rate by assessing the injury accidents
preconditioning factors, specifying territorial regions and outlining the traffic safety implementation strategy.

A favourable geographical and geopolitical position of the Baltic States allows successful integration into the
European transport network and the transport services market. Therefore, the issues of traffic safety become a priority
area in analyzing social phenomena within the European Union membership.

The tasks of the analysis:

1. To present the analysis of secondary statistic data over the described period.

2. To reveal the main reasons of accidents.

3. To describe the situation of the implementation and improvement of safety measures on roads by highlighting the
impact of these measures on the accident rate indices.

Methods used: analysis of scientific literature; analysis of legal documents; analysis of secondary statistical
data.

2. Results and discusion

Every day we hear about road accidents, road deaths and the injured. Traffic safety is one of the oldest and the
most important problems. The article presents the analysis of accident rate on Lithuanian, Latvian and Estonian roads in
2008-2013. Indices used for the analysis: the number of accidents, the number of the injured, and the number of road
deaths. The information has been taken from available statistic data of the Baltic States and the European Union
(Lithuanian Traffic Police Service; Statistics Estonia, Statistics Latvia, 2014).

Over the period of 2008-2012, on the Baltic roads 48,179 injury accidents were recorded, in which 53,535
people were injured and 3,377 road users were killed (European Commission Directorate General Energy and
Transport, 2014).

Fig. 1 shows that over the analysed period (2008—2012), the biggest number of traffic accidents occurred in
Latvia (46%). Fig. 2 shows that from 2008 until 2012, the number of accidents per one million of the population in
Latvia decreased from 4,059 to 1,642. If compared to 2009-2012, the number of accidents from 2009 until 2012(13)
increased from 1,461 to 1,642.

In Lithuania and Estonia the number of accidents from 2008 until 2012 decreased approximately by 20%.

The reasons of accidents can be highly diverse. The most common factors of reasons of traffic accidents: road
user (human factor); vehicle; road; the surrounding environment (Guzys, 2004), the public (Pecelitinas, Pikiinas, 2005).
Other researchers analyse criminalistic characteristics of traffic accidents on roads and assess their importance to
accident prevention (Novikoviené, 2009). Dainauskas, Brazukiené (2013) name the factors that determine accident rate
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in territorial regions of Lithuania. After the research the authors specify the main regularities of territorial occurrence of
accidents on Lithuanian roads.

Over the period of 2008-2012, on Lithuanian roads 18,592 injury accidents were recorded, in which 22,138
people were injured and 1,766 road users were killed (Lithuanian Road Administration under the Ministry of Transport
and Communications, 2014). On Latvian roads 21,991 injury accidents were recorded, in which 21,764 people were
injured and 1,144 road users were killed. On Estonian roads 7,596 injury accidents were recorded in which 9,693 people
were injured and 497 road users were killed.

Fig. 3 shows that since 2008, the number of the injured in traffic accidents has decreased by approximately 20%.
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From 2008 until 2013, in Lithuania the number of deaths on roads decreased from 155 to 85 (Fig. 4). However,
since 2008, by the biggest number of deaths on roads our country shares the leading position with Latvia. It means that
Lithuania and Latvia are the countries of increased risk, although total accident rate (by other indices) in Lithuania has
decreased. Comparing statistical data of all the European Union countries, the European Union has an average of 52
road deaths per one million of the population (Fig. 4). Thus compared to the European Union average (52 deaths per
one million of the population), the number of road deaths in Lithuania and Latvia remains high. According to the data
of the European Commission, Lithuanian drivers are the most dangerous ones in Europe. The growing accident rate and
the number of deaths have reached the limit that cannot be tolerated any longer. The problem of road traffic safety can
be solved only when it is addressed at all levels of government and through a variety of legal, administrative,
engineering and educational measures.

3. Conclusions

Following the analysis of scientific literature, the notion of accident rate has been conceptualized. Accident
rate is the process involving not only external reasons; it is also conditioned by internal human motives.

The analysis of secondary statistic data of accident rate in the Baltic States has revealed an interrelation
between the traffic density and the growth of accident rate. Congested traffic and intensive movement of transport flows
create favourable conditions for accidents; therefore, the probability of encountering a traffic accident in an intensive
transport flow is higher.

The analysis of statistical data of the accident rate indices of 2008—2013 has revealed that the number of traffic
accidents on roads is decreasing and the situation of accident rate in the Baltic States has stabilized.
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Abstract

The object of the article is the impact of psychological and psychosocial factors on accident rate. The aim of the
analysis is to assess the impact of psychological and psychosocial factors on accident rate.
KEYWORDS: lunar cycle, lunar days, insurance events, weekdays, seasons.

1. Introduction

Since ancient times, people have been interested in lunar impact on the earth and humans. Ancient
philosophers asserted that the moon had a negative impact on human mind. In the long run, the philosophers® views
were replaced by scientifically-based truths. More and more scientific research is being carried out in order to assess the
effect of the lunar cycle on human body. The effect is caused by strong gravitational lunar impact on the earth surface.
Today‘s science seeks to prove the influence of the moon to reasonability of human actions, decision making and
personal safety. In many scientific articles this topic becomes the object of analysis. In most publications, two phases of
the lunar cycle are being studied — new moon and full moon, both affecting humans. In new moon and full moon, the
following physical parameters of the earth change: humidity, atmospheric pressure, temperature, and electric and
magnetic fields. Even the slightest variation of these parameters influences a human body. The matters in question are
analysed further through science projects.

The tasks of the analysis:
¢ to look into scientific research that discloses an interaction field of the accident rate and the lunar cycle;

e to present the analysis of secondary statistical data of insurance events to justify interaction between the accident rate
and the lunar cycle.

2. Results and discusion

In order to prove the importance of the topic in question, it is worth mentioning that in 2005, California
Council on Science and Technology financed the project “The Effects of the Lunar Cycle on Rates of Fatal Car
Accidents” [1]. Scientists of this country carried out a research using the method of experiment and analysed situations
of car accidents and emergencies over five years taking into consideration lunar impact on human behaviour. The
project report introduces the facts obtained during the experiment, which justify hypothetical assumptions about the
interaction of the lunar cycle and human behaviour on roads.

Research of this type has also been carried out by Swiss scientists. They present the obtained objective facts,
which show that the work of human brain changes depending on the lunar cycle [2]. The research disclosed that
psychosocial and natural factors are truly interrelated: the phase of the new moon strongly affects human mind. It can
be noticed that a person has distorted perception of reality; he can be easily controlled from the outside and affected
adversely [3].

It was found out that in full moon, the earth and the moon are in an opposing position because in respect of the
sun, the moon is at a distance of 180 degrees and is completely illuminated. In this situation, both of them affect the
earth in an adversative manner, which causes huge stress. It was found out that in this phase, people suffer from
misbalance and rush, make reckless actions and their behaviour becomes unpredictable. Loss of self-control causes a lot
of conflicts, injuries, accidents, violence and crimes [3].
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According to the information of the insurance company BTA [4], accident rate is also influenced by the lunar
cycle. They say that “when the moon is on the wane, accident rate on roads exceeds the average by 4 percent, while in
full moon, the number of car accidents increases by 2 percent. The safest is gibbous moon when accident rate decreases
by 7 percent” [4].

Having analyzed one of the biggest Lithuanian insurance company‘s (ERGO Insurance SE Lithuanian
Subsidiary) data on fatal car accidents over the period of 2008-2013, the following results were obtained by the lunar
cycle:
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Fig. 1. Accident rate by the lunar cycle

Based on the report of the insurance company ERGO (ERGO Insurance SE Lithuanian Subsidiary), it can be
stated that when the moon is on the wane, the number of car accidents is the biggest and these accidents are caused by
young drivers aged 18-35. It should be noted that in gibbous moon, this age group of drivers causes more insurance
events too. Full moon affects elderly and old drivers the most.

The period from one full moon until the other lasts 29.53 days. The 30th lunar day does not exist each month.
It is useful to study on which lunar days the biggest number of car accidents occur.
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Fig. 2. Accident rate by lunar days

The most dangerous is the 22" lunar day, i.e. the day when the moon is on the wane. The 16" and 27" days
should also be noted. Quite dangerous are the 13™ (gibbous moon), 24" and the 26" days. The information that we have
obtained contradicts the information of the research carried out in Latvia, which states that the most dangerous lunar
days are the 7, 14™ and 18 [5].

Very often people say that full moon affects human mind and behaviour, provokes inappropriate actions. This
is testified by the sad statistics of crime [6]. Based on our analysis, accident rate is influenced by full moon, and from
Fig. 2 we can see that the 16th day is exceptional. However, the conclusions of the project “The Effects of the Lunar
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Cycle on Rates of Fatal Car Accidents” say that “the illusion of the moon's effect on rates of car accidents is false, and
there is no need to fear driving on full moon days” [1].
We should pay attention at the days with the biggest number of accidents (see Fig. 3).
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Fig. 3. Distribution of insurance events by weekdays

The most dangerous days are Friday, Saturday and Sunday. It can be assumed that on Friday most drivers live
in the mood of the weekend and forget caution. Weekend is the time when big cities empty — citizens leave for
recreation, car flows get bigger, in many cases traffic rules are ignored (speed limit, distance) and the probability of car
accidents grows up.
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Fig. 4. Insurance events by weekdays and age groups

On Friday and Sunday, most car accidents are caused by very young drivers, i.e. aged 18-25 (Fig. 4). On
Saturday, the most dangerous drivers are experienced young people who usually like speed and dangerous way of
driving. The dominating view in the society is that elderly and old people cause quite many accidents, but according to
our data, they are the ones who had the least number of accidents over the analyzed period.

Regardless of the season, the biggest number of car accidents occurs during the day and in the evening (Fig. 5).
It should be noted that autumn evenings are the time of a bigger number of insurance events. It is likely that people stay
longer in gardens, enjoy the last warm days and rush home only after dark.

In spring, most car accidents are caused by young people who have quite long driving experience (Fig. 6).
When summer holidays start, the students who are 18 years old take driving exams and get driving license but without
experience and willing to demonstrate “excellent driving skills”, they cause the biggest number of dangerous situations
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resulting in car accidents. In comparison to other seasons, during this period our senior drivers (over 55) cause more car

accidents too.

In autumn, we return after holidays, the number of cars and pedestrians in the streets increases, we are

inattentive, therefore, quite many car accidents are caused by drivers aged 18-45.
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Fig. 5. Accident rate by seasons and time of the day
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Most car accidents occur in July, which substantiates the data presented in Fig. 6; and the participants of these

events are young inexperienced drivers aged 18-25.

In November and December, when sleet begins, the roads get covered with ice and snow and the number of

accidents among young inexperienced driver’s increases. However, November is also unfavourable for experienced
drivers because snow and ice influence their driving skills too.

January and July are unfavourable for inexperienced drivers.

. Conclusions

Based on the presented analysis of the secondary statistic data of insurance events, which justifies an interaction
between the accident rate and the lunar cycle, it can be stated that when the moon is on the wane, i.e. on the 22nd,
27th, 24th and 26th lunar days and in gibbous moon, i.e. on the 13th and 14th lunar days, the drivers aged 18-25 and
26-36 should be very careful. In full moon, all drivers should drive with particular caution.

Accident rate also depends on the day of the week: Friday, Saturday and Sunday are dangerous days for drivers. On
these days, the drivers aged 26-35 should drive with particular caution.

Psychosocial factors such as seasons also influence accident rate: in summer, July is an exceptional month for
inexperienced drivers. It is advisable for inexperienced drivers to observe traffic rules very closely. At the start of
winter, when all drivers need to change their driving manner, the drivers aged 18-45 should drive with particular
caution.
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Abstract

Implementing their international commitments in Afghanistan, representatives of different countries pursue their
missions under severe physical and geographical conditions. Different machinery and equipment is constantly used for
implementation of tasks. Reliability of internal-combustion engines is dependent upon many factors such as internal
features of an engine and external conditions of their operation. Engines are subject to effect of many factors that
determine occurrence of engine failures and failures. Climatic conditions represent one of the factors of operating load
on internal-combustion engines which is directly dependent on the climate zone. Consequently, assessment of the
reliability of machinery and equipment, and particularly internal-combustion engines, should begin with the analysis of
climatic factors that affect their operating condition.

KEY WORDS: engine failures, environmental interaction.

1. Introduction

Automotive engine reliability represents an important feature of engine performance while determining use of
a vehicle in an ever globalizing world. Cars are often adapted to be capable of driving on different roads and to operate
under various conditions. For this reason, when designing and producing land motor vehicles automotive manufacturers
focus not only on their design and comfort level but also on their operating reliability. Given the currently prevailing
worldwide trend to develop automotive road systems with rigid pavements, automotive manufacturers tend to develop
cars intended for operation on this type of roads. However, in some cases a need emerges for vehicles operable off-road
under complicated climatic conditions, for example, for the purpose of exploratory works or to be used on international
missions. For the purpose of tasks completion different vehicles are often used effectiveness of which depends on their
reliability. As the need for such vehicles is limited, there is a lack of their research, and furthermore, findings and
results of not all studies are reported and published, all of which leads to the lack of recommendations on vehicle
operation under difficult conditions.

Internal combustion engines (hereinafter — ICE) used in cars are also mainly designed for operation under
normal conditions, and the need to adapt series engine for use in vehicles operating under difficult conditions is often
accompanied with different problems. Problems are often caused by engine operation in locations with complicated
climatic and geographic conditions — mountains, desserts, rapid rivers, increased air dustiness, diurnal temperature
variation, and solar radiation.

Assurance of reliability of the internal-combustion engines (ICEs) should never be based on approximate
knowledge of average conditions; it requires for precise data on real operating conditions.

Surrounding environment includes all the environmental conditions under which production, operation and
storage of equipment takes place [1].

First of all it includes climatic factors. Given the effect of the external factors on equipment, climatic factors
are grouped as follows: mechanical, climatic and other environmental external factors that are dependent on the
geographic location, season and time of a day, etc., biological, radiation, external factors of electromagnetic fields,
factors that affect specific environment externally, thermal.

In respect of ICE operation, the climatic factor is assumed to be one of the most significant factors leading to
destabilization of engine’s outside: the climatic factor includes heat and cold that are characterized by “C or K, relative
humidity, precipitation, dust and sand, solar radiation (insolation), and biological environment effect of a specific form.

Research material.

The article analyzes performance of thirty five diesel engines operating under difficult conditions: sixteen
vehicles Toyota Land Cruiser 100 (LC) with diesel engines 1HD-FTE, and thirteen high-mobility multipurpose wheeled
vehicles M998A2 (HMMWYV) with diesel engines GM6.5L with diesel engines OM366 LA. All the vehicles were used
under conditions of mountainous desert from the very beginning, i.e., starting with summer of 2005 till December 31,
2011.

The article offers statistical information on engine delectability. Data processing was accomplished using
digital engineering techniques and numerical modelling enabling prediction of engine reliability while taking into
account its operating conditions.
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The objective of this research paper was to comprehensively study and examine the failure flow parameter' of
ICEs operating under difficult of the climatic and other environmental factors conditions in Afghanistan region.

Research was carried out in mountainous dessert of Afghanistan having difficult climatic conditions. To collect
precise and accurate data, vehicles used by the Provincial Reconstruction Team (hereinafter — PRT) situated in Ghowr
province (Afghanistan) were selected for the research. Their operation course, failures, and repairs can be tracked and
captured more precisely than those of civilians as their data are recorded in data logs. This research paper used
descriptive and analytical methods that involved practically obtained primary research findings from the analysis of
machinery operation in Ghowr Province of Afghanistan over period of many years. Actual reliability indicators of
diesel engines used in vehicles operating in Ghowr province of Afghanistan do not exactly satisfy modern requirements
as their operating conditions differ from those that they have been initially designed and produced for. Actual use of
automotive resources depends on intended tasks and season of the year. In summertime, daily mileage of a car varies
from 0 to 40 km with the engine running for 10 motor hours per day, whereas in winter these are by half lower. In the
case of more complicated tasks, the engine runtime increases significantly.

The following are the main factors determining engine operating conditions in the region under investigation:
layout and profile of roads, their altitude above sea level, climatic and geographic conditions, airborne concentration of
abrasive substances, patterns of use of vehicles, engine oils and car fluids used, fuel used in Afghanistan (having
different properties than normal diesel fuel), and rotation of drivers each half-year. The factors mentioned herein have
influence on engine operation and its costs.

2. Geographical location, the characteristics of climatic and other environmental factors of Afghanistan

Afghanistan is located in Central Asia and has borderlines with Tadzhikistan, Uzbekistan, Turkmenistan,
Iran, Pakistan and China. Afghanistan lies in the North-Eastern part of Iran Mountain range with high sierras and
valleys between mountains. Engine operating conditions represent a significant factor for analysis of vehicles
performance under difficult conditions that include low air temperatures, in case of deep snow coverage — frequent
snowstorms and snowbanks on roads; regions with hot dessert climate, poorly developed network of roads and
driveways, lack of afforestation and water, increased air dustiness, considerable diurnal temperature variation;
mountainous terrains with thin air and lower atmospheric pressure; highly variable terrain profiles and considerable
diurnal temperature variations; off-roads and scales of road aggravation. Difficult engine operating conditions are also
considered to include regions with high humidity levels.

Each of the above-mentioned factors of engine operating conditions has an influence (mostly negative) on
operation of automotive engine. The altitude (elevation) of the road location above sea level and violent variations
thereof is a fundamental factor determining ICE loading regimes. Difficult combinations of driveways at mountainous
locations comprised of downhills and uphills different in size with variable high-intensity road winding and small
turning radiuses determine uneven rolling resistance of a vehicle. Another subtype of operating loads involves the
climatic factor with parameters such as temperature, air impurities, air humidity, solar radiation (the latter is not
attributed to the difficult operating conditions however it is directly linked to the temperatures of air and Earth’s
surface). This subtype is also considered to include the geographical factor — atmospheric pressure, which directly takes
part in shaping the process of engine operation in the cylinders of the engine [2, 3]. The third factor accountable for
reduced engine reliability and determining its parametric failures is the wear of engine parts. Operating (characteristics
of fuel and engine oil and their quality, quality of spare parts, etc.) and biological factors (rodents, funguses, vegetation,
etc.) might also be distinguished. Highlands and their variable terrains have a negative influence on vehicles and
operation of their engines: efficiency decreases, fuel consumption increases, fuel injectors get clogged, slag and cinder
form, more intensive wear of engine occurs, if they are not specifically adapted for exploitation in high-alpine regions,
service life of individual components and assemblies is significantly reduced.

Estimation of climatic and other natural factors influencing exterior of vehicles operated in Ghor province of
Afghanistan, and their diurnal variations, used meteorogical data recorded by the Air Traffic Control Centre of the
Provincial Reconstruction Team of Ghor province using weather data recording equipment Vaisala TacMet Tactical
Meteorological Observation System MAWS 201M, and processed using software MIDAS IV Tacmet. This equipment is
used to detect and record meteorological data at one minute intervals 24h a day. The structural scheme design of the
weather station of the Chagcharan Air Traffic Control Centre in Ghor Province (2005-2011) has relative humidity
sensor, wind direction sensor, precipitation amount, type and intensity measuring, air temperature sensor, wind speed
sensor, visibility sensor, surface temperature sensor, solar radiation meter.

Eight meteorological stations were selected out of all those 47 stations operative since 1996 in Afghanistan:
such a choice was based on the need to have a clear climate characteristic for its every representative region located
from the lowest to the highest above sea level, and from the coldest to the warmest areas of the country. In the Pamir
Mountains, continuously operating meteorological stations were absent. Gathered and summarized meteorological data
of Afghanistan provinces show climate of this region to have an exceptional characteristic.

Presents deployment of meteorological stations in Afghanistan, and statistical data on air temperature and
pressure, of solar radiation, the relative humidity of air and average annual precipitation ranges, wind speed, number of

V' ICE failure flow parameter is defined as a frequency rate of engine failures which is calculated by subdividing the average number of failures over
the period of observation to the engine run kilometres over the same time period.



87

sand storms, biological environment effect of a specific form (microbial, fungal, viral effects, and effect from rodents
and insects), by different regions of Afghanistan was detailed and presented in article [4].

The error of approximation of statistical data of all the climatic and weather factors under investigation is
below 10%, and determination coefficients are in range of R*=0.90 =+ 0.98, which serves as the evidence of the
suitability of mathematical expression.

Air is a mixture of gases full of different impurities. In Asia, impurities of air usually occur in result of sand
storms or human activities. In the effect of wind or air flows, particles of surface of the Earth are raised to air making it
a polydisperse aerosol mixture — that’s the way a temporally high concentration of dust and sand occurs in air. Research
findings of foreign scientists show that dust and sand concentration highly varies during sand storm, and may achieve
values of 10.4 g/m3[1], 0.5 — 10.6 g/m? [5] size of particles may vary from 0.01 to 1000 pkm [6, 7].

Moving vehicles also cause impurities in air. In Ghowr province, traffic determines occurrence of dust
emissions from under the wheels of the moving vehicles. The minimum airborne dust concentrations measured in
November, 2009, ranged from 58.28 pg/m? in the environment of military base, to 18181.82 pug/m® in the centre of the
column of automotive vehicles [8].

To estimate the crystalline structure of the road dust, the X-ray diffraction (XRD) was undertaken in
cooperation with E. Krugly, L. Kliu¢ininkas, T. Prasauskas, D. MartuzeviCius, scientists of the Faculty of Chemistry of
Kaunas University of Technology, and M. Kireitseu and A. Zerrathu, scientists of the Hamburg University. The
quantitative analysis showed that road dust samples collected in Ghor province of Afghanistan contained the following
minerals: Calcite, Quartz, Albite, Muscovite, Potassium-Feldspar, and Nimite. Major portion of dust is comprised of
quartz, compounds of aluminium, and particles of different mountain minerals. Dust with the diameter of 2 um prevails.

To determine the concentration of salts (potentially causing corrosion of metals) in collected road dust
samples, the analysis of concentration of water-soluble sulphates and chlorides as well as of pH value was conducted.
The analysis revealed rather high concentrations of water-soluble SO42 and CI! in samples collected in Ghor province
of Afghanistan, thus road dust containing these salts when in contact with engine can speed-up processes of corrosion.

The biological factor was examined, too. Samples were collected from automotive fuel filters from the medium
of the layer situated between the fuel and the water. Assay showed that in Afghanistan, fungi occur everywhere where
compounds of carbon and hydrogen are present under favorable conditions: elevated air temperatures, humidity,
surfaces contaminated with dust. In summary of collected information on biological factors, the conclusion is made that
under conditions of Afghanistan, the influence of biological factors is insignificant and emerges mainly during
downtimes of vehicles caused by various other reasons due to vehicles standing idle. In other words, the biological
factor influences engine preservation.

Assessment of climatic factors revealed that maximum value of the adversity of the climatic factor for engine
operation belongs to the cold season, and is followed by relative humidity in the second place by significance, whereas
the third place is shared between monthly mean air temperature, solar energy irradiation and mean air temperature
variation amplitude, with minor error, then closely followed by the scattered solar energy irradiation; wind speed, air
pressure, and average air temperature during three hottest months of the warm season were found to be less important.
Other factors — duration of the warm season, fluctuations in air temperature through 0 °C, time period of mist
coverage — do not determine adversity of the climate to ICE operation in the region, and such factors as amount of
precipitation and time period of precipitation and wind direction have no influence on engine performance at all.

3. Mathematical model of weather technical severity in Afghanistan region

Climatic factors and atmospheric phenomena make substantial effect on reliability of machinery ICEs:
different precipitation, sand storms, dust mist, low and high air temperatures and air pressure, wind speed, solar
radiation, humidity of air, etc. However, there are some climatic factors and atmospheric phenomena that have no
significant effect on ICEs. These include composition and form of clouds, dates of initial frosts, wind direction, etc.
Taking into consideration climatic factors and atmospheric phenomena mentioned in part 2, a summary of substantial
climatic factors to be considered was made that will be further used to develop a mathematical model and determine
complex climatic situation of Afghanistan region. For the mathematical modelling of complex effect of Afghanistan
climate to achieve a high level of precision, it is necessary to make mathematical models of climate and weather
technical severity under adverse ICE operation conditions for cold and hot mountainous regions, individually [9].

It is wise to characterize intensity effect of climatic factors’ combination on features of materials as a technical
severity of a climate — this term was first used by G. Bodman in respect of humans [9]:

N,.S, = f10(t). T(), o(t), P(t), 4, (c) (), n, (), b(z). 1, ] (1)

where N,, — common indicator of technical severity for cold weather; S,, — common indicator of technical severity for
hot weather; Q — total solar radiation; 7 — air temperature; ¢ — time of factors being in effect; ¢ — relative humidity of air;
P— atmospheric air pressure; 4, — average non-periodical amplitude of air temperature fluctuations; v — average wind
speed; n, — atmospheric phenomena having effect on reliability of ICE; #, — time of exposure to low and high
temperatures per year; b — effect of biological factor.
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Analytical expression of equation (1), where climatic characteristics are practically not dependent on each
other (what allows using the probability theory [9]), and significant parameter — engine indefectibility over time period
t, under effect of main climatic factors, will be as follows:

P02 -0l 01 -0, O -0l - Ol-0N0-a0] @

where ¢i(f) — probability of engine failure due to the effect of the i—th climatic factor over time period (¢);
qo(t) — probability of failure due to solar radiation; gr(f) — probability of failure due to air temperature effect on
materials; gun(f) g4 (73— probability of failure due to the amplitude of average air temperature fluctuations; g,(?) —

probability of failure due to the effect of relative humidity of air; g..(f) — probability of failure due to the atmospheric
phenomena affecting engine’s reliability; gu(f) — probability of failure due to the exposure time of high and low
temperatures per year; gp(f) — probability of failure due to the effect of biological factor per year.

In result of concretization of climate’s dependence (1) on the arid mountainous Afghanistan region by using
climate loading, probability reliability equation (2) and analysis results of climate factors ranking offered by Koh P. I.,
Common indicator of technical severity of hot arid weather in Afghanistan offers a general monthly evaluation of hot
weather in Afghanistan for a period of one year. Equation for hot arid weather evaluation of duration of high
temperature exposure and average monthly values are being changed [10, 11]:

0.08
(N

m.

S, =K ,(0.55T,,,, +0.2T, ) (1 +25-107 Qh)(l +0.00754, ) (1- 0.03vh)(l + j (1+0.012n,, ) (1+0.009,) (3)

where K, — coefficient of atmospheric air pressure effect on technical climate severity; 7. — average value of the
highest temperatures over three warmest months, in °C; T,.ps — average value of air absolute temperature maximum
over three warmest months, in °C; A4, — average non-periodical amplitude of air temperature fluctuations per day over
three warmest months, in °C; O, — average total solar radiation over three warmest months; v, — average wind speed
over three warmest months, in m/s; ¢, — average relative humidity of air over three warmest months, in unit shares;
ny, — average number of days with sand storms and mists per month over three warmest months; ¢, — duration of
exposure to positive air temperature, expressed in months.

In formula (2), reliability indicators serve to take into consideration a comprehensive effect of climate load on
materials and engine. Analysis of this formula shows that effect of climatic factors — such as high air temperature,
extensive fluctuations of air temperature amplitude per day, low relative humidity of air, and sand storms — on ICE will
always be a negative one.

The obvious effect of main climatic factors of Afghanistan continental climate in winter on materials and
engine reliability is always negative. The more intense influence of each factor, the more extensive their total negative
effect is. Analogous to mathematical expression of hot climate technical severity, cold climate technical severity can be
expressed as follows [9]:

N,y =K (075714 +0.25T,,, )1+ 0.0150, )(1+0.00754, )(1+0.07v, )(1+0.26¢, )(1 + 0.014n,, )(1+0.221,)  (4)

Vi
where K, — coefficient of atmospheric air pressure effect on technical climate severity; T4 — average value of the
lowest air temperatures over three coldest months, in °C; T, — average value of air absolute temperature minimum
over three coldest months, in °C; A, — average non-periodical amplitude of air temperature fluctuations per day over
three coldest months, in °C; v. — average wind speed over three coldest months, in m/s; ¢. — average relative humidity
of air over three coldest months, in unit shares; n,, — average number of days with snow storms and mists per month
over three coldest months; #. — duration of exposure to negative air temperatures, expressed in months.

Duration of exposure to negative air temperatures, expressed in months, was not included in the formula due to
its constant value.

Methodology of rating analysis depends on the experience of the expert; each rating is attributed its position
after taking into consideration a score of climate technical severity [9]. Analysis of the effect of hot arid climate’s
characteristics on ICE reliability might be laid down in the following variation row depending on the significance level
of this effect: solar radiation, high air temperatures, and high fluctuations in daily temperature, low relative humidity of
air, sand and dust storms. It is worth to mention individually the influence of mountains on climatic factors and ICEs
operated in Afghanistan.

Mathematical models of technical severity for hot and cold arid climates might be made based on the analysis
of climatic conditions ratings which shows that the major effect on technical severity of a climate and weather comes
from solar radiation, high air temperatures, extensive amplitudes of daily temperature fluctuations, low relative
humidity of air, sand and dust storms. In both cases, compatibility degree of the periodic rating correlation R? according
shows also good compatibility of these evaluations. The error of approximation of statistical data of all the climatic and
weather factors under investigation is below 10%, and determination coefficients are in range of R?=0.90 + 0.98,
which serves as the evidence of the suitability of mathematical expression.

Technical severity of hot and cold climate in Afghanistan offers only a dotted evaluation of climatic factors’
effect over three coldest or hottest months, consequently technical severity of the climate proves to be a general
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characteristic of climatic factors’ effect on ICE reliability. Average while, technical severity of hot and cold climate in
Afghanistan is dependent upon the same climatic factors while taking into consideration negative or positive
temperature over the period of exposure. It would be more precise to use a physics term weather technical severity
although the term technical severity of a climate is relevant in presenting a general evaluation of climatic factors’ effect
during the cold season. Thus, weather technical severity is calculated for each month of the year.

Other literature sources, for example, MIL-STD-810G [12], Army Regulation 70-38 [13] and Russell S.
Harmin, Col. W. Chris King et al. [14] offers different ways of dividing the range of climatic severity: no scores are
used for evaluation, however the same climatic criteria are distinguished (temperature, solar radiation, humidity) that
are included in the particular group, whereas other atmospheric factors (precipitation, wind, sand storms), biological and
geographical position including the relief are being assessed individually by making criteria for evaluation of highly
important environmental factors scored from 1 to 5, and grouping them accordingly.

Research papers of Russell S. Harmin, Col W. Chris King etc. [14] offer detailed lists of criteria for evaluation
of highly important environmental factors. Each criteria is assessed by summing up scores: the higher the sum of scores,
the more sever conditions of machinery operation are.

Calculations of Afghanistan climate and weather technical severity indices involved formulas that included a
coefficient of atmospheric air pressure effect on technical severity of a climate which is absolutely necessary in
locations with the surface height above sea level exceeding 1000 m. Such a height above sea level was selected due to
the fact that generic technical products must ensure their reliability for up to 1000 m above sea level. Values of the
coefficient of the atmospheric air pressure effect of climatic or weather technical severity might be found using [9] or
through more precise method — using an approximation equation:

K, =410 =101 +0.9971 ©)

where /& — location height above sea level, in m.

Analogous to technical severity of the climate in Afghanistan regions, technical severities for hot weather
(Fig. 1a) and cold (Fig. 1b) weather of Afghanistan were calculated for each month — it allows to track the variation of
scores each month.
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Fig. 1. Scores of hot arid weather severity S, (a) and scores of cold arid weather severity N, (b) in Afghanistan
regions for each month

4. Characterization of dependence of failure flow parameter of internal combustion engines on weather technical
severity in Ghowr Province, Afghanistan

For the purpose of examining ICE indefectibility, a parameter of failure flow was selected which is calculated
based on the following formula [15]:

im,.(um)_im,.(t)

N(t)Ar

=

(6)

where N(f) — number of examined operated engines over a time period ¢; -m; (f) — number of failures with each engine
per output ;- At — average period of time of engine output per month.

Failure — any incident due to which ICE ceases to meet at least one of the requirements provided in technical
documentation although it still remains capable of performing its main functions. For example, in case fuel filter is
clogged, ICE remains operable however it does not achieve power indicated in technical documentation.

Research shows that failure flow of ICEs operated in Afghanistan is significantly distinguished in winter and
summer. Linear correlations in respect to engine failure flow and weather technical severity might be calculated using a
dependence equation. Statistical performance data of diesel engines IHD-FTE, GM 6.5L were gathered from operation



90

of Toyota Land Cruiser 100, HMMWYV engines for the periods of 3 to 5 years in Ghowr Province of Afghanistan. Fig. 2
presents calculations of ICE failure flows made for each ICE model. The same graphical scheme includes curves of cold
and hot weather technical severity.

It is obvious that failure flow of automobile engines is subject to dependence on weather technical severity
characteristic to the particular region. This is due to the fact that engine failure flow and technical severity expressed in
scores represent random values, and their interrelationship is of correlation type, consequently it should be examined
using correlation and regression methods. Mathematical model for the relation between engine failure flows parameter
and weather technical severity represents the regression function of the following expression:

w=ay+aS, + azSi, (7
where ao, a1 and a, — equation coefficients; S,, — technical severity of hot weather.
a)=a0+a1NW+a2Ni, (®)
where ao, a1 and a; — equation coefficients; N,, — technical severity of cold weather.
Statistical data on operation failures of different models of engines operated in Ghowr Province gathered

during 5 years of their operation enabled to make score curves of dependencies of engine failure flows on hot arid
weather (Fig. 2b).
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Fig. 2. Dependence of operating failure flow intensity of different models of engines, operated in Ghowr Province, (a)
on technical severity scores of hot arid weather (b) on technical severity scores of cold weather

Fig. 2a shows dependencies of the engine failure flow parameter on technical severity scores of cold arid
weather. Compared to the score curves of dependencies of engine failure flows’ parameter on technical severity scores
of hot arid weather (Fig. 2b), different inclinations of engine failure flow parameter curves evidences an obviously
different dependence on technical severity of cold weather.

Electronic calculation equipment was used to calculate regression function of operated engines failure flow
and weather technical severity for cold and hot weather technical severity, individually.

1HD-FTE engine failure flow under cold weather technical severity wiup n,, and hot weather technical severity
w1Hp s, Obtains the following mathematical expression:

OiupN, = ~107° N2 +0.0055N,, +0.237 9)
®yps, =—1070.253 +0.0165S,, +0.162 (10)

GM 6.5L engine failure flow under cold weather technical severity wean, and hot weather technical severity
waum s, obtains the following mathematical expression:

oy, =—1070.3N;, +0.0345N ,, +0.55 (11)

o ps, =—1070.35} +0.05S,, +0.385 (12)
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The error of approximation of engine failure flow parameters under investigation is below 10 %, and
determination coefficients are in range of R?>=0.90 -+ 0.98, which serves as the evidence of the suitability of
mathematical expression.

Analysis of engine failure flow parameters of different models of engines operated in Ghowr Province suggests
engines to have different dependencies on weather technical severities based on perpendicular angles of engine failure
flow parameter curves.

5. Conclusions

1. Geographical position of Afghanistan determines climate in Afghanistan regions which is characterized as an
extremely arid continental climate with high amplitude of air temperature fluctuations. According to indices of
technical severity of a climate, many Afghanistan regions are prevailed by the extremely hot arid severe climate.
Based on current studies of climate and weather technical severity in Afghanistan regions, climatic factors are
assumed to represent one of the ICE operational loading sub-types dependent on climate zone. Climatic and weather
severity is furthermore increased by Afghanistan mountains.

2. The higher the score of climatic and weather technical severity, the higher parameter of engine failure flow in
automobiles operated in Ghowr Province, Afghanistan, is. Here offered mathematical model of relation between
engine failure flow parameters and weather technical severity delivers sufficiently precise results.

3. The failure flow parameter for Toyota Land Cruiser 100 with diesel engine 1HD-FTE and that for M998A2 with
diesel engine GM6.5L, both operated under difficult conditions, has been investigated. ICE failure flow parameter
was found to vary depending on the type of engine: for IHD-FTE — 0.3 to 0.6 failure/1000 km; for GM6.5L — 0.7 to
2.0 failures/1000 km; ICE failures were found to be less frequent in autumn and spring. The fluctuation amplitude of
failure flow parameter amounted for two times depending on the season.

4. Differently structured internal combustion engines offer different capabilities of their adaptation for operation under
difficult conditions: diesel engines 1HD-FTE of Toyota Land Cruiser 100 offer twice better capabilities of their
adaptation for operation under difficult conditions when compared to diesel engines GM6.5L of M998A2.
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Summary

Construction products entering the market: materials, products, construction supplies and building equipment, which are
tested and certified in accordance with applicable standards. EU standardization system has not yet fully formed. It is
constantly being improved and standards approximately every five years are being reviewed, if necessary they are being
updated. They are combined with new demands of material development, production, testing and technical progress.
Construction organizations which pursue to survive in competitive struggle must ensure the quality. For this purpose the
companies are implementing Quality management systems.

KEYWORDS: construction, quality, control, standardization.

1. Introduction

Lithuanian construction companies give priority to the quality of products. This factor also affects the increase
and improving of construction services and quality requirements because the customers’ needs grow together with
competition increase. Therefore the value of the quality is becoming more important and it has a greater contribution.

When Lithuania integrated into EU, the internal market surveillance system was adapted to the EU market
surveillance system in order to eliminate the trade technical barriers and to allow the free movement of products in the
establishing EU single market. The bigger quality requirements have also been influenced by large European
companies, which have entered into Lithuanian market and Lithuanian companies must now compete with them as well.

The object of this study is the construction quality management in the companies.

The aim of this study is to find out whether the Lithuanian construction companies have to follow the quality
management requirements.

For the study execution the following tasks were set:

e To analyze the quality standards.
e To analyze the quality requirements.

2. Quality management principles

In recent years many positive achievements of the management theory and practice quality were used for
developing of the new ISO 9000:2000 standard version. This is vividly reflected in the quality management principles,
which are formulated in the new version of the standards and which should be followed in developing of the Quality
management system. Quality management principles’ application provides not only direct benefit, but also contributes
to the risk management. Quality management should be incorporated into the organization's management. To make it
easier to achieve quality objectives eight management principles have been applied:

1. Principle — Customer Focus.

2. Principle — Leadership (active managers’ activity). The harmonious operation of the quality system can not be
created without the active operation and support from the management.

3. Principle — Involvement of Employees. Employees at all levels are the essence of an organization and its most
valuable resources, therefore employees’ involvement in quality improvement activities enables their abilities to be
used for the organization’s benefit.

4. Principle — Process approach. Any activity or production, which transforms inputs into outputs, must be assessed as
a process. Almost all product production or service activity is the process.

5. Principle — System Approach to Management. It is necessary to understand the interdependencies of the processes
occurring in the system, to create methods by which the processes are combined and connected. The model of
process consolidation into the Quality management system is show in Fig. 1.

6. Principle — Continuous Improvement. Under the implementation of this principle the quality improvement activity at
all levels of the organization must be harmonized with the organization's strategic targets and the relevant tasks for
process improvement must be formulated.

7. Principle — Factual Approach to Decision Making. Effective organizational management decisions and actions must
be based on data and information analysis. It is necessary to ensure that data and information should be reliable and
available and appropriately processed. Only reliable methods must be applied for data and information collection
and processing,.
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8. Principle — Mutually Beneficial Relationships with Suppliers. An organization and suppliers are related to each
other. Mutually beneficial relationships for both parties enhance the value creation opportunity.

Quality Management System
Continuous improvement

l :

Management's Responsibilities

ittt * | Quality Politics Management
E Quality Targets Analysis
1
! ]
: v Measurements, Analysis, Improvement
1%: S;C;I;J;;st Resource Corrective and Customer
q Management Internal Preventive Satisfaction
Analysis audits Actions "'_:

l

Product Product —
| Realization » oo

Qutput:

7| Services

Fig. 1. The Model of Process Consolidation into the Quality Management System

3. Quality management of construction services

International Standard ISO 9001 promotes the procedural approach application to the development,
implementation and improvement of the Quality management system efficiency and to ensure that a consumer is
satisfied by meeting his requirements. In order the functioning of the organization will be efficient it is necessary to
identify and manage a number of interrelated activities. All the activity when the resources are used for getting product
can be considered as a process. Often the production of one process at the same time appears the input of another
process. Organizational process system application in conjunction with processes and their interaction identification can
be characterized as “a procedural approach”. The advantage of the procedural approach is continuously improving
management, which is ensured by this approach when it is applied for the relations of individual processes in the
system, as well as for combinations of these processes and their interaction.

Each Lithuanian organization must establish the Quality management system, document, implement and
maintain it (see Figure 2.) The organization must continuously improve the results of Quality management system
performance according to the requirements of this standard. The company shall implement the main target of the testing
laboratory - the tests shall be carried out accurately and credibly. The correct test data must be provided, the test reports
must be clearly documented in order to gain customers’ confidence.

QUALITY POLITICS
QUALITY SYSTEM TARGETS

QUALITY
MANAGER QUALITY SYSTEM

PROCEDURES OF
QUALITY SYSTEM
QUALITY MANAGER'S
ANNEXES
OTHER DOCUMENTS OF QUALITY
SYSTEM

/ DOCUMENT RECORDS

/ QUALITY TECHNICAL \

Fig. 2. The Document Structure of the Quality System
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Organizations have:

e To implement the required processes of Quality management system and determine their application in the
organization;
To define the sequence of processes and their importance;
To define the criteria and methods, which ensure operation and management of the most necessary processes;
To ensure that the necessary resources and information for process operation and monitoring will be obtained;
To monitor, analyze these processes;
To implement the planned results and continually improve the necessary actions of the processes.

An organization has to manage processes such as ISO 9001 international standard requirements. When an
organization chooses the external process that affects product conformity with requirements, it must ensure the
management of such process. The processes management in the Quality management system must be identified.

4. Quality control of construction products

For product quality control there is developed the system for Brigade Leaders, Construction Work Managers,
Construction Managers, Project Managers, Technical Director and Director of Construction.

Brigade Leader has to organize a brigade work according to issued work tasks. He promptly checks the quality
of works performed and makes records in the product quality accounting sheet. If the deviations appear Brigade Leader
takes steps to defect correction, delivers the performed works (along with the product quality accounting sheet) to
Construction Work Manager. If the quality of works performed is out of control and the records in the product quality
accounting sheet have not been made, Construction Work Manager reduces the output coefficient.

Construction Work Manager shall prepare and deliver to Brigade Leader work tasks, write down the product
quality accounting sheet, check the records in the product quality sheet made by Brigade Leader, often check the quality
of performed works, and if there are any deviations, he shall organize their correction, make records in the product
quality accounting sheet and deliver the filled product quality accounting sheets to Construction or Project Manager. In
the absence of documentation, the works are not accepted and wage is reduced.

Construction or Project Manager accepts works performed at divisions, if there are any deviations he requests
to correct them, makes the record in the product quality accounting sheet, accepts works done by subcontractors and
checks work quality. In case of deviations Manager requests to correct them and issues the product quality accounting
sheet for the works performed by subcontractors. Every month the completed work quality accounting sheets together
with acts of performed works are provided to Production department. Every month Construction Manager receives the
acts of performed works at divisions and by subcontractors together with quality accounting sheets labeled with
information about the quality of works. In case of the absence of such documentation Construction Manager reduces the
wage. Construction Manager together with Quality Manager and Technologist optionally check the quality
documentation which is being recorded at construction site, as well as quality of work, the compliance with safety and
procedure requirements. When violations are identified the wage is being reduced.

Technical Director controls that the work quality accounting sheets of unfinished works are filled and provided
to him at the end of a month. Technical Director reduces the wages for Construction Work Managers if the
documentation was not filled or provided.

Construction Manager control that the work quality accounting sheets labeled with information about the
quality of works are delivered from divisions and subcontractors. If the documentation was not filled or provided
Construction Director reduces the wages for Construction or Project Managers. Construction Manager together with
Quality Manager and Technologist optionally check the quality documentation which is being recorded at construction
site, as well as quality of work, the compliance with safety and procedure requirements.

All the construction links must be interested in the quality of performed work and they all must participate in
quality control: Brigade Leaders, Construction Work Managers, Construction or Project Managers. Work of every
construction link is evaluated according to prepared assessment matrix of quality indicators. The wages of appropriate
link employees depend on assessment results.

The target of such scheme is to create an efficient, multilevel, motivation based construction work quality
control.

5. Conclusions

Quality control issues are being summarized by the international ISO standards. The worldwide standard of
ISO 9001:2000 is generic. This is not a product standard; it is applicable to any manufacturing or service industry. In
the period of intense market it is necessary to have a Quality management system to ensure sustainable work of
construction companies.

According to production and construction service purpose there can be indicated the production suitability for
consumers’, customers’ and other interested parties’ needs. Quality management is very important for improving the
quality of materials and services. Quality management ensures the customer's long-term confidence in the contractor,
the contractor's good name and the recognition in the construction market.
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Based on the material reviewed and experts’ opinions it can be stated that the quality is managed at all stages

of product development. Quality basis is the compliance with applicable rules and standards, and using the basic
principles of construction management: good and timely planning, implementation, control and analysis.

Enterprises, which carry out construction works not only in Lithuania, but also abroad must follow the quality

standards addressed in this study in order to remain competitive not only in domestic, but also in foreign construction
markets. Quality management system development will enhance customer’s demands satisfaction, achieve consistency
and improve internal processes. This is especially important for extremely complex objects implementation, which is
related to the safety of people, the implementation of complex industrial and public facilities and residential
construction objects.
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Abstract

In this article the author describes particular maintenance systems used in the past, some of which are used also at
present. The basic maintenance systems include maintenance after use, preventive maintenance with predetermined
intervals, and conditioned-based preventive maintenance - predictive maintenance. The current trend in the field of
vehicle maintenance tends to continous monitoring of their actual status. By the help of a vehicle monitoring in use, it is
possible based on current operating parameters to determinate the technical condition of the vehicle parts. Ideally to
prevent the failure or damage of groups of vehicle. Tracking of vehicles in use can be effected through the telemetry.
Telemetry is a technology that allows remote measurement and reporting of information.

KEYWORDS: preventive maintenance, proactive maintenance, predictive maintenance, telemaintenance, on-board
diagnostics.

1. Introduction

Quality and reliability control and the choice of optimal maintenance methods cannot be realised at present
without properly functioning technical diagnostics. Thanks to the use of technical diagnostics, the maintenance itself
has reached a new level which in a sense may be labelled as a completely new, generation different maintenance
system.

Technical literature provides a number of definitions of “maintenance”, more or less influenced by their
authors or by the force of a norm upon which they are based. For the purpose of this article, the following definition
according to [1] is used: “Maintenance is a combination of all technical, administrative, and managerial activities during
a life cycle of an item aimed at maintaining the item in condition, or returning it to condition, in which it can perform a
required function”.

2. Development of maintenance approaches

A vehicle is either in usable or unusable condition. Our aim is to maintain the vehicle in usable condition,
which means to prevent its failures and limiting condition. This aim shall be achieved upon the lowest vehicle life cycle
costs possible while keeping inherent reliability of the vehicle for the whole operating time. This is manifested in
particular maintenance systems since the 1930’s until the present, which is shown in Figure 1. In general, maintenance
system approaches may be divided as follows:

1. Corrective maintenance system.
2. Preventive maintenance system — schedule based.
3. Preventive maintenance system — condition based:
a) Predictive maintenance system.
b) Proactive maintenance system.

Proactive Maintenance & Telemaintenance
Prognostics & Health Management (PHM)

Conditioned-Based Maintenance (CBM)
Total Productive Maintenance (TPM)

Systém availability

Reliability Centered Maintenance (RCM)
Computerized Maintenance Management Systems (CMMS)

Preventive Maintenance (PM)

Run to failure Inspection

>

1930 1950 1970 1990 2000 Years

Fig. 1. Development of maintenance approaches since the 1930’s [3]
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2.1. Corrective maintenance system

This maintenance system represents the lowest level of the maintenance approach. It is maintenance performed
after failure condition has been detected and aimed at bringing the item to condition in which it can perform required
functions of the given equipment. In practice this means that the equipment is operated without supervision for its
whole durability and maintenance is performed only when a failure occurs. In this case repair costs are high, including
loss due to the vehicle being out of operation.

Corrective maintenance (1% generation maintenance) may be applied to simple and cheap machinery in which
100% backup and prompt repair or replacement may be provided. This type of maintenance is obviously suitable only
in these cases:

The broken part may not be repaired or is not worth repairing.
The machinery is cheap compared to maintenance costs.
The part replacement is very fast, technically feasible and economically acceptable.
No other maintenance method is possible to be performed.

In later years, corrective maintenance started to be completed with so called Inspection, the aim of which is to
verify the compliance by measuring, monitoring, checking or comparing significant characteristics of the vehicle
performed during the primary failure removal.

losses
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dropout

Costs
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caused by
production

dropout
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repair costs
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Fig. 2. Cost diagram of corrective maintenance [3]

2.2. Preventive maintenance system with predetermined interval

This system is still frequently used since in principle it comes from the theory of reliability. Upon theoretical
reliability and practical experience from a similar technique fixed time intervals are set for performing the “service
maintenance”, it is so called “schedule-based maintenance®. Preventive maintenance is maintenance performed in
predetermined intervals or according to specified criteria, and aimed at reducing the probability of failure or degradation
of the item operation. [1].

An advantage of this system is the prevention of failure and thus reduction of corrective maintenance costs.
However, preventive maintenance costs will increase. The aim is to keep the maintenance costs as low as possible. In
practice the total maintenance costs are relatively high, but in the overwhelming majority of cases lower than for
“corrective maintenance”. Another advantage is even distribution of costs in time, and the fact that costs incurred by a
vehicle dropout are lower and mostly planned in advance.

A fundamental drawback of scheduled maintenance is the fact that the period (maintenance interval) is often
shortened due to the reduction of failure risks and the action is performed on a vehicle which does not exhibit wear
signs. Therefore maintenance costs increase and actions performed reduce planned durability of the vehicle. It is true
that every useless dismounting and mounting of a part or assembly, or disassembling and assembling the whole vehicle,
changes distribution of clearances and brings further unknown static and dynamic loads to the run-in vehicle. This leads
to its increased wear and fatigue damage occurrence.

This maintenance system was gradually developed and completed in order to achieve maintenance costs
reduction and keep inherent reliability of the vehicle. Higher efficiency was achieved by introducing so called
“Computerized maintenance management system — CMMS” which leads to significant improvement of the
maintenance efficiency by making information on performing individual types of maintenance more available [2].

The schedule-based preventive maintenance system was further completed with so called “Reliability centred
maintenance — RCM”. This method is based on a systematic approach for the identification of purposeful and effective
tasks of preventive maintenance which are performed in compliance with a specific set of procedures for determining
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intervals between the maintenance tasks. The aim is to improve overall safety, availability, and efficiency of the
operation. It is also based on monitoring the total vehicle life cycle costs.

Further improvement of the schedule-based preventive maintenance system brings so called “Total productive
maintenance — TPM”. The performance of each organisation depends especially on work organisation, utilisation of
basic equipment, and qualification level of its employees. To achieve maximal performance the organisation must
utilize optimally the vehicle productivity. In terms of losses, the vehicle maintenance represents a significant area where
productivity should be increased and resources for cost reduction sought. TPM utilizes abilities and skills of all
employees with the aim to significantly reduce downtimes of vehicles and individual losses in their usage. On this
account, organisations are strongly advised to use this progressive approach [3].
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Fig. 3. Cost diagram of preventive maintenance system with predetermined interval [3]

2.3. Preventive maintenance system — condition based

Technical condition based maintenance was gaining importance in past decades with the expansion of
technical diagnostics. It is preventive maintenance comprising of monitoring performance or parameters and of
consequent measures. Its main benefit resides in consistent removal of failures. Particular worn parts and parts or whole
assemblies in the risk of failure are repaired or replaced optimally in advance. Thus failure occurrence is prevented.
This technical condition-based maintenance system may be divided to:

a) Predictive maintenance;
b) Proactive maintenance.

Predictive maintenance. This is condition-based maintenance performed upon a prediction derived from an
analysis and evaluation of significant parameters of the item degradation. An action is performed on the item only when
it is technically and organisationally justified sufficiently enough to maximally exhaust technical durability of the
critical part, and at the same time unexpected accident was prevented. In other words, this is maintenance residing in a
statement that only that is necessary to be repaired on the item and only then if it is indispensable. The maintenance
itself is based on periodical evaluation of technical condition. Maintenance mechanisms applied to the vehicle allow

costs of
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purchase

Costs

costs of
diagnostics
system

repair costs

losses

adjustment costs on
preventive caused by losses
costs of maintenance production caused by
diagnosing dropout production

the systems

dropout

Fig. 4. Cost diagram of predictive maintenance system [3]
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yielding information on the change of technical condition of monitored parts. Such information is processed with the
aim to estimate remaining durability, and thus to commence the process of a technical action (remedy). For monitoring
signs of developing damages “Condition Monitoring”, usage of specialised instruments is required, designed for
collecting and evaluating information. These instruments utilize so called technical diagnosis. The equipment is to be
monitored and evaluated constantly, or at least periodically.

Costs of the maintenance itself are several times lower than in the previous alternatives. The vehicle downtime
for the time required for preventive maintenance is usually negligible in comparison with corrective maintenance.
However, initial costs of purchasing the diagnostic systems are relatively high. Therefore it is necessary to consider
whether these costs of purchasing the technical diagnostics instruments together with maintenance costs will/will not be
higher than maintenance costs without using technical diagnostics [8].
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Fig. 5. Design of predictive maintenance of military vehicles

Proactive maintenance. Proactive maintenance is considered another higher level of maintenance. It is
completely based on the previous predictive maintenance which it further improves so that its basis is the utilization of
more complex technical diagnostics. Basically it is the top current version of predictive maintenance based upon actual
condition of the item operated. It is analysed in detail in the following chapter.
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Fig. 6. Cost diagram of the proactive maintenance system [3]
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3. Proactive maintenance system

One of the latest trends in maintenance systems is proactive maintenance completed with so called
“telemaintenance”. The proactivity is manifested also in the fact that new vehicles are designed with respect to an easy
access to their integral diagnostics. Possible connection of diagnostic systems, location of sensors and measuring spots
for monitoring vibrations, temperatures, lubricant sampling and detection of other selected parameters should be
considered during the vehicle design.

Proactive maintenance arose from the predictive maintenance type as areaction especially to long-term
findings that a certain group of failures repeats periodically upon clear causes. Known causes include mainly the
following:

o Incorrectly organised maintenance work.
o Incorrectly performed maintenance (technical operation in the vehicle).
o Unqualified operators and maintenance personnel [3].

The proactive maintenance type is aimed at keeping inherent reliability of the vehicle on an acceptable level.

As a source of information technical diagnostics is utilized. The main objective of proactive maintenance is:

o Further reduction of maintenance and operational costs.

e Prevention of failure occurrence and thus extension of an interval to preventive maintenance, meaning extension of
the vehicle durability.

o Statistic control of accidental and systematic influences affecting the vehicle operability [3].

Proactive approach means not only monitoring and evaluating the vehicle condition, but especially performing
such actions that prevent or at least postpone damage occurrence.

S A
B
©
<
[=]
o
g
—_— L —
E -t b - T —
2 Limit state for
renoval
< >4 e e e > >
t t t t Operating time (t)
< - >4 - - >
Failure free state Detection failure potential

Fig. 7. Machine components technical condition of dependence on operating time

The employment of proactive maintenance especially significantly decreases costs of the introduction of
diagnostic systems for periodic or constant monitoring of the vehicle operation. Thanks to this the proactive
maintenance costs are lower than predictive maintenance costs. Utilisation of “on-board technical diagnostics” leads to
the reduction of failure occurrences, which further leads to the reduction of maintenance costs. Further, time to a
preventive action is extended and thanks to these indicators costs of losses incurred by vehicle downtimes are lower.
Indeed, the vehicle purchase cost will increase. Therefore the main criterion is the total costs of the vehicle life cycle
which should be lower.

On-board diagnostics OBD is a label for diagnostic system installed in the vehicle system to ensure the control
of exhaust emissions, which must be able to indicate failure and probable causes using the fault codes stored in the
control unit memory. The aim is to ensure OBD standards throughout the life of your vehicle minimal amount of
exhaust emissions [7].

The OBD II is characterized by monitoring these parameters to emissions:

a) monitoring the lambda sensors;

b) monitoring the fuel system and the air supply;
fuel injection pressure;

ignition advance;

intake air temperature;

intake air quantity;

absolute pressure in the intake pipe;

¢) monitoring the effectiveness of the catalyst;
d) monitoring the exhaust gas recirculation.

O O O O O
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Other parameters monitored:

e) standardized output operational data;

o vehicle speed;

o engine speed;

o coolant temperature and oil etc.;

o engine oil pressure;
f) monitoring of braking systems (ABS, ASR, ESP, etc.);
g) monitoring of safety systems - airbags and anti-theft;
h) monitoring of transmission (mostly automatic);
i) condition of brake pads;
j) condition of brake fluid;
k) condition of the spark plugs;
1) monitoring of active chassis — control wheels, suspension settings etc.;
m) condition of accumulator battery and wiring;
n) monitoring of engine oil quality.

The OBD system must be equipped with control lamp errors - MIL (Malfunction Indicator Light).

Detecting the state and quality of the engine oil is one of the newest ways using internal sensors. These are
mounted directly on the engine. The measured data are transmitted using the CAN bus of the vehicle and then evaluated
using the OBD II [9].

Sensors detect oil quality:

e amount of oil;

e temperature of oil;

index TBN (Total Base Number) — measuring ability to neutralize acids — affects the oxidation and corrosion,
oiliness and viscosity;

dynamic viscosity of oil — #;

specific density of oil — p;

for diesel engines soot content in oil;

water content in the oil;

electrolytic conductivity — G, measures the concentration of salts and acids;

permittivity — &,

Fig. 8. Oil quality sensors [6]
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The latest trend in the maintenance area is so called “telemaintenance”, which may be explained as remote-
controlled maintenance employing the proactive maintenance principle. In some publications, the term “Remote
Diagnostics & Maintenance (RD&M)” is used [5]. It is based on wireless transmission of technical data about the
vehicle. The main field of its utilization is in companies specializing in long-distance transportation and also in military
environment. This method enables on-line monitoring of parameters upon sensors integrated in the vehicle and wireless
transmissin of the information to a remote computer. This is utilized especially for securing missions in a foreign
territory.
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Fig. 10. Design of telemaintenance in Army Czech Republic [4]

Telemaintenance may be divided to the four following levels:
Diagnosed vehicle with a driver.
Support logistics centre where a computer processing the diagnostic information is located.
Experts performing the maintenance on the vehicle.
Vehicle manufacturer who supplies a technical database including drawings and technological procedures for
maintenance [3].

The Fig. 10 shows a schematic telemaintenance system based on wireless transmission of diagnosed data from
the vehicle to the telemaintenance logistics centre and to the vehicle user. The vehicle electronic control unit makes
performance indicators and error codes accessible for an analysis, these are sent to the logistics centre. Here, in case of
error messages an advisor informs the driver about the problem severity and advises on the possible problem removal or
provides necessary service support. It means the advisor ensures the vehicle maintenance or repair in place with the use
of a mobile emergency service, or arranges maintenance in the maintenance and repair centre. If necessary, the logistics
centre further communicates with the vehicle manufacturer who supplies the centre with new data materials for
particular vehicle types.

el S

4. Conclusion

The purpose of this article is to introduce to the reader the development of particular maintenance approaches
since the beginning of the 20" century to the present. It includes advantages and disadvantages of performing
maintenance after use, preventive maintenance with predetermined interval, predictive maintenance and proactive
maintenance. The final part brings a new approach to maintenance based on on-board diagnostics, which is on-line
testing of diagnostic signals and their wireless transmission to the telemaintenance logistics centre.

The unified diagnostic systems for reasonable application of telemetry into armed forces of the NATO have to
be introduced. It is also necessary to use unified CAN BUS. These issues should be already solved in acquisition phase.
On account of this, requirement have to be given directly into acquisition requirements of vehicles. In case of combat
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vehicles, the special equipment such as turret, weapon station, vehicle’s filtration system and other cannot be omitted.
With regard to previous experiences, I would consider to unify all those components and systems into common control
unit including single OBD connector for data transmission for subsequent analysis.

Using telemetry, which can be described as the wireless data transmission into logistic centres, with which is
possible to analyse obtained data about technical state of vehicles in real time. The vehicle maintenance can be executed
on the basis of comparison of obtained data and data recommended. These workshops should have possibility to contact
crew of vehicle in order to give them advice about solution of the problem. In case of execution of more extensive
repair, this workshop assumes the role of technical support.

Implementation of maintenance system based on telemetry enables cost reduction of proper realization of
maintenance, on the other hand their purchase cause higher acquisition costs of vehicles and related portable wireless
devices. Except the lower maintenance expenses, this access bring also the complete overview of general operation of
all in this way equipped vehicles. Most evolved armed forces of the NATO (USA, Great Britain and Germany) are
already occupying themselves by solution of projects connected with telemetry.

Presented work has been prepared with the support of the Ministry of Defence of the Czech Republic, Partial
Project for Institutional Development, K-202, Department of Combat and Special Vehicles, University of Defence,
Brno.
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Abstract

The floor of industrial buildings is mostly burdened. The consist of a a concrete and the methods of the casting can have
a influence for it's strength, resistance, wear, density, cold, sedentary and water. Concrete can withstand heavy loads,
but if the concrete floor is provided to be cast in the places for which are held the high requirements, the floor should be
equipped with a stronger upper layer.

KEYWORDS: concrete, industrial flooring, hander, cast floor, polymer flooring, resistant.

1. Introduction

The floor — is one of the main elements of the building and it is the most congested part of the building. It
constantly has a very high load associated with abrasive and mechanical abrasion, thermal, chemical and dynamical
effects. Modern industrial floors should be resistant to the effects of these types of aesthetic appearance: easy to
maintain, non-flammable, non-slip, odorless and not too much strain on the building structure. Irregularities should be
repaired easily and quickly. One of the most important decisions, for repair or construction of any building, is choosing
the appropriate flooring materials. The term “floor molding” reflects only one of the polymeric materials stacking
technology. Floor molding — is an industrial coating made of polymeric materials epoxy, polyurethane, and other methyl
methacrylic polymeric binders.

Often, self-leveling cement coating type is called a cast floor. Self-leveling cement is not the final layer, but is
used to level the floor before the other coatings (mostly commercial linoleum, carpet) floor.

1. primer

2. drainage layer (crushed stone,
e e S A S S
3. rockwool L .

4 reinforced concrete foundation . ="
3. leveling cement mortar layer ROGKWOOL
6. concrete or terrazzo tiles
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Fig. 1. Concrete floor structure

2. The main features of industrial floor

Monolithic. Unlike other floor coverings, floor molding has no joints. Cast on the floor do not reproduce
bacteria and micro-organisms. It is very important for medical institutions and organizations involved in food
production. Polymer flooring is completely hermetically sealed and when the floor is washed, humidity do not
percolate, it extends the life of the floor. Also floor molding is widely used in industrial premises, where are chemically
active fluids, acid and alkali oil spill.

Durability. Correctly handled properly selected libations floor, epoxy and polyurethane cast floor life of up to
20 years or more. Without the proper type of polymer coating selection, an important factor is technically correct a
concrete foundation and implicit cast flooring technology compliance for each production process.

There is no dust. Polymer flooring is one of the few seamless flooring types that completely avoids the
concrete foundation of dust. There is no longer any area of human activity, which sees “Dustability” would be allowed,
and do not interfere with the work process. Warehouse terminals, garages, industrial premises and personnel, medical
institutions, kindergartens, schools, catering companies, research institutes and sports facilities. These are just a few
objects that are equipped with molding and coloring polymer coating.
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High chemical resistance. In today's building materials market, there was a limited floor coverings that may be
rendered resistant to solvents, acids, alkalis, petroleum products and other chemically active mixtures. One of them is
acid-resistant tiles and epoxy molding floor. Epoxy floor molding is the optimal solution when it comes to the ground
with a high chemical resistance. Compared to tiles, epoxy molding floor costs less, there is a seamless, flexible and
allows to perform a work.

High resistance to abrasion. Floor molding is a very high resistance to abrasion, which is due to the abrasive
effects of continuous floor. First of all, it is a grain of sand, are placed on the floor of the transport machinery, car
wheels and the people of footwear. Tests showed that the molding floor can be used for a period of time: a weak wear
categories — up to 140 years, the average wear categories — up to 80 years old, wearing a strong category — up to 50
years old (cast polymer coatings data).

Resistance to shock and vibration loads. Polymer industrial flooring is resistant to heavy objects falling,
machine tools and other equipment vibration. The most striking example is a modern printing house, there are all of the
above listed types of loads - the molding floor keeps these challenges successfully.

Aesthetics. Floor molding is widely applied not only in industrial plants, garages and warchouse complexes,
but also sports facilities, offices, medical and educational institutions, entertainment venues. Polymer coatings can be
produced in a very wide range of colors. Coatings can be decorated with colored particles, different colors flooring can
be installed in the same room. The floor is completely flat, and it gives them an extra decorative features. Laid in epoxy
and polyurethane molding floor is completely harmless. These floors are allowed to use medical and scientific
institutions, food production facilities and kindergartens.

Fire safety. Molding epoxy and polyurethane coatings are widely used in the risk of explosion-related
industrial facilities such as oil refineries, chemical testing laboratory and others. The polymer molding floor is allowed
to lay public and residential buildings and structures on the fire escape exit zones.

3. Industrial flooring technology

Concrete floors are cast using ready-mix concrete. The floor surface, depending on your needs, can be smooth
or rough. The technology allows levels to cover large areas and offer customers a wide range of colors. Its thickness is
chosen according to the floor structure, ranging from 80 to 300 mm.

Mineral and waterproofing powder only used for concreting the new floor. Epoxy resin and an abrasion
resistant layer repaired the floor and do strengthen the existing floor. Epoxy and polyurethane industrial compounds
resistant to abrasion and impact, petrol, oil and chemistry effects.

The floor below the level of the ground water level or exposed to weather and moisture released during the
production, lactic acid, chlorides, oil products, it is advisable to cover for waterproofing with mineral based.

The most common mineral-based protection in garages, garages and underground parking lots used in these
types of structures:

Construction materials, which are based on a specific substrate (quartz, granite, etc.) provide monolithic
coating and strength. They are resistant to studded tires, detergents destructive effects. These floors can be used for
several decades.

Cast floor — monolithic protective coating made of epoxy, polyurethane and mixtures combined basis. This
homogeneous 1.5 mm thick membrane coated on the surface of the mineral.

A Thin mixture of paint — a thin polymer coating, covered for 2-3 steps. Monolithic and good performance
make the floor reliable protection of low and moderate load conditions.

Concrete floors with a chemical hardener. Chemical concrete hardener binds particles, curing the floor surface
and reduce dustiness. All of the concrete during the curing compounds are characterized by three main features:

1. Surface hardening.
2. Surface protection from dust.
3. Surface insulation.

These properties are the chemical reactions taking place between the silicate, Portland cement, calcium
hydroxide (free lime) within the pores of the concrete. The flooring is characterized by durability, resistance to higher
loads, moisture and grease. Floor surface over time is becoming increasingly shine. This technology is often used in the
restoration of old floors, in order to improve their performance, such as reducing wear and dustiness, increase resistance
to liquid penetration.

The materials used for mineral floors are made of cement-based with specific additives in quantities depending
on surface mechanical properties and resistance to chemical attack. Mineral surface is divided by coating technology
into:

1. Dry powder which is applied to a freshly concrete.
2. Special thin mixture, which is laid on the existing concrete floor.

What type of mineral surface will be used in a particular case depends on the expected exploitating conditions
on the floor and highlight the desired properties: resistance to abrasion, chemicals or a hose. All mineral coating provide
protection from these factors, but the individual characteristics of the individual materials are developed further.
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Fig. 2. Concrete floor with a chemical hardener

Parking lots, located outdoors, industrial flooring, continuously or periodically exposed to wet and chemically
active environment, used mineral dry shake, giving a deep impact on concrete waterproofing by crystallisation. This
shake is applied over freshly placed concrete floors, with the same technology as the coating powder which confers
resistance to abrasion, and can be of different colors. Using sprinkles with crystalline waterproofing materials solved
several problems. This is a harmless substance permanently impairments concrete, protecting it from water or
aggressive chemicals intrusion from any direction. Although the concrete reaches its design strength, the floor becomes
a waterproof full-depth (crystals formed by 30 cm), but during the operation the floor after moisture (due to increased
groundwater pressure caused microcracks, etc.). Waterproofing effect further increases and resulting microcracks
sealed.

Sustained long-term concrete protection against the harmful warming and harmful effects of most chemical
environments:

1. Increases the mechanical strength of concrete.
2. Due to the special, abrasion resistance enhancing additive obtained surface hardness, sufficient for light and
medium-duty floor.

Rub against the disc greater level will depend on how the surface roughness is obtained. On the technology
used to rub the top layer of flooring is gaining greater strength and resistance to abrasion than the lower layers of
concrete. It also provides in depth waterproofing and resistance to chemicals (petroleum products, lubricants, winter on
the road surface watered chlorides).

Mineral shake and shake with metallic accessories are placed on freshly placed concrete floors blend. The
production of this mixture, do not use plasticizers lignosulfonates containing more than 5% sugar . However, the
mixture can be any fiber reinforced base. Additional preparation of the shake before using them is not required. They
are evenly disseminated on the floor surface of the concrete mixture, compacted with vibrating beams, after 1.5-3 hours
of its laying has been completed. This period of time depends on the ambient temperature and can be longer. Sprinkles
possible to spread manually, but it is more practical to use a special mechanical dispenser, which ensures uniform
dispersion of the shake. The required amount of the shake can be built in two portions, pour half of the required output,
the surface smoothed grater, wait until the powder is wet from a mixture of water and other content will be milled. It is
important to lay sprinkles before curing concrete mixture, otherwise the shake-layer can detach from the concrete.

Once on the surface can already walk, shake continue working with mechanical apparatus. Hand working can
only be floor or sides of the small area. It creates matte and glossy surfaces.

Abrasion-resistant mineral-based layer can be applied over existing concrete floor. The flooring used in
repairing the old concrete floor, or to increase the existing floor abrasion resistance (e.g., changes in operating
conditions). The minimum thickness of the coating layer is 12 mm, compressive strength after 28 days — 60 MPa,
resistance to frost — F100. Due to these characteristics, the coating can be applied both outside and inside. Before
concreting low-abrasion layer properly prepared base: Remove dirt, the floor covered whit the adhesive. The substrate
is divided into sections, echoing the thermal and expansion joints. The laid mixture thickened vibrating beams. The
layer is leveled and then compacted surface compactor. When the coating reaches the initial strength, the surface is
processed mechanically or by hand.

Polymer flooring. Seamless cast polymer flooring can be made of epoxy, polyurethane and methacrylate (also
known as acrylic) basis. Before pouring the floor, you need to check the moisture content of concrete, which cannot
exceed 5% total weight. Water vapor migration during construction shall be reduced to a minimum. It is necessary to
determine the strength of the concrete compressive strength and tensile strength. Concrete compressive strength must be
greater than 20 N/mm? and tension — more than 2 N/mm?. The surface should be smooth and should not be on the
cement milk, dust, grease, oil stains and similar substances that interfere with adhesion of the coating.

If it is not possible to wait for 28 days until the concrete base to reach the required residual moisture level, the
floor is laid epoxy damp proof membrane.

Epoxy coating — durable and resistant to aggressive environmental conditions. Epoxy flooring laid on existing
concrete floors, repairing them or to provide additional protection for concrete from aggressive substances. Epoxy
coatings are characterized by good mechanical properties: abrasion resistance, chemical resistance, floor provides an
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aesthetic appearance. Before application of this type of coating, the surface is prepared, concrete well cleaned, repaired
defects. Substrate moisture content does not exceed 4%.This material is used in industrial premises, car parks and other
long-term effects of experiencing mechanical surfaces. Perhaps the most important advantage of epoxy coating —
working with them fast and cheap, but the quality and aesthetic appearance of the material does not yield expensive
ceramic or stone tiles. Waterproof epoxy coating performs the function of waterproofing.

Epoxy coatings can withstand great load, you can choose a few shades or special colored chips to simulate
textured surfaces.

Epoxy resins for floor coverings installed, can be classified in various ways:

1. Viscous and low viscosity.
2. One Component, two component, and the multiple.
3. With organic solvents, solvent, diluted with water.

However, the main characteristic that defines whether a coating for the surface pore impregnation or coating
on the surface to be awarded — is the viscosity. Low viscosity resins soaked concrete floor. Soggy concrete obtained
betonpolimeris has better strength properties, superior resistance to abrasion and chemicals. Using these resins on the
floor and does not coat epoxy-resin has absorbed all of the pores. This method is used to reduce the dustiness of the old
concrete floor, or the surface before applying the epoxy coating. The epoxy coating on the surface of a clean repaired
and is applied with a brush or a broom.

The increased viscosity of the resin used in the new coating. Depending on the properties of the resin, the
coating applied by roller or brush. Usually applied in two layers: the first layer for couples impregnation (absorption
reduction). When was particularly porous, it is advisable to use a low viscosity epoxy impregnating resin.

In order to improve the strength properties of the epoxy coating, the resin can be placed in quartz aggregates.
Their fraction 0.3-0.6 mm, it is possible to select different tones. Fillings can be deposited onto a freshly coated epoxy
coating. When the temperature is 20 °C, epoxy film encrust within 45 minutes and fully dries in 24 hours.

The floor surface is smooth, without any seams. Polymer flooring has the strength, excellent aesthetic and
performance. The rooms, which are subject to extreme cleanliness and hygiene standards, equipped with a special
polyurethane flooring, which among other properties characterized by a high resistance to chemical and thermal effects.
Polymer flooring usually serves about 25 years.

Fig. 3. Polymer flooring

4. Cast floor price comparison

After the calculations, is compared five different floor coverings. Comparing flooring price, the cost of
materials, labor wage rates revealed that the most expensive covering is No. 1 — flooring installation using solid mineral
aggregates, and the cheapest is No.3 — self-leveling two-component epoxy floor coating installation.

Table 1
Flooringo no. and description
Flog;mg Description
1. Flooring installation using solid mineral aggregates (KORODUR coating thickness of 12 mm) K8 = 1.03
2. Concrete coating installation with hard fillers (HE 65 NEODUR coating thickness of 3 mm)
3. Self-leveling two-component epoxy floor coating installation (on a prepared base) with two layers (3.0 mm)
4. Two layers of molded polyurethane flooring installation (on a prepared base)
5. Concrete flooring coating a thin layer of polyurethane enamel (on a prepared base)
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materials

. Conclusions

Industrial floors are characterized by high strength properties.

. The average industrial floor life is 20-25 years old.

Cast floors are seamless. Cast floors are used in rooms where are high purity requirements. You can lay different
colored libations floor, smooth or rough surface, dielectric or antistatic.

Cast floor is self-leveling, so forming a maximum equal to the surface without seams, holes and cracks.

Cover is fully ready for exploitation within 5-7 days after preparation.
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Abstract

The paper presents a simulation research of lateral stability of virtual bus model, which is equipped with dynamic
stability control. Simulations performed by using Adams/Car and Adams/Mechatronics on virtual 3D road. Dynamic
stability control system focuses on bus’s yaw stability, but also reduce roll angle. Two types of maneuvers were held:
single line change and double line change, on different road friction conditions. In case payload is very important factor
for heavy transport, two different payload conditions were analyzed- empty and fully loaded bus model. Simulation data
were used to estimate influence of dynamic stability control for bus’s lateral stability and rollover prevention.
KEYWORDS: bus, dynamic stability control, ESP, lateral stability, rollover prevention.

1. Introduction

Directional stability is one of the most important subjects of active safety for all kinds of vehicles. Dynamic
stability control system is a vehicle control system, whose objective is to maintain lateral stability during maneuvers.
There are three main yaw control system types: active torque distribution, steer-by-wire and differential braking. Last
one most widely used today in automotive. This system is based on ABS (anti-lock braking system) and uses the
vehicle’s brakes to create a yaw moment. A counter-clockwise yaw moment is generated, when brakes pressures are
increased at the left wheels. Manufacturers have used a variety of different names for this type of system, as ESP
(electronic stability program) or ESC (electronic stability control) [1].

Bus crashes where its instability is an issue can be divided into two main types: rollover crashes and loss of
directional control crashes. Loss of directional control crashes generally occurs when one or more axle groups loose
directional control. This usually occurs under turning where the road surface friction is low. Rollover crashes occur
when the resultant force at the center of gravity of the vehicle falls outside the vehicle track. This resultant force is the
combination of the lateral force, usually from a turning maneuver, and the vertical force as result of gravity. This
assumes that the sideways friction between the tires and the road surface is sufficient to equal the lateral force. If it is
not, sliding and loss of directional control rather than rollover will occur [2].

Computer simulation models are used in almost every research and product development process in
automotive industry.

2. Bus model
Bus model was created in Adams/Car and dynamic stability control system’s signals were created by

Adams/Mechatronics. Using Adams/Car was constructed multi-body dynamic bus model, which consists of these main
parts: bus frame, front and rear suspension, engine, transmission, braking, steering and tire subsystems.

oo Lo

Fig.1 Modeled bus model in MSC Adams/Car
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Dynamic stability control system fully relies on the brake system, so DSC and ABS control systems were
created. All connections were set by using Adams/Mechatronics feature Signal Manager. Model’s mechanical systems
were connected to the control systems thought the control system inputs/outputs signals. In the bus frame’s template
were created body longitudinal velocity, lateral acceleration and yaw rate transducer signals. By using the same
principles five transducer signals (brake demand, angular speed of each wheel) were created in the brake system. To
control brake torque in the brake subsystem, were modified existing expressions for the brake pressure.

In order to investigate, how payload may affect bus’s lateral stability behavior, height of center of gravity has
been calculated for the all models. Research has shown that the ratio of the track width B and the height of the center of
gravity h, give a first indication for the rollover tendency of vehicles. Therefore, before running simulations of these
models, were calculated this static stability factor for each type of bus model [3]:

_ qDy
2h,
This factor is an important parameter affecting vehicle rollover risk and is both relevant for tripped as well as
un-tripped rollover. The track width is a fixed parameter while the center of gravity height varies with subject to
different load conditions [3].

Table 1
Bus’s models properties
Bus model Height of gravity | Lateral stability factor Roll angle, °
12 m empty 1437.9 0.74 36.43
12 m fully loaded 1584.0 0.67 33.78
13 m empty 1446.5 0.73 36.24
13 m fully loaded 1612.2 0.66 33.35

3. Simulation results

To verify the performance of the dynamic stability control system two types of maneuvers were conducted:
single lane change, double lane change. These tests have been done in order to represent situations that may occur in
daily use.

3.1. Single lane test

A single lane test was carried out when the bus model was running at 72 km/h speed. During this test, steering
input is complete sinusoidal cycle with duration of three seconds. The maximum 90° steering wheel angle was reached.

Results on Tab. 2 show that dynamic stability control system on a dry surface secured bus from rollover. With
dynamic stability control system enabled, all of the bus models completed maneuver with no instabilities.

It can be observed that maximum roll angle from critical value was reduced to safely ~4° when the bus was
empty and when it was fully loaded to ~7°.

) 100
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Fig. 2 Steering wheel input during single lane maneuver
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Table 2
Roll angles during single lane maneuver

Bus model ©=02 ©=0.5 ©=0.8
12 m empty (DCS off) 1.92 4.22 82.13
12 m empty (DCS on) 1.91 3.67 4.23
12 m fully loaded (DCS off) 3.35 6.72 84.26
12 m fully loaded (DCS on) 3.35 6.17 7.23
13 m empty (DCS off) 2.12 4.61 83.77
13 m empty (DCS on) 2.06 4.04 4.81
13 m fully loaded (DCS off) 3.41 6.76 84.47
13 m fully loaded (DCS on) 3.41 6.18 7.31

Table 3
Yaw rate during single lane maneuver

Bus model ©=02 ©=0.5 ©=0.8
12 m empty (DCS off) 7.71 15.59 22.92
12 m empty (DCS on) 7.58 11.07 11.40
12 m fully loaded (DCS off) 77.25 17.12 19.02
12 m fully loaded (DCS on) 10.17 10.11 11.85
13 m empty (DCS off) 66.18 16.15 24.08
13 m empty (DCS on) 9.13 11.44 11.77
13 m fully loaded (DCS off) 77.74 15.77 19.18
13 m fully loaded (DCS on) 9.78 10.83 12.00

When test was carried out on dry surface, dynamic stability control system reduced yaw rate by 100% and by
40% on wet road. That is mean that this existing stability control system may aid in preventing a bus from spinning out,
and reduces the potential risk for the vehicle to have a collision with a sidewalk or with other road infrastructure.

However the are some problems on icy surfaces (¢ = 0.2). As we see, when the test was performed with 12 m
empty bus, there are only minor yaw rate changes. The system detected that there were yaw rate and lateral acceleration
gain, activated brakes, but the surface had too low friction. Therefore, it was hard to keep trajectory, when bus axles do

not have enough grip.

3.2 Double lane change

This maneuver is widely used all around the world to evaluate the handling and safety of vehicle. Bus’s models
velocity were 48 km/h before the entry lane. When lane was changed, here bus traveled for about 30 m straight, and
then it returned to the original lane within the 30 m gate.

200
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Fig. 3 Steering input during double lane change maneuver
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Results show that during this test, no rollover was detected and dynamic stability control system reduced bus
body roll only negligible. At dry surface, the range of roll angle of empty bus with activated stability control was
observed to be between 6.4° and 7.3°. The maximum roll angle was reached when 13 m fully loaded bus on dry surface
was tested. When this bus model was tested with dynamic stability control system enable, the body roll angle was
reduced for about 20%.

Table 4
Roll angles during double lane maneuver

Bus model ©=02 ©=0.5 ©=0.8
12 m empty (DCS off) 1.73 4.50 5.95
12 m empty (DCS on) 1.73 4.11 6.36
12 m fully loaded (DCS off) 3.45 7.17 12.06
12 m fully loaded (DCS on) 3.33 6.59 10.85
13 m empty (DCS off) 1.95 4.88 7.28
13 m empty (DCS on) 1.93 4.42 7.16
13 m fully loaded (DCS off) 343 7.30 15.13
13 m fully loaded (DCS on) 3.32 6.96 12.34

Table 5
Yaw rate during double lane maneuver

Bus model ©=02 ©=0.5 u=0.8
12 m empty (DCS off) 6.92 18.00 21.74
12 m empty (DCS on) 6.93 14.53 19.87
12 m fully loaded (DCS off) 11.55 16.01 22.73
12 m fully loaded (DCS on) 10.45 13.97 21.61
13 m empty (DCS off) 7.66 17.67 21.60
13 m empty (DCS on) 7.60 14.01 18.70
13 m fully loaded (DCS off) 11.56 16.26 26.79
13 m fully loaded (DCS on) 10.45 15.10 23.27

Yaw rate was mostly reduced when bus models were tested on wet surface. Maximum efficiency was reached,
when 13m empty bus model was tested. In this case, yaw rate was reduced by 26%. Like on the single lane change

maneuver, there were also minor yaw rate changes on icy surface.

4. Performance criteria

From Single Lane change maneuver data YRR criteria can be calculated. This criterion is developed to evaluate
the ability of dynamic stability control in mitigation loss of control crashes. NHTSA claims that DSC equipped vehicle
has less than five percent chance to get into a loss control accident if the vehicle meets the required performance limits:

e (.75 s after completion of steering input, the yaw rate of the bus has to be less or equal to 40% of the first local peak;
o 1.5 safter completion of steering input, the yaw rate of the bus has to be less or equal to 15% of the first local peak [4].

Table 6
Bus model U W(t0+0.75) , m/s? W(t0+1.5) , m/s? v pik » T/ s? Y) RR(t0+0.75) % | Yl RR(t0+l.5) , %
12 m empty 0.2 0.72 0.47 7.57 9.5 6.10
12 m empty 0.5 0.09 0.76 8.08 1.1 9.38
12 m empty 0.8 0.46 1.15 8.84 5.2 13.0
12 m full 0.2 0.82 2.27 10.16 8.1 22.3
12 m full 0.5 2.44 0.04 9.40 25.9 0.50
12 m full 0.8 1.49 0.26 9.55 15.6 2.70
13 m empty 0.2 4.62 3.67 9.09 50.8 40.4
13 m empty 0.5 0.13 0.67 8.81 1.5 7.60
13 m empty 0.8 0.02 0.67 8.72 0.3 7.70
13 m full 0.2 1.93 1.50 9.77 19.8 15.4
13 m full 0.5 1.61 0.01 9.68 16.6 0.10
13 m full 0.8 1.02 0.26 9.00 11.3 2.90
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As we see from the table, 12 m empty, 13 m empty and 13 m fully loaded bus models do not meet these
criteria, when they were tested on icy surfaces. Therefore, this dynamic stability control system was not very reliably in
these conditions. However, on other conditions this system worked perfectly and with its intervention achieved
acceptable lateral stability.

5. Conclusion

Dynamic stability control system intervention has increase the stability of the bus model in which it is
installed. Results showed that this system might prevent rollovers crashes of buses on dry surfaces. However, this type
of system has defects because on low friction road’s surface has not been reduced roll angle and yaw rate. Moreover,
three bus models with this dynamic stability control system do not meet YRR performance criteria.
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Abstract

The article deals with monitoring of chemical elements during lifetime of commercially distributed automobile engine
oil. The passenger car with petrol engine was used to the observed. Lifetime of automobile engine oil has been stated by
car producer in interval 15,000 km. The samples of automobile engine oil have been taken in suitable intervals — 1,500
km. The spectrometer Spectroil Q100 has been used to monitoring of chemical elements in automobile engine oil.
Increase contents of metals and decrease contents of additives were especially observed. The results were modelled
using mathematical models with given the values of coefficient correlation R. The models can uses to prediction of
condition of engine oil in same or similar petrol engine aggregates.

KEY WORDS: chemical elements, metals, engine oil, lifetime, spectrometry.

1. Introduction

The effective tool to monitoring engine condition is analysing of engine oil. With increasing number of taken
samples of engine oil increase the accuracy of analyses. The main emphasis is placed to the sampling apparatus —
extraction injection, containers, etc. Selection of sampling point and interval of sampling is very important too. This
problematic is describes in publication [12]. Extended lifetime of engine oils and downsizing volume of cylinders (with
increasing power) are a new trend in these times. The lifetime extension is tempting for customer but for tribotechnic
there are the problems. There are no problems for kinematic viscosity, density, and shear stress of engine oils but in
used engine oils there are many of metal particles and other contaminants, which pile up in engine oil during lifetime. It
can cause malfunction of the engine or even crash the entire system. All of the friction places are made from several
metals. The most of them there are treated iron containing other metals, aluminum and copper components, some
portion coated with a surface layer of another metal in order to increase the surface hardness and improve sliding
properties, improved corrosion protection, etc. Therefore, we must also interested in other metals (except iron only),
such as aluminum, copper, chromium, lead, tin, nickel, silver, etc. [3, 4]. The other chemical elements, which we must
monitoring in engine oil, these are chemical elements contained in oil additives. These are detergents, dispersants,
friction modifiers, viscosity modifiers, anti-freeze agents, antioxidants, substances affecting the freezing point, anti-
abrasion additives, lubricating ingredients and some others. In most cases these are the elements molybdenum,
phosphorus, boron, calcium, zinc, magnesium, etc. Similar theses have been stated in publications [7, 8, 11].

2. Materials and methods

The passenger car Renault Scenic I with gasoline engine has been used. This car have gasoline engine with
1,600 cm® cylinders capacity and the power 79 kW. The year of made is 1999. Commercially available automotive
engine oil Castrol Magnatec 10W-40 (ACEA A3/B3) has been used. The lifetime interval of this engine oil is
15,000 km (according to the manufacturer's recommendations). The samples of used engine oil have been always taken
after 1/10 of lifetime interval of engine oil — thus means 1,500 km. The season was spring and summer. The exact
intervals of samples taken are reported in Tab. 1.

Table 1
Intervals of collect samples of engine used oil
Number of sample | Date of sample taken | Raid of oil, km | Raid of car, km
1 3.3.2012 0 171,790
2 4.3.2012 20 171,810
3 16.3.2012 1,737 173,527
4 28.3.2012 3,097 174,887
5 7.4.2012 4,462 176,252
6 23.4.2012 6,053 177,843
7 9.5.2012 7,550 179,340
8 28.5.2012 9,104 180,894
9 13.6.2012 11,027 182,817
10 27.6.2012 12,079 183,869
11 12.7.2012 13,815 185,605
12 25.7.2012 15,108 186,898
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For a more accurate evaluation of the chemical composition measurements have been samples of used engine
oils always compared with the results of samples of new (unused) engine oil.

3. Spectrometry

With the chemical analyses it has been founding metals and additives in the new and used engine oils.

Determining the chemical composition of oils has been measured using Spectroil Q100, which is a completely
solid state spectrometer, specifically designed for the analysis of oil samples. With this spectrometer we can measure
trace levels of elements dissolved or deposited as fine particles in mineral or synthetic oil-based products using long
established and reliable technique with rotating disk electrode. The device meets the requirements of ASTM D6595
standard method for the determination of wear metals and contaminants in used lubricating oils and hydraulic mixtures.

Increase metals content and decrease additives content have been modeled using linear function as in
publication [5].

4. Results and discussion

By the spectrometry have been determined the chemical composition of samples of the new and used engine
oil. The samples of used engine oil have been compared with samples of new engine oil same specification. It is
important to the finding of the on-going state of degradation [9].

On the Fig. 1 are showed increase contents of metals during lifetime of engine oil. The content of metal is
presented in unit mg-kg™!, respectively in ppm. The Fig. 1 shows the little increase of all observed metals. The biggest
increase of metals contain in engine oil is from copper (Cu) and iron (Fe). These two elements are usually use as
construction material of engine. Contain of copper increases from 1 mg-kg! to the 5 mg-kg", and contain of iron
increases from the 2 mg-kg™! to the 7 mg-kg™!. These are not high values of content, which is according publication [2].

Metals

o, Al
"o, Cu
™o Fe
“n Mg
Tm, S
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Fig. 1. Increase contents of metals in engine oil

On the Fig. 2 are showed decreases of some chemical elements using as oil additives. Manganic (Mn) and
molybdenum (Mo) decrease slowly with raid but boron (B) decreases quickly with raid. Boron contains in anticorrosion
additives.

On the Fig. 3 are showed elements phosphorus (P) and zinc (Zn). Phosphorus is usually contained in oil
additives and zinc is usually used as construction material of engine.
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Fig. 2. Decrease contents of additives in engine oil
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Fig. 3. Contents of P and Zn

To the modelling increasing and decreasing of metal and chemical elements has been used linear function with
general formula:

y(x)=A+kx (1)
to calculate for example iron (Fe) state:
contain of Fe =2,4714+0,0003 raid [ppm;km]

where we must respect the lifetime of engine oil 15,000 km, respective and maximal 30,000 km.
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Correlation coefficients R achieve high values from the 0.79 to the 0.98. Similar values of correlation
coefficient achieve authors in publications [1, 10].
In the Tab. 2 are showed constant values 4 and & for all of used chemical elements.

Table 2
Intervals of collect samples of engine used oil

Chemical elements | Constant 4 | Constant £ | Chemical elements | Constant 4 | Constant k
Al 3.0318 0.0001 B 138.0036 -0.0049
Cu 0.7738 0.0002 Mn 5.8424 —-0.0003
Fe 2.4714 0.0003 Mo 69.5518 -0.0007
Mg 15.2793 0.0002 P 1041.6257 | -0.0186
Si 9.7779 0.0002 Zn 922.0322 0.0103

5. Conclusions

In this part of the paper we can state that use method (spectrometry) is as one of the basic oil analyses very
suitable. The suitability rises when the samples of used engine oil are compared with the sample of new (unused) engine
oil with same specification. Using spectrometry we have determined chemical composition of all samples of engine oil.
We have also quantified individual chemical elements in the new and used engine oil. With graphs we can see
increasing trends polluting elements (metals) and decreasing trends of oil additives (detergents, dispersants, friction
modifiers, viscosity modifiers, anti-freeze agents, antioxidants, substances affecting the freezing point, anti-abrasion
additives, lubricating additives and some other). All trends have been modelled using linear function. Linear function is
basic mathematical model, which we can use. But linear function is very accurate, if we use it properly. Coefficients of
correlation R have achieved high values — from the 0.79 to the 0.98. Created mathematical models can be used to
prediction changes in lifetime of engine oil fill in same or similar petrol engine.
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Abstract

This article considers the structure and operation principles of a new adaptive system of starting and accurate braking of
railway transport. This system is based on the application of embedded intelligent device, the existed braking equipment of the
railway transport, auxiliary mechanical parts as well as adaptive searching algorithms playing a significant role in the
effectiveness of the proposed system. The article contains definitions of the functions of the main blocks of the systems under
consideration and their mathematical descriptions. Additionally the algorithm of system operation is described. The prototype
of the proposed device was tested, the obtained results, advantages and further development opportunities were considered.
KEYWORDS: adaptive systems, intelligent control, railway transport.

1. Introduction

Nowadays, the railway transport plays the significant role in passengers and cargo transportations all over the
world. Despite of the various advantages, this transportation type has known problems. Mainly these problems are
connected with safety during the exploitation and crashes that become causes of human victims and high material
losses. Various solutions are continuously developed for new modern railway safety systems for existing railways, but
unfortunately none of them may solve the problem completely and propose the solution for the specific problem.
There are some systems which provide solutions for automatic routing and braking tasks:

KLUB-U (Complex Locomotives Safety Unit);

ETCS (European Train Control System);

Ansaldo STS «TCSS» (Train Control and Signalling System);

Knorr Bremse «LEADER» (Locomotive Engineer Assist Display&Event Recorder) and others.
However, all these systems have some disadvantages such as:

They does not provide uninterruptible data exchange between trains;

o Needs special additional input of train parameters before working.

Therefore, the adaptive smooth and precise train braking system is proposed to propose the solution for the
specific task of crash prevention, target braking and human factor reduction.

2. Purpose and tasks

The main purpose of research is development of adaptive control algorithms for embedded intelligent devices
to improve and automate transport control processes increasing safety level, reliability and reducing the unpredictable
human factor.

To achieve this goal the adaptive braking control system is proposed. The main feature of the proposed system
is a self-learning and adaptation to train parameters and environmental conditions with a special input, therefore
providing reduction of the human factor.

The following tasks are defined:
To describe the main elements of the adaptive system of the railway transport starting and accurate braking.
To define functions realized by the basic elements of the system.
To develop mathematical model and function for evaluation of adaptive algorithms.
To perform Statistical Hypothesis Testing to evaluate the workability of different adaptive algorithms in various conditions.

w

. Basic elements and functions of the new adaptive system of railway transport soft and accurate braking

As it was mentioned above the task of the adaptive system of starting and accurate braking of railway transport
is to improve safety without any cardinal changes in the existing control system of the trains decreasing in parallel the
impact of human factor on the process of railway transport routing.
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Therefore, one of the most important questions is to integrate the basic elements of the adaptive system of
railway transport starting and accurate braking in order not to decrease the functionality and safety level of the existing
control system.

The basic functions of the proposed system are realized by means of 3 types of devices - equipment of
locomotive (LI) [3], equipment of the way sector (CPI and equipment of the control center (VCI).

The descriptions of the physical components of LI and CPI are available in the stated information sources. The
principal block diagram of the basic elements of the proposed system is given in Fig. 1.

DB
A
CPI 1 |[&--------- A VCIn AL » LI n-1
i / L A
CPI 1y \ LI,
v v
CPI , LI,

Fig. 1. Block diagram of the information flow of main elements of the adaptive system of starting and accurate
braking of railway transport

The system should provide the application of more control devices (VCI) (for example, one VCI device for a
particular area, for a particular station of number of way sectors) with the purpose to divide its load and take get a
possibility substitute the functions of each device for the case of failures.

It is also necessary to provide the connection of each VCI device to the general data base of information saving
(DB) with the purpose to synchronize its operation and for the constant initialization and further use of the actual data.

The locomotive equipment that basic elements of which are marked with yellow (Fig. 2) is installed at the
locomotive or other railway train equipped with pneumatic braking system. Its electric pneumatic valve (EPV) and
auxiliary electric manometer (M) are integrated into the railway transport braking system (BrM). The relay of device
emergency control (R) is connected to the unit of railway emergency braking control (ABM) to stop the train if it is
necessary. The device also contains the modulus of global positioning (GPS) and Global System for Mobile
Communication (GSM) the purpose of which is to provide the main programming logic controller (PLC) with the
necessary information about the location of railway transport, speed, railway infrastructure equipment operation
conditions and other necessary information from the data base of the control centre or other trains.

The equipment of the way sector is installed in the main enclosure of railway station control relays (Fig. 3)
with the purpose to read the conditions of the device (railway crossing (DP)) and indications (for traffic lights (L)). The
way sector is also equipped with GSM module for the sending of the information from the control relays to the central
control. The device is connected to the correspondent contact groups of the control relay of the crossing (PKR) and
control relays of the traffic lights (LKR).

The principal scheme of the new adaptive railway transport braking system integration:

LOK — locomotive or any other unit of railway transport;

VAG — wagons of the rolling stock (e.g., cargo wagons);

K — compressor for the compressed air generation;

AV — emergency valve for the decreasing of air compressing;

GR — main reservoir for the compressed air storage;

MK - controller of a locomotive driver manually regulating the braking system of railway transport;

GSR - relay of the air compressing (is actuated whet the pressure BrM is decreased for 3 kgf/cm?);
GSP — commuter of electric train;

ABM - control unit of emergency braking;

BrM — air main of braking system;

KR —reservoir for storage of compressed air at each wagon;

G — air divider, servicing for the dividing of the air flow according to the control regime of each braking system;
BC — braking cylinder driving the power of air pressure to the braking shoe;

ATM — accepted marking for environment;

VVS — control system of the train.
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Fig. 2. Principal scheme of the integration of the new adaptive system of railway transport starting and accurate braking

The locomotive device (LI) contains the following main elements:
D — display of the information output;
R — control relay of the emergency braking regime;
EPV — electric pneumatic valve for the for the regulation of air pressure for braking;
M — manometer for the measuring of the air pressure in barking system;
PLC — main programming logic controller;
GPS — modulus of the global positioning system;
GSM — Global System for Mobile Communication.

Enclosure of the main control relay equipment
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Fig. 3. Block diagram of the sector device

4. Mathematical models and operation algorithms of the main units of the new system

To date three main types of system equipment are assigned. Therefore, further the algorithm of the operation of
this device will be considered separately.
Briefly, the algorithm of the control canter operation can be described in the following way:

a) VCI gets the information (location, route and identification number) from each particular railway vehicle equipped
with LI;

b) VCI defines the railway vehicles moving along one route and are close to each other and sends them the
identification numbers with the purpose to give them an opportunity to exchange with data for avoiding a potential
collision;

¢) Using data from data base DB and obtained information from railway transport VCI defines the zone of this vehicle
movement and the movement restrictions within this zone;

d) VCI sends the obtained information from DB to LI for further processing;



121

e) In the case if, there is a station in the zone LI obtains the identification number of this station for communication
with the CPI of the station and information about the readiness of the route, for the information of the traffic lights
situated on this route and any possible restrictions.

The following functions are in the basis of operation algorithm of the distance sector:

e Main PLC of CPI onto its input contacts obtains the signals about the conditions of the crossing, prepared routes and

traffic lights;

o CPI sends the obtained information to VCI input into data base and control in the real time;

e On demand CPI sends the obtained information from a railway vehicle LI;

o CPI realizes possible diagnostics of the emergency regimes and in necessity VCI as well as LI send the emergency
signal.

The special attention will be turned to the description of the locomotive operation algorithm.
First of all let us describe the basic functions completed by the devices:

e Processing of the information obtained from VCI,

e According to the obtained identification number a communication takes place with CPI of the station or LI of railway

transport;

e Determination of the necessity to realize the working braking because of possible collision or some restrictions on

the route;

e Approximate determining of emergency braking distance of railway transport using the available data;

¢ Realization of the working braking process;

o Realization of the emergency braking process.

The algorithm of the emergency braking operation of railway transport applying LI is described according to

[3]. For the realization of soft working braking process an adaptive searching algorithm is applied as well as special

learning algorithm. The purpose f'the learning algorithm is to define the effectiveness of the train braking system in the

cases when the working braking is applied. The analogue of this value in the calculations of railway transport braking is
marked as and called as a braking factor. This factor means the development of total power of braking of the rolling
stock over the whole weight of the rolling stock.

But the application of this value is complicated due to the necessity in its calculation (formula 1) of input
information that practically impossible to obtain.

_myny ky+my ny ky
p O+P

(1)

where m; — number of wagons; n; — number of wagons axes; ki — specific power of pressing of cargo wagons braking
shoe; my — number of locomotives; n, — number of locomotive axes; k» — specific power of pressing of locomotives
braking shoe; QO — total mass of wagons, t; P — mass of locomotive, t.

Therefore it is necessary to introduce a factor of efficiency of a new braking system (BSe), that according to
the available parameters processing describes the condition of the whole rolling stock or of one unit of the braking
system (the effectiveness of braking under different conditions).

The learning algorithm determines BS.s (2) at the moments when the braking is realized by driver manually.

Manometer M installed on LI fixes the decreasing of air pressure in the braking main BrM.

If a working braking step is fixed then the changing of speed and acceleration of of the realised braking are
also fixed.

There parameters are enough to calculate the approximate value of BS,r factor.

BS, = f(AP; AV a),) )

where AP — changing of the air pressure in the braking main realizing one braking step; AV — changing of the railway
transport speed realizing one braking step; as- — average braking acceleration of railway transport realizing one braking
step.

For higher effectiveness of the system operation the calculation of this factor is required at each step of
working braking as well as at each speed of movement, description of the way profile and at fixing the outside
conditions; in opposite cases the factor is accepted as low as possible within this or that zone. With possible changes of
the rolling stock (e.g. changing number of wagon, etc.) the calculation of factor BS.ris repeated.

The application of this factor is foreseen during the working of the adaptive searching algorithm, completing
the theoretical curves of the railway transport movement during the automatic adaptive and soft braking. The
introduction of BS, factor allows to improve the effectiveness and safety of braking process. The curves can be similar
to those in Fig. 4.

Fig. 4. demonstrates the theoretical curves of the speed and braking acceleration (red color line) of a cargo
train model and the same curves resulted in the system's operation time realizing the soft and accurate braking before
the stop point (blue color line). In accordance with higher BS.s (the defined higher railway transport braking system
effectiveness), the higher realized theoretical braking acceleration is preset and opposite.

This value can be accordingly accurately defined while testing the prototype of the system device.
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Fig. 4. Dependence of the model movement parameters on time

In compliance with the made before analysis of the searching algorithm [4] the basis of the adaptive searching
algorithm operation is the application of adaptive searching together with the integrated testing and working steps
modifying them.

The quality evaluation function of the adaptation algorithm is defined as a set of separate criteria. Main criteria
are following:

e M — error detecting of the average wagon mass;
e N — error detecting number of wagons;
e K — error detecting of brake pads pressing force.
Therefore, the quality function is following, where each criteria should be minimized

M=|m
Q= N=|n

My, ¢|—>min

vag ~

Ry |—>min 3)

vag ~

K=k, -k, ,|—>min

where m,qg r— actual mass of a wagon; #n,q, r— actual number of wagons; ki s— actual brake pads pressing force.
Normalized quality function is presented as a weighted sum function such as:

0'=o,M'+a,N'+a;K'—> min 4

where o) — weight of mass detection criterion; o, — weight of number of wagons detection criterion; o3 — weight of

. . . M, —-M . . o
pressing force detection criterion; M'=—"= — — npormalized value of mass detection criterion;
M max M min
' N max N . . P ' K max K :
N'=—"2 — _ normalized value of number of wagons detection criterion; K'=—"*—— — normalized value
Nmax _Nmin Kmax _Kmin

of pressing force detection criterion. In addition o, +a, +a; =1.

5. Mathematical formulation and development of adaptive search algorithm

In this chapter, the generic mathematical definition of the adaptive search algorithm is described and the
modified algorithm is proposed. All these algorithms potentially may be used in proposed Adaptive Smooth and Precise
Braking system.

Target function of each adaptive algorithm is following:

t=t,

(D(X): Z(Stliﬂiz‘eor _Sz‘lit27fakz‘)2—>min (5)

t=t,
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where 1 — braking start time moment; # — time moment of achievement of nominal braking force value;
St1_o_teor = VKM(Nyag , Myvag , ki) — simulated braking distance at time #; Su o @k — actual braking distance at time ¢
X = {X1 = Nvag ; X2 = Myag ; X3 = ki} — searching parameters of the target function.

In this case the optimization task is defined for the algorithm:

min®(X)=0(X") =@’ (6)
XeR’
which is defined in 3 dimensional space with following restrictions:

nvagimin < X < nvagimax

3
R :am < X < mvagimax (7)

vag_min —
kk min < X3 < kk max
In the research the following adaptive algorithms are selected:
Algorithm 1 — Scan through method;
Algorithm 2 — The best trial method;
Algorithm 3 — Random search method with a constant radius and random search direction;
Algorithm 4 — Combination of the best trial method with scanning in the end;
Algorithm 5 — Gauss-Seidel method;
Algorithm 6 — Repeating random search method;
Algorithm 7 — Monte-Carlo method;
Algorithm 8 — Genetic Algorithm.
In this paper the Algorithm 4 is described as proposed by the authors for the specific task. Main steps of this
algorithm are following:
Step 1 — Initial values X° of search parameters are set, as well as initial length of a search step A° is defined
and iteration counter is set as » = 0.
Step 2 — M'=M"/ A'random vectors ¥,", i € [1, M] are generated and trial points X 1.”1 ,1€[l, M) are found.
Step 3 — Value of function CD(X 1.”1) is calculated in trial points (X r ), i € [1, M'] and minimal value is

selected cD(X”l)ch(X;”)z min CD(X.’”). |

ielt, M] !

Step 4 — If (D(X r )< (D(X g ), then 7= r+ 1 and algorithm returns to the step 2. Otherwise, go to step 5.

Step 5 — The end condition is checked (for example, minimal error value is reached). If ending condition is
satisfied then it is assumed that final values of search parameters are X =X"*! and algorithm ends. Otherwise
r=r+1, A"=a A" and go to step 6. Here a € (0, 1) — step reduction coefficient briefly selected.

Step 6 — If M'>(2 A)3, the all combinations are generated and the minimal value is checked there
o(x)=o(x;")= min o(x/").

iell, M]
6. Testing of the developed adaptive braking algorithm and results summary

To perform tests of various working conditions the different combinations of following parameters are defined:
Myag fake — actual mass of wagon, t;
Mg fake — actual number of wagons;
ki_fare — brake pads pressing force, kN;
Vyitciena — actual speed of train, km/h.
Each parameter is conditionally divided into three groups — low value, average value and high value (see
Fig. 5). During the combining of parameters, following exceptions are defined:
o If 3.8 kN <k, then myqe > 60 t;
o If2.3 kN </, then m,,e>35t.

Parameters 1
Mivag_fakt 20
Dvag_fakt 2

Ki:_fakt 1
Vvildena 20

Fig. 5. Input data for computer experiment



124

Table 1
Fragment of comparing of algorithms with different number of cars
Criteria Tolerance Test interval Test value Result
Nvag=2 alg=2 99.90% |(8.619; 8.6707) 2 HO can be rejected P = 99.90%
Nvag=2 alg=3 99.90% |(9.4086; 9.4282) 2 HO can be rejected P = 99.90%
Nvag=2 alg=4 99.90% |(8.3681; 8.4146) 2 HO can be rejected P = 99.90%
Nvag=10 alg=2 99.90% | (8.5863; 8.6353) 10 HO can be rejected P = 99.90%
Nvag=10 alg=3 99.90% |(9.3447; 9.3688) 10 HO can be rejected P = 99.90%
Nvag=10 alg=4 99.90% | (8.3535; 8.3968) 10 HO can be rejected P = 99.90%
Nvag=20 alg=2 99.90% |(20;20) 20 HO can not be rejected P = 99.90%
Nvag=20 alg=3 99.90% | (14.6608; 14.8268) |20 HO can be rejected P = 99.90%
Nvag=20 alg=4 99.90% |(20;20) 20 HO can not be rejected P = 99.90%
Nvag=4(0 alg=2 99.90% | (40; 40) 40 HO can not be rejected P = 99.90%
Nvag=4(0 alg=4 99.90% | (40; 40) 40 HO can not be rejected P = 99.90%
Nvag=60 alg=2 99.90% | (60; 60) 60 HO can not be rejected P = 99.90%
Nvag=60 alg=4 99.90% | (60; 60) 60 HO can not be rejected P = 99.90%
100000
90000 -
80000 -
70000 -
60000 u
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50000 I B Algorithmnr. 2
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20000 d
10000 d
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Fig. 6. Comparison of average iterations number for each algorithm in experiment number 5

14000
12000
10000
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5000 B3 slgorthm
4. algorthm
4000
2000 —
L]

Shorttrains Medium long trains Long rains

Fig. 7. Distribution of iterations number for different length of train

In this case the total number of combinations is 925. Taking in account the stochastic nature of the algorithm,
the same parameters may give different results, therefore for the statistics each combination is tested in 10 repeating
trials. In this case number of statistical data for each algorithms is 9250.

The adaptive algorithms has been compared with the scanning through algorithm (Algorithm 1) for which
following steps have been defined:

L4 Anvag: 13
o Amyg=1;
L] AkaO.l.

It means that total number of iterations for Algorithm 1 is 280000.

In this paper only algorithms 2, 3 and 4 are compared.

Figs. 6 and 7 shows the comparing of number of calculating iterations for each algorithm. This parameter is
one the most important because it correlates to the calculation time. The actual time depends on the software used for
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algorithm implementation and the hardware of the whole adaptive system realization, such as CPU clock rate, RAM
size etc.

7

. Conclusions

The practical experimental results of this research allow to conclude that:

. In 99% cases the adaptive search algorithms may find the solution and perform the adaptation of new system faster

that usual scanning through method.

For short rolling stocks (up to 10 wagons) in 99% cases the selected adaptive algorithms could not find the precise
parameters of rolling stock, i.e. mass of wagon, number of wagons and pressing force, but in any case the average
quadratic error in calculating of braking curve is less than 10723;

Comparing two the most efficient (from selected) algorithms, the combined algorithm (Algorithm 4) is better in
average 1.2 times than the best trial method (Algorithm 2) for smaller values of train parameters;

Otherwise, the best trial method is in average 1.1 times more efficient for higher values of train parameters.
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Abstract

The article presents the analysis of the metal processing company that makes packing automatics with the spatial cams
of complex geometry, which allows specifying the law of motion of the spatial cam using the Reversing Engineering
method. The software MatLab has been used for the work.

KEYWORDS: LEAN, manufacturing, Reversing Engineering.

1. Introduction

As the tendencies, options and possibilities of the manufactured devices are rapidly changing in the global
production, the Reverse Engineering (RE) process is getting more and more significance in the world. In order to
achieve the competitive production, the analogous device is not always created on time — it is easier and more
convenient to copy or modify the already created device or element, and to present it as novelty in the market.
Numerous well-known world companies are stepping into this direction. The majority of the production they introduce
consists of the products made by the aforementioned method. However, as the competition is growing, new alternatives
have been searched for more effective and operative application of the Reverse engineering process that has been
known for long time already. One of the areas that allow improvements is the production according to the LEAN
principles.

The integration of new technologies and their “introduction” into the market is one of the possible
management modes of successful business in modern global market, as the new technologies are used to create new
products, processes and services. The basis of the LEAN philosophy is to reduce expenses and to increase the value
received by the user as much as possible [1]. The objective of this system is to provide such a value to the user that s/he
expects. The companies, which have applied LEAN principles in their activity, notice positive changes in many areas.
When the LEAN principles are implanted, the execution period of the orders gets shorter and the labor productivity
increases. The (RE) method in the LEAN environment allows achieving more efficient production in the competitive
environment. We will analyze the “Muda” concept in this article, i.e. we will analyze the influence of elimination of
activity that does not create any value from the process of mechanical processing.

2. Investigation by analysis methods

We have chosen spatial cam (SC) for the investigation. It has been made in the company for quite a long
period already. After we had analyzed the information contained in the technological card of that cam in the company,
we determined that the time granted for the metalwork operation with the automatics, where SC are used — 4 h/un. —
may be reduced by specifying the law of motion that has not been described precisely until now. In order to make this
detail properly, the metalworker has to correct this detail manually. Due to the complex form, the SC geometry was
received only experimentally, see Fig. 1.

When the production of devices was started, the drawback in the SC drawings was noticed. When the SC was
measured and the production of the device was started, the SC evolvent was created. The evolvents helped to design the
APT tracer template. The sketch of the designed tracer template is given in the Fig. 2. The reference point of the
coordinates in the polar coordinate system [2] is illustrated in the Fig. 3. In order to specify the regularity of the
received coordinates, we will use the drawings of analogous cam PA1 available in the company. The mechanically
processed cam PAL is presented in the Fig. 4. The sketch of the tracer template is given in the Fig.5.

The form of the PA1 cam is similar to the form used for the manufactured automatics of the APT type;
however contrary to the illustrations listed above, the coordinates of the follower’s center are known in the drawing of
the PA1 cam. The aforementioned cams APT and PA1 are milled by the copying machine HRF-500.

According to the Fig. 2 and 5, the difference between these cams is in their rotation angle. In the first case the detail is
received when the tracer template rotates by 720°, and in the second case the angle is equal to 360°. The especially
important intervals in the first case are 45°-90° and 630°-720°, because the table’s rotation in the made detail —
beginning and end — is implemented during these stages, and not one, but two followers are rotating in the APT cam at
the same time. Therefore the company’s employees encounter major problems, as the projective size of geometrical
correction has not been calculated. These illustrations were selected for comparison because both of them have the same
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reference point for the follower — the axial line, while the diameters of the followers are not important. The dependency
of the radius of the PA1 cam on the angle is presented in the technical documentation every 2 degrees and not every 5

degrees.
Fig. 1. APT spatial cam Fig. 2. Sketch of the APT tracer template with the axial
line of the follower
180|y
Ry )
270 o/ o 90

0

Fig. 3. Reference point of the coordinates in the polar Fig. 4. Mechanically processed PA1 cam
system of coordinates

@\

\
g

Fig. 5. Sketch of the PA1 tracer template with the axial line of the follower

3. Mathematical formation of law of rotation and its application by the reverse engineering method

In order to compare the available coordinates of the cams graphically, it is necessary to receive functional
dependency of the PA1 automatic as it would describe precisely the changing character of the described points. When
we have this dependency, we may set the points in the same interval of 5 degrees. The data were transformed using the
Fourier model of the n row in the MatLab environment [3], i.e. the reference point is at “zero”.
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The comparative calculations with the derived dependency of the Fourier model of the 3™ row according to the
given coordinates allowed detecting the difference that exceeds the permissible tolerance limit in the drawing (the results
are even worse when the cosine function is used). The difference exceeded 0.04 mm, i.c. it made 0.65 mm. When the
dependency of the Fourier model of the 5% row was used, the difference between the mathematical model and
interpolating points was within the tolerance limits. This shows that the received data may be further used in the (RE)
area. The comparative diagrams of the practically given and theoretically calculated values are presented in the Figs. 6-9.
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Fig. 9. Correspondence of the cosine function to the
present coordinates

The horizontal line in the Fig. 10 illustrates the symmetry of the rotation cycle at the limit of 90° degrees, i.e.
the rotated table gets faster in the 0-90° phase and it slows down in the 90-180° phase.

According to the presented diagram, the law of rotation of the PA1 cam is more symmetrical than that of APT;
therefore the rotation is smoother. When the (RE) method was applied, the law of rotation was transferred successfully
from PA1 to APT tracer template.

4. Projective coefficient of the value of geometric correction size

In order to secure the smooth motion of APT cam together with the follower operating in pair and over
winding the table it is necessary to take into accounts the predominant trajectory of inter motion of elements. The
projective coefficient of geometric correction, which values (calculated according to the cosine theorem) are seen in the
ends of the diagrams of the Fig. 11, in the intervals of 0°-90° and 630°-720°.
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Fig. 10. Interdependency of the laws of cams APT and Fig. 11. Peculiarities of the APT cam’s geometry with and
PA1 without correction coefficient of cosine theorem

According to the Fig. 11, the ATP cam with the copied law of PA1 cam and correction coefficients in the ends
allows securing proper efficiency of the device.

5. Measurement of geometry of APT tracer templates in the polar system of coordinates before and after Reverse
engineering

In order to measure the geometry of tracer templates precisely enough, it is meaningful to use the measurement
machine operating in the polar coordinate system [4]. The Fig. 12 presents the measurement machine, which was used
to measure the APT tracer templates before and after the transfer of the law of (RE) geometry.

Fig. 12. Measurement machine of polar coordinate system OJI'3-5

The measurements of geometric values of tracer templates and comparison with the values indicated before
(RE) revealed that the biggest average square deviation made 0.12, and variation coefficient was 0.00054. After (RE)
the biggest average square deviation made 0.038, and variation coefficient was 0.00037, i.e. the usage of (RE) to
specify the geometry of tracer templates reduced the average square deviation by 31.6%, while the variation coefficient
was reduced by 62.8%.

6. Conclusions

1. The law of rotation received with the help of coordinates of PA1 cam was described better while using the
dependency of the Fourier model of the 5" row. The difference of the mathematical model and interpolating points
was within the limits of tolerance, i.e. the difference did not exceed +£0.04 mm.

2. The formed method allows assessing properly the peculiarities of the geometry of the APT cam in the intervals of
0°-90° and 630°-720°.

3. The coordinates of the PA1 follower were used to make more precise APT tracer template. When the values of the
made cam were compared to the theoretically set values, the average square deviation was reduced by 31.6%, while
the variation coefficient decreased by 62.8%.
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Abstract

The article presents the results of simulation research of the static stability engineering machines with articulated
steering system. The aim of the study is to compare the stability of three most common engineering machines on
account of their ability to work on slopes. The analysis includes the following articulated machines: scraper, dump truck
and loader. The article describes simplified assumptions and conditions for the construction of simulation models of
selected articulated machines. In addition, the article describes the methodology for the research of static stability.
Stimulation researches were conducted in multibody modeling program MSC.Adams. The results obtained are
presented in form of radar graphs and summary table. The machine with articulated steering system characterized by a
maximum permissible tilt terrain was specified which is the most advantageous ability to work on slopes.
KEYWORDS: stability, articulated machines, MSC.Adams.

1. Introduction

In implementation of earthmoving machines with articulated steering system are extensively used. The main
representatives of this type of machinery include scrapers, articulated haulers and wheel articulated loaders. Articulated
drivetrains of these machines consisting of a turning joint and axial bearing or a swinging axle provide high
maneuverability, low resistance of turning, high ability to copy terrain and move in rough terrain. In contrast, an
important problem is their stability; especially the lateral stability of machines being in turn, which directly defines their
ability to work on slopes. Their restrictions result directly from the displacement of the local center of gravity and the
edge of tipping during turning maneuver (Fig. 1).

X T

G

a b

Fig. 1. Scheme of the articulated loader with local centers of gravity and tipping edges: a — machine with frame in the
upright position; b — machine with frame in the maximum turn left position; G. — center of gravity cargo;
Gr — center of gravity front part, Gr — center of gravity of the rear part

Now in the available literature one can find many methods to determine the stability of articulated loaders [1,
4, 6, 7 and 11]. In contrast, descriptions of methods of determining the stability of other machines with articulated steer
system are not available or commercially sensitive. Because of this fact is not possible to use any of the known methods
directly to compare the stability of articulated machines, method of simulation research of stability should be developed
which would allow fast and safe assessment of the ability of articulated machines to work on slopes, which allows
determining their stability.

2. Simulation model

In order to perform comparisons and determine which of the analyzed articulated machines has the highest
ability to work on slopes simulation models using modeling program multibody MSC.Adams were made. The following
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representatives of articulated machines were adopted to the analysis: scraper Caterpillar 621H, articulated hauler Volvo
A25E and articulated loader HSW L-34. In the first place with the use of [11] the construction of an articulated
drivetrains for each of the analyzed machine was specified. Subsequently to this on the basis of the information supplied
by machine manufacturers [2, 3, 9] their mass distribution with particular emphasis on the local position of the center of
gravity was determined for each machine. Scheme of the construction articulated machines with regard to the position
of the local center of gravity is shown in Fig. 2.
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Fig. 2. Scheme of selected articulated machines with regard to the position center of gravity: a — scheme of the
articulated loader; b — scheme articulated hauler; ¢ — scheme scrapers; G. — center of gravity cargo; Gr — center
of gravity front part; Gr — center of gravity of the rear part

C

It was assumed that the value of tire deflection of each machine is equal to 5% of the tires under load of only
its own weight. Thanks to this and in accordance with [5] the coefficient of stiffness and damping of tires for each
model of articulated machine was defined. The defined parameters were later used to build the numerical models in the
MSC.Adams. For the construction of numerical models, the following simplifications were assumed:

e a substrate on which the model of the machine is non-deformable,
¢ mass of individual parts of the machine is focused on its local geometric measures,
o the deformability of tires was taken into account.

More than that, during the construction of models takes into account the joint turn and thrust bearing or a
swinging axle. In addition, given the opportunity to model the articulation angle equal to 0° to its maximum value
depending on the capabilities of the machine.

3. Methods of performing numerical studies of static stability

Because of stability test methods and vehicles described in [8, 10], which do not allow for a direct comparison
of chosen articulated machines, separate methodology was developed, according to which the research on static stability
was conducted. The study assumed that they will be held by means of the tilting plate, which is of the deflection angle o
is between 0° to 45°. For the conservation of the quasi-static it was assumed that the lifting speed of tilting plate does
not exceed 0.5°/s. In the initial position (f = 0°) the machine is set perpendicular to the axis of tipping, and the rear
member towards downward slope (Fig. 3.). More than that, during the tests the angle of the pivot plate model f has
changed from 0° to 360° in increments of every 15°. The tests were performed for models with frame upright and
twisted frame of maximum angle y. The tests were performed for the two configurations of each model of the nominal
mass cargo and without cargo. For the avoidance of slipping the model from a tilting plate during the study it was
assumed that the traction coefficient models to the ground is 1.

For the purpose of the tests it was assumed that the limiting value of the slope plate tilting at which the model
loses stability occurs when any of the wheels of the model loses contact with the ground, i.e. when the value of the
reaction on the ground of the wheel is 0 kN. In addition, because of the assumed safety margin of stability. According to
[7], the margin of stability for automotive vehicles the value of the lateral acceleration equals 0.4 g. Whereas due to the
fact that the engineering machines for articulated steering system move at lower speeds than motor vehicles, the margin
of stability was assumed 20% gradient, which is equivalent to the transverse acceleration equal to 0.2 g. Inclination of
the tilting plate measurements were made with an accuracy of 1%.
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a b
Fig. 3. Scheme of the simulation position of model articulated hauler for the angle f=0°: a — model with frame

upright; b — model with maximum turn frame in left; § — angle position of model on tilting plate; y — maximum
angle of turn frame

4 The results of simulation research of static stability

The numerical research results were obtained in the form of limit and acceptable slope of the ground expressed
as a percentage. The acceptable t value slope of the ground is the limit less the value of the stock of stability, which is
about 20%. Selected results are presented in graphs radar (Figure. 4-7).

O slope limit = acceptable slope O slope lumit m acceptable slope
a b

Fig. 4. Radar charts static stability model scrapers with frame upright: a — model without cargo; b — model with cargo

The graphs (Fig. 4) show that the slope limits of the ground are 86% for the machine without cargo and 63%
with cargo. In contrast, the value of acceptable slope of ground is correspondingly lower and the machine without cargo
takes the value of 66% and 43% for machine with cargo. It follows, therefore, that the increased weight of the machine
by adding the cargo reduces the limit and the acceptable value slope of the ground of 23%. It is directly connected with
an increase in the cargo height of the resultant center of gravity above the ground. The lowest value of limit slope for
the scraper with frame upright both cargo and no cargo occurs when machine is parallel to the tipping axis both to the
right and to the left side (8 = 90° and f =270°) and when the longitudinal axis of rear part is at an angle of 15° to the
tipping axis and the front part downwardly facing slope (5 = 105° and = 255°).

The radar graphs of static stability model scrapers with maximal turn frame presented in Fig. 5 show that the
lowest limit value of the slope is 9% for the machine without cargo and 29% with cargo. This means that the cargo
causes an increase of of lowest acceptable slope value of 20%. For scrapers without cargo the lowest value of limit
slope occurs when the rear part machine is parallel to the tipping axis tipping and a the front part is turned to the tipping
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Fig. 5. Radar charts of static stability model scrapers with frame in maximal turn: a — model without cargo; b — model

with cargo

axis and facing a downbhill slope (5 =270°). In contrast, for scraper with cargo the worst position is when the back part is
at an angle of 15° relative to the tilting axis and the front part is turned to the tipping axis and a downwardly directed
slope (f = 255°). Adding the cargo causes overloading of the rear part machine and consequently shifting of the resultant
center of gravity closer to the center scrapers which simultaneously moved it away from the edge of tipping and loses
stability. In contrast to the inverted position, i.e. when the front member is inclined upward (5 = 105°) to increase the
weight by adding cargo to decrease the value of limit slopes from 65% to 50%. The result is that the addition of cargo
exerts variable influence on the transverse stability of the scraper and thus its ability to work on the slopes.

180°

o slope limit m acceptable slope 0 slope limit m acceptable slope

a b

Fig. 6. Radar charts static stability model articulated hauler with frame in maximal turn: a — model without cargo;
b — model with cargo

The radar model charts of articulated hauler presented on Fig. 6 show that for machine model without cargo the
limit slope is 52% and for the machine with cargo the limit slope is 42%. At the same time the value of acceptable slope
is 42% for the model without cargo and 22% for model with cargo. What immediately follows is that the increased
weight of the machine by adding cargo will reduce the acceptable and limit slope of the ground of 10%. This is due to the
down force of the rear part with the simultaneous relief of the front part. Moreover, the resultant center position of gravity
of the model is in the direction of the back part and thus closer to the edge of the tipping drawn by the contact with the
ground of the rear wheels. This causes loss of stability of articulated hauler model at a smaller angle than is the case of
the model without cargo. The lowest limit value of the slope for the model of articulated hauler without cargo occurs
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when the rear part of model is at the angle of 30° to the tipping axis and the front part turned to the tipping axis and
facing up slope. However, for the model with cargo the lowest value of limit slope of the ground occurs when the back
part is at an angle of 30° and the front part turned in the direction of the tipping axis and downward the slope.

180°

O slope limit = acceptable slope O slope limit m acceptable slope

a b

Fig. 7. Radar charts static stability model articulated loader with frame in maximal turn: a — model without cargo;
b — model with cargo

The radar graphs models of articulated loader in maximal turn shown in Fig. 7 show that for model of the
machine without cargo the value of limit slope is equal 52% and for a machine with a cargo is 42%. While the value of
the acceptable slope is equal 42% for the model without cargo, and 32% for model with cargo. In the result we have an
observation that increased weight of the machine by adding cargo will reduce value of slope limit of 10%. This is due to
the significant down force of the front part. It then moves over the resultant location center of gravity toward the center
of the model and thereby the model closer to the tipping edge drawn by the front wheel contact with the ground and the
center of the swinging rear axle. The consequent loss of stability occurs at a smaller angle than it is in the case of the
model without cargo. The lowest limit value of the slope for the model loader articulated without cargo occurs when the
rear element model is parallel to the tipping axis and front part turned to tipping axis and facing down the slope.
However, for the model with cargo the lowest value of limit slope of the ground occurs when the rear part is at an angle
of 15° from a parallel position of the tipping axis and a front part is turned in the direction of the axis of tipping and
downward the slope.

5. Summary

The results of the simulation research of the stability of the lowest values of acceptable and limit slope of the
ground for each machine model are presented in Tab. 1. From the obtained values it follows that each model is
characterized by the smallest and the largest slope in a different position machine. This is caused by a different machine
in each weight distribution, that is, the position of the centers of gravity, the articulated drivetrains construction and
purpose for which they are designed. However, as the critical value can be set to limit slope of ground, when the
machines are located within a maximum turn, since only by performing the work of the frame upright, they would
become very inefficient and therefore very cost effective to implement. After the adoption of such a criterion the best
ability to work on slope is characterized by the articulated hauler and articulated wheel loader.

Table 1
Statement of the lowest values of acceptable limit slope of the ground of articulated models
Location of model Scraper Arltli e AT PSS
auler loader
with frame upright (without cargo) [limit/acceptable] [ 86%/66% ]| [ 60%/40% ] [ 49%/29% ]
with frame upright (with cargo) [limit/acceptable] [ 60%/40% ] [41%/21% ] [ 67%/47% ]
with frame in maximal turn (without cargo) [limit/acceptable] [ 9%/0% ] [ 52%/32% ] [ 52%/32% ]
with frame in maximal turn (with cargo) [limit/acceptable] [ 29%/9% | [ 40%/20% ] [ 42%/22% ]
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In conclusion the method for evaluating stability of articulated machines and their ability to work on slopes

presented in the article is simple and allows for a quick comparison of the several machines. However, with the use of
the program MSC.Adams one should remember about the appropriate choice of parameters associated with the selected
model and giving relevant bonds which would be conditioned both by the laws of physics as well as kinematics
drivetrains. Shortly speaking, the use of programs for modeling type multibody MSC.Adams requires the use of
knowledge and experience.
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Abstract

This paper gives the information about the main properties of soils. The most important is shearing strength which
shows the strength of soil. Also there are given some formulas to calculate tangential stresses by normal stresses,
cohesive, angle of internal friction and their effective values. There are described methods how to determine shear
strength values of soils in laboratory. The paper shows the relationship of cone strength g. and other values of soil.
KEYWORDS: soil, sand, clay, shear strength, CPT test.

1. Introduction

The soil can be used by two ways: as a base for foundation of buildings and structures and as a building
material for various engineering structures (for example, dams, embankments etc.). By the origin, there are two types of
soils — natural and man-made. Natural soils (granular sedimentary rocks) formed during the natural processes. Man-
made soils are formed due to human activity (industrial, mining, building or economical).

In Lithuania the widely spread type of soil is moraine clay (till). Clay till can be very heterogeneous and
varying in composition and stiffness. At the same profile, there can be several layers of different origin and
composition deposited on top of each other. Properties of the clays include plasticity, shrinkage under loss of water
and under drying in air, fineness of grain, color after drying, hardness and cohesion. On the basis of such qualities
clays are variously divided into classes or groups [3].

2. Mechanical properties of soils

There are two very important properties of soils — compressibility and shear strength. The soil starts to
compress when the base doesn’t create deformations of shear, and when the capacity is decreasing. In this phase, we
can determine the modulus of elasticity £ and the value of transverse deformation. Increasing the load on the soil begins
unquenchable shear deformation and at a certain load the amount of available soil limits bearing capacity. In this phase,
the main property of soil is shear strength which is described by the cohesion ¢ and the angle of internal friction ¢ [1].

The mechanical properties of soil are determined in laboratory and field, in natural situation of stratification,
carrying out the tests which are regulated by normative documents. The soil can be deformed due to many reasons, for
example some of fine soils shrink when the moisture is decreasing, and when the volume of pores is decreasing the
density of soil is increasing.

3. Shear strength

Shear strength is the main parameter of soils strength. Soil shear strength is described due to Coulomb’s and
Mohr’s theory by the cohesion ¢ and the internal friction angle . They are called value of soil strength. In certain points
of plane tangential stresses become the same as the shear strength. In these points the soil deformation of shear starts.
Starts formation of slip plane, some part of the soil will begin to slide, causing the collapse of building base.

Coulomb in 1776 suggested that the resistance to shear degradation in the plane can be expressed by the
equation [2]:

T=0-1gp+c (1)

where 7 — tangential stresses in disintegration of the plane, which are valuated as shear strength; ¢ — normal stresses in
disintegration of the plane; ¢ — angle of internal friction; ¢ — cohesion.

Friction in disintegration of the plane is evaluated by tangent of angle of internal friction. The cohesive due to
parts of soils resists for shear when the normal stresses are equal to 0. In real soils disintegration of the plane isn’t
between two inflexible surfaces. The surface of this plane deforms, causing the changes of capacity across the plane.

The first equation of Coulomb was adjusted to convey shear of real soils:

T=0"tgp'+c' (2)
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where 7 — tangential stresses in disintegration of the plane; o' — effective normal stresses in disintegration of the plane;
o' — effective angle of internal friction; ¢’ — effective cohesion.

In fine-grained soils — clay and silt — drained conditions rejected pore water pressure, and the shear strength is
described by the following equation [2]:

T =o"tge'+c' 3)

Undrained shear strength conditions of saturated clay and silt will ensure the cohesion between particles and
the angle of internal friction is assumed to be equal to 0. Then:
T=c 4)

u

where ¢, — undrained cohesion.

In cohesive soils value of the shear strength depends on soil moisture, porosity, plasticity and consistence. Fine
and mixed soils are classed to medium strength (Tab. 1).

The values of shear strength are determined by laboratory tests. According to field studies of shear strength
parameters shall be determined using the empirical relationship by indirect tests.

Table 1
Combinations of cohesion and angle of internal friction
0'° ¢, kPa
0-5 85-70
5-10 70-55
10-15 55-40
15-20 40-30
20-25 30-20

Values of shear strength in laboratory can be determined by:
direct shear device;
simply shear device;
ring shear device;
triaxial device.
Shearing plane is formed in direct shear device. The device is made by two carriages where the shearing plane
forms. Values of shearing strength are determined by shearing stresses in normal stresses. There should be done more

than two tests.
The point of simply shear device test is that vertical force affects the sample and creates normal stresses, and

horizontal displacements make tangential stresses. During the test shear deformation can be determined by vertical and
horizontal displacements.
Using the ring shear device we can determine values of shearing strength by the ring on turning moment.
Natural conditions of soils could be simulated by triaxial device (Fig. 1) [1]. The most important normal stresses
o1 and radials to o3 and pore pressure u affect the sample of soil in device. There can be done three types of tests:
¢ unconsolidated — undrained test (UU);
o consolidated — undrained test (CU);
e consolidated — drained test (CD).

Fig. 1. Triaxial apparatus: a — view; b — scheme: 1 — load cell (can be above or below); 2 — air outlet; 3 — displacement
meter; 4 — piston; 5 — cap; 6 — sample; 7 — membrane; 8 — pedestal; 9 — pressure pump chamber; 10 — chamber
walls; 11 — channels; 12, 13 — twinning pressure gauge; 14 — pore pressure pump
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At first, soil (consolidated isotropic) is under pressure for the consolidated — drained test. By the compression,
there is measured condensation and pore pressure change. If the capacity of sample and twinning pressure in sample
doesn’t change, it means that sample is consolidated. Then starts shearing test, vertical stresses o; are increasing. Speed
of changes of vertical stresses is chosen so that the water from the sample could filter while the twinning pressure is the
same. During the test horizontal stresses are constant. By this test there are determined effective soil strength values ¢’
and ¢’, tension and deformation modulus E.

During the consolidated — undrained test first the soil is saturated with water. After that, it is multiplexed
(consolidated) by the compression. After that starts the shearing test increasing vertical stresses o;. By drained test
speed of vertical stresses change is bigger than consolidated. During the test horizontal stresses are constant, change of
pore pressure is measured. By this test there are determined effective soil values of stresses ¢’ and ¢, undrained
cohesive cy.

During the unconsolidated — undrained test the sample is not consolidated. The shearing test starts after the
compression. Horizontal stresses are constant during the test. Vertical pressure is increasing so fast that the water cannot
filter from the pores of soil. After 8-12 minutes the sample must be collapsed. By this test there is determined undrained
cohesive cy.

4. Cone penetration test (CPT test)

The cone penetration test (CPT) is a method used to determine the geotechnical engineering properties of soils
in situ and delineating soil stratigraphy. Today, the CPT is one of the most used and accepted in soil methods for soil
investigation worldwide.

The test method consists of pushing an instrumented probe, with the tip facing down, into the ground at a
controlled value (controlled between 1.5 — 2.5 cm/s). The resolution of the CPT in delineating stratigraphic layers is
related to the size of the cone tip, with typical cone tips having a cross-sectional area of either 10 or 15 cm?,
corresponding to diameters of 3.6 and 4.4 cm [4].

The early applications of CPT mainly determined the soil geotechnical property of bearing capacity. The
original cone penetrometers (Fig. 2) involved simple mechanical measurements of the total penetration resistance to
pushing a tool with a conical tip into the soil. Different methods were employed to separate the total measured
resistance into components generated by the conical tip (the “tip friction”) and friction generated by the rod string [4].

Fig. 2. Simplified version of a cone penetrometer [4]

The most modern electronic CPT cones now also employ a pore pressure transducer with a filter to gather pore
water pressure data. The filter is usually located either on the cone tip, immediately behind the cone tip or behind the
friction sleeve. Pore water pressure data aids determining stratigraphy and is primarily used to correct tip friction values
for those effects. CPT testing which also gathers this piezometer data is called CPTU testing. CPT and CPTU testing
equipment generally advances the cone using hydraulic rams mounted on either a heavily ballasted vehicle or using
screwed-in anchors as a counter-force. One advantage of CPT over the Standard Penetration Test (SPT) is a continuous
profile of soil parameters, with CPTU data recorded typically at 20 cm intervals.

Cone strength ¢. is defined by CPT test and it helps to:

o divide base into layers by strength, finding position of layers and oriental title;
o find values of soils strength and compressibility to each layer by the correlation dependence.

Geotechnical properties of soils by value of cone strength g. and undrained cohesion ¢, is presented in Table 2,
values of silt and clay soils is given in Table 3 [1].
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Shear strength values of silt and clay soils

4o, MPa Shear strength values of silt and clay soils
’ cohesion c’, kPa angle of internal friction ¢’
0.5 18 16
1.0 24 17
1.5 30 18
2.0 36 19
2.5 41 20
3.0 47 22
3.5 53 23
4.0 58 24
4.5 64 25
5.0 70 26
5.5 76 27
6.0 82 28

3. Conclusions

Table 2
Geotechnical properties of soils
Strength Coarse soil (sand). Fine soil (dust and clay) .
qc, MPa density qc, MPa cu, kPa consistence
Extra weak <0.25 <12.5 Extra soft
Very weak <2.5 Very loose 0.25-0.5 12.5-25.0 Very soft
Weak 2.5-5.0 Loose 0.5-1.5 25.0-75.0 Soft
Medium strength 5.0-10.0 Medium density 1.5-2.5 75.0-125.0 Firm
Strong 10.0—20.0 Dense 2.5-4.0 125.0 —200.0 Stiff
Very strong 20.0—40.0 Very dense 4.0-6.0 200.0 —300.0 Very stiff
Extra strong >40.0 Extra dense >300.0 Hard
Table 3

For buildings of range it is very important to know composition of base on which is going to build building or
structure. If the base is clay till, we should remember that it is heterogeneous and varying in composition and stiffness.
For that reason it is necessary to determine compressibility and shear strength of soil. Coulomb is suggested some
formulas which are used to find tangential stress of soil.
Shear strength is determined in laboratory using direct shearing device, simply shearing device, ring shearing
device and triaxial device. It is done cone penetration test (CPT) to find other geotechnical engineering properties and
to delineating soil stratigraphy. Cone strength is determined by CPT test and it helps to divide base into layers by
strength, finding position of layers and oriental title; to find values of soils strength and compressibility to each layer by
the correlation relationships.
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Abstract

The article describes the dependence of the sales of BMW vehicles in the Czech Republic on the financial support of
those sales. The current state of sales support of selected BMW models in the Czech Republic is described as is the
level of dependence of those sales on the scale of support which is analyzed using regression models. In addition, the
future development of sales of selected BMW vehicles is given. The article was written as the partial outcome of
research carried out in 2012.
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1. Introduction

The aim of the research project was to describe the various means of sales support and their use and to analyze
the dependence of personal vehicle sales in the Czech Republic on the level of financial support given for the sales by
the producer.

The aim of the article (which is the partial outcome of the research project) is to compile regression models of
dependence of sales of selected vehicles on the level of financial sales support on the basis of the analysis of data
obtained between 2007 — 2011, and to use these models (after testing their quality) to predict future sales for 2012 —
2014.

The article consists of two parts. Firstly, the theoretical part in which sales support, including the theoretical
description of regression and correlation analyses, the use of correlation coefficients and significance tests are
characterized. Secondly, the practical (application) part in which regression models will be compiled and used to predict
future sales of selected personal vehicles in the Czech Republic over the next three years (the sales of BMW vehicles
will be given as a practical example).

2. Sales support

Sales support includes a wide range of tools: coupons, games, competitions, lotteries, premiums and gifts,
samples, fairs and sales exhibitions, small exhibitions, presentations, rebates, low interest loans, entertainment events,
discounts for returning older version of a product, trading stamps and countertrade. It can be defined for example as:

o Sales support is characterized as a set of marketing activities which directly support the behaviour of a consumer and
increase the effectiveness of trade interlinks [1].

o Sales support is understood as short term incentives meant to support the purchase or sale of a product or service.
Advertising and personal sales usually work together with another communication tool, sales support. While
advertising and personal sales give reason to the purchase of a product or service, sales support is the incentive for
immediate purchase. It is basically a relationship between being informed and accepting a call to act [2].

Sales support is an ever growing tool in marketing communications. The volume of financial means invested
into sales support is slowly beginning to exceed the value of investments into advertising. Changes to the cost structure
of marketing communication to the disadvantage of media advertising and to the advantage of sales support are very
distinct, e.g.:

e In Belgium in 1981, 43% of the budget for marketing communications was invested into advertising but by 1992
already 72% went into sales support [3].

e Kotler and Armstrong present the opinion that an average American company in the consumer goods sector
nowadays spends 74% of all marketing costs on various forms of sales support [4].

o In Great Britain £8 billion on average is spent on advertising annually, £9 billion is spent on sales support [5].

Nowadays the trend is towards creating the maximum experience whereby all the senses are involved, in
particular in retail communications in shops. It is a set of communication activities Point of Purchase — or POP.

As a marketing communication tool it is uniquely effective because it gives the message of the brand exactly at
the right moment — when the consumer is in the shop and is actively engaged (mentally and physically) in the process of
buying products [6].
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The current market is defined as a brand market. Therefore it is clear that POP communication too, must
happen on the level of brand presentation and emphasis. One of the basic rules of the communication segment of sales
support is: Sales support = support of sales of branded goods.

Sales support tools differ according to what they want to achieve:

o Price discounts or free samples aim to make the customer immediately buy and try a product.
¢ Benefit programs aim to “attach” a customer to certain products and build their loyalty to the brand.

The main aim of all sales support activities is to trigger the positive reaction of consumers.

Sales support can also be divided according to who it targets and who is the initiator of the sales support
activities — it can be the producer as well as the retailer (seller). The target groups can be divided into three basic units:
distributors, sellers and customers. The producer can support all three target groups. The seller targets their customers —
the means to their profits.

P. Kotler divides support as follows [4]:
Sales support for consumers.
Sales support for sellers.
Sales support for traders (distributors).

3. Theoretical basis of regression analysis

Regression analysis is a set of statistical methods and procedures the purpose of which is to find a
mathematical function which expresses the character of described dependence as best as possible. Such a function is
called a regression function [7].

The main task of regression analysis is to estimate the parameters of the hypothetical regression function and
to compile this function. Partial tasks of regression analysis are [7]:

o To formulate conceptions about the character of regression analysis.
o To formulate assumptions about the gross impact of unconsidered statistical codes.
o To estimate the empirical regression function.
e To evaluate the quality of the empirical regression function.
Types of regression analysis:
Simple (pair) regression — dependence of two variables.
e Multiple regressions — more than two variables enter the analysis.
Regression functions can have various forms:
e Linear models.
¢ Non-linear models which can be transformed into linear models.
e Non-linear models which simply cannot be transformed into linear models.

3.1. Determining parameters of the linear regression function

A simple linear regression model is a model whereby the graph of the regression function is a straight line in
the form of

Y=b+b x ()
Estimates of the parameters by and b; are mostly done using the method of the least squares. It is quite a simple
procedure with relatively good estimate:
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where y is the dependent variable; x is the independent variable and # is the number of observations.
3.2. Quality of regression function and intensity of dependence

In researching the dependence in the simple regression function the determination index has an essential role.
The index determines what part of the variability of researched values can be explained by a given regression model.
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The determination coefficient takes values from the interval 0, 1. The smaller the unexplained part of the dispersion
variance is the better the regression function expresses the dependence of the random variable y on the values of x;, this
means the “closer” the points (x;, yi), i=1, 2, ..., n are to the straight line Y = by b x, the closer the determination index
isto 1.

The determination index expresses the proportion of the explained part of the dispersion variance to the overall
dispersion and it is given by the relation:

p=sr 4)
S}’
where S7 is the explained sum of residual squares which characterize the part of the total variability which can be

explained by the regression model. The total sum of residual squares is explained by S, [8]:

%=Zw—ﬁ=2ﬁ—gﬁi

Sy =2 (=3 =by> yi+b Y Xy~ (Zy')z (5)

Sp=Xi-Y) =5,-5,

3.3. Multiple regressions [9]

This is regression when the dependent variable is influenced by several independent variables. The general
equation can be written as:

y=By+Bix;+Brx,+..+B,x,+e (6)

The parameter ¢ describes a random component.
The estimated regression function can be written as:

Y=by+bx +byx, +..+b,x, (7)
or in a more easily interpreted form as:

Y=5by+b

VX]XpX3..X )

x +b

VX3 X|X3..X )

X + "'+byxp.x1xz...xp_l xp (8)

The parameters b are called partial regression coefficients and indicate an estimate of how the explained
(dependent) variable y would change on average in case of a unit change of the independent variable before a point if all
other variables after the point remain constant.

In the case of sales of BMW vehicles in the Czech Republic it is a dependence on two explanatory
(independent) variables — the amount of sales support and the life-cycle phase of the product, e.g. the age of the sold
BMW vehicle. Thus we will deal with multiple regressions, in which the variable y depends on two independent
variables xi, x>.

y=PBy+Bx+Px,+e or Y=by+b, . x+b )

Xy Xz VX3 Xl

Estimates b,,b b are obtained by solving the equations:

Vx| Xp 2 T YXg X
zyi = nbO +byxl.x lei +byxz X zxZi
leiyi = bolei VX|.X) lez +byxz X thsz (10)
zxZiyi = bOZxZi VX|.X) lezxZI +byxz X sz

To obtain the coefficients b it is necessary to install and solve the formed set of equations. This calculation is
mostly solved by sophisticated computer systems.

3.4. Coefficient of multiple correlations [9]
A multiple correlation coefficient measures the tightness of the dependent variable y on all explanatory

variables x|, x,. Its calculation can determine the quality of the compiled regression model. It takes only values <0, 1>
and is calculated using the formula:
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This means it is necessary to calculate the pair correlation coefficients for the dependencies between individual
variables, according to the formula for the simple correlation coefficient:

Ny = nle"x” _leizxz,-
\/lnlezl _(Zx“)zJ' l”zxi- —(szi)zj

It is also possible to calculate the partial correlation coefficients that determine the tightness of the dependence
between the response variable y and one of the explanatory variables while excluding the influence on the other
explanatory variables. For simple and partial correlation coefficients, the values range from <-1, 1>, which indicate a
linear relationship (direct or indirect):
o In case of a positive correlation the values of both variables increase at the same time.
¢ In case of a negative correlation the value of one variable increases and the value of the other variable decreases.
o In the absence of a linear relationship = 0.

In the case of dependent variables y and x; the partial correlation coefficient is calculated as follows:

(12)

’ _ ryxl _ryxz rxlxz (13)
YXp.Xy T (1 2 xl 2 )
- ryxz - rxlxz

For other partial dependencies of other variables it is only needed to enter other relevant simple correlation
coefficients.

3.5. Hypotheses tests [9]

A high correlation coefficient does not necessarily indicate dependence between variables. It is therefore
necessary to test the result of the calculation.

3.5.1. Individual t-test

This is used for testing simple and partial correlation coefficients.
The hypothesis Ho: B =0, i.e. that dependence does not exist is tested against the hypothesis

VXX 5

H:p >0, i.e. that dependence exists.

VXX

The value of test criteria is calculated as:

rX-.X-
T (14)

ryx,- Xj

In the selection of the two-dimensional normal distribution, the distribution of n-p-/ has degrees of freedom,
where p is the number of explanatory variables. If the calculated value of the test criterion falls into the critical area, we
reject the null hypothesis and consider the existence of a linear relationship on the selected significance level to be
proven.

3.5.2. F-test

This is used for testing multidimensional correlation coefficients.
Again, the hypotheses Ho: 8 =0 and Hi: B >0 are tested.

VXX VXX

The value of test criterion has the form:

2
r n—p-1
poDan 2P0 (15)

(l - ryz-xlxz )p

This time we choose from critical values of F-distribution with p and n-p degrees of freedom. Then we reject
the hypothesis Hy, if the value of the test criterion is greater than the quantile Fi—,[p; (n —p — 1)].
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3.6. Summary of the chapter

Regression analysis will be used to evaluate the data describing the sales of selected BMW vehicles and the
provided amount of financial support. The evaluation of the data will lead to obtaining regression coefficients and then
the formation of a regression function. To evaluate the regression model and the individual dependencies, correlation
coefficients will be used. To confirm or deny the possible dependencies, the following analysis will use an individual t-
test, or a total F-test. The last step in the analysis of the data will be the prediction of the future value of sales of selected
BMW vehicles for 2012-2014. The prediction will be based on the formed regression function.

The following table gives an overview of BMW vehicle models:

Table 1
Overview of current BMW models (source: author)
Model Description

BMW 1 Smaller medium size vehicle in three-or five-door hatchback versions, coupe or convertible.
Entry model to the brand.

BMW 3 Medium size in sedan, station wagon, coupe and convertible versions. The world's best-
selling BMW, but not in the Czech Republic.

BMW 5 Mid — luxury — sedan and station wagon versions. Best selling BMW in the Czech Republic.

BMW 5 GT Model of a new class of vehicles - large comfortable five-door hatchback.

BMW 6 Class GT (Gran Turismo) - emphasis on dynamics, in coupe and convertible versions. In the
summer a new model Grand Coupe is coming to the market.

BMW 7 Luxurious class in basic sedan form with possibility of extended wheelbase version.
Flagship of the brand.

BMW X1 Entry model into so called X series of BMW, follows on from the 3 series.

BMW X3 Smaller SAV (Sport Activity Vehicle), established this segment.

BMW X5 Larger SAV, it was for a long time the best selling BMW in the Czech Republic.

BMW X6 SAC (Sport Activity Coupé) based on X5 with more sporty character.

BMW 74 Roadster with hard foldable roof.

BMW M3, M5, M6, | Modified versions of serial BMW vehicles with the strongest engines produced by the sport

X5 M and X6 M division of the brand.

4. Regression models

Regression models will be compiled separately for each of the BMW models. The work is aimed at assessing
the dependence of quarterly sales of BMW vehicles on the financial support the manufacturer provides to the car
dealers. In these regression models the following variables will appear: the explained variable y — indicates the sales of
a physical vehicle; the explanatory variable x; — the average amount of financial support, supplemented by additional
explanatory variable x, — the age of a physical vehicle model, meaning since its launch on the market. This latter
variable was chosen because of the great influence of the life cycle of the product on its sales.

To compile regression models, the best selling models of BMW series 1, 5, X3 and X5 were selected for this
research. A detailed example of the practical application of the regression model, including a detailed calculation for the
BMW X3 is carried out.

4.1. Regression model of the dependence of sales of BMW X3 on financial support
BMW X3 is the best selling model in the SAV range. The average price of this vehicle is around CZK 1.1

million. The yellow colour in the table indicates the launch of a new generation of the vehicle, which is why the age of
the vehicle changes to 1.

Table 2
Variables entering the regression model for BMW X3 (source: BMW Vertriebs GmbH CR + author)
Qe Sales — number of sold Age of vehicle — number of | Average amount of support in
vehicles in quarter — y quarters on the market — x; thousands CZK — x»
1.Q 102 13 10.5
11.Q 88 14 10.5
2007 11.Q 90 15 24.5
IV.Q 111 16 24.0
1.Q 74 17 24.4
11.Q 84 18 24.4
2008 11.Q 60 19 10.5
IV.Q 53 20 51.0
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The sequel of Table 2

Quarter Sales — number of sold Age of vehicle — number of | Average amount of support in
vehicles in quarter — y quarters on the market — x; thousands CZK — x,
1.Q 25 21 65.5
11.Q 45 22 95.4
2009 11.Q 22 23 64.5
IV.Q 24 24 61.5
1.Q 16 25 114.5
11.Q 11 26 114.5
2010 11.Q 3 27 114.5
IV.Q 43 1 49.2
1.Q 71 2 22.3
11.Q 156 3 10.5
2011 11.Q 143 4 10.5
IvV.Q 135 5 10.5
180 1300
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Fig. 1. Sales of BMW X3 and their financial support (source: BMW Vertriebs GmbH CR + author)
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4.1.1. Formation of the regression function

After entering data into the equations a new set of equations is obtained:

1356 =205, +315b +913.1b

YX[.Xo VXX

15918 =315b, +6335b +18690.8b (16)

VXX VXX

34559.4=913.16, +18690.8b,,  +69202.4b,

X
By solving this set the coefficients for the regression function are obtained:

Y=by+b,  x +b,  x: bo=1274; bu=-17 and by =-0.73 (17)

VX5.X)
After applying the equation the regression model is obtained:
Y =127.4-1.7x, —0.73x, (18)

4.1.2. Calculation of the quality of the obtained model

The next calculation determines the quality of the model and the tightness of the individual dependencies. Pair
correlation coefficients are obtained by substitution into the formula:
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nleixZi - leizxzi (19)

P T ]

Fyx, =0.701
1y, =—0.738
Ty, =—0.829
These values are used for the calculation of individual partial correlation coefficients by substitution into the
formula:
r,. —r. 17T
’ — x| VX" XX (20)
VXX 2 2
\/(1 - ryxz Xl - rxlxz )
Fyxw, = —0.393
r =-0.647

VXX

The calculations indicate that in both cases there is an indirect dependence. So even in the case of higher sales
support, the sales of the vehicles will decrease.

The last calculation refers to the total correlation coefficient which determines the quality of the regression
function. It is calculated using the formula

P2 =2r o r o+
’ _ P X% X X (21)
yxxy T 1— ;2
rxlxz
r =0.857

Y%
This value is relatively high which means a well selected regression model.
4.1.3. Testing the correctness of the statements
In order to verify the correctness of all previous statements it is necessary to test the results again.
4.2. Testing of partial correlation coefficients - t-test

The test criterion has the form

Vi x,
f= (22)

By which results are obtained:

—0393y20-2

T = =1.812 and T _Z0.647v20-2
M 1-(-0.393%) P 11— (—0.647)>

In the quantile tables of Student's t-distribution of probability and 17 degrees of freedom a critical value
ti-an, np-1 = 2.110 was found on the level of significance a = 5%.

In the case of dependence between the age of the vehicle and its saleability it fell under the critical value and in
this case the hypothesis Hy must be accepted; the dependence does not exist. It is contrary to the dependence between
sales and sales support for the vehicle where T > ¢ which proves indirect dependence.

=3.602 (23)

4.3. Testing of the total multiple correlation coefficient — F-test

The test criterion has the form

o Do (1=P=1) _ 0.8577(20-2-1) _
A-r. p (1-0.857%)2

VXX

51.113 (24)
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Table value of the quantile Fi-,[p; (n —p — 1)] = 3.592.
This means that the hypothesis Hj is rejected and the selected regression model is proven as a good quality one.

4.3.1. Future development of BMW X3 sales

According to the proven model the estimate of the future development of BMW X3 sales is calculated. After
substitution into the regression function Y= 127.4 — 1.7 x; —0.73 x; the following table and graph are obtained:

Table 3
Future sales after substitution into regression model for BMW X3 (source: author)
Qe Sales — number of sold Age of vehicle — number of | Average amount of support in
e vehicles in quarter — y quarters on the market — x; thousands CZK — x»
1.Q 101 6.0 22.5
11.Q 99 7.0 22.5
2012 g 81 8.0 45.0
IV.Q 72 9.0 55.0
1.Q 67 10.0 60.0
11.Q 47 11.0 85.0
2013 11.Q 41 12.0 90.0
IV.Q 40 13.0 90.0
1.Q 38 14.0 90.0
11.Q 33 15.0 95.0
2014 11.Q 94 16.0 10.0
IvV.Q 85 17.0 20.0
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Fig. 2. Future sales of BMW X3 and their financial support (source: author)

This implies that the sales of this vehicle are also affected predominantly by the life phase of the product. The
break point occurs at a time when the model is in some way rejuvenated, or when a new generation of the vehicle is
launched. A facelift of the vehicle is indicated in green in the table.

5. Conclusion

In this part of the research the coefficients of regression models were calculated and subsequently regression
functions were compiled and verification of related hypotheses was carried out. Individual regression models relate to
the dependence of sales of selected BMW vehicles in the Czech Republic (y — dependent variable) on the amount of
financial support provided by the manufacturer (x, — independent variable) and their age, i.e. the phase in the life cycle
of the product (x; — independent variable). Therefore the findings were based on a double regression model. The
calculation was based on data from the years 2007-2011 — quarterly sales, the average amount of support, the age of the
physical model. An overview of sales is given in Table 4. On the basis of the compiled regression models future values
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of individual BMW vehicles sales were calculated after substitution of estimated amounts of sale support. The BMW
series 1, 3, 5, X3 and X5 were selected for testing.

Table 4
Sales of selected BMW vehicles in the Czech Republic in 2007-2011
(source: BMW Vertriebs CR + author)

2007
[5Y - 53
s| §| B| §| ¢ § B ® B & &
5 B 8| 2| &8 5 = S ® O g
25 [ 23 | 13| 29[ 32]24 | 1721 [30]2
54 | 45 | 37 [ 68 | 51 | 51 | 48 [ 62 | 49 | 37
67 | 32 |33 [ 3538|5226 | 62 40| 34
58 | 25 |39 [ 24 [ 28|29 [ 33 [ 42|47 | 22
66 N 5 | 7 [ 3340 | 46 | 14 | 88 | 71 | 89 £
2008 5
Q L] (S}
5§ B8 ¢ 258|583 c
: )J‘S o .3 >8 >8 2 N = _Z’ % g
26 | 18 [ 20 | 17 [ 33 [ 2340 |22 ] 14| 19| 27 g
39 [ 40 | 51 [ 57 | 54 | 47 | 63 | 29 | 44 | 34 | 75 5
22 [ 36 [ 34 | 1926 | 28|36 19 ] 29| 21| 47 3
153531 | 2330|2523 |12]16] 13| 24 ©
61 | 73 53176 | 75 | 77 [ 80 | 58 | 69 | 52 | 77 é
2009 =
(5] < 5] Q
5 E| 3| & &8 5 5 Y F 0§ & ”
48 | 17 |25 | 18 | 49 [ 28 | 22 [ 43 | 19 | 15 | 40 l
37 139 | 31 | 26 | 43|33 | 29| 44 | 36| 21 ] 46
31210121717 [15]19 15
9 [ol15] 6 2411|294 11]09 =
21 [ 32136 | 26 [ 46 | 51 | 57 [ 67 [ 28|34 ] 52 =
2010 =
ol =l & 8] 8 8 < 2| 38 a2
'8 o .3 851 >8 n = _Z’ % E
2 1911|1815 1435125 ]| 6 §
24 [ 24 [ 29 | 38 [ 4231 3923 [30] 2130 z
30 | 40 | 26 | 42 | 47 | 42 | 41 | 71| 77 [101] 70

= g g 3 2| 3
5| 5 B 2| ¢ 5 & ®| & B &
= £ 3| z| &8 5 B Y 7| 2 ¢

>Q = =
2 2 1 10 5 6 3 7 12
13 1212|1013 14 17 | 11 12 | 10 6
29 140 | 76 | 62 | 57 70 76 | 95 | 97 | 78 | 116
23 |30 | 39 | 67 | 50 45 44 | 54 | 45 | 51 | 39
33 | 21 | 25 ] 23 | 24 16 25 | 35 | 31 | 28 | 56

With the BMW 1 Series the model Y'=4.13 — 0.97 x; + 1.20 x, was compiled on the basis of data. The multiple
correlation coefficient which determines the tightness of the total dependence, and thus the quality of the compiled

model, was in this case calculated to the value r,,,=0.906 which after successful testing indicates a strong

dependence. The partial correlation coefficients that represent the tightness of dependence while excluding the second
explanatory variable were in this case calculated to the value r,, . =-0.515; r, . =0.906. This indicates a strong

VXp. X
direct dependence of the BMW 1 series sales on sales support and a significantly weaker indirect dependence on the age
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of the vehicle. Future sales of the Series 1 depend especially on sales support but it is also partly affected by the phase
of the life cycle of the vehicle.
The regression function model for the BMW 3 Series is somewhat different: ¥'=227.11 — 5.9 x; — 0.343 x;.

The multiple correlation coefficient was in this case calculated to the value r,, . =0.901 which after successful testing

again indicates a strong dependence. The partial correlation coefficients were then in this case calculated as
Tywwy, =—0.7165 1, =—0.194. This time it indicates a strong indirect dependence on the age of the vehicle and a

significantly weaker indirect dependence on the amount of sales support which, after testing at a level of significance of
5% was identified as insignificant. Future sales of this vehicle therefore depend on the age of the model.
The regression function model for the BMW 5 Series has the form: ¥'=205.24 — 5.8 x; + 0.06 x, and is very

similar to the model for the Series 3. The multiple correlation coefficient r, ,, =0.728 after successful testing again

indicates a relatively strong dependence, albeit weaker than the dependence for the BMW Series 3. The partial

correlation coefficients were in this case calculated to the value r,, . =-0.707; r, . =0.054. This again indicates a

strong indirect dependence of BMW 5 Series sales on the age of the vehicle and a significantly weaker indirect
dependence on the amount of sales support, which after testing at a level of significance of 5% again was identified as
insignificant. Future sales of this vehicle therefore depend only on the age of the model.

The regression model for the BMW X3 series has the form: Y= 127.4 - 1.7 x; — 0.73 x, and at first glance

there is a noticeable difference. However, the multiple correlation coefficient r,,, =0.857 indicated a strong

dependence which was confirmed by testing. The partial correlation coefficients in this case were calculated to the
value » —-0.393; =—0.647 . Here a weak indirect dependence of BMW X3 sales on the age of the vehicle

YxXy.Xy yX X

was found and a significantly stronger indirect dependence on the amount of sales support. After testing at a

significance level of 5% the dependence of sales on the age of the vehicle was found to be insignificant. Future sales of
this vehicle therefore only depend on the sales support, the dependence is this time indirect.

The regression function for the BMW X5 series has the form: Y=172.5+ 0.3 x; —0.73 x. The multiple

correlation coefficient r, . =0.358 indicates a weak dependence, which is eventually excluded by subsequent testing

at a significance level of 5%. Therefore, future sales of this vehicle can not be reliably predicted.

The results of the analysis indicate that there are differences between the various types of vehicles. It is
therefore not possible to unequivocally say if the development of BMW vehicles sales depends on the level of sales
support directly, indirectly, or not at all. At the same time it follows on from the above that it is necessary to approach
individual types of vehicles differently when creating marketing strategies.
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Abstract

Many agree that increasing energy use and pollution is one of the largest twenty-first century problems of humanity. In
the European Union about 40% energy use buildings. Energy efficiency is one of the European Union and Lithuania's
strategic policies. Even more important for end-user is efficient use of energy. High-energy efficiency potential is not
only in building design, but also in their heating systems. Lithuania seeks that since 2016 all newly constructed
buildings meet the requirements of Class A, and since 2021 — A ++ class, which means nearly zero-energy buildings.
According to the Directive 2010/31/EC, which Lithuania has undertaken to implement the Member States shall ensure
that, from 2020 December 31, all newly constructed buildings are nearly zero-energy buildings, and after 2018
December 31 shall ensure that their buildings are nearly zero-energy buildings.

KEYWORDS: energy efficiency, building energy efficiency class, heat losses.

1. Introduction

Energy-efficient buildings are designed in such a way that they use less energy. Buildings are energy-efficient
when high-quality construction and insulation materials are used, reducing heat loss and increasing the air tightness of
the building. Basic assumptions that ensure building energy efficiency are professional design and level of
craftsmanship during the construction work. It is also important to reduce the impact of thermal bridges.

Energy saving is an important part of Lithuania and the European Union's energy policy. Sustainable energy
resource efficiency is one of the most important ways to increase energy security, reduce energy use on the environment
and encourage the development of new industries, modern energy-efficient technologies and products.

Energy efficiency it is the ability to get the most benefit from each unit of energy: the rational use of energy, use
of energy-efficient technologies and renewable energy resources. By that is achieved a higher quality, higher level of
comfort, create more work spaces, increase productivity, save money, reduce pollution. Energy saving and thoughtful use
creates so-called win-win solutions — this raise the economy, protect the environment, enhance national security, reduce
dependence of imported fuel suppliers. Efficient energy consumption in the building is a complex result of various
instruments instalation.

Energy-efficient buildings are classified into four categories: low-energy, passive, zero-energy and energy-
self-sufficient buildings. Passive buildings are the optimal choice when considering the whole building life cycle.

2. Energy-efficient buildings

Low energy house. Generically said, a low-energy house is any type of house that uses less energy than a
regular house but more than a passive house. Energy performance of a low-energy house is about half lower than the
minimum requirement. A cost of low-energy house is higher by 5 percent than a cost of conventional house.

There is no global definition for low energy house because national standards vary considerably among
countries. For example, in Germany a “low-energy house” has an energy consumption limit of 50 kWh/m?/year for

space heating.
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Fig. 1. Difference between old and passive house
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Passive house. A passive house is a building in which a comfortable room temperature of about 20 °C can be
achieved without conventional heating and cooling systems. Such buildings are called “passive”, because the
predominant part of their heat requiremen is supplied from “passive” sources, e.g., sun exposure and waste heat of
persons and technical devices. The heat still required can be delivered to rooms by the controlled ventilation system
with heat recovery.

The annual heat demand for passive house is very low - in the middle of Europe about 15 kWh/m?/year. The
need for total primary energy use should not exceed 120 kWh/m? year, including heating and cooling, domestic hot
water, and household electricity.

The basic features that distinguish passive house construction: compact form and good insulation; southern
orientation andshade considerations; good air tightness of building envelope; passive preheating of fresh air; highly
efficient heat recovery from exhaust air; using an air-to-air heat exchanger; hot water supply using renewable energy
sources; using energy-saving household appliances.

The design of passive houses is a holistic process of planning and realization. It can be used for designing new

buildings or for energy renovation of existing buildings.
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Fig. 2. Conventional house vs. passive house
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Chart 1. Total Costs and Savings in Passive House

Zero- energy buildings. Beyond low-energy buildings are those that use, on average over the course of a year,
no imported energy — zero-energy buildings — or even those that generate a surplus - energy-plus houses — both of
which have been and are being successfully built.

This can be achieved by a mixture of energy conservation technologies and the use of renewable energy
sources. However, in the absence of recognized standards, the mix between these — and consequently the energy-use
profile and environmental impact of the building — can vary significantly.

At one end of the spectrum are buildings with an ultra-low space heating requirement that therefore require
low levels of imported energy, even in winter, approaching the concept of an autonomous building.

At the opposite end of the spectrum are buildings where few attempts are made to reduce the space heating
requirement and which therefore use high levels of imported energy in winter. While this can be balanced by high levels
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of renewable energy generation throughout the year, it imposes greater demands on the traditional national energy
infrastructure during the peak winter season.

Inside a ‘zero-energy’ home

A San Francisco company s planning to build multifamily townhomes, lofts and apartments that create
as much energy as they use. Here is a look at some of the net zero energy methods and materials.
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Fig. 3. Zero- energy house

Energy-self-sufficient buildings. An energy-self-sufficient building is completely independent of external
power supply. This type of huose house produces more energy from renewable energy sources, over the course of a
year, than it imports from external sources. This is achieved using a combination of microgeneration technology and
low-energy building techniques, such as: passive solar building design, insulation and careful site selection and
placement. A reduction of modern conveniences can also contribute to energy savings, however many energy-self-
sufficient houses are almost indistinguishable from a traditional home, preferring instead to use highly energy-efficient
appliances, fixtures, etc., throughout the house.

3. Renewable energy resources using in the energy-efficient buildings

Small-scale wind turbines. In the city on the roof of an apartment house or near the house would be
unacceptable and very difficult to install a large wind power plant, which could cover the electricity needs for all house
residents. Maximum small-scale wind turbines power, weight and dimensions should be such that they would be safe in
operation and maximum wind speeds of its installation location. They can provide a small amount of electrical
farmhouses needed light, radios, small household electronics. Simple construction provides durability and resistance to
environmental stress. Turbines power is from 200 W up to 1 kW. In a world can be made hundreds of different types of
wind turbines, which are very different in their parameters and price. Choosing the wind turbine, which will be
constructed on the house roof, should be evaluated and emitted acoustic noise. The horizontal axis of turbine is usually
technically more efficient because of the same rotor swept area they produce more electricity. To choose successfully
small-scale wind turbine, you need to examine its parameters and power curves, because where is quite expensive and
less energy producing turbines. Some small-scale wind turbines has a large nominal wind speed (14-17 m/s), which
practically does not blow in Lithuanian conditions. You also need to evaluate that wind energy resources in Lithuania
are very unequally distributed. For this reason, the same wind turbines nominal power in seaside annually produce
about 5-7 times more power than the eastern Lithuania, where the average annual wind speed is about twice smaller.
Also can be used home wind power plant, one of their biggest advantages — the ability to exploit the volatile winds or
gusts arising over the roofs of buildings.
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Fig. 4. Small-scale wind turbines

Small-scale PV system. Lithuanian regions where the average annual wind speed of 10 m above the ground
surface is smaller than 3.5-4 m/s, wind power is not sufficiently productive. In such areas, and the whole territory of
Lithuania in apartment buildings can be fitted into an electrical outlet built small-scale PV systems to reduce house
electrical costs. The small-scale PV system installation is possible for the following reasons:

1. For state support of small-scale PV systems installation through the buing tarriff (from 1.63 to 1.51 EUR/kWh,
depending on the installed solar electric power).

2. For sufficient solar energy resources and and fairly balanced distribution in Lithuanian territory (from 1050 kWh/m?
on a horizontal plane per year in the south-west to north-east 950 kWh/m?).

3. Apartment house has a lot of free space on itself’s roof, which can be used for electricity and / or heat producing.

Residential Grid Connected PV System

Appliances 03520701

Fig. 5. Small-scale PV system

Lithuania is committed to support PV systems installation through buying tariff incentive of up to 50 MW of
solar power plants with an installed general power. Compared with other countries, it is a small contribution to the cost
of electricity would increase by only 0.5 cents/kWh (rate 45 cents/kWh). Czech Republic, where solar energy resources
are very similar (1,000 in 1100 kWh/m? per year in the horizontal plane), and it is adopted by a similar mechanism to
support PV systems , just over one year of 2009, total installed solar power capacity amounted to 0.411 GW (411 MW).
Less than Lithuania, Belgium, with the same levels of solar energy through the year 2009, installed solar power plants
with a total capacity of 292 MW.

Solar collectors for water heating. Solar energy is used successfully for water heating solar panels in
Lithuania, where is possible. But our country has very little spread. It is a mature, well-developed and economically
efficient water heating technology, which is having more and better perspectives for development in our country due to
more expensive fossil fuels and electricity. There are two types of solar collectors: flat plate and evacuated tube. The
latter is a bit more expensive, but some experts considered effective. Solar collector’s thermal efficiency is up to 80-
90%. Installation of providing services in Lithuania is steadily increasing.
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Heat pumps for spaces and water heating. One of the best new technologies of buildings spaces and water
heating is heat pumps, which are already used massively in Austria, Sweden and other countries. Heat pumps are the
spaces and water heating equipment, which most of the heat energy pick from the environment: the soil of sufficient
depth and volume of water or air. They are controled by electric energy. The heat pump principle of operation is
described in many sources, including a number of Lithuanian web sites. In fact, heat pumps use solar energy, which
accumulates in shallow soil layers, water or air. The heat from the deeper layers of the earth, where the temperature
reaches a few tens of degrees Celsius or more, they do not get.
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The ground loop absorbs heat from the ground. The
heat is transfemred io a refrigerant by the evaporator,
changing it from a liquid to a gas. The compressor
compresses the gas, causing the temperature to rise.
The condenser then transfers the heat from the hot gas
to the central heating system.

Fig. 7. Heat pump components

4. Engineering networks

Passive heating. At passive heating a large part of the heat for heating is covered over internal profits, i.e. the
heat emission by persons and devices as well as over solar profits (heat entry over the windows).

Passive cooling. Passive cooling is minimizing heat gain from the external environment (e.g., by shading a
building from the sun and insulating the walls) and removing unwanted heat from a building e.g., by using natural
ventilation.

Natural ventilation. Process of supplying and removing air of an interior room with air from the outside by
openings and leakages in the building shell/envelope.
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There are two principles of natural ventilation: wind driven ventilation and stack ventilation. Stack ventilation
is generated by a difference in the density of warm interior air and the cold air from outside. Both ventilation systems
are depending on the weather and so they are uncontrollable, mostly too low or much too strong. Modern, energy
efficient buildings are working with “controlled mechanical ventilation” (by fans) — the antonym for ‘“natural
ventilation”.

Controlled ventilation with heat recovery. Ventilation is a necessary procedure of replacing the used up
interior air by air from outside. Through a duct — system, the air from outside is being drawn in by electrically propelled
fans (direct current motors). It is filtered, and led to a heat transducer, optionally warmed up and then led into the
individual areas (e.g. living room, sleep area, classroom, and work spaces). Used up air is drawn off in the kitchen,
bath-room, toilets and led by the way of a second duct system to the heat transducer and blown outside. The amount of
air needed per person amounts to approx. 20-30 m 3/h. A controlled ventilation system with heat recovery is necessary
for all energy-efficient buildings. The efficiency for high-efficient heat recovery systems is over 90%.

Air tightness of buildings. Airtight building is a building in which no air can get in or out through any kind of
leakage. The air tightness of a building is a useful knowledge when trying to increase energy efficiency. If the building
envelope is not airtight enough, significant amounts of energy may be lost due to exfiltrating air, or damage to structural
elements may occur due to condensation. To ensure the necessary air-change rates, it has to be ventilated manually (by
opening the windows) or by an air ventilation system.

5. Examples

New building. Residential houses Méta 2, 4, 5, 6 and 7 (Santariskiu str. 77, 79, 81, 83, 85, Vilnius):

o Building energy efficiency class: B;
e Total energy consumption 88.81 kWh/m?.

By building the residential houses “Méta” was intended to compare the efficiency of different heating methods
in the similar type buildings, customers-attitude to the modern heating systems and their administration features. “Méta”
buildings 2, 4, 7 are equipped with “Viesmann” boilers with solar cells for prepairing hot water. Buildings 5 and 6 are
equipped with “Siebel Eltron” geothermal heating system. Compared to the same building with central heating system
“Meéta” houses with solar collectors the average bills for heating in 2012-2013 winter season were about 30% smaller,
and with geothermal heating — around 45% smaller.

Fig. 8. Residential houses “Méta”

Passive house. Social services building of full house community (Panaros str., Merkiné, Varénos district):

o Building energy efficiency class: A+;
e Total energy consumption: 34.58 kWh/m?;
e Energy consumption for heating: 9.04 kWh/m?2.

In the full house community social service building there are established living rooms, doctors‘offices,
administrative and utility areas. The project was initiated and actively supported by the National Passive House
Association which developes the passive house idea in Lithuania. This is the first building in Lithuania which was
sertified by Passive House Institute in Darmstadt. While planning and building this house it was aimed to create a
healthy premises microclimate. It was guaranteed by recuperator installed in the system. The geothermal system
“Stiebel Eltron” was used for heating system. The solar collectors are used to prepare hot water.



Fig. 9. Social services building of full house community

Building after renovation. Hotel Dziikija in Druskininkai (V.Kudirkos str. 45, Druskininkai):
o Building energy efficiency class: B;
e Total energy consumption after renovation: 98.46 kWh/m?;
e Total energy consumption before renovation: 300 kWh/m?.

In the center of the resort the hotel, surrounded by nature, suites it with interior as well. To ensure comfort for
SPA guests and aiming to lower operating and maintenance costs there were implemented various innovative
engineering and architectural solutions. TENKO Baltic installed a German manufacturer BEKA Heinz und Kiihlmatten
GmbH capillary tubes floor and ceiling heating and cooling system. Its warm can be compared with sun, campfire or
stove heat. For this reason the temperature inside can be 2-3 °C lower without any influence to comfort, also in
comparison with convective or air heating it allows to save around 12-18% of energy.

Fig. 10. Hotel Dzikija in Druskininkai

Old house, which needs renovation. Apartment house (J. Tiskeviciaus g. 6, Vilnius):
o Building energy efficiency class: G;
e Energy consumption for heating: 351.96 kWh/m?.

The house was built in 1963. Building and it's partitions need insulation, change heating system, windows.
Just insulation of the building could save up to 60% on heating costs.

Fig. 11. Apartment house (J. Tiskevi¢iaus g. 6, Vilnius)
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Table 1
Energy consumption and heat losses
e Energy f:onsumption Energy consumption Heat_ l_osses through Heat _losses for
for heating, kWh/m? | for hot water, kWh/m? | partitions, kWh/m?> | ventilation, kWh/m?

Passive houses 34.58 0 10 5

New buildings 88.81 15 35 24
Renovated buildings 98.46 15 70 35

Old buildings 351.96 15 160 50

9]

. Conclusions

. Prediction of energy — efficient building heating cost and comparison of the corresponding period of heating degree-

day number of the base temperature at 20 °C, is only qualitative and not applicable to engineering and economic
calculations.

Dependence between the multi-annual home heating costs for heating and base temperature of vary degrees thermal
performance of apartment houses and base temperature. Base temperature for buildings with heat consumption for
heating and cooling is 40 kWh/m? per year, to be considered +8 °C at a cost of 75 kWh / m? per year - +10 °C, and
the energy- building that are not efficient with a heat input greater than 150 kWh / m? per year, +20 °C.

Renovated old building consumes 3 times less energy than the same old building.

Lithuanian territory occupies 65000 km?, the fact of the sun through the year we get 6.54 kWh x 10'3 solar energy
per year.

Europe has about 80-85% flat solar panels, because they are cheaper.

Passive house consumes 2-3 times less energy than current buildings are constructed corresponding to the current
building regulations.
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Abstract

Optimization in the variety of fields of scope usually provides better results on the outcome. Optimization enables to
reach higher levels with the same or even less effort. Operational efficiency maximization is one of the major targets of
the production engineering, but the variety of factors (for instance learning) prevent from achieving this goal. This
paper presents a mathematical optimization problem formulation of the overall equipment efficiency of the learning
dependent manual assembly. The paper proposes method to integrate learning time into the overall equipment
expression. Further investigation shows a possibility to minimize the time spent for learning, thus increasing time
dedicated for the value-adding assembly and, finally, increasing overall equipment efficiency.

KEYWORDS: efficiency, manual assembly, process optimization, operating time.

1. Introduction

To define production performance key performance indicators (KPI) are used. These indicators define major
aspects of production performance including quality, operational performance, sickness, time waste, efficiency loses,
production breakages and etc. Efficiency is based on variety of factors such as:

Customer demand fluctuations;
Order size;

Production organization;
Production planning and control;
Technology level,

Personnel motivation and etc.

Some of the factors come from outside and therefore cannot be affected, but other factors directly affect the
efficiency. Since the group of various factors, parameters, properties, decisions and etc. define the overall efficiency, so
obviously exist an optimal set of these parameters to reach the highest possible efficiency and in order to reach it, first
of all the optimal set of parameters should be derived.

Current trends in manufacturing show decreasing production order quantities and increasing product variety
[1,2]. As a result, some companies produce enormous variety of different products and the customer demand is
fluctuating and changing rapidly for each product and also the demand of particular products sharply differs from each
other: from one piece per year, to several hundred per month. This leads to several types of manufacturing layouts: from
assembly line to singular prototype production. What is more, these products constantly are changing. Each month from
two to three hundred new different products are being introduced to production, thus replacing or supplementing current
production set. In the automated assembly this increases setup time, but on manual assembly not only setup time is
increased, but also increases the learning time for the operators to learn the manual task or operation. Learning effect is
known for decades [3,4] and initially was based for production improvement prediction, but current trends in
manufacturing leads to application of learning curves (LC) for operation time prediction at the beginning of the
production cycle [5]. Currently, many researchers focus on a variety of issues due to learning-forgetting effects. Several
authors address planning improvement using learning curves.

Many researchers report benefit of the LC application in the production. Learning curve application based on
limited production data was used for better allocation of labor resources [6]. Other study [7] reported the LC application
to be an effective tool for the production planning and scheduling of work assignments. Rigorous research of the shoe
manufacturing company [8, 9] gave results that learning curve application not only gains appropriate work balance but
even leads to optimal production schedules. Some other authors [10, 11] addressed the production optimization by using
learning models. Both works created analytical production planning algorithms with implemented LC and performed
empirical calculation based on particular companies. Reported results confirmed, that impact of the learning effects
increases as the order quantity decreases and number of operations increases. Also comparisons with traditional models
showed, that LC based planning methods are adequate and realistic and provide more accurate results in the production
planning and, finally, decrease the production costs.

Even many authors report the benefit of LC application still there is lack of research that directly connects time
spent for learning with key performance indicators (i.e. efficiency). Often the learning time is inevitable, but also the
learning time does not create value, but is rather waste of operating time [12] and it should be not only calculated but
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also minimized for the production improvement. The idea of this paper is to incorporate the learning time into the
general efficiency calculation technique and propose the possible optimization problem for the optimal parameter
calculation which could be a background for the further production efficiency research an improvement via LC
application.

2. Overall equipment efficiency

Overall equipment efficiency (OEE) is common LEAN to calculate the overall performance of the production
system. Even it is dedicated for the equipment efficiency calculation it could be used for any production unit i.e.
assembly line, job-shop, work cell and etc. This tool plays very important role in the production system, because it helps
to identify the ratio, of how much time it is spent in order to produce value, which will be sold to the customer. The
OEE could be calculated according to simple formula [12]:

OEE=A4,F;0, ()

where Ay is availability effectiveness; Py — performance effectiveness; QO.r— quality effectiveness. Each component of
OEE is calculated as follows:

Ay = or [ To, 2)

where Top — plant operating time; 7Tp; — planned production time;

Peff = ICT/(TOP/QOP) 3)
where Ticr — ideal cycle time of the operation; Qop — overall quantity produced during operating time;
Q@tf = (QOP -0 )/ Oop 4

where Op — number of defective products produced during operating time. If we supplement (1) equation with the (2),
(3) and (4) equation, the OEE equation gets form of

OEEzh>< TICT x QOP_QD (5)
PL opr Qop

Now, the major problem arises of learning factor introduction into the (5) equation. Some of the work is already
done in the research [13] where learning time was included into the performance component as the ideal cycle time:

OEE =92 x

r Top QOP

T, EXQOP:QD ©6)

where 7° —ideal cycle time with included learning time.

However, learning time appears to be waste and equation (6) cannot be used for the efficiency optimization, so
the formula will be improved. Obviously, learning reduces operator speed and there is the major reasons causing the
reduced speed of the operation [12]:

e Rough Running;
Under Nameplate Capacity;
Under Design Capacity;
Equipment Wear;
Operator Inefficiency.
If the operator has to learn the task, he/she loses the speed, loses the efficiency and reduces performance so the
learning time should be included into the equation (5) as follows in form of the objective function:

T, T, Opp— 0
F(TL)= %x - cr « ZOP D (7)
PL er v T+, Oor

where T, — integrated learning time; 74 — other time waste during total operating time. This time 7,4 appears due to other
factors such as rough running equipment wear, operator inefficiency and cannot be calculated in the analytical form.
Also need to be emphasized operating time is:

T0P=T[CT+TA+TL ®)

Further, the optimization problem is stated. However:
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maxF(TL)zF(minTLj )
T a.B.T rcr
Therefore, final optimization problem becomes find:
min7, (a, B,T;cr) (10)
subject to
o>0,>0,T,.,>0 (11)

where a and f — parameters of the learning curve y(x) =pBx7".

3. Conclusions

Since the learning does not create a value, but only reduces the speed of the manual operation it should be not
only calculated but minimized. To perform the minimization procedure, the learning time was introduced into the
general overall equipment efficiency calculation formula as the constituting part of the performance component. Further
modeling shows that efficiency can be maximized (optimized) while reducing (optimizing) learning time spent to learn
the particular task. Therefore initial efficiency optimization problem turns into the learning time minimization problem
and minimal learning time, will result the maximal overall efficiency. Further research should be addressed to the
empirical calculations of the proposed optimization problem and further learning time reductions.
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Abstract

Increasingly, the use of composite materials in construction driven by several key aspects: the material corrosion
resistance, excellent mechanical properties and easy processing. To reduce composite products price is improving
manufacturing technology. Therefore, the current polymeric materials have become common traditional building
materials: steel, wood, concrete — alternative. Building construction in the field of composite materials is generally used
for: 1) rods as reinforcement concrete structures; 2) the outer leaf fixtures operated by strengthening structures; 3) as
building profiles. New materials in the actual construction of buildings are inevitably linked with some risk. While the
world has gained a significant composite rod reinforced structures design, construction and operation experience, but
due to the high composite reinforcement diversity and specific mechanical properties of the composite beams reinforced
structures design remains quite a challenge.

KEYWORDS: composite rods, composite products, reinforced concrete, reinforced structures.

1. Introduction

Worldwide decline of natural resources in all industries performed innovative and the searches for optimal
solutions to these resources are used more efficiently. Construction industry focuses on innovative design solutions, in
order to ensure a higher structures safety, reliability and durability.

Composite materials used in the construction industry started relatively recently. Composite fiber reinforced
polymers first begin to use the military, aerospace and automotive industries. In recent decades, they are increasingly
being used for building new and strengthening for existing buildings and their structures. Composites and steel rods
comparable densities are shown in Table 1.

Table 1
Composite rods densities of fiber volume fraction V; =0.5-0.75 kg/m?
Fiber . .
. Carbon fiber Aramid fiber Fiberglass Steel
Matrix

Polyester resin 1430 — 1650 1310 — 1430 1750 - 2170

Epoxy resin 1440 — 1670 1320 — 1450 1760 — 2180 7850
Vinyl ester resin 1440 — 1630 1300 — 1410 1730 - 2150

Table above shows that the composite reinforcement is 4-6 times lighter than steel, so that polymer rod density
is much lower. For this properties of composite reinforcement easier to transport and use on the construction site. Also
it is suitable for optimizing the design and reducing mass.

1. Testing procedure for Fiber-Reinforced Polymers (FRPs) for reinforcing or strengthening concrete structures is
described in the American standard ACI 440.3R-04 [1]. In the majority of tests compact specimens are applied for
tension or compression.

2. Composite reinforcement properties and interactions with concrete in details are described in [2, 3].

Reinforced concrete structures commonly used for tensile composite reinforcement stress — strain diagram is
shown in Fig. 1. The same figure shows that the strength of steel reinforcement up to 7 times lower than the composite,
however, limit the deformation of the decay time higher. And the valve is different behavior in tension. Reinforced
concrete structures used steel rods have a clear plastic stage. Under the influence of tensile stresses are elastically
deformed to yield (plain steel) or the relative yield strength (strong steel) and then break down plastic. Composite rods
to the disintegration deform elastically and degrade the fragile (Fig. 2). As mentioned above, the steel plasticity is an
important determinant of plastic conventional reinforced concrete elements decay nature at the ultimate limit state.
Fragile composite reinforcement decomposition — one of its biggest flaws, causing sudden stairways and reinforced
polymer bars concrete elements of disintegration.
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Fig. 1. Composite and steel reinforcement stress-strain Fig. 2. Fragile fiberglass reinforcement
diagram decomposition the tensile test

2. Composite reinforcement properties and interactions with concrete

Both physical and mechanical properties of the reinforcement are described based on the overall properties of
composite materials describing the laws. The basic principle, which basis for determining the properties of composite
materials based on a composite of materials used by weight or volume estimates. Take a composite element, which
volume v, and mass m.. Composite element is composed of fibers and matrix, which volume and mass denoted
respectively v; and my (fiber) and v, and m,, (matrix). The fiber and matrix volume and mass fraction of composite
element denote respectively V; and My (fiber) and V;, and M,, (matrix). In accordance with the assumption that in the
composite element there are no air voids, the volume and mass can express such addictions:

V=V 4y, (1)
my=mg+m, (2)

The fiber and matrix volume fraction occupied in the composite product can be expressed as follows:

V 1
Vi=-L 3)
Vr
Vo= @)
f

m 1

My=—F )
my

M, =" (6)
my

After placing the fiber and resin volume or mass, get an item:
VitV, =1 (7
Mg+M, =1 (®)

We shall use the equations (1)-(8) defining the composite reinforcement physical and mechanical properties.

Reinforced concrete structures are designed so that the external influences and loads generated by laterally
stretching internal forces take over rod reinforcement. In this based on the same principle and composite rods reinforced
structures design, only in this case, instead of the usual steel used in composite materials — usually glass, carbon, aramid
and basalt fiber reinforced polymers. In order to effectively exploit the element of the stretched zone of the
reinforcement must be ensure good adhesion of the reinforcement and concrete. This effect of concrete and
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reinforcement contact surface place takes stress transfer. Joints between sections and cracks can be seen in the reverse
process — loaded transmit tensile reinforcement stresses in concrete. In both cases, the stress transfer from concrete
reinforcement (and vice versa) is one of the most important feature of reinforced concrete structures , from which
compliance depends on both the strength (anchorage area, splices) and eligibility (elements of deflections, cracking)
limit state requirements.

bond stress T(x)
Y =0=P-P=0;
!

concrete array Pt = n@““r (x)dx;
0
/
P—- E@IT (x}dx =0
0

!
o, " 4, —TI@J-I (x)dx=0.
0
reinforcement

extraction force P =g, A,

Fig. 3. Reinforcement and concrete bonding concept

Bonding called reinforcement and concrete interaction phenomena which the resulting concrete reinforcement
stresses transmitted, and vice versa. Bonding quality is determined by the important design characteristics as
reinforcement anchoring splices length, slit width, the distance between the slits and the general structural deformation.
Bonding phenomenon can be observed clearly by removing the reinforcement in concrete array, as shown in Figure 3.
From the array of concrete pulled the reinforcement rod whose diameter is ¢ , and anchor length — /.

3. Conclusions

The composite reinforced concrete structures advantages occur only through two different mechanical and
physical properties with materials — concrete and reinforcement — bonding. In the tensile zone of concrete effectively
transmit stresses reinforcement; it is necessary to ensure a reliable these substances bonding, which is defined as the
average force per contact of concrete and steel surface area of the unit. Analysis of concrete and reinforcement bonding
mechanic can three main interaction components:

1. Chemical bonding or adhesion. When reinforcement rod is in concrete, adhesion occurs between the cement matrix
and the reinforcement surface. In construction this is not a reliable adhesion component, because chemical bonding
is destroyed in the case of very small values of the scroll.

2. The friction force begins to act after the break chemical bonds between reinforcement and concrete. The bond
component is running until the reinforcement rod completely removed or decomposes. The friction force depends on
the surface of the reinforcement roughness and the lateral pressure of the concrete.

3. Mechanical anchoring is formed between reinforcement wales and concrete. It is the effective of bonding
component. When reinforcement ribbed, adhesion plays about 10%; of friction forces — 15-20%; machinable
anchorage — 70-75% all the bonding force.
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Abstract

In this paper the problem of kinematic discrepancy of hydrostatic drive systems in high mobility vehicles and its
influence on occurrence of disadvantageous effect of circulating power was presented. Moreover, the results of research
concerning kinematic discrepancy of hydrostatic drive system carried out on a physical object were described and an
analysis of the ability of kinematic discrepancy compensation was presented.

KEYWORDS: kinematic discrepancy, unmanned ground vehicles, hydrostatic drive system.

1. Introduction

Tasks given for unmanned ground vehicles while rescue actions and military mission realisation entail high
requirements in their mobility and manoeuvres. These requirements include, inter alia, their ability to move on
significant terrain inequalities(20-30 cm), hills with 40% angle (22%), sites with low deadweight CI= 150 kPa,
overcoming typical terrain obstacles such as; debris landfills, logs, ditches [1, 2]. One of the main systems in vehicles
having basic influence on whether the vehicle will match given requirements is drive system. Taking into consideration
unmanned ground vehicles specific area of movement and accessible solutions it can be said that above requirements
are possible to match with using hydrostatic drive system [3-9]. Main advantages are in continuously variable regulation
of movement speed and ability of achieving crawl speed required while overcoming obstacles and precise manoeuvring,
Furthermore hydrostatic drive systems allow reaching high driving force values and secures drive system from
overloads. Applying discussed system gives also ability to elastic positioning of hydraulic components on the vehicle
which is highly recommended for possibility to ensure high jump of wheels suspension in vehicle which enhances
ability to overcome the terrain obstacles [10]. Described advantages cause that hydrostatic drive systems are commonly
used in work machines and vehicles with higher standards about drive systems.

Movement of the vehicle in difficult terrain and terrain inequalities requires from drive system reaching
effective drive force in every wheel which is achieved, in these kinds of vehicles, by individual propulsion on every
wheel regardless of load. One of the solutions for achieving this effect in hydrostatic drive systems is applying flow
dividers which guarantees same performance for every hydraulic engines. It secures system from loss of driving force
caused by reduced ground traction or loss of contact with ground in any wheel.

2. Kinematic discrepancy in drive systems

Driving the unmanned wheeled land vehicles through big terrain inequalities or with various dynamic driving
wheels radius values, which can be caused by unequal burden of them or different pressure in tires (Fig. 1). Causes that
wheels should rotate with different speed according to pattern:

o, =k (1)

1
Tai

where @; — rotational speed of particular wheels; v — progressive speeds of drive wheels axis; 74 — dynamic radius of
drive wheels.

This phenomenon is called kinematic discrepancy and it is characterised by kinematic discrepancy degree.
Kinematic discrepancy degree 4 of the system is caused by Rotational wheel speed ratio @', " (moving without
skidding), to rotational speed of wheel which is rotating with higher speed, taken into consideration in exact moment of
time [11-14]:

a), _ a)”

A= (2)

max(w’, ")

where o' and @©" — rotational speeds of discussed vehicle wheels.
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Kinematic discrepancy in drive system may be considered between wheels in the same axis or between
particular drive axis. This work is dedicated to analysing the problem of between-axis kinematic discrepancy in
unmanned land vehicles with hydrostatic drive system and board turn system.
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Fig. 1. Causes of arising kinematic discrepancy in six-wheeled vehicle: a — movement through inequalities;
b — different dynamic wheels radius; ¢ — curvilinear vehicle movement

Hydrostatic drive systems characterize themselves with high kinematic stiffness, which derives from low grip
of work factor. This stiffness affects on kinematic accuracy while performing an action, by contrast it is mainly
dependent from internal leaks, caused by elements construction implemented into system and pressure drops occurring
on them. Occuring of the leaks in drive system may also have desirable effects to wit the decreasing of kinematic
system stiffness allows us to differentiate, in certain radius, the rotational speed of drive wheels which is crucial to
adjust kinematic movement independently from every wheel to ground. Discussed phenomenon, further in the work is
defined as kinematic vulnerability (KV) of system but the ability to adjust rotational speed of wheels to kinematic
discrepancy are defined as ability of compensation for kinematic discrepancy (ACKD). In case when drive system have
ACKD with value not enough to cover the kinematic discrepancy then there is a risk of occurring adverse effect of
circulating power caused by pulling back the vehicle by one of wheels, because it has too low rotation to ground
movement. This event is causing decreasing of its ability to develop drive force and in the future definitely lowering the
system durability and may be the cause of its destruction [15-22].

ACKD in case of vehicles which are moving through field evoking high kinematic discrepancies is extremely
crucial and it should be taken into consideration while designing hydrostatic drive systems. Analysis accessible
solutions indicates lack of this type of scientific data and consequently ACKD for specific systems is unknown. Taking
it into consideration it has been decided to conduct these experiments on real object. The aim of conducted experiments
is verifying equity of the given thesis about the possibility of modelling ACKD by internal leaks.

a b

Fig. 2. Engineer support robot Marek: a — vehicle look; b — hydrostatic drive system: 1 — hydrostatic engines to wheels
drive; 2 — flow dividers; 3 — variable efficiency pumps [9]

For this analysis Engineer support robot Marek has been used, which weight 4200 kg and wheel base equal 1
m. Serial and parallel type of powering the hydraulic engines has been implemented into this robot (Fig. 2a). Suggested
drive system consist two main positive pumps with variable efficiency (3) from which every pump is in charge of
powering hydrostatic engines with gerotor construction (1) belonging to different board and toothed flow dividers of
work factor stream (2) (Fig. 2b). System has been equipped with valves allowing to change type of combining engines,
parallel and serial. Vehicle also contains non-partisan suspension such as trailing arms.
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3. Research methods
3.1. Measuring track

Capability research about ACKD consisted performing a run by vehicle trough selected obstacles forward and
backward. While deciding which obstacles should be at the field, it has been decided to recreate actual conditions which
would be in real terrain where unmanned land vehicles had to overcome and simultaneously causing high values of
kinematic discrepancy. To this end, in department of construction machinery MTA (Military Technical Academy)
research track has been constructed which contained following obstacles: ditch, earth shaft and hillside.

Research of kinematic discrepancy of drive system occurring when overcoming road ditches will be performed
on specially prepared excavation with length of 5 m, asymmetrical height of edges equal 70 and 50 cm, width of the
bottom equal 40 cm and slopes with inclinations equal 50% (Fig. 3).

e

Fig. 3. Transverse section of ditch

Research of kinematic discrepancy of drive system occurring while overcoming the embankment was defined
by overcoming the earth shaft with section shown on Fig. 4b and height equal 80 cm — it has been made without
condensation.

a b
Fig. 4. Embankment: a — demonstrative picture; b — embankment profile

Research of the kinematic discrepancy of drive system occurring while overcoming a hillside with inclinations
equal 18° with elevation length and height (Fig. 5), which has been made without condensation.

—
=

!

Fig. 5. Transverse section of hillside with inclinations equal 18°

To decrease measurement mistake and to record distinct repetition of measurement every manoeuvre has been
repeated five times. While overcoming the obstacle maintained run speed equal circa 0.5 m/s. Research has been
conducted for parallel configuration of powering hydraulic engines with usage of flow dividers.

While research values which were recorded were rotational speed of drive wheels belonging to one board and
pressure on particular hydraulic engines’ powering lines for drive these wheels. In this way it has been possible to
record differencing pressure drops in hydraulic engines and results of different wheels’ rotational speeds.
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3.2. Measurement system

Measurement system was built from following components (Fig. 6, right board of the robot):
a) Pressure sensors KOBOLD SEN-8700:
o Front wheel powering line — measurement range 0 — 600 bar, measurement class 0.5,
o Middle wheel: powering line — measurement range 0 — 400 bar, , measurement class 0.5,
o Back wheel : powering line — measurement range 0 — 400 bar, , measurement class 0.5,
o Outline mutual for every wheel — measurement range 0 — 600 bar, measurement class 0.5,
b) Rotational wheels speed sensors RHEINTACHC Messtechnik, installed directly in hydraulic engines frequency exit
with range 0.1 Hz — 20 kHz, 80 Hz — 1 rot/s,
¢) Data acquisition system IO Tech Personal DAQ 3005,
d) Laptop computer recording measurements.

speed sensors
RHEINTACHC

¢
,
¢
’

data acquisition systemj speed sensors
Supply system PersonalDAQ 3005 m RpHE|NTACHC

y |

COMPUTER

Fig. 6. Measurement system block scheme while examining Engineer support robot’s hydrostatic drive system

4. Research results

Exemplary time results particular wheels rotational speeds and pressure drops have been presented in Fig. 7b —
overcoming ditch type of terrain obstacle Fig. 8b — overcoming hillside type of terrain obstacle Fig. 9b — overcoming
earth shaft type of terrain obstacle.

Designations of particular lines for under mentioned time results means consequently:
nk1 — Front wheel’s rotational speed,
nk2 — Middle wheel’s rotational speed,
nk3 — Back wheel’s rotational speed,
pkl — Front wheel’s pressure drop,
pkl — Middle wheel’s pressure drop,
pk1 — Back wheel’s pressure drop.
While overcoming ditch type of obstacle following phases may be distinguished:
0.3-5.3 s — overcoming the obstacle while driving forward,
e 6-10 s — overcoming the obstacle while driving backwards.
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Fig. 7. Examining overcoming the ditch type of obstacle by vehicle: a — vehicle look; b — time results of changes in
drive wheels’ rotational speeds and pressure drops in hydraulic engines

While overcoming the hillside type of obstacle following phases may be distinguished:
e (.6-6 s — overcoming the obstacle driving forward,
e 6-10 s — overcoming the obstacle while driving backward.

The biggest difference in rotational speed between wheels occurred in 8" second, in which pressure drop in
first engine drops to value Ap; = 1 MPa, which causes reaching difference between wheels’ rotational speed An = 35%.
In interval from 7% - 9" second, ergo while next wheels are passing by the bottom of the ditch, it has been noted that the
biggest difference between rotational speeds, which is caused by biggest kinematic discrepancy of wheel movement.
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Fig. 8. Examining overcoming hillside type of obstacle: a — vehicle look; b — time results of changes in drive wheels’
rotational speeds and pressure drops in hydraulic engines

While overcoming hillside type of obstacle following phases may be distinguished:
e (.6-6 s — overcoming the obstacle while moving forward,
e 6-10 s — overcoming the obstacle while moving backward.

In case of earth shaft the biggest difference in rotational speed between wheels occurred in interval 3-4 s, and
it equals value An = 30%. It is the moment of lightening front wheel (pressure drops in hydraulic engine drops to value
of Ap1 = 0 MPa), it is caused by overcoming the elevation hummock.
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Fig. 9. Examining overcoming earth shaft type of obstacle: a — vehicle look; b — time results of changes in drive
wheels’ rotational speeds and pressure drops in hydraulic engines

While overcoming earth shaft type of obstacle following phases may be distinguished:
e (.6-6 s — overcoming the obstacle while moving forward,
e 6-10 s — overcoming the obstacle while moving backward.

The biggest difference in rotational speed between wheels occurred while moving forward in interval of
1t - 27 second, in which front wheel is lightened and while moving backward in interval of 8% - 9" second, in which
pressure drop reaches value Ap; =~ 0 MPa.

5. Conclusions

The analysis of obtained results from conducted experiments demonstrates that in case of discussed hydrostatic
drive system, it is possible to reach compensation of kinematic discrepancy on level of 25-35%. This value is
determined by percentage differences in drive wheels’ rotational speed in function of pressure drops on particular
hydrostatic engines powering the wheels. It displays that thesis is correct and it is possible to model ACKD by internal
leaks of drive system components. Reached value is encumbered by mistake caused by applying to analysis only the
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values of drive wheels’ rotational speeds and pressure drops in hydraulic engines. To enhance the accuracy of the
conducted experiment’s results in further stages of this study it is recommended additionally hydraulic cord’s stiffness,
because this have great influence on received results character, what in presented runs is visible in form of oscillation.
To enhance the accuracy of the experiment’s results it is necessary to extend measurement system with additional flow
sensors, which will allow to record efficiency values delivered to every hydraulic engine, and consequently referring
this value to wheels’ rotational speeds. It will allow obtaining data about real volumetric loss value in hydraulic engines
and flowing divider.
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Abstract

High mobility and maneuverability are required from the platforms used in difficult terrain. The maneuverability can be
influenced by the use of appropriate steering system which reduces the turning circle, and the mobility through the
maximalization of adhesion force which the platform can generate. The provision of slip control of individual wheels
and the appropriate kinematics coupling of the drive system is required in order to produce high adhesion forces. This
article includes an analysis of kinematics discrepancies which exist in the wheeled platform model during a movement
in a curve and negotiating difficult terrain. Based on the received results, an analysis of the existing drive force control
units and their usefulness in high mobility unmanned land platforms was done. It was concluded which units are best
suited to compensate kinematics discrepancies in individual wheels. Methods for ensuring the maximum drive force
while at the same time preserving considerable maneuverability have been presented.

KEYWORDS: adhesion force, high mobility unmanned land platforms, adhesion control.

1. Introduction

Unmanned ground vehicles (UGV, from Polish: bezzalogowe platformy lgdowe, BPL) are machines which are
required to have high mobility and maneuverability. These parameters are deciding in their ability to move in difficult
terrain, negotiate terrain obstacles and how effective they are in completing tasks. Appropriate shaping on the steering
system allows for increasing the platform maneuverability. The maneuverability, understood as the ability to negotiate
a low-bearing terrain and obstacles, depends mainly on the utilization of platform adhesion force [1-5]. One of the
factors that decide on a developed adhesion force value is the adhesion ratio [1, 2, 4 and 7]. Its value depends on the
ground properties and the slip between the drive system and the ground.

Based on the profile of adhesion ratio of a wheel with tire in a slip (Fig. 1) it can be ascertained that as the slip
is greater the adhesion ratio stops rising when it reaches the maximum value. After exceeding the value there is a drop
in adhesion ratio, and consequently, there is also a drop in the potential driving force.
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Fig. 1. The profile of the adhesion ratio of a wheel with tire in a slip for different types of ground [2]
The allowing for the wheel slip within the limits of maximum adhesion ratio will allow the maximalization of

the platform driving force. It is very important not to allow for excessive slips as this leads to the fall in the adhesion
ratio and may cause the platform to bog down. To achieve this, the drive system must be properly designed by taking
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into the account the desired kinematics discrepancy which stems from the function of the steering system [1, 2, 4, 6, 7
and 8] and is created during the negotiation of terrain obstacles.

Based on the literature analysis it was determined, that the steering system which maneuverability is the
greatest is the side steering system [1, 2, 3, 4, 7 and 8]. In the side steering system the turn is done by differentiating the
speed of individual sides of the vehicle. An extreme case may be doing the turn maneuver when the turn radius is zero,
and in which wheels on both sides of the platform are moving in the opposite directions. This system is widely used in
UGVs and for this reason it was chosen as the representative system for further analysis.

2. Defining kinematics discrepancies during the movement of the platform

For the purpose of evaluating of the desired kinematics discrepancy appearing in steering system, a simulation
test of the movement of a 6x6 wheeled platform. Its simulation model was created using the MSC Adams software
(Fig. 2b). On the basis of the performed analysis the values of kinematics discrepancy appearing during the turn
maneuver and negotiating obstacles were determined.

Because of the requirements faced by the UGV and dimensions, for the purposes of the simulation tests the
ability of moving along the curve of radius of R =5 m and R =1 m and the ability for negotiating terrain obstacles: a
log and vertical wall were adopted as its representative characteristics. The aim of the test was to ascertain the rotation
rate of individual wheels in a dependence of the terrain upon which the platform is maneuvering.
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Fig. 2. Platform model: a — geometrical dimensions; b — generated model in the MSC Adams software. Where:
1 — model of the wheel; 2 — suspension elements; 3 — the center of mass of the vehicle
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Fig.3. Model of the wheel: a — physical model; b — model made in the MSC Adams software. Where:
rsw — uninhibited radius of the wheel; 7, — dynamic radius of the the wheel; O — the wheel load

In the constructed model the type of the drive system was not taken into the account and it was assumed, that
each of the individual wheels can spin without going into a slip. The platform speed was applied in the center of its
mass. In the model, the following assumptions were made:

e the surface is non-deformable,

all of the sprung mass is centered in its geometrical center,

the un-sprung mass was assumed to consist of cylinders in the center of the wheels,

the platform is moving at the speed of 0.6 m/s,

during the negotiation of obstacles and the movement in a curve, the linear velocity of the center of the platform is
maintained,
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¢ uninhibited wheel radius was r,w=400 mm, dynamic wheel radius was r; = 370 mm,
e the deformation of the tires was taken into the account,
o clastic and dumping ratios of the wheel were matched to the platform mass of 3000 kg.

In the platform mode a 3D wheel model was applied which allows for simulating the interaction with the
surface [4, 5, 6, 8 and 9]. The model was comprised of finite number of spheres attached to each other through use of
elastic-dumping elements (Fig. 3a, b).

2.1. The analysis of the kinematics discrepancy during the movement in a curve

Examining the platform maneuvering on a flat and straight surface it can be assumed, that the rotation rates of
individual wheels are the same. In a case where the platform is turning, these rates change depending on the turn radius.
Fig. 4 shows how the rotation rates of individual wheels during a turn on the curve of 5 m radius.

The analysis has show that the wheels of each particular side are turning with the same rate. The difference in
velocity between external and internal side is 50%. In the case of performing a turn maneuver with lower radius these
difference will continue to rise. For comparison, the Fig. 5 shows angular velocities of wheels in a turn of 1 m radius.

The differences in the wheel velocity between internal and external side have risen from 50% to 200%. An
extreme case may be a stationary turn maneuver, during which the wheels on both sides are turning in the opposite
directions.
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Fig. 4. The angular velocities of wheels for the internal and external side of the six-wheeled platform with side
steering system
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Fig. 5. The angular velocities of wheels for the internal and external sides of the platform during a turn of radius 1 m
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2.2. The analysis of kinematics discrepancy during the negotiation of terrain obstacles

In order to define the value of kinematics discrepancies during the negotiation of obstacles it has been
assumed, that the platform is negotiating obstacles types of log and vertical wall during one crossing. It was assumed,
that the left side will be negotiating the obstacles while the right side will be moving on a flat surface.

Fig. 8 shows the results of the performed simulation tests. Based on these results it was decided, that during the
negotiation of the log obstacle there has been a 50% increase in the rotation rate of the wheel which negotiated the
obstacles in relation to the wheel which was moving on the flat surface. In the case of the negotiation of the vertical
wall obstacle this difference was 90%.



Fig. 7. The negotiation of the vertical wall obstacle by the wheels of the particular side
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Fig. 8. The angular velocities of platform wheels during the negotiation of the log and vertical wall obstacle: a — the
approach to the obstacle; b — the negotiation of the log obstacle, c) the negotiation of the vertical wall obstacle

Based on the performed analyses it can be ascertain, that during the turn maneuver on the curve of 5 m radius
the differences were reaching 50%, while during the negotiation of obstacles they reached 90%. This means that the
utilized drive system should allow for the noticeable differentiation of wheel velocity, while at the same foreclosing
excessive slipping. The utilized suspension ought to provide the maximum possible ability for terrain adaptation.

3. The solutions of kinematics discrepancy compensation systems

There exist a number of systems which solve the problem of kinematics discrepancy through the appropriate
differentiation and control of rotation rates of individual wheels. The most widespread of them are mechanical and
electronic systems. The latter are most commonly used in passenger cars [10, 12]. The mechanical systems are used in
civil engineering machines and heavy-duty vehicles.

3.1. The systems used in mechanical drive systems

The most straightforward solution to the problem of kinematics discrepancy is the use of differential
mechanism. This solution allows for the differentiation of the rotation rate amongst wheels or axles through the
kinematics extortion, which is dependent on the correct wheel interaction with the surface. In the case of the usage of
differential mechanism when one side of a vehicle is moving along a high adhesion surface and the other along a low
adhesion surface, the differential mechanism will cause the wheel which moves along the low adhesion surface to enter
a slip, which results in a relatively small driving force. As a result, the wheel which moves along the high adhesion
surface will not be fully utilizing the maximal adhesion force. The utilized adhesion force will equal to one of the wheel
which moves along the low adhesion surface magnified by the value of internal frictional moment of the differential
mechanism. Because of the fact that the classic differential mechanisms are characterized by low internal friction, the
ratio of potential driving moments between a wheel of higher and lower adhesion will not exceeded 1.1:1 [9, 12, 13]. A
solution to the problem of low wheel driving force on a weaker surface may be the use of differential mechanism of
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higher internal friction. In the case of such mechanisms (e.g. Torsen — Fig. 9) the driving moment ratio could even
amount to 7:1.

Fig. 9. The Torsen type differential mechanism of higher internal friction with worm gear: a — the view of the model
[12]: 1 — casing, 2 — The set of reduction torques, 3 — output shaft; b — the view of a real-life model [13]

However, the ratio is usually reduced to 2.5:1 because of the need for the adequate steering of the platform
[12, 13]. Higher friction moment of the internal differential mechanism limits the potential for the kinematics extortion of
speed differential when one of the wheels do not has the necessary adhesion value during the movement in a curve and the
negotiating of terrain obstacles. This can lead to unnecessary slips and the loss of control over the platform. Moreover, the
usage of differential mechanism of the higher internal fiction do not solves the driving unit problem when one of the
wheels losses the contact with a surface. In such case, the maximal driving moment which can be produced by the wheel
which has a contact with a surface stems only from the internal friction resistance of the differential mechanism. Most
commonly the resistance value is so low, that the produced driving moment is not able to propel the vehicle.

In the mechanical drive system of personal cars, systems based on conventional differential mechanisms (with
low internal friction) and electronic speed control systems of individual wheels are used. They are based on the use of
the car’s brake system and the control of engine power. In the case of vehicles with a mechanical drive system, this
system is know as the ASR (Acceleration Slip Regulation), the TCS (Traction control system) or the TC (Traction
Control) depending on the manufacturer. These systems are used with success in vehicles a one axle or multi axis
drives. Fig. 10 shows a scheme example of the ASR system.
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Fig. 10. Scheme example of the ASR system [14]

These systems are based on the principle speed comparison of individual wheels [1, 3, 5, 7]. The advantage of
electronic systems is the possibility of exposing the wheel, which is on the low adhesion surface or has lost the contact
with the surface, to any braking moment.

The control system allows for retaining the velocity excess on the level which ensures a 10-30% slip, which in
turn allows for obtaining the maximum adhesion ratio values on concrete and asphalt surfaces [1]. This optimal wheel
slip value for these surfaces comes from the fact, that the personal cars are most commonly driven on hard-surfaced
roads. The control of the rotation rate of individual wheels can be done through the use of the braking system or
lowering the fuel input to the engine.

Existing electronic traction control systems used in the mechanical drive systems are based on the set
algorithm which analyzes the rotation rate of the individual wheels, turn angle of the steering wheel and the wheel load;
when it detect a slip it take an appropriate action to reduce the rotation rate of the wheel. Usually they are used in
vehicles, which are being driven on flat ground or slightly uneven surfaces. For this reason the existing electronic
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systems are of no use in the case of UGVs, where every wheel is characterized by significant vertical movements
stemming e.g. from the negotiation of terrain obstacles.

The electronic systems used in personal cars as well as the differential mechanisms with increased internal
friction require the use of expanded drive systems with a drive axle. This significantly limits the clearance and the
possibility for a vertical move of the wheel, which in turn limits the ability for obstacle negotiation. The risk of collision
of the drive system with the surface or the obstacle is also increased. The need for connecting the wheels with drive
axles and propeller shafts also limits the freedom in the shaping of the platform structures. A solution to this problem
could be the use of a hydrostatic system in which the power is transmitted hydrostatically through the use of hydrostatic
installation which allows for freedom in the shaping of the platform drive system.

3.2. Systems used in hydrostatic drive systems

In the drive systems of unmanned land platforms there is used a serial (Fig. 11) or parallel (Fig. 12) connection
of power receivers (e.g. hydrostatic engines).

The serial connection of hydrostatic engines causes a high synchronization of their rotation rates, which in the
case of maneuvering in a low-bearing terrain is the desired effect. In the case of the obstacle negotiation or the
movement in a curve this synchronization may cause the appearance of excessive slips and even the phenomenon of the
circulating power. An alternative for the serial connection is a parallel connection.

Ma

Fig. 11. The schematic diagram of serial connection of hydrostatic engines: M;.4 — the rotation moment which loads
hydrostatic engines; M, — the rotation moment which loads the hydraulic pump; 714 — the rotation rate of
hydrostatic engines; 1, — the rotation moment of hydraulic pump

M1 - Mz Mp . Ma Ma
n n2 np ns N4

Fig. 12. The schematic diagram of parallel connection of hydrostatic engines: M4 — the rotation moment which loads
hydrostatic engines; M, — the rotation moment which loads the hydraulic pump; #14 — the rotation rate of
hydrostatic engines; 1, — the rotation moment of hydraulic pump

This type of connection allows for differentiation of velocities or particular receivers depending on kinematics
extortions which depend on the wheel-surface interaction. In the parallel connection the pressure of the working
medium depends on at least one loaded receiver. In the event of losing the drive by one of the wheels, the pressure in
the system will fall to the value stemming from the load receiver load of the wheel which has the lowest adhesion ratio.
In this situation, all of the remaining engines will be able to produce a torque which will equal to the toque of the wheel
having the lowest driving force. The solution to this problem could be the use of additional elements which will regulate
the flow of liquids to individual engines (Fig. 13).

M1 Mz Mp Ma M4
ni nz np n3 n4

Fig. 13. The schematic diagram of parallel connection of hydrostatic engines with flow choking elements: M4 — the
rotation moment which loads hydrostatic engines; M, — the rotation moment which loads the hydraulic pump;
n1-4 — the rotation rate of hydrostatic engines; 7, — the rotation moment of hydraulic pump
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The use of additional elements in the system will cause the losses pressure in the system to rise and overall
efficiency of the system to fall. The solution for the problem of the fall of the system’s efficiency may be the use of the
external control system of individual wheel velocities.

Similar to the mechanical systems, there is a possibility of the use of braking system, which would allow for
the differentiation of rotational rate of individual wheels while at the same time not allowing for overall fall in the
efficiency of the hydrostatic system. The schematic diagram of a hydrostatic system connected to the braking system is
shown on the Fig. 14.
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Fig. 14. The schematic diagram of parallel connection of hydrostatic engines with individual engine braking elements:
symbol descriptions are in Fig. 11

4. Summary

The provision for maximal adhesion forces for each of the wheels becomes a priority when dealing with high
mobility unmanned land platforms. The usage of systems allowing for the maximal use of adhesion force through the
control of wheel slip and prevention of its undesired increase is advised.

The performed analyses have shown that there is a lack of ready solutions which would be suitable in high
mobility platforms. The required maneuverability and the ability for negotiation of obstacles limit the use of mechanical
drive systems with expanded drive axle. Existing electronics systems are not suitable for use in platforms designed for
difficult terrain because of their limited range of usage in personal cars. The use of hydrostatic drive system with an
external slip control system will allow for effortless adjustments of kinematics discrepancy appearing during the
movement in a curve as well as the negotiation of terrain obstacles by the platforms.
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Abstract

This work presents analytical and numerical approach for modelling innovative muskeg vehicle’s turning resistance. In
modelling included uneven distribution of burden under bearing wheels in tracked propulsion, resistances caused by
rolling wheels trough continuous track and also resistances caused by cutting the ground elements and friction between
ground and continuous track. This work also presents modification of analysed muskeg vehicle’s output steering system
aimed to improve effectiveness turning manoeuvres.

KEYWORDS: tracked vehicle, Ackerman’s steering system.

1. Introduction

Efficient moving through off roads still may cause vehicles many problems. Type of terrain, in which vehicle
is moving and range of tasks realised by it determines type of propulsion system implemented in it. One of the most
demanding terrains and much less realisation of the technological tasks are swampy terrains. Most commonly used
propulsion system in these conditions is continuous track system. Vehicles equipped with such system characterise with
low unit pressure on ground, which enables them (vehicles) to realize given tasks on the ground with carrying capacity
lower than 50 kPa [1]. Especially when it has big impact while driving heavy transport vehicles on listed grounds,
preventing degradation of wild terrains. According to literature [2-11] it has been determined that the most unprofitable
moment is turning in place and synchronising particular executory elements of drive system, in which possibility of
circular power effect may occur.

Fig. 1. Tracked vehicle for obtaining biomass

To prevent from degradation of the muskeg terrain’s natural environment need of cutting lingering biomass.
Taking this into consideration the vehicle has been created, which has 5 tons of own weight and total weight of 7 tons.
(Fig. 1). This vehicle has been equipped with hydrostatic drive system. Implementation of this system allows for fluent,
and continuously variable regulation of drive speed and developing crawl speed. Additionally it allows for reaching
high drive force and simultaneously secures system from overload [12, 13]. Suggested muskeg vehicle characterize with
continuously track system and Ackerman’s steering system modelled on systems used in wheeled vehicles, therefore
with inclination of king pin. Application such steering system results from tasks realised by vehicle and it causes less
degradation of the ground on which it moves in contrast to board steering system [14-17]. For ensuring possibility to
work in muskeg terrain with usage of Ackerman’s steering system it is necessary to define steering resistance for such
vehicle. Taking it into consideration, in work, analytic and numerical researches of steering resistance has been
conducted for presented vehicle.
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2. Innovative muskeg vehicle’s Ackerman steering system’s construction

This work contains analyse of Ackerman’s steering system (Fig. 2) with hydrostatic drive. Turn in analysed
vehicle is realised with usage of hydraulic actuators and control shafts (1), connected with carrying chassis of
continuous track (CCCT) (2). Rotation of continuous track is realised around king pin. (3). In researched vehicle
applied innovative continuous track’s solution. It’s construction contains four caterpillar strips (4), transverse carrying
profiles (5) connecting caterpillar strips, yoke (6) allowing for rotation of carrying chassis, carrying wheels (7) placed
rotationally in chassis and drive wheel (8) placed in yoke.

Fig. 2. Continuous track system: a — continuous tracks; b — single caterpillar track; 1 — hydraulic actuator and control
shafts; 2 — carrying chassis of continuous track (CCCT); 3 — King pin’s axis; 4 — caterpillar carrying strips.;
5 —transverse profiles; 6 — yoke; 7 — carrying drive wheels; 8 — drive wheel

3. Analytic researches steering resistances in muskeg vehicle

Firstly for accepted steering system’s construction, analytic researches of its resistance have been conducted.

In these researches included:

e transverse ground cutting,

o rolling resistances of carrying wheels through continuously track,
o transverse friction between caterpillar track and ground.

In analytic researches steering resistances falling on one continuous track. That is why for equations accepted
weight force falling on one caterpillar track which equals 20 kN. Total value of steering momentum My, is a sum of
momentum derived from carrying wheels’ rolling resistance My and momentum from adhesion continuous track and
ground and transverse ground cutting M, + ., which can be presented as a equation:

Mskr:M'+My+r (1)

where My — rolling resistance momentum; M, + . — momentum derived from adhesion and transverse ground cutting.

A momentum from carrying wheels’ rolling resistance M (Fig. 3) derives from wheels’ pressure on ground G
and rolling resistance’s rate f and radius  actions of rolling resistance’s force in relation to point of caterpillar track
rotation which is presented in equation:

My =G firi+2.G; f;r, 2
i1 =

where G — wheel’s pressure on caterpillar track; f — rate of rolling resistances; » — radiuses of actions of rolling
resistance’s force in relation to point of caterpillar track rotation; m and n — amount of carrying wheels in the same row
(m=n=6).

In view of that in discussed case resultant middle point of caterpillar rotation results in internal axis of carrying
wheels accepted an assumption that the radius 7,; = 0. Placement of wheels’ pressure on caterpillar track assumed to
analytic equations is presented on Fig. 5, however values of particular pressures are presented in Tab. 1.
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Fig. 3. Scheme to assign constituent momentum of steering resistance derived from carrying wheels’ rolling resistance’s force
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Momentum of friction resistances M, +. (Fig. 4) depends on the wheels’ pressures on ground G, grip rate u,
ground cutting rate t and radius 7, of actions of friction resistances’ force in relation to point of rotation, which can be
presented as a equation:

M;Hr:zGi (/’L+T)rxi (3)
i=1

where G — wheels’ pressure on caterpillar track; 7+ u — ground cutting and friction resistances rate; » — radiuses of
actions of friction and ground cutting resistances’ force in relation to point of caterpillar track rotation.
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Fig. 4. Scheme for assigning constituent momentum of steering resistance derived from grip and ground cutting force

Fig. 5. Placement of wheels’ pressure on caterpillar track

Selection of rates necessary to determine values of steering resistance momentum have been conducted
accordingly to literature data. Authors in their works give different values of grip rate for rubber continuous track on
muskeg terrain. In the work [18] author gives rate value equal u = 0.67+1.14. But in literature [19] grip rate value on
muskeg terrain equals ¢ = 0.7, taking into consideration only griping force of continuous track to ground, not including
ground cutting resistances. In writing [20], authors give information that to include additionally the ground cutting
resistances it is necessary to enlarge the rate by 15%.Taking literature data into consideration, for analysis the rate’s
value of 4 + 7= 1 has been adopted.

Table 1
Combination of values adopted for estimating particular steering resistance’s elements
, Resistance values Resistance force action’s radius | Friction and Momentum
, Wheels . X
Wheel’s . . ground cutting | derived from
pressure on | Friction and . Friction and ground . . , .
number . Rolling . Rolling | resistance’s rolling
ground ground cutting cutting momentum resistances
I kN — — m m kNm kNm
P G Lt / 7 7 My My
1 3.88 0.40 0.73 2.813 0.124
2 2.59 0.25 0.43 1.101 0.052
3 2.91 0.20 0.13 0.364 0.047
4 3.23 1.00 0.20 0.18 0.16 0.565 0.052
5 3.55 0.20 0.48 1.686 0.057
6 3.88 0.20 0.80 3.104 0.062
) 9.633 0.393
M(u +t) + My=10.026 kNm
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Additionally in researches, unequal placement of carrying wheels’ resistance in caterpillar track has been
considered, which is a result from their unequal pressures on continuous track while rotating. According to literature the
highest value of rolling resistances occurs in front wheels and in the rest of wheels this value is lower (It is a result of
ground condensation mainly by front wheels which results with lower resistance on the rest of wheels). Combination of
discussed rate’s value is presented in Tab. 1.

4. Numerical researches of steering resistance in muskeg vehicle

For Ackerman’s steering system in caterpillar drive system in examined vehicle it has been created simulating
model in MSC Adams software (Fig. 6), considering two caterpillar tracks units belonging to steering axis. These
researches were aimed to determine force in servomotor necessary to overcome steering resistances of caterpillar drive
system and determining steering system’s resistance momentum. To achieve it on servomotor, has been induced
kinematic coercion in the form of pushing out piston rod with speed equal 0.1 m/s. Friction and ground cutting rate’s
values u + 7 and rolling resistances’ rates f have been adopted analogically in the same way for analytic calculations.
Placement of pressures of each driving wheel on the ground was a result of reaction of the ground to vehicle weight’s
force which is equal 40 kN. Kinematic connections between particular model’s elements has been presented in Fig. 7.

Left caterpillar track

Right caterpillar track

1 2

Fig. 6. Simulation model of Ackerman’s steering system in caterpillar drive system: 1 — carrying wheels (red);
2 — carrying chassis of continuous track (CCCT) (yellow); 3 — vehicle’s chassis (grey); 4 — steering shafts
(blue); 5 — steerin servomotor (dark grey); 6 — King pin’s axis; 7 — rotating points in Caterpillar drive system’s
chassis (green)

Fig. 7. Schemes of kinematic connections between particular elements defined in MSC Adams software
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During simulation the most unprofitable drive system’s working conditions for turning manoeuvre have been
taken into consideration. Based on simulation it has been stated that maximal steering resistances momentum (Fig. 9)
which is necessary to perform turning manoeuvre equals 23 kNm. As a result of conducted analysis it was possible to
determine force necessary to realise turning manoeuvre, which value equalled circa 100 kN (Fig. 8). Additionally
during researches courses of forces derived from strains of CCCT in their placement points have been determined.
(Fig. 10). Inequalities in placement of burden in internal and external side of CCCT (Fig. 10a), derives from inclination
of King pin’s axis, which is adverse for Turning manoeuvre realisation’s effectiveness.
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Fig. 8. Force characteristic in servomoton in function of: a — time; b — servomotor’s movement
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Fig. 10. Courses of forces in the points of assembling the bearing sledge: a — vertical elements; b — longitudinal
elements; int » — internal point of assembling the bearing sledge in right caterpillar track; int / — internal point
of assembling bearing sledge in left caterpillar track; ext » — external point of assembling the bearing sledge in
right caterpillar track; ext / — external point of assembling the bearing sledge in left caterpillar track

To correct this phenomenon, it’s modification has been made. Change was in shift of king pin (circa. 10 cm) to
the external side of CCCT and angle change of its inclinaton to perpendicular to ground surface (Fig. 11). Also
increased length of steering shafts, which was necessary to preserve the rotation angle of caterpillar track unit
compatible with outcome model. This way of kinematic change of steering system was aimed to correct the equability
of bearing sledge’s burden, reduction of aggravation of whole steering system and elimination of tendency to immerse
caterpillar track to ground.

Fig. 11. Muskeg vehicle’s Ackerman’s steering system modification: 1 — change in placement of steering shaft mount
place to bearing sledge; 2 — change of king pin’s axis placement

Based on conducted researches it may be said that the necessary force in servomotor to perform turning
manoeuvre in relation to outcome model has been decreased for about 20% (Fig. 12). Also steering resistance
momentum has been decreased for about (Fig. 13). However, taking into consideration the courses of forces in the
bearing sledge mounting points may be observed with more equable placement of burden (Fig. 14a) than in case of
outcome system (Fig. 10a).
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Fig. 14. Courses of forces in bearing sledge’s mounting point for modificated steering system: a — vertical elements;
b — longitudinal elements; intr — internal bearing sledge’s mounting point in right caterpillar track;
int/ — internal bearing sledge’s mounting point in left caterpillar track; ext » — external bearing sledge’s
mounting point in right caterpillar track; ext / — external bearing sledge’s mounting point in left caterpillar

5. Conclusions

Based on conducted researches estimated the steering resistances for innovative muskeg vehicle with
Ackerman’s steering system and caterpillar drive system. For presented vehicle steering resistances’ momentum reach
value of 20 kNm. Differences in values between analytic researches and numerical result from many simplifications
were taken into consideration in analytical approach. Steering resistances’ momentum value received with analytical
method equals 20 kN, where in numerical method equals 23 kN. Taking into consideration little differences in received
values, estimating steering resistances by analytical method may provide enough amount of data at initial state of
designing.

In simulation researches determined additionally necessary force in servomotor to perform turning manoeuvre,
which equalled circa 100 kN. Usage in outcome model slanted king pin has great influence on unequal placement of
burden in caterpillar track unit, which may cause wedging into the ground, which in case of muskeg terrain have crucial
meaning. That is why conducting a modification in this system affects on correcting unequal burden on caterpillar
system, and also on reduction of necessary force in turning servomotor for about 20%.
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Abstract

A optic-digital method of the quantitative evaluation of parameters of the pitting-like defect subjected to the complex
loading is developed, which allows analyzing the distribution of strain and shape variation of the object analyzed.
KEYWORDS: self-similar structures, cyclic deformations, strain, sensor, corrosion pits.

1. Introduction

In-service surface defects decrease the service life of materials and structures significantly. The authors of
previous works substantiated the form and methodology for determining the evaluation parameters of the structural
condition using the surface deformation relief parameters of structural elements and specimens-witnesses for aircrafts
[1]. The theoretical aspects of self-organization of the fatigue sensor surface during a long-term operation are updated
and extended, theoretical approaches to its fixation on the surface are substantiated.

The works by Syzrantsev V. N. substantiate the use of the integral state givers (giver sensors) for heavily
loaded structures of travelling cranes [2]. The giver calibration method is proposed, which allows increasing the
accuracy of evaluation of heavily loaded structure condition. A number of recommendations are developed regarding
the installation of givers, and the correlation connection is established between the damage parameters of the author-
developed original givers and the loading amplitude of a structure.

The works by E. E. Zasimchuk and others [3] propose to use monocrystals and coatings as giver sensors during
diagnostics of the material surface condition subjected to various loading schemes. The main regularities in the kinetics
of accumulation of the scattered and localized multiple defects are found, as well as the peculiarities of the relief
formation at various stages of the material damage. The use of a number of well-known parameters and algorithms for
the giver sensors of damage is substantiated.

The group of M. Satton [4] develops the approaches to identification of the non-uniform deformation zones of
structural materials (steel, aluminum alloys) and composites with a construction of surface strain maps (surface strain
mapping) under conditions of cyclic loading.

During previous investigations, the authors of the project determined a number of fundamental regularities in
the self-organization of the material surface as a response to the external force effect under static, cyclic and impact
loading, which allowed proposing the original (protected by the patents of Ukraine) technical solutions regarding the
identification of the material and structural damage. However, the difference in structures of various materials and
random nature of the deformation response of materials to the force effect necessitates updating the existing approaches
to the optical and digital control and development of the new ones [5]. It is important to establish the physical
regularities in damage accumulation, which have a universal nature, and propose such parameters that would depict
adequately the physical processes of structural and mechanical changes.

The purpose of this work is to develop an algorithm of the optical and digital approach to the analysis of
fatigue damage in the vicinity of a circular stress concentrator similar in shape to the corrosion pitting.

2. Research technique

Specimens from steel 17G1S were loaded in cyclic tension 4o =250 MPa on the servohydraulic test setup Biss
UTM 150. In the course of fatigue tests, the surface analyzed was photographed with the Canon D550 camera to failure.
A camera with a source of light was fixed to a specimen with a crack to record images of the specimen surface. The first
digital image of the surface of the specimen with a crack was recorded without loading. The rest of images after certain
periods of cyclic loading were recorded during the specimen loading and saved in the computer. The accumulated
specimen surface images were processed in the computer using a special algorithm.
The total cyclic life of the specimen (N = 1.43-10° cycles) can be conventionally divided into two diagnostic
periods:
e preliminary cyclic deformation — during this period no structural-mechanical and optical-digital changes are detected
on the specimen surface, Ny = 1.03-10° cycles;
o identification of a fatigue crack and defectometry control — at this stage, changes in the surface condition were
recorded, as well as nucleation and propagation of a fatigue crack, N, < 40-10° cycles.
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Fig. 1. Shape variation of an opening in the plate under cyclic loading N2: 0; 26000; 36000; 40000

3. In-service defect shape analysis

SEM-images were obtained in a high vacuum by means of scanning the damaged surface with the electronic
beam in the reflected electron mode. This method is characterized by a significant brightness range of the “surface-
pitting” system, which is a technological peculiarity of the method sensitive to oxides available at the bottom of
corrosive pits.

The images obtained using this method is characterized by a significant scatter of brightness between the
background and pitting (Fig. 2). Owing to the peculiarities of acquisition of images of this type brighter sections
correspond to pitting and darker ones — to the background. The topography image also demonstrates an increase in
brightness within the pitting zone. The damaged sections in the SEM-images are very often characterized by the non-
uniform distribution of brightness in contrast to the optical images, in which both the background and pitting have a
more uniform picture of brightness. This creates preconditions for using the method of image clustering by means of
texture analysis, which, in general, complicates the operation of image segmentation into the background and the object.

A peculiarity of images of this type is that the fracture pattern illustrates the distribution of the non-conducting
material on the surface analyzed, therefore, when pitting or its part is not covered with a layer of oxide, the relevant
section merges with the background and will not be detected.

In order to detect the location of pitting in images the algorithm was used, which contains subsequent steps,
including equalization of illumination, filtering and segmentation of the image [5]. With a view to assessing the
possibility of applying this method to the optical images, we compared the pictures of image brightness distribution in
the zone of pitting to its real profile shown depth wise. To this end, test specimens were prepared by means of grinding
off a part of pitting. Fig. 2a shows a partly ground off pitting, and Fig. 2b shows its profile depth wise, which was
obtained using the electronic microscope, Fig. 2¢ — pitting surface.

The propagation and coalescence of pitting testify to a certain tendency for acquisition by the conglomerates of
a more developed surface and smoothing out of edge effects.

Fig. 2. Optical image of pitting in steel 17G1S (a), its profile in the A direction (b), pitting surface — (c)

4. Method for evaluation of geometrical parameters of openings

The definition and classification of diagnostic parameters is a complex process consisting of several stages, in

particular:

o selection of physically correct diagnostic parameters;

o formalization of calculation procedures;

o definition of the correct field of application and setting of limitations.

The evaluation of the surface condition is based on the physical and mechanical analysis of the shape variation
and the kinetics of pitting propagation detected in previous works. The authors of [6] proposed the algorithm of the
analysis of the pitting shape variation by means of their coalescence and individual growth. Since individual sections of
pitting have a rounded shape, the diagnostic task can be formalized by a relevant model representation of this process
with preservation of the main physical regularities.
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The cyclic growth of cracks caused redistribution of the stress-strain state in the plate, moreover, a distortion of
the shape of opening due to a change in the roundness coefficient was recorded. In order to determine a degree of
approximation of the corrosive spot shape to roundness, the coordinates of the center of mass C;(x., y.) were
calculated for each object:

/i J
X = 2 %yl fi and y =2 v, f; M

m=1 m=1

Next, the roundness coefficient K; was calculated for the detected objects — a percentage of object pixels that
get into the circle with diameter d;, the centre of which is merged with the center of mass C; (Fig. 4a):
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where g(a, d;) is the indicatory function used in the evaluation of chances for the m-th pixel of the object to get into

the equivalent circle with diameter d;; a is the radius-vector directed from the center of the equivalent circle

Ci (xci , yei) to the m-th pixel of the object with coordinates x,, yu .

a b C d

Fig. 3. Digital images of the opening for various points of the optical and digital analysis of the specimen from steel
17G18S according to Fig. 1

In our opinion, this algorithm can be used effectively for the evaluation of the plate condition with a pitting-
like opening subjected to cyclic loading. The presence of a crack-like defect has an active influence on the material
liability, which causes the intensive shape variation of the opening and imitates the shape variation of pitting. A plate
with an opening and a crack-like defect was considered, which is a formal depiction of the object and takes into account
possible changes in its condition.

5. Results and discussion

Using the developed approach it is possible to determine the real shape variation of the opening analyzed in the
longitudinal and transverse directions during cyclic loading, which testifies to the nonlinearity of the deformation
process. This is a very important result, since in a majority of cases; the structural elements and machine parts are
operated under conditions of the complex stress-strain state. In this case, the complex stress-strain state also appears in
the vicinity of circular stress concentrators and defects, i.e. deformation may take place both in accordance with the
normal separation scheme and the transverse or longitudinal shear scheme. In such cases, it is necessary to know the
deformation characteristics of the material according to the said mechanisms of failure, as well as the criteria of the
ultimate equilibrium condition of bodies with cracks.

It is found that with an increase in the cyclic loading the roundness coefficient K. decreases from 99.0% to
94.9%, Fig. 4a. This is especially noticeable during the analysis of variation of the diameter shape in the longitudinal d;
and transverse d, directions. After 25 thousand loading cycles, a localized strain field is formed in the vicinity of the
opening, and the opening stretches in the longitudinal direction. Moreover, it is seen in (Fig. 4b) that the opening shape
is sensitive to the localization of the deformation process. In addition, an increase in the velocity of the defect growth
causes redistribution of the plastic deformation intensity in the vicinity of the opening, which is depicted in Fig. 3b. The
correlated nature of the results obtained for the roundness coefficient and the opening diameter d., d, should be pointed
out separately. This confirms once again the reliability of the regularities obtained.
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Fig. 4. Residual life curve for a plate with an opening cut from a specimen from steel 17G1S (a), variation parameters
of shape (1) and shape coefficient (2) of the opening (b)

The results obtained have a clear physical and mechanical sense, since an increase in the non-uniformity of the
opening geometrical parameters corresponds to strain localization in the stress concentration sections. It is known from
literature that pitting has the ordered (graded) mechanism of propagation; therefore, the proposed approaches allow
predicting the process of their growth.

Moreover, since pitting is one of the reasons for the atomic hydrogen to get into the metal of gas and oil
pipelines and sometimes it is the reason for the nucleation of crack-like microdefects, its identification allows for the
timely application of preventive or remedial measures and has a great practical value.

6. Conclusions

The experimental investigations confirmed that the optical and digital characteristics are the diagnostic
characteristics, which have a determined character and can be calculated based on the surface image.

A calculation method of the quantitative evaluation of parameters of the pitting-like defect subjected to the
complex loading is developed, which allows analyzing the distribution of strain and shape variation of the object
analyzed. Moreover, the peculiarities of the analysis, which are defined by the physical peculiarities of the surface
analyzed, are found and taken into account based on the results of the experimental investigations.

A computational optical and digital method for predicting the condition of structural materials under
conditions of complex loading is proposed based on which it is possible to perform a quantitative evaluation of the
allowable loading, when the orientation and geometrical parameters of the defect are set in the large-sized structural
elements.
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Abstract

The paper presents about the static penetration tests (CPT-cone penetration test), which are the main tests of modern
engineering research. CPT-tests can be used to determine the stratigraphy and shear strength properties. CPT-tests in
clay tills should be performed with robust cones and should include measurement of inclination. The penetration pore
pressures should also be measured, preferably with grease-filled slot filters.

KEYWORDS: clay till, CPT-tests.

1. Introduction

Clay till can be very heterogeneous and varying in composition and stiffness. At the same profile, there can be
several layers of different origin and composition deposited on top of each other. In the test field at Tornhill, there are
three layers with different types of clay till on top of bedrock of clay shale. These are from top to bottom; Baltic clay
till, Mixed clay till and North-east clay till. Only a few types of drilling and sounding methods can be used to penetrate
every type of clay till. Soil-rock drilling with multi-channel registration of drilling parameters can be used to determine
the main stratigraphy both in different types of clay till and the underlying bedrock. A coarse relative measure of certain
properties in the main layers can also be obtained. Of the normal sounding methods, only the super-heavy dynamic
penetration methods can be used to penetrated every clay till, and then only with special equipment for reduction of the
rod friction.

2. CPT-test

For soil exploration, a modern and expedient approach is offered by cone penetration testing (CPT) which
involves pushing an instrumented electronic penetrometer into the soil and recording multiple measurements
continuously with depth (e.g., Schmertmann, 1978; Campanella & Robertson, 1988; Briaud & Miran, 1992). Per ASTM
and international standards, three separate measurements of tip resistance g., sleeve friction f;, and porewater pressure
u are obtained with depth, as depicted in Fig. 1.

Cone rig with hydraulic pushing system

——d .
Cone Penetration Test (CPT)
-

l + ASTM D-5778 Field

Test Procedures
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Fig. 1. Overview of the Cone Penetration Test (CPT) Per ASTM D 5778 Procedures

Under certain instances, the tip and sleeve readings alone can suffice to produce a basic cone sounding that
serves well for delineating soil stratigraphy and testing natural sands, sandy fills, and soils with deep water tables.
Generally, this is accomplished using an electric cone penetration test (ECPT) with readings taken at 2 cm or 5 cm,
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although a system for mechanical cone penetration testing (MCPT) is also available which is less prone to damage but
which is advanced slower and provides coarser resolutions using an incremental vertical step of 20 cm intervals. With
piezocone penetration testing (CPTU), transducers obtain readings of penetration porewater pressures that are
paramount when conditions contain shallow groundwater conditions and fine-grained soils consisting of clays, silts, and
sands with fines. The porewater pressures at the shoulder position are required for correcting the measured g. to the
total cone tip resistance, designated g,. This is especially important in the postprocessing phase when determining soil
engineering parameters, e.g., preconsolidation stress P.’, undrained shear strength s,, lateral stress ratio Ko, pile side
friction f,, etc. Additional sensors can be provided to increase the numbers and types of measurements taken, with
Table 1 providing a quick summary of the various types of CPT commonly available [2].

Table 1
Basic Types of Cone Penetration Tests Available for Site Characterization
Type of CPT Acronym Measurements Taken Applications
Mechanical Cone MCPT | % (or g. and £;) on 20 cm intervals. Uses | Stratigraphic profiling, Fill control,
Penetration Test inner & outer rods to convey loads uphole. | Natural sands, Hard ground
Electric Friction . Fill placement, Natural sands, Soils
Cone ECPT gcand f; (taken at 1 to 5 cm intervals) above the groundwater table
Piezocone CPTu and |gq., f; and either face u; or shoulder u» All soil types. Note: Requires u; for
Penetration Test PCPT (taken at 1 to 5 cm intervals) correction of g. to g,
Piezocone with . Same as CPTu with timed readings of #; | Normally conducted to 50%
o CPTu . S
Dissipation or u, during decay dissipation in silts and clays
Seismic Piezocone Same as CPTu with Provides fundamental soil stiffness
SCPTu |downhole shear waves (V;) at I m . ) - )
Test ) with depth: Guax = pe Vs
intervals
Resistivity Same as CPTu with electrical conductivity | Detect freshwater — salt water
. RCPTu S . . .
Piezocone Test or resistivity readings interface. Index to contaminant plumes
Notes: g. = measured point stress or cone tip resistance; f; = measured sleeve friction, u = penetration porewater
pressure (u at face; u» at shoulder); g, = total cone resistance; V= shear wave velocity.

With the CPT, results are immediately available on the computer for assessment in real time by the field
engineer or geologist. A 10 m (30 foot) sounding can be completed in about 15 to 20 min, in comparison with a
conventional soil boring that may take between 1 to 1% hours. No spoil is generated during the CPT, thus the method is
less disruptive than drilling operations. Therefore, CPTs are especially advantageous when investigating
environmentally-sensitive areas and/or potentially contaminated sites, as the workers are exposed to a minimal amount
of hazardous materials. Cone penetration tests can be advanced into most soil types ranging from soft clays and firm
silts to dense sands and hard overconsolidated clays, but they are not well suited to gravels, cobbles, or hard rock
terrain, however. Soil samples are not normally obtained during routine CPT, thus may be a disadvantage to those who
rely strictly on laboratory testing for specifications and state code requirements. Nevertheless, a large amount of high-
quality in-situ digital data can be recorded directly by the CPT in a relatively short time period in the field. These data
can be subsequently post-processed to provide quick delineations of the subsurface conditions, including layering, soil
types, and geotechnical engineering parameters, as well as both direct and indirect evaluations of foundation systems,
including shallow footings, driven pilings, drilled shafts, and ground modification [2].

As a complement to (or in some cases, as a replacement for) soil borings with SPT-N values, the cone can
provide similar information on the subsurface stratigraphy, soil layers, and consistency. Fig. 2 shows a side-by-side
comparison of an electric CPT point resistance (g.) profile with a boring log derived from two adjacent boreholes with
SPT resistances (N-values) in downtown Memphis, TN. The continuous nature of the CPT point resistance is evident in
the profiling of the various strata and soil types. The CPT resistance complements the discrete values from the SPTs at
the site and helps to better define the interface between layers, thicknesses, and relative consistencies of each stratum [2].

CPT-test. Altogether, 25 CPT-tests were performed in the initial investigations. The tests were performed
using a standard 5 ton CPT-probe with 1000 mm? cross sectional area. The pore pressure was measured at the standard
position behind the shoulder of the tip using a slot filter filled with grease, which has become common practice in CPT-
tests in this type of soil [1].

The test results generally confirmed the picture of the layering in the profile with a thin layer of top soil on top
of about 3 m of a relatively stiff soil, followed by about 3 m of a somewhat less stiff layer. Thereafter, the stiffness of
the soil rapidly increased and all tests stopped at about 7 m depth, below which penetration was impossible with the
equipment used, Figure 3. Apart from this unanimous general picture, the results were heavily scattered with large dips
and peaks in an inconsistent pattern. Part of these anomalies can be expected to be related to coarse particles of gravel
and stone sizes, and part may be assumed to originate from embedded pockets of sand and silt. However, it is very
difficult to distinguish between these possibilities [1].

Existing charts for classification of soils on the basis of results from CPT-tests indicated soils ranging between
silty clay and sand, with a concentration on silt. Since these charts classify “soil type behavior” rather than grain size
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distribution and since clay tills in many respects behave in a similar manner to silt, this may be seen as a relatively fair
classification. Since then, the results from these tests together with other tests in clay till and the results from numerous
investigations in silts have enabled an improved classification to be made. This has been incorporated in the CPT
programme CONRAD, used mainly in Sweden. However, the possibilities of separating various types of clay till from

each other and from silt on the basis of CPT-tests alone are still limited [1].
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Dynamic probing tests. The dynamic probing tests were performed with a rather crude method and did not
yield any detailed information, except that the penetration resistance increased rapidly from about 7 m depth. With this
method, the tests penetrated to about 8 m depth, i.e. slightly more than the CPT-tests [1].

Field vane tests. The field vane tests showed a profile with undrained shear strength of generally 300 to
400 kPa between 1.5 and 3 m depth, dropping to about 200 kPa between 3 and 5 m depth and then increasing again. The
scatter in the measured strength values was considerable. A comparison between these results and the results from the
CPT-tests indicates that a cone factor Nkr of between 10 and 12 would be appropriate. Cone factors of this size have
been suggested from various Danish investigations in clay till, (Kammer Mortensen et al 1991, Jérgensen and Denver
1992, Luke 1996) [1].

3. Equipment

A CPT system includes the following components: (1) an electrical penetrometer, (2) a hydraulic pushing
system with rods, (3) cable or transmission device, (4) depth recorder, and (5) data acquisition unit. These items are
briefly discussed in the following subsections. Additional details on these topics may be found in Robertson &
Campanella (1984), Briaud & Miran (1992), and Lunne, Robertson, & Powell (1997).

Penetrometers. The standard cone penetrometer consists of a three-channel instrumented steel probe that
measures: cone tip stress (q.), sleeve friction (f;), and penetration porewater pressure (u,). The front end consists of a
60° apex conical tip that has a small lip (approx. 5 mm) at the upper portion. The penetrometers are normally available
in two standard sizes:

1. A 35.7mm (1.4 inch) diameter version having a corresponding crosssectional area 4.= 10 cm? and sleeve area
As; =150 cm?.
2. A 44 mm (1.75 inch) diameter version (4. = 15 cm? and 4, = 200 to 300 cm?).

While the 10 cm? size is the original standard size, many commercial firms have found the 15 cm? version to
be stronger for routine profiling and more easily outfitted with additional sensors in specific needs. As rod sizes are
normally 35.7 mm in diameter, the 15 cm? size cone also tends to open a larger hole and thus reduce side rod friction
during pushing. Fig. 4 shows the basic styles of penetrometers in routine use and these are patterned after the original
Fugro-type designs (De Ruiter, 1970) [2].
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Fig. 4. Dimensions and measurements taken by standard 10 cm? and 15 cm? penetrometers

Depending upon the types of soils being tested, the porous filter is usually located either at the apex or midface
(termed Type 1) or at the shoulder (Type 2) just behind the cone tip, else positioned behind the sleeve (Type 3). For the
proper correction of measured cone tip resistance to total resistance, the Type 2 is required by national and international
standards, until proven otherwise (Campanella & Robertson, 1988).

An internal load cell is used to register the axial force at the front of the penetrometer (7). A second load cell
is used to record the axial force either along the sleeve (F) within a “tension-type cone” design, or else located in the
back and records the total tip force plus sleeve (F. + Fy). In the latter (termed “subtraction-type cone”), the combined
force minus the separately-measured front force provides the sleeve force.

State and provincial DOTs which engage in cone penetration work either use commercially-manufactured CPT
systems, or else subcontract to firms that use commercial equipment or maintain an arsenal of their own in-house



197

penetrometers and data acquisition systems. Appendix B lists various CPT manufacturers and service companies, and
related websites for additional information on equipment, data acquisition, and postprocessing.

In special instances, miniature cone penetrometers are available, with reduced cross-sectional sizes of 5 cm?
and 1 cm? discussed in the open literature. These mini-cones have been used in laboratory testing programs, both in
calibration chambers and centrifuges, yet also in field applications (e.g., Tumay, et al. 1998). Also, large diameter
penetrometers have been developed for special projects, including a 33 cm? version and a 40 cm? model which can be
pushed into gravelly soils. Fig. 4 shows a selection of various penetrometers. Based on the survey results, most DOTs
are using 10 cm? size penetrometers, with a few deploying the 15 cm? type. Several are using advanced cones with
seismic, video, or resistivity, while only 2 DOTs are using mini-cones and 1 DOT is operating a mechanical CPT.

Fig. 5. Selection of Penetrometers from: (a) van den Berg series, (b) Fugro series (left to right: 33, 15, 10, 5, and
1 cm? sizes), and (c) Georgia Tech collection (bottom to top): 5 cm? friction, four 10 cm? piezocones (type 2,
type 1, type 2 seismic, dual-piezo-element), and 15 cm? triple-element type

Specifications on the machine tolerances, dimensions, and load cell requirements for electrical CPTs are
outlined in ASTM D 5778 and in the international reference test procedure (IRTP, 1999). For the older mechanical CPT
systems, guidelines per ASTM D 3441 still remain on the books. Most penetrometers are constructed of tool-grade
steel, although a few commercial units are available in stainless steel or brass. Periodically, the tip and sleeve elements
are replaced due to wear or damage. It is common to replace the porewater filter after each sounding with either a
disposable plastic ring type, or else a reusable sintered metal or ceramic type. The reusable types can be cleaned in an
ultrasonics bath [2].

4. Conclusions

1. CPT method is less disruptive than drilling operations.

2. The possibilities of separating various types of clay till from each other and from silt on the basis of CPT-tests alone
are still limited.

3. Depending upon the types of soils being tested, the porous filter is usually located either at the apex or midface or at
the shoulder just behind the cone tip, else positioned behind the sleeve.
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Abstract

The paper is focused on the analysis of external load of tracked vehicle transmissions during a movement of the vehicle.
Analysis of this stress is essential in the process of development and optimization of propulsion mechanism. External
loads of tracked vehicles transmissions arise by vibrations of tracks, by vibrations of the vehicle and by external forces.
Determination of this stress is complex process. One of the efficient manners for this analysis is utilization of simulation
technologies. There is shown utilization of software ADAMS for analysis of tracked vehicle stress in the paper. Vehicle
BMP-2 was chosen for this application.

KEYWORDS: combat tracked vehicle, transmission, simulation, stress.

1. Introduction

Transmissions of combat tracked vehicles are loaded by forces which are transferred form tracked movement
mechanism through sprocket wheel, final output gear and steering mechanism into propelled shaft of the transmission.
Utilization of hydromechanical transmissions (planetary transmission + hydrodynamics torque converter) is nowadays
trend in construction of combat tracked vehicles. Friction elements (multi-disc brakes or clutches) are used for gear
shifting. It is essential to analyze stress of the main elements of transmission and its control mechanism for development
of lifetime and reliability of propulsion system of the vehicle. This analysis is essential in process of vehicle
modernization (usually weight increasing), too.

2. Analysis of the external load

Forces which have an effect on sprocket wheel arise in the track line. We can divide these forces into:
force arising by track tightening;
force arising by centrifugal force;
force arising by propelling force;
force arising by track line vibration.

Force arising by track tightening F;. Track tightening arises by weight of the track. Track tightening
influences possibility of track falling and magnitude of friction forces between track elements. Optimal tightening of
track line depends on character of a terrain. Track tightening is characterized by track line bend f'on defined track part
(Fig. 1). Magnitude of f'is possible to measure on standing vehicle. This is the reason why it is advantageous to express
magnitude F; by f:

1 x> 11
= ——_—= — — 1
/ 2 a 8a O
m,gly
Fc =m,a =T (2)
where m,. — weight of an track element.
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f
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Fig. 1. Track tightening
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Force arising by centrifugal force F.. Track line is during track rewinding loaded by centrifugal forces.
These centrifugal forces arises additional load of the track line (Fig. 2):

Fc=F01+F02=mzev2 (3)

where v —relative speed of the track.

Fig. 2. Centrifugal force

Force arising by propelling force F,. Part of the track is loaded by propelling force. Magnitude of this load
can be express by following formula:

F =2k “4)

where M — sprocket wheel torque; 7y —radius of a sprocket wheel.
Effect of mentioned forces (F;, F., F}) is shown on the next figures (Fig. 3 and 4).

Fig. 3. Load of the track — sprocket wheel in the back Fig. 4. Load of the track — sprocket wheel in the front

Force arising by track line vibration F,. Vehicle vibration which are produced when vehicle move over
rough ground depends on it speed, terrain geometry surface and dynamic characteristics of suspension system. A good
insight into the effect of these characteristics can be gained by considering a simple, single degree of freedom model of
a vehicle moving over a surface with a sinusoidal profile (Fig. 5).

L.

T—

Fig. 5. Simple, single degree of freedom model of a vehicle moving over a sinusoidal surface
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Vehicle is represented by a mass m connected by a linear spring of stiffness £ and a damper with damping
coefficient ¢ to a wheel of negligible mass which follows the profile of the surface. If the vehicle is moving with a
constant horizontal velocity V, the amplitude of its vertical oscillation Y is given by the following solution:

2
1+4&2 (“’J
1)
2 - " )
z 2P 2
T4
o, o,

where Z — amplitude of sinusoidal surface profile; @, — natural frequency of vehicle; @ — forcing frequency;
& — damping ratio; c. — critical damping coefficient.

Vehicle vibration which arises during vehicle moving over an undefined terrain is a complex analysis. Vehicle
vibrations have an influence on track line vibrations this means that analysis of vibrations of the track lines is more
complicated process. The next parameters affect track lines vibration:
vehicle vibration — dynamic characteristics of suspension system;
vehicle speed;
terrain surface;
kinematics of the track moving mechanism;

type of a track and connectors;
characteristics of road wheels.

Fig. 6. Kinematic schema of a track moving mechanism

Force arising by track line vibration has highly dynamics character. Its magnitude depends on a lot of
parameters and it is very difficult to mathematical express their dependency. From this reason it is very efficient to use
mathematic modeling and simulations for their analysis.

3. Mathematic modeling

Simulating technologies are widely spread all over the world. Development of computers affected their
utilization and development into design process. Nowadays software products are more complex, faster, efficient and
more precise. Main benefits of these technologies are:

o reduction of a design, development and testing process;

¢ manufacturing optimization — material saving, precise manufacturing technology;
e enable to analyze and test different variants of a product;

e expenses saving.

I have used Multibody Dynamics (MBD) software ADAMS for creating of mathematic model of a vehicle.
This software enables to create complex model with full range of motion and operating environments. Optional modules
available with Adams allow users to build and test virtual prototypes that accurately account for the interactions
between main subsystems. Along with extensive analysis capabilities, Adams is optimized for large-scale problems,
taking advantage of high performance computing environments.

I have selected vehicle BMP-2 for this application.
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Main parameters of the vehicle BMP-2:
combat weight 13900 kg;
max engine power 221 kW;
max engine torque 980 Nm;
track lines distance 2550 mm;
track width 300 mm;
length of track surface in touch with ground 3600 mm;
max speed 65 km/h;
width of a straight-walled ditches 2500 mm;
height of the step obstacle 700 mm.

Fig. 7. vehicle BMP-2

Created mathematic model of vehicle consists of:
chassis;
2x sprocket wheel;
2x idler;
12x road wheel,
6% support roll;
2x track line (85 track segments);
ground.

Fig. 8. Mathematic model of the vehicle BMP-2

For different simulations and basic analysis of the load was created next types of terrain:
flat terrain with small bumpiness — unpaved road (Fig. 9);
bumpy road (Fig. 10);
road with step obstacle and straight-walled ditches (Fig. 11);
road with transverse sills (height 100 mm, length 100 mm, spacing 1000 mm) (Fig. 12).
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Fig. 9. Unpaved road

Fig. 10. Bumpy road

7000 mm

Fig. 11. Step obstacle and straight-walled ditches

Fig. 12. Transverse sills

Physical parameters of the terrain meet the requirements of strengthened road = minimal deformations of the
road — stress of the main parts of the chassis is maximal, on this type of the ground.
Propulsion system is active — keeps defined vehicle speed by torque change.

4. Simulations

Basic parameters of simulations were set:
e The unpaved road — this terrain consists of two parts. 1% part is flat road (length 114 m) and 2™ part is unpaved road
(length 65 m, maximal height of bump 20 mm):
o Vehicle speed 40 km/h, length of the simulation 14 s;
o Vehicle speed 65 km/h, length of the simulation 9 s.
e The bumpy road — length of the road 80m, vehicle speed 40 km/h, length of the simulation 6 s.
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o The step obstacle and the straight-walled ditches — initial speed is Okm/h and vehicle is standing in front of the step
obstacle. During next 4s vehicle speeds up and reach speed of 7.2 km/h. Length of the simulation is 14.6 s.
o The transverse sills — 21 sills, vehicle speed 40 km/h, length of the simulation 4 s.
Outcomes of proceeded simulations (torque of sprocket wheel Ty, force of the idler mechanism Fj,) in the
next figures there are presented.
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Fig. 13. Unpaved road — 40 km/h
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Fig. 14. Unpaved road — 65 km/h
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5. Conclusion

Sprocket wheel of tracked vehicles is loaded by forces arising by track tightening, by centrifugal force, by
propelling force and by vibration of track lines. Vibrations of track lines highly dynamically load transmission system.
Track line vibrations affect vehicle vibrations, vehicle speed, terrain surface, parameters of the chassis, type of a track
and connectors and parameters of road wheels. The vehicle consists of a lot of movable parts, attachments and contacts
defined by stiffness and damping. Magnitude and course of this dynamics stress depend on a lot of parameters and it is
very difficult to mathematical express their dependency. From this reason it is very efficient to use mathematic
modeling and simulations for analysis of stress of transmissions of tracked vehicles.

Simulating technologies offer a lot of advantages — e.g. evaluation of stress of the main parts of vehicle,
evaluation of various vehicle configurations, simulation of various critical states of vehicle, comparison of vehicles in
the same surrounding. On the other side for their usage must be done some development — this manner is sensitive to
input data (their insufficient or lack of them).

For analysis of stress of sprocket wheel of track vehicle (load of transmission) was used Multibody Dynamics
software ADAMS of MSC Software. For application of this manner was selected vehicle BMP-2. Simulation were
proceeded on four types of terrain — unpaved road, bumpy road, step obstacle and straight-walled ditches and road with
transverse sills. Torque of sprocket wheel (7;w) and force of idler mechanism (Fj,) were analyzed during the
simulations.

From outcomes it is possible to make next conclusions:

o course of sprocket wheel torque and force of idler mechanism have highly dynamic character;
e maximal magnitudes of stress were measured:
o unpaved road — speed 40 km/h — T§,, = 1715 Nm; Fj;,, = 52 kN;
o unpaved road — speed 65 km/h — T, = 2350 Nm; Fj,, = 95 kN;
o bumpy road — T, = 5780 Nm; Fj,, = 157 kN;
o step obstacle and straight-walled ditches — 7y, = 16 760 Nm; Fj,, = 140 kN;
o transverse sills — Ty, = 7180 Nm; Fj, = 186 kN;
e max load of the sprocket wheel was on step obstacle;
o stress of the sprocket wheel on the step obstacle was 9.7 times higher than the stress on unpaved road with speed
40 km/h and 7.1 times higher than on unpaved road with max speed 65 km/h.
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Abstract

The problem of external ballistics is analysed. Features of shooting on a mountainous terrain are discussed. Values of
the angles are found when there is a significant height difference between the opponents. Is analyzed a dispersion of
submachine-gun bullets and hitting probability when a soldier is following various tactics in the battlefield. Possibilities
of reducing the losses during the attack are also discussed.

KEYWORDS: external ballistic, shooting on a mountainous terrain, dispersion of bullets, hitting probability.

1. Introduction

The article presents the decisions of some tasks of external ballistic. Features of shooting on a mountainous
area are analyzed. Currently, localized battles are going on usually when several tens of soldiers are involved and the
actions of each of them important become decisive and in the course of battle. Often fighting is going on in a village
and the distances between the fighting opponents are small. In the article the assessment of the dispersion of
submachine-gun bullets is made in accordance with the tactics of the attack.

2. Solution of the external ballistics task

External ballistics describes the movement of the bullets fired in the air, including all the factors affecting it.
The main task is to identify what should be the elevation angle of the machine gun’s barrel, so that the bullet hits the
foreseen point. Based on the solution of external ballistics’ task, tables are made for small arms of the riflemen [1-5].

Fired at the initial speed V5, the bullet continues moving by inertia. Gravity force mg and resistance force F,
make a significant impact on the bullet moving in the air (see Fig. 1). Component F,, of the air resistance force F}, stops
the bullet’s movement upwards, and the component F}, stops the bullet’s movement in the direction of x-axis, i.e.
towards the target.

A
y pr‘
\ i
Fy
A
Vo Ying Vo
z Vi, >

Fig. 1. Forces influencing the bullet moving in the air, components of the bullet‘s velocity. The pointing line (straight
line running from the rifleman's eye through the back sight to the target point) is reflected in dots and coincides
with the x-axis, a —angle of sight, i.e. the angle between the elevation line (gun barrel direction) and lines of sight

The bullet’s movement is described by two second-order differential equations:

d*x B
"ar T e
e (1)
Yy
m dr =-mg— pr,
at the initial conditions:
x(0)=0, X,(0)=V,cosa, ¥(0)=0, Y (0)=V,sina. (1a)

where: m —mass of the projectile; ¢ —time; other markings apparent from Fig. 1.
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Air resistance force F}, depends on the bullet’s calibre and shape. It is described by an empirical formula [1-3]:

1000 k d*
F, =-———;;———-f1(y)l3 ()

where: k — the form factor (it is close to 0.5); d —bore, m; g = 9.81 m/s” — free fall acceleration; H(y) — correction due
to environmental parameters change with increasing altitude (usually H(y)=1). Expression of the component of
environment resistance force F, that depends on the bullet’s velocity. When the bullet’s velocity is higher than the
speed of sound in air (¥ > 330 m/s), the component shall bear the empirical formula:

F =%—80 (2a)

v

If the speed is lower (V< 330 m/s) then
F,=121-10"y" A3)
When shooting in the plains, where the height difference between the rifleman and the target Ak does not
exceed ten meters, the speed component Vj, is small and the environmental resistance force component F,, may not be
applied [1-5].
3. Peculiarities of firing on a mountainous terrain
Even when firing with a submachine-gun on a mountainous area the pointing angle is relatively small and the

speed component Vy, <330 m/s. Differential equations system (1) having considered formulas (2), (2a) and (3) is
expressed as follows:

2 2
md jc __ 1000kd (&—80}
dt g 3

2

nszz—mg—LzyuﬁK;

If the target distance is 400 m, the height difference between the rifleman and the target #= 100 m, we get the
following shooting parameters (see Fig. 2 and 3): angle of sight o = 144 mils (8.64°), flying time = 0.67 s, speed of the
bullet at the point of the target = 494 m/s (AK 4, Vo = 790 m/s), throwing angle = 378 mils (22.7°).

When shooting on a plain territory, the bullet would drop at 2.5 km. Bullets’ dispersion is changing (see
Fig. 5.), hitting probability decreases. Above we shall give the calculation angles of sight and other parameters when
firing on a mountainous area (Tab. 1).

100 ]
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20°
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0 100 200 300 400 a 560 1060 1300 2000 2500
Fig. 2. Trajectory of the bullet of a machine gun: target Fig.3. The trajectory of the bullet’s movement, if
(marked in an asterisk) is in 400 m distance, the shooting in going on in the plain (8 as — throwing
height difference Az =100 m, a — pointing angle angle, i.e. the angle between the horizon and the

gun barrel direction)
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Fig. 4. There is shown the collection point of the paths Fig. 5. There are shown bullets‘ dispersion, when a
of a submachine-gun s bullets (100 hits) target is located at a 400 meters on a
mountainous terrain with the existing 140 meters
height difference
Table 1
Parameters of firing on a mountainous area
Height difference Ak, m 100 75 100 75 75 50 75 50
Target length L, m 400 400 300 300 250 250 200 200
Angle of sight a, mils 144 67 196 100 123 46 151 61
Flying time, s 0.67 0.64 0.51 0.47 0.39 0.37 0.32 0.29
Speed at the point of the target, m/s 494 519 515 562 576 611 581 634

4. Assessment of the Hitting Probability

When soldiers are shooting with a submachine-gun, the errors are distributed according to a two dimensional
normal distribution, which is described by the formula (1) [4]:

B (x—x,,, ) 2 ()’*)’m ) :

1 i 252 20,7
p(r):—J‘J‘e e ’ dydx “4)
TOo, O'y I

where: r — distance to the target; intervals [xi; x2] [y1; y2] define the size of the target; (x.; yw) are the pointing
coordinates; oy and oy are average square deviations that are defined by the features of a weapon design, meteorological
conditions, and soldier*s felicity.

Fig. 6. Bullets’ dispersion (50 hits) to the target at the Fig. 7. Bullets’ dispersion (50 hits) to the target at the
distance of fifty metres. The change is depicted distance of two hundred metres. The change is
when the target moves to the side of the target line depicted when the target moves to the side of the

target line



209

If the running soldier‘s figure is 0.5 m x 1.5 m, then x; =-0.25, x, =0.25, y; =-0.75, y» =0.75. Soldiers
trained to move around the battlefield and if possible avoid the well-pointed shot of the enemy. They are moving
forward in short gusts.
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Fig. 8. Hitting probability depends on the distance between the enemies (in meters): curve 1 — to the soldier in
defence, the remaining curves to the soldiers in attack; curve 2 — when the gust lasts 3 s; curve 3 — when the
gust lasts 4 s; curve 4 — where the gust’s duration #; > 5's; curve 5 — if ;> 5 s and the soldier during the gust
does not move to the side

If the enemy needs 5 s to point, the soldiers rise to make the gust for 3-4 seconds. Hitting probability decreases,
its change can be assessed by applying the formula widely used in solving of the mathematics problems (5) [5]:

7I7(V)ti

p(r)=1-e " ©)

where p(r) is the hitting probability at a distance r; % is an average time during which to soldier manages to point (for
example, 5 s); ; —time period of a gust (e.g., 3-4 s).

Moreover, the soldiers making the gust do not move directly towards the enemy but up to 0.5 m to the sides
(see Fig. 4a, 4b). Then the only target coordinate is y,, = 0 and x,, = 0.5 X uniform(-1, 1) (where uniform(-1, 1) is an
random variable evenly spread in interval [—1, 1]). We can see (Fig. 6a, 7b) that the number of hits depends on the
distance between the fighting opponents.

With the decreasing distance, the importance of the movement on the battlefield increases. The right choice of
the movement is especially important during the battle in a village, when the distances between the enemies can be up
to tens of meters.

In order to obtain the average value of the hitting probability in attack at a given distance r, we repeated the
calculations two or three hundred times for each point. In calculations we generate random variables uniform( ) every
time, calculate averages and receive average value of hitting probability in attack that corresponds to reality. By
replacing r, we get values of hitting probability at different distances between the enemies. Then, using the least squares
method, we calculate analytic expressions of the dependence of the hitting probability on the distance between the
opposing sides (see Fig. 8).

We see that good military training and the chosen tactics can significantly reduce the losses. This is especially
important during the battle in a village, when the distances between the opposing sides are small.

5. Conclusions

It is possible to significantly reduce the losses of the attack by choosing appropriate duration of gust.

The tactics of the movement on the battlefield need to be changed when approaching the entrenched enemy.
With the decreasing distance between the warring sides, movement during the gust to the sides is of a significant
importance in reducing the likelihood of hitting.

Soldiers must be trained to fight in a mountainous terrain as well, as the nature of shooting significantly differs
from the corresponding actions in the plains.
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Abstract

This paper gives the information about the main influences of installation of 4 different types of bored piles models to

the ground. Also, the verification of selected 1 type auger for progress development (AF auger) in new soil conditions is

presentet. The most important is changes in soil properties and stress conditions during installation of pile. Also there

are given compares of CFA, ASD and FSD pile models behavior:

e AFP screwing in AF auger and pulling out none rotating while concreting. It was corrected according possibilities of
rig into screwing in AF auger and pulling out rotating in the same direction while concreting [2].

e AFS screwing in AF auger and unscrewing it while concreting [2].

e CFA screwing in CFA auger and pulling out none rotating while concreting [2].

o FDP pushing in prefabricated steel tube pile model with separate measurement base and shaft [2].
KEYWORDS: CFA pile, AFS pile, AFP pile, soil, model.

1. Introduction

Pile foundations are used to carry and transfer the whole load of the structure to the bearing ground located at
some depth below ground surface. The main components of the foundation are the pile cap and the piles. Piles are long
and slender members which transfer the load to deeper soil or rock of high bearing capacity avoiding shallow soil of
low bearing capacity. On purpose to investigate changes in soil properties and stress conditions during installiation of
pile model was conctructed the sand testing box with gages. Test box was filled by layers 0.5 m thickness and
compacted by vibrator (BP 25/48 D).

2. Instruments and preparation used in the investigation

For the soil field testing was used one CPT and DPT near a centre of pile model location. Two CPT and one
DPT close to installed pile model after setting of it concrete.

For measurement of changes in the ground were used gages in 4 locations of pile models equipped with 3 EPC
(Geokon 4500VW) at a depth 1.50 m, 2,25 m and 3.00 m in a distance about 30 cm from pile model surface.

For the pile model instrumentation was used 2 strain gages (Geokon 4200VW) at 3 levels:
e near top of pile;
e near tip of pile;
¢ in medium of pile length.

For the installation of pile models were used:
e Pump ‘Putzmeister’ with adjustable flow ranging 0-60 I/min;
e Augers:

o -AF pitch 11 cm;
o -CFA pitch 11 cm;
e Rig Foreuse;
e Instrumentation record ENBESOL;
Geokon dataloger for EPC.
The composition of concrete mixture used for 1 m*:
Cement CEM 142.5 470 kg;
Microsilica 80 kg;
Sand 0/4 425 kg;
Sand 0/1 1025 kg;
Water245 1;
Dispersant 1.2 kg;
MAPE FLUID X404 5.875 kg.
Concrete compressive strength, after 7 days was 30.7 (29.0-31.6) MPa and after 28 days it was 39.7

(36.2-41.8) MPa. In the box filled sand could be described as medium to fine silty sand (Fig. 1) [1].

Also, the density of each layer was determined (Tab. 1).
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Fig. 1. Grain size distribution [1]

Table 1
Density of each layer

Ground level -260 cm
X/Y  |Water content | Void ratio| Dry density | Bulk density| Relative density

G-10 8.48 0.67 1.58 1.72 0.38
G-6 7.65 0,59 1.66 1.79 0.71
G-3 8.97 0.55 1.71 1.87 0.90
C-3 8.65 0.60 1.66 1.80 0.70
C-6 9.75 0.58 1.68 1.85 0.78
C-10 5.85 0.64 1.62 1.71 0.52

Ground level -340 cm
X/Y  |Water content | Void ratio| Dry density | Bulk density| Relative density

G-3 5.09 0.56 1.70 1.79 0.86
G-6 7.73 0.56 1.70 1.83 0.86
G-10 9.68 0.57 1.68 1.85 0.79
C-6 9.29 0.54 1.72 1.88 0.94
C-3 6.55 0.54 1.72 1.83 0.92

Ground level -380 cm

X/Y  |Water content | Void ratio| Dry density | Bulk density| Relative density

D-10 16.20 0.70 1.56 1.81 0.28
D-3 16.16 0.68 1.58 1.83 0.36
G-3 15.80 0.71 1.55 1.79 0.23

3. Pile models installation

AFP 1 was installed in the same location with previous two trial drillings. It was not possible pull up without
rotation. Rotation in the same direction applied. AFP pile models could be assumed as representative (Fig. 2).

For AFP-1 were used: D =300 mm; Qo = 250 kN; O, = 140 kN; O, =110 kN; 9 RPM/1 m/min; SR 0.9-1.1;
0 RPM/0.3-0.5 m/min.

For AFP-2 were used: D =300 mm; Qo = 265 kN; Qs =195 kN; O, = 70 kN; 5 RPM/0.5-0.3 m/min; SR 1-2;
5 RPM/0.5-0.25 m/min; SR 1-2.
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Fig. 2. AFP piles models [1]

340 !
AFP-1 AFP-2 o
0 5 1 e e AFP-3
33 340 -
30 i I
30 o 50
310 -
320
310 ==
300 i 310
200 00
50 209 o
281
70 t 280
§ T
260 * 270
i { 2631
20 ! T 260
240 i i = 250
230 : : 20 240
: : 23
20 - 230
: B 20
210 i
220 | i 210 10
8 200
120 : ¥ 200
| ' 12 150
180 i 1
; 131 i
N 180
o ! m EilllsE Sns 7
50 T T i
150 1 : 162 | i 160
" + 131 150
=0 L 143 140
120 39 130
I 121 120
110 1 ! L
i i 113 i 110
100 i 1 I
| 101 100
o I
1 IS 20
50 i
. i 3] 30
70 i . i
€0 iy H
e i & 60
0 ! | i
+ 3 50
40 i
| " 20
20 ]
EEEESE S S . 30
20 ; ¥ . 20
10 8 T
- : 10
0 ]
I~ 1 °

Fig. 3. AFP piles models parameters [1]

For AFP-3 were used: D =300 mm; Qo1 =280 kN; O, =215 kN; O, = 70 kN; 5 RPM/0.5-0.3m/min; SR 1-2;
5 RPM/0.5-0.25 m/min; SR 1-2.

For AFS-1 were wused: D =variable 200-500 mm; Qo1 =400kN; O,=365kN; (QO,=35kN;
3-2 RPM/0.3-0.1 m/min; SR 1-2; 2-3 RPM/0.2-0.5; UR 0.5-1.

For AFS-2 were wused: D =variable220-300 mm; Qo1 =400kN; O,=345kN; (QO,=55kN;
3-2.5 RPM/0.5-0.2 m/min; SR 0.5-2; 3-2.5 RPM/0.3 m/min; UP 0.7-1.

For AFS-3 were wused: D =variable 200-280 mm; Qo1 =340kN; O,=320kN; QO,=20kN;
5 RPM/0.5-0.2 m/min; SR 1-2; 5 RPM/0.3-0.5 m/min; UR 1-2.

For AFS-4 were used: D =variable250-160 mm; Qo1=375kN; O;=260kN; QO,=115kN;
15 RPM/0.7-0.4 m/min; SR 2.5-4.0; 7.5 RPM/0.5 m/min; UR 1-2.
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Three different RPM were used 15, 5, 3 and targeted SR 5 and 1 respectively. In reality SR values varied from
0.5 to 2 (prevailed 2), UR — 0.5 to 2 (prevailed 1). AFS pile models in shape are very complicated. AFS 1 because of
expansion of upper part is not representative. AFS piling procedure is very sensitive to drilling and concreting
parameters.
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Fig. 4. AFS piles models parameters [1]
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Fig. 5. AFS piles models parameters [1]

For CFA-1 were used: D =220 mm; Qo1 = 185 kN; Qs = 140 kN; O, =45 kN; 9 RPM; 5 RPM/0.6-0.85 m/min;
SR 0.7-0.9.

For CFA-2 were used: D =220 mm; Qo1=205kN; O,=140 kN; O, =65kN; 9-10 RPM/0.6-0.7 m/min;
SR 1.5-1.7. CFA models in shape are good and could be representative.
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4. EP during installation

The highest EP is obtained for FDP pile model. There is a big difference in EP for AFP procedure compared to
AFS procedure: screwing out while extracting generate much higher values of EP compare to screwing in while
extracting (Fig. 6).

Pressure in EPC (1.50 m) during installiation

B Screwing in

® Screwing out

FDP AFS-2 AFS-4 AFP-2

Pressure in EPC (2.25 m) during installiation
480

B Screwing in

m Screwing out

Pressure, kPa
[\
[
S

-10 40
FDP AFS-1 AFS-2 AFS-4 AFP-2

Pressure in EPC (3.00 m) during installiation

500
390
400
<
iﬁ 300
% B Screwing in
g 200 B Screwing out
100

FDP AFS-1 AFS-2 AFS-4 AFP-2

Fig. 6. EP during installation

5. Comparison of bearing resistance of different models

The highest values of bearing resistance (Jo.1p were obtained for AFS piles: 1.43 higher than AFP and 1.94
than CFA (Fig. 7).

The main difference in bearing resistance is due to increment of skin friction as result of recompaction of soil
by unscrewing procedure while extracting (Fig. 8).

Values of skin friction of CFA piles (CFA auger head) and AFP piles (using screw-in rotation while
extracting) are similar. Higher SR values during drilling AF auger decreasing EP values and as result smaller values of
skin friction are obtained (AFS 4) [1] (Fig. 9).
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6. Conclusions

The highest values of bearing resistance were obtained for AFS piles. This is as result of compaction and stress
increase during screwing-out of AF tool. AFS pile with SR >3 during drilling-in show less values of skin friction.
Shape of AFS piles are very sensitive to drilling and concreting parameters. The highest value of relative bearing
resistance was obtained for FSD pile. Skin friction values of CFA and AFP piles are similar. The largest influence on
the neighbouring soil is induced by FDP pile. EP values is about twice of that AF values.
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Abstract

The surface and electric properties of the monocrystalline silicon solar cell treated by means of focused light from a
20-ns-pulsed YAG:Nd>" laser (1 = 1.064 pum) at repetition rate of 12.5 Hz have been investigated. The laser beam was
focused down to spot size of 1.2 x 0.04 mm? by means of optical condenser consisting of spherical and cylindrical
lenses onto surface of the solar cell in the area between two nearest contacts of the contact grid. Optical beam power
was used in a sequence of 0.14 mW, 0.35 mW, 0.44 mW, 0.48 mW, 0.52 mW and 0.76 mW. The reference and laser
treated samples cut from a single solar cell have been investigated experimentally by measuring current-voltage
characteristics in dark and under illumination by a 5000 K Xenon lamp. Laser fluence greater than 4.5 mW/mm? per
pulse forms ripples on the sample surface along the length of the laser beam spot and repetitive along the beam
scanning directions. The results of our electric measurements and images taken by optical microscope are presented and
discussed.

KEYWORDS: silicon solar cells, laser processing, ripples formation, current-voltage characteristics.

1. Introduction

Solar photovoltaic is one of the most important renewable energy sources in terms of globally installed
capacity. The 102 GW installed capacity has been achieved in 2012 [1]. The advantages of photovoltaic become
especially promised when talking about Building-Integrated Photovoltaic [2] which is one of the latest developments of
photovoltaic technology to ensure green energy.

Crystalline silicon based solar cells still play a major role in the solar cells market. Considerable progress has
been achieved in improving silicon solar cells technology increasing their efficiency. Laboratory-derived silicon solar
cell efficiency of energy conversion is about 25 % however the efficiency of industrial solar cells does not exceed 20%
[3]. Theoretical limit of the conversion efficiency for crystalline silicon solar cells is considered to be at 31 % [4]. The
goal of research and development of the silicon solar cells is to reach mentioned theoretical limit and make solar cells
more competitive with other existing sources of renewable energy.

An increase of energy conversion efficiency of the silicon solar cells can be reached by reducing their surface
reflectivity, increasing minority carrier collection efficiency in short wavelength spectral range and increasing light
absorbance of photon energies near the silicon band-gap energy by means of surface texturing. Silicon surface
processing by means of ultra-short laser pulses [5-8] is one of the most efficient methods for decreasing reflectivity and
increasing of absorbance of silicon solar cells. Operating with femtosecond or picosecond optical pulses one can expect
a minimal influence of such processes as heat propagation through the planar p-n junction and recrystallization of
heated material while it interacts with incident light. However, as it was shown in Ref. 9, the processing of surface of
silicon (or other semiconductors) by means of nanosecond-optical-pulses enables to obtain surface structures in which
quantum confinement effect has been observed [9].

The main purpose of our experiments is to demonstrate effect of nanosecond optical pulses incident onto
surface of a silicon solar cell. For samples processing we used a pulsed YAG:Nd** laser, with pulse duration at FWHM
around 20 ns at 12.5 Hz repetition rate of pulses. The results of measurements of surface morphology, of efficiency of
energy conversion and of electrical properties of laser modified solar cells are discussed in current work.

2. Experiment

The silicon solar cells for our experiments were manufactured out of p-type, 200-um-thick mono-crystalline
silicon (100) wafer. The front surface of the solar cell was textured in the form of the regular inverse pyramids with
facets and depth dimensions about of about 5 um. The 0.25 + 0.3 pm thick, n-type silicon emitter was made by means
of phosphorus diffusion procedure. Continuous lower and the grid upper contacts were manufactured by room
temperature sputtering of silver in a vacuum chamber. Finally, surface of the cell was protected by silicon nitride layer,
which thickness was tens of nanometers.

For laser treatment procedures, a selected solar cell was cut into samples. Each sample contained bottom
contact, two stripes of contact grid on its top surface and optically active area for energy conversion of 20 mm? in
between them. Pulsed YAG:Nd*" laser with pulse duration at FWHM of 20 ns and repetition rate of pulse at 12.5 Hz
has been used for surface of each sample processing. The laser beam power was controlled by changing both the
YAG:Nd*" excitation as well as neutral optical filters. This combination has allowed us to fairly small steps precisely
controlling averaged output power of laser at 0.14 mW, 0.35 mW, 0.44 mW, 0.48 mW, 0.52 mW and 0.76 mW. The
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laser beam was focused by optical condenser consisting of spherical and cylindrical lenses into area between two stripes
of contact grids. Thus, the spot of the laser beam had a shape of the ~1.2 mm-long and ~40 um-wide stretched
rectangular with approximate area of ~0.05 mm?. Each sample was mounted onto X-Y stage which moves the sample
perpendicularly to the laser beam using a computer controlled stepping motor. The sample’s position changing rate was
adjusted by stepping motor so that the solar cell areas processed by adjacent pulses overlap no more than one third of
beam’s spot area.

The current-voltage characteristics of reference (i.e. no processed by the laser) and treated by laser beam
samples were measured in dark and illuminating the sample by Xenon lamp which emits light of 5000 K black-body-
radiation spectrum. A computer controlled setup consisting of Tektronix CFG 253, Kethley 2000, Metex MXD 4660
multimeters and Tektronix TDS 3032B oscilloscope has been used for experimental data registration.

3. Results and Discussion
The optical microscope images of surfaces of the reference and modified solar cells are presented in Fig. 1.

According to our estimations a surface texture of the reference sample contains pyramids with average height of 5 um
(Fig. 1a).

Fig. 1. Optical-microscope image of the top surface of reference sample (a) and of the sample after its laser treatment
using beam’s power of 0.35 mW and 0.6 for the cases (b) and (c), respectively

The image shown in Fig. 1b of the surface modified by means of moderate power P ~ 35 mW of laser beam
shows the ripples (waves) formed along the entire length of the laser spot, and repetitive along beam’s scanning
direction. Interaction of laser irradiation with material induced damages of the cell’s surface which were estimated to
have a shape of inverted pyramids with a density much lower than that one observed onto surface of reference sample
(Fig. 1a). A precise investigation of the surface images let us to estimate the distance between nearest ripples at
23 + 25 pm.

The third part of the image (Fig. 1c) shows the surface of the sample which has been exposed to 0.6 mW
power of the laser beam. The figure shows that laser beam modified uniformly surface of the solar cell. The ripples in
the images of solar cells are not visible.

Fig. 2 represents the results of the solar cell current-voltage characteristics. The figure contains the current-
voltage characteristics of the reference sample and, for comparison, the same characteristics after laser treatment of
sample. The figure has four parts a, b, ¢, and d belonging to 0.14 mW, 0.35 mW, 0.44 mW and 0.52 mW laser beam
power, correspondingly.

The current-voltage characteristics of all the samples were measured in the dark and under illumination by
Xenon lamp of 15 kix and 44 kix luminous. Fig. 2a shows the current-voltage characteristics of the same sample after
treatment at laser beam power of 0.14 mW. The observed current-voltage characteristic completely overlaps the
characteristic of the reference sample. One can admit that such laser-fluence is too weak to induce the technological
changes in the silicon solar cell material. Needs noting that optical microscope image of the surface also shows no
changes of sample surface and fully meets a surface of the reference sample, which is shown in Fig. 1a.

Fig. 2b demonstrates the current-voltage characteristics of identical sample after its laser treatment at laser
beam power of 0.35 mW. The characteristics are similar to those ones of reference sample represented in Fig. 1a, as all
the samples were cut out from the single wafer of a solar cell. Meanwhile, after the laser treatment of solar cell, its
current-voltage characteristics have changed significantly. Our result correlates well with the previously discussed
results of changes of the solar cell’s surface.

At increased laser power of 0.44 and 0.52 mW the current-voltage characteristics of laser treated samples
drastically changed if compare ones with the same characteristics of reference sample. As it is shown in Fig. 2¢ and 2d
at laser power greater than 0.4 mW the nonlinear current-voltage dependences transfer in to almost linear and samples
with p-n junction turns into simple resistors with almost linear current voltage characteristic and resistance almost
independent on experimental conditions. Thus, according to our estimations laser fluence equal or greater than
4.5 mW/mm? can affect irreversible changes of structure and electric characteristics of the solar cell, i.e. distortion of its
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Fig. 2. Current-voltage characteristics of solar cell samples: 1, 1'- in the dark; 2, 2'- at 15 kIx luminous; 3, 3'- at
44 kIx luminous; 1, 2, 3, - reference sample, 1°, 2'-, 3’- after laser treatment at laser beam powers of 0.14 mW
(a), 0.35 mW (b), 0.44 mW (c), 0.52 mW (d)

p-n junction and disappearance of nonlinear current-voltage dependence. Again, this result correlates with the surface
images shown in Fig. 1.

The equivalent scheme of the solar cell consists of current source, diode, R, — shunt resistance and R, — series
resistance. Accordingly, the current (/)-voltage (¥) characteristic can be expressed in terms of [10]:

I=1Lu—I{ exp [ e(V—IRAKT] — 1} —VIRy, (1)

where 7, is the photocurrent; e is the electron charge; k& is Boltzmann’s constant; 7 is the absolute temperature; 4 is the
constant which can get values in range between 1 and 5.

In accordance with the expression (1) and experimentally measured current-voltage dependences one can
calculate the shunt resistance Ry, series resistance R;, the short-circuit-current /., and the open-circuit-voltage V. in
any chosen segment of the current-voltage characteristic. Assuming above mentioned arguments, we calculated the
parameters of the reference and laser treated solar cell samples. A summary of these results at relevant laser beam
power in range below 0.52 mW is presented in Table 1. The data have been obtained at 44 klx luminous of the solar
cell.

Table 1
A summary of calculated results of reference and laser treated samples at various power of laser beam
Laser beam average power P, mW 0 0.14 0.35 0.44 0.52
Shunt resistance R, Ohm ~10° ~10° ~10? 80 13
Open circuit voltage V,., mV 600 600 200 200 50
Short circuit current /., mA 17 17 15 10 7

Thus, when reviewing the results, needs mentioning that laser treatment of surface of textured silicon solar cell
at laser fluences below 4.5 mW/mm?/ pulse does not evoke any noticeable changes of its surface and does not
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drastically change its electric characteristics. However, at laser fluences above 4.5 mW/mm?/pulse value, the light
interaction with silicon material results in appearance of surface ripples and changes of texture map of the solar cell.
Accordingly, changes in the solar cell parameters occurs in undesirable way decreasing values of the shunt resistance
R, (see Table 1), open circuit voltage V.., and the short circuit /.. To use effectively a nanosecond pulsed laser for
modification of surface structure of the solar cells needs to control precisely the laser fluence and operate the laser at
average fluencies less or equal to 7 mW/mm?.

Needs adding that the modified at stronger laser fluencies surface of the solar cell is subject to faster
degradation varying outdoor humidity and temperature. The degradation of the laser treated silicon solar cells is subject
for our further investigations.

4. Conclusions

In conclusions, it is experimentally demonstrated that exposure of monocrystalline silicon solar cell with
textured surface to pulsed-laser irradiation of nanosecond duration can cause distortion of the surface and changes of its
electric properties. The effect on laser treated silicon surface can be controlled by choosing optimal average laser
fluence below 7 mW/mm? per pulse. At more intensive laser fluencies per pulse the light interaction with material
affects irreversible changes of the silicon surface and undesirable changes of electrical properties of the solar cell. Most
probably, a fully controllable modification of the surface of a solar cell can be performed by applying a regime of
multiple scanning of the surface. It takes longer time to have surface modification, however it saves p-n junction from
undesirable heat propagation through the sample and material’s distortion. However, these experiments are still in
progress.
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Abstract

High strength steels HSS are used for heavy loaded welded elements of machines, vehicles and installations, for
example telescopic jibs and chassis of mobile cranes, frames of goods vehicles or the elements of bridges. The usage of
HSS steels is the most beneficial in the parts loaded by tensile stresses. Joining technology applied during production
process influence on the structure strength properties in a fundamental way. Local changes of the stress state and the
microstructure of paternal material or stress concentration in the originated geometrical notches are the factors most
influencing the fatigue strength of the metals, especially the steels of high value of yield point. Improvement of the
fatigue behavior of HSS steels was achieved changing the commonly used GSAW technique by high-energy joining
technology, namely laser beam. Relatively narrow welds and reduced heat-affected zone (HAZ) have minimized the
residual stresses and distortions. In the paper are presented the results of the studies focused on the mechanical
properties of welded joints of high strength fine-grained steel S960QL.

KEYWORDS: welded joints, laser welding, fatigue strength, high strength steel, fatigue life.

1. Introduction

Modern high strength structural steels HSS are characterised by unique properties. It results from the right
weldability and the low temperature of ductile to brittle fracture transition when saving very high strength. Combination
of the above mentioned properties causes the materials from the grade of HSS steels are widely used in welded
structures e.g. telescopic jibs and chassis of mobile cranes, gantries frames, pressure vessels, offshore platforms or
bridge structures, including the military mobile bridges [1-4]. The main advantages of usage these steels are the
significant reduction of the structure’s dead weight or material and labour consumption during production processes.

Strength of the structure is dependent on strength in the weakest spot which are in welded structures the sites
of weld beads. Non-homogenous microstructural changes and phase transitions taking place during the joining
processes cause local increase of hardness and decrease of plasticity simultaneously. Described processes are connected
with the welding thermal cycle and welding shrinkage. The phenomena result in post-welding residual stresses in the
vicinity of the weldment. They are characterised by high gradient and the value of tensile stress which locally reaches
the yield point of paternal material. High stresses can result in a distortion of the structure and local softening of the
material. This local phenomenon influences the performance of the whole structure adversely.

In predominantly cases the service loads have variable characteristic. For this reason it is necessary to perform
numerous researches of the high strength steels welded joints determining its mechanical properties, espetially fatigue
characteristics and behaviour. Obtained results make it possible to assess the influence of joining technology on
structure capacity.

Fine-grained structural steels are characterized by beneficial martensitic - low bainitic structure. Sensitivity to
the cold cracking of the welded joints is decreased in comparison with the joints of the low-carbon normalized steels by
similar carbon equivalent [5]. Despite abovementioned advantageous weldability of these steels is worst than
normalized low-alloy constructional steels and get worse when the yield stress increase [6]. It is commonly known that
fatigue strength of the steels does not increase with their ultimate strength proportioning. This phenomenon is observed
first and foremost in the case of welded structures. For this reason the fatigue strength is a vital decisive factor to use
steel on welding structure. Moreover, fatigue strength of welded elements made of high strength structural steels can be
lower than joints made of low-carbon steels [7].

Many steel grades are difficult or impossible to weld using conventional arc welding may be joined with
a laser beam, without having to modify the welding process [8]. Unquestionable advantages of laser beam welding are:
small amount of the heat input, narrow heat affected zone H4AZ and small distortions of welded structure. In economic
terms the advantages include high welding speed and one-pass full penetration. The great disadvantages of this process
are: high cooling rate, metal evaporation, the precise fit-up requirements for the joint geometry and accurate guidance
the beam along the weld due to the high depth-to-width ratio of fusion zone FZ.

Welding of the steels with a yield stress above 460 MPa is conducted with some difficulties. It results from,
firstly the necessity of using low value of the heat input, and secondly the temperature-time-cycle occurring during the
welding operation, which is characterized by a single parameter, namely the cooling time ¢8/5. It is the time during
which the bead and its HAZ cool down from 800 °C to 500 °C. Use of these procedures makes it possible to decrease
the grain growth and to control the phase transitions. Using the above welding conditions there will be finally achieved
the weldment with the favorable strength properties. Implementation of the laser beam in joining the HSS steels permits
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avoid these difficulties by using one pass welding [9, 10]. A high power density welding technology allows decreasing
the amount of the heat input by reducing the total energy essential for performing single weld or in case of multilayer
welds. Moreover, the laser welding technology provides full control and repeatability of welding conditions.

2. Research procedures

The research was conducted on high strength structural steel S960QL with the thickness of 6 mm. Chemical
composition and strength properties are compiled in Table 1.

Table 1
Mechanical properties and chemical composition (W;, %) of S960QL steel
Mechanical properties Chemical composition
Roz, MPa| R,,, MPa A, % Si Mn Cr Mo Ni A%
1101 1273 9.5 0.38 1.08 0.68 0.70 1.97 0.06

Examined steel was fabricated in quenching and tempering process. Its microstructure in the delivery state is
show in Fig. 1. This steel is characterized by fine-grained martensitic-bainitic structure with a grain size of 4-10 pm,
made by the controlled thermo-mechanical treatment. The presence of vanadium alloying element affects the permanent
carbides locking grain growth. As a result of hot rolling there have occurred band texture, with a number of ferrite
precipitates within small amount of cementite released during the bainitic and martensitic transformations.

x1.000 10um =

a b

Fig. 1. Microstructure of as-received S960QL steel

Laser beam welding was carried out at the Centre for Laser Technologies of Metals in Kielce with the CO;
continuous operation TRUMPH laser. Laser is equipped with a numerically controlled table and its maximum power is
6.0 kW. The nominal spot diameter was 0.43 mm. Joints were made with the following welding parameters: constant
beam power P = 5.0 kW, weld travel speed v = 0.8+1.5 m/min.

The details of processing parameters used in the study are presented in Table 2. The nominal heat input O from
the laser beam can be obtained from the following equation:

P-60

v

0= , kl/mm (1)

where P is the laser power, kW; v is the weld travel speed, mm/min.

Table 2
Joining parameters

Welding number | Welding speed, m/min | Laser power, kW Heat input, kJ/mm

Steel S960QL
#1 0.8 5.0 0.38
#2 1.0 5.0 0.30
#3 1.2 5.0 0.25
#4 1.5 5.0 0.20
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Butt joints were made without any filler material and shielded using helium at a flow rate of 10 L/min. Laser
beam spot was positioned on the surface of the specimen.

Received joints were assessed during metallographic examination. The sections were cut out from each
weldment transverse to the welding direction. They were used for preparation the metallurgical specimens by
grounding, polishing with aluminum oxide and final etching. The weld bead morphology and macrostructure of the
welded joints were examined using a metallographic microscope equipped with an image analysis program. The
microindentation hardness profiles across the welds using a 100G test load with a Vickers microhardness machine were
performed for some selected specimens. The measurements were conducted in accordance with the standard [11]. The
intendations were made within ~ 1 mm from the specimen’s surface at the face of weld side. The interval of the
measuring points was 0.2 mm (in case of large changes 0.1 mm).

During the analysis of actual material effort it is important to determine the residual stresses caused by the
carried out welding process [12]. Residual stresses are generated by the non-uniform heating of elements and the
shrinkage of metal entailed by the thermal cycle. The internal forces are caused by local heating up of relatively narrow
area in which the metal expands and shrinks during cooling. The changes of stresses value are caused by movement of
temperature field, the position of the welded junction and phase changes in the HAZ.

Measurement of the residual stresses in welded joints was carried out at the Light Metals Division of the
Institute of Non-Ferrous Metals in Skawina with X-ray diffraction method using STRAINFLEX PSF-2M apparatus. It
was performed at three points: in the weld axis, in heat affected zone (2 mm from the axis) and in the paternal material
(10 mm from the axis).

Fatigue tests wera carried out on the model samples show in the Fig. 2.

196

78

Fig. 2. The dimensions of the samples used for fatigue tests

The fatigue properties were characterized on the basis of the carried out research. The specimens were exposed
to variable levels of total strain amplitude Ag,. from 0.15% to 0.5% and stable cycle asymmetry ratio R =0.01
(R = &min / €max). The load was sinusoidal with frequency f'= 0.5 Hz. The failure criterion was defined by force drop as
the point at which the maximum force decreased by approximately 50% because of a crack comparison to the maximum
force in the first reverse [13].

3. Results of the research

Very positive results were obtained performing the laser-made butt joints on S960QL steel elements with the
assumed welding conditions (Fig. 3). Welds are characterized by symmetry and a small height of the face and the root
of weld. In some conditions the outline coincides with the surface of the work piece (Fig. 3a). At the highest speed of
welding, face is characterized by the worst shape (Fig. 3¢). On the image of the specimen # 4 is shown the local lack of
melting the fusion face near the root (1). This is due to the difficulty of positioning the laser beam accurately on the axis
of welding and a large value of the depth-to-width ratio of fusion zone (for # 4 width is ~ 1 mm in some areas). There is
important a slight width of the zone of weld with HAZ, which is from 2.3 mm at the narrowest point (for # 4) to 4.5 mm
(for # 1).

#3

a b C

Fig. 3. Laser-made welds of S960QL steel (description in test)
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The results of Vickers hardness test for S960QL steel are shown in Fig. 4. In all cases the microhardness
distribution is similar and changes significantly. Weld and partly heat affected zone have microhardness 360-380 HV.
In the normalized area it increases up to about 420 HV and then rapidly decreases to 285 HV in the re-crystallization
zone. Next, the hardness is gradually increasing to 335 HV (the hardness of the paternal material). Measuring places of
the HV0.1 maximum values are marked on the Fig. 4 with black dashed lines.
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Fig. 4. Changes of microhardness in joint zones of S960QL steel

Results of the residual stress measurement are presented in Fig. 5. The values measured in the direction
perpendicular to the weld axis (X direction) are indicated by the solid lines, whereas in the paralell direction
(Y direction) — the dashed lines.
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Fig. 5. Residual stresses in laser-welded joints of S960QL

The increase of laser beam travelling speed (at constant laser power) causes the rise of the residual stress value
measured in the X direction. In second direction there are approximately constant. This is directly related to the amount
of heat input and cooling rate. At higher welding speed crystallization of the melting metal progresses very quickly and
it also entiles high tensile stresses in the HAZ (about 350 MPa). Greater amount of heat input at lower speed allows
stress relaxation in the HAZ and tensile stresses reduction.

The results of the fatigue life of welded joints made by laser technique (L1, L2) were put on the plot in Fig. 6.
For comparison some results for paternal material (PM) and GSAW-made welds (MAG) were plotted. The sing L2
indicates laser welded samples, in which were observed stress concentrators during SEM assessment of the fatigue
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Fig. 6. The strain vs. fatigue life graph for laser welded joints of S960QL steel
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rupture, namely a lack of the fusion from root side. Of the two indicated cases, the lack of the fusion in the welded joint
with lower fatigue life amounted to approximately 8% of the weld cross sectional area. Nevertheless, the fatigue life of
this sample is comparable to the welded joints made by GSAW.

Laser welded joints have a significantly increased fatigue life than the welds performed using classic method.
GSAW-made samples, examined under slight values of A, = 0.25%, are ruptured approximately 50% earlier than laser-
made examined under more unfavorable conditions (Ag,. = 0.3%). This is due to a beneficial geometry of the weld face
and root, narrower HAZ and lack of welding consumable. The crack of laser welded simple tested under load
Agae = 0.5% propagated through the re-crystallization region. This phenomenon may indicate that the influence of
welded joint shape ratio and connected with them stress concentration was less important, and the importance of local
mechanical properties in the HAZ regions increased. There occurs a parallel to a quasi-static fatigue under large loads.
Similar phenomenon was not observed in the case of the arc-welding joints.

The fractographic analysis was conducted on the basis of fatigue fractures of the samples tested under strain
level Ag.. = 0.5% (Fig. 7). The places of fatigue cracks initiation indicated by arrows are analyzed in the further part of
this paper.

In case of the laser-made weld crack propagation is stable and mild (Fig. 7). This character of cracking is
caused by the facts that crack initiation and its first stage of growing is located in re-crystallization zone, which has low
hardness and strength.

Fig. 7. Fatigue fracture of the laser-made weld joint tested under Ag,. = 0.5%
Rolling process caused that numerous and very hard mill scales were indented into surface. Welding has
caused local softening of the material strength properties and these indentations have become the initiators of fatigue

fractures, indicated by arrows in Fig. 7. Cracking of these welds has ductile and brittle-ductile nature with many spaces
of fracture inhibition and brittle-to-ductile shear zones.

e

Fig. 8. Place of crack intiation (a) and squashed fatigue striations (b) in the laser welded specimens examined under
Agae =0.5%

Example fractographic picture of fatigue fracture surface is presented in Fig. 8b. It is stage of high crack
propagation. There are shown the traces of squashed fatigue striations indicating that fracture propagates under high
values of strains causing high compressive stresses (in compress phase of the load) and has ductile nature. There can be
observed cracks oriented perpendicularly to the main fracture surface what demonstrates that high plastic strains
occurred during failure.

4. Summary

The application of laser beam in joining the high-strength fine grained S960QL steel allows obtaining very
good quality of weldment. Obtained joints are characterized by a small range of heat-affected zone and the preferred
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shape of the face and root of weld, which significantly affects their strength properties. The strengthening mechanism of
the steel, which results directly from their chemical composition and processing, influences on changes in
microhardness and residual stress state. An increase of the heat input amount influences on the stress distribution
positively but it extends the width of the weld cross-section with higher values of microhardness.

The presence of welded joints causes decrease of fatigue life of tested specimens, in comparison with the
specimens without the welds, up to 50-60%. More beneficial shape of the welds decreasing stress concentration and
lack of additional welding consumables improve the fatigue life, even if fracture initiators are found.

Crack propagation in laser welds has proceeded in stable way. The nature of initiation under test condition of
strain amplitude Ag,. = 0.5% is not typical, because it has occurred in HAZ rather than in the vicinity of fusion line. In
this case the initiators were rolled mill scales in the re-crystallization zone of HAZ.
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Abstract

This paper examined technological processes of installing floor (installation of the base, laying concrete, arrangement of
joints, processing and maintenance) also their impact on the final quality of the floor was established. A model was
created for analysis and comparison of industrial floor installation options. Practical application of the model is also
provided: objects for analysis of concrete floor installations were chosen; the chosen options for installing floor are
described; a system of indicators was formed to compare the options; technical-economic and qualitative indicators
were calculated for the options and by applying the method of multiple criteria analysis, rational option for floor
installation was established.

KEYWORDS: floor, concrete, covering, model, multiple criteria, evaluations, COPRAS, criterion.

1. Introduction

Modern construction market is extremely dynamic. With the help of the latest research and technology, as
well as work experience of the builders, the old and often forgotten ideas are improved and the new ones are created.
They are applied for the whole process of creating a building: in designing, building and operation. Different parts of
the building are constantly affected by various loads, which are variable and fixed. For floor, which during the whole
period of its operation gets especially heavy load, specific technical requirements are raised: it has to maintain its
geometric form, to be resistant to mechanic effect and aggressive environment, as well as its surface needs to be
processed well. All this is most effectively implemented by using concrete. Its components, ways of laying and
compactions have a huge impact on the strength, abrasion, density, frost resistance, shrinkage, and water absorption
of the floor.

2. Forming the options for installing floor in logistics centre

Industrial floor may be installed in buildings of various purposes, therefore its installation, including materials
and the used equipment are chosen considering the specific building. However, rather similar requirements are raised
for such floor, namely mechanic resistance, durability, no dusting, smoothness, and excellent features of operation [1].

Lithuania is a perfect place to dislocate logistics centre; therefore, recently a number of such centres were built
throughout all the country.

Floor in logistics centres are affected by extremely huge static and dynamic loads, since heavy vehicles drive on
them constantly, therefore the floor should be mechanically strong and durable. It is very important that the floor is smooth
and convenient for operation. It should not interfere with intensive traffic of forklifts, and the joints should be arranged in such
way that the going vehicles could move smoothly without any stronger rumbling as in such way the wheels wear less [3].

In this work the typical logistics centre of 20 000 m? was chosen, where the racks of 8 meters are stored.

Further, in Table 1, the description of floor options is provided.

In all of the options, the thickness of concrete layer is 180 mm, and the base under the concrete is the same, i.e.
150 mm sand of 0/16 fraction, 70 mm rubble of 32/45 fraction and polyethylene film, which is 20 mm thick.

Table 1
Description of floor options

Serial
No.

1. |In this option, the strengthening of two reinforcement mesh is chosen (08 AIII/08 AII1/200/200). The joints are
arranged in the network of 12x12. The concrete is brought into the building with the concrete mixer and spread
by using the pump. The spread concrete is compacted and levelled by vibrating beams. Immediately after the
concrete is vacuumed. A carpet with holes is put onto the surface of the concrete. On top of it — another carpet
with a pipe taken out, through which the excess water and air affected by the atmospheric pressure are
eliminated. Vacuuming takes about 1,5 minutes for the floor that is 1cm thick. After vacuuming the surface is
daubed using the mechanized palettes. After the first daubing, the hardener with metal shavings is spread,
which is mixed with Portland cement. When it gets fully wet the daubing with discs is repeated and later using
trowels. The prepared surface is moistened and covered with polyethylene film for at least 7 days.

Description of the proposed options for installing the floor




228

The sequel of Table 1

S;T)al Description of the proposed options for installing the floor
2. |In this option the concrete is with kalmatron supplement. For the reinforcement, 1 armature net is chosen

(08AIII/08AIII/200/200) and metal fibre. Concreting without joints is applied and the technological joints
are arranged in the network of 36x36. The concrete is brought to the building and spread directly from the
concrete mixer. The spread mixture is processed using laser compaction and smoothing machine, which
quickly and accurately forms the surface of the floor plate. After the first ride with petrol daubing machines,
concrete hardener with corund is spread. When it gets fully wet the daubing with discs is repeated and later
using trowels. The surface of fully daubed concrete is covered with protective membrane so that the concrete
would not lose the moisture too fast.

In this option metal fibre is used to strengthen the concrete. Concreting without joints is applied and the
technological joints are arranged in the network of 36x36. In order to make the forklift traffic smoother, the
technological joints are turned by 10°. The concrete is brought into the building and spread right from the
concrete mixer. The spread concrete is processed using laser compaction and smoothing machine, which
quickly and accurately forms the surface of the floor plate. After the first ride with petrol daubing machines,
dry quartz hardener is dispersed using special trolley. When it gets fully wet the daubing with discs is repeated
and later using trowels. The surface of fully daubed concrete is moistened with water and covered with
polyethylene film for 14 days. This way it is protected from drying too fast. In order to increase the resistance
to abrasion, the surface is additionally strengthened with chemical hardener after 14 days.

3. Determining the importance of the indicators using rank method

Determining the indicators is a very important stage when making a rational decision. It should reflect the

pursued objective. If the evaluation indicators will be established accurately, the chosen rational options will satisfy all
the groups concerned.

In order to establish the significance, the questionnaires were created, which were provided for the experts to

evaluate. The respondents were offered to use a 10-point evaluation system. At first they had to choose the indicators,

which,

in their opinion, are the most significant and then to evaluate the remaining ones in comparison to them and to

score them accordingly.

The evaluations received from the experts were calculated by applying rank method formulas. The results are

provided in Tab. 2.

Table 2
The significance of indicators when installing floor in logistics centre
No. Name of the indicator Amount S,” | Deviation 4S Significance
1 | Armature tying quantity 36 -34.39 0.0284
2 | Salary for concrete works 61 -9.39 0.0481
3 | Number of joints 87 16.61 0.0687
4 |Price for installing a joint 47 -23.39 0.0371
5 | Quantity of fibre 53 -17.39 0.0418
6 | Price of fibre 85 14.61 0.0671
7 | Quantity of chemical surface hardener 78 7.61 0.0616
8 | Quantity of dry surface hardener 78 7.61 0.0616
9 | Price of chemical surface hardener 88 17.61 0.0695
10 | Price of dry surface hardener 88 17.61 0.0695
11 |Mechanisation level of work 76 5.61 0.0600
12 | Time consumption of floor installation 51 -19.39 0.0403
13 | Durability 100 29.61 0.0789
14 | Convenience of concreting in a technological sense 59 -11.39 0.0466
15 |Resistance to chemical impact 41 -29.39 0.0324
16 |Exploitation of floor 100 29.61 0.0789
17 | Smoothness 99 28.61 0.0781
18 | Aesthetic view 40 -30.39 0.0316
Calculated using such technique [2]:
Sizzbijajz N (1)

here b;; — evaluation of i criterion by j expert, using points; S; — total amount of evaluations for i criterion by all j
experts; AS; — deviation from the average amount of ranks.
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The average evaluation for each criterion is calculated:

m
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The average amount of ranks (S*) may be calculated based on such formula:

25
ST=E_ i=1m (3)
m

here S; — estimate amount of criteria i; m — number of criteria.
Then the deviation from the average rank amount is calculated as follows:

AS, =S, -8" 4)

The significance of the criterion is established based on the formula:

’ )

The reliability of the examination is expressed by the coefficient of expert opinion concordance, describing the
overlap degree of individual opinions. The calculated average of evaluation results:

%-(36+61+87+47+53+85+78+78+88+88+76+51+100+59+41+100+99+40):70.39

Calculate the sum of squared deviations:

(-34.39) +(-9.39) +16.61% + (- 23.39) + (-17.39) +14.61> + 7.61% + 7.61%> +17.61% + 5.61% + (- 19.39 ) +29.39% +
+(=11.39) +(=29.39) +29.61% +28.61> + (= 30.39) =8242.28

Other necessary amount for the coefficient of concordance is indicator 7 or ranks related in k range, which is
calculated using the formula:

H; 3
7, =3 (n - h,) ()
i=1
here T; —indicator of ranks related in range k; H; — number of equal rank groups in k range; .y — equal ranks;
[ is number of related ranks in group, after the evaluation by expert k; k — number of experts.
T,=120; T,=234; T,=192; T,=120; T,=144; T,=414; T, =120, T,=126;
T,=186; T,=138; T,=186; T,, =144
Then their amount:
ZTI =1884
Jj=1
Concordance coefficient is calculated:

12-8242.88

- =0.1758
10 -(18° ~18)-10-1884

Since the concordance coefficient is greater than zero, we can assume that the reliability of the significance
values received using rank method is sufficient.
The significance of concordance coefficient is established using this formula:

- 12-8242.88
- 1
10-18-(18 +1)—

(18+1)-2

=29.88 >y, =27.578

X

-1884
1

Since the calculated xz =29.88 is greater than x,zem =27.578 , the hypothesis of the ranges matched by
experts is accepted and it is stated that the experts’ opinions match.
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4. Establishing the rational option for installing floor in the logistics centre using the method of multiple criteria
COmplex PRoportional ASsessment of projects (COPRAS)

In order to find rational floor installation options, the values for the indicators are established: quantitative values
are provided in the estimate and calculated from schemes, while qualitative ones are established by researching the experts.
Primary data for comparison of options are provided in Tab. 3.

Table 3
Primary data, necessary to perform multiple criteria analysis for installations of floor in logistics centre
) Numerical value of criterion
Criterion G || e evaluation

R Vi V2 V3
Armature tying quantity Pcs. - 0.0284 2 1 0
Salary for concrete works 1t/m? - 0.0481 14 11 9.5
Number of joints m/m? - 0.0687 0.17 0.04 0.04
Price for installing a joint It’kg - 0.0371 30.3 68.19 68.5
Quantity of fibre kg/m? - 0.0418 0 25 35
Price of fibre It/kg — 0.0671 0 2.9 2.9
Quantity of chemical surface hardener 1/m? + 0.0616 0 0 0.25
Quantity of dry surface hardener kg/m? + 0.0616 8 7 6
Price of chemical surface hardener /1t - 0.0695 0 0 16
Price of dry surface hardener It’kg - 0.0695 2.8 1.8 1.2
Mechanisation level of work points + 0.0600 34 3.8 4.7
Time consumption of floor installation points - 0.0403 4.4 3.7 2.5
Durability points + 0.0789 4.8 4.5 4.7
Convenience of concreting in a technological sense| points + 0.0466 2.6 3.6 4.8
Resistance to chemical impact points + 0.0324 3.9 4.3 4.3
Exploitation of floor points + 0.0789 3.5 4.5 4.8
Smoothness points + 0.0781 4 4.4 4.6
Aesthetic view points + 0.0316 3.3 3.7 4.3
Note: signs + (—) show that appropriately higher (lower) value of the criterion meets the requirements more.

Since it is not possible to compare separate measuring units, it is necessary to normalize them.
Evaluated and normalized decision matrix is conducted [2]:

. 2-0.0189 — 00189
2+1+0
4.3-0.0316 ~0.0120

837 33137+43

Calculating amounts of minimalizing S; and maximizing Si; of evaluated and normalized indicators,
describing j option:

§,,=0.0000+0.0171+0.0271+0.0110+0.0216 + 0.0240 + 0.0092 + 0.0235 + 0.0101 = 0.1436

§_,=0.0189+0.0195+0.0476 + 0.0067 + 0.0000 + 0.0000 + 0.0000 + 0.0335 + 0.0167 = 0.1421

§.;=0.0616+0.0176+0.0237 +0.0265+0.0203+0.0111+0.0296 + 0.0276 + 0.120 = 0.2301
§_5=0.0000+0.01335+0.0110+0.0152 + 0.0244 + 0.0335 + 0.0695 + 0.0144 + 0.0095 = 0.1907

The relative significance of compared options (effectiveness) is established based on the descriptive positive
(option ‘pluses’) S+, and negative (option ‘minuses’) S.; features:
0.1421-(0.1421+0.1375 +0.1907)
0.1421. 0.1421 N 0.1421 N 0.1421
0.1421 0.1375 0.1907

0, =0.1436+ =0.3129
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0.1421-(0.1421+0.1375+0.1907)
0.1421 0.1421 0.1421
0.1421  0.1375  0.1907

=0.3562

0, =0.1230+

0.1907(

All the calculation results are provided in Tab. 4.

Table 4
Results of multiple criteria evaluations for alternative floor installation in logistics centre

. Numerical value of criterion
Criterion SUSERMEE | e e evaluation
pes. Vi V2 V3

Armature tying quantity Pcs. - 0.0284 0.0189 | 0.0095 | 0.0000
Salary for concrete works It/m? - 0.0481 0.0195 | 0.0154 | 0.0133
Number of joints kg/m? — 0.0687 0.0467 | 0.0110 | 0.0110
Price for installing a joint It/kg - 0.0371 0.0067 | 0.0151 | 0.0152
Quantity of fibre kg/m? — 0.0418 0.0000 | 0.0174 | 0.0244
Price of fibre It/kg - 0.0671 0.0000 | 0.0335 | 0.0335
Quantity of chemical surface hardener 1/m? + 0.0616 0.0000 | 0.0000 | 0.0616
Quantity of dry surface hardener kg/m? + 0.0616 0.0235 | 0.0205 | 0.0176
Price of chemical surface hardener 1t/1 - 0.0695 0.0000 | 0.0000 | 0.0695
Price of dry surface hardener It/kg - 0.0695 0.0335 | 0.0216 | 0.0144
Mechanisation level of work points + 0.0600 0.0171 | 0.0192 | 0.0237
Time consumption of floor installation points - 0.0403 0.0167 | 0.0141 | 0.0095
Durability points + 0.0789 0.0271 | 0.0254 | 0.0265
Convenience of concreting in a technological sense points + 0.0466 0.0110 | 0.0152 | 0.0203
Resistance to chemical impact points + 0.0324 0.0101 | 0.0111 | 0.0111
Exploitation of floor points + 0.0789 0.0216 | 0.0277 | 0.0296
Smoothness points + 0.0781 0.0240 | 0.0264 | 0.0276
Aesthetic view points + 0.0316 0.0092 | 0.0103 | 0.0120
Amount of maximized normalized and weighed indicators S+, 0.1436 | 0.1559 | 0.2301
Amount of minimized normalized and weighed indicators S-; 0.1421 | 0.1375 | 0.1907
Significance of the option Q; 0.3129 | 0.3309 | 0.3562
Priority of the option 3 2 1
Note: signs + (—) show that appropriately higher (lower) value of the criterion meets the requirements more.

After performing a multiple criteria floor installation evaluation it is noticeable that the most rational decision
is to use the 3™ option in the logistics centre.

5. Conclusions

Having analysed the construction of industrial floor and the technological processes for its installation, a
model was created in order to find a rational decision. This model forms possible options of floor installation, system
of indicators is created, their significance and quantitative as well as qualitative values are established, while the
rational decision is found by applying the method of multiple criteria analysis.

In order to exemplify the wide possibilities of installation of industrial floor, three types of buildings were
distinguished in order to make a rational decision, namely logistics centre, underground garage, and meat processing
company. In each of the cases separate alternatives and systems of criteria were formed. The significance of criteria
was established from the experts by using the questionnaire. The rational options were calculated by applying the
method of multiple criteria complex proportional assessment of projects. After the calculations were made it was
established that in the logistics centre, the most rational decision out of the three was to install option no. 3, i.e.
concrete reinforced with steel fibres, the surface hardened with minerals and chemical hardener, large spaces are
covered with concrete using stationary equipment, and the constructional joints are turned by 10°.
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Abstract

The paper presents preliminary results of low cycle fatigue properties, including fatigue cracking, layered laminate
AA2519-Ti6Al4. The test material obtained was combined with the method of explosive bonding in direct
configuration, as well as the intermediate layer using a AA1050 alloy. During the study verified that the laminate will
exhibit superior properties in August, combining the beneficial properties of titanium alloys and aluminum. In addition,
impact tests were performed the Charpy method. Obtained during research breakthroughs were examined by SEM.
KEYWORDS: explosive welding, layered composites, mechanical properties of the composites.

1. Introduction

Operating conditions responsible design, including aerospace structures are very difficult, because the
materials used for this type of object structure puts the sometimes contradictory requirements, particularly in terms of
mechanical properties. Fulfilling all the requirements by one material is often impossible; hence there was a need to
seek opportunities for combining materials with different mechanical properties and structure. One of the methods is the
preparation of a bimetal explosive cladding. This method is an important technology for the production capabilities of
modern metal composites. It is an important complement to traditional production methods plater, such as welding or
rolling steel products. The resulting bimetallic this way, the multi-layered composites consisting of more than two
materials and have unique structural properties. They are characterized by: high strength, corrosion resistance, and in
the case of the association of appropriate materials — including a substantial ballistic resistance. Bonded explosive
materials can be connectable to conventional methods, as well as metals and alloys, for which the technology is not
alternative. Combined materials can vary considerably in its properties, such as steel-aluminum, steel-titanium, or
aluminum — titanium. In addition to the possibility of the production of new materials, the main premise of acting in
favor of the use of this technology are the economic effects in the form of large savings resulting from the reduction in
the consumption of expensive metals and their alloys with specific characteristics. It should be noted, however, that for
some base material technology to obtain this type of call, as an extremely difficult and complex, was controlled only by
the individual manufacturers, which entails extremely high prices of these products.

At present, this technology is most often used for joining sheets of different metals, not weldable by
conventional methods. Products manufactured by this method are used in the manufacturing Mainly industry that
improve the wear resistance or corrosion. Another very important application is that combine the explosive bonding is
not weldable materials by conventional methods [1-5].

The country's leading company focusing its activities on the application and development of technology is the
explosive metalworking Technology Department Energetic "EXPLOMET". Cooperation with this plant has also
enabled the authors to undertake research aimed at obtaining and determine the performance of engineering plastics in
the form of composite laminated AI-Ti with specific properties, which does not have a solid material. Research on
fatigue properties of laminated composites obtained by combining the explosive are not heavily represented in world
literature. Extensive discussion of the determination of the lower explosive limit parameters combine ensuring the
correct execution of the connector are shown in the article [6]. The application of this type of material for engineering
practice requires the characteristics relating, among others, extended recognition mechanisms of crack propagation and
the impact of wider material properties at the speed of crack propagation, i.e. factors to ensure the required stability of
the structure design. In [7] analyzed the structure and mechanical properties of composite materials of different types of
steel after welding explosive then subjected to heat treatment. The presented study helped to determine the scope of the
subsequent heat treatment of the composites obtained from alloyed steels, which provide high mechanical properties at
an acceptable degree of structural heterogeneity. Work [8] devoted to modeling acceleration “upper” sheet involved in
explosive welding. The presented results show that the computer analysis allows the prediction of the kinematic
parameters of explosive welding process. The study of structural and mechanical properties of metallic composites
produced by explosive welding and annealing subjects were the subject of work [9]. In the present paper presents the
results of research on the composites of Al-Al3Ti-Ti complex even with 21 layers of aluminum and titanium. In such a
complex combination of metallographic observed on metallographic section connection with the characteristic wave
and no wave. The structure of the obtained material was examined using the connections TEM and SEM microscopy
and by X-ray diffractometer. Impact strength was determined on samples of composites notched “v” using the Charpy
hammer. Annealed samples show lower impact strength, and yet have not been completely broken, in contrast to the
samples without heat treatment. In [10] the study was carried out on the combined detonation sheets of stainless steel
and titanium. Plates were combined explosively with oblique location of metal striking. Weld examined using optical
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microscopy and scanning electron (SEM). Studies were also performed on the tensile, shear, bending and checked
hardness and corrosion resistance. Observations on an optical microscope and showed the presence of scanning flat and
corrugated layers of the transition metals according to the explosion used for metal bonding. As a result of these
observations, it was found that elements from explosively welded titanium and stainless steel may be used in industry,
even in the form of bent.

Issues related to the martensitic transformation and changes in the physical properties of the composite metal
"steel-titanium" resulting from the explosive welding are described in the article [11]. The paper focuses on the analysis
of a very narrow transition layer between titanium and stainless steel. It was observed that the mixture of elements
occurs only in a layer having a width of about 2 microns - 6 microns deep and 4 microns of titanium into the steel. It
was found that the main effect of explosive welding on the properties of bimetallic composite is plastic deformation,
which increases the hardness of the alloy and the partial reduction of martensitic transformations. While the
phenomenon occurring during the production of multilayer composites containing in their structure intermetallic phase
Al-Ti type are generally found in the literature [12-15], the information on the formation of such a connection using
explosive welding methods are quite scarce. Composite materials containing titanium aluminides, produced during the
manufacture of connectors of the Al-Ti, are widely used as a construction material in the field of aeronautical
engineering.

2. Research procedures

Adopted a more practical work included examination of low cycle fatigue properties, including fatigue
cracking, layered composite material system: Ti6Al4V titanium alloy/aluminum alloy AA1050/AA2519 aluminum
alloy and Ti6Al4V/aluminum alloy AA2519, with the resulting diffusion layer type Al;Ti. It was assumed that such
material will be characterized by unique properties that combine the beneficial properties of titanium and aluminum
alloys (high strength and ductility) and alloys intermetallic phases Ti-Al (high hardness and rigidity).

3. Results of research
3.1. Low cycle fatigue strength

Determination of material behavior under variable loads in the range of a small number of cycles is particularly
important due to the possibility of studying the mechanisms of cyclic deformation mechanisms which lead to the
location of the deformation, cracking and, consequently, the destruction of the structure element.

The study was carried out under conditions of low cycle constant total strain amplitude (&, = const.) using two
groups of flat samples: a central hole (Fig. 1a) and without a hole (Fig. 1b). Fatigue tests were carried out on a testing
machine INSTRON 8802 companies. During the test total strain amplitude sinusoidal &, varied by a factor of cycle
asymmetry R = 0. Tests carried out at a frequency /= 0.2 Hz.
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Fig. 1. Dimensions of samples for low cycle

The study adopted three levels of deformation: e, = 0.3%, 0.4% and 0.5%. Levels were determined after the
analysis of strain graph static tension.

Development of low cycle test results started from analysis of changes in the value of the dependent variable
(stress amplitude o,) as a function of the number of relapses. The results of these measurements carried out on samples
without a hole for the acceptable level of deformation is shown in Fig. 2.
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Fig. 2. Changing the stress amplitude o, as a function of the number of cycles Ny obtained during testing of samples
without opening flat

On the basis of the graph (Fig. 2) above it can be concluded stress amplitude material changes depending on
the current number of cycles for the assumed strain amplitudes total strain &, =0.3%, 0.4% and 0.5%. The test
composite tends to cyclic stability except for the sample at a tension €, = 0.5%. Waveforms o, = f(V)) is characterized
by shoulder features indicated by the arrow in Fig. 6, illustrating the effect of damage of one of the layers. In each
sample, first underwent damage AA2519 alloy layer. To develop the test results of hysteresis loop parameters (ac, €qp
and g,) introduced durability corresponding to 0.5 N (Nris the number of cycles to failure is recorded). This approach
for determining the period of stabilization (in the case of cyclic volatile materials) often can be found in the literature.

The shape of the hysteresis loop (for the period of viability) for levels of deformation during the tests carried out are
shown in Fig. 3.
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Fig. 3. Fixed hysteresis loops obtained during testing of samples without opening flat

3.2. Impact strength

Impact strength test of the laminate was determined using Charpy impact test. The measurements were made in
accordance with PN-EN 10045-1 for samples with notched V. Research two groups of samples from the initiator
notched: the side of AA2519 alloy layer (variant “Al”) and the Ti6Al4V alloy layer (a variant of “Ti”). Fracture
surfaces of samples of a laminate made without the intermediate layer is shown in Fig. 4, a sample made of a laminate

of an intermediate layer in Fig. 6. He results of impact are presented in the form of bar graphs in Fig. 5, respectively and
Fig. 7.
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Fig. 5. The results of measurements of impact samples AA2519-Ti6Al4V
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Fig. 7. The results of measurements of impact samples AA2519-AA1050-Ti6Al4V

The highest impact value (453kJ/m?) was obtained for samples with a notch on the side of notched AA2519
alloy laminate made of AA2519-AA1050-Ti6Al4V, and showed the best impact strength of notched samples with the
notch on the side of the alloy Ti6AI4V.

During the research samples of the “Al” with the intermediate layer delaminate, at the border of the bond
AA2519-AA1050 that was not observed the characteristic wavy profile.
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4. Conclusions

Explosive bonding is a process of great technological importance to the possibility of production of modern
composite panels. Conducted attempts to connect Ti6Al4V and AA2519 alloys are optimistic. The calls have
satisfactory strength properties and susceptibility to plastic deformation in bending, assuming that the inner layer of the
composite is made of aluminum alloy. The results set the direction for further research to determine the effect of
annealing parameters in a high vacuum or in a protective gas atmosphere on the microstructure, phase transitions and
structure stability and fatigue properties of composites of Al-Ti, obtained in the explosive bonding process.
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Abstract

The paper presents the selecting the most suitable region in the selected country for the placement of the bi-modal (rail-
road) freight village using the WSA method. The first part of the paper outlines the introduction to the given issue and
the brief description of the WSA method. The second part describes the identification of the variants (regions) and the
establishment of the evaluation criteria. The third part of the paper includes the creation of the criteria matrix and the
last part provides the determination of the most suitable region in the selected country for the placement of the bi-modal
freight village.

KEYWORDS: freight village, bi-modal, WSA method, regions, criteria, criteria matrix.

1. Introduction

Selecting the place for the freight village can be viewed as a decision problem in which the final decision is
influenced by a group of external factors. For the purpose of solving decision-making problems the methods of multi-
criteria analysis are used and these methods can therefore be used in deciding this type of objects.

There are a number of methods that are used for solving multi-criteria analysis. The simple ones do not take
into account the weight of each criterion and therefore are not appropriate for this article because in the group of criteria
which influence the freight village, significant differences in the importance of criteria exist.

Methods for the selection of a variant are divided according to what information about the preference among
the criteria they require for their work [1 - 2]:

1. Methods not requiring information about preference of criteria — methods that do not require information about
the preference between criteria are very simple and in their plain form are rarely used.

2. Methods requiring aspiration level of criteria — for methods that are based on work with aspiration information on
preferences between criteria, it is characteristic that they do not try to transform the information of a user into a
weight vector. Information about the importance of the criteria is expressed as the aspiration level of the criteria.
These methods are useful in cases where nominal information is known about the criteria, namely aspiration values
of criteria and cardinal evaluation of the variants according to individual criteria.

3. Methods using ordinal information on the criteria — methods working with ordinal information about the criteria or
variants require a specification of the order of criteria importance and the order of variants according to individual
criteria. Some methods are very simple and the results are more or less indicative, others are quite complicated and
provide a comprehensive view of the problem.

4. Methods requiring cardinal information about the criteria — there are several methods that require cardinal
information about the criteria in terms of weights and about the variants in the form of a criteria matrix with cardinal
values. In this area there are three basic approaches to the evaluation of variants, according to:

o Maximizing the benefits;
o Minimizing the distance from the ideal variant;
o Preferential relationship.

The weighted sum method — WSA appears to be relatively easy to handle and easy to apply to the complex and
difficult task of the bi-modal freight village placement.

The weighted sum method requires cardinal information, criteria matrix ¥ and a vector of criteria weightings v.
It constructs the overall rating for each variant and so it can be used for finding one of the most suitable variants as well
as for arranging variants on a scale from the best to the worst.

With this method we work with the weights of individual criterion, which are either entered or estimated
appropriately. Thus we get the weighting s, = (vi, v2, ..., vi) for k£ of maximization criteria.

The method of weighted sum then maximizes the weighted sum i.e.:

k
2 j=1Vili (1)

where: v; is vector of criteria weightings; r;; is normalized criteria matrix.
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Hence we calculate the value of the weighted sum for each variant and as a compromise variant select the one
with the highest weighted sum [1].

2. Identification of all regions and establishment of the evaluation criteria

A. Identification of variants

In stage one, it is necessary to identify a set of variants from which the final solution will be chosen. The
regions of Slovakia where the bi-modal freight village should potentially be placed were identified as those of:
Bratislava, Trnava, Trenéin, Nitra, Zilina, Banska Bystrica, PreSov and Kogice. For a more accurate result it would be
more appropriate to look at district level, but at this level it would be very difficult to obtain data to fulfil the criteria
matrix (an essential part of multi-criteria analysis) because most of the data required is not available at district level.

B. Establishment of a set of criteria

Stage two of the process of multi-criteria analysis involves establishing a set of criteria which influence the
process of decision-making in the selection of variants [3].

Developing a tailor-made system of evaluation criteria is an important step in the whole multi-criteria analysis
process, one which can significantly affect the overall outcome of the evaluation. The rational formation of evaluation
criteria significantly depends on a thorough knowledge of the object of evaluation and on a systemic understanding of
its structure and its functions. The set of criteria must be comprehensive i.e. it must reflect the essential characteristics
of the objects (variants). If the latter is not the case, a gross distortion in the results may occur [3].

The selection and arranging of criteria into a final set of evaluation criteria is in itself a complex and often
difficult process to implement. Another important prerequisite for the development of tailor-made systems is the correct
classification of the evaluation criteria. Evaluation criteria can be classified according to their relevancy and their
formality. From the point of view of relevancy, criteria can be classified into groups according to certain so-called,
aspects of evaluation, such as social, environmental, technical, economic, cultural, aesthetic criteria, etc. [4].

From the point of view of formality it is necessary to differentiate the criteria according to the type of
preference and the way (form) of expressing and measuring the results of evaluations based on such criteria. Criteria
according to their type preference can be placed in order of [4 - 5]:

e increasing preference (maximization, profit) — in which higher values are preferred over lower ones;
o decreasing preference (minimization, loss) — which are the opposite of the above;
o alternating preference - preference changes when a certain value is achieved.
Criteria by way of expression and measurement of evaluations of results [4 - 5]:
e quantitatively, the values of which can be expressed numerically by the number of units of measure;
o qualitatively, which can only be expressed verbally i.e. degrees of quality and a description of their intensity.

Table 1
Criteria layout related to the issue of the bi-modal freight village placement
in the Slovak Republic (source: authors according to [16-17])
Criteria Abbreviation

GDP per capita (PPS) GDP

Average GDP growth over 5 years GDPGR

Amount of transported goods via public roads (thousands tonnes) TGR

Number of large companies (> 250 employees) NBE

Number of small and medium size companies (< 250 employees) NSME

Average gross monthly wage (EUR) AGW

State of road network (km) RN

Regional connections with network of railway lines AGTC AGTC

Table 2
Actual values of the individual criteria (source: [6 — 12, 17])

Region Criterion|  Gpp | GDPGR | TGR | NBE | NSME | AGW | RN | AGTC
Bratislava region 43063 1.055 8255 | 180 | 49420 991 | 241.75 3
Trnava region 20078 1.067 5651 | 61 13136 705 | 360.87 3
Trenéin region 15823 1.057 8921 73 11781 657 508.52 2
Nitra region 14841 1.044 2875 | 51 14301 636 | 517.99 2
Zilina region 15826 1.072 4320 | 61 13390 686 | 593.54 2
Banska Bystrica region | 13215 1.062 3968 | 48 12525 635 | 733.89 0
Presov region 10104 | 1.041 4258 | 58 13120 594 | 715.43 2
Kosice region 14109 1.047 6369 | 52 14744 716 371.88 2
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After determining the objectives of the analysis of available knowledge, relevant to this paper, 8 criteria from
socio-economic and transport fields were defined. For these criteria critical data were obtained based on the study of the
functions and perspectives that are related to the activities carried out in a bi-modal freight village. Due to the
prerequisite that all the data (associated with different factors) should be related to the same time period, only data
collected for 2010 appears in this article. Data for 2011, 2012 or 2013 could only be obtained for a limited group of
factors [4].

For clarity, the criteria (factors) are summarized in the following table (Tab. 1). Tab. 2 shows the specific
values of criteria related to individual variants (regions in the Slovak Republic).

3. Creation of the criteria matrix

In the theory of Multiple Criteria Decision-Making we work with a general number of criteria & and with a
general number of variants p. The value achieved by variant 7 for j-th criterion, is labelled as y;;and is called the criterion
value. The next step is to arrange these values into a matrix which we call the criteria matrix. The rows of the criteria
matrix are formed by the individual variants. The columns of the criteria matrix correspond with the individual criteria.

In our case the criteria matrix looks the same as the Tab. 2.

A.Transfer of criteria to the same type

For the purposes of tasks related to the criteria matrix it is appropriate that all the criteria are of the same type
(minimization or maximization). Transfer of the criteria to the same type is not difficult because each minimization
criterion can be easily converted to maximization criterion [1]:

e The scale is given by the nature of the issue (e.g. grades in school). In this case we take the maximum value that can
be achieved (at school grade 5), and subtract from it the value of the criterion.

o The scale is not given. In this case, we find the variant with the highest (worst) value and subtract from it the value of
the criterion. This step can be presented as protection against the worst variant.

In our case it is necessary to perform a modification in the initial criteria matrix at the eighth criterion, that of
average monthly wage. For average wage the highest value is EUR 991, the transformation will replace the original
criteria value y;s with the value 991 -y;s.

The adjusted criteria matrix looks like this:

(43063 1.055 8255 180 49420 0 241.75 37

20078 1.067 5651 61 13136 286 360.87 3
15823 1.057 8921 73 11781 334 508.52 2
14841 1.044 2875 51 14301 355 517.99 2
15826 1.072 4320 61 13390 305 593.54 2
13215 1.062 3968 48 12525 356  733.89 0
10104 1.041 4258 58 13120 397 715.43 2
\_14109 1.047 6369 52 14744 275 371.88 2 )

B.Ideal and basal variant

Ideal variant is the best option which can be theoretically or practically achieved.
o relative (highest in criteria matrix for a given criterion),
o absolute (highest theoretically possible value).

Basal variant is the worst variant which can be theoretically or practically achieved.
o relative (the lowest value in the criteria matrix for a given criterion),
o absolute (the lowest theoretically possible value).

C.Normalization of criteria matrix

If we know the ideal and basal variants, we simply normalize the criteria matrix. All values in the criteria
matrix will be in the interval <0, 1>, the ideal value of the criteria matrix will then be represented by the number 1 and
the basal by the number 0. An important feature of this normalized criteria matrix that it is completely independent of
the units [1].

If we mark the basal value for criteria j as D; and the ideal value for criteria j as H; then the normalized criteria
matrix (7;) arises from the initial criteria matrix (;;) as follows:

=D,
Ty @
j

where: r;; is normalized criteria matrix; ); is initial criteria matrix; Dj is basal value for criteria j; H; is ideal value for
criteria j.

In our case, to normalize the criteria matrix, the following steps must be performed. We have a criteria matrix
for maximizing criteria, we add lines with the ideal and basal variants and according to the above formula we complete
a normalized criteria matrix (see Tab. 3).
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Table 3
Adjusted criteria matrix and auxiliary lines with the ideal and basal variants
(source: authors according to [17])
Region Criterion | 5pp GDPGR  TGR NBE NSME AGW RN  AGTC
Bratislava 43063 1.055 8255 180 49420 0 241.75 3
Trnava 20078 1.067 5651 61 13136 286  360.87 3
Trencin 15823 1.057 8921 73 11781 334 508.52 2
Nitra 14841 1.044 2875 51 14301 355  517.99 2
Zilina 15826 1.072 4320 61 13390 305 593.54 2
Banska Bystrica 13215 1.062 3968 48 12525 356 733.89 0
Presov 10104 1.041 4258 58 13120 397 71543 2
Kosice 14109 1.047 6369 52 14744 275 371.88 2
H; 43063 1.072 8921 180 49420 397  733.89 3
D; 10104 1.041 2875 48 11781 0 241.75 0
H;— D 32959  0.031 6046 132 37639 397 492.14 3
1041
v, —10104 in_m Via — 2875 Vs —48
= Fhgea > 2T =37 > T h4= )
32959 3 6046 132
1000
24175
Yig —11781 Yig Yio = 100 Yito
lis =—Zoaaa ° 6= %g-> 1T Q0714 > 8T 5
37939 397 49214 3
100
According to the above formulae, we set up the required normalized criteria matrix (Tab. 4).
Table 4
Normalized criteria matrix (source: authors according to [17])
Region Criterion | 5pp | GDPGR| TGR | NBE |NSME | AGW | RN | AGTC
Bratislava 1 0.4516 0.8898 1 1 0 0 1
Trnava 0.3026 | 0.8387 | 0.4591 |0.0985| 0.036 | 0.7204 | 0.242 1
Trencin 0.1735 | 0.5161 1 0.1894 0 0.8413 [ 0.5421| 0.6667
Nitra 0.1437 | 0.0968 0 0.0227 | 0.067 |0.8942(0.5613| 0.6667
Zilina 0.1736 1 0.239 [ 0.0985|0.0427 | 0.7683 | 0.7148 | 0.6667
Banska Bystrica 0.0944 | 0.6774 | 0.1808 0 0.012 | 0.8967 1 0
Presov 0 0 0.2287 |0.0758 | 0.0356 1 0.96251 0.6667
Kosice 0.1215| 0.1935 | 0.5779 |0.0303 | 0.0787 | 0.6927 | 0.2644 | 0.6667

D. Determination of criteria weightings

The individual criterion weights represent the importance of a given criterion for the selection of a variant
using multi-criteria analysis. The higher the criterion weight is, the greater the impact on the decision of the resulting

variant [1, 13 - 14]

The determination of criteria weightings is made using the Saaty pairwise comparison method. The first step of
the Saaty method is to determine the relationship between each pair of criteria when the preference is determined in a
spot range among 1-9. This is determined with the help of 10 members of the research team. They were asked to
determine preferences between individual criteria. Each of the ten members of the team set a preference for each pair of
criteria. Subsequently for each element of the matrix a sum of the sub-matrices of all members of the team was

established and then the average was calculated [14].

Determined elements of the Saaty method were used for further calculations. The values obtained for the
individual criterion in the intermediate calculations and the final values of the vector of weights of individual criterion

are given in Tab. 5.
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Table 5
Values calculated by the Saaty method (source: authors)
Criterion Product of elements Geometric mean | Weighted geometric mean
1. |GDP 0.1089 0.7579 0.0785
2. | GDPGR 0.000625 0.3976 0.0411
3. |TGR 600 2.2247 0.2300
4. |NBE 0.000625 0.3976 0.0411
5. |NSME 0.25 0.8409 0.0869
6. | AGW 16 1.4142 0.1462
7. |RN 600 2.2247 0.2300
8. |AGTC 16 1.4142 0.1462
> =1.00000

4. Determination of the most suitable region

A. Calculation of normalized criteria matrix

See Table 4.

B. Multiplication of normalized matrix by the vector of weights (weighted geometric mean — Tab. 5) indicated
by Saaty method (Tab. 6)

Table 6
Multiplication of the normalized matrix by the values of the weighted geometric mean (source: authors)

Region aferion | Gpp | GDPGR | TGR | NBE | NSME | AGW | RN | AGTC
Bratislava 0.0785 | 0.0186 | 0.2046 | 0.0411 | 0.0869 0 0 0.1462
Trnava 0.0238 | 0.0345 | 0.1056 | 0.0040 | 0.0031 | 0.1053 | 0.0557 | 0.1462
Trencin 0.0136 | 0.0212 | 0.2300 | 0.0078 0 0.1230 | 0.1247 | 0.0975
Nitra 0.0113 | 0.0040 0 0.0009 | 0.0058 | 0.1307 | 0.1291 | 0.0975
Zilina 0.0136 | 0.0411 | 0.0550 | 0.0040 | 0.0037 | 0.1123 | 0.1644 | 0.0975
Banskd4 Bystrica | 0.0074 | 0.0278 | 0.0416 0 0.0010 | 0.1311 | 0.2300 0

Presov 0 0 0.0526 | 0.0031 | 0.0031 | 0.1462 | 0.2214 | 0.0975
Kosice 0.0095 | 0.0079 | 0.1329 | 0.0001 | 0.0068 | 0.1013 | 0.0608 | 0.0975

C. Counting the elements of the matrix for all criteria and placing in the descending order (Tab. 7).

Table 7

Determination of the most suitable region (source: authors)

Region Relevant value Order of regions
Bratislava 0.5759 2.
Trnava 0.4782 5.
Trenc¢in 0.6178 1.
Nitra 0.3793 8.
Zilina 0.4916 4.
Banska Bystrica 0.4389 6.
Presov 0.5239 3.
Kosice 0.4168 7.

5. Conclusion

Based on the calculations performed regarding the decision on the placement of the bi-modal freight village in
the Slovak Republic, using the weighted sum — WSA, the Trenéin region was determined as the most suitable variant.

And based on the calculations it can be stated, that WSA method is an appropriate method for the purpose of
determining the most suitable place for the freight village in the selected country, as well.

The method allows the reducing and adding the number of criteria that are taken into account in search of
solutions. Several calculations with different numbers of criteria were made and always with more or less the same
result — the first position according to the method of weighted sum were always taken by the Trencin region.
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Abstract

This paper provides details of the construction techniques, materials, and recommended practice for the construction of
bored piles for transportation projects. The guide specification of this manual is a performance-based specification that
allows the contractor to select the equipment, materials, and techniques to install a pile to provide the foundation
capacity required for the job. This chapter is thus written with the performance-based specification in mind. Many types
of equipment for installing CFA piles are presented, including some that are proprietary, which have been difficult to fit
into the traditional design-bid-build project delivery method. Using a performance-based specification will allow for
these systems to be considered more often because the contractor is bidding to provide the pile that meets the
performance specifications at the least cost, regardless of pile type.

KEYWORDS: drilled pile, bored piles pile CFA piles, foundation, auger pile.

1. Introduction

Piles are relatively slender shafts, cylindrical in shape, driven or bored into the ground to the required depth.
Piles are used to carry vertical loads through weak soil to dense strata having high bearing capacity. In normal ground
conditions, they can resist large uplift and horizontal load, hence can be used as foundations of multistoried buildings,
transmission line towers, retaining walls, bridge abutments.

Pile foundations are the part of a structure used to carry and transfer the load of the structure to the bearing
ground located at some depth below ground surface. The main components of the foundation are the pile cap and the
piles. Piles are long and slender members which transfer the load to deeper soil or rock of high bearing capacity
avoiding shallow soil of low bearing capacity the main types of materials used for piles are Wood, steel and concrete.
Piles made from these materials are driven, drilled or jacked into the ground and connected to pile caps. Piles are
classified depending upon type of soil, pile material and load transmitting characteristics.

Load Bearing Piles

Concrete Steel Timber Composite
[ | l |
H-Section Hollow Pipe Wood TPT  Pipe Step
Taper
Box Tubular Filled Unfilled
I ]
Precast Cast in Place
Open End Closed end
=
Prestressed Reinforced Cased Uncased
| | |
[ | | 1 I 1
Pre- Post-  Jointed Non- Compacted Drilled/Bored
tension  tension Jointed
|
Cylinder
[ I [ I ]
Auger- Drllled & Preplaced Drilled Helical
Grout Grouted Aggregate Shafts Screw
[* il ]
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{
i I I i
Pipe Shell Drilled In jpe  Monotube  Fundex Tubex Drilled &  Drilled
Cased Cased Caisson ased or Grout-injected Grouted  Shafts
Tubex

Fig. 1. Types of pile foundation
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Bored piles (Replacement piles) are generally considered to be non-displacement piles a void is formed by
boring or excavation before piles is produced. Piles can be produced by casting concrete in the void. Some soils such as
stiff clays are particularly amenable to the formation of piles in this way, since the bore hole walls do not requires
temporary support except cloth to the ground surface. In unstable ground, such as gravel the ground requires temporary
support from casing or bentonite slurry. Alternatively the casing may be permanent, but driven into a hole which is
bored as casing is advanced. A different technique, which is still essentially non-displacement, is to intrude, a grout or a
concrete from an auger which is rotated into the granular soil, and hence produced a grouted column of soil.

2. What is a Bored Pile

Bored pile is another type of reinforced concrete pile, which is used to support high building producing heavy
vertical loads. Bored pile is a cast-in-place concrete pile where the bored piles have to be cast on the construction site,
while other concrete piles like Spun Pile and Reinforced Concrete Square Pile are precast concrete piles. Bored piling is
cast by using bored piling machine which has specially designed drilling tools, buckets and grabs, it’s used to remove
the soil and rock. Normally, it can be drilling into 50 m depth of soil. The advantage of bored piling is because the
drilling method produces little vibration and lower noise level.

Table 2
Range of implicit reliability values
Range Pile class Lognormal (f; g}
Special Drriven piles in non-cohesive soil (D-NC) 3.1
Low MNon-cohesive soil (NC) 3.2
Mid Combined group (ALL) 35
Driven piles (1) 37
Mid + Bored piles (B) 3.8
Bored piles in non-cohesive soil (B-NC) 3.75
Driven piles in cohesive soil (D-C) 4.1
High Cohesive s0il (C) 4.2
Bored piles in cohesive sail (B-C) 4.3

The drilling method is depending on the soil condition, so the piling contractor has to do soil investigation and
decide which drilling technology has to be carried on. Piling contractor decide the correct drilling technology and
minimize disturbance of the surrounding soil. For cohesion-less soils such as sands, gravels, silts, etc., whether it’s
under the water table or not, the pile bore hole must be supported using steel casing or stabilizing mud such as bentonite
suspension. After these, reinforcement bar will be put into the bore hole and concrete will be poured into the bore hole.

Spotting Casing Installation Auges drilling Drilling Battom dheaning Remndorcement Concrete casting Casing lifting
itk Tremie pipe

Fig. 2. Installation of large diameter bored pile
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3. Advantages and disadvantages of bored and cast in -place (non -displacement piles)

Advantages:
Length can be readily varied to suit varying ground conditions.
Soil removed in boring can be inspected and if necessary sampled or in- situ test made.
Can be installed in very large diameters.
End enlargement is possible up to two or three diameters in clays.
Material of piles is not dependent on handling or driving conditions.
Can be installed in very long lengths.
Can be installed with out appreciable noise or vibrations.
Can be installed in conditions of very low headroom.
No risk of ground heaves.
Disadvantages:
Susceptible to “waisting” or “necking” in squeezing ground.
Concrete is not placed under ideal conditions and cannot be subsequently inspected.
Water under artesian pressure may pipe up pile shaft washing out cement.
Enlarged ends cannot be formed in cohesionless materials without special techniques.
Cannot be readily extended above ground level especially in river and marine structures.
Boring methods may loosen sandy or gravely soils requiring base grouting to achieve economical base resistance.
Sinking piles may cause loss of ground I cohesion-less leading to settlement of adjacent structures.

‘9l CFA - Continuous flight auger

PM26 PM28

3
:E
b - B |
- & +
x € > r

[o1] 02 03]

Spotting DOrilling Lifting & pumping Reinforcement installation
concrete

Fig. 3. Installation of CFA pile

4. Specifications to construct CFA piles

Drilling Rigs. The rig must have adequate torque capacity to install the pile without excessive flighting of the
soil during drilling. While specs may include a minimum torque provision, it seems most prudent to set as a
performance requirement that the contractor provide a rig capable of doing the project. The torque and power of the rig
will directly affect the depth to which piles can be installed and the resulting axial capacity that can be achieved.

Drilling. In order to avoid excessive flighting and to construct piles of consistent quality and axial capacity,
target penetration rates must be established and maintained during drilling of CFA piles. It is essential that this
parameter be controlled by the rig operator and monitored for verification. Automated monitoring systems must be used
to provide direct feedback to the operator and verification of performance. It is essential that the installation method
used for construction of production piles be consistent with that used for construction of load test (control) piles.

Placement of Grout or Concrete. Placement of grout or concrete through the auger is a critical part of the
operation and must be monitored using automated systems to ensure that adequate volumes are pumped at a positive
pressure at all times as auger withdrawal is in progress. Slow, steady pulling of the auger at a rate appropriate for the
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delivery from the pump is essential. Some contractors prefer to use a static pull of the auger and some prefer a very
slow rotation in the direction of drilling. It appears that both methods can be used successfully. The auger should never
be allowed to turn in place without either drilling or pumping taking place. The systems utilizing automated monitoring
of volume and pressure delivered to the pile as a function of auger tip elevation are the most effective to obtain
consistent quality and verification. In-line flow meters are the preferred means of monitoring volume of grout/concrete
over stroke counters.

Completion of the Pile Top. It is essential that the contractor continue to deliver the appropriate volume of
grout/concrete to the pile when the auger is close to the surface and significant positive pressure can no longer be
maintained. The completion of the pile top requires manual work to remove any debris or contaminated grout/concrete
near the top of the pile before reinforcement is placed into the fluid grout/concrete. The use of a small form at the pile
top extending above grade is recommended to maintain a sound surface. If below-grade cutoff is required, it is
necessary to complete the pile to grade and then chip or cut the top down later. It is necessary to flush the grout/concrete
to the surface of the working platform to remove any questionable or contaminated material.

Reinforcement. Installation of reinforcement requires that the grout/concrete mix retain adequate workability
for the time necessary to install the cage after removal of the auger and clearing the top of the pile. The mix
requirements with respect to this aspect of the work can vary with differing soil conditions, particularly with respect to
the tendency of dry sandy soils to rapidly dewater the pile. The mix should be developed to demonstrate that
workability is maintained within the slump or flow cone guidelines for the entire duration of time required for drilling

[hal gauges

Reference

&nchor Piles

Fig. 5. Test of pile after installation
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and grouting the pile and placing the rebar cage. In addition, other measures such as anti-washout admixtures may be
required if soil conditions cause excessive dewatering of the mix after casting that results in rebar installation
difficulties. Designers should include reinforcement cages that use: fewer heavy bars instead of many smaller bars; are
no longer than the minimum necessary to provide structural capacity and anchorage; and allow the cage installation
proceed with minimum difficulty. The contractor should tie the cage to permit handling without permanent distortion.

Test Piles and Test Installations. The recommended means of verifying that the installation plan will achieve
the project requirements is using a carefully monitored test pile program. The program should consist of pre-production
static load tests, production static and/or rapid and/or dynamic load tests, and post-installation integrity tests in
sufficient quantities to provide the data necessary to demonstrate that the installed piles meet the load and deflection
criteria established in the project plans with an appropriate factor of safety. It is imperative that the demonstrated
installation procedure be followed for all production pile installations.

Installation Plan. The contractor should submit an installation plan including details of the equipment and
methods proposed for the project. Many aspects of the construction work are performance-oriented with respect to the
contractor’s equipment requirements and methodology. The installation details and monitoring of the installation are
key components of verifying that the performance requirements are met. Contractors should be held accountable for
developing an installation plan that will achieve the required objective.

5. Conclusions

Bored piles, namely auger cast-in-place piles and drilled displacement piles are used extensively in practice.
The advantages of these piles are that their construction is fast, economic and environmentally friendly. These piles,
depending on the method of installation, can be classified as partial- or full-displacement piles. Hence, their capacities
are greater than that of drilled shafts with comparable length and diameter and, in many cases, approach that of driven
piles. The installation methods and the quality control techniques for different types of auger piles were described, and
the available design methods based on in-situ test results were presented. Analytical or numerical modeling of the
installation of these piles combined with well-designed experiments and systematic monitoring of their installation in
construction projects is needed for meaningful advances in analysis and design of these piles.
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Summary

The article addresses the issues of energy efficiency of residential buildings through application of dynamic simulation
of the building energy demand. The main object of the research is the influence of the thermal insulation layer of three-
layer wall panels of individual house exterior walls on the building's energy demand. By means of the computer
programs DesignBuilder and EnergyPlius, the energetic simulation has been done in order to determine the energy
demand. For the existing individual house, three different simulations of the envelope construction thermal
transmittance factor values and the thicknesses of thermal insulation layer have been done. We have presented the
research results and conclusions.

KEYWORDS: three-layer wall panel, simulation of energy demand, DesignBuider, EnergyPlius, calculated total
energy consumption, thermal transmittance factor, dynamic methods of detailed simulation.

1. Introduction

During the last decade, the European Union has actively addresses the issues of energy resources. One of them
is inefficient use of energy leading to extra depletion of at least 20% of total primary energy throughout Europe
(European Parlament ... 2010).

Although, in the recent years, the efficiency of energy consumption has greatly increased, however, the biggest
cost-saving opportunities are in the sectors of residential and public buildings. Here, it is possible to save approximately
27% to 30% of the current consumption of final energy (Commission of the European ... 2011). The energy
consumption of a building is important because of this is the most expenditure throughout the entire life of the building.
The factors of the highest influence upon the building energy consumption include climatic conditions, thermal comfort
conditions, thermic, air tightness, architectural and structural peculiarities of the building, mode of the building usage,
features of installed microclimate conditioning and energy supply systems to ensure the microclimate of the premises.
This means that in order to determine an optimal level of the efficiency of the building energy consumption, it is
necessary to consider a set of the energy end-use efficiency measures and the measures of integration of renewable
energy.

In 2013, Lithuania adopted a Technical Construction Regulation STR 2.05.01:2013 'Building Energy
Performance Designing'. The regulation is prepared in accordance with the Directive 2010/31/EU of the European
Parliament and of the Council of 19 May 2010 on the Energy Performance of Buildings (OJ 2010 L 153, p. 13). The
regulation conforms to the requirements of the Directive 2010/31/EU of 16 January 2012 delegated by the Commission,
which supplements the Directive 2010/31/EU of the European Parliament and of the Council on the Energy
Performance of Buildings by setting a comparative methodology framework for calculating the optimum level in terms
of consumption and minimum energy performance requirements for buildings and building elements.

Pursuant to the aforementioned Technical Construction Regulation, buildings (elements thereof) are classified
according to the energy performance into nine classes: A++, A+, A, B, C, D, E, F, G. The class A++ is considered the
highest, it refers to the building (a part thereof) that uses almost no energy. For the new buildings constructed after the
Ist of January 2014, the energy performance class shall be no less than B; after the 1st of January 2016, the energy
performance class shall be no less than A; after the 1st of January 2018, the energy performance class shall be no less
than A+; after the 1st of January 2021, the energy performance class shall be no less than A++.

2. Subject, aim and objectives of the research

The subject of the research is the influence of the thickness of thermal insulation layer of three-layer external
walls of an individual residential house on the energy demand of the building.
The aim of the research is to perform a complex analysis of the characteristics of the thermal insulation layer
of three-layer wall panels on the energy demand of indoor microclimate systems.
Objectives of the research:
1. To create a model of a real individual residential house and compare the results of the simulation with the results of
energy certification obtained with the program of energy certification of buildings NRG2.
2. According to the created model of the building, to carry out simulations for different thicknesses of facade (exterior
walls) heat insulation layers.
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3. To process the simulation results and perform the analysis of the influence of the characteristics of the wall thermal
insulation layer on energy demand of the building.

3. Methodology of the research

The building is a complex system with many physical phenomena taking place in it. Structural elements,
engineering systems and people present in the building are exposed to outdoor weather conditions. In turn, the quantity
of heat (cold) accumulated in the building envelopes is dependent on the amount of internal heat inflows that occur
from the energy supplied to the building by people and engineering systems (Fig. 1.).
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Fig. 1. Building like a system

Quoting Motuziene V. (2010), the Fig. 2 shows a simplified view of the main processes influencing on the
parameters indoor air. So we have the complex system closely interconnecting outdoor weather conditions, structural
elements, engineering systems of the building and people. The dynamic methods of detailed simulation must be used for
assessment of all these links.
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Fig. 2. Indoor energy flows

4. Calculation and simulation programs used for the research

A computer program EnergyPlus performing integrated simulation has been chosen for the research. This
means that elements of the building, the building and its systems have been worked out simultanecously. Thereby, the
influence of change of one parameter on another parameter has been assessed in every time step in the conditioned
space. For physically real simulation, all the elements must be interconnected. The computer program EnergyPlus
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allows doing so through the simulation — the information of previous time steps is used to predict the system response
and update the temperature of the zone at the present time step. Whereas the needs of power (heat or cold) of the zone
determine all the processes, the power is used as a starting-point to determine the system needs. In this way, simulation
of the system provides the existing supply capabilities and adjusts the temperature of the zone, as required. Such the
EnergyPlus solution is called a process of prediction-correction. Detailed descriptions of EnergyPlus equations are
provided in the documentation of the software — EnergyPlus Engineering Referece (2013).

A computer program DesignBuilder has been used for modelling. By means of the progam, we created a
theoretical model of the building and inputted the required data. The program EnergyPlus performed the simulation of
the building energy performance at selected time step for the period of a year, and the output data were provided in the
program DesignBuilder. Processing of the data was done with the program Microsoft Excel. The scheme of the
calculation and simulation of the selected building is showed in the Fig. 3.
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Fig. 3. Scheme of programs used for calculation

5. Background data of the building under research

An individual residential house situated in Gruzdziai Village, Siauliai District was chosen for the reseach
(Fig. 4).

Fig. 4. Schemes of the ground and attic floors of the building

The building is a single-storey house with an attic, the total area of the building is 189 m? its capacity —
810 m>. The heated area is 189 m> The existing architectural and structural solutions of the building are chosen for the
research. The main facade of the house is facing to the north-east. The exterior walls of the building are of 520 mm
thick silicate masonry with additional heat insulation of 150 mm thick polystyrene foam and coated with structural
plaster. The internal load-bearing walls and partitions are of brick masonry. The plastic frame windows are with three-
glass package (two of them are selective) filled with argon gas. The ratio between the areas of windows and external
walls of the house is 20%. The house is with a single-pitch corrugated metal roof. The values of thermal transmittance
factors of the main building envelopes are provided in Tab. 1.
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Table 1
Thermal transmittance factors of the building envelopes, U, W/m*K
Envelope description Envelope thermal transmittance factor U, W/m?K
Exterior walls 0.182
Roof 0.160
Floors on the ground 0.200
Windows 1.340
Exterior door 1.400

6. Creation of a theoretical model of the building

By means of the computer program DesignBuilder, we have created a theoretical model of the building. In the
data base of the program, we have selected the location (Lithuania) and the time zone (GTM+02:00) of the building
under the analysis; the annual climatic data of Kaunas typical meteorological year have been used for the energy
simulation of the building and entered into the data base (IWEC 2013) of the international network of meteorology data
IWEC (International Weather for Energy Calculations).

Based on the schemes of the floors of the residential house under research, we have created the theoretical
model of the building in the program DesignBuilder (Fig. 6).

Fig. 6. Geometric model of the building in the program DesignBuilder

The next step in creation of the theoretical model of the building is attribution of purpose of the premises to
individual zones of human activities. The following main zones have been distinguished in the building: common area,
kitchen, bedrooms and utility rooms; the number of people has been chosen according to the design standards —
4 people. Considering the purpose of the premises, human activity, natural lighting through the windows of the
building, the program selects the required indoor lighting. According to the available project-based data of the building
structures and their thermal transmittance factors, we have chosen the building structures with the corresponding values
of thermal transmittance factors in the program (Tab. 1).

For designing of heating and ventilation with the reliability of 99.6%, we have used the designed outdoor air
temperature of —19.51 °C. For designing of a cooling system with the same reliability, we have used the designed
outdoor air temperature of 27.5 °C. In the program Design Builder, we have selected a condition that the heat is
produced by a solid fuel boiler with an automatic mode. The heat efficiency of this heat source is 0.89. The heating
system is manifold; the premises are heated by underfloor heating. Electric power is used for cooking. The building is
equipped with a natural ventilation system.

Upon creation of the theoretical model of the selected building with the program Design Builder and
simulation with the program EnergyPlius, we obtained the calculated total energy consumption per square meter of the
useful space of the real building. According to the data of the program, the energy consumption of the building is
211.66 kWh/(m? x year). To verify the reliability of the program, the obtained results were compared with the data of an
Energy Performance Certificate of Building issued to the aforementioned building in 2013. The Certificate declares that
the calculated total energy consumption per one square meter of the building's useful area is 212.22 kWh/(m? x year).
Upon the comparison of these two figures, it can be stated that the program EnergyPlus provides the data with sufficient
accuracy (the variance reaches just 0.26%) in comparison with the data of the certification program of the energy
performance of buildings “NRG-sert” (NRG2) used in Lithuania.

7. Analysis

The highest heat losses are incurred due to the heat conductivity through the building elements and due to air
filtration. Control of the air movement through the building envelopes is very important in reducing the heat losses and
protecting against moisture accumulation. The outgoing air carries heat and humidity to the outside in the form of water
vapour. The water vapour carried by the air can condensate in the building envelope and cause damages to the building
structures.
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The air tightness of the building envelopes can be measured under a standard fan pressurization method as per
EN 13829 by creating the difference of the building internal and external air pressure of 50 Pa and measuring the
variance of the building air. The recommended building air variance must be equal or less than 1 time per hour.

Material thermal resistance (R) and thermal transmittance factor (U) of the structural construction are
calculated by using the values of the material thickness and the coefficient of thermal conductivity.

One of the key issues which have a significant influence on the reduction of the energy demand, in particular
for heating, is constant tightening of the requirements for thermal transmittance factors of the building envelope
(STR 2.05.01:2013 “’Building Energy Performance Designing™") (Tab. 2).

Table 2
Standard values of wall thermal transmittance factor of residential buildings U, W/(m*K)

Energy performance class of the building/Thermal

Envelope description transmittance factor U, W/(m?K)
B A A+ A++
Roofs 0.16 0.10 0.09 0.08
Floors

Envelopes of heated premises contiguous with the ground

Floor above unheated basements and cellars 0.25 0.14 0.12 0.10
Walls 0.20 0.12 0.11 0.10
Windows, skylights, bay windows and other transparent envelopes 1.60 1.00 0.85 0.70
Doors, gates 1.60 1.00 0.85 0.70

STR 2.05.01:2013 “Building Energy Performance Designing” requires that the buildings of the energy
performance classes C, B, A, A+ and A++ (or parts thereof) must be designed so that their air tightness, measured in
accordance with the requirements of LST EN 13829:2002 Thermal performance of buildings — Determination of air
permeability of buildings - Fan pressurization method (ISO 9972:1996, modified), would not exceed the values of air
exchange shown in the Tab. 3 at the pressure difference between the building’s inside and outside of 50 Pa.

Table 3
Standard values of air exchange nso.y (1/h) at the pressure difference of 50 Pa

o Class of energy
e ol e bty performance of the building nso, 1/h
. . .. . . . C,B 1.5
Residential, administrative, educational and medical A AL AR 06

8. Analysis of the simulation results

In order to explore the impact of the exterior wall envelope thermal insulation layer thickness on the calculated
total energy consumption, we have entered different U, values for the theoretical model of the building created by
means of the computer program DesignBuilder.

The simulation is done with the following values of thermal transmittance factor U, W/(m?K) of the exterior wall:

Version 1.

A three-layer wall panel consisting of an outer concrete layer of 12 cm thickness, a layer of mineral wool
(U —0.035 W/(m?K) of 20 cm thickness, an inner layer of concrete load-bearing wall of 20 cm thickness, plastered with
thin plaster is chosen for the exterior wall of the building. The thermal resistance (R) of the envelope structure is equal
to 6.41 m?’K/W; thermal transmittance factor (U) is equal to 0.156 W/(m’K). We entered a standard value of air
exchange nsoy (1/h) at the pressure difference of 50 Pa — 1.5 (STR 2.05.01:2013 “Building Energy Performance
Designing”, the requirement for the energy performance class B).

Upon the simulation with the program EnergyPlius, we have established that the calculated total energy
consumption per one square meter of the building's useful area is 210.27 kWh/(m? x year).

With the same wall parameters we performed a simulation by entering the standard value of air exchange
nson (1/h) at the pressure difference of 50 Pa — 0.6 (STR 2.05.01:2013 “Building Energy Performance Designing”, the
requirement for the energy performance classes A, A+ and A++).

Upon the simulation, the program has calculated that the calculated total energy consumption per one square
meter of the building's useful area is 133.12 kWh/(m? x year).

We compared the obtained data and established that the energy consumption of the building decreased by
36.69 per cent.

With the same wall parameters we performed a simulation by entering a desirable value of air exchange
nso.n (1/h) at the pressure difference of 50 Pa—0.2.

Upon the simulation, the program showed that the calculated total energy consumption per one square meter of
the building's useful area was 110.15 kWh/(m? x year).
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In this case, the energy consumption of the building decreased by 47.61 percent (in comparison of the values
of air exchange 1.5 and 0.2 nsox (1/h) at the pressure difference of 50 Pa).

Table 4
Input data and results of the analysis of the Version 1
Thickness of thermal Thermal Thermal . Calculated total
. . . . Value of air
el ST insulation layer of the | resistance of | transmittance el energy
structure (U—0.035 | the structure factor U, " h consumption,
W/(m2K)), cm R, m*K/W W/m2K 0N kWh/(m? x year)
1.5 210.27
Three-layer wall panel 20 6.41 0.156 0.6 133.12
0.2 110.15
The obtained simulation data is presented in the Fig. 7.
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Fig. 7. Impact of air exchange on energy consumption for heating of the building, kWh/(m? x year), thickness of
thermal insulation layer — 20 cm

Version 2.

We insulated the same construction of the external wall with a layer of mineral wool of 30 cm thickness. The
thermal resistance (R) of the envelope structure is equal to 9.267 m?K/W; the thermal transmittance factor (U) is equal
to 0.156 W/(m?K). We applied the analogous air exchange values nson (1/h) for the simulation in the program
EnergyPlus: 1.5, 0.6 and 0.2 (Tab. 5).

The energy consumption of the building decreased to 37.26 and 52.59 percent, respectively.

Table 5
Input data and results of the analysis of the Version 2

Thickness of thermal Thermal Thermal Value of air Calculated total

el ST insulation layer of the | resistance of | transmittance el energy
structure (U—0.035 | the structure factor U, h consumption,

W/(m?K)), cm R, m*K/W W/m?K e kWh/(m? x year)
1.5 206.78
Three-layer wall panel 30 9.267 0.108 0.6 129.74
0.2 98.03

The obtained simulation data is presented in the Fig. 8.
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Fig. 8. Impact of air exchange on energy consumption for heating of the building, kWh/(m? x year), thickness of
thermal insulation layer — 30 cm

Version 3.

We insulated the same construction of the external wall with a layer of mineral wool of 15 cm thickness. The
thermal resistance (R) of the envelope structure is equal to 4,981 m2K/W; the thermal transmittance factor (U) is equal
to 0.156 W/(m2K). The same values of air exchange n50.N (1/h) as per previous versions were applied for the
simulation: 1.5; 0.6 and 0.2 (Table 6).

The energy consumption of the building decreased to 36.19 and 51.25 percent, respectively.

The obtained simulation data is presented in the Fig. 9.

Table 6
Input data and results of the analysis of the Version 3
Thickness of thermal Thermal Thermal . Calculated total
nsulation 1 fh . ¢ . Value of air
Envelope structure msulation layer of the | resistance of | transmittance exchange energy
structure (U—0.035 | the structure factor U, h consumption,
W/(m2K)), cm R, m*K/W W/m2K fisos kWh/(m? x year)
1.5 213.49
Three-layer wall panel 15 4.981 0.201 0.6 136.22
0.2 104.07
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Fig. 9. Impact of air exchange on energy consumption for heating of the building, kWh/(m? x year), thickness of
thermal insulation layer — 15 cm

Upon the comparison of all simulated versions, we attempted to estimate the impact of thickness of the thermal
insulation layer on the calculated total energy consumption per one square meter of useful area of the building
considering the value of the building air tightness nso.v (1/h).
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Fig. 10. Impact of the thickness of the envelope thermal insulation layer and air circulation on energy consumption for
heating of the building, kWh/(m? x year)

The presented Fig. 10 shows that the thicknesses of 30 and 15 centimetres of the external wall thermal
insulation layer has a marginal impact on the annual energy consumption of the building. After the increase of the
thickness of thermal insulation layer by 100% (from 15 cm to 30 cm), the change of the energy consumption totalled
just 3.14%. Upon the comparison of the data with the impact of air circulation on the annual energy consumption of the
building, we see that in case of any thickness of the thermal insulation layer (15 or 30 cm) the change due to the
infiltration is very high — on the average 51.92%. The change of energy consumption again reaches just 5.8%.

The results clearly show that the heat savings are based on the air tightness. Upon the increase of thermal
resistance of the thermal insulation layer by 83.88% (upon thickening of the layer from 15 cm to 30 cm, the thermal
resistance of the construction (R) respectively increases from 4.981 to 9.159 m?-K/W), the heat savings reach just
3.14%. Such the insvestmest is ineffective. The results of the research lead to the conclusion that it is much more
effective to invest to the security of air tightness of the house, because even the construction of the envelope with
relatively low thermal resistance, if its air tightness is ensured, keeps most of the heat escaping from the premises.

9. Conclusions

The building is a complex system with many physical phenomena taking place in it. It is the complex system
closely interconnecting outdoor weather conditions, structural elements, engineering systems of the building and
people. The dynamic methods of detailed modelling must be used for assessment of all these links.

The energy performance of the building is determined to a large extent at an early stage of the design, therefore
the design decisions taken at this stage have a decisive impact on the construction costs and energy consumption of the
building in the phase of its usage.

The computer program EnergyPlius provides the simulation data with sufficient accuracy (in comparison of
the actual energy consumption of the building with the simulated data, the variance is 0.26%), so it may be used for
preliminary design solutions in Lithuania.

The results of the analyses clearly showed that the essence of heat savings was the air tightness. By
reducement of the costs of thermal insulation layer, we will lower the cost price of the product and will be able to
allocate more funds to the solutions of air tightness of the building. In this way, without increasing the construction
costs, we will significantly improve the building's energy consumption rates throughout the life of the building.
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Abstract

The investigation of fragmentation of t CosO7 is presented in the paper aiming to show that a cobalt oxide particle or a
cobalt particle covered with a cobalt oxide shell could be used as a precursor for Focused Electron Beam Induced
Deposition. The stability and geometrical structure of the differently charged cobalt particle are determined. The
appearance energy is evaluated. The distortion of the particle, formed during the fragmentation, is also established.
KEYWORDS: fragmentation, nanoparticle, energy of appearance, density functional approach.

1. Introduction

Currently, metal nanoparticles, in particular those with magnetic properties such as Co nanoparticles, receive
much attention due to their peculiar electronic, optical, catalytic, and magnetic properties [1-2]. The application of these
particles is very broad: from ultrahigh density recording media to medicine and, in addition, they are traditional
precursors of anode materials in Li-ion rechargeable batteries and an effective catalyst in the reduction of SO, by Co
and of NO by methane [3]. In order to achieve challenging technological goals, the magnetic particles need to be
supported by or embedded in other materials such as semiconductors or insulators. However, it is proven that to prepare
monodispersed nanoparticles by the traditional method is more complicated because the synthesis process is more
complex [4].

At present, Focused Electron Beam Induced Deposition (FEBID), allows the structures to be deposited on the
nanometer scale, is a very promising technique for nanofabrication, although it relies on precursors that are not
optimized for the electron driven process. However, this technology is a one-step process and almost any desired
geometry can be deposited. It is known, that FEBID structures are generated from a standard metal organic precursor
under high vacuum conditions. Generally, the above precursors do not exceed a metal content by 15—-75% and possess
certain properties [6]. Currently, high purity deposits in FEBID have been obtained with the precursor molecule
[Co2(CO)s] [5]. However, this precursor molecule exhibits poor stability in both the vacuum and air, potentially leading
to polymerization reactions and the pressure build up in the precursor reservoir. Hence, investigations have been
focused on an alternative candidate for electron beam induced Co deposition.

Our recent investigations reveal that the stability of the Co nanoparticles increases with the increase of the
number of O atoms in the particle. The results of these investigations also proved that the magnetic properties of the Co
nanoparticles are oxygen-atom-dependent, i.e. the Co nanoparticles could loose their magnetic properties due to
oxidation [7]. On the other hand, O, assisted with FEBID required much lower energy to induce a decomposition
reaction, and secondary electrons achieved 90 % of the deposition process [6]. Referring to these results, we presumed
that the Co shell-core nanoparticles could be applied to the electron induced fragmentation mechanisms occurring in
FEBID to cover the surface by pure Co nanoparticles. In this sense, the fragmentation of the CosO7 was investigated. A
theoretical method is used to predict all possible fragmentation channels and other processes that could occur under the electron
impact on the nanoparticle.

2. Method of Investigation

The structure of the molecule and its fragments has been studied by the Becke’s three-parameter hybrid
functional applying the non-local correlation provided by Lee, Yang, and Parr (B3LYP) [8], — a representative standard
DFT method. The most significant advantage of the DFT method is a significant increase in computational accuracy
without the additional increase in computing time [9]. The present DFT method is derived for obtaining total energies as
the function of the nuclei position and is often the method of choice for reaction calculations because the electron
correlation energy is accounted, while ignoring the electron correlation is one of the most significant deficiencies of the
Hartree-Fock method. However, the correlation energy, as well as the total energy of the investigated system, is highly
dependent on the basis set used. Thus, our investigation was performed with the 6-31G to satisfy both accuraty of the
investigations and appropriate computing time and resourses [10]. The structure parameters of the molecule and its
fragments under study have been optimized with no symmetry constraint.

The following electron—molecule interaction processes relevant for FEBID such as vibrational excitation,
electronic excitation, dissociative electron attachment, neutral dissociation, dissociative ionization, and bipolar
dissociation / ion pair formation are mentioned. Taking in to account the aim our investigation: “is the fragmentation of
small cobalt oxide particles possible?” the calculations for the initial and final states of the system are presented for the
case of dissociation without taking into account the activation energy of the reverse reaction (E,). In order to model the
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fragmentation processes for the pure Co nanoparticle formation, we predict that the Co compounds could more probably
posses only a positive charge, while that of O ones could be negative. Additionally, we predict that charge value of the
both above compounds could vary from 0 to 6 during the fragmentation. The appearance energies were calculated as the
difference between the total energy of the CosO7 molecule and the sum of the total energies of the fragments predicted.

Using this methodology, we took into account the processes when the molecular ions formed with energies in
excess of the ionization potential, may have no sufficient energy to be decomposed according to the lowest energy
pathway. The GAMESS and the Gaussian program packages were applied here [11, 12]. Additionally, it is necessary to
mention that not all investigations planed are finished yet and this is a reason why t more general conclusions are also
not presented.

3. Results and discussions

Let us remember that the investigation of the fragmentation of CosO7 particle is performed to show, that the
above cobalt oxide or pure cobalt particle, covered by CoO layer, could be a precursor for FEBID to produce a pure
cobalt particle. In this sense the formation of a pure cobalt nanoparticle from atoms or their derivatives formed due to
electron impact are the most important results of the fragmentation. On the other hand, in any applications of the
particles, the primary importance is to control the surface properties of nanoparticles because the surface of the particle
could be the main factor determining stability. Therefore, several pathways have been followed to enhance the stability,
i.e. from the use of specific surfactants to the control of surface charge [4]. Hence, we firstly paid our attention to the
formation of the particle and stability of the compounds formed.

Referring to results achieved the possibility of the formation of Co derivatives possessing a neutral or an even
positive charge is larger than that with odd positive charges. The comparison of the total energy of the neutral and
charged Co fragments, that allows us to conclude, that the formation of the neutral Co nanoparticle due to the
fragmentation is more probable than that of positive ones: the total energy of Cos'? is 15.32 eV higher than that of the
neutral particles, while the energy of Cos™ other is much higher (Tab. 1).

Table 1
The total energy of the differently charged Cos derivatives
Charge of Co derivatives Tl @nera, o Difference of the
investigated > total energies, eV
0 -8295.80 0
2 -8295. 24 15.32
4 -8293.86 52.87

Our fragmentation simulations result also in joining of the Cos derivatives, consisting of the Co isolated atoms,
to the particle. Hence, the formation of the neutral Cos particle from CosO7 due to electron impact is possible and we
may speculate that the results of the fragmentation of cobalt oxide or a pure cobalt particle coated with it could be the
formation of a pure cobalt nanoparticle.

Second, a very important requirement is the energy of the appearance of the Co derivatives that could not
exceed the energy of FEBID. For FEBID the relevant energy range is 1 meV (slowed-down secondary electrons) and up
to the keV regime (typical primary electron regime, forward and backscattered electrons) [13].

Table 2
Calculated appearance energies (in eV) for the O7 neutral and
differently charged Cos fragments formed from the CosO7 molecule

Charge of Co derivatives investigated Energy of appearance, eV
0 31.80
2 47.11
4 84.68

Referring to the results presented in Tab. 2 it is obvious that the energy of the Cos particle appearance lies in
the relevant energy range for FEBID. It is emphasized, that the processes of the removing of all O atoms from CosO7
(cleavage of all chemical bonds) requires the largest amount of the energy for the particle destruction. Hence, it is
possible to foresee a less-energy-hungry fragmentation processes in which the energy of appearance does not exceed the
energy range relevant for FEBID. The described above allows us to conclude that CosO7 could be a precursor for
FEBID as the one satisfying the second requirement.

However, it is necessary to mention that both geometrical structures of the neutral particle achieved when the
fragmentation is simulated and when the stablest conformer of Cos is searched is being searched for, are different
(Fig. 1). The different geometrical structures obtained are not a surprise for us, because the previous results of our
investigations exhibited the presence of several conformers of the Cos particle, while the above observation shows the
possibility of the formation of conformers due to the fragmentation [14]. Additionally, we would like to pay attention to
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the simple rotation of one plane of the particle obtained when the fragmentation of CosO7 is simulated that leads to
formation of the stablest conformer of Cos.

Fig. 1. Geometrical structures of the Cos particle obtained when the fragmentation of CosO7 is simulated (on the left)
and the particle is being searched for the stables conformer

Hence, we may speculate that the molecule can move from one structure to the other via pseudo-rotation due to
a small barrier between these structures. The emission of the energy around 0.20 eV could follow the above rotation
taking into account the difference of the total energies of the structures of the conformers investigated. Thus, from the
first sign, the energy of the fragment appearance could be lower due to the energy emitted, but it is not clear how large
the pseudo-rotational barrier is. We do not also know: if the cascade processes of the fragmentation due to electron
impact are possible, which of them is more relevant, and which cascade processes is less energy-hungry, what electron—
molecule interaction processes are more relevant for FEBID. However, despite the scarcity of research data, referring to
results obtained, we may conclude that CosO7 could be used as a precursor for FEBID.
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Abstract

The stability of the N-(2,4,6-trinitrophenyl)-1H-1,2,4-triazol-3-amine molecule due to the additional nitro group
presence was studied theoretically using the density functional theoretical approach. The main emphasis was paid to the
binding energy per atom with a special emphasis on the binding energy per atom dependence on the position of the
additional nitro group.

KEYWORDS: energetic materials, explosivestability.

1. Introduction

Recently, the research has been carred out into the synthesis of new energetic materials to be utilized as
explosives aiming to couple high density with high energy. The detonation pressure approaching kilobars (kbar), a
specific impulse and/or enhanced stability and insensitivity to such stimuli as impact, friction, and electrostatic
discharge should also be considered [1]. Additionally, energetic materials could not be quite sensitive and hydrolytically
unstable. Hence, the research is in progress worldwide searching for explosives with the combination of properties such
as safety, reliability, stability, cost-efficiency and eco-friendliness. For the synthesis of thermally stable explosives,
nitro compounds have received special attention because of their ability to withstand high temperatures and the low
pressures encountered in space environments [2]. Currently, general approaches influencing the thermal stability of
explosive molecules are very well known. These approaches are the following [3, 4]:
¢ Introduction of amino groups;

Condensation with a triazole ring;
Salt formation;
Introduction of conjugation.

A lot of studies are performed to clarify the effect of the introduction of amino groups to various compound,
e.g. 1,3,5 trinitrobenzene, 1,3-diamino-2,4,6- trinitrobenzene and etc. [5-7]. Reffering to these studies, it was concluded
that the introduction of an amino (-NH>) group (in the ortho position) into a benzene ring already having a nitro (-NO)
group enhanced the thermal stability of explosives. On the other hand, the new explosives containing amino groups as
well as ca onjugation were synthesized and investigated [8-10]. Some of these new materials have the unique distinction
of being the most thermally stable explosive reported so far as compared to well known thermally stable explosives.
Reffering to the above studies, we modelled N-(2,4,6-trinitrophenyl)-1H-1,2 4-triazol-3-amine molecule and performed
theoretical investigations of it aiming to clear the influence of the nitro group and its position to both the stability and
optical properties. It is emphasized that our general aim was to design and synthesize new energetic materials. Hence,
we started our theoretical studies with the investigations of the molecules satisfying the first two approaches of those
mentioned above.

2. Method of investgations

The structure of the molecule and its fragments has been studied by the Becke’s three-parameter hybrid
functional applying the non-local correlation provided by Lee, Yang, and Parr (B3LYP) [11], — a representative
standard DFT method. The most significant advantage of the DFT method is an increase in computational accuracy
without the additional increase in computing time [12]. The present DFT method is derived for obtaining total energies
as the function of the nuclei position and is often implemented as the method of choice for reaction calculations because
the electron correlation energy is accounted, while one of the most significant deficiencies of the Hartree-Fock method
is that ignoring the electron correlation. However the correlation energy, as well as the total energy of the investigated
system, is highly dependent on the basis set used. Thus, our investigation was performed with the cc-pVTZ basis set
[13]. The structure parameters of the molecules under study have been optimized with no symmetry constraint. We
computed force constants and the resulting vibrational frequencies. The Gaussian program packages were applied [14].
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3. Results and discussion

The views of the core molecule investigated are presented in Fig. 1. Substitutions R1, R2 and R3 are -H or -
NO,. Here, the substitution —NO; is introduced as ‘the additional NO; (nitro) group’ in order to separate it from other
groups in the core molecule. The largest number of the additional nitro groups attached to the core molecule is two and
their placement is different (Fig.1, Table 1). Hence, the molecules under the study are different due to different number
of the nitro groups and their placement in the core molecules. We indicated the molecules investigated as I-VI to
simplify discussion.

Fig. 1. View of the core molecule investigated. The meaning of R1, R2 and R3 is presented in Tab. 1

Table 1
Substitutions of R1, R2 and R3 for the investigated molecules

Molecule investigated R1 R2 R3
I -H -H -H
11 -NO» -H -H
11T -NO, -NO, -H

v -NO» -H -NO,

\% -H -H -NO,
VI -H -NO, -H

To compare the stability of the derivatives investigated, the binding energy per atom is calculated and
presented in Tab. 2. It is evident, that the stability of the molecule I, where R1, R2 and R3 are H atoms, is the lowest in
comparison to that of other investigated compounds. However, we may not state that the stability of these molecules
investigated increases when one of the above substitutions is —-NO-, because the binding energy per atom of molecule 11
is only 0.013 eV, i.e. less than kT~0.02 eV, and there is no possibility to recognize which of the above mentioned
molecules I or II is more stable. Moreover, the comparison of the binding energy per atom of molecule II and VI (which
are different because of the additional nitro group attached to different N atoms (Fig. 1, Table 1)), allows us to predict
that even the placement of the additional NO, group influences insignificantly the stability of N-(2,4,6-trinitrophenyl)-
1H-1,2 4-triazol-3-amine taking into account that in the both cases N-NO, similar additional chemical bonds are
formed.

Table 2
Binding energy per atom of the molecules investigated
Molecule Binding energy per Binding energy per atom in respect
investigated atom, eV of the stablest molecule, eV

I 6.376 0.062

11 6.389 0.048
111 6.412 0.025
v 6.438 0

\% 6.430 0.008
VI 6.403 0.035
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Molecules V and VI have also one additional -NO, group that is attached to C and N atom of the triazole ring,
respectively. Refering to the obtained rezults of the binding energy per atoms, it is evident that the stability of molecule
V is larger than that of IV. Let us remember, that the stability of molecule II and VI, when only N-NO, bond appered, is
not different. These observations allow us to conclude, that the stability of the molecules investigated could increase
because of the presence of the additional -C-—NO; bond. A similar phenomenon is obtained in the case of molecules 111
and IV. These molecules possess the two additional -NO; groups, and they are different due to the additional nitro
group position in the triazole ring: in the case of molecule III, the N-NO, bond is formed, while C-NO, takes place in
molecule IV. Hence, the stability of N-(2,4,6-trinitrophenyl)-1H-1,2,4-triazol-3-amine could increase when the
additional nitro group is attached to C atom. It is interesting, that the number of the additional nitro groups has not
influence on the stability of the investigated molecule: the binding energy per atom of molecule IV and molecule V is
similar, although two and one additional nitro groups take place in these molecule respectively and one of them is
attached to the C atom of the triazole ring.

3. Conclusions

1. An amino (-NH>) group (in the ortho position) in a benzene ring with a nitro (-NO») group enhanced the thermal
stability of explosives.

2. The stability of the molecules investigated could increase because of the presence of the additional -C-—NO; bond in
triazole ring.

3. The stability of molecule V is larger than that of IV, moreover, the comparison of the molecules III (possessing N-
NO; bond) and IV (possessing C-NO, bond) shows the increased stability of the later molecule.
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Abstract

Of all the legal systems that have been developed so far in the world, two basic models of corporate governance have
been created: one-level (unitary) model, also called Anglo-Saxon or Anglo-American model, and the two-level (dual)
model, which is called European model. Exactly the corporate governance model has a significant impact on the way of
the entire functioning of the organization. In the article the advantages and disadvantages of each model are presented
and the dominant model used in the Czech Republic is confirmed

KEYWORDS: Corporate Governance, Corporate Governance Model, Czech Republic.

1. Introduction

One-level corporate governance model. In one-level corporate governance model there are two main bodies:
General Shareholders Meeting and Board of Directors [3, 4, 6 and 7].

One-level model of the administrative body does not have any institutional ownership control separated from
the operational management of the company. The Board of Directors performs both of these functions. It is composed
of senior managers accompanied with a relatively small number of non-executive directors. The strong position of the
Board Chairman (President) in the organization is guaranteed by the dispersed capital. He is often also the Executive
Director, who manages senior management. He generally chooses the members of the senior management, as well as
other members of the Board, while the General Assembly only confirms his decision [3]. Board of Directors (similarly
as the Supervisory Board in two-level model) can produce some committees, according to their momentary needs, the
focus of which depends on the level of complexity and the trend of the organization [6].

Carati and Rad [1] highlight the important role of the market in the one-level corporate governance model. The
role of the government is only to support a highly competitive environment, where individual companies operate.
Within the market of products and services the companies are under constant pressure from customers, competitors etc.
The competitive pressures affect the managers who govern the production factor market. The authors believe that the
corporate governance role is to promote a high level of competition in individual markets and the effective market
mechanism will naturally motivate the companies and their managers to meeting the best interests of shareholders.

At the same time, however, they add that the role of other stakeholders cannot be neglected. One of the tasks of
the administrative body should be a clear definition of the role of stakeholders in corporate governance. From
experience we know that the ratio satisfying the rights of sharcholders and other stakeholders militates in favor of
shareholders [1].

This corporate governance model is used mainly in the USA and Great Britain [2].

Two-level corporate governance model. In two-level model there are the General Shareholders Meeting
(Vollversammlung in German) operating in an organizational architecture of the Corporate Governance Model with the
Supervisory Board (Aufsichtsrat in German) and the Managing or Management Board (Vorstand in German) [7]. In this
context Hucka, Maly and Okruhlica [3] point out a mistake made by some Czech companies very often - the incorrect
translation of the Managing Board as the Board of Directors in their annual report for example. This body is not present
in the two-level model.

The Managing Board in the two-level model directs the organization with executive powers. This usually
coincides with the executive of the organization or its selected members so that in the executive corps there can be more
officials who are not members of the Managing Board. The Supervisory Board surveys the competence of the board,
executive and senior management and monitors the economic activities of the organization. The General Shareholders
Meeting may elect both bodies at the annual general meeting, but more usually the General Assembly elects the
Supervisory Board and this is instructed to appoint the Managing Board [4].

This model is complemented by compulsory employee representation. The importance of employees, but also
the satisfaction of other stakeholders interests (suppliers, customers, the public, etc.) within the two-level corporate
governance model is also stressed by the authors Gregory [2], Ooghe and Vuyst [5] and others.

The two-level model is used mainly in continental Europe (in particular Germany, France and the Netherlands)
and in some Asian countries [2].

Comparison of one-level and two-level corporate governance model. Before we start to compare these two
systems a brief assessment of the fundamental differences in management boards modelling should be noted (Tab. 1):
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Table 1

Comparison of One-Level and Two-Level Corporate Governance Model [3]

Characteristics One-Level Model Two-Level Model

Executive Administrative Body Executive Directors of | Managing Board
the Board of Directors

Controlling Administrative Body Non-Executive Directors | Supervisory Board
of the Board of Directors

Role of the Board of Directors (Managing Board) Important Important

Concentration of Power Board of Directors Managing Board

Functionality of Non-Executive Directors (Supervisory Board) Insufficient Sufficient

Independence of Non-Executive Directors (Supervisory Board) | Advisable Low

Representation of Banks in Administrative Bodies Unacceptable Strong

Interference of Banks in the Management Forbidden Strong

Representation of Employees in Administrative Bodies Undesirable Obligatory

Representation of Political Sphere in Administrative Bodies Undesirable Indirect

Management Methods Indirect Monitored by Owners

After the comparison of the organizational architecture of one-level and two-level corporate governance model
we can conclude that from the systemic point of view the concept is essentially identical, where the function of the
Supervisory Board in the one-level system is performed by external members of the Board of Directors and the
Managing Board corresponds to the Executive Committee composed of senior executives [3].

The most significant differences we can find in the role of stakeholders in company management. This is
particularly the representation of employees, bank representatives and political spheres in administrative bodies, where
their importance in the two-level model in comparison with the one-level model is significant. For one-level model the
functioning of developed capital market is of great importance, whose role in the two-level model is not so important.

Diversity in corporate governance models are to be found in different EU Member States and beyond.

2. Testing procedures

Methodology. The sample consisted of 300 respondents. These respondents were selected on the basis of a
deliberate choice. The decision about the examined sample choice was not the element of chance, but the judgment of
the researcher. Control characters when creating quota sampling was their membership in the Board of Directors or
Supervisory Board. The final number of processed questionnaires was 103, ie. The return rate was 34.33%.

For data collection there were predominantly Czech organizations in terms of their ownership structure to
obtain. This criterion was met, as organizations with Czech ownership accounted for 58.25% share of organizations
whose data were analyzed in the framework of qualitative research. There were also analyzed data from the 16.50% of
European organizations with the majority of owners (17 organizations) and 25.24% of organizations that respondents
considered to be global (26 organizations).

The questionnaire was sent by classical or by electronic mail. Data collection took place in two rounds in the
months from April 2010 to April 2011 and in the months from January 2012 to June 2012.

The questionnaire was evaluated using descriptive statistics; the results of the questionnaire were processed in
graphical form and then interpreted. Questionnaire as a method of quantitative research is appropriate to use under the
terms when the author of the questionnaire has secured a sufficient return. Under this condition there is an applicable
method with the main benefits:

e low cost of data collection;
o the possibility of recouping a large sample of respondents;
o relatively low time-consuming.

The survey questionnaire return was assured through the help of colleagues and personal contacts gained
during the period of cooperation with practice that contributed to the high rate of questionnaire return.

Questionnaire survey also has its limits. For the success of the questionnaire survey it was necessary to ensure
that the respondents were only members of the authorities. This is related to a lower number of questionnaires
evaluated, as these specific issues and potential research respondents were considerably workload and their attitude to
the questionnaire survey was largely dismissive.

Analysis and findings. The main objective of the research was to find out which corporate governance model
is dominant in the Czech Republic.

To the objectives the following hypothesis was set:

In the Czech Republic the two-level corporate governance model is dominant.

In 77.67% of the analysed companies the two-level corporate governance model was used. The one-level
model was used in only 23 organizations (22.33%). This was mainly related to organizations with foreign ownership
share majority. There was a considerable pressure to enforce the one-level model by the foreign parent organization.
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It was supposed that the respondents would prefer the two-level model as seen in the German corporate
governance model.

We described the hypothesis as follows:

H1: The two-level corporate governance model prevails in the Czech Republic.

We set both hypothesis HO and an alternative one H1:

HO: Both one-level and two-level corporate governance models are used in the Czech Republic.

H1: In the Czech Republic the one-level corporate governance model is not used the same way as the two-level one.

Chi — square test (y* — test)— correlation test

We have constructed - W:

W =(3.842, «0)

We have constructed a test criterion:

=15.77+15.77=31.54

k _ 2 _ 2 _ P
ZZZZ(P,. O) _(80-51.5" (23-5L5)

o O 51.5 51.5
We have set the validity of hypotheses:
x*1eW HO has been rejected and H1 has been accepted.
Based on the conducted test, we can conclude:
It has been shown on the significance level of 5 percent that both corporate governance models are not used the
same way in the Czech Republic. The two level model was used by up to 80 (77.67%) from 103 respondents. The one-

level system was used only in 23 (22.33%) of organizations.
We calculated the interval estimate (interval of 95%) for the monistic (one-level) response (Yes 23 - No 80)

p=0.2233
1- 1-
[p-u NEE /P_(Pij
) n = n
103 103

(0.2233-0.08; 0.2233+0.08)

(0.1433; 0.3033)

Interval estimate (interval of 95%) for the two-level response (Yes 80% — No 23%) p = 0.7767

1- 1-
[p—u pt=p) R p)]
Ly n -5 n
0.7767-1.96 |27 0223, 7767 11 9. [27707 02233
103 103

(0.7767-0.08; 0.7767+0.08)
(0.,6967; 0.8567)

14.33-30.33% of all respondents will respond with the probability of 95% that the two-level corporate
governance model is dominant in the Czech Republic.

Based on these results it can be concluded that:

There is dominant two-level corporate governance model in the Czech Republic.

3. Conclusions

Based on the analysis of available information sources of corporate governance bodies, and after numerous
consultations with practitioners, we assumed that the organizations operating in the Czech Republic will use the two-
level corporate governance model as their dominant modus operandi. This fact has been statistically validated as well.

The one-level system management is governed by two main bodies: the General Shareholders Meeting and
Board of Directors.

The two-level model organisational structure, in addition to the General Shareholders Meeting, is also
governed by the Managing Board and the Board of Directors.

It is the dominant two-level model, which enables the organisation in the Czech Republic to benefit from this
model [7]:
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it provides the background to ensure a stable environment of the organization in the form of cooperative coexistence,
based on the set of contracts,
it is not prone to fluctuations of the capital markets,
it motivates managers to promoting the long-term objectives,
it governs organizations, which are conducted directly by owners,
the close ties with the financial sector predetermine an easier overcoming of temporary financial problems.
However, I also need to mention certain shortcomings of this model which should be given a closer attention

. Those are as follows:

organisations inflexibility towards possible market fluctuations,
extreme power of workers and trade unions towards the owners,
cross-ownership and bank ownership of non-financial organizations can lead to conflicts of interest between
individual subjects.
It is the consistent understanding of corporate governance models and the selection of a suitable model, which

can represent a significant competitive advantage not only in the Czech Republic.
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Abstract

The paper presents analysis of 3-axis accelerometer driving data in order to estimate driving style. We assume that
driving style could be roughly divided into two groups: aggressive driving and safe driving. Methodology used in this
research is applicable to shuttle transport driving analysis and gives possibility to analyze driving style of different road
segments. The results of this work show that longitudinal acceleration data could be used in order to effectively classify
aggressive and safe driving trip by using short-time Fourier transform features of different road segments.
KEYWORDS: driving style, 3-axis accelerometer, driver classification, spectral analysis.

1. Introduction

The analysis of driving style for the companies, such as public transport, delivery service or insurance could
help to manage service quality and increase yield by giving the possibility to control or monitor driver behavior which
is related to appropriate driving style.

Signals related to driving behavior could be divided into 3 main groups: vehicle’s signals, driver’s signals and
environment signals. Vehicle signals are obtained from dynamics of vehicle, states and outputs (w.r.t. vehicle). Driver’s
signals are obtained from driver’s state (physiological signals) and output (driver’s operating signals). Environment
signals are signals that could be obtained from the traffic environment, such as states of surrounding vehicles, road
signals (line markings, terrain, potholes, condition).

There are numerous researches done related to driving behavior analysis. In paper [1, 2] the experiment with
instrumented vehicle was done with different drivers and analysis of driver’s operating signals (pressure of accelerator
and brake pedals of the vehicle) by modeling each individual driver using Gaussian Mixture Models (GMM) showed
that biometric driver identification could be done using those signals’ dynamic features combined with state and that
they carry individual driver biometric information the most comparing other signals. Further researches of the same
group of scientist [3] show that increase in driver identification rate is obtained using spectral features (i.e., cepstum) of
brake and accelerator pedal pressure signals.

In [4] the experiment with driving behavior was done using in-vehicle CAN-bus signals. The research results
showed that using available CAN-bus signals (such as steering wheel angle, brake/acceleration status and vehicle’s
speed) using Hidden Markov Models (HMM) combined with GMM identification of driving maneuvers could be
obtained without other external sensory data. Much later, using same vehicle, the experiment was done [5] that
compared available CAN-bus signals and smart portable off-the-shelf device (i.e., tablet PC) sensory information. The
results show that using portable device as a sensor platform the driving maneuver identification rate was higher that
using CAN-bus information.

The use of smart portable device’s sensors for Driver Assistance Systems (DAS) emerges rapidly because of
relatively rich sensor information available and that no additional external computational hardware is necessary. It is
also is affected by the fact that more and more people are using smartphones and DAS could be implemented without
additional hardware as an application program only which is very cheap and easy to apply. For example, in the
smartphone as a sensor platform was applied in the [6] for aggressive driving and driving event recognition. The
reseach of vehicle’s condition evaluation, road condition classification and driving behavior evaluation system also
using smartphone was done in [7]. Both experiment used smartphone inertial measurement sensors (accelerometer or
gyroscope) and GPS.

In this work we consider that driving style could be divided into two main groups: aggressive and safe driving
(regardless the land vehicle type). Aggressive driving should be considered driving type containing all negative driving
features that contribute to reckless driving, vehicle damaging, passengers’ discomfort and also fuel consumption. Safe
driving should be considered driving type opposite to aggressive driving. Motivated by the previous experiments using
vehicle’s inertial signals [6-10] in this experiment that show the effectiveness of inertial sensors in driving style
capturing, we use only 3-axis accelerometer data to classify driving style into aggressive and safe driving.

Our experiment constraints are as follows: the same driver is driving the same vehicle in aggressive and safe
driving style on the same route. The research results application will be related to shuttle transport services when the vehicle
is driven the same route all the time and no different route consideration is necessary. Spectral analysis is used in order to
obtain features from accelerometer signals that later are used for driving style classification into aggressive and safe.

Further the paper is divided into following sections: 1) Accelerometer signal pre-processing; 2) Spectral
features extraction; 3) Feature selection; 4) Driving style classification; 5) Conclusions and future work.
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2. Accelerometer signal pre-processing

In this section a signal pre-processing is described, that is necessary for appropriate further use of the signal. In
Fig. 1 two examples of safe/normal and aggressive driving styles are depicted of all accelerometer (G-sensor) signals.

In depicted example (Fig. 1), signal values at the end (from 16,000" to 20,000" safe/normal driving signal
discrete values and from 12,500% to 15,000% aggressive driving signal discrete values) correspond to inactive driving
period which doesn’t contain information about driving style. This kind of signal end information should be removed.
The simple thresholding methodology cannot be used for this kind of filtering because of possible data spikes (Fig. 1
aggressive driving discretes >14,000) and bias values of signal in stop period (as depicted in Fig. 2). The bias values
occur because the vehicle can stop in any position w.r.t. gravity vector and because the accelerometer (G-sensor) values
are measured w.r.t. gravity vector, the bias values depend on slope of the platform the vehicle is stopped (standstill on
the uphill or downbhill).

Normal driving
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Fig. 1. 3-axis accelerometer signal examples of driving in aggressive and safe driving styles the same route. Signal
values at the end correspond to inactive period (when vehicle is not moving) and must be discarded for further

analysis
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Fig. 2. Longitudinal acceleration signals of two trips of the same route. Bias is depicted as difference of two signals
when vehicle standstill
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In order to solve the pre-processing problem mentioned above we use median sliding window filter
methodology for filtering three accelerometer signals at once. The signal end sections after proposed filtering are
depicted in Fig. 3. The automatic median filtering technique removes signal values using sliding window until the
minimum median difference threshold value of signal window is violated (minimum median difference value is 1). The
tradeoff between window length and precise median estimation exist, in this experiment we use 100 discrete sliding
window.
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Fig. 3. Raw acceleration signals and filtered signals using median sliding window methodology

3. Spectral feature extraction

The aggressiveness of driving style is related to variability of the acceleration signals, it could be noticed in
Fig. 1 example that when driving aggressively the range of signal and variability increases. From the first look, when
analyzing signal in time domain, it could be reasonable to determine some threshold values and calculate the times the
signal violate threshold values. But, as mentioned before, the acceleration signal amplitude are calculated w.r.t. gravity
vector and if vehicle is going uphill for example, the bias value occur and simple thresholding doesn’t work. Therefore
we use spectral analysis: the signal variability and power (high amplitude deviations) could be captured using short-
time Fourier transform. The whole signal Fourier transform can only capture the whole signal variability and no
information about possible occasional aggressive driving. In order to capture aggressiveness of driving in the signal
zones of interest and increase their contribution, a windowed (short-time) Fourier transform should be applied: short-
time significant aggressiveness of signal could be obtained and so more precisely the driving style could be estimated
taking into consideration short-time signal intervals of the whole trip. Before that, signal resampling were performed to
have same amount of data for each signal. The short-time Fourier transform (in continuous time domain) is defined as
follows:

F(o,0)= [ f(Ow(t—1)e ™™ dt (1)

where o is frequency; 7 is time; w(t —7) is window function (in our experiment we use Hamming window). After the

short-time Fourier transform (using fast Fourier transform in MATLAB environment), we calculate power spectral
density. The power spectral density matrix is defined as:

. RNY
PG, j) = k|F (i, J)| 2
where F(i, j) is discrete-time fast Fourier transform and & for one-sided power spectral density is defined as follows:

2

k="
St

€)

where L is length of window. At zero and Nyquist frequencies, the factor of two in the numerator is replaced by 1. After
the power spectral density calculation the example of spectrogram (logarithm of power spectral density in time
windows of short-time Fourier transform) is depicted in Fig. 4.
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Fig. 4. An example of one axis accelerometer signal spectrogram (PSD — power spectral density) using 500 signal
discrete window length with 50% overlap factor

Further we use logarithm of power spectral density of appropriate frequency values as features for each
window segment and later use for classification of aggressive and safe driving segments for each driving trip.

4. Feature selection

In this section, we discuss feature selection algorithm which is useful for dimensionality reduction and selected
features are later used for classification. In this research we use Principal Component Analysis (PCA) methodology for
dimensionality reduction. Principal component analysis (PCA) is a statistical procedure that uses orthogonal
transformation to convert a set of observations of possibly correlated variables into a set of values of linearly
uncorrelated variables called principal components. The example of PCA operation is given in Fig. 5.
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Fig. 5. An example of principal component analysis for dimensionality reduction. PCA assumes maximum variance
criterion when choosing most discriminative principal components for classification task

The PCA analysis using various combinations of signal features are graphically illustrated in Fig.6. Depicted
segments were selected using reference aggressive driving and safe driving signals. From Fig. 6 the discriminative
capabilities can be seen for various combinations selecting first two principal components for visualization. It is clear
that longitudinal acceleration data alone can reasonably good be used for classification, however still combination of
longitudinal and lateral acceleration, longitudinal and vertical acceleration and all three signal combination could be
also reasonable choice. Other combinations seem to give less important results to further we investigate previous
mentioned combinations.
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Fig. 6. Reference aggressive and safe driving segment PCA extracted features (two Principal Components (PC))
illustration after combining various signals’ original features (spectrograms)

5. Driving style classification

In previous section we used PCA analysis to investigate what combinations of features to use further for
classification. In this section we use whole driving signal (aggressive and safe) segments using moving window with
50% overlap factor in order to generate spectrogram features and classify them, when classification method is trained
with previously (section 4) depicted aggressive and safe driving segments. The purpose of this classification is as
follows: each separate driving trip segments’ (after performing spectrogram feature generation) principal components
(principal component eigenvectors are obtained from reference driving trips) are used as an input to the trained
classifier in order to obtain score of driving trip (aggressiveness or safety of driving trip after classifying each driving
segment into aggressive or safe). And we compare classification-based scores with the expert decisions about safe or
aggressive driving trip.

For this task, we used Random Forest (RF) classifier with two principal components. No additional cross-
validation checks were performed because of RF classifier (bagged decision trees in MATLAB) internal use of bagging
(bootstrap aggregating) ensemble methodology. Classification results after out-of-bag error analysis favor longitudinal
acceleration signal alone compared to other combinations (Fig. 7) achieving only ~3% error for aggressive and safe
reference segments. So further we use only longitudinal acceleration signal in order to obtain aggressiveness and safety
score for each driving trip.

The results of aggressiveness and safety of driving using experimental driving trips are summarized in Tab. 1.
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Fig. 7. Out-of-bag random forest classification error dependency on number of grown trees. The smallest
misclassification percentage is using only longitudinal signal features

Table 1
Aggressive and safe driving trips classification and expert label comparison
II\?Ilerlll?egr Sagel:assesirir;e(:ints Aggrecslsalglsei §Z§ments Aggressive/safe Expert label
1 13 26 2 aggressive
2 9 30 3.333333 aggressive
3 9 30 3.333333 aggressive
4 7 32 4.571429 aggressive
5 11 28 2.545455 aggressive
6 25 14 0.56 safe
7 28 11 0.392857 safe
8 39 0 0 safe
9 38 1 0.026316 safe
10 39 0 0 safe

6. Conclusions

After the comparison in Table 1, it is observed that high correlation between expert labels and aggressive/safe
ratio obtained by classifying each road segment, exist: the bigger the ratio, the more aggressive driving is.

Classification methodology presented in this work could be useful for automatic aggressive driving detection
and recognition. After all analysis we can conclude that for our application purposes longitudinal acceleration signal
information is sufficient.

This research also shows that with appropriate constraints, driving style classification and recognition
(considering aggressive and safe driving) can be done by a very low cost sensory information — longitudinal
accelerometer alone and lets minimize system costs to minimum. Only requirements for the sensor is appropriate
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attachment to vehicle body. This king of system would not interfere with any vehicle system devices and is easily to
integrate with other system elements.

In future, we will use more inertial signals and are planning to expand the possibilities for this kind of system

by minimizing constraints and integrating more features that would increase capabilities of transport management.
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