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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. 3 international
workshop ITELMS2008 continues two year tradition and takes place at Kaunas University of
Technology Panevezys Institute on 22 - 23 May, 2008.

The aims of the Workshop 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 aviation and infrastructures

Automotive Transport

Intelligent applications of solid state physics

Intelligent Mechatronics Systems

Mechanisms of Transport Means and their Diagnostics

Railway Transport

Transport Technologies

In the invitations to Workshop, sent year before the Workshop starts, the instructions how to
prepare reports and manuscripts provided as well as the deadlines for the reports are indicated.

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

All papers presented in Workshop and published in Proceedings undergo this procedure.
Instruction for submitting proposals, including requirements and deadlines, are published in Call for
Papers in the http://www.ktu.lt/It/apie_renginius’/konferencijos/2008/meniu.asp. 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 Workshop is highly competitive, so authors should assure their
submissions to meet all Workshop Scientific Committee's requirements and to be of the highest
possible quality.

All Workshop 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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Theoretical Study on the M olecular Structures of Nitrophenols and
Trinitrophenols

S. Bekediené', V. Kleiza™, J. Tamuliené

" Military Academy of Lithuania, Slo 5A, LT-10322 Vilnius, Lithuania, E-mail: svajone.vosteriene@Ika.lt
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Abstract

Computational quantum chemistry is the ground of molecular modeling, on prediction the behavior of
individual molecules within a chemical system. The basis of molecular modeling investigations is quantum mechanics,
but in order to achieve quantitative results comparable with experimental we need supercomputer’s power or parallel
computers cluster. Such way is very useful with explosive materials that require exceptionally care in their handling.

The theoretical investigations of molecular eectronic structure and geometrical data of 2, 4, 6-trinitrophenol
and five positional nitro phenol isomers were performed applying of ab initio quantum mechanical methods using the
GAMESS computer code integrated under the SCore type PC cluster TAURAS [1, 2]. Was used Hartree-Fock
approximation with 6-31G* basis set (polarization d functions on second period elements; all in all 250 basis functions).
Also 6-311G** basis set with two polarization d functions on second period elements, and plus one f function and
diffuse s and p functions on second period atoms, and additionaly diffuse functions on hydrogen atoms (al in al 770
basis functions). The basis functions used are necessary to achieve reliable results in such investigations. Calculated
geometrical parameters were compared and found to be in good agreement with the data of X-ray diffraction. The nitro
phenol molecular structure was affected by the position of the NO, group.

All calculations were made on the local area PC cluster TAURAS with the SCore cluster system software.
Obtained results show that the cluster is good device for such tasks.

KEY WORDS: nitro phenal, trinitrophenol, positioned isomer, parallel calculations, SCore cluster.

1. Introduction

The analysis of explosives is of main significance in severa anaytical fidds such as forensic identification of
explosive residues in bombing investigations, detection of explosives hidden in airline baggage or mail, determination of
purity assessment of explosives in sorage, and environmental analysis of traces of explosives in seawater and industrial
environments. Simultaneoudy, with the increase of anaytical fieldsin which explosives are involved and the devel opment
of new types of explosives, the techniques used for the analysis of explosives have become more sophisti cated.

Molecules having nitro groups are usually known as explosives. The thermal decomposition mechanisms and
resultant products are important for any explosive, since they play a major role in predicting the feasibility of large-
scale synthesis, the long-term stability for the purpose of storage and the sensitivity to various stimuli. Nitro phenols
(Fig. 1) are a class of materials witch are classified as secondary explosives and is the one most frequently used in
making ammunitions.

Only few of them molecular structures were examined experimentally. Hence it is necessary to find the
geometric and electronic structure of the materials to know their properties that help us to create tools for explosive
detection and more safe harmless.

j,,l-ls 2, 4, 6-trinitrophenal: CsH4N30;
10 a7 n Molecular weight: 229.11
'\ I I Color: yellow
w/” \“/fc I""»-.c,1 P N State: crystals

| “ Melting point: 122-123°C

ilin int: °
“\xq-""m %“é—‘/ ﬁk\nf 1'3 Zjubiﬁg/? V\t/at3e(:0-52.82 gL at 20-25°C: soluble in benzene, chloroform,
rr/ | l‘ ether, ethanol and acetone ] .
X v Conversion factors: 1ppm = 9.37 mg/m’; Img/m’ = 0.107 ppm
Y6 b Vapor pressure (a 250C): 7.5x10-7mm Hg
X=N or H atom, Y=0 atom Henry's Law constant(at 25°C): 1.7x10-8atm m3/mole

Fig. 1 Themolecular structure of 2, 4, 6-trinitrophenol and characteridics
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The vibrationa spectra are the fingerprints for molecular species identification, so for detection explosives from
spectra characterigtics can be used Infrared (IR) and Raman spectroscopy methods. Raman spectroscopy is the study of a
small portion of light scattered by a molecule, the light undergoing an exchange of energy with that molecule. Infrared
spectroscopy is a technique based on the vibrations of the atomsin molecules. An infrared spectrum is commonly obtained
by passing infrared radiation through a sample and determining what fraction of the incident radiation is absorbed at a
particular energy. The energy at which any peak in an absorption spectrum appears corresponds to the frequency of a
vibration of a part of a sample molecule. IR absorption information is generally presented in the form of a spectrum with
wavel ength or wave number asthe x-axis and absorption intensity as the y-axis.

Vibrational frequencies depend on interactions between atoms and groups of atoms. They tell us about intra-
and intermolecular interactions. Vibrational modes vary with the nature of atoms in the bond and chemical
environment. They give us information about chemical bonding and the chemical environment. Many bond types
exhibit characteristic (“fingerprint”) vibrational frequencies that allow us to establish the presence of certain functional
groups, or products in a catalytic reaction.

In order to obtain the spectroscopic signature of the explosive molecules we performed frequency cal culations
for the different basis sets. The theoretical frequencies for 2, 4, 6-TNP was obtained. This work present the vibrational
frequencies of the most stable geometry observed. These frequencies have to be real, or positive to consider that the
geometry reach a minimum.

The SCore type cluster was applied to investigate vibrational spectra of 2, 4, 6-trinitrophenol molecules by
means of ab initio quantum mechanical computational methods. The precise knowledge of vibrational spectra would
allow detecting small amounts of these materials by means of spectroscopic methods. The purpose of our work was to
investigate how strong calculated vibrational frequencies, infrared (IR) and Raman radiation intensities depend from the
ab initio method used. We did not find in literature or in available databases the all results of ana ogous theoretical
investigations for given molecules.

2. Investigation Methodsfor of 2, 4, 6-trinitrophenol Molecule

Aswas stated in the introduction the precise computations of 2, 4, 6-trinitrophenol molecule may be of interest
for experimental spectroscopy. In this section we briefly describe the complexity of the investigation of electronic
structure of molecules and present results and amount of necessary computationa facilities in order to achieve reliable
resultsfor 2, 4, 6-trinitrophenol molecule.

The theoretical investigations of 2, 4, 6-trinitrophenol molecules need the supercomputer’s power and was
performed by the SCore type cluster system of personal computers (PC). All calculations were performed by means of
ab initio quantum mechanica methods using GAMESS computer code [2].

The basis of all such cdculationsis solving of multidimensional time independent Schrodinger equation.

HY =EY,, &)

here l—)| — Hamilton operator of investigated quantum particle system; Y. — wave function of the system;

E; — alowable energy value. Hamiltonian operator and wavefunction of the system depend on the coordinates of all
particles (electrons and nucl eus).
We use non relativistic Hamilton operator for eectronic part of the problem

) &4

H.=ah+a 9, 2
p=1 p>q
here
1., ¥Z
h ==N?-9 = 3
p 2 p glrpm ( )

is one electronic part of Hamiltonian operator; M is the number of nucleus; Z, — the charge of mth nucle; ry,— the
distance between mth nuclel and p-th electron;

1
Opg = P (4)
pq

is the two e ectronic part of Hamiltonian.
We use the atomic units system in all formulates. In one particle approximation the molecular wave function
for closed shell dectronic system (with odd number of eectrons) is presented by Slater determinant

1 o _
Y =ﬁd9tly]y:y?)/2|<y NEAIE ®)

where N isthetotal number of €ectrons:
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yi:j |a’ y_i:jib; (6)

y iandy; areone édectron wave functions depending from i-th electron coordinates: j ; — spatial part of electron wave

function; a and b — spin orbitals. Molecular orbitals | ; are often expanded in the basis of Cartesian Gaussian atomic
orbitals:

i =é. C, Ty (7)
Coo(Ml,m) =N@;l,mn)x y"z'e", )

or in the matrix form
j=xT, (9)

here N(a; I, m, n) —normalization coefficient; T is matrix with expansion coefficients for MO in the columns.
Thefirst order variation of the full energy with additiona regquirement of orthogonality between MOs leads to
matrix equation for MO coefficients matrix T and one elctronic energies matrix e

BFT =STe | (10)

where Sisthe matrix of overlap integrals between AO (S, =, c; dt ).

AF=h+8 3,- R). (11)
Coulomb and exchange operators are defined accordingly
. 2
) Jn@ 5o
nl m(m = Or—drnj m(m; (12)
m

QJmm»=’“m?"“”dhnxw. (13)

m

Asoperatorsj and K depend themsdlves from MO j ,, equation (10) is usually solved by iteration so called self consistent

fidd method (SCF). So al the problem is concerned with evaluation of great number of integras with (11) operator and the
use of linear algebra matrix computational methods. One of the methods to go beyond the one d ectron approximation during
investigation of molecular dectronic sructure is use of multiconfigurationa wave function of the form

y =acf,, (14)

where f, - one determinant function of the form (5). In that case during SCF procedure coefficients ¢, from (14) and

expansion coefficients from (7) are determined at the sametime. It is very computational resources consuming methods,
but when expansionsin (7) and (14) are big enough it gives the results comparable with experimental ones.

Different basis sets were used during our computations: from 6-31 G (with polarization d functions on second
period elements; all in al 250 basis functions) to 6-311 G~ (with two polarization d functions on second period
elements) plus one f function and diffuse s and p functions on second period atoms and diffuse functions on hydrogen
atoms (al in al 770 basis functions). The basis functions used are necessary in order to achieve reliable results in such
investigations During multiconfigurational self consistent field (MCSCF) calculations performed for trinitrotoluene we
left unfrozen 10 highest occupied MO and 10 lowest unoccupied MO from Hartree-Fock Slater determinant [4, 5]. All
configurations generated from unfrozen MOs with spin projection zero were included in MCSCF procedure. We had
more than 65000 configurations.

3. The Results of Investigations

Calculated bond lengths, bond angles, dipole moment and energy by HF/6-31* method are presented below, in
Table 1 and Table 2. The molecular structure of 2, 4, 6-trinitrophenol molecule are shown in Fig. 1. The geometrical
values of this molecule were optimized. All get results are compared with the experimental data.

With the available experimental geometrical data of 2, 4, 6-trinitrophenol, a comparison between the
theoretical calculations and the experimental values can be made. The C- C bonds are dominated by the resonance and
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Table 1l Table2

The 2, 4, 6-trinitrophenol molecule equilibrium bond lengths The 2, 4, 6-trinitrophenol molecul e equilibrium bond angles
(A) calculated in the HF approximation in the 6-31G* basis (°) calaulated in the HF gpproximation in the 6-31G* besis

st on duster TAURAS and experimenta valueq 3] st on duger TAURAS and experimental valueq3]
Bound Exp. [3] HF/6-31G* Bond angles Exp. [3] HF/6-31G*
Ci1-C2 1.412 1.413 C1-C2-C3 123.2 122.6
C2-C3 1.373 1.378 C2-C3-C4 117.7 119.0
C3-C4 1.367 1.370 C3-C4-C5 122.1 122.1
C4-C5 1.376 1.379 C4-C5-C6 119.3 119.9
C5-C6 1.355 1.374 C1-C6-C5 122.4 121.7
C1-C6 1.407 1.412 C2-C1-C6 115.2 115.7
C1-07 1.312 1.294 C2-C1-07 124.5 123.5
07-H8 - 0.952 C6-C1-07 120.3 120.8
C2-X1 1.455 1.455 C1-O7-H8 - 110.3
X1-Y1 1.227 1.200 C1-C2-X1 119.4 121.0
X1-Y2 1.201 1.177 C2-X1-Y1 119.0 118.1
C3-X2 - 1.070 C2-X1-Y2 118.7 119.0
C4-X3 1.455 1.455 C2-C3-X2 - 120.1
X3-Y5 1.214 1.186 C3-C4-X3 118.9 119.4
X3-Y6 1.217 1.185 C4-X3-Y5 118.2 117.2
C5-X4 - 1.069 C4-X3-Y6 118.0 117.3
C6-X5 1.477 1.466 C4-C5-X4 - 120.6
X5-Y9 1.183 1.189 C5-C6-X5 117.1 116.1
X5-Y10 1.202 1.179 C6-X5-Y9 118.9 116.3
Y1-H8 1.680 1.750 C6-X5-Y 10 120.2 118.6
Dipole moment - 2.02
Energy - -916.08196

inductive effects. The bond lengths calculated by the HF/6-31G* method are close to the experimental values. For the
C- NO; bonds, the HF/6.3I G* calculation tends to give shorted bonds than the experimental data. It is as expected that
the C2- C1- C6 bond angle, which is attached by the hydroxyl group is smaller than 120° and the C- C- C bond which is
attached by the nitro group is larger than 120°. The calculations on cluster TAURAS on the C- C-C bond angles give
very close values similar to the X-ray data. By contrast, deviation of the C- O- H bond angle is more sensitive than that
of other bond angles. The nitro group, linked to the hydroxyl group, of 2, 4, 6-trinitrophenal is found to be coplanar
with the phenyl ring both experimentally and theoretically. For 2, 4, 6-trinitrophenol, the calculated twisted angles of
the nitro group, which is attached to the opposite side of the hydroxyl group, are different from the experimenta values.
It is predicted, that the above disagreement may be occurred due to bonding between the O atom of the nitro group
and the O atom of the hydroxyl group. However, when closdy examining non-bond O-O distance, the calculated value is
found to be quite smilar to the experimental one. On the other hand, the solvent influence to the structure of the investigated
moleculeis nat searching, but this oxygen - solvent interaction may be the main reason of this C-N-O angle changes.

4. Vibrational Spectra Computations of 2, 4, 6-TNP

Theoretica investigations of 2, 4, 6-trinitrophenol molecule was performed by means of ab initio quantum
mechanical methods using GAMESS computer code in Linux operating system [5]. Basis set 6-31 G* (with polarization
d functions on second period dements) was used. All in all we had for 2, 4, 6-trinitrophenol 246 basis functions.

The calculations of harmonic vibrational spectra took about 40 minutes of clusters CPU time in ab initio
method in HF approximation. For potential energy surface determination in Hartree-Fock (HF) approximation atomic
orbital (AO) basis 6-31G* (total 250 basis functions) and the 6-311G* basis were used. Number of necessary to
compute many center integrals was more than 10°.

The calculated by cluster TAURAS neat infrared spectrum corresponding to 2, 4, 6-TNP was visualized by
MOLDEN 4.6 (Fig.2). The bands that allow identifying the neat TNP were obtained in the range of 350-3350 cm ™. The
vibrational signatures observed in the region of 3269-3496 cm ™ can be assigned to asymmetric and symmetric C-H
stretch vibrations, respectively, belong to the alkyl CH; group and the aromatic ring. Other peaks of high intensity are
1885 cm " (NO, symmetric stretching vibration), in the region of 1623-1639cm ™ (Valence angle deformationsin NO,,
CHs groups and benzenering), 1306 cm ™ (benzenering in plane deformations).

Infrared spectrum of 2, 4, 6-trinitrophenal investigations after increasing basis set shows that few frequencies
preserved the same form in Hartree-Fock approximation in the 6-311G* basis and in the 6-31G*basis. The two spectra
(Fig. 2) are compare: 1562 cm™ (&) and 1583 cm™ (b) — benzene ring and NO, group deformations; 1817cm™ (a) and
1743 cm™ (b), 1922 cm™ (&) and 1864 cm™ (b) —all NO bond stretching vibrations.
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Fig.2 Infrared spectrum of neat 2,4, 6-TNP in the range of 300-3500 cm™. IR vibrations calculated in the HF
approximation: (a) in the 6-31G* basis; (b) in the 6-311G* basis

This means that quantitative investigation results with increasing the cal culations can help us better understand
for whom belongs. the benzene ring and NO, group deformations, the frequencies of NO group and CH bonds
stretching vibrations. Thisinformation isimportant for detection.

5. Calculated Results of Positional Nitro Phenol 1somers
The 2-dinitrophenol (2-TNP), 3-nitrophenol (3-TNP), 4-nitrophenol (4-TNP), 5-nitrophenol (5-TNP) and 6-

nitirophenol (6-TNP) are the positiona nitro phenol isomers, which were investigated by cluster TAURAS. Among
them, only few of their molecular structures were examined experimentally.

Table3
Calculated bound lengths (A) of nitrophenols on PC cluster TAURAS
Bond 2-TNP 3-TNP 4-TNP 5-TNP 6-TNP

Ci1-C2 1.380 1.380 1.380 1.380 1.380
C2-C3 1.380 1.380 1.380 1.380 1.380
C3-C4 1.380 1.380 1.380 1.380 1.380
C4-C5 1.380 1.380 1.380 1.380 1.380
C5-C6 1.380 1.380 1.380 1.380 1.380
C1-C6 1.380 1.380 1.380 1.380 1.380
C1-07 1.290 1.290 1.290 1.290 1.290
O7-H8 1.090 1.090 1.090 1.090 1.090
C2-X1 1.470 1.090 1.090 1.090 1.090
X1-Y1 1.380 - - - -
X1-Y2 1.380 - - - -
C3-X2 1.090 1.470 1.090 1.090 1.090
X2-Y3 - 1.380 - - -
X2-Y4 - 1.380 - - -
C4-X3 1.090 1.090 1.380 1.090 1.090
X3-Y5 - - 1.380 - -
X3-Y6 - - 1.380 - -
C5-X4 1.090 1.090 1.090 1.470 1.090
X4-Y7 - - - 1.380 -
X4-Y8 - - - 1.380 -
C6-X5 1.090 1.090 1.090 1.090 1.470
X5-Y9 - - - - 1.380
X5-Y10 - - - - 1.380
Y 1-H8 1.57838 - - - -

Y 10-H8 - - - - 3.43668

Dipole moment 3.852150 3.762023 5.348594 6.018802 6.236732
Energy -509.1057 | -509.1006 -509.1042 -509.0998 -509.0908




12

C4 C4
C4 &5 S

Fig.3 The NO, group positions on studied nitro phenol molecules

All calculations were performed by ab initio quantum mechanical methods using GAMESS computer code [2].
Their geometries and molecular structures are presented in Fig. 1 and Fig. 3. The bound lengths, angles, and dihedral
angles of nitro phenols were calculated by cluster. The calculated bound lengths, dipole moments and energy are
presented in Table 3. Previous calculations indicated that the geometries of some energetic materials calculated by ab
initio methods are similar to that of the experimental data. From this, the ab initio approach can be applied to examine
other explosives.

The performed theoretical analysis of the molecular structures of nitrophenals let to evaluate the stability of
these molecules. The lowest energy was obtained for 2-nitrophenal.

6. Conclusions

Calculations of positional isomers of nitro phenol molecule at Hartree-Fock level show the influence of NO,
groups to eectronic structure and confirm the above theoretical prediction that the NO, groups influence the explosive
molecule energy. Theresults of this study provide valuably information in the field of aromatic nitro compounds and let
us foresee that cluster TAURAS allows solving of modern quantum chemical problems at necessary Hartree-Fock level.

Therefore, the cdculations of 2, 4, 6-trinitrophenol molecule by HF/6-311G* showed significant change of
vibrational spectrum characterigtics from those calculated at HF/6-31G* level. Achieved results with increasing the
calculations can help us better understand for whom belongs: the benzene ring and NO, group deformations, the
frequencies of NO group and CH bonds stretching vibrations. This information is important for detection and alows
more detail interpretation of experimental vibrational spectra of investigated molecules and more accurate investigation
of thermo chemical reactions dynamics.

The eectronic structure calculations provide useful estimates of the energetic properties of chemical systems,
including preferred molecular structures, spectroscopic features and probable reaction paths. This review of some
current electronic structure calculations has concentrated on discussion of ab initio techniques, as these are the most
accurate and, in principle, universal methods.

Rapid advances in computer technology are making computationally expensive ab initio methods increasingly
more practical for use with realistic chemical systems. In particular, cheaper methods such as density functional
calculations and, layered models are continually being refined, and show promise of providing consistent and accurate
chemical predictionsfor most complex systems.

References

1. Basisof PC clusters. Available at: http://clusters.top500.org/db.

2. Alex A. Granovsky. Available at: http://www.classic.chem.msu.su/gran/gamess/index.html.

3. E.N.Dueder, J. H. Engelmann, D. Y. Curtin, I. C. Paul. // Cryst. Strukt. Comm. 1978, Val. 7, p. 449-461.

4. H. Dorsett, A. White, Overview of molecular modeling and ab initio molecular orbita methods suitable for use

with energetic materials. DSTO, 2000, p. 1-35.

M. W. Schmidt, et a, J. Comput. Chem. 1993, Val. 14, p. 1347.

M. W. Schmidt, M. S. Gordon. // Ann. Rev. Phys. Chem. 1998, Val. 49, p. 233.

Madejova J. Review FT - IR techniquesin Clay Minerals Studies// Vibrational Spectroscopy, 2003, 31, pp 1-10.

Voderiené S., Sulskus J. GAMESS Calculations in Pardlel Environment // Lithuanian Mathematical Journal.

SSN 0132-2818. 2005, 45 (spec. no.), p.190-193.

S. BekeSiené, S. Serikoviené. Quantum Chemical Calculations by Paralel Computer from Commodity PC

Components// Nonlinear Analysis: Modelling and Control. ISSN 1392-5113. 2007, Val. 12, No. 4, p. 461-468.

10. R. J. Rakauskas, J. Sulskus, S .Vodteriené. Simulation of Vibrational Spectra Peculiarities of Trinitrotoluene
Molecule Using Pardle Calculations // Matepuanst XV MexayHapomHoro cemutapa “Jlasepbl n ontuveckas
HenuHeitHOCTE” 6-8 nionst 2002 r., Munck, benapycs. €. 162-168.

11. Sulskus J., Rakauskas R. J, Vodteriené S. PC Cluster Possibilities in Mathematical Modeling in Quantum
Mechanical Molecular Computations // Nonlinear analysis. Modeling and Control. ISSN 1392-5113. 2002, Val.7,
No.2, p. 113-121.

12. Ishikawa Y. et al. // Proceedings of the 5" Annual Linux Expo.1999, p. 55-66.

NGO

©



13
Proceedings of 3 International Workshop I TELMS2008

Finding of hall parameters using by the magneto resistive method

J.Kleiza', V.Kleiza~

" Vilnius Gediminas Technical University, Saulétekio al. 11, LT-10223 Vilnius, E-mail: kleiza@mail.tele2.It
" Kaunas University of Technology, Panevezys Ingtitute, Klaipedos &t. 1, LT-35209 PanevéZys, Lithuania,
E-mail: vytautas.kleiza@ktu.lt

Abstract

The problem of determining the product my B of the Hall mobility and magnetic induction as well as specific
resigtivity r in the samples with two current contacts of nonzero length is considered. On the basis of the properties of
conformal mappings, it is shown that when trangmitting the current under the effect of a magnetic field or without it,
there is a possibility to find the parameters in quest. Specials cases are examined where a sample has the form of a
rectangleor circle.

KEY WORDS: Hall mohility, tensor, specific conductivity, anisotropic, conformal mapping

1. Introduction

Affecting an isotropically conductive plane sample of thickness h by a magnetic field whose vector
B ={0,0,B} of magnetic induction is perpendicular to the plane of the sample, there emerges anisotropy of eectric

conductivity. In this case, the relation between the vectors of intensity E ={E,,E,,0} of the electric field and current
density J ={J,,J,,0} can be expressed by the equality

E=gradj =r J+m,rJ° B,

therefore
J=sgradj .
_a& -S$0 . , : o : . i _
Here s—gsz N ~ is Hall's éectric conductivity tensor, r is specific resistivity of the sample, m,B =tanb ,
e [2]

§=scos’b, s =gsnbcosb.
In the physical sense, the problems of finding the product my B of specific conductivity p of a sample and
Hall mobility and magnetic induction are important. To solve them, we first formulate a boundary problem on

distribution of the potential ¢ in any domain with two current contacts (Fig. 1a).
Within the domain the potential ¢ is harmonic function because

o’

17 0
%

2

divl =divsgradj =s +ﬂ—JZT:O. (1)
Ve

In order to form boundary conditions, we will rely on the following property of the Hall tensor:

Theorem 1. Let I” be a contour of the domain and v, be unit vector of internal normal. Then, at all the points

of thecurveI”

_ S

(‘]!Vo) "o

S cosb ,

where % is a derivative in the direction of the vector b, and the vector b with the normal vy forms a constant

(independent of the curve I" point) angle S (Fig. 1a).
Therefore, at the contour 7 points not coincident with the current contacts

_:o! (2)
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and at the remaining points
j =const. 3

To solve the boundary problem (1)-(3), we will conformally map the domain G into the upper haf plane so
that images of the boundary points gg, 0y, 9y Of current contacts were coincident with the pointst =0, 1, « of the rea

axis (Fig. 1b). Dencte the image of point gy, ast=1/k, where kT (0,1).
After mapping ahaf-plane by the integra
t+iq

x+ih = Ot "7 O%(L-t) PP k)Pt
0

Into a parallelogram (Fig. 1c), we see that the potential linearly varies at its pointsand is equa to

. ., h
j (x,h)—Vh—. 4

M

On the basis of expression (4) of the potential, we have proved

=V
goo 4 gJJk
a)
Q
Jo
01
»=0
b) 1 b
q
»=0 b 9=V
0 t=1 t=1/k t
n
C) [0 m W1k
=V \
b <
B
B
\4
9=0
o W1 ¢

Fig. 1 Mapping of the domain of any form sampleinto ahalf plane and a parallelogram
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Theorem 2. Theintensity of current flowing viathe sampleis equal to

I, :Vhso%cosb, ©)

k
here hisheght of the sample, 5 is specific conductivity and

Ab'k :1gt b/p-O,S(t _ 1)-b/p-0,5(1_ kt )b/p-O,Sdt .

1

2. Calculation of Hall Parameters

We present cal culation formulas of the quantities s, and m, B , where the domain G isarectangle or acircle.

Let the current contacts in the rectangular shaped domain be arranged on two opposite sides (Fig. 2a). After
measuring the current intensity under the effect of magnetic field |, and without it, 1 basing on (5) we build a system of
equations to determine the specific conductivity s, parameter k, and angle 4

—lo Yo
% V hx, '
k: Io:VhsoM, (6)
,k
b: I, =Vhs, otk cosh @)

k

It has been proved that the right-hand sides of equations (6), (7) are monotone functions of the argumentsk and
of S, therefore the system (6)-(7) can be solved uniquely. Having solved it, we calculate the quantity m, B =tanb . It
should be noted that if the domain G is a square, then conductivity s, and m, B are expressed by the elementary
functions:

2 _ |2
0 b

|
so=7°h, m,B = v (% =Yo) -

0

9=0

Yo

0 o= Xo

a) b)

Fig. 2 Arrangement of current contacts in the samples of the shape of arectangle (a) and a circle shape (b)
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If the sample is of a circle shape with arbitrarily arranged current contacts on its contour (Fig. 2b), then it
suffices to solve only equation (7), becauseit is possible to calculate the parameter k, basing on the known geometry of
contacts. Really, by conformally mapping the circle onto a half plane:

- Sne, +d) - Rexp(d)
sne, zexp(id)- R’

and observing that the image of the circle point z=Rexp(-i(d +2e,)) on the rea axis is w=1/k, we obtain the
expression of the parameter k:
_ sine; sine,
sin(e; +d)sin(e, +d)

Now, from (5) we derive the specific conductivity

ey
TV AL

and the angle 3, by solving equation (6).
Apparently, even in the case of a circle shape sample we can do without solving equation (7), if the current

contacts are arranged so that therelations: e, =e, =e, d = arCCOS(\/COSZE) - e werevalid, then

3. Conclusions

The new method for finding the specific conductivity  of a plane sample and the product m, B using the

sample of a rectangle or a circle shapes. An exceptional property of the method is that it suffices to have only two
current contacts of any length and to measure flowing current intensities under the effect of a magnetic fiedd and
without it (compared with the classica methods, where four point contacts are fastened in the perimeter of a sample and
three measurements of differencesin currents and potentials are taken [1-3]). This, the Hall effect parameters have been
successfully found on the basis of the magneto resistive effect only.

The equations obtained are easily solved with a high accuracy, because their coefficients are hypergeometric
functions

A, zlgt b/p-O,S(t } 1)-b/p-0,5(1_ Kt )b/p-o,sdt ,

1

those are implemented in any mathematical package. Therefore, in order to solve them, one can use standard procedures
meant form solving equations.

On the other hand, based on the proved monotony of equations and approximation of hypergeometric functions
by eementary functions [4-5], it is possible to compose algorithms, fast converting to solutions, in which only the
elementary functions are used.
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Abstract

In this article the design and development challenges of power eectronics converters for rolling stock are
anayzed. The main aim of this research was to investigate the main design criteria of a special type of switching-mode
power supply for a rolling stock application. Results of the research can be used in development of high voltage
auxiliary power supplies for railway use. The research contributes to advancement in converter techniques for railway
rolling stock, enabling to optimize power circuit design and design new devices with higher power density and
improved reliability.

KEY WORDS: Rail vehicle, auxiliary power supply, rolling stock.

1. Introduction

The aims of thisresearch are most important problems related to the development of Auxiliary Power Supplies
(APS) and traction converters for theralling stock [1]:

1. A contradiction exigs between the fast devel opment of technology and long service time of rail vehides (25-40 years).
High-tech sol utions become obsolete much fagter than very costly mechanica parts are worn out. Due to thisaneed for
recongtruction arises. The technical systems need to be recongtructed or modernized one to three times during atrain’'s
servicetime Trains with recongtructed drives and other technical systemsarein usein many countries.

2. Power characterigtics of high-voltage power supply of train can be improved. This means an extended service life of
an onboard battery and other low-voltage subsystems and devices. The efficiency of an APS of a train can be
substantially improved by help of new semiconductor devices and control systems. New sol utions require theoretical
and experimental investigations, analysis and optimization.

3. Many technica problems related to the specific field of use — railway transport — need to be solved. The APS for the
railway traction must remain stable during serious voltage fluctuations, bad line contact, and must have high
immunity to electromagnetic interference. Additionally, it must be very powerful to provide stable output voltage in
very high output current variations but the mechanical dimensions of it need to be as compact as possible. From
another point of view, the APS mugt survive in different emergency situations, such as thunder, overvoltages, and
short circuitsin the overhead line and other circuits, etc.

Power eectronics for railway transport is more complicated than for industrial uses because it is based on very
gtrict specifications and requirements. To develop an optima and successful voltage or traction converter for such
applications, it is strongly recommended to define all the main criteria of planned device on the early stages of its
development. Here al the criteria as well as specific railway considerations for the power eectronic devices must be
taken into account and analyzed precisdly.

2.Main Criteria of the APSfor Railway Applications

The auxiliary power supply converter and traction converter are one of the basic systems used in rolling stock.
They power up the trains motors and provide power to every eectrica system and equipment on a railway vehicle,
including those that are critical to its safety and operability. A failure within those systems would render the whole
vehicle non-operational, resulting in afinancial loss, operational problems to the railway and discomfort to passengers.

The APS provides power to the onboard low-voltage auxiliary subsystems. To APS are connected: battery
charging device, control and communication eguipment, ventilation system, lights, compressors etc. [2] (Fig. 1.).

The ultimate suitability of any product depends to a substantial extent on the quality of the specification on
which the product design is based. This is especially so within the highly specialized and environmentally demanding
area of Rolling Stock. Prior to the development of any power eectronic product for the ralling stock, al the major
design requirements and specific considerations must be analyzed. Such APS design requirements need to be divided to
two separate parts. factorsrelated to the end-user and limitations concerning the specific area of use.

Factors which are becoming increasingly important to meet the aspirations of end-users are asfollows:

Low cost of ownership. Total life cycle costs mean that in addition to theinitia price, maintenance and running costs
must also be cut down. Failures and time for repairs must be minimized to provide the highest possible availability
so that a given service can be provided with fewer vehicles [3].
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3 kV Supply system

APS
Y y y Y y y
Lo Radio and Battery Ventilation and Passenger
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system communication || Compressors charging air conditioning information Control system
4 equipment device system system

Fig. 1 Interaction of auxiliary power supply with onboard auxiliary devices

Tablel
List of European standards that are applied to railway application
EN50155 The main standard for railway systems
EN 50163 Defines supply voltages for traction systems
EN 60249-2-x | Specification for basic materials for PCBs and other assemblies
IEC 605 Test procedures and test equipment
EN 60068-2-x | Environmental testing procedures and equipment
EN 55022 Electromagnetic interference
IEC 801.3/4 Electrical noiseimmunity
EN 50126/8/9 | Functional safety

Small overall dimensons. Space on the vehicle is at a premium as more and more equipment has to be fitted to
provide the onboard facilities of amodern railroad vehicle.

Low weight. Minimizing vehicle weight reduces the track wear and tear lowers propulsion costs.

Low noise level. Audible noise must be minimized to prevent annoyance to passengers. This applies to sound both
inside and outside the vehicle.

It means that to meet the presented objectives, it is necessary to use the simplest circuits, consistent with
achieving the required performance, thereby minimizing the cost and complexity. But another aspect is that technical
and design issues crucia to the procurement of a reliable and maintainable product have to be considered and addressed
within the main body by the reference to the main technical standards and specifications for the rolling stock. The main
standard for power electronics for railway applications, EN50155, which has a local counterpart in many European
countries, draws on requirements that are defined in approximately 50 other specifications and standards. Performance
standards are defined for practically every facet of a railway's operational environment, including shock, vibration,
extended temperature range, humidity, salt, fog, voltage fluctuations and many more (Table 1). The standard has been
defined so that eectronics in rail cars will be able to operate 24 hours a day for 30 years, or approximately 250,000
hours. Naturally, these stringent and comprehensive performance requirements are needed because the failure of an
electronic assembly in a passenger train could jeopardize human lives.

Analyzing the standards and norms presented above, the main criteria influenced by the design of auxiliary
power supply for therolling stock may be determined:

compliance with supply voltage requirements;
compliance with a high veriety of loads;

compliance with el ectromagnetic interference requirements,
compliance with eectric safety requirements;
compliance with physical requirements.

3. Analysisof Main Criteria of APS Based on Railway Standar dsand Norms
3.1 Compliance with Supply Voltage Requirements

For the optimization of the APS it is necessary to know the characteristics of the specific catenary supply
system. The EN50163 standard requires that failure-free operation of electronics must be guaranteed with supply
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voltages between 70 and 120 percent of the nominal voltages defined in the specification (Table 2). Transient voltage
fluctuations between 60 and 130 percent of nominal must not cause a fault [5]. Power interruptions cannot cause any

malfunction of the equipment.

But the real situation is much more complex than it can be expected from the above definition. The first field
questions are derived from its dynamic features, self-impedance, transients, noise, etc. Measurements of the catenary
voltage waveform at the input of the old auxiliary power supply device were performed. The railway supply systems
across Estonia are according to the old Soviet GOST standards (Table 2) that are setting much harder design criteriato
the power electronics devices designed for railway use.

Measured supply voltage fluctuations

Table2

Standard

Nominal voltage

Continuous minima

Continuous maximal

Unom (VDC) voltage Upin, (VDC) voltage Uy, (VDC)
Former USSR standard GOST 3000 vVDC 2400 vDC 4000 VDC
General European standard EN 50163 3000 VDC 2000 VDC 3900 VDC
Measurements 3341 VvDC 2720VvDC 3835 VDC
Design requirements 3300 VDC 2000 VDC 4200 VDC

Probabilty, %

4000

2325 27 29 31

33 35 37 39

Supply voltage, kV
Fig. 2 Histogram of the measured supply voltage fluctuations
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The measurements have shown that the catenary voltage changes between 2720 and 3835 volts (Fig. 3). The
long-term measurements have shown that in some quite rare occasions the catenary voltage can change from 2536 to
3986 valts, exceeding standard maximal short-term catenary voltage limit. In the Table 2 are listed the standardized
supply voltage fluctuations and measured val ues are compared.

The measured values show, that the catenary voltage is not according to the EN standards. The supply voltage
fluctuations exceed the limiting values. Due the long supply lines, the voltage drop can be quite high, especially in
winter, when the train’s heating systems are operating at full capacity. The APS capable operating in those conditions
must have input voltage range from 2000 V to 4200 V DC, the measured nominal voltage of the supply lineis 3341V
DC; over 300 volts higher then standards allow, therefore the nominal input voltage of the APS must be 3300 V DC. On
the Fig. 2 the appearance probabilities for different catenary supply voltages, in red traction conditions are presented.

3.2 Compliance with High Variations of Loads

The main objective of the APS is a stable operation despite voltage fluctuations on the primary side and
variation of loads on its secondary side. To optimize the power characterigtics of the developed APS it is necessary to
andyze its loads in different operational conditions. APS has several types of loads. battery charging device, radio and
communication equipment, lighting system, compressors, control system, ventilation and air conditioning system,
passenger information system (Fig. 1).

Voltage fluctuations of the auxiliary low-voltage DC bus, such as may occur during the start-up of the
auxiliary power supply apparatus, shall be limited to the range of 5% and +5% of the nominal APS output voltage
found in Table 3. These fluctuations will not exceed 0.1 s in duration. This means that the APS needs a very short
response time on variations of loads. L ow-voltage DC power supply output overvoltages, such as may occur in the case
of failure of the low-voltage power supply control systems, will be l[imited to 40% above the nomina Auxiliary DC-bus
voltage of the APS (specified in Table 4), and will not exceed one second in duration [2].

Table4
Allowed auxiliary DC-bus voltage fluctuations
Nominal APS output Minimal short-term voltage | Maxima short-term voltage
voltage, VDC (at load), VDC (at load), VDC
350 332.5 367.5

Load current of the auxiliary DC-bus is varying in a very wide range (up to 140 A) in different operation
modes of atrain. In an ided case, the design of the APS must be coordinated such that peak loads can be supplied by
the APS without reducing its output voltage below the minimum. Care must aso be taken to ensure that the charging
system will replenish the battery during normal operating runs of the vehicle.

Since al of the loads of the static inverter are car-borne, it is essentially a closed system. Therefore, the
ultimate requirement of the static inverter is that it will deliver voltages with tolerances, transient capabilities, and
harmonic content suitable to drive the car-borne devices. The gatic inverter will function to provide the specified
outputs under the conditions of expected variations of both input voltages and output |0ads.

3.3 Compliance with EMC Requirements

With the increasing introduction of high-power electronic equipment, together with complex microcontrollers
and a multitude of other electronic devices being installed on rail vehicles, electromagnetic compatibility within the rail
environment has become a critical issue in every aspect of the design and implementation of rail vehicle and rail-
associated apparatus. This has subsequently led to the mandatory requirement that al new railway applications must be
tested for compliance with the European standard EN50121 [7]. The presented standard addresses some main aspects of
the railway system that EMC concerns:

sthe effect of the railway system on the surrounding environment;

sthe effect of the railway system on signalling and communications equipment; and the ability of railway equipment
and related apparatus to remain unaffected by the inherently severe environment within which it is intended to
operate [8].

3.4 Compliance with Electric Safety Requirements

The main specific feature of the APS for the railway rolling stock is that the input and output sides of the
developed APS need to be galvanically separated. The requirement for safety isolation depends on the integrity of the
interconnections between the output of the power supply and the safety isolation provided by the load. Furthermore, it
should be noted that voltages guaranteed to remain below 60 VDC are classed as safety extra low voltage (SELV) and
precautions to protect the user are far less stringent. Reference should be made to the internationa standard 1EC950 and
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European norms EN60950 and EN50155. But if the load has inherent safety isolation, then the need to introduce a
further safety isolation barrier at the power supply in question isnot required [2].

There are very different voltage levels on the primary side (up to 4000 VDC) and on the secondary side (350
VDC) of the APS. Therefore, the input and output sides of the converter need to be galvanicaly isolated to meet the
standards presented above. Usually to provide the necessary 1/0 galvanic separation power transformers are used. In
view of al the requirements, a simplified block-diagram of a typical DC-DC auxiliary converter for railway rolling
stock can be presented (Fig. 4).

Auxiliary systems
Output converters

Auxiliary DC bus

APS
3000VDC (-30%, +20%)

Input high-voltage module i DC !
1 350VDC | !
- ‘ Load
Input filter Isolation transformer o Output filter | | B | 1.
Inverter Rectifier | — ~
— Epipn 1 P
e — }H{ e 3 | — !
L ] ] A | Load
JUL = ! [ !
| i — 2
Requested by the safety requirements § § § /,"/ § § Load
Rail | L r) 3

Fig. 4 Smplified block diagram of atypical auxiliary power supply for the 3.0 kV DC rolling stock

Since there is aneed of the isolation transformer certain adjustments are to be made in the design of the power
circuit of the APS. As mentioned above, one of the criteria of a successful APS is its compactness and small weight.
However, it isawell known that the transformer isthe main contributor in the size of any switching-mode power supply
since it contributes about 25...30% of the overall volume and more than 30% of the overal weight [9]. In order to
design small and compact electric power supplies, it isessentia to reduce the size of theisolation transformer. The best
way to achieve this is to employ high frequency excitation of transformer, although the used high-voltage
semiconductors set limits to maximum switching frequency.

3.5 Compliance with Physical Requirements
3.5.1 Mechanical Considerations

Components used on rolling stock also must be qualified under the applicable mechanica standards.
Moreover, they must be installed in such a way that ventilation is not obstructed and the mechanical mounting system
must accommodate the shock and vibration inherent in rail cars. For mechanical reasons, printed circuit boards (PCBS)
must have guides or rails on all four sides and must be locked in place when operational. Edge card connectors like
those in PCs or so-called indugtrial PCs are not allowed. In addition to shock, the EN50155 railway standard aso
defines vibration for a specific frequency range. In particular, an eectronic assembly or component must be tested at
resonant frequency (if present) for a period of 15 minutes and additionaly at 50 Hz for two minutes in all three
directions [6].

3.5.2 Ambient Temperature and Humidity

The EN50155 standard defines different classes of operating temperatures, but railway systems typically
require the complete industrial temperature range of -40°C to +85°C [6]. In many railway applications, fans, which are
often prone to failure, are explicitly forbidden. Only passive heat sinks are alowed. To meet the temperature
requirements of EN50155, tests are conducted for six hours at the highest temperature in the range and for two hours at
the lowest point. Operation is aso tested at points between either extreme. Humidity tests are similar to temperature
tests. For example, electronics are subjected to 55°C at 95 to 100 percent humidity for 10 hours. Following those tests,
the functioning and insulation strength of el ectronicsistested again.
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4, Conclusions

A theoretical knowledge base related to the development of new converters techniques for the rail vehicles

(electric trains) has been devel oped in the article. The practical part of this research based on the newly devel oped high-
voltage auxiliary power supply. Also the results of this research can be used for development of modern traction
converter for train. The research and development team has acquired val uable knowledge and skills.
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Abstract

This paper describes the research, which mainly contributes to the study of specific requirements, which
directly influence the design of special purpose high power converters. The main application field of these convertersis
rolling stock. It is well-known fact that power e ectronics for railway transport is more complicated than for industrial
applications because it is based on very strict specifications and requirements. To develop an optimal and successful
product (converter) for such applications, it is strongly recommended to define all the main criteria of the future power
converter on the early stages of its development. In this paper the development and verification of control and
protection algorithms for the rolling sock auxiliary power supply are discussed with the special emphasizes on railway
standards EN50163 and EN50155.

KEY WORDS: Control methods for electrical system, fault detection, protection algorithm, railway standards.

1. Introduction

In Europe, the voltage levels and quality for railway applications are basically covered by two standards:
EN 50155 and EN 50163. The first standard handles the performance of dectrical and electronic equipment in railway.
EN 50163 defines supply voltages for traction systems.

In this paper the fault detection and protection system of an auxiliary power supply (APS) is explained and
shown how it complies with the railway standards EN 50155 and EN 50163. The APS isresponsible for the conversion
of high DC voltage from the catenary (3.0 kV) to some intermediate DC voltage level to supply secondary systems of a
rail vehicle, such as lighting, braking, passenger announcement system etc. The APS is based on new generation HV
IGBT trangstors, which allow implementation of a half-bridge topology as shown in
Fig. 1 [1]. The benefits of a half-bridge topol ogy-based APS are the increased reliability, simple maintenance and small
running costs.

POWER STACK
Rn _lin l
_in, o
2000...3600 V DC I HVIGBT|
o1 | N~ i
1 | +—®
e }J } ‘r -1 ‘r =1 L
| |
] . > L?K,w L?K,\
RuUn| Un| Uup DM1 DM3 UouT] RUou
% g col”
. FINES LoD
= —pel ool 350 V DC
DM2 DM4 40..140 A
HV IGBT
INVERTER
INPUT @ @ FRED- OUTPUT
777 SIDE RECTIFIER SIDE
- SENSORS HVI GATE SENSORS
DRIVERS
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FIBER LINKS
High-performance ~ FOL INTERFACE CIRCUIT SENSOR CONDITIONING
16-Bit
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phyCORE-XC167 CONTROL, FAULT DETECTION AND PROTECTION SYSTEM

Fig. 1 Smple half-bridge isolated DC/DC converter topology for therolling stock APS
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2. The Standards

The standard EN 50155 determines operating voltage ranges for electrical devices in railway applications [2].
Equipment powered from static voltage converter must function properly with input voltages that range from 0.9 U, to
1.1 U,, where U, is the nominal voltage. The equipment must also withstand input voltage fluctuations from 0.7 U, to
1.25 U,,. The European standard EN 50163 determines the catenary voltage levels for traction systems [3]. In Estonia the
nominal voltageis 3300 V, which differs dightly from the EU standard. According to standard EN 50163 the continuous
maximal voltage value that may occur in this system is 3600 V. In a short time period (less than 5 min) up to 3900 V are
allowed. The continuous minimal voltage value is 2000 V. The APS was build considering the two norms mentioned
above; theinput of the APS was designed according to EN 50163 and the output according to EN 50155 [4, 5].

3. Control System

The control system can be divided into three functional parts as shown in Fig 2:
- inverter control,
- protections,
- supervision and diagnostics.

Inverter control involves voltage regulator and pulse width modulation generator. Protection block consists of
different kind of protection algorithms. The last part of the control system (Supervision block) contains logger and test
functions and user interface.

Control System of the APS

|
| | |

Inverter . Supervision and
Protections - .
Control Diagnostics
i Over load Under and over
Voltage PUI.Se.WIdth protection voltage protection Test and_ control
regulator limiter on the DC input functions
/ N\
Analysis of Under- and over
IGBT state voltage protection Error log
signals on the DC output
Over

Indication of the

temperature sensor values

protection

Fig. 2 Classification of functions of the control system

The APS is provided with three voltage and two current transducers as shown in Fig. 2. input voltage (U;,), input
current (lin), output voltage (Uqy), output current (lo), middle point (Ung). Additionally the system hasfive temperature
sensors. The following temperatures will be conditioned:

- transistor T1 — maximal allowed temperature 60 °C,

- transistor T2 — maximal allowed temperature 60 °C,

- rectifier —maximal allowed value 50 °C,

- transformer —maximal alowed value 60 °C,

- output filter inductor — maximal allowed value 60 °C.

4. Control Algorithm

A general control algorithm is presented in Fig. 3. Starting the APS is an issue on each day when the train is
driving and also after power interruptions and some faults, which require a microcontroller reset. To avoid dangerous
current peaks in the output due to uncharged output capacitors, a soft start algorithm has been added to the control
program as shown in Fig. 3. It gradualy increases the pulse width of the IGBT transigors until the nomina voltage in
the output has been reached. After that the main program starts. The main program consists of a loop, which constantly
checks for errors. Aslong as there are no errors, the output voltage will be regulated. In case of an error the IGBTs will
be blocked. The faults are divided into two groups. All faults that belong to the first Group are serious errors and need
to be checked by humans. The recovery of the control program is only possible after microcontroller reset. The second
group errors are less critical. The control program will not terminate. 1t will automatically recover if the error has past.

The fault detection and classification algorithm is shown in Fig. 4. It begins with the output voltage check.
According to standard EN 50155 the allowed voltage range is 0.9 ... 1.1 U, (315...385 V). Any voltage value outside
these limits creates afirst group error, which resultsin control program termination as shown in Fig. 3.
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Fig. 3 The simplified control agorithm of the APS
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Fig. 4 Algorithm for fault detection and classification

The output voltage check is followed by short circuit detection block. In case of short circuit in the trang stor,
the IGBT driver will immediately block the transistor and send a signal to the microcontroller. This results in a first
group error as shown in Fig. 4. The middle point voltage shift (Umiq = Uin / 2see Fig. 1) is an important issue in the half-
bridge converters. The middle point voltage shift can push the transformer core upon the saturation [6, 7]. Thus a
voltage shift greater than 5% creates afirst group error.

Since the thermal processes are dow and cooling down takes some time, also the overheating of a component
causes first group error, which leads to a complete shut down of the power supply.

The standardized nominal value of the catenary voltage is 3000 V, thus according to standard EN50163 the
minimal and maximal alowed values are 2000 and 3600 V respectively. If the voltage exceeds these values a second
group error will be created. The IGBTs will be blocked. However, the control program keeps on running and after the
error isresolved, the IGBTs will be switched on automatically.

The output power of the APS is 50 kW and maximal allowed output current is 140 A. Any higher current
causes an overload error, which belongsto the first error group. The converter will be switched off.
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5. Output Voltage Regulation

The voltage is regulated with PI regulator as shown in Fig. 3. The classical mathematical form of a digita Pl
regulator is presented in (1):

&
yk = KPQ( + KI a QTA’ (1)
i=1

where yy is controlled variable, Kp is proportional gain congtant, K, isintegral gain constant, Tx is integration time step,
g isthe sum of al errorsin the regulator input. The disadvantage of this equation is the summation of the errors. In
microcontrollers all the data is stored in variables, which size must be defined before compiling and running the
program. Since the values and the number of errorsin the regulator input are unknown, it is difficult to estimate the
needed memory size. This can lead to unknown errorsif the summation variabl e exceeds the predefined memory space.

Ve =Keg KT 6 @
The (1) can be simplified. By subtracting (2) from (1) we will get the (3):
Ay =K (& - 6.,)+ KT, (3
where Ay isa change in controlled variable. Taking into account that yi = yk. 1 + 4y we get the (4)

Y :yk-1+KP(ek' ek-1)+K|TAek! (4)

where yy is controlled variable at present moment, yi. 1 is previous value of controlled variable, e is error at present
moment, e. 1 is previous error. The regulator output can be calculated based on just two subsequent errors and the
previous controlled variable value. There is no need to sum al the errors. Thus this algorithm is more reliable and
simplethan the classic equation of digital Pl regulator.

6. Practical Results

The APSfor therolling stock has to fulfill the combined regulation requirementsi.e. to provide a stable output
voltage under the conditions of changing input voltage and load current. According to EN50155 the maximal allowed
output voltage deviation is 10%. The simplified digital Pl regulator algorithm was working effectively as shown in
Fig. 5. The output voltage deviation was approximately 2%.

The control agorithm is provided with the soft start system, which prevents occurrence of large current peaks
in the output. The soft start system gradually increases the pulse width signal of the IGBTs and the output voltage will
grow smoothly.

Input voltage Uin

/ 7Output voltage
3000 V w Uout
...... A

ov :
ﬁ 1) Ch1: 100 Volt 2.5s
2712).Ch2:. 1kVolt.25s

Fig. 5 The output voltage remains stable under conditions of changing input voltage and load current

The protection algorithms were also tested with positive results. As an example the reaction of the APS to the
critical low input voltage is shown in Fig. 7. According to the standard EN50163 the minimum input voltage allowed is
2000 V. If the input voltage decreases below minimum value then the APS will be switched off as shown Fig. 7. If the
input voltage grows bigger than 2000 V, the APS switches on again. Due to the soft start system the output starts to
increase gradually. In the current case the reason for the input voltage peak after blocking IGBTSs is the non stabilized
high voltage power supply that was used in the laboratory
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Input voltage Uin
L P! )

Output voltage
| — Uout

1) Ch1: 100 Volt 1s
2)Ch2: 2kVolt:1s

Fig. 6 Soft start during power up

/ Input voltage Uin

M

Output voltage

2 L — Uout

1) Ch1l: 100 Volt 1s
2)Ch2: 2kVolt.1s

Fig. 7 The IGBTs will be temporarily blocked when the input voltage drops below 2000 V

7. Conclusion

New HV IGBTs on the market alowed constructing a HV APS using ha f-bridge topology, which smplified
the control and the construction of the APS. The APS was designed according to EU railway standards EN 50155 and
EN 50163. The following test results were received. The simplified Pl regulator algorithm gave excellent results. The
maximal output voltage deviation was only 2 %, which complies with the EU standard EN 50155. The protection
system worked as expected. The input voltage range was chosen according to standard EN 50163. If the voltage
exceeds these values, the APS blocks the IGBTSs. The recovery follows automatically after the voltage is back within
the standard determined range. The full-size converter's prototype has been eaborated and successfully tested in June
2007. The converter was tested in middle voltage as well asin high voltage range up to 4000 V.
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Abstract

The largest number of car crashes happens at the moment of Frontal Crash. Thisarticle’'s aim isto analyse the
types of Frontal Crashes and their repartition, to diagnose what part in occupant’s safety the protection system’s use
takes, and aso to analyse head injury coefficient dependence on car speed and show critical injuries and fatality limits
in cases when driver is driving with no seat-belts in and while the car is without airbag. The research is done at the
moment of ideal Frontal Crash by simulating distance from the occupant body to the whedl in different types of baskets.
KEY WORDS: crash, occupantsinjuries, HIC, speed.

1. Introduction

During car crashes injuries are usually dangerous. Up to 10... 12 % of injured occupants die during crash
because of heavy injuries. Injury tolerance limits describe items such as fractures, injuries of organs, and other injuries.
A classification is done via the Abbreviated Injury Scale (AlS) or Overdl Abbreviated Injury Scale (OAIS). With the
AlSor OAIS thesingle or total injury is described. The data span within arangefrom 0to 6.

The limits to the injury level depend on sex, anthropometrics, age, mass, mass digtribution, and specific
conditions [1]. The risk of head, thorax and abdomina injuries is significantly reduced in airbag—equipped cars
compared to non—airbag cars. However, there is no concomitant reduction in the risk of upper and lower extremity
injuries in airbag—equipped cars. In fact, the risk of lower extremity injuries (both KTH and below knee injuries) is
higher among belted occupants in airbag — equipped cars than those with no airbag. This observation is similar to that
found by Rupp et al. (2002). Therisk of AIS2+ injuriesis highest to the lower extremities compared to any other body
region in airbag—equipped cars. Therisk of injury to the KTH (Knee — Thigh — Hip) complex is approximately the same
astherisk of below kneeinjuries[2].

2. The Research on Head Injuries

Head movements in the car are not limited by any restriction systems. Therefore, at the moment of crash it hits
various objects in the car (window, whedl, dashboard, etc.). The hit of the head can cause bruises, scrapes, wounds,
contusion and commoation of cerebrum, cranium cracks, cerebral haemorrhage etc.

Encephalon injuries during motor transport accidents are mostly fatal for occupants up to 45 years old. When
whole body injuriesindex AIS= 5, they reach even 84 % of whole body injuries[4].

According to the information of sixty researches there are many various criteria of injuries. Researches were
lead by well-known scientists like Lissner, Lebow and Evans (1960), Ommaya and Hirsch (1971) and others. Classic
HIC (Head Injury Criteria) were given in addition to Viennaingtitute' s index, specified model of the brain and medium
tension criteria. On recommended SAE (Safety of Automotive Engineers) basis head injury criteria were counted at
every 3 mstimeintervals. The criterion was specified by Versace in 1971 and described by equation [5]:
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HIC=&—— pdtl (t,-t), 1)
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where t; and t,— any time moments during impact between the earlier mentioned tg,+ and end te,g times; a — accel eration
intimeinterval t; —t,.

Euro NCAP (European New Car Assessment Programme) has the highest reputation in analysing collisons.
Through different tests it has set head, thorax and legsinjuries, probability and extent in cases of frontal collisions.

Head injuries are assessed by HIC (Head Injury Criterion) coefficient Table 1.

According to HIC scale, when meanings are below 500, probability togged injured is very low. At 1000
approximately one out of six passengers might be in danger after skull fraction or brain damage. When HIC is above
2000 almost al the passengers get their headsinjured. In such cases either death follows or long hospitalization.

HIC test is conducted using a 5 kg head model which is connected with a dummy. Impact speed meter is
constructed into the *head’ and used to measure the impact vel ocity [1].
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Table1
Head injury coefficient meanings
HIC factor
Meaning Injury size
750 Low probability that brainswill beinjured
750 - 1250 Probable brainsinjury
1250 Brainsinjury

3. HIC Dependence on Speed in Various Kinds of Cars

The essence of this research is to find out occupant’'s minimum possible deceleration constants of the
acceleration, using common occupant’s body forward movement [6]. It is known that occupant's deceleration of
acceleration can be found out not only by taking measures or simulating the situation but using diagrams as well.

Calculating occupant’ s body movement at the moment of Frontal Crash, you need to pay attention to sequence
of occupant's body movement. The car hits the obstruction. The bumper gets deformed while the power of hit
exceeding several times the car weight, stop it.

Occupant starts moving in the same direction as car was going. His speed is equal to car speed before the hit.
The car garts the backward movement, but occupant from inertiaiis still moving forward, when finally hits the parts of
interior. Since the car moves backward after the hit, occupant' s forward movement becomes shorter.

Parts of interior absorb part of occupant's kinetic energy and body starts moving backwards. Depending on the
beginning of occupant‘s deceleration of acceleration and it growth, a part of car’s general deformation length is being
used.

Simplified occupant’s body model centres of three masses are used for mathematica analysis. Supposing, that
driver's height and weight are of average mean and he is not using any protection systems. Supposing, that head is
going to hit the wheel in the direction B (Fig. 1) against no less than 25 % of its square.

Theideal Frontal Crash is being anaysed, when car cabin remains undamaged and all-in-one occupant body is
moving in rectilinear movement. Suppose, that occupant’ s movement accel eration until the hit is constant.

Occupant having a certain mass is displaced (covers a certain distance):

S = Siteriontotal T Srz (tthoraxrebound) - Sthorax(taan) ) (2)

where Siyeiortotal — OPStacle, distance in a car from thorax (body) until the closest obstacle, where occupant can be

displaced.; Sk, — distance, that the car covers, until the collison moment when thorax hits an obstacle;

thoraxrebound)
Sthorax(tr) — distance that thorax (body) covers at theinitial moment of collision.
Time, required to reach the final point and kinetic energy disappearance is equa [7] to:

25, 0
tend = tslart +Qi+ ) (3)
€8s @

where s is distance, required for the body not to be injured during the accident. It is calculated by the following
formula

1 1 — Ekin

— — 2
S =Vt =Zat

: 4
2 2 m >GCOHS[ ( )

Time at the beginning of collision tgar, during which thorax (occupant) is displaced considering the distance
Sthorax(tgar) + 2CCElEration function:

tstart =f (athorax = aoonst) ' (5)
Motion acceleration can be expressed by ratio a:%, then in a general case occupant motion during the
accident is s=g, +v0t+%at2, but as analysis shows, it is smplified (a = const), so s:%atz. Occupant motion is

2
V=V, +at . Having in mind a = const, so v = at . Occupant motion travel during the accident is s:2—.
a
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However an occupant during the accident moves in the car interior, so his maximum travel is aslong as up to
the closest obstacle (windshield, pand, etc.). Time required to gain the initial acceleration equals the ratio of velocity
and acceleration t =v/ a. Since occupant is likely to move up to an obstacle, opposing system will start functioning

when occupant moves in the distance s until the obstacle. According to formula (2) t, =t, +./2s/a, ast; = 0 0

t, =4/ 2 s/a . Occupant’s velocity on impact is v =at, .

Using the formulas it is possible to calculate occupant motion accelerations, their duration, occupant motion
during impact against opposing system and HIC. Sincethe accel eration isinvariable so its volumes are selected.

Calculation in afew casesisgivenasa; = 10 g, 20 g, 30 g, 40 g, 50 g, 60 g. For the purpose of research 8
measures of different makes of cars and sizes were taken (Table 1). Measured distances from the outward man chest to
the steering whedl are Syax and Syin. (Fig. 1 and Table 2).

According to the given procedure we will count all measured cars a (M/S9), t,, (5), v,(M/s) and HIC, when
distance s between driver and steering wheel is minimal, medium and maximal.

The calculated head injuries coefficient HIC and its dependence on speed, are shown in Fig. 2-9. Thisis
speed when body will get certain value of injury. In given figures two critical values of injuries can be seen: the first
critical limit shows that when HIC < 650, head injuries are not fatal, brains are not damaged.

The second limit shows that when HIC > 1000, head injuries are possibly heavy: cracked cranium, bone
breaks, heavy concussion and cerebral haemorrhage can be observed. One of six victims of the accident dies at the
moment of crash [8].

Lo Tsia; (a=const) LReound Thorax 3,
S [alal
B
Vo Vez (tgar) o v /!
—> — —
4 Sthor (tst_art)
™ Sz (Thorax Rebound) =
Fig. 1 Occupant motion until repercussion
Table 2
Measures of examined cars
Model Year | Weight, kg | Smax | Snin Model Y ear Weight, kKg|  Smax Shin
Peugeot 605 | 1991 1460 65 40 LanciaZeta 1997 690 43 22
VW Golf 1995 1120 55 34 BMW 524 1990 1500 48 26
Citroen C25 | 1990 2170 43 27 Opdl Astra 1991 950 50 36
Mazda 323 F | 1990 990 53 33 Audi A6 1996 1970 48 30
HIC @ s=40cm | HIC —8—s=34cm
1400 —&—s=53cm —&—s=45cm
1200 )72 —A—s=65cm 1400 —A—s=55cm
— 1 critical limit 1200 A —1 critical limit
1000 ” K —’2 zritjz:I limit 1000 E /- =2 critical limit
800 o T 4 / {
800 /
Ggg 600
4 K 400
200 M’Q a0 7'
0 |

0

0 10 20 30 40 50 60 70 80 90 100 V, km/h
0 10 20 30 40 50 60 70 80 90 100 V, km/h

Fig. 2 HIC dependability on velocity (Peugeot 605) Fig. 3 HIC dependability on velocity (VW Golf)
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Fig. 4 HIC dependability on velocity (Citroen C25)

Fig. 5 HIC dependability on velocity (Mazda 323 F)

Fig. 6 HIC dependability on velocity (Lancia Zeta)
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Fig. 7 HIC dependability on velocity (BMW 524)
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Fig. 8 HIC dependability on velocity (Opel Astra Fig. 9 HIC dependability on velocity (Audi A6)
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Fig. 10 Distribution of average distance s Fig. 11 Distribution of average distance sin the cars

While applying mathematical motion model it has become clear that after calculating occupant travel s and
necessary body travel s, the following versions are possible:
S> Seq— Passenger suffers, safety increases, if s decreases;
S< Seq— Passenger does not suffer, safety increase;
S~ S¢ — Passenger does not suffer.
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According to given figures, we can see that if the occupant until the resistance of protection systems goes
undisturbed up to 60 — 80 km/h, in this case we get larger HIC values while s value is lower. Y et when speed is higher,
the chance of injury aso gets higher when we have Syx.

If after the crash, which matchesthe analysed ideal Frontal Crash case, thereis a possibility to find out how far away
the driver was dtting, so that having in mind hisinjuries value we can find out approximate car speed before the crash.

In Fig. 10 you can see average distances between the occupant and the whedl in the examined cars. It is clear
that swax isthe highest in Peugeot 605 and the lowest in Lancia Zeta.

When occupants speed before hitting the whedl is over 80 knmvh and the digance is medium, the highest HIC is
observed in Peugeot: HIC = 1178 and VW Golf: HIC = 1084 (Fig. 11). The lowest possibility of injuries would be
observed in Lancia Zeta: HIC = 927.

4, Conclusions

1. Having analyzed NHTSA database, such conclusions can be made: at the moment of crash, when AIS= 5 — 6, the
head isinjured in 53 % of cases and the chest isinjured in 20 % of cases.

2. After measuring 8 cabins of cars, the biggest and the smallest distance between occupant and wheel was found out.

3. After calculating every car’s HIC dependence on speed, when s= Sy, Sig @nd Snax We found out that the largest
HIC is observed Peugeot 605 and the lowest in Lancia Zeta. It is found that only two cars (from 8 cars) don not
reach the second critical fatal zone.
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Abstract

Two methods have traditionally been used to investigate the rail-wheel contact, that is the Hertz analytical
method and simplified numerica methods based on the boundary element (BE) method. These methods rely on a half-
space assumption and a linear material model. To overcome these limitations, atool for FE-based quasi-static whed -rail
contact simulations has been developed. The modeling tool and a methodology are described in the presented paper.
Simulation results are compared with Hertzian and BE solutions. Significant differences in the calculated state between
the FE solution and the traditional approaches can be observed. These differences are most significant in situations with
flange contact.
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1. Introduction

Mogt railway wheels are rigidly mounted on a steel shaft. A typica wheelset on a straight track is shown in
Fig. 1. The axle load may be as high as 220 kN and the contact area between awhed and therail isroughly 1 cm?. The
contact region is thus very highly stressed. The interaction in the contact zone between whedl and rail is determined by
the global dynamic behavior of the vehicle and by various physical phenomena that occur in the contact zone. The
profiles of wheel treads and railheads are transformed by the wheel and rail interaction. This transformation, which may
be severein curves, has a significant effect on the contact state.

Fig. 1 Wheelset on a straight track

Software for vehicle motion simulations, are normally concerned with the orientation of each wheel relative to
the track, and thus the pointof- contact between whed tread an rail head and the contact forces that are caused by the
dynamic interaction. The analysis was two dimensional and the exact solution was found. Carter showed that the
difference between the circumferential velocity VC of a driven whedl and the trandational velocity VT of the whedl has
anonzero value as soon as an accelerating or a braking couple is applied to the whed!.

2. FE Modeling of Wheel-Rail Inter action

A complete FE model of one wheel, a piece of rail, a set of contact e ements and the quas static loads on the
whed are interactively created with alibrary of Ansys macro routines that are accessed with the Ansys Graphical User
Interface (GUI). Sets of keypoints that define the rail head and wheel tread profiles are assumed to exist as separate
files. Keypoints that describe the shape of a profile are preferably generated with a sandard Miniprof ingrument. The
two sets of keypoints are converted to 2-D spline curves by an Ansys macro routine.

The basic stepsin the creation of awhedl-rail interaction model for an X1 motor coach in a curve with aradius
of 303m and a standard UIC60 rail is presented below. The three-dimensional geometric model of the whed is
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generated by revolving the two-dimensional spline curves that describe the profile of the whedl tread. The rail model is
created by extruding railhead profile curves a distance of 600 mm, which is the distance between the sleepers. Two sets
of curves for a new whedl and a new rail are shown in Fig. 2. The two solid bodies are shown in Fig. 3. To get a
reasonable configure model, the whedl is spatially oriented relaive to the rail according to the quasi-gtatic state
calculated by an MBS software, e.g. Gensys or Medyna. To aid an efficient discretization of the contact region, a
measure of the expected contact length and the number of expected contact patches have to be supplied by the user.

| Se—

Fig. 2 Spline curves generated from measured point sets

Fig. 3 Solid model generated from the profile curves Fig. 4 The whed-rail contact region
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Fig. 5 The whed hub is connected to the center node with constraint equations
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The contact region, i.e. the small portion of the two bodies that are close to the anticipated contact patch, is
meshed with the Ansys linear isoparametric element Solid45. For these dements, which amost exclusively are
hexahedrons (see Fig. 4), an dastic-plastic material model with kinematic hardening is defined.

The size of the contact zone is approximately 30mm in the lateral direction of the rail, 50mm in the
longitudina direction, and 10mm in the normal direction. The size in the longitudinal direction is based on the size of
the contact zone and the distance of rolling required for the smulation.

The main parts of the wheel and rail bodies are meshed with degenerated linear isoparametric elements. The
hub surface is covered with shell elements. These two submodels are condensed to superelements. The nodes on the hub
surface are connected to a center node with constraint equations (see Fig. 5).

3. Methodol ogy

Here, the term methodology is used for a collection of methods and tools, the use of which is governed by a
process superimposed on the whole. Generally, a method, which is an organized, single purpose discipline or practice,
evolves as a digtillation of the best-practices experience in a particular domain of cognitive or physical activity (IDEF4,
1995). A tool refersto a software system, such as a FE system, designed to support the method.

FE modeling of the whed-rail interaction requires the shape of the geometric, domains, a material modd, a
value for the coefficient of friction, and knowledge about the contact forces. The material model is based on stress-
strain curves supplied by the manufacturers of whee and rail. The coefficient of friction is achieved from field
instruments such as the Salient system tribometer. The profiles of railheads and whed treads are measured with the
Miniprof insrument. MBS-simulations provide contact point locations and quasi-static contact forces. These contact
forces are transformed to global forces at the center node. With these data as input, the macro routines described above
is capable of defining a complete FE model and the proper boundary conditions for a quasi-static simulation that
capture the physical behavior that is caused by the combined rolling and diding interaction. In a final step, the contact
dtate history is extracted from the Ansys result database an exported in ASCliformat for further analysis and
mani pulation.

4. Comparison with Traditional Methods

A sharp curvein atrack trafficked by commuter trains serving the area is chosen for a comparison between the
FE simulation results and results obtained with traditional methods. The chosen track carries amost exclusively
unidirectional commuter trains with an average speed of 75 km/h. Two types of vehicles are used: the X1 and the X10
both operating in pairs with one powered unit and one trailing unit. Thistrack and therolling stock have been studied in
anationa Swedish program. Both rail and wheel profiles have been measured over a couple of years.

Two cases were used to study the modd. Both cases were from smulation of the X1 powered unit and
represent the first and second whed set in the leading boogie. The coordinate system is chosen similar to the Deutche
Industrial Norm (DIN) with positive vertical (z) co-ordinate upwards, y to left and x is positive to the train motion
direction. Fig. 6 presents the contact points location on the wheel and therail shows the forces in the center point of the
whedl. From a geometrical perspective the two load cases represents the contact points with a large difference in the
curvature of contacting bodies. In case 1, the minimum contact radius was about 300 mm and in case 2 it was about 20
mm. New rail profiles and a whed profile from a X1 train that has been in traffic for two years were used in the two
cases. In both cases, the normal force was 80377N. The tool for the FE analysis is made and the preliminary results
along with the comparison to the main concurrently available methods is outlined. In the first sage the differences
between the methods are presented (see Fig. 6).

The main scope for this work was to enhance the knowl edge of the contact pressure and the maximum stresses
in bulk material. This should give an appropriate basis to study the degradation mechanism along with the wear
simulation. The results could not be compared with the Hertz method assuming one-point contact.

b I

Fig. 6 Contact point location for the two test cases
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Using the linear-elastic model the differences in results are significant in regards especially to the relatively
new whed and rail shapes. Significant flattening of the contact pressure profile was found with increasing plagtic
deformation. The maximum pressure and plastic work moved outward in the direction of the contact edge along with
the increase of friction coefficient.

Experiments have shown that the losses in the rail crosssectiona arearemain approximately constant in time,
Assuming a constant rate of degradation the relationship between the plastic flow and wear changes. In theinitial phase,
the plastic work is very large. The maximum equivalent von Mises stress exceeds even the ultimate stress limit which
for the actua plasticity model was 606MPa. Thus, the material in this phase of the degradation process behaves
perfectly plastic. The plastic flow hardens the materia and makes the contact more conform. In the continuing process,
other wear mechanisms will thus be significant.

5. Conclusions

A tool for contact mechanics modeling and simulation of the whed rail contact has been developed. The
geometry of the contact can easily be changed. The model can be generated from measured whed and rail profiles.
Traditional methods and computational tools are limited by an haf space assumption and a linear material model.

The results from two test cases show that the difference in maximum equivalent stress between traditional
methods and the FE model is small when the minimum contact radius is large compared to the significant dimensions of
the contact area, i.e. when the half space assumptionsisvalid.
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Abstract

The purpose of the research is to develop new mathematical modd s and new algorithms for inteligent agents
with neural network controllers in maritime transport. Main goal of research is increasing of safety level of maritime
trangport. The research incdudes the analysis and modeling of intelligent electronics devices based on multi-agent
approaches. Methodologies used in research are intdligent dectronic devices and negotiations, artificia neura network
controllers, bond graphing for mechatronic system anaysis and control. The research proposes the solution for control task
between intdligent maritime trangport units and intelligent maritime control units with a purpose to prevent accidents. The
mode includes agorithms of intelligent ship mechatronic system control and intelligent schedule contral.

KEY WORDS: intelligent agents, artificial neural network, modelling.

1. Introduction

The paper is based on authors previous scientific work researching the intelligent agent systems and its
application in mechatronic systems.. Intelligent agents are computer modules, which work in global network and use
methods of the artificial intelligence. Intelligent agents have possihility to negotiate with each other and cooperate their
work to get better decision [1].

2. Problem For mulation

There are three main safety levels in transport systems. The fird is the safety of mechatronics system of a
vessel. That means, an inteligent diagnostic system for engine states is needed to separate dangerous situations by
critical testimonies from sensors from theregular states of the system.

The second level isthe safe control of mechatronics system in a ship. One of the primary tasksis an intelligent
speed contral of a ship, taking in account weather factors and schedule.

The third safety level includes an intelligent control of the whole maritime transport system. That is why the
solution of coordination task between all maritime objects in the system is necessary.

3. Methods of Solution

Authors propose to use intelligent agents system [2, 3] for all three safety levels.

Intelligent agents for diagnostics system of ship engines, based on neural network and clustering, give
possihility to detect and warn about changes in the engine, detect the problem immediately, and to fix it in some cases
without human intervention.

Methodologies used for mechatronics system control in the research are bond graphing, expert systems and
negotiations.

The research proposes the algorithm of intelligent speed control and the solution for coordination task between
intelligent vessel s with a purpose to prevent accidents using the algorithm of negotiation for intelligent agents.

4. Mathematical Models

Neural Networks. Clustering analysis is based on artificial neura network model. Each neuron has input data
set, weight for each input data, activation function and output, which usually has binary value. Neural network consists
of several layers. Each layer may have definite or indefinite number of neurons. Neural networks give possibility to
anayze an object by input parameter set and to detect predefined class of the object on the output. That means, neural
network should be trained to detect classes and classes are predefined.

1. Input dataset: X = {Xg, X, ..., X}
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2. Weights W= {wy, W, ..., Wy, Whs1}
3. Transfer function: F = X*wy + Xo*Wo + ...+ X" Wh + Whit
4. Result classes. C={cy, ¢, ..., Cn}

Fig. 1 Neural Network structure

Clustering Analysis. Clustering is one of adaptation methods [4]. It gives sdf-training possibilities to the
intelligent agents and allows to classify unorganized input data. This way, clustering give possibility to create new
neurons on the output layer of the neural network. Clustering analysisis used when output classes are not predefined.
Mathematical model for clustering consists of following elements: set of input objects; set of attribute vectors for each
object; dynamic set of clusters with variable size — at the beginning of analysis it is empty; dynamic set of prototype
vectors for each cluster — attribute vector, which defines the class; set of cluster members for each cluster; set of sum
vectors for each member — defines the correspondence of each member to prototype vector of the cluster; parameter of
attentiveness — affects the precision of clustering analysis.

Fig. 2. Neural Network creation by clustering

Diagnostic System of Ship Engine
Set of tates of an engine— 1° ={i/,i5,...}

Set of properties of an engine— X ={x{,..., X5,

Set of clusters of engine states— C° ={c/,c3,...}

Engine states, members of cluster M $ ={mg;,m5,...}
Prototype-vectors of clusters- P ={pg,..., Pe}

Sum vector of enginestate- S;, =P CM¢ :{sf}ﬂ,...,s‘i‘m}
Vigilance of agent —p® (0 < p® <1).

Mechatronics System Parameters for Vessel [5]

1. Vessd’smotor excitation current I'e
2. Vessd’s motor armature current I
3. Vessd’smotor magnetic flux c
4. Vessd’s motor torque constant Cm
5. Vessd’s motor rotation speed n'
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6. Vessd’smotor voltage U

t

7. Duty ratio of pulseregulation g

Coordination System between Mariti me objects
1. A set of processors P — ports and other stationary points, where P = {P*, P}, P1 N, ports. P* ={p}, p3..... ps} 1 P

Other points: P2 ={p?, p?,....p}1 P

A st of jobs V —vessels, where V = {vy,Va,...,VUn, }
Vessd’sschedule: s, i P*® {t,,t,,,...t} 1 A
Port’s schedule: s, :V ® {toptpotomt 1 A

Additional payments matrix A with criterionsr, where A = {ay1, &2, ... , &ni, 1l Z, n=|9, t=|U];
A negotiation set B, where B = Cs® A Element conflicting objects and time to negotiate.

A set of timecrossingsC1 B

A set of directive termsinfringementsE | B.

NG A WD

5. Algorithmsfor Intelligent Agent System

Clustering Algorithm for Engine Diagnostic. There are many algorithms for clustering analysis. On the current
step of research authors propose to use one of the adaptive resonance theory (ART) algorithms for intelligent agents.
General algorithm consists of four main steps. The first step the creation of the first prototype vector from the first
input attribute vector. The second step is the beginning of the cycle, where a number of iterations depend on a number
of objects. If this number is limited the number of iterationsis finite. If objects are states of the process in mechatronic
system, this number is unlimited, and clustering analysis is infinite. On the second step the next object is checked for
membership of already created clusters. The step consists of three tests: test for attentiveness; comparing of attribute
vector with prototype vector and attentiveness parameter; test for identity. If one of this tests failed new cluster is
created, otherwise the object gets membership in adready existed clusters. Authors propose to use the clustering
algorithm for state analysis of complicated processes in the mechatronic systems obtaining information from sensors.

Step 1. Thefirst prototype vector creation from the first property vector — P = X3
Step 2. Cycle. Next object i1 | ischecked to be assigned to cluster from C.

Step 2.1.Check for vigilance: [P C X E|/(b +|PF)) >|Xie /(b +n); No—Step 4.

Step 2.2. Compare of with vigilance parameter: [PS C XE|/|Xf| <r ?; No- Step 4
Step 2.3. Check for identity: [P :|xie 2: No- Step 4

Step 3. Assign current object i to cluster members M (i =mi M) .Go to Step 2
Step 4. Create new prototype vector. Go to. Step 2.

Algorithm of Intelligent Speed Control of a Vessd

Step 1. Detect next checkpoint - chp

Step 2. Calculate breaking point and breakingtime:  brp = chp_dist —breaking way(vmin ® 0)
brt = breaking_time(vmin ® 0)

Step 3. Calculating rolling way and rolling time: rw = rolling_way(v® vmin)
rt = ralling_time (v® vmin)

Step 4. Evaluating theralling way: brp= s+ rw?Yes—Step 5, No— Step 3

Step 5. If checkpoint type is a point: type[chp]="X"?Y es— Step 6; No — Step

Step 6. Start negotiations with point agent;

Step 7. Signal = green ? Yes— Step 1; No — acceleration = false

Step 8. If checkpoint typeis port: type[chp]="S"? Yes— Step 9 No — acceleration = false

Step 9. Start negotiations with port’ s agent;

Step 10. Satisfies directive term rt + brt £ t(chp) ? Yes— acceleration = false; No — Step 3

Algorithm of Negotiations between Maritime Objects
Step 1. Getting input data from all jobs and processors about current situation in azone;
Step 2. Negotiation Set B creating for all vessals coming to the port
Step 3. Crossing time set C calculating;
Step 4. Directive term checking - set E;
Step 5. CONFLICT ?Yes- New restriction in B, Step 2; No — Step 6
Step 6. Creating new schedules;
Step 7. Sending acceptation messages to participants;
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6. Computer Experiment

Neural Network Controller. DC drives are used in maritime transport for mechanisms, where uninterruptible
rotation frequency control is necessary [6]. The model of DC drive neural network speed controller is created. General
schemais presented on Fig. 3.

Neurd network gets signal about rotation speed from engine sensor and also analyze own control signal, so
feedback isredized.

General structure of neural network isfollowing. Neura network consists of 1 input layer 1 hidden layer and 1
output layer. Each layer has set of weights and bias. Linear transfer function is used. Weighted inputs and bias are
summarized. Weights of each layer are multiplied with input signals in each neuron. Output layer has only one neuron,
because we need the only signal to control switching on a DC drive.

After neura network training by Levenberg-Marquardt agorithm to maintain speed in interval between 40 rad/s and
60 rad/s. These values are abstract and taken for demonstration of neura network control of DC drive with torque load.

(| 20 lug ¥l p{1}1—|

Conwerted Binary signal ANM controller
control signal conwerter | :I

Unconwerted
control signal

E Sigral 1 | 1]
_l—PTL m EI}
={a Signal Builder L w
1-|i,:|—2 [°1 P B— l:l
Ideal Switch F E c E F. -
ﬂ—u = B00 ’_ﬂ DC drive > 1
} —l_ T
L

Fig. 3 Mode of DC drives with ANN controller and load generator

w, radds

"o 2 4 3 ] 1a 12 14 16 18 20

Fig. 5. Torque of an engine controlled by neural network
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Modelling of Coordination and Scheduling. The specific environment is developed by authors for the dynamic
modelling of intelligent agents for safety improving algorithms. The interface is presented on Fig.6 and Fig.7.

Model on Fig. 6 is presenting stream control algorithm. The agorithm controls only speed and movement
direction without any coordination with other. It shows realization of second level of safety task.

Model on Fig. 7 presents realization of negotiation between intelligent agents of vessels. The situation shows

that one of the vessals should wait before another one will free the way.

Both vessals have schedules and directive time. It isalso controlled by this algorithm.
The results of using algorithms of artificial intelligence in maritime transport systems show the possibility to
avoid crashes and detect dangerous points on the way. Algorithms advance safety improvement, optimization of energy

usage, profit increasing, idle time minimization, coordination and schedule contral.

Time: 56 SHIP Cargo switch ship
Self speed: kmh | - | +
Speed: 7.74 Kkmh
Bearing: 139 -
X: 4341

bty

Y:

=
’ =z
@

i

STREAM

+

-+

Stream Cantral

OFF

£ N
Restart
w
W

Fig. 6 Stream control algorithm

Average time to

Time : 131 sec Negotiation result Switch mode
THE WAY IS BUSY! Switch ship

STOP Riga-Stockholm
dangerous point : sec Switch time: [ 20 Jsec

Riga-Stockholm |

ON

Speed Control

Moment speed:

0|kmh
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[ To the SEA
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Fig. 7 Negotiations between vessels



42

7. Conclusions

Modeling results show the possibility to control speed of DC drive using trained neural network controller. It is
very important to create as more as possible samples as possible for more precise training. Also selection of transfer
function depends on task.

Neura network allow producing not only signal but set of control signals. Also input signals are not limited.
Neurd network controller may be used as for control as for forecasting and warning about dangerous situation. It may
prevent breakdowns and accidents and may be used for optimal speed control of transport units.

Main advantage of using negotiations in intelligent agent systems is the possibility to coordinate actions of all
participants in transport systems and to realize control, diagnostic and scheduling for transport. The additional value is
the possibility of the developed systems to prevent accidents and to avoid different problems by intelligent diagnostic
and coordination devices.
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Abstract

The purpose of this paper is to develop and study algorithms for interaction of Software Agents in group
decision making support systems intended for logistic problems of control of transport flows on complex city
intersections.

The paper regards the problem of modeling and solution of the problem of minimization of transportation costs
and idletime of vehicles for the chosen version of the route and schedule at multiple intersections.

The authors offer a generalized agorithm for solution of the problem of drawing up an optimum schedule for
traffic through multiple city intersections with the use of Software Agents and dynamic computer models of transport
flows. It is aso supposed that modeling software can detect formation of problematic situations, change the duration of
one-type operations on separate processors and interact in search of the best solution.

The modeling program is controlling intersections under consideration, while the data collection and analysis
program interacts with relational database and makes the optimum processors operating schedule with the help of a
group decision making support system. The processor is the traffic lights of the intersection, and the operation is
handling of a transport flow to an assigned direction and time.

KEY WORDS: Software Agent, Logistics.

1. Introduction

With the help of the developed algorithm from a set of cars for particular intersection applying the Monte-
Carlo method we sdlect a certain vehicle. Its parameters are specified in the moddl: intersection, flow, vehicle ID, its
velocity, acceleration, distance to the traffic lights and nearby obstacles, estimated braking distance and the time | eft
until a prohibiting signal of the traffic lights. On the basis of the distance to the traffic lights and obstacles and the
braking distance a conclusion on possibility to stop before or on aline at the signal of the traffic lights can be made.

Optimum data about the intersection processors operating schedule received from the model are passed on by
the Software Agents interacting with the database management system, recorded in previoudy prepared database table
and displayed on the screen for users of a group decision making support system.

2. Mathematical Statement of the Resear ch Problem

The following variables will be introduced:
C=(cy, C -, Gy ..., C) - Set Of considered crossroads, wherec 1 C, i isan index of a crossroad;
H=(hy, hy, ..., h,..., h) - setof the given vehiclesflow; wherehT H, i isanindex of acar;
R=(rs, rz ..., fjy oosy Tm)s r1 R- thenumber of traffic lanesin one direction; wherej isan index of a flow;
Vi - Speed of i vehicle at the time moment t;
d; - distance of i vehicletill k-th traffic light at the time moment t;
a, - acceleration of i vehicle at thetime moment t;
ti - time;
b - braking distance of | vehicletill k-th traffic light at the time moment t;
X, Yi - position dataof i vehicle at time moment t;
gp; - digance of i vehicle at the time moment t till a car behind,;
sg; - digance of i vehicle at thetime moment t till a car nearby;
sn; - digtance of i vehicle at thetime moment t till a car in front of it;
TLk; - duration of operation of L section for k traffic light;
Vimax - Maximum permissible value of speed on j traffic lanefor vehicles;
Vimin - Minimum permissible value of speed on j traffic lane for vehicles.
The elements of modern graph theory, maximum flow function, can be used in modelling of vehicles flows.
Wewill consider the function which is defined for oriented graph G = (V, E) in the following way:
1. eachcurveel E isconfered with positive rational quantity c(e) 3 0 — its carrying capacity,
2. thereisonetop point vo — source Go™ = /&
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3. thereisonetop point v,— flow G, = /&
Then oriented graph G is called atransport network and marked as G(T).
Let us define flow function j (e) in transport network G(T) as a curve function with the following features:
.y (@30,
-y (e) £c(e), A
foralel EE Sy(e)=Svy(e),wherevt Vo vt v; vi V; E, isat thetop point v set of input curvesand E, " is
el E; el Ef
set of output curves.
At each top point v the sum of input flowsis equal to the sum of output flows.
We areinterested in the maximum value of flow function

wN R

max Sy (e):maxAS y (e):y 2-
el E; el Ef

We will mark with A transport network’s G(T) = (V, E) set of top points AT V, which contains top paint v,
(v,1 A), and does not contain top point vo (Vo | A). As a section in transport network G(T) we will call curve set E',
which goes to set of top points A. This notion differs from the considered before notion of section in an oriented graph.
The section in the previous meaning contains al so curves, which go from set of top points A.

The sum of all section curves carrying capacity is called carrying capacity c(En") of section EA, e.g.,

c(EA): S c(e).

el E,
In the same way we can define also the value of flow y (En") in section Ex':

y(E:)= sY 0.

el Ep

Asflowy in each curve e does not exceed its carrying capacity y (€) £ c(e), then there the following dependenceis
vaid

y (Ex)eclEq).

Thelet us consider Ford (L. R.)—Fulkerson (D. R.) method for maximum flow defining G(T). It was e aborated
in the middle of 50s. The method consists of two parts: in the first part we will define the top points, in the second one
we will increase flow function y, if top point v, is defined. If top point v, has not got a definition, then maximum flow
y - in the given transport network G(T) is obtained.

The top point definition is a pair, where the first element is top point, from which the first element gets its
definition, and the second one indicatesitsincreasing (at the beginning it is 0).

The defining of top points is made in two ways. The top point v, is defined (— e(v) = ¥), which is not
changed. We will choose top point v; defined as (v, e(v)), then all top pointsvj;, Vi, ..., Vie, which correspond to the
restrictions

y (Vi) =min[e(w); c(vi, Vi) =y (4, Vid]-

The second way to define top points v, Vi, ..., Vi, which correspond to the restrictionsy (vi,, ) > 0, isthe
following: choose designation

v, e(v), k=12, ...,1;
where
e(vi) =min[e(v);y (Vi W)l
If top point v, is defined as (V'i1, e(v,)) and flow y (Vi1, V), then curve of anew flow (Vig, V,) isy (Vi, V) + &(V,)
and trangition to other curve flowsis changed.

If top point v, is defined as (V'i», &(Vi1)), then curve (vi,, Vi) with flow y (Vip, Vi) isincreased for e(v,) and new
flowis

Y (Vi2, Vi2) + (V).
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If top point vi; is defined as (Vi2, e(Vi1)), then curve (viz, Vig) flow is decreased for e(v,) and new flow is
y (Viz, Vir) - €(Vy).

It is continued while top point vy is reached, then flow function y isincreased for value e(v,). The definings of

all top points are canceled except Vo, and top point are started to be confered with new definitions. If we can not confer
top point v, with a definition then flow function can not be increased.

The first value v* of definition pair shows the shorten curve way from top point v, to V. The second value e

shows possible flow increasing. Let us start with flow y = Ofor all G(T) curves.

y+e

0 "% @00 ,@
y+e y+te ®
()

e

() ——=O—¢
y >0 O/

X o
y te

Fig. 1 Both cases of flow increasing

The considered graph theory method is applied in this article to solve the task of transport flow modelling.
It is considering the task of such t, Ik, Vimax, Vimin defining, when H is maximum. The following algorithm is

offered to solve thistask.

3. Algorithm of Problem Solution

Step 8.
Step 9.

fe

Traffic Department Manager on the client-side (K) entersan inquiry for solution of this complicated problem,
using interface (Wr) and information function f Kr:

Supra program agent divides this problem into several subproblems

To solve multi-criteria assignment problem, when the client has to choose the roads, and the criteria are both
quality and quantity criteria, using the server (Fig. 1).

Supra agent starts inquiry processing with interface (Wr) using information function (procedure) | Kr: If it
receives the answer from server it can move to the next step. If the answer is not received, it hasto search it in
other server; otherwise the solution does not exist.

Server (W) startsreceiving an answer from data base (Dp) using function (procedure) | dp.

Server (Wd) startsreceiving client’ stask solution (Pd) using function | pd.

Server (Wd) starts sending client’ stask solution to the server (W) using function | dr.

Server (W) starts sending client’ s task solution to Supra program agent SPa that makes solution (s) analysis.
To make up a schedule, Algorithm Steps anal ogue 3-8 are carried out.

Step 10. To analyze and evaluate made up traffic lights' work schedule.
Step 11. Server (W) starts sending client’ stask solution to Supra program agent SPa that makes solution (s) anadysisto

offer the client only the best task solution using function | rSPa.
Supra agent (SPa) offersto the client (K) the best solution using function | SPaK.

Time Ty,
ey Fu )

Wi Kyl Wd—3 Dp

A . |
g | Vor
| i Time T

i Fspa | Srepa For Jod y:y
Wo.r N Pd

Fig. 2 Fragment of task solution algorithm
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4. Role of Supra Agent

After solving onelogisticstask it is hecessary to solve a new one. Supra agent coordinates the task of program
agent that hasto find an optimal solution for all sub problems.

5. Supra Agent Algorithm for Fixing on Data About Flow in Database

Step 1. Supra agent connects to the database of crossroad Dp.

Step 2. All variables of the flow for i = 1 till N about vehicles are set to the the current val ues.
Step 3. Preparation of SQL query.

Step 4. Execution of the query, writing into data base for the further calculations.

6. Results of Experimental Approbation of the M odel

This part considers the results of the experimental approbation of the modd. Fig. 3 demonstrates a moment of
transport flow in the crossroads area. The main goal of the experiment was to check whether it is possible for vehicles
data (speed, acceleration, braking distance and time and possihility to stop it in front of the crossroad) to be put into a
specially devel oped data base.

Later on, the captured data can be applied in the mentioned above mathematic models of transport flows as
well as for evaluation of different variants of possible urban transport flow organization, for example public transport
zone, arrangement of new traffic lights and highway striping and consequence of these measures.

Fig. 3 Thereis participants of the flow: two cars, which have reached thetraffic lights at the intermediary moment of time

N S
ZjTable - Microsoft Internet Explorer e

Ele Edt View Favortes Tooks Help o
sack - & (X 2] (0 Trraortss @ veda & B - R EH &-

Address [(E] hitp:fecomm.rsebas. lvfstudentifmjafkrustojums. php?Flow_id=18car_id=18spesd=28 Sabrakeway=105adist—¢ = [£F Go

‘ Variables received from model on STOP event |

Flow ID, j: 1

Car ID, it 1

Speed, v: 285

Distance to light, s: 68,35
Possible stop: false {inserting 0)
Braking acceleration, a: 4
Running time, #: 4798

Braking distance, b: 105

SOL query: INSERT INTO krustojums YALUES(”, '1', '1', '26.8', '86.35', '0), '4, '4798', '105)

Executed, Showing the whaole table..

1| Flow Car Speed, Distance to Possible | Brake accel, |Runtime, | Brake
ID, 7 ID, i mis, ¥ light, m, s stop mfs~z, & 5,1 dist, m, b

1 : 1 24 16.935 yes 0.4 4125 7.5

2 1 1 315 24,885 VEs o4 17.034 14

3 1 1 1.5 12135 no 04 29.392 14

4 3 1 15 29.085 yes 0.4 11.579 3

“+ Internet

Fig. 4 Fragment of a specially developed data base, which keeps necessary data on vehicles participating in the flow.
These data are input with pushing the button “ Save current datain DB”
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7. Conclusion

The problem of transport flow in modern cities under the condition of hard crossroads is becoming more
important taking into account the increasing density transport flow and limited carrying capacity of the streets.

As this work demonstrates the mathematica and real transport flow modeling results do not correspond
enough to the real situation because of quite many assumptions and restrictions, thus the transport flow contral findsits
application quite seidom.

Some progress in this field could be achieved applying the program of visual dynamic modeling of transport
flow developed in this work. The program can be input with parameters of transport flows and crossroads
characteristics, which allow bringing the devel oped model near thereal situation of a hard crossroad zone.

One of the possible variantsto apply data base is using of the agorithm published before [4].

The work demongtrates the principal possibility for visual modeling of transport and pedestrians flow at
crossroads and urban transport stops, that proves the validity of the model.

We assume that after some improvement it could be successfully applied for automatization of urban transport
or in automatically regulated systems with a correspondent material and technical basis and crossroads accessories.

References

Ashton W. D. The Theory of Road Traffic Flow. Methuen, London, 1966.

Jonson J., Wood D., Wardlow D., Murphy P. Contemporary Logistics. Prentice Hall. NJ, 2002.

Russell S, Norvig P. Artificial Intelligenceza modern approach. Prentice-Hall Canada, Inc., Toronto, 1995.
Levchenkov A., Smyshlaev |. Algorithm for program agents in e-learning for solving logistics supply chains
problems, 1CS-2003 Proceedings, Vaencia, 2003.

Levchenkov A., Mor-Yarodavtsev A. Visual dynamic modeling of transport flows for electronic business
problems, ESM* 2004 Proceedings, Paris, 2004.

6. Levchenkov A., Kunicina N., Mor-Yarosavtsev A., Dolganov A. Modeling of Intelligent Intersections in
Complex Mechatronic Systems, IESM ‘2007 Proceedings, Beijing, 2007.

PWONPE

o



48

Proceedings of 3 International Workshop I TELMS2008

The Clustering Analysisfor Evaluating State of the I sulation for Intelligent
Electrical Networ ks

A. Levchenkov', I. Uteshevs , M. Gorobetz

*Riga Technical University, Ingtitute of Industrial Electronics and Electrical Engineering, Kalku str.1, Riga, LV-1658,
Latvia. E-mail:_levas@latnet.lv

**Riga Technical University, Ingtitute of Indugtrial Electronics and Electrical Engineering, Kalku str.1, Riga, LV-1658,
Latvia. E-mail:_igors.utesevs@gmail.com

***Riga Technical University, Ingtitute of Industrial Electronicsand Electrical Engineering, Kalku str.1, Riga,
LV-1658, Latvia. E-mail: mgorobetz@l atnet.lv

Abstract

In this work is proposed the method of cluster analysis for evaluating the state of the insulation of eectrical
devices. With the work of eectrical devices on its insulation influence the diverse factors: high or low the rate of
temperatures, high voltage, vibration, radiation, chemical materials and yets. The action of all these factors must not
to the premature failure of insulation, since this can lead to the emergencies. Thus, reliability of electrical devices
work depend on the quality of insulation.

This problem it is especial for the eectrical devices, which worked out its period or period of service of
which it approaches final.

In thework it is proposed to use a method of continuous control of the state of the insulation of high-voltage
devices. The method of the combination acoustic and e ectromagnetic signals is used. Processing the measurements
of signalsis performed in the neuron networks. This gives the possibility to self-learning neuron network.

Authors propose to use the algorithm for state insulation analysis in electrical devices obtaining information
from acoustic and electromagnetic sensors.

Intelligent agents can separate dangerous Situations by critical testimonies of sensors from theregular Sates of the
system, detect and warn about changesin the system and to prevent emergencies, using theintelligent dectrical network.
KEY WORDS: intelligent electrical network, neural networks, clustering, insulation.

1. Introduction

By the basic reason for aging isolation under the influence of strong eectrical pour on they appear the so-
called partia discharges. They arelocal breakdowns it weakened the

Feudatory sections of high voltage isolation. By such it is weakened or defective sectionsthey are gasinclusons.
In the process of operation gas inclusions can arise as a result of splitting or stratification of isolation from mechanical
loads and vibration or during the decomposition of dielectricto input of gases, for example with the strong hesting.

This leads to fact that in the gas inclusions with a certain value voltages go on breakdown. This breakdown is
not complete, since the sizes of gas inclusons compose small part of the total thickness of isolation, and the remained
isolation serves as the barrier, connected in series with the gas-filled gap. Therefore such breakdowns are called not
complete, but partial breakdowns or partial discharges. The rate of destruction depends on that how they are frequently
repeated and what energy is scattered in each single partial discharge.

This process leads to worsening in a quality of isolation and to damage its. Thereforeit isimportant to carry
out continuous control of state of isolation by electrical devices. The authors in this work propose the method of
continuous control of insulation state, using neuron networks.

2. Problem Definition

In this work authors present the method of continuous control of state of isolation by different electrical
devices. This method will make possible to detect possible damages for isolation. The system of acoustic and induction
sensors is used. Electromagnetic signal enters more rapidly than acoustic and in neuron network input signal about a
partial discharge. Neuron network compares the indications of insulation resistance with that minimally permitted and
signals, if the value of insulation resistance approaches dangerous. Insulation state is classified with the aid of the
cluster analysis.

3. Method of Solution

For solution of diagnostics problem of insulation state authors propose the method of partial discharges. The
number of partial dischargesis determined per unit time:
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al-hU 0

n.=4f
' Ug @-h) g

1
where U —externa voltage; U,y — voltage of appearance partial discharges; f —frequency; h —relations coefficient:

h=—, )

Ug — partial discharges voltages breakdown.
Measure of intensity of the single partial dischargeis

q=DU Cy, 3)

where C, — complex capacity of isolation.
Theintensity of partial dischargesisdetermined by the average current:

| g =N¢Q. 4)

Intensity of repeated partia discharges

K
| pa =a (n¢q); - )

i=1

With g=107°...10™ K| occurs aging isolation, while with g=10°...10° K| isolation is destroyed in very short
time. From equation (5) it is possibl e to determine the maximum permissible quantity of partia discharges:

an =——. (6)

For measurement of partial dischargesintensity it is possible to use a device, shown in Fig. 1. For theisolation
control of electrical devices uses combination of electrical and acoustic sensors. Device contains the subject of studies
1, electromagnetic sensors 2, acoustic sensors 3, recorders 4 and 5. Electromagnetic sensor records current pulse
through the partial discharge. Acoustic sensor records the sound of partial discharge. The criterion of detecting the place
of partia discharge is a time difference At between electromagnetic and acoustic signals from the place it arose of
partial discharge to appropriate sensors.

The speed of eectromagnetic impulse is more than speed from of sound impulse. Therefore the
electromagnetic signal, caused by current pulse, first comes, and then through the time interval At comes audio signal.
The further source of partial discharge is located, the greater time interval At. Consequently, knowing the speed of
sound in the known medium and time At, it is possible to determine the place of partia discharge.

Uses sensors of signas from the front, on the side and above, is possible to determine all three X, Y, Z
coordinates of the place of partial discharge. Output 7 gives signa to the entrance into the neuron network.

2
4 —l
1 7
6 —
5 b |
3

Fig. 1 Ingallation Diagram: 1 — research of object; 2, 3 — system of sensors; 4, 5 — the register system; 6 — summary
system; 7 — output into the neuron network

4. Model of Neural Network for Task Solution
Authors propose to use Artificial Neural Networks to choose eectric and electronic devices suitable in

insulation control system. Neural Network should be trained to anayze the parameters of electronic device and detect
the possibility of its usage in the specific task. Neural network mathematical model is based on perceptron structure,
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with 3 layers - input, hidden and output. Input will have eectric and not eectric parameters of eectronic devices.
Output layer classes are predefined eectronic devices types. The class of analysed electronic device will be detected
and the possibility to useit for insulation control

Input data set: X = {Xy, X2, ..., X}

Weights: W={wy, Wy, ..., Wh, W 4 }

Fitness function: F = X; - Wy + Xo - Wo + X, + Wt Wi
Result classes: C = {¢;, ¢3, .., Cn}

Fig. 2 Neural Network structure
5. Algorithm of Neural Network Training for Task Solution

Back-propagation is the basis for training a supervised neural network. Static back-propagation is used
to produce an instantaneous mapping of a time independent input to a static output. These networks are used to solve
classification problems. At the core of all back-propagation methods is an application of the chain rule for ordered
partial derivatives to calculate the sensitivity that a cost function has with respect to the interna states and weights
of a network. In other words, the term back-propagation is used to imply a backward pass of error to each internal node
within the network, which isthen used to calculate weight gradients for that node. Learning progresses by alternately
propagating forward the activations and propagating backward the instantaneous errors.

¥ owtw Direct propagation

Y _..-—’”f’r :xt-.‘-‘"‘\a\

erm=p{C — U )" = €l

a"-'!' — {C e u||r.|.1] Wan “ & “uu\} Hal:‘k-pmpagatiun
3! i {Zwlll_lan}ul{l i ul]

| why — Wi+ p S weight correction

Fig. 3 Back-propagation algorithm for Neural Network training

6. Conclusions

Authors propose the method of cluster analysis and the algorithm for state insulation analysis in eectrical
devices obtaining information from acoustic and el ectromagnetic sensors. Neural Network should be trained to analyze
the parameters of e ectronic device and detect the possibility of its usage in the specific task. These networks are used to
solve classification problems.
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Intelligent agents can separate dangerous situations by critical testimonies of sensors from the regular states of
the system, detect and warn about changes in the system and to prevent emergencies, using the intelligent eectrical
network.
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Abstract

Experimental results of fatigue short crack growth examination from a central hole for 2024-T3 Alclad
aluminum alloy sheet under cyclic zero-to-bending (R=0.1) were performed in the paper. Microscopic analysis made by
using SEM microscope revealed that crack emanates at the edge of the hole beneath thin Alclad layer, on the border
between Alclad layer and the matrix material. The source of the crack is a brittle cracked precipitates existed in the
matrix material. It was established that in the 3 mm thick aluminum aloy sheet the length of short crack does not
exceed 0.5 mm. The period of short crack growth covers 25% of total lifetime of tested specimens. The diagrams of
experimentally determined crack growth rates versus cycle ratio and against the range of stress intensity factor confirm
great discrepancies of growth rates particularly in the range of short cracks.

KEY WORDS: fracture mechanic, aluminum alloy sheet, fatigue short crack growths.

1. Introduction

Is strong loaded the air elements, in the trouble spot is riveted joint of wings of the plane. Allowable length of
propagation short fatigue cracks from riveted holes can be criterion of safe operation.

The excess of allowable length by a short crack or size of threshold stress intensity factor Ky, indicate to the
beginning exhaustion of a resource of safe operation riveted joint. In this connection the researches of mechanisms of
initiations and propagation short fatigue of cracks from an riveted holes in aluminum sheets of an aloy 2024-T3 are
necessary which isused in aircraft.

Last thirty years alot of attention is given to a question of research of initiations and propagation short fatigue
cracks [1-12]. By a base material for such researches in aircraft is the aluminum aloy 2024-T3. The authors were
engaged in research of propagation fatigue short cracks in the given materia under influence various cyclic |oaded
during 2003-2006 years. Some of those publications are given in the list of the literature [1-3]. Through el ectronic
transmission and scanning microscopes is investigated influences of a spectrum loaded with numerous overloads on
fracture vel ocity of an alloy and opportunity of reconstruction of a history of velocity of propagation of cracks on the
basis of character of amicrostructure of a surface fatigue failure of the destroyed element.

But these researches mainly concerned long cracks, or cracks which are distributed of above value of threshold
dtress intensity factor. The basic relationship, of propagation short cracks is described in works [4-6]. Mark, that the
propagation of short cracks strongly is influenced by with structure of a material. It causes necessity of research of
micromechanisms of propagation short cracks, which are propagation of bel ow threshold value Ky, .

2. Methods and Results

Experimentaly investigated specimens from sheet double-sided, lamellar aluminum 2024-T3 by thickness of
3 mm. Chemica structure of an alloy and the mechanical characterigtics are given in [1, 10]. Specimens of length 90
mm and width 32 mm are cut out from a sheet in adirection forgerolling (LT).

Let's note, that specimens are cut out in two directionsin a direction forgeralling (LT) and perpendicular (TL)
characterize by disorder of the mechanical characterigics in limits R, =447 ... 466 MPa, R, =303 ... 325 MPa. The
thickness of a layer lamellar made about 0.12 mm, and according to radiography measurements by a method the
residual compressing stress in this layer make about 40 MPa.

At the center of a specimen the hole by a diameter 3mm is executed. Specimens tested at a unilateral smple
bend with factor of asymmetry R=0.1 on equipment designed in Department of Bases of Designing of Machines
Military University of Technology. The value of a bending stress is accepted smax = 100 MPa, that corresponds to
average bending stress in the plating of awing of the plane. The frequency of tests made 23.5 Hz.

Specimens were investigated in an initial status without use with what or processing of a surface. It created the
certain difficulties for the analysis of propagation of superficia cracks at use of replicas because of huge number
artifacts. On this for the adequate analysis of propagation of cracks on a surface and study of micromechanisms of
failure all specimenswere investigated through scanning €l ectronic microscopes.
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During the analysis of a surface of a specimen investigated outside and inside of the party of an holes. Besides
investigated the form of crack front a on a surface of failure of a specimen at different amount of cycles loaded and
different magnitude.

Analyzed area of short cracks which according to [6] concern to those for which use of the approaches of the
linear mechanics of failure is supposed. The choice of this range is explained to that in it rather ssmply to supervise
propagation of cracks through the modern measuring equipment with the subsequent account in engineering techniques
of predicting of durability of a construction.

The researches of specimens through scanning eectronic microscope are realized at the Ternopil state
technical university.

The purpose of these researches was confirmation of preliminary results of the replicas, received by a method,
and also definition of the center initiations of a crack, form and kind of front of a crack, microfailure mechanism.

For this purpose at first investigated specimens on the side of a working surface and insde of hole.
Investigated specimens with different amount of cycles, and operating time and various length of a crack. In a Fig. 1
from the left party the crack which is submitted propagation in the field of border of an hole.

On a surface the seen traces of mechanical damages which most likely are a consequence of processes of
transportation and performance of an hole, and also superficial crack. In area around of a crack on small distance from it
seen local contraction, which differ from a base material more light by color. It indicates to presence of local areas
plastic deformation which have arisen in consequences of propagation of a crack under a layer lamellar. The crack
partially leaves on a surface by coalescence of the neighboring areas. On the other hand on the inside party of an hole
thelocal plagic areas practicaly are absent, in the field of a crack small, cracks practically do not overstep the bounds.

Following fractographical of research are realized in a quarter of dliptic area on a surface of failure by the
limited crack on a surface of a specimen and hole.

30.00kV_" X200 200um

LS § <
WD=14.8mm 30.00kV___x100 ___ 500um

30.00kV__ x200

WD=16.0mm 30.00kV.__ X600 100um WD=16.6mm 30.00kV__ x1.00k

Fig. 2 Place of failure on a fracture surface and area propagations of a crack in its area
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The next task was definition of the center initiations of a crack and micromechanism of fracture. On the basis
of preliminary researches was determined, that the crack is initiated in near-surface region and is distributed in two
directions with different velocity. On this for researches the area on border of a layer lamellar and inside party of an
hole of aFig. 2 is chosen.

Asit is present from a Fig. 2a a place initiations of a crack localized under a surface lamellar nearby borders
of an hole. At this place thereis an area large local deformation which is a consequence of productions of an holein a
sheet. The summation of these deformations resultsthat arise rather large in comparison with the size of a grain fracture
facets which are under the platen of a material bulge during productions an hole. Common the character of failure these
fracture facets typical cleavage about what indicates character of an inclination of sides facets also local cracksin their
body (Fig. 2b). In comparison with fracture of a layer lamellar which type fracture facets there slightly another dsois
redlized cleavage (Fig. 2a), it is probable is connected with preliminary deformation of a surface and direction of the
application of loading.

At survey of area initiations of a crack under other corner (Fig. 2c) on a surface facets it is visible fatigue
striations which have arisen in a consequence of irregular propagations of a short microstructural crack. It also indicates
to failure quasi-cleavage in this area. The character is kept and in area around of a place initiations, but facets absolutely
of other size and on their surface the small holes, practicaly correct circle of the form, fatigue striations are visible. The
holes probably have appeared as a consequence of failure of impurity in a material, and facets create river linein a
direction propagation of the major crack.

It is confirmed by a photo in a Fig. 2d on which the direction river line of propagation of a crack is precisely
visible. At localization in a place initiations of a crack is noticed a local crack (Fig. 2d) which crosses a little facets.
Alsoitisprecisay visiblein aFig. 2e of failure isrealized by a method quasi-cleavage.

Besides during researches initiad and final length of a crack for the given material and such as loaded was
determined. According to experimental data minimal length of a crack on a surface makes 0.1mm, on the insgde party of
an hole 0.06 mm. Maximal length for a short crack on a surface of a specimen was accepted on the basis of preliminary
researches and literary data at alevel of 3 mm, in too timelength of a crack on theinside party of an hole on the basis of
measurementsis accepted as 1.8 mm.

The following task realized during researches this definition of the form of front of a crack. The example of
propagation of a crack at different stagesin specimens LT is submitted on a photo of aFig. 3aand 3b. In aFig. 3athe
crack which is shown propagation on a surface from border of an hole (magnitude 20x). The same crack is submitted in
the next figure under other corner. On a photo at magnitude 100x are observed propagation of a crack on awall of an
hole. Macro failure observed at magnitude 25x together with the form of front of a crack is shown on a photo of a
Fig. 3c and 3d. On the initia stage of fracture the front of a crack a quarter dliptic with missing radial from place
initiations by crests and hollows of fracture, observable on a surface, (Fig. 3c) was exemplary. Practically at the end of

30.00kV__ x100 S00um
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the term of operation the form of front of a crack becomes semi dliptical, that confirms the next photo in aFig. 3d. The
front of a crack covers a surface of a specimen and wall of an hole. On the basis of the anaysis of these two photosit is
possible to assert, that the crack in a sheet propagation simultaneously in two perpendicular directions in depth of a
sheet lengthways at cross section and aong a surface of a specimen. A photo of a fracture surface of connected with
areas of increase short fatigue of cracksin aFig. 3eand 3d.

In aFig. 3e the area initiations of a crack under a layer lamellar placed between a surface of a specimen and
walls of an hole is visible. The crack was propagation on border of an hole directly in a place of a base material and
layer lamellar from failure cleavage of an impurity intermetallic of phases of iron and cuprum. (top left corner of a
photo). Failure of these impurity which size makes from 2 up to 15 mm is not transferred ingantly in the plagtically
deformed layer lamellar. This layer implicitly coversinitiations of a crack, asin it the own residua compressing stress
by size about 40 MPa work. On the basis of that in the initial period of fracture of a specimen the crack propagation in
base a material along faster than wall of an hole and was then directed to the party of a surface of a sheet. Both these
cracks had semi dliptical front (photo in a Fig. 3g). The crack which was distributed in a direction of a surface of a
sheet tunneling alayer lamellar from below in a consequence that the fragile layer lamellar failure.

Asthe process of formation of front of a crack rather complex follows from the anaysis of preliminary photos
and for his description the additional explanations are required. On thisin aFig. 4 is given a photo with areas of cracks
and scheme of propagation of a major crack.

Here by letters a and b is indicated near-surface region of area of cracks, which propagation at first along
surfaces of a specimen and hole. Theletter ¢ correspondsto front of a crack, which already common for initial areasand
actualy is offered asfront of a short crack for subsequent use in design models of predicting.

Fig. 4 View of acrack on afracture surface at different stages of its propagation and his scheme
3. Conclusions

The mechanism initiations and propagation short fatigue of cracks from an holein lamellar sheets an dloy and
aluminum 2024-T3 isinvestigated. The analysis of a fracture surface of specimens at different stages of test is realized
through scanning electronic microscopes has allowed to establish the complex mechanism of formation of front of a
crack and micromechanisms of fracture on the initia stage of formation of a short crack.
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Abstract

The paper deals with the problem of determination of the optimal vehicle service maintenance interval of
operation. The Welbull progression is the possible method for determination of the optimal interval of the vehicle
service maintenance. The Nelson method was used for the determination of parameters of the Weibull progression
and specification of confidence intervals.
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Abstract

The initial programme of the vehicle maintenance is often developed in cooperation with a supplier and a
user. However, the initial maintenance programme does not have to be optimal. That is why it is desirable to
initialize data collection about real process of defect degradation and incidence immediately after the operation start.
If these data are available, their analysis can be carried out and on the basis of the analysis the contents of the initial
mai ntenance programme can be changed to better meet the requirements of the user.

1. Introduction

For determination of the optimal interval of the vehicle service maintenanceit is necessary [1]:
- to divide the defects which occurred at the vehicles, into the groups according to the defect seriousness,
- to choose an adequate division type of continuous accidental quantity,
- to define parameters of thisdivision,
- to calculate amiddle period between individua defect groups according to the defect seriousness,
- to calculate middle period between defects not divided into groups,
- to determine confidential intervals according to [5],
- to carry out both comparison of the resultsfor the calculation of the middle period between defects,
- to determine the interval for vehicle service maintenance,
- to verify the calculated interval for service maintenance in practice and carry out the subseguent correction, which
will contribute to determination of the optimal interval of vehicle service maintenance.

2. Defects Classification

The significant step when rdiability is analysed is defining and classification of the term defect. The defect is
such a change of the normal state of the object, which causes either complete interruption of object functions
(failure) or decrease its functiona abilities under the defined limit (fault). That is why, the defect and a correct
function as well asits negation bel ong to the main subjects of reiahility study.

Defects can be divided into the groups according to many points of view, for example according to [2]:
- gpeed of origin,
- extent,
- causality,
- conseguence Seriousness.

In this case it is best to use the defect division according to defect consequence seriousness, which is
mentioned in the following part.

Categories of the defect consequence seriousness [2]:

- MINOR conseguence is not caused by the defect which decreases nor influences function abilities, efficiency and
object performance under the defined limit and acceptable limit values.

- MAJOR conseguence is caused by the defect which could initiate decrease of the object function abilities under the
acceptable limit value but whose conseguence is manageabl e by the crew during the operation.

- CRITICAL consequence is caused by the defect which could decrease function abilities of the object that could
increase the risk of the defect which could lead to a catastrophic defect, unless adequate remedial measures are taken
immediately or in astated time.
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- CATASTROPHIC consequenceis caused by such a defect which could result in such serious object damage that safe
end of object functions would be impossible or it could also lead to the health damage, life danger or casualties or
huge material or other damage.

3. Choice of an Adequate Division Type of Continuous Accidental Quantity

Among the most important divisions of continuous accidental quantity used in the sphere of reliability can be
included exponential, normal, logarithmically-normal, Weibull etc. divisions. Each of these divisions can be applied
in different areas of machinery, under specific conditions. The easiest calculation of the reliability characteristics is
enabled by the exponential division, however, its occurrence in the branch of vehiclerdiability islimited.

3.1. Determination of the Continuous Division Type

For further work it is necessary to determine continuous division type which will describe best the indicator of
the vehicle rdiability. Verification of the behaviour of the defect intensity or stream of defects in time [3] will be
carried out. This specified test is determined to testing whether the periods of time till the objects defect are
exponentially divided; it means whether the defect intensity is constant.

To make the process valid, it is necessary to meet the following requirement which is to have at least ten
periods of time till the defect occurs. Then according to the number of selection of n samples either numeral process
or graphic method for small amount of samples are used. In the article there is shown a cal culation with the help of
numeral method. Next another condition must be met and that is that for all test samples there must be the same
operating environment. At the end of the test period not all the samples must have a defect. In that time there will
exist on the whole r noted valid periods of time till the defect occurs. The periods of time till the defect occurs will
be arranged in an ascending value order and the arranged selection will be marked t1, t2, ..., t;.

Accumulated period of timetill i defect will be calculated as[3]:

T, :é t, . 1

Procedure for lection range bigger than 40 samples. Time interval between zero and total accumulated exam
time T isdivided into m same intervals of the length of w. The expected number of defects in each interval is:

d
E=w—, 2
= 2@

where m must be chosen in such away so that E was equal or bigger than 5.
Test statigtics will be calcul ated:

3

The calculated value ¢ 2 will be compared with the theoretical value ¢ %(n) givenin thetable A1[3], n= m- 1.
One-sided test will be carried out on the level of significance 10% using the table A1 [3] in thisway:

- if c2>c2y), then the precondition of the constancy of the defect intensity is rejected,

- during this procedureit is not possible to assess whether the defect intensity increases or decreases,
- otherwise the precondition of the constancy of the defect intensity is rejected.

From the above mentioned information and individual division procedure knowledge we can assume that
Weibull division corresponds best with defect occurrencein vehicles.

3.2. Weibull’s Division

Weibull's division is used for many pieces of machinery and other eguipment which cannot use the
exponential division, especially for such pieces of machinery which show mechanical depreciation and material
fatigue. This division best matches the stated requirements and therefore will be used in calculations. The following
part states relations for the calculation of spot estimates of the most important indexes of Weibull’s division valid
both for restored and unrestored products. In case of zero threshold value (c = 0) divison W(a, b) has only two
parameters:

- parameter a isthe so-called parameter of position,
- parameter b isthe so-called parameter of shape.
For the distributive function of division W(a, b) applies:
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Average value of function E(x) of Weibull’s division:

_ 10
E(x)—a >G§+EB (5)

where G denotes gamma function; its value is tabul ated [4].
3.3. Determination of Parameters a and b of Weibull’s Division Using Nelson’s Method

Nelson’s method is suitable for the processing of generally censored files. Formulation of the problem: when
observing a group of objects for alonger time, a situation can arise for individual elements when the total observed
interval of the period of operation splits up into two characteristic intervals| and Il (see Fig. 3.1.):

Typel: These are intervals of the period of operation, limited at both ends by the failure of the observed element.
According to the definition they are intervals of the period before defect (in restored elements the period
between defects). These intervals will be further referred to as “finished”.

Typell: These areintervals of the period of operation, limited at one end by the defect of the observed eement and at
the second end by a differently determined moment in which the observation (test) will be ended by reaching
Ts without coming to the defect. These intervalswill be further referred to as “ unfinished.
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Fig. 1 Intervals of the time of operation Fig. 2 Generally censored and classified file of data

Type Il intervals cannot be neglected when guessing the parameters of division and they cannot be judged as
equivalent to intervals I. For illustration, Fig. 3.2 shows a file of data filed according to the period of operation
before defect or the period of operation before stopping the observation.

Egtimation of parameters of Weibull’'s division is based on the linearization of the relation for cumulative
intensity of defects H(t).

.f
& 0
H(t)=¢—=+ . (6)
eag
After taking the logarithms and modification the equation will get thisform:
InH(t)=gInt- glna. (7)

The above-stated relation is linear and can be solved in different ways:
a) graphically on logarithmic paper,
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b) numerically (e.g. usng the method of smallest squares).
To obtain the next calculation it is necessary to derive the relation for the estimation of cumulative intensity

U
of defects H(t) inindividual parts of the classified file of censored data.

3.4. Determination of Confidential Interval for Parameter a when Parametersb and gare Known

Bilateral confidential interval <ap, aq > for parameter a when parameters b, g with confidential coefficient
1- a areknown, will be stated from the relations [5]:

1
: 3
g':?-a (x-g) °
a, ==L N 8
i g ¢z, @ I
& "2 2}
1
g 5
gaza (x - o) 2
== 7 9
M eI ¢ ®
g 2 @

where ¢ %,(n) is the value of quantile ¢ >-division with n degree of slackness, whichisfound in [5] in Table 6.
Unilateral confidential intervals with confidential coefficient 1- a will be determined according to the
relation for pro ap , however, a instead of a / 2 will be used in the values of quantile.

4, Conclusion

The article gives an account of a possible approach to the determination of the optimal interval of service
maintenance of vehicles in operation. For the determination of the interval of service maintenance it is necessary to
gather and classify data about defect occurrence into groups according to the importance of defect consequences. Itis
also necessary to choose a suitabl e type of continuous division using the validity test of the presumption of constant
intensity of defects or constant parameter of defect flow [3]. When the mechanism of defect occurrence and the
dependence of vehicle depreciation are known, it is possible to use Weibull’ s division, which seems to be the most
suitable one. Parameters of presumed divison were calculated using Nelson's method for censored files.
Relationships for the calculation of average period before defect for individual groups of defects according to the
importance of the defect consequences have been mentioned. If need be, the same relation can be used for the
calculation of average period before defect without the classification of defects according to the importance of the
defect consequences using Weibull’s division. Following the analysis of calculated values and the originally stated
interval of service maintenance for the given vehicle, on putting the vehicle into operation the determination of a
new interval of vehicle service maintenance and its repeated inspection in practice is done according to the above-
stated procedure. This process of approximation leads to the determination of optimal interval of service
maintenance of vehicles.
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Abstract

Callisions with immovabl e obstacles are pointed out while registering car collisions. One of the most frequent
cases is sidelong collision with road fencings and kerbs. Such road accidents are caused by the wrong choice of speed
on road turns, skidding due to road and weather conditions, etc. Certain issues occur while investigating such road
accidents: the place of the collision, the speed before the accident, the car movement trajectory after the hit etc. These
issues are dealt with in this article. With the help of computer software different car accidents with a stationary and
energy absorbable barriers have been modeled and the trgjectories of car movement are defined in this paper.

KEY WORDS: callision, transport whecle, road restriction.

1. Introduction

To increase safety in the city streets and country roads different stationary safety barriers and bollards have
been framed in the roadsides and over bridge sides. Though they play safety function, but one type of collisionsis car
contacts with such elements. There are a lot of more stationary barriers: wayside trees, traffic stanchions, utility poles,
bus-shelters, different structures etc. At the moment of a car collision with stationary obstacles hard impact strain
appears which determines serious injuries of people and big damages of cars. The reasons of such collisions are
different: high speed, bad driving conditions, construction rigidity of safety barriers.

In Lithuania such collisions make about 12-13 per cent of all road accidents [1]. Information to investigate the
reasons and mechanisms of car collisions can be gathered anayzing real happened accidents or modeling different
probable situations. The last-mentioned way is becoming more and more popular, because it alows forming the
conclusions and predictions[2, 3].

The author of this paper has created the methodology to model car collisions with different stationary safety
barriers. This methodology allows to estimate the collision with barriers made from different material and to model
different situations as well as to define the trajectory of car movement after the collision [2]. The paper deals with two
cases of car collision with a safety barrier: collision with a stiff barrier and collision with energy absorbable barrier.

1. The Roadside Hazar ds and Restraint Systems

The growing number of carsin the roads influences on the changes of road and street infrastructure. Different
kinds of elements appear in the streets (viaducts, tunnes, bridges and etc.), which endanger road safety. Such stationary
road elements or objects can be classified into the following groups:

- Rigid objects: trees, lighting poles, signal supports, utility poles and plants;
- Buildings (living and indudrial facilities);

- Bridge piers,

- Abutments and tunnel entrances;

- Drainage features;

- Agresyve and treatment of safety barriers;

- Intersections;

- Ditches;

- Slopes (fill slopes and cut slopes);

- Gradient: blunt slopes;

- Rock face cuttings;

- Kerbs;

- Central reservations (medians);

- Othersways (roadways, railway, waterways).

Thisclassification is shown in Fig.1.

Road restrain systems are classified according to the construction type, upbuild way, used materials. According
to the safety purpose restrain systems are grouped into transport and pedestrian. According to the construction type
there are single-sided and double-sided. According to used materias they can be combined, strainable and unstrainable.
According to the upbuild way they can be grouped into permanent and temporary. According to the used materials they
are ferroconcrete, metallic, plastic and combined. Some of them are shown in Fig.2-5.
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Fig. 4 Energy absorbable safety barriers
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In Lithuania today the main types of safety barriers are these: ferroconcrete safety barriers; cable safety
barriers with ferroconcrete bollards (these are not built any more and older are being changed, because they do not meet
the requirements of passive traffic safety); metallic safety barriers. Chosen type of safety barriers can vary according to
the road or dreet situation — alowable speed, transport type, riskiness (pedestrian and bicycle paths, pavement, high
dopes, road turns, bridges, viaducts, water ways, buildings and other constructions, tress etc.).

Safety barriers are tested and certified in accredited testing laboratories. Every type gets a certificate with
described impact of transport means on safety barriers and their “behaviour” during collision as well as the impact of
safety barriers on the passengers. During the test the safety barriers are tested with cars, moving in different speed and
angle to the construction, with sensors, video cameras and other equipments, fixing deformations during the collisions
and after it, as well as the effects of the collision on transport means and passengers. Having assessed the results of the
tests, the safety barriers are classified, the safety barriers and their constructions are certified determining the choice of
itstype for each particular stuation.

2. Modeling and Investigation of Collisionsand Their Movement Trajectorieswith Different Safety Barriers

The evaluation of car movement trajectories after contact is a very important factor for the road accident
investigation. The evidence of the accident lets estimate the positions of vehicles before hit and after hit, which helps
define car speed before hitting. The computer modeling of collisions is performed for evaluation of the car movement
trajectories after hit. The modeling is performed with the help of software. It was noticed that the trajectory of a car
after contact depends on its speed and on the collision angles. Because of that, collisions were modeled with different
car speeds: 36 km/h, 50 km/h and 90 km/h, as well as collision angles: 10°, 20°, 30°, 45°.

2.1. Investigation of Car Movement Trajectories after Contact in Case of Collision with Stationary ferroconcrete safety
barriers

Traffic accidents are modeled at a low collision speed — 36 km/h, at an allowed speed in towns — 50 km/h and
at ahigher speed — 90 km/h. The car movement trajectories after the accident are presented in Fig. 6-8.

The starting conditions were created as close as possible to the real traffic accidents. The speed of the car until
hitting the obstacle was. v = 36 km/h; 50 km/h; 90 km/h;

- Car mass. m =1300 kg;

- Callision angles: 10°, 20°, 30°, 45°;
- Time of modulation: 2 s;

- Car width: Hy = 1,8 m;

- Carlength: Ly =5m;

- diameter of round obstacled = 0.45 m;
- Aerodynamic coefficient: ¢, = 0.4;

- Road conditions— dry asphalt;

- Impedance of ralling: f = 0,015;

- Cohesion coefficient f, = 0,4 [4];

" Longitudinal road slope a o, = 0%

. Latitudinal road dopea 5 = 0°;

- Hit recovery coefficient k= 0.3 [5].

Having analyzed the resultsit is obvious that the loss of speed after hit depends on the initial speed of a car and
the angle of collision. The bigger collison angles the higher speed loss is after the hit. From the car movement
trajectories after the modeled accident is obvious that the character of the trajectory depends on: the angle of collision,
the car speed before hit. The bigger angle between the movement direction and road fencing is the bigger deflection of
the trgjectory appears. Thisisnoticed at all analyzed cases when the collision speed was 36 km/h, 50 km/h and 90 km/h.
The smaller contact angle the more time a car is skidding aong the side surface of the road fencing. When the collision
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speed is low (36 km/h) and the contact angle is 10° the car is skidding along the side surface of the road railing and
stops without moving away from it.

Asit has been mentioned before, the location of the vehicle after hit does not depend on the angle of collision
but also on its speed. The diagrams demonstrate that when the speed increases almost 3 times deflection to the side
increases almost twice. This fact is observed in all cases analyzed when the collision angles with a stationary road
element was equal to: 1 - 10°, 2 - 20°, 3- 30°, 4 - 45°.
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Fig. 8 Trajectories drawn by car centers of gravity at the moment of collision with a stationary obstacle, when the
speed before the contact 90 km/h and collision angles equal: 1 - 10°, 2 - 20°, 3- 30°, 4—-45.°

2.2. Investigation of Car Movement Trajectories after Contact in Case of Collision with energy absorbable safety
barriers

Car collisions with energy absorbable safety barriers are modeled the same as with siff safety barriers. The
speed of the car before callision is: v =36 km/h; 50 km/h; 90 km/h and angles are: 10°, 20°, 30°, 45°. The type of the
barrier isshown in Fig. 2.

The car movement trgjectories after the accident are presented in Fig. 9.... 11.

Having analysed the collisions with energy absorbable safety barriersit can be claimed that these barriers are
always strained during the collision. Their deformations depend on the car speed before the collision and the collision
angle. The largest deformations have been fixed when the speed was 90 km/h and the angle was 45° (Fig. 11), and the
least — when the speed was 36 km/h and the angle was 10°(Fig. 9). Therefore the energy absorbable safety barriers are
better in the aspect of safety.
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Fig. 11 Trajectories drew by car centers of gravity at the moment of collision with energy absorbable safety barriers,
when the speed before the contact 90 km/h and collision angles equal: 1 - 10°, 2 - 20°, 3 - 30°, 4 — 45,

3. Conclusions

Having performed the modeling of the collison with a stationary ferroconcrete road element at certain
conditions has been defined that the car movement trajectory depends mainly on the conditions of the collisions and the
speed of a car before it contacts with the obstacle. The bigger the angle between the movement direction and road
fencing, the bigger side deflection appears on the trajectory. The bigger the speed of the vehicle before the collision the
longer its movement tragjectory after it hits the obstacle.

During the collision with stiff barriers a car often meets the second knock with other road el ements or transport
means, but this phenomenon seldom happens during the collisions with energy absorbable safety barriers.

During the collisions with energy absorbable safety barriers less car deformations have been noticed on the
cars and less injures have appeared. Energy absorbabl e safety barriers are more perfect in the aspect of safety.
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Abstract

This paper deals with the quality of transportation services in public transport system. There is an overview of
how to apply total quality management in this field. Looks at customer dissatisfaction by focusing on the events, which
provide the source of the dissatisfaction and complaints. Uses data from research in public transport. Customer
experience, customer dissatisfaction and customer complaints have not previously been studied to any greater extent in
public transport research. Interest in thistype of study has increased, however, perhaps as a result of customer focusing
and increased attention to quality for passengers. Increased competition no doubt plays an important role as well.
Quality improvement is a continuous process and providing public transportation services the key issues should be staff
knowledge and understanding of customer needs, service provided, current possibilities and its limits. Only continuous
focus on improvement of total quality will help the transport company to be the leader in a highly competitive market.
KEY WORDS: public transport, quality, sustainability, customer expectations and satisfaction.

1. Introduction

Public transport in Lithuania undergoes great changes and highly competitive environment makes a big
influence to its activity. In order to survive and be the leaders in this field each company must focus on the provided
customer service quality.

Recent changes in funding levels and structures combined with a changing market now require public
transportation managers to become conscious of management philosophy, and to consider the need for changes if
services are going to be effective [1, 12]. Service-sector organizations face a higher level of complexity than
manufacturing firms, requiring management to consider a full range of management practices, including:

1. Best-practice analysis both within an organization, and comparisons among similar organizations (peer analysis) to
avoid repeating mistakes and to identify management techniques and performance targets,

2. Process anaysis to uncover the ways in which service workers interact with customers;

3. Continua application of quality-management techniquesto improve key functions on an on-going basis.

Transport managers need to consider these issues as critica to the long-term survival of their organizations,
even if day-to-day management issues could easily absorb most available management attention.

The purpose of this paper isto discuss possible aspects of sustainable public transport system devel opment and
to describe, analyze and interpret passengers experience while traveling and especialy criticad incidents and ther
cause. With the help of passenger’ s experience of the journey, it iseasier to:

- |dentify weaknesses/advantagesin the current service;

- Study the relationship between experience and service;

- Study how implementation of the service affects the passenger’ s behavior;

- Work out modelsin order to foresee more easily what effects various quality improvements have on traveling.

The object of the study is transportation companiesin Lithuania and their provided services, social-economical
factors influencing their activities.

The methods used in this study are critical incident method, questionnaires and interviews. A central part in the
analysis and interpretation of data is the formation of categories. The categories should reflect the material, primarily
the causes of the critical incidents and customer dissatisfaction.

2. The Use of Cars Should Pay for Better Public Transport

Thus the “traffic problem” is not a new problem—though its range, reach and impact on both urban and rural
quality of life is now so pervasive as to demand solution. Its nature and extent was summarized by Transport 2000 in
their Blueprint For Quality Public Transport [11, 13]. In many cities, the success of the car is now the most serious
threat to the freedom and mobility the car gave usin the first place. Car traffic congestion is a growing problem due to
the huge number of cars, and it leads to many other problems, for example environmental and aesthetic problems.
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Recent years have seen a huge rise in levels of car ownership. In the 15 EU countries, the number of cars per 1000
people has risen from 184 in 1970 to 656 in 2006. This is a negative impact on the efficiency of public transport
services as buses as they stuck in the middle of the congestion.

The car traffic involves problems:

- Longer traveling times for car drivers and public transport (congestion)
- Pollution (noise and air)

- Traffic safety (also for public transport)

- Much city spaceis occupied for car lanes and parking places

- Disturbance of outdoor activities.

The philosopher O. Thyssen has explained the car paradox extremely precisdy: “When freedom of transport
extends from being the privilege of the eite to becoming everybody's right, the problem will be that everybody’s
freedom undermines every-body’s freedom. It is a particular problem, which arises collectively and unintentionally.
Nobody created it and nobody is able to solve it. One's own contribution is just a single drop in the ocean. So we
continue to supply each our own drop, and altogether they produce an ocean of problems.”

A variety of suggestions are made to improve transport; several of these rdate to educing the rdiance on cars as
the mode of trave to work. The European Commission also focuses on the need to support the deve opment of sustainable
forms of transport [4, 5, 14]. The car traffic dilemmais that more success brings a ong larger problems for car travel ersand
other travelers. But increasing the capacity through widening of the roads does not solve the problem. No city has ever
solved the traffic problem by giving more space to cars and parking. If instead we convert car traffic into public transport
we shall experience a better servicein public transport with higher traveling speed and higher rdiability.

SLOWER TRAVEL FASTER
FOR CARS AND
PUBLIC TRAVEL FOR
/ TRANSPORT \ / CARS \
MORE PUBLIC LESS SPACE
G— WIDER STREETS TRANSPORT < FOR CARSIN
STREETS
Fig.1 Thebad cycle Fig.2 Thegood cycle

The explanation is smple. Car traffic means low capacity of infrastructure, since a single car requires 22.1 m?
per traveler and a bus only 1.2 m? per traveler. Therefore, when alimited space is available and maximization of street
capacity is wanted it requires a limitation of the car use and an intensification of the public transport. Thisis the way of
maintaining maximum mobility.

Therefore, the conclusion is to obtain livable cities, car traffic must be limited, and at the same time public
transport must be upgraded in order to obtain mobility.

3. Public Transport: the City’s Partner in the Service of Urban Accessibility

More than they ever did in the past, people now recognize public trangport’ slegitimacy in successfully producing
hedlthy, safe, dean, efficient, pleasant and convivid cities—in short, dynamic citiesthat people liketolivein.

The stakes for public transport are not just higher, but have also evolved. Originally earmarked from
home — work journeys, public transport in future will play a broader, more varied role. The possibility to travel is being
perceived more and more as aright and as a means for people to exercise their freedom.

It is up to public trangport to become the instrument for this by facilitating access — within the meaning
ascribed to the term “urban accessihility” — for the greatest number of peopleto all the diverse activities spread across a
city' sterritory [6, 8, 10].

The way the trangport system functions in any large city brings into play a hogt of actors, while its efficiency
depends on the quality of interactions between those same actors. As one of them, the public trangport operator will haveto
forge partnerships with other actorsif it intendsto carry out its mission in an acceptable fashion. Notable actorsinclude the
local authorities, businesses, equipment manufacturers, fleet manages for individual vehicles, and other operators.
Eventually, the ambitious target represented by urban accessibility in the city of tomorrow will cal for a sharing of
responsi bility that binds policy officials and local paliticians and the directors and staff of transport operators. Thereis no
reason why the inhabitants of the city should not be involved too and perhaps consulted about choicesthat will affect their
quality of life so doseto home. Nothing lessthan new forms of urban governance need to be invented.
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4. Quality in Public Transport

One of the reasons that quality has suddenly begun to evolve from a Cinderella aspect of operations into this
strategic roleisthe realization that attention to quality is the most effective way of reducing costs and wasted time.

Ancther reason that quaity is becoming the focal point of top management attention is the growing
understanding of just what the costs of poor quality are. The costs of waste, rework, warranty, appraisal, prevention and
lack of attention to detail may account for between 15% and 40% of turnover not only for manufacturing company but
for service company aswell [2, 3]. So what is quality?

5. Quality isa Continuous I nter pretation, Under standing and Satisfaction of Customer Needs

A customer driven approach dictates that management activities are aimed at providing high-quality servicesto
the trangportation company’s customers. The approach attempts to answer the question:” How can my transit system
satisfy customer needs?’ The answer to this question isthat the transportation company needs to:

1. Provide reliable service — customers should have confidence that vehicles will come and transport them on
time, or when promised.

2. Ensure that services are safe and secure — customer should feel safe and secure while using the system.

3. Provide convenient services — customers should be able to use transit to travel from residential areas to major
destinations or activity centers at times/days they need to travel.

4. Provide clean and comfortable services — customers should find the vehicles and facilities clean and
comfortable when riding or waiting.

5. Make services understandable — customers should understand easily how to use the services through effective
user information and materials.

6. Make services affordable — customers should be able to afford to use the transit system.

7. Ensure that staff is empathetic and that customers know it — customers should fed that the transport system
staff care about their needs.

It is not enough to implement these seven criteria in a transport company work [9]. Only total qudity
management (TQM) can be a turning point in organizing company’s activity and focusing its attention to satisfying
customer needs. What istotal quality management?

Total quality management isinvolving every employee in quality assurance of company activity [1, 4].

Fig. 3 presents an overview of transport company functions with the focus on ddivering high-quality customer
service. As shown, the transportation managers need bas c input of funds with which to procure vehicles and facilities and
pay drivers and other staff. Such resources (vehicles, facilities, staff) are used to operate trangportation service. If the
resources are managed well, the system and its staff provide transportation services or output that meets the needs of their
customers by being reiable, safe convenient, comfortable, understandabl e, affordable, and empathetic.

The following management functions/controls are required and must be well conceived and effective to allow
transportation company to manage the system in a way that supports good customer service. It will need:

- Human relations program to recruit, hire, train, and motivate drivers and other staff;

- Vehicle planning, procurement, and maintenance program;

- Facilities maintenance program;

- Risk management program;

- Program to manage service contracts (operations and maintenance);

- Sound operating procedures for drivers, dispatchers, and customer service staff;

- Operations supervision program (on street and in-house) — operating and management processes and
procedures needed to supervise and manage operations,

- Fare structure, fare media, and fare handling procedures,

- Service planning program;

- Communications program (customersto staff/driversto base);

- Financial management — to make services affordable;

- Marketing and public input/outreach programs;

Table 1 presents the relationship between the specific functiona activities and the achievement of customer-
driven goals.

While it can be argued that &l transportation functions affect service, some are more important than othersin
thisregard.

6. Resear ch into the Quality of Transportation Services

In order to check the transportation quality of transportation service we executed a research of customer
experience. The empirical point of departure was studies of public transport in Vilnius and Panevezys.

We analyzed customer complaintsin writing and interviews with passengers who experienced shortcomingsin
service quality using public transport. Comparative analysis was used to draw the conclusions and to assess the value of
acquiring facts about customer-experienced quality and customer dissatisfaction through the front-line staff.
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Analyzing and interpreting the data we form the categories and subcategories. In the formation of the
categories of the present study, efforts have been made to proceed to the greatest possible extent from the respondents
own formulations and to use these as “labels’ for the categories. We can notice that these seven categories easily
comply with the seven criteria of satisfying customer needs.

INPUT

FUNDING
Vehicles, Facilities, Staff

4 . I
/ Administration \ / Operations \ ~Maintenance
- Human resources & Training - Scheduling drivers - Vehicle maintenance
- Management Information system - Scheduling/di spatching services - Facility maintenance
- Safety & Security - Road supervision - Vehicle servicing
- Contract management - Service monitoring -
- Performance monitoring - Communications - ~
-Procurement - Long term planning
/ K / - Short term planning
\§ J
Marketing Finance
- Customer information High Quality Customer - Financid management &
- Publicity, promotion, & _ Service control
advertising - Reliable - Capital programming
- Fare structure - Safe/Secure - Budgeting
- Comfortable/Clean
- Understandable
- Affordable
OUTPUT

Fig. 3 Transportation management functions, focused on customer service

Tablel
Relationship of customer service attributes to transport company functions
. . (] Ro) = () (&)
Customer Service Attribute | o 5 £ o L2 = =
Transport ke $ |£8| 5 | &8 s <
=P _ © 5 T |58 O
Company Functional T D | ED 2 58 S g
Activities Critical to Customer Service L 3 S 8 B Z 5
ADMINISTRATION
Risk Management & Safety/Security @ @
Contract Management Program @ @ @ @ @
Human Resources Program to Recruit, Hire, and Train Staff @ @ @
OPERATIONS
Operating Procedures for Drivers, Dispatchers, and ® ® ®
Customer Service Staff
Operations Supervision and Service Monitoring @ @ @
Service Operations Management @ @ @
Communications Program @ @ @ @ @
MAINTENANCE
Vehicle Maintenance and Servicing @ @ @
Facilities Maintenance @ @
PLANNING
Planning @ @ @ @
MARKETING
Fare Structure and Fare Media @ @
Marketing & Public Information Program @ @
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Most of al passengers were dissatisfied with the space and design of the vehicle 351 out of 810, i.e.
uncomfortable and dirty busses, crowding, lack of space and seats, uncomfortable getting on and off. Another big
category, which caused customer negative journey experience, was treatment and conduct. Passengers complained
about rude and unpleasant behavior of the drivers and other front line staff that account for 12 %. The dominant cause
of passenger dissatisfaction was problems with traffic planning: inconvenient departure and arrival times, problemswith
the timetables and information.

Distribution among categories of customer complaints Table2
Main category Sub-category Tota %
Driver (86)
Treatment / Conduct Unpleasant treatment 57
(Empathetic) Way of driving 23 9
Driving past 6
Other personnel (27)
Unpleasant treatment 27 3
(59)
Punctuality Too early 19
(Reliable) Too late 37 7
Non-appearance 6
(35)
I nfor mation Journey times 13 4
(Understandabl €) Timetables and changes 32
(68)
Technical faults Car accidents 1
(Safe and Secure) Injury during journey 1 10
Fault in the vehicle 34
Faulty equipment 24
Old means of transport 8
(372
Spacein/ design of the vehicle Crowding 77
(Clean and Comfortable) Lack of comfort 88
Lack of seats 63 43
Getting on and off 51
Lack of cleanness 72
(89)
Traffic planning Setting of fares 52
(Convenient) Timetable coordination 11 12
Departure times 26
(117)
Miscellaneous High fares 18
(Affordable) Waiting rooms and bus shelters 15 12
Retailers 3
Uses other means of transport 81
Total 826 100

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

43%

0%

Traeatment
and conduct

Punctudity

Traffic
planning

Spaceand
design

Information
Technical
faults

Miscellaneous

Fig. 4 Division of the groups according to the results

Drivers are not satisfied with the traffic planning, old busses and access to information. One interpretation of
the results is that the front-line personnel have a poor conception of what creates customer dissatisfaction. We cannot
gain a sufficiently good picture by interviewing the bus drivers of what really are customer-experienced shortcomings
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in quality that result in dissatisfaction. This may be due to the fact that the bus drivers have poor contact with and rarely
conduct a conversation with their customers. It may even be the case that the bus drivers look primarily to their own
interest and not to that of the customers. A third interpretation is that part of what the customers are dissatisfied with are
in the bus driver's view somebody else's responsibility, for example timetables that are difficult to read or poor
information in conjunction with changes in the timetable. It may even be the case that the driver sees his task to drive
the bus from point A to point B. giving service to the customers does not seem to be as important a main task. This may
depend on an unclearly defined role and unclear customer and service responsibility.

7. Conclusions

According to the results of the investigation we can conclude that the quality of transportation service is far
from the customer expectations and needs. It is necessary for transportation companies to look for and implement the
new management models in their system in order to survive in avery competitive market.

Many of the new TQM concepts have to be applied in service sector industries, including public sector
organizations such as public transportation. TQM is a comprehensve and long-term transformation of the culture of the
organization, focusing on people first — including passengers, employees, and the community. Public transportation
should implement seven TQM principles:

- Put customer first. Every service should meet or exceed the expectations of the customer, and every member of the
organization and every process should work toward this end.

- Manage and improve processes. “Process’ describes how work activities are performed. Improvement of processes
can both create ahigher quality service, and increase efficiency. Support activities such as training, service planning,
and maintenance are among the processes that can be managed and improved.

- Manage by fact. Facts and data are used in a quality organization to help managers set directions for strategic and
short-range planning, and to evaluate progress on achieved goals and objectives.

- Cultivate organizational learning. Learning organizations are able to thrive in rapidly changing environments because
they are objective in their decision-making, are open to internal communication, involve teamwork, create the useful
tools needed for everyone to do the best job, and reward the desired behaviors.

- Train, empower, and recognize employees. Employees are the most important assets of a trangportation system, and
they need to be trained to be able to meet customer expectations, empowered to identify and solve problems, and
satisfy customers. Finally, employee contributionsto improved performance need to be recognized.

- Improve labor-management tearmwork. Employees need to beinvolved in any qudity effort, quaity policy decison making.

- Lead the change in organizational culture. TQM is a long-term commitment to a fundamental change in the way an
organization works. Leadership at al levels of the organization isrequired to make thiskind of change.

The benefits of TQM can be seen in avariety of ways. Even ardatively small investment in TQM can lead to
adramatic effect. But the major benefits come from long-term strategic advantages the quality conscious company can
build over its rivals. For example, there are clear marketing advantages to be gained from a reputation for across the
board quality in service, especially if the competitive pricing that comes from cutting quality costs backs up that
reputation. Quality builds a committed customer base and provides a common focus for the activities of everyonein the
organization, from top to bottom.
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Abstract

The paper presents results analytical investigations of mechanically heterogeneous butt welded joints with a
hard interlayer at the plane deformation. There are presented dependencies for stress strain state components
determination in welded joints with the hard interlayer subjected to static tension.

KEY WORDS: welded joint, static tenson, stress strain state, hard interlayer.

1. Introduction

A great number of welded joints show higher or lower heterogeneity of mechanical properties of their separate
zones. The mechanically heterogeneous welded joint zone which strength properties are higher than this of a base metal
iscalled hard interlayer, in opposite case - mild interlayer. Thewelded joint with a hard weld is frequently used. During
welding of hard steedl at thermal effect zone, which grength is higher then base metal one, is set up. It caused
heterogeneous stress state and non-uniform strains distribution in direct of welded joint longitudinal axis.

Strain state of welded joints with a hard interlayer is analysed in works [1, 2]. There is obtained that, when
Oe :ss /sg’I is small, before fracture of welded joint at the external point of contact plane of hard metal H and mild
metal M (fusion line) eastic plastic straining in hard metal appears. When it relative thickness e’ =h/d (hand d is
thickness of weld and diameter of specimen respectively) is small eagtic plagtic straining beginsin al volume of the
hard interlayer. Fracture of this welded joint with ahard interlayer occursin cross-section of mild metal M which ison

relative distance larger or equal than [, 3 2I,/d 3 1.2 from the contact plane. In this cross-section s M =0. Strength of

a welded joint with a mild interlayer M analytically and experimentally is investigated in work [3]. Analytical
investigation which are devoted to analysis stress strain state of welded joints with ahard interlayer are not known.

2. Analysis Stress Strain State of Welded Joint With a Hard Interlayer at Plane Deformation Subjected to
Tension

The stress state of butt welded joint with a mild interlayer, subjected to tension (compression) at the plane
deformation on dimensionless co-ordinates x=x/I, h=y/l and relative thickness of a mild interlayer &' =2h/2 is
analysed in work [3] (2h isthickness of mild interlayer and 2l is thickness of welded plate). The problem was solved by
using presumptions that the modules of elasticity of both materials are equal each to other (E” = EM = E), and Poisson’s
ratio n=n"=n" =0.5. The stress state components of a hard interlayer also is analysed on dimensionless co-ordinates
x=x/1, h"=y"/ 1 with initia point isat the centre of hard interlayer (Fig. 1, a).

When's; £s) andv=v,= 05inwelded joint s , =ty = 0 and at the plane deformation s, = p, s ,= 0.5p
and s = \/§p/2 (p is mean stress caused by external load). When p>2s /\/§ elagtic plagtic straining beginsin al

volume of the mild interlayer. But on the contact plane of metals M and H the mild metal strains are constrained by hard
metal H. Due to interaction of metals H and M shear stress appears and near the contact plane there is a triaxial stress

date. In the mild metal M tension stress s ' and in metal H compression stress s | appears (Fig. 1, b). Analogical
stress state near the contact plane of H and M metals appears in welded joint with amild interlayer.
Equilibrium condition of eement x,"x 11" of metal H (Fig. 1, b) makesit possible to cal culate mean val ue of

dresss ! on thethickness of interlayer
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Stress s ' may be expressed from Eq.(1) by using function f, (h™) it distribution in direct of axis h™. Then
=-f G1 ) x)dx +C, (constant Cy= 0 because s {,, =s | =0).

When relative thickness of mild weld &' = 1.2 in according to Saint-Venant's principle stress s X“ﬁ a the
centre of weld and stress in hard metal at the relative distance from the contact plane d™ =1.2 approximately

» 0). Therefore in work [3] is accepted that in welded joint with a mild interlayer functions

disappears (s »)s oo

of distribution stresses s ! at the distance d" and stresses s ' at the relative thickness of mild weld &' = 1.2 are the

H
X

increases analogically with decreasing distance’ s from

same. Experimenta investigations [1, 2] showed that stress |s

the contact plane. Therefore is assumed that stress s, distribution in relative thickness of interlayer sein welded joints
with a mild and hard interlayer in range of variation 0<ae£1.2 isthe same. Then function f, (h"') may be obtained
substituting h™ and &' in expression of f, (h™) [3] instead of h™ and &

é 1 U€ anr g 2 U
f,(h")=3- 3a- él- - 2
b")=2 3 e *-éaé*ag/ e @

where F(aé* ):1+ Ml(aeH )”l; M, =6.23+0.758(g,, - 1); n, =2.53- 0.15(g,, - 1).
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Fig. 1 Scheme for the calculation of welded joint with a hard interlayer at plane deformation: a — welded joint with a
hard interlayer; b — scheme for calculation of stresses s ' and s ' ; ¢ — scheme for gy determination
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Shear stress t , in cross-section h™ = const may be calculated from equilibrium condition

ht H
. Ts H
ty=- 0==>dh" +C,, (3)
Xy o ﬂX
where C, = 0 because t fy‘tho =t ;. =0. After designating
] .
é 1 o 1ayt ol
1- d- 6l - fﬁ— a
nH H g- F‘(ﬂ_‘,l’{lg-3 (ﬁ_‘_l.’l
H \ H H n ug 24
05(11 ): sz(’? )dn :3§ 5 (4)
0 1+
Fle')
and from Egs.(2) - (4) iscaculated shear stress
ty =F @1H)t 27 () =pCy x, (5)
where pC,, isparameter of shear stress.
Expression of s | isobtained from Eq.(1)
st Z-%fzﬁ‘lH)pC; (1-x2). (6)

From the hypothesis of flat sections when n=0.5 and metal H is deformed eastically follows that on the
contact plane at plane deformation stress intendty at the point of contact plane x* =0 by estimating that

2 w0 =1 »(0)® stress s " at the contact plane, when s " £5 /' @

s, :\/E(sy-sx)zﬁify and t
sh=—s(0)+s!". 7)

In this case stressintensity of metals H and M at the contact plane

s; =51 0)] +dpcix)’ . ®)

Stress intensity of metals H and M at the contact plane centre, when strain intensity & (0) is known, may be
determined by dependence

s;(0)=E€(0), when s (0)£e,, b
y 9)

[7)]
— %
—_
=)
I

s.le@)/e). when s (0)>s.. }

where my is characteristic of material hardening at eastic plastic zone when it tension diagram s;/se.—€/ €& IS
approximated by power function.

When's " >s ! dress

sh=sf +%siw(0)- D" pCx? (10)
and dressintensity
sH :\/L " (0)- v3pc;D"x? /2] +3(pcix)? . (11)

" denotes values on the contact plane
@ index (0) denotes stress strain state components when x = 0
) lower index 1 denotes valuesat the external contact plane point x* =1
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When s " £s ' coefficient D" =0.
Stress strain state components of metal M is cal culation by dependencies presented in work [3]:

th=F[")pcix: s = 1,h" Jocst- x2)2, 12

sM=sM+25M(0)/4/3- DYF h" )pCix?, (13)
where D" is coefficient determined from the condition efy =e}j” at an external point of the contact plane X'=1 by

approaching method.
Longitudina grain
e, =V3s;/2E, whens, £e,, |
y (14
ey:\/§si/2E0; when s; >s, b

where E¢=E(s, /s )™ '™ is secant modulus of material tension curve.
The parameter of shear stressesis calculated from integral equilibrium condition

p=¢p, dx (15)

0

written for Egs.(10) and (12) when h"' = &' and h™ = d". Then

o 2flg )5t
o =)+ - (0" - D7)’ (19

where g, =s ""(0)/s M*(0) is coefficient of mechanical heterogeneity (Fig. 1, ¢); coefficient D" =Owhens " £s .
When s " >s ' coefficient

D¥ :gisi”*(O)J(s L) - dpc) 2 / J3pC; . an

Inthiscase s|; is calculated by the presumption, that potential energy of material H at point x* = 1 under

.

elastic and dastic plagtic loading is the same. Then s ] =s S*(s_i'*f*l mb+1 . Intensity of fictitious elastic stress s 7,

which correspondsto € (O) when material H isabsolutely elagtic at the point and x* =1

Sin*l:\/S iH*(O)f2+3(pr:)f)2 , (18)

where s " (0); =gy s (0) isintensity of fictitious elastic stress on the centre of contact plane.

Fictitious coefficient of mechanical heterogeneity g, ; =g, when &""(0)£ €' and gy = (aM*(O)/eeM) when
e"(0)> el . Parameter p,C, iscalculated from formula (16) by substituting gy, ; instead of gy, .

From Eqgs.(1) — (18) follows that most convenient stress components to calculation by choosing strain intensity
value € (0). Then parameters s *(0), s **(0), gy, PC, €} aredetermined by Egs(1) — (18) respectively. In this case
mean stress p may be cal culated from condition (15) by estimating Eq.(10) written to contact plane when h™ = a&'. Then

p=25!"(0)- 2 pc[1afe" )+ 0], (19)

NE

Because pC, depends on gy, D" and D", stress strain state components are cal culated by approaching method.
The determination stress and strain distribution in welded joint with a hard square simplified weld (weld without
reinforcements) was chosen. It isawelded joint of steel 15Cr2MoV Ti welded by automatic submerge-arc welding with
the wire Sv-10CrMoVTi under the layer of flux AN-42. Mechanical characteristics of welded joints separate zones are
presented in Table 1.
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Stresses distribution on the contact plane of it welded joint is showed in Fig. 2 and strain e, distribution — in
Fig. 4. From Fig. 2 follows that with increasing of &' dtress ‘s 5(0)‘ decreases and s " (0) increases.

Tablel
Mechanical properties of investigated weld joint with ahard interlayer
Zone of welded Base metal M Weld metal H
joint Steel 15Cr2MoVA Sv-10CrMoV Ti
E 1.96-10° (1.98-10°) 2-10° (1.98-10°)
Se 490 550
So2 MPa 534 685
Sut 720 765
S 1510 1500
y % 73.8 69.5
my - 0.129 0.095
0.02 1.63 0.020
~4__1lo75 el e
SX '\\< S* 03 / t;y th _txy
M y A
Se M // sV
\ T Se 0.75| Y ° lo7s| 03 /
0T T 1 Wi
03| &"=01 1.61 e 0.012
R A= N
27y
.7, 1.60 0.008
0.02 . 7 N /
% 17~ o5 __%Z’ \ v
Th-T o &1=01 %/ &'=01
0.04 1.58 | 0.000 |
0 025 05 x 1 0 025 05 «x 1 0 025 05 x 1
a b c
Fig.2 Stresses distribution on the contact plane of welded joint with a hard interlayer, when L =22,
p=s/ =785MPa, g, =1.122, m' =0.095: (———) — stresses in base mild metal; (- - ) — in hard
interlayer

3. Deter mination of a Mean Longitudinal Strain e, in Base of Deforming L

The mean longitudinal strain e, in base of deforming L =L /1 may be calculated from strain e, distribution in
direct of longitudinal axis (Fig. 3).
The maximum vaue of mild metal eg"max at grain loading (g,m = congt) increases with decreasing of relative base

of deforming L and increasing g.. Because solution of strain distribution on the contact plane is approximate, mean
longitudinal strain e, a the base of deforming L is caculated at the longitudina section x =x. = 0.5. For longitudinal

H

drain ey, determination L 3 o' +d™ of welded joint with a hard interlayer (Fig. 3, d) values of stresses s yechiico’

H H* _ o H* H* _ o H* : H _ o2 H H 0 . aH* _afs H H* .
S xxgh¥=0” S, =Syx=05" Sxx, =S =05 and drains ey, —388 p=o” S xxc‘hH:OB/4E’ €y, —3(5 we = S % )/4E,
ey = e;ThM:o :3p/4E‘ﬂfV'M:0 must be calculated. When s ' >s !, Y oung’ s modulus E must be substituted by E'".

In the other cross-sections of weld joint strain e, may be calculated from presumption that in intervals &' and
d" (Fig. 3,@ and L — hs (Fig. 3, b) strain e, is distributed by square parabola law. Then a mean longitudinal strain when
[212+a and ™ =L - L2+a") (Fig. 3, 9)

e A MR (20
u
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I
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L=35~+—_]|

2
L L =2.04
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.

1 7 contact plane
¢ H /
0.5 1 %

e, 1 15 e,/ 25
a b
Fig. 3 Scheme for calculation of mean longitudina strain ey, in Fig. 4 Dependence of strain g, ; distribution on
base of defooming L: a - L=&+d"; the surface of welded joint on L , when
b—L<a +d" ad'=075 ¢,/ =20

andwhen L <12+ad' , h =" +12- L

:

o G )+ e @

When L <e +d™ (Fig.3,b) at the cross-section h" =h; strain vaue ey, :3(5 = - sX“Q(C)ME@C must be
determined.

Dependence of strain e, distribution in direction of y axis in welded joint with a hard interlayer on L is
showed in Fig. 4. From Fig. 4 follows that maximum values e, appears in mild metal M at the distance from contact

plane L - &' . Value of this strain increases with decreasing L and increasing g.
4. Conclusions

The most heavily loaded zones of welded joint with ahard interlayer are external point of contact plane metals
H and M for a hard meta and for a mild metal at relative distance from the contact plane d", in which stress s
disappears. Fracture of welded joints occursin this zone of mild metal.

Strength of welded joint with a hard interlayer subjected to tension at plane deformation is equal
P, =1.1547s ) .

Strain eg"max a strain loading increases with increasing base of deformation L .
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Abstract

The methodology of operation multifaceted efficiency prognosis performed by group expert is discussed in this
article The main attention is paid to the estimation of an expert decisionsrisk level. Thisrate is usable for aggregation
estimations results (according many rates) performed by group expert.

The expat’'sdecidgon risk leve is based on condgency and trangtivity of estimations (according to the type of expert
subjective heurigics). Our improved methodol ogy of identifi cation expert subjective heuristicstype isdiscussed in this paper.
KEY WORDS: expert estimation, risk level, methodol ogy.

1. Introduction

For the estimation of any aim consummation level, for prognosis of recevable solution results and etc., not
always we can find and use the anadytical methods and optimisation methods based on its. Often methods based on expert
estimations are used, that is, human intelect is being used as a measuring instrument. The two typical casesare possible:

1. The experts group islarge enough.
2. The experts group consists from 2-7 persons (very frequent situation in practise).

The robust algorithms [1, 2] for data processing based on defiance of “marginal” estimations are applicable in
thefirg case.

To apply the robust algorithms for data processing istoo risky in the second case (the “margina” estimations
is not necessarily are less reliable). To know the single expert estimations risk level (the expert's weight [3] or
competence [4, 5] coefficient) it is desirablein this case.

For estimation of expert facilities the following criterions are offered [6]:

1) consistency of estimation;
2) transitivity of estimation;
3) availability of complex strategies.

These criterions applicable if the excess of expert’s data is obtainable. The first (consistency) criterion is
usable if the expert gives the repeated estimation of the same object. Very important, that the second estimation
shouldn’t be under influence of the first estimation (thisis requirement to methodol ogy of the experts data collection).

2. Estimation of Expert Decisions Consistency

The consistency (n) (subject to usable data) is rateable such:
1. When the expert referstolerant intervalsin [a,b] : first (x;;, X;,) and repeated (y;;,Y;,) (seeFig. 1).
In that case the consistency rateis presented:

_ 2|(Xj1!Xj2)C(yjl!yj2)| , gl- (X2 = X)) +(Yj2 - Yj)u (1)
Xj2- Xj) +(Yj2- Vi) & 2(b- a) H,

i 9

Xj1:%12) © (Y1 ¥j2) :
2|( ivXiz2) 1 12| is estimations conjunction rate (it is equals 1 if (X3, X;,) and (y;;,Y;2) arefully
(X2 = X))+ (Y2 Yi)
conjunct, or 0 —if not crossed); g; =1- [(sz— X)) + (Y2~ yjl)]/[Z(b— a)] show therelative precision (distinctness)

of j—th expert’s estimations; | (X, ¥) | — the potency of set (X, y) (when Lebeg measure isusable | (X, y) |=y- X); C —
symbol of sets crossing.

where bj =

t +—>

a X Yi1 X2 Yi2 b

Fig. 1 Expert’sreferred intervals
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2. When the expert refers “pessimistic”, “most reliable’ and “optimistic” estimations from interval [a,b]. In
fact, the expert gives first and repeated estimations submitted in a “triangle” membership function: mjl(x)|xi[avb]

and ij(X)| X [a,b] -
In that case the consistency rateis presented:

[Ho(my ()] +[Ho(m, ()] 4
4b- a) 0

u

2

é
v =b,g; = maxfa|(Ha (My(¥) C Hy (M, (0)* A’ §l

where H, (m (x)) - a-level set of fuzzy number m; (x) ; Hqy(m (X)) - Odevel set of fuzzy number my (x) .
3. When the expert gives fuzzy numbers submitted in a“trapezoid” membership function.
Sometimes indication of the “pessimistic’, “most reliable” and “optimistic” estimations can put a strain on expert. From
psychological point of view a more convenient way iswhere an expert is asked to point out [3]:
1) interval (x,X,), wherethe most typical value of the criterion is, by the opinion of an expert (Fig. 2);
2) subjective probability p, under which the expert isright.

In that case the estimation is presented:
Xi = (%1, %), P) - (©)

Estimation eguation (3) can be changed with a trapezoid type membership function (see Fig. 2):

1 cx)— P i g
il+(x Xl) (XZ- Xl)(l- p)! if xl [C!Xl]y
mg) = i1, it X1 [,%], (4.9
|
T (. p A
%1 (x XZ)—(XZ- A1)’ if xI [x,d],
c:xl-(xz-xl)l-—p, d:x2+(x2-xl)1-—p. (4, b)
p p

We can easily notice, that formula (4) isvalid only if ¢3 a andd £b. Or ese formula (4) has to be modified
(see[3]).
In that case the consistency rateis presented:

. .05 . . N
220(m (9 Umy,(0)cx 8 &m0 ym, (9
L X X -

x ()

V. =b.g. =
] JgJ 2(b- a)

D:D> ('R‘(D) [N

= +
g@njl(x)dx+ mjz(x)dxi
X X a

oOC\C

where,, U* —membership function’s, intersection”.
3. Estimation of Expert Competence

For estimation of expert facilities the criterion of availability of complex strategies (that is expresses expert’s
ability to generalize and aggregate available information) is very important.

m(x)4

1

a c X1 Xo d b

Fig. 2 Estimation submitted in a“trapezoid” membership function
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This criterion is in use with transitivity criterion [5]. The value of complex expert’s competence criterion
(weight coefficient) isfounded according to scheme (algorithm):

The set S|i =1,nof an object, action or process A goalsis formed. The set Shas to be full, but minimd; it is

desirable that the goals shouldn’t be overlap [7].
After interviewing of each expert such information is obtainable:
a) for estimation of each A (there A — object, action or process) goal S its subjective importance rate

g; 1 [0] issuggested;

b) theconsummationrate h, (furtherh ) of each goal S is prognosticated;

c) the system (heuristics) of complex rate (criterion) e, for aggregation of each A goal importance's and
consummation’s estimations is offered;

d) the e, value by intuition (but not calculated), what further is called h, , is proposed.

Rates h‘i:ﬂ and e, have to be quantitative, that is, measurable, calculable or subjectively rateable. They

mostly are presented in normal numbers, thatisea, hy | [0, 1].

Estimation of expert competence (availability of complex strategies and trangtivity of offered estimations) is
called a; (j —itisindex (name) of the expert). The expert’s competence rate a ; (subject to usable data) is founded the
same as consistency rate (according formulas (1) — (2), (5)) where h, is usable ingead primary estimation, e, — instead
repeated estimation. The values of hy and e, is available operating with data in points a), b) and c).

If the estimations of goals importance (g) and consummation (h;) rates don’t cause the some problems, the
formalization of expert heuristics (as the way of decision search) is especially complicated task. The solution of this
task in any genera way should matter the formalization of human thought.

The experimentation to formalize heurigtics is founded in literature (for example [8]). That is usually
associated with solution of concrete problem. Thisalso involves in the expert researches.

Such schemes of g, and h, estimations aggregation are mostly met [5]:

1) the expert triesto estimate average e, of goals S |i =1,n consummation rateh; ;
2) for data aggregation (the evaluation of e, value) the expert underlines the goals with high consummation rate

3) fo} data aggregation the expert underlines the goals with high product of importance and consummation rates
g hi;
4) for data aggregation the expert underline the goa s with low consummation rate h; ;
5) for data aggregation the expert underline the goals with low product of importance and consummation rates
O hi .
Sometimes an expert can himself suggest the scheme (heuristics type) of importance and consummation rates
aggregation into one complex rate (criterion) ey . The additional test of the heurigtics type identification is suggested [9].
The first scheme of estimations aggregation is mostly met and best researched. In fact — it isresult of formula
calculating hy medium value:

eA:é. gih//é g - (6)

i=1 i=1

Symboal “//" is sign of division. If fuzzy numbers are dividend, then instead ordinary division its adjective division is
executed.

(GH)a 11G, = (aya,) /by, by) = (8,1 ;). (B, :,)), & >0,b, >0, (7)

where (GH), and G, —a-level sets of fuzzy numbers (GH) and G that isexpressedby § gh and § g; .

i=1 i=1
Formula (6) are applied when the goals S |i =1,n of A (there A — object, action or process) are independent and

theirs consummation h; estimations — additive.
Applying to thislow indistinct Choquet integral, the more universal form (tolerant to interdependence of goals)
can be got [10]:

C=6°1n(hi'[f(S,K,Sn)- F(S:,KS)D (8)

i=1

fO=1(Sw)=0; f(S.KS)=1 f(§.KS)? f(5.KS), j& j>i, (9)
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wheref(S, ..., §) —indistinct measure of goals (S, S+1, ..., $) importance, when conditions (9) is supplied.
The expert hasto form estimationsf (S, ..., ) according to test values g; . In the simple case

f(S.K.S)=—"4 g, (10)

ag,”

z=1

Formula (8) is other notation of formula (6). For description (formalisation) al others schemes of an expert
estimations g; and h; aggregation into one complex rate e, is recommendabl e to apply parameter g, and Sugeno integral

based on it [9, 10].
The point of method is such when fuzzy set is given:
B=h/g,+h,/g, +K+h,/g,, (11)

where O£ g; £1, itispossibleto define for it (for set B) parameter g, , whoserating parameter | must supply condition

-1<] <¥ (12)
and can be finding asfollows:
—éO(1+|g) 1u 1 (13, a)
€i=1
(in the case of second aggregation scheme) or
1é u
| 185+ gh)- 1= (13, b)
€i=1 u

(in the case of third aggregation scheme).
The Sugeno integral of discreet fuzzy set (11) is expressed:

S= sup minfa;g,) . (14)
al [0,]

Using parameter g, , g, in (14) isasfollows:

1é 1 u
9, :_geo(1+|g) 14 (15, a)
| gina u
(in the case of second aggregation scheme) or
1€ 2 u
0, =€ OL+Igh)- 1 (15, b)
Blgihca 8
(in the case of third aggregation scheme).
In al cases the complex rate e, is expressed:
en— S (16)

If goals with low consummation rate h are meaning (fourth and fifth aggregation schemes), then accented not
goal consummation but its unconsummation level. So instead estimations h i in formulas (15, @) and (15, b) we need

tousetheirsinverson1- h ;-, g, isasfollows:

a

18
|

a ™ O

) U
Of+lg)- 1 (17, a)
¢

(A-h)*a



(in the case of fourth aggregation scheme) or

1é¢ 1 u
g, =—¢& Of+lgh)- 1 (17, b)
| 8la- gh)sa A

(in the case of fifth aggregation scheme).
Integral (14) express the complex right estimation of goals unconsummation (es inversion), applying formulas
(17). To get the estimation of complex rate (criterion) e, enough to have inversion value of formulas (17) and (14):

e, ® S=1- sup minfa;q,). (18)
al[04]

As we have aready mentioned, the expert’s competence rate a ; (subject to usable data) is founded the same as
consistency rate (according formulas (1) — (2), (5)) where hy is usable instead primary estimation, e, — instead repeated
estimation.

When the expert refers hy and e, astolerant intervalsin [a, b], so:

_ 2|(hj1!hj2)g(ejl!ej2)| , €& (hp-hp)+(e,-ey)u
= - u.
(ij - Xj1)+(yj2 - yjl) ) 2(b- a) a

i9 (19)

When the expert refersh, and e, “pessmigtic’, “most reliable’” and “optimigtic” estimations from interva [a, b], so:

€ _ [Hoth; 00)]+[Ho(e; ()]

. =bh.q. = ) ) 1 ’
a; =b,g; = max(a(H, (h, () C Hy (¢,0)* A" & -3 ; (20)
When the expert gives hn and e, submitted in a“trapezoid” membership function, so
R .0,5 . . N
882th (X) Ug; (x))dx 9 O (Xdx+ ¢x (x)dxg
a; :bjgj = - X X % (21)

2(b- a)

D:D> ('R‘(D) [N

¢ +
gdmj (X)dx+ o, (X)X = i
X X 7] u

The formulas (19) ... (21) are ,compatible’, i.e. estimations from different experts can be comparable or
otherwise processing (for example, searching of its average) even if experts operate different types of data (estimations
in the real numbers intervals, estimations submitted in a “triangl€” membership function, estimations submitted in a
“trapezoid” membership function). Because estimation in the real numbers intervals can be interpreted as a
“rectangular” membership function of estimations (as an instance of estimations submitted in a “trapezoid” membership
function). The “triangle’” membership function isthe partial case off “trapezoid” membership function.

4. Generalization of Group Experts Estimations

The complex indistinct group expert estimation of an object, process or action A is characterized by:

1 &
H (%) :k—anhJA(X) (22, @)
é.aj =
j=1
or
1 &
H ., (X) :k—aajejA(x) (22, b)
é.aj i

j=1
or (on purpose to use all available information)

HA(X) - HAl(X) ;HAZ(X) . (23)

The consistency ratev; of expert opinion instead of his competence rate a j can be applied.
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6. Conclusions

For the decision-making based on expert researchestherisk level dependent on expert’ s facilities (defined with
the consistency and competence criterions) must be known.

To get the upper riability of operation prognosis it is desirable to use the group expert researches based on
single expert facilities eval uation.

The classical method of robust decisions search based on eimination of “extreme’ estimations is too risky
when number of expertsisnot enough big.

The expert’ s competence rate can be founded applying excess of the experts offered information.

For estimation of an expert competence rate, identification of the right scheme (heuristics) of this expert
subjective partial estimations aggregation into one complex rate (criterion) isvery important.

The mostly met schemes of partial estimations aggregation into one complex rate (criterion) can be described
with fuzzy integrals.
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Abstract

The scheme of the dislocation of 3D radarsis proposed and detection process of a flaying object is discussed in
this paper. The formulae for the evaluation of the probability of detection of a flaying object in case of surveillance by
one radar or radar system proposed. The cases, when the probabilistic density of the detection of a flaying object
expressed by normal digribution or Relay distribution (in case of bad meteorological conditions) are discussed. The
guantitative estimation of the detection system with concrete parameters carried. The results of the calculation allow
estimate efficiency of the surveillance system. Method of calculations can bee used for study process or for the
estimation of the systems of detection of a flying object.

KEY WORDS: radar system, Poisson process, probability of the detection.

1. The process of the detection of flying object

In order to ensure the reliability of the surveillance of some airspace zone, we suggest dislocating the 3D radar
stations following the schemeindicated in Fig. |. We will investigate the most unfavorable case for the detection system
that is the case when we have the least time for the detection of a flying object. In this case we must choose the
parameters of the radar station in such a manner that the object be detected with the desirable probability within a
definite digance. The possibility of the detection of the object depends not only on the properties of the radar. It
depends on the meteorological conditions, the parameters of the object, properties of the reflection and on possible
hindrances.

In practice radar activity is characterized by the momentary probability of the detection of a flying object (that
is the probability of detection during one observation) [1]:

g=—L, M

here n(r) isthe mean number of the observations necessary for detecting an object within a certain distance (evidently

under certain meteorological conditions and with standard properties of flying objects). This quantity may be
determined by experiment in each specific case.

The Queuing Theory will be utilized for the theoretical evaluation of this probability. During the process of the
detection of a flying object all conditions of Poisson process are satisfied: stationarity, ordinariness and independence of
events. In this case the probability of the "capture" at least one object may be written so:

P(t)=1-¢€"", (2
herel isintensity of the flow (the number of demands during the unit of time).
One of the most important factors determining the probability of detection is the distance to the flying object.
The probability P(r) that is the probability of the “capture” of aflying object in the distance r may be presented by the
formula[1]:
P(r)=1-¢e'®, ©)
where j (r) isthe so-called "potential of detection”. The variable g is connected with the derivative of the potential of

detection f(r) = % , that describes the intensity of the detection of the objects [1]:
r

g :1_ e f(r)vDT , (4)

We denominate v as vel ocity of theflying object, DT as period of observation, because flying objects are most
frequently observed by the instrument working in an impul se regime and within periods of certain duration.
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Fig. 1 Chosen paths of the moving object
2. Estimation of probability of the detection of a flying object

In many cases the probahility of the detection of a flying object may be expressed by normal distribution:

(r-1a)?
r 1 r - 0
P(r) = ®p(r)dr = e dr, (5
0 Vps, o

where p(r) is a probabilistic density of the flying object detection, r, is mean distance within which a flying object is
detected, s, is mean square deviation (theerror of ry ).
We get from (3):

j (r)=-1In(- P(r))
and
_ P(r) _ p()
= o TP ©

In case when the efficiency of the radar station is low, for example due to bad meteorological conditions,
Relay distribution can be applied. In this case the density of the probability distribution iswritten:

r2

p(r) =—e =7, ™
S

r

For the numerical evaluation of the radar surveillance system it is necessary to know some principal
parameters of radar station and the flying object. For example [2, 3]:
- mean distance of the detection of the object - r,=150 km,
- therate of theturn of the antenna - 6 times per minute,
- distinguishing might to the azimuth - Da = 3°,
- the speed of the flying object v = 330 m.
The mean square deviation may be estimated by the formula (see [1]):

s = < (kI - KK, ®
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here coefficients k' and k” enable us to take meteorological conditions, properties of the radar and character of the
target into account.
Coefficients k' correspond to the best estimations (from 1 to 1.5) and k” - to the worst ones (from 0.5 to l). If

we appreciate the activity of radar under normal conditions, we apply normal digribution and we take such mean values
of coefficients:

kl=11,12, k, =11, 12, k=11 1.2, k/ =08, 0.9, k! =08, 0.9, k! =038, 0.9.

We obtain the mean quadratic deviation in interval 0.1r, £s £0.2r,, thereforein further calculusin case of

normal distribution we shall take the value of mean quadratic deviation s equalto s =0,1r,.

In case of very bad meteorological conditions, it is necessary to apply the Relay distribution and evaluate the
activity of the radar station using boundary scale numbers:

K'=05, k! =05, k! =05.

In this case the mean quadratic deviation will be: s f =0.25r,.
Keeping in mind that the radar antenna turns round in about 10 s, in every rotation each angle of observation

Da =3° can be "seen" during 1—12» 0.083s, that is the period of observation DT » 0.083s. During this time the

observed object with the velocity of movement v = 330 m/s flies no more than 28 m. We can consider its distance from
the radar during the period of observation equal to constant because that distance is not less than 50 km and. error is
negligible.

The flying object may be observed within the distance r about 50 - 200 km from the radar station and can be
"seen" n=150/(0.33" 10) » 46 times (antenna turn around within 10 s).

If the probability of the detection of flying object in one observation is equal to g, then the probahility for one
radar to detect the object within theinterval of observation Dr » 150 km, that isto detect at least once in n experiments
may be written so (every "capture” is an independent event and the probability of an opposite event isequal to 1- g, :

P, =1- (1- g)(A- g})..(A- g}). )
In the case afew radar stationstry to "capture” the flying object, the exact formula of detecting the object is equal to:
g=g'+g°+., (10)

where g stands for the probability of detecting the object by one radar. Now we will carry out the numerical evaluation
of the investigated surveillance system.

3. Theresults and discussion

We shall evaluate the probability of the detection of a flying object in case the air space surveillance system
consists of three uniform radar stations which schema isrepresented in Fig. 1. The graphs of probabilistic density of the
detection of a flying object are presented in Fig. 2. In Fig. 3 one can see the dependence of instantaneous detection
probabilities on the distance.

The graph visually shows that the probability of the detection of a flying object very strongly depends on
meteorological conditions. Further, by using formulae (9) and (10) detection probabilities when the object moves along
the trajectories indicated in Fig. 1 and all three radars are in action can be found. The results of this calculus
(probabilistic fields) are exposed in Fig. 3 (norma distribution) and Fig. 4 (Relay distribution). We see that in case of
Relay digtribution the probability of the detection of a flying object is less by one order comparing with normal
distribution case. For practical use we recommend the figures where the equipotential lines of the probabilities of
detection arerepresented. (see Fig. 5).

We observe that in case of favorable air conditions the probability of detection amounts to 45%. The
dislocation of equipotential lines is also usable, that is the dislocation of radar stations is usable. In order to achieve
better parameters of the detection system more radar are necessary, especially under poor meteorological conditions.
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Fig. 2 Dependence of the probability density of the detection of a flying object on its digance from the radar: normal
distribution s =0.1r,, Relay distribution s X =0.25r,

Fig. 4 Probability of detecting of the flying object by a radar system. Reay distribution in this case
rs=150km, s, = 75 km
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Fig. 5 Probability of detecting a flying object by a system of radars (normal distribution). Equipotential lines: P = 0.25
(curve 1), P =0.35 (curve 2), P = 0.45 (curve 3)

4, Conclusions

Detection process of a flaying object is discussed and the scheme of the dislocation of 3D radarsis proposed in
this paper. Quantitative estimation of such a system is carried out by taking technical characteristics of radars and
meteorological conditions into account. The probability of the detection of flying object in some fixed distance by
radars system is calculated and diagrams of probahilistic fields are drawn.

The created programs may be applied for the estimation of detection systems of flying objects, selection of
radar parameters, their quantity and dislocation. They are usable for designing of such systems. Method of calculations
can bee used for study process.

References

1. TopoynoB B. A. DdbdexTuBHOCTh 00HApY)EHHUS 1eneil.-MockBa: Boenmsnar, 1979.- 160 c., [in Rusian].

2. Encyclopedia of Modern U.S. Military Weapons /Ed. By W.J.Boyne. The Army Times publishing Company, 1995.
499 p.

3. Schlesinges R. J. Principles of Electronic Warfare, Prentice - Hall, Inc., New Jersey, 1961. 315 p.

4. PincevichiusA., Rakauskas R. J. Skraidan¢io objekto geografinés padéties nustatymo radiol okacijos priemonémis
optimizavimas, Aviacija, Nr. 6, 2002, p. 74— 78, [in Lithuanian].



88
Proceedings of 3 International Workshop I TELMS2008

Correlation Between Cleavage Stress of the Heat — Resistant Steel and Type
Preliminary Plastic Defor mation

P. Yasniy', I. Okipny , V. Hutsaylyuk

" Ternopil Sate Technical University, Ruska str. 56, 46001, Ternopil, Ukraine, E-mail: yasniy@networkacad.net
" Ternopil Sate Technical University, Ruska str. 56, 46001, Ternopil, Ukraine, E-mail: kafmat@tu.edu.te.ua
™" Military University of Technology, Gen. S Kaliskiego gtr. 2, 00-908, Warsaw, Poland, E-meil: v.hutsaylyuk@wme.wat.edu.pl

Abstract

The effect of the preliminary plastic and cyclic easto — plastic deformation on the heat — resistance 15Cr2MFA
stedl cleavage stress in two structural states, which simulate the radiation embrittlements, in the middle and at the end of
the operating time of the WWER — type nuclear reactor body. Stedl preliminary plastically deformed by the static and
combined tension in both structural statuses.. The dependences of a cleavage stress and character of its change from a
type preliminary deformation. In a case combined deformation is show decrease of magnitude of cleavage stress.

1. Introduction

Preliminary elasto — plastic deformation causes not only the change of the materials mechanical properties, but
effects greatly the brittle fracture resistance [1, 2], impact strength [3], ductile-brittle transition [4]. Fracture toughness
under static loading after preliminary elasto - plastic loading can be increased, decreased or changed non — linear
depending on the temperature, preliminary elasto - plastic deformation (PPD) range, etc. As the brittle fracture
resistance depending on the PPD and the temperature is described due to the local fracture criteria, cleavage stress sy
can be used as this criterion. In papers [5-7] the analyses of results testify that PPD can increase or decrease the
cleavage stress depending on the type of loading (quasi - gatic, cyclic) and the kind of deformation (tension, pressing).

But the problem of effect of the preliminary combined deformation containing static and cyclic component on
the cleavage stress is not studied good enough.

The objective of the work isto investigate the effect of the preliminary deformation type on the cleavage stress
sy of the 15Cr2MFA heat - resistant sted, which simulates the radiation embrittlements in the middle and at the end
operating time of the nuclear reactor body.

2. Testing Procedures

Investigations were carried out at the servo - hydraulic testing machine STM-100 controlled by the personal
computer. Characterigtics of the mechanica properties and cleavage stress were found under single tension of smooth
cylinder specimens. To investigate the effect of the cyclic easto — plastic deformation on the cleavage stress 5 mm and
20 mm diameter working area specimens were used. 8 mm and 5 mm diameter working area specimens with the 20 mm
working part length were used for the investigation of the preliminary plastic deformation effect.

The specimens were tested is two structural states which simulate the radiation embrittlenessin the middle and
at the end of the operating time of the WWER — type nuclear reactor body.

Chemical composition as well as the mechanical properties characteristics of the tested stedls are presented on
the Table 1 [§].

One series of specimens made of 15Cr2MFA(II1) and 15Cr2MFA(Il) sted was preiminaries plagically
deformed under tensile stress and combined tensile stress (unaxial tension with low-amplitude cyclic component) up to

Tablel
Chemical composition, mechanical properties of the 1I5Cr2MFA steel
Material, composition, % T, K Sy Su d | y
MPa %
Steel 15Cr2MFA(II) 293 900 1000 158 | 39.2
0.18C; 0.62Mo; 0.27Si; 0.29V; 0.48Mn; 2.58Cr; 0.019S; 453 750 826 8.5 23.0
0.16Ni; 0.013P; 0.011Ti 573 653 694 1.7 | 360
Stesl 15Cr2MFA(II) 293 1100 1160 166 | 67.2
r
Chemical composition the same 473 956 1016 156 | 67.2
623 880 970 152 | 54.0
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the plagtic deformation e, = 0.5%; 1.0%; 3.0% with 423...623 K temperature range. stress range under combined
tension of 15Cr2MFA(l11) steel was Ds = 90 MPa at the temperature 423K and Ds = 110 MPa at the temperature
623 K with the loading frequency f = 25 Hz. Specimens made of 15Cr2MFA(Il) steel were preliminary deformed up to
the plastic deformation &, = 1.0% and 3.0% at the temperature 623 K under the tensile and combined tensile stress,
stress range being Ds = 110 MPa and 220 MPa, loading frequency f = 25 Hz. To localize the fracture zone on the
specimens made by 15Cr2MFA(I1) steel 0.5 mm radius concentrator was cut after plastic deformation.

Anocther series of specimens made of 15Cr2MFA(I11) steel was cyclically elasto — plastically deformations at
the room temperature. Under the cyclic loading the range of the elasto — plastic deformation was. e, = 0.46%; 0.6%;
0.8% under the relative operating time N =N/N; = 0.25... 0.75; €, = €max- €in COrrespondingly Ny is number of
cycles before crack initiation.

In Fig. 1 the schemes of the preliminary plastic and cyclic dasto — plagtic deformation of specimens are presented.

Investigation of the cyclic elasto — plastic deformation regularities was carried out under the strong loading
cycle in the symmetric cycle Re = €nin/ €rax = - 1. Here eqin, emx — the smallest and the largest elasto — plagtic cycle
deformation correspondingly. Loading frequency was chosen when self — heating was not available and equaled
0.25 Hz.

The strength and linear strain was controlled while testing. Investigation results were tape — recorder and
processed with the help of programs realized in MathCAD. Simultaneously for visual control diagrams regigtration on
the double — axis automatic recorder in the coordinated “strength — linear deformation”.

Cleavage stress s of the original and deformed material was found at the temperature 77 K. With this purpose
the specimens were located into the thermoisolated champers filled with the liquid nitrogen [9]. During the testing the
current value of P and the rod displacement DI was registered on the tape — recorder and on the double — axis automatic
potentiometer of the H110 type. In al cases the diagrams P - DI were of the linear character before fracture. Cross,
residual macroscopic deformation was not available.

It should be stressed, that the testing results were considered to be correct when they were obtained on the
specimens the brittle fracture of which was on the specimen working area within the measuring base.

Fig. 2 shows dependence of the cleavage stress sy on the preliminary plastic deformation under tension and
combined tension at the deformation temperature 423 K and 623 K.

Fig. 2 tetifies that at the temperature 423 K under the preliminary plastic strain up to 0.5% the cleavage stress
Sy isbeing decreased as compared with the virgin material. Further increase of the plastic strain up to 3.0% causes the
increase of the cleavage stress of the 15Cr2MFA(II1) steel for both kinds of temperature. It should be noted, that the
value of the cleavage stress is greater at the deformation temperature 623 K both under tension and combined tension as
compared with that of deformation temperature 423 K. For both temperatures greater vaues of cleavage stress s as
compared with the combined preliminary plastic strain under the preliminary plastic tens|e deformation were obtained.

Fig. 3 shows the dependence of the effect of the PPD under tension and combined tension on the cleavage
stress s of 15Cr2MFA(I1) sted.

When stress range under the combined tension and similar preliminary plastic strain increases, the cleavage
stress s increases insufficiently as compared with that of the virgin material, it being more sufficient when e, = 1.0%
(Fig. 3). Further increases of PPD causes some decrease of cleavage stress, but it remains to be greaten than that in the
virgin material. It should be taken into account that cleavage stress at PPD 3.0% under tension is greater than that under
the combined tension.

s A S A
J Simax
Ds
1
€nin o
€rex €
€ap
- |
e Shin
a b

Fig. 1 Schemes of the preliminary plastic deformation: a — tension (1) and combine tensile (2); b — cyclic
elasto-plagtic deformation
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Fig. 2 Dependence of cleavage stress s of 15Cr2MFA(II1) steel from the preliminary plastic strain under tension (1, 3)
and combined tension (2, 4) at 623 K (1, 2) and 423 K (3, 4) and Ds = 110 MPa (1, 2), Ds =90 MPa (3, 4)
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Fig. 3 Dependence of the 15Cr2MFA(I1) stedl cleavage stress sq on the level of the preliminary plastic strain under
tension or combined tension at 623 K
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Fig. 4 Dependence of 15Cr2MFA(l11) steel cleavage stress on the gtrain range

In Fig. 4 dependence of sress range effect on the cleavage stress under cyclic dasto-plastic strain in
15Cr2MFA(1I1) sted is presented.

The greater stress range under the cyclic elasto-plagtic strain, the less is the cleavage stress of 15Cr2MFA(I11)
sted (Fig. 4).
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3. Conclusion

Increase of the preliminary plastic strain at 423 K and 623 K causes the increase of the 15Cr2MFA(lI1) steel
cleavage stress. Under both preliminary tension and combined tension the cleavage stress increases more sufficiently
after deformation at 623 K than that at 623 K.

Under the combined tension up to the plagtic strain 0.5% at 423 K, the cleavage stress decreases as compared
with that of the virgin material. But the further increase of the 15Cr2MFA(I1) sted preliminary plastic deformation
causes theincrease of the cleavage stress as compared with the virgin material. But in al cases the cleavage stress under
the combined tension is less than that after the preliminary tensile deformation.

The increase of the preliminary plastic strain under both tension and the combined tension was found to cause
the increase of the 15Cr2MFA(I1) sted cleavage stress as compared with the virgin materia. It should be pointed out
that cleavage stress under tension are higher than those under the combined tension.

The increase of the strain range under the cyclic elasto-plastic deformation causes the increase of the
15Cr2MFA(I11) steel cleavage stress.
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Abstract

The paper proposes an origind method of multilayer structural element designing. It is a result of work of
multiple years carried out by the author of the paper and his colleagues. One of the key advantages of this method isits
simplicity. It is easy to understand for anyone with the engineering background. Calculations for multilayer beams,
columns or other structural elements can be even further facilitated using computer equipment. This paper discusses the
qualities of application of multilayer structural elements and provides formulae for the calculation of stress and stiffness
in such elements.

KEY WORDS:. multilayer structural elements.

1. Introduction

Most of the modern structural materials consist of composites that give the product a certain set of properties.
In al cases, it isa system of different materials where each component has a specific purpose. Combined performance
of different materialsin the composite is equivalent to devel oping a new material with properties different from those of
its components both quantitatively and qualitatively. These are multi-component structural elements that can be
developed using polymer and composite materias, steel, concrete, wood, etc. Most widespread of these are multilayer
structures commonly made of composite materials. Structural systems that include elements of various geometrical
shapes made of different materials are usually called hybrid systems.

Multi-component structural elements are used for many different purposes, from domestic electric appliances
and cars to structures used in construction and planes. Multilayer structures are particularly widespread in the
production of gliders and lightweight planes[1, 2], isothermal bodies [3], construction [4-8], etc. Layering of materials
can produce structures of desired properties in required directions with regard to al loads, their directions
anisotropicity of employed materials and other relevant requirements.

Where material of only onetypeisused, in most casesits strength properties may not meet the mass, price and
other requirements set for a given structure. Optimal parameters of constructiona elements can only be achieved
through the use of different materials of different strength aswell as other physical and mechanical properties. Optimal
structure of the product may be obtained by matching anisotropic properties of mechanically strong materials with their
comparative mass or price.

2. Application and Efficiency of Multilayer Structural Elements

Multilayer structures were first applied in the production of thin-walled structures of lightweight materials.
When producing big thin-walled structures, often their bending resistance has to be increased. Increasing the wall
thickness would be economically inefficient and would in turn increase the weight of the structure. Meanwhile, if a
porous plastic or honeycomb core is inserted between the composite, aluminium or steel sheets, the srength of the dab
may become equal to that of reinforced concrete, only 20 times lighter, while its thermal conductivity will be more than
20 times lower. Porous and honeycomb inserts not only improve the mechanical properties of the product, but also
decrease its thermal conductivity and increase fire resisance and acoustic opacity [8, 9].

Multilayer structures are most widdly applied in the production of gliders[1], [2], [10]. Three-layer structure of
fibreglass and filler was first used by Richard Eppler and Hermann Naegele in the construction of “Phoenix” sport
gliders in 1956. In Lithuania, the first glider - BK-7 - made solely of composite materials was constructed in Prienai
sports aviation factory in 1972.

Multilayer hybrid structures composed of hot and cold hardened glass-reinforced plastic or carbon fibre
reinforced plagtic of various grades featuring very different strength and stiffness parameters were used in subsequent
models of Lithuanian gliders — LAK-12, LAK-17 “Lietuva’ and other [10], [11]. This allowed the development of
structures that provided these glides with excellent aerodynamic characteritics. Today, Lithuanian gliders LAK-19,
LAK-19T and LAK-20 meet global standards and are in great demand all over the world. This was possible only
through proper use of materials and structure elements. One of the key structural elementsis the cantilever wing braced
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inside the fuselage. It consists of a spar and a three-layer skin shaping the profile of the wing (Fig. 1, a@). The cross-
section of the spar hasan 1-beam profile (Fig. 1, b) inserted in abox with filler at theroot chord (Fig. 1, c).

Composites penetrate into all fields of engineering including construction industry [4-8]. Polymer composite
materials (PCM) can be used for roof structures, roof and floor coating materials, interior and exterior decorative wall
panels, ducting components, pipelines and even all bearing elements and structures in small buildings, thus entirely
replacing conventional construction technologies. These materials are convenient in construction because they don't
need finishing, additional anticorrosive priming and painting or decorative coating. This significantly cuts the
construction costs as well as speeds up and facilitates assembling works.

PCM rods and solid PCM grids for concrete reinforcement replacing the currently used metal reinforcement
will lighten and reduce the cost of concrete span dabs as well as other construction elements and structures, and will
allow the improvement of their assembling procedures and development of new construction technol ogies.

When composite materials and structures made of such materials — including multilayer structures — are used
in construction, the following goal s can be achieved:

1. Increase of strength, stability and gtiffness at reduced amounts of materialsin use;

2. Reduction of weight of individual building edements and the entire building as well as the dimensions of the
structure cross-section;

3. Improvement of thermal insulation and acoustical properties;

4. Maximum exploitation of all material properties through appropriate distribution of structure layers,

5. Reduction of weight and dimensions of structures bearing composite elements with thermal insulation layers;

6. Reduction of energy costs of structure production, transportation and assembling.

Fig. 1 Cross-section of a glider wing

Fig. 2 Composite wood-concrete beam span structures [5]

With the help of multilayer composite structures, the weight of building span structures and especially roofing
can be reduced by 3 to 4 times, while the weight of the foundation can drop by as much as 4 to 10 times. This can
dramatically cut the costs of construction especially when the building has to be build on weak soils or the height of the
building hasto beraised [8, 11].

Today, composite cast in situ sted and concrete span structures reinforced with moulded metal sheets are
increasingly often used in construction. Such sheets are used as permanent formwork during the concreting of structures
and act as externa reinforcement under the effect of |oads during the use of the structures. Where moulded sheets are
employed, the combined performance of the concrete layer and the sheets is much better and the use of the height of
such dab ismore efficient.
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The use of composite wood-concrete structures is also expanding [5]. Compared to wood structures, wood-
concrete systems are twice more strong, while the stiffness of their plane is 3 to 4 times higher. Wood components of
the beams are most often made of solid timbers of rectangular cross-section when the span of the composite span
structureis up to 6 m (Fig. 2, @), or of glued timber of rectangular cross-section when the distance between the supports
is6to 10 m (Fig. 2, b). Thin-walled profiles can aso be used as wooden span beams (Fig. 2, ¢, d), especially those
made of oriented particle boards that are jointed with the concrete dab using different methods [5].

The use of composite structures in congtruction industry is stimulated by two major considerations
significantly lower cost of production and reduced energy cost of building maintenance together with structure lightness
while retaining the same technical properties.

3. Basic Premises of Multilayer Structural Element Design

In general, a multilayer structural element (Fig. 3) consists of n layers of different thickness d, and width b,
that have different eadticity characteristics E,n,, strength and fracture stresses and deformations. The state of a

multilayer structure is analysed at small linear deformations with respect to latera shear deformations. Deformation
values have to be equal across the layer contact surface, i.e. there should be no creep of the layers. In case of creep, the
composite element would loose its integrity.

The method of multilayer structural element calculation proposed by the authors of this paper is based on the
following premises[11]:
1. In the structural composite element under deformation, the cross-sections remain flat and perpendicular to the

longitudinal layer of the beam in spite of whether the materia of thelayer islinearly elatic.

2. Linear longitudinal deformations at the level of the structural element are distributed according to the linear law.
3. Mechanicd characterigtics of the layer depend on the experimentally determined properties of the reinforcing and
binding material of the composite asawhole.
Thereisno creep a the joints of the layers.
5. Poisson’sratios of materials comprising the layers are equaln =n. .

»

Y

Fig. 3 Multilayer structural element

When applying this method it is important to know the characteristics of the material in the direction of the
load. Structure of desired gtiffness and strength is easy to design by changing the materials comprising the structura
element and geometrical parameters of the layers. The method described herein has been acknowledged and tested
using other methods [11]-{13].

4. Design of Multilayer Beams

When examining the strength and stiffness problems of multilayer structural elements, it is necessary to know
the coordinates of the element cross-section stiffness centre and the directions of the principal axes of inertia going
through this centre. In general, the centre of stiffness of the cross-section of a multilayer structural eement does not
match the geometrical centre. Of course, in order to find the axial load, the point of effect of the resultant of external
forces has to be in the giffness centre of the cross-section. When bending, temporary bending moment are usually
placed in the planes that are perpendicular to the cross-section plane and that cross the principa axes of inertia, while
the crossing point of the latter is in the stiffness centre of the cross-section. In case of such bending, the planes of the
bending moment match the neutral layers, therefore we will call the principal axes of inertiathe directions of the neutra
layers. Often, the analysisis applied to structural elements that have one or two geometrical and/or stiffness symmetry
axes. In such case, it suffices to calculate the ordinate of the neutral layer:

éd d st U/ &
yE = éa. Byidi +2a Byia. dj lél/za Byi ' (1)
j=1 i=1

@i=1 i=2
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Often, we have to deal with asymmetric multilayer structures. In such cases, we have to know how to calculate
the position of the neutral axis in respect of both axes, the crossing point of which is the centre of stiffness of the
multilayer structural element. It has been found that after a proper transformation, the formula (1) can be used for the
calculation of xg coordinate:

én n i-1 l:l n
w=fhecrshnde/de. @
IE i=1

@i=1 i=2

Here, B and By arethe axial stiffness values of the layers, while B = é B = é AE, isthat of the entire cross-section.
i=1 i=1

The deduced formulae (1) and (2) are very convenient — especially when multilayer structural elements are
made of any number of rectangular layersin spite of their position with respect to each other, and their dimensions are
not uniform in general, i.e. the cross-section of such multilayer structural eements is asymmetric with regard to both
axes (x and y).

Whereas materials used for the production of layers have different elasticity moduli E; and their position with
regard to each other is unconstrained, in general, the resultant structure will be asymmetric both in terms of geometry
and stiffness. In such casg, the centre of stiffness does not match the geometrical centre. Where the configuration of the
layersisirregular, the coordinates of the centre of stiffness can be calculated according to the following formul ae:

J J
asE aSE

- i=1 , - i=1 . 3
5 Ve 5 ©)

Thus, in order to find the position of a neutra line in a multilayer structura eement, it suffices to know the
elasticity moduli of the materials of each layer and their geometrical shape.

The angle between the direction of neutral linej and the direction of principal axisx, can also be determined
using amodified formula of the turning angle of principal axes of inertia

2D
tga = "B (4)
Dy - De
Here, Dg, D¢, D,ee istheaxid and the mixed stiffnessin respect of X,y axes.

The following formula has been deduced for the calculation of normal stress s, in any point of the multilayer
beam [11], [13]:

s.:mE.. (5)

XI Xl

Here,s , and E, arethe norma stress of thei layer and its elasticity modulus in the direction of the x axis; y. isthe
distance between the neutral line and the layer in question, which can be determined using the following equation:

Y=

m=1

Yo" iéld,,‘. (6)

When the formula of determining normal stressin any layer of the bent multilayer beam (5) is compared to the
formula of stresses in isotropic material, we can see that in case of the multilayer beam, instead of the cross-section
inertia moment | used in the conventional stress formula, another characterigtic of the cross-section — the stiffness of the
beam D isused and further multiplied by the layer elasticity modulus.

The following formula was deduced for the calculation of tangent stresses from the transverse effort:

¢ =9%
¥ " Db

y

(")

Here,C, = § ES, istheequivaent static moment, and by is the width of the beam layers in a given point.
i=1
The deduced equation is equivalent to the established Zhuravsky formula, which is used for the calculation of tangent
stressin isotropic materias.
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Fig. 4 Cross-section of a three-layer beam (@) and distribution of normal stresses within it (b, ¢), when E;>E; (b) and

Ei<E; (0)

When analysing the (5) eguation, one can easly notice that the cross-section of the multilayer structural
element shows a stress jump proportional to the ratio of easticity moduli at the crossing from one layer of the beam to
the other (Fig. 4). Therefore, the normal stresses emerging in the next layer at the layer contact area can be found from
the following equation:

) - _Ei+1. 8
Sin s,E (8)

Didgtributions of normal stress shown in Fig. 4 (b and c) can be found in the cross-section of a three-layer beam
(Fig. 4, a) consisting of two materialswith elasticity moduli E, and E,.

Cases of tangent stress distribution in the cross-section of a three-layer beam are shown in Fig. 5. Formula (7)
shows that the pattern of stress distribution in the cross-section may be related to the changes of C, and b, values.

From layer i to layer i +1, the layer elasticity modulus changesfrom E; to E,,,, but the static moment of the layer i +1

is gill equal to zero as the y coordinate remains the same and thus the equivalent static momentum does not change.
This shows that the beam widths b, and b, are equal, there is no sharp tangent stress jump in stress diagram and

tyi =t i (Fig. 5, @). The change of distance y only affects the intensity of change of tangent stresses depending of the
elasticity modulus of the layer in question.

% 7
S E—
% 1

a b

Fig. 5 Distribution of tangent stresses in athree-layer beam when the beam widths are equal (a) and different (b)

When the widths of the beam are changed (Fig. 5, b) from p,; tob,;.,, tangent stresses of the layer contact area
are calculated from the following equation:

t (10)

yi+l =t yi .t
B

It hasto be noted, that the reduced cross-section method has been used in the design of multilayer beams until
now. This method renders inaccurate pattern of tangent stress distribution or incorrect values thereof. This could result
in fragmentation of the structure.



97

5. Design of Multilayer Columns

Multilayer columns aso have their own advantages and are increasingly widely used in the construction
industry. The loading of the columns is usually non-central, therefore the stresses in any point of the column can be
calculated using formula[11]:

_N +MxykEk+MkaEk _

B D D ()

Here, the principal axesare x andy, that cross the centre of stiffness.
For the calculation of columns, it is very important to define the boundaries of the cross-section kern. In case
of multilayer columns, the coordinates of the cross-section kern have to be cal culated from the following eguations:

D
L and = (12)
Bxa, Bxa,

Xb:-

Here, a, and a, are the coordinates of the points, where the neutral line crosses the principal axes.

Thisismore explicitly described in a separate study [11] and science magazinesin the short run.

Computer software has been prepared for the implementation of the described methodology, and the research
results are constantly updated in science magazines.
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Abstract

We use the PC Cluster TAURAS [1] with the SCore cluster system software on top of Linux operating system
to present the strategy for parallelizing Monte Carlo calculations. Parallel Monte Carlo (PMC) methods are successful
because particles are typically independent and easily distributed to multiple processors. The PC cluster helps us to
computerized parallel programsfor simulating mortar firing.

In this article we present the PMC, who let us analyze how many mines and how many volleys for hitting
armed target situate at a definite distance must be shot. Also we take the definition in its most general sense, and it isthe
random aspect of Monte Carlo that is our focus. Input data for the different trials are selected using values in prescribed
distributions, using a pseudo-random number generator. An efficient algorithm is required for initializing the random
number generator for each subsequence. The basic computation typically involves a significant amount of calculation,
s0 that the pseudo-random number generation itself represents a small fraction of the total computationa effort.

We present the parallel method for numerical Smulation of trench-mortar tasks for SCore type cluster system.
These programs, helps to calculate parameters of firing for destroy the target. Data that can be calculated are: the
standard quadratic variance, number of mines for realize successful firing and destroy separate or group targets with
chooses confidence probability and so on.

These programs can be used for the teaching of the future officers as well. We propose computations that are
very effective because the digital experiment can substitute costly firings at the shooting range; the pollution of the
environment isreduced.

KEY WORDS: parallel Monte Carlo, SCore type cluster, trench-mortar.

1. Introduction

The Monte Carlo method provides approximate solutions to a variety of mathematical problems by performing
statistical sampling experiments on a computer. The method applies to problems with no probabilistic content as well as
to those with inherent probabilistic structure.

Statistical simulation methods may be contrasted to conventional numerical methods, which typically are
applied to ordinary or partial differential equations that describe some underlying physical or mathematical system. The
only requirement is that the physical (or mathematical) system be described by probability density functions (pdf’s).
When the pdf's are known, the Monte Carlo simulation can proceed by random sampling from the pdf’s. Many
simulations are then performed and the desired result istaken as an average over the number of observations.

Monte Carlo is now used routinely in many diverse fields. The primary components of a Monte Carlo
simulation method include the following:

- Probability distribution functions - the physical (or mathematical) system must be described by a set of pdf's.

- Random number generator - a source of random numbers uniformly distributed on the unit interval must be available.

- Sampling rule - a prescription for sampling from the specified pdf's, assuming the availability of random numbers on
the unit interval, must be given.

- Scoring (or tallying) - the outcomes must be accumulated into overall tallies or scores for the quantities of interest.

- Error egtimation - an estimate of the dtatistica error (variance) as a function of the number of trials and other
guantities mugt be determined.

- Variance reduction techniques - methods for reducing the variance in the estimated solution to reduce the
computational time for Monte Carlo simulation.

- Pardldization - dgorithmsto dlow Monte Carlo methodsto beimplemented efficiently on advanced computer architectures.

We analyzed in this paper the method for numerical smulation of trench-mortar tasks. In our generd focus
was to present the homemade parallel program for solving the non-linear equations system, which describes the mine's
moving trajectory and helps to calculate parameters of firing for destroy the target. We chose generalized results from
table [2], comparing data and state the dependence of resistance coefficient upon the distance to the target. In this way
we used the andytical solution and indicated the initia speed of mine v,, the coefficient of resistance k and the
influence of wind in the following manner

v, + randoninormald]Dv,,  k+ randomnormald]DK,

1
F, + randon{normald]DF,, F, +randon{normald]DF,, @)



99

I100] +# + 4+ 4+ + + 4+ 4+ 4 ++++3++ 44
B
...................
I T T R T S S S A B S S B A S
SO+ + 4 4 4 4 4 s b st d ks esas s
2 001 P R R R R I
Trr T T T T TTE T T TR T T
R R R R
BOL ++ #4 4+ b4ttt ses4+4
150-+ + + + + + LR N B R A N I ]
P R
40 P ko ok ks o
+ SRR R
1004 + + + + + + + TR
T
501 + + + + + + 20 e
rrrrrrr e
++++++++++
) ) ) A RS R T
a b

Fig. 1 The schemes of: possible targets (a) and hitting power after one realization (b)

here randomnormald] — generating standard normal distribution N(O; 1) and Avp, AF;, AF, — the maximal random
error of initial velocity v, that of coefficient of air resistance k, the random errors of contrary wind influence F, , or side
wind influence F, corresponding to the concrete conditions. For example, for the 120 mm trench-mortar the decrement
of initial velocity of mine is 0.5 per cent. During the shoocting the gun tube wears and tears this error increase. The
random fluctuation of the temperature or pressure of the atmosphere determines about one per cent of increment of
coefficient k of resistance.

When we used simulation methods for trench-mortar and need to get two dependability symbols, we doing the
million numerical experiences and repeating million time calculations and then do the statistical processing of data. The
calculations time increase very fast of these investigations and we can get the results only after one or two ours. The
analogical situation is when we solve the optimization of annihilation group target of 300 m in width and 200 m in
depth. Possible scheme of targets are represented in Fig. 1.

As usually this target is hitting by battery of trench-mortar. For one volley each mortar shoots three times and
each time is changing the blowpipe angle. If we know the result of destruct of mine, we can to sum up the situation.
Some errors are possible shooting to the same point. We form the random variables and mean sguare variances Sy
(for x - axis) and s,; (for y - axis). They may be different for distinct mortar.

x =x +35,~ randon{normald],

Yy, =Y, +3,  random{normald]. 2
Calculations are repeating the necessary number of times (10, 15 or 20 times), because the target must be hit
with chosen confidence. Solve the task of optimization was used the Monte Carlo method, that let us to know number of
mine for realize successful firing and destroy separate or group targets with choose confidence probability and so on.
The programs, running 10-15 minutes, can be used for the teaching of the future officers as well. This dictate terms to
calculations, so we realize all computations on PC cluster TAURAS [5] by parallel Monte Carlo method (PMC).

2. Pseudo-Random Number Generation on SCor e Cluster

It isknown, that the success of any Monte Carlo program depends on the quality of the pseudo-random number
generators used. In this article we take the definition in its most general sense, and it is the random aspect of Monte
Carlo that is our focus.

We used the PC Cluster TAURAS with the SCore cluster system software on top of Linux OS to present the
strategy for parallelizing Monte Carlo calculations for our task [5]. Linux OS have some functions generate pseudo-
random numbers using the linear congruent agorithm and 48-bit integer arithmetic. The drand48() function return non-
negative double-precision floating-point values uniformly distributed between 0 and 1. The srand48() function is
initialization function, that should be called before using drand48(), Irand48() or mrand48(). All the functions work by
generating a sequence of 48-hit integers, X, according to the linear congruent formula:

X, =(aX, +c)modm, €)

wheren>0and in isolated casea = 5% and ¢ = 0. The parameter m= 2, hence 48-hit integer arithmetic is performed.
Formula (3) means, that using numbers X, are cal culating pseudo-random numbers

g, =2°X,. 4
The cluster structure let to perform for each processes the sequences of pseudo-random numbers with

initialization by server’s clock time. There was written for SCore type cluster the program, which let us to perform for
each process the sequences of pseudo-random numbers with initialization by server's clock time.



/* ________________________________________________________________________________________ */
/* initialization of random nunber generation */
/* ________________________________________________________________________________________ */

rand_mas = (int*)nmalloc( sizeof(int)*numof_nodes );
if (nyid==server_id) {

/* ________________________________________________________________________________________ */
/* random nunber initialization by server's clock tine */
/* ________________________________________________________________________________________ */

srand( (unsigned int)tine(NULL) );
for (i=0; i<numof_nodes; i++) rand_mas[i] = rand();

}
MPI _Bcast (rand_mas, num of _nodes, MPI _I NTEGER, server_id,
MPI _COWMM WORLD) ;
init_randonm(rand_mas[nyid]);
free(rand_mas);
/* ________________________________________________________________________________________ */
if (nyid==server_id) {

pl’l ntf("\n*****************************************************************\n");
| ai kas_b = time(NULL);

t_b = time(NULL);

sol ve_atv(m al phal, m al pha2, numof_iters, salviu_sk);
solve_ties(m.al phal, mal pha2, mas_xs, mas_ys, mas_t, numof_iters);
t_e = time(NULL);

for (i=0; i<numof_iters; i++)
/1 printf("node: %, \tnmx: %\n", nyid, mas_xs[i]);
printf(“node: %, \trand: %\n", nyid, get_rand_nun());

/1 printf("node: %, \tlaikas: %®is\n", nyid, t_e-t_b);

This let us to establish a bound on the length of the subsequence required for each redlization. The first
subsequence is chosen to cons g of the first consecutive numbers in the sequence the second subsequence to consist of the
next consecutive numbers in the sequence, and so on. Each redlization is assgned to the next processor that becomes free,
and then it becomes feasible to undertake the identical Monte Carlo calculation on an arbitrary number of parald
processors. Thisholds regardless of the reative computational capacity or availability of the different processor.

1. The Optimization of Calculationsfor Iterations of Each Process

It is known, that the time of calculations increase very fast using the numerical experience n time, because the

precision of results increase in proportional 1/ Jn , where n means the number of experiments. When we need to get

two dependability symbols, we doing the million numerical experiences and repeating million time cal culations and then
do the satistical processing of data.

One persona computer with 2.4 GHz CPU calculates this task about 3500 s. This time is not good for real
situation, because the military decisions must be doing immediately. Also we know that to realize this simulation for
teaching the military situation for students must be model in real time. On SCore type cluster TAURAS we used
homemade parallel programs that generating parallel pseudo-random numbers and help to realize in real time the
simulation of trench-mortar firing (Fig.2).

To solve the problem of Monte Carlo cal culation continuance time we write for PC cluster the severa programs
in C code with MPI standard, which was used in our research work and are presented below. The calculations of
iterations for each process on heterogeneous cluster et usto optimize the performance [1, 5]. SCore cluster software let
us do this computations better with portion evenly the job for al CPU's:

Simulation 5Core
code environment
3
Tnput
data
(T
Random Resulis of

numbers simulation

Models Visualization
of data

Fig. 2 Thetrench - mortar simulation schemerealized by paralle Monte Carlo on SCoretype cluster TAURAS




101
/* Cal cul ations of iterations of each process for heterogeneous cluster */

cpu_speed_nms[server_id] = get_cpu_speed();
for(i=server_id+l; i<numof_nodes; i++)
MPI _Recv(&cpu_speed_nas[i], 1, MPI_INT, i, 1, MPI_COW WORLD, &status);

for(i=0; i<numof_nodes; i++) total_ MiZ+=cpu_speed_mas[i];
MHZ _per _Iter = ceil ((double)(total _MiZ)/bandynu_sk);

for(i=0; i<numof_nodes; i++) {
node_iters[i] = cpu_speed_mas[i]/MiZ_per_lter;
tnp_total _iters+=node_iters[i];

delta_iters = bandynmu_sk - tnp_total _iters;

i =0;

while(delta_iters>0) {
if (i>=num.of_nodes) i=0;
node_iters[i] += 1;
delta_iters--;
i ++;

}

/* free(cpu_speed_mas); */
} else {
/*

cpu_speed = get_cpu_speed();

MPl _Send( &cpu_speed, 1, MPI _INT, server_id, 1, MPI_COVM WORLD);
*/
}

MPI _Bcast (node_iters, numof_nodes, MPI _INT, server_id, MPI_COW WORLD);
MPl _Bcast (&sal viu_sk, 1, MPI_INT, server_id, MPI_COVM WORLD);
numof iters = node_iters[nyid];

The calculations by paralel Monte Carlo (PMC) methods were successful on PC cluster TAURAS, because
wrote programs let the independent particles easily distribute to multiple processors and the cluster helps us to
computerized parallel programsfor simulating mortar firing.

4, The Calculation Results

The time of calculations on separate number of CPU after 15 volleys of 10000 hits show us that the heterogeneous
SCore clugter is good device for such tasks and for redlization Smulation of trench-mortar is better the paralld Monte Carlo.
For example, if the distance to the target is 3050 m and we shooting 10000 times with different number of CPU, we can get
the results at the time presented below in Fig.3. Reiterating the calculus 10000 times with random errors of initid ve ocity of
mines and that' s of air resistance we get the élipse of concentration of results shown in Fig.4.

Moreover we solve the task of optimization: how many mines must be shot to the target situated at a definite
distance for hitting with the confidence probability 0.9. For this task we looking for digributed by normal distribute
random values by using the formulas below

X = /-2Ing1 cos(2pgz),h = /-2Inglsin(2pgz). (5)

260 &0
240 i
3 40 40
L
g 2004 PIIE N
5 1801 ]
[ “l-
e
160 a0
140 -4014
120 i -
g 8 10 12 Y 16 -4l
Huber of CPUT .80

Fig. 3 The calculation time dependence from separate Fig. 4 The dlipse of concentration of 120 mm trench-
number of CPU mortar when was shoot 10000 times at the target in
the distance of 3050 m



102

Then we calculate the quadratic variances s and s, by formulas (2) and the dispersion of hitting points. When
we know the standard quadratic variances and meansm, and m,, the probability of hitting the target equalsto

%y X (Lem)?  (-m)®

s O Toe T ow. (6)

XXTWY X%

PIXT (%5%), YT (YY)} =

Hereintervals (X ; X2), (Y1; Y2) — signifies the size of target and (m,; m,) are the coordinates of the target.

This probability is stable for determine distance, so we may find necessary number of shooting for hitting the
target. In Fig.4 we present the visualization of dispersion ellipse of 10000 points hitting.

Repeating the calculus for various distances until the target and after statistical trestment of results, we get the
dependence of mean square deviations on the target distance.

The dispersion of projectiles and shellsis described by the normal digtribution. The probability to hit the target
with the chosen parameters may be calculated by the formula (6). If one falls to hit the target and one shoot again some
times, then the probahility of hit the target may be cal culated by the formula

R =1-(- p", (7)

where (1 - p) isthe probability to fall to hit in every shoot separate, and that probability being constant, n is the number
of shoots. For example, the probability to hit a tank (which parameters are 4x8 m) at the distance of 1 km is 0.14
(utilizing the methodol ogy described above finding s, and s,). For destruction atank with the probability of confidence
0.85it isnecessary to shoot 13 times.

5. Conclusions

An efficient algorithm is required for initializing the random number generator for each subsequence. The
basic computation typically involves a significant amount of calculation, so that the pseudo-random number generation
itself represents a small fraction of the total computational effort. In this article we take the definition in its most general
sense, and it is the random aspect of Monte Carlo that is our center of attention. Input data for the different trialsin our
redization for PC cluster are selected using values in prescribed distributions, using a pseudo-random number generator
of Linux OS environment.

The get results show that the parallel Monte Carlo is more better for realization our task. The presented parallel
programs, helps to calculate parameters of firing for destroy the target. Data which can be calculated are: the standard
quadratic variance, numbers of mines for realize successful firing and destroy separate or group targets with choose
confidence probability and so on. These programs can be used for the teaching of the future officers as well, because the
cal cul ations continue shot time.

The numerical simulation of trench-mortar tasks presented by paralled Monte Carlo method was successful
thanks to homemade parallel programs, and shows that both the quality of the parallel pseudo-random number generator
and the statistical independence of the results cal culated on each processor are important.

Also presented the parallel Monte Carlo let us analyze how many mines and how many volleys for hitting
armed target situate at a definite distance must be shot.

The last and very important is that we recommend computations, which are very effective because the digital
experiment can substitute costly firings at the shooting range and the pollution of the environment is reduced.
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Abstract

For fast read-write process in recording nanophotonic devices are to be magnetic nanopaticles (NP) of smaller
size where reduction of magnetic coercivity is expected thus stability of NP is an important factor. Usually metallic NP
easily oxidize in air and they could loose their magnetic properties while their stability increase. In the present work
theoretical investigation of CosO, (n=1-7) by applying density functional approach are presented. Calculations revea
that the stability of these compounds increase when the number of O atoms increase. We have found that CogO; is the
most stable particle among all investigated ones. The increase of the number of the Oxygen atoms leads to the
elongation of the Co-Co bond length and dramatically changes electronic structure of NPs. The Oxygen atoms stabilize
Cog particles due to dissolving of Co-Co bonds that possess antibonding character.

KEY WORDS: nanoparticles, density functional, electronic and geometrical structure, electron density.

1. Introduction

During recent years, free and deposited transition — metal clusters have been extensively studied
experimentally and theoretically because of their special magnetic properties that play a key role in technology and
industry, ranging from the generation and digribution of electrica power up to communication devices and the
processing of information [1, 2]. It is well known, that properties of NPs depend upon symmetry and atomic
composition and these processes affect even the structural parameters such as the shape of the particles or the
interatomic distances. As example, by assembling cobalt nanoparticles containing up to 40 atoms, the magnetic
anisotropy energy is dependent on single-atom coordination changes [3]. On the other hand, the structure affects high
chemical stability of nanoparticles even if they are in contact with the ambient, in particular with Oxygen [4].

One of the most interacting and widely used nanoparticlesis Co species. The Co nanocrystals display a wealth
of size-dependent structural, magnetic, electronic, and cataytic properties. Pure cobalt powder samples with diameters
of few nanometers are the subjects of intense research due to their properties, which make them very appealing from
both the theoretical and the technological point of view. To stabilize a pure Co nanoparticles the CoO is used. Pure CoO
nanoparticles in the 4.5-18 nm range have been prepared by the decomposition of Co(ll) cupferronate [5]. The core-
shell nanoparticles (Co-CoO) are examined. Reported results demonstrate the essential role played by shells in
stabilizing the magnetism of Co-CoO nanoparticles. Few reports on the preparation and properties of pure CoO in bulk
are due to difficulties to obtain the materials in pure form by simple methods [6]. The particles are often being
contaminated with CosO, or Co metal. A greater stability of Co;O, than that of CoO has also been established.
However, reports on other Co,Op, particle properties are not found and there is no clear data on the structure and
stability of these CoOp,, nanoparticles. Hence, the aim of our investigation isto find the most stable CosOr, particles and
to exhibit how and why the e ectronic and geometric structures of these particles are changed.

2. Description of Method

Let us introduce briefly results that were obtained under investigation of Co, particles [7]. These results
indicate Cos and Coy, as the most stable particle. Moreover, the structure of Cos particle occurred in al investigated
derivatives, thus this structureis called a key-element of the Co clusters. In the case of this Cog particle, we have three-
dimensional structure with C,y symmetry that was obtained after global optimization of the D4, isomer of Cos. TO
model CosO, (M= 1... 7), we have used the most stable geometrical structure of the Cog particle (key-elements) as the
starting point.

The stability and el ectronic structure of the CosO (M= 1 ... 7) have been investigated by using the generalized
gradient approximation for the exchange-correlation potential in the density functional theory (DFT) as described by
Becke' s three-parameter hybrid functional using the non-local correlation provided by Lee, Yang, and Parr. The DFT
methods are commonly referred to as B3LYP [8]. The 6-31G basis set for Co and O has been used as well [9]. The
structures of the investigated nanoparticles have been optimized globally without any symmetry constraint and by
starting with various initial geometries. The initial geometry of clusters was constructed accordingly to certain
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symmetry. So, the set of starting configurations was extensive enough. The GAMESS and Gaussian program suites
were used for al smulations here [10-11].

3. Reaults

To find out how the structure of the Co nanoparticles could change due to the presence of an Oxygen atom, the
different structures of the CosOy,, (M=1-7) have been modeled and investigated applying B3LY P 6-31G approach. The
most stable structures are presented in Fig.1.

Firgly, it is necessary to mention that Oxygen stabilizes the Co nanoparticle and increasing number of Oxygen
atom the binding energy per atom increases also (Fig.2). The difference of the binding energy per atom of Cog and
Cos0 is equa to 0.48 eV, while that between of CosOg and CosO; is only 0.21 eV, i.e. two times less. On the other
hand, the changing of the number of Oxygen atoms from 2 to 3 leadsto the largest increase of binding energy per atom
(0.72 eV), while the binding energy per atom increase only up to 0.13 eV when the Oxygen atom number in a particle
increases from 3 to 4. Thus, the results of our investigations allow us to predict that starting from m=7 (m is number of
Oxygen) further increase of the number of Oxygen atoms will not influence the stahility of these particles very strongly
if the main structure (the key-element) will not considerably change. The explanation of such binding energy per atom
changeability could be explained by the Co particle geometrical structure changes. In the case when additional Oxygen
atom does not significantly increase the binding energy per atom the main part of this atom energy is used to deform the
structure of the key element (Cog). Thus, the binding energies per atom of CosO3 and CosO, or Cos0Os and CosO; are
approximately equal.

It is emphasized that the key element of the Cos, is present in the CoOn, (N=0, 1, 2, 3, 5, 6, 7) derivatives.
However, the key element is dightly deformed. The changeability of the initial form is Oxygen atom depended. The
largest deformation is obtained in CosO,, when the distance between the planes (formed of atoms 1, 2, 3 and of 4,5,6) is
increased and one planeisrotated in respect the other oneby = /4 angle. Actually, ancther structure of the CosO; which
looks like CosOs Was also obtained, but the energy of formation of this particle is 1.23 eV higher than that of the
particle structure described above (Fig.3).

In the CosO, particle the key dement (Cos) is deformed twice: 1. the distances between the atoms Co2-Co5
decrease; 2. Col and Co6 position in respect of the plane that is formed by atoms 2,3,4,5 is changed. It is emphasized,
that the structure of this particle has been obtained after global geometry optimization starting with several completely
different initial geometries. Thus, the geometrica structure of the CogO,4 particleis confirmed.

Hence, the largest particle Cos deformations are obtained when the number of Oxygen atoms is changed from
3to4 and from 6 to 7. In these cases the stahilization energy per atom is smaller than in others cases investigated. Thus,
the main part of Oxygen energy is used to deform key structure of Cos.

It is necessary to mention, that in the case of Oxygen atom 2 and 6 the structure of the CosO,, particle [ooks
like the octahedron, while in the case of odd numbers of Oxygen the octahedron form is strongly deformed (except the
results of CogQO,).

The common observation is that that the Co-Co bond lengths are marginally changed only between the atoms
that are connected with O (Table 1) and as a consequence the bond enlargement leads to Co-Co bond dissolving. The
attention should be paid to results of CosO,. In this case, the bonds forming the Co atom connection with Oxygen are
shorter than those in Cog particle, but the analysis of the bond order indicates that the above Co-Co bonds are weaker
than those in the Cos particle. As example: in Cog particle bond order between Col-Cao5 is equal to 1.018, whilethat in
Cos04 is approximately twice smaller and equalsto 0.55.

To shed some light on the observation, the analyzes of the most important orbitals of in the Cog particles have
been investigated. In Fig. 4. the highest occupied orbital (HOMO) and the lowest unoccupied orbital (LUMO) gap
dependence on the number of Oxygen atoms takes place. The HOMO-LUMO gap indicates that chemical stability of
Cos, Cos0O3 and CozOs isvery low, i.e. they tend to form new chemical bonds.

Let us remember that in the Co derivatives the number of bonding molecular orbitals that may be occupied is
insufficient to locate al electrons of the system [12]. This leads to the presence of e ectrons on the antibonding orbital
and as a consequence to the dissolution of Co-Co bonds.

Table 1
The distance between the Co atoms which are connected with the O atom.
STTETE Co-Co bond length, A
1-2 1-3 1-4 1-6 2-3 2-6 4-5 4-6 3-4

Cos 2.15 2.33 2.15 2.24 2.04 2.23 2.04 2.31 2.33
CosO 2.54
Cos0, 3.01
Cos0s 2.18 2.37 2.33 2.14
Cos04 2.27 2.27 2.27 472 2.27
C0s0s5 2.25 2.61 2.25 2.39
Cos0s 2.83 2.67 2.89 2.32 2.87 2.44
CosO; 2.93 311 2.93 2.93 2.93
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Fig. 1 The views of Co,Op, (m=1... 7) particles Fig. 2 The dependence of binding energy per atom on the
Oxygen atom number
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Fig. 3 Structure of the CosO;100ks like CosOg Fig. 4 The HOMO-LUMO gap of the CogO,,(m=1...7)
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Cob
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Fig. 5 The HOMO orbita antibonding character of the Cos particle

On the other hand, the Co eectronic configuration for the ground state neutral gaseous atom is [Ar].3d7-4 s2,
while that of O is[He].2s2.2p4. The configuration associated with Cobalt in its compounds is not necessarly the same,
but it could be used to expain formally obtained results.

In Cos compounds dl bonding orbitals are occupied and, as it hasalready been mentioned, some electrons are
dispaced on the antibonding orbitals, the energy of which is higher than that of the bonding orbitals. Therefore, the
stability of the pure cobalt nanoparticle is low. When Cos nanoparticle is joined to one or two Oxygen atoms, the
number of electronsthat occupy antibonding orbita s decrease because these el ectrons have occupied Oxygen orbitals.

To support the above explanation, the HOMO orbital character of the Cog particle was investigated. The
antibonding atomic orbitals between Col-Co2, Col-Co6, Col-Co5, Co2-Co6 and Co6-Co5 were obtained (Fig.5).

Oxygen atoms in the CozO;, Cos05, Cos0O,, and CosO particles are joined to atoms between which the
antibonding orbitals occur. Having in mind that the joining of Oxygen atoms leads to bond length increase and
dissolution of Co-Co bonds, so the above mentioned prediction is confirmed. In the case of the CosO; particle, one O
atom isjoined to Co4-Co5 atoms. The antibonding nature of the bonds has not been observed between these atoms. In
this case a stearic effect is more preferable because the other position of the Oxygen atom should complicate Col-Co2
and Co2-Co6 elongation or leads to destruction of this particle. Hence, Oxygen atoms stabilize Cog particles due to
dissolving of Co-Co bonds that possess antibonding character.
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To be a semiconductor the solid must have at least two characteristics: 1. the bonding and antibonding orbitals
must form a delocalized band; 2. the HOMO-LUMO gap in molecular species should be generally on order of 0.5eV to
3.5eV. HOMO-LUMO gaps of investigated derivative belong to the above range. However, the number of antibonding
orbitals decreases with increasing of the number of Oxygen atoms. The results allow us to predict, that CosO,, particles
should loose their semiconductor propertiesif the number of Oxygen increase.

4, Conclusions

We have studied the geometrical and electronic structures of small CosO,, particle containing m=1-7 Oxygen
atoms applying density functional theory. It has been pointed out, that the Oxygen atoms stabilize CosOy, (M=0-7)
particles. Moreover, the geometrical structure of the key element (Cog particle) isinsignificantly changed. The strongest
deformation is obtained in the case of the CosO, and CosO; particles when al bonds with antibonding nature are
dissipated.

The obtained results indicate that stabilization effect is on number of the Oxygen atom depended and allow us
to predict that starting with m=7 (m is number of Oxygen atoms) further increasing of the number of atoms will not
influence strongly the stability of CosOy, particles if the key structure will not change very strongly. On the other hand
increased of the binding energy per atom is very low when the number of Oxygen atomsincrease from 3 till 4 and from
6 till 7 because the main part of the added Oxygen atom energy is used to deform the key element.

The obtained results and presented explanation alow us to predict, that Oxygen atoms will stabilize Cog particles
due to dissolution of Co-Co bonds that possess antibonding character.
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Abstract

The forecasting of reliability of the dectric isolation is carried out, that is determined by capacity losses in the
commutator of the converter at various types of power commutator of the converter with soft commutation in traction
electric drives.

1. Investigation Results

In accordance with the State program of devel opment of a railway transport in Ukraine, it is planned putting
into production of new locomotives, passenger car for high-speed transportation, cars of electric-, diesel engines - trains
and trains of the underground.

The organization of high-speed movement of railway traffic in Ukraine is considered as a necessary condition
of integration of arailway transportation of the country in the all-European transport system.

In conditions when the competition in the market of transport services is becoming tougher, the increase of
speed of movement of passenger trains has a special significance. Reduction of duration of trip not only promotes a
sensation of psychological comfort, but also lowersits cost price for passenger in view of economy of timein transit.

Theincrease of competiveness of Ukrainian railwaysis inseparably linked with bringing of operational park of
arolling stock to a state corresponding to the norms and rules of the International Union of railways. For this purpose it
is hecessary to solve many problems concerning arolling stock. In particulars, in passenger car building it is necessary
to create new generations of undergrounds cars of the higher comfortableness with a high speed of movement and
more effective traction and brake systems.

At the ssme time the increase of movement speed predetermines necessity of the essential modernization of the
rolling stock, first of all, directed on maintenance of smooth running, decrease in noise level and various kinds of
vibrations, raising safety of operation and reliability of an eectric equipment. Realization of such requirements is
substantially connected to perfection of the characteristics of eectric equipment, in particular, of traction eectric
motors, since about 30-35 % of breakdowns of the total number of faults of the eectric equipment of aralling stock [1]
are on their share. In this connection the insurance of the safety of movement of the undergrounds’ trains is an actual
problem. The task of forecasting of serviceability of the traction e ectric motors providing the set operationa reliability
isactual one also. Therequirements to reliability of these systemsin metropolitan railways are alittle bit higher than on
the main line rail transport. It is caused by complexity of eimination of damages in the conditions of tunnels and also
by necessity of providing with passengers safety on the limited area of landing platforms.

The lagt developments in the sphere of application of power semi-conductor devices with field control in
traction frequency — regulated drives have made possible the technical refitting and modernization of electric transport.
It has enabled their use in new systems of frequency - regulated electric drives with the electric aternating current
motors. However at the same time with anumber of advantages, these devices have a so serious lacks such as:

- thelimited high-gpeed response at commutations, which isreduced in process of increase in capacity and aworking voltage;
- complex manufacturing technique;
- high cost.

The elimination of restriction of speed operation at commutations is possible with application of the special
expensive RLC the filters which are connected between the converter and the engine [2, 3]. They alow to limit the
frequency of commutations a pulse-width modulation of powerful high-voltage semi-conductor keys at a level about
500 Hz [4] at the traditional two-zoned characteristic of the control.

The application of the raised frequency of commutations is necessary for the drives with repestedly - short-
term mode of the operation which is used in underground trains. The application of the traditional two-zoned
characteristic of the control, as the investigations [5] have shown, results in not optimum copper and steel losses
balance of the engine on high speeds of movement.

The elimination of the mentioned lacks is supposed due to use of the circuits of soft and one-operational
commutations of power semi-conductor devices, which were generally recognized recently [6, 7]. They alow to return
the energy of commutations in the power supply and to raise frequency of commutations in several times (practically
without restriction of loading ability of devices on a current). Besides they allow to solve before designated actual
problem, that consist in negative effect of high transconductance of the voltage fronts which is supplied on the engine
and lowers thereliability of electric isolation, determined by capacity losses in the converter’ s commutator.
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The purpose of the given work is forecasting of reliability of the eectric isolation determined by the capacity
losses in the converter’s commutator, at application of converters with soft commutations in traction electric drives at
various variants of enclosure of power commutations of the converter.

The most perspective variant of the units of soft commutation (VK) for the application in powerful converters
isshown on Fig. 1. Thisunit is part of half-bridge (inverter arm) on IGBT-modulesVVT1, VD1 and VT2, VD2 and isthe
additional block for all convertersin examined circuits of drives.
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Fig. 1 Thecircuit of node of commutation (YK) in structure of haf-bridge (inverter arm): Cyq — condensers of a capacitor
divider of avoltage; L —acommuting choke; C — commuting condensers, S— four-sguare auxiliary key

The feature of the unit of soft commutation lays in the fact that it demands the use of a voltage divider from
two capacitors S enough the big capacitance, between which the voltage U, is distributed in equal portions, but
possesses the minimal established capacity of the rest of the elements.

The forecasting of reliability of eectric isolation is examined for three variants of power circuits of the
converters with commuting unit of the basis of the traditional three-phase circuit (the circuit 1), of two-phase one with
bridge commutators in each phase (the circuit 2) and on the basis of three-phase bridge converters (the circuit 3). In
these circuits the entrance capacitor divider is executed by the general one, there is one auxiliary key Sfor each inverter
arm. In the two- phase circuit with bridge commutators the chokes of each of the bridges are tied, the commuting
condensers are shunting each of transistors. Comparison of reliability of the convertersis carried out on total capacity
losses P in the converter commutator and in all nodes of commutation of the circuits as well as in condenser dividers.
Thetotal losses of the specified capacity for three examined circuits are given in table 1.

Tablel

Parameter Thecircuit 1 Thecircuit 2 Thecircuit 3
Total capacity loss P, KW 9.21 6.65 8.32

The comparison of the presented results on total capacity |osses shows the advantages of the two-phase circuit
and confirmsitsreliability in comparison with other variants.

2. Conclusions

Application of converterswith soft commutation in traction in frequency-regulated electric drives will allow:
1. Toreduceweight of traction asynchronous engines by 30-40 % dueto refusal from expensive RLC filters.
2. Toraiserdiability of electricisolationin 1.3...1.5times.
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Abstract

The provided results prove that the use of Artificia Neural Networks with application of the proposed
algorithm can be a very useful for solving choosing problem of HVAC system for public eectric transport. Usage of
created model and algorithm will raise possibility to increase efficiency of choosing task, so choosing time will be
minimized with high result validity. When use artificia intellect, opportunity rises to do system self tuning and to
export and change findings with some similar choosing systems. The elaborated system model can be used for different
system choosing tasks, too.

Introduction

This article describes usage of Artificial Neural Network (ANN) for choice of Heating, Ventilation and Air
Conditioning (HVAC) system for city eectro transport passengers interior. Neural Network is trained to analyze the
parameters of the system and detect the possibility of its usage in the specific task.

There are system criteria formalized in the article. Defining of consumer’s priorities and temperature control
system parameters provides an optimal choice of HVAC system, taking in account effective energy consumption problem.
HVAC system choosing criteria and procedure for air condition system choice are formaized in the articdle. Deep and
detailed investigation of the behaviour of such a system, its operation and running processes requires its generalized
mathematic modelling, taking into account all possible regimes of the operation of compressor and fan motors and setting
an algorithm of their contral in al possble regimes under any condition. When use artificia intdlect, opportunity risesto
do system sdf tuning and to export and change findings with some similar, digtant choice systems.

This paper provides mathematical model of heating system choosing method for passengers' interior climate
parameters control. There are main conclusions at the end of the article.

Tablel
Groups of system parameters
No Parameter Constructive Environmental Service | Costs
1. | Dimensions/ mm/ d X
2. | Weight/ kg/ m X
3. | Power voltage/ V / u X
4. | Power current/ A/ i X
5. | Cold productivity / KW / (o} X
6. | Heat productivity / kW / Oz X
7. | Outside air consumption / m°/h/ v X
8. | Minimd interior temperature/ °C/ | t; X
9. | Maximal interior temperature/ °C/ | t, X
10. | Automatic temp. regulation Y/N S X
11. | Digital control pandl Y/N S X
12. | Outside air filtration Y/N S X
13. | Inddeair anti-virus protection Y/N | s, X
14. | Al based control system Y/N S X
15. | Energy saving control regime S X
16. | Price EUR C1 X
17. | Monthly exploitation cost EUR C2 X
18. | Monthly service cost EUR Cs X

1. HVAC System Parameters

HVAC system is characterized by severa parameters. They can be divided to several groups.
1. Congtructive parameters;
2. Environment control parameters,
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3. Service functions;
4. Costs.

Weight is adjusted to each group of parameters, which defines a degree of importance of each parameter. Each
group consists of individual parameters which also are classified by their degree of importance inside each group with
the respective weight.

When choosing HVAC system, individua parameters are analyzed at first and then weight category of the
whole group is evaluated.

2. Problem For mulation

The purpose is to choose the optimal HVAC system for public electro transport passengers interior, taking
into account the admissible constructive parameters, the necessary interior environment parameters, as well as the
necessary service functions, Costs for obtaining of system and exploitation costs are important, too. As all these
parameters are defined for each product aready at a factory then intellectual method for comparison of parameters of
many similar devices can be used. That would give a possibility to do the choice of the most appropriate HVAC system
quickly and with ahigh reliability.

In order to make quick and based on weights system choice, artificial intellect systems are the most
appropriate, that is, usage of artificial neural network as abasis of choice system. Usage of neural networks has severa
advantages in comparison to other methods. Possibility to perform system training using expert’s knowledge or by
transferring knowledge base from similar choice systems is one of the main advantages. That is absolutely flexible and
can be adjusted to any choice criteria of HV AC system. Number of parametersto be analyzed is limited only by number
of neuronsin input layer.

3. Artificial Neural Network
The back propagation artificial neural network (ANN) isused (Fig.1) in the decision system described in the paper.

Input layer Hidden layer Output layer

Iy

\ J

f,(x) ;

Y
=

Fig.1 Back propagation artificial neura network. Input layer elements:{i,i,,...i,}, hidden layer eements:
{ii ipswniy} . output layer elements: {k,k,,...k}, input paterns: {x,X,,...x} weights: {w,w,,..,w},
neuron activation function: f (x), outputs: {y9°°d , yp°°'}

An ANN works as a solid massive parallel processor, which is congtituted by several simple units and has a
natural propensity to store experimental knowledge and use it to create non-linear relationships between inputs and
outputs. In other words, an ANN is a highly interconnected network made of many simple processors. Each processor in
the network maintains only one piece of dynamic information and is capable of only a few simple computations. An
ANN performs computations by propagating changes in activation between the processors [2].

ANN consists of three or more layers- Input, hidden (one or more) and Output layers. The output of a neuron
in alayer goesto all neuronsin the following layer. Each neuron has its own input weight w. The weights for the input
layer are assumed to be 1 for each input. The output of the ANN is reached by applying input values to the input layer,
passing the output of each neuron to the following layer as input. The number of neuronsin the input layer depends on
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the number of possible inputs, while the number of neurons in the output layer depends on the number of desired
outputs. The number of hidden layers and how many neurons in each hidden layer cannot be well defined in advance,
and can be changed. The addition of hidden layer could allow the network to learn more complex patterns, but at the
same time decreases its performance.
The ANN could be divided into seven basic parts, as described in [3]:

- The set of individual processing units or neurons.

- The state of activation of processing unit.

- The function used to compute the output of a processing unit.

- The pattern of connectivity among the processing units.

- Therule of propagation employed.

- The activation functions for each individual processing unit.

- Therules of learning that allow the determination of the pattern of connectivity between processing units.

START

Step 1. Initiaize system; n=1n, =?
Sep 2. Insert current (n"™) system parametersin ANN input layer; ={d,ui,qvt,sc,.
Step 3. Process data with ANN. Output Good/Poor data; If Poor poor
then delete entry (with current n);

good
Sep 4. Save current system datain new table ny; n® n{d,u,i,qVv,sc,.
Sep 5. Next n; n+1 <
Sep 7. Check lagt entry of table; N

Y

. n®n
Sep 8. Repeat steps 2-7 with new table data. Repeat steps 2-7
END

Fig. 2 Problem decision algorithm
3.1. ANN Back Propagation Algorithm

It is necessary to train a multi layer feed forward network by gradient descent to approximate an unknown
function, based on some training data consisting of pairs (X, t). The vector x represents a pattern of input to the network,
and the vector t- the corresponding desired output. The overall gradient with respect to the entire training set is just the
sum of the gradients for each pattern.

In the paper there isused fully connected layered feed forward network- that is, each nodein a given layer
connects to every node in the next layer, then it is often more convenient to write the back propagation algorithmin
matrix notation rather than usng more generd graph form. In this notation, the biases, weights, net inputs, activations
and error signalsfor all unitsin alayer are combined into vectors, while all the non-bias weights from one layer to next
form amatrix W which is described in [1].

4. Problem Decision Algorithm
In order to perform optimal choice of HVAC system for el ectro transport passengers’ interior, it is necessary to

define precisdly an idea about admissible constructive parameters as well as about necessary interior environmental
parameters and necessary service functions which has to be provided by the system. All these parameters have to be
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classified in groups (table 1) and weight to each of them insde the group has to be adjusted. Preparing of choice system
and data is performed in the following order:

Sep 1. Critical parameters groups table of systemsis prepared;

Step 2. Suitable weight is assigned to each group of parameters ay £ 0.5;

Step 3. Group significance weight is assigned to each parameter in group a, £ 0.5;

Step 4. Total weight iscalculated ag + a, = a £ 1;

Sep 5. ANN training is performed using expert knowledge or knowledge transferred from other choice system.

After Artificiad Neural Network system training is finished, comparison procedure of aggregated system datais
performed according algorithm in Fig. 2.

Data about each parameter of current system is entered in ANN input layer neurons. Value of each parameter
is evaluated using the weight of neuron. If the proportion iswithin acceptable limits neuron becomes activated. Hidden
layer neurons compare input signal values and become active according to functions assigned during training process.
Hidden layer outputs are delivered to output layer neurons. Only two neurons, which indicate ANN work result, arein
the output layer.

When number of system n > n.., that means all data of HVAC systems being in the list are processed, data of
not useful systems are deleted from the data base and comparison using useful systems data is performed again
(Step 2-7). Aswell as new and stricter choice criteria are entered in ANN. Process of choice is finished when one, the
most appropriate HVAC system is found.
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Abstract

In this paper authors presents moddling of neural network controller to control speed of DC drive. Main tasks
of thisresearch areto use artificial neural network for speed control of DC drivein virtual |aboratory.

The feed-forward back-propagation neura network is used for controller. Levenberg-Marquardt back-
propagation algorithm is proposed as a training method. Neura network is trained to maintain rotation speed of DC
drive in defined interval.

Results of modeling show the possibility to use neural network controller for speed control of DC drive.

KEY WORDS: scheduling theory, modeling, neural network.

1. Problem For mulation

The purpose of this research is to model usage method of scheduling theory and neural network for speed
control of direct current drivein virtual laboratory.

Object of research is public dectric transport system.

Main tasks of research are: read up structure of public eectric transport, read up methods of scheduling theory,
define structure of intelligent public eectric transport, research neural network application to control e ectric transport,
read up programming and modeling facilities in Matlab environment, realize programmable model of scheduling theory
method in Matlab environment, to develop GUIDE for schedule, to develop DC drive modd in Simulink environment,
to develop model of neural network controller, to train artificial neural network for speed control according schedule.

2. Method of Solutions

Authors propose to use following structure of neural network Fig.1.

Neurd network mathematical modd is based on neuron structure. Each neuron has input data set, weight for
each input data, activation function and output, which usualy has binary value if output neurons are perceptrons with
hard limit transfer function and real value isthere differentiable transfer function is used.

Neurd network consists of several layers. Each layer may have definite or indefinite number of neurons.
Neurda networks give possibility to analyse an object by input parameter set and to detect predefined class of the object
on the output. That means, neural network should be trained to detect classes and classes are predefined.

Fig. 1 Structure of neural network
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3. Mathematical Model

Mathematical model for transport network. Graph (Fig.2.) — G(N,E), where
1. nodes: N ={n;,n,,...n};
2. edges—subset from Cartesian product of nodes: E ={e,,e,,..,8};
e =<n,n,> j=1l, ab=1v, ath, EIi N"N;
3. Routesfor public transport — cyclic subgraph of G:
Routes ={route,,...,route, }

route, ={< node,, edge, >,...< node,,edge, >,node },
k=1y xI1v, zi LI,
node I N, edge T E,
4. Each route stage —route_stage, = < node, edge>1 route, — has following parameters:
a IT A —length;
b. spl A - speed limit;
c. typel {"L","X","S', ...} —typeof stage— line, crossroad, stop, ...;
d. cycle= <red cycle, green cycle>, red cycle, green cyclel A

additional parameter for crossroads only red light burning time, green light burning time.
Mathematical model for electric transport DC drive. DC drive and armature circuit in Simulink environment

arerepresent a Fig.3. and Fig.4.

|
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Fig. 2 An example of transport network
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Fig. 3 DC drivein Simulink environment
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Fig. 4 Armature circuit in Simulink environment
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DC drive is realized with four eectric input/output (A+, A-, F+, F-), one torque signa TL and four signals
containing output measurements block in following order:
1. Speed w (rad/s)
2. Armature current 1, (A)
3. Field current ¢ (A)
4. Electrical torque T (Nm)

An access is provided to the field terminas (F+, F-) so that the machine model can be used as a shunt-
connected or a series-connected DC machine. The torque applied to the shaft is provided at the Simulink input TL. The
armature circuit (A+, A-) consists of an inductor La and resistor Ra in series with a counter-electromotive force
(CEMF) E. The CEMF is proportional to the machine speed.

E= KEW.

where K isthe voltage constant and o isthe machine speed.
In aseparately excited DC machine model, the voltage constant KE is proportional to the field current I

Ke = Lals,

where Ly isthe fidd-armature mutual inductance.
The el ectromechanical torque devel oped by the DC machineis proportiona to the armature current 1, :

Te = Krlg,
where Kt isthe torque constant. The sign convention for Teand T, is
TeT. > 0: motor mode
TeTL < 0: generator mode
Thetorque constant is equal to the voltage constant:
Kt =K.

The armature circuit is connected between the A+ and A- ports of the DC Machine block. It isrepresented by a
series Ra Labranch in series with a Controlled Voltage Source and a Current Measurement bl ock.
The mechanical part is represented by Simulink blocks that implement the equation

dw
JE:Te- sgn(W)TL- B,w- T,

where Jisinertia, By, isviscous friction coefficient, and T; is Coulomb friction torque.
Mathematical model for schedule:

1. A set of processors P — stops and crossroads, where P={P', P%}, P 1 N, Stops P*={p}, p3,...pi}1 P,
Crossroads: P? ={p?, p,...p3}1 P
2. A set of jobsU —vehicles, where U = {uy, U, ..., Uy }
3. Eachvehidehastheschedule: " uT U, s, :P"® {t,,t st} 1 A
]

Each stop hasthe schedule: " pT P', s ,:U ® {t;,ty,.tpn} T A

A
Mathematical model for neural network
Input data set for neural network: X = {x¢, Xz, ..., Xn}
Set of artificial neural network hidden layers: L = {ly, |2, ..., I}
Set of neurons for each j-th hidden layer: P! ={p., p2, ..., pr}
Set of neural network outputs Y ={v1, Y2, ..., Ym}

Weightsfor each input of i-th neuron of j-th layer: Wij ={W1, Wo, .., W}

»

Bias for each i-th neuron of j-th layer: b,j
Input summation function for each i-th neuron of j-th layer: s! = SMJ ><X)+ b/

© N o g kbR

Transfer function for all neurons of j-th layer : F 1 (s?)
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4. Problem solution algorithm

Schedule correcting algorithm. Schedule correcting block diagram is presented in Fig.5.

Algorithm for neural network controller training. Authors propose to use Levenberg-Marquardt (LM) back-
propagation algorithm. This network training function that updates weight and bias values corresponding to Levenberg-
Marquardt optimization.

Levenberg-Marquardt agorithm usually use with:

1. Feed forward network.
2. Cascade-forward network.
3. Elman network etc.

Read off value in
Del ayTime and wite in

variable k

A

Read of f and | oad schedul e from

.le

Define data array size and mark s

i=1:s(1)

Define i-th elenent range

No

from

1 up to s(1)

A A

Di vi de ,saraksts0” colum in data Create ,saraksts0”, first
colum is copy of second colum
array di nensi ons fromschedule in file
A A
Load primary schedule in |istbox Detect first columm val ues of
»Saraksts” corrected schedul e
A A
Di vide ,saraksts3” colum in data Detect second col um val ues of
array di mensi ons corrected schedul e

A

Load corrected schedule in Iistbox

,Jauns Saraksts”

Fig. 5 Schedule correcting block diagram
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Levenberg-Marquardt can train any network as long as its weight, net input and transfer functions have
derivative functions.

Back-propagation is used to calculate the Jacobian jX of performance with respect to the weight and bias
variables X. Each variable is adjusted according to Levenberg-Marquardt:

=X X
je=jX-E,
dX=-(j+1-mu)/je

whereEisall errorsand | istheidentity matrix.
The adaptive value mu isincreased until the change above resultsin areduce performance value. The changeis
then made to the network and mu is decreased.
Algorithm stops when any of these conditions occur:
1.The maximum number of epochs (repetitions) is reached
2.The maximum amount of time has been exceeded.
3.Performance has been minimized to the goal.
4.The performance gradient falls below minimum.
5.Value of mu exceeds maximal value.

Computer experiment

Modelling of DC drive. General schema of DC drive with artificial neural network controller in Matlab
environment is presented in Fig.6. Result of modeling is presented in Fig.7.
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Fig. 6 Model of DC drive with ANN controller
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Fig. 7 Rotation speed controlled by trained neural network with clock rate 1kHz
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Model allow to use any value clock rate, but in real life this parameter should be appropriate corresponding to
sensors, switches, quantity of data, size of neural network. That is why it is necessary to find out an optimal time
interval for process digitizing and monitoring. Too short time interval may need alot of CPU resources for analysis, but
too long time interval may be dangerous. Time interval has minimum and maximum limits. Minimum is limited by
response time of all eectric devices, but maximum islimited by safety level criterion.

Schedule modeling. Arriving time in stops after starting: 1 stop — after 15 min, 2 stop — after 45 min,
3 stop — after 1h and 10min (70 min), 4 stop — after 1h and 40 min (100 min).

Cresting a program in Matlab environment we obtain a solution of problem, which is presented in Fig.8.

Graphica User Interface development environment (GUIDE) in Matlab for neural network training is
presented in Fig.9.

<) MATLAB

Fle Edt Dspuy Deskton Window Help
ODw| & B o oo |8 5 B | P | curert Directors: | coprogram FileswiatLaB7 ok ¥ [ .|
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Current Directory - C:\Program Files\MATLAB7Lwork @ X
= S| | B - 4 115
AllFies £ [ File Type [ sizs [Lasth
saraksts File 1 KB 2008.1
[ kustiba.m T-file 1KB 2008.i|| sarakstsz =
| saraksts txt THT File 1 KB 2008.%
| kustiba.asy Editor Autosa 1 KB 2008.{ 1 a0
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Fig. 8 Creating corrected schedule in Matlab environment
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Fig. 9 GUIDE in Matlab for neural network training
Conclusions

Results show the possibility to create corrected schedules for pulic eectric transport with programs in Matlab
environment. Computer experiments show that program in Matlab environment could be use for public transport.
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Results of modeling show the possibility to use neura network controller for speed control of DC drive.

Neura network allow producing not only signal but set of control signals.

Neura network controller may be used as for control as for forecasting and warning about dangerous situation.

It may prevent breakdowns and accidents and may be used for optimal speed control of public transport.
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Abstract

For the manufacture of separate power equipment components (steam generators, separators, collectors,
pressurizes and so on) it iswide used carbon stedl of the type 22K. As these elements are very responsible for pressure
vessels having a thickness above 80 mm it is therefore best to apply stedl of improved metallurgical quality, obtained by
means of electrodlag or vacuum-arc re-melting. Asarule, 22K stedl of standard quality (open-hearth furnace melting) is
usually used for multiple forced circulation circuit (MFCC) piping of RBMK reactors and special melting methods — for
steam generator case. The application of special method of melting for this type of steel provides a higher quality level.
High requirements are imposed also on the level of welded joints mechanical properties at 20°C (ultimate tensile stress
UTS=s5 =420 MPa, vidd stress YS=s o, =220 MPa, elongation As=20%, reduction of area Z=50%), which
practically coincides with the minimum level of base metal properties, specified in TY 24-3-449-74.

KEY WORDS: carbon steels, power engineering, ultimate tensile stress.

1. Investigated materials

Mdting of sted of the given mark (22K) from metalic change is a task of open hearth process. The
composition of metallic charge may vary from 100% pig iron to 100% stedl return, in this case the pig iron component
may bein liquid and solid state. Materias: ore, pitch, oxygen and fuel. Melted metal is cast. The low part of ingot (zone
with negative chemical heterogeneity) and sink head (zone of positive segregation with increased content of sulphur,
phaosphorus and carbon) are removed and we have open-hearth furnace stedl.

Metal of electrodag melting is obtained by melting of bars (rods) of open- hearth melting in the eectrical
conductive slag. Electroslag process takes place in copper mould cooled by water. Slag is formed at the expense of
melting of the flux AHF-6 (CaF, + Al,Os3). Metal is obtained of more pure especially on the content of gases because
the process of rod metal melting takes place in the protective dag system. Metal of vacuum arc melting is practically
formed under the same conditions like the electrodag process. Vacuum is used instead of dag protection and the
process itself — electric arc. This makes possible to obtain more pure metal.

Steel of special melting methods has more dense uniform oriented structure, containing minimum number of
non-metallic inclusons. It is well known that with using meting it is possible to obtain more refined metal containing
sulphides less by 40 ... 50%, the number of oxide inclusons and silicates less by 1.5 times as compared with the stedl of
the same type of open-hearth melting. Ductility and fatigue strength of steel (of these melting methods) is higher
considerably than for stedl of open-hearth melting.

In NPP material used for products manufacture the macrostructure of zone with increased etching ability must
be limited in sizes and mainly depends on metal crystallization and sulphur content in it. It is necessary to take into
account the fact that in ingots from 22K steel of usual melting the off-axis inhomogeneity take place. In someingots the
sources of thisinhomogeneity are sulphides “whiskers’ which reach considerable sizes. In the process of operation the
presence of such defects may result in metal delaminating or plate cracking.

In VAR and ESR due to the oriented crystallization and uniform sulphur distribution across the whole section
the “whiskers’ are absent, therefore the production of components and welded joints of pressure vessels with wall
thickness equal to 120 mm and more is carried out only from steel of special melting method. The content of gas in
metal of special procedures of melting is considerably lower than by the open hearth melting.

As concerns dendty, homogeneity and absence of internal defects the vacuum-arc steel exceeds greatly
electroslag, open-hearth and electric furnace steels. Structure and properties of steel depend not only on metallurgical
effect of melting but also on a possible variation of its chemical composition within the limits of values permissible in
Specification.

2. Requirementsfor stability of propertiesduring operation

In accordance with item 7.6.3 of “Rules of arrangement and safe operation of equipment and piping of NPP”,
PNAE G-7-008-89 [1] theinspection of equipment mechanicalproperties is carried out usng destructive and non-
destructive techniques. It shal be performed out not rarely than at interval of 100000 hrs of operation for NPP with
water-cooled and water-moderated reactors (WWER) and water-graphite reactors (RBMK), and at intervals of 50000
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hrs for fast reactors with liquid metal coolant (BN). This order of assessment of actual properties of material in the
process of operation was introduced in the regulations of NPP works for the purpose of safety provision. This
requirement was associated with the necessity to obtain valid information about material ageing in the NPP equi pment
operation and on the base of this information to estimate the change of strength margin coefficient used in design with
regard to variations of initial mechanical properties of materias. It is possible to assess various methods using
surveillance specimens, part of materials removed from the inner surface of equipment (RPV, SG and other large cases)
or a part of the piping [2]. For RPV as a rule the variation of mechanical properties are examined with the use of
surveillance specimens which are tested not less than six times during the cal culated design lifetime of reactor.

By the development of the first normative documents for NPP arrangement and safe operation of other
equipment and piping of NPP PNAE G-7-008-89 [1] the regulation about a periodical ingpection of sted mechanical
properties on the base of test results of specimens removed from pipe-lines was introduced. It makes possible to follow
the actual gate of pipe-lines and variation of mechanica properties of base metal and welded joints under the influence
of real operating conditions (el evated temperature, pressure, corrosive medium) by all regimes. It is natura to suggest
that due to the operation influence (static and cyclic loads, a prolonged effect of elevated temperatures and coolant) the
degradation of material mechanical propertiesis possible. Of course in accordance with “ Strength Calculations Norms”
these factors should be taken into consideration in the condition by calculations. The values of the mechanical
properties of NPP materials during the whole designed lifetime is estimated by definite requirements which are
presented in Table 1.

At a present time a great experience has been accumulated on the determination of ageing processes under
conditions of NPP pipe-lines operation which has shown that the steel mechanical properties variations of pipe-lines are
small and are within the limits of measurement accuracy. Such results might be expected for operation conditions of
pipe-linesin light water pressurized reactors thanks to:

- steady structure equilibrium of structural steels used for pipe-lines which should provide a relative stability of steel
structure and properties during operation;

- alow level of membrane stresses (margins ny, = 1.5 and ng = 2.6) assuring the operation of the main metal massin
the elastic ares;

- in principle the geels considered are cyclically stable and this makes the processes of cyclic hardening insignificant.

The aim of this presentation is as follows:

- generalization of experimental results and analysis their stability;

- determination of a possible decrease of inspection scope of mechanical properties under NPP conditions up to a
complete or partial cancellation, decrease or cancellation of metal removal from rea pipe-lines considering the fact
that the removal of specimens from real pipe-lines did not promote the increase of pipe-lines quality and reliability
because the repair process resultsin the increase of defective pipe-lines welds which are performed under assembling
conditions with radiation influence.

Based on the operation conditions by the conduction of strength calculations of equipment it is necessary to
take into account the variation of properties due to the action of the main damaging factors during the designed service
life (30 years). They are:

- structural changes and degradation of material properties caused by a prolonged influence of elevated temperatures;

- generation of cracks caused by low cycle loads by a combined action of cydic (induding thermd cycles) and gatic loads;

- embrittlement of material and welded joints due to the influence of static and cyclic loads;

- corrosion damage due to a prolonged effect of coolant.

Tablel
Requirements of mechanical properties for NPP equipment materials
Base | Part of welded At 20°C At 350°C TKO. °C
material joint UTS MPa| YS MPa | As,% | Z, % |UTS MPa| YS MPa |As, % | Z, % ’
Base metal 430 215 18 40 392 177 18 | 40 +40
AW 353 196 | 20 | 55 314 176 13 | 50 0
29K Sv-08A
MAW
YONII-13/45 | 353 216 20 55 314 176 20 | 55 +20
YONII-13/55 | 431 255 20 50 372 216 18 | 50 +30

Ageing is defined as the metal state variations which may take place in the course of time under externd
influences or without them. The ageing by heat treatment, a prolonged temperature influence, by strain aging, under
operationa and thermo-mechanical influences, etc. are distinguished. As ageing occurs, as arule, mechanical properties
of metal are degraded. Taking into account an obligatory execution of the item 7.6.3 PNAE G-7-008-89 alot of tests of
specimens removed from piping after operation 100000 hrswere carried out in our country and also other countries and
large number of data were accumulated. Nevertheless the published information about the effect of operational factors
on material mechanical propertiesis quite limited. Thefirst publication was devoted to the investigations performed for
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the main circulating piping from stainless steel intended for units 3 and 4 of Novo-V oronezh NPP [3]. Such results for
piping made from carbon steels appeared later and are presented in Ref. [4]. The information accumulated for the last
15 years on the investigation of the state of base metal and welded joints after a prolonged operation (100000 hrs and
more) makes possible to analyze the variation of strength and ductility characterigics. Besides there are some
publications [5, 6] about thermal ageing of RPV steels and their welded joints. This paper presents the analysis for
carbon steel and their welded joints mainly as applied to operation conditions of NPP.

3. Thermal Ageing

The first results for piping made from carbon steels appeared later and they are presented in Refs. [5, 6]. The
information accumulated for the last 15 years on the investigation of the state of base metal and welded joints after a
prolonged operation (100000 hrs and more) makes possible to analyze the variation of strength and ductility
characteristics. The mechanical properties of carbon steels of the type 20 and 22K and their welded joints produced
using manual arc welding (MAW) with covered electrode after a prolonged (100000 hours) influence of operation
temperatures up to 290°C practically do not change. This tendency for base metal is confirmed up to 200000 hours, i.e.
to the designed service life of piping (30 years) makes possible to correct item 7.6.3 “Rules of arrangement and safe
operation of equipment and piping of NPP" as concerns the inspection periodicity of mechanical properties with
destructive techniques at the NPP in the period of planned maintenance repair. As the degradation of mechanical
properties of carbon sted is practically absent during the designed service life was recommends to carry out inspection
after 200000 hrs of operation and not 100000 hrs and the basis for this conclusion was presented. On the base of earlier
performed investigations [5, 6] we can mention a high gtability of strength and ductile properties of this steel at 20°C
independent of temperature and a prolonged thermal exposure. In this case the level of mechanical properties after
therma exposures does not decrease below the normative requirements for the initial period of operation. At the same
time it should be noted the insignificant decrease of impact strength of sted by Ménage specimens tests after the
exposure during 10000 hrs at the thermal temperature 450°C if we compare with value according to the normative
requirements. The critical trandtion temperature of 22K sted is also nearly stable after thermal ageing at studied
temperatures (except 340°C) on the duration 100000 hrs.

A section of Du-800 piping was cut out from Sosnovyj Bor NPP, operated under the influence of elevated
temperatures and pressure for nearly 30 years, in order to assess the mechanical properties variation of piping material
after a prolonged operation. Specimens were made from base metal (22K sted) of the removed from piping
(AB28%x38 mm) eement and tested by one-fold tension.

Fig.1l presents the summarized results which make possible to judge about the relation between actual
properties of materials with the requirements on the values of characteristics specified by the technica normative
documentation and it was accepted to conduct strength cal culations by the chief designer of the power plant. In this case
the actual values in as-produced condition are accepted with regard for their distribution according to the investigation
datain Ref. [7] after 100000 hours of operation — data of NPP reports for various power units and after 30-year period
of operation —test results of specimens removed from the piping of unit 1 Sosnovyj Bor NPP [7, 8].

As follows from Fig.1 the variations of mechanical properties of both base metal and weld metal during the
designed operation time of pipe-lines made from carbon steels as related to these materials in as-produced condition
(before operation) practically do not occur and thus margins of static strength accepted at the project stage are retained.
This concluson may be drawn for margins of cyclic strength because the values of material reduction of area
independent of thethermal ageing duration is actually at the same level asin as-produced condition.

The obtained experimental data for 22K stedl show those &fter the operation time (30 years) the mechanical
properties are appreciably higher than required by the documentation Tu-24-3-449-74. And this is the evidence for the
fact that a prolonged heating of 22K steel within the range of operation temperatures and operating pressure does not
result in an appreciable degradation of properties.

4. Strain Ageing

The equipment and pipe-lines of NPP manufactured in carbon stedl are operated at el evated temperatures up to
360°C that lay within the temperature range of dynamic drain ageing which manifests itself in strength properties
improvement and plagtic properties deterioration under single loading [7]. The variation of mechanical and fatigue
properties of steels in the temperature range from 20 to 400°C can be attributed to different reasons, including carbon
and nitrogen atomic hardening around screw dislocations, strain ageing due to internodes carbon and nitrogen atoms,
and also to dislocation precipitation of carbide and nitride particles. From these assumptionsit is noted in Ref. [9] that
the effect of mechanical and fatigue properties variation must be most evident in welded joints since high heating
temperatures in welding and subsequent fast cooling enhance super saturation and ageing. Some investigations carried
out in our country during 1970 are devoted to this problem. The variation of mechanical properties in the temperature
range from 20°C up to 400°C was investigated for different materias (base metal and welds) under single tension at the
strain rate of 150 10™*s™* (the rate applied in low-cycle fatigue tests). It has been established that strain ageing shows
up most vividly in reduction of area Z [9-11].
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(t =30 years)

4, Conclusion

The generalization of experimental investigation results performed in our country and devoted to the effect of
therma ageing at 250-350°C on mechanical properties of carbon steel and its welds has shown that variation of
structure, strength and ductility characteristics, practically, does not occur during the 30-years service life. There are
only some deviations from the genera tendency, however they are small and aways within the limits of the accuracy of
characteristic measurement on the accepted determination procedure.

A prolonged operation experience of carbon steelsin the composition of equipment of the LWR confirmed the
absence of variation of mechanical characteristics of the carbon steel. Some decreasing of reduction of area materialsis
observed because some of them (weld metal without tempering) have sensitivity to strain ageing.
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Abstract

Multicriteria analysis (MCA) describes any structured approach used to determine overall preferences among
alternative options, where the options accomplish several objectives. MCA allows decision makers to include a full
range of social, environmental, technical, economic, and financial criteria. It is usually used to synthesise the opinions
expressed, in order to determine the priority structures, to analyse conflictual dStuations, or to formulate
recommendations or operational advice. Thiswas the reason of using the tool for evaluation of so ambitious projects of
transport corridors generating both direct and the indirect effects which generally are not well understood and are not
included in so popular among decision makers cost-benefit analysis of transport projects. For the reason the authors do
conclude that there is a need to improve the decision making process in transport corridor planning and maintainance
and present a practical tool for the assesment of transport corridors' projects impact on ennvironment employing the
issues of multicriterial anaysis.

KEY WORDS: multicriteria analyss, transport corridors, social, benefits, assessment.

1. Introduction

Transport is one of the main branches of economy without which the functioning of a modern economy is
impossiblein genera. It ensures the necessary economic links, joins all industrial units of a country into one whole thus
establishing the conditions for economy to function coherently and efficiently. Efficient work of transport is significant
not only for economy, but also for other spheres of activity. Thus, trangport is an important branch of economy,
however, its infrastructure expansion needs much investment. That is why investment projects for the devel opment of
the transport structure have to be thoroughly selected, and their implementation has to ensure sufficient efficiency.
Taking into account that transport generates a number of adverse effects from trangport infrastructure and vehicles, the
indirect ones - environmenta influences might be included into the group - may have even greater consequences on
society than direct effects. Unfortunatelly the indirect effects are not generaly well understood and are not included in
s0 popular among decision makers cost-benefit analysis of transport projects. For the reason the authors do conclude
that thereis a need to improve the decision making process employing the issues of multicriterial analysis. The aim of
the paper is to demonstrate the ability to substantiate the project's validity (in socia terms) supplementing the cost —
benefit analysis with fundamenta s of multicriteriaanalysis.

2. The Concept of a Transport Corridor

Thereisno basisin scientific theory for the corridor approach. In contrast, there are numerous examples of, as
well as practical experience with, the use of a corridor approach in, admittedly, widely varying contexts where in most
cases the aim is to resolve a specific problem of co-operation between partners developing links along a given corridor
in which they have a shared interest; a certain pragmatism aways lies behind the original decision to promote a
corridor. With the enlargement of the European area, this practical experience with corridors developed into more
formal arrangements as well as agreements between national and international ingtitutions. The outcome is that
experience with a given corridor has not always proved beneficial in the devel opment of subsequent corridors, given the
degree to which the particular context, objectives and partners involved can vary from one project to another [1] .
However, the concept of transport corridor is directly connected with the processes of transport planning. If to take an
example from the more recent past, one of the first projects to leave a mark on transport planning was the devel opment
of the North-Eagtern corridor in the U S during the 1960 - ies. The North-Eastern corridor, which runs from North of
Boston to South of Washington D.C., was designed to address resolve major congestion problems arising from high
rates of traffic growth that were a major source of concern for the future of the U S; the aim was to adopt a long-term
approach to infrastructure development, traffic allocation and modal split [1]. The "strip" of national territory analysed
was relatively wide and provided a framework in which to simulate possible transfers and allocation of traffic between
routes, particularly passenger traffic. In this particular case, the concept of "corridor" was defined in particularly broad
termsin that it was used to refer to the general alignment of internationa traffic flows within the European area. These
projects were not of an overtly political nature and mainly involved national research agencies and study centres, even
though the long-term objective was indeed to help bring countries closer together, strengthen co-operation, facilitate
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trade and provide better co-ordination of policies and investment. Finally, the most important initiative involving a
corridor approach was set against the highly politicised background of the early stages in the process of opening-up to
Eastern Europe in Prague in the framework of the first and following Pan-European Transport Conferences (1991,
1994, 1997). At present the most actua discussions on the corridors concept are hold in the developing countries
seeking to substanciate the expediency of huge investment into the poor infrastructure. Such questions as link between
transport corridors and economic development issues, environmental and social impacts are the key point of the
discussion on the topic. Anyway, in very general terms the corridor approach can be said to be a product first of a need
to globalise, to have a more general approach to trangport more closely aligned to not only economic activity but also
the need to be operational, to take practical action; there is a "decision-making aspect” to the corridor approach and
because of this what might even be termed an ingtitutional dimension. The corridor concept occupies a slightly
intermediate and more operational position between evaluation of a project whose framework is too restricted and
evaluation of policy towards transport networks where the interactions are too complex to understand and use as a basis
for deriving an operational approach. The corridor concept therefore becomes a kind of bridge between local and global
constraints in the communications area, between individua and collective decisions, between modal and intermodal
approaches, between short-term and long-term decisions, all different facets of the diversity of experiences[2].

3. The Practice of Assessing Transport Projects: Problem For mulation

Taking into accout the compexity of trangport corridors and the range of effects — environmenta ones her are
included as well - generated it must be concluded that the question of corridor project assesment still remains one the
most complicated ones. Practice shows that at presents the macroeconomic evaluation of transport infrastructure
projects - even such large-sclaled as a corridors- is performed using amost the most popular tool — cost — benefit
anaysis. The process of judging whether or not a project should be accepted is called project evaluation. Cost — benefit
andsysisisthe examination of a decision in terms of its consequences or costs and benefits. In the context of project
evaluation a cost — benefit analsyistest is a simple decision rule which consists of accepting only those projects which
make a positive profit. In order to evaluate a project from the point of view of its consequences, it is crucia to have a
model which predicts the total effect on the state of the economy of undertaking a particular project. This total effect
involves a comparison of the economy "with" the project and the economy "without" it. Formally, we embody the
relation between a project and its consequences in the notion of a "policy”, i.e. a rule which associates a state of the
economy with each public production plan [4], [5]. Assesment, quadification and determination of single factor is
subsequently divided in two cases. In first case the project will be implemented and in second case will not. The
difference liesin evaluation of operating costs and ifrastructure service costs. Some of presented variants will drop out
after the implementation of basic evaluation. So we do not take them into account in next step. But this analysis does
not assess just monetary impacts from contribution and costs perspective. It also takes non-monetary impacts into
account. These impacts are estimated either by conversion to financial units (conversion on the basis of chosen key) or
on the basis of evaluation by beforehand set scale, which must be used again for all rated alternatives by the same
procedure. Stressing that despite the efforts to limit the impact of trangport on environment — this is one of the reason
the corridors are formed — the fleet in the corridors generate traffic, at the same time impacts on the environment
through pollution from engine exhaust gases, particularly in urban areas.Plants, animals and habitats are sensitive to the
pollutants. For example, nitrogen oxides from exhausts form acid rain in the atmosphere that can damage the trees and
soil. Vehicles aso release greenhouse gases to the atmosphere that contribute to climate change. Although air transport
is growing rapidly and may impact air quality in the future. Transport also affects the environment in other ways. Land
and habitats are lost when new roads are built. Oil dlicks from wrecked tanker ships can damage the marine
environment and a sustainable transport policy means automatically an overall all-mode transport & energy policy. A
sustainable transport policy is aways related to the broader policy of genera sustainability. Accordingly, the shared
effects of transport policy measures in other aress, i.e. 'secondary benefits and trade-offs, must be taken into
consideration. Since any sustainability policy has the risk of being misguided for an environmenta policy under a
fashionable new title, it is important to continually highlight the importance of the socio-economic dimension, not
forgetting to involve citizens and business community in an early stage. The new credo must become * creating instead
of compensating’, meaning that companies should invest in innovations (jobs) in front of their own door, instead of
trading with CO2 rights by ‘ planting trees' in third countries only.

So these examples let us conclude, that cost-benefit analisys might be considered to be too smal — scaled tool
for decison making in the planing and / or maintaining such large infratsructure objects as transport corridors.
Ignorance of the issues enables the decision makers to dismiss most important effects and to take maybe not the best
solution (for the society) in solving most economic, social or environmental prolems. The recourse here could be
application of multicriteria analysis Multi-Criteria Analysis that could be used for exploiting the preferences of
decision-makers, stakeholders, or environmental experts (in the following simply referred to as “stakeholders’) to
derive monetary values for impacts whose monetization has remained problematic. The ultimate goal is to integrate
multi-criteria methodology into the wider frame of cost-benefit analysis (CBA) for supporting policy and decision-
making, especially in the context of sustainable devel opment [6].
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4. Principal Issueson Multi-Criteria Analysis

Multicriteria analysis (MCA, also known as multi-attribute analysis, multi-goal analysis and multi criteria
decision making) is atwo stage decision procedure. The firgt stage identifies a set of goals or objectives and then seeks
to identify the trade-offs between those objectives for different policies or for different ways of achieving a given
policy. The second stage seeks to identify the 'best' policy by attaching weights (scores) to the various objectives [6],
[7], [8]. As most authors do conclude that MCA is especially widely used in the Netherlands. Multicriteria analysis
appeared in the 1960s as a decision-making toadl. It is used to make a comparative assessment of alternative projects or
heterogeneous measures. With this technique, several criteria can be taken into account simultaneoudly in a complex
situation. The method is designed to help decision-makers to integrate the different options, reflecting the opinions of
the actors concerned, into a prospective or retrospective framework. Participation of the decision-makersin the process
isacentra part of the approach. Theresults are usually directed at providing operational advice or recommendations for
future activities.

MCA has undergone an impressive development during the last 30 years, in part because it is amenable to
handling today's complex problems, in which the level of conflict between multiple evaluation axes is such that
intuitive solutions are not satisfactory. MCA is not atool providing the ‘right’ solution in a decision problem, since no
such solution exists. The solution provided might be considered best only for the stakeholders who provided their
values in the form of weighting factors, while other stakeholders' values may indicate another alternative solution.
Ingead, it is an aid to decison-making that helps stakeholders organize available information, think on the
consequences, explore their own wishes and tolerances and minimize the possibility for a post-decision disappointment.
The purpose of the tool is to structure and combine the different assessments to be taken into account in decision-
making, whereby decision-making is made up of multiple choices and the treatment given to each of the choices
condition the fina decision to a large extent. Importantly, multi-criteria analysis is used to highlight the reasoning and
subjective convictions of the different stakeholders on each particular question. It is usually used to synthesise the
opinions expressed, in order to determine the priority structures, to analyse conflictual situations, or to formulate
recommendations or operational advice.

Multiple MCA methods are available, suitable for a wide variety of decision situations. Furthermore, severa
weighting techniques have been developed to help stakeholders involved in a MCA procedure become aware and
articulate their preferences. However, certain structural e ements are common to all decision situations, independent of
the MCA method used.

The main steps involved in multicriteria analysis can be broken down into several phases described
chronologically below. It is possible to repeat the phases and thus to make corrections.

Projects or actions definition to be clearefied (Phase 1). This will involve an inventory of the planned or implemented
actions, or the elements on which the comparative judgement will be made. Definition of judgement criteria (Phase 2).

Particular attention must be given to the definition of criteria, in order to be as exhaustive as possible and to
define the question properly. The criteria must reflect the preferences of the decision-makers or the different points of
view, so asto summarise and group together diverse characteristic dimensons used to evaluate an action. In the case of
European Union soci o-economic programmes, the success of a measure is normally judged in terms of its contribution
to the achievement of the intermediate objectives stated in the programming documents. The main European Union
policy priorities (XE "policy priority") (e.g. environment, equal opportunities) are also judgement criteria. A variant
consists of relying instead on the implicit objectives (XE "implicit objective") of the programme, reconstructed by the
steering group (XE "steering group”) or extended work groups, e.g. with the aid of the concept mapping of impacts. If
the evaluation was intended to focus primarily on the relevance of the programme to the regional economy rather than
the impacts, the multicriteria analysis would concentrate on the main strengths and weaknesses of the regional economy
and the way in which the different measures build on strengths or offset weaknesses.

The synergy between the impacts of the different measures could also be considered, and if so ‘ synergy’ would
become a judgement criterion in its own right. It is possible to use a matrix of cross impacts and, in particular,
coefficients of synergy for taking this criterion into account in the formulation of a synthesised judgement on the
measures. In the case of European Union socio-economic programmes, the success of a measure is normally judged in
terms of it contribution to the achievement of the intermediate objectives stated in the programming documents. The
main European Union policy priorities (XE "policy priority") (e.g. environment, equal opportunities) are al so judgement
criteria. A variant consists of relying instead on the implicit objectives (XE "implicit objective") of the programme,
reconstructed by the steering group (XE "steering group™) or extended work groups, e.g. with the aid of the concept
mapping of impacts[9].

The synergy between the impacts of the different measures could also be considered, and if so ‘ synergy’ would
become a judgement criterion in its own right. It is possible to use a matrix of cross impacts and, in particular,
coefficients of synergy for taking this criterion into account in the formulation of a synthesised judgement on the
measures. Unlike the number of measures to be compared, which can be very large, the number of criteria must not
exceed a reasonable limit. Experience has shown that the maximum number of criteria for an effective evaluation is
eight criteria

The compensation method is the best-known variant and consigts of attributing a weight (XE "weighting") to
each criterion and then of calculating a global score for each measure, in the form of a weighted arithmetic average of
the scores attributed to that measure for the different criteria. This variant is called "compensatory" because the
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calculation of the weighted average makes it possible to compensate between criteria. For example, a measure which
had a very bad impact on the environment could till obtain a good global weighted score if itsimpact on employability
were considered excellent. MAVT aim to associate a unique number (‘value') representing the overall strength of each
alternative taking al criteria into account. If there is substantial uncertainty about the performances of aternatives, the
term ‘utility’ is used to denote that the preferences of stakeholders againg risk are formally included in the analytical
procedure. To begin, partial value (or utility) functions are defined for each criterion for reducing performances, in the
[0-1] interval. Partid values are then aggregated for deriving total values and for preordering examined alternatives.
The transition from partial to global value functions (taking into account the whole set of criteria) implies the use of an
aggregation formula together with the inter-criterion preferences provided by the decision maker.

In MAVT methods, weights play the role of scaling factors in the sense that they relate scores among the
different critieria. By assigning weights denoting relative importance, stakeholders implicitly express what portion of
one criterion they are willing to give up in order improving the performance of another criterion by one unit. So, if the
weight of criterion i is double the weight of criterion j, then the stakeholder values 10 units on criterion i, the same as 20
units on criterion j. In order for the stakeholders to more clearly express preferences in terms of the necessary trade-offs
between criteria, weights are defined on initia natura scales and then taking into account the absolute level of
performances and absol ute differencesin scores.

The outranking variant is used where the criteria are not all considered commensurable, and therefore no
global score can be produced. The analysis is based on multiple comparisons of the type: "does Measure A outrank
Measure B from the point of view of the environment criterion?", "does Measure A outrank Measure B from the point
of view of the employability criterion?' and etc. These questions can be answered yes or no or be qualified, in which
case the notions of a weak preference and a threshold criterion are introduced. The analysis makes all possible
comparisons and presents a synthesis of the type: "Measure A is at least as good as Measure B, in relation to a majority
of criteria (case of agreement), without being altogether too bad in relation to the other criteria (case of disagreement)”.
The analysis could include protection against a favourable judgement for a measure that would be disastrous from the
point of view of the given criterion, by setting a ‘ veto threshold’ for each criterion. The introduction of a veto threshold
strongly differentiates the logic of outranking from the logic of compensation. If there were a veto threshold, a very bad
impact on the environment would make it impossible to consider the measure good, even if itsimpact on employability
were considered excellent.

Outranking has the advantage of reflecting the nature of relations between public institutions better, since there
is often a correspondence between evaluation criteria and evaluation stakeholders. In cases where the steering group
(XE "steering group”) is extended to about ten partners, it is not unusual for participants to identify themselves strongly
with the "environment” or "employment" criteria. In this situation the outranking variant will probably better reflect the
collective process of formulating a judgement within the steering group.

Cresting a decision matrix (Phase 3). It's critical to rate solutions based on a ratio scale and not on a point
scale. For instance, theratio scale could be 0-5, 0-10, or 0-100. Should you feel you must use a point scale (for instance,
maximum speed, temperatures, etc.), you must then convert rating values on a ratio scale by assigning the maximum
ratio to the estimated maximum value, which could be, for insance, 5 (for a 0-5 scale), 10 (0-10), or 100 (0-100).
Indeed, a point scale with high values introduces a bias even if it's of less importance in the final decision. The
demonstration how the process of evaluation goes might beillustrated by the example as follws presented by [10]. The
information was included into a 2-dimension, L-shaped decision matrix as shown below, and then compute the scores
for each solution regarding the criteria with the formulas:

W=RR,

W=4RP,

1 i=1

Qo

where W isscore, R isratind, P isweight. Theresult isthe following:

Scenario #1 Tablel
Alter natives
CRITERIA Weight Option A Option B Option C
Rating Score™” Rating Score™” Rating Score™”

Criterion C1 1 3 3 3 3 3 3
Criterion C2 2 2 4 1 2 2 4
Criterion C3 3 1 3 3 9 2 6

Total 6 4 10 7 14 7 13

@) Score = Rating * Weight
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For a better interpretation, we can visualize the data in histograms. To do <o, let's consider, as the data source,
the ratings and scores of evaluated solutions. Here isthe result:

Option B
(14 Option C
(13)
Option A S1
(10) S1
Option B Option C 2
Option A (7) ) S1
(4) =
Rl RS Rl WEIGHTS: s
S3
R2 RO
R2 W1 = 1 3
W2 = 2
R3 R3 R3 w3 - 3 S3
SOLUTION RATINGS SOLUTION SCORES

Fig. 1 Visualization of decision matrix

When we sum up the ratings, both solutions B and C are equivalent and outperforming solution A. While
similar globally, options B and C present different intrinsc strengths and weaknesses. Indeed, option B is better than
option C for the criterion C3, but weaker on C2, while option C distribute more evenly its forces.

Therefore, Option B is usually called a best-of-breed solution, while Option Cisatypical suite or integrated solution.

6. Strengthsand Limitations. Conclusive Remarks

As mentioned already, multicriteria analysis provides a framework in which all the actors can take part in
decision-making and in problem solving. Through negotiation between stakeholders and explicit treatment of judgment
criteria, the technique servesto give form to an ungructured reality. The strength of multicriteria anaysistherefore, lies
in the fact that it allows the values and individua opinions of several actors to be taken into consideration, and the
processing of functional relations within a complex network, in a quantitative way.

The intervention of an expert, the margin of manoeuvre enjoyed by decision-makers and smilarities with vote-based
methods makes this a suitable tool for a partnership approach.

The technique is well suited to the way in which partnerships function in so far as it outlines areas of consensus in
which the partners agree on the ranking (XE "ranking") of measures, and areas of dissension which reveal the measures
considered successful for some and unsuccessful for others. Experience has shown that consensual conclusions are
generally in the majority. This can be explained by the fact that the different weightings apply to the same impact
scoring matrix. Thus, a measure which has alow score for al the criteriawill never have a high weighted global score,
irrespective of the differences of priorities between partners. The different points of view of the partners cannot strongly
contradict the conclusions resulting from empirical observation if these conclusions show that certain measures are
really part of best practice (XE "best practice") and that others pose real problems of effectiveness[11], [12].

Furthermore, the technique may help to reach a compromise or define a coalition of views, but it does not
dictate the individua or collective judgment of the partners. Decision makers often prefer approaches of this type
because since they areinvolved in the process through arelatively simple technical framework.

Despite these factors, in the domain of evaluation in the strict sense of the term, multicriteria analysis is
seldom used for purposes other than those closaly resembling decision-making aid and, in particular, the ex ante
evaluation of transport infrastructure projects of such importance and scope as transport corridors.
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Abstract

Static and dynamic parameters of capacitive micromachined ultrasound transducers (cMUT) arrays, produced
with wafer bonding were investigated experimentally. 36, 40 um sgquare and 39, 40 um circular membranes were tested.
Thickness of insulation layer was 0.3 um, vacuum gap height 0.15 um, thickness of silicon membrane 1.5 pum.
Measurements of capacitance — bias voltage characterigtic show that device tends to accumulate el ectrical charge due
the good dielectric characterigtics of insulation layers. Experimental setup and eectronic circuits for pulse-echo
experiments was developed. Pulse-echo experiments were performed with cMUT’s immersed in transformer oil.
Fractional bandwidth was calculated from the received echo signa using fast Fourier transform. Central frequency of
tested arrays was at 7 MHz as an average. The increase of the bias voltage caused the fractional bandwidth to increase,
preferably to the higher frequency range. Tests show that array of 0.3x0.5 mm cMUT eements is sufficient to be used
in conventional ultrasound scanners without any essential changes in the hardware.

KEY WORDS: Capacitive micromachined ultrasound transducer, wafer bonding, pulse-echo characteristics.

1. Introduction

Ultrasound is widely used in medical imaging and nondestructive evaluation. Currently most of ultrasound
transducers are fabricated using piezodectric crystals and composites. In medica analysis are domains such partially
invasive anaysis or three dimensional (3D) imaging where using conventional piezoelectric transducers is complicated
or impossible. Piezoelectric transducers require special matching layersin order to couple ultrasound into liquid or gas
medium and these layers need to be manufactured to tight mechanical tolerances [1]. Designs of complex arrays (for
example, two dimensiond arrays for 3D imaging) are limited to technically possible configurations, and the cost of
manufacturing can be unacceptable. The drawbacks and limitations of conventional transducers are the main motives to
search for alternative ultrasound techniques. cMUT's may be adjusted in many applications not overtaken and
micromechatronics systems.

Significant contribution is made here during the last two decades by the Stanford University, which developed
the cMUT concept [2]. Surface micromachined versions of capacitive ultrasonic transducers were introduced in 1994
[3]. Now cMUTSs were reported to be successfully used in several medicine applications [4, 5]. cMUT concept is
expected to make a strong impact on imaging technologies, especially volumetric imaging, and is expected to appear in
commercial products in the near future [6]. Generaly, two methods of cMUT fabrication are widely known today: the
surface micromachining with sacrificial release [2] and wafer bonding method [2].

Wafer bonding method is widely used in micromachining, and it is older than surface micromachining
techniques [6]. There are three basic wafer bonding techniques. anodic bonding, fusion bonding and adhesive bonding.
Physical process of each techniques is different but result is the same: the permanent bonding of two similar or two
different substrates. In cMUT's fabrication silicon fusion process is used [2]. Silicon fusion bonding is a direct bond
between two silicon surfaces that takes place at high temperatures, forming strong covalent bonds between two silicon
wafers The bond ishermetic , and exceptionally stable both mechanically and e ectrically. Yield of bondsis closeto the
yield strength of single-crystal silicon [6]. The bond is equally stable, even when one of the wafers is thermally
oxidized.

The wafer-bonding technique of fabrications the cMUT’ s begins with two wafers: aprime quality silicon wafer
and a SOI wafer. The prime quality silicon wafer isthermally oxidized. Then by a photolithography step are formed the
cavity. The photo resist is removed and additional layer of silicon dioxide is thermally grown. This layer protect from
shorting as membrane material is conductive silicon. Main operation is bonding SOI and prime wafers in vacuum. After
bonding and annealing auxiliary layers of SOl wafer is removed to release the membranes. At the finish step the top
electrodes are evaporating. The elements of cMUT array are defined by etching isolating trenches. Main steps sacrificial
release process and wafer bonding method are presented in Fig. 1.
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Fig. 1 Main steps sacrificial release process and wafer bonding method.
2. Description of devices
The test devices were manufactured by Khuri-Yakub group (Stanford University) by the wafer bonding

technology. The layouts and photographs of the devices are shown on Fig. 2. The cMUT arrays were wire bonded to
printed cirquit boards to have the convenience of testing. Next in this paper we arereporting about testing results.

a b

Fig. 2 Boardswith cMUT arrays being tested: a— fragment of cMUT array of 300 um by 3 mm elements; b —cMUT
array of 300 um by 500 um elements. Above the photographs of wirebonded arraysis given

O

)] -
< <

Fig. 3 Cross section of cMUT cell. There hy — thickness of insulation silicon dioxide layer, hy — vacuum gap height,
hn, — thickness of silicon membrane, d., — diameter for circular cells membranes or length of side for square cells
membranes
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We tested two boards with cMUT arrays whose have the elements with different cell dimensons. The variety
of the cellsis described in Table 1. Each of cMUT array elements contains from tens to hundreds of membrane cells.
Cross section of one cMUT cdl isshown in Fig. 3.

For &l tested cMUT's cells arrays h; = 0.3 pm, hg=0.15pum, hy,=1.5pm. There are difference between
dimensions dn, and forms of transducers cdll: circular or squared. Also were tested arrays of membranes with mixture
circular and squared membranes. Structural data of membranes arrays are presented in Table 1.

Tablel
Structural data of membranes arrays
Definition of cMUT arrays | dy,, um Type Element pitch, um | Element length, mm

36 3 36 square membranes 300 3
39 3 39 circular membranes 300 3
40 3 40 square membranes 300 3
43 3 43 circular membranes 300 3

364050 3 36,40,50 mixture of 36 um, 40 um and 300 3

- 50 um square membranes

36 05 36 square membranes 300 0.5
39 05 39 circular membranes 300 0.5
40 05 40 square membranes 300 0.5

3. Experimental results

Static parameters. The most important static parameters of ctMUT are the membrane displacement
performance (static electromechanica transfer function for transmission) and the capacitance performance (static
electromechanical transfer function for receiving). To characterize static characteristics of transducers the capacitance —
bias voltage test were performed. The electrical circuit shown in Fig. 4 was used for static characterization.

Capacitance — voltage response was measured in the air. The results of cMUT array having e ement length 3
mm and eement pitch 0.3 mm is shown in the Fig. 5. The applied voltage was followed by the increase of cell
capacitance. Capacitance — bias voltage characteristic were measured twice: when increasing and when decreasing the
bias voltage. Results are shown in Fig. 5. The single cMUT dements with 39 and 43 um circular membranes, 36 and 40
square membranes and mixture of 36 um, 40 um, 50 um sguare membranes were characterized. The capacitance
response pattern during increase of the bias voltage does not fit the pattern when the bias voltage is decreasing. We
attribute this to the charging of cMUT cells. The charging problems are reported previoudy as caused by the charges
trapped in the thin dielectric layer used to insulate the electrodes [8]. Two sources of these trapped charges were
described: the fabrication process and the strong electric field within the transducer cavities during operation. Trapped
charge creates eectrostatic forces that prevent the membrane from snapping back after collapse. Therefore, in
capacitance — voltage response characteristics shown in Fig. 5 the clear collapse/snapback behavior can not be
observed. It was found the collapse voltage for 36 um square membranes to be 115 V, for 40 um square membranes it
was 95V, for 39 um circular membranes it was 120V, for 43 um circular membranes it was 100 V and mixture of
36 pum, 40 um, 50 um square membranes — about 125 V.

Intensity of dectricfidd of 260 ... 350 kV/mm was reached during the described tests. No dectrical disruptionswere
observed. This demongrates the good didectric properties of thermal slicon dioxide. From the other hand, good insulation
within the cavities caused the trapped charges to be accumulated. This can be the cause of ungtable operation parameters. The
additiona congtructional solutions like featuring isolation posts [8] for improving devicesrdiability are required.

Pulse-echo response test. To characterize the actual operation of transducers the pulse-echo experiments in
immersion were performed. The experimental setup for pulse-echo test is consisted form transmit/receive block,
connected to the cMUT, pulse generator and oscilloscope (Fig. 6). The transmit/receive block supplies the rectangular
pulses of 60V with adjustable due, which can be optimized for maximum transmit/receive rdiability. During the

+

% R=3.3MQ
D@ C=3000pF

_{

||

i G=3000pF

Fig. 4 Circuit diagram for capacitance-bias voltage test. There DC controlled positive high DC voltage source, CMUT
tested cMUT transducer. Resistance and capacitors have a auxiliary function
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Fig. 5 Capacitance — hias voltage characterigics.

transmit cycle the pulseis directed to cMUT viathe signa separation circuit. During the receive cycle the same signal
separation circuit directs the pulse from cMUT to the amplifier. The array wasimmersed in high quality transformer ail
NESTE TRAFO 10X. Density of the oil is 895 kg/m® and the disruption voltage of it is 52 kV. The interface between
the upper side of the oil container bottom and the oil was used as an acoustical mirror to reflect the pulse back to the
transducer. Thisinterface was 5 mm away from the transducer surface. The thickness of the plexiglas container bottom
was made to be 10 mm in order to have the clear separation between the pulses reflected from the oil — plexiglas
interface and the bottom surface of the container. The different types of cMUT’ s arrays were tested one-by-one. Most of
the measurements were performed in near-to-coll apse regime, because it gave the best results as described in [9]. The
reference [9] teaches the efficiency of cMUT'sto be determined as the product of the device capacitance and the applied
eectric field strength. Reduced gap (which is the case of near-to-collapse operation) increases both parameters,
resulting in an improved el ectromechanical transformer ratio.

Unipolar pulse excitation was used to obtain the frequency response of cMUT. The pulse-echo performance can
be optimized using different pulse widths [9]. Fig. 7 shows received pulses, reflected from the oil-plexiglas interface.
Excitation pulse due was adjusted from 40 nsto 100 ns. The amplitude of receved pulse dropped if the tranamitted pulse
due was decreased to less than 40 ns (Fig. 7, @). The pulses longer than 100 ns resulted in reflected pulses with narrowed
bandwidth. We found optimum pulse due to be 80 ns. All therest of the pulse-echo tests were performed at said optimal
pulse width. Frequency response diagrams were obtained using Fast Fourier Transform (FFT).
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As written above, we carried the experiments with different types of transducer cells design with different
dimensions d., and patterns of the cells. Frequency response and the shapes of received for different configurations of
membrane cells are presented in Fig. 8 for 0.3x0.5 mm element array and in Fig. 9 for 0.3x3 mm element array. Centra
frequency for designs 36 05, 36 05, 36 3, 39 3, 40 3, 43 3 isin the region of 7 MHz. As a result of change of
membrane shape, the frequency shift is observable for design 40 05 [9]. cMUT elements with mixture of 36 um,
40 pm, and 50 um sguare membranes have drawn out shape of response signal without clear resonant frequency.

The amplitude of received signa has strong positive dependence on the bias voltage: it increases with increase
of DC voltage (Fig 10). Changerise of graph pulse amplitude — bias voltage escarpment begin then membrane collapsed
(Fig. 10, design 40 _3).

The central frequency has no remarkable shift with changing bias voltage in all the cases, except design 40 05
(Fig. 11). The increase of the bias voltage caused the frequency band to widen, especially at the range of higher
frequencies. For design 40 3 fractiona bandwidth at -3 dB increase from 4.1 MHz to 4.5 Mhz when bias voltage
change from 80V to 120 V. For design 39 05 fractional bandwidth increase from 4.5 MHz to 5.0 Mhz when bias
voltage change from 70V to 125 V. This is attributable to the increase of the cells capacity in receiving mode and,
possibly, increased impact to the overall performance of small regions of the membranes, which are considerably less
involved, when the bias voltages are lower.
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4, Conclusions

Measurements of static capacitance — bias voltage characteristic show that charging problemsis actual for this
device design. We state the dielectric properties of the devices to be fine.

Consecutive tests of cMUT elements having different membrane types (though designed for the same central
frequency) show no significant differences in static and dynamic properties of the transducers, except of design No
40 05, which hasamix of different cells.

Higher bias voltages improve the overall pulse-echo performance of the transducers: the amplitude of received
pulsesis higher, and the bandwidth tends to widen towards the higher frequencies.

When simultaneous cMUT and piezoelectric transducers pulse-echo exeriments were carried, it was found
cMUTs having shorter response signal and wider fractional frequency band than piezoelectric transducers (Fig. 12)
Tests show what 0.3x0.5mm cMUT array can be used in conventional ultrasound scanners without any essentia
hardware changes.
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