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Innovative Laser Technology In Textile
Industry: Marking and Engraving

Yordanka Angeloval, Lyubomir Lazov?, Silvija Mezinska?
Technical University of Gabrovo, 4.H.Dimiter S300 GabrovoBulgarial,
Rezekne Academy of Technologi€sculty of Engineering, Atbrivosanas aleja 118z8kne, Latvia

Abstract. The advent of laser technology in textiles industry has established a new innovative solution, which
successfully prevents some of the weaknesses in the conventional technologies. Lasers are being used in Laser Marking
(Only the surface of fabric is processed, fading), Laser Engraving (Controlled cutting to depth). It has been used
extensively as the replacement of some conventional dry processes like sand blasting, hand sanding, destroying, and
grinding etc., which are potentially harmful and disadvantageous for the environment.

The article considers some innovative laser technologies, such as marking and engraving on various textile materials.
The laser applications for leather and textile processing were analysed. The report overviews systems and ways of laser
marking and engraving implementations. Classification of markings was proposed. The advantages of laser marking and
engraving technologiesin textile fields were pointed.

Keywords: laser technologies, marking, engraving, textiles, denim clothing.

I. INTRODUCTION II. WAYS OFLASERMARKING AND

Laser marking and engraving are innovative ENGRAVING IMPLEMENTATION
technologies. Furthermore, they discover additional Laser marking and engraving are implemented
horizons for the textile sector by providing prostse through three main ways: raster, vector and
for development of new production technologies [4, projection. When image is obtained by raster
38, 39]. Laser technologies take place on modermmarking, laser beam moves sequentially in rows,
laser systems on fabric, ready-made clothes, logossimilar to dot matrix printers, but instead of ank i
labels and others. Some information (alpha-numericthere is a laser beam “Fig.1”. This method was used
graphics or encoded) is applied to almost all typles mainly for marking alpha-numeric information, more
materials including textiles and leather. It is an rarely for graphic images [2, 8, 22, 24].
important element in the modern manufacture and
consumption of goods with certain functions:

identification, information, warning, aestheticc.et »>
In recent years, the use of lasers for textile / 3 >
material marking is increasing because of the speed i R

accuracy and flexibility of this modern technique

[29]. Many traditional methods of textile and cliotp

finishing consume significant energy amounts, water

and other supplies. Compared to them, the laser

technology is adequate to achieve good resultsvat |

cost. The laser methods are used extensively as a Fig. 1. Way of Raster Marking

replacement of some conventional processes which

are ones of the most environment polluting In vector marking the mark is written by focused

technologies, potentially harmful and laser beam, which follows the contour, guided by an

disadvantageous in some manner [16, 26, 34]. optical system, operated by a computer program. “Fig
Laser technologies, such as marking and2”. Vector marking applies to all kinds of

engraving are considered in this article. Applicasi  information: numeric-codes, bar-codes, 2D codes,

of laser for various textile material processing ar 10gos, and almost any other type of image. Ththés

analysed. The report overviews systems and ways ofmost common and versatile method of laser marking.

laser marking and engraving implementations. The

advantages of laser marking and engraving

technologies in textile fields are pointed.

ISSN 1691-5402
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Fig. 2. Way of Vector Marking

Projection marking is implemented with mask

(stencil). Laser beam passes through it

projected onto the working area “Fig. 3”.

Fig. 3. Projection Marking

where: 1-laser, 2-mask, 3-lens, 4-image, 5-woela §8].

Raster and vector marking can be realized by a

plotter “Fig. 4” or a scanner system “Fij.

Fig. 4. Plotter system for marking [25]

is

16

Fig. 5. Scanner system for marking [3].

Systems that combine plotter and scanner system
are used increasingly “Fig.6” [8, 22, 24]. Eachtluf
three systems for laser marking has its advantages
and disadvantages. According to the specific cése o
marking the most appropriate way is selected
depending on the requirements for speed, sizeeof th
treated area, flexibility and investment costs.

Fig. 6. Plotter&scanner system for marking.

lll. FACTORSINFLUENCING THE QUALITY
OFLASERMARKING

In order to achieve the best marking results, it is
necessary to obtain optimum combination of laser
parameters and parameters of the technological
process for the relevant material. The main factors
that influence, to a greater or lesser extentgtradity
of marking may be presented in the following grqups
relating respectively to: the properties of the enat
for marking, the parameters of the laser sourceefla
properties) and parameters of the technological
process [2, 3, 10].
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average molecular mass reduces. At abouf@2he

Laser vitrification happens and cellulose passes fromoAs
properties elasticity to pseudo-plasticity state. At 3Q0the
result is carbonation. When the polyester fibreat he
to temperature 80+9Q they vitrificate, at about
250°C they become soft and at 260- melt. When
temperature reaches 380- evaporate [9].

Marking depends on the following characteristics
of laser source: wavelength); the diameter of the
minimum focal spot, average power, impulse power,
pulse duration, pulse frequency, surface power
density of laser radiation impulse power, pulse
Fig. 7. Factors that influence laser technologthmtextile duratlon’. p_ulse frequency, Surfa.ce power density of

industry [10] laser radiation parameter of quality of the lassarh.
From factors related to the technological process,

Optical characteristics of different materials, as:the most crucial are: speed of marking, step of

reflectance capacity, absorption capacity, Marking, number of repetition and defocusing.
transmission efficiency, relevant coefficient ahéit

interconnection are basic to the process of laser IV. LASERSOURCES-ORTEXTILE
marking. Heat transfer in treated area of the riadter MATERIAL MARKING

takes place during the laser marking process. A Vvast variety of laser sources and laser
Therefore, it is essential to have knowledge of itstechnological systems with different charactersstic
main thermal-physical properties: coefficient of and application are offered on the world market7]6,
thermal conductivity, specific heat capacity, rasb ~ 45]- This requires, for a case-by-case basis, Iecse
temperature-conductivity. Textile material and 900d quality laser beam with a corresponding
leathers behaviour to heating is very important forwavelength. The wavelength determines good
setting up laser system in order to obtain therddsi absorption of a specific color material. Technotad)i
results. process of laser marking is complex and to get good
The variety of textile materials is vast. In gemera results with economically justified costs, it is
they can be divided into two groups: of naturagiori ~ Necessary to find the right laser for corresponding
(such as cotton, wool, etc.) and synthetic (pobfest pr_oductlon. Textile polyme_r marking requires lasers
polyamide, etc.). The key is to know their propesti With a wavelength that is absorbed best by the
very well, especially what happens when they areMaterial, low impulse energy and lower power
admitted to heat in different temperatures. density than used for marking metals. The average
For example: The cellulose (the content of cottonPower of the laser doesn't have to be high, enasigh
is about 91-95% cellulose) carbonizes (burns) witho &t the range of 10-50W. Good results are achiewed i
melting at high temperature. Thermal destructiondiameter of the minimum focal spot about 0.03-0.2
occurs from 158C+180FC, the fibre strength MM _
decreases significantly and the color changes. As a_ Basic parameters of some lasers for marking are
result of cellulose destruction, the polymer chaingiven intable 1.[2, 35, 41, 42, 45, 46].
breaks, as its length decreases and respectively it

Table |
Key features of some lasers, applied for textile l@ather materials
Type of laser
N Parameters CuBr CO, Fiber Excimer
1 Wavelength of laser A, um 0,511-0,578 10,64 1,064 0,193
2 Average power RV 10 50 10-40 24
3 Impulse power FkW 17-34 10 5,32-17,8 1700
4 Impulse energy Ep mJ 0,50-1,02 0,20 0,16-1,33 24
5 Pulse duration T, NS 30 20 30-250 14
6 Pulse frequency v, kHz 1-20 0,20-50 20-30 1
7 Diameter of the minimum focal spot di, mm 0,03 0,15 0,15 0,2
8 Quality of the laser beam M? 1,7 1,5+2 1,1 2
9 Positioning accuracy pm <25 <10 <25 <25
10 Coefficient of efficiency COP,% 10 20 40 10
V. METODSOFLASERMARKING focused on the material, its energy is absorbethéy

Today all organic polymers, such as the textilessurface layer, modified in depth from parts of maitr
and leather, can be treated by one or another manneto hundreds micron “Fig. 8". As a result of the
by means of laser radiation. When the laser beam iseaction, caused by heat and according to the afpe

17
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material, different results can be achieved [15, 16 processes in textile industry nowadays [16,26,34,36
25, 29]. One of the most workable textile laser treating,
especially for denim, is bleaching method [20].
Bleaching (fading) surface of denim fabric by
conventional chemical and mechanical processes
(sandblasting, stone washing, enzyme washing,
bleach washing, grinding and etc.) causes
environmental pollution, while laser whitening is a
ecologically clean process [18,19,31]. By contrali
laser parameters, such as amount of energy applied
on the fabric, the color changes on the surface,
affecting its appearance without unacceptable damag
to the material. The firm 'SEl Laser' presents a
revolutionary technology 'Flexi Denim' for laser
finishing that can replace traditional methods of
Depending on the depth of processing twomanual discoloration, wearing out, decoration,
processes can be distinguished and defined: lasaharking, engraving and cutting of jeans and ready-t
marking and laser engraving. Laser marking iswear clothes, at the textile show ITMA'2015, Milan,
surface impact in very little depth. Laser engrgvi® Italy. This technology reduces water consumption by
impact in much greater depth and most cases besides0% and removes toxic chemicals used for treatment
the color, also relief effect is obtained. of denim fabrics in traditional methods. It reduties
The textile fabrics are more often with small cost of energy consumption at three times higher
thickness from 0.1 mm to 5.0 mm [10]. For them performance relative to the conventional methotts -

more appropriate is to apply laser marking processi160 pairs of jeans per hour [32].
For materials with greater thickness it is

recommended to choose engraving process. These
kinds of textile, so called 3D fabrics, are woven,
knitted or non-woven fabrics and composites. Adarg
part of industrial materials are textile polymer
materials.

Laser marking and laser engraving can be realized
through a variety of methods, such as:

e change of color by bleaching (depigmentation)

“Fig. 11", “Fig. 127;

e change of surface as a result of destruction;

e change of surface as a result of vitrification;

e change of color and structure through

Fig. 8. Laser bleaching on Denim Jeans [21].

Fig. 10. Laser treating by evaporation (ablation)polar fabric.

carbonation (burnindFig. 9a)”; VI.APPLICATIONSOFLASERMARKING AND

e melting of surface layer material “Fig. 9b)”; ENGRAVING

e evaporation of surface layer material Laser technologies marking and engraving can be
(ablation) “Fig. 10, “Fig. 14". used for different applications. Depending on

function for which they are intended, images are:
decor ative andinfor mative.

b)

Fig. 9. Laser treating by: a) carbonation; b) melti Fig. 11.

Laser methods become increasingly popular and
are applied as a substitute for traditional finighi

18
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Currently decorating clothes with laser is the most
economical and creative technology of its artistic
meaning. Decorating with the help of laser
technology allows to create truly unusual,
complicated in many ways and certainly completely
unigue models in fashion design [37]. Through
opportunities for computer controled laser beam and
the application of different methods of marking,
expression of graphical information, in the artesgh

on fabric surfaces, is unlimited actually “Fig. 11"
Laser marking allows obtaining the so-called 3D
pictures (paintings) on the fabric. They look vesgl

Fig. 13. 2D matrix code directly on the articld]4

About the user, marking comprises all important
information on the main characteristics of the

thanks to the receipt of light and dark areas andproduct, such as manufacturer identification, size,
numerous shades “Fig.12a [15])"&"Fig.12c [47])" or ingredients, care and maintenance of the product,
whiskers “Fig.12d [26])". It is easy to combine instructions for possible allergic substances,
cutting out lace and marking 3-D effects together o flammability, environmental requirements and so on
jeans “Fig.12b" [17]. [11]. European and world markets require marking as

Similar well-known technologies are applying an
image screen printing and thermal transfer printing
but they have limitations on the range of materials
used and the end

completeness of light and shadow transmission [1].

d)
Fig. 12. Laser marking applications by varied fié&ts at jeans

c)

Also, a very important laser marking application
is to express technical information. With the hefp
laser information on fabric surface is put veryilgas
signs, identification symbols (letters and digitsar
codes, 2D matrix code “Fig.13” special characters,
serial numbers, logos “Fig.14” and so on.

19

result does not provide a

an integral part of the offered products.

Fig. 14. Laser marking of logo on a leather

On the other hand, for manufacturer, marking is
required to control production process-tracingheg t
stages of creation and removal of defects withaihe
of good production quality.

VIl. ADVANTAGES OFLASERMARKING

Laser marking and engraving of textile materials
are fundamentally different and greatly superior to
conventional. The following advantages can be
indicated [2, 8, 30, 32, 33]:
Automated process of production reporting
and control - reading with electronic tracking
devices on the marked product during
manufacturing process and throughout the
retail chain [5, 13, 23, 30, 29, 40, 43];
Ability to process almost all textile materials;
Ensure the authenticity of the product and
protect it against counterfeiting;
Allows storage of large amounts of data;
The density of marked information is very big;
The ability to read at different angles and even
after a partial demolition, which is very typical
for textile products during exploitation life;
Flexibility - integration in production and
automated lines allows marking on the fly;
Extremely accurate and qualitative, with clear
contours, very fast and precise method;
Minimal heat affected zone;
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« Contactless - missing mechanical impact on  Laser technologies work with better precision and
the treated material, and the result is gettinghigher productivity but also, they should be optied
the permanent, contrasting image; and investigated for each specific process and
« Very good quality, due to the stability and material.
manageability of the laser source;

< Environmentally friendly process; VIIl. CLASSIFICATIONOFMARKINGS
« High performance of the process; Marking has various purpose and is made
« Profitable method as for large series and foraccording to the specific requirements.

single piece; The classification of marks can be made in

« Economical - low production and operating different indicators “Fig. 15”. Types of markings
costs without the use of consumables, there ar@btain by laser radiation are a part of the main
not necessary nor chemicals, nor ink ribbonsclassification.
or other materials;

s CLASSIFICATION OF MARKING |[aumn

— Application

I
[ |

( Voluntary ] [ Obligatory |

Field of application -

( Production ] [Commercial ][ Exploitation ]

I Purpose

[ Identification ] [ Information ][ Decoration ][ Warning ]

-

Method of marking <
I |

I [
(Thermal printing ] (_ Embroidery |

I
( Pad printing

—

[Screen printingJ [ Laser radiation ] [ Labelling
v
C % ¢ I - 1
:System for marking‘ | Ways of implementation | Method of marking
: — l \ ; ,
| Plotter | = i T - N\ . N Ph :
\ / Raster | | Bleaching | Destruction DA
y S g S—d | J18 | transformations |
}\ Scanner ) [ vestor ‘ I
| Plotter-scanner  Projection | | Vitrification || Carbonation | | Melting | | Evaporation

- —
Remove of layer |

Fig. 15. Classification of the markings by vagdndicators [3]

IX. CONCLUSIONS for artistic decorating and unique design of any
The laser-based marking and engraving aresurfaces of textile products, so popular in fashion
complex physical processes with a great scientificindustry.
and applied importance. Laser radiation providgs hi As well they are used for important, indelible
quality processing because of its technicaltechnical information, which is useful for both
characteristics. Laser marks can be successfudlgl us manufacturers and consumers. Marks contain some
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data about the textile product and allow tracking [20] J?fciene,fl\l/l-, V. Urtaelisl, Z JlIJchnéiéné, L-Cewkf;]rg “Thf(rj
H H H H effect of laser techno ogica parameters on tl rcan
Sr?urces of r;aw mateg.als’ mor:jltorrllng a}nd Contrg"mh structure of denim fabric”, TRJ, Vol. (2013) Jul,2013
the state of proceedings and their impact on th&zi) khalii, El, “Sustainable and Ecological —Finishing
environment. Technology for Denim Jeans”, AASCIT Communications
For all textile materials, also for leather matistia (American Association for Science and Technolo@)15,
marking and engraving can be successfully applied

Vol.2, Issue 5 July 10, pp. 159-163
The choice of laser process is determined by th Thermoplastics, 05.01.2016

422] LATI Industria Termoplastici S.p.A., ltaly, Laserdvking of
desired final result.
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Fabric Selection for Work Wear During
Procurement Procedure

llze Baltina, Ausma Vilumsone, Anna Tarasenko, Lier Silina
Riga Technical University, Faculty of Material Soie and Applied Chemistry, Institute of Design Tedbgies,
Address: Kipsalas 6 - 222, Riga, LV-1048, Latvia

Abstract. Nowadays, more and more importance is given to labour protection, health and safety. One of the protective
means is suitable clothing. Often workwear serves as a uniform, which characterize the postion of the worker and
represents the organization. Basically, such types of workwear are sewn or purchased using the procurement procedure.
Usually procurement procedureis carried out for the entire sewn product as a whole. When workwear isworked out great
importance should be paid to basic fabrics and their protective quality. In order to provide the most suitable choice of the
fabric, the procurement procedure of it should be done separately from the sewing service purchase. Fabric production
and garment sewing in most cases take place at different companies. In this case, does not always match the probability
that the best sewing service provider will offer the best quality fabrics.

Technical specification of fabrics should be worked out very carefully. It should include fabric fibre content, structure
characteristics, type of finishing, mechanical and physical properties. Fabrics supplier selection can be made after the
applicant submitted fabric technical description, were specifies all nominal values of requested technical characteristics.
The procurement procedure must include testing of actual characteristics and its comparison with nominal values.

Field uniform fabrics are analysed as an example in scientific study. The procurement procedure of these fabrics
should be especially accurate. During procurement procedure is important to check conformity of supplied fabric directly
to offered characteristics.

Keywords: fabric, procurement procedure, work wear.

I. INTRODUCTION specification and requirements are developed. The

A big part of the time is spent in a workplace. supplier, by submitting a tenderer, is required to
Thus, the working conditions, comfort and working demonstrate the compliance of the potential mdseria
tools are the ones that largely affect the qualftiife and to submit a sample. Unfortunately, the real
and one’s working capacity. Nowadays, work wearsamples are rarely tested, and the materials &ctual
plays a very important role. It performs a variefy used in sewing are tested even more rarely. Mainly
functions. One of the most important is the safetythis kind of control is related to the damageseiis
function, as well as representation. Workwear oftenproducts in order to obtain the required sample
serves as a uniform which also perform the tasks ofineness of the material for testing.
protection. Failing to test the actual materials, hidden defect

The standard LVS EN ISO 31688:2013 whose causes are ambiguously interpreted often
“Protective clothing. General requirements” stipega  appear in articles over time. Consequently, itas n
that protective clothing is clothing including always clear whether the defects are caused by the
protectors which cover or replace personal clothing wearer's fault or the defects are due to the quafit
and which is designed to provide protection againstthe fabric. Causes are difficult to be determined
one or more hazards [1]. Protective clothing shatl  precisely, but in any case, the loser is the coesum
only provide protection against all types of thsgat If the fabric’s non-compliance is even determinigd,
but also be comfortable, its’ body size and desi&g, s still a long and complicated process.
well as the appropriate choice of materials is refag
importance. It should be done very carefully, by Il. MATERIALS AND METHODS
precisely developing appropriate requirementssilt i The compliance of the fabric used in the supplied
important to not only make demands, but to observdield uniform with the requirements of the techiica
and provide them accurately. specification and the sample submitted within the

Sewn product procurements primarily involve tender is analysed. The geometric characteristics,
sewing companies, offering both  product structural characteristics, as well mechanical and
manufacturing services, as well as providing physical properties of the fabrics are experiméntal
materials for manufacturing. In most cases, for thedetermined. The fabrics are tested according to
basic material procurement procedure a technicaEuropean and international test methods. The

ISSN 1691-5402
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acquired characteristics
summarized in Table I.
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and used test methods are

Table |
Test Methods.

Geometric and structural
characteristics

Test method

Mechanical and physical
characteristics

Test method

Fibre content

European Parliament and
Council Regulation (EU) No.
1007/2011[2]

Tensile properties of fabric

LVS EN 13934-1:201B [7

Fabric width

LVS EN 1773:2001[3]

Tear propertiedatfric

LVS EN 13937-2:2001[8]

Mass of 1M

LVS EN 12127:2001 [4]

Air permeability

LVS EN 922001 [9]

Warp and weft density

LVS EN 1049-2:2001 [5]

Falstitfness

BS 3356:1990 [10]

Warp and weft linear density

ISO 7211-5:1984 [6]

bif@surface wetting

LVS EN ISO 4920:2012 [1

1]

LVS EN ISO 11092:2014
[12]

Fabric water — vapour
resistance

. RESULTSAND DISCUSSION The table also contains requirements of the teahnic
The geometric and structural characteristicsspecification raised within the procurement
acquired during testing are summarized in Table Il.procedure.

Table Il
Geometric And Structural Characteristics Of Fabrics

Characteristics Requirement of the techniceBubmitted sample Supplied fabric
specification

Fibre content, % 65% cotton Not fixed 63.4+3% cotton
35% polyester 36.6+3% polyester

Fabric type Ripstop Ripstop Ripstop

Fabric width, cm 150 cm+10% 155 149

Fabric weave Plain with rip stop Plain with rip stop Plain witip stop

Mass of 1M, g 200 21711 214+11

Warp density, warp/10cm | Not fixed 413 429

Weft density, weft/10cm Not fixed 228 213

Warplinear density, tex Not fixed 32,2 32,8

weft linear density, tex Not fixed 34,5 32,9

The technical specification of fabrics indicates In the technical specification, two structural
two geometrical characteristics: fabric width and characteristics are determined: fibre compositiod a
weight of 1n3. fabric type. Characteristics of both the fabric plem

The fabric width is indicated as 1500mm + 10%, and the supplied fabric correspond to the set
which means that it can be 135 to 165 cm wide. Suchrequirements. In the paper, the following strudtura
amplitude of fabrics can cause problems duringhclot characteristics
construction; moreover, if the fabric is 135 cm &id Warp density in the fabric;
additional material could be necessary. When Weft density in the fabric;
drawing up the technical specification, it would be Warp linear density;
desirable to provide a deviation amplitude thads Wetft linear density.

greater than +5cm and that is not dependent on the  comparing the warp and weft density of the two

average width (is not expressed as a percentat@of faprics, we must conclude that the parameters are

average width). o _ different, which could be due to the different fabr
In the technical specification, a constant value iscontraction during printing. It is the fabric widthat

determined regarding the weight of 3of fabric —  |ets us think of such a possibility. Regarding the

200 g/nt. In fact, it is very rarely that a fabric is potentially possible unevenness of yarn, the linear

produced that corresponds to the value so accyratel gensity of warp and weft is relatively close.

It usually varies within 5% of the average value.  The mechanical and physical characteristic of

Also, in this particular vase the values of bottdd  |th fabric are summarized in Table Il1.

materials (for 1§ are slightly greater than set out in

the requirements of the technical specificationt bu

this deviation is so small that it can be ignored.

Table Il
Characteristics of the Fabric’'s Mechanical and Riay$roperties
Requirement of the technicgbubmitted sample Supplied fabric
specification

Characteristics

Tensilestrength, N
warp
weft

No less than 1050 N
No less than 450 N

1106111 N
552455 N

1260+126 N
547455 N
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Extension, %

e warp Not fixed 222 % 15,5 %

o weft 11,7 % 12,7 %
Tear strength, N

e warp Not fixed 27N 19N

o weft 20N 15N
Air permeabilityat a No less than 150mm/s 30 mm/s 22 mm/s
pressure difference of 100Pa
Fabric water — vapour Up to 3.5 mK/W 3.4 ntK/IW 4.2 ntK/IW
resistance
Fabric stiffness,

e warp 0.7-2.4 17uNm 18 uNm

o weft 23uNm 49 uNm
Fabric surface wetting Not fixed Grade 1 Grade 4

The technical specification of fabrics sets the between 12.5 and 55% in each direction. This value
requirements for the following mechanical and of the supplied fabric is close to the minimum glu

physical characteristics: but for the transverse fabric sample — even loWent

e tensile strength in a longitudinal and the minimum allowable value. In this case, it can b
transverse direction; concludedthat from the view of fabric prolongation

e air permeability; this fabric is not suitable for active physicalieities,
 bending rigidity; where clothing is exposed to high elongation.
e changes of linear dimensions; The technical specification does not provide
e water vapour resistance; requirement on the fabric tear strength. Sincedfiel
e thermal resistance: _uniforrns are worn _in active physical conditio_nsotw
« vapour permeability index. investigational fabric tear strength values arendef

in the paper. The values obtained are very low and
are not appropriate to the product that may ndticgs
freemovement.
The air permeability of both the fabric sample and
. . the supplied fabric is at least 5 time lower than
* abrasion resistance required in the technical specification. Such air
* fabric surface wetting. _permeability is not allowed for clothing that is mo
Tensile Strength mc_zhcators for both longitudinal i, 5ctive physical conditions in summer.
and transverse direction correspond to the ones \gpour resistance of the fabric sample meets the
|nd|cat_ed in the technical s_peC|flcat|on. It mugt b \5ues set out in the technical specification, that
taken into account that tensile strength valuesidror  51,e for the supplied fabric it is higher than et

values in both directions set out in the technicalyaiye, Thus, during physical activity in warm westh
specification are different. Essentially, the t&nsi congitions the fabric in the lower clothing layer
strength border value in the transverse direct®n i 5ccumulates a high level of humidity. Due to thghhi
very low and therefore is not suitable for field pmidity, low air permeability and low tear strengt
uniforms that are work also at active physical of the Jower clothing layer, the sewn product betads

activities. The tensile strength is tested accgdm e body, does not pass the additional strength of
the standard LVS EN ISO 13934-1. In the standardphysica| activities, and thereby breaks.

method, by simultaneously determining the tensile’ "¢ rigidity in the transverse direction of the

strength, the absolute extension of the fabriclse a  gpplied fabric is substantially increased (moent

determined and the relative extension is calculat_edtimes) compared to the fabric sample. It is togedar
Consequently, these indicators do not requirefor fapyrics of field uniforms. Such fabric might be
investing great additional work or resources, butynpleasant to the wearer when in contact with skin.

provide information about the fabric maximum The surface of both the fabric sample and the
capacity to be extended up to the breaking momeng,nsjied fabric is tested regarding its resistance

and the possible free movement during wearing. The,gainst wetting. Results for both fabrics are
elongation values indicated in the paperprovetie 10 gramatically different. If the surface of the saenpl
elongation capability of the given fabric. In the fapc moistens strongly and its resistance against
recommendation of the European apparel and tex“"?/vetting can be evaluated with grade 1, the surédce

confederation ~ EURATEX ~ "Recommendations e sypplied fabric is almost water-repellent and ¢
Concerning Characteristics And Faults in Fabrics Topg eyaluated with grade 4 (see Figure 1).

Be Used For Clothing" [14] it has been suggestetl th
the trouser fabric elongation capacity should be

Additional mechanical and physical
characteristics set out in the paper:

e elongation;

e tear strength;
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(@)
Fig. 1. Surface soaking of the fabric sample (&) the supplied fabric (b)

Given the above, it can be concluded that neitheiimpossible for the fabric technical specificatiankte
the analysed fabric sample, nor the fabric actuallyfully covered. Usually the most important factors a
used in the sewn products does not meet thencluded. Unfortunately, just as in the analysed
requirements of the technical specification. example, the suppliers not only offer the least
Therefore, it can be already predicted that, fils&  expensive materials, but also ultimately use other
uniforms will outwear soon and, secondly, the weare similar materials, which do no longer meet the
will feel discomfort due to the low air permealyilibf specified requirements, for sewing the productthédf
the fabric. supplier has to send ready-made products, it aiths w

Procurement procedures of sewn productconfidence that the compliance of fabrics will no
purchasing can be arranged in two ways.longer be tested, because without damaging the
Traditionally, companies participate in procurensent products in most cases it is simply not possible.
by offering ready-made products from their own Consequently, it could be resolved by dividing the
materials. At the beginning, this options seemsgy ver procurement into two parts. First, purchasing the
good and acceptable, since nowadays people arfbric, testing its compliance with the requirenseot
usually buying manufactured foods that correspond t the procurement procedure and the submitted sample,
their needs, and only rarely purchase their ownidab and then organizing a procurement for sewing
and go to the tailor. By realizing manufactureddmo services. Such a division of the procurement poces
the manufacturer is eager to retain its customeds a would enable one toprove the protective
to as much as possible to make the customer returrcharacteristics of the material, avoid the hidden
In most cases customers are able to appreciate goatefects of the product, as well as avoid delivefy o
quality. Consequently, manufacturers are intereisted different fabrics in different delivery times. lage of
meeting consumer expectations with a vengeance bgrmy field uniforms, it would provide protection of
introducing new technologies, achievement andthe masking prints, originality and a narrower mng
conclusions acquired while working. of companies, to whom restricted access information

Unfortunately, the procurement procedure focusesshould be provided.
on one-time deals. A potential supplier is usually
thinking of offering the lowest price but still ntew . CONCLUSIONS
the minimum technical requirements set out in the Given the above analysis, we recommend to
specification. He does not think whether this orderconsider dividing the procurement of protective kvor
will be followed by another one. Materials chosen f wear into two parts: first, buying fabrics, secondl
protective work wear play an important role andythe sewing products from the purchased fabrics.
provide a large part of protective functions. When concluding the fabric procurement, the
Meanwhile, raw materials account for a large pért o fabrics should be tested and their conformity with
the unembroidered product’s cost. Consequently, theechnical specifications should approved mandatory.
procurements often face situations where potential It is important to include structural and geometric
suppliers offer fabrics of the lowest possible eric characteristics, as well as physical and mechanical
that meet the technical specifications. Since abri propertiesin the technical specification of therfab
characteristics are affected by lots of differextttérs,  procurement.
ranging the smallest unit of fibre, its finenesndth, Traditionally, one of the most important
winding, thread type, coarseness, twist, fabriccharacteristics inthe technical specificationsaisric
structure and process parameters,up to the type afeight per 1 but it may be equal to fabrics of a
finish and technological processes, it is virtually very different structure. Consequently, technical
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specification should also determine requirements fo [4]
the warp and weft density or the warp and weftdime
density.

The technical specification of any work wear

should include such characteristics as tensilagthe
elongation, tear strength, abrasion resistance, air
permeability, and water vapour permeability.
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Abstract. This article describes the hazards and causes of VOCs as well as the state of VOCs. It isthe main culprit in
the production of VOCs, which isthe main culprit of the production of VOCs source materialsin automobile, and analyzes
the production of VOCsin theraw material production processfrom the source. Finally, proposed reduction measuresfrom
three aspects of the raw materials, production, management.

Keywords: VOCs, coatings, adhesives, plastic parts, rubber parts.

I.  INTRODUCTION VOCs has been as high as 30 million tons. Among

Recently, The air pollution situation is becoming them, the industrial source emissions accountethér
increasingly serious in China, volatile organic proportion of the entire human source of 55.5 %hés
compounds (VOCs) emissions seriously affected themost important source of emissions [10]. At the sam
ambient air quality. Volatile Organic Compounds time, on July 8, 2016, the Ministry of Industry athe
(VOCs) refer to the general term of a class of pigga  Ministry of Industry organized the " Action Planrfo
compounds with high vapor pressure and volatile atVolatile Organic Compounds in Key Industries "
room temperature and atmospheric pressure [1]indicated that, industry is a priority area for VOC
including various combinations of alkenes, olefins, emissions is the focus of industrial areas to reduc
Oxygen and halogenated hydrocarbons, such as "Thre¢OCs with emissions accounting for more than 50 %
benzene", formaldehyde and ethyl acetate [2]. 8tudi of total emissions, Complex, with high strengthghi
have shown that VOCs are;@nd PM2.5 form one of concentration and many other types of pollutants,
the important precursor materials [3], VOCs carcrea recycling difficult with high cost. At present, ttar
with the atmosphere NOX in the ultraviolet radiatio pollution control situation is grim.lt is of great
produce ozone and other secondary pollutants, whiclsignificance to accelerate the key industry VOC
resulting in photochemical pollution [4]. At thensa  reduction to promote industrial green developmeudt a
time, VOCs also have an impact on human health, opromote the improvement of atmospheric environment
which n-hexane, heptane and octane will affect thequality and keep human health.
human central nervous systéfif; polycyclic aromatic The production of volatile organic compounds is
hydrocarbons and many chlorine-containing organicmore complex in the process of automobile
due tocarcinogenic, teratogenic and mutagenicity.production, resulting in hundreds of VOCs, inclglin
Long-term exposure to high concentrations of VOCshydrocarbons, aldehydes, ketones and so on. The
can cause headaches, nausea, vomiting, coma amdsulting VOCs are directly related to the typepants
other symptoms, and damage the liver, kidney, brairused in the production of automobiles and the
and other vital organs [6]-[8]. All in all, VOCseapne  accessories of the automobile manufacture process.
of the key pollutants that endanger the atmosphericThe influence of the VOCs is automotive coatings,
environment and human health, and it is imperative adhesives, plastic parts and rubber parts and.so on
control VOCs emissions.

According to the results of 2015 national human
source results listing the emissions of volatilgamic
compounds, that the main sources of industrialcsur
are traffic, the source of life, agricultural soescin
artificial source VOCs emissions constitute [9]. At
present, China's annual emissions of anthropogenic
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Il. ANALYSIS OFVOCSSOURCEMATERIAL ethyl acetate) in the adhesive were analyzed.ifkear

IN AUTOMOBILE PRODUCTION range of the six volatile organic compounds was
PROCESS methanol 40 ~ 400 ug/g, acetone 4 to 40 ug / ghyhet
Coatings acetate 9.2 to 92 ug/g, t-butanol 3.2 to 32 ugigylv

In the developed countries of the automobile acetate 7.5to 75 ug/ g, and ethyl acetate 445 tag /
industry, the amount of paint used in the paintg[17]. Atthe same time, the results show thaintiai
production occupies an extremely important placecomponents of the welding glue are butyl rubber,
[11]. Coatings produce large amounts of malodorousprocessed oil and carbon black, and the influerice o
and VOCs in transporting and using processes becaughe three on the content of VOC is the processiig o
of the large amount of organic solvents in the carbon black> butyl rubber; the main component of
production. Therefore, the paint industry is anthe coating is (PVC) resin, DOP (dioctyl phthalate)
important industrial source of atmospheric VOC4[12 plasticizer and organic solvent, which has a great

Paint is mainly composed of film-forming impacton the emission of automotive VOCs. The main
materials, pigments, organic solvents, additivey.[1 components of the total glue are isocyanate, plodyet
The main components of film-forming substances polyol And so on, its ethylbenzene content is reddy
include acidic phenolic resin, phenolic resin, drea high and have great impact on vehicle VOCs emission
formaldehyde resin, etc., these organic compoumds i[18].
the process can be used to release benzene, methano Plastic parts
chlorinated ethylene, hydrogen chloride and phenols With the progress of science and technology, the
and other toxic and harmful gases [14]. Most ok¢he status of plastic parts in automobile productiomge
related solvents are strong organic solvents, comyno and more important, and its effect on improving
used solvents include alcohols, esters, ethersnkst  vehicle performance, appearance and light weight is
aliphatic hydrocarbons and chlorine-containing obvious [19]. The results show that the vehiclelitpa
organic matter. In principle, these solvents atepast ~ can be reduced by 10 %, the fuel consumption can be
of the coating and not present in the coating btihg  reduced by 6 % ~ 8 %, the fuel efficiency is imprdv
primarily to dissolve the film-forming material b by 5.5 % and the emission is reduced by 5 % ~;6 %
the coating in a liquid environment to facilitate the vehicle mass is reduced by 100 kg [20]. October
application and to form a solid coating, After the 2016, China Automotive Engineering Society released
formation of the volatile to the atmosphere. So the"energy and new energy vehicle technology road
main source of pollution in the paint production map." The road map pointed out that by 2020, 2025,
process is the solvent [14]. 2030, the vehicle quality than in 2015 were 10 %,

A total of fifteen major VOCs were detected in the 20 %, 35 %. At present, the average use of bicycle
automotive coating production workshop, including bicycles in developed countries is more than 150 kg
benzene, toluene, ethylbenzene, xylene, ethyl #geta accounting for 12 % to 20 % of the total weightlod
butyl acetate, methyl isobutyl ketone, propylengegl car, while the use of bicycles in China accounts fo
methyl ether acetate and Diol butyl ether and saten  about 7 % to 10 % of the weight of vehicles [21ju,
concentration of detection range of 0.51 ~593.44 m the application of automotive plastic parts willhere
m®. The concentration of TVOCs in the production and more widely. Over the past 30 years, the amount
stations was significantly different, and the of plastic used in automobiles has risen from ali@ut
concentration of VOCs in the gas samples of differe kg in the early 1960s to 200 kg at the beginninthef
batches in the same production chain was different21st century. At present, the application of ptagti
Xylene and butyl acetate are the main VOCs for thethe car is divided into three categories: extepaats,
production of indoor air [15]. interior parts and functional structural parts [22]

Adhesive including automotive dashboard, car handrails,

Automotive adhesives in the application of the carhandles, liner, car bumpers and so on.
is very wide, Coverage is about 20 kg per car. The The main components of automotive plastics are
application of coating technology in automobile polypropylene (PP), ABS, polycarbonate (PC),
manufacturing can enhance the structure of autdmobi polyethylene (PE), polyurethane (PU) and polyvinyl
structure, heat and vibration, but also can repdacee  chloride (PVC) [23]. Polypropylene plastic in
parts of the welding, riveting and other traditibna automotive plastic parts of the most widely used,
crafts, simplify the production process, optimibe t polypropylene (PP) with good mechanical properties,
product structure [16], with The use of the autaweot low relative density, easy processing and other
industry towards energy-saving lightweight, high- excellent characteristics. Because of its excehesait
speed environmental protection, comfort and safetyresistance, it is widely used in automobile proatunt
low-cost trends, glue and related materials in thebut PP materials in the production and use of the
automotive manufacturing will become more process will inevitably produce some monomer,
prominent and key. oligomers and other pollutants [24]. A total of 28

The volatile organic compounds (methanol, components were detected in their volatile gases,
acetone, methyl acetate, tert-butanol, vinyl aeetat including alkanes, aldoxones, alkoxides and olefins
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with acetone (14.12 %) and 2, 4 - dimethylheptane Both government and enterprises should
(12.97 %) of the most [25]. strengthen VOC emissions management. Government
Rubber products departments should strengthen the emission
Rubber products in the use of automotive requirements of industrial production, improve the
production accounted for about 5% of the weighthef  laws and regulations to restrict emissions of
vehicle, the amount can not be underestimated. Irproduction enterprises. Enterprises should not only
addition to the main components of rubber tiresygh  strengthen the managemental requirements of
are also rubber seal products, rubber shock preductemission of pollutants in the producing process and
hoses, tape and other rubber products in the car. establish strict policies but also increase the ¥OC
Rubber products used in the production of rawpost-treatment facilities that can burn or washtevas
materials are mainly raw rubber with agents and as gases and then emit them. There is a remarkable
skeleton material of fiber and metal materials. Rawexample of RTO device in Hefei Economic
rubber includes natural rubber and synthetic rubbeDevelopment Zone. One of car manufacturing plant
(silicone rubber, styrene-butadiene rubber, cishylet use the RTO device to burn the organic waste gases
rubber, isoprene rubber, etc.) [26]. The compoupdin emitted from the spray room, natural drying roord an
agent is an auxiliary material added to improve theindustrial drying room. A large amount of organic
properties of the rubber, according to the funcian  waste gases produced in the coating process are
be divided into curing agent, curing acceleratati-a  oxidized and decomposed in the case of natural gas
aging agent, anti-scorching agent, plasticizerhwit combustion and becomes non-toxic&@d HO. The
thousands of complex ingredients, complex heat of the oxidized high-temperature gas is "store
composition. These materials are masticatedby the ceramic generator for preheating the new
(according to different types of raw rubber, the organic waste gas and saving the fuel consumption
temperature is usually 30-40°C), kneaded required for the temperature rise. The purification
(temperature 80-160C or so), rolled out pressure, efficiency is generally greater than 98 %.
petaled, molded and other processes finally gdieub In order to take the road of cleaner production,
products. In this process, due to high temperaaate  enterprises have to choose new technologies, new
high pressure, they will make the organic ingretfien materials and new technology. They should initiate
in the volatile or cracked and resulting in a large environmental protection activities from the soutce
number of odor VOCs exhaust. VOCs waste gas in théhe process, every step of the production. Theulsho
mixing, pressing, rolling, curing and other proessis  better control the amount of pollutants from the
accounted for about 20% of the total emissions ofresource and pay attention to the process and ggoce
rubber products production processwith high transformation and select the optimal coating ratid
temperature and complex composition, low spraying process to reduce the use of related raw
concentration characteristics, which composed mainl materials and emissions. In addition, they oughist®
by carbon disulfide, Carbon, hexane, toluene,green production materials and select coatings and
hydroquinone and other components [27]. Accordingadhesives of aqueous solvent type to reduce thesvOC
to the American Rubber Manufacturers' Association,emissions from organic solvents. In term of
the emission of VOCs in the production process ofautomotive plastic parts, they should utilise |artgin
rubber products is the largest, and the pollutantspolymer materials to reduce the plastic parts [yypexd
emitted by the vulcanization process include tofyen in high temperature environment and producing VOCs
m-xylene, p-xylene and carbon disulfide. Other gas.

processes are mainly polluted it is carbon disalfid Enterprises must speed up the improvement of the
carbon tetrachloride and hexane [28]. existing process, controlling the amount of polhisa

from the parts and assembly process to the use of

.  REDUCTIONMEASURES source materials. They should pay attention to the

In the context of environmental protection, process and process transformation and select the
automobile manufacturing industry as a labor andoptimal coating ratio and spraying process to reduc
knowledge-intensive  industries, reducing the the relevant use of raw materials and emissions. Fo
production of atmospheric environmental pollution example, After a car manufacturing plant Hefei
has became the industrial development needs to be&conomic Development Zone take the lead in the use
the important social responsibility. Automotive of environmentally friendly water-based paint, the
production industry VOCs cut not only in the third factory has adopted the most environmentally
production process to optimize the production psece friendly water-based B1B2-free coating process,
but also from the source of VOCs - the productibn o which is the shortest spray process today. Throlugh
raw materials, choose clean green materials for theptimization of coating, theseenterprises havervese
automotive production process to contribute tomnt the anti-UV and anti-stone attack function of flagt
VOCs emissions. In this regard, the car compamids a coat, which not only can subtract the equipmensedu
the relevant departments can make someby the equipmentinvestment and energy costs,bat a
improvements: make a significant reduction in VOC pollution teeth
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environment. It is reported that the use of watesea

B1B2 exemption technology not only can save 25% to,
30% of the energy and reduce 15% to 20% of the CO

(12]

20% to 25% of the waste, but also reduce the

consumption of coating about 2kg per car. The

enterprise has adopted green technology to redhece t [13]

pollution emissions to the minimum.
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Analysis of Ash Content in Composite
Biomass Fuels
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Abstract. The study reveals research of ash content in different composite biomass fuels. It contains analysis of
samples obtained from various local Latvian biomass types, i.e. reed, wood, hemp, flax shives and peat, by combining
them in different proportions. Ash is a by-product derived from combustion process consisting mostly of inorganic
substances that are left after a fuel is burnt. High level of ash content in a fuel is undesirable because it causes problems
in automation of biomass combustion process. Previous studies carried out by the author show that average ash content in
reeds is 2%, which is a high index comparing with wood where ash content is approximately 0,5-1%. Thus, the high ash
content in reeds my cause problems in reed combustion in solid fuel boilers. Besides, it is not possible to ensure
permanent reed collection that would ensure continuous reed fuel generating process all year long. In order to reduce the
ash content to the optimal level and to diversify raw materials necessary for biomass fuel generating process, the author
suggests using composite fuels by combining different biomass types. The study contains optimal combining proportions
of different biomass types for composite fuel production basing on the ash content in them.

Keywords: ash content in fuels, common reed, wood, peat, hemp, flax shives, composite fuels.

I. INTRODUCTION subsidies are paid for cultivation of these plauwts,

One of the most popular renewable energyfor energy plants; besides, it is relatively coroaied
sources (RES) is biomass. Use of the biomass tkesto gather such plants mechanically and a special
considerable part in energy industry, mainly due toequipment is needed.
the use of timber that is one of the main natural Flax processing residues, i.e. shives, straw, hemp
resources in Latvia. However, recently an increasedibres, peat, hay, as well as other energy plaats ¢
attention has been paid to the use of cultivabtgg@n also be used. The main problem related to theiiisise
plants and water plants. the fact that these resources are available sdhsona

The use of such non-traditional sources isbesides, their thermal qualities are often worse if
disrupted by the fact that in Latvia there is ny an compared to timber. Therefore, it can be suggested
thorough assessment of the amount of RES, potentialse composite fuels where timber is used as a base,
and long-term availability of each energy source inwhile other energy plants are added as supplementar
the respective regions. For a rational and appatri fuels, e.g. in pellet production. Thus, when resesr
long-term use of RES, the available amount andare provided irregularly, they could be easily aged
quality parameters of the respective RES should bdy other types of biomass.
assessed [1]. Thus far, the potential of watertplan One of the most important fuel characteristics is
biomass in Latvia as an energy resource has nat betash content. Ash is a by-product of fuel combustion
taken into account. There is also insufficientiet¢  mainly consisting of inorganic substances obtained
in peat and various cultivable energy plants. Giverafter fuel combustion. High ash content is a niggat
Latvian conditions, reeds Phragmites australis feature because it makes the automation of biomass
(Cav.) Trin. Ex Steuylgrowing in natural or artificial combustion process more difficult [8].
water bodies could be used for energy generatioo The paper studies the ash content in fuels,
[2,3,4]. Researches conducted by foreign scientist depending on the amount of fuel added to wood. Ash
also indicate that reeds can be used as a rawialater content in fuels was assessed according to the
for fuel generation. [5,6]. Overall, reeds from mor Standard 1SO 17225-1: 2014 Solid biofuels. Fuel
than 2000 lakes located in Latvia may be used fo specifications and classes. Part 1. General
energy generation. [7] Use of reeds, compared wittrequirements [9]. According to this standard, the
cultivable energy plants, has its advantages anquality of composite fuel was evaluated basing sim a
disadvantages. The main advantage is the facitthat content.
is not necessary to occupy areas of agriculturadda Basic material for the research consisted of
and that no expenses are needed for settlement industrially produced wood pellets, which can be
plantations. The main disadvantage is the factnbat purchased in trading venues in Latvia; various $ype
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of local biomass, i.e. reeds, flax shives, peamme analysed trice, measurement error assessment was
fibre, hay, as well as fossil fuel, i.e. coal dusgre  also carried out [10].
added.

II. MATERIALS AND METHODS

The study used industrially produced wood pellets
ground into powder using a mill. Various types of
local biomass available in Latgale region were ddde
to the wood chips, i.e. reeds, flax shives, peay, h
hemp fibre, as well as coal dust, that had preWous
been dried and ground into powder. In order to
determine the ash content dependence on the amount
of various types of biomass added to the wood,
respective samples were prepared and analysee in th
following proportions. Sample 1: 100% wood;
Sample 2: 90% of wood and 10% of other fuels; Fig. 3. Samples after combustion
Sample 3: 80% of wood and 20% of other fuels,
Sample 4: 60% of wood and 40% of other fuels; '”-_ RESULTS AND DISCUSSION
Sample 5: 40% of wood and 60% of other fuels; According to the Standard ISO 17225-1: 2014
Sample 6: 20% of wood and 80% of other fue|S;SOI|d b|ofuels_. Fuel specifications and classest Pa
Sample 100% other fuels. Ash content in the sample&€neral requirements (see the Standard below},fuel
was determined using the standard method CEN/T$asing on the ash content, are divided into tessels.
14775:2004 [10]. The samples were dried at theSee Table 1.
temperature of 105°C. They were later placed into
crucibles and weighted (Fig. 1).

Table 1
Classes of solid biofuels basing on ash conteht [9

AlA|IAA|AAA]A

Class |5 5/0.7/1.0{ 1.5/ 2.0/ 3.0[5.07.0 18' AL0.0+
ASh<§<<<<<<<>lO%

content,| 0,50,7| 1,0/ 1.5/ 2.0/ 3.0(5.0/7,0| 10| (Maximum

value to bg
0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
% % | % | % | % | % | % |%| % | % stated)

Ash content in timber without bark is around
0.3%, it is higher in the bark and amounts to 4-5%
[12.9] Ash content in wood pellets analysed in our
study amounted to 0.43 + 0.01%, which is a good
indicator. Pellets, basing on the ash content,

For combustion of samples the furnace correspond to the highest class A 0.5. Ash content
“Nabertherm” was used (Fig. 2). grows when reed biomass is added to the wood
(Figure 3). Ash content in 100% reed bhiomass
amounted to 2.39 * 0.11%, which corresponds to the
class A 3.0. In another study, ash content in reeds
also similar, i.e. 2.76% [13]. Thus, it can be
concluded that adding reed biomass to the wood
increases ash content and deteriorates fuel quality

Fig. 1. Samples analysed to determine the ashmonte

25
X 2 0
g 15 y = 0.0207x + 0.4347
R s R?=0.9711
S o5
; %
Fig. 2. The fu d to determine the ash nbnt < 0
ig. 2. The furnace used to determine the ash nbnte 0 20 40 60 80 100
After combustion in the furnace at the temperature Admixture of reed dry mass to the wood, %

of 550°C the crucibles with ash (Fig. 3) were taken _ _
out, cooled and weighted, the respective calcuiatio ~ Fig- 3. Ash contentin the wood-reed composite fuel
of ash content were also performed. Each sample was
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In order to determine the proportions of wood andnot exceed 0.3 %. In the class A 0.7 admixturdaf f
reeds in the composite fuel to meet certain qualityshives may amount to 0.3-1.4%, in the class A 1.0
standards, the following equation (Equation 1) wasadmixture of flax shives may amount to 1.5-3.1%, in
used: the class A 1.5 it may amount to 3.2%-5.9 %, in the

class A 2.0 it may amount to 6% - 8,7%, in the las
A =0,0207R + 0,4347 (1.) A3.0 it may amount to 8,8%-14,3 %, in the class

A 5.0 it may amount to 14.4-25.5%, in the class.@ 7

Where, A- Ash content in composite wood-reed it may amount to 25.6%-36.7 %, in the class A 10.0
fuel, % may amount to 36.8-53.6 %, while flax shive-wood

R- admixture of reed dry mass to the wood % composite fuel where content of flax shives exceeds

This equation can be used to find critical ash53.6 % corresponds to the class A 10+. Therefore,
content values for each class. In the class A@8 r flax shives form a biomass with a high ash content,
admixture to the wood may amount to 3.2%, in thegrowth in the proportion of this material increases
class A 0.7 it may range from 3.3% to 12.8%, ia th rapidly the ash content in the composite fuel. Ash
class A 1.0 reed admixture may amount to 12.9 —content in flax shives is almost eight times higher
27.3%, in the class A 1.5 from 27.4% to 51.5%himt than the ash content in reeds and forty times lighe
class A 2.0 from 51.6% to 75.6%, while reed than in wood. The high ash content can cause
admixture exceeding 75.6%, basing on the reedoroblems in automation of combustion process.
content, corresponds to the class A 3.0. Adding peat to the wood increases the ash content

Thus, 3.2% of reed biomass may be added taFigure 5). In our research, ash content in thenbigs
wood pellets without decreasing fuel quality inmber  of pure peat amounted to 4.13 + 0.21%, which ranks
of ash content. If such a high quality is not neaeg, peat, basing on the ash content, into the clas)A 5
the amount of reed biomass admixture may beAdding peat to the wood increases ash content.
increased in accordance with the above-mentioned
ranges.

Adding flax shives to the wood increased rapidly
the ash content (Figure 4). Ash content in the laigsn
of pure flax shives was high, it amounted to 17476
1.05%, which ranks flax shives into the class A.10+ y =0.0364x +0.3143
Other researchers have also found such a high as R*=0.9871
content in rice straw, i.e. about 1 —20% [14] Adgin 0 10 20 30 40 50 60 70 8 90 100
flax shives to the wood increases rapidly ash cunte
and deteriorates fuel quality. Using flax shives i
production of biomass fuel might be difficult and  Fig- 5- Ash contentin wood-peat composite fuel
uneconomical because of the high ash content.

a

IS

N

Ash content ,%

o

Admixture of peat dry mass to the wood , %.

In order to determine the proportions of wood and

peat in the composite fuel to meet certain quality

< 20 standards, the following equation (Equation 3) was
e 15 used:
£ 10 = 0.1784x + 0.4465
g 5 y k2=o?(994i A =0,0364R + 0,3143 (3.
<

0 10 20 30 40 50 60 70 80 90 100 Where, A- Ash content in composite wood-peat

Admixture of flax shives dry mass to the wood,... fuel, %

R- Admixture of peat dry mass to the wood, %.

Fig. 4. Ash content in the wood-flax shives comfofiel This equation can be used to find critical ash

content values for each class. In the class A 0.5

In order to determine the proportions of wood andadmixture of peat to the wood may not exceed 5.1 %.

flax shives in the composite fuel to meet certainin the class A 0.7 admixture of peat may amount to
quality standards, the following equation (Equa@)n 5.2-10.6 %, in the class A 1.0 admixture of peaym

was used: amount to 10.7-18.8%, in the class A 1.5 it may
amount to 18.9-32.6 %, in the class A 2.0 it may
A=0,1784R + 0,4465 (2.) amount to 32.7-46.3%, in the class A 3.0 it may

amount to 46.4-73.8%. Admixture of peat to the
Where, A- Ash content in composite wood-flax wood chips exceeding 73.9% corresponds to the class
shives fuel, %; R- admixture of flax shives dry mas A 5.0.
to the wood, %. In 2016, in order to receive area payments for
This equation can be used to find critical ashtidying up permanent grasslands, the grass haeto b
content values for each class. In the class A 0.5mowed and removed from the field. Thus, the farms
admixture of flax shives dry mass to the wood maywithout livestock faced the problem of hay
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overproduction, which could be solved by using hay Figure 7. Ash content in wood-hemp fibre
as additional fuel. Ash content in canary seed maycomposite fuel.
range from 2.5 to 10%. [9] Overall ash contentrin d
grass is about 7% [12]. Festulolium, timothy, and
meadow fescue also have high ash content, i.e..6-89
[15] In our research, ash content in pure straw
amounted to 7.73 + 0.01%, which ranks pure straw
basing on the ash content, into the class A 10.0
Adding straw to the wood increased ash content in
the fuel (Figure 6). 0 10 20 30 40 50 60 70 80 90 100
In order to determine the proportions of wood and
straw in the composite fuel to meet certain quality
standards, the following equation (Equation 4) was
used:

y =0.0335x + 0.3623
R*=0.9945

Ash content ,%
o [ N w Ey

Admixture of hemp to the wood, %.

Fig. 7. Ash content in wood-hemp fibre compositel.fu

In order to determine the proportions of wood and
A=0,0728R + 0,2346 (4.) hemp fibre in the composite fuel to meet certain

) ) quality standards, the following equation (Equatin
Where, A- Ash content in composite wood-straw yas used:

fuel, %
R - admixture of straw dry matter to the wood, %. A=0,0335R+0,3623 (5.)
This equation can be used to find critical ash
content values for each class. Where, A-Ash content in composite wood-hemp
fuel, %
10 R- Admixture of hemp fibre dry mass, %.
: 8 This equation can be used to find critical ash
g 6 content values for each class. In class A 0.5
g 4 maximum amount of hemp fibre admixture to the
£ 2 y=0.0728x+0.2346 wood may be 4.1%. In class A 0.7 admixture of hemp
<o R® =0.9927 fibre may amount to 4.2-10.0%, in class A 1.0 ityma
0 10 20 30 40 50 60 70 80 930 100 amount to 10.1-19.0%, in class A 1.5 it may amount
Admixture of straw to the wood, % to 19.1- 34 %, in class A 2.0 it may amount to 34.1
48.9%, in class A 3.0 it may amount to 49-78.8%. If
Fig. 6. Ash content in wood-straw composite fuel the amount of hemp fibre admixture exceeds 78.9 %,

) it corresponds to the class A 5.0. Wood may be also

In class A0.5 maximum amount of straw mixed with various fossil fuels, which would inceea
admixture to the wood may be 3.6 %. In class A 0.7jts energy value. Coal dust may be used as orieeof t
straw admixture may amount to 3.7- 6,3 %, in classcomponents in composite fuels. Ash content in coal
A 1.0 it may amount to 6.4- 10.5 %, in class AL.5 yailable in Latvian markets was established. Ash
may amount to 10.6-17.4 %, in class A 2.0 it may content in pure coal dust was high, it amounted to
amount to 17.5-24.2%, in class A 3.0 it may amountg 27 + 0.39 %, which ranks it into class A 10.0.
to 24.3-38%, in class A 5.0 it may amount to 38.1- Adding coal dust to the wood increases ash coitent
65.4 %, in class A 7.0 it may amount to 65.5- 98%. ine fuel (Figure 8).
straw admixture to the wood exceeds 93%, it
corresponds to the class A 10. One of the mos
promising energy plants for cultivation is hemp.hAs
content in hemp varies in different studies: it nieey
2% [16] or around 3% [13]. In addition, it may also
vary for different parts of the plant, such as Egv

[y
o

(2]

y=0.0744x + 0.191

Ash content ,%

stems, etc., as it was revealed before in the stiidy 0 RZ=0.9744

corn plants, where ash content in leaves was 2stime 0 10 20 30 40 50 60 70 80 90 100
higher than in its trunk [17]. Furthermore, the ash

content in plants depends on the time of harvesting Admixture of coal dust to the wood, %.

is recommended to harvest the cultivated energy Fig. 8. Ash content in wood-coal dust composite. fue
plants as late as possible in the autumn [18].Un o

study, ash content in hemp fibres was higher and In order to determine the proportions of wood and
amounted to 3.78 + 0.09 %, which ranks pure hempcoal dust in the composite fuel to meet certairligua
fibre into the class A 5.0, basing on it ash conten standards, the following equation (Equation 6) was
Adding hemp fibre to the wood increased ash contenuised:

in the fuel (Figure 7).

34



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the #international Scientific and Practical Conferens&lume Ill, 31-36
A =0,0744R + 0,191 (6.) Given that the heat of combustion of coal dust is
higher than that of the wood, such a combination
Where, A-Ash content in composite wood-coal could improve the overall fuel quality. In additjon
fuel,% changes in the heat of combustion should be
R- Admixture of coal dust to the wood, %. examined in the future.

This equation can be used to find critical ash  The highest ash content was found in flax shives,
content values for each class. it exceeds the characteristics of wood by
In class A 0.5 maximum amount of coal dust approximately 40 times. Consequently, the useaof fl

admixture to the wood may be 4.1%. In class A 0.7shives in composite fuels is not recommended.

admixture of coal dust may amount to 4.2-6.8%, in

class A 1.0 it may amount to  6.9-10.9%, in class IV. CONCLUSION

A 1.5 it may amount to 11-17.6%, in class A2.0 it Wood is a fuel with a low ash content, and

may amount to 17.7- 24.3%, in class A 3.0 it mayadmixture of various biomass types available in

amount to 24.4-37.8%, in class A 5.0 it may amountLatvia, as well as admixture of coal dust to theodo

to 37.9- 64.6%, in class A 7.0 it may amount to/64. in composite duels, increases ash content in the

91.5%. If the amount of coal dust admixture to therespective fuels.

wood exceeds 91.5%, it corresponds to the class The lowest ash content was found in reeds, peat

A 10.0. and hemp fibre, therefore these types of biofueds a
High ash content is a negative feature in fuels,the most appropriate to be added to wood in

because it makes the automation of combustiorcomposite fuels.

process more difficult. Combustion of fuel with a Basing on experimental studies, equations have

high ash content involves additional expenseseaélat been created for calculation of amounts of fuelbdo

to ash disposal and maintenance of combustioradded to the wood.

equipment. It has been concluded that mixing wood The studied wood pellets, looking at the ash

and other biofuels or fossil fuels inevitably ineses  content, correspond to the highest class A 0.5. In

the ash content therein (Figure 9). order to keep ash content within the limits of slas

A 0.5, it is possible to add 3-4% of reeds, peamp

e WOOA+Straw

0
0 10 20 30 40 50 60 70 80 90 100——g— wood+hem 1]
Admixture of fuel to the wood, % p fibre

Fig. 9. Ash content in different composite fuelpeieding on
the amount of fuel added to the wood (2]

As we can see from the Figure 9, analysis of ash
content in fuels revealed that the best resultee$h
ash content) was in the wood-reed composite fuelf3]
ash content in the fuel containing admixture oftpea
and hemp was also relatively low. The study resultsy;
indicate that the wood, in order to keep ash cdrgén
the class A 0.5, can be mixed with a relatively kma
amount of these fuels, i.e. 3-5%. If the final prois [5]
intended for use in furnaces, which allows for a
higher ash content, the added amount of biomass can
be increased according to the estimates above. To
keep the ash amount corresponding to class AKeO, t [6l
wood may be mixed with 27% of reed, 18% of peat
and 19% of hemp. The second group, basing on th¢r]
results of the study, contains wood-straw composite
fuel and wood-coal dust composite fuel. In order to
correspond to the class A 0.5, wood can be mixedsg;
with about 3 or 4% of these fuels. For the ashemint
in class A 0.5, 10% of straw and coal dust may be
added. Use of such composite fuels is possible, bucyt,9
the increased amount of ash should be considered.
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20 4= wood- coal fibre, coal or straw. Ash content in flax shivedas
X dust content is forty times higher than ash content in
- 15 el woOd+reed . . .
£ wood, therefore the use of flax shives in composite
€10 tood fax fuels rapidly increases the overall ash contentiand
o shives
5 . wood+peat not recommended.
<
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Colloidal Photonic Crystals
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Abstract. Metal-dielectric nanocomposite optical materials based on colloidal crystals have been prepared by electro-
thermo-diffusion or magnetron sputtering of silver. Optical properties of these photonic crystals have been studied by
angle-resolved reflectance and transmission spectroscopy. The interpretation of observed spectra has been made taking
into account the Bragg diffraction, Fano resonance, Fabry-Perot resonance and surface plasmon-polaritons, which
excitations contribute to the optical properties of plasmonic-photonic crystals.

Keywords: colloidal crystal, photonic crystals, photonic glasses, plasmonic crystal, nanostructures.

I. INTRODUCTION terminate their bottom and the top sides, respelgtiv
Hybrid metal-dielectric photonic crystals have to produce Ag/ ML/ Ag architecture. Further this

been fabricated on the basis of colloidal crysfals  srycture has been equipped with a corrugated Fabry
with the aim to design the next generation of @tic pg ot microcavity, by adding a silica film and avest

materials. : :
: . . metal film on top of Ag/ ML/ Ag to achieve
Novel 3-dimensionalAg / opal nanocomposites P g g

have been prepared by electro-thermo-diffusion of AG/ cavity Ag’ MU Ac hybrid. The role of the
silver in opal templates [2]. Their reflectancectpe =~ metal layers here is two-fold — to form a

Ragiopal(4) demonstrate the diffraction resonances. microresonator across the structure and to guide
surface plasmon polaritons (SPP) along the strectur

These resonances are red-_shifted compared to .thosms approach can be considered as the prototype
of Rypai(4) spectra due to higher effective refractive ¢;pication technology for the optical chip

index Nag/ opa™ Nopal- The most striking observation production.

is the pronounced distortion of diffraction resocen
band in reflectance spectra ofAg/ opal
nanocomposite with high metal content that congrast
to almos_t symmetric Bragg resonance shape Qf a bar, 2ce centered cubic (FCC) lattice [7].
opal. This phenomenon has been interpreted in][2, 3 Silica opal samples were characterized by
as the manifestation of the Fano resonance [4, 51

between zero-order diffracted electromagnetic waveﬁ\;IVEGA /I LMU ‘Tescan» Scanning Electronic
and those resonantly scattered by silver dendnites icroscope (SEM). According to SEM images, the

Ad / opalcomposite mean sphere diameter of the studied opal is
g/ opaicomp ) . . D =~280 nmMoreover, some lattice disorder takes
Alternative  approach to  metal-dielectric

architectures assumes integration of continuougsimet place (Fig. 1).

' ; ; : The electro-thermo-diffusion of silver in the
films with colloidal crystals [6]. In particular]ab 2- . )
dimensional photonic  crystals  represented by0.8mm thick opal slab has been carried out under

monolayers (ML) of spheres have been sandwichet?lecmc field of E=3.75kvicm at temperature
between flat and corrugated thin metal films that T ~800K.

II. MATERIALS AND METHODS
Synthetic opals under study consist of silica
SiO,) beads that are self-assembled in closely packed
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Reflectance spectra of opal template and those of
nanocompositédg / opal at two different angles of
light incidence are shown in Fig. 3.

One can see three maxima in the reflectance
spectra of the opal template (Fig. 3, curves 1pa),
only one of them (the left one in Fig. 3) demortsisa
distinct angular dispersion. At small angles, the
resonance wavelength %~ 2dn~ 600 nm, where

d =0.816D is the interplane distance of (111) planes
in FCC lattice anch represents the effective refractive
index of the photonic crystal. Hence, the maximum
centred at ~600 nm can be attributed to the zederor
(111) Bragg diffraction resonance.

§ £ i
SEM HY: 30.00 kv WD 13.65 mm I VEGAW TESCAN
SEM MAG:16.55 ket Det: SE Detectar -
SEM MAG: 16.59 ki Datedmrdiy): 12/0216 Daugavpils University n

Fig. 1. SEM image of the silica opal matrix underdy.

R (a. u.)

Hexagonally packed monolayer-based metal-
dielectric colloidal crystals Ag/ ML/ Ag and
Ag/ cavity/ Ag MU Ac have been prepared by
magnetron sputtering &g in ATC ORION SERIES

SPUTTERING SYSTEM [6] and characterized by 40}
“ZEISS FIB-SEM GEMINI" Scanning Electronic , , , A (nm)
Microscope_ 500 600 700 800

Angle-resolved reflectance and transmission
spectra of the parent opal template and metalFig. 3. Reflectance spectra of silica opal tenep(dt 2) and those
dielectric nanocompositdgave been measured using of nanocompositég / opal(3, 4) at the angles of inciden@s®
white light illumination from a tungsten lamp. (3 3)and3c® (2, 4).
Spectra have been acquired by USB650 Red Tide

spectrometer (Ocean Optics). The positions of two other maxima (near 690 nm
and 770 nm — see Fig. 3) seem insensitive to thkean
) . RESULTSAND D|SCUSS|QN o of light incidence These maxima are presumably
_ Figure 2 shows SEM image of the silver infiltrate ayripyted to light scattering in partially disordd
in one of the defect regions of theg / opal  4ng)jattice structure (“photonic glass” [8]  [10]
composite, confirming infiltration of opal. Silver The diffraction band in the reflectance spectra of
concentration within these defect regions (e.garne Ag / opal composite (Fig. 3, curves 3, 4) differsnf
microscopic cracks, grain boundaries etc.) may b&pe Bragg resonance shape in the spectra of a bare
rather high (up to few atomic %). opal (Fig. 3, curves 1, 2). As we already mentioimed
Section I, this phenomenon is the manifestatiothef
Fano resonance [2] — [5] between two flows of
electromagnetic waves: one is diffracted in the
photonic crystal and the other is resonantly scedte
by silver dendrites.
Figure 4 demonstrates SEM image of the hybrid
colloidal plasmonic-photonic crystal [6]. This im&ag
shows the Ag/ ML/ Ag hybrid integrated with

Ag/ cavity/ Ag resonator that is formed on top of
the monolayer surface.

SEM HY: 30.00 kv WD 14.59 mm YEGAWTESCAN
Wiew field: 7.204 pm Det SE Detector 2pm -
Date(m/di): 12/2316  Eriks Sledevskis Daugavpils University n

Fig. 2. SEM image of the defect region of &g/ opalcomposite.
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4 0.25

0.15

0.10

transmission

FIB Imaging = SEM

Fig. 4. SEM image of the focused ion beam cut loé t
Ag/ cavity/ Ag MU Ac hybrid colloidal plasmonic-photonic

crystal under study [6].

The bare monolayer of spheres shows several
resonances that correspond to the diffraction of
guided resonances propagating along the monolayer
(Fig. 5a, curve 1). Sandwiching a monolayer between
Ag films results in the surprisingly weak transnoss
reduction, which is counteracted by two extraordina
transmission peaks (EOT) at 596 and 489 nm. These
peaks appear due to excitation of surface plasmomig. 5. (a) Transmission spectra of the monoldyg(4), curve
polaritons (SPPs) propagating at the interfaceadf 1) pjasmonic-photonic crystahg ML Ag ( T,(4) curve 2),

and corrugated silver films with ML and air, . : . ,
. . microresonator T;(4) , curve 3), plasmonic-photonic crystal with
respectively (curve 2). The transmission enhancémen

manifests the enhancement of the optical density offticroresonatorAg favity /Ag /ML /Ag, (T,(4) , curve 4) at the
states in surface plasmon polaritons. Peak at #D0 n normal light incidenced =0 . (b) The ratiosr, (1) =T,(1)/T,(4)
is. due to _the intraband tr{ansitions of sil\_/er. @UBVIN  (curve 5),1,(4) =T,(A)/(T,(A) xT,(2)) (curve 6).

Fig. 5b illustrates relative changes introduced by

metal  films  represented by the ratio IV. CONCLUSIONS

5(2) =T,(4)/T(2) - The light diffraction inAg / opalphotonic crystals
If another resonator Ag/ cavity/ Ag with is affected by the light scattering at silver spsci
resonances at 770 and 385 nm (curve 3, Fig. 5a) ig’his interaction leads to Fano-type distortion loé t

series connected to Ag/ ML/ Ag one, the Bragg resonance shapg. . .
o , , Engineering of optical properties of plasmonic-
transmission is further reduced, but this redUCt'O”photonic crystals has been achieved via the

occurs selectively stronger at the Fabry-Peroty chitecture topology. Hybridization of different
resonances of the cavity (curve 4). Remarkably, th&egonances results in either the extraordinary
transmission peaks of the microcavity are convertedyansmission or extraordinary absorption of light.

in transmission minima of the hybrid architecture.

This is clearly illustrated by the ratio ACKNOWLEDGEMENTS
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Anthropometric parametrization of
Uniformsfor Armed Forces

Inga Dabolina, Ausma Vilumsone and Eva L apkovska
Riga Technical University, FMSAC, Institute of @gsirechnologies,
Kipsalas street 6-220, Riga, LV-1048, Latvia; E-miaija.dabolina@rtu.lv

Abstract. Planning manufacture of uniforms decisiomaust be taken as to how many and in what size atipalar
model series should be manufactured, how they skobk labeled and to what body-dimensions garmengéssighould
correspond. The purpose of anthropometric parame#aion is to introduce garment size classificatidior mass
production clothing, so as to representatively detpivearers’ body figure diversity. It is in the imests of manufacturers
(design time and costs, logistics etc.) and buysnsturement service alike to confine themselveswétminimum garment
sizes and to use a possibly less complicated gatrsae classification. The aim of this researchts gather different
impact factors for anthropometric parametrizatiowif Uniforms of Armed Forces.

Research is formed from anthropometric data and amskr survey exploring data set of 150 soldiers. Awhometrics
are performed by non-contact anthropometric methd@® anthropometrical scanner Vitus Smart XXL® is uséd the
study), data processing automation systems, patteraking CAD/CAM systems, etc. National Armed Forces (NAF)
technical specification provides for manufacture af wide range of garment sizes (by height indiffeceninterval of 6
cm). Manufacturers labeling system and charts ofiShed products are subjected to comparative anialgsd evaluation
of corresponding standard recommendations is inahatd

The study indicates the need to optimize the cuthgenused anthropometry method in the Latvian Army,
anthropometric data registration and applicationhds improving the performance of military personneind the
procurement process and the use of resources, thummoting resource planning and environmental prateon. Also
improvements are needed in uniform labeling and tingting of the military personnel on selection afniform and
equipment components.

Proper anthropometric parametrization and labelingf Uniforms for Armed Forces would minimize expenset o
Uniforms as well as the negative waste impact to ¢éeironment.

Keywords: anthropometry, clothing industry, designtamation/CADCAM, mass customization.

I. INTRODUCTION contain any definite references to the requiremefts

The most important problems with designing andthese “standards” and availability, procedure of
producing uniforms for National Armed Forces obtaining anthropometric data standardization [3].
(NAF) is the lack of proper anthropometric data of  The right clothing and equipment is vital
wearers — soldiers. Generally procedure of orderingmportance to the survival and effectiveness of
and supplying uniforms are based on normalmilitary personnel [4]. One of initial aspects is
distribution (Gaussian function) with standard appearance and fit of uniforms [5] and now the
deviation +/- 10%. EN 13402 [1] is a European information necessary to ensure it can be obtained
standard for labelling clothes sizes. It is based o and processed using non-contact technologies.
body dimensions, measured in centimeters. It reglac This anthropometric research [6] was carried out
many older national dress-size systems in popwar u by using data of the NAF units. According to the
before the year 2007. Cabinet of Ministers of theNational Defense Concept, the number of NAF
Republic of Latvia Regulation No0.519 [2], paragraph personnel in professional service does not exceed
25 reads that uniforms are issued corresponding t®,800, which was respectively equated with the
garment  sizes based on anthropometricgeneral group in the anthropometric research. The
measurements, which are taken upon person joiningample set consisted of at least 3350 measurements.
the service, and later every two years, while Research results confirmed the conformity of the
paragraph 28 stipulates that tailoring of field NAF personnel anthropometric data to the normal
uniforms shall be organized on an individual baiis, distribution.
soldier anthropometric measurements do not End users claims about uniforms — fitting of field
correspond to the standard size. However, neitieer t uniforms are partly weak, defects such as seam-
Latvian Republic Ministry of Defense nor other stitching splits and fabric splits are often foundhe
uniformed services regulatory technical documentsarea of the crotch during the use of soldiers’ gesu
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Therefore, the aim of the research in purpose to do B. Measurements used
anthropometric parametrization for Uniforms of Main measurements to analyse human body are
Armed Forces is to identify potential reasons forthree circumferences (bust, waist and hip
defects by analyzing the fitting of the products ascircumference) and three lengths/heights (body
well as the design and the wearing habits of tnmuse height, waist height and crotch height).
Bust/chest girth - The circumference of the chest
. MATERIALS AND METHODS is measured across the bust point landmarks. The
A. Anthropometrics — 3D Scanning circumference is measured parallel to the standing
In the research, measurements have been gatheredrface (scanner code 4515). Waist girth - The
by Vitus Smart XXL human body 3D scanner, which circumference of the waist is measured in the heigh
conforms to the ISO 20685 standard. This equipmenbf the natural waist (if feasible). The natural stai
is designed to capture the surface of the humag bodheight is determined by extracting a contractiomipo
in a twelve seconds. The scanning volume is 210 cnon the side. The circumference is measured patallel
in height by 100 cm by 110 cm in depth and width. the standing surface (scanner code 6510). Hip girth
Resolution in X, Y, and Z is 27 points in cm in the The circumference of the Hip is measured slightly
middle of the scanning base for human subjects. 3Dunderneath the buttock girth at a maximal girth
Human Body Scanner uses optical triangulation adocation. The circumference is measured parallel to
the basis for measurement extraction. For thisthe standing surface (scanner code 7525). Body
purpose, combination of camera and laser (laseheight - Vertical height from standing surface he t
sensor) is used. The lasers are switched on (pulsedisual top of the head. The vertical distance is
when the measurement begins. During themeasured between the standing surface and thef top o
measurement, the slides travel vertically at andefi the head. Waist height - Vertical height of the stai
speed. girth (scanner code 6510) measurement to the
Standard anthropometry (traditional contact standing surface. Crotch height - Vertical height o
methods) dimensions are measured from one point othe crotch point to the standing surface (scanodec
the body (or fixed surface such as the floor) to0100).
another. In the case of circumferences, the dimansi C. Experimental procedure
is measured around a part of the body at a spédcifie = The average statistical data of NAF soldiers in
level. These measurements are taken with specifiaccordance with the general sample measurements
instruments: anthropometer, measurement tapeare as follows: height — 179 cm (measurements of
caliper. 3360 soldiers), chest circumference — 106 cm
Principal component analysis was used to create émeasurements  of 3351  soldiers),  waist
plan for anthropometric data gaining for end-usercircumference — 94 cm (measurements of 3351
group. The results of this study showed that tlaeee  soldiers) [6]. One of the reasons for defects oftes
differences in fit to the test person of theseqiygtes  may be the unsuitability of clothing sizes with the
(all selected in size M), also clarified scenar®m t dimensions of the human body. In the case of
measurement activities to be gathered from end-useindividual orders a correct measurement of the body

group. is sufficient, but in mass production - careful
3D human body scanning and measuring activitiesplanning of the type and number of sizes of a baich
of end-user group has been held. be produced by taking into consideration

The prerequisite for reliable body measurementsanthropometric features of a consumer group is
is the correct position and posture of the subjecthecessary.
during the scanning process. Instructions about the In the framework of the process of 3D scanning of
correct posture, both verbally and by means of ansoldiers 150 uniform wearers were asked to indicate
illustrated poster and presentation was given. Alsosizes of worn products (trousers and jackets old f
anthropometrist checked out the position beforeuniform). In the reports 87% (131) of respondents
scanning starts. The correct scanning posture wasere able to indicate trouser sizes, however, tyfes
defined as follows: The end users stands on thdabelling of sizes differ - 87% (114) indicate csige
scanner platform with his or her feet on “footpsint letter designations (XS-3XL). Moreover, 11% (12) of
painted on the platform. The soldier forms fists, them had doubts and indicated two labels (e.g. L/M)
slightly bends the arms at the elbows, and postion 6% (8) indicated two-dimensional numeric labelling
the hands slight away from the hips. The subject(e.qg.92/182), and only 7% (9) two-dimensional lette
looks straight ahead with the head held in a positi designation, which had been implemented by the
to the Frankfurt plane. The soldier breathes ndymal manufacturer and used in supply (e.g., L/IREG). By
and stands relaxed without flexing his or her mescl  taking into consideration that some of the respatgle

All end users were asked to wear tight-fitting were unable to indicate trouser size (13% (19)) and
underwear. Tight cap was used to produce smoothlifferent types of labels, it was apparent thattia
head shape if needed (hair-dress conditions). supply of this research group there was no common

approach to labelling of clothing sizes to be worn
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wearers themselves were confused over the types afrawing up of a label for nether garments. If the
labelling of trousers that may encourage receivingapplication of a waist circumference is clearly
unsuitably-sized trousers. justified in the design of trousers then there @& n
In order to examine how appropriate the indicatedclear justification for chest circumferences to be
sizes were with the body measures of each person (iincluded in a chart for drawing up of trouser sjz&es
total, 123 had a letter indicated), trouser sizageh this body measurement is not used and does nat affe
been reviewed according to the measurement chart dhe calculations of trouser design. The lengththef
the manufacturer on the basis of waist circumfezenc inseam and side seam are classified by choosing bod
of wearers obtained in 3D scanning (primary key height as a key dimension (secondary).
dimension). When these were compared it was As a result, finished trouser products are labelled
apparent that 51% of trouser sizes (63) comply,by taking a waist circumference as the primary key
according to primary key dimension - waist dimension by classifying them into 7 sizes (XS-3XL)
circumference. 31% (38) indicated a smaller size, b but as a secondary - body height, by classifyirg le
18% (22) larger. As an overall result 49% (60)fat lengths (for inseam and side seam) into 7 lengths
clothing worn by the 123 participants found thaiesi (2XSH-2XLO). In general, it provides 49 combined
is non-compliant with measurements of waist types of sizes (7 x 7 = 49).
circumference (see Fig.1). This means that the inseam and side seam length
will be determined by referring a test person tmso
body height interval. During anthropometric
7 Smaller size is indicated researches it has been established that persons
referring to one body height interval may have
different leg lengths i.e. proportion of legs itateon
to a body height by classifying into, e.g. types of
extra short legs, short legs, normal legs, long kd
extra-long legs.

Suitable size

Larger size is indicated

Fig. 1. Sizes of trousers - comparison of thoskcated in the

record and measurements in the charts of the metnuéa.
Ill. RESULTSAND DISCUSSION

In the figure below (Fig.2.) differences are clgarl A.  Measurements .
demonstrated between the frequency of sizes (key When matching trousers/leg length intervals of
dimension - waist circumference) developed the charts of the manufacturers determined by body

according to reported and already reviewedheight and leg length measurements (see chary), it
measurements;  moreover, more distinctive @pparent that by individually examining existing le
differences are observed exactly in the broadlylengths in some body height group not all wearers

represented size groups M, L and XL. refer to these set intervals. However, averages are
close to those set by the manufacturers.
50% In the framework of specific research group

45% classification has been made according to body
measurements and manufacturer charts by
determining suitable labels for leg lengths (thieeot

side of a two dimensional label). First, a label
according to a body height has been found and
afterwards according to measurement of inside leg

length. (See example in Table 1.)

40%
35%
30%
25%
20%
15%

10% Table I.

5% I % Measurement of inside leg length

0% e % A AV % e . Range to

XS S L XL | XXL [ 3XL | 4XL | 6XL Trouser Ra_nge to Inside leg which refers
[mreviewed| 1% | 4% 26% | 18% | 8% | 5% | 1% | 1% size_ | Body | whichrefers| length - according to
[mreported | 0% | 2% 37% | 8% | 7% | 1% | 0% | 0% recordeq| height | according to| body inside leg
Fig. 2. Sizes of trousers — waist circumferenceqdency body height | measurement length
analysis. XXU 181.0 | REG 79.6 SHO (80)
REG (179-185)

When such unsuitability of trouser sizes with
actual body measures exists, then a waist When comparing, it has been established that in
circumference is taken as a key dimension; it may b 72% (108) of the cases labels will not comply, ae.
predicted in the framework of a specific researchlabel will be affected by whether body height or
group as a reason for different defects during use.  inside leg length was taken as a key dimension of

Chest circumference, waist circumference, andtrouser length. Differences in leg proportions @lso
body height are indicated in the measurement chart@pparent when comparing frontal views of body
of the manufacturer’s finished products as beirgy th images of people included in one body height irgkrv
key dimensions for matching trouser size group and(see Fig.3).
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It should be noted that according to instructiohs o
the standard EN 13402-2:2002 (Size Designation of
Clothes - Part 2: Primary and Secondary Dimensions]
as key dimensions for men’s trousers and shorts, a
waist circumference (as a primary key dimension)
and body height and/or inside leg length (as
secondary key dimensions) should be used.

B. Tests on teared trousers

As one of the methods to gain proper result of
analysis is to research existent product. Field
Uniforms trousers from real field usage are analyse
(seven samples).

When starting the experiment data on trouser sizes
worn by the test persons was collected according to
the manufacturer’s chart (see Table II).

Height group 182 (179-185)
Fig. 3. Differences in leg proportions

Table II.
Data on Sizes of Trousers Worn by Test Persons

No. in Trousers Size Product control measurements
No. | general| Sex | Age| size Size | Chest Waist Waist | Crotch Side || coam

list (indicated) | group | circumference| circumference| (1/2) | seam (1/2)| seam
18 | 143 M | 28 | XXUREG | XXL | 116-120 104-108 535| 425 1120 82
19 | 144 M | 27 | xxureg | XXL | 116-120 104-108 535| 425 1120 82
20 | 145 M 29 | UREG L 100-104 88-92 45.5 38.5 110 82
21 | 146 M | 25 | UREG L 100-104 88-92 455| 385 110 82
22 | 147 M 23 | LXSH L 100-104 88-92 45.5 38.5 110 80
23 | 148 M | 23 | UREG L 100-104 88-92 455| 385 110 82
24 | 149 M | 22 | xurec | XL 108-112 96-100 495| 405 111 82

In almost all labels (except No0.22), test personsleg length measurements of test persons it has been
trouser lengths (in the charts see - inseam) are@pparent that there is a deviation of measuremants
indicated as REG, i.e. Regular length of a valuBf a wearer from the measurement chart made by the
cm, according to the charts. One of the hypothesisnanufacturer and subsequent non-compliance with
which has been put forward for the reason for defec the chosen size.
is a choice of unsuitable inseam length. Firsttythoe In the summarised table (see Table Ill) size
basis of inside leg length suggested in standasds a designations that have already been reviewed, Hs we
necessity of separately selected secondary bodgs comments on established non-compliance are
measure for accurate determination of trouser sizeincluded.

Secondly, in the chart by summarising waist
circumference, body height measurements and inside

Table Ill.
Summarised analysis data
Inseam h S | Waist .
. B Inside leg 2 h Waist .
No Body Trousers size | according to the length - @ | circumference circumference - Trousers size
. : o g - -
height | (indicated) measurement measurement % | (according to measurement (reviewed)
chart O | label)
18 181.0 XXL | REG | 82 79.6 -2.4 | 104-108 117 3XL | SHO

Actual waist circumference does not comply withgawof selected size XXL (104-108 cm) but it shduddincluded in the next
size, 3XL, instead.

If, according to a body height range (179-185)reeam refers to REG range, then according to actside leg length a weare
should be referred to the size SHO instead (bydimgnup 80 not 82 as REG).

When changing a size, a wearer will obtain a negaement with larger waist circumference and shangeam.
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Inseam . g | Waist ;
o
Body Trousers size | according to the Inside leg T | circumference Wa'St Trousers size
No. . - length - = - circumference - -
height | (indicated) measurement % | (according to (reviewed)
measurement measurement
chart O | label)
19 188.4 XXL | REG | 82 88.2 +6.2 | 104-108 104.2 XXL | XLO

Waist circumference complies with charts of the nfaaturer and size XXL.

According to the body height range (185-191), tieeam refers to LON range but even more accordiagtuial inside leg
length a wearer should be rather referred to theXLO instead (by rounding up 88, not 82 as REG).

When changing a size a wearer will obtain a nagaement with a longer inseam.

20 1800 [ L | REG | 82 | 845 | +2.5 | 88-92 | 845 [ L [ LON
Waist circumference complies with charts of the ufaaturer and size L.

If, according to the body height range (179-188)irseam refers to REG range then, according t@mhttside leg length, a
wearer should be referred to the size LON instegddunding up 85 not 82 as REG).

When changing a size a wearer will obtain a negaement with a longer inseam.

21 [ 1843 L | REG | 82 [ 82.4 [ +0.4 | 88-92 [ 84.3 [ L | REG
Waist circumference complies with charts of the ofaaturer and size L.

REG size is correctly chosen for a wearer accorttirigpth the body height range (179-185) and adétséde leg length.

22 | 1666 |L [ XSH [ 80 [ 717 [ -83 8892 | 88.4 [ L | 3XSH
Waist circumference complies with charts of the ofaaturer and size L.

According to the body height range (161-167), aeam refers to 2XSH range but even more accordiagttial inside leg
length a wearer should be referred to the size 3KStéad (by rounding up 72 not 78 as XSH).

When changing a size a wearer will obtain a negaement with a shorter inseam.

23 [ 1756 | L | REG | 82 | 76.3 | 5.7 ] 8892 | 86.3 [ L | XsH
Waist circumference according to charts of the rfaeturer and size L.

According to the body height range (173-179), ae&m refers to SHO range but even more accordiagtt@l inside leg length
a wearer should be referred to the size 2XSH idsfiearounding up 76 not 82 as REG).

When changing a size a wearer will obtain a nagaement with a shorter inseam.

24 1819 [ XL | REG |82 [ 77.2 | -4.8 [ 96-100 | 99.3 [ XL [ XsH
Waist circumference complies with charts of the nfaaturer and size XL.

If, according to a body height range (179-185)inmeam refers to REG range then, according to biciside leg length, a
wearer should be referred to the size XSH instbgddunding up 77 not 82 as REG).

When changing a size a wearer will obtain a nagaement with a shorter inseam.

In summarising existing and reviewed trouser In addition, to clearly establish such non-
sizes, it is apparent that in only one of severegascompliance frontal views of body images (Fig.4) of
there is compliance of product size with data odybo test persons in scale are organised accordingzto si
measurements (No.21). In three cases it is apparerbups of relevant clothes worn by indicating didiet
that by using only a body height as a secondary kéneights of a seat seam. i.e. levels of inside ¢éagths
dimension, a correct length is not always matched dclassification according to the charts of the
an inside leg length. Values should be taken intmanufacturer).
consideration that may vary among persons withim on
body height range.

XXL/REG XL/REG L/REG L/XSH

REG
SHO
XSH
2XSH
3XSH

18 i) 21 22

Fig. 4. Frontal views of body images in scaledidating different levels of inside leg length

As a reference level, inside leg length REG (blacKistinguishing differences are seen in relatiortetst
line) has been chosen, which refers to test pers@erson No. 22, who wears trousers of length XSH.
No. 21, according to all body measurements. Itdarc  Therefore, according to both body measurements, and
that the remaining persons who also wear trouskrs wasually, it should be established that in one sa®e
length REG do not refer to this level and
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wearers may have different measurements of inside In order to credibly demonstrate data of any
leg lengths. population a complete overview of the population
All this analysis leads to lack of obvious systenshould be made at the best or a selection shoult be
for choosing uniforms. For clarity, labelling ofothes least 10% of all the population subject to review
in accordance with EN 13402-3:2014 [Size(approximate values, e.g.: ~5000 army + ~8000 Civil
Designation of Clothes. Part 3: Body measuremenGuard = 13000, 10%=1300 people).
and intervals], interval pictograms supplemented by For a general analysis of the population data on
letter designations may be used (see example Figiaddy measurements is required before implementing
[1]. For example, when trying on clothes it wouldthe order in order to duly classify wearers andidvo
enable products suitable to body measurements to ben-compliance.  Moreover, by taking into
accurately chosen, provided that the wearer knowmnsideration suggestions that the inside leg kengt
their sizes - both the more suitable label and re¢pa measurement is important for determining a siz¢ tha
body measures. is established in the experiment, developed clmasts
be reviewed by taking the waist circumference as a
primary key dimension, but inside leg length andyo
5 height (or only inside leg length) - as a secondanyl
XXL \ by classifying lengths of intervals.
; It is obvious that by implementing inside leg
104-108 )+t~ \\ length as a general secondary measurement the
\ i number of sizes, i.e. types of specific test person

groups has increased (from 4 to 7) that in the cdse

5@ larger group of people this may affect planning of

XLO ; orders.
; | As mentioned above, it would be required to

develop a database of body measurement values of a

target audience in order to make an analysis of and

Article 25 of the Regulation of the Cabinet 0fduly plan division of orders. To date, when solglier

Ministers of the Republic of Latvia No. 519enlist, the only information on their bod_y
(09.16.2003) "On Support Conditions, Norms andneasurements is obtained from the soldiers

Procedures by which Soldiers shall be provided witf'€mselves by asking them about their body height

Financial, Material and Technical Resources", iswa2nd chest circumference.

defined (not effective) as "uniforms are provided

according to "sizes" (or body sizes) on the basis o hi h K ally f d by th
anthropometric  measurements.  Anthropometric This research work was partially financed by the

measurements are taken during enlistment, as well guropean Union European Regional Development

every two years thereafter.” However, Article 28Fl#‘dr; throggz the lNTERhREG BSR Programme,
states that: "If anthropometric sizes of soldiers a Which awarded a grant to the SWW project (#R006).

non-standard... sewing of field uniforms is orgadis |N€ authors gratefully acknowledge the received

individually" [2]. However, certain instructions in financial support.

relation to requirements and availability of these REFERENCES

standards are . not in t.he normative technic EN 13402-2:2014 Size designation of clothes — BaBody
documents of either the Ministry of Defence of th measurement and intervals.

Republic of Latvia or of other uniformed agencids 0[2] Ministru kabineta noteikumi Nr.519,1§ 2003.09.16. (prot.
the Republic of Latvia. Orders of clothes of soldie Nr.49, 9.8), Noteikumi par apdes nosagumiem, nornam un

; i kartibu, lkada karadri nodroSimmi ar finanSu un
are Implemented accordlng to deve|0ped normal materéltehniskajiem idzeKiem., 2003 / CM Regulation

distribution and choice of wear is made by trying o N0.519, Riga 2003.09.16 (Prot.N0.49,89). Regulatian

[

Fig. 5. A label pictogram relevant to test persinl9
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existing delivered products in warehouses. requirements for supply conditions, rules and pdaces for
providing soldiers with financial and logistics oesces.
V. CONCLUSION [3] LVS EN ISO 20685 Latvijas Standarts 3D sk&mnas
. . . . metodol@ijas starptautiski sadiggm antropometrisko datu
Sufficient difference shows the necessity 0 revieW  pzz5m/ 3D scanning methodologies for  internationally
classification of general sizes, however, it shooéd compatible anthropometric databases. - Brisele NCE
taken into consideration that collection and recearf European Committee for Standardization. - ISO 2088%b.

; ; ; i-dd] E Sparks Advances in Military Textiles and Personal
bOdy measures of a wider target audience is re(quwé“ Equipment ISBN: 9781845696993, Woodhead Publishing,
as 150 persons measured in the research is an ,gqo
insufficient data set which is unable to clearlys] J.c.Tsan-Ming Information Systems for the Fashiard a
demonstrate statistically, anthropometric featuoés Apparel Industry ISBN: 978-0-08-100571-2, ElsevE#16

; i [6] Sitvjenkins, Igors. Enhancement of the Combat liisl
the target population (army and Civil Guard). Protection System. PhD ThesiggR: [RTU], 2014. 265 p.
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Abstract. Structural reliability of buildings has become an important issue after the collapse of a shopping centre in
Riga 21.11.2013, caused the death of 54 people. The reliability of a building is the practice of designing, constructing,
operating, maintaining and removing buildings in ways that ensure maintained health, ward suffered injuries or death
due to use of the building. Evaluation and improvement of existing buildings is becoming more and more important.

For a large part of existing buildings, the design life has been reached or will be reached in the near future. The
structures of these buildings need to be reassessed in order to find out whether the safety requirements are met. The safety
requirements provided by the Eurocodes are a starting point for the assessment of safety. However, it would be
uneconomical to require all existing buildings and structures to comply fully with these new codes and corresponding
safety levels, therefore the assessment of existing buildings differs with each design situation. This case study describes
the simple and practical procedure of determination of minimal reliability index g of existing steel structures designed by
different codes than Eurocodes and allows to reassess the actual safety level of different structural elements of existing
buildings under design load.

Keywords: Structural reliability, existing buildings, assessment of safety, steel structures, partial factors, reliability
index.

I. INTRODUCTION Union's construction standards or Eurocodes (EC)

Existing buildings in operation, if properly [6].
operated, are considered to be safe for peopl®, ieve Furthermore, the operational duration of the
these buildings are more than 100-year-old, orsthe building is longer than life-time of any other st
called heritage buildings [1]. However, due to and equipment in the building, which means that the
technological progress, as well as changes in lawuilding solutions, their operation and safety lag
and regulations related to the integration in thebehind up-to-date technologies. If the condition of
European Union, the roles for both employees ancexisting buildings will not be improved in accorden
maintenance staff regarding the use of buildings ar with contemporary requirements and safety leved, th
becoming more and more strict. Existing buildings number of accidents occurring may rise.
are designed according to the safety requirements o Taking into consideration the above-mentioned
the decade they were built. However, the circumstances, in the Construction Law [7], Article
requirements of the respective safety level today a 21, Clause 4 the Parliament of Latvia has laid down
generally higher. New requirements have beenthe obligation of the owner of the building to piae/
introduced, the provision of which requires proper proper maintenance of the building and its
attention and resources from the building owner [2] components during the operation thereof in the
and nowadays building safety requires specialcondition compliant with the essential requirements
attention [3]. defined in the Construction Law, Article 9, Clauke

A lot of buildings depending on their time of These essential requirements are identical to disechb
construction in Latvia have different safety levels requirements defined by the European Parliament and
Taking into consideration that users of the buidin EU Council Regulation Nr.305/2011 [8]:
expect the same level of safety, situations leatting mechanical resistance and stability;
severe accidents can occur. In Latvia there are safety in case of fire;
buildings in operation, most of which were built r@o hygiene, health and the environment;
than 20 years ago in accordance with the Soviet safety and accessibility in use;
building norms (SNiP) [4]. Furthermore, there are protection against noise:
also bwldlngs_ wh|c_h were_b_unt before 2010 in energy economy and heat retention:
acgordance with natmna! b_U|Id|ng norms (LBN) [5] sustainable use of natural resources.
whilst there are also buildings built during thetla
years already in accordance with the European
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In order to meet the above-stated requirements, the [Il. MATERIALS AND METHODS
responsibility of the building owner is to make esur A. Structural reliability in Eurocodes
that: Generally, it is known that the target reliability
e the building is safe for its users and building levels are calibrated to the existing practice tisat
maintenance staff; proven to be satisfactory and partly introduced
e the building is being properly maintained; through the structural design codes. The most
e essential risk factors are evaluated during thecommon method is the partial factor design method
use of the building; where partial safety factors are a function of the
« relevant improvement measures are carried oufeliability level [28].  Eurocode uses two safety
in accordance with the results of technicalfactors performing the standard design procedures.
surveys. These are safety factors for the material propgsty
Therefore, it is extremely important for the owner @nd safety factor for loadg. A simple method to
of the building to get proper answers from engiseer obta}m the relevant partlal_ factor is to divide f[he
and technical auditors about the condition of exist design value of a variable action d Qoy its
structures  [9-14]. Before the decision of representative or characte_znstlc v_aluqz. Qimilarly,
refurbishment or disposal of a building not only could be obtained material partial factgr. The
economical or technical aspects are to be considere Normal distribution is normally used for charactéa
An important factor due to the climate changes is@nd design values of material properties [29] ad f
sustainability [15]. That's why there are a lot of Permanent loads G, but for snow loads Gumbel
methods worldwide used for the grading of buildings redistribution is used [29] (see Table 1).
based of sustainability criteria [16]. Also,

improvement of energy efficiency of buildings gives — Table 1'_
a challenge to improve the condition of existing V31 Redistribution _ Equation
stru_lc_:rt:_Jres 7. . e _ IF\’k Normal Ug -€XPE1645/;)
is paper is in the scope of the first essentia

requirement for buildings - mechanical resistane a R; Normal Hr €XPEat pfiVe)
stability. There are a lot of publications worldeid G, Normal U
about the proper manner for retrofitting existing
structures [18-23]. All those publications give Normal e L+ 078,V;)
researches of different studies of existing stmestu Ho (;|__VQ 045+
and they have one particular issue in common — theQ, Gumbel
question of what is the right safety level of exigt + 0,78In(-In(099))))
structures or the important question of “how safe i 0 Ho (;|__VQ (045+ 0,78
safe enough™? [J4 4 Gumbel 4

Reliability index p is associated with the In(=In(®~ (e A)))))
probability of failure in many publications. For exp( 1645/;)
example, in publications [25-27], it is shown agon TrR= 2 W

: ’ s . expl-a Vi)

of the main quantifiers of the reliability and & also
the main approach to reliability concepts in the 7 = @+ 0,78,V5) @
structural codes of last decades. o 1-V, 045+ O,78-In(—|n(®‘1(aE A)))

An important reason to assess existing structuresy, = 3
is the existence of a doubt concerning the actual 1-V, (045+ 078In(-In(099)))

reliability of a structure and its elements. In tese  In these expressions o and V are, respectively, the mean value,

L i the standard deviation and the coefficient of ammof a given
of retrofitting or repairing the structure, the séthe variable,a is FORM (First Order Reliability Method) sensitiyi

partial safety factors (a fur_‘Ction of the relialyili  factor andp is reliability index, ois failure probability function;
index B) per current design codes should be yis relevant partial factor.

established.
This study proposes a simple procedure to derive B. Determination of reliability index
the reliability indexp in line with Eurocode of the The newly developed simple procedure of

existing structure that originally was designed by determination of reliability indexp for existing

earlier structural design codes. This makes itipess structures is presented via case study. For the cas

to comparable the reliability levels of existing study a steel roof truss and one supporting beaam of

structures to the target values of the currentgitesi existing building in Liepaja, Latvia is chosen. The

practice. span of the truss is 32m, but the span of the simpl
The developed procedure is applied to the casgupported beam is 10,8m. The configuration of the

study and the reliability indeX3 is derived for truss is presented in the Figure 1.

differently stressed elements of existing buildingf

truss.
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_ fiﬂ\}fff 77<:7/WT7 — utilization factor U is near 100%. This implies
' calculating the design loads and resistances aicgprd
Fig. 1. The geometry of the roof truss. to general Eurocode design procedures. For the same

i element SHS 140x140x4,€345MPa) according to
The roof truss is loaded by the permanent loadg 1ocode design load is 633,2kN and design

and snow load uniformly distributed over the truss egjgance is 637,99. Therefore the utilizationdais
length. Wind load influence has not been consideretyg 204, This is reached when partial factors

as it produces _negligible internal forces in trusscorresponding t=4,3 is used. Two partial safety
elements. The simply supported beam supports the;ciors are used performing reliability design  th

truss and is loaded in three-point bending. AllSsro  g4tety factor for material resistangeand load partial
sections of truss elements are square hollow ses;tio safety factomm.

but the beam is made of one | section. The thre® M0 pe first step is to determine the required cross

loaded elements of the truss under different lagdin gection according to the SNIP when the utilization

conditions are selected for the analysis: the eféme ¢,010r |y s also about 100%. Then for the tension

of the top chord under compression and bendinggjement in consideration, the cross section of the

truss compression diagonal and bottom chord undeélement should be reduced to SHS 90x90x4.

tension. . . o Now in the next step it is possible to obtain the
Before starting to determine the reliability indéx |iapjlity indexp using the same Eurocode procedure

it is recommended to calculate the utilizationéadd 55 pefore. Eurocode characteristic loads should be
(design effect / characteristic effect) of eachrelat applied iteratively ands could be found when the

according to the design codes that were valid @urin | iilization factor U is about 100%. For the preibyu
building construction time (SNiP system [30]). discussed elemenp is found to be 2,5, which
When calculating according to the SNiP structural corresponds to probability of failure equal to AL&2
_design code three safety partial factors shouldsi_ami The predetermined reliability index@scould be
in this case. These are - the safety factor foRm@l 5 nared with target reliability indexes depending
propertiesym equal to 1,025, safety factgthat takes  qngequence classes according to EN1888.8 for
into account exploitation conc_iitions and is eqlmallt building under consideration). In the case of the
for elements in compression, compression andension member of roof truss in Liepaja, the safety
bending, and bending only. For the tension elementsig g gifference is 34% which could be regarded as
itis equal t0 0,95. The third safety factor foadlsyi  ¢qngjgerable. The corresponding probability of il
equal to 1,6 for snow loads (on light roofs) and 1, iy increase from 0.0072 % to 0.62%, respectively.
for permanent loads excluding steel self-weight mvhe The summary of the proposed procedure of the
itis 1,05. determination of minimal reliability indeX3 for
Applied loads on trusses for the case study argyctyres that are designed in accordance torelifte
presented in Table 2. structural codes than Eurocodes is presented in

Table 2 Figure 2.
Accordingto . According 10 In this case-study, the following coefficients of
Applied ~ SNiP SNin Eurocode NA variation were used: for snow loadq¥,6; for
load in tl'\ipalaa in Riga, kN/m 'nRL'ePiJE/and permanent load 0,1 and for material properties
m 8, e Vr=0,08. The sensitivity factors chosen according to
G, 24 24 2,4 ISO 2394 [31] and equal tag-0,7 for snow load,
G, 2.8 28 N/A ch:-O,7_ for permanent load angk-0,8 for material
properties.
Q. 27 38 54
Q 43 61 N/A Ill. RESULTSAND DISCUSSION
d , ' o _ A. Minimal reliability index of existing structure
G and Q is permanent and variable (snow) load abdcsipts designed by different codes than Eurocodes
denote whether it is characteristic or design load.
N/A — not applied (calculated later from relialyilindexp) Table 3 to 6 presents results of the case study

obtained by the simple and practical procedure

For the given example, the maximum design forcedeveloped as the result of the current research.
in the tension chord (loading is applied according Results are presented per element phenomena.
(SNiP for Liepaja) is 401.9kN and calculated design ~ The calculated actual reliability indek for the
resistance of SHS 140x140x4 ,@R335MPa) analyzed elements of the case-study under Eurocode
(according to SNiP) is 679kN makes utilization gact design loads and design resistances varies frorto4,3
U=59%. This utilization factor is just information 3.3. The reliability index target value according to
needed to assess stress level in the membefurocode for a 50-year design life and 50-year
Correspondingly it is possible for the element unde reference period of variable loads for buildingshwi
consideration to determine reliability indgx by  reliability class RC2 is 3,8.
using the equations given in Table 1 when the
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The calculated theoretical reliability indgx for noticeably higher. Moreover, it has been discovered
the analyzed elements with a utilization factor that the safety level varies among the region ef th
U=100% according to SNiP design loads and desigrcountry considered since the climatic snow load snap
resistances in city Liepaja varies from 2,5 to 28,  are not the same for the SNIP and Eurocode systems.
in Riga from 3,2 to 3,5. The target reliability index given in EN 1990

B. Discussion [28] is provided for new buildings. For the exigtin

Although in general the load bearing capacity of structure, target reliability levels can be modifim
analysed elements is higher when using the Eurocodeespect to the current code values assumed for new
design system due to the utilizing the plastic structures [32]. These modifications are still unde
geometrical properties of cross sections, thediscussion in the industry and the next researalilés
reliability indexp for elements is considerably lower examine the context of geographical location and
when using the SNIP design code system. Mostly it i national traditions.
because the design loads in the Eurocode system are

Structural design STEP3 and 5
code (different (rellizellh::i‘l(i:c%?iix 8 Determine the reliability index
I’E':|Iab_||ltv concept conc‘:e 1) B by using the iterative
than in Eurocode) p procedure (calculating safety
STEP 1 STEP 2 l factors yg, Y and yg for every )
Determine loads Determine characteristic thft satisfies utilization fact_or
according to load effects according to - U=(Ve Ecx + Vo Eq )/ (Vs Ri)=1
alternative design Eurocode (Egy, Equ)
code J
STEP 4 Minimal possible reliability
STEP 1

Determine characteristic index B of existing structure

Determine required resistance according to designed by different codes
cross section of an & < Eurocode (Ry) than EC
element that has ) QC;\O
utilization factor ® STEP 6
U=(design . -
effect)/(design Evaluate, if the reliability is
resistance) acceptable
=1

Fig. 2. Determination procedure of minimal rellapiindex  of existing structure designed by different cottes EC

Table 3.
Element of truss top chord under compression andibg
. As built If designed with ~100% utilization
City ) . - - -
Liepaja Liepaja Riga
Code SNiP Eurocode SNiP Eurocode SNiP Eurocode
B - 38 - 26 - 32
Yo - 1.30 - 0.90 - 1.09
Yo - 1.27 - 1.18 - 1.22
TR - 1.12 - 1.04 - 1.08
Internal loads N=388 kN | Ngq=546.9 kN Ng =388 kN Neq = 418.1 kN Ng = 483 kN Neq = 478.4 kN
Mg =4.89 Msed=6.9 KNm | Mg=4.89 KNm | Mggq=5.3kNm | Mg=6.08 KNm | Msgq=6.0 KNm
kNm Mhec = 8.6 KNm Mhgc = 6.6 KNm Mhgc = 7.5 KNm
Utilization factor U 68% 98% 98% 100% 95% 99%
Cross-section 0160x160x4 0130x130x4 0150x150x4
Table 4.
Element of truss bottom chord under tension
. As built If designed with ~100% utilization
City ) . - - -
Liepaja Liepaja Riga
Code SNiP Eurocode SNiP Eurocode SNiP Eurocode
B - 4.3 - 25 - 32
Yo - 1.50 - 0.87 - 1.09
Yo - 1.30 - 1.18 - 1.22
TR - 1.15 - 1.03 - 1.08
Internal loads N=401.9 Neqg = 633.2 kN N =401.9 kN Mg =424.2 kN N =500 kN Na = 496.3 kN
kN
Utilization factor U 59% 99.2% 95% 98% 96% 97.5%
Cross-section 0140x140x4 090x90x4 090x90x5
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Table 5.
Compressed element of truss diagonal
. As built If designed with 100% ultilization
City : . - - -
Liepaja Liepaja Riga
Code SNiP Eurocode SNiP Eurocode SNiP Eurocode
B - 33 - 2.8 - 33
Yo - 1.12 - 0.96 - 1.12
Yo - 1.23 - 1.20 - 1.23
TR - 1.08 - 1.05 - 1.08
Internal loads N=199.2 Negg=125.2 kN N=99.2 kN Ng=111.9 kN N=123.4 kN Mg =125.2 kN
kN
Utilization factor U 81% 98% 95% 98% 100% 97.5%
Cross-section 080x80x3 080x80x2.5 080x80x3
Table 6.
Beam in bending
. As built If designed with 100% utilization
City ) . - - -
Liepaja Liepaja Riga
Code SNiP Eurocode SNiP Eurocode SNiP Eurocode
B - 35 - 2.7 - 35
Yo - 1.19 - 0.93 - 1.19
Yo - 1.25 - 1.19 - 1.25
YR - 1.10 - 1.04 - 1.10
Internal loads M= 589 Mgq=777.5 Mg =589 kNm Mg = 650 KNm M = 732 kNm Mg =777 KNm
kNm kNm
Utilization factor U 80% 99% 100% 98% 99% 99%
Cross-section IPE600 IPES50 IPE600

IV. CONCLUSION

(3]

The developed simple and practical procedure of

determination of minimal reliability index3 of

existing structure designed by different codes than

Eurocodes allows to assess the actual safety tdvel
different structural elements of buildings. It isry
important to Latvia, as most of the existing builgh
are designed to different structural codes andahctu
safety level generally is unknown. Therefore, often

(4]

(5]

arises the question do some parts of buildings sieed 6]
to be strengthened to reach the safety level of thé

current design codes in force.

The case study of the existing building with light
weight roof in the city Liepaja and Riga revealbdtt
the reliability indexp and therefore safety level of
elements varies even between the regions of Ldtvia.
is since climatic snow maps are changed relatively
recently.

The reliability indexp of the structural elements
depending on the phenomena varies in limits ot@,5
2,8 for Liepaja and 3,2 to 3,5 for Riga. That aredr
values than target reliability indef set in the
ISO 13822 [33] for buildings with medium

(7]

(8]

(9]

[10]

consequences of failure and minimum standard

period for safety 50 years. This target safetylléme
existing buildings varies from different aspectsd an
will be analysed in the next researches to looklier
optimal ways to reduce it as most of the existing
building elements seems to fall below the value
denoted in current ISO standard.
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Heat Resistant Building Envelopes M ade of
Lightweight Concrete with the use of
Porous Granular Wastes

Galitskov S.Ya., Mizuryaev SA., Chiknovoryan A.G.
Samara State Technical University, Institute ofidtecture and Civil Engineering
Address: Molodogvardeyskaya St., 194, Samara, 4430ssia

Abstract. The paper focuses on building envelopes ifdustrial thermal generating units, their effi@ncy and its
increase. Building envelopes made of lightweight heasistant concretes are considered most effectieen the point of
their building construction, maintenance, repair ahcost-effectiveness. One of the unresolved prolsemere is that
porous granular materials suitable for use as coete fillers operating at temperatures over 1080 are not industrially
manufactured at the moment The article also charadses commonly used heat resistant porous filldtsndicates that
the use of exhaust zeolites is potentially perspectGeneral properties and characteristics of zédi are also given. The
paper demonstrates that it is quite possible to @séhaust zeolites in building envelopes of lightwieigheat-resistant
concretes. The work describes testing experimentsypfcal exhaust zeolites (petrochemical and oifineng industries
wastes) in Samara region and the Republic of Tatarstdheir stress-strain properties and chemical coosftions as well
as X-ray crystallographic analysis (including anais under high temperature) are presented. Theyyaahat zeolites are
heat-resistant and fire-proof because of corundurarmhation. Phosphate binder was used for tesing inaheesistant
concretes. The composition of the concrete mixtusegiven in the paper. As a result, concrete with tfalowing
characteristics was obtained: 1550 kgfndensity, with compressive strength of approximat@y MPa, having high
thermal resistance and maximum permissible apptioa temperature of 1450° c.

Keywords: lightweight concretes, heat resistance, axdtaeolites, concrete mixture, physical and thetrpeoperties.

I. INTRODUCTION

Nowadays hardly any production can do without Il. THEORY AND EXPERIMENTS
thermal units of different application, for whichet Some of the most promising materials, in terms of
most effective lining is usually constructions of their use as heat-resistant fillers, are exhausted
lightweight heat-resistant concrete. Nevertheléss, zeolite-containing adsorbents which are wastes of
overall volume of concrete linings compared to petrochemical industry and oil refining factories.
single-piece refractories, is extremely small amd i Such materials include exhaust zeolites, zeasorbs
less than 10% of the total. One of the reasons isere and other zeolite-like catalysts, hereinafter refeirto
the lack of industrial production, i.e. large guant as "zeolites".
production of heat-resistant porous fillers for Zeolites are referred to the class of
concrete, which are able to work at a temperaturéhydroalumosilicates with space-framed structure.
over 1000°C [1-5]. Such porous fillers as expanded Such tetrahedra as AlOor SiQ. with negative
clay, ceramsite, aggloporite, vermiculite, perldéee  charges balanced by Ca, Mg, Na, K and sometimes
sometimes referred to as heat-resistant, but theiBa or Sr ions serve as the basis of the frame. All
maximum application temperature does not exceedeolites have one and the same typical structhedr t
1000-1100°C. It is important to note that several crystal lattice is penetrated by micropores of daie
types of heat-resistant porous fillers as well las t size, enabling anions and cations move to the cente
technology for their production have already beenof the structure, or, vice versa, to its periphery
invented for concretes used at temperatures 1000(L4-16].
1500°C [5-13]. The methodology of producing such Wide application of zeolites in petrochemical and
aggregates is based on very scarce and expensivefining industries is brought about by the follogyi
high-aluminous raw materials and their clinker characteristic properties:
formation, melting and swelling at high temperasure a) zeolites are "cations", i.e. capable of ion
Therefore, searching and discovering of availableexchange of cations with surrounding environment.
porous, preferably granulated, materials with Highh ~ This characteristic makes possible to use them for
resistance is now of considerable interest. regulating water hardness;
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b) a definite diameter of zeolite pores can beluse , _ Table2
for gaseous and quuid substances clearance from Physical mechanical properties of used adsorbents
. . - . Oxide
various impurities or for separation of substances
with. different size of their molecules. Therefore, §§ S| & 5@ Sl ol of o] ol &
zeolites are often referred to as "molecular sieves N o =| 2| £| | ¥| 9| £| o
c) the volumes of zeolite-containing wastes are
quite substantial. According to our information32- ol B | g| 2| 2| | gl ©
thousand tons of such zeolite-containing wastes are <1 | ©| &| | 4| | | 5| o
generated only in the Samara region . Almost all of
these (_exhaust zeolites Iqok as granules of 1-8 mm o | Il 9| 8| 8| | 3| 8§ 5| %
size with the bulk density up to 850 kg/mand w| ~| o b| d| o] S| o| &

refractory property of 1550-18G{C.
Research and testing of exhaust zeolites generated X-ray crystallographic analysis made it possible
by industrial enterprises of Samara region (Z-19 an {4 prove that tested exhaust zeolites at a temperat
the Republic of Tatarstan (Z-2) were carried out in ¢ 59 0c contain mostly boehmitg-AlO (OH) (see
accordance with standard methodologies and thesjgyre 1), The analysis results prove the results o
Standard of the Russian Federathén20955 "Heal-  chemjcal composition of zeolites determinations and

resist.ant concretes. and their aggregate_ and fillers -onclusions that high-aluminous compounds of high
The influence of high-temperature heating on thes&efractory properties make the large part of zeslit
wastes was studied by means of X-ray composition.

crystallographic analysis.
Physical and mechanical characteristics of exhaus
zeolites are presented in Table 1.

0, :
Table | A A l f‘ a
Physical mechanical properties of used adsorbents
' <

Value of indicators
Indicators Zeolite type
Z-1 z-2
Density:
-absolute, g/cH] 2.8 2.7
- in the lump, g/cri 1.18 1.37
- bulk, kg/n? 640 810
Porosity:
- true, % 58 49 Fig. 1. X-ray diffraction pattern of exhausted adsorbent20C:
- intergranular, % 46 41 a-Z-1,b-22
Water absorption by 75 47 . . . )
weight,% It goes without saying that heat resistant filliens
Sieve residue percentage, |% concrete should have certain physical and thermal
10 mm 26 37 characteristics. Physical and thermal charactesistf
5 mm 774 83.8 exhaust zeolites are presented in Table 3. For a
55 mm Toa 75 comparative analysis we also give here similar
125 mm 06 : characteristics of spepially manufactured aggldpori
0.63 (A) generated from high refractory raw charge with
refractoriness of 1710 ... 175C.
0,315 mm . .
The obtained data show that the wastes in
0,14 mm . .. . R
pyr , question are similar by their physical and thermal
ylinaer compressive H H H _ H
strength, MPa 2.7 4.64 properties to specially produced high-resistant

aggloporite with very energy-consuming production

. . . . technology. For the final determination of maximum
According to _the|r_ chem|9al composition (see permissible temperature of lightweight concrete

Table 2), the zeolites in question are high-aluméo 5 yjication on tested zeolites we tested concreetes

materials with a minimum content of fluxing oxides. yetermine their deformation under load when heated.
This fact predetermines their high refractory

properties.
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Table 3 i B
Special physical and thermal properties of exhaeslites e ; § 8 =
Indicators LNWW a
. Heat resistance, therma o <
Zeolite . ) i a3 oy
type Fire Resistance W‘N"W b
When heated to 100¢C oc o "
and cooled in airjet W‘M‘#\ (o4
=3 2’,3‘:
K-KOPYHA =3 =2 S
z-2 46 1850 2 S T £
32 = (¢F R
A 25 1710-1750 MMWP—J\ o

high Fig. 3. Exhaust zeolite Z-2 X-ray diffraction pattern=at 300,

For materials designed to operate at b at 500, ¢ — at 800. d  at 1000, e — at 1200

temperatures, it is necessary have data on theenatu

of the processes occurring_ in these materials whgn The analysis of the obtained results showed that
heated. To do that we applied X-ray crystallographi {5 the manufacture of heat-resistant concretes the

analysis of exhaust zeolites Z-1 and Z-2 atyggt effective binder (for the purpose of working

temperatures of 300, 500, 800, 1000 and 1200  (ogether with the filler) is the phosphate bindaséd
The results of the tests are given in Figures 23and 4, phosphoric acid and floured chamotte.

The results show that at a temperature of 300 In the course of the experiments the following
the tested zeolites are presented as «bemites» A'Qomposition of the concrete mix (for 1 cub.m. of
(OH) (see Figures 2a and 3a). When zeolites ar@oncrete) was suggested:
heated to 500, 800 and 1080 they are dehydrated exhaust zeolites — 660 kg:
and amorphicized. At these temperatures they have floured chamotte — 530 kg;'
only the traces of-alumina (see Figures 2b, 2c, 2d _ 65% orthophosphoric acid'— 560 |
and 30b, 3¢, 3d). When zeolites are further _heabed t As the result we obtained concreté with 1550
;200 C they form corundun-AlO; (see Figures kg/m? density and with compressive strength of
<€ and 38.)' Corundum _fo_rmat|on at h'gh temperature%\pproximately 21 MPa. The designed lightweight
is beneficial, _because Itis a stable high tempeeat heat-resistant concrete had the following thermal
form of alumina that has high strength and thermal

characteristics characteristics:
' - heat resistance after heating to 8Q0is 45-55

air thermal shifts;

a
=
—s
L

i — the maximum permissible temperature of use
a corresponding to 4% of deformation is
1450°C.
. . RESULTS

The research yielded the following conclusions:

e Exhaust zeolites density makes it possible to
refer them to aggregate and fillers suitable for
manufacturing lightweight concrete. Exhaust
zeolites are characterized by comparatively

e high compressive strength (2.7 ... 4.6 MPa).

e According to their chemical composition,
exhaust zeolites are  high-aluminous-
containing materials (over 70% of /8%) with
a minimum content of oxides of RO anddR

e When exhaust zeolites are heated, they

Fig. 2 Exhaust zeolite Z-1 X-ray diffraction pattern-at 300;
b — at 500; ¢ — at 800; d — at 1000; e — at ZD0

The analysis of the obtained results showed that generate a high temperature form of alumina —
for the manufacture of heat-resistant concretes the corundum - characterized by high heat-
most effective binder (for the purpose of working resistant, strength and fire-resistant properties.
together with the filler) is the phosphate bindeséd e The exhaust zeolites under analysis have high
on phosphoric acid and floured chamotte. fire-resistant properties: 1750-1880.

e Characteristics exhaust zeolites correspond to
the requirements of the Standard of the
Russian Federatiof\e 20955 "Heat-resistant
concretes and their aggregate and fillers" and
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e Heat-resistant lightweight concrete obtained
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can be used as porous fillers in lightweight [8] S. A. Mizyuryaev, A.Yu. Zhigulin, Construction dgas and

heat-resistant concretes.

on the basis of exhaust zeolites has excellent
physical and thermal characteristics and is
suitable for manufacturing structures, designed
to operate at temperatures up to 12460
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Optimization of Burning Production
Process of Ceramsite with Specified Density

Galitskov K.S., Samokhvalov O.V., Fadeev A.S.
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Address: Molodogvardeyskaya St., 194, Samara, 443001, Russia

Abstract. The paper goes into peculiarities of using developed mathematical models of ceramsite burning and
computational models created on their basis. The work is done in the light of analysis and synthesis of multivariate
control system of kiln angular velocity and kiln charge with volumetric thermal capacity burners. It is shown that
computational models of burning as an object of control are problem-oriented on producing ceramsite with specified
density. Mathematical model of ceramsite burning process as an object with distributed parameters is synthesized. The
transition from model with distributed parameters to the mode with lumped parameters is performed. Then the authors
used a model with three bearing cross-sections along Z-axis in Matlab software and created a computational model of
multivariate object of control with inter-channel connections. The paper presents experimental computational set up
methods and methods of ceramsite burning optimal curve identification on the criterion of minimizing energy
consumption for burning. The developed method of staging computational experiments makes it possible to predict the
strength of ceramsite if values of control actions are known. The results of modeling help create methodology of choosing

optimal modes of ceramsite burning with the required mark of strength and with minimum energy consumption.

Keywords: claydite, rotary kiln, strength and bulk density of ceramsite, mathematical model.

I. INTRODUCTION

Ceramsite production is in itself a sequential
execution of technological processes, among which
the most significant process is that of burning. It is
usually performed in a rotary drum kiln, with the
length (L) of 40 m [1]. In the kiln, raw clay moving
from the download zone to the zone of unloading
final product undergoes multiple technological
transitions: drying, heating, swelling, and, finally,
cooling [2]. Strength and density of ceramsite is
determined mainly by two factors: physical-chemical
characteristics of the original clay raw materials and a
burning curve, which shows the dependence of
ceramsite temperature changes T from its position
along the axis of the kiln T (z), where z€0, ..., L. In
existing structures of kilns a burning curve is formed
by a specialist (called "a burner") who implements
heuristic algorithms of thermal power control of the
burner Qy, loading of the kiln qr. and, less frequently,
of angular velocity of the kiln ox. In some
installations, used to control a burning curve, double-
drum kilns with drums rotating with different speeds
are applied [1, 2].

Most famous publications, devoted to ceramsite
production, describe technological issues covering the
evaluation of clay characteristics [3-6], their
influence on swelling, bulk density and ceramsite
strength [7-10] and experimental research of burning
curves and the like [11-14].

Ceramsite burning is a complex, energy-consuming
process which is difficult to formalize. Therefore,

experimental determination of desired modes of kiln
operation, providing production of ceramsite with
specified strength in conditions of minimal energy
consumption while using existing technological
equipment, requires a lot of time and money, and does
not always produce optimal results. Under current
conditions it is reasonable to solve this important
production task by using mathematical modeling.

This paper is a further step in research previously
carried out by the authors and aimed at automation of
technological-processes of ceramsite burning. This
work describes the basic stages for solving tasks of
automatic control of burning by using mathematical
models. It also demonstrates different ways of finding
optimal decisions with important practical application
at each of these stages.

II. DYNAMICS MODEL OF CERAMSITE
BURNING IN ROTARY KILN

Papers [15, 16] within known assumptions and
simplifications introduce a physical model of the kiln
as a rotating multilayer cylinder of Length L (see
Figure 1). This cylinder consists of a steel jacket (1),
fireclay bricks (2), ceramsite raw material (3), flue
gases (4) of DI1-D4 diameters, respectively. Raw
ceramsite granules move along Axis z of the cylinder
from a charging door to a transporting out zone at v™
speed. Gas-fired burner (5) creates flue gases moving
with speed v® toward the material. This process
results in ceramsite burning. In this case,
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thermodynamics of flue gases can be described by a
system of equations:

vt vt & 400t
N B S PR A T |
ot 0z 0z 0z 3 0z
& plptpt
ap +c(p Dz)zo
ot 0z
[ & 3 3 3 AT Py 3
RS SIS LIN o i A YAl R Pl R Pl | e ol U
" Dt Dt |d&x ox ) oy oy ) oz 0z
p* —p*RT* =0,
H& :uol;z(Trg)‘

and dynamics of heat transfer in a solid body, in
particular between the layers of rotary kiln and
ceramsite, by the following equations:

or’ r oz’ oz

a, o°T, (zz,r,t) + 10T, (z,1,7) . o°T, (z:r,T) \
or T or oz"

2 2
a, 0°T, (z,1,7) 4 10T, (z,1,7) + 0T, (z,r,17) i
or’ r or oz’

ot or

o 2 32 ~

T, (z,1,7) _ aw(z)[o T, (z,1,17) + 10T, (z,1,7) L9 TM(z,r,r))_ L, T, (z,1,7) )

Ty (z,r,1)
ot

T, (z1,7) _
ot

(2)

Here, Utg,pfg,p&,T@ ,X@,c;g ,;,Lfg are
respectively velocity, pressure, density, thermal
conductivity coefficient, temperature, specific
thermal capacity (at constant pressure) and viscosity
coefficient of flue gases; X, Y, Z are force media
projection of flue gases, related to the unit of volume;
T — time; pyt/Dr, Dp®/Dr,DTE/Dr — substantial
derivative of velocity, temperature and pressure; @
is dissipative function (dissipation), Ty, @y Vm —
temperature, heat transfer coefficient and material
velocity, respectively; Tt ar Tw, aw — temperature
and heat transfer coefficient of the lining of shells and
steel walls of the kiln, respectively.

OIS MAfEaTAT lr ‘;\ j‘ & 5 IE‘
I
e i
B I;" - P S T §
[ — -
1 e : Y om
1 & ] | R
i l ik
Fig. 1. Design scheme of rotary kiln
The solution of equations (1) and (2),

supplemented by boundary conditions [15, 16] was
carried out by a numerical method in SolidWorks
computer software. A rotary kiln with 40 x 2.5m
dimensions, equipped with a gas burner C199-08-100
was taken by way of example. Creating a computer
model of the kiln in SolidWorks computer software
includes the following steps: a) heat transfer: heat
transfer in solid bodies, radiative heat transfer,
volumetric heat source (simulating the torch of the

58

kiln) with temperature of 1200°C, rotation of the kiln;
b) the composition of flue gases: CO, — carbon
dioxide, N, — nitrogen, O, — oxygen, Ar — argon,
H,O — water vapor; c) type of gas flow — laminar; g)
material of kiln layers: framework — steel St.3,
lining — refractory brick, material being burnt — raw
ceramsite; d) initial conditions of gas environment:
temperature — 20°C, speed — 30 m/s, e) initial and
boundary conditions of the kiln; k) parameters of
computational grid. The researchers worked with two
types of raw materials: the first was from easily
swelling clay from Smyshlyaevka, the second was
from iron clay with little swelling properties [15, 16].

The developed computational model makes it
possible to perform two phases of testing the kiln.
The main objective of the first phase is to assess the
adequacy of models and optimization of coordinates
choice of the kiln bearing cross-sections. Firstly,
modeling of dynamics of kiln preheating in
conditions of its rotating at a constant angular
velocity is done. In this case, we should specify time
(for example, 24 hours) of expected time interval
necessary for the kiln to achieve steady temperature.
As a result of these calculations, we found static
temperature distribution of flue gases along the length
of the rotary kiln. Comparison of the results obtained
with empirical data makes it possible to evaluate the
adequacy of the model in this technological mode.

Then we explored burning curves of ceramsite. In
the calculation model, the adequacy of which was
confirmed by the previous experiment, we specify the
following parameters of raw material: moisture,
density, thermal conductivity. For example,
computational experiments to evaluate the impact of
speed ok on the strength R were performed with 3-x
values g 0.26; 0.13; 0.08 s'. Comparison of
burning curves, obtained in computational
experiments [17], with the results obtained on the
existing kiln, demonstrated that they differed by no
more than 5%, which confirms the adequacy of
designed mathematical model.

The analysis of the multitude of burning curves
allows to solve the first task of optimization — choice
of coordinates for three bearing cross-sections F, A
and C along the length of the kiln [18]. It makes
possible to justified the following three control
actions: angular velocity of the kiln and its load,
thermal power of the burner. In the second phase, we
investigated dynamics of the burning process as a
multivariate  control  object with  distributed
parameters, in which the temperature of ceramsite is
controlled in three selected cross-sections.

The main objective of this phase is to justify the
possibility of transition from kiln model as an object

with distributed parameters to its model as a
multivariate object of control with lumped
parameters.
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III. DYNAMICS MODEL OF CERAMSITE
BURNING IN ROTARY KILN AS A
MULTIVARIATE CONTROL OBJECT

The second phase of the tests represents, in fact,
identification of the kiln transfer function and transfer
functions of the links of ceramsite burning process as
multidimensional (especially 3D) object of control
(see Figure 2) in its relation to both the vector U =
[Awk, Aqr ,AQs]" of control actions, and to the vector

H =[Aw, T.] of disturbances.

Here T is the vector of the output coordinates T =
[Tk, Ta, Tc], where Tk, Ta, Tc — the temperature of
clay in selected sections of the kiln. The object
structure is supplemented by the developed operator S;
through which the projected strength R and bulk
density of ceramsite p, which is baked from clay with
generalized characteristic of vy, raw material is
characterized with moisture w and the burning curve is

represented by the vector T .

To solve the described tasks by using our model
(which adequacy was estimated in the first stage of
the tests) the following experiments were performed:

1) Research of response functions (curves of the
transition process) of ceramsite temperature in cross-
sections F, A and C of the kiln to the step change "in
the small" of one of the vector elements of control
actions at constant values for the remaining elements
of this vector and disturbances. Identification of
separate links and inter-channel links of a
multivariate object with respect to control in the form
of dynamic models with lumped parameters.

1

—_—h

St

A

Fi =
Fig. 2. Structural scheme of the object of control Here W is its
own transfer functions, M is transfer functions of links for control,
H is transfer functions in relation to disturbance.

2) Research of response functions (curves of the
transition process) of ceramsite temperature in cross-
sections F, A and C of the kiln to the step change "in
the small" of one of the disturbance areas (raw
material moisture w, external environment
temperature T¢) at constant values for the remaining
control effects and disturbances. Identification of
separate channels and inter-channel links of a
multivariate object with respect to disturbance in the
form of dynamic models with lumped parameters.
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3) Forecasting of strength R and bulk density of
ceramsite p by using a computational model created
in Matlab software and based on synthesized
structure of multidimensional object of control (see
Figure 2).

IV. OPTIMIZATION METHODOLOGY OF
CONTROL OF CERAMSITE BURNING PROCESS

Based on the developed model of the dynamics of
the control object we synthesized a structure (see
Figure 3) and created a computational model of
multidimensional system of control of burning
process in Matlab software.

W L I L
L y

Fig. 3. The structure of a multidimensional control system for

ceramsite burning: EM — an electromechanical part; = 5 — a vector

specifying exposure; D — a temperature sensor

The practical application of this model makes it
possible, firstly, to perform parametric synthesis of
regulators R of separate channels of multidimensional
systems in conditions of inter-channels links and,
secondly, to solve the problem of determining
optimal control of ceramsite burning with account of
achieving the required strength values in conditions
of the least possible value of consumed energy [19-
21].

The use of Operator S; makes it possible to

calculate permitted deviation values of elements T .
These values still make possible to burn ceramsite of
certain brands. As a result, in the space OTFTATc we
built a set of parallelepiped (see Figure 4) II;
(i€1,...,n, where n is the number of possible standard
ceramsite grades according to its strength which can
be produced by the oven). Here Volume
KiLiMiN; K/L'M/N/ includes countless combinations
of values of Vector Ti = [Tr, Tai, Tci]?, specifying
temperatures which makes it possible to produce
ceramsite of I1; grade.

When a working point (that is, a spherical solid)
of a system of automatic control of ceramsite burning
is inside one of these parallelepipeds, ceramsite of the
brand corresponding to this volume will be produced.

It lies in the following assumption. Suppose we
know the desired value of ceramsite brand P strength
and the properties of raw materials loaded into the
kiln, as well as its humidity. We have to find the

optimum value of a vector element T in which
burning will be performed at the lowest achievable
energy consumption. In conditions, when for each
brand P in accordance with All Union State Standard
(GOST) there exists some fairly significant in
magnitude variation of strength R, the unique solution
of the task is impossible. Using the operator S; makes
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it possible to calculate permitted deviation values of

elements T. These values still make possible to burn
ceramsite of certain brands. As a result, in the space
OTrTATc a family of boxes (parallelepipeds) was
built (see Figure 4).

When a working point of a system of automatic
control of ceramsite burning is inside one of these
parallelepipeds, ceramsite of the brand corresponding
to this volume will be produced.

TE°C
IS0 et -
L] 900
7300 ”[ I :,};1
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Fig. 4. The brand of ceramsite according to its strength in space
OrT4Tc, 1 — a polygonal curve of maximum strength, 2 — an energy
efficient polygonal curve

We believe that the synthesized system allows to
provide ceramsite temperature stabilization in three
selected sections of the kiln to the specified accuracy.
Figure 3 shows that the research on the model proved
that production of ceramsite with specified strength
will have the lowest energy consumption, if the
working point of the automatic control system is in
point (L) (shown in Figure 5) of the parallelepiped in

question.
i
IF
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Fig. 5. Relative costs of gas (%) for burning 1m * of ceramsite P
350 Brand in relation to the boundary points of the multi-
dimensional phase space of the developed system of automatic
control of ceramsite burning

V.RESULTS AND DISCUSSION

The research and its results show that the
proposed approach to solving the problem of
ceramsite with specified strength production in
conditions of the minimum achievable energy
consumption by applying the developed mathematical
models of the kiln as an object of control, models of
synthesized automatic control system of the burning
process and the use of these models allows to use
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them while solving practical tasks to optimize the
process of ceramsite burning.

The obtained results of solving this multi-criteria
task of optimization also include the assessment of
the adequacy of mathematical model of ceramsite
burning as an object with distributed parameters,
selection of bearing cross-sections coordinates of the
kiln along its central axis, justification for the move
from models with distributed parameters to the model
with lumped parameters, selection of the optimal
position (on the criterion of minimizing energy
consumption for burning) of the working point of the
system of automatic control in the limited space
OTrTaTc, corresponding to production of ceramsite
with specified strength P. The test results of research
carried out on a specific example show that
production of ceramsite with specified strength makes
it possible to reduce energy consumption up to 20%.

VI. CONCLUSION

Theoretical aspects of optimization of ceramsite
burning technological processes, described in the
paper, are aimed to solve important practical tasks of
automating production of ceramsite with specified
strength (or density) by synthesis and implementation
of multidimensional system control for the thermal
field in the rotary kiln. Optimization of kiln operation
was performed by using mathematical models of the
burning process.

REFERENCES
Lisienko V.G., Shchelokov Ya.M., Ladygichev M.G. Rotary
kilns: heat engineering, management and ecology, Book 1,
Moscow, Heating engineer, 2004, 688 p.
Lisienko V.G., Shchelokov Ya.M., Ladygichev M.G. Rotary
kilns: heat engineering, management and ecology, Book 2,
Moscow, Heating engineer, 2004, 592 p.
Yildiz M., Soganci A.S. Effect of freezing and thawing on
strength and permeability of lime-stabilized clays. Scientia
Iranica, Vol. 19, Is. 4, 2012, pp. 1013-1017.
Chuan Wang, n-Xin Chen, Chao Dang Yuan-Zhe Li, Aruna,
Hai-Chao Li, Yu Huang Preparation of Ceramsite from C&D
Waste and Baiyunebo Tailings. Procedia Environmental
Sciences, Vol. 31, 2016, pp. 211-217.
Fan Tie-lin, Chen Mi-mi, Zhao Feng-qing The preparation of
phase  change energy  storage  ceramsite  from
waste autoclaved aerated concrete. Procedia Environmental
Sciences, Vol. 31, 2016, pp. 227-231.
Metin Davraza, Murat Korub, Ali Ekrem Akdag. The Effect
of Physical Properties on Thermal Conductivity of
Lightweight Aggregate Procedia Earth and Planetary Science,
Vol. 15, 2015, pp. 85-92.
Kartushina Yu. N., Shaikhiev 1. G., Ananyev D. Waste
treatment plants and charcoal production wastes as a
corrective additive in the production of ceramsite. Vestnik of
Kazan Technological University, Vol.17, Is.21, 2014, pp.
195-198.
Sokolov L.I., Fomenko A.I. Reclamation of Waste Products
in Aglite Production. Industry ecology. Vol. 19, 9, 2015, pp.
30-34.
Kislenko T.A., Koshkarev S.A., Sidyakin P.A., Eremyan S.P.
The Basic Significance Of Parameters Of Inertial Devices
Cleaning Ventilation Emissions In Claydite Manufacturing.
Modern problems of science and education, 1, 2014.
Toropkov N.E. Influence of molding conditions clay matters
for claydite and waste treatment methods of claydite
production. Scientific Almanac, 8 (10), 2015, pp. 1039-1045.

(1]

[2]

[3]

(4]

[10]


http://www.sciencedirect.com/science/journal/10263098
http://www.sciencedirect.com/science/journal/10263098
http://www.sciencedirect.com/science/journal/10263098/19/4
http://www.sciencedirect.com/science/journal/18780296
http://www.sciencedirect.com/science/journal/18780296
http://www.sciencedirect.com/science/journal/18780296/31/supp/C
http://www.sciencedirect.com/science/journal/18780296
http://www.sciencedirect.com/science/journal/18780296
http://www.sciencedirect.com/science/journal/18780296/31/supp/C
http://www.sciencedirect.com/science/journal/18785220
http://www.sciencedirect.com/science/journal/18785220/15/supp/C

[11]

[12]

[13]

[14]

[15]

[16]

Galitskov K.S., et al./ Environment.

Maksimova LN., Makridin N.I. Technological Features Of
Light Concretes Structure And Properties Formation.
Regional architecture and engineering, 2, 2012, pp 45-48.
Castrodale R.W., Harmon, K.S. Increasing Design Efficiency
Using Lightweight Concrete for Prestressed Girder Bridges.
Paper 55, Proceedings, 2005 National Bridge Conference,
Palm Springs, CA, PCI, October 16-19, 2005.

Castrodale R.W., Eriksson R.L., Barngrover B. Comparative
Bridge Designs Using Normal Weight and Lightweight
Concrete. Paper 45, Proceedings, 2009 National Bridge
Conference, San Antonio, TX, PCI, September 13-15, 2009.
Vaiana R., Capiluppi G.F., Gallelli V., Tuele T., Minani V.
Pavement Surface Performances Evolution: an Experimental
Application. Procedia - Social and Behavioral Sciences, Vol.
53, 3 October, 2012, pp. 1149-1160.

Galitskov  S.Ya., Galitskov K.S., Samohvalov O.V.
Modelling Operating Area of Condition and Management of
High Strength Bloating Clay, Stoving in a Rotary Kiln.
Procedia Engineering, XXV R-S-P Seminar, Theoretical
Foundation of Civil Engineering (25RSP), Vol. 111, 2016,
pp. 233-235.

Galitskov S.Ja., Galitskov K.S., Samohvalov O.V., Fadeev
A.S. Modeling the calcination of ceramsite in a rotary furnace

61

[17]

[18]

[19]

[20]

[21]

Technology. Resources, (2017), Volume III, 57-61

with regulated speed as a control object. Science Review, 7,
2015, pp. 227-237.

Galitskov S. Y., Samokhvalov O. V., Fadeev A. S. Structural
synthesis of a multi-dimensional system for automated
control of claydite baking in a rotary furnace. Science
Review, 12, 2013, pp. 204-208.

Galitskov K.S., Samohvalov O.V. Strength properties of
expanded clay and their reflection in the range of various
temperature modes of three supporting cross-sections of kiln.
Promyshlennoe i grazhdanskoe stroitelstvo [Industrial and
Civil Engineering], 9, 2015, pp. 91—94.

Vorobyov V.A., Ilyukhin A.V., Kolbasin O.M., Popov V.P.
Automating  preparation of concrete mixtures and
manufacturing of reinforced-concrete products and structures.
Publishing House of the Russian Academy of engineering,
2016, 660 p.

Vorobyov V.A., Ilyukhin A.V., Kolbasin O.M., Popov V.P.
Automating the production of concrete mixtures for road
construction. Publishing House of the Russian Academy of
engineering, 2014, 420 p.

Rapoport, E.Ya., Pleshivtseva Yu.E. Optimal control of
thermal management of induction heating. Moscow, Science,
2012, 309 p.


http://www.sciencedirect.com/science/journal/18770428
http://www.sciencedirect.com/science/journal/18770428/53/supp/C
http://www.sciencedirect.com/science/journal/18770428/53/supp/C
http://elibrary.ru/author_items.asp?authorid=665464

Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the 11" International Scientific and Practical Conference. Volume III, 62-68

Development of Human Balance Capability
Testing Prototype

Aleksandrs Gorbunovs, Zanis Timsans, Atis Kapenieks, Rudolfs Gulbis
Riga Technical University, Distance Education Study Centre!, Address: Kronvalda Blvd.1, Riga, LV-1010,
Latvia

Abstract. The detection of human balance functional disorders may provide some kind of awareness or even warning
about potential problems for human health both in organs responsible for ensuring the balance function and in organs
related to fulfilment of other important life functions. Modern world offers some sophisticated solutions which enable not
only determination of the human balance functional capacity but also offer some kind of training environment to provide
corresponding rehabilitation. Unfortunately, such systems are very expensive. And this make limitations of their
accessibility and practical usability for a wide range of the target group / population. Software solutions, including mobile
applications, on the other hand, are incomparably cheaper. However, they do not allow to make precise balance capability
measurements, limiting to simplified balance retention simulators.

During implementation of the Latvian National State Research Program VPP INOSOCTEREHI from 2015 to 2017
three human balance capability testing prototypes were developed using a variety of electronic and mechatronic solutions.
The last one was successfully approbated during two pilots in Latvian schools in 2016 and demonstrated at the
International Invention and Innovation Exhibition MINOX-2016. This paper analyses benefits and disadvantages of
approaches used in creating of these prototypes. Besides, authors make initial comparison of developed third prototype
version against the BioSway system offered in the market. The paper gives also insight into particular system interface
development and new effective graphic portrayal of the balance testing output data, as well as sets the goals for further

possible commercialization of the developed balance testing prototype.

Keywords: balance disorder; circuit; microcontroller; sensor.

I. INTRODUCTION

Modern society benefits from innovations in
technology. Life expectancy is growing due to
advances in medical, care and rehabilitation services.
However, about one billion people, according to the
World Bank and World Health Organization report,
suffer from different kinds of disabilities [1], [2].
Each year this number increases. One part of persons
with disabilities are born with the hereditary illnesses
and functional disorders, but another one — got
disability during life: due to some illnesses or at
work; for example, approximately 3 per cent of
employees in Europe got injured at the workplace [3].
World countries are faced with more than 9 health
year losses in an average caused due to population
disabilities and chronical illnesses [4]. State and local
authorities take measures to reintegrate these people
into work and society activities, enhance social
inclusion processes [3]. Moreover, the world
population is aging. This phenomenon impacts their
ability to walk, care themselves, actively participate
in everyday activities. It means that also this social
group requires society attention and care.

In many cases functional disorders and injuries
restrict ability of persons with disabilities to be
involved in society activities, and decrease their life
quality. Walking and postural ability trainings

become essential, especially for elderly people and
persons after stroke [5].

Social rehabilitation ought to be considered as the
key component to improve the quality of life of
elderly people, persons with disabilities and special
needs. Taking into account that many physical
disabilities and illnesses are closely tied with central
nervous system functionality, and postural stability in
particular [6], the human balance -capability
assessment equipment could be considered as the one
of the tools which may help in early diagnosis of
possible functional disorders.

At the moment, the industry offers a variety of
systems and tools which can test patient postural
stability. Unfortunately, they are rather expensive to
be used in all involved respective rehabilitation
organisations. This make limitations of their
accessibility and practical usability for a wide range
of the target group / population.

Software solutions, including mobile applications,
on the other hand, are incomparably cheaper.
However, they do not allow to make precise balance
capability measurements, limiting to simplified
balance retention simulators.

Our aim is to propose solutions and ensure
development of portable, efficient and low-cost
human balance disorder assessment equipment which
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would be accessible for the wide range of social
groups not only at the rich medical centres, but also at
all public and private medical, social rehabilitation
and care organisations, schools, sport teams, army
bases, and even at home.

II. MATERIALS AND METHODS

In order to reach defined goals, we have
investigated the newest technical solutions which
were implemented or offered for implementation in
practice. Existing commercial systems and mobile
applications were also studied. These findings helped
us to develop a few human balance disorder
assessment prototype models.

It was found that one of the most important
market leaders in balance assessment field is the
Biodex company. In particular, its Biosway system
allows assessing person’s balance capability rather
precise [7]. It includes balance assessment part,
consisting of the balance board with the hard and
foam surfaces and the monitor to follow up on
exercise implementation process and results. Training
via gaming modes are also included. The system
provides reporting about fulfilled tests. System’s
disadvantage — its expensive cost.

The Nintendo Wii Balance Board, mainly known
as a gaming console, due to embedded pressure
sensors, may also serve as an equipment for balance
disorders assessment, postural stability training and
improvement [8], [9]. Video games in combination
with postural stability exercises in a form of physical
activities, so called — exergaming, can improve
human balance capabilities. Especially it applies for
elderly people [10]. Despite apparent advantages this
system has also some limitations in hardware and
software caused by its commercial base.

One of promising findings and developments in
the field of balance disorder assessment in a form of
the balance board device for home care and
exergaming was presented by Italian researchers [11],
[12], who demonstrated very encouraging results in
rehabilitation of post-stroke patients. However, still
there is a set of research directions to be covered in
order to solve early balance disorder assessment
problem, for instance, availability to assess possible
postural sways by appropriate scientifically
recognized tests [13], use of different foam pads,
ensure patient safety and stability during exercises.

Available on the market mobile applications, such
as iBEST and similar ones [14], offer various ways to
train personal balance capability. They successfully
utilize potentialities of built-in sensors to determine
possible balance disorders, monitor test, exercise or
game fulfilment and provide feedback. Though, the
validity of obtained postural sway data by mobile
applications needs to be improved in order to give for
a patient credible recommendations regarding further
rehabilitation and / or visiting a doctor.
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Pursuant to abovementioned considerations it was
decided to start development of the new balance
capability testing prototype. It ought to be rather
inexpensive, easy to use, and ensure efficient postural
sway detection.

Necessary programming tools for the prototype
creation were chosen from available open source
software in order to decrease project expenses.
Wooden materials were used to create three prototype
constructions. Used materials, including electronics,
are shown in the next section together with the
description of developed models and achieved results.

Developed prototypes were approbated in test-
beds at the university and the first trials in schools, as
well at the international exhibition. Obtained
feedback and lessons identified gave the directions
for further improvements.

Human balance assessment was made by
employing Modified Clinical Test of Sensory
Organization and Balance (mCTSIB) test [15] series.
Test results were collected and displayed in graphs.

III. RESULTS AND DISCUSSION

Altogether three different types of human balance
testing boards were developed from 2015 to 2017 by
researchers of Riga Technical University. Initially
two balance functional capability diagnostic and
improvement system prototype versions (based on
employing of joystick and potentiometer sensors in
conjunction with microcontrollers Arduino and other
necessary electronics, such as signal amplifiers) were
developed during the year of 2015.

However, both models did not allow getting
enough reliable statistical data which would be
comparable with existing solutions in balance testing
field, such as data obtained by BioSway and similar
systems. As a result, it was decided to find new
solutions which were realized in development of the
third version of the prototype in 2016 as well as
further updates and improvements in 2017. All
created balance testing systems included balance
board platform with embedded electronic equipment.
The persons being tested were asked to stand on these
boards and accomplish certain balance testing tasks.
Next subsections give an overview of developed
prototype models.

A.  The first, mini joystick based, model

In the first created model (Fig. 1) the mini
joystick was used as an information reader. Operating
principle — mechanical movements in horizontal (X)
and vertical (Y) axes were transferred into electrical
signals. It allowed reading the surface shift from
rotation  axes.  Principal = scheme  included
microcontroller Arduino Uno and joystick linkage
according recommendations provided by
microcontroller producer [16].

However, the system repeatability was concluded
as moderately complicated. The problem emerged



Environment. Technology. Resources, Rezekne, Latvia

Proceedings of the 11" International Scientific and Practical Conference. Volume III, 62-68

due to difficulties to create rotation axes frame of the
movable platform.

During experiments it was concluded that the shift
of motion axes is too small to provide reliable enough
data quantity for the joystick movements to obtain
significant readable data. Besides, it was recognized
that the problems with mechanical strength of the
joystick could create additional problems for the
long-term exploitation.

Fig. 1. Joystick mounted into the rotation centre of the platform

B.  The second, potentiometers based, model

In the developed second prototype model the
joystick was substituted by potentiometers which
were mounted in rotation axes of the platform. The
platform was taken from the first prototype model.
Principal scheme included microcontroller Arduino
Uno and potentiometers connection according
recommendations provided by microcontroller
producer [16]. To achieve the aim of diagnosis and
improvement of person balance functional
capabilities, consequently, for person’s motion
recording, the respective potentiometer mechanical
transmission mechanism was implemented in this
prototype model. In order to maximize the amount of
movement in rotation axes, mechanical gear
transmission was set with a coefficient 1:4. Practical
development of the model and its realization led to
the consideration that the complexity of system
creation is too big, but system resistance against
external electromagnetic impacts is rather high.

Taking into account recognized shortcomings of
the first two developed prototype models in a
prospective case of the wide spread out and massive
implementation of such systems in social
rehabilitation, it was decided to start development of
the third prototype version of balance diagnostic and
improvement system, based on utilization of the load
sensor capacities. Comparative assessment of
developed prototype models was made, analysing
their mechanical repeatability, signal resistance
against external electromagnetic impacts, mechanical
strength, and system components risks (Table 1).
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Table I
Comparative parameters of the developed balance testing models
Factors Model 1 Model 2 Model 3
Type Mechanical Mechanical | Piezoelectric
Reader Joystick Potentio- Pressure
meters tensors
Mechanical Moderate Complex Simple
repeatability complex
Signal High High Low
resistance
against external
electromagnetic
impacts
Mechanical Moderate Moderate Moderate
strength
System Creation of Creation of | Purchase of
components mechanical mechanical | tensor
risks part part sensor’s
amplifier;
system
shielding

C. The third, load sensor based, model

We decided to choose four load sensors
(tenzoresistors), mounted in balance testing board
platform (a simple 2.5 cm thick particleboard
plywood) and connected with Arduino Uno
microcontroller and signal amplifiers, as these
sensors are the most widely used devices for
deformation measurement. To secure a place for the
circuit of microcontroller and amplifiers, a special
recess at the bottom of the plywood was milled
hiding all sensitive parts of the system. In order to
manage and monitor balance tests, the circuit of four
tenzoresistors, two amplifiers and one microcontroller
was connected to a laptop through USB port; this also
ensured power supply for the whole system.

Operating principle of tenzoresistors is based on
the electrical resistance of the driver reliance on
cross-sectional area changes to mechanical
deformation. Usually electrical conductor (metal
wire) is glued with an insulating adhesive to the
deformable material. At the loading, the material is
deformed together with the adhesive layer and the
electrical conductor. Deformation size shall be
determined by measuring the electrical conductor
resistance changes.

Further research showed, that for successful
determination of the sensor output signal,
tenzoresistors are connected in a certain circuit. For
example, in digital scales, to determine the resistance
changes, as the most common case, the resistive
Wheatstone bridge circuit is used (Fig. 2).
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Fig. 2. Resistive Wheatstone bridge circuit

Resistive bridge theory is based on the voltage
divider principles. Bridge circuit basis consists of
four resistors R, Ry, R3 un Rx. Resistors R; and R»
usually has a high accuracy with known values, R3 —
with variable resistance, and Rx — with unknown
resistance, which is associated with measurement
transducer outputs. The voltage Ecx is connected for
the bridge feeding, and the bridge is balanced with
the resistor Rs.

Using a multi-meter, electrical signal changes,
which depend on the applied pressure, were
measured. During our findings, as it was expected,
we realized that the resulting signal was weak (a few
millivolts) and with a low power. To ensure that this
signal could be used to regulate the processes, the
signal should be amplified.

This problem was solved by adding two
amplifiers HX711 to the microcircuit which took care
of data storage, calculation and transmission, as well
amplified and transformed the obtained signal. The
functionality of amplifiers allowed not only to get and
amplify data from different types of sensors, but also
transform them into a digital format and further
transfer to “Arduino Uno” microcontroller [17].

Initially it was argued that there would be a need
for four amplifiers HX711 — one for each sensor. A
reason for that was following: unlike commercial
scales, where the main approach was based on an
implementation of the Wheatstone bridge (Fig. 2) to
obtain a single value or weight, in our case we had to
obtain four different values which would help
reproducing the movement in the coordinate plane. In
this case, it would be necessary to place appropriate
resistance for each sensor which could build a
quarter-bridge circuit.

Realised experiments revealed a more effective
way to achieve four different values. Since the
obtained data in the case of implemented half-bridge
circuit (Fig. 3) can be both a positive and a negative
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numeral, depending on the sensor, which the power is
exposed on (AR1 = -AR3), then these, now already
two, values might be easily displayed on the
coordinate plane as the X and Y positive and negative
values, accordingly visualizing the movement on the
plane.

o U/ >

Fig. 3. Half-bridge circuit

Sensors were mounted into previously prepared
particle plywood in the way to ensure that the
volatility in coordinate plane could be determined as
much effective as possible — each of them would give
either a positive or negative value. To ensure
reliability of measurement data while testing of heavy
weight persons, each of four load sensors should be
able to measure at least 50 kg. Since the sensor
arrangement consisted of a relatively unstable
surface, the safety was provided by fitting supporting
legs at each corner, which had to facilitate and
improve the use of the platform.

One of the most important things, which ought to
be done, is the calibration of sensors by implementing
of the HX711 calibration code, which is loaded into
Arduino Uno micro-controller. During modification
the code is adapted for the processing from the half-
bridge circuit using two amplifiers instead of one.
After processing of received signal the micro-
controller sends it to computer, where it is further
processed by the code, created by “Processing 3.0.2”
open source programming tools, which helps to
interpret the received values as a moving sphere in
the coordinate plane (Fig. 5 and 6).

Since gained values could be either a positive or
negative numbers, it was necessary to make
appropriate modifications in the previously created
program. It was crucial that its newly acquired values
were able to reflect also on the negative axis
direction. However, “Processing” desktop started
displaying from zero in the positive direction. In this
case, there was defined a new zero point, which was
located in the middle of the desktop instead of in the
upper left corner, as usually. As a result, this
approach allowed us to reflect sphere’s movement
also in the negative plane directions.
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Before balance functions assessment the
following personal data ought to be input in the
system: name and surname, age, height, duration of
the test, the number of repeatable tasks /
measurements and the type of the test. This
information is displayed on the laptop monitor during
data input (Fig. 4).

After person’s data input the balance testing can
start (Fig. 5 and 6). The person is asked to fulfil
certain four tasks according to Modified Clinical Test
of Sensory Organization and Balance (mCTSIB) test
modes which already approbated in many clinical
studies demonstrating test’s simplicity, accessibility,
usability and efficiency in balance disorder
measurements [15], [18], [19].

The duration of each of four tests is set for 30 sec,
the number of tasks / measurements — four times, and
the person is asked to keep the moving sphere in the
centre of coordinate plane precisely as much as
possible (Fig. 6 and 7):

- On a hard surface, eyes open;

- On a hard surface, eyes closed;

- On a foam surface, eyes open;

-~ On a foam surface, eyes closed.

Test fulfilment interface (Fig. 5) gives both for the
patient and medical personnel a possibility to follow
all tests paces. Moving sphere’s trajectories are
tracked by remaining colour traces in the circle. The
interface has equipped with calibration, starting, test
mode selection, data acquiring and exit buttons. It
displays also the patient’s name and test remaining
time.

Balance System 2016
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Fig. 5. Test fulfilment interface

Fig. 6. Ongoing mCTSIB test

The resulting data can be summarized in the form
of an Excel table (it has already carried out over two
pilots / approbations as noted below in the next
subsection) for further analysis and providing
recommendations and guidance to the person being
tested, as well to medical staff, parents and
responsible personnel in educational organizations.
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Balance test results already are visualized in order to
make them more usable, tangible and understandable
for immediate analysis of the balance capability at the
test site.

Mibals viwma

Fig. 7. Data visualization

Test results (Fig. 7) are represented in the four
graphs which show patient’s test results in
accordance with fulfilled mCTSIB test modes: on a
hard surface — eyes open and eyes closed, and on a
foam surface — eyes open and eyes closed. Each of
fulfilled tasks is marked by the sway index. An
average sway index also is shown — the smaller the
better should be. For each of test mode corresponding
measurement scale ought to be developed in the next
project implementation phase, allowing detection of
any balance disorder.

The first trials (40 tested persons) demonstrated
system ability to detect balance sways depending on
test mode and person’s physical capabilities.
However, further large scale pilots could bring more
statistical data which would allow to draw
conclusions and offer practical rehabilitation
instrument to be used in social rehabilitation
organisations, hospitals, schools, sport teams, armed
forces and so on.

D.Approbation

In 2016 two approbation pilots of the developed
balance testing prototype were launched in Latvian
schools in 5 — 7 class pupil groups:

05.05.2016, in Riga Catholic Gymnasium
(High School) 23 persons (22 pupils and 1
teacher) were tested;

26.05.2016, in Rezekne Speech Therapy
Boarding Elementary School-Development
Centre 17 pupils were tested.

Project group participated also in the International
Invention and Innovation Exhibition MINOX-2016 in
Riga in October 2016 providing valuable insight in
the developed prototype capabilities. Moreover, in the
fourth quarter of 2016 four broadcasts on Latvian
National Television (LTV-7 Channel) were dedicated
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to disseminate project results and demonstrate created
equipment to a wider public.

Obtained approbation data at the first estimation
confirm developed balance testing third version
prototype’s ability to achieve defined objectives.
Moreover, it should be noted that our developed
balance assessment prototype is able to perform also
the tasks which cannot cope commercial and more
expensive system BioSway — for example, testing
persons with the weight less than 40 kg.

IV. CONCLUSIONS

Developed prototype offers fast, demonstrative
and effective human balance capability assessment.
The main aim of this balance testing prototype is the
early raw detection of any balance disorder. Any
deflection from pre-defined sway index scale
intervals will serve as a basis to make
recommendations for a patient to visit a doctor.

Test results highlighted the necessity to develop
corresponding measurement interval scale which
would give a message about possible balance
disorder. Besides, it would be wuseful to find
relationships and correlations between person’s
ability to keep the balance when different external
disturbing factors influence test fulfilment.

Series production of the created prototype could
decrease its costs. It might be about almost ten times
cheaper than existing BioSway equipment which
costs around USD 7 000. Affordable price can
promote prototype employment in the wide range of
organisations and even at home, and as result,
enhance social rehabilitation services and improve
quality of life of persons with balance function
disabilities.
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Abstract. The investigation of motion and gravitational processing of disperse granular materials is very important for
solution of a wide spectrum of technological processes, including the chemical technology of treatment (with or without
the decoration-compression procedure) of granular mineral fertilizers and their drying and sorting/separation by means
of vibrating sieve classifying screens, in particular. In this work, we have used the apparatus of the theory of continuous
media for the mathematical modelling of dynamics of disperse granular materials, and by this we assume that a property
of these materialsisthe distribution of a solid granular component inside of them. The elaborated mathematical model is
based on the volume conservation law for granular components, on the momentum conservation law, as well as on the
equations for stress tensor in the granular mineral fertilizers and equations for description of the Coulomb granular
mineral fertilizers.

Keywords: dispersed granular material, gravitational flow, vibrating sieve classifying screen, continuum mechanics,
mathematical model.

I. INTRODUCTION attempted to derive rules, describing the behawdur
The investigation of the motion and mechanics ofthe particle flux as a whole. Significant contrilouts
the gravitational processing of disperse granularto the theory of dynamics of disperse granular medi
materials is important for solution of a wide spent have been provided in foreign works (see [8]-[18])
of technological processes, including the chemicalReynolds O., Faraday M., Deresiewicz H., Rowe
technology of treatment (with or without the P.W.and Winterkorn H.F., where problems related to
decoration-compression procedure) of granularartificially excited vibrations, as well as quesisoof
mineral fertilizers and their drying and different kind concerning the natural sand flowyéna
sorting/separation by means of vibrating sievebeen investigated. Despite of these and othertsesul
classifying screens, in particular. Apart from and their interpretations, which have been obtained
technological processes of different kind, the by experts in different fields in framework of tfiest
investigation of dynamics of disperse granular raedi method of modelling, up to now the mechanism of
is extremely important for solution of such probfem motion of disperse granular media have not provided
as mineral extraction, engineering, geology — thea satisfactory explanation of many unusual
motion and erosion of soils, in particular, andoesb  phenomena, arising in motion of such media. When
(for instance, see [1]-[7] and the references ihgre the second method of modelling is used, it is aggslim
Currently, there exist two methods for mathematicalthat the properties of particle flux, considered as
modelling of the dynamics of disperse granularcontinuum, can be represented by continuous
materials: the first method — this is the consilera  functions, in such way that any infinitesimal paft
of disperse granular media on the level of separatalisperse granular medium has properties of each
unconnected, but interacting particles ([5], [#he separate particle. For example, those mathematical
second method — this is the consideration of thismodels, which use the apparatus of plasticity theor
media from the point of view of continuum are based on criteria of Coulomb-Mohr fluidity; seo
mechanics ([3], [4], [6]). When the first method of mathematical models, which use the apparatus of the
modelling is used, the flux of finite-size partigles  theory of fluidized boiling beds, are based on
considered, these particles being representecyamk ri thermodynamic principles for particle distributiom
or elastic geometric figures, e.g., spheres, and it bulk, and so on. In this work, the apparatus of
ISSN 1691-5402
© Rezekne Academy of Technologies, Rezekne 2017
http://dx.doi.org/10.17770/etr2017vol3.2547
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continuum mechanics we will use for elaboration of gp,, (x,y, 7z 1)

corresponding mathematical models, describing the —— 5 =P (XY, 21 di‘(LQ( XYz }) ®3)
dynamics of disperse granular materials.
L. MATHEMATICAL MODELLING where 9=39(x Y,z 1) is the spatial vector of the

A. The volume conservation law for granular velocity with three Cartesian components 9,
components and the momentum conservation law 9 div( 3 . :
As it was stated in the introduction, we will “z and V(8(x y,2) is the divergence of the

investigate the dynamics of disperse granular mediaector field .

in gravitational flows from the point of view of Remark 1. If the granular components (in our case

continuum mechanlqs and, hence, we can state th%e granular mineral fertilizers) of the body,, are
the property of a disperse granular material is the

presence of solid granular component, distributedmcompressible, then mathematically it means that

inside of it. Therefore, to take into account the M:O holds. Consequently, in this case
distribution of solid phase in bulk of a continuous ot

granular body (we denote this body B,,), we the equation
have to introduce the bulk distribution function
U=U(xY,z1, which is a kinematic variable and

is continuously defined in the whole region occdpie
by the body. This function can be interpreted a&s th
porosity, i.e. as the volume fraction of empty g§sac

(relative free volume), although in reality it iket

inverse of this volume fraction. The introducedener instead of (3). .
function U (x y, Z t) can be defined as It has to be noted that the conservation law (#) ca

be derived directly from (1). In addition, it is
U(xyzt=1-TI( x y; z }, where TI(X, Y, Z 1) important to notice that, although the volume of
egranular components is constant, the total volume
needs not to be constant, i.e. the total volumebzan
varied: the positive/negative dilatancy (it is the

U(xy,z9

o U(xy.zY dyI(xyz})),®

which describes the volume conservation law for the
granular components in the boy,,,,» must be used

denotes the porosity. Obviously, the volume of th
granular components in the bodi.,, can be

defined by the formula increase or decrease of the volume at shear
» deformation) can serve as a natural example in
e disperse systems of high concentrations, for exampl
Vg’a““'e(t) - J U(X’ Y. 2 t) dv (D) in natural fertilizers. Consequently, in equatidi, @s

Dsohd

well as in equation (3)div(§) needs not to be zero.

Introducing the notion of mass density Further on, since the total mass of granular minera

W(X’ Vi Z 9 of granu|ar components, we can fertilizers is calculated from (2), we can writeeth
momentum conservation law in the form of

determine the total massMg,anule of granular

. 09(x v,z |
components in the bodlp, ; by the formula Poa(X V.2 t)[ ( aty zY F]: d|\(a( X ¥ 3) (5)

def

M granuie(t) = I UXY.Z9-W(xyzkd (2 or componentwise in the form of

D,
solid algl X’ ’ z
pv.d.(x' Y:Z t)'((Ty)_ Ii:J:O-ij K

def )
where p , (x,y,zt)= U(% y z}- W x y z)iis the

volume density of the investigated disperse granula i -
medium. Further on, since we consider thea@nd tangential stressesoy, =0, Oy =01,
investigated dlsp(_erse medium as _a continuous _medlagXZ =013 Oy =0y, Oy =0y, Oy =003, G, =0,
the mass of the interpore space in the bBy, is

negligibly small. Consequently, the total mass
M ue(t) of the granular components can be

considered as the total mass of the granular rahteri @nd the covariant derivative is expressediy .
and, therefore, the following continuity equatiar f

the considered granular material can obtained from

the equation (2):

where g is the Cauchy stress tensor with nine direct

0, =03, 0,,=0g F is the vector of mass forces

with Cartesian componenfs =F, F, =F,, F,=F;;
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B. Equation for the stress tensor in granular
mineral fertilizers
In this subsection, we will consider stresses & th

case of non-dissipative granular medium, as well a

in the case, where this media is dissipative vilgen
the energy of ordered macroscopic motions or field
transforms irreversibly into the energy of disomter

(i.e. chaotic) motions or fields. Let us assume tha

specific Helmholtz free energyy),;, of granular
mineral fertilizers depends on the bulk distribatio
functionU (X, Y,z t) and on its time derivative, as
well as on the density of granular components ef th
body D and  temperature T, ie.

solid
Aite. = Aﬁ.f.e.(u7%’pvd.’ Tj- We can now

introduce from thermodynamic considerations the

following dynamic quantities:

—pressurer,p_ of the investigated disperse granular gne

media :

def

U _WZ . a'AH.f.e. .

Pm
oW

(6)

p. =

—spatial pressurePS,p,, which is related to the
distribution of granular components in the bulk:

def
Ps,p, = U2 “W- a'Q-I.f.e. :

U ()

_effort vector f. which is the vector of the

ev.?

S

U=U(xY,z1 is denoted bygrad(U). It follows
from the equation (10) and expressions (6)-(8) that

S}he stress is completely determined by Helmholtz

energy function in the non-dissipative case: thist f
is analogous to the corresponding relation for the
equilibrium stress in compressible fluids.

Now, in order to determine the dissipative part of
the stress in granular mineral fertilizers, we witle
the corresponding equation from the theory of
viscous liquid:

6 - 5-* = Vltr (lgs-r,t,) r + 2V2‘9$-r.t.’ (11)

where 4., is the strain-rate tensor, determined as the

symmetrical part of the spatial gradient of velesit
the notiontr(&s_m_) means the trace of the tensor

& ., of the second rank (one time covariant rank and
time  contravariant  rank); guantities
v,=1(UW) and v,=v,(UW) are viscosity
coefficients.
C. Equation for the description of Coulomb
granular mineral fertilizers
The obtained in the previous subsection equation
(10) is the general equation for the non-dissigativ
part of the stress, and just because of this genera
form it cannot be used for solution of the actual
problem: precise expressions are necessary for

pressures,, and R, as well as for the balancing

vector of stressed, . In this section, the required
expressions will be obtained. For this purpose, we

balancing stress (as it is related to the system 0¥Vi” assume that specific Helmholtz energy per unit
self-balancing forces, applied either at the VolumeU -W- A, is an isotropic function (i.e. it is

pressure centre or shift centre; see e.g. [1]):

def
fe,v, =U.-W- aA-I.f.e. .

2U 8)

Then, from thermodynamic considerations, we can grad(U)|U

write

def

P =U-div(T,,)=P,~ P, (@

Equation (9) is a fundamental equation and, beingshear

a tensor function, the symmetry group of which
agrees with complete orthogonal group; tensor
function — it is a mapping, relating several tessof
different ranks to one tensor of certain rank), akhi
can be expanded in Taylor series in vicinity of
., =0 where U, is the limiting

.

distribution in bulk, which corresponds to the liimg
relative fraction of empty spaces in granular maher
fertilizers (the limiting relative fraction of empt
spaces in granular mineral fertilizers correspotuds
such a state, where volume does not change under
action; some kinds of granular mineral

determined by expressions (6)-(8), the dynamicalfertilizers, having larger or smaller relative fiiaa of

quantitiesh,,, R, fe_v_ characterize just the non-

dissipative part of the stress
def

& =U-div(f,)-P, T-f.®grad(V), (10

where the symbo® means the tensor product; the
spatial gradient of the scalar function
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empty spaces as compared to its critical value,
correspondingly decrease or increase their volume
under the shear action, see Remark 1). In additven,

assume that the deviation H)grad(U)” from zero

and the deviation of quantityJ from U, is
negligibly small. Consequently, within accuracytap
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terms of the third and higher orders of smallness w  The determined by formula (18) direct stresss
can expand the functidd -W- A, as follows: related to the tangential stre6s,g, acting on the

2 i same area, by the following rule:
UW- Ay = 2 ‘,Q( U- Ul.d.) +
i=0

c;- grad(U)- grad( U,), (12) G* + Gang ( n) =Pt
4£ Py (grad(V)- 7'+

wherec =G (U,U,), i=13 (grad( ))2 (grad( U7 )2. (19)

In view of the natural requirements of
positiveness of the Helmholtz energy:W- A ;. per

. Now, using expressions (18) for exclusion of the
unit volume and of its minimum at the condition ) o 4K
term -T) in equation (19) and keepin
grad(U)|U7U =0, we can write down the following (graQ(U) n). g _ (19) -p g
T squares in the final expression, we obtain the

restrictions for the coefficients, i -0,3: following relation:

=2

=0, ¢>0,ic{0,2,3 (13) Gong +(G-0) =17, (20)

Now, substituting the expansion (12) with With the introduced here notations

coefficients (13) into expressions (6)-(8), we dfota et et
e e

Esﬁ'(S.JJréld(U))z, w=-P, -1 (21)

0 6
Pm.pv:(W'a—\f/— j.( grad( U))" + W 50 —&, (19
Further on, taking into account equation (14), the

P, =—1,+7-U%—¢&(grad( U)) . (15)  second relation in (21) for the pressifg, takes the
f,=2¢- grad(V), (16) following form:
where the following notations are used: r=21-(f-wo), (22)
ldefW 5§ ag
S=l 0 pog W20 (o3
&=C+6(U-U,Y, A& W Pmem Wy @9
y=Co+C,- Uz, 17)

Finally, comparing the expressions (20) and (22),
§=%, n=_cG,. we will find the required relation between the

tangential stress?tang_ and the direct stress, acting

Equation (10) for the stress in non-dissipative On the considered area in the given point of granul
situation together with equations (14) and (16)mineral fertilizers in the state of non-dissipatiess.
require that non-dissipative direct and tangential Remark 2. If G and G, are considered as
stresses, which act on certain area at some @6 Cartesian coordinates, then the equation (20)
a special mutual relation. Note that in the . .
hydrostatics, where the tangential stress must péepresents a circle with centre at the pcﬁﬁh,ta)) and
completely absent, a similar result takes place. radiusy, Besides, the requirement that the radius of

At non-dissipativeness of the considered granularthis circle must be a function of the shift of dsntre
media, the tangential stress has a characteristifrom the origin of the coordinate system followsrir
nonzero value, which is related to the value of theequation (22), which has been obtained from (20),
direct stress. In order to establish this relationtaking into account (14). If equation (22) is choses
mathematically, we will consider an arbitrarily the necessary and sufficient condition of the non-
chosen and fixed spatial point and an arbitrargdix dissipativeness of the media, then this result lwan
plane with the normafi,,. Taking into account the considered as a generalization of the Coulomb
condition on stresses at the limiting equilibrium i
granular mineral fertilizers, in which the angles o
internal friction and bonding are functions of dégns
W and bulk distribution functiotd. Finally, note
e that in the case if quantities and £, determined by
o= n-(o- -n) =—Rp-2¢ ( grad rj (18) formulas (23), are constant, equation (22) beccanes

equation of straight line, whereas equation ofleirc

equations (10) and (16), the direct stressacting on

the fixed plane, is calculated by the following
formula:
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(20) transforms into the usual Coulomb-Mohr The obtained equation (25) is a dynamic relation
condition, which is well known as the criterion of for the tensor of stresses. The substitution of the
fluidity. In this case, the Mohr’s circle (20) iangent  equation (25) into the momentum balance equation
to the straight line (22); the scalar functiofis &,  (5) gives us the following differential equation:

09

17, and 7. given by formulas (17), can be easily pvdy—=—77-grad(U2)+

found from the differential equations (23). For ot

example, if7, is a constant, then the relatigg = S 2-£.U .grad<( grad( U))2)+

follows from the system of equations, consisting of ~

the second formula in (23) and of the first and the (v1+v2)-grad(div(3))+

third formulas in (17). Its physical interpretatids ) .

the following: 77, corresponds to the bonding of the vz‘(grad(U)) + P F (26)

granular mineral fertilizer and is a strictly posit

quantity due to the condition (13) and formulas)(17 The system of equations, consisting of the
Thus, if the system of equations, consisting of),(10 equations (4), (5) and (26), describes the casesiev
(11), (15), (16) and the Coulomb condition, is usedthe medium is not in the state of equilibrium, i.e.
for representation of the stress tensor in the nonwhen it is the dissipative medium. If one analyhis
dissipative case, then the general determiningdimensions of differential equations (26) (the

equation has the form: equation (26) is a tensorial differential equatéord,
consequently, it does not consist of a single égnpt
Krainrate tensor” 0 = then it becomes clear that, in addition to the Lisua
6-:Vl'tr(‘gs-r.t.)'r+2'v2"95-r.t._ d_|menS|onI¢ss quantities, appearing in the thedry o
viscous fluids, it is necessary to consider tworaxt

2.£-grad(U)® grad( U)+(770 -n- W+ | (24) dimensionless parameters:
— the dimensionless parametdr, which is

2 . -
¢-(grad(U))"+2-U- div(¢- grad( U))) I called the relative length and is defined as the
r=1-(f-o). characteristic geometric siz¢ normalized to
the characteristic length of the material, i.e.
The medium, described by equations (24), is det
called Coulomb granular material. L= g.\/i; 27)
D. The basic mathematical model of the &
dynamics of unconnected Coulomb granular
materials (with granular mineral fertilizers as an — the dimensionless parameter
example) with constant density in the regions of
dissipative medium. de\W . g/
In this subsection, the dynamics of unconnected M= : (28)
Coulomb granular mineral fertilizers is considered n

with constant densityW(x ¥ z §= cons in the _ L _ .
where § is gravitational acceleration; the meaning of

regions, where the medium is not in the state o no parameterM — this is the ratio of gravitational forces

dissipativeness. First of all, we note th_at the -non o4 forces responsible for the spatial distributid
connectedness of granular materials (in our Cas%ranular mineral fertilizers in bulk

Coulomb  granular  mineral  fertilizers) in For mathematical completeness and correctness of
mathematical notions means thét=7, =0 holds.  the elaborated mathematical model (4), (5), (26), i
Obviously, quantities, characterising the invesga must be completed with the allowed boundary
here materials in such regions, are the functiéns conditions, which ensure the existence (the questio
and 7. Consequently, the general determining©f Solvability) and uniqueness of the solution.
equation (24), which has been obtained in theConditions on the basic variable fielts and W,

previous subsection, takes the following form: fluxes & and ‘?e.v_: or on their combination can be
- - used as boundary conditions. For example, the
G=vtr(8,) 1 +2-v, 8~ boundary conditions for fluxes
2-£-grad(U)® grad(U)-(n- U - -
) ¢ (25) c-n=h; (29)
(grad(U)) —2-U-div(&- grad U ) l; P
£-(grad(V)) ¢ grad U)) f fier

r=-1-.
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can be used, whetg is the usual effort vector andl 09,

08, o 08

. ) o . +9, —2=0,-g,+
is the tension, which is related to the vector of &t tox 12 X, 2 ¥z
stresses. It should be noted here that, sincestison

7 refers to the system of self-balancing forces, the 1 . oPy, +5Fi’zz+ =

resulting forces are vanishing on the surface and,c1 po L OX 0% iz
consequently, there is no need to set0 in the case

where free surface is present. However, one shmild 8_q+ 8((:, "21) + 8(q “9'!2) =0

also noted that the balancing tension is relatethéo Ot 0% 0%,
surface energy per unit area, and it influences the 59. 09
effect of surface tension. In the case if both the Pm=a0+a’0.[_ll+_12J+
balancing tensiorr and the effort vectop are zero % 0%
on the boundary, such a boundary is called tension- 2
free boundary. (ag+ai)~al9”-&912—ag~ 6311+ 094 +
X 0% 0% 0%
. NUMERICAL EXPERIMENT 2 2
Carrying out the numerical experiment, a two- ,, 9% a - e +a 0%y ) 0%,
phase medium of homogeneous solid particles sized * 0%, ! 0% ! 00X 0%
0.5-10 mm was chosen as the granular medium, in 2
which the granular medium is a dispersed phase, and , 08, 5311+ 09,
the dispe_rsion phase is liquid. To simplify the % ox | ox, 0% '
mathematical model (4), (5), (26), (29), the
corresponding technological process was considere _ %+6912 losa 6911+ 985,
only on the plane design mesh (see Fig. 1) under th 112~ o 0% 1 %, 0%
condition that the technological process procedds a )
invariable geometry of the inclined vibration | 09, 09,09, 04, (03, 08,
classifier, at isothermal conditions and at absesfce - o, + o%, ' ox, + ox, | ox + ox ) |
chemical reactions..
F 9 P
: P Fg_zzzao‘Fa’O‘[aalgll‘*‘%]-f-
- X %
2
Py (ag+ 0‘{) 661911 . 661912 —ag-(aa‘911+ aalglzJ n
Py v [ . X 0%, % 0X%
1 2 2
== 1 1 1
Prg L) %, 0%, % ) 0x
2
a!/‘ al912 . 61911+ 61912
e o (o ox )
¥ P 619
Pu=-P+2-u-—2, PB,=u %4‘% )
Fig. 1. Plane design mesh for coarse particle afigiar dispersion 8X1 5’)(1 5)(2

medium.

After taking into account aforesaid suggestions
we have got the following simplified mathematical

model (i=1,2;j =3-i ):

09 04 04 F211 = F212
i1""9i1' il""giz' Ilzél_gﬁ'
% 0% F
1 . Ry, + oPR,, " Fjil ,
G-po L OX 0%
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09,,

Poo=-P+2-u- o, '

4.7-d%-p, -, fif ¢, >2-c,

6-Cc
-VP.
G+ q

f, if ¢, <2-q,

= Fip=7-d-9,,(0.042d- 9,5 p 5

0.45 u-3|(d- 9, pr,) + 3
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f,=0.042d-9- py, + 0.454-3(d- 9,y p,)° + 3u ,

2
3 :(12'01 +3j. p(1-2576)"(9:-8) |
1-¢ d
ologplz.d.w.

Below there are some graphical results of the
numerical implementation of the simplified
mathematical model on the application package
MathCAD 14.0 (version 14.0.0.163).

Q Fs
- /\
‘0 - \/ET ?
\ f b
oy
7 v ° B ‘
]
4
=T
ol
[ T [2T =
T
Fig.2. Three different laws of vibration accelevati
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+ »
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Fig. 3. Dependence of the flight time and the espancoefficient
of granular materials on duration of positive vila pulse.
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Fig. 4. Dependence of the condensation time ofudearstructures
on the vibration frequency under fixed vibrationde(VL=02/g):

solid line shows harmonic excitation; dashed lineoves
polyharmonic excitation.

75
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201

(a): Harmonic excitation

T,sA

301

20+

10

(b): Polyharmonic excitation

Fig. 5. Dependence of the separation time of gearnmlaterials on
the vibration level VL=0/g: (a) harmonic excitation; (b)
polyharmonic excitation.

IV. CONCLUSION

In this paper, the mechanism of processing
granular disperse materials in gravitational flows,
using horizontal or inclined vibrating sieve
classifying screens, is investigated. The apparatus
continuum mechanics is chosen as the apparatus of
mathematical modelling of the investigated problem
and, consequently, we assume that the properties of
the particle flow, considered as continuum, can be
presented in the form of continuous functions iohsu
a way that each infinitesimal part of the disperse
granular medium has characteristic properties ohea
separate particle.

In the actual paper, based on:
conservation law of granular components,
momentum  conservation law, (c)
describing Coulombic interactions of granular
disperse materials in gravitational flows, (d)
equations for the stress tensor in the granulaeraln
fertilizers (both in the case of non-dissipativene$
granular medium and in the case of its
dissipativeness), a mathematical model is built up,
which consists of 7 equations (4), (5), (26) and

(a) volume

(b)

equations,
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boundary conditions (29). In this work, we have
analysed also the possibility to consider other

boundary conditions, which enable to ensure the

[4]

existence and uniqueness of the solution for the

system of equations (4), (5), (26). The necessity o
arising different from (29) boundary conditions is
related to the practical point of view: for instaenor
a specific type of horizontal (or inclined) vibragi

(5]
(6]

sieve classifying screens, the ensuring of boundary
conditions (3) can appear to be unprofitablem

(economically and/or technically) or even impossibl
It has to be outlined that the elaborated

mathematical model describes only the mechanism of

motion of granular disperse materials in gravitaio
fields, but not drying, sorting etc., which are ath
important problems arising in practice.

V. ACKNOWLEDGMENTS

(9]
(10]

For the second co-author the present article was
executed within the framework of The State Researchii]

Programme "Next generation Information and
Communication Technologies" ("NextIT"), Project
No. 4.

REFERENCES

[1] I 1. Blekhman, Vibration Mechanics Moscow, Russian
Federation: Science, 1994, 374 p.

[2] P.V.Klassen, I. G. Grishaev, and I. P. Shorimnulation
Moscow, USSR: Chemistry, 1991, 240 p.

[3] V. M. Dmitriyev, E. A. Sergeyeva, L. S. Tarova, agdP.
Rudobashta, "The Mathematical Modelling of Massn$fer
in Polydisperse Granular Materials Used in Envirentn

76

(12]
(13]

(14]

[15]

Protection”, Herald of the TSU, vol. 9, No. 4, @#%6-460,
2004.

S. Savage, "Gravity Flow of Cohesionless Granulatevlals
in Chutes and Channels", Journal of Fluid Mechanics.
92, No. 1, pp. 53-96, 1979.

P. Evesque, "A Simple Incremental Modelling of Guriamn-
Media Mechanics", Poudres & Grains, vol. 9, pp.141999.

A. L. Svistkov and B. Lauke, "Differential Constitve
Equations of Incompressible Medium at Finite Ss&in
Applied Mechanics and Theoretical Physics, vol. B0, 3,
pp. 158-170, 2009.

F. G. Akhmadiev and R. F. Gizzjatov, "Mathematical
modelling and optimization of separation process#s
disperse materials multistoreyed sith classifiéttoceedings
of the Kazan State University of Architecture and
Engineering, vol. 18, No. 4, pp. 330-340, 2011.

A. Lyav, Mathematical Theory of ElasticitiMoscow, USSR:
ONTI, 1935, 647 p.

H. Deresiewicz, "Mechanics of Granular Matter", Adees
in Applied Mechanics, vol. 5, pp. 233-306, 1958.

M. Faraday, "On a Peculiar Class of Acoustical Féguand
on Certain Forms Assumed by Groups of Particlesnupo
Vibrating Elastic Surfaces", Philosophical Trangy&® Soc.
London, vol. 52, pp. 299-340, 1831.

O. Reynolds, "On the Dilatancy of Media Compose®igfid
Particles in Contact”, The London, Edinburgh andblbu
Philosophical Magazine and Journal Science, vol. 2.
127, pp. 469-483, 1885.

H. M. Jaeger and S. R. Nagel, "Physics of the Qaanu
State", Science, vol. 255, No. 3, pp. 1523-1539519

P. K. Haff, "Grain Flow as a Fluid-Mechanical Pheremon",
Journal of Fluid Mechanics, vol. 134, pp. 401-4B892.

P. W. Rowe, The Stress Dilatancy Relation for Stati
Equilibrium of an Assembly of Particles in Contact"
Proceedings of the Royal Society of London, A269, 500-
527, 1962.

J. C. Dutertre and H. F. Winterkorn, "Shear Phenania
Natural Granular Materials", Princeton Soil Engiieg
Resources, Series 6, Princeton University Predacéton,
USA, Contract No AFCRRL-66-771, 1966.



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the Yinternational Scientific and Practical Conferenslume Ill, 77-82

Structure Formation Process of Hydrated
Portland Cement Compositions. Nanoscale
Level Control

Guryanov A.M., Korenkova S.F., Sidorenko Yu.V.
Samara State Technical University, Institute ofrdtecture and Civil Engineering
Address: Molodogvardeyskaya St., 194, Samara, 4430ssia

Abstract. Durability of cement-like construction materials, as well as durability of cement stone, depends on their
humidity resistance, frost resistance, corrosion resistance. All of these properties depend not only on the composition of
the original clinker, but also on structural organization at micro-and nanoscale level of hydrated portland cement
compositions. In this research the authors used the method of small-angle neutron scattering to define structural
parameters of hydrated portland cement compositions on nanoscale level, distribution of calcium hydrate silicate
nanoparticles in size, medium nanoparticles radius, fractal dimension. It is shown, that introduction of modifying
nanoadditives into portland cement compositions affects structural parameters of a cement stone. The following
nanoadditives were used: of artificial (alpha aluminium oxide, gamma aluminum oxide) and of anthropogenic (carbonate
and alumo-alkaline sludges) origin, as well as integrated nanoadditives containing surfactants. The change in structural
parameters of portland cement compositions with nanoadditives in the process of hydration is investigated. It is shown
that use of nanoadditives allows to control the process of forming the structure of hydrated portland cement composition
on the nanoscale level, directly affect the values of structural parameters and, as a result, modify properties of cement
stone.

Keywords. Portland cement, cement composition, nano additives, surfactants, small-angle neutron scattering, fractal
dimension.

I. INTRODUCTION characteristic features of their influence on the

Hydration of cement clinker leads to formation of properties of resulting building materials, such
complex gel-like frame of calcium hydrate silicate additives can be described as nanoadditives or
particles (C-S-H) [1, 2]. Parameters describing-8-S nanomaterials.
particles structure and as well as parameters ®f th  From the point of view of their effects, raw
cement matrix itself, affect the properties of came sludges, in their turn, can be referred to asnfilli
stone which is formated during the process [3, 4].additives (e.g., carbonate slimes) or as structure-
Strength and durability (which are closely conndcte forming additives (for example, alumoalkaline
with water resistance, frost resistance, corrosionsludges). Sludges are formed as a result of presess
resistance and other properties of cement storee) arof chemical reactions, dispersing and mixing, a we
influenced by shape and size distribution of C-S-Has adsorption, coagulation and sedimentation of
nanoparticles, by the ratio of free and bound water particulate matters from oversaturated sewage
by the presence of pores and their distribution insolutions while their cleaning or water softenimg i
shape and size, that is, structural parametetheof industrial plants of metal industry, oil refining
material at micro-and nanoscales [5-7]. factories, thermal power plants. Slimes are a

Certain specified properties of cement-like suspension, characterized by structure stability,
construction materials can be obtained by usinghomogeneity and consistency of composition [12].
different additives (fillers, modifiers) of artifal Compliance with conditions of sludges by sol-gel
(e.g., carbon materials, other fine and ultra-finetechnology, as well as the existence of nanodisplers
powders) and of man-made (slimes, slags etc.)rorigi components allows to refer them to nanotechnogenic
[5-7]. Additives affect structure formation in the raw materials.
process of initial hydration of portland cement In this paper, the authors used a method of small-
clinker, and thus, affect operational properties ofangle neutron scattering (SANS), carried out aystud
obtained materials [8-11]. This is especially entde of structures formation at the nanoscale of hydrate
when there are nanodispersed components present portland cement compositions, modified with
cement compositions of additives. According to nanoadditives of both artificial (Alpha aluminium

ISSN 1691-5402
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oxide nanoparticles, gamma alumina) and of man- R2

made (carbonate and alumoalcaline sludges), and (@) =1 (O)ex;{— g). 2)
identified structural parameters of portland cement 3

compositions. The influence of surfactants on

structural parameters was also studied. It wasqutov where Ry is the radius of particles gyration. From
that a combination of nanoadditives of differerdufe  experimental data on low-angle scattering in Guinie
makes it possible to control the process of strestu regime it is possible to estimate the radius ohggn
formation (structural parameters) of portland ceimen Ry of the particles and their characteristic $Re

compositions during the process of hydration. When performing the conditiomR>1 (Porod
regime) for small angle scattering intensity there
IIl. EXPERIMENTAL METHODS exists power-law dependence from transmitted

Hydration of cement clinker leads to formation of neutron pulse.
complex gel-like frame of calcium hydrate silicate
particles (C-S-H) [1, 2]. Parameters describing-8-S I(q) g™ (3)
particles structure and as well as parameters eof th
cement matrix itself, affect the properties of catne I .
Deviation of exponenh from Porod asymptotics

stone which is formated during the process [3, 4]. . : )
Strength and durability (which are closely conndcte (n = 4) points to the fractal properties of the sty
objects and makes it possible to determine their

with water resistance, frost resistance, corrosion

fractal dimension. In the case of bulk or masstéilac
resistance and other properties of cement storee) athe exponent coincides with the fractal dimension
influenced by shape and size distribution of C-S-H P

nanoparticles, by the ratio of free and bound water' Dy and takes a value from the interval Dg < 3.
P » DYy nd bound Watet, \ ihe case of scattering objects with fractal acef
by the presence of pores and their distribution in

i . fractal dimension equalBs = 6 —n and takes a value
shape and size, that is, structural parameterhef t ; .
. . from the interval 2 <Ds < 3. Accordingly, the
material at micro-and nanoscales [5-7].

: ) exponent lies in the interval 3rx< 4.
It is possible to use a method of small-angle . . .
: . Thus, according to the slope of straight-line
neutron scattering (SANS) to determine parameterso__ . : o
! ortions of SANS dependencies, built in a double
over-atomic structure of samples of portland cemen . L ; .
. ; ; ogarithmic scale, it is possible to determine wleet
compositions applicable to distances from 1 nm to . . o
100 nm [13]. This method is quite applicable to thethe scattering objects belong to a specific type of
; el . q app . “fractal (volumetric or surface) and their fractal
investigation of nanoobjects of different physical
d|menS|on [17-19].
nature because of the dependence of the intenkity o .
According to data on low-angle scattering for
SANS from scattering ability of inhomogeneities in : oo .
polydisperse systems, it is possible to restore
the structure of substances and contrast at thrdetsor 7.7 5 % . ; :
) distribution functions of scattering objects for
of phase interface. The method of small-angle

neutron scattering was firstly introduced in 1938 b d|stancgsG (R), on t.he basis of.spectra of pair
A Guinier in his works on over-atomic metallic correlationsy (R), obtained by Fourier transforms of

structure.  In 1950-ies this method was further?hata; for crofss s§c|t|0ns. ('jl'r(;ese fEnCt'onSt.?rf delm;e
developed in the works by G. Porod, O. Kratky and e forms of particles and describe quantitatizehe

V. Luzzati. Now SANS is successfully used for of line segments connecting the elements of the

research at the nanoscale of various materials\/(.)lume of particles, and also depend on the

: : distribution of inhomogeneities within particles.
Ir?;élrjgtlgg Ctgﬁ]ednetfggﬂ(]);osoi;Osr:;uEzltzril(s]parameters © Distribution function by distance$s (R) can be

The intensity of SANSI(q) depends on the presented as follows:
transmitted neutron pulse.

(4)

d
T . 0 G(R):Rzy(R): RI o(a) Sln(qR) o

ar .

=—sin—, 1

q=—-sin> 1)

The functionG (R) shows whether particles of the

where 6 is the scattering angle which carries radiusR exisr in the test material.

information about over-atomic structure of scattgri Processing of SANS experimental data is

particles. _ N o implemented by use software complex ATSAS 2.8.0

When performing the conditiomR. < 1 (Guinier |20, 21].

regime) small angle scattering intensityq) is

defined by a characteristic particles size and stuip . EXPERIMENTS

scattering particles or their inhomogeneities: Spectra intensities SANS from samples of cement
compositions were measured in Petersburg nuclear

physics Institute (the town of Gatchina) with a
diffractometer "Membrane-2" installed on the WWR-
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M reactor [22]. Wavelength of neutrons was equal to  From the obtained cross sections of neutrons
A = 0.3nm with linewidth44/4 = 0,25. Range of scattering, by means of Fourier transformationwé)
registered elastic transferred neutron pulgewas  restored the distribution of scattering objectsttir
ranging from 0.03 nrh to 0.8 nmt. Scattered approximation of homogeneous areas.
specimens of neutrons were recorded in the range of When fitting experimental data, the maximum
angle® = +0.017 rad. The detector consisted of forty radius of scattering objects was ranged from 50 to
one 3ne-counter. The intensity of the beam on the100 nm. When the maximum radius was equal to 50
sample was measured while using two countergim, the points corresponding to minimal neutron
(monitors), installed in front of the model aboveda pulses fell through. This part of the test is not
below the axis of the beam of neutrons. described and taken into account. When the
Samples of hydrated portland cement maximum radius was equal to 100 nm, the points
compositions were placed in a target devicecorresponding to maximum neutron pulses fell
representing the cavity in a cadmium plate. Thethrough. This part of the test is not described and
volume of the cavity was 0.52 éniThe thickness of taken into account either. The general descriptibn
the sample was equal to the cadmium plate thicknesscattering data was quite correct, if the maximize s
ds = 2mm. With this thickness of the samples, valuesof the dispersal areas was about 80 nm. The average
of transmission coefficient (transmission) of teatn  radius of the scattering objects for tested samptes
of neutrons werd@ = 0.4-0.9. cement compositions was ranging from 30 nm to 65
The results obtained from the experiment datanm.
were standardized with monitors readings and Samples of cement compositions were made on
transmission values. Background subtraction waghe basis of portland cement DO-500 with no
carried out, as well as the effect of neutronshttiad additives. During the process of of Portland cement
passed through the sample without scattering. Théwydration, nanoadditives in the amount of -5%
obtained distributions of scattering intensitikgq) were put into it. They were nanopowdersAl .0z u
were then standardized with scattering intensitiesy-Al,Os, , carbonate or alumoalkaline sludge, as well
obtained under the same conditidegq) from the  as about 0.5% of surface acting agents. Nanopowder
standard sample, which was a light water layet#i of ¢-Al,O3; was characterized by an average particle size
dst = 1mm thickness Differential cross-sections of of 80 nm with a specific surface area of not lésst
portland cement compositions samples scatterings pe1g n/g. Nanopowder y-Al,Os had average particle
Len? of the volume of the sample in absolute unitssjze of 20 nm and specific surface area of not less

was calculated by the formula than 160 rfig. The composition of the sludge used in
do(q)  1s(q) dgr dogy 5) this work is given in Table 1. As surface acting
40 ler(q) dg  do ' agents superplasticizing agent of brand C-3 wad.use
Table |
Mineral composition of raw sludges
AlLO. CaO MgO FeO SiO, Losses at
A sample of raw [02 : * %] [%] %] ’ [%] steam curing
sludge [%]
Carbonate 10 43 6 2 4 35
Alumoalkaline 52 2 2 2 0 40
Water/cement ratio was ranged from 0.27 to 0.30. IV. DISCUSSIONAND RESULTS

When raw sludges and surface acting agents were Table 2 shows the composition of the samples of
added, water/cement ratio decreased to values dfsted cement compositions. For all samples we
0.18-0.24. observed power dependence of the scattering
Periodically measurement of neutron scatteringintensity from the transmitted neutron pulse . &s a
intensities of manufactured samples was doneexample, Figure 1 presents graphs of the neutron
According to the charts of neutron scattering scattering intensities of three samples after 2gsda
intensities the following calculations were perfean  from the start of hydration. Sample 1 is made
According to formula (2) the average radii of portland cement DO-500 with no additives. Sample 8
scattering objects were calculated; according tois a cement composition with 5% Al O3 additive.
formula (3) —fractal dimensions; according to fofau  Sample 10 is a cement composition with 5% @f

(4) - differential cross-sections of scattering; Al,O; additive.
according to formula (5) — distribution function of  Figure 2 shows graphs of calculated functions of
scattering objects by distances. scattering objects distribution by distances for

Calculated structural parameters of samples wergamples 8 and 10.
compared. The time interval of measurement cycles Characteristics of the tested samples of portland
was 28 days. cement compositions, calculated values of fractal
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dimensionsDs and average particles siZ/& are  nanodimentions of their particles. An importanttéec
shown in Table 2. here is also the target of the impact on the poés
In sample 2 and 3, 4 and 5, 6 and 7 (as shown ithydration. Carbonate slimes and nanopowders
Table 2) added sludges had similar chemicalAl,O; u y-Al;Os are of low chemical activity. They,
compositions. Average particle siRgwas calculated most likely, can be attributed to the filling
on the 28th day aftercement compositions gauging. nanoadditives. On the other hand, alumoalkaline
Table 2 demonstrates that nanoadditives insludges as well as complex nanoadditives containing
portland cement compositions change structuralsurfactants, or two-component (a mixture of carbon
parameters of materials at the nanoscale. Alland alumoalkaline sludges) can be attributed to the
nanoadditives in the range of distances up to 80 nnimodifying nanoadditives. They have a greater
reduce the average size of the scattering objétts. influence on the structural parameters. Targetifipec
the specified range of distances, scattering ofchange of structural parameters of cement
neutrons occurs on fractal surfaces. Increase ®f thcompositions by introduction of surfactants is
fractal dimensions in the process of hydration f®in determined by the absorption mechanism of
to the strength increase in the surface area en thmodification of dispersion systems.
process of portland cement hydration of calcium
silicate particles. Influence of structural paragngtof
nanoadditives is connected not only with

10000
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1000 ° —a— Sample 8
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100 :X\
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Fig.1. Experimental spectra of SANS intensities of cenmampositions samples. Sample 1 — cement withoutiaels} Sample 8 — cement
with y-Al,05 additive (5%); Sample 10 — cement witkAl ,O; additive (5%).

Table Il
Structural parameters of samples of portland cem@mpositions

Sample Type of additive PAV Ds, Ds, Ds, Ds, R,
number (raw sludge)/[%] [%0] 1 day 7 days 14 days 28 days nm
1 - - 231 2.35 2.39 249 65
2 Carbonate / 5.0 - 2.35 2.40 2.52 2.55 60
3 Carbonate /5.0 0.25 2.37 241 2.55 2.58 45
4 Alumoalkaline / 4,5 - 244 2.50 2.62 2.76 42
5 Alumoalkaline / 4,5 0.25 2.48 2.58 2.71 2.85 40

Carbonate / 3.0 +
6 Alumoalkaline / 3.0 - 2.40 248 2.56 2.62 52

Carbonate / 3.0 +
7 Alumoalkaline / 3.0 0.25 241 2.52 2.58 2.68 43
8 y-Al,03 /5,0 - 2.40 2.50 2.58 2.60 48
9 y-Al,03 /5,0 0.25 241 2.54 2, 2.68 44
10 a-Al,0;/5.0 - 2.30 2.35 2.36 2.48 52
11 o-Al,0;/5.0 0.25 2.38 2.40 241 2.52 50
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Fig. 2. Distribution functions of scattering objetty distances of samples of cement compositicmsp& 8 — cement withAl,O; additive
(5%); Sample 10 — cement withAl.O; additive (5%).

V.CONCLUSION [7] Guryanov A., Korenkova S., Sidorenko Yu. Resceattihe

i ; nanolevel influence of surfactants on structurenfaion of
h dNanzaddltlv?s (ljnfluence structural p_a_ramete_rs hOf the hydrated portland cement compositions. MATECOWe
ydrated portland cement compositions Intheé  conference, Vol. 86, 04011, 2016, pp. 1-5.

following ways: the distribution of nanoparticles i [8] Phair J.W. Schulz J.C., Bertram W.K., Aldridge L.P
size, average size of nanoparticles, fractal dinoens Investigation of the microstructure of alkali-aetigd cements

[ 11h e . by neutron scattering. Cement and Concrete Rese¥iah
Application of filing and modifying nanoadditives 33, 2003, pp. 1811-1824,

makes it possiblg to purposefully.influence on they Thomas J.J., Allen A.J., Jennings H.M. Density avater
process of hydration , thereby driving the proceks content of nanoscale solid C-S-H formed in alkativated
formation of structural parameters of hydrated slag (AAS) paste and implications for chemical iskeige.

. ; Cement and Concrete Research, Vol. 42, 2012, jp383.
phortland ce_men]:[ compositions and, ultimately, affecilo] Chiang W.-S.. Fratini E.. Ridi F., Lim S-H. Yeh-9.
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Abstract. Country's economic potential implies joicapability of the country's economy, its branchasd enterprises to
carry out production and economic activity, to ctesgoods and services, to supply the demand optimulation, to stimulate
production and consumption development. Country'®eomic potential is defined by estimating differeetonomic, social,
ecological, scientific and technical, political anather criteria, which, as a rule, are interconned@nd correlated. Each of
these criteria includes heterogeneous set of ecommrfinancial, social, political, juridical, educabnal, scientific and
innovational, ecological, cultural and other factsr every single of which can consist of independenindirectly correlated
subfactors called indices or indicators. In this wowe investigate the problem of estimating economitentials of groups
of countries according to their measurable economiimancial, social and other indicators in ordeotexport bank and
other luxurious services. The approach to solvirgetproblem offered in this work is based on the apeof the theory of
inverse and ill-posed problems.

Keywords: economic attractiveness, export of servinathematical model, inverse problem, stable salnti

I. INTRODUCTION seventeen); the factor of economic freedom of a

Country's economic potential is defined by country consists of seven to nine indices depending
estimating different economic, social, ecological, the technique of estimation; the factor of global
scientific and technical, political and other aiid¢  understanding of risks and conditions of running a
which, as a rule, are interconnected and correlatedbusiness consists of six independent indices;atf
Each of these criteria includes heterogeneous fset af the level of ecology and understanding of ecizialg
economic, financial, social, political, juridical, risks in a country contains at least ten (dependimg
educational, scientific and innovational, ecologica the region, where the investigated country is sittia
cultural and other factors, every single of whiegmc and on the technique of estimation) independent and
consist of independent or indirectly correlated indirectly correlated indices; three indirectly
subfactors called indices or indicators. For instgan correlated indices — index of literacy, index of
([1]), the factor of the level of attractivenesgwfining  longevity, index of life quality (actually, thisdex is
a business in a country consists of six independenbften considered a separate factor containing many
indices; the factor of the level of democracy in a subfactors due to its significance) — describdaleor
country also consists of six independent indicks; t of human development of a country (this factorfisro
factor of global competitiveness of a country carda  called Human Development Index); the demographic
only one index called Global Competitiveness Index;factor is described by one to five independent and
the factor of corruption level in a country is chefil by  indirectly correlated indices; the factor of thedeof
one to nine indices, among which there are botheconomic development of a country can contain up to
independent and indirectly correlated indices; thetwenty indices, the majority of which are indirgctl
factor of the level of market relations and comri@rc correlated; etc.
infrastructure development contains at least five  Country's economic potential should be considered
indices (depending on the region, where theas ageneric description of the level of econosucial
investigated country is situated, and on the tepii  and juridical development of the country (see E&]-[
of estimation, the number of indices can reachand respective references given in these). If weotr
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emphasize only the level of economic development ofpotential or economic attractiveness of a country,
the country then this level includes two factors — unfortunately, does not exist.
economic resources and economic results of the In this work we investigate the problem of
country ([6]). Economic resources of a country,athi  estimation of economic potentials of groups of
are described by total volume, structure and qualit countries according to their measurable economic,
consist of all material assets, scientific, intetilal, financial, social etc. indices in order to expahk and
informational and labor resources the countryother luxurious to these countries. We construct a
accumulated on its territory as well as abroadmathematical model of the considered problem and
(including entrepreneurial ability and natural develop an iteration method which allows finding
resources). Economic results of a country, whigh ar solution of the constructed model. In additionttanie
described by total volume, structure, quality andcarry out a computing experiment ([10]), which
technical level of production and services, makesSr implements the constructed model: in this experimen
domestic product (GDP), Gross national productthe initial data are values of 30 indices of 8 €arand
(GNP), national income (NI), structures GDP, GNP Eastern Europe's countries for years 2012-2014.
and NI as well as physical amount of production of
these types of goods which are the most signififant [I. STATEMENTOFTHEINVESTIGATED
the country at this stage of history. PROBLEMAND ITS MATHEMATICAL MODEL

There exist many methods for estimation of A. Verbal statement of the investigated problem
country's economic potential, for example, methbd o In this section it is assumed that duringears we
sum of places, method of numerical scores, metiiod oestimatek economic, financial, social etc. indices of
multidimensional mean, method "Pattern”, method ofm countries, and that ifth year each of k indices of
multidimensional comparative analysis, different by the j-th investigated country is estimated by one
the level of complexity methods of deterministiddan numbera; ;, which integrally describes many factors
stochastic factor analysis, big amount of methads 0,\hich directly or indirectly influence these indicdt
expert evalua_tlon, etc. (see [2], [5]-[9]_ and regpe is required to:
references given in these). Analysis of the most _ determine countries' economic potentials and
pOP“'aF of those shows that hone of _the_m allows to rank the investigated countries according to the
gg;esr{iné?:ﬁle foerﬁeceéar?g]%, h\(/)vhmB. ”:gclecesarer;a\:)en package of found economic potentials;
econlomic potential of a specific\:N comlﬁltry o)r/ grodp o ~ determine "Degree qf ft_:worablhty of the year"
countries with more or less identical subjective for every year for all indices together as well as

; : : L ' for each of them separately;
economic, technological, social, political and othe B -
rank the years by "Degree of favourability of

conditions in a specific period of time. In additjo R g ;
these methods do not help to unambiguously and ;hezgﬁ?ar and by "Degree of succession of the

objectively determine how different same indices ar q - D f : f

in different countries, where the values of ecormmi tﬁ etect ,',n uence ot "Degree o s_u<|:cessf|0nh0

potential differ drastically or, on the contrarye aery the ‘year” on economic potentials of the
investigated countries.

close. In other words, all these extensively used Bef h h ical del of i
methods do not allow to objectively distinguish efore we go to the rr]at ematical model of just
formulated problem, let's make the following

influence of every economic, financial, social etc. - TR
index on economic potential both by time unit aad f @SSUMPtions on the values of the initial indices
every country by different sets of indices. Thisame { _ _}J:im
that unambiguous and objective partitioning of@ugr Hicin
of investigated countries according to the popularnegative numbers and then, likewise in the thedry o
methods is impossible (for instance, see theZero-sum matrix games zero and negative elements of
fundamental work [2]). The main reason of lack of payoff array are transformed into strictly positive
relevant methods for unambiguous and Objectivenumbers, in our problem we will transform zero and
estimation of country's economic potential, in our Negative indices into positive numbers. It can gkva
opinion, is subjectivity of methods for finding aqui be done, for example, by increasing every elen@ent

not given weighted coefficients of indices (let us

remind that weighted coefficient of an index desesi ,

its relative significance in overall evaluationuthors By one number, for instance,
of the present work are sure that the above meadion

subjectivity can be eliminated using the powerful o o j=Im
apparat of the theory of inverse and ill-posedinstéad of initial values of '”d'Ce{a—,j}i:ﬁ
problems, which is sucpessfully _used in different ,5ve new values

problem of mathematical physics: at present,

application of this apparat to economic analysis,

particularly, to the problem of estimation of ecomo

: some indices ; can be equal to zero or
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j=1m

nfa f+121 (1)

i=1n

j=L,m def

{51} =18, +mi

j=

\ 5

P
3

Obviously, after this operation we receive a
problem which is equivalent to the original oneafh
is why rom now onwards, without loss of generality,

we will consider that forV(izl,_n; ] =L_m) holds

true g ; >0. Let us show another way of securing

positiveness of indices. Its essence consistspeeial
=1m

standardization of values of initial |nd|c§a1 } -
=ln

using the formula

A a
&, =Ti_ K 2
def ]
where A, = SLLP{Q,J-}—_'M{QJ} stands fori -th
j=1Lm =1,m
_8 31J
saltus/leap,5IJ =—A (O<Vg < 1) means
g.

oscillation. Also it is obvious that this procedure

creates new package of standardized positive data

j=Lm

fo

a,
B. Mathematical model
The offered mathematical model of the above
formulated problem has the following form:

_—, whereO<e<§ <l+e.

{

where
j=Lm

pule

__ is the result of standardization of initial
I1=1,n

indices according to any known procedure, for
example, according to the formula (2), or the fdamu

~ a,-min{a,|
o max{al} minfa, |

=1lm

mn

s G-
or the formulaX =J—n],
%
in whichm; denotes average deviationjoth index,
ando; denotes mean-square deviationjoth index;

X; is the desired economic potential jofth
country;
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vectorx:(xl,...,)gn)T is the desired ranking
of the investigated countries by the values of
standardized indice%fg'j} duringn years;
parameter W, is the desired "Degree of
favorability of the year" fo{- th year;

— vector :(V\gl,...,v%)T is the desired
"Degree of influence of years' favorability";
def
— parameter W, =max{w} is maximal

i=1n
possible estimate "Degree of favorability of the
year" by all years: this parameter also is

unknown, becaus@/ (i =1,n) are unknown;

parameterss is "Sensitivity switch”, which
means sensitivity coefficient of the model (1) to
the package "Degree of succession of the year",

i.e. sentivity of (1) to residuaIZ|>A§,j - X |;
j=1

obviously, forss=0 the model (1) becomes a

model, using which the decision-maker makes
his decision concerning countries' rankings by
their economic potentials by the way of
reduction of values of standardized indices
during n years without taking into account

their correlation in every year; when the
coefficient ss in the model (1) increases,

increases also significance of correlation of
standardized indices' values duringears for

decision making concerning rankings of
countries according to their economic
potentials.

parametep > ( is a controlled parameter and

it plays the role of proportionality coefficient of

the desired economic potential for each of the
investigated countries to the weighted sum of
standardized indices of all investigated
countries. This controlled parameter is chosen
arbitrarily, for example, it can be equal to the
number of investigated countries, that

iSp =m.

Ill. DEVELOPMENTOFITERATION
ALGORITHM FORSOLVING THE
CONSTRUCTEDMATHEMATICAL MODEL
In order to solve the constructed mathematical
model (1), first of all, let's rewrite it in a comgt
matrix form. To do this, we introduce a mat.qqa

of resudials of size nxm, defines as
def j=1,m
X

x|

i=Ln

~

X Also, we introduce a

Residual = {

def
constant vectolW =

N
[%axwmaxJ of size nx1,
n
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. def . j=Im .
and a matrix X E{xj} — of sizen x m, whose

i=ln

meaning is obvious. Then the model (1) allows the

following matrix notation with parametgg:

x=p-X'w

{ 3)
W:Wmax_ SS x{esidual |
where | denotes column vector of sizénxl,
consisting only of units.

In the model (3) the unknown are vecterandw,
and in order to find them we offer the following
iterative process:

=1 w=W_;
;
X" = p- - i( w , VI=01...; ()
i-1|j=1
Wr=W_-—ss Xt | VEOL.. ;

Remark 1. The offered iterative process (4) is,
generally speaking, somewhat incorrect as we aiprio

assume that we knowV,,, while this does not
obligatory correspond to the truth and restricta/g@o

of the (1) (and (3)): in the model (3 (i=1n) are

the desired unknown elements, thus,

def
W, =max{w} cannot be a priori known, which
i=Ln

makes unknown als¥V_,. In the offered iterative
process (4), whose aim is to find the desired efasne

{Xser X% W, W) from the model (1) (or (3)), a

priori is assumed that we know the vector
T

def

Wi =| max w} ..., mak )

i=1n i=1n

That is exactly why values of found by the iterativ
process (4) elementéxl,...,xn ;V‘if"’V\‘} can differ

from the real values, i.e. from the values we genf
the model (1) (or (3)) not by use of the iteratiwecess
(4), but by use of any other algorithm which does n

have the above mentioned assumption about usia prio

W

max*

Now let's investigate convergence of the iterative

process (4). Let's separately consider cases0 and
SSe(O,]]. For ss=0 the iterative process (4) does
converge. Indeed, in this case we have:

86

where W,.,,; means;j -th coordinate of the vector

W, Then we can write:

n

2

i=1

Zm:f?,i 'V\Aaxj

j=1

p'XT'V%ax

Z;xl '\Nnaxi

i=1
which confirms convergence of the iterative process
(4) for ss=0.
Now, as all discrete functions which participate in
the iterative process are continuous by paramgtgt
is not difficult to see that the iterative procé$sdoes
converge forSSe(O,]] unconditionally. Indeed, from

(4) we get recurrent function

:X,

XT-w
ixj .(Wmax_ SS &esidual' l)

j=1

1
n

i=1

constanwhich may have a point of break only if the

denominator i.e.

i ilxl '(Wmax_ SS &esidual' I)
j=

i=1

other hand, according to the conditions of usehef t
mathematical model (1), elements of the initial nixat
of estimates X must be strictly positive, i.e.

%, >0 Vi =1,n,Vj=1m Thus, the condition of

equals Zero,

=0. On the

existence of break point of functio'*! is the
condition W, — ss X._...- |=0. As deviation of

W from W, is proportional to the sum of residuals
between rankings of the investigated countries and

estimates of k parameters, we can write
Wh-W, =—ss XL .| Obviously,
1
WT-W_ <0 for VI=0,1 2,... Consequently,
~ Vv|+l_Wm

ax H
SS I >0, which

Residual *

= is true only for
-X

W™ > 0. That is why, functionx'** has no points of

break, i.e W, —SS %
we can write

esiqua© 17 0. In other words,



Environment. Technology. Resources, Rezekne, Latvia

Proceedings of the FMinternational Scientific and Practical Conferenslume Ill, 83-88

p- X"-w
ZmZXJ '(Wmax_ Ss X?sidual' l)

=X

which finishes the proof of unconditional convergen
of the iterative process (4) f@se(0,]].

The questions concerning stability and
convergence rate of the iterative process (4) ate n
investigated in this work.

investment position (billion EUR); P27 — Capitadfit
(CF) (million EUR); P28 — Quality of Life Index;
P29 — Offshore concentration defined on indirect
indications (+1 for each indication); P30 — Ratio o
financial and non-financial wealth.

Remark 3. It is necessary to mention that thisket
30 indices does not claim to be "the fullest and
absolutely true" set, having which is necessary and
sufficient to estimate customer segment of the
investigated countries of Central and Eastern Eairop
in order to carry out potential export of bank aider

Remark 2. As we can see from the model (3) and,y, rious services. In other words, authors of itk

iterative process (4), the dependence of compormdnts
vector w from the sensitivity coefficiengs has a

admit that respective specialists (for example,
specialists in investment and financial servicegym

more complicated nature than the dependence Ofot agree with the choice of exactly this listmdices

vector x from the parametep. The value of
sensitivity coefficientsse (0,1] can also be chosen
arbitrarily, but it must secure fulfilment of cotidins

w*>0 for ¥(i =1n;1 e {QUN).

IV. RESULTSOF COMPUTINGEXPERIMENT
A. Choice of the group of countries and time
interval, selection of necessary indices
In this section the computing experiment ([10]) is
described. As the investigated countries were ah8se

countries of Central and Eastern Europe: Repulflic o

Bulgaria, Republic of Croatia, Czech Republic,
Hungary,
Republic, Republic of Slovenia; as the investigate
time interval was chosen the interval [2012, 2034];

the economic indices were chosen 30 economic, - o
_procedure of standardization to all 30 indicesuaed

financial, social, demographic etc. indices: P1
Population size of country (thousands); P2

Population size of largest cities (thousands); P3
Population of the largest urban agglomeration & th

range of >200 000 (thousands); P4 — Urbanization

(thousands); P5 — Number of adults (thousands); P6
Total wealth (billion EUR); P7 — Wealth per adult
(EUR); P8 — Wealth of adults in the range<ad 000

EUR (percentage); P9 — Wealth of adults in the eang

of 10 000 + 100 000 EUR (percentage); P10 — Wealth

Romania, Republic of Serbia, Slovak : :
deconomic potential for export of bank and other

and may offer a more adequate list, which could
seriously differ from the one we offer. Howeverisit
worth noting that authors of this work have cho36n
indices out of 43 economic, financial, social,
demographic, political, educational etc. indices
(extensively used by The World Bank and other
transnational organizations of relevant profile),
beforehand analyzing their "suitability" in our
investigation — estimation of economic potentialaof
group of countries for possible export of bank and
other financial luxurious services to these coestri
Remark 4. Indices P8, P12, P16, P19, P20, as
opposed to other 25 indices, have the following
property: big value of each of them causes smaller

luxurious services.
Remark 5. Before implementing the necessary

the following simple scaling to the indices P8, P12
P16, P19, P20 and P26:
the values of indices P8, P12, P16, P20 are

scaled according to the ru =100-3 ;

— the values of index P19 are scaled according to
the ruled; =1.1-3 ;

— the values of index P26 are scaled according to
the rule§; =-§ .

of adults in the range of 100 000 + 1 000 000 EUR  Thjs scaling, obviously, conserves distributional

(percentage); P11 — Wealth of adults in the rarigd. o

similarity of these 6 indices, however it allows to

000 000 EUR (percentage); P12 — Gini index; P13 —gjiminate the inverse proportionality of these Gides

GDP (billion EUR); P14 — Growth rate in Real GDP

(percentage); P15 — GDP (at purchasing power parity

to the potential of export of bank services.
Remark 6. As method of standardization of initial

per capita (EUR); P16 — Unemployment rate published,ajyes of all 30 indices we chose the formula (2),
by the EU Labour Force Survey (percentage); P17 wyhich implies implementation of the mathematical
Consumer prices per annum (percentage); P18 model (1), (2) both for finding economic potentiafs

Foreign direct investment (FDI) net inflows (milio

the 8 investigated countries and for finding the

EUR); P19 — Exchange rate stability; P20 — Ease ofyeighted coefficients of 30 indices.

doing business index (+1 for position);

(EUR); P22 — Economic Development Board

P21 -
Economic Development Board (EDB)/ Paying Taxes

B. Results
The results (in brief) of the conducted computing
experiment are reflected below. Let's note thahas

(EDB)/Tax Burden (percentage); P23 — Economicinjtial data the real values of P1-P30 indices)(faf 8
Development Board (EDB)/Trading Across Borders gpove-listed countries in three years (2012-201d) a

(position); P24 — Corruption Perceptions Index (CPI
P25 — Credit rating (0+100); P26 — Net internatlona
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_ Tablel. N of the countries, but also the weighted coefficenit
The ratings and the ecoé‘gﬂ'tiiggte”“a's of thestigated 8 all indices without any subjective assumptions and
oot Abridged results ad(_jmonal mforr_ngyon, using only value of indices
ountry Rating Economic potential which form our initial data.
Republic of Bulgaria 7 2.986
Republic of Croatia 6 3.230 VI. ACKNOWLEDGMENTS
Czech Republic 1 5.359 Authors of the present paper express sincere
Hungary 2 4.303 . . « .
Romania 3 3474 gratitude to the colleagues AndriatNn$ and Kristaps
Republic of Serbia 3 2542 LeSinskis from BA School of Business and Finance,
Slovak Republic 4 3.879 Riga, Latvia for their valuable remarks on seletid
Republic of Slovenia 3 4.225 the necessary indices in order to carry out comgulti
experiment; as well as Dr. Ivars Big from University
. Table 2. . of Latvia for his detailed discussion and helpoider
The ratings of the years by the found potentias/gr o po
Ordered v Value of rafi to computer realization of the developed by thagné
rating ear alue otrating paper's authors the mathematical model and method.
1 2012 9982.33295056359 For the first and the third co-authors the present
2 2013 9982.80211546073 article was executed within the framework of That&t
3 2014 9983.07377612381 " . .
Research Programme "Next generation Information
Table 3. and Communication Technologies" ("NextIT"),
Years-averaged standardized weighting coefficiealises of Project No. 4.
indices
Index Weight Index Weight REFERENCES
P1 0.401 P16 0.2862 ) X X ) ) .
Po 03345 P17 05536 [1] Various economic, financial, social, political, &g
P3 '1 1 P18 0'7475 educational, scientific innovative, ecological, touhl, etc.
. : factors. [Online]. Available: http://www.worldbargdtg/,
P4 0.2878 P19 0.2768 http://www.eiu.com/home.aspx, https://www.weforurg/o
PS5 0.3347 P20 04571 http://www.transparency.org/, http://www.heritage/o
P6 0.6591 P21 0.3833 https://www.ihs.com/industry/economics-country-rfgknl,
p7 0.6294 p22 0.3363 http://www.prosperity.com/, http://hdr.undp.org/en
P8 0.3605 P23 0.386 [Accessed: March 13, 2017].
P9 0.4164 P24 0.5681 [21 P. R. Krugman and M. Obstfelditernational Economics:
P10 0.9553 P25 0.542 Theory & Policy 8th Edition. Boston-San Francisco-New
P11 1.1 P26 0.4783 York, USA: Pearson Addison Wesley, 2007, xxviii+87
P12 0.5578 P27 0.2944 [3] P. R. Krugman and R. Wells,cBnomics 4th Edition. New
P13 0.4987 P28 0.3921 York, USA: Worth Publishers, 2015, xliii+1016 p.
P14 0.4081 P29 0.3223 [4] P. R. Krugman, R. Wells, and K. Gradd¥ssentials of
P15 0.3744 P30 0.303 Economics2nd Edition. New York, USA: Worth Publishers,

2011, xxvii+604 p.

A. Chalenko, "Methodology for determining the ecorno
potential”, February 2013. [Online]. Available: gttkapital-
rus.ru/articles/article/metodika_opredeleniya_ekoizhesko

V. CONCLUSION g

In this work we investigate the problem of

estimation of economic potentials of a group of
countries by their measurable economic, financial,[®!
social etc. indices with the aim of export of bamid
other luxurious services to these countries. Imtbek,
in order to solve the assigned problem, we offaed(a
justify) a qualitatively other approach based oa th
apparat of the theory of inverse and ill-posed f[mais
and differing from the traditional approaches, vehar
priori not given weighted coefficients of the
measurable indices are set by the use of additiond?!
information, which, from the point of view of
mathematical rigor, in no way can claim to be [10]
objective: for example, by the use of surveys among
involved experts and other subjective procedures.

It is important to emphasize that our approach
allows not only to find the desired economic pdtdat

(7]

(8]
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Abstract. In the present work, we investigate an irseproblem of frequency electromagnetic soundingdaambiguous
determination of the electron density in the iondmre. Direct statement of this problem is known ks Ginzburg-Feinberg
problem that has, in general case, an essential loearity. Inverse statement of the Ginzburg-Feingeproblem has the
boundary-value formulation relative to two functionghe sought-for electric-field strength and the sfiibution of the
electron density (or rather two-argument function pparing in the additive decomposition formula forstkibution of the
electron density) in the ionosphere. In the presembrk, we prove the existence and uniqueness of sbkition of the
Ginzburg-Feinberg problem as well as we propose thalgtical method, permitting: first, to reduce it tthe problem of
integral geometry, and, thereupon, having applidttadjusted variant of the Lavrentiev's theorem,redluce the obtained
problem of integral geometry to the first kind matrintegral equation of Volterra type with a weak sialgrity.

Keywords: frequency electromagnetic sounding, elentdensity, Ginzburg-Feinberg problem, inverse boumgaalue
problem.

I. INTRODUCTION (awarded Nobel prize in Physics in 1918), contellut

The term "ionosphere" was introduced by Scottishto the rapid development of radio astronomy stgrtin
physicist Sir R.A. Watson-Watt in 1926 in one of hi with 1932. Also, it served as the founding pointhe
letters, which was published only in 1969 in the development of high frequency systems of the
English multidisciplinary scientific journal "Nater receiver-transmitter. In 1924, English physicisV E.
Magazine" ([1]). Apparently, the beginning of the Appleton (awarded Nobel prize in Physics in 1947)
history of studies of ionosphere is tied to the kvof  together with his colleagues from the Cavendish
Italian electrical engineer and radio technician G.Laboratory, University of Cambridge, and King's
Marconi (awarded Nobel prize in Physics in 1909), College London conducted the famous experiment
who, in the end of December 1901, conducted a eniqu (having strongly defined the theoretical basis ifor
experiment and managed to get transatlantic radigresenting that in advance) when the approximate
signal, using a 152m tall antenna. In 1902, Englishheight of ionosphere was detected for the firstetim
physicist O. Heaviside supposed that the atmospherever. Then, in 1924-1927, Sir E.V. Appleton did
has an ionized layer. His theory claimed that dorad prove the existence of the Earth's ionosphere sfagu
signal can travel across the Earth despite itsature.  his work and studies on that fundamental issue. In
Independently from O. Heaviside, American electrica 1924, American geophysicist and engineer (oneef th
engineer A,E, Kennelly was conducting his own most notable specialists in the domains of Earth
experiments to study transmission of short waves ov magnetism and ionosphere) L.V. Berkner did measure
Atlantics ([2]). The experiments conducted by O. electronic density of ionosphere for the first time
Heaviside and A.E. Kennelly indicated that Later, in 1933-1934, together with the colleaguesf
somewhere around the Earth there should an ionizethe Brookhaven National Library, Long Island, USA
layer of the atmosphere, which is capable of réifigc  ([3]-[6]) he studied the fundamental physical issue
radio waves (now that layer is named "Kennelly- tied to the effect of magnetoionic birefringencéeef
Heaviside layer" or just "E-region"). Possibly, the of radio waves in ionosphere and magnetoionic
ideas of O. Heaviside and A.E. Kennelly togethehwi splitting of E-region, using critical frequency. sal,
the law of radiation of black body, which was they proved the existence of substratification Fef
formulated by German theoretical physicist M. Planc region (proved the existence of thel&yer under the
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main F, layer). The results obtained by L.V. Berkner ground) the maximal concentration of electrons
later appeared to be crucially important for craabf can be observed only in daytime, as it is caused
the short radio waves theory. Innovative studies of by strong sun ultraviolet radiation, and it can

influential British radio physicist J,A, Ratcliffand drop up to 16cn level.

British physicist M.V. Wilkes (further — notable Worth underlining that the values mentioned above

scientist in the domain of computer sciences) didare presented as landmarks, since the heightyerfla
stimulate creation of the theory of spread of yeng as well as concentration of electrons in them do
radio waves in ionosphere ([7]-[10]). In 1940-1960, experience strong regular sporadical ([11], [13}]1
Soviet theoretical physicist and astrophysicist .V.L Sporadical variations of the three main spaces of
Ginzburg (awarded Nobel prize in Physics in 2003)ionosphere — ion composition, temperature, and
developed the theory of spread of electromagneticconcentration of electrons — are tied to the intioa
waves in plasma, in particular — in ionosphere. of particles and radiations generated in the sun or
In the current paper, authors study a non-linearmagnetospheric flare events. Sudden ionospheric
problem of detection of density of electrons in disturbances in E- and D-regions are caused byyX-ra
ionosphere by the method of frequency burst generated in the Sun during chromospheric
electromagnetic probing. Its mathematical formolati flares, which last only few minutes, while
can be found in the fundamental [11] and [12]. concentration of electrons in D-region can increéase
Apparently, authors of these monographsdozen times; in E-region — it can increase twidee T
independently each from another did formulate andeffects and collateral phenomena are observedionly
study the current non-linear problem, full solutioh  the enlightened part of ionosphere. When solarespac
what is absent, as for now. In our paper, we sthdy beams reach the Earth, it causes an ionospheric
issues of the existence and uniqueness of solafion disturbance known as Polar Cap Absorption (PCA).

the stated problem. PCA belongs to D-region of ionosphere where
concentration of electrons can double. Length cAPC
II. STRUCTUREAND KEY PARAMETERSOF is defined by the length of the event, which cautes
THEIONOSPHEREBASIC INVESTIGATION So, it can last up to several days. Development of
METHODS auroral substorm causes notable changes in the enti

lonosphere is defined as border part of the Earth'sonosphere and changes the conditions of transmnissi
atmosphere where the level of ionization is bigugio  of radio signals up to total absorption.
to make notable impact on the spread of radio waves Now, the main methods of study if ionosphere are
([41, [7], [11], [13], [14]). The lower border of being presented. First, itis worth being mentiotied
ionosphere is at the height of around 50-60 km fromstudy of ionosphere is one of the actual scientific
the surface of the Earth, while its upper bordettihie  problems, which is tied both to the issues of
level of approximately 1000 km and transcends intofundamental problems of the physics of space plasma
plasmasphere and other magnetospheric plasmas well as to the applied problems. Impermanence of
formations. The main parameters of ionospheretare i ionosphere (especially that in the high latitudes)
ionic composition, temperature, and concentratibn o attracted much attention, because of the importafce
electrons; and these parameters have complestable radio connection for both military and civil
dependence from the height. ([11], [13], [14])wé operations. Studies of ionosphere until the timeerv
are limited with consideration of only one paramete opportunities for direct with rockets and satedlieere
concentration of electrons in ionosphere, thenalligu  provided, were based on its ability to absorb,exfl
there are three spaces of the maximal concentrafion and spread radio signals. The main methods of study
electrons: of ionosphere are: method of particular
— D-region, which is about 680 km above the electromagnetic probing; methods of vertical, imeli
ground and has maximal concentration ofand reverse-incline  probing; riometric  and
electrons 1®cm?3; radiolocational methods; method of incoherent
— E-region, which is sometimes called Kennelly- dissolution; method of spread of superlong waves.
Heaviside Layer, being 9020 km above the Worth mentioning that ionospheric methods are
ground and having maximal concentration of applied not only in the studies of the ionosphtself,
electrons 1®cm3. Such a dense concentration and its parameters, but also for studies of
is achieved only in a thin space (as thin asD.5 Magnetospheric processes.
km), itis called Elayer (106-110 km above the
ground);
— F-region, often called Appleton-Barnett layer,
120-300 km above the ground, maximal

[ll. MATHEMATICAL STATEMENTOFTHE
ORIGINAL PROBLEM

As it was already mentioned in the introduction,

concentration of electrons &0cn. Such concentration of ele_ctro.ns is one of the three main

concentration of electrons is achieved in the So_parameters for §tudylng ionosphere ([7], [11], )16]

called B layer (176:300 km above the ground), the current section, we study the reverse probtam f

S th ht-f trati f elect in th
while in the layer F(120-170 km above the © sought-ior concentrafion of electrons in e
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ionosphere with frequency electromagnetic probingo | o (O L) Vj = on:
J 1 bk )

the ionosphere.

o, €(0,0,4) ¥i=0n;

def

So, we approach the following boundary-value RY [Zf[o,+oo); R:, = (0’_,_00).

inverse problem: it is required to determine the

E(X zw) V(x 2),
(x,zw)e[0, xR, x[0,@,,], which fit the
equation

function and where

|VX‘ZE(X,ZCO) ;z_g(x Za))zO, 1)
Xe (O, L) , Z€ RlH ,@E ( O,a)max) ,
the Dirichlet boundary conditions
E(x, Zw)|(x,z):(0,0) =0, we [O,a)max],_ (2)
E(x, Za))(x,z):(Ll,O) =E (a)),a)e(O,a)j) j=0,n.(3)

and additional condition

0<|V(x2|<U(3, %[0, 1, =R},

where sought-for E(X zw) is the electric-field
strength; the dielectric permeability of the ionlosme
is designated as

g(X! Z;Ce))d;f m‘(a)z+V132ffECtive)_4'7Z" eZ I\K X 3

m- (a)Z + Veszective) 1

m is the electron massw = w(z) is the
cyclic/angular frequency of the electromagnetitdfie
e is the elementary electronic charg€jecive IS the

effective number of collision of an electron with
molecules or ions per second, and at each coll&on
electron on the average passes to a molecule dhéon

pulse of the ordem- ¥?, wheref means an ordered
velocity imparted to the electron by electromagneti

field E: N(% z)dzef U(2+ M x 3 is sought-for
distribution of the electron density in the ionosph
whereU( z) e Dl(]RL) is a priori given function,

def N .
andV (% 2 =Y ¢( 2+ X is unknown; the boundary
i=0
Ej(a)), we(O,a)j) Vj=0n

functions are

IV. TRANSFORMATIONOFTHE ORIGINAL
PROBLEMTOA PROBLEMOFINTEGRAL
GEOMETRY
First, shall we note that the additional informatio
(4) cause study of the two mutually exclusive cases

V(x2=0,(x%32e[0, xR}

++ 0

V(x2)#0, (% 2e[0, xR,

®)
(6)

In the beginning, let us assume that the cases(5) i
the actual situation. Then, evidently, the initial
problem (1)-(4) becomes direct: we need to defimg o

the function E( X, zw). By the actual check, it is

possible to find out that (X) of the equation (1) is the
solution for the Bernoulli equation ([18])

2(X)+C((F(%)=-A3 (D
where
def z.ﬂ.ez.u’(z)
()= m-(a)2+v:ﬁective)—4-7r-e2- u(a’
0,z€[0,2);
U(2)=U (2)e D'(2:++0), ®

a}Ze[Z,+oo)

0< c=consic U(

So, in the case (5) the problem of definition a th
function E(X, Z;a)) from the direct (1)-(4) results

([19]) to the problem of finding the functioA(X)
from (7), (8) with the boundary conditions

()

Since the solution of the boundary-value problem
(7)-(9) depends from the paramegegy as the result we

=0; A(L)

x=0 x=0 - 0 (9)

have set of characteristick= A(X;®), linking the
point O(x=0,z=0) of the location of the

measurement device with the poiA( x= L z= O)
of the measurement, which depends on the cyclic

experimentally measurable functions, and the essencfrequencyw of the electromagnetic fielé(x, Za))-

of these values consists in the field phase, ire. a

eikonal (for instance, see [17]) at the measurinigts

A(x=L,2=0),Vi=0,n relative to the phase of
some measuring device
O(X=0, zZ= O) y Oy € R* :

47

LeR* :

41

neN;

91

Since the problem (7)-(9) is solved in quadrarits]\s
of the case (5) is fully accomplished, and now ae c
switch to the study of the case (6). For that psepo

located at the pointwe introduce the functional first

def m'(a)z +Veszective)_4'7z-' e q ;

Q[s(2]=

2 2
m- (60 + Veffective)
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and consider the equation
2
‘VX’ZEU(X, zo)| , =Q[ V(3]
Evidently that whenz, € [0, Z) we can write
4r€V(xqxg) [ \ xt xo?)]
2 2 =0 !
m(a) +Veﬁective)'Q|:U( Z( X %)):| U (Z(X %))
so consequently, with an accuracy up to infinitesgi

V(x z( % g))}z

of the second order of the fracti (
U(z(x 3))

on the characteristic curves of the equation (h&je

is an equality
£(xzo)= Q[ U(Z ¥ 7))]-
2.7-€-V(x 74 % 7))
m'(a)2+veszective)'\/Q|:U(Z( X %))]
Theorem (Lavrentyev, [20]). Let
U0 %) =406 %)+ (% %), (=12
where U (%, %,)e D’{ X;x X}, (j=12) and

function Uz,z(xi’ Xz) are the solution of the equation

Then, with an accuracy up to infinitesimal of the
2nd order oflJfl(><1, Xz), we can present the function

u2,1(X1’ Xz) as
uz,z(A) = I ul,l( Xy Xz) Fonr

Ton

(10)

Upa (%, Xz)j2+[ o % %)

ox o, j = Uty (%, %) (11)

whereI',, as characteristic curve of the equation (11),

linking points O(% =0, % = 0) and A(X, X,).

o(z)

corresponding. Then, we can write that
E=E( L,O;z)). An analogical approach lets us
define the functionk, = E; ( L,0; %) as the relevant
solution of the equation (9) in relation to thegraeter
w at the point(x=L,z=0),also introducing in

- @ =
so it is that eact, has only one value of

advance the parametgy instead ofZ,. Further, we
introduce the function

def .
E(L0;z)= E(L0;3)+ E( L0;g) andagain
consider the Lavrentiev's Theorem. Then, we can
formulate the following theorem:

Theorem 1. With an accuracy up to infinitesimattaf

2
e
U(z(x 3))
function E,(L,0;z) with 7 €[0,Z) can be
presented as

E, (L07)=

second order of the fractio

B 2.7-€
(02 (2)+ Viieaie)
XJ. V(x,z(xg)) dx
rOA\/m-(w2+v§ﬁewve)-Q[U(z( X %))J

So, in the case (6), the initial problem (1)-(4) is

presented as the following problem of integral
geometry: it is required to restore the function

V ( X, Z) by its integrals by the series of curves

[ K(z(x2) M x € xQ) d= ( Lo,

Toa

X

(13)

(14)

For being able to use the above mentionedwhere

Lavrentiev's Theorem in our study, we consider the

solution of equation (1) in relation to the paragned
at the point(x= L, z=0), in advance switching the
parametery for Z,:. such substitution is possible,
since from the evident formula

dé L

m- a)2+ve2ffective QU i
J ( )-of (ZO)]'L/U(zO)—U(g)_Z'

4.77-€
which is the consequence of the equation (7) aom fr
the fact thatA(X) is symmetrical function in relation

to the straight Iinex=%,which is
L
ﬂ(z—szﬂ(z+ x)c A(X)=4(L-%, @12

92

def

1
K(z(x z)) oo (2x 2)] ' (15)

def \/m'(a)z(%)"'vezﬁective). FV( Lo, 70). (16)

- 2.7

f(Lz)

V. SOLVING THE OBTAINED PROBLEMOF
INTEGRAL GEOMETRY
The study of the problem (14)-(16) of integral
geometry is done in two stages: first, we formuéatd
solve the auxiliary problem of integral geometry,

where it is required to restore the functid X, z) by
the measurement of intensity of electric field
E(x zw), we(0,a,),0,<(0,0,,,) only at one

point; secondly, based on the data what we gdten t
first problem we study the general problem of inéég
geometry, where it is required to restore the fiamct
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V(x, Z) by measurement of intensity of electric field
E(x zw), a)e(O,a)j), w; €(0,0,,), Vj=1n

by measurements 40+1) points.

A. The auxiliary problem and its investigation
Supposing that we know values

def
E(a)) = E( X Za))|(x,z):( o Voe (O,a)o) ,

€(0,0,,), from the problem (14)-(16) it is
required to define the function

(Z)_{O,ZG[O,Z);
= ¢(z)e C[Z+x), ze

for

17
(2, O

which, then, means the functiqn( X, z) dEef(p( z) X

Theorem 2. There is no more than one function

go(z) of the kind (17), which corresponds to each

given first part f (L,z,) of the kind (16) of the

equation (14).
Proof of the Theorem 2. From (12) and from the
fact that
7)]

m- (a)z( %) +Veffectlv6) QI: U(

a(z,%)z\/ 4-7-€° 8
X%Le 2[Z,+x),
[ U(z)-U(¢&) D*[2,+e0)

we can claim
g f(L,z
[ai(z2)-0(2 d= (L ) s)

Since

a;(z%):\/m-(a) (

%)+Veﬁectlve) Q[U( zo)
m-€-U)(2)

=%

2(2%-95(28)-B23
2\Jz,- z ’
where
. def a(Z %)
fza)- (%9

19
7-€-U(z) (19

) + Veffectlve) Q[ U(

X\/ m-(o” (% Al

Then equation (18) takes the following form:
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K

Y

/—\

2,3

‘p(z)dz= K 3). (20)

ﬂ

where the cor&K (z, ) and the right parF (z,) are

defined by formulas

R(22)=2(3- 38 29-A( 2
2 \/ e U2, (L (21)
()= M(0" (%) +Viene) 2 U( 2) ] b2

Due to arbitrariness of the poii e[Z,+oo) ,

the obtained integral equation (20) is the firgtdki
Volterra integral equation with a weak singularity.

Consequently, in the spa@[Z,JrOO) of continuous

function, the problem (20), (21) can have only one
solution ([21]). With that, the proof of the Theore
is finished.

Remark. The Theorem 2, which was just proved,
does not give an answer to the question of existehc
solution of the problem (20), (21), so, consequentl
also to the above mentioned auxiliary problem of
integral geometry, too. Any condition, which

guarantees smoothness of the functfo(iz,) from

(21) is the sufficient condition for solution ofeth
auxiliary problem of integral geometry.

B. The original general problem and its
investigation

Supposing that forvj

E(x zo)

=0,n we know values

Ej(a))dzEf for Va)e(O,a)j),

(x2~(1;.0)
o; e(O a)max) it is required from the problem (14)-
(16) to define the function

0,z€|0,2);
¢{ [0.2)

22
qoj(z)e C[Z,+oo), Ze (22)

[ Z+0),

and, by that, the functioV (X, 2).
Theorem 3. There is no more than one collection of

functions  {¢;(2)} = of the kind (22),
corresponding to each set of the right-hand side
{ (L 20)} __ of the kind (22) of the equation

=0,n
(14).
Proof of the Theorem 3. We consider a randomly

chosen pointL, from the given sel{Lj}j:ﬁ and

considerV(X, Z) in the equation (14) of integral
geometry:
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(l’i(zk(x%))'*} e ‘d;fil 7r.e2.f2(|_.,4)).ué(z)z:7O |
DL M (@7(2)+ Vireane) @[ U( 7)]

n L !
[ak (z %)] . ‘Z{(ak( A E)+7kj - (23)  where f (L]-,Zo) is a function in the form (16).

- The above stated lets rewrite the integral equation
(24) in a matrix form:

—(ak(z,zg>—%ji}-¢i<z) )

whereg, (z,7) = (4 k. 7). 7).

Applying to the equation (23) the method
analogical to the one applied at the first stageijen
we were formulating the formulas (18)-(21), we tipet
following integral equation:

JKI@ = F(3). (25)

Due to arbitrariness of the poirg, e[Z,+oo)

obtained matrix integral equation (25) is the fkistd
Volterra equation with a weak singularity. Therefor

K in the spaceC[Z,+) of continuous functions this

LL Kk,l(z' %) _ . . .
——————"¢(2)dz= E( 3), (24)  equation can have unique solution. Also, the remark
25—z made above at the first stage remains correctfatso

the matrix integral equation (25): guaranteeing

where we mark smoothness of the right side of fReequation (25)
guarantees the existence of its solution, so, sb al
Kii(z %) K(Z L 7). 3 guarantees the existence of the solution of théaini
2.y problem of integral geometry. The proof of the
(Zo)def 2 €U (2 =2 _ Theorem 3 is finished.
Fi Lk m.(a)z( %).;.Veﬁecwe) Q[ U( Zo):| Solution of the Abel's integral equation (25) is th

. . following vector-function (for instance, see [29]):
We introduce the following marking: 9 ( [29]):

JM “F(z 3)
oz dZO \/zo—z

From here follows the following system of linear
algebraic equations with respect to sought-for

functions ¢ (2), i=0,n at each poing, e[ Z+o0):

27

(n+1)x(n+

_ def
- K E{KIJ}Ji is the quadratic matrix of size
i=0,n

|_Il 1=0n K|®(
M is the quadratic matrix of size

O
‘\_/O‘

(n+1)x(n+1), constituents of which are
calculated by the formula

Ki=(2(a-Ab.2)a(4 19 3- idi]" (M
A2(1.2).3) o

where the functiorﬂ(z( L, ;)), %) is defined by the

K (z %)HO

Z,

¢j(%):

%))' dz |_O n. (26)

% ﬁEM=

|
N

Having solved this system by some kind of direct
methods, forvi =0,n we can find

formula (19); N a
i i i i i : 15 d tM7F(z z
— | is an identity matric of sizén+1)x(n+1); 0(2)==| K(z 3) ) _J‘ (22) a4 .
def . . 1 1 r =h dZO 0 \/ ZO_ z i
- ®={g},_5 is acolumn-vector of sizen+1)x1,
constituents of which are sought-for functionstef t However, it will be better to solve the system (26)
equation (24) (consequently, of the original gehera by Tikhonov's regularization method for finding its
problem of integral geometry); stable solution (for instance, see [30], [31]).
def
-F= {Fi}izo,n is the column-vector of size VI. CONCLUSION

In the present work, we prove the existence and
uniqueness of the solution of the inverse problgm (
the formula (4) as well as we propose the analytical method
permitting: firstly, to reduce it to the problem of
integral geometry, and thereupon, having applied th

(n+1)><1, constituents of which are calculated by
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adjusted variant of the Lavrentiev's theorem, thuoe

the obtained problem of integral geometry to thst fi
kind matrix integral equation of Volterra type wish
weak singularity.
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Abstract. The refuse collection spot is the central part in the municipal solid waste collecting system. The wrong collecting
way would lead to environmental problem and disturb the life of citizens. With the demand of source separation in China,
the waste collecting sites need to be improved. Nowadays there have three different types of wastes collecting in Hefel,
capital city in Anhui province, China. The advantages and disadvantages of such waste collection system were compared
and discussed. The suggestions were put forward. Concerning about special example for agricultural market waste
collection, taking Hefei Wanguo market as a sample, the research was made to optimize the present collection system.
Compared with traditional waste collecting sites, the results showed the agricultural market waste collecting sites were better
in both environmental and social efficiency.

Keyword: solid waste collection, market, changes.

. INTRODUCTION solid waste from eight districts and the materiafls
Hefei is the capital city of Anhui province in Chin  analysis are including the following three.
It refers as the center of provincial politics ecoy 1 —sample sieve diameter of the hole is 10mm
culture education and transportation. Hefei is #f&o 2 —scale: the minimum division value is 50g
city in the center of Anhui in geography. The aoéa 3 —Platform scales the minimum division value is

the city is about 11445.1 square kilometers, thesq (4]
population is 7.79 milion. The development of ~ g~ Methods

economy in Hefei is rapid, it produces large amant Method for sampling and analysis is The National
solid waste, about 3616 tons, each day. According t Standard of the People's Republic of China, samplin
the prediction, the output of solid waste will iease  and analysis method for municipal solid waste. The
to 2.22 million tons in 2030 [1]. In fact, the Heéty  standard provides that physical component analyse
collected the solid waste daily since 1997 [2]. myst be done immediately after sampling, otherwise,
Moreover, _the city achieved the waste dlrect_ f_romthe samples must be paved on the clean concrete flo
household in package gradually, making use ofdnin  yith impermeable plastic in the shatered and shady
environmental way. In 2000, the domestic garbagergom, the thickness is limited within 50mm. And in
disposal fee was implemented [3]. ~ case of the loss of samples and mixture of other
So much solid waste may be a burden to Hefei city sypstance, it must be prevented within 24h. The

can be choosed, it not only can make waste prditab 1 —Weigh the sample of municipal solid waste
but also can produce enormous economic benefits. S0 2 _sort the ingredients of municipal solid waste

this paper studied the present solid waste caflecti samples according to the categories in the standard

solid waste collection mode. sieved, and then subdivide.
4—Easy to be dismantled should be disassembled
A. Materials 5-Determine whether to subdivide according to the

In order to analyse the physical component of,yrpose of the measurement
municipal solid waste in Hefei, we sampled munitipa
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6-The last step, weigh the weight of each (/- Dry base content of a component (%)
component Ciw)- Moisture content of a component (%)
The physical components of household waste are Cawy- Sample moisture content (%)

calculated as follows Results retain two significant digits.

M:
C; = — x 100
MlOO c Ill. RESULTSAND DISCUSSION
€l =Cx ——) C. Experimental results
100 = Cew The physical components of municipal solid waste
C;-Wet base content of a component (%) in Hefei are shown in Table 1. From the table we ca
M;- Wet base weight of a component (KG) see that organic waste is a large percentage, about
M- Total weight of sample (KG) 70%~80% and inorganic waste is about 20%.
Table 1
The composition of municipal solid waste in hefei) (
: Wood . .
location \l/(vlatsctr;en Paper Plastic Rubber  Textiles and Sr:tljdt(ile Glass Metal Is_olirlne
bamboo

Yaohai g 43 23.37 19.56 0.94 5.24 1.34 2.73 3.68 114 583

District

Baohe = 39 36 15.72 21.03 0.77 5.68 1.65 3.04 4.15 0.72  9015.

District

Luyang 36 46 13.20 20.55 0.91 481 1.54 2.32 3.84 151 874,

District

dingkai 55 43 15.58 19.19 1.60 4.84 1.60 2.86 4.05 1.05  8li6.

District

é‘.”zhan 32.20 16.81 21.00 0.81 4.76 1.49 2.82 4.16 0.85  095.

istrict

Shushan 5, g 17.25 20.77 0.80 5.60 151 3.05 3.54 1.04  6613.

District

Gaoxin 54 37 16.44 16.35 1.15 5.74 1.84 2.95 3.69 0.99  4496.

District

Zhengw 35 46 28.00 19.19 1.45 4.83 1.75 251 2.97 214 047

u District

Solid Collection [Transfer Treatment
D. The present collection way of municipal soliqvaste [y spot —pStation L sites
waste
The main sources of the daily waste can be g1 The existing collection system
classified as residence waste, hotel waste andrgame E

market waste. At present, the main gathering way in £ Types of municipal solid waste collection
Hefei is using mobile garbage compressor, garbaggstem in Hefei

storage machine and trash can. The terminal

treatment technologies for solid waste were At present, there are three types of garbage
complexity. They are incineration technology, latdf collection in Hefei, such as mobile waste collettio
and compost [5]-[6]. Different technology guides th container; garbage storage machine and trash can.
different collection way. Fig. 1 shows the preseaste \obile waste collection box has the functions of
collection way in Hefei. At present, the main perl  |pading, compression and transportation municipal
in Hefei is solid waste collected in a mixing way,solid waste [7]. The garbage storage machine has th
resulting in resource utilization not very high.tWthe  fynctions of collection, storage and automatic
demand of source separation, the municipal solsteva unloading [8]. The trash can was used to collect an
management should be strengthened, and the municiggyre solid waste. All of them can be commonly used
solid waste collection sytem should be optimized.  for urban sanitation collection stations, residanti
areas, communities, schools and other large public

98



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the FMinternational Scientific and Practical Conferens&lume I, 97-101

places. Three type collection devices shown aselabl
2. Their advantages and disadvantages were ligted i

Table 3.
TABLE 3
COMPARISON OF THREE COLLECTION WAYS
Serial Project M obile gar bage collection Gar bage storage machine Trash can
number
1 Area Big Small Big
2 Cost of the 200 trash cans, to be
machine 30-50 million 25-40 million 40,000 Yuan and often
need to update
3 Sewage Less and filter before Less and filter before
discharge into the sewage discharge into the sewage More and
pipe network pipe network discharged arbitrarily
4 Applicable Indoor or outdoor Indoor or outdoor outdoor
conditions
5 Supporting Detachable container
vehicles garbage collector Truck with compactor Truck with compactor
6 Operation method Automatic Automatic Avrtificial
7 Closed and Double confined and Double confined and not sealed and
compressed horizontal compression Horizontal compression No compression
8 Service life Designed for 10 years Desigited 0 years Need to be updated
9 Compression ratio 3:1 2.5~3:1 No compression

capability

The garbage storage machine and the mobile wastgansported by truck to the waste transfer statm
compressor have many advantages, such as easy finally be sent to the landfill plant or incinerai plant.
operate, container tightness and high degree ofhe mixed collection mode is low resource utiliaati
mechanization [7]-[8]. The use of environmentally and unfriendly to the environment. How to sepatiate
friendly garbage collection points is more condaciv waste with large amount of organic fraction frora th

to the future clearance work. municipal solid waste maybe a big problem or
G. Optimization of refuse collection spot in Hefei  challenge for government in the larger city.
city To buy the vegetable directly from agricultural

With the implementation of source separation market is the Chinese tradition. There are margelar
project in China, the present municipal solid wastescales of agricultural markets in each city in @hin
management system faces many challenges. ThEvery day a large amount of waste are produced from
traditional collection and transportation modelwdo there. This waste contains mainly organic fractibn.
be changed gradually. In China, the popular guide f has the characteristics of high water content (>80%
solid waste source separation from householdhigh volatile solid content (>95%, mass fractionfia
classified as dry and wet [9], the resident carasstp ~ high biodegradability [13], according to relevant
daily waste with different bags in such simple way. research, kitchen waste and agricultural marketavas
The waste source separation action needs the supparan be mixed thermophilic anaerobic digestion [1#].
of treatment technologies. It is important that the addition, the waste generated from large famer's
separated municipal solid waste can be dealt veitt n  market has feasibility of implementing garbage
step into a useful cycle to reduce environmentalclassification [15]-[17]. It is good material for
pollution [10]. composting. So it is easier to establish the ctilac

There are three kinds of technologies, such asand transportation system for agricultural marke.
incineration, composting and landfill [11], for &bl to the resident waste source separation, the ideiayo
waste treatment in Hefei. The capacities of themstev  and wet” shall be publicized. It will take a feways to
treatment plants are sufficient to the daily wastepractice. Fig.2 shows the suitable way for municipa
disposal. In order to establish a sustainable sadiste  solid waste management in the future for Hefei.city
management system, appropriate municipal solid The practice for agricultural market waste colleati
waste collection and transportation system is morewas investigated. In Hefei binhu new district, Wiang
important. At present, Hefei has been established t agricultural market collection point was used as
city kitchen waste collection and transportation research object. Wanguo farmers market is called
system, the waste produced from hotels, restaurantsuper vegetable basket project”, the daily garbage
and cafeteria, etc., by special container collegtie  production is about 10-15 tons. The garbage storage
collected and transported directly to the compgstin machine was selected to collect the waste. Usiag th
plant by the kitchen garbage truck [12], but, the method of comparatively research [8], we select
resident solid waste and agricultural market waste  different indexes to compare the effect beforeaiiet
collected together in designed locations, then

optimization. Table 4 shows the result.
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Table 4
Comparison of the effect of collection point befared after optimization
Serial Project Before After
number
1 Area About 2001 About 40
2 Sewage Sewage any discharge Three-level filtertire sewage pipe
network
3 Stench Most of the trash cans are open, the Very little odor and no overflow
stench smells and spreads wide
4 Noise Operating time mostly night or early  low noise, meet the national standards
morning, noisy
5 Clearance time Mostly on night or morning Notjsabto time constraints
6 City appearance Affect the image of the city dndeed with the surrounding buildings,
become the highlight of the city
7 Citizen Complaints Often complained by residents No complaints, be praised
8 Operating efficiency Low Higher
9 Economy Uneconomical Good economy
Municipal solid waste
\ 4 h 4 \ 4
Household waste Agricultural market waste Kitchen waste
Rough v
classification Special vehicles
Timed and fixed point collection
S
Dry refuse Wet refuse
A\ 4
v Kitchen waste collection vehicle
* Timed and fixed point collection
Recyclable Non recyclable was|
waste
\ 4
Recycling
company
\ 4 \ 4 \ 4 A

Treatment  sites

Fig.2 Refuse management optimization
established a kitchen waste management system from
IV. CONCLUSION source collection to terminal processing, and it bé
Hefei classification work of solid waste can be gradua”y improved_ On the basis of the Hefei Wangu
taken from easy to difficult. At present, Hefei has agricultural market research, the new mode is Islgita
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and can be popularized. The heavy difficult poifit o [7]
Hefei city is still built a good system of housatol
waste classification management and it also hasg |
way to go. 8]
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Forming and Overlapping Microreliefsin
Sliding Contact Simulation M odel
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Abstract. Sliding contacts are widely used in electrical machines despite the trend towards non-contact methods of the
eectrical current transfer. In some cases, using of brush-contact devicesisindispensable dueto low cost and continuity of
operations. One of methods to improve reliability of dsliding contact is smulation modeling. This approach can
significantly reduce the amount of expensive practical experimentsin the study of different contact pairs characteristics.

The paper introduces and describes a few new algorithms for simulation model of diding contact which allow to
improve precision and take into account more physical processes occurring in contact transient layer.

Keywords: diding electrical contact, simulation model, microrelief.

- . .INTRODUCTlON ) ) Nr(x) to Nr(y) for the moving rotor contact. The
Sliding electrical contacts are widely used in

industry.  Operating modes and  application UPPer indexegx) and (y) are used for the tangential
environment of the contacts vary from and axial directions of the contacts. DSE has kengt
micromachines to large turbo-generators. Ax and width Ay . For simplicity, we

For selecting the best brushes and brush holderassumeAx=Ay . The area of the element is
for specific instance usually engineering calcolagi w2
or experiments are used. The full-scale experimentsAS—AX . )
are often very time-consuming and expensive. The Fig. 1 shows the dlscrete_contact e_Iement
Modeling of processes in sliding electrical corgact (DCE) that has formed by the two lying opposite and
helps to do better choice and cut the cost. interacting surface elements. _

Most of the developed sliding contact models use ~ Each surface element presents a hemisphere of
different  approaches and have restrictedradius Ax/2 based on aAx square face of a
application [1-7]. The simulation modeling lets to rectangular  parallelepiped with the height
describe complex physical phenomena taking place inh_Ax/2+ Ah/2 , where h is the height of the
transient layer of sliding electrical contact. Tiest
comprehensive description of simulation model
introduced in [8-10].

Based on this model two computer programs wa
created. The first one allows calculating and pigtt

surface element from the center linah is the
distance between two neighbor layers of the contact
Sbody. The hemispheres of interacting DSE overlap on
the distanced depending on its heights and applied

volt-ampere characteristics of the sliding con{&gt Iogd. The oxide film of the contact element has
The second program shows thermal spikes andhickness fur+f, —&, where f, and f, are the
distribution diagrams of temperature and electricaloxide film thicknesses of the brush and the rotor
current density in the transient layer [11]. contacts. If the value ofy,, + f, — ¢ is less than zero
However, for some time past, new submodels forthen the contact element does not have the oxite fi
the simulation model were suggested and severahnd it conducts the current directly. The initial
algorithms were enhanced. These developments argisiance between the centre lindg is calculated by

described in the article. approaching the contact surfaces without load.

II. MODELSAND ALGORITHMS
Discrete contact element
Each contact surface is described as a system of
the surface discrete elements (DSE). The surface
discrete elements are located in the rectangufay ar

of size Nt()’r‘) to Né? for the static brush contact and
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" %Sin(%f_li\l_”kj_pk |

N k=l 27 f W_”k
<
wherei=1...N — samples of the random process;
. k=1...M — process local points, heights of which
—iﬁ%srhe— —————————— }{ y depends by the vectoh random values;f — upper

frequency of the random process spectrufm;—
vector of random values distributed by assigned
probability law.

Selection of the upper frequency and the

probability distribution law for vectoA allows us
obtain different microreliefs with desired waviness
and roughness. As far as more than one factor takes
place in forming microreliefs then finite equatisn

Hp6

X
‘ centre | M mw) Sln(2ﬂ' f,ﬁ )ﬁ—nk]
A 0 rotor hi=> N X
i ! (0 |
line n=lk=1 m= 27 o e -k
S () o
= i y _
ot Arkm | * .5
2 fn W—ﬂ'm
A
- Ax - wherei=1..N® 4 j:1...N(y) — samples of the
Fig. 1. The discrete contact element random process by X and Y axis=1...C — factors
] ) ] take place in the microrelief formatiok;= 1...M,(1X)
Forming microreliefs (y) )
In the process of the contacts manufacturing andnd m=1...M ") — process local points fon -th

operation the deformations are formed on the sarfac
and define the microrelief: macrodeviations, A -
waviness, roughness and subroughness. Théactor; A, — matrix of random values distributed by
microreliefs of two interacting rough surfaces gssigned law with sizé/ gX)XMr(ly) for n-th factor:
affecting by friction and the transmission of etict

current through the contact is a result of complex R — matrix of random values with size)x N(Y)
action of a set of mechanical, electrical, chemézad ~ used for the roughness formation.

thermal factors. Whereas mechanical factors hawe th  Analysis and comparing results of performed
leading role in the formation of a waviness, computational experiments with the real sliding
deformation and fracture of microroughnesses arecontacts allows us select optimal distribution Haw
accompanied by electroerosion and thermoplastionatrixes A, and R . It is normal probability

processes, oxidation-reduction reaction. As a tesul distribution with zero mathematical expectation and
over time the microrelief becomes steady staterftavi standard deviation proportional to mean-square
determined statistical characteristics. While the values for each factor waviness and roughnessl

process of generating roughness is stochastic, a The Fig. 2 shows example of the realistic contact

number of deterministic factors, which separately microrelief formed by three factors modeled in
affect the geometric characteristics of the axiad a Mathcad.

tangential profiles, can identify the formation of
waviness.

We suggest to use new algorithm to form the
contact microrelief based on the Kotelnikov's
sampling function [12]:

factor; fn(x) W fn(y) — upper frequency fon -th
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Fig. 2. The contact microrelief depending on tifestors Fig. 3. The approach and overlap of two-contactroniefs
scheme
Approaching and overlapping microreliefs
An approach algorithm is needed for searching the  After calculating the initial distance between the
first touch of the contacting surfaces. On the Big. microreliefs Hy, we start searching the overlap
the scheme of the approach and overlap algoritesms iusing an initial value based on the waviness and

shown, whereO, , Oy — centre lines of the (gyghness parameters of the contact surfaces.&furth
contacting microreliefsHy — distance between the for each discrete contact element with the positive

centre lines in the radial direction without overlapAh ;>0 we calculate:

deformation. ) o —relative elastic modulus
We start the search with the initial distance 5 N
H amax= Rpbr + Ror Ki j = ﬂ+ﬂ ,
that equals to the sum of maximum microreliefs ' Epr E

heights, and the minimal distan¢¢y,in =0. Then where 4, and x4, — Poisson’s ratioa Ep, and E, —
we count the number of contact points for the hieigh elasticity modulus;

Hok = (Homax— HOmin)/23 —relative radius of curvature
N(y) N(X) -1
1 1 AX
Neont= 2 2 Mbri,j +hij—Hok 20. R,= + _2X
]=1 |:1 Rbri,j er,] 4

Further we use bisection method: if the number Ofwhere R, andR,

. i — sphere radiuses equalAa/2 ;
contact pointsNegnt >1, then Homin = Hok ; else if

—force (reaction)
the number of points equal zero (ho contact) 4 3 2 3
Neont =0, then Homax= Hok . After that, we define Fi =3 Ki VAR 7R =5 Ki AR, j7ax;

the next heightHOK:(HOmaX—HOmin) 2. The —radius of contact spot

procedure repeats until we find the heidy, where g,j = \/Ah’j R =%\/Ah,ij ;
there is only one contact point.

The overlapping algorithm uses Hertzian theory
for elastic contact between two spheres. When the A | =,,ai2j zﬁAh JAX;
microreliefs is overlapping, the spheres of the ' o4
opposite contact elements interact and its elastic —average pressure
deformation occurs. The process continues until B

contact load will equal to the sum of reactions Bj= AL
(Fig. 3): 6 — overlap of the microreliefs under the )

load; Ho—8 — distance between the centre lines

—contact area

After summing the reactions for all overlapping
contact elements we use bisection method for tke ne
under the load;Ah j = (i j +hi j)-(Ho-5) - overlap§ and repeat the calculations iteratively until
overlap of a contact element (h 2 0) or distance  the reaction will be equal to the contact load wita

! specified accuracy.
between surface elements (ifi j <0). Fig.4 shows experimental example of
microreliefs overlapping [13]. As we see the owverla
approximation (dashed line) has the exponential
dependence on the contact load that is correspgndin
to the Hertzian theory solution for two spheres.
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Fig. 4. Experimental results of overlapping

Contact areas

Ill. CONCLUSION

Thus, a few new algorithms for the simulation
model of sliding contact have been introduced and
described in the paper.

The new models of discrete surface element and
discrete contact element provide improving
calculation precision of mechanical, electrical and
thermal processes occurring in contact transieyetrla
In the work [15] these models were used for
calculating time dependent thermal processes taking
into account heat generation due to the frictiod an
the electrical current, the constriction resistance
oxide films, heat flow to the neighbor elements and
contact bodies.

Using equation (1) for contact microrelief
generation allows take into account any external
influences that form waviness and roughness of
contact surfaces, such as: brush assembly design,
mechanical vibrations of electrical machine parts,
natural oscillation frequency of contacts [16].

Using Hertzian theory for the overlapping

It should be noted, that the actual contact area ohligorithm allows improving calculation precision of

the sliding contact is larger than for static cetga
and can be calculated as

A = Ay V1+/U2 !

where A, — sliding contact aread; — static contact
area, u — friction coefficient [14]. However, the

difference for real slip-ring assemblies is onlyesv
percent and can be neglected in the calculations.
The sum of all contact spots aregs; forms the

the reaction, pressure and contact spot area for
interacting contact elements. As consequence, it
improves calculation precision of constriction
resistance, electrical and thermal processes. Afso,
can be used in contact wear modeling.
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Calculation of L osses of Active Power and
Energy in Transmission Linesand
Transformers, asa Part of the Electrical
Distribution Power Networ k

Krasimir Marinov Ivanov, Tsviatko Kolev Varbov, Georgi Tsonev Velev
Technical University of Gabrovo, Gabrovo, Bulgaria

Abstract. The paper inhere discusses the impact of renewable distributed generation sources upon the power and
energy lossesin electrical distribution power networks where these sources are attached. In addition a set of mathematical
expressions to calculate these active power and energy losses are presented with the respective examples and
implementation.

Keywords: renewable power sources, active power 10ss, active energy losses, distribution power network.

1. 'NTRODUCTlQN o point; ¥, - short-circuit impedance phasor angle at
The processes of generation, transmission and

distribution of electricity are in no doubt, assdedd  the connection point;Sy, ., - maximum power
with active power and energy losses. In thecapacity of the generating source attached at the
conditions of sustainable energy resources, it isconnection point;¢p - phase difference between
eSPECia”y important the reliable determination of V0|tage and current at the connection point_

these active power and energy losses, in order to The voltage increase, according to (1) doesn't
resolve issues related with the planning and optimahave to exceed 2% in regard to the German
distribution of electricity. regulations [3]

In the recent years, the deal of renewable energy The power factor may be in the range 0.95
sources connected to the distribution power network(cap) ... 1 ... 0.95 (IND). In this way, a further
as a part of the entire energy production, has ancrease in the generating capacity could be aehiiev
significant increase. The transmission of eledyfici and the respective source could be involved in the
generated from these sources is associated Wwitholtage regulation.
additional losses of power and energy that haseto b ysing the above formula, an expression is derived
calculated and taken into account in regard with th for calculation of the maximum permissible power
optimal power flow, and the quality of electricity. rating of newly installed generating power sourices

the case of limiting the voltage increase within ato

LOSSES
In Germany and Austria under the provisions for 0,02S,
attachment of generation sources from renewable Svmax=— Y 2
energy to the distribution power grid, the maximum cos(v +¢)

installed generating capacity that is allowed to be _ R _
connected to the grid is calculated taking into ~ Medium voltage distribution power networks (in
consideration of the voltage increase in the noide oBulgaria mainly 20 kV) as a rule are supplied by

connection according to the following expression: substations 110kV/20kV. The average subtransient
short-circuits power for the 110kV power grid ireth
S country is within 3200MVA. Most often, the

AU, = =20 cogy/y +¢) (1) substations have two power transformers in

v operation. The power rating of these transformers

may be 6.3, 10, 12.5, 16, 25, 31.5 or 40 MVA.

where: S, - short-circuit power at the connection  Under parallel operation, on the low-voltage side,
these transformers have bigger values for the short
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circuit power: 116.02, 180.65, 222.93, 280.35, The losses of active energy in the line depend on

419.15, 512.195 and 580.03 MVA. the variation of the generated energy considered fo
In separate operation, on the low-voltage side, thethe time interval - T.

transformers  subtransient  short-circuits power In general, the active energy loss is:

decreases and has the following values: 58.99,

115.13, 146.02, 222.92, 276.315, 316.38 MVA. T T TSE(Y)
The predetermined maximum power rating of AA=IAP(t).dt= RJ. £(1.dt= F{ O di
renewable generation sources, that can be connected 0 0 0

(4)

to the grid is also a subject to compliance with th
electricity quality requirements for voltage deioat

of the Energy and Water Regulatory Commission
(EWRC), i.e. the voltage deviation should be within
+/- 10% and also the addition condition has to le¢ m whereT - period of time for which the energy losses
that the voltage increase in the point of installat are determinedj, (t) - alteration of line current in

has to be limited up to 2%. the time domain for the respective period of titde;

".1 regard with the G_e_rman regulqtlons, the operating voItageSK(t) - alteration of the apparent
maximum allowable capacities of electrical power

the rated power and the number (1 or 2) of powerPeriod; S,.., ;- mean square apparent power for the
transformers are represented graphically in Fidure  period.

The mean square apparent power for the period is

2 2
S
AA=R S’nean.sq T~ R mean.sq T
U )

n

12 | 1128 obtained by formula (5), whene is the number of
< /__9///' - power measurements.
= /
o 8 . S.Z + §2+ + $2
LIjJ 5 - szad 63 Sn N e S SN (5)
s | 56 sz ean.sq n
2 i 444 = _4qa4
of e o o _
2 poe A T Taking into account the deviation of the operating
5 voltage U in relation to the rated voltagé,,
a 5 10 15 20 25 30 35 40 45 1 H .
expression (4) is transformed to:
SI'R7 raTED MVA p ( )

Fig. 1. Maximum allowed generating capacity, ifsthlat the
low-voltage buss bar of a substation HV / MV

The calculation of active power and energy losses orm ) )
and power and the winding losses are used in order to determi

renewable energytheir power and energy losses.

in medium-voltage power lines

transformers with attached-in

generating sources is beneficial in regard with the

determination of their efficiency.

In order to calculate the energy losses, it is
expected that the source’s generated power dewiatio
in time is known. Figure 2 shows the Equivalent

diagram of the respective study:

@ @ ®

Fig. 2. Equivalent diagram of the system, accordiagthe
respective study

Losses of active and reactive power at the end of

the line are calculated as:

AS, = AR+ AQ =

07 (R+ jX) 3)

_ Smeansq ’ U_ ’
PR T

n

Transformers passport data in regard with the core

The total active power losses of a transformer are
calculated according to:

AP, = AR +AF;.[ij @
S

where: AR, - transformer no-load power losaP. -
transformer short-circuit power loss, - apparent
power load of the transformerS, - rated power

capacity of the transformer.
Considering the deviation of the operating voltage
U, expression (7) is transformed to:

AR, :Aa.[“_] +Ae.[i] (U_] ®
u, s,) \u

If concrete data is available about the alteratibn
transformer’'s load in regard with time, the active

wherein: R and X are the parameters of the line.energy loss of a power transformer can be calallate

S, = B+ jQ- complex power at the beginning of taking into account the mean square value of
the line transformer’s power load:
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whereT is the operation time in hours for one year or
for a specific period.

Ill. DEFINING THE MEAN SQUAREAPPARENT
POWEROFA RENEWABLEENERGYSOURCE
PERONEYEAR
The software product Microsoft Excel has been

used in order to process the generating power loag
data, collected from a renewable power source. The

sequence of work is as follows:

of
ed

Acquisition of data about the generated power
the renewable power source for a predefin
period of time or for one year

A 4

Conversion and storage of data in tabular forn|1

\ 4

Processing of received data. Calculation of the
mean square apparent power for a specific tim
interval.

4]

Fig. 3. Algorithm for data processing

A photovoltaic system, connected to the grid is

used as an example. The data about the operation of
the PV system is collected by the software product

PVGIS [4] for a photovoltaic system with rated

installed power 1.0 kWp.

Table 1 shows the calculations of the mean square
power of a photovoltaic system with a rated outgfut
1.0 kWp for an operation period of 1 year. The data
has been obtained from the software product PVGIS-
CMSAF.

Average daily alteration of the generated power in March for a
photovoltaic system with rated capacity of 1 kw,

Average daily
alteration of the
power

Fig. 4. Average daily power output change in March a
photovoltaic system with a rated power of 1.0 k\dbtained by
PVGIS-CMSAF

The power output has been taken in every 15min
and the total number of indications per year i936,

If a certain photovoltaic system has an installed
power rating that is different than 1.0 kWp, the
results in Table 1 are multiplied by the squaret®f

installed power capacity in kWp i.(aSpv)z. In this

J (10)

case, expression (5) changes as follow:

1

u/u,

mean sq 1 kW,

3 ”]2-($V>2-r[

AA =R

Table |
Day of the year hour:minutes Power output M ean squar e power
- h:min W W2

01.01 07:37 56,56 3199,29
01.01 07:52 81,97 6719,78
01.01 08:07 109,03 11886,62
01.01 08:22 130,34 16988,27
01.03 06:22 38,85 1509,02
01.03 06:37 62,15 3863,10
01.03 06:52 93,23 8691,98
01.03 07:07 119,65 14315,20
31.12 15:37 114,65 13143,93
31.12 15:52 90,25 8145,78
31.12 16:07 25,21 635,35
31.12 16:22 17,89 319,99

Sum 1653731868,8

Srean sq 217,245

The following example comprises calculations
regarding a photovoltaic system with a rated itetal

voltage of 20 kV. The power line consists of
aluminum steel conductors AC-50 with a length of 5

capacity of 600 kWp connected to the power systerrkm [8].

through a power transformer with power rating
630kVA and via an overhead power line with rated
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parameters an%— =1, the total annual active energy

losses are calculated to be 1107 kWh. U

Table 2 shows the change of the energy loss in
regard with the voltage deviation, as reflected in
expression (10). It should be taken in considenatio

that for the case from fig. 2(Table 2), the voltaife

the power line increases from node 3 to node 1,
where the generating source is connected. It i

obvious that if the voltage in node 3 increase& @6
over the rated voltagé, the energy losses in the
power line4A decrease by 17.7%.

Taking into account a photovoltaic system with an

installed capacity, different than 1.0 kWp, theuesl
from Table 1 are multiplied b(/Spv)and expression

(9) regarding the power transformer energy losse

will change according to:

AA, =APO.T.[U—] +AE.[M] .T.[$] (11)
U S U

n n

Substituting in (11) with the transformer’s
passport data (S,=630kVA; AR =600 W,
AR, =6500 W) and S,y =600 kWp,

T =1year=8760 | andﬂ— = 1, the obtained annual

n

transformer energy losses will be 7693,5 kWh.

My, =AA+AA =1107+ 76035 |

Table Il

Electrical Total

Power Power transformer energy

line losses

Ui | 2A AR, | AAC | AA | AAy,

kWh kWh kWh kWh kWh
0,9 | 1366,62 4304,83 2976,037280,86| 8647,49
0,95] 1226,55 4794,47 2672,307466,57| 8693,13
1 1106,96 5310,59 2412,417723,00] 8829,9¢
1,05] 1004,05 5853,16 2188,188041,95| 9046,0
11 914,85 6422,21 1994,858417,06| 9331,9(

IV. CONCLUSIONS

The transmission of electricity, produced in
photovoltaic systems is associated with the respect
active power and energy losses. Calculation ofethes
losses in the power lines and the power transfamer
with connected to the electrical distribution power
network renewable energy sources allows to
determine the efficiency of their use.

The method  described inhere  allows
determination of the active energy losses in dleadtr
power lines and transformers, with connected tanthe
renewable energy sources, by means of preliminary
calculation of the mean square apparent power of
these generating sources.

The suggested methodology can be used also to
determine the energy losses in electrical power

=8800,5 kWh

The annual production of a photovoltaic system
with installed capacity of 600kWp under the program
PVGIS-CMSAF for the geographic region of
Gabrovo is 714360kWh. (2]

According to the above calculations, the resulting
total active energy loss in the entire system el (3
around 1.23% in regard with the annual production.

.U . . :
If the ratio U—” changes, this will result in a

change of power transformer's energy losses, ad’!
shown in Table 2.

Table 2 also reflects the nodes’ voltage alteration[s]
as a result of the voltage drop along the line.

A voltage increase of 10% ovél, results in an (e

increase of power transformer’'s energy losaés .
with 8.9 %. 7

In case the system voltage increakkgver the  [g]
rated valueU,, energy losses in transformer’s core
increase, while the energy losses in the transfosme
windings are reduced.
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Abstract. Use of modern knowledge and technologietedrines market development which grows with high mate
Today's business environment cause changes thaectfthe formation of the modern technologies, inding business
models, which generates changes not only the compaés, but | soft skills, including emotional capit, as a factor
influencing the development of modern companies. ifld investigates configuration during company grdwprocess.
Researching relevance and justification, the purposé work is conception of factors, which positivelnfiuenced
development of the entity, organization developnseinfluencing on the productive direction.

The aim of the article is to provide the competenoencept and its components to identify interretaiship with
knowledge and skills which is related to emotionaketigence as a part of emotional capital. And asethesult, the
emotional equity as element of competence, actisglee regulator, carries out a role of positive tdEack within strategic
management.

Keywords: emotional capital, competence, resourceptomal intelligence.

I. INTRODUCTION The subject of research is interaction of

The question of the value of competences andcompetence elements such as knowledge, skill and
their formation is one of the ways to study factors capabilities.
required to create a set of competencies that is The methodology: literature overview comprising
associated with the efficiency of the organization. and interpretation.
The company's ability to compete and be resilient t Exploring sources consider the meanings and
changes in the external environment in the moderrelements of competencies in various fields related
practice of entrepreneurship focuses on strengtlgeni management, social sciences and human resources.
the elements of competencies which may include a

combination of key competencies skills, abilities, IIl. MATERIALS AND METHODS
technologies, allowing the company to provide its  General definition ofcompetencds often cited
consumers with certain values [1]. from David McClelland as the founder of the modern

In this paper we consider the notion of competences movement. In his paper “Testing for
competence and identify factors of emotional cépita competence rather than for intelligence” McClelland
as the basis of forming a framework of competencieq1973) introduced the concept of “competency” to
for effective development of the organization anel t replace the more limited concept of “skill” and als
achievement of related goals. include behavioural aspects and technical capiisilit

As result of literature review it is necessary to  The linguistic roots of the word competence come
indicate that a different definition or understargiof ~ from Latin “competens” — as being able and allowed
the meaning of competence, use differentby law/regulation, and “competentia” as capability
classifications of the set of competencies itsraefi and permission. The use of the West European words
for scientific and practical purposes, and to daiee ~ “competence” and “competency” dates back to the
their use and significance in connection with theearly 16th century. The same word competence can
concept of emaotional capital. According to researchbe found also in ancient Greek — “ikanotis”. It is
out the basic set, which includes elements such atranslated as the quality of being “ikanos” (capbl
knowledge, skills and abilities, and it is also having the ability to achieve something; a skill.
necessary to determine the readiness of thé&Epangelmatikes ikanotita stands for stands for
application of these elements, which are professional/vocational capability or competence.
interconnected with the concept of emotional capita (Mulder, 2007)[2].

The object of research is competence and its The widely accepted definition of the competency
elements. model used by managers of Anglo-Saxon countries is
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the set of desired competencies — skills, knowledgeinvolves recognizing emotion-related facial and
attitudes, underlying characteristics or behavieur voice cues of others and awareness of one’s own
that differentiate effective performers from body states relating to emotion. Competency in
ineffective ones (Boyatzis, 1982; McLagan, 1996).understanding one’'s own and others’ emotions
Moreover, the discussion continues on whether theconsists of knowing the causes and consequences of
term “competency” (plural —“competencies”) and different emotions as well as being able to
“competence” (plural — “competences”) bear the differentiate between varying emotions. Utilgin
same or a different meaning. According to someemotions involves harnessing the effects of
dictionaries, both concepts have the same meaningmotions, for example by drawing on positive mood
while others highlight certain differences. Suppmst to enhance creative thought [4].
of the latter approach claim that “competency” Emotional intelligence consists of adaptive
concentrates on how people behave whileemotional functioning involving inter-related
“competence” focuses on what people do. In addition competencies relating to perception, understanding,
“competency” corresponds to behaviour-basedutilizing and managing emotions in the self and
aspects whereas “competence” — to skill-based onesthers. Researchers in diverse fields have studied
(Sanghi, 2007) [2]. emotional intelligence and found the construct ¢o b
Mayer and Salovey (1997), for example, define associated with a variety of intrapersonal and
emotional intelligence as “the ability to perceive interpersonal factors such as mental health,
emotion, use emotion to facilitate thought, underdt  relationship satisfaction, and work performancéisT
emotions, and manage emotion” (p. 3). This is notarticle reviews research investigating the impakct o
unlike Kanning (2002), who regards social training in emotional-intelligence skills. The résu
competence as containing the behavioral control ofindicate that it is possible to increase emotional
emotions, meaning the ability to control one’s intelligence and that such training has the pddéetd
feelings both internally and externally. These lead to other positive outcomes. The paper offers
incongruities and overlaps necessitate a greatafeal suggestions about how future research, from diverse
effort to find a shared vocabulary. They are a signdisciplines, can uncover what types of training tos
that these constructs derive from a commoneffectively increase emotional intelligence and
theoretical basis of underlying skill, competenoel a produce related beneficial outcomes [4] .
intelligence dimensions that need to be precisely Unfortunately, the authors do not reveal the
defined. A *“concept clean-up” (Organ, 1997) is weight of each part of the value of competences,
needed [3]. which does not reflect the significance and intéozac
The competencies of perception, understandingpf emotional capital and talent in general. To fam
utilizing and managing emotions effectively tile  objective opinion about the value of competendies,
self and others comprise the core of emotionaladdition to literature overview view, the authosed
intelligence (Maul, 2012; Mayer, Salovey & Caruso the research that was done in the framework of the
2004; 2008). Competency in perception of emmtio projects and conducted the triangulation.

Ill. RESULTSAND DISCUSSION

Table 1.
Competence Concepts

Ne Author/Publication title Concepts Findings: Keywor

1. Leading public service Competence provide positive feedback on Positive feedback on
organizations: how to obtain high | performance to strengthen feelings, getting performance
employee self-efficacy and conditional rewards
organizational performance
Christian Bgtcher Lotte Baggh
Andersen

Political Science, Aarhus
University, Aarhus C, [5]

2. Innovation and international Competence-creating capabilities - the presence of Competence-creating
business absence of local knowledge in either direction. capabilities to knowledge
John Cantwell [6]

3. The Roles of Sustainability competence is an important capability, which helpg Capability to balance objectives
Orientation and Market Knowledgg firms to balance social and ecological objectivi wi|
Competence in New Product economic goals such as profitability and market
Development Success share.

Marius C. Claudy, Mark Peterson
[7]

4. The Core Competence of the Core competencies are the organization's collective Competencies - collective
Corporation C.K learning and ability to coordinate and integrate learning and ability to
Prahalad, G. Hamel[1] multiple production skills and technology streams; | coordinate and integrate

they are also about the organization of work and | multiple production skills
delivery of value in services and manufacturing.

112



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the fMinternational Scientific and Practical Conferens&lume Ill, 111-116

o

D

5. Competency modelling targeted on Formation of Virtual Organizations as the base of | Capabilities + Capacities +
boosting configuration of virtual organizations’ competencies defined;* “4C-model”| Costs + Conspicuities
organisations (Capabilities + Capacities + Costs + Conspicuities
Ekaterina Ermilova, Hamideh developed to comprehensively specify competencies
Afsarmanesh[8] of VBE member organizations.

6. Handbook of Competence and Need for competence is mediated, organized, and| Cognitive processes include
Motivation satisfied through cognitive processes. These beliefs, expectations, and
Andrew J. Elliot, Carol S. Dweck | cognitive processes include beliefs, expectatiand, | inferences about competence
[9] inferences about competence; schemas or goals

oriented toward acquiring or demonstrating
competence; and beliefs about the importance or
value of different competence domains.

7. Towards a Competence Theory off By competence - typically idiosyncratic knowledge| Knowledge capital that allows
the Firm capital that allows its holder to perform activitiein | its holder to perform activities
Nicolai J. Foss, Christian Knudsen| particular, to solve problem in certain ways, and in particular
[10] typically do this more efficiently that others, hese

its skill-like character, competence has a large
component and is asymmetrically distributed.

8. Personality and intellectual Personality and Intellectual Competence is an Intellectual Competence- the
competence Chamorro- outstanding account of the relationship between relationship between major
Premuzic, T; Furnham, A [11] major individual differences constructs. individual differences

constructs

9. The assessment of professional | Assessment of professional competence based on| Professional competence base
competence: building blocks for Miller's pyramid, a distinction is made between for assessing ‘knows’,
theory development established assessment technology for assessing | ‘knowing how’ and ‘showing
C.P.M. van der Vleuten, , ‘knows’, ‘knowing how' and ‘showing how’ and how’ - skills
Schuwirth, , F. Scheele, E.W. more recent developments in the assessment of
Driessen, B. Hodges [12] (clinical) performance at the ‘does’ level.

10. A Personality-Competence Model| Results emphasize two major sources of domain- | Leadership - which is related t
of Opinion specific opinion leadership (DSOL) which is related personal competence:

Timo Gnambs; [13] to personal competence: personality in the forra of| personality independent
general, domain-independent influencer trait and | influencer trait and
competencies in terms of product-specific competencies in terms of
knowledge; product-specific knowledge;

11. Digital competence — an emergent Elements of competence - a variety of skills and Elements of competence - a
boundary concept for policy and | competences, and its scope is wide, as is its variety of skills
educational research Minna | background;

Lakka laLiisa lloméki Saami

Paavola Anna Kantosalo [14]

12. Concept of competence: A The concept of competence, mentioning specific | The concept of competence
conceptual clarification. Weinert, | competencies including: economic, technological, | creativity and innovation skills;
Franz Emanuel [15] technical, and methodological competencies; social and mobility and flexibility

competencies; creativity and innovation skills; and| combined with persistence,
mobility and flexibility combined with persistence, | reliability, and precision.
reliability, and precision.

13 The Limits of Competence: The competence focuses on some ideas either The competence focuses
Knowledge, Higher Education and| disappearing from public debate or defunct as critical thought, understanding
Society. Barnett, Ronald [16] apparently unworthy of serious attention, including| interdisciplinary, and wisdom,

understanding, critical thought, interdisciplinaapd | sense of knowing.
wisdom. Two ideologies of competence--operationgl

and academic--against each other and sketches an

alternative definition of human being. This idea of

human being is relatively unconstrained by sectiona

interests, contains a sense of knowing not derived

from mere instrumentality, and looks to promote

human beings in situations and conditions

unimaginable because the human beings concerned

will be doing the imagining.

14. The skill element in decision The competence elements control increased risk | The competence elements
making under uncertainty: Control| taking markedly with all statistical propertiesdhel control varying difficulty, and
or competence? Judgment apatonstant, decisions made in domains of varying by individuals of varying
Decision Making difficulty, and by individuals of varying ability, ability, yielded further qualified
Adam S. Goodie, Diana L. Young | yielded further qualified support for the role of support for the role of
[17] competence. The role of control was replicated, andcompetence.

participants' perceptions
15. Motivation reconsidered: The The new motivational concept of "competence" is | "competence" is introduced

concept of competence.
White, Robert W. [18]

introduced indicating the biological significande o
such behavior. It furthers the learning process of
effective interaction with the environment.

indicating the biological
significance of such behavior
and further interaction with the

environment.
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The main components of competence areacademicians working in this area in universities
knowledge, skills and capabilities. Unfortunatetye should emphasize. This issue is taken as basia whe
literature review showed only the presence ofdetermining the rationality of the project. The
components of competencies, but it is not clear thajustification for the basic objectives of the putjés
proportional division and proportion. To understand explained by acting as coach to enable the SMEs to
the importance of each identified component, theproduce their own solutions and embed the
authors used the results of three studies condueted understanding of innovative SMEs within their
the framework of the EU projects in which one of th organizational structures[5]
authors of the article took an active part. )

Research results of three EU projects are included 2. Project:

in this paper: Innovative Strategic Partnership For EU Higher
1) LLP Transfer of Innovation, Multilateral Education. Programme: _
Projects, Leonardo da Vinci project “Employability Erasmus Plus Action KA2: Cooperation For
and Skills Anticipation Policies: a Social ROl Innovation And The Exchange Of Good Practices.
Approach” (thereafter - ESAP). The main purpose of the Strategic Integration of

2) Erasmus+ KA 2 Cooperation for innovation Learning Modes (hereinafter SILM), as the first
and the exchange of good practices Strategidnnovative prOjeCt component, is to establish jOint
partnership project ,Coaches of SMEs: 5POINTS contemporary educational practices and produce a
Trainings” (thereafter — 5POINTS) long-term strategic learning model based on the

3) Erasmus+ KA 2 Cooperation for innovation €xisting curricula adopted and successfully
and the exchange of good practices strategidmplemented in each partnering institution.

partnership project “Innovative strategic partnash The Needs Assessment Analysis is the first
for European higher education” (thereafter —element in preparing the SILM. The Needs
ISPEHE). Assessment presents an integrated report of the
individually conducted analysis in each of the
1. Project: The 5POINTS partnering institutions. The objectives of analyaie

Programme: The justification for the basic aligned with the specific objectives of SILM, and
objectives of the project is explained by acting assupport their accomplishment. They are stated as

coach to enable the SMEs to produce their ownfollows: S
solutions and embed the understanding of innovative * Identify the factual situation in each of the

SMEs within their organizational structures. partnering HElIs
e Provide assistance for making needed
Table 2. decisions related to establishing optimal
— Managerial Skills learning models and best practices _
: § s 1|3 * Obtaining a participatory ~approach in
3 5|3 | constructing SILM from relevant stakeholders.

x

Self-awareness, self recognition, 4 3 4 4 2 e 4202
entrepreneurship and leadership
skills {personal characteristics, value
priorities, time perspective,
resistance against stress, leading style
etc.)

Interpersonal relationships, 3 4 4 E 3
communication and specific
communication skills (writtenand
verbal presentation skills, managing
the mestings etc.)

33,51% 34.5T% 34.57% 35,115
3L65%

77.93%

I II ||‘ II II ||| ‘I |
Seminar Tutorisls Exercise r

Problem solving and effective 5 4 3 3 4

decision making skills

Negotiation and conflict management 4 5 3 4 4 0,00%

skills Workshop  Casestudy  Problem Distance Othes

based learning  learning

In the report published by the European
Commission in 2012 regarding SMEs, it is indicated
that SMEs play a key role in shaping European
economy with a share of 98%. 5POINT Coaches of
SMEs: 5POINTS Trainings research and
develop_ment and management of_fipancial tools an hich require not only knowledge in its original
developing problem solving abilities of SMEs, form, but also skills. This conclusion discoverg th

including the solution of financial problems, . o :
constitutes and important point which should belmportance of acquiring skills for students.

highlighted by the government as the public
authority, as well as a vital issue which the

m Very important mportant  mNeutral  m Not important  m Not important at

Fig. 1. Integrated results from all five partnerinstitutions.

Additional research shows that an important
spect of knowledge in their practical application,
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Types of methods used inside the lecture format Communication skills

otrer [ 1,06% Communication in foreign languages
Rolepl N 227
Quzzes N 25,00
Communicate own ideas, agreement
Crossovers |, ;7,77 and disagreement;

Srowselirs . I 75 Written and oral expression and

|
Listen to others |
understanding |

Buzzgroups | <4,95%
rouncs | <5055
Stugent presenvarons | 5 5%

|
!
3

1 2

Fig. 4. Most valued Communication skills in all {peared
countries.

Fig. 2. Integrated results from all five partnerinstitutions. .
The results of the researchrequire the

The results of the research, students prefer th&levelopment of skills. the results of the analydiall

presentation and Buzz-groups that require thethree studies show the importance of two elemehts o

development of skills. competencies - skills and knowledge are inseparably
linked, which in turn dominates the value of the
skills[7].
s m—— 1255 To perform competence, skills and knowledge
Unosrtkerexorcn | E— 4% relationship autors of the paper used Kulkki &
i —— Kosonen framework. Analyzing project researches
oo T — 2575 projektov authors of the article think that Ski(lS)

Abstract thinking, analy: 5 —— 5,53%

based on Knowledge (K) are main elements of C
s (competence). Due to the inseparable connection of
knowledge and skills, underlined the value of
e dispersed and knowledge. Following the thoughts of
: Hayek and Tsoukas discusses the fact that knowledge
is dispersed primarily because it is and individual
procession. Although the stock of knowledge of the
firm is a reflection of individuals’ stock of
The result of this study shows that it is necessarynowledge, it is destined to stay dispersed andlloc
to improve quality skills such as: work in teams, because there are few means to control processes
apply knowledge in practice, generation of new idea When knowledge is emerging all over the firm.
Figure 3 shows areas of potential improvement ef th Tsoukas dec_lares that “rational economic calcutdtio
students in order to get optimal use of the teaghin cannot take:\ into account thg factual knowledgenef t
methods utilized in classes. The areas ofParticular circumstances of time and space. [22]
improvement, identified by the students for tacdlin
in the future in order to optimize the utilizatiari @
teaching methods are: Working in teams with
52,93%, followed by Generating new ideas with Fig- 5. Relationship of competence (C) and sk8islfased on
50,53% and Applying the acquired knowledge in k"0"iedge (K) [done by authors based on X]
practice with 49,73%. The areas whose improvement IV. CONCLUSION

doesnt coincide with optimizing the teaching  The authors of the paper conclude that the main

methods, by the students are: Communication Withyominant element of competence are knowledge and
non-experts with 7,98% and Working autonomously gyijis.

Fig. 3. Integrated results from all five partnerinstitutions.

with 12,23%.[6] The results of the study the hypothesis was not
) confirmed at this stage. Triangulation showed the
3. Project importance of knowledge and skills for competence

_The companies were asked about the abilitiescreation, In turn, the factor of emotional intefiige
skills and knowledge considered essential for thepss not been performed. This requires detailed in-
development of the current and future predictabledepth analysis, which will be revealed in future
jobs. They rated the importance of the proposeltsski gy gies. Hypothesis: emotional intelligence infices
from 1 (not important) to 4 (very important). the creation of competencies

As a first step of our research, there is not yet
fully approved direct correlation between compegenc
and emotional capital, and therefore authors are
forced to use in future researches more detailed an
deep analysis to get more information about explore
problem.
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Study Wear Tool with High-speed Milling

Tsvetan Kaldashev, Petar Hadzhiyski, Galina Nikolcheva
Technical university of Sofia, Address: Blvd. “KI. Ohridski” 8, Sofia, Bulgaria

Abstract. This report examined tool wear in high-speed machining of tool steel with a hardness of HRC 63. Wear
monitored periodically using the device for automatic geometric correction tool (length and radius) situated in the
working area of the machine. The study was conducted on milling machine RALS M400 with CNC Heidenhain iTNC

530i.

Keywords: wear, high-speed milling, cutting tool, milling machine, CNC.

L.INTRODUCTION

Rotary dies for the production of sanitary
absorbents (Figure 1) in the process of work wear
[1,2], which requires their periodic sharpening i.e.
reconstruction of cutting power. They are made of
tool steel, where after quenching reached hardness
between 60 and 63 HRC. Resharpening of these
components is carried out by grinding the side surface
where the process compared to the milling has a low
performance [3].

Fig. 1 Rotary die for sanitary absorbents

Taking into account the stiffness of the rotary die
from HRC 63 e possible to increase productivity by
using high-speed milling. When sharpening the
cutting edge of the rotary die due to different wear
have capture greater added. This, together with the
great length of the cutting edge may lead in turn to an
unacceptable wear of the cutting tool and breakage.
The aim of the study is to check the wear of the tool
to be able to answer the question whether high-speed
milling can replace grinding.

II. STUDY OF THE WEAR OF THE TOOL AT
HIGH SPEED MILLING
To conduct the study used a cutting tool company
SGS Series Power-Carb with AITiN coating. This
series is recommended for machining of molds for
injection molding of forms for casting and the
production of dies [4, 5]. Tools of this series are
characterized by high quality of the machined surface
of hardened steel with a hardness of 65 HRC. The

study is done on milling machine RAIS M400 with
CNC Heidenhain iTNC 530i [6]. Fig. 2 shows the
establishment of a workpiece, which is essentially a
rotary die obsolete.

Fig. 2 Establish a workpiéce

Wear on the tool radius is controlled using the
findings in the working area of the machine device
for automatically determining the length and tool
radius (Tool Touch Probe TT140). This is a built-in
CNC cycles. The measurement of the tool radius is
performed with cycle 482 (Fig.3), wherein the
measurement is possible to carry out in two ways -
with continuous rotation of the instrument and
measurement of each tooth separately, in which case
it must first be set to the number of the teeth of the
tool. In this way, the system automatically determines
the highest tooth and it introduces a correction. After
measurement, the values recorded in the sub-
instruments.

Study of measurement accuracy Tool Touch
Probe TT140

The study of the accuracy of the TT 140 is
necessary to examine to what extent will be reliable
survey data. It will be held by being made 20
measurements for each of the aforementioned
methods.
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Fig. 3 Measuring cycle 482

Accuracy in the rotating tool

Used measurement cycle 482 (fig. 3). This cycle
is only measured tool radius. Depending on what is
set in parameter 341 (fig. 3) measured on the rotating
tool (parameter 341 = 0) or measured each tooth
individually (parameter 341 = 1). In Table 1 shows
the measurement results.

Table 1
Results of measurement in rotating tool
Tool Tool
Ne radius radius
[mm] [mm]
1 4 4
2 4 4
3 4 4
4 4 4
5 4 4
6 4 4
7 4 4
8 4 4
9 4 4
10 4 4

Results are processed statistically to determine
what is the accuracy of the measurement.
Arithmetical mean value A is defined by equation (1)
and residual errors in equation (2).

(M

5, = @

With the obtained values are determined standard
deviation equation (3) and mean square deviation Sx
in equation (4).

_ |2 2
F T s % , at n<30 ®
5
5z = Jn “)

Confidence limits + ¢ is defined in equation (5) at
the confidence level vy 0,99, then determine
confidence limits in equation (6).

£=1,.5, (5)

(X—t,s5) <E<(X+t,.s5) ©

The results are presented graphically in fig. 4.
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Fig. 4 Graphical representation of the accuracy of the rotating tool

Accuracy of each tooth individually

Again using the measuring cycle 482 as a
parameter 341 is set to 1. In the table parameters of
the tool set number of teeth.

Table 2
Measurement results for each tooth individually
Tool
Ne radius
[mm]
1 4
2 4
3 4
4 4
5 4
6 4
7 4
8 4
9 4
10 4
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The measurement results are presented in Table.
2. In Fig. 5 presents graphically the data processed
statistically by the equations (1) to (6).

The standard deviation of the first case (a rotating
tool) is S = 0.0047, and in the second case, S =
0.0016. Mean square error in the measurement of
rotation of the tool is SX = 0.0011, while the second
case when measured each tooth individually, the
mean square error is SX = 0.0004.
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Fig. 5 Graphical representation of accuracy in measuring each
tooth individually

From these results, it is found that the method
which measures each cutting tooth individually is
more accurate and will be used in the experiment to
check the wear of the cutting tool at high-speed
cutting of steel with a hardness of 63 HRC.

Study of wear on the cutting tool at high speed
milling

SGS is used tool Series Power-Carb coated with
AITIN and tooth 6, wherein the treatment is
performed with circular interpolation. Control
program is implemented with the help of parameters
and cycles meeting certain logical conditions. At the
beginning of the control program introduces
parameters such as diameter and height of the
workpiece feeding speeds jutting out into the addition
and routing, cross-filing and more. After each pass of
5 instrument is measuring its radius. Fig. 6 shows the
control program.
BEGIN PGM M400 MM
FN 0: Q1 =+156
FN 0: Q2 =+300
FN 0: Q3 =+152
FN 0: Q4 =+0.25
FN 0: Q5 =+0
FN 0: Q6 =+0
FN 0: Q7 =+0
FN 0: Q8 =+5
FN 0: Q9 =+4
10 FN 0: Q10 =+3000
11 FN 0: Q11 =+3000
12 FN 0: Q12 =+6000
13 FN0: Q13 =+0
14 FN 4: Q14 =+Q1 DIV +2
15 BLK FORM 0.1 Z X-Q14 Y-Q14 Z-Q2
16 BLK FORM 0.2 X+Q14 Y+Ql4 Z+0
17 TOOL CALL 2 Z SQ12
18 LBL "IZMERVANE"
19 TCH PROBE 482 CAL. TOOL RADIUS ~

O 0 INWnN Db W —O

Q340=+1 ;CHECK ~
Q260=+100 ;CLEARANCE HEIGHT ~
Q341=+1 ;PROBING THE TEETH

20L X+0 Y+0 Z+80 RO FMAX

21 FN 0: Q13 =+0

22 LBLO

23 LBL "FREZOVANE"

24 FN 1: Q5 =+Q5 + +Q4

25 FN 2: Q6 =+Q1 - +Q5

26 FN 1: Q7 =+Q6 + +Q4

27FN 1: Q13 =+Ql13 + +1

28 CYCL DEF 257 CIRCULAR STUD ~
Q223=+Q6 ;FINISHED PART DIA. ~
Q222=+Q7 ;WORKPIECE BLANK DIA. ~
Q368=+0 ;ALLOWANCE FOR SIDE ~
Q207=+Q10 ;FEED RATE FOR MILLNG ~
Q351=+1 ;CLIMB OR UP-CUT ~
Q201=-Q9 ;DEPTH ~
Q202=+Q9 ;PLUNGING DEPTH ~
Q206=tQ11 ;FEED RATE FOR PLNGNG ~

Q200=+2 ;SET-UP CLEARANCE ~
Q203=+0 ;SURFACE COORDINATE ~
Q204=+50 ;2ND SET-UP CLEARANCE ~
Q370=+1 ;TOOL PATH OVERLAP
29 CYCL CALL POS X+0 Y+0 Z+0 FMAX
M3
30LBLO

31 FN 15: PRINT Q108 /Q7 /Q5 /Q6 /Q13

32 FN 9: IF +QI3 EQU +Q8 GOTO LBL
"[ZMERVANE"

33 FN 11:
"FREZOVANE"

34 END PGM M400 MM

IF +Q6 GT +Q3 GOTO LBL

Fig. 6 Control program

The study was realized, it was made five attempts
to change the regime of cutting. In Table. 3 shows the
results of well skilled in mode 1 cutting: cut feed
3000 mm / min (feed per tooth 0.083 mm), spindle
speed 6000 min-1, step over 0.25 mm, diameter of the
workpiece Dw = 158.85 mm.

Table 3
Result of Experiment 1

Experiment 1

Tool .
radius, DR, Dw, [mm] Distance L,
[mm] [mm]
[mm]

158.6 498.2566

158.35 497.4712

4 158.1 496.6858
157.85 495.9004

0.0147 157.6 495.1150

>L . [mm] 2483.4290

Wear, [mm] -0.0026

A negative sign is accidentally received and due
to the dissipation of the measurement results with
Tool Setter TT140.

Experiment 2 was conducted in the following
mode: cut feed 2000 mm / min (feed per tooth 0.055),
spindle speed 6000 min-1, step over 0.32 mm,
diameter of the workpiece Dw = 157,6 mm (Table. 4)
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Table 4
Result of Experiment 2
Experiment 2
Tool .
radius, DR, Dw, [mm] Distance L,
[mm] [mm]
[mm]
157.28 494.1097
156.96 493.1044
4 156.64 492.0991
156.32 491.0938
0.0147 156.00 490.0884
XL . [mm] 2460.4954
Wear, [mm] 0.0059

Experiment 3 was conducted in the following
mode: cut feed 3000 mm / min (feed per tooth 0.083),
spindle speed 6000 min-1, step over 0.25 mm,
diameter of the workpiece Dw = 156 mm (Table. 5)

Table 5
Result of Experiment 3

Experiment 3

TO.OI DR, Dw, Distance L, Wear
radius, [mm] [mm] [mm] [mm]
[mm]
4 0.0201 157.28 2434.73 -0.0005
0.0231 156.96 2419.03 0.003
YL . {mm] 4853.76
Wear, [mm] 0.0025

Experiment 4 - mode: cut feed 3000 mm / min
(feed per tooth 0.071), spindle speed 7000 min-1, step
over 0.25 mm, feed per tooth 0.055, diameter of the
workpiece Dw = 153.25 mm (Table. 6)

Table 6
Result of Experiment 4

Experiment 4

Tool radius, DR, [mm] Distance L, Wear
[mm] [mm] [mm]
4 0.0268 4684.9 0.0043
0.0273 3691.37 0.0005
0.0282 5061.89 0.0009
0.0299 4983.35 0.0017
0.0305 4904.81 0.0006
0.0318 4826.27 0.0016
0.0363 8347.99 0.0013
0.0394 8093.52 0.0048
E L 51733.36
» [mm]
Wear, [mm] 0.0163

In the last 5 Experiment was changed only step
over = 0.15 mm. The results are shown in Table. 7

Table 7
Result of Experiment 5

Experiment 5
Tool DR Wear
radius, > Distance L, [mm] [mm]
[mm]
[mm]

4 0.0407 4384.87 0.0013

Z L 4384.87

» [mm]
Wear, [mm] 0.0013
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When the last attempt tool was completely worn
out. In the treated surface was obtained yellowish-
brown mark (fig. 7), from which it is clear that the
tool is worn. This path is obtained by burning the
material in the cutting zone. Fig. 8 is visible wear of
the tool.

Fig. 8 Wear the instrument after completion of the study

The results of the experiment are summarized in
Table. 8. From these data it is clear that the
parameters used tool travels nearly 66 meters before
being completely worn out.

Table 8
Summarized Results of the Study
Total distance, [mm] 66 000
Total wear, [mm] 0.0234

Fig. 9 is a graph of tool wear compared traveled
road. The amount of volume of the milled material is
45 492 mm’.
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Wear tool
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Fig. 9 Wear the instrument to the covered distance

11I. CONCLUSION

From the results can be drawn the following
conclusions:

1. In high-speed milling filled with these modes,
tool wear is minimal compared to the distance
covered;

2. From Fig. 9 it can be seen that with some initial
wear, there is a slow minimum wear increase as
compared to the way traveled. It is explained by the
fact that in the initial stage of operation the wear of
the tool is more intense and it is not in line with the
way traveled;

121

3. Wear compared to the distance covered is
negligible, and the life of the tool is much longer than
prescribed by the manufacturer;

4. High-speed milling can replace the grinding
operation at sharpening the cutting edge of the rotary
die;

5. With high-speed milling, productivity increases
about 2-3 times compared to grinding.
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Abstract: The microstructure and properties of spheroidal graphite cast irons and austempered ductile irons with
nanosized additives of titanium carbonitride and titanium nitride (TIiCN+TiN), titanium nitride TiN and cubic boron
nitride cBN are investigated. The microstructure of the patterns is observed by optical metallography, quantity
metallographic analysis, X-Ray analysis, SEM analysis and EDX analysis. Hardness measurement, impact strength and
abrasion wear test on fixed abrasive are performed. The influence of the nanosized additives on the microstructure,
mechanical and tribological properties of the cast irons are examined.

Keywords: spheroidal graphite iron, asutemepering, titanium nitride, titanium carbonitride, cubic boron nitride, wear
resistance, hardness, structure, bainite, austenite.

I. INTRODUCTION titanium  carbonitride and  titanium  nitride
Spheroidal graphite cast iron is a structural (TICN+TIN), titanium nitride TiN and cubic boron
material, characterized with a high strength, nitride cBN are investigated (Table 1). For the
toughness and wear resistance. Graphite in the castprovement of the particles wetting and their
iron provides resistance to mechanical wear anduniform distribution into the casting volume the
improves the processability. Application of an electroless nickel coating is plated on the passicl
alloying, thermal treatment or both of these preess surface. EFTTOM-NICKEL method is used for
influence the graphite morphology and substrateelectroless plating [11].
structure and allows achieving optimal propertiés o The microstructure of the spheroidal graphite cast
the iron [1-5]. Austempering is a thermal treatmentiron samples is investigated by quantity
process leading to a bainitic structure of the sabs  metallography, scanning electronic microscopy
material with high strength, increased ductilitydan (SEM), and Energy dispersive microanalysis (EDX).
high toughness [1-4]. The addition of small quaedit Scanning microscope EM® MA10 ,Carl Zeiss”
of nanosized particles into the iron melt increaseswith X-Ray micro analyzer ,Bruker is used. The
graphite quantity [9] and changes its morpholody [8 software ,Olympus Microlmage” is used for the
which combined with the changes in the structure ofquantity metallographic analysis. Data for the ager
the substrate enhances the wear resistance ob#te c diameter g of the graphite particles, their
iron [7-10]. roundness and the volume parts of the graphite,
The aim of the present study is investigation of pearlite and ferrite are received.
the microstructure, mechanical and tribological The spheroidal graphite cast iron samples are
properties of spheroidal graphite cast iron andsubjected to the austempering, including heating at
austempered ductile iron samples with nanosized®0CC for an hour, after that isothermal retention at
additives of titanium carbonitride and titaniumriaie 280°C, 2 h and at 38C, 2 h. The austempered
(TICN+TiN), titanium nitride TiN and cubic boron ductile iron samples’ microstructure is observed by
nitride cBN. means of an optical metallographic microscope GX41
OLIMPUS. The samples surface is treated with 2 vol.
IIl. MATERIALS AND METHODS % nital solution. The austempered ductile iron
The composition of the spheroidal graphite castsamples are tested by X-Ray diffraction analysis fo
iron samples is: Fe-3,55C-2,67Si-0,31Mn-0,009S-measurement of the retained austenite quantityan
0,027P-0,040Cu-0,025Cr-0,08Ni-0,06 Mg wt%. structure. The retained austenite quantity befoid a
Samples with and without nanosized additives ofafter abrasive wear is determined. X-ray powder
ISSN 1691-5402
© Rezekne Academy of Technologies, Rezekne 2017
http://dx.doi.org/ 10.17770/etr2017vol3.2605
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diffraction patterns for phase identification were of the graphite phase in the iron samples.
recorded in the angle interval 20+20®0), on a In the wear resistance assessing of the iron base
Philips PW 1050 diffractometer, equipped with Cu structure is necessary to take into account itityabi
Ko tube and scintillation detector. Data for cell to be changed as a result of a complex set of
refinements and quantitative analysis are collegted processes in operation. Graphite in the gray cast i
0-20, step-scan mode in the angle interval from 20 tostructure has an essential role in their wearabeof
102 (20), at steps of 0.0320) and counting time of dry friction virtually no wear was observed on some
3s/step. Quantitative analysis is carried out byindividual sections of the contact surface. This is
BRASS - Bremen Rietveld Analysis and Structure related to the presence of graphite in the strectur
Suite [12]. which has a lubricating ability and acts as a ledomi
The hardness test by Brinell method (for castmaterial.
samples) and by Vickers method (for austempered
samples) is performed. The impact strength test is l-without  2-TICN+TiN 3-TiN 4-cBN
carried out by a Charpy hammer. additives
The friction wear investigation on fixed abrasive 11 -
by kinematic scheme “thumb-disc” is performed
using accelerated testing [9, 10]. The impregnatec
material Smirdex 330 Duraflex P80, 1173¥% used 10.5 4 |
for the spheroidal graphite cast iron. The tesh daé: =
nominal contact pressui@ =0,21.16 [Pa]; average %10 )
S
)

sliding speed, V=26,38 [cm/s]; nominal contact
surface, Aa= 50,24 [mn]; density, p =7,80.16
[kg/m? [9]. The impregnated material Corundum 220 | 95 1 ]
is used for the austempered ductile iron samples. T
test data are: nominal contact pressite=0,4.16 ]
[Pa]; average sliding speed,= 24,5 [cm/s]; nominal 1 2 3 4
contact surfaceAs = 50,24 [mr]; density, p Figure 1. Average diameter of the graphite spheédesid in
=7,80.1(§ [kg/r‘r?] [10]. spheroidal graphite cast irons: 1,2, 3, 4 — sampieber

ll. RESULTSAND DISCUSSION Twithout - 2TICNATIN. - 3TN el
The structure of the tested iron after casting

consists of ferrite, pearlite, and graphite [9].eTh
quantity metallographic analysis is performed foe t 14
evaluation of the influence of the nanosized pkasic 12
on the graphite quantity, size and morphology. Also
the quantity ratio between ferrite and pearlite is
defined (Table 1). Nanosized additives in the
spheroidal graphite cast iron don’t change the
graphite shape. They decrease the average diamet
of the graphite sphereqd from 11,00 to 10,34 pm
(Figurel). The increase of the quantity of the bitap
phase with 35+94% and the change of the pearlile an
ferrite quantity in the iron structure (Table l)ear L 1, _ 2 , 3 I 4
observed in the presence of the nanosized partide?gure 2.|Graph|tt)e quantity in spheroidal graphbdst irons: 1,2, 3,
(Figure 2). The quantity ratio between structural ~ sample number

elements with different hardness is changed (the The wear resistance of the irons with pearlite base
pearlite hardness is highest and the graphite kasdn at specified conditions of wear (contact pressume a
is lowest). This is the reason for the changeshén t siding speed) is inversely proportional to therage
total iron hardness (Table 1, Figure 3). The impactdistance between graphite grains. By reducing the
strength of the samples increases with 14+37% fordistance between the graphite grains protective
the irons with nanosized additives (Figure 4). properties of the surface carbon layer is improaed

SEM analysis of the fracture of the impact the wear resistance of the iron is increased.
destructed spheroidal graphite cast iron sampla wit

TICN+TiN nanoparticles additives (Figure 5) and
EDX analysis of the graphite phase (Figure 6), show
the nanoparticles presence in the graphite. These
results and that achieved from the quantity
metallographic analysis prove the modifying
influence of the nanoparticles on the size and shap

-
o

graphite ,[%]

o N b o
L L L L L
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Figure 3. Hardness HB of spheroidal graphite castsi 1,2, 3, 4 —
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Figure 4. Impact strength KC of spheroidal grapbést irons: 1,2,
3, 4 — sample number

124

Figure 5. of the inotpdestructed
sample of spheroidal graphite cast irons with ndditeves of
TIiCN+TiN (sample 2)
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Figure 6. EDX analysis of the graphite phase oespidal graphite
cast irons with nanoadditives of TICN+TiN (samp)e 2

Studied in this work spheroidal graphite cast iron
with or without nanosized particles have an
equilibrium ferrite-pearlite structure of the subst
and inclusions of graphite spheres [9].

The results of the quantitative metallographic
analysis show that the nanosized additives without
changing the graphite shape, increase its volurde an
decrease the average diameter of the graphiteespher
(Figures 1 and 2), which leads to a reduction ef th
average distance between the graphite grains. Wear
resistance of the cast iron with nanoadditivesease
by 55 + 88% compared to this one of the cast iron
without nanoparticles (Figure 7).
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Figure 7. Wear resistance | of spheroidal graptitst irons: 1,2,
3, 4 — sample number

The spheroidal graphite cast irons without and with S
nanoparticles are undergone to austempering w&h th§ i B
aim to receive a bainitic structure of the metal }y
substrate. The austempering mode includesy
austenitization at 90Q, 1 h followed by
austempering at 28@, 2 h and at 38C, 2 h. As a
result of this thermal treatment cast iron struetur
obtained lower bainitic (Fig. 8) or upper bainitic ' 3
structure  (Fig. 9). .

Bainite is an oriented structure consisting of .~
needlesa - phase (bainitic ferrite), carbides and %
unconverted austenite.o-phase is formed by !

carbon content [1,2,10]. Upon cooling on the
temperature of isotherm to ambient temperature, t »
part of the unconverted austenite undergoed .. : o

martensitic transformation, and another part th‘ereolé) & R\ e a
remains in the structure as retained austeniteh® T Fige 8. Lower bainite in aust'mpgr";, Ser
austenite bainitic transformation begins with the irons: a -sample 5; b- sample 6; c- sample 8
formation of individual needlesi-phase (bainitic

ferrite) and is developed with the formation of new

oriented needles located close to each other and

forming a package of alternating plateghase and

the unconverted austenite enriched with carbon)A (c

oidaplgte cast

[1,2,10].
TABLE 1.
Nanoadditives, graphite characteristics, grappieylite and ferrite quantity and mechanical pribperof spheroidal graphite
Volume part of: [%)] Hardness Impact Wear
Ne : A strength resistance
of N:;;ELZ: d DTTI: Roundness HB KC I
sample H graphite pearlite ferrite MJ/m?
1 - 11,00 1,59 8,44 3212 59,44 85| 081 8,06.10
2 TICN+TIN | 10,52 1,28 1636 | 2536| 58,28 80| 09 125.10
3 TiN 10,64 1,49 1136 |  3428| 54,36 65| Lt 13,6.10
4 cBN 10,34 1,23 1634 | 3574| 47,92 170 1.0 15,15.10
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the lower temperature range of the bainitic area.

The quantity of the retained austenite in the
samples with upper bainitic structure is highemtha
this one in the samples with the lower bainitic
structure. This correlates with the characteristts
the bainitic transformation mechanism in the upper
and lower range of the bainitic area (Figure 1The
higher quantity of the retained austenite in the
samples with upper bainitic structure defines their
higher impact strength compared to this one of the
samples with lower bainitic structure (Figure 12).

The wear resistance of the samples with nanosized
additives of TICN+TiN and structure of lower bai
is 73 % higher compared to this one of the samples
without nanoadditives. The increase of the wear
resistance of the samples with the same additinds a
an upper bainitic structure is 27% higher (Figusg. 1
The quantity of the retained austenite in the
austempered samples before and after tribological
testing is defined by X-Ray analysis (Table 2)islt
found that the retained austenite quantity deceease
all of the samples after tribological testing (Figd1).

The reduction of the retained austenite quantity is
in the greatest extent in the samples with
nanoadditives of TiICN+TiN. They possess highest
wear resistance (Figure 13). The tribological
properties of the metal materials largely depend on
the structural condition forming on the contact
surface in the friction process. The retained aiiste
in the austempered ductile irons’ structure is a
metastable structure and by friction impact coutd b
undergone strain inducing y—a  martensitic
transformation. Friction partially transforms reted
austenite in strain induced martensite consistimgy t
same quantity carbon as well as high carbon adsteni
and appears untampered martensite with high
Figure 9. Upper bainite in austempered spheroidaphgjte cast hardness and pOSSIbIIItY for intensive s;ren.gthganln
irons: a -sample 9; b- sample 10; c- sample 11 wear [10]. The formation of the strain induced

martensite from the metastable retained austenite i

Optical metallographic analysis shows this the area of the friction contact probably is onethef
package as individual needle in the lower bainitic'easons for the wear resistance increase of these
struicture. Carbide phase is formed as a resudelif  Irons.
tempering of thea-phase or directly fromA(c).

Silicon in the spheroidal graphite irons (2-3%) 4501 5°6-lower bainite 5.9 - without_ additives
A . i e 9+12 - upper bainite 6,10 - with TICN+TiN
hinders process of the carbide formation. Bainitic 4| T 7.11 - with TiN
ferrite and enriched with carbon unconverted 6,12 - with cBN

austenite A(c) structures with high mechanical 2 3%0T

characteristics are realized at austempering 2usho £ |

An austempering mode over 6 hours could lead to ¢

decomposition of the enriched with carbon austenite 2501

to a composite of ferrite and carbide tcarbide), 200

which decreases the iron mechanical propertiesrand 5 6 7Numb?erofsgam |1e° 1" 12

practice not be cgr.ri.ed out. i in Figure 10. Hardness HV10 of austempersd sphergrdphite cast
The lower bainitic structure hardneSS,HV]'O IS In irons with lower bainitic structure (samples 5,8)7and upper

the range of 388 - 422 HV10, whereas this one @f th pajntic structure (samples 9,10,11,12)

upper bainite is — 312 - 319 HV10 (Table2, Figure

10). The higher upper bainitic hardness is coreelat

to the higher carbon saturation of thgphase and to

the higher degree of the austenite transformation i
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5.9 - without additives [7]- before wear test © 5+8 - lower bain{fg 59 - WJ'H_lout .addi[iv.es
6.10 - with TiCN+TiN EJ- after wear test = 121 9+12 - upper bainife 6,10 - with TICN+TIiN
a0+ : e 55 bainit = 7,11 - with TiN
7,11 - w;_th TiN =8 - lower am(e_ < 8,12 - with cBN
8,12 - with ¢BN 9=12 - upper bainite 2 ol
[0
. 301 - o}
= »
e g 8 ol
<21 /
0 =,
101 gu 5 6 7 8 9 10 11 12
g: ] Number of sample
0 . 5 Figure 13. Wear resistance | of austemperedrsjufsé graphite
5 6 7 8 9 10 11 12 cast irons with lower bainitic structure (sample, 5,8) and upper
Number of sample P s, PP
] ] ) i ] bainitic structure (samples 9,10,11,12)
Figure 11. Retained austenite quantity A in aupeed

spheroidal graphite cast irons with lower bainsticicture (samples
5,6,7,8) and upper bainitic structure (samples ,31,02) before
and after tribological testing

5.9 - without additives
1,54 6,10 - with TICN+TiN
7,11 - with TiN
8,12 - with ¢cBN

5+8 - lower bainite
9+12 - upper bainite

KC, MJ/m?

o
]
1
T

5 6 7 8 9 10 11 12
Number of sample
Figure 12. . Impact strength KC of austempered rejitha&l graphite
cast irons with lower bainitic structure (sample8, B,8) and upper
bainitic structure (samples 9,10,11,12)

Table 2.
Nanoadditives, hardness, impact strength, weastegsie and retained austenite of austemperedeluntih (ADI)
Impact Retained austenite A,%
J;r% Structure Nanosized Hardness strength re\s/}/s(izgce
additive HV10 KC
sample MJI/n? ! before wear tes after wear tes

5 - 388 0,771 7,13.10 30,6 25,0
6 TiICN+TiN 413 0,901 12,3.10 24,9 12,2

lower bainite
7 TiN 405 0,828 9,03.10 24,4 22,1
8 cBN 422 0,884 9,56.10 21,0 11,8
9 - 314 1,137 7,67.10 40,4 31,3
10 TiCN+TiN 319 1,442 9,42.10 27,1 11,6

upper bainite
11 TiN 317 1,190 7,72.10 31,8 31,2
12 cBN 312 1,387 8,03.10 30,2 25,3

IV. CONCLUSION compared to the irons without nanopatrticles.

The microstructure, hardness, impact strength and Nanosized additives in the austempered ductile
wear resistance of the spheroidal graphite castsiro irons change the bainitic transformation kinetid an
and austempered ductile irons without and withaccelerate the austenite transformation to baimite.
nanosized additives of titanium carbonitride andaustempered ductile irons with nanoadditives have
titanium nitride (TICN+TiN), titanium nitride TiN  higher impact strength and higher abrasion resistan
and cubic boron nitride cBN are investigated. compared to the samples without nanoadditives. The

Nanosized additives in the spheroidal graphitepartially transformation of the metastable retained
cast irons have a modifying effect on the graphiteaustenite to strain induced martensite by friction
phase. They don't change the graphite shape, buimpact in the greatest extent occurs in the iroite w
decrease the graphite spheres size and increase thanoadditives of TICN+TiN, which influence on their
graphite quantity in the irons’ structure. Spheabid wear resistance.
graphite cast irons with nanosized additives have a
higher abrasion resistance and higher impact stieng
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Abstract. In this paper we study diffusion and convection filtration problem of one substance through the pores of a
porous material which may absorb and immobilize some of the diffusing substances. As an example we consider round
cylinder with filtration processin the axial direction. The cylinder isfilled with sorbent i.e. absorbent material that passed
through dirty water or liquid solutions. We can derive the system of two partial differential equations (PDES). One equation
is expressing the rate of change of concentration of water in the pores of the sorbent and the other - the rate of change of
concentration in the sorbent or kinetically equation for absorption. The approximation of corresponding initial boundary
value problem of the system of PDEsis based on the conservative averaging method (CAM). Thisprocedure allowsreducing
the 2-D axis-symmetrical mass transfer problem described by a system of PDEs to initial value problem for a system of
ordinary differential equations (ODES) of the first order.

Keywords: absorption, analytical and numerical solution. diffusion problem, filtration, sorbents, special splines.

.  INTRODUCTION The study of hydrodynamic flow and heat transfer

The task of sufficient accuracy numerical through a porous media becomes much more
simulation of quickly solution 3-D problems for interesting due to its vast applications [8], [BH1410].
mathematical physics in multilayered media is Many mathematical models are developed for the
important in known areas of the applied sciendesat  analysis of such processes, for example, matheahatic
transfer in multlayered media, for example, models of moisture movement in wood, when the
calculation of the concentration of metals in gagérs  wood is considered as porous media [1], [10].
[16], the heat and moisture transfer processefidn t

porous multilayered media layer, for example, II.  MATHERIALS AND METHODS
mathematical modelling of moistening and drying 1. A mathematical model
process in the wood-block [1]. Filtration is the separation process of removing

For this purpose we consider two methods: speciakolid particles, microorganisms or droplets from a
finite difference schemes and conservative avegagin liquid or a gas by depositing them on a filter nogdli
method (CAM) by using integral parabolic and [15]. This paper deals with filtration processes of
exponential splines. solid-liquid mixtures (suspensions, slurries, sksjg

Therefore, the CAM is considered in the present[12]. For adsorption kinetics we use linear Her8y [
article; too, the finite-difference method is usied and nonlinear Langmuir [3], [13], [14] sorption
solving the 1-D initial value problem for system of isotherms.

ODEs due to obtain the solution of the 3-D initialue In [3] a contaminant transport model with
problem. Langmuir sorption under non-equilibrium conditions

A. Buikis was developed different assumptions for which is described by two coupled equations —
CAM along the vertical coordinate in the Cartesian advective-dispersion equation and non-equilibrium
coordinates using parabolic splines [3], [11]. We a sorption equations is considered. In this paper we
expanding the usage of splines method with integraktudy the filtration process with diffusion and
parabolic and exponential splines [16], [2] in ditat, convection in the domain
not only in Cartesian coordinates, but also in Q={(r,z,#):0<r<R,0<z<L,0<¢<2r}.
cylindrical coordinates too [1], [10], if it reqeis the

model under consideration. This domain€2 consists of porous material, where

through the pores of filter moves incompressible
ISSN 1691-5402
© Rezekne Academy of Technologies, Rezekne 2017
http://dx.doi.org/ 10.17770/etr2017vol3.2566
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practical meaning and also theoretical interest in
mathematical physics problems in which several kmal
parameters appear. These parameters are connecteda,
with some geometrical dimensions in the problem and 5t—1
also with the relations between the coefficientshef ~ ~
equations. We will consider the nonstationary axis-Wheref(ay) =a /1~ Pay), = pUo,
symmetrical problem of the linear filtration theory u, (r, L, ty) =ug, () =1-tanh@qty) , ar = alyp .

We can derive two equations; one is the adsorbed g, P =0 we have a linear Henry isotherm.
phase of concentratiora(r,z,t) for the pollutants

which are absorbed per unit volume and per ungtim 5 Thge conservative averaged method in z-direction
The other equation is the aqueous phase of potiitan  \va consider conservative averaging method

concentration u(r,zt) in sorbent pores. Then (cawm) of the special integral splines with hypericol
convection and diffusion PDEs in the cylindrical trigonometrically functions for solving the initial

liquid - pollutants in z -direction. This problem has
(r or or 6z° 0z oty

2
12(Drr%j+.gza_ul]+voa_ul:myﬁa_ul+ 5o,
1

=w - f(a),rel0R,ze[O L], t>0

coordinates are in the following form [17], [5]: boundary-value problem inz -direction [6]. This
10 au o2y aCu U ea p_rocedure allows reducmg_ thg 2-p probl_emrl,rz-
——| Dyr— [+ D;— |+Vg——=m—+—, directions to a 1D problem indirection. Using CAM
ror or Py 0z ot ot . - .
in z -direction with parametea, we have
ou ~ 05Lsinh(@,(z- 05L))
—=plu-u),re[OR],ze[0L],t>0, Zt )= t t z
= Au=0)r<OR,ze[0L] w(n2ty) = wlrtyb+ ma(rt) == H ==
where a=u/y is the expression for linear isotherm cosh@, (z— 05L)) - A
i1 €z(rty) £ : .
of Henry, D,, D, are the transversal un tangential 8sinh? (a,L /4)

diffusion coefficients or the dispersion coeffidign L
V,, = constis the pore water velocity iz -direction, ~ Whereu, (r,t;) = L_lj‘o y(rzt)dz,
M is the fraction Cllf the total volume of the matkria _sinh(@,L/2)
occupied by poresy is concentration of pollutants, 2 _W
which is in local equilibrium condition®a/dot =0
with the amount of liquid sorbet, is the time, £ is

the kinetically coefficient or the sorption ratenstant,
1/y is the Henry coefficient for the sorben

The parameter, can be choosing for minimizing
the maximal error. If the parameter, >0 tends to
t zero then the limit is the integral parabolic selifh.
Buikis [4]), because o, — 1:

characteristic.

We assume that all coefficients in the PDEs are (z—O.5L)2 1
assumed constant and independent of concentratiord1(r,z,ty)= Uy, +m,(z-05L) +e, Tz 12
For nonlinear sorption we hawe=G/(A(1+ pd)),
which is referred to as Langmuir isotherm, whegres .

9 o The unknown functions

positive parameter (forp=0 we have Henry m, =m, (r.), e, = &(r.t;) can be determined from
isotherm). For the initial condition fot=0 we give  gnditions:
u(r,z0)=0, a(r,z0)=0. We use following 1)for z=0 md,—ek=0, m,=ep,

boundary conditions: py=k/d, u(rOty) =u, —m,L/2+eb,

6u(0,z,t)_au(0,z,t)_0 b 00 2)f0|’2= L, uOZ:uV+mZL/2+eZb,
o oo  _OuURzZD=aARZD=0 e, = (Uo, Uy )/ g0, whered = 05La, cothQ5a,L) .
u(r, L, 1) = Uy(t) = Uy(L— tanheat)), M (;’0' D_o @ k=023, coth(025a,L),
z .

a0y, b= (coshé,L /2)— A, )l8sint?(a,L /4)),

oz g0=b+05L p;.

Now the 1-D initial-value problem (3) is in the
following form

wherea = cons , Uy = const. The concentrationl
on the inlet is depending ¢n

For predetermined parametels= u/Ug,
a; =ay/Ug,Up =U/Ug,t; =tyB8 we have
following system (3):
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mﬁauv da, 1(8(Drraﬂn+
oty oy or or
a0?(Uug, Uy ),
o
%wv—f(av>,re[o,R],L],t>0, (@)
ou,(Ot)  da,(0t) _
P . =0u,(Rty) =

a,(Rt) =0 u,(0)=a,(0=0,

a2 t)dz,

k -
a0? =(2th+Vop1j/ g0, f(a,)=a,/(1- pa,)-

here we assume that the averaging of the nonlinear
term f(a,) does not change its form.

Wherea, (r,t;) =

3. The conservative averaged method in r-
direction

Using averaged method in r-direction with
parametersa, we have

uv(r’tl) = uvv(tl)+ My (t) fn (1) +er (ty) fe(r)
where

025R?(a, * sinh(a, (r - 05R))

(1) == G054 R)(g, 1) !
(r) = cosh@, (r - 05R)) - A
fe 85|nh2(arR/4) ’

2 (R 2 (R
—zjo Irfm(r)olr:—zj0 rfo(r)dr=0

sinh(g R/2) _
A _—qR/Z d; = 05Ra cothQ55R) .

We can use following values of parameters

a, =a0/1/D, .

If the parameteia, >0 tends to zero then the limit
is the integral parabolic spline:

uy (r,t) = Uy +my (%(r - 0.5R)—1j +
(r-05R)% 1

€ — |

From boundary conditions (4) follows
unknown coefficients-functions:

1) forr=0 mdr—gk, =0 orm, =g p;
2)forr =R, O=u,, +m/b,+eb, or
05d1R(ar)

di-1 '

pr =k /d;,

the

€ =-Uy/0g;, whered, =

k; = 025, coth025a R),
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be = (coshé R/2) - A ) fBsint?(a R/4),
025R?(a, )?
—(ar) -1, Or =be+ Prby.
d; -1
Now the 1-D initial- value problem (4) is in the
form of foIIowing ODEs system'

b, =

m ﬁ Doy +IB at = —bOZUW(tl) +
oM 1

20%(Upy (t1) — Uyy (1)), -

0

;vlv = U (t) - F(aw). 11 >0

uy () =a,0) =0,
where f(a,) = a, () (1 Pay(ty)),

2 (R 2 4Dk,

ay(ty) _EJ‘O ra, (r,t;)dr, b0® = —Rgr .

We rewrite the1-D initial-value problem for system
ODEs (5) in following normal form:

L]w(tl) = blluvv(tl) + b12 f (avv) + flu()z (tl)a

Ay (t) =byuyy (ty) + by, F(a), t >0, (6)
w@=02a,(0)=0,
_ p+boP+a0® 1
where b= —myﬁ ,bio= - =1
a0®
by, =-1, f; = “wp

If p=0 then we have the following vector form
of linear ODEs system:

W(ty) = AW(ty) + F,W(0) =0, (7)
where W(t;),F(t;) are the 2-order vector-column
with elements(uyy (t1),an (1)), ( f1uo, (t1).0).

A is the 2-order matrixA = [bll blzJ .
bp1 by
The averaged linear and nonlinearp ¢ 0)

solution we can obtain with Matlab solver " odel15s"

4. Backward orientation for CAM

For estimation the parametess,a, we use also
backward orientation for CAM — first of all, we do
CAM in r-direction and then in the in z-direction.

Then in r-direction we have

uy(rzty) = uy(z.t)+ my (Z.ty) (1) +

& (z.ty)fe(r).
From boundary conditions we hage=—u, /g, ,
m =g p, and the problem (3) is in following

form (8):
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d da, 02 o the modified Bessel functions, f,=Fy/a0?,
myBY | g =Dz—uz" +Voﬂ—b02uv, " Hnet 1=
at, oty oz oz a; =a0/+/D .
5 . L .
ay _ u, - f(a,), ze[0, L], ze [0, L], t > O, Using averaged method in r-direction with
at, parameter a, we havei(r)=u, +mfy(r)+efg(r),
ou,Ot) oa,Ot) B where
oz 0 oz 0 uy (L) =g, _ (UO - uv)pr o Up —Uy
a,(L,t;)=Qu,(z0)=a,(z0) =0 Or Or
where W = 4Dugk, — Fyg, R
2 (R 2 _ 4Dik " 4Dk, +a0%g,R
a,(zt) =— | ra,(r,zty)dr ,b0" = —— r 9
J(2t) = [rau(r.zt) - .
f(a,) = a, [(1- Fa,). D =1Fy=-10 a0=2a =2Uuy=1 R=5  we
Using CAM in z-direction we have have following maximal error:
- _ iy 14
a,(2.ty) =ty (t)+ my (ty) 0-5|—5|.nh(az(2 05L)) , 1) 1.278 for parabolic splineaf =107%),
sinh(0.5a,L) 2) 0.0021 for hyperbolic spline.
cosh —-05L))-
ez(tl)( ez(ljz ) AZJ 1. RESULTSAND DISCUSSION
8sinh”(a,L/4) 6. Some numerical results
where

-1k 3 Experimental data have been obtained studying the
Upy(ty) =L Io UV(Z tl)dz’ a; =b0y1/D; . filtration process through hemp shives using the
From boundary conditions we have adsorption column "Adsorption CE 583" [12] at the
e, = (UOZ —va)/QO, m, = &,p; and the problem Chemistry, biology and biotgchnqlogy research eentr

laboratory of Faculty of Engineering of RTA.

(8) Is in the form of (5), where The results of calculations are obtained by

ayw(t) = |_—1J"-av(Z tl)dz, MATLAB. We use the discrete grid value
0
5 — L.
k t,=Nn—, n=0,N; ,z =i—,i=0,N,,
a.02 :(2D2I+V0plj/ gO n Nt t 4 NZ z
Therefore we have in every CAM orentation r. :ji,
obtained two algebraic equations for determine the N,

spline parameters in following form
a, = f1(a;) = a0,/1/ D,

= = j— g
a, = f,(a,) = bom. R=019m], L=1m], and parameters,, _ZE[I },
The optimal parameters we can obtained by 4 m2
solution these equations with method of simple =13, y=12, m=04,D,=10 oo

iteration. ForV = 0 it is possible usage of exponential

type spline for equations (8) in method CAM [7]. D, = 5.104|: m } Vo - 01[%} =02,

j=0N,, N,=10N; =50N, = 30t; = 550,

5. CAM for model equations _
p= 0,0151510,t; €[0t;]. Forp=3, y=1,

For approbation CAM in r-direction and estimated a, =1000, t; =50, p=0 (dimensional final time
the parametera, we consider model stationary 1-D (

boundary-value problem in following form: is _f:5o/3[min]) we obtain with direct CAM

{Dr‘l(ru’(r))'—aozu(r) =Fy,r€[0R], Pr

(9) orientationa, = 34155(the results of calculations are
u'(0) =0, uR) = up,

represented in Figs.1-4 with backward CAM
orientation a, = 1153, with direct CAM orientation

_ _ _ a, =340312, with backward CAM orientation
analytical ~ solution is  u(r)=Calo(@)-f1, 5 -115176 (Figs. 5, 6) and with direct CAM

Ug + f1
q-:

where Uy, Fg,a0> 0, D > 0 are given constants. The

where 15(0)=1,(0)=0, 14,1, are orientation a, =340312 (we have quickly
lo(aR) convergent iteration process).
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The maximal values of u(r,zts)=0.0198,
u,y (t) = 0.0706, a, (t) = 0.0698 and
u, (ts )= 0013 are equal for both CAM orientation.

The maximal calculated dimensional value of
liquid concentration in the final timeQ50[g/1]) is

good (acceptable for practical problems) comparing

with  experimentally  obtained  concentration

(054[g/1]).
The matrix A has following eigenvaluesA
A1 =-361, 1, =—-0042 It was obtained, that in

outlet of the domairD.5L < z< L the concentration
u is small and:

1) The averaging concentration af for r =0 is
decrising in the time with maximal value By =5
(Fig. 1),

2) The concentratioml for t; =50 is maximal by
r =0 and is incrising in z-direction (Fig. 2, Fig. 3),

3) The averaging concentrations of,, and a,,
are equal for both CAM orientation and different
depending on the time&,,, > Uy, only fort; > 10,

4) The averaging concentration for CAM in r-
direction of u,(z,t;) is maximal by z=0 and is
decreasing in z-direction (Fig. 6).

The maximal values af,(r,t;), u,(Ot),

u(r,zts ), uy(t), ay(t) anduy,(ts) for different

p are represented in Table 1.
Table 1: The maximal values ai,(r,ts),

Conc. on t,Maxuv(r=0)=0.1025
0.12 ; . ! .

011 Py

0.081 4

uv(0,t)
o
o
)
*

0.04

0.02¢ S

0 1‘0 26 30 4b 50
t
Fig. 1. Averaging concentratiod,, depending ortl for r =0

_ Conc. u(r,z,t)depends on r

x 10 3 ( t¥) p
— 7=
= =7=0.8

z=0.6 |

= z=04
—2z=0.2

::,.

=1

_5 L 1 L
0 0.05 0.1 0.15 0.2

r

Fig. 2. ConcentrationU(r, Z,t+ ) profile depending orz for
t; =50

Conc. on r,Max uv(end)=0.0180

u, (Ot), u(r,zts), uy(t),a,() and u,(ts) 0.02
depending onp Trre e
Do up(ritp) [ ug(0,8) | u(r, z,t5) | wpe(t) | apolt) | ww(ts) 0.015¢ **
0 | 0180 | 1025 | 0200 | 0711 | .0702 | .013 *
0.1 | .0179 | 1020 | .0199 | .0714 | .0700 | .013 — **
1.0 | 0172 | 1067 | .0191 | .0740 | .0683 | .012 3 ooty .
50 | 0144 | 1249 | 0160 | .0865 | .0603 | .010 .
10 | 0118 | 1474 | 0131 | .1022 | .0505 | .008
. .y . 027 . 0.005¢ *
1.0°| 0214 | 0863 | .0237 | .0598 | .0561 | .015
1.0, | 0012 | 2400 | .0013 | .1604 | .1405 | .0008 *
0 : : £
0 0.05 0.1 0.15 0.2

We can see, that with increasing the filtration
process is faster (see,(r,t;), Uy(t), ayl(t).
Uy (ts)), but the maximum of concentration is t; =50

increasing (see, (0,t),u,, (t)). In the present table by
p= 10" there are maximal values fgp =3y =2
(4 =-229,1, =-0033).
We can see that the filtration process is slow.
For p=10« and f=1y=1 (4 =-384,
Ay =—0119) the filtration process is faster.
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Averaging conc. U , a  depends on time confirmed the correctness of the best parameter

0.08 — calculation using a convergent iteration process.
007 - i The problem of the system of 3D PDEs with
006l w constant coefficients is approximated on the ihitia
A value problem of a system of ODEs of the first orde
_ 005~ The 1-D differential and discrete problems are aglv
S 0041 analytically.
= The maximal calculated dimensional value of
0.03/ liquid concentration in the final time was compared
0.02} with experimentally obtained concentration. It was
0.01l observed in the results of good agreement that is
acceptable practice.
% 10 20 30 40 50 Such a mathematical model allows us to obtain
t analytical solution with a simple engineering
Fig. 4. Averaging concentratiob,, (t;) and @, (t1) algorithm for mass transfer equations for modelling
depending oty the filtration process.
The mathematical model can be used under
o omarco 0158 i consideration filtration process modelling - to
o x 10 determine the impurity concentration in the solutid
18 filtration depending on the time.
16 More generally, it allows you to calculate the
1 saturation of the filtering material, depending the
0 time.
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IV.  CONCLUSIONS
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boundary value problem of the system of PDEs isl®
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based on the conservative averaging method (CAM),
where the new hyperbolic type splines are used.
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| nvestigations of Electric Power Quality in
Autonomous L ow Power Plant

Andrei Khitrov, Alexander Khitrov, Evgeny Vesekov, Vyacheslav Tikhonov
Pskov State University, Computer Science and Eteletswer Engineering Faculty. Address: Russian
Federation, Pskov, Lenin square, 2.

Abstract. Autonomous low power electric power plants working with variable speed energy sources or electric
subsystems of cogeneration plants of some type need to increase the low speed or the low voltage of the system. In this
paper the investigations and the results of the experiments conducted using different structures are given.

Keywords. autonomous power supply system, permanent magnet synchronous machine, DC/DC converter, starter-
generator set.

I. INTRODUCTION the first phase research. The simulation resultsgus
The problem of increasing autonomous energyMATLAB program were considered in [6].
sector efficiency is settled in such legislativaésaaf The second phase of research was devoted to the

the Russian Federation as Energy Strategy of Russidevelopment of the experimental stand for live
till both 2020 and 2030, government programs, etc.experiments. The issues of creating the experirhenta
[1, 2, 3, 4]. Agency for Strategic Initiatives model as well as the investigations of staring mofde
(Skolkovo) published a list of new professions in the rotary-vane EC engine (RVE) were considered in
2015. The following titles were introduced among [8].

them: «microgeneration systems developer», This article focuses on the continuation of the
«recuperation systems projector», «local energymentioned researches including the results of
systems specialist», «energy storage developer». experiments conducted on the test stand.

Autonomous low power plants and generating sets
will be high-demand in energy supply systems in Il. THESTRUCTURE
remote areas, in emergency situations in case of Autonomous low power plant based on RVE
power supply loss. It can be used as a system ofequires increasing the output shaft speed
backup for mobile power plants, for agriculture and (mechanical output of RVE) or increasing the output
housing and utilities infrastructure. generator voltage. With fluctuations of speed ikesa

At the present time the most common andsuch system similar to so-called variable-speed
universal decentralized autonomous power supplysystems.
systems (APSS) are diesel power stations (DPS) and The proposed structure, shown in fig. 1, is based
gas-fired generation plants (GFGP). It usuallythes  on using the 3-phase permanent magnet synchronous
power more than 50 kW and has a number ofmotor (PMSM); this decision is a prospective for
disadvantages which include the output power controsuch systems [9].
problems. The promising alternative is APSS  Besides PMSM the diagram comprises three
(cogeneration plants in particular) based on theelectric power converters: bidirectional activenfro
external combustion engine (EC engine). The specifi end converter 1 (AFE/IY, DC link 2 including
construction of the EC engine and the processes dbC/DC converter (power factor corrector) and
thermal-to-mechanical energy conversion impose anverter 3 (IN), and also corresponding control
number of issues for development of such powersystems (CS AFE, CS DC/DC and CS IN) 4, 5, 6 for
plant [5]. them.

The aspects of structure designing the starter- DC link control is made in accordance with both
generator set for autonomous cogeneration powefluctuations of the PMSM driving engine and
plant based on the EC engine having rotary-vandluctuations in the electric load by monitoring DC
construction (as well as the features and advastagdink voltage or current levels or the voltages or
of this type of engines) were considered in [6, 7]. currents of the electric load at the output.

Figure 1 shows the designed structure of the
starter-generator set which has become the reéult o
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Fig. 1. The diagram of the autonomous generatantpiith | L L
PMSM L
Re- o
. . -I@ — source —
To confirm the efficiency of the system proposed UF2 A
the experiments of monitoring the quality of 0 = = — — P |
autonomous plant generated power were conducted.
The system had to meet (or partly meet) the quality g | | o
indicators of current regulations. Monitoring the Qe oe fe. t
quality was conducted using power quality meter ..@ 1@ 4@ I A I
«Resource-UF2» and its proprietary software. var bc UF2 A
It is worth noting that there are no quality g -] - — — —° |

standards for the autonomous power plants in thesg 2 Experiment circuit diagrams
Russian Federation. So monitoring the quality was
performed with feeding the data standards from the . RESULTSAND DISCUSSION
general purpose power supply networks regulations The measurements of power quality were
of the Russian Federation (all-Union State Standarthroduced for three-phase four-wire circuit. The
32144-2013 [10]). S ~ following quality indicators were registered:

Fig. 2 shows the basic circuit diagrams of a series + Steady state voltage deviation.

of experiments monitoring the quality of electric « Voltage unbalance factor for negative phase

energy: sequence and zero phase sequence.
a — preliminary experiment monitoring the quality + Voltage nonsinusoidality ratio.

of energy feeding the test stand, just the indaistri + Single harmonic distortion.

network and the electric load;  Frequency deviation.
b — the industrial network works into the load via + Voltage dip duration.

the rectifier and the inverter; + Voltage surge duration.

¢ — the experiment with RVE work imitation and  Voltage dip depth.
USing PMSM and the transformer (T), the OUtpUt . Temporary V0|tage surge ratio.
generator voltage is boosted with the transformer; + Peak-to peak voltage fluctuations.
d — the experiment with RVE work imitation and « Power-line flicker.
using PMSM, the DC/DC converter and the structure The usual parameters such as V0|tages, currents,
proposed, the output generator voltage is booste¢hase angles, active and reactive power, active and
with the DC/DC. reactive energy were also registered.
Active and active-inductive load (including  The frequency deviation from the rated value of
asynchronous motor) were connected and switchego Hz for all of the above-mentioned circuits (F2y.
on and off during the experiment (load-on/load-off) didn't exceed the value of 0.2 Hz. Beyond that the
The output inverter in circuit diagrams b, ¢, d(F2)  frequency value can be adjusted accurately with
was the same. inverter in case of parameter drift. Positive and
negative rapid voltage changes didn't exceed the
indicator of 5% from the rated value during the
experiments (in the case of autonomous power plant
the indicator values are values from the standard f
low-voltage network). Fig. 3 shows the example of
time diagrams of the output 3-phase voltage of the
system for the structure Fig. 2, d. The y-axis is
voltage value (V), the x-axis is current experiment
time (hh:mm format, hereinafter the same designatio
for the x-axis). Voltage dip in Fig. 3 is causedibgd
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switching on and is not above the voltage deviation e o TR e R
limit.
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10,0
—UdB ——

usc

240,000

235,000

230,000

225,000

220,000 7~ i 20
‘:.. 215000 " M@-ﬂ;&:‘.ﬁj_\w/_
= 00

210,000 § 288838899 IeLegyzeees s

205,000 o .f fB‘?""’:”‘.ﬁ o ( : f o f.
Fig. 4. Voltage nonsinusoidality ratio time diags

200,000 corresponding to the experiments diagrams: a) ZEig, b) Fig. 2,
b, ¢) Fig.2,d

195,000

190,000 H i H i

oo 1393 1aa0 as aaes 1oz 10 The value of voltage nonsinusoidality ratio has

exceeded the permissible by the standard indicator

value during the experiments corresponding to the

The values of voltage unbalance factor for negativestrUCtures containing .the nverter at .th? out ph_e t

phase sequence and zero phase sequence didr?‘rUCtures b ¢ d n Fig. 2. The permlssn_)le Intbe

exceed indicator value of 2% during the experiments value fc_)r this ratio is 8%_du_r|ng 95% of time. Aet :
Fig. 4 shows the time diagrams of the voltagesame time the second indicator value (12% during

> s . . . 100% of time) wasn'’t exceeded.
nonsinusoidality ratio during the experiments

; . oo . The value of voltage nonsinusoidality ratio durin
conducted correspondmg; to different circuits (2. the experiment corresgponding to the diaygram Fig. 29
a ,

Kua Kue ki —Kus  —Kuwb (DC/DC + inverter) was lower (Fig. 4, c) than dgrin

10 the experiment corresponding to the diagram Fig. 2,
(network + inverter, Fig. 4, b corresponds to the
circuit Fig. 2, b). In this two experiments the waf
. low-speed motor with variable speed was simulated.
Fig. 4, a shows the value of voltage nonsinusdigali
ratio of the industrial network (4-6%) and
corresponds to the diagram Fig. 2, a.

Hence, it can be concluded that the use of DC/DC
converter in autonomous power supply system in
order increase the voltage doesn't increase such

Fig. 3. Voltage time diagram

20 quality indicator as voltage nonsinusoidality ratio
(moreover, some decrease was registered).
P s N S Notations for the Fig.4: ¥, Kus, Kuc — voltage
FEeoEsfooogepEEaeReerEs s nonsinusoidality ratio values in phases A, B, C,
o o ﬂmc s respectively, kg — upper limit, the value should not

be exceeded during 95% of timeydf — maximum
limit, the value should not be exceeded during 100%
120 of time.

When powered from the industrial network (Fig.
100 2, a) the value of any single harmonic component
didn't exceed the permissible indicator values. The
value of the 3-rd harmonic component was about 4%,
5-th — 3.5%, 7-th and 9-th — about 1%, and the rest
components were less than 0.5%.

40 When powered from the structure containing
= inverter (Fig. 2, b) the values of any even harrmoni
20 component, except 2-nd and 4-th, exceeded the
permissible single harmonic values. Also the
2938890 Ter I eRIN3EBIT IR appearance of higher harmonics should be stated: 1-
************ Bpea 7 2% from the 8-th and up to 40-th.
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When powered from the structure containing
DC/DC converter (Fig. 2, d) the output voltage hasl1]
the same distortions as that in experiment
corresponding to the diagram Fig. 2, b. Also a# th
even harmonic components appeared (at the samg]
time the appearance of even harmonics doesn't cause
a general increase in the voltage nonsinusoidality
ratio). Even harmonic components also appear durin
the experiment corresponding to the structure Ejg.
¢ (containing transformer). The appearance of everi4]
harmonics during the experiment corresponding to
the structures containing PMSM can be explained by
the peculiarities of DVU2M series synchronous [5]
motor application as a generator.

Voltage surges and voltage dips caused by
switching various loads on and off didn’t exceed th
permissible indicator value of 1 minute.

3]

(6]

IV. CONCLUSION

Output voltage distortions observed when the load
is powered from the structure containing DC/DC and|7]
inverter are similar to the distortions observedewh
there is no intermediate multiplier DC-link. It @ls
to conclude about the necessity of completing such
autonomous low-power plant with the inverter having
high quality output voltage and the capability te b
connected to DC-link (the output of the DC/DC
converter).

The experiments conducted on the test stand havg)
confirmed the efficiency of the low-power plant
(electric part of cogeneration plant) based on RVE.
The quality of electric power generated by the teiec
part of the plant meets all the indicator paransetér [9]
all-Union State Standard 32144-2013 except the
voltage nonsinusoidality ratio. [10]
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Non-linear Transformation of Signalsin
Softwar e Design of Digital Control Systems
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Vladimir Konevtsov, Lilia Motaylenko
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Abstract. Dependencies between signals and dependence of signals on time are strictly non-linear. Non-linear
elements, commonly used in the synthesis of automatic control systems, include: a two-point link, a two-point link with
hysteresis, a three-point link, a three-point link with hysteresis, a module, saturation with insensitivity.

Keywords: three-position controller, three-position controller with hysteresis, two-position controller, two-position
controller with hysteresis.

I. INTRODUCTION [I. POSITIONCONTROLLER

Currently, link-off, three-position with or without Let us consider the mathematical description and
hysteresis, saturation types of nonlinear links aresoftware implementation of typical nonlinearities.
widely used in the automatic control systems of Dependencies between signals and the
technological processes [1-3]. dependence of signals on time are strictly noraline

International standard IEC 61131-3 does notln general, a distinction is made between single-
contain a single integrated means for developingvalued and multi-valued non-linear dependences, as
complex systems of automatic control of well as between non-linear dependences with
technological processes with nonlinear links in thememory and without memory, analytically described
control device. Such a tool was created by SIEMENS.and piecewise linearly approximated.

However, it is intended exclusively for its speisitd To non-linear links, commonly used in the
working with the equipment of this firm [4]. synthesis of automatic control systems (ACS) refer
The software-hardware SDSDC complex providesnonlinearities [1-3] shown in a summary form in
the possibility of software implementation of Table. 1.

nonlinearities in the tasks of developing, modeling
and creating complex systems for automatic control
of technological processes with nonlinear links [5]

Table |
Non-Linear Links
Graphic symbol Dependence
link-off

Y

b——— v_ b by X>0

“l-a by X<O0

X

a

link-off v:/:ith hysteresis c atX> b

A -a atX<b

d Y =
c at X>-d
t X(k)-X(k-1)<0
o I ER TR

} at X(k)-X(k-1)>0
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Graphic symbol Dependence

Three-position unit
c c at Xxzb

d | Y= 0 at (X<b)&(X>-d)
_ TP
1La —a at X<-d

Three-position unit -a atXse
with hysteresis 0 ate< X<cpatX K- X k-13=>C
dj{ v d at X>c
te| v 1 ] d at x=2b
v 4 %ab ¢ 0 at f<X<blat X(K-X(k-1<0
-a at X<-f
Saturation (limit) _a at X<-d
T ¢ Y=4 c at X>b
L | kX at (X2-d)&(X<b)
b
a k=tg(a)
Insensitivity
v 0 at (X=-h)&(X<a)
b S “lkxat (x>a)v(Xx<-b)
a k=tg(x)
Vodule Y_{ kKX at X0
a -kX at X<0O
k=tg(a)
. o o —a at X<-f
Saturation with insensitivity
0d kX at (X=-f)&(X <-e)

f e Lo Y=1 0 at (X=-e)&(X<h)
| - kX at (X>b)&(X<c)
/ i d at X>c

@ k=tg(a)
A. A two-position controller correspondence of parameters a and b to the inverse
A variety of a two-position controller is a values of the logic signal:
relationship [6-9] late 0
u=
Ul at (w(kyAw) y(k) 0ate O @)
u(k)=4 U2 at (w(kxA wk y(k) (1) e—w-y
u(k=1) at (w(k)-a wie y(ke w(kraw) where u — the value of the manipulated variable;
where u(k) — the value of the manipulated variable; w — the value of the reference variable:
w (k) — the value of the reference variable; y - the value of the controlled variable;
_ e — control error.
y(k) — the value of the controlled variable; The block diagram and the program of a two-
Aw — dead zone: position controller are shown in Fig. 1 and 2.
U1, U2 — the value of the manipulated variable ~ Theblock diagram of a two-position controller
outside the dead zone; w(t)
: : +
u(k—1) — the value of the manipulated variable e(t)| u=1 ‘: u(t)
in the preceding control cycle. u=0
If we assumeAw =0 then the manipulated y(t -

variable can be displayed through a two-position
actuator. In this case, Ul and U2 are the inverse
values of the logic signal. A two-position unit of
general form is used as a two-position controller
(Table 1), ata «0», k= «1»; herez symbol indicates

Fig.1
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The program of a two-position controller 1 at e{ I§2A e/2
% DEZE I S ul:{o atd K< Ae/2
Y 1 atd R>-A e/2 4
P 2_{0 at § K<-Ae/2
2 e=w-y,
2 where U, U - the value of the manipulated
Y3B variable;

w — the value of the reference variable;
y — the value of the controlled variable;
e — control error;

Fig.2
B. A two-position controller with hysteresis
A two-point link with hysteresis of general form

is used as a two-position controller with hystesesi Ae — dead zone.
(Table 1), [9-14]: ah=«0»,cz=«1», d+ b=H The block diagram and the program of a three-
position controller are shown in Fig. 5 and 6.

1 ate(ky H/ at ek e(k 1 0 The block diagram of a three-position
0 ate( @< H/ controller
u= w(t) uy (1)
>— + _
1 ate{ @ H/2 at e(k)—e{ |(—J.< ( 3) e(t) u=1 LAY
0 atd K<— H/ b =U,=0
- Uy = 1 Ae | —»
e(k)=w(k)-y(k), y(t U, (t)
where u — the value of the manipulated variable; Fig.5
w — the value of the reference variable; The program of a three-position controller
y — the value of the controlled variable; W IMBBM1| o| 0 MBB2 | U; |
e — control error; Y L é
H — the value of hysteresis. 2 Ae
The block diagram and the program of a two- 2
position controller with hysteresis are shown ig.H ;
and 4. S
Theblock diagram of a two-position controller 2
with hysteresis YB
3
w(t) 4+
e(t) u=1 } 4u>(t) (1) MBB3 | U, |—»
u=0 L | e
(I L ¥
Fig.3 !
The program of a two-position controller with i
hysteresis 2
W | MBBM1|g(k-1) 0 |mBBM2| Yy || MBBM3| Y | YB
SO = :
ek-1 2 Fig.6
1 3 D. A three-position controller with hysteresis

A three-point link with hysteresis of general form
is used as a three-position controller with hystisre
(Table. 1),

azu,, =y | é|e b= Hlle| [pA
_{1 atd R>A e/2 }ate(@—c{ 1

u =
0 atg K< HAe/2
Figa _{O atd R>— HA e/

Us=
C. A three-position controller 271 at g R<-Ael2
A three-point link of general form is used as a
three-position controller (Table 1) [5, 15-21], e(k)=w(k)-y(K),

azu,, c= ul,|d+ b=A e (5)
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Abstract. Excess water content within the building reaal could greatly alter the interaction of the mriowave with
the material. In this study aerated concrete (AEROGQdk walls (60x60cm) were investigated for their nogvave (2.4
GHz) properties under wetting conditions. The sprastting of the wall was conducted to simulate thevieanmental
processes such as raining or water damage. 50miirater dosage was applied on the surface of the ceteeR1 times in 1
min intervals. The results show a noticeable desean microwave penetration power through the matéridter the
sample gets enriched with water. As the water conamthe surface of the material rises, so does trensmission loss.
During the different water content of the aeratedrrete, the reflection loss varied from -15.04 dBy(dvall) to -5.03 dB
(wet wall's surface). The transmission loss continuesrise during the entire length of the experimeritom -4.5 dB as a
dry sample to -8.3 dB after 441 ml (1035 ml/m2 digi@3 min) of sprayed water. The variation of refledt microwave
power was approximately ten times, which is quite gngicant indicator of alteration of microwave proggtion. The
results demonstrate wetting process as an considerdéctor in assessing microwave propagation in ng¢ae sources,
such as mobile phone base station antennas, indastnicrowave heaters and ovens etc.

Keywords: electromagnetic fields, microwaves, refiect transmission, aerated concrete, water, wetting.

[.INTRODUCTION transmission antenna, the microwave exposure levels

Microwaves attenuate inside the buildings andmay be significantly elevated and endanger the
building materials. Microwave permeability of the nearby people. In such examples, the risk assessmen
construction materials varies to a large degree. Ashould be always carried out under worst case
portion of the microwaves is also absorbed andscenario examples, including the reflective prapert
reflected by the materials. Microwave transparentof the materials surrounding the antenna.
materials include wood, drywall and other Water related changes within the material would
lightweight dielectric materials. Reflections withi not only affect the behavior of the electromagnetic
the construction materials or from neighboring fields. Such water related processes could occdr an
surfaces can also account for attenuation of thesubject building materials to physical reconditiami
microwaves as waves may cancel each other out.  likely altering the thermal isolative, structural

Excess water content within the building material strength and other properties of the materials. In
could greatly alter the interaction of the microwav extreme cases such water damage could even
with the material. Both reflective and absorptive endanger the physical integrity of the building.
properties of the materials could be emphasized, In planning shielding characteristics against
resulting in a new electromagnetic wave scenario inmicrowaves, specific construction materials are
the vicinity of the building material. Such caseaym accounted for their attenuation or transmissiopaff
become relevant where high power mobile Nowadays, a variety of building materials existhwit
communications or broadcasting antennas are locateeither high transmission or reflection characterst
While assessing the safety of workers and othemDependent on the chemical composition and the
people nearby these antennas, the risk assesssnentstructure of the material, this may greatly affdet
likely to be carried out under conditions without microwave propagation. In the literature, almost no
water interaction with the material. In unforeseenattention is paid on the change in the microwave
cases, where water would affect the reflectioncharacteristics of the materials under various heyat
properties of the walls surrounding the high powerconditions. Cold and rain or the combination of two
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could significantly affect the microwave transmigsi  microwave spectrum utilized for the that purposd. 2
and reflection properties of construction materitis GHz is also the frequency of the microwave oven,
this study the focus is on aerated concrete blecks since it has good absorption characteristics withen

popular contemporary building material. water content in the food.
In observing microwave propagation and o
interaction with materials, three types of behacian g R

be observed: transmission, reflection and absaorptio |
Microwave transparent materials have low dielectric
loss and microwaves pass through it with littlenor
attenuation. Microwaves reflect back from opaque
materials and no transmission occurs. In case o
absorbing materials, high dielectric loss causes _
absorption within the material, and the level of f
absorption is dependent on the dielectric lossofact |
Absorption is in relation with transmission and }
reflection, where both are reduced and the micrewav
energy is absorbed within the material and turméal i
heat [1-4].
The conductive surfaces cause the reflectionff
where the microwave is reflected from the surface/{
and/or from the inside layers of the material. The|
capacitive and conductive components of the
dielectric response of the material is determingd b

the dielectric constant and the dielectric lossdiac ZESE S he g
Fig. 1. One of the three aerated concrete samalls wonstructed

2].
Determining concrete moisture content (w/c ratio) ©f three blocks.

by means of radar has been undertaken by Shartai et

al., where testing showed that an increase in the 1hree sample walls of the same type of aerated

degree of water saturation lead to significant dase ~ concrete blocks were investigated. The sample
in the amplitude of direct and reflected wave, surface size was 60x60 cm. Single blocks were of

determined by a good correlation. Sbartai et al.Sizé 60x30x20 cm. For each sample wall, three Islock
concluded it to be directly related to the increage Were piled on top of each other, without the use of

complex permittivity related to the polarizationdan Plending material (figure 1). Careful attention was

conduction mechanisms occurring in the concrete [5] Paid S0 to avoid any cracks or gaps within the samp
Also Laurens et al. reported the concrete relativeVall, from where the microwaves could leak through.

humidity to greatly affect the direct wave signal  |he moisture content of sample aerated concrete

amplitude of the radar measurements. The frequencP!0Cks was measured by electrical impedance

of the radar they used was of 1.5 GHz, complementednethod. The blocks were determined to be dry. The
by moisture sensors [6]. blocks had been indoors for 2 months with the

. . . . o
Dielectric constant of concrete varies in between 52verage room temperature of 20°C and average

to 12, depending mainly on the moisture content and€lative humidity (RH) 35%. .
signal frequency [7]. The variation of water volume  1he wetting of the wall was conducted to simulate
in the concrete pores results in great change én ththe environmental processes such as raining orwate

complex permittivity and therefore in the attenoati damage (figures 2, 3). Wetting was conducted by a
of the propagation velocity of microwaves from rada hand spray. The wall was subjected to repetitive
[8]. The loss factor is greatly dependent on theSPraying treatments, each of which delivered 2bfml

concrete moisture state (0-2 for dry concrete; @4-1 F00M temperature tap water evenly on the 0.6x0.6m

for saturated concrete) [9-11]. surface of the sample wall i.e. 50ml/m2. There was
total of 21 spraying treatments, with the accuniugat
Il. METHOD dosage of sprayed water 441ml. The spraying

In this study aerated concrete (AEROC) block tréatments were separated by 1 minute period, glurin
walls were investigated for their microwave which the water was allowed to be absorbed into the
properties under wetting conditions. The selectedmaterial. By such dosing, there was no dripping of

microwave frequency was 2.4 GHz, which is a widely the water and the only water lost from the sampie w
used frequency for mobile communications anddué to normal drying in the room temperature (21

networking, but also for home microwave cooking or degrees Celsius, RH 36 %). By the end of the last
industrial microwave heating. Considering the SPraying treatment, the top layers of the blockewer

frequencies of the civilian mobile communications, @bsorbed —with ~ water. The measurements of
2.4 GHz lies approximately at the center of the transmission and reflection properties were doter af
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each spraying treatment, i.e. 21 times, plus araini amplitude decreases in inverse proportion to dégtan
dry sample measurement. from the aperture of the horn [22].

The distance of the near field zone (I) in case of
rectangular horn opening is to be determined by the
formula by Botsco [23] (Formula 1), where A is the
dimension of the largest side of the rectangle &and
the wavelength. The wavelength of 2.4 GHz
electromagnetic field is 0.125 m.

A2

| =
24

1)

A 2.4 GHz signal generator was used with an
output power of 20 dBm. The microwave reflecting
back from the material and transmitting through the
material was measured by a spectrum analyzer
Aaronia Spectran HF6080 (Euscheid, Germany),
which was controlled and monitored by a PC. In
order to register a reflection/transmission incigen
ten sequential measurements were monitored, of
which the highest reading was automatically
recorded.

Fig. 2. Aerated concrete sample blocks: above afrg below .
surface wetted 441 ml during 23 min. Wetted Material

top layer  under testing

Incident ;
e Transmitted
.1“ AT wave
>
------ >
Reflected
wave
| Spectrum
| analyzer
AR g o qoigual
¢ | . ‘ 5 "| generator
2y 4 T X Fig. 4. Measurement setup included irradiator @nenna Tx and

\ AT 3 two receiving horn antennas: Rx1 for reflected wawe Rx2 for
| o ) transmitted wave measurement.

AT N 5] Prior and after measuring samples a calibration
Fig. 3. Intersection view of aerated concretewsttample block procedure was done including measuring full and
after dosage of 441 ml sprayed water during 23 mihe . L -
penetration of water into the deeper surface aeassible up to zero r_eflectlon/transm_lssmn m'CrO\_Nave levels. Fl_"”
~4 cm. reflection was determined by placing a sample size
aluminum plate to the sample and measuring full
The measurement setup consisted of standard gaireflection by antenna Rx1, whereas full transmissio
horn antennas as presented in figure 4. The aamsennwas determined by leaving the sample tray empty and
were positioned in a manner to place the sample taneasuring the fully transmitted wave at antenna. Rx2
the far field region (10 wavelengths) while the Reflection lossRL) and transmission los3l() were
microwave was hitting the material. calculated to each tested sample as a logarithati r
From the transmitting horn antenna, the of powers in decibels (dB), as a ratio of the
microwave propagates from the horn antenna in dransmitted (p} or reflected (P wave to the full
parallel beam, which is called the near-field asoal transmission or full reflection (P The measurements
Fresnel zone. Field divergence takes place in the s were registered in unit of measure powers decibel
called far-field or Fraunhofer zone and the wavemilliwatts (dBm). Ratio in decibels (dB) is a
intensity decreasing by the inverse square lawe- th representation of gain or loss of the material unde
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testing (MUT). Subtracting two powers (dBm) is reflection loss remains at the same level of
resulting in their ratio (dB); reflection loss (RIi) approximately -5 dB. Contrarily, the transmission
formula 2 and transmission loss (TL) in formula 3.  loss continues to rise during the entire lengthhef
experiment, ending at -8.3 dB after 441 ml (1035
RL(dB) = 10 logy, (%) dB = P,|dBm — P;|dBm (2) ml/m2 during 23 min) of sprayed water.
i During the different water content of the aerated
P, concrete, the reflection loss varied from -15.04 dB
TL(dB) = 10-logs (F) dB = PildBm — Pi{dBm (3)  (gry wall) to -5.03 dB (wet wall's surface after 23
min of experiment) which is a variation of 10.01.dB
The testing was carried out in a laboratory The results from three samples showed little
conditions under the controlled microwave levdis. variability, indicating a good repeatability of thest.
order to have high reliability of the test resulls¢ = The average Delta for the reflection was 0.6 dB and
reflections were minimized by using specialized transmission 0.4 dB across the corresponding water
forms/materials in the immediate surroundings. amount.

lll. RESULTS IV. CONCLUSIONSAND DISCUSSION

The results averaged across the samples, show a Although the total reflection (reflection loss of O
noticeable decrease in microwave penetration powetB) was not achieved, the variation of reflected
through the material after the sample gets enrichedgnicrowave power was approximately ten times,
with water. As the water content on the surfacéhef  which is quite a significant indicator of alteratiof
material rises, so does the transmission loss.n@n t microwave propagation.
other hand, with the rise of the water content, the The results demonstrate wetting process as a
reflective properties of the material increase asconsiderable factor in assessing microwave
expressed in the decrease of the reflection loss. propagation in near the sources, such as mobilegoho

The extremities of the transmission and reflectionbase station antennas, industrial microwave heaters
loss were determined by 1) removing the sample anénd ovens etc. The safety of the people includieg t
2) replacing the sample with a fully reflective workers near such installation and devices shoald b
Aluminum sheet. The maximum transmission lossassessed also accounting for the nearby building
was registered -31.8 dB and the maximum reflectionmaterials and their potential being wetted as riés/
loss -32.1 dB. significantly raise the exposure level and put peop

The transmission loss and reflection loss at risk or inhibit the work of electrical apparagss
dependency on the amount of accumulated sprayed The results have also pointed out the perspective
water is shown on graph 5. usage of electromagnetic radiation in assessment of
surface water, absorbed into the pours of the edecr
16 - S B B e e S Both registering transmitted and reflected sigred h
\ === Reflection loss (dB) shown a functional dependence on the amount of
14 4 \ === Transmission loss (dB) water absorbed by the concrete sample. Further
studies should investigate the attenuation factor
\ dependency on the temperature and humidity
conditions in the respective environment, sinca in
N . warm and dry environment the natural water
1 N T | evaporation from the concrete surface would besfast
- and hence the absorbance of water lower.

S
/
/

\/
|
\

Loss of power (dB)
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Abstract. such processes in electric machines having diding contacts as sparking and overheating can be the reason
of the deep electroerosive wear. Searching effective ways to reduce sparking has an obvious practical significance since it
extends the service life of the diding contact in particular and service life of the electro-mechanic unitsin whole.

This article contains information about physical processes in the electrical diding contact. The method of spark
suppression related to LC filters introduced to the electromagnetic brush circuits is considered, the device for spark
reducing is suggested. The calculations of the impact of the device for spark reducing on sparking and thermal processes
in the contact pairs are described.

Keywords: electrical machines, turbogenerator, thermal processes, sparking, brush contacts.

I. INTRODUCTION commutator motor). Furthermore at the Electric Briv
Electric sliding contact (SC) is widely used in and Automation Systems Department of Pskov State
electric machines and apparatus for such purpose ddniversity the modification of the construction 8€
current transfer (both direct and alternating) frira  unit was proposed. The modification includes adding
fixed contact points to the parts in motion. the inductive and capacitive elements to the
When sliding contacts are applied in electric electromagnetic circuit of the SC. The device for
machines, such processes as sparking and oveidpeatispark reducing (DSR) in the sliding electric cohtac
the contacts can be the reason of deep electreerosi unit was patented [4].
wear. These processes can be caused by several
factors. The main factors are the mechanic SC II. MATERIALS AND METHODS
contacting instability and the processes occuriing Investigations of electric contacts thermal design
the electromagnetic circuits of the SC, which causewere began by R. Holm and continued by a number
high-frequency overcurrents and overvoltages. of researches [5]-[8], these investigations condide
Searching effective ways to reduce sparking hagarticular cases of the SC thermal conductivity
an obvious practical significance since it extetiis  boundary value problems. In the 70-s — 90-s a numbe
service life of the SC in particular and servide bf of scientific researches were devoted to in-depth
the electro-mechanic units in whole. One of theinvestigations of the physical dependences of the
effective methods  of  spark  suppression electro-frictional interaction [8]-[11]. In these
(electromagnetic  interference, thermal stressinvestigations the attempts of mathematical
reducing) in the SC is the method related to theformulation of the nonstationary dynamic modes of
development of LC filters introduced to the the electro-frictional interaction is given for tliiest
electromagnetic brush circuits. For example in thetime.
works of I.V. Plokhov [1] the capacitance was The modern explanation of the physical processes
connected between one isolated brush on the slip ri in the sliding electric contact is summarized te th
and the group of working brushes. The device wadollowing. In the contact of two rough bodies tio¢al
developed for reducing sparking in sliding electric interface (sliding surface) is split into a numbmdr
contact units having slip rings and for applying in spots §-spots). Therefore when the flow of energy
turbo generators. passes through this surface it has to overcome an
In the works of F.Veselka [2], [3] it was suggested additional resistance caused by the violation @& th
to use supplementary capacitance and inductanciow lines homogeneousness — it is called consbrict
couplings for the spark suppression by applyingresistance. This resistance is summed with the
electrically conductive film coatings to the sudac resistance of oxide films in general case. In aoialit
of each brush and brush holder (for the DCto this resistances there are some films consisted
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wear products on the contact surfaces, and this weaof the contact deteriorate and the brush wear besom
products do not react chemically with the contactaccelerated.
material. In the work of V.N. Zaboin [6] the solution of the

In the area of direct surface-to-surface mechanicaproblem of the steady-state thermal balance was
contact (transition layer) commutating occurs ighhi  proposed with a set of assumptions. Based on the
temperature thermal spikes caused by the flow @f th Kohlrausch-Holm equations for determining the
electric current through the conductivespots (areas maximum temperature value in the homogeneous
of constriction of the electric current and of teat  linear conductor or fixed electric contact and the
flow). Bad commutating can occur in an electric,arc Jaeger equation for calculating the maximum
and then the areas of conductivity can be melted, itemperature value on the surface of the heat source
the action is prolonged, it causes the significantmoving along the semi-infinite surface [6], [7],eth
increase in the overall transition layer and brushexpression for calculating the maximum temperature
temperature. Thus it can be seen that there is morimside the element having a lower thermal
significant heat release in the contact area in theconductivity in any contact pair was obtained. Hgvi
sparking brush in comparison with the brush withoutused the calculation formula [6], one can obtaia th
sparking (Fig. 1). table of temperature and losses distributions fier t
elements of different contact pairs. The valueshef
maximum temperatures in the contacts of the
different brushes are given in the Table 1.

Table 1.
Tvoe of DI 2AD DI 2AD MI'CO MI'CO
grpush (EG2AF) | (EG2AF) (MGSO) | (MGSO)
(electro- (electro- (copper- (copper-
graphite) | graphite) | graphite) | graphite)
Slip ring Steel Copper Steel Coppel
Qman °C 513 122 300 72

As can be seen from the table, for example, the
maximum temperature in the SC in the contact pfair o
the brushes 0BI'2A® type and the steel slip rings
can reach 500 °C, which is close to the temperatfire
the recrystallization of the contact pairs.

According to the Table 1, it is possible to
determine approximately the temperature ranges in
the contact area during the experiments.

[ll. RESULTSAND DISCUSSION
A number of experiments at the Electric Drive
and Automation Systems Department of Pskov State
University  were conducted. The investigations
included the calculate of impact the device forrkpa
reducing (DSR) on sparking and thermal processes i
the contact pairs.
BE |2 The experimental setup of turbogenerator
a commutator having the contact pair: electro-graphit
Fig.1. Thermograms during the experiment: a) farking brush brushes oBI'2A® type — Sllp rlngs_ ma_de of Stam!ess
b) brush without sparking during the process. Thgrams testify ~ Steel was used for the investigations mentioned
to a higher heating the contact area of the brustking with the above. The device (Fig. 2) is basically the electri
increased sparking capacitance 5 introduced between the electrically
) , connected in parallel brush groups 1 of one slig ri
Due to the process of electric current passing they the sliding contact unit 3. Along with that, thiest
constriction resistance, the Joule heat is released . ,qh group is connected with the power bus 4 and
addition to this heat there is a thermal power €dus o second brush group 2 is disconnected from the
by the friction between the bush and the slip ring.noer bus. Moreover the electrical capacitance
Arcing has a significant impact on the heating consists of two groups of the capacitors conneirted
processes in the contact area. arallel, polar 7 and non-polar 6; the non-polaugr
In cases when the temperature of the contachy the capacitors is connected directly to theuttrc
surface exceeds the softening point of the brushyg the second capacitor group is connected via the
material, the mechanical and electrical charadiesis ;4 ctance 8. The diode 9 is connected between the
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terminals of the polar capacitors group, and itsden

the area of the direct contact would be close # th

should be connected to the positive terminal of thevalues in table. However it should be taken into

polar capacitors.

Fig.2. The device for spark reducing in the slidielgctric
contact unit [4].

account that temperature of the short-term thermal
spikes occurring in the transition layer can beesalv
times higher than the average temperatures of the
working contact pair. It causes melting and
evaporating the brush material but there is no ghou
time (because of the very short duration of theglsin
high-temperature spike) for heat transfer to theshbr
body. It is also necessary to take into considemnati
that the proportion of the heat losses removed from
the lateral brush surface is about a half of thalto
losses in the contact [6].

In any case it can be concluded that if the
temperature gradients in the brushes are equal, the
contact surface of the brush having the worst
commutation reaches the steady state temperature
value, which is lower when the device for spark
reducing is connected.

In parallel with the experiments of temperature
dependences registering, the experiments of
registering the voltages between the working grofup
brushes and the isolated brush for each temperature
point were conducted (Fig. 4).

u,Vv
i

03

— 04

— 1.3

Fig. 3 shows the curves of brushes heating .|

obtained from the experiments while working at the
sparking mode with or without using the DSR. The
visual observation showed that applying the DSR —39

=

b R 1
321

allows to reduce sparking from 2 to 1 % points. — 46
—i513
— 0
120 — ;
Y — I |
100 — 0
e — U
E‘- 80 / _3 —gA
3 e e ——
£ s0 — =4 — 11
2 —
£ 40 - — 18
&
20 —%3
0 —32
0 2 4 6 8 10 12 14 16 — 339
Time, min. — 46
Fig.3. Anode brush and sparking cathode brush teatyre
dependence on time with or without applying the DSR cathode —33

brush, the DSR is turned off; 2 — cathode brush,OBR is turned

t, ms

37

—5
on; 3 — anode brush, the DSR is not connectedadode brush,
the DSR is connected.

Fig 49 Dependence of catﬁcfaé brush voltage on nmeé-ﬁ
minute) with or without applying the DSR: the DSRturned on

As can be seen from the graph, the sparking brusktop graph), the DSR is turned off (bottom graph)
heats up much slower and reaches the lower steady

state temperature when the device is turned orthé\s

Analyzing the obtained dependencies it can be

dependences were obtained at some distance from tie@ncluded that the magnitude of the transitionagst
contact surface (at the slight distance value), thedrop and the number of voltage spikes decrease due

values of the temperatures after recalculatingit f
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to the effect of the DSR on the thermal V.ACKNOWLEDGMENTS

electromagnetic process. This study was carried out within the one-year
Basically, the main interest is in obtaining high phase of the research waxk 173 of the basic part of

quality dependence of the brush heating process nedhe Ministry of Education and Science of the Russia

and

the transition layer for the brush working in the Federation state ta®¥%2014/700.

sliding electric contact unit of the turbogenerator
(when the current comparable to the rated turbo
generator current passes through the brush). Thél
temperature dependence clearly shows the significan
effect of the connected device for spark reducing o
the contact pair temperature state and on thgz]
electromagnetic processes in the brush circuit
consequently.

It is worth emphasizing that the small
modification in the construction of the commutator [3]
electromagnetic circuit results in reducing brush
sparking, decreasing the temperature of the spgrkin

S 4
brush contact surface and, consequently, in inacrgas Y
the service life of the brushes and the serviaee dif
the electric machine commutator in general. 5

IV. CONCLUSION [
The positive effect of the device for spark
reducing in the sliding electric contact unit ore th

thermal and electromagnetic processes in th%
) . . 7]

commutator is confirmed by the experimental

investigations. Connecting the device results in[g]

reducing brush sparking and decreasing
temperature of the sliding contact.

Such modification of brush contacts as adding the
devices for spark reducing to the each slidingacint [10]
allows to:
reduce the overall level of the electromagnetic
oscillations,
reduce the intensity of the sparking process in[12]
the sliding contact and the rate of its
mechanical wear the as a consequence,
extend the overall service life of the electric 13
machine commutator.

the
[

(11]

(14]
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Capacitance Reduction Using Ripple
Suppression Control of Single Phase Energy
Stored Quasi-Z-source inverter

KasparsKroicst?, Janis Zakis?, Oleksander Husev??
Institute of Physical EnergetitsRiga Technical UniversityChernihiv National University of Technology

Abstract. The energy stored Quasi-Z-source Inverter (gZSI) allows integrate energy storage in addition to the other
energy source mainly for output power smoothening. Single phase inverter suffers from double-frequency power ripplein
the input side and also in the energy storage that is transferred there from the ac-side. In qZSI must be used large
eectrolytic dc capacitors in the impedance network to suppress this 100 Hz ripple. Also to suppress this ripple can be
applied two types of power decoupling: passive power decoupling and active power decoupling. In this paper is analyzed
passive power decoupling that is realized by means of the modified control strategy that produces the time-varying shoot-
though duty cycle to mitigate power ripple without deteriorating of the output power quality. The validity of proposed
control strategy was confirmed by simulation results that were obtained in PSIM software.

Keywords: passive decoupling, single-phase inverter, PR controller, double-frequency ripple, energy stored quasi-Z
source.

I. INTRODUCTION of ZSl is wide-range input voltage regulation
The cost of electricity produced by renewable possibility along with enhanced reliability.

energy sources and probabilistic nature of the The benefits of the gqZSl can be extended with
generation are major concerns that limits its widerintegration of energy storage into the converter
usage. Storage technologies have big potential fostructure  without additional passive and
smoothing out the electricity supply from these semiconductor elements. Scientific papers abost thi
sources and ensuring that the supply of generatiomopology are summarized in [8]. Mainly in the
matches the demand. Typical solution for energyliterature is analyzed three phase gZSl. In single
storage integration in renewable energy systeno is t phase application the bulky capacitors and indsctor
use additional dc-dc or even dc-ac converter thatare needed to limit 100 Hz pulsations [9], [10]
increases costs [1], [2]. More and more popular argherefore it makes the application of this topolagy
becoming multiport dc-dc converters that can beluse practical applications unattractive.
for integration of energy source and battery or In the literature are proposed a few strategies to
different types of storages into the grid. Usually, reduce the double frequency ripple [11], [12]. Rass
multiport converter is used in combination with decoupling is analyzed in [13], [14]. There is no
traditional dc-ac converter. Further possible réidac ~ paper that analysis application of this methodth&
of size, costs and losses can be obtained tith  energy stored qZSI. As the energy storage is
development of novel multiport dc-ac single stag connected in parallel to the one of the capacitioes
converters having less semiconductor switches andipple reduction influences input power ripple
passive elements [3]. Such type of the convertar catherefore there must be find some compromise. This
be designed with reduced number of components angaper is dedicated to investigate the passive power
smaller size. One of the possible topology thatvedl  decoupling in energy stored gZSl. In this paper
integration is quasi-Z-source inverter with intdgch  approach based on proportional resonant controller
storage in parallel to one of the Z-source capadito  will be analyzed.
[4], [5], [6], [7] is compared qZSI topologies thet
traditional voltage source inverter with additional II. ENERGYSTOREDQZSI
boost converter. The results show that the power Fig. 1. shows schematics of qZSI with integrated
losses of the semiconductors of the Z-source iavert battery The battery is connected in parallel to the
are higher but the volume of passive elements inupper capacitor of the quasi-Z-source inverteis it
some applications and modes can be reduced. Alspossible to control output power, and state of gbar
the number of switches is less that makes practica(SOC) of the battery at the same time by contrgllin
design of the converter easier. Additional advagsag
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the shoot-through (ST) duty ratio and modulation 1-D
index [15]. VCl:—l—ZD Vin. (1)
Rear ﬁ@ D
Cny| e VC2 ZWVIN . (2)
Li D U Lz i N
| P G Lt eer 1
oo, T'@Tﬂ@ PR Ven maXZWV IN- (3)
Viv 1JL IGrID B
“T o E\) . If the battery is connected in parallel to the
2] ”@5 @’?f lig*" capacitor G and considering that dr is
approximately equal to the & the following
Fig. 1. Quasi-Z source inverter with integrateddrat expression can be derived:
Ven =2Vgar +Vin - (4)

If the battery is connected in parallel to the uppe )
capacitor G then low voltage battery can be used. The _outpu_t power of the inverter can be controlled
The converter is controlled by means of full bridge PY Manipulating of output voltage, as the outputkpe
inverter transistors and only one additional diale Phase voltage of the inverter is:
transistor is needed to provide operation of the Ve Ry M (5)
converter. Two inductors and capacitors form qiasi finemax = ¥ PNmax—5 -
source network and by means of shoot through statevhere M is a modulation index.

duty cycle (D) output voltage can be controlled. Also for the connection of the battery in parallel
Roar LB@T to G exists battery discharge power limitations [18]
— that also must be taken into account. The calauati
CZ}I — i of the parameters of passive components of thei quas
Lf %« - Z-source inverter without energy storage is analyze
R i in many papers for example in [19]-[22]. The
iR Ve difference from traditional qZSI in parameter
“T w calculation is that voltage ripple on the capasitor
must be lower to limit battery power pulsations it
° 2) means that passive component values must be higher
that in traditional qZSI.
Ror T In the single phase system, the power injected in
BAT Viar .
= the ac grid can be expressed as follows:
G =4 Vool V ok :
L Lz Lo p =M@ max__ M M&cos(2 t.(6)
oy ilA 2 2
2 v The second term in the equation above causes
Ve e ripples at the dc side. Therefore, the input poaiso
oscillates with the ac power at 120Hz. Such
T oscillating currents and voltages will reduce the
° b) ' photovoltaic array or generator lifetime and will
Fig. 2. Equivalent circuits of the converter: (ajuring non shoot-  Cause degradation of capacitor and increase swgchi
through state; (b) - during shoot-through state stresses. The ripple can be removed in case ifybulk

electrolytic capacitors are used but this will fesin
Operation modes of the converter also are showrtdecrease in power density of the converter.

in Fig. 2. From the equivalent circuit can be dediv
expressions that describes voltages and currents in [l. CONTROLSYSTEM
particular state. The relation between variabletghef The basic principle of the capacitance reduction
converter can be described mathematically by sglvin method can be explained by fact that energy is
equations that describes both states of the cavert distributed between capacitofs and C; according to
and taking into account that average voltage of arthe voltage variation:
inductor over one switching period is zero and also C1(V<2:1 _y?2 )
average current of a capacitor over one switching AE; = —mex _ Clm

=G+ Ve AVey, (7)

period is zero. Expressions are relatively simpld a 5 2 )
was solved analytically. Must be taking into acdoun Co (V&2 max—Ve2_ mi
that in equations is not taking into account paiasi 2= 2 =G Ve2rAVea (8)

resistances of all elements, the deeper analysis i§here AE is the ripple energy that is stored in the

provided in [16] and [17]. The final equations for capacitor and Wmax and \emnare the maximum and

steady-state conditions are as follows: minimum voltages across the capacitor. According to
(7) and (8) there are two ways to increade in
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traditional gZSI. One is to increase the capacigamc implement therefore hybrid SOGI and Park based
use unsymmetrical passive components [23] and th&LL is used.
other way is to increase the voltage fluctuatioross For the inverter control is used sinusoidal PWM
the capacitors [24], [14] by implementing advancedwith added ST states via logic "OR" element [14].
control system or by using active filter [25]. Inet  Signal from the PR controller is compared with
energy stored qZSl the voltage ripple of uppertriangular modulation signal and traditional
capacitor G causes battery current ripple that sinusoidal PWM is formed. The Pl controller
shortens lifetime of the battery. Instead of insieg  regulates shoot through duty cycle D to maintain
the capacitance, the control system can be uséd thaesired input or battery power. Duty cycle D is edid
will increase the voltage fluctuation across thpuin  to the sinusoidal PWM and shoot through states is
to remove double-frequency ripple from the formed in which all of the transistors of the ineer
capacitors. By using this method it is not possfble  are in on state
reduction of voltage ripple but partly the value of
capacitance can be reduced improving power density IV. SIMULATION RESULTS
of the converter. The results of the simulation study are ghow
The control structure used in simulations of in this section. The main goal of simulatien to
energy stored gZSl is shown in Fig. 3. As there areshown pulse reduction possibility by using addiibn
three power flows: from PV panel or other energyresonant controller as can be seen in Fig. 3. The
source, from or to battery and from or to ac ghent PSIM  model was used for simulation. The
by controlling two of them the third one of them is calculation of passive components of qZSI have
determined [26]. In particular case battery power o been  studied in [23]-[26]. In the simulation
input power is controlled by shoot trough duty eycl examples various values of passive components is
D which is controlled by PI algorithm and inverter used to show it influence to the current ripple.
output power is controlled by modulation index M. Switching frequency of the converter is 50 kHz,
La ieer Rear=0,5 Q, parasitic resistance of the inductors are

L - equal to 0,1Q.
& qZSlI M‘T’;Wz‘sm a Ibat lin

Vpar ipar [ !
Ving wii R
State of charge T T T T
of battery ‘ MPPT ‘

i PWM with
Prvres shoot through

M Proportional
resonant controller

Varidrms
i NA Poriorer GRIDrefmax
T
Resonant controller
it [Low frequency filter e 400
25Hz - 300

; 200
ipar 100

Fig. 3. General control structure of energy stajgg|

Phase

E
ont locked loop Igrid Vout/200

manegement block

Pl controller| inref
Peripref

VDCbus

To speed up response and improve stability the i

feedforward control is used, the average duty cyclest
can be calculated by equation expressed frorrF_ 4 Wavef °-°8f 0-(11 . T'_'"Elslh 042 §

; ; _ i« Fig. 4. Waveforms of energy stored g in chargeden
previous  equations (1) (5). If the pattery 'S | =L,=1000 HH, G=C,=4000 pF, =200 V, Vear=50 V without
connected in parallel to the upper capacitor C2 the, o
equation for average duty cycle can be calculated a

follows:

t ripple compensation

\%
_ "BAT ' (9)
Vin +2Vgat

The inverter side of the converter is controlled by
using proportional resonant controller that corsrol
modulation index M. The accurate extraction of the
grid voltage phase angle and frequency is very
important to ensure stable operation of grid-
connected power converter. Comparison of PLL is
done in [27]-[29] and as most promising are carried
out Second-Order Generalized Integrator (SOGI)
PLL and Park, the Park PLL is more difficult to

D STaverage™
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by means of the resonant control of battery current
ripple. The ripple suppression have limitationsbgs
reducing battery power ripples the input power
ripples becomes higher. This method does not need
any additional costs only algorithm by means of
digital control must be implemented therefore even
minor current ripple reduction gives benefit. Aetiv
power decoupling method for ripple reduction must
be analyzed as alternative, it is obvious disachget
that additional passive and active elements will be
needed.

10

-10

Igrid Vout/i200

oy} vec2

400
300
200
100
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Fig. 6 shows simulation results in case if resonantg,
current ripple suppression controller is used. as c
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V. CONCLUSIONS
In the energy stored qZSl the size of the
capacitors can be reduced by using 100 Hz ripple
suppression control method. The control is realized
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Study of Auxiliary Gas Pressure on Laser
Cutting Technology
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Abstract. Two types of electrical sheet steel M250-35A and M530-50A were used to cut by melting with a TruLaser
1030 technological system. It was observed that pressure of auxiliary gas had a major effect on kerf width b and cut angle
deviation a. Nitrogen as an assisted gas has been taken. The basic parameters as laser power, cutting speed, focus position
were constantly supported and the pressure was changed from 4 bar to 20 bar by step 2 bar. Aswell as the experimental
results of gas pressure on entrance and exit kerf widths, have been analyzed and discussed in this study.

Keywords: laser cutting by melting, electrical stedl, auxiliary gas pressure, kerf width.

I. INTRODUCTION
Automobile industry is constantly developing.

The automotive market can be divided into two main
parts, automobile manufacturers and the so-callec
independent segment, primarily charged with crgatin
modules, replacement parts, and accessories irtende %
both for installation in new vehicles and for
aftermarket sales. As a result, the manufacturérs OFig. 1. Rotor and stator lamellae and packages [3]
replacement parts and vehicles (occupying top

positions in terms of total value of productionpesnt Criteria defined quality of the process are [4]:
volume, investments, and employment), look for new - deviation from the required profile and
technology to made them rapidly, flexible, easihgda dimensional tolerances;

with higher quality [1]. For example, American — perpendicularity and angularity deviations of
manufacturer of Tesla Motors reported that he has t cuts (DIN EN ISO 9013:2003-7);

best quarterly results in his history and in thestfi — widening of kerf;

quarter of 2015, 10 030 cars have been made. Over _ kerf roughness;

the same quarter of the last year this represemts a _ |5ck of slag.

increase of 55 % [2]. Development of electrical  They are dependent on some factors. The main of
vehicles production in this trend will increasingly them are: material properties; characteristics of a
motor. _ gas, focus position, etc. (figure 3) [5, 6].

~ Over the past decade laser cutting has become T realize a qualitative laser cutting technoloica
into state-of-the-art automotive technology. Ase&n  process it has to choose a suitable laser sousce, a
technology about rapidly designing, developing andye| as the auxiliary gas, gas nozzle and gas press
testing of new constructions motors, is appearserla 77

technology. It offers a higher quality and flexityl For cutting of thin metal sheets in the industry
when solving new constructive ideas. Laser cuting nave been mostly used disc Nd:YAG and Yh:YAG
an energetically and economically advantageougasers, providing power densities from’ M/cn? to

solution when cutting electrical steels for roteda 108 wycn?, sufficient to implement laser cutting
stator packages (figure 1) to electric cars. process through melting.

In practice there are three methods of laser
cutting: oxygen, through melting, sublimation (figu
2). They are happening at different temperaturss, a
well as they differed with their technological
parameters and characteristics (figure 3).
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the pressure. For smaller distances itself slit is
appeared as additional small nozzle, that has a
favorable influence on the processing quality.

CUTTING METHODS

T 275( sublimation laser cutting

58

g o
lrl 153¢ laser cutting through
e meltinc

115(C oxygen laser cutting

[ mara |

Fig. 2. Temperatures for electrical steel with vihéze realized the

three methods of laser cutting Fig. 4. Laser cutting by melting with assist gas

An almost parallel laser beam, which is usually =~ When cutting of thin sheet material having a

invisible, is generated in the laser source anelctid
to the cutting head by mirrors, where it is focubgd
a lens on a small spot. In a treatment zone méisria

melted and ejected under the influence of inert ga%ramentap

flow which is directed to cutting area (figure 4).

thickness up to 1 mm with a good approximation, it
may be considered that the parameters of gas stream
are remained constant. In this case, a pressure

along the channel cut in realization of an
0z

Simultaneously the gas puts pressure onto melts agentropic process is given by the equation
well as hinders oxidation process and cools the

processing area as helping to avoid forming a large
heat affected zone around cut edge.

|mmm| |pmessvelodty|

dlﬁﬂvhn,e%

' treatment N
\ quality /

~
~

~__ j;iofo’eé

P _Py=Ps
0z

Pa

h (1)

wherepin IS gas pressure on the enter,
p. — atmospheric pressure,
h — thickness of the sheet.

When it comes to work with larger distance
between the nozzle and working surface it is
necessary the nozzle to be special designed fer thi
purpose. Particularly this concern about the cases

|$%| T gas pressures higher than 2 — 3 bar. Standardesozzl
Fig. 3. Factors influencing on treatment qualitylager cutting ~ are with a diameter of 0,8 — 3,0 mm, as working

process distance is kept in the range of 0,5 — 1,5 mm.
The choice of optimum operating mode to
submission of the auxiliary gas during the Some series of experiments were done to
technological process is cruci