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Summary. In this article the analysis methodology
for assessing the severity of conditions in the workplace
as an example of current industry in the field of
transport engineering, as well as the estimation of
conditions for  psychophysiological factors in
compliance with regulatory requirements.

Key words: working conditions, injuries, category
of severity of labor productivity, physiological factors.

INTRODUCTION

In recent years, amid increasing technical
equipment and constantly improving the
working environment more clearly is the need
to consider the impact stress of physiological
functions in the workplace as an important
factor that determines the able to work and
health. As overstrain individual organs and
systems, and its failure adversely reflects on
the body condition and reduce the efficiency
of labor, physical component which is still
significant specific weight in engineering [13,
15, 20, 21, 23].

A state policy in the sphere of a labour
protection and new safety concepts and
nonaccident rate productions on industrial
activity objects provide first of all an objective
estimation of dangers and allow to plan ways
of effort to combat them. In this connection

increasing value gets exploring and designing
interrelations in system "person-machine-
environment" that has created necessary
preconditions for perfection of existing norms
and requirements to the  workplace
organization, and has caused occurrence of
new research problems.

Nowadays widespread opinion that the
accidental majority (80%) is caused by human
mistakes or the behaviour contradicting safety
precautions. According to the benor of co-
ordinated opinion often expressed by
supervising employees that the reason of
accidents is "imprudence" or "levity". The
victim in accident, on the contrary, gires as the
reason '"time trouble", "race", "cares" or
"nervousness". These opinions are needed to
oppose the fact that even at high degree of
rationalization in actions for a labour
protection it is impossible to do without
requirements to safe workers behaviour which
often are not carried out. The "unwillingness"
and "inability" are difficult to distinguish
among themselves; but both unwillingness
inability can have the ergonomic reasons.
Labour protection experts should include
similar aspects in the menacing dangers
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analysis and working out actions for accident
prevention.

Every year in the world, according to
information of IOW, approximately 270
million accidents, related to implementation
professional  duties, and 160 million
professional diseases are registered. Almost
354 thousands of workers perish on a
production, from them in countries with the
developed market economy — 16,2 thousands,
in former social countries — 21,4 thousands, in
China — 73,6 thousands, in Indium — 48,2
thousands, in other countries of Asia and
Pacific ocean — 83 thousands, in countries
Near east — 28 thousands, in the countries of
Africa in the south of Sahara — 54,7 thousands,
in the countries of Latin America and
Caribbean  pool — 28,6 thousands.
Unfortunately, about 12 thousand of died —
children. It is also necessary to take into
account the amount of workers which got
professional disease and were excluded from a
production process, for example, in 2004 2,2
million persons are incorporated, thus 32% the
oncologic made, 23% — warmly vascular, 19%
— traumatology, 17% are infectious diseases.
As a result of illness every day in the world is
absence on the workplace about 5% labour
force. Through charges, related to the
industrial accidents, lost to 1250 milliards
dollars, or about 4% of world gross domestic
product.

Professional activity of workers of many
branches of industry remains dangerous,
without regard to technical progress, as related
to mobilization of functional backlogs, and in
many cases passes in extreme and emergency
situations, that requires enhanceable physical
and emotional firmness. Exactly such workers
which are added an enhanceable risk for a
health require the special attention from the
side of the state. Ukraine for the amounts of
mortal accidents on 1000 workers substantially
(negatively), as an analysis of the state of
industrial safety testifies, exudes between the
economic developed countries and former
socialistic countries of Europe (Ukraine —
0,104, countries with a market economy —
0,038, former socialistic countries of Europe —
0,053). According to [2] Ukraine occupies the

second after Portugal on a traumatism and 20
place after China for deaths of people on a
production.

Most failures happen through fault of
human factor. Results of analysis of
production traumatism and death rate from
industrial accidents in Ukraine confirm, that
reason of plenty of accidents are mistakes of
workers, through what every year injured to
75% and all of about 80% victims perished,
group accidents also took a place through fault
of «human factor» — 75-85% (after statistical
materials of Ukrainian State mountain
industrial supervision bulletins).

Ability to obtain "human operator”
occupational injury depends on the workplace
conditions that characterize the intensity and
severity of labor, pszchophysiological
characteristics and employee communication a
number of specific factors. Analysis of the
impact of both harmful and dangerous
production factors (HDPF), and the qualities
and capabilities of the human operator in real
dynamics of production is a complex
engineering task.

MATERIALS AND METHODS

In connection with an economical
situation which was folded in Ukraine, the
brightly expressed forms of chronic diseases
and disability which comes as a result of the
ill-timed measures use are all more frequent
registered, thus among the persons of young
capable working age. Transformation, which is
observed in character, flowing and terms of
professional diseases development related to
diminishing of technological actions intensity,
increase of psychoemotional tension level and
decline the physical loadings. In same queue,
modern pattern of production change,
unwillingness of employers instrumental in the
exposure of professional diseases on the their
development early stages, for avoidance of
additional charges on treatment and
rehabilitation of a victim, incuriosity of
workers in the exposure of professional
diseases through possibilities to lost a job is
reasons of low exposure and registration of
professional diseases.
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As a rule, an accident rate and
traumatism through fault of «human factor» is
conditioned: by insufficient motivation of
observance of safety; by the low level of
professional preparation on questions of
workers safety; admitting to implementation
risky jobs of people with the enhanceable
traumatism risk, psychophysiological qualities
of which do not answer the requirements of
certain labour activity; by the presence of
factors which reduce reliability and safety of
worker activity (fatigue, exhaustion, excitation
et ctr.).

As practice shows, in Ukraine of expense
on measures in relation to a labour and
prophylaxis of accident rate and production
traumatism protection in once or twice below
than financial losses from failures. In spite of
that during realization of any measures it is
necessary to take into account financial
charges, much major to spare the special
attention the social consequences of failures
and catastrophes — loss of health, life of
citizens and country labour potential, increase
of incomplete families amount and children-
orphans. Combination of ecological and
professional  factors with  psychological
overloads, from data of WOH, is reason of
most  diseases.  Approximately  30-50%
workers of the developed countries grumble
about stress overloads to the parahypnosiss,
depression, cardiovascular pathology.

Analysis and research of practical results
which are conducted in the different countries
of the world, show a dependences of the state
of health and capacity of workers on their
psychophysiological qualities high degree, that
testifies about expedience on enterprises with
the enhanceable level of production danger
psychophysiological selection and
psychophysiological ~ examination. Such
approach, as developed countries experience
testifies, results to diminishing of the technical
systems depending on appearance and terms of
activity accident rate level on 40-70%,
diminishing of technogenic catastrophes
amount — on 20-25%, decline of traumatism
level as a result of «human factor» — on 40-
45%.

Presently in the conventional
classification of causes of industrial accidents
highlighted three basic types of these reasons
[1, 5, 11, 12, 19]. First, a technical reason,
which can be described as being dependent on
imperfect production processes and the use of
physically and obsolete equipment. Secondly,
this organizational reasons entirely determined
by the level of the workplace and the company
as a whole organization. Thirdly, it's personal
(psychophysiological) causes, which can be
roughly classified physical and neuro-
psychiatric worker overload, leading to its
erroneous actions through mental strain, strain
analyzers (visual, auditory, tactile), monotony
of work, stress, disease state of fatigue caused
more physical (static and dynamic) loads.
Injury may lead to discrepancy anatomical and
physiological and psychological peculiarities
human body of work performed by it. Also in
many technical systems, design of machines,
devices and control systems have not taken
into account physiological characteristics and
possibilities of man yet.

Almost all accidents are caused by
multiple factors and "accidental" coincidence
of events, but first of all violations of safety
requirements admitted workers and employers.
Considered, that in modern manufacturing all
less skilled worker can get into unexpected
situations with the "unknown" security
requirements, but increasingly openly violated
safety rules or unreasonable behavior creates a
dangerous situation. In today's difficult for
workers of manufacturing joint action to
secure individually for its parameters, factors
may in certain circumstances lead to
dangerous, critical or emergency situations,
and link this combination is usually workers,
which affect the behavior and working
conditions.

The analysis shows that in recent years
have increasingly come to the fore issues of
psychological and physiological voltage
employee moving the background need to
improve the traditional conditions of work
related to exposure to physical environmental
factors (temperature, humidity, light, noise,
vibration and polluted atmosphere) [3, 6, 7, 16,
18]. This is caused by a relative decrease in
physical activity on a person at the same time
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the growth of psychological and physiological
stress. The result is known — chronic fatigue,
mental and psychological overload, worsening
relations with other workers and management.
At the same physiological and psychological
fatigue is accompanied by deterioration
performance, disease , loss of concentration
and coordination, loss of care and diligence.
All this substantially increases the risk of
injury in the same physical conditions of the
workplace.

The aim is to analyze the methodology
for assessing the severity of conditions in the
workplace for example working production in
the field of transport engineering and rating
conditions for psychophysiological factors in
accordance with regulatory requirements.

RESULTS, DISCUSSION

For different types of work are different
assessment of their condition. Severity of
physical activity can be estimated by the load,
which are human muscle have. But the rate of
weight work should consider '"various
qualities" influence of all elements of working
conditions in various forms of activity.
However, with the same severity on changes in
the body of workers can be caused by various
reasons. In some cases, these can be HDPF,
others — excessive exercise, in the third — lack
of movement, etc., it is also possible different
combinations of these reasons. Weight of work
should to characterize the severity of the
cumulative effect of all the elements that make
up the human conditions, its performance,
health, livelihoods and recovery workers. In
this interpretation of the concept of gravity
works equally applicable for both mental and
the physical labor.

An objective assessment of the severity
of work can be done by assessing reactions
and changes in the human body, that is based
on its functional state. There are three
functional states of man: normal, marginal
(between normality and pathology) and
pathological. They can recognize by medical-
physiological and technical-economic
indicators. According to the above established
six categories of work conditions.

Category severity of labor based on an
integrated  assessment  of  biologically
significant factors operating conditions. Under
biologically meaningful understanding factors
such work, which most likely influence the
formation of certain reactions (normal,
marginal, pathological) body worker. Each
biologically significant factor estimate in
points from 1 to 6. Category severity of labor
is determined by the following data [8, 9, 10,
22,17]:

I category — 18 points,

IT category — 19,7-33,0 points,

[T category — 34,4-45,0 points,

IV category — 45,7-53,0 points,

V category — 53,9-58,5 points,

VI category — 58,9-60,0 points.

Based on the basic theoretical concepts
and using job evaluation data on the effect of
plant below shows the general characteristics
of jobs manufacturing facilities by major
environmental factors.

In areas of the enterprise departments
exist or may arise in the implementation
process of the processes following physical
factors:

- moving machines and mechanisms,

- moving parts production equipment and
products,

- high or low temperature,

- excessive dust and air pollution,

- high or low humidity,

- insufficient illumination of the
workplace,

- noise and vibration in excess that
allowable standards,

- high levels of electromagnetic fields,

- high level of static electricity,

- risk of electric shock.

Harmful psychological factors that
influence employees during the work shift can
carry on physical and neuro-emotional (static
and dynamic) congestion, work monotony,
mental stress, strain analyzers.

In Table. 1 the determination of harmful
and dangerous physiological factors for
severity of labor for the results of job
evaluation, in terms of which there is a surplus
of norms.
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Table 1. Comparative evaluation of the actual conditions in the workplace in mechanical engineering from the
regulatory requirements for psychophysiological factors

No No Severity of labor
Ne Shop, " e Dynamic. Static. Working out
-, . working similarly.
n/m position, profession lace lace work work
P P stand. | fact |stand.| fact stand. fact
1 2 3 4 5 6 7 8 9 10
1 |CLT
1.2 |duber 4 5;5a >50% 59,40%
1.4 |molder hand forming 20 >30,5 | 48,8
2 [HS
2.5 welder 8-20 18001- 42750 | 25% 43,70%
D |gas welae 43000 0 s 0
6-22;6-26;
’ > 16-38;6-39;6-42; 18001- o o
2.6 |plumber 67-2181,67-4312, 6-50:6-51:6-52 43000 61560 | 25% 47,90%
. 18001- o o
2.8 |metalizater 101 43000 48300 25% 41,60%
43001-
2.9 |metal cleaner 99 97000 174600
. 18001-
2.16 |painter 6-10 100 43000 51300
3 |[MST
3.1 |batterier 1 4 37-63 67 25% 47,90%
o, 18001- o o
3.2 |copper 68 3;67;69;...;71 43000 43500 | 25% 33%
3.3 |electroplating 10 3;9;15 18-30,5 | 39,48
. 18001- o o
3.5 |electric gas welder 39 38 43000 40800 | 25% 48%
3.9 |hydro sand pourer 20 17;...519 23-45 | 72,8 43001- 70632
.9 |hydro sand poure bl 8 197000
3.10 |heat-treaters 15;25;,26 29;...;31;33 | 41-90 | 112,5
. 18001- o o
3.11 |painter 1 43000 91134 | 25% 67,70%
3.13 |polisher 4-18 4-17;4-19 25% 45%
. 18001- o o
3.16 |electric welder 48-1 48-2 43000 44544 |  25% 48%
. 2-2;2-3; o o
3.18 |exile 2-11 217221 25% 48%
3.19 |bath adjuster 15 12;...;14 37-63 | 65,25
4 [IST
4.3 |batterier 1 2:5 23-45 | 47,1 25% 35,43%
4.5 |mechanic mechanical 1 7;..510 26-50% | 47,83%
assembly work
4.6 |driver viutrishnoho 1 75,510 26-50% | 41,35
combustion engines
5 |ZST
5.7 |electri 1d 90-1 90-7 18001- 49680 50% 37,50%
.7 |electric welder - - 43000 >50% ,50%
. . 18001- o
5.10 |painter 100-1 100-3;100-4 43000 58760 | >50% 51,50%
18001-
5.11 |cutter 8-1;3 43000 72000
5.12 |hand forged blacksmith 301-3 301-4 18001- 69600
: B 43000
5.13 |smith - stamper 301-1 301-2 23-45 | 72,2
6 |TRT
6.1 |electri welder 18001- 24000 | 25% 41,60%
.1 |electric gas welde 43000 0 ,60%
6.2 |electric welder 1-34 1-32;1-33 18001- 25500 | 25% 39,50%
43000
1-5.2;...;5.4; 18001
6.7 |painter 1-5.1 2-62;2-59;2-60; 43000_ 49800 | 30-50% | 41,60%
3-5.1;...;5.8
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1 2 3 4 5 [3 7 8 9 10
43001-
6.8 |metal cleaner Mp3-15 97000 125400
6.9 |hand forged blacksmith 2-91.1;2-90 2-91.2 23-45 | 54,85
electric welder on 18001-
6.11 |automatic and 4-15x-19x 43000 24000 25% 38,50%
semiautomatic machines
. 43001-
6.12 |roller in 4-19x-20-x 97000 105300
7 |RMT
7.1 |heat-treater 108 23-45 49
. 43001-
7.2 |roller in 135 97000 45840 25% 37%
8 |PKT "Tool Manufacture"
8.1 |electric welder 12 13;13-1;...;3 1483(())%10_ 40800 25% 46,00%
. 43001-
8.5 |smither 2-5 97000 151200
. 18001-
8.7 |electric gas welder 14 43000 40800 25% 45%
9 |TOE
9.1 |locksmith 21 22;...27 25% 55,20%
. 18001-
9.2 |electric gas welder 28 43000 45750
10 |TZP
10.1 |bakeliter 1 18-30,5| 33,53
. 43001-
10.2 |polisher 71 97000 100320
10.3 |electroplater 3 4-10 18-30,5| 37,77
11 |ATT
11.1 |batterier 301 23-45 | 70,78 25% 38,50%
12 |TST
. 18001-
12.1 |painter 8-27 8-28;...;30 43000 85905 25% 23,96%
12.2 |etcher 8-22 8-17;8-18 18-30,5| 38,28
13 |RT
. 18001-
13.2 |electric welder 291 292 43000 40800 25% 46%
13.6 |electric gas welder 212 211 1483(())%10_ 40800 25% 48,00%
13.7 |polisher 133 25% 44,80%
. 18001-
13.8 |painter 490 43000 79680
13.9 |roller in 344 345 25% 45,80%
14 [TOM
. 6-4;...;6-6;6-8; 18001-
14.1 |roller in 6-3 611 43000 45750
18001-
14.2 |gascutter 4-1 4-2 43000 40200 25% 47,90%
. 18001-
14.3 |painter 1 2:3 43000 58515
. 18001-
14.9 |electric welder Mo 1exy 43000 39000 25% 45,80%
15 (IPT "Pamir"
15.1 |pressed-vulcanizer 1 2-6 37-63 | 69,12 25% 39,50%
15.2|glass-plastic products 12 13-16 25% | 41,60%
16 |Typography
20001-
16.1 |sealer manually 10 11;13 40000 50000 25% 47,90%
16.2 |sealer 16 17;18 20001-1 4> 509

40000
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The analysis of working conditions in the
workplace in current production (Table 1)
showed that physical activity (dynamic and
static) and time that spent in an uncomfortable

working  position  significantly  exceed
regulatory requirements, such as electric
welder jobs, gas welder jobs, painters,

batteriers and others, so it is necessary to
assess the severity of labor for the calculation
of compensation and benefits to employees
and further develop measures to eliminate
deviations.

Methods of assessing the severity of
work establishes the relationship between

working conditions and the integrated
response of the human body. It takes into
account sanitaryhygienic and

psychophysiological requirements for working
conditions. The former include the presence in
the work area exceeding standard indicators of
microclimate (temperature, humidity and air
velocity, toxic substances, dust, vibration,
noise, ultrasonics, the heat radiation,
electromagnetic fields, biological factors, etc.)
[2,24,25,26].

In the latter include:

- physical, dynamic and static load,

- worker working pose and his
movement in the work area during the period
of the working time,

- variability and duration of continuous
operation per day,

- the accuracy of visual works,

- number of observation given objects,

- pace of work, its monotony,

- the amount of information received and
processed,

- the mode of work and rest,

- neuro-emotional and
activity.

In assessing the severity of labor into
account the elements of working conditions
that actually affect the employee's particular
job. In this case, each element receives a
quantitative assessment criteria on a scale from
1 to 6 (Table 2).

With the simultaneous influence of
several factors integral assessment of severity
of labor in points determined by [2]:

intellectual

-X

UT: >(1nax+1_l —— 107 (1)
n-1 6

where: Ur — integral factor in the

difficulty category scores,
Xmax — €lement of working conditions in
the workplace that has the highest score,

ixi — quantify the amount of points
i=l

important elements of working conditions
without Xmax,

n — number
conditions,

10 —number that entered for ease of
calculation.

According to the value of the integral
indicator of working conditions, work
performed, is assigned to one or another
category of severity (Table 2).

of elements working

Table 2. Dependence severity categories of labor from
integrated assessment of working conditions [14]

Category of labor 1 2 3 4 5 6
Integrated assessment o “ o o o
. 0 e} < 'e) ') o

of working Ll ER R A A R
conditions, Ur, points | &= % | o o e o
— o < wv wv

Category severity of labor indicates the
degree of adverse effects of this work on the
human body, and therefore to reduce its
efficiency. Proceeding of gravity, provided
economic recommendations of differentiation
payment for working conditions, size of the
compensation  provided under adverse
conditions. Description of existing with
harmful and dangerous production factors
allows developing action for their elimination
and recovery conditions.

When  differentiation  payment in
accordance with the conditions specified items
assessing their over-corrected depending on
the duration of their impact on the employee
during the work shift:

=X )
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where: X; — evaluation of the i-th element
of working conditions in points,

t — the actual duration of the initial element
of working conditions, min.,

ten — time changes, min.

The integral indicator of severity of work
determine the impact of working conditions on
human performance. For this first calculated the
degree of fatigue in arbitrary units. The
relationship between the integral indicator of
severity of labor and fatigue is expressed b [4]
equation:

U, —156
i e 3

0,64 )

where: Y — an indicator of fatigue in

arbitrary (relative) units,

15,6 and 0,64 — regression coefficients,

Ur — integral indicator of the severity
categories of labor in points.

Knowing the degree of fatigue, it 1is
possible to determine the level of efficiency, the
value of opposite fatigue, according to the
equation:

R=100-Y, 4)

where: R — the level of efficiency in relative
units.

Accordingly, we can estimate how
performance changed with a decrease or increase
in hard of work and how it affected her
performance:

Py =[%-1j.1oo.o,z, (5)

1

where: Ppr — increase productivity,

R, and R, — performance in conventional
units before and after the introduction of measures
to reduce hard of labor,

0,2 — correction factor that reflects the
average correlation between the increase of
performance and increase productivity.

In addition, integrated assessment of
working conditions can predict injuries in the
enterprise. Growth of industrial accidents on
automated lines defined by the expression:

1

=, 6
13-0,0185- Uy ©)

where: K — the growth of industrial
accidents, the number of times,
Ur — integral indicator of the severity

categories of labor in points.

The design and manufacturing process
equipment provides an optimal working
environment and to achieve conditions that
correspond to the first category of weight work.

If the equipment is perfection structural
developments involving not only performance, but
also with anticipation rigging equipment safety
devices, etc., the value of production traumatism
taken as a 1 unit, and in this case, the integral
indicator of the severity of labor equals: Ur = (1,3-
1,0) / 0,0185 = 16,2, describing the project trauma
danger production process. When improving
conditions (decrease the integrated assessment
elements conditions under 16,2 points) going on
reducing injuries growth and the deterioration -
increasing or increased injuries on the project
trauma danger project.

CONCLUSIONS

1. The investigation revealed deficiencies of
existing methodologies to assess the severity
categories of labor, including those related to
working posture of the human operator.

2. During assess the severity categories of
labor does not count amplitude and direction of
limb movements, and load them in the workplace.
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Summary. The articles describes the wind regime on
waste dumps. The performance of Donbass wind regime
and possibility of their maximum use in terms of WPP
installation on the surface of coal mines waste dumps
were investigate.

Key words: wind energy, coal mines waste dumps,
wind regime.

INTRODUCTION

Wind energy is one of the alternative
[12-15]. While in Western Europe this type of
energy is extensively used and wind power
plants (WPP) are the active suppliers of
electricity, in Ukraine this kind of energy is
just being developed [1-4]. One of the most
windy regions of Ukraine is Donbass, but
using of wind energy is accentuated by high
relief and lack of space to accommodate a
wind power plant [5-7, 11]. These
disadvantages can be compensated by using
the surface of coal mines waste dumps [8-10,
16, 17].

However, based on a special shape of
these objects, study of the wind regime which
is mandatory to locate the WPP on their
surface, is problematic [18-20, 23].

The aim of this work is to study the wind
regime on waste piles. To achieve this goal the
following problem was solved: to investigate

the performance of Donbass wind regime and
possibility of their maximum use in terms of
WPP installation on the surface of coal mines
waste dumps.

OBJECTS AND PROBLEMS

To solve this problem on a typical for
Donbass example of Luhansk region, the
factors of wind regime were analyzed. After
all, to use the wind turbines on the waste
dumps the frequency analysis of winds of
different directions is required [21, 22].
According to the detailed wind diagram based
upon long-term average annual data for
Luhansk region (Fig. 1), the prevailing wind is
easterly.

Since Donbass is characterized by
rugged terrain, the waste dumps are most
commonly located on the braced slopes of
different aspects.

To estimate the "advantages" of the
location of each waste dump we have
proposed and designed the factor varying from
1 to 5 points (according to quality increase).
When the coincidence of the dominant points
of the compass directions
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Fig. 1. Long-term average annual detailed wind diagram of Luhansk region

Fig. 2. Geomorphological analysis of site location dumps on satellite images (Lugansk region, a sample of 42 pieces)

At conjunction of bearings of the
prevailing wind direction and exposure of
slope, bearing the waste heap, which takes
place on the windward slopes, the location of
the waste dump is estimated at 5 points. When
the exact opposite points of the compass
location estimated at 1 point. At complete
antithesis of bearings, the location of the waste

dump is estimated at 3 points. 2 points is the
estimation of the situation, when the angle
between exposure bearing and wind direction
is 135°. If the angle is 45° — it is estimated at 2
points, if 135° — 4 points.

We have studied the location of 42 waste
dumps of Luhansk region ( Fig. 2, Table 1).
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Table 1. Evaluating of efficiency of the waste dumps location on the slopes

Fig. 3. Satellite imagery separate heaps of Luhansk
region

Table 1 shows the distribution of the
surveyed waste dumps over proposed scale.

The obtained results allow to choose
waste dumps to place wind turbines on their
tops more carefully.

Since the energy of the wind current is
equal to half the product of the air density by
the reference area of the standard wind wheel
and weighted average windspeed raised to the
third power, to determine it it’s necessary to
know the wind speed in a certain area. We
analyzed the average wind speed in Lugansk
region from 2005 to 2008 (Fig. 4).

We carried out detailing of the wind
potential power (to construct WPS on the tops
of the waste dumps) by taking into account
changes in wind speed at different heights of
Donbass coal mines waste dumps.

Were initially analyzed height of 42 coal
mines waste dumps of Lugansk region above
sea level (Table 2).

Prev.a111ng Bearing of Slope Angle between Quantity of waste
wind, . exposure o Ball dumps
. apparent wind . directions
bearings alternative pes %

E W W 0° 1 20 47,62

E w SW, NW 45°  45° 2 3 7,14

E W S, N 90°, 90° 3 9 21,43

E W SE,NE 135°, 135° 4 4 9,52

E w E 180° 5 6 14,29

V, m/s4 Average wind speed 2005-08

5
4,5

=

3,5
3
2,5
2
1,5
1
0,5
0

— 2005
— 2006
2007
2008

[

L
I 11 1 Iv v VIVIVIIX X XIXII t, mo

Fig. 4. Wind speed in Lugansk region

Table 2. Data check: disposition uniformity of 42 waste
dumps

n 42 41
5% 233,048 237,195
S 73,2543 68,991
X max 351
X . —-X
¢, =-—max 1,61
cp S
tip (0L, V) 2,00
Derivation HO
X min 63 110
{o= X ~Xomin 2,32 1,844
cp S
lip (o, V) 2,00 2,00
Derivation Hl HO

The obtained altitude above sea level
data were checked for uniformity and
authenticity. The Table below summarizes the
test results of uniformity and authenticity of
the altitude above sea level.

To confirm the authenticity of data on 42
waste dumps height above the sea level, a
histogram and a polygon have been built (Fig.5).
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Fig. 5. The histogram and polygon of distribution in altitude00200of 42 waste dumps of Lugansk region above sea

level

Table 3. Check of the heights uniformity of the conical waste dumps of Donetsk region

n 414,0 | 413,0 [ 412,0 | 411,0 | 410,0 | 409,0 | 403,0 | 396,0 | 390,0 | 381,0 | 378,0
} 48,7 | 48,2 | 48,0 | 47,9 | 47,7 | 47,6 | 46,8 | 459 | 453 | 44,4 | 44,1
24,7 | 22,4 | 22,1 | 21,8 | 21,7 | 21,5 | 20,7 | 19,9 | 19,3 | 18,6 | 18,4
Xmax 260,0 | 124,3 | 117,0 | 111,0 | 104,0 | 103,0 | 96,0 | 89,0 | 86,0 | 81,0 | 80,0
tcp = Xmap‘;_ al 8,57 | 3,40 | 3,12 | 2,89 | 2,6 | 2,57 | 2,38 | 2,16 | 2,11 | 1,97 | 1,95
th (OL, V) 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96
Derivation H, H |H |H |H |H |H |H |H | H|H
Xmin 2 2 2 2 2 2 2 2 2 2 2
tcp = % -1,89 | -2,07 | -2,08 | -2,09 | -2,11 | -2,12 | -2,17 | -2,21 | -2,24 | -2,28 | -2,29
th (o, V) 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96 | 1,96
Derivation HO HO HO HO HO HO HO HO HO HO HO

Further study was dedicated to the
dumps height (without regard to their location
above sea level). The analysed data below
show the heights of the following objects: 210
flat and 100 conical waste dumps of Lugansk
region, 414 conical and 182 flat waste dumps
of Donetsk region.

All the data were checked for uniformity
and authenticity. The following table shows an

example of checking the heights uniformity of
the largest group - the conical waste dumps of
Donetsk region.

The Figure 6 below shows the
confidence test data on coal mines waste
dumps obtained by using the rectified chart
method.
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Fig. 6. Confidence test data obtained by using the rectified chart method: a — flat waste dumps of Lugansk region, b —
conical waste dumps of Lugansk region, ¢ — conical waste dumps of Donetsk region, d — flat waste dumps of

Donetsk region.

The figure shows the obtained
probability curves of height of the conical and
flat waste dumps of Donetsk and Lugansk
regions.

The conical and flat waste dumps of
Donetsk and Lugansk regions were compared
at first in pairs using Fisher-Snedecor test:

2
F:S—x, ey
Sy
‘= -7 o
S,%(n—l)+S§(m—l)(1+1j
n+m-2 n o m

And then in block (using Kruskal-Wallis
one-way analysis of variance:

2

12 a1
== S| IR | -3N+D. 3
N(N+1)y=1ny ieS,

Q

In each case, the heights of the waste
dumps were found to be nonuniform.

Then the coal mines waste dumps of
Donetsk and Lugansk regions were zoned
according to height and therefore, according to
their wind potential power.

To zone them, all the conic and flat
waste dumps of Donetsk and Lugansk regions
were checked for information content,
pursuant to the procedure.
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Fig. 7. Probability curves of height of the conical and flat waste dumps of Donetsk and Lugansk regions: a — flat
waste dumps of Lugansk region, b — conical waste dumps of Lugansk region, ¢ — conical waste dumps of Donetsk
region, d — flat waste dumps of Donetsk region.

Determination of information coefficient and pooled results are shown in the Table below.

Table 4. Determination of information coefficient using the waste dumps height

Selection scope Average value Actual Condition of data
value of the informative:
Wz.iste dumps sub- 2™ sub- Total 1% sub- 2 sub- |Dispersion informa- Tabulated 2> X2 informative,
dislocation | 1oty | matrix ’ | matrix, | matrix, S i :
(region) > > n - - ) tion coeffi- |value, ¥ ) 2 1ot
ni n2 X1 X2 . 2 Vo<
cient, [/ . .
informative

Lugansk
region (flat 46,0 46,0 92,0 42,57 47,47 198,27 2,76 3,8 Informative
waste dumps)
Lugansk
region (conic | 103,0 103,0 | 206,0 | 60,33 | 52,65 549,11 5,67 3,8 Informative
waste dumps)
Donetsk
region (flat 82,0 82,0 164,0 35,64 29,66 273,87 5,33 3,8 Informative
waste dumps)
Donetsk
region (conic | 189,0 189,0 | 378,0 | 45,33 | 42,85 337,12 1,89 3,8 not informative
waste dumps)
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CONCLUSIONS

1. Heights 42 heaps of coal mines are

investigated. All of them are in the Lugansk
region above sea level. Results checked for
uniformity and accuracy.

2. Results obtained by evaluating the

effectiveness of the location on the slopes of
the heaps of wind turbines. They allow more
true dumps choose to be placed on top of their
wind turbines.

3. Obtained expression for the energy of

the wind potential for the changes in wind
speed at different heights heaps of coal mines
in the Donbas.
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BETPOBOW PEXXMM HA TEPPUKOHAX

Banepuii Bynauenxo

AHHOTanus. B paboTe mpoBeneHO M3y4eHHE BETPOBOTO
pexumMa Ha  TeppuKoHax. McciemoBaHel  MOKazaTenu
BETPOBOTO pexxuma Jonbacca u BO3MOXHOCTH
MaKCHMaIbHOTO MX WCIIONIb30BaHUS Mpu ycTaHoBke BOC Ha
OTBaJax yrojbHBIX IIaXT.

KnioueBbie crnoBa:
OTBaJI, BETPOBOW PEXUM.

BETPOIHEPreTHKa, MOPOIHBIN
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Summary. A new theoretically justified technique of
the hydraulic design of aerodispersed flows in
horizontal pipes is developed. The existing techniques
are of empiric nature and are correct only for a limited
range of conditions that are close to the experiment
conditions. The new technique is developed on the basis
of the solution of the Bernulli's equation for two phase
flows considering the latest researches in the sphere of
hydraulic conveying.

The revised designs by the new technique show their
conformity to the results of the experimental researches
within the wide range of characteristics of pneumatic
conveying systems and conveyed materials.

Key words: pneumatic conveying, aerodispersed flow,
hydraulic design, bulk solids

INTRODUCTION

Under the conditions of the increasing
use of pneumatic conveying systems in the
different fields of industry there arises the
necessity ~ of  further  researches  of
aerodispersed flows. Problems of engineering
and using of pneumatic conveying systems are
solved mostly by conducting labor-intensive
and expensive experiments. At that, the
obtained dependences as a rule are applicable
for the limited range of systems, meeting the
experiment conditions. The generalization of
results of other experimental researches
conducted under different conditions leads to
considerable design errors. The designs are

conducted with unreasonably high margins.
The compressed air overconsumption and its
pressure lead to the increase of power intensity
of units, primary equipment wear. It makes the
air cleaning process complicated and leads to
the conveying pipeline falling.

RESEARCH AND PUBLICATIONS
ANALYSIS

The most important task of the bulk
solids pneumatic conveying hydraulic design
is the correct evaluation of pressure losses
along the pipeline that enable the least power
consumption at steady conveying process with
the specified efficiency.

The well known techniques of the
pressure losses hydraulic design can be
divided into two types, differing in the main
formulas structure. The Gastershtadt formula
can be referred to the first type. The formula
takes the form [12]:

AF,
L 9

AP
—=(+Kp) (1)
L

where: APand AP, — pressure losses at

the pipeline segment of the L length,
p — mixture mass concentration,
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K — Gastershtadt empirical coefficient.

As different researchers say the
dependence (1) can be considered as general
and the numerical values of the coefficient K
should be experimentally determined for every
individual case.

Upon carefully conducted experiments
formula (1) provides the results that are
sufficient for engineering practice. It is simple
and convenient for engineering designs yet all
practical attempts for K  coefficient
justification have been unsuccessful.

The techniques of hydraulic design,
having the Darcy — Weisbach formula for
homogeneous liquids as their base (second
type) are widely used in the practice of
pneumatic conveying systems engineering.
One of the variants of this formula suggested
by G. Zegler [Zegler 1937] is as follows:

E:x PUa , (2)

L " 2D

where: A, — coefficient of hydraulic

m

resistance to the motion of the air and
conveyed material mixture,
p, and U, — density and air motion

velocity, D — pipeline diameter.
The coefficient %, in formula (2) is

determined experimentally. The modified
variant of formula (2) suggested by V. Bart
[Bart 1960]:
AP vyl
L e Tp

; )

where: L. — additional coefficient of

resistance, reflecting the presence of solids in
the mixture, determined experimentally.

There are known attempts of creating
analytical techniques of design [6, 7, 15, 24]
but they are true for flows of low
concentration (up to 5 kg/kg) only therefore
are of not wide spread. The biggest part of
industrial pneumatic conveying  systems
operate at the concentrations of 15-25 kg/kg
and above.

In most commonly known works the
semi-empirical design methods based on the

use of the experimental data have been
suggested [2-4, 8, 9]. This fact does not
provide the required accuracy of design. [10,
11,13, 14, 16, 17, 19-22].

Thus by now a generalized technique of
pneumatic conveying settled flows hydraulic
design suitable for a wide range of pneumatic
conveying conditions has not been developed
yet.

WORK PURPOSE

The work purpose is the creation of
scientifically based engineering techniques of
hydraulic design of settled flows in horizontal
pipes for industrial pneumatic conveying
systems engineering with the purpose of their
reliability and operation efficiency control.

MATHEMATIC MODEL

Hydraulic equations of continuity,
energy balance (analogue of the Bernoulli's
equation), hydraulic resistances and gas
equations serve as basic equations for solving
tasks of gas suspension flow in the pipe at
hydraulic design of pneumatic conveying
systems. While writing them down we assume
that the gas expansion process is isothermal
and the flow is one dimensional, i. e. the
mixture temperature during the conveying
process is permanent and its density and
concentration change while going from one
pipe section to another one.

We assume the carrying medium as
incompressible while considering the problem
of specific pressure losses in the pipeline, i. e.
at its short parts. under these conditions
hydraulic equations of continuity and gas
suspension motion are as following:

psSUg =Gy, 4)

pa(l_S)Ua(D:Ga’ (5)
U2

P T”’—i— P+ AP = const, (6)
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where: pg,p,.p,, — solids density, air

density, air and solids
respectively,

Gg,G, — mass consumption of material

and air,

P —pressure,

AP — pressure losses at the pipeline part
of L length.

The expression (6) is the Bernulli's
equation for the gas suspension. The equation
(6) is transformed, taking into account the
respective dependencies, given in the works
[21] and [8]:

mixture density

1-S P, 53 U2
a-cp Pt sy PP ()

+P + AP = const

[

where: B, and By — non-dimensional
coefficients, being analogues of Coriolis
coefficient for the carrying agent flow. If
however B, takes the values 1.04+1.1 for
carrying agent, By may differ considerably
from 1.

The equation (7) includes volume flow
concentration S equal to the ratio of solids
volume flow rate Q, to the gas suspension

s
Os+0,
and the mean volume concentration C, taking
into account the velocity fields asymmetry and
concentrations in the pipe cross section. The
concentration S and C functional connection
obtained from the results of pipeline
conveying [18] hydraulic research:

c 2,16 ;
Cmas ] [7) 1’ 66] ’ (8)

f(Reg)=0,45 [1 + SignX - th(0,967 | x| )} C))

0=0s+0, volume flow rate, i. e. S=

S = C[l—f(ReS)[l—

X =1gReg—0,88,

(10)

where: C,,. — limit volume concentration

of solid material,
u, — critical velocity of pneumatic

cr

through horizontal pipeline, corresponding to

the beginning of solids falling on the pipe low
wall,
Reg — Reynolds

number expressed

through the free falling velocity wgand solids
mean diameter, 1. €.
Reg = wsds )

Ve

where: v, — gas kinematic viscosity.

Taking into account the fact that gas
suspension volume concentrations are not big
as a rule we assume that the Coriolis
coefficient for the gas phase is 1, i.e. f, =1.

Furthermore  the values §<<l1 and
C <<1 of the first summand in the square
brackets can be neglected as the value of the
summand is much less than the second
summand in these brackets. Taking into
account the above mentioned and after some
transformations the equation (7) can be
reduced to the following form:

2
3| Pa
[PJ v/
1+——"52 B |p, =2+ P+AP =const, (11)
C2(1-p ey ?
Ps

where: mixture  mass

n=-=" -

concentration.
As it is known in hydraulics specific

pressure loss in the pipeline % determined by

the friction of the incompressible liquid is

proportional to the specific (per the volume
2
unit) kinematic energy of the flow pUT which

is expressed with the first summand of the left
side of the Bernulli's equation (6) and
determined by the Darcy — Weisbach formula:

AP _, 1 U
P

; y (12)

where: A — hydraulic friction coefficient,
d — pipe drift diameter.
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Passing from the fluid flow to the gas
suspension flow and taking into account the
expression in the round brackets of the left
side of the Bernulli's equation (11) we write by
analogy with (12):

2
%Bs N
c? (l—up”]

Ps

The expression (10) can be introduced
the following way:

Pu U’

e (13)

AP
—=1+ m
L d 2

AP AP
—=p—, 14
=0 (14)
AP, .
where: T specific pressure losses

while clean air movement:

2
Ay, Pala (15)
L d 2
¢ coefficient —
) L.
o=|1+——P5 g |Zn (16)

— \Ps) g |tm
CZ(L—up“J K
Ps

For the practical application of formula
(11) we determine the parameters ,, A, and

Bg. As for the coefficients of hydraulic
resistance i, and A, their values are equal in
the quadratic realm of resistance as they do not
depend upon Re, number. In case of pre
quadratic realm of the hydraulic resistance the
value 2, is determined by Altschul formula:

(17

Re,

0,25
K
xazo,ll.[ﬁJr e} ,
d

d
where: Re, = Y

a

— the Reynolds number,

v, — air kinematic viscosity,

K, — relative roughness of the pipe inner

walls.
The value 2, is determined by the same

formula (10) but taking into account the

U,d
Re,=—%~, where the

v

Reynolds number

m

mixture viscosity can be determined by the
formula:

v o=y, 3 (18)
1+[pS—JJC
Pa
The functional dependency of the

Coriolis coefficient Bg for a solid body from

the determining parameters is deduced by
processing the experimental data of measuring
the specific pressure losses due the friction in
the horizontal pipe.

If we assign ii—'” ~1 that is correct for the

flows of low concentration and introduce the
notation:

p
Fog
K= —Sp Bs»
Cl-p—%)
S

(19)

¢=1+K, in this case formula (16) is

transformed to the Gastershtadt
formula (1).

The crucial significance of formula (16)
is in its theoretical justification of the
coefficient K dependence from its determining
parameters.

The checking evaluation by formula (11)
has shown their almost full coincidence with
the experimental data. The design error is no

more than 10 %.

empiric

CONCLUSIONS

1. The scientifically-based technique of
the pneumatic conveying parameters design,
based on the aerodynamic equations of
continuity is suggested for the steady air
disperse flow as a compressible medium.
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2. The scientifically-based technique for

determining and analyzing the coefficient

included

into the Geisterstadt formula is

suggested.

3. The suggested formula (14) can be

recommended for the hydraulic design of
steady air disperse flows in the horizontal
pneumatic conveying line.
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PACYET IIOTEPb JABJIEHUV
TP ITHEBMOTPAHCITIOPTUPOBAHIN
CBIIIYUYMX MATEPHAJIOB

Muxaun Hanoyes

AHHOTanus. Pa3paborana HOBas, TEOpETUYECKH
00OCHOBaHHAsI METOAMKA THAPABINYECKOTO pacdeTa
A’pPOAMCIEPCHBIX ~ MOTOKOB B TOPU30HTAJIHHOM
MTHEBMOTpaHCIOPTHOM TpyOompoBoae. CyIiecTByomue
METOJUKH  HOCAT  3MIMPUYECKHH  Xapakrep H
CHpaBeUIMBBl  JIMIIb JJISI  OTPAaHHMYEHHOTO  Kpyra
YCIIOBHI, OMM3KUX K YCIOBHSIM 3KclepuMmenTta. Homas
MeTO/IMKa pa3paboTaHa Ha OCHOBE PEIIECHHs YPaBHEHUs
bepHymmm nanst  naByxX@a3HbIX MOTOKOB, C Y4YETOM
HOBEWIIMX MCCIICIOBAHUI B 001aCTH TUAPOTPAHCIIOPTA.
IIpoBepounble  pacueTsl 1O  HOBOH  METOIUKE
MOKa3bIBAIOT COOTBETCTBUE pe3yibTaTaM
OKCHEPUMEHTAIbHBIX  UCCIENOBAaHUA B  HIMPOKOM
JIUala3oHe  XapaKTEPUCTHK  MTHEBMOTPAHCIIOPTHBIX
CHCTEM M TPAHCTIOPTHPYEMBIX MaTEPHAIIOB.
KnoueBrie ciroBa: ITHEBMaTHIECKOE
TPaHCIIOPTUPOBAHUE, a3pOANCIIEPCHBII MOTOK,
TUIPABIMYECKUN pacyerT, ChllyYuil MaTepual
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Summary. The method of increasing the efficiency
of electric powered diamond grinding of hard-to-
machine materials which provides the reduction of
vibration by forming rational longitudinal profile of
working wheel’s surface is presented. The prerequisites
and peculiarities of vibration absorbing, technological
equipment for implementing the suggested method are
described.

Key words. Electric powered diamond grinding,
wheel’s working surface, longitudinal profile, vibration
absorbing.

INTRODUCTION

Abrasive-diamond processing of hard-to-
machine materials is widely used both at
intermediate and final stages of producing
essential components. Using diamond wheels
for processing hard-to-machine materials is
determined by unique physical, mechanical,
thermal, electrical and chemical properties of
diamonds grains. High hardness, stiffness,
durability, cutting ability, elastic limits of
diamond grains, homogeneity and density of
their structure, low coefficient of thermal

expansion, high thermal conductivity, low

coefficient of friction [13] predetermine
effective final processing of conductive
materials.

At the present stage abrasive-diamond
processing is characterized by searching the
ways to increase the performance and
economical efficiency of the process, quality
and precision of parts-in-process. One of the
factors, which in a great measure conditions
the effectiveness of grinding is vibrational
stability. The matters of increasing vibrational
stability are of great importance due to
development of flexible automated unmanned
manufacturing. There is a new tendency in
tool-making manufacturing — development of
electromechanical devices and technological
equipment that in their characteristics and
functionality will conform to contemporary
computer equipment [29].

The results of the investigation [3] prove
that in the process of diamond grinding in due
course the height of grain protrusion lowers,
which leads to reduction of a tool’s cutting
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abilities and decrease of  processing
performance;  specific  consumption  of
diamonds and vibrational amplitude increase.
The waves of longitudinal profile of working
surface, appearing as a result of processing and
increasing in due time, negatively affects the
process efficiency. It is fair to assume that by
purposeful change of the waviness of working
wheel’s surface longitudinal profile, it is
possible to regulate the outcome measures of
grinding.

RESEARCH ANALYLSIS

The efficiency of grinding is to a large
extent determined by rational choice of the
scheme and method of processing [6, 22].
Among the most advantageous ones are high
speed [7], forced [8], cryogenic precision [19,
20], deep [14, 39], profile grinding [5, 39] etc.
However, the choice of efficient kind of
grinding not always guarantees the steadiness
of working wheel’s surface’s relief and
conditions of processing.

Stability of grinding process, as a part of
its efficiency, is determined by stability of
outcome measures of part processing during
the whole period of operating. An important
source of increasing the stability of processing
is improvement of the equipment performance
characteristics, defined by necessary stiffness,
damping capacity, vibration resistance [1, 2,
15].

Grinding  wheels  with interrupted
working surface are of big interest [18, 37],
because they make it possible to increase
significantly stability and the rate of the
process outcome data [26, 36].

Introducing additional power in the
cutting area [12, 21, 23, 33, 35] in some cases
allows increasing the efficiency of grinding by
means of keeping high cutting ability of a
wheel. The increase in performance and
quality of the processed surfaces in cases of
imposing longitudinal vibration on the
grinding wheel, while processing, is found out
[34].

The systems of automated regulation of
processing are used to consider changing
conditions of grinding [38]. The most

frequently regulated parameters are cutting
force [32] or power [25], vibration level of the
machine’s parts [27]. Using such systems
contributes to increasing stability of the quality
of processed parts, but does not avoid the
necessity for restoring the wheels’ shape and
cutting surface.

One of the main demands that establish
the grinding efficiency is high cutting ability
of diamond wheels. It can be reached by
controlling the cutting relief by means of
proportioned impact on the wheel’s bond
while grinding. It predetermines the wheel’s
operation in the mode, equivalent to the mode
of self-sharpening in the absence of direct
bond-to-processed metal contact, which
contributes to reducing the cutting force and
grinding temperature. However, in most cases
the wheel’s self-sharpening is insufficient for
conducting high-efficiency processing,
because the geometric form of its working
surface does not remain unchanged.

Deviations of the working surface profile
from the correct geometric form can appear in
two mutually perpendicular directions. There
are longitudinal waves and transverse waves.
Longitudinal waves generally appear as a
result of the technological system vibration.
Transverse profile is defined by the inequality
of the wheel wearing [13]. It was
experimentally proved [28], that in cases of
flat face grinding of the plates of hard-to-
machine steels, longitudinal waviness is 15-
20% bigger than transverse one.

The main factors that cause appearing
the waviness in the course of grinding include:
poor input shape precision and material of the
part-to-process, characteristics and waviness
of the grinding wheel’s working surface,
acquired as a result of tool dressing, the rate of
its wearing and dulling, imbalance of the
wheel and other machine units, damping
capacity of the zone of wheel-to-part contact,
stiffness and vibration stability of a
technological system, grinding mode and
cycle. Reducing negative impact of all the
factors listed contributes to increasing the
precision of the part’s form [13]. Dead-stop
grinding at the end of the operation cycle
significantly reduces form defects [10]. The
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experiments proved [28], that thick grinding
oil, got to the zone of tool-to-part contact, is
able to reduce the amplitude of grinding
pressure oscillations, lower the vibration rate
in the technological system, which leads to
decrease in waviness of the surface-to-process.

Controlling  the  working  surface
waviness in operation [10] means agreement
of intensities of forced bond removal and
linear wear of diamond wheels, as well as
defining the conditions which exclude
avalanchine falling of inactive grains out of
bond. However, in such cases it is impossible
to avoid changes in initial form of its working
surface.

Reduction of waviness height can be
reached by means of periodic changes of own
vibration frequency in tool-to-part system [30].
The analysis of differential equations of
cutting [16] proves, that the general solution is
the process with momentum application of the
force. A new notion of vibration insensitive
cutting process was first introduced.

Direct relation between a pitch of waves

t, of longitudinal profile and a dynamic
which

indicates how many times the amplitude of
forced oscillations with excitation force is
bigger than the system deviation, formed from
the impact of pulsation of normal cutting
force, was found u coefficient intensively

coefficient of the system u, [3].

decreases in case f; lowers. Therefore, with

the constant stiffness of the system machine —
equipment — tool — part, providing rather short
pitch of waves, it is possible to achieve a
considerable reduce in vibration amplitude.

RESEARCH OBJECT

Taking into account a considerable
correlation between the parameters of the
waves of longitudinal wheel profile and the
oscillations of elastic cutting system, there are
prerequisites for developing the method of
grinding with the directional formation of
longitudinal profile of the tool’s working
surface relief [4] with the parameters, that
provide vibration reduction and continuous
maintenance of its cutting characteristics.

In the course of investigations the
method of reducing the oscillation amplitude
of the cutting system by means of forming
desired waves of grinding wheel’s longitudinal
profile was suggested. The theory of
mechanical oscillation says that oscillation
frequency of vibrating system deviates from
the frequency of own oscillations in case if the
forcing frequency has bigger value [16, 31].
Rational pitch of waves with pre-set grinding
modes must provide additional pulsation of
excitation force with the frequency, exceeding
the frequency of the own vibration of the
system. Electric discharge destruction of metal
bond [17] by integrated grinding mode [4, 24]
was chosen as the method of forming the
wheel’s working surface.

The choice of electric discharge impact
on the wheel’s bond (compared with
electrochemical one) is determined by the
following features:

- possibility to use ordinary cooling
liquids instead of electrolyte, which lowers
demands for corrosion resistance of materials,

- absence of oxide layer on the processed
surface,

- high performance of electric diamond
grinding with continuous electric discharge
trueing of the wheel during the whole period
of processing.

To implement the suggested method, the
mechatronics system of regulating rational
longitudinal profile of wheels’ working
surfaces on conductive bonds was developed.
Block diagram of the system is presented in
the figure.

Grinding wheel is electrically isolated
from the machine. While processing the
cutting zone is supplied with grinding oil. A
voltage from impulse current source is applied
to the grinding wheel and conductive part-to-
process. In this case there is electric discharge
impact on the wheel metal bond and the part.
Vibration  measuring  module  records
amplitude and frequency of grinding wheel
vibration, an analog signal is generated and
after digitizing DAC/ADC by m-DAQI12/DAC
converter is sent to the computer and analyzed
by a special program module. If the values of
vibration amplitude and frequency exceed the
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Fig. 1. Block diagram of mechatronics system of regulating grinding vibration

Fig. 2. The program of generating impulses of various forms

limits of pre-set range, the program generates
digital control signal (Fig. 2), which is
converted by m-DAQI12/DAC to analog one. It
corrects the work of generator for changing
current intensity and control impulse
frequency.

The level of electric discharge impact on
the grinding wheel bond must provide the
height of longitudinal profile wave, significant
for the influence on the vibrating cutting
system, and is adjusted experimentally.

RESULTS OF RESEARCH

On the considered theoretical grounds, a
universal sharpener 3J/1641E was modernized
to implement the suggested ideas. In Fig.3 you
can see electric isolation of the machine
working parts and dielectric shell for the
diamond wheel with four channels for current
collector (Fig. 3).
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Fig. 3. General view of the experimental machine

The synchronization module (Fig. 4)
provides pre-set correlation of control impulse
frequency and the wheel rotation for achieving
desired pitch of longitudinal profile waves.

Fig. 4. The module for synchronizing frequency of
current source impulses and frequency the grinding
wheel rotation

The scheme of the module for measuring
grinding vibration is presented in Fig. 5. This
module is a springy cantilever beam with the
fixed slide assembly for pattern and sample for
treatment. The value of stiffness is regulated
by moving the slide assembly along the spring
beam. In the base plate there is a variable
reluctance pickup of linear movements, which
measures the vibration of cantilever beam
while processing. Such scheme helps to
evaluate the influence of pulsating component
of cutting force, caused by processing with the
diamond wheel with wavy working surfaces.

An  original source of impulse
technologic current was developed for an
experimental machine (Fig. 6).
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Fig. 5. Module for measuring grinding vibration

Fig. 6. The source of impulse technologic current

CONCLUSIONS

1. The suggested method of increasing
the efficiency of diamond grinding of hard-to-

machine materials provides reduction of
grinding vibration by forming rational
longitudinal profile of working wheel’s

surface. It helps to increase stability of

grinding, reduce the tools wearing, improve
dimensional accuracy and quality of processed
parts’ surface. The effect is achieved by
electric discharge impact of electric impulse,
synchronized with frequency of the wheel
rotation on conductive diamond wheel’s bond.

2. The existing level of mechatronics
allows fulfilling the task of automated
regulation of the rational vibration level for
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pre-set conditions of diamond grinding of
hard-to-process materials.

3. Conducted modernization of universal
sharpener 3J1641E provides implementation of
the suggested method. The developed devices
measure grinding vibration and synchronize
frequency of technologic current control
impulses and frequency the grinding wheel
rotation.
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Intermittent grinding,

I[TOBBIHNIEHUE D®PEKTHUBHOCTH ITPOLIECCA
SJIEKTPOAJIMA3HOI'O IINIM®OBAHUMA
TOKOITPOBOJAIINX MATEPHUAJIOB ITYTEM
PEI'YJIMPOBAHUA ITPOJOJIBHOI'O ITPODUIIA
KPYI'OB

Braoumup JJjobpockok, Anopeii Inunvka,
Mapuna Mopunesa, Huxonau [lInunvxa

AnHoTanus. IlpeactaBneH MeToX  NOBBILICHUS
3¢ PEeKTUBHOCTH mporiecca ANIEKTPOAIMa3HOTO
uudoBanus  TpyaHOOOpabaThIBaEMBIX MAaTepHAaJIOB,
obecreunBarOMi  CHIWKEHHE  BUOpauuii  myTem
(hopMHpOBaHHUS Ha Kpyre palMoOHAIBHOTO IPOAOJIEHOTO
npopwiss  paboyeld  MOBEPXHOCTH. PaccMOTpeHBI
MPEANIOCHIIKM M OCOOCHHOCTH TallleHWsT BHOpaIWi,
TEXHOJOTUYECKOe O00OpyAOBaHWE I pealu3anuu
IpeIaraeMoro MeToa.

KnroueBbie cimoBa: dJieKTpoajMasHoe IUIM(OBaHHE,
pabodasi MOBEPXHOCTh KPYTOB, MPOJOIBHEIA MPOQIIIE,
CHIDKEHHE BUOPAITHiA.
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Summary. The physical model of dehydration of
coal slimes is offered on the deck of high-frequency
screens as a process of the pulsating forming of inertia
visco-plasticmaterial object, in which a coefficient of
viscidity is the function of intensity of oscillation
excitation.
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INTRODUCTION

During the coal slurry dewatering [20,
15, 14, 6, 22], solid phase volumetric
concentration is increased due to water
removal through the screen mesh. Thus coal
slurry structural-mechanical properties [24, 1,
7, 8, 9] are substantially changed. Effective
slurry  viscosity 1is subject to the most
significant alteration due to its nonlinear
dependence on volumetric concentration of
solid particles [16, 4, 27].

The processes of muds dehydration in
coal's preparation's technology [25, 13, 10, 11,
26, 12] are widely used on high-frequency
screens. Quality of products of dehydration to
a great extent is determined the parameters of

vibration of working surface of screen.
However presently the adequate physical
models of process absent dehydrations of
suspensions' on a vibrating deck surface,
allowing making the choice of optimum
regime parameters.

In the article the attempt of development
of physical model of dehydration's process at
motion of stream of suspensions' is done on a
vibrating deck at the monotonous decline of
liquid phase concentration.

RESEARCH ANALYSIS

Slurry elastic characteristics are resulted
from the air bubbles presence. However,
during dewatering on the screen sieve
accompanied by the layer vibration thickening
air bubbles are intensively released through the
free layer surface and through its bottom
boundary, i.e. through the screen. Thus, slurry
layer on the screen may be assumed as a
viscoplastic rheological body.

High-concentration slurry is
characterized by the spatial structure resistive
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to stress not exceeding certain 7., value
designated as shear stress or yield strength
[28]. In case that material stress exceeds the
yield strength, its structure collapses, and
shearing flow occurs, of which rate is
proportional to excess shear velocity, i.e.,
material behaves as a Newtonian fluid at the
shear stress - 7.

RESEARCH OBJECT

It is known [20] that dehydration's
process of suspensions' on a vibroscreen it is
possible to divide conventional into three
stages.

On the first stage, characterized
considerable maintenance of liquid phase,
there is preliminary dehydration, conditioned
mainly hydrostatical pressure layer
suspensions', on the second stage the process
of dehydration is conditioned the inertia
constituent of vibrations, providing tearing
away of free moisture from sticespace of layer
of material, on the third stage the process of
dehydration takes a place due to the
vibrocompression of material layer attended
with the selection of free moisture from
sticespace space layer.

On the first stage an initial suspensions’,
given on a screen, has an enough low
concentration of liquid phase and can be
examined as a homogeneous liquid with
effective viscidity, exceeding viscidity of
liquid phase. For the small concentration of the
self-weighted particles of regular shape
effective viscidity of suspensions' is calculated
on simple formulas [15]. Oscillation influence
is elevated by suspensions' viscidity, as
amplitudes of particulate matters' vibrations
less amplitude of liquid's particles vibrations.
Therefore for the case of small concentration
of particulate matters selection of liquid phase
through openings of deck more effective for an
immobile sifting surface. If speed of
suspensions' flow on a deck is not very much
high, expiration of liquid through openings of
deck will be determined the depth of
suspensions' stream.

Deformation of viscoplastic material
results in occurrence of stress T=ne+t,,

where 7 is viscosity coefficient, and € is rate
of deformation.

Let us consider a viscous material
behavior on the harmonically oscillating
horizontal sieve surface under the unseparated
conditions.

Let us distinguish unit cross-section bar
in the material layer with axis coinciding with
the pressure load normal component on the
screen side. The bar height is equal to the
material layer thickness # and bar mass m =
ph, where p is the material density.

Material layer is subject to harmonic
exciting force F cos wt, where F and w are the
exciting force amplitude and frequency, and ¢
is the time. In addition, during the oscillation
layer is subject to inertia forces due to the
material density p, viscous friction forces and
dry friction forces determining the material
plastic deformation.

The screen surface vibration normal
component results in layer deformation and
facilitates its dewatering, while the tangent
component  provides  layer  vibratory
displacement. Therefore, when taking account
of vibration normal component only, we
assume that layer inertia force will be
my =phy, where y is layer vertical
displacement, y = ¢h.

Viscous friction force in the material
layer is equal to ny, where y = h¢ is the layer
vertical displacement velocity.

Dry friction force R is constant in
magnitude and is directed oppositely to

displacement velocity R =—Ry/ | |, where R

is constant depending on the friction
coefficient and cohesive force. If force R is
resulted from the stress exerted upon the
lateral surface of the square bar, then
R=4ht,. Assuming the permanent plastic
deformation during the layer vibration
thickening, we will represent dry friction force
as R(sgn y+1)/2 [17,18], where:

|1 at y>0,
sgn=y .
-lar y<0O.
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Thus, layer plastic deformation occurs, if
screen displacement velocity is directed
upward, and the stress in layer exceeds
ultimate shear stress z.. If screen velocity is
directed downward, then dry friction force is
equal to zero, and layer moves as an inertia
body.

Fig.1 shows dynamic computational
diagram of the inertia viscoplastic body being
subject to harmonic exciting force.

The equation for layer motion on the
vibrating surface takes the following form
based on the assumed dynamic design:

my +my +2ht, (sgn y+1)=F cos wt. (1)

Layer height varies slowly at the final
dewatering process stage, so that dh /dt << 1.

m

—— ¢ Fcos &t

Fig.1. Dynamic computational diagram of the inertia
viscoplastic material on the vibrating surface

The equation (1) includes nonlinearity
due to the function sgn y. Such type equations
are solved with the use of methods of step-by-
step integrating or methods based on the
motion equation linearization [2].

In order to reduce equation (1) to the
linear form we will use the power balance
method [19, 3, 21, 5, 23] whereby nonlinear
dry friction force can be replaced with the
energy equivalent linear force b,y, for which

coefficient b, is determined based on the
condition of equality of the works done by
both forces over the oscillation period [24],
ie.:

T T
[t.sgny-y-dt = [ b,ydt. )
(6] O

We cam assume for a first approximation
that oscillatory process is harmonic in the
steady conditions.

One can see from the equation (1) that
nonlinear friction force presents at the positive
velocity values only, and function sgn y takes
on values 0 and 1. Therefore expected
oscillatory law for the layer displacement
velocity will be:

y = —awsin o, 3)
where: a is the oscillation
amplitude.

Insertion of expression (2) into (3)
results as follows:

layer

T 2n
] boyzdt = boazm | sin” ydy = bonazw, 4
(6] (6]

where: y = ot.
Let us calculate an integral on the left
part of (2) for the nonlinear resistance force:

T 2n
[t.ysgny-dt=—t.a [ sinysgny-dy=
) 0

=41.a. (%)

Equating results of calculations of (4)
and (5) allows determination of equivalent
friction coefficient:
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Once the coefficient b, 1s determined, the
problem reduces to investigation of the
equivalent linear dynamic system where the
dry friction force is as follows:

2ht, (sgny +1) =~ 2ht,. (by +1),

where: b = 4/nao.

In case of the system with the non-elastic
resistance, oscillatory motions lag behind the
exciting force. Therefore, if oscillatory
motions follow the low y = a cos wt as a first
approximation, then law of variation of
exciting force can be on written as F cos(wt +
@), where ¢ is phase angle. Then the motion of
the linearized dynamic system will be
described by equation:

my +(n+2bht, )y +2ht, = F cos(wt + ). (6)

At the moments of maximum system
departure from the equilibrium point when cos
ot =1:

Fcosd=2ht, - maw?,

and at the moment of equilibrium point
passage cos wt = () and:

Fsing =(n+2bht,)aw - 2h,.

After the last equalities squaring and
addition, we will obtain following expression
associating the exciting force value and system
oscillation amplitude:

2
F2= (2hrc - maﬁsz) +(Baw—-2ht.)*, (11)
where: B =n + 2bhr..
Thus oscillation phase is as follows:

2ht, — maw®
¢ = arccos ————.

Equation (6) is linear with respect to y,
and its solution is known:

B B
-t —t
y=Lm %j[icos(wtﬂb)%}f’” a’t+C0},
m m
where: C, is the initial value. Solving
this integral at the initial condition:
y=0 given t = 0,

we obtain:

B
2, [ ot F
y=2el b
B +mw

x[ﬁcos(wt +¢)+ wsin (ot +¢) -
m

B

B =
_(_cos¢+wsin¢j€ m. (11)
m

The solution (11) describes the layer
velocity variation with account for the
transient process in the initial time period. The
expression (11) can be rewritten for the
steady-state process ¢ — oo as follows:

y :#{Scos(mt+¢)+msin(mt+¢)}—
_2hr,
7

Integration of expression (11) at the
initial condition y = h, at t = 0 results in
determination of the vibrating layer
displacement:

B
-t

2, r—% 1—¢m ||+

y:ho_

N Fm <[ B
B’ +m’w’ mw

sin (ot + ¢) —cos(wr +¢) +

mo -5 B + m*w®
+(cos¢+?sin¢y m ——Bsincl).

mo

In steady-state process (f — ©):
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yeh - 2ht, - Fm y
° B B* + m*w®
B B? + m*w?
x| —sin(wr + ¢) —cos(wt +¢) - sing |.
mw mw

The solution describes material layer
surface displacement at the oscillatory shear
flow and includes evolutionary:

2, t— il sin¢
B wB

ylzho_

and oscillatory:

Yy = sz 5 [mBm sin(mt+¢)—cos(wt+¢)}

B? +m’w

components. The layer vibration thickening
process takes place without its mass variation
at the constant resistance. It is reasonable that
the layer thickening is only possible when the
stress in material exceeds shear stress z..

Evolutionary component of thickening
rate under the steady-state conditions dy/dt = -
2ht/B. Here the layer height 4 is present as a
parameter.

Concentrated slurry viscosity coetficient

depends on the vibration parameters as
follows:
k
N=My +—73>
aw

where: k is the constant coefficient, and
n, 1s the residual viscosity coefficient due to
the oscillatory thixotropic destruction of
dispersion medium.

Then the rate of material layer thickening
on the vibrating screen:

d_y L 2ht,
di- k3 | 8,
aw TTaw

Parameters 7., #, and k included in this
formula are subject to the experimental
determination.

Fig. 2 shows plots of layer thickening
rate against working surface vibration
amplitude and frequency. Exemplary material
parameters for the layer of # = 0.1 m are
assumed as follows [12,13]: 7. = 10 N/mz,
o= 10" M-s/m*, k= 10° N/m-s”.

g*mf
M/e
67
2t
08¢
04}
0 mf) 200 300 ) /,;. /6
{ 2 3 a, mm

Fig. 2. Viscoplastic material vibration thickening rate
vs. working surface vibration amplitude and frequency:

y(v) npu a=1 mm,
j/(a) npu v="75paod/c.

RESULTS OF RESEARCH

On the first stage there is a translation of
coal suspensions' in highly concentrated due to
the upcast of free-drying.

On the second stage the translation of
highly concentrated suspensions' is carried out
in viscoplastic material due to the delete of
external moisture.

Beginning of the third stage corresponds
the state of the water saturated system of
particulate matters, at which regular contacts
have particles with each other. On this stage
the process of dehydration is already
determined the vibrocompression' process of
particles of hard phase and delete of the liquid
freed from interparticle space through a deck.

It is known that its rheological properties
change during the vibration of the structured
suspensions'. It is experimentally set [3] that
deformation of mixture (or its speed) at
unchanging as compared to static middle
tension is increased in
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|:1+OL(A0)2 /g)}\p(Ti) one times, where A4

and ® accordingly, amplitude and frequency
w(Ti) it is a function of
specific thixotropic, depending on granule

compositions and circulating in unit in default
of vibration, g it is an acceleration of gravity,

of vibrations,

o it 1s a constant.

Between the modes of vibration and
viscidity of highly concentrated suspensions
many authors were engaged in the decision of
problem of establishing a connection [14].
Semiempiric formulas, including the different
criteria of intensity of vibration, are got as a
result. The most reliable are consider the
criterion of intensity and dependence of
viscidity from the mode of vibration, where is
viscidity of the fully blasted structure. Thus,
quality of dehydration on this stage
substantially depends on the parameters of
vibration of dehydrating surface.

It is set [6] that the compression of
dispersible environment is determined in size
accelerations of the vibrations put to it. Thus,
the optimum value of acceleration depends on
physic-mechanical properties of environment.
The compression of environment takes a place
because of decline of forces of friction
between particles due to the action of inertia
forces and gravities.

It is experimentally set [6] that at
influence of vibration with the optimum for a
compression acceleration of particle of
environment with a high-slay and largenesses
can walk up a surface layer. This phenomenon
is explained the difference of values of
optimum accelerations for the particles of
different largeness and closeness in the process
of vibrocompression.

It is known also, that at more high-
frequencies a maximal compression is arrived
at less amplitudes. However with the increase
of frequency the degree of maximal
compression goes down. Growth of amplitude
of vibrations only to the known limit is
instrumental in the increase of closeness. The
certain most usefully frequency of vibrations,
cooperated  achievement  of  maximal
compression, corresponds every value of
amplitude.

The results of researches of influence of
duration of process of vibrocompression
rotined on the degree of compression [6], that
the process of compression flowed unevenly
with decreasing speed: more intensively in
initial moment, and then speed of compression
diminishes. Such unevenness is explained that
as far as the compression of environment the
area of surfaces of contact between particles is
increased, what efficiency of influence of
vibration goes down because of.

On the third stage dehydration of
suspensions is carried out in two stages [22]:
overstowage of particles of hard phase and
their rapprochement.

On the stage of overstowage under the
action of vibration there is destruction and
alteration of unsteady casual structure of
particles which under the action of gravity aim
to occupy the most advantageous power
position.

Reason of destruction of the structured
system of dispersible particles is relative
inertia displacement of particles of hard phase
of different closeness and size.

This relocation bias the more than
anymore mass of particle, higher acceleration
of vibrations, anymore difference of
closenesses of particle and environment, than
less than viscidity of the system. At the end of
the stage of overstowage the system acquires a
steady structure.

On the stage of rapprochement of
substantial change of structure of particles
does not take a place. The compression of
mixture is carried out as a result of
rapprochement of particles, their moving apart
and relative changes, that is conditioned not
only vibroinfluence but also redistribution on
volume of liquid phase. Time of the second
stage considerably anymore duration first. On
this stage at relative displacement of particles
there is «wringing» out of liquid phase from
the pores of mixture.

On the final stage of dehydration
formation of the thixotropic structured system,
formed as a result of coagulative co-operations
is possible. As a result of action of effect of
the oscillation work-hardening of structure
formation of the new work-hardened contacts
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is possible, that results in formation of hard
dispersible structure.

On the basis of the expounded pictures of
process of dehydration the simplified dynamic
model layer suspensions on the working
surface of vibroscreen can be interpreted
visco-plastical rheological body with the
added mass, to equal mass of bar of single
section the height of which is equal to the
height of layer of dry material, and a closeness
is equal to the closeness of suspensions. As a
result of action of vibration there is a limit of
fluidity of material 6, — 0, and tension in a

plastic element proportionally deformations:

G, =k,e,, where k,  1is a coefficient of

m~m 2 n

plasticity, and ¢, is deformation of plastic

ol
element. In addition, suppose that the height of
layer of water-free material is equal to 4,,, and
then tension in a plastic element on the stage
of compression of layer proportional to
(h—h)/(h —h,), that is to say resistance a
flowage changes from zero to k.

We suppose that a height of layer of the
dehydrated material 7 =h(r)

changing parameter, remaining unchanging
during one period of vibrations of working
surface. Then equalization of motion of layer
of the dehydrated material on the sieve of
crash under the action of the pulsating loading
F,sinot, proper the i-period of vibrations, it

will be:

is a slowly

R h(t .
ph(t)y+ Ky +h(t)#hmkny = F sinwt. (12)

where: p is a closeness of the

dehydrated material, K it is a coefficient of

viscid resistance, F, and ® accordingly,

amplitude of revolting force and frequency of
the forced vibrations of working surface of
screen.

Because layers deformation s
irreversible and developing only in the
direction of decline, during the semiperiod of
vibrations a layer moves as a solid by mass,
and during the second semiperiod as inertia

visco-plastical Bingham's body in accordance
with equalization (12).

The decision of equalization (12) is
searched in a kind:

Yy = 4;sinwot + B; cosof . (13)

After the substitution of expression (13)
in equalization (12) expression (13) can be
presented in a kind:

:'__ :f k,, — pho*
4;=F, — 5 :
(:l :’ k., ph,-oazj + K0’
17 "m
F Ko
Bl: 0 ) .
(:1 _:i kn—phisz + K0’
17 m

y=a;sin(of+¢;),

where:

a; =~ 47 + B} =

2 2
=F [Mkn—phiof} +K*0? |,

1

o

hl - hm
0; = arctq(B / A) = arctq Ko .
2 M—h
phio” ———*
h —h

m

Thus, the vibrations of surface of layer of
the dehydrated material take a place with
frequency of the forced vibrations, and the
change of phase in the i-period of vibrations is
equal ¢; and depends on a layers height.

There is a height of layer of the
dehydrated material 4 =/A; in initial moment

of compression . Thus a flowage is equal to the
zero and motion of material is characterized
inertia and viscous resistances. As far as
diminishing of height of layer arise up and
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plastic resistances increase further. The
algorithm of calculation of changing height of
layer consists of the following.

We suppose /4 =k and on formulas (12)

calculate coefficients 4; and B;. Then on a
formula (12) determined a; — amplitude of

vibrations in the direction of diminishing / for
the first period of vibrations of process of
compression.

Then, for first period of vibrations the
change of materials layer height will make

Al =F, /(ph1w2) —a;. At the beginning of
the second period (i=2) of vibrations

define Ah, =ay;—a,, hy=h, —Ah, et cetera.

Repeating calculations will

Iteration process continued to achievement of
time 7=i/2nw, equal time of unloading of
water-free material from the deck of screen.
For example, at frequency of unbalance
screens billow rotation of 150 radian/sec, to
middle speed of materials portage at
dehydration 0,1 m/sec and to length of deck
area on which the process of vibrocompression
is provided actually, equal 2 m, and iteration
count will be 3000.

CONCLUSIONS

1. These data enable length calculation
for screen dewatering surface devices, where
the first device is designed for the material
dewatering with the prevailing use of
hydraulic principles, while the second one is
designed for dewatering due to the laws of
inertial mixtures mechanics.

2. Thus, on the basis of presentation of
dehydration process of suspensions on a
vibroscreen, as a process of pulsating
deformation of inertia viscoplastic body, a
dynamic model, answering equalization (12) in
which a coefficient of viscidity is the function
of intensity of oscillation influence, is offered

Aoaz/g.

10.

11.
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Summary. In the article the research of various test
actions to ensure invariance of capacitive moisture
meters to change of substance type is carried out. The
analysis of ways to reduce uncertainty of substance type
is carried out. The most perspective direction of
researches — test methods is chosen. The algorithm of a
test method and the block diagram of measuring system
for additive and multiplicative tests are chosen. During
calculations the expression for determination of
substance moisture content that is invariant to change of
dielectric permeability is obtained. For the purpose of
approbation of this expression the results of check of
dependence of moisture content from dielectric
permeability are received. Pearson criterion is applied
for determination of results consistency. It is determined
that these results rather well compensate the uncertainty
of substance type.

Key words. Capacitive moisture meter, uncertainty
of substance type, test method, additive test,
multiplicative test.

INTRODUCTION

One of the most widespread product-
quality indexes is moisture [S]. Moisture is an
important factor at control of parameters and
control of technological processes in industry
and in production of various materials [3, 14,
19]. For many types of agricultural production
(grain and fodders) moisture is the factor that

shows a share of nutrients in production and
duration of its storage [12, 13, 16, 18].

In industry it is often necessary to
analyze moisture of petroleum products, bulks,
building materials and other substances
directly in technological process without using
bulky samplers. For the solution of an
objective and some other tasks the capacitive
method for moisture measurement has gained
the most widespread.

Advantages of capacitive moisture
meters are first of all the possibility to control
moisture in wide range with high accuracy,
efficiency of measurements and no damages
on the measured sample [1]. The main
disadvantage is presence so-called uncertainty
of substance type associated with the fact that
the wvalues of dielectric permeability
significantly differ not only for various
substances but also for various brands of the
same substance [21].

Thus the most important direction of
researches in the field of capacitive moisture
meters is reduction of substance type
uncertainty that will allow using these
moisture meters for measuring of substances
moisture content because they have a number
of advantages.
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ANALYSIS OF PUBLICATIONS

Today there are some ways to solve the
uncertainty of substance type for measuring of
moisture of substances using capacitive
moisture meters [4, 17, 20]. One of such ways
is input of calibration curves in memory of
moisture  meters. These curves have
information about dielectric permeability of
substances that can be wused in the
measurement process. However it is obvious
that the amount of substances and types of
these substances is so great that to consider all
possible dielectric permeabilities isn't possible.

Another way is providing of moisture
meters with a calibration tables (moisture
meters of Kett, IVZ-M1, IVZ-M1T, WILE-55,
Sinar AP 6060, Kaplya, Grain Master, VSN-
100, VSP-6P, Multi Grain, FAUNA,
Farmpoint, GAC500, HE-50, Superpoint
types) [11]. These tables are created on the
basis of experimental data about dielectric
characteristics  of  moisture  containing
materials. Use of these data requires some
caution as the results of measurements that
have been carried out in different conditions
and with different methods don't coincide and
sometimes contradict each other [1].

One of the ways is carrying out of
moisture meters calibration for the specified
structure of substance. Thus the moisture
meter ceases to be universal as the
measurements of moisture are possible only
for that structure of substance for which a
calibration was carried out. Moreover the most
important is the fact that accuracy of analytical
methods of moisture meters calibration in
many cases not more than accuracy of
calibrated device [1]. The shortcomings given
above and also bulkiness and labor input of the
calculations connected with the use of
calibration don't allow the use this method to
solve the uncertainty of substance type.

One of the perspective directions is use
so-called "test methods" that allow to reduce
influence of substance type on the moisture
content value [2, 15]. The essence of these
methods consists in generation of test actions
by means of injection a known amount of
water or dielectric substance with the set

dielectric permeability in initial substance.
Thus the result of measurement is determined
by change of dielectric permeability of initial
sample after test actions with use of test
methods.

With a research objective of this
direction in early works [6, 21, 22] synthesis
and tests of effective ways of test algorithms
formation were carried out. These test
algorithms would allow the compensating of
substance type uncertainty of studied
substances in conditions close to real
polarizing processes in dielectrics and with a
minimum of restrictions. Thus in [22] it is
presented a method for formation and research
of invariant test algorithm with the use of
least-squares method (LSM), and in [6] — with
the use of an interpolation Lagrange's
polynomial. The researches conducted in these
works showed that compensation of change of
dielectric =~ permeability = of  dehydrated
substances is carried out in insufficient degree.
Thus application of test methods for the
solution of objectives requires more careful
research.

PURPOSE OF RESEARCH

Objective of this research is check of
possibility of test methods using for solving the
uncertainty of substance type problem for
capacitive moisture meters.

RESULTS OF RESEARCH

Generally at test methods the measuring
process consists of several steps. In the first step
(the main) the measured value is defined and in
others steps an additional tests are carried out each
of which is some function of the measured value
12].

So let we have the substance that
dielectric permeability is unknown. For an
exception of this value at determination of
moisture content it is necessary to carry out
some additional tests. In the previous works
[6, 21, 22] such tests were formed by addition
of some in advance known amount of water in
studied substance. Thus dielectric permeability
of initial sample of substance was equalled ¢;.
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In the first test dielectric permeability of the
same sample after addition of a known amount
of water was received (&,). The second test

was formed by adding to the sample of the
first test still the same amount of water.
However as the results of calculations showed
such approach didn't allow to get rid
completely of the problem of substance type
uncertainty.

For the solution of objective the various
test algorithms are analysed by authors. As a
perspective the algorithm consisting in
carrying out of independent additive and
multiplicative tests is chosen.

There are some ways of measuring
systems (MS) construction for realization of
chosen algorithm. Block diagrams of MS for
additive and multiplicative tests with three
keys is presented in Fig. 1.

UAT Hout

— Ko MD H CD =

UMT —/

Fig. 1. Block diagram of measuring system for additive
and  multiplicative  tests  with  three  keys:
UAT - wunit of additive test; UMT - unit of
multiplicative test; MD — measuring device; CD —
computing device; K — key

For this diagram process of measurement
consists of three steps. In the first step keys K1
and K2 are disconnected, and key K3 is closed
and on input of measuring device (MD)
measured value — moisture is directly supplied.
In the second step K1 is closed and on input of
MD additive test is supplied. In the third step
K3 is disconnected, and K2 1is closed
connecting output value k-W of unit of
multiplicative test (UMD) on input of MD.

Results of transformations are transferred from
output of MD in computing device (CD).

Thus independent additive tests can be
presented in the form of the sum:

Wog =W +AW , (1)

where:  W,; —value of substance

moisture content received after carrying out of
additive test, W — measured value of moisture
content, AW — constant component of additive
test which is uniform and independent value
from W, and is a water addition.

Independent multiplicative tests can be
presented in the form of product:

Wonuis =k W, (2)

where: W, —value of substance

moisture content received after carrying out of
multiplicative ~ test, =k —coefficient  of
transformation which is independent from W
and represent a certain multiplier.

The block diagram of MS differing by
presence of the adder and the block diagram
without influence of conversion coefficient are
presented in Fig. 2.

The diagram with two keys and adder
(Fig. 2, a) is used in case it is impossible to
include a key K3 in a chain of the measured
value. Thus the additive test will be the same
as in the first case: W,; =W + AW . The result
of multiplicative test can be presented as a
sum: W, =k-W+W.

The advantage of the block diagram
presented in Fig. 2, b is the possibility of an
exception of influence of transformation

coefficient of UMT on the result of
measurement. In this case process of
measurement  consists of four steps:

measurement of moisture content value W,
additive test W,; =W + AW , multiplicative test

Woir =k-W and k-W +k-AW test type.
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Fig. 2. Block diagram of measuring system for additive and multiplicative tests:
a — with two keys and adder, b — without influence of conversion coefficient

For realization of the test method chosen
by authors the most suitable diagram is the
block diagram presented in Fig. 1 as it allows
to receive a necessary number of tests of a
certain type.

For the purpose of implementation of
possibility of application of test method for
capacitive moisture meters at this stage we
will consider tests creation for liquid
dielectrics (for example petroleum) [9].

Taking into account that test conditions
have to be at least two during researches we
will receive: capacity of primary measuring
transducer (PMT) with initial sample of
substance (C;), capacity of PMT with the
same sample after addition of the set amount
of water (C,) (additive test) and capacity of
PMT with initial sample of substance at
carrying out of measurements . times (Cy)
(multiplicative test). This is sufficient for the
formation of a system with three equations
solving which we will receive expression for
determination of substance moisture content.

Thus using a linear dependence given in
[21] we will receive:

C,=e(1+3W)g,
C, = e(1+3(W + AW))g, 3)
C, =k -e(1+3W)g,

where: ¢ —dielectric permeability of
studied substance; g —spatial characteristic of

electric field of the gap created by a form of
electrodes chosen by PMT, equal 10 m; AW —
addition of water for additive test, equal 0,1
(10 %); k — coefficient for multiplicative test,
equal 2.

For the solution of Eq. 3 the differential
method offered in [8] is used:

C, —C) =3egAW ,
C3 - Cy =eg(k-1)(1+3W),
C3-Cy _ (k-1)(1+3W)
C,-C, 3w

from which:

AW(C3-Cy) 1

Wealel = = 4
TSV @

Thus from Eq.4 it is visible that
moisture content of substance doesn't depend
on dielectric permeability at using the offered
test algorithm.

Check of Eq. 4 on invariance is carried
out with the use of formulas:

Clzg'sla (5)
C2:g'82, (6)
C3=g-¢ k, (7

where: g —dielectric permeability of

initial substance; &, — dielectric permeability
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of substance with addition of water AW , equal
0,1 (10 %).

As change of dielectric permeabilities g;
and g, in range of humidity from 0 % to 15 %

is nonlinear as mathematical dependence we
use Winer's formula allowing rather
adequately to describe polarizing processes for
a wide class of binary dielectric systems [10].

= ey — . )
w
“w I _w
€,y — €
R 3(W +AW) ©)
2 €, +2¢ ’
W (W AW)
€, —€

where: ¢, —dielectric permeability of

water, equal 80.

So let dielectric permeabilities of some
virtual group of substances equal 2,0; 2,5; 3,0
and 3,5. We will change moisture of these
substances by addition of water into them from
0 (0%) to 0,3 (30%) with a step of 0,1
(10 %). The calculated values of dielectric
permeabilities are given in Table 1.

Table 1. Calculated values of dielectric permeabilities

Moisture Dielectric permeability (€ )
content for for for for
(W) €=2 e=25 €=3 €=35
0 2,0 2,5 3,0 3,5
0,1 2,614 3,252 3,385 4,512
0,2 3,368 4,173 4,963 5,741
0,3 4,317 5,324 6,305 7,262
0,4 5,545 6,806 8,022 9,197

Having substituted in equations (5), (6),
(7) known values we will receive capacities
Cy, C,, C3 of PMT which are necessary for
determination of calculated value of moisture
content according to the Eq.4. Results of
calculations of substance moisture content are
given in Table 2.

Obvious is that fact that with the increase
of substance moisture content W  the
calculated value of moisture content W, also

has to increase. As evident from results

presented in the Table2 the monotonous
increase of values of moisture content is
missing and invariance to change of ¢ isn't
present.

Table 2. Results of calculations of substance moisture
content

Moisture | Calculated value of moisture content (W, )
content for for for for
") g£=2 £€=25 £=3 £=35
0 -0,0076 -0,0009 0,0057 0,013
0,1 0,013 0,02 0,027 0,034
0,2 0,022 0,029 0,036 0,044
0,3 0,018 0,026 0,034 0,042

Thus there is a need for creation of one
more test with greater addition of water. In this
case Eq. 3 will be:

C,=e(1+3W)g,

C, =e(1+3(07 + AW'))g, (10)

C, =k'-e(1+3W)g,

where: Cy, C2’ , C3’ — capacity of PMT
with initial sample of substance and at creating
of additive and  multiplicative  tests
respectively, pF AW’ —addition of water for
additive test, equal 0,2 (20 %); &' — coefficient
for multiplicative test, equal 4.

As well as in the first case the system of
Eq. 10 is solved using differential method. The
calculated value of moisture content can be
determined by a formula:

AWI(Cs —C) 1
*-1)(C; ~Cp) 3

4y

Wcalc2 =

Capacities of primary transducer can be
determined by formulas:

Cl:g'gls (12)
Cy =g-ey (13)
C3,=g'81'k,, (14)

where: &, —dielectric permeability of

substance with addition of water AW', equal
0,2 (20 %).
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Check on invariance the various
combinations of two test expressions: Eq. 4
and Eq. 11. The most obvious combination is
the ratio:

AW'(C;5 ~Cy)
Weer (K -V(C =C) o
Wealcl AW(C; -Cy) '

(k-1)(C, - Cy)

Results of calculations of substance
moisture content for Eq.15 are given in
Table 3.

Table 3. Results of calculations of substance moisture
content

Moisture | Calculated value of moisture content (W)
content for for for for
") £=2 £=25 £=3 €=35
0 0,898 0,899 0,902 0,903
0,1 0,885 0,889 0,891 0,894
0,2 0,872 0,874 0,877 0,88
0,3 0,852 0,857 0,861 0,865

As evident from results of calculations
the invariance of moisture content W,,. to

change of substance dielectric permeability
still isn't present. Monotonous increase 1is
present along with low sensitivity of PMT to
change of moisture content.

Next, check on an invariance a
combination of ratio of square of moisture
content calculated value for test with an
addition of water equal 20 % to a calculated
value of moisture content of test with an
addition of water equal 10 %.

' 2
AW'(C; —Cy)
Wcalc22 _ (k"l)(CZ _Cl) (16)
Wcalcl AW(C3 B Cl ) ’

(k-1)(C, -Cy)

Results of calculations of substance
moisture content are given in Table 4.

By the results of calculations of Table 4
it is visible that monotonous increase of values
of moisture content is missing.

Table 4. Results of calculations of substance moisture
content

Moisture | Calculated value of moisture content (W4 )
content for for for for
") g=2 €=25 £=3 €=35
0 0,262 0,269 0,276 0,282
0,1 0,272 0,279 0,286 0,293
0,2 0,27 0,277 0,285 0,292
0,3 0,255 0,264 0,272 0,281

Check the combination on invariance:

Wcach + Wcalcl _
w w

calc2 — "ealcl

AW(C; —Cy) | AW(C3-Cy)

k' -1)(C) —Cy) (k-1)(Cy=Cp)”
AWI(Cs ~C1)  AW(C3-C)

h'-1)(Cy —C,) (k-1)(C3=Cy)

(17

Results of calculations of substance
moisture content are given in Table 5.

Table 5. Results of calculations of substance moisture
content

Moisture | Calculated value of moisture content (W, )
content for for for for
") £=2 £=25 £=3 £=35
0 -18,543 -18,799 -19,342 -19,654
0,1 -16,467 -17,017 -17,338 -17,836
0,2 -14,606 -14,909 -15,315 -15,696
0,3 -12,504 -12,952 -13,353 -13,772

From the Table 4 it is visible that value
W increases with increase of ¢, therefore it is
necessary to make a correction in a
denominator of Eq. 17 for its more intensive
increase with increase of €.

Thus taking into account correction of
the denominator we will receive:

Wcalc2 + Wcalcl
(WcaICZ - Wcalcl ) : (1 +0,011- Cl)

(18)

Results of calculations of substance
moisture content are given in Table 6.

Apparently from results of calculations
the deviation of moisture content calculated
values still is significant.
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Table 6. Results of calculations of substance moisture
content

Moisture | Calculated value of moisture content (W, qj¢ )
content for for for for
") £=2 €=25 £=3 €=35
0 -15,199 -14,744 -14,543 -14,191
0,1 -12,789 -12,534 -12,147 -11,92
0,2 -10,657 -10,219 -9,906 -9,62
0,3 -8,478 -8,168 -7,884 -7,656

Further for the purpose of receiving an
optimum denominator we will change the
multiplier of C; in Eq. 18 with some chosen

step ~. As a result of the analysis of received
new combinations the expression for which the
deviation of moisture content calculated values
is minimum is determined. At the further
change of the coefficient with specified step
the deviation is increased. This expression is:

Wcach + Wcalcl
(Wcalcz - Wcalcl ) : (1 +0,0029 - Cl)

(19)

Results of calculations of substance
moisture content are given in Table 7.

Table 7. Results of calculations of substance moisture
content

Moisture | Calculated value of moisture content ( W,z )
content for for for for
") £=2 =25 £=3 €=35
0 -17,526 -17,528 -17,794 -17,843
0,1 -15,306 -15,551 -15,582 -15,772
0,2 -13,306 -13,3 -13,388 -13,455
0,3 -11,112 -11,219 -11,288 -11,376

The results of calculations received for
Eq. 19 have a minimum deviation and are
monotonously increasing.

The values of moisture content received
in Table 7 are nonnormalized. Normalization of
values includes the following stages:

a) transformation of W,,. to positive

values range:

Wpositve = |Wcalc max| + Wcalc > (20)
where:  [Wege max| — maximum  modulo

value of moisture content for Table 7, equal
17,843,

b) combination of ranges:

w

positive
Worm = > (2 1 )
X
where: x = ﬁ =22,08.

The normalized values are given in
Table 8.

Table 8. Normalized values of calculations results of
substance moisture content

. Normalized values of calculations results of
Moisture substance moisture content ( Wy, )
content
W) for for for for
e=2 €=25 €=3 €=35
0 0,014 0,014 0,002 0
0,1 0,115 0,104 0,111 0,094
0,2 0,205 0,206 0,202 0,199
0,3 0,305 0,3 0,297 0,293

In order to compare the results of
calculations given in Table 8 for Eq. 19 with
the results obtained in early works [6, 21, 22]
in this direction of research, we will apply
Pearson's criterion of consent (y2) [7]. This
criterion allows accepting or rejecting of
hypothesis about conformity of samples.

This criterion allows us to estimate
degree of deviation of the calculated data from
the ideal values of moisture content.

In [22] the least-squares method (LSM)
was applied for creation of test influences
system. Expression for determination of
substance moisture content in this case is:

100(0,17¢; +0,17e5 —0,33e,)

Weaie = 2 > (22)
€3 — 0,01383
where: g —dielectric permeability of

initial sample of substance, ¢, — dielectric

permeability of substance sample after
addition of a known amount of water (the first
test influence), e; — dielectric permeability
obtained after addition to the second test still
of the same amount of water (the second test
influence).

Results of check of this expression are
given in Table 9.
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Table 9. Results of calculations of substance moisture
content with application of LSM

. Normalized values of calculations results of
Moisture substance moisture content ( Wy, )
content
W) for for for for

€=2 €=25 £=3 €=35
0 0,008 0,009 0,000 0,001
0,1 0,097 0,088 0,090 0,085
0,2 0,218 0,222 0,222 0,223
0,3 0,419 0,415 0,354 0,417

In [6] Lagrange's interpolation

polynomial of the second order was applied
for obtaining value of moisture content. This
polynomial is an interpolation dependence of
moisture content of substance from its
dielectric permeability.

The expression obtained with the use of
second order polynomial is:

174

calc

=592 -

€1 —€ €7 —€
10.537°2 1 9. 23 7%l
€18

(23)

€y — g 5
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where: ¢ —dielectric permeability of
€, — dielectric
permeability of substance sample after
addition of a known amount of water (the first

test influence), &3 — dielectric permeability

obtained after addition to the second test still
of the same amount of water (the second test
influence).

Results of check of this expression are
given in Table 10.

initial sample of substance;

Table 10. Results of calculations of substance moisture
content with application of Lagrange's polynomial of
the second order

. Normalized values of calculations results of
Moisture substance moisture content ( Wy;pu; )
content
(W) for for for for
€=2 €=25 €=3 €=35
0 0,0 0,0 0,0 0,0
0,1 0,08 0,08 0,08 0,08
0,2 0,16 0,16 0,16 0,16
0,3 0,32 0,24 0,24 0,24

Checking the results of calculations on
conformity by Pearson's criterion is carried out
as follows.

Empirical value of Pearson's criterion
can be determined by a formula:

o (Wnorm B W)2

2
X emp = P, (24)
i=1 w
where: W,,,,, —normalized value of

moisture content (it is used as empirical value)
W —specified moisture content of substance
(it is used as theoretical).

So we will calculate empirical value of
Pearson's criterion for results of Table 8. When
true value of moisture content equals 0 it is
visible that at various dielectric permittivities
we will receive empirical values of moisture
content 0,014; 0,014; 0,002 and 0 respectively;
for 0,1 we will receive values of 0,115; 0.104 ;
0,111; 0,094, etc. Apparently not all results of
calculations coincide with true values i.e. there
are deviations. Taking into account all possible
deviations for Table 8 we will receive:

2 (0014-0) . (0,014-0)
Xoemp=""0014 0,014
2 2
. (0,002-0) . (0-0)
0,014 0,014
2 2
. (0115-01) . (0104-01) .
01 01
2 2
. (0111-0,1) . (0,094-0,1) .
01 01
2 2
. (0305-03) . (03-03) .
03 03
2 2
. (0297-03) . (0,293-03)
03 03

(25)

=0,028.

Empirical values of Pearson's criterion
for results of calculations with the use of LSM
and Lagrange's polynomial of the second order
are defined similarly.

Results of calculations
criterion are given in Table 12.

of Pearson's
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Table 12. Results of calculations of Pearson's criterion
for table 8, LSM and with application of Lagrange's
polynomial of the second order

Indexes Xzemp
For Table 8 0,033
For LSM 0,171
For Lagrange's polynomial 0.085
of the second order ’

CONCLUSIONS

1. Attempt to use test methods for
solving the uncertainty of substance type
problem for capacitive moistures have been
carried out.

2.As a result of application of test
approach the Eq.4 allowing to define
substance  moisture  without  dielectric
permeability (i.e. substance type) has been
received.

3. For minimization of deviations of
calculated values which are received with use
of test method from the set values the Eq. 19 is
defined.

4. Apparently from results of Table 8 for
Eq. 19 the calculated values of moisture
content along with high sensitivity to change
of moisture content are adequately invariant to
change of substance dielectric permeability.

5. During check of the results received in
article on coherence by Pearson's criterion it
was determined that these values have the
smallest divergences (are conformed) in
comparison with the results received in the
previous works on this direction.

6. Thus the Eq.19 can be used at
measurement of moisture content of the
substance that dielectric permeability is
unknown.
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CHHTE3 TECTOBBIX BO3JAEVICTBUI JJ151

JINDJIBKOMETPUYECKOI'O BJIATOMEPA,

NHBAPUAHTHBIX K UBMEHEHUIO COPTA
BEII[ECTBA

Examepuna I'ony6, Anexcandp 3aboromubiil,
Huxonaii Kowesoii, Hpuna Kupuuenko

AHHoTauusa. B cratee IIPOBOAUTCA HUCCJIEAOBAHUEC
Ppa3JIMIHbIX TCCTOBBIX BO3CHUCTBUN C LEJIBIO
obecrnieyeHus WHBAPpUAHTHOCTHU JTUBJIBKOMETPHUUCCKUX
BJIaroMepoOB K M3MCHCHHUIO COpTa BCIICCTBA. HpOBeJIéH

aHanu3 CIoco00B YMEHBIICHHS COPTOBOI
HEONpeeIEHHOCTH. Beineneno HauOoiee
MEpCIIeKTUBHOE  HANpaBJIICHWE  WCCIEJAOBAHMHA  —

TECTOBBIE METOJBl. BBIOpaH aaropuT™M TECTOBOTO
METOJIa ¥ CTPYKTYpHAsl CXeMa N3MEPUTEIEHON CHCTEMBI
JUI aJUIMTHBHOTO M MYJBTHUIUIMKATHBHOTO TECTOB. B
XOJIe Pacu&TOB MOJIyYEHO BBIPaKEHUE JUIS ONPEICICHUs
BJIAaroCOZIEp’KaHUsl  BEIIECTBAa,  WHBAapUAHTHOE K
U3MEHEHMIO JU3JIEeKTpudeckoi nponunaemoctu. C
LEeNbl0  anpodanvy JaHHOTO BBIPAXKEHUS IIOJIyYEHBI
pe3yJabTaThl MPOBEPKU 3aBUCHMOCTH BJIArOCOIEPIKaHUS
oT JIUBIIEKTPUYECKOi MIPOHUIIAEMOCTH. Jns
OINpENEICHUS COTJIACOBAHHOCTH PE3yNbTaTOB NPUMEHEH
kputepuil Ilupcona. VYcTaHOBIEHO, 4YTO JaHHBIE
pe3yapTaThl  JOCTATOYHO  XOPOIIO  KOMIEHCHPYIOT
""COPTOBYIO HEOTIPEIEIEHHOCTH .

KawoueBrie ciIoBa: J1 IDJIbKOMETPUYECKUI
BJIaroMep, COPTOBas HEOMNPEAEIEHHOCTb, TECTOBBIIl
METO/I, aAJUTUBHBII TECT, MyIbTUIIIMKATUBHBINA TECT.
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Summary. The article proposes a mathematical model of
the process of rolling friction with slip at the point of contact
with the rail wheels of the locomotive in the implementation
of thrust.

Key words. The friction force, the force of adhesion,
the contact, the contact area, rolling friction, sliding
friction.

INTRODUCTION

A sliding friction and friction of rolling
with sliding are the most widespread types of
friction in a technique. So, for example a
friction of rolling with sliding is in toothed and
toothed-spiral  transmissions or between
wheels and rails [16].

An experimental investigation on the
process of friction interaction between the
wheels of a railway vehicle and rails was
carried out by using many methods for
different locomotives and conditions [11]. The
results obtained allow the possibility to put
forth common laws for the adhesion process as
follows:

* the basis of adhesion is the force of
external friction;

» realization of adhesion force is
impossible without a slip of the wheel relative
to the rail.

RESULTS

The problem of interaction of a rolling
stock and railway way concerns to number of
the major in a transport science [2, 9, 18, 22,
23].

The urgency of the numerous researches
devoted given problem, is caused by what
from the processes occurring in contact of
interaction of a wheel and a rail, safety and
technical and economic parameters of a
traction rolling stock of railways (speed of
movement, the losses connected with
overcoming of resistance to movement,
deterioration of wheels, rails, etc.) depend [3,
27].

Long-term operation of a rolling stock
shows, that the resource of bandages of wheel
pairs is defined by hire and, in a greater
measure, deterioration of crests. The numerous
publications testify to it, devoted to above
permitted standard wear process of crests of
wheel pairs and a lateral surface of a head of a
rail. So, for example in [1] diagrams of
structure of turnings of wheel pairs on
operational park of locomotives on a network
of railways of the Russian Federation 2012
which Analysis are presented shows, that
made turnings of bandages of wheel pairs on
admissible size of hire make 4 % while on
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deterioration of a crest their value reaches
65%.

With the purpose of decrease in intensity
of wear process of wheel pairs and rails up to
comprehensible values last years a number of
actions of technical and organizational-
technological character [8] (lubrication,
improvement of a design of a way and
locomotive servicing of a rolling stock,
perfection of geometry of a structure of a
surface of driving of wheels and rails,
monitoring in system a wheel — a rail, etc.) is
spent. From all listed directions of works most
quickly introduction in a zone of contact of the
third body with the set characteristics is sold.

The choice of the materials applied to
cooling and greasing of contacting surfaces of
crests of wheel pairs and rails, should be
carried out in view of temperature conditions
of interaction of the considered pair friction.
How the temperature developing at friction,
causes heating thin superficial layers of the
interfaced bodies and a layer of greasing
dividing them, it is one of the most important
factors influencing all complex of service
properties of lubricants, defining their
antifriction properties.

During friction of a lateral surface of a
crest of a wheel about a rail depending on
loading, high-speed and temperature modes
various modes of friction are realized: dry,
boundary and nomy>xuakoro friction.

Change of modes of friction including
formation of the mixed greasing, can be
considered on diagram Hersy (fig. 1), showing
dependence of factor of friction on the
characteristic of a mode of greasing [25]. The

dimensionless size is defined under the
equation:
A=tV a2 1)
p

key parameters enter into it defining a
mode of friction (viscosity of oil, speed,
loading).

This curve has two characteristic
branches: left, falling for area of boundary
greasing and right, increasing, for area of
liquid greasing. Between them there is the
transitive site corresponding area semi fluid

greasing (area). At transition in area unstable
semi fluid greasing change of any parameter
promoting decrease A (reduction of viscosity,
increase in loading, increase in speed of
sliding), leads to increase of factor of friction
and working temperature tribosystem. Growth
of factor of friction in the given area occurs
due to increase of a share of boundary greasing
down to formation cleanly boundary greasing
(area).

Fig. 1. Diagram Hersy

Modeling of thermal processes in pair
friction a crest of a wheel-rail definition of
power and geometrical conditions
KOHTaKkTHpoBaHUs is carried out according to
with described in [4] sequence.

At interaction of a crest of a wheel with a
lateral surface of a head of a rail at presence
between them a Ilubricant the factor of
boundary friction can be calculated under the
formula resulted in work [8]:

-V
f@#@%%&ﬂ, @)

noe

where: f, - factor of friction of not
greased surfaces, 77 -dynamic viscosity of oil,
v, -speed of sliding, P __- running loading,
k -factor of proportionality.
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Modeling modes of friction considered
tribosystem it is necessary to mean, that at dry
friction the second member of the equation (1)
can not be considered. The second part of the
equation (1) generally is function of the
characteristic of a mode of greasing. From the
equation (1) it is visible, that three factors
influencing a mode of greasing are speed,
loading and viscosity of oil.

The factor of friction £, depends, from

actual (working) viscosity of greasing at
temperature T on a surface of contact, instead
of from the rating value defined in
BHUCKO3UMeTpe at conditional temperature and
atmospheric pressure.

For the calculation of temperature on the
surfaces of wheel and rail, it is necessary to
define a form and size of spot of contact. We
will represent the touch of wheel and rail, as a
contact of cylinder with toroid with
perpendicular axes. Sizes of spot of contact of
wheel and rail is possible to define on the
equations of theory of elasticity [24]:

where: n, n, - coefficients values of
which are determined on tables; R/, R2, R3,
R4 — radiuses of curvature of contacting
bodies, E — the elastic module.

Change of temperature on the surface of
friction of wheel flange with the head of rail in
time, it is possible to define, deciding the
unstationary task of heat conductivity which,
in the case of independence of thermo physical
properties of materials of contacting bodies
from a temperature, is described by differential
equalization of heat conductivity, which has a
kind [31]:

2 2 2
2(8T+8T+8Tji L,

=Cc. —
o o ok’ P ot

where:  1-  coefficient of heat
conductivity, c,- heat capacity of materials

by volume, ¢- thermal thread through a
surface, T -temperature; ¢-time.

Normal loading P(x,y) we will define
as work of pressure in every cell of spot of

contact on the area of cells:

P(xy)= olxy)F.

For determination of pressure o(x,y) in
every point of contact ground the equation of
cycle per a second was used:

U(X,y): q;lax 1_ g o Z 2 (7)

where: oyax - maximal value of pressure
in the center of spot of contact. At the accepted
chart of contact of wheel flange with the
lateral surface of head of rail, value of
maximal pressure, it is possible to define on
the equation (8):

2
R R R R,

where: n, - coefficient, the value of
which is determined on tables [26].

Viscosity of all drop liquids and their
mixes with rise in temperature decreases. For
recalculation  of  viscosity from one
temperature on another the equation (9) is
recommended:

— (’—J , ©)
I

where: 77, — required viscosity of oil at

— Resulted in tables of

GOST viscosity (in Nsm/m?) at temperature of
test of oil, #, — Temperature of test of oil on

temperature 7., 77,

definition of its viscosity, 7, — temperature for
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which count viscosity, n — factor — an
exponent for each grade of oil. Value of factor
can be accepted under tables [23].

Results of calculation of parameters
considered tribosystem at presence between
them a lubricant are presented on fig. 2-5.

Fig. 2. Dependence of the attitude f ! mp from size

of lateral force in contact of a crest of a wheel to a
lateral surface of a rail ( f np and f e — factor of

friction of not greased surfaces and at boundary friction)

Fig. 3. Dependences maximal (a curve 1) and average (a
curve 2) relative temperature in contact of a crest of a
wheel to a lateral surface of a rail from size of lateral
force (Tsm.max/Tmax - curve 1, Tm.cm./Tm. - curve 2)

Proceeding from data of calculation of
temperature on a spot of contact at presence of
a lubricant layer the processes proceeding on a
surface of friction, it is possible to present in a
following kind. So, at constant speed of sliding
and accruing loading there is a gradual
increase in intensity of allocation of heat of
friction fig. 3 and, hence, rise in temperature
of a layer of the oil dividing rubbing surfaces.
Apparently from fig. 2, in a zone of force of
interaction of contacting bodies 3 ... 25 kN

Fig. 4. A field of temperatures (t, °C) on a surface of contact of a crest of a wheel with a rail at presence between
them greasings MC-20, (speed of movement Vline=60km/h, sliding é=10%, P=65kN)
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there is an excess. It is possible to explain
presence of an excess change of a physical and
chemical condition of greasing due to a
thermal emission in contact. To the further
growth of temperature leads to that the oil
layer loses protective properties and factor of
friction becomes same, as for not greased
surfaces.

Fig. 5. Dependence of the attitude capacities of friction
in contact of a crest of a wheel to a lateral surface of a
rail at presence of greasing and without it from size of
directing energies.

The similar result is received in works
[20] where the spasmodic increase in factor of
a sliding friction was observed at rise in
temperature in a zone of contact due to relative
friction.

By means of the given calculation it is
possible to estimate possible temperature in
contact of interface under the heaviest
conditions of its work and to pick up a
lubricant ~ with  demanded  operational
properties.

For an estimation of influence applied at
lubrication materials on conditions
KoHTakTupoBaHusi in considered a feather of
friction we shall take advantage of power
criterion of deterioration [9, 10]. Quality
standard of deterioration we shall make
calculation of capacity of forces of friction in a
zone of contact for a series of oils, according to
the described calculation.

Results of calculation of capacity of
force of friction on a surface of contact of a
crest of a wheel with a rail at presence

between them greasing MC-20, (speed of
movement Vline=60km/h, sliding é=10%,
P=65kN are shown on fig. 5.

CONCLUSIONS

1. The analysis of the received results
shows, that the effect from drawing greasing
on rubbing surfaces is observed at rather small
values of directing energies up to 10kN. In
these  conditions  rather  insignificant
deterioration is observed.

2. Decrease in intensity of deterioration
and a temperature mode with growth of value
of directing energies can be reached at the
viscosity of oil corresponding to temperatures
considerably  smaller  than  settlement
temperature in a zone of friction.
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MO/IEJINPOBAHMUE ITPOLIECCA TPEHMA
KAYEHMS CO CKOJIbXXEHUEM

Hpuna Kupuuenko, Anexcandp Kawypa,
Mapuna Mopuesa, Cepeeti [lonos

AnHoTanus. B pabore npeanoxena MaTeMaTHIecKast
MOJENb nporecca TpeHus KaueHHs c
MPOCKAJb3bIBAHMEM B  TOYKE KOHTaKTa Kojeca
JIOKOMOTHBA C PEIECOM NPH PeaT3aliy CHIIBI TATH.
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S um m ary. Procedure of the calculation forms for
vibration of the carrier system machining centre
milling-drill-bore types in condition low frequencies is
realized. The organized categorization of main nodes
and their presentation in the manner of rods and masses.
3D-model spindle’s node is built in system KOMPAS-
3D. Main nodes "spindle-instrument" and "table-
workpiece", exert most influence upon dynamic quality
tool is exposure. Accounting scheme of the springy
system tool is built and is offered mathematical
description of the tasks dynamics with provision for
characteristic of the process by cutting. They are
determined transmission functions of the equivalent
springy system tool and is designed its structured
scheme.

Key words: machining centre, dynamic characte-
ristics, form of vibration, carrier system, spindle.

INTRODUCTION
The Modern machine-building
production puts before tool industries
problems of increasing to accuracy and

capacity metalcuting tool, as well as
requirements on minimization of their cost [1,
19, 2]. This brings about need of searching for
new and improvements existing design tool, to
need of the use scientifically motivated
methods of the designing, founded on
mathematical modeling of the different
processes, occurring in tool, providing
possibility of the estimation to accuracy tool
and influences upon it separate nodes on initial

stages of the designing already. Using of such
methods accelerates the process of the
development of the project, provides the
possibility to optimization to designs and
brings about significant reduction of the
expenses on creation and complete of the pilot
models.

Increasing of the requirements to quality
milling tool, their technological complex in
connection with the general increasing of
accuracy in machine building, fabrication of
the details from machining material, rational
use high effective cutting instrument, compels
to search for the way of the improvement main
form creative nodes, ", exert most influence
upon capacity and accuracy of the processing.
These are a main technological features metal
cutting equipment are limited, as a rule, their
vibration resistance, for estimation which
necessary knowledge of the dynamic features
milling tool and its main element.

Besides, increase to efficiency of the
processes realized on modern technological
complex on the base multioperation equipment
is connected with increasing of dynamic
stability of the main nodes metal cutting tool.
The analysis of the balance to softness and the
forms of the frequencies form creative nodes
multioperation tool milling-drill-bore type has
shown that the most intensive frequencies are
characterized such form creative nodes, as
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"spindle - mandrel - instrument" and "table -
workpiece".

Such operations with interrupt by cutting
as milling are characterized by big range
power influence, appearing in process of the
processing, including probabilistic forming in
the manner of collections of the dynamic
harmonicas.

PUBLICATION
AND METHOD ANALYSIS

In background labour on dynamic tool
[15] is for the first time entered system of the
factors dynamic quality tool (the spare and
degree to stability, speed and deflection
dynamic system parameter under external
influence) and is given general methods
theoretical and experimental analysis and
estimations tool on this factor. The position is
entered about closed loop of the dynamic
system tool, which is defined interaction
element springy system "tool-instrumental-
equipment-detail" with workers process:
cuttings, friction and in drive. Together with
that, author limits the variety a quotient
particularities of the dynamic phenomena’s in
tool, linearization system. These restrictions
are justified by possibility of the analysis of
the much of machine exhibits with sufficient
for practical by accuracy result. The analysis
of the particularities of the dynamic system
tool enabled to enter the new notion
"equivalent springy system" (ESS) metal
cutting tool. It is directly connected with
division of the zones, where run the worker
processes element of the springy system. Such
approach turned out to be efficient at decision
of the following problems:

1. The problems connected with choice
of the drive or its calculation, when as
equivalent is considered element "mechanical
system", including processes of the cutting and
friction with their relationship.

2. The problems of the analysis of the
conditions of friction in directing or bearing of
the nodes tool. Here, the equivalent element
unites the springy system and processes in
engine.

3. The problems of the calculation of the
conditions of the cutting, where as equivalent
element are considered springy system tool
and processes in engine and friction.

The approach offered prof. V.A.
Kudinov turned out to be productive in
different exhibits tool building to branches. So
in work [17] 1is considered dynamics
mechanism auxiliary motion, in particular
mechanism of the periodic turning of the
nodes (the geneva, cam-teat, toothed-arm and
slotted link mechanisms). It besides is in detail
considered dynamics clamping and load
mechanism, including intended for automatic
change the instrument.

In work [18] is conducted study ESS
special diamond-bore tool and are defined
frequency features boring bar diamond-bore of
the heads and for improvement dynamic
quality are offered designs of the dumper
vibration of the frequencies. For these design
is built model, on the base which are built
amplitude-phase-frequency characteristics
springy system "spindle-console" with damper
of the frequency. On the base result, got in
work  [15] are determined  dynamic
characteristics of the process fine bore,
moreover determination of constant time chip
formation T, and specific power of the cutting
K, is realized on base built nomograph that
relieves the calculations of the features of the
process of the cutting.

Together with that got in work [15, 18]
dynamic characteristic of the process of the
cutting, got as a result direct experiment, needs
for revision. For event overflow chip
formation revision is connected with
presentation of the process to deforming the
chip, moving on cutter as on beam on soft base
[8]. On the grounds of found dependencies of
the length of the contact of the chip and
instrument  are  received  transmission
functions, characterizing change the length of
the contact when change the thickness of the
cut. Comparing got results with available
experimental given possible to note their
qualitative coincidence [8].

At a rate of configuration designing is
offered as criterion of the comparison of the
arrangements to use not generalized criterion,
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but factor dynamic quality on limiting
operation [9, 4]. On the base experiment on
lathes is shown, [9] that under firm cutting
level frequency in zone of the cutting the most
intensive in low frequency of the area,
corresponding to own frequency of the
vibration of the carrier system (CS) tool. In
this case dynamic characteristic =~ CS
computable  under chosen  accounting
condition, will characterize the quality of the
arrangement with position to not only stability
of the process, but also influences of the
vibration on accuracy of the processing. The
similar approach is used for comparison of the
arrangements multi-objective tool milling-
drill-bore type [4, 10]. The organized collation
of the dynamic characteristic CS different
arrangements, differing mutual location
stationary and moving block, in particular,
location tool magazine and spindle head on
column. As criterion for comparison was used
factor to dynamic softness. Volume of
dynamic softness is calculated for different
technological operation on the first and second
own frequency under different design spindle
head. On this base is made choice to rational
design element carrier systems.

Final element method is broadly used at
study dynamic multi-objective tool. So in
work [11, 5] is presented complex approach to
problem of the multiversion analysis of the
dynamic characteristics of the springy systems
tool, resting in their schematizing by means of
super element, uniting between itself in border
node point final-element grid. The certain
balance to dynamic softness multi-objective
tool with crusade table [11, 12]. For detail of
the influence constructive parameter on its
dynamic characteristic is used procedure of the
energy analysis of the vibration spring system
on determined mode of the vibration on
frequency 41 and 66 Hz. The results of the
analysis have allowed to give the
recommendations on change design element
spring system tool in purpose of the
improvement its dynamic characteristic.

The influence upon dynamic quality
multi-objective tool with use hydraulic motor
drive is considered in work [21, 22].

The analysis dynamic quality tool for
speediest processing (the parameter specific
speed n'd = (2...3) 10° mm/min) is connected
with  monitoring  spindle’s nodes on
characteristic of the displacement and
vibration [1]. For checking and forecasting of
the nature and values vibration in process of
the processing are created special programs,
taking into account condition spindle’s nodes
and instrument, material of the workpiece,

stiffness of its fastening and other
characteristics.
OBJECTS AND PROBLEMS
The purpose of the work 1is an

improvement of the process of the designing
main form creative nodes machining centre on
the base of the procedures of the study
dynamic and shaping rational design these tool
on criterion vibration resistant

THE MAIN SECTION

Considering design multi operation tool,
as closed-loop dynamic system [15, 18, 17],
most often resort to schematizing, got in work
V.A. Kudinov [15].

In general event equivalent springy
system tool (ESS) tool milling-drill-bore type
can be presented in the manner of linear
system with many degrees of freedom. The
system includes certain amount concentrated
and portioned element, possessing
corresponding to inertia, springy and
dissipation characteristics.

During preliminary experiment on base
model tool SF68VF4, constructed and made
on Lugansk tool building plant, are received:
moving the instrument and workpiece,
installed on rotary table under the action of
weight of the elements and power Py,
Herewith, the most disadvantage scheme of
the location for elements of the carrier system
tool was taken into account (Fig.1) — a spindle
in the most extreme position; the table with
workpiece in the most lower position.
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b

Fig. 1. The Schemes of the location of the elements
tool: a— a scheme I, b —a scheme II

For estimation of the influence parameter
form created elements on level of dynamic
softness necessary building forms of the
vibration on that own frequency, which are
characterized comparatively high level of the
fluctuations of the instrument and stocking up.
The Analysis experimental amplitude-
frequency characteristics have shown that
most interest presents the low frequency of the
vibration fi (Hz):

fi={16,5;20,2; 24,6; 28,6; 44,2 }.

On specified above frequency were
calculated forms of the vibration of the carrier
system tool, and the numerical values of the
displacement their element. On Fig.2 graphic
are presented forms of the vibration on
frequency f = 20,2 Hz, which are characterized
intensive displacement spindle head in planes
XOZ and table with workpiece in planes YOZ.
Herewith springy deformation were fixed
under the most disadvantage scheme of the
location of the elements tool (Fig.1, scheme 1)

and following variant load: P, = -1000 H;
Py1=P,;= 1000 H (are attached on the end of
the spindle).

Fig. 2. Form of the vibration tool on frequency
f=20,2 Hz

On base of the picture of the
displacement point springy system tool is
organized categorization its main elements:
arrays and rods (the springy beams). The
pertain to array — instrument, table rotary,
workpiece and drives of the presenting and the
main of the motion (Tabl.1).

Table 1. Categorization for main elements of tool

Indication

(number of the node) Node tool

Concentrated masses (arrays)

1 Instrument
9 Drives main motion
14 Drive of feed (on axis Y)
16 Table rotary
17 Workpiece
Rods
2-3-4 Spindle’s node

5-6-7-8 Splinde’s head
10-11-12 Column
14-13-15 Carriage
Joint
2-5,3-6 Support of spindle’s node
7-9, 8-9 Support of engine
7-10 Splinde’s head - column
11-13 Column - carriage
14-16 Carriage - vertical table
16-17 Table rotary - detail
Supports
12-0 | Base- foundation
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Fig. 3. Accounting scheme tool

As is well known, under array are
understood such elements tool, own
deformation which possible neglect in contrast
with contact deformation in their butting with
the other element that affords ground present
them in the manner of concentrated masses
(Fig.3) [5].In joint "table rotary- detail" will be
taken into account only angular softness in
plane YOZ and YOX.

The spindle tool, which 3D-model is
designed in CAD KOMPAS-3D [13, 14, 3]
(Fig.4) is submitted for accounting scheme in
the manner of weightless springy beam with
three concentrated masses on two elasticity
damper supports. Instrument it if its own
deformation possible to neglect (stiffness
boring bar, milling cutter) introduces the array.

Thereby, real springy system tool is
replaced by accounting scheme i.e. system
with final number of the degrees of freedom in
the manner of 5 concentrated masses, united
springy and dissipation (diffusing energy of

the  vibration) element, with linear

characteristics usually.

b

Fig. 4. Spindle’s node: a — assembly, b — mating parts
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Each mass in general event can have six
degrees of freedom and its motion must be
described six times by differential equations of
the second order.

The reduction to working hours of the
exact calculation of the system is connected
with highlighting of the main elements,
rendering most influence upon level of the
factors dynamic quality. The concrete variant
of the highlighting depends from delivered
tasks in turn. So in task of the analysis and
estimations to accuracy designed tool in
process of the operation (form creative
surfaces of the details) solving importance
renders spindle’s element [20]. This is
confirmed by broughted studies with using the
spectral analysis, which have shown that in
roundnessgramm of the surfaces of the
processed details are present only frequencies
typical of vibration spindle’s element i.e.
frequency spectrum of the vibration to paths to
axis of the spindle is wholly copied on detail.

Together with that other form creative
element tool on the base SF68F4 in the general
picture  deformation conditions  greatly
influences upon quality produced to product:

- on frequency of the vibration f =16,5
Hz exist the intensive fluctuations of the table
rotary and carriage toward axises X and Y,
that brings about torsion of the body carriage
and deformation in joint "column- carriage ", "
carriage -table",

- on frequency f = 20,2 Hz occur the
rocking vibration carriage with table for
column in planes YOZ, which are defined by
angular stiffness of the joint guideway column
with carriage in planes YOZ with total mass of
the workpiece the table and carriage (Fig. 2),

- on frequency f=28,6 Hz also exist the
intensive vibration an spindle’s head and table
rotary in planes YOZ.

Though springy systems tool with NC
type SF68VF4 present itself multimass
connectivity system, breach of the form and
quality processed surfaces depends, first of all,
from such main and form creative elements as
"Spindle-instrument"  (S-I) and "Table-
workpiece"(T-V). Thence possible draw a
conclusion that considered springy system tool
with satisfactory approach possible to consider

as two mass. This is confirmed and constancy
of the amplitude of the springy moment under
undermost form of the vibration.

The relative small size of the amplitudes
of the vibration (Fig. 1), presence preload
springy system, created power of the cutting
and weight of its element and applicability of
the principle superposition (within the range of
acting indignations) allows to consider this
system linear, described by system of the
common differential equations of the second
order.

For machine centre to models SF68F4
accounting scheme of the equivalent springy
system (the Fig. 5) includes two concentrated
masses m; (the subsystem "S-I1") and m; (the
subsystem "T-W"), having linear
characteristics to stiffness K; and K, and
damping h; and h.

F,
: K, K, K #
i ml —/V\/\j\— m2 A #
—W / —AWN—
7 i | #
Va I'_ hl _Il 112 ’/

Fig. 5. Accounting scheme of the equivalent springy
system: m; — a concentrated mass of the subsystem S-I,
m, — a concentrated mass of the subsystem T-W, h; and
h, — damping factor

The Mutual influence of the masses m;
and my occurs in process of the cutting with
stiffness factor of the cutting Kr [15]. Under
such statement of the problem instrument and
workpiece are bound with each other by
process of the cutting.

The Mutual influence of the masses ml
and m2 occurs in process of the cutting with
stiffness factor of the cutting k. Such two
mass system can be described by system of the
differential equations of the second order with
practically constant factor i.e. vibration
section:

Mty + el + Ry - Blpg - = O (1)
m i e - - —
Wl T TR -k —n= R

where: y; — a moving the subsystem S-I,
y2 —a moving the subsystem T-W,
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Fo — outraging power, appearing in
consequence of instability of the spindle and
mandrels, as well as unevenness allowance.

For account dynamic property necessary
to take into account the dynamic characteristic
of the process of the cutting [15]; as inertia
link first-order:

LE +F, =K )
where: Ky=K; b=(1,3...1,5) &b —
stiffness of the cutting,
K; — specific power of the -cutting,
N/mm,
b — width of the chip, mm,
op — a temporary resistance of the

processed material, MPa,
F, — power of the cutting (brought about
normal coordinate), N.
Constant time chipcreating T; is defined
by dependency:
Al

TF' = 3

where: o — a factor to proportions,

a — thickness of the chip, mm,

V —a velocity, m/s,

& — factor of the chip contraction.

Considering expression for averaged
stiffness S-I and equation (1) to account of the
expression (2) is realized building of the
system integral-differential equations:

i rhn - =0,
mply Tl R T i = E 3)
LE I R=K{ rk

The presentation (3) correct for event,
when velocities of the longitude feeds
presenting comparatively small in contrast
with value of the transverse vibration S-1.

In operation form (using transformations
Laplas: p = d/dt , system (3) possible present
in the manner of:

.. . iy . .
tmyp® + hop + Ky, — = Sat VBT vl =0
Ty

s = ! E s ! P

tmap® + e + Koy ___|.IHL - st = Falpl,
Tohn L

“)

After transformations we shall get the
transmission function W(p) on outraging
influence Fo(p):

wip) = 22 o =it il (5)
) Felpk KEL&':.P._"'"E':.F'._'J'” I‘t;p--'llla'a';p.‘l‘-';p."

where: Z(p) - an output parameter of the
system:

:E':‘F:I = :."_':F :-I - }':':F:I-
slpl =mept +hpe ke
Dipl momgps + hop+ ke

Relative moving the masses "S-1" and
"T-W" is an algebraic amount: Z = y, -y
moreover moving the detail y, includes two
forming:

y2' — is caused influence outraging
power Fy,

y," —is caused influence springy link "S-
I".

On base of the foregoing interpretation
structured scheme dynamic system tool can be
presented in the manner of:

Fig. 6. Structured scheme of the dynamic system tool

On fig. 6 are presented transmission
functions Wi(p), Wa(p) and W3(p) , reflecting
transformations: outraging power Fy in
forming moving the spindle W(p), resulting
moving the workpiece in displacement 3Bena
"S-I" Wa(p) , expressing influence of the
process of the cutting and resulting
displacement springy link "S-I" in the second
forming moving the workpiece Wi(p)
reflecting speaker 3Bena "T-W".

Transmission function in operating form
for tool as a whole can be presented as:
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W (pJ 11 — Walpl]

Winl = - o
Tl "IFl' .l _El'l'r":F.-ﬁil'r: ':p,' 1

CONCLUSIONS

1. In given article is presented procedure
of the study dynamic machining centre with
table rotary.

2. The experimental analysis amplitude-
frequency characteristics of the equivalent
springy system (ESS) tool to models SF68VF4
that has allowed to reveal the spectrum an low
frequency, under which exists the high level a
vibration instrument and workpiece 1is carry
out.

3. The calculated form of the vibration of
the carrier system tool, on base which is
organized categorization of the main elements
and presentation them in the manner of rods
and array.

4. 3D-models of the separate details and
assemblies spindle’s element in CAD
KOMPAS-3D is built. This is a base of the
further modeling.

5. Information ESS is restore to two
mass vibration system on the base two the
most affecting  vibration link: "table-
workpiece" and "spindle-instrument".

6. Accounting scheme ESS is built and is
offered description in the manner of systems
of the differential equations two order with
constant coefficients.

7. Transmission functions ESS tool
SF68VF4 are received in operation form and is
designed structured scheme of the dynamic
system tool.
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NCCIIEAOBAHUE ITMHAMUWKIN
MHOI'OOITEPAITMOHHOI'O CTAHKA C®68B®d4

Onee Kponv, Maxcum Benvkog

AnHoTanus. PaccunTaHsl W TOCTpPOEHBI (HOPMBI
KoeOaHWi Hecymied CcHcTeMbl 00padaThIBaIOIIETo
LEHTpa (pe3epHO-CBEPIIIBLHO-PACTOYHOTO THIIA B
VCIIOBMSIX ~ HU3KOYACTOTHBIX BuOpamnmii. [IpoBenena
KIaccu(UKaysa OCHOBHBIX y3JIOB U WX MPEICTABICHUS
B Buae crepxHed um Mmacc. [loctpoena 3D-mozmens
MINUHAECTLHOTO y3Jla B CHCTEME KOMIIAC-3D.
BrIsiBIEHBI OCHOBHBIE Y3JIBI"'IIMTUHIETb-HHCTPYMEHT" U
"CTON-3aroTOBKA", KOTOpHIE OKa3bIBalOT HauOoIblIee
BJIMSIHME Ha JMHAMUYECKOE KauecTBa CTaHKa.
[TocTpoeHa pacueTHasi cxema yIpyroi CUCTEMbI CTaHKa
W TIPEJUIOKEHO MaTeMaTHYecKOe OINMCAHWE 3a7adu
JUHAMHUKHA C YYETOM IMHAMHYECKOH XapaKTepUCTUKH
npomecca  pesanus.  OnpeneneHsl  HepegaTOYHbBIC
(DYHKIMA ~ JKBUBAJICHTHOW  YIpPYyroil CHCTEMBI U
paspaboTaHa CTPyKTypHasl CXeMa CTaHKa.

KnroueBrie cnoBa: OOpabaTeiBalommii  MEHTP,
JUHAMUYecKas XapakTepUCcTHUKa, (GOpMbI KojeGaHMH,
HecyIasl CcTeMa, HINUHJIENb.
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Summary: The article presents a study on improving
the accuracy work of measurement and adjustment of
the height of the coal bed - one of the most important
process parameters of coal cleaning in jigs. Were
identified shortcomings of existing sensors. Were
worked out the ways of improving these measuring
devices. In article proposed a method to perform a
qualitative assessment for the control system of
accuracy of unloading heavy sinks and middlings in
jigs.

Key words: Jigging, coal bed, yield of fractions,
density, lifting force.

INTRODUCTION

Method of hydraulic jigging of coal
continues to be one of the most common
methods of preparation of fine coal during
recent decades. The total mass of fine coal
reprocessing enriched by jigging is very
impressive and makes up dozens of millions of
tons despite a decline in the trend of
reprocessing this type of coal in the early
2000’s. But the quality of the processed
product does not always satisfy consumers of
coal [11].

In such a situation any appreciable
increase in the yield of useful products
enrichment and improvement of their quality is
a significant contribution to improving the
efficiency of the coal industry of the country.

Such positive changes can be achieved only by
improving the properties of automatic control
systems (ACS) of coal bed regulation in
jiggers.

In this regard the issue of increase the
accuracy of unloading heavy sinks and
middlings in jigs is an urgent task.

MATERIALS AND METHODS

Analysis of  characteristics of
technological equipment for the
implementation of the process of jigging [1, 6,
8, 26] shows that the main characteristics of
jigs ACS have been significantly improved
over the last 20-30 years [12, 14,15].

In particular, have been developed and
proposed for industrial use blocks of forced
oscillations BVK (for the best choice of air-
water cycle), have been developed various
fuzzy controllers, corrective function blocks
for the systems unloading heavy products of
enrichment, appeared device for analyzing
and forecasting of process results [3, 7, 10,
23]. However, the available information does
not confirm the fact of significant
improvement of products of jigging [24, 29,
30].

In this article, the authors set out to
identify the main reason that prevents the
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growth of ACS efficiency of the process of
coal beneficiation process in jigs and suggest
ways to improve these systems.

At the first stage let’s try to find the
"weak link", which is one of the main reasons
hindering for achievement the high quality
products of coal enrichment in jigs.

At first let's analyze the control system of
water-air regime of jigging machine.

In the works of N.Vinogradov,
N.Shmachkov and E.Rafales Lamarcka [13,
17, 18, 22, 31] were shown that the speed of
the rising stream of coal-water mixture during
rippling determined the level of exfoliation of
coal bed.

For quantifying the degree of exfoliation
of the coal bed by fractions E. Rafales
Lamarcka proposed criterion R, numerically
equal to the expression:

R=n IS dt, 0
cycle
where: R — loosening criterion,

cmec/min,

n — the number of oscillations of coal-
water medium in 1 min,

S — moving of the upper layers of bed in
a vertical direction, cm.

Subsequently in research work K.Vlasov
and L.Lehtsier [32 ] were suggested to assess
the value of loosening criterion R using a
value S of lifting of certain layer of coal bed.
Also was suggested to assess the value of
loosening criterion R as the time of staying
certain layer of coal bed in a movable state.

Thus after some transformations the
expression (1) considering the above notation
can be converted to the form:

2t
R :_*_S*Smax° 2

From expression (2) we can see that in
the first place the coal bed looseness is
proportional to the relative duration of the
moving condition of the coal bed and in the
second place the coal bed looseness is
proportional to the peak-to-peak value of
height coal bed.

We'll note that numerous attempts to put
into practice the conclusions that follow from
the expression (2) do not allow fully getting a
positive effect. Obstacle to the achievement of
positive results was the difficulty of measuring
the parameters #; and S, This is explained by
the following circumstances.  Source of
information for determining the wvalue of
loosening coal bed R is prismatic float sensor
in all constructions of jiggers. The height of
the float sensor to ensure stable movement in a
coal-water mixture usually is chooses
commensurate with the total height of the coal
bed.

Significant part of the float sensor in the
majority of jiggers is above the coal bed, and
often overtop at 10-30 cm above the transport
water. The lower part of float is usually
located at a distance of 5-10 cm from the sieve
of jigger. A typical form of such a sensor is
shown in the figure below, which was taken
from the work about coal preparation in

jiggers [19]

/

Fig. 1. Unloader of jig Humboldt and BATAC: 1 — float, 2 — counterweights, 3-7 — levers
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Adjusting the position of the float sensor
in the coal bed realized by the operator of
jigger. Adjustment is made usually by plant or
by removal the certain weight on the float or in
a particular location of the lever system.

The exact method of determining the
mass of loads for necessary adjustment does
not exist, because there are no criterions for
the accuracy testing of the settings. Jigs
operators are trying to reconfigure float
density when parameters of initial coal are
changing. We can observe the similar situation
looking at work of the system unloading heavy
products of jigger enrichment.

RESULTS, DISCUSSION

Analyzing the mechanism and operation
of various types of jiggers machines can be
concluded that unloading process of heavy
coal fractions depends only from the position
of the float sensor regardless of the design of
all jiggers.

The principle of process control by
discharge is clear and simple: all the heavy
fraction of the exfoliated coal bed located
below the level of a certain fraction, you must
discard (if this is the first or second branch of
jigger during the incoming coal) or you must
send it to a middling (if this is the last or
penultimate branch of jigger). Coal-cleaning
workers chosen usually medium density coal
fraction 1,5-1,8 g/cm3 as a certain coal fraction
in separating zone which detaches the
concentrate from rock. Let's note that just as in
the case of automatic control system of water-
air cycle, information for controlling
unloading process heavy products goes from
the same float sensor of coal bed height.

We have not discovered in published
works research on the measurement accuracy
of bed height with given density using the float
sensor. Taking into account the above design
features of float sensor, there is reason to
assume that the signal carrying information
about the height of a measurable layer bed can
hardly be considered to be proportional to the
true value of this height.

In considering this issue should be aware
that the precise definition of a apparent coal-
water mixture density is a complex task
requiring  the  simultaneous use  of
hydrodynamic and probabilistic calculation
methods, as well as accounting of the
dimensions data of the float sensor and the
jigger. In this connection, let’s perform the
assessment of the accuracy of measurement of
height layer bed by approximate way for the
purpose to obtain a qualitative picture of the
dependence of the results of height
measurement from the fractional composition
of coal bed.

To simplify the problem, let's represent
the float in the form of a right prism with the
cross-sectional area equal to lem” and a height
equal to the height of the coal bed.

Assume also that the float is immersed in
the liquid whose density varies in height in the
same relationship as the changing of density of
the solids coal bed. This task may be, for
example, been solved by means of a magnetic
fluid in a magnetic field. The magnetic field
strength along the height of the vessel with a
magnetic fluid is formed accordingly to
achieve the desired distribution of the viscosity
of magnetic fluid along the height
(development of Chemical Technology
University named after DI Mendeleev) [14, 16,
20, 21].

Different viscosity of the magnetic fluid
in the different layers of the vessel leads to
surface of solid non-magnetic inclusions. And
each of those particles occupies a position
corresponding to the density of the layer of
magnetic fluid.

In this hypothetical experiment on a float
with prismatic cross-sectional area S,
submersed in a vessel filled with a fluid of

variable density height A, will act the
buoyancy force F, equal to the value:
h
F=3, jph dh. 3)
0

Replacing the integral by sum with limits
similar to the real fractional composition of
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washed coal and assuming S,= Ien’ , We
obtain:

inpidh.

i=1

“4)

To perform this virtual experiment
fractional composition of initial coal was
adopted from the source given in [5, 25, 27,
28]. Numerical data and graphic display of

this fraction composition is shown in Table 1
and Fig. 2.

A graph given on Figure 2 shows the
relationship between total yield fractions
having a density greater than the density p; and
density p;, constructed from the data in Table
1. A graph in Figure 3 shows the relationship
between outputs of narrow fractions of initial
coal from the density p; constructed from the
data same of Table 1.

Table 1. The relationship between the coal yield of fractions and their density

Reference fractional composition
. Fraction F=171,75
Fraction density :
number (glem’) Yield of Yield of
i narrow fraction (%) fractions (%) density of
P which is greater then the
7i density p;

1 1,15 0,6 99,4

2 1,25 11,9 87,5

3 1,35 35,5 52,0

4 1,45 9,5 42,5

5 1,55 4,5 38,0

6 1,65 2,0 36,0

7 1,75 3,0 33,0

8 1,85 1,5 31,5

9 1,95 3,5 28,0

10 2,05 3,0 25,0

11 2,15 1,0 24,0

12 2,25 5,0 19,0

13 2,35 3,0 16,0

14 2,45 3,0 13,0

15 2,55 1,0 12,0

16 2,65 4,0 8,0

17 2,75 5,4 2,6

18 2,85 2,6 0

Fig. 2. Graph of the relationship between density p; and total yield fractions having a density greater

than the density p;
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Fig. 3. Graph of the output of narrow fractions of initial
coal

The graph in Figure 3 gives a visual
representation of the contribution of each of
the narrow coal fractions in the value of the
elevating force of the float, calculated by
formula (4).

According to Table 1, using the formula
(4) let's calculate the elevating force of the
float with S,= Iem®  which located at an
altitude of all coal fractions each of them
numerically equal to their output. In this case,
the elevating force F is equal to:

18
F=Y pdh=17175g/cm’.
i=1

When the actual size of float sensor has
the value Sn=300cm’® and more, elevating
force exceeds 50 kg. Such elevating force
ensures a stable position of the float in
pulsating mixture of coal and water.

Jigger operator executes separation of
coal concentrate from middlings and rock at
the height of the coal bed in which fractions
density  are equal 1.5-1.8 g/em’.
Representativeness of the coal bed height
measurement by given float sensor is defined
as follows. We assume measuring is
meaningful if the value of the buoyancy force
acting on the float sensor placed in the coal
bed may not be the same for different
fractional compositions. Otherwise, such a
measuring can not be considered to be
meaningful, since for different heights of
middle fractions sensor generates the same
output signal.

Representativeness measure by float
sensor of the height separating coal
concentrate from the heavier fractions can be
checked follows. An elevating force acts on a
float which immersed in the coal bed.

To check the representativity the
measured data of the height of the coal
fractions, we must check whether exist another
fractional composition of initial coal which
provide the same elevating force for the float.
To this end, a program was developed,
generating Monte Carlo outputs of individual
fractions according to equation of material
balance and taking into account the patterns of
distribution of output values. In these
calculations the average values of output
fractions remained unchanged. Block diagram
of the program is shown in Fig. 4.

Studies have shown that equal elevating
force (with honors to any small value, for
example, such as 0.1%) can provide a variety
of different combination of initial coal. Table 2
shows the two factional combinations obtained
by calculation. For these combinations the
value of elevating force F' is the same (up to
0.1%) with a lifting force generated by the
given fractional combination given in Table 1.

Let's note that despite the fact that two
fractional cobinations of coal creates the same
elevating force in the float sensor, the middle
fractions are located at different heights of the
coal layers in these two cases. For coal
F = 171,65 g/cm” middle fractions located at a
height of 10% higher (as judged by density)
than those in the coal layers with a standard
fractional composition. And for coal
F=171,96 g/cm’ middle fractions located at a
height 5% lower than similar layers in the
reference fractional composition.

Let's note that despite the fact that two
fractional cobinations of coal creates the same
elevating force in the float sensor, the middle
fractions are located at different heights of the
coal layers in these two cases. For coal
F = 171,65 g/cm” middle fractions located at a
height of 10% higher (as judged by density)
than those in the coal layers with a standard
fractional composition. And for coal
F =171,96 g/cm” middle fractions located at a
height 5% lower than similar layers in the
reference fractional composition.
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Fig. 4. Block diagram of calculating the density of the layer of coal bed measured by float sensor

Table 2. The relationship between density pi and total yield of fractions which density is greater than the density p;

(for coals that create equal elevating force)

73

1-st fractional composition of coal 2-nd fractional composition of coal
p=2.85 p=2.85
Fracitron sz*7/1=17165 zpl*]/l=17196
Fractlor} den51t3y p=1.15 P =1.15
numberi (g/em’) Yield of fraction Yield of fraction
Pi Yield of narrow (%) density of Yield of narrow (%) density of
fraction (%) which is greater fraction (%) which is greater
then the density p; then the density p;

1 2 3 4 5 6

1 2 3 4 5 6

1 1,15 0,6 99,4 3,6 96,4
2 1,25 6,9 92,5 25,2 71,2
3 1,35 40,5 52,0 11,9 59,3
4 1,45 14,5 37,5 8,3 51,0
5 1,55 4,5 33,0 4,5 46,5
6 1,65 2,0 31,0 2,0 445
7 1,75 3,0 28,0 3,0 41,5
8 1,85 2,0 26,0 6,5 35,0
9 1,95 1,0 25,0 5,7 29,3
10 2,05 1,5 23,5 4.4 24,9
11 2,15 1,0 22,5 4,0 20,9
12 2,25 1,0 21,5 6,0 14,9
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1 2 3 4 5 6
13 2,35 1,5 20,0 2,2 12,7
14 2,45 2,0 18,0 3,0 9,7
15 2,55 1,0 17,0 2,0 7,7
16 2,65 4,0 13,0 4,0 3,7
17 2,75 6,4 6,6 3,1 0,6
18 2,85 6,6 0 0,6 0

Fig. 5. Relationship between density p; and total yield fractions that having density greater than the density p;.

For the first graph, the force:
F=171,65 g/cmz, for the second F = 171,96 g/cm2

Figure 4 shows the relationship between
the yield of fractions and their density for
computed combinations of initial coal.

Taking into account the average bulk
density of fine coal fractions (0.5-13mm) we
can be roughly assumed that the distance
between identical layers of middle fractions
obtained by calculation of fractional
composition of coal is 10-12% of the total
height of the coal bed, which in absolute terms
is approximately 5-6 cm.

Graphs of the three fractional
compositions are shown in Fig. 6. The graphs
depict the dependence total output of enriched
coal from the density of these fractions.

Let's look at the vertical line intersecting
all three graphs. We can see that positions of
middle fractions separating coal concentrate
and heavy products enrichment correspond to
different outputs.

In particular, the difference between the
output of the reference fraction composition
and outputs the calculated fraction
compositions reaches 6.5%. This means that
there may be a situation in which the float will
not respond to changes in the height of the
average coal fractions.

For further calculations to be on the safe
side we'll take measurement error equal to 1%,
that is more than 5 times smaller than the error
from the graphs in Fig. 6.

Taking the average performance of
jigger130 t / h and the duration of the jigger
work 20 hours in a day, we can calculate the
amount of process losses due to measurement
error of height of the coal bed, due to changes
in the fractional composition of initial coal.

Such losses in one working day (130 *
20 * 1 %) may be about 25 tons of fuel mass,
sent to waste, or about the same amount of
high- fractions that had to send to waste, but
due to a sensor error were sent to the second
compartment of jigger.

The presented method of research of
presentability of the float sensor does not
claim to high accuracy of the results. But the
evidence and clarity of the results indicates
that the qualities of coal beneficiation of
processes ACS in jiggers are strongly
influenced from the degree of reliability of the
information coming from the float sensor of
height bed.
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Fig. 6. Comparison disposition of the height of the various factions of the coals, which create equal lift when float

switch is immersed in the coal bed

Indeed, if we assume that the output of
float sensor signal is not showing the actual
location of the narrow coal fractions in bed,
then any regulator with any algorithms or
corrective elements are not able to develop an
effective control signal output value for
successful control of jigger systems. At the

same time, the graph in Figure 6, show that
the effective use of coal bed height fractions
sensor could successfully solve the problem of
control of the parameters of jigger.

For the purpose of tracking the position
of the certain layer can be applied float sensor,
which checks only a certain fractions but not
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checks coal bed as a whole. Whether can
such a hypothetical sensor provide effective
tracking of position of coal bed fractions
height which changes due to fluctuations of
the coal characteristics? For this purpose we
represent as coal bed height sensor prismatic
float with Sn=lcm® and height about the
height of the coal fractions with a density of
1.55-185 g/em’.  With the help of data
available in Tables 1 and 2, we construct
dependence of elevating force of this float
sensor from the density of bed layers in which
sensor was sinking. Obtained the dependencies
of the elevating force for two calculated
fractional compositions are shown in Table 3.

The data shown the third and sixth
columns of Table expressed the specific value
of lifting force of the float (in g/cm?) with a
density of 1.65 g/cm’ transported into layers of
the coal bed of different density.

You may notice that the sign of the
specific lifting force (i.e. the force action
direction) is changing in the area of the
average values of the height of the fractions of
the coal bed. In this case information coming
from such a sensor will allow to regulate the
parameters of technological process of coal

washing in jigs without disrupting process
results.

CONCLUSIONS

1. Studies suggest that the automatic
control of two major subsystems of coal
washing in jigs: oscillatory process control
system for delamination of coal bed by density
and discharge control system of heavy
fractions used as input information the signal
for measuring from float sensor. Was shown
that in some cases output of the float sensor do
not reflect the actual state of monitored coal
fractions. The cause of such errors is to change
the fractional composition of initial coal. This
can cause significant deviations of output
process parameters from the specified values.

2. The occurrence of significant
measurement errors of height bed layers can
be due to an excessive big zone of control coal
fractions. Proved that to improve the accuracy
of jigs ACS the height of float sensor must be
close to the average value of the height of the
middle fractions of coal bed.

Table 3. The elevating force of float sensor that is configured to measure the average fractions of initial coal

. .. . Fractional composition
Fractional cgmposmon 0f3g1ven coal with altered locationpmiddle layer
F=171.75 g/em F=171.65 g/cm’
Number of The difference The difference
the layer of The average between the Number of the The average between the
the narrow density of the calculated layer of the density of the calculated
fraction bed layer, densit d narrow fraction bed layer, g/cm3 densi d
(from g/em’ v, ensity an (from sieve),% Yi ensity an
sieve).% : d§n51ty of. : dgnsfcy of.
’ medium fraction medium fraction

10 2,68 1,03 10 2,72 1,07

20 2,35 0,70 20 2,56 0,91

30 2,03 0,38 30 1,91 0,26

40 1,60 -0,05 40 1,47 -0,18

50 1,38 -0,27 50 1,35 -0,30

60 1,29 -0,36 60 1,28 -0,37

70 1,25 -0,40 70 1,25 -0,40

80 1,25 -0,40 80 1,25 -0,40

90 1,20 -0,45 90 1,25 -0,40

100 1,15 -0,50 100 1,18 -0,47
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I[MOBBINIEHWE TOYHOCTU PABOTbI CUCTEMBI
PA3I'PY3KU ITOPO/IbI 1 ITPOMITPOAYKTA

B OTCAJIOYHOM MAILIMHE
Onee Jlexyuep
AHH oTagud. B CcTaThbe MMpeACTAaBJICHBI

WCCIICIOBAHUST 10 BOMPOCY TMOBBIMICHUS] TOYHOCTH
paboTHl M3MEPEeHUsI W PETYIUPOBKH BHICOTHI YTOIBHOU
MOCTENA - OIHOTO W3 CaMbBIX BAXHBIX MapaMeTpPOB
mporecca o0orameHus yIias B 0TCaJouyHON MamuHe. B
CTaTbe€  BBUIBIEHBI  HEAOCTATKH  CYNIECTBYIOIINX
naTaukoB. [IpeokeH MyTh COBEPIIEHCTBOBAHMS ITHX
M3MEpUTENBHBIX YCTPOUCTB. B cTaThe mnpeasiokeH
METOJ BBIMOJHEHUS KA4YECTBEHHOM OLIEHKH TOYHOCTHU
PpabOTHI CHCTEMBI PETyJIMPOBAHKS Pa3rPy3KH MOPOIBI U
MIPOMIIPOJIYKTa B OTCAJ0YHON MAalllUHE.

KnaroueBbie cnoBa: oTcaaka, YyrojbHas MOCTEb,
BEIXOJT (DpaKIfHii, TNIOTHOCTH, MIOAEMHAS CHJIA.
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Summary. The work presents the results of
theoretical and experimental research of influence of
abstraction of part of heat power which is generated in
friction contact zone on the process of mechanical
braking due to the use of the system of forced cooling
which is built on the base of recuperative oleopneumatic
heat exchange apparatus. The mathematical description
of the system of cooling of disk brake is given, checking
of its adequacy is performed as well as the efficiency of
the use of this cooling system on the basis of bench
experimental testing. Recommendations concerning
constructive parameters of cooling system necessary for
its use at the rolling stock of railways are presented.
Key words: disk brake, friction coefficient, braking
effectiveness, cooling of friction contact zone.

INTRODUCTION

Braking tools of modern high speed
trains reach the specific power consuming up
to 40 MJ [2, 18, 19]. While absorbing such
amount of energy during the braking the
heating of friction elements is 800-900°C that
causes instability of parameters of disk brake
and as a result decreases the operating
parameters of rolling stock which are
connected with the necessity of compliance of
prescribed braking distance and train
schedules [11, 14, 16, 20].

Natural factor of the impact on the
friction coefficient is cooling of operating
friction elements of disc brake [I, 12, 15].

Existing constructions implement the principle
of cooling of working elements due to the
directing air flows to more thermally strained
surfaces during the rotation of disk brakes but
the effectiveness of such measures is not
satisfactory because using them it is possible
to outlet a small proportion of heat from the
friction zone [9, 10, 17].

More effective is forced cooling of
operating elements of friction brake due to the
liquid which is a heat carrier and it is able to
outlet enough amount of heat (up to 50%) [3]
from the friction zone to the environment. This
significantly stabilizes the friction coefficient.

DESCRIPTION AND JUSTIFICATION
OF USING THE PROPOSED COOLING
SYSTEM

The basic scheme [4] of such system is
presented at the Fig. 1. Heat that is generated
in the contact of brake disk 1 with linings 2 is
taken away from the outward surface of brake
disk due to the elements for heat removal 3
which have the system of inner canals, the
cooling liquid circulates through them. Their
contact with the surface of brake disk is
provided (and regulated) by the elastic
elements 4. The transportation and cooling of
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liquid is carried out due to heat exchange
apparatus 7.

Fig. 1. The scheme of the system of cooling of
locomotive disc brake

The  mathematical  modeling  of
considered above cooling system is based on
the joint mathematical description of following
its elements and processes [5, 6]: contact of
brace disk with linings (determination of the
size of air flow which is generated during the
braking); heating and cooling of brake disk
material due to the heat conduction as well as
convective and radiant heat exchange with the
environment; contact heat exchange between
brake disk and elements; functioning of heat
exchange apparatus which cools the liquid that
circulates through the elements for heat
removal. The mentioned mathematical models
are considered below.

The basis of the model is the equation of
Fourier-Kirchhoff (1) in three-dimensional
orthogonal coordinate system without internal
heat sources considering convectional
temperature change (Fig. 2).

Fig. 2. The estimated scheme of locomotive disc brake with elements of cooling system:

1, 4 — outward surfaces of brake linings,
2, 3 — outward surfaces of brake disk,
6, 7 — outward surfaces of element for heat removal,

5, 8 — surfaces of contact of brake disk with linings and elements for heat removal severally
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The model allows determining the
temperatures of the considered surfaces of
friction brake (both average integral and local)
and also heat flows that come through the
mentioned surfaces during the braking
process:

#0300 o

orT oT orT
| vy—+V,—+Vv,—|,
x Yoy oz

where: p,, — specific mass,

t — current value of time during braking
process,
Com — specific isobar heat capacity,

A

conductivity,
T — absolute temperature (T = f(x, y, z,

coefficient of  thermal

m

0,

X, y, z — orthogonal coordinates),
Vy,Vy,V, — projections of vector v of

the linear speed of movement to the point of
the outer surface with the coordinates x, vy, z
on the relevant coordinate axes.

There are following notations on the
scheme:

R, Ry — radius of brake disc and of
locomotive wheel correspondingly,

1o, It — average radius of friction of lining
and of element for heat removal
correspondingly,

V), — speed of oncoming air,

T, — average air temperature far from the
brake disc,

Vg4 — current locomotive speed,

® — angular speed of rotation of brake
disc,

a* — deceleration during braking,

g — angular acceleration of the disc
brake during braking.

Physical and thermophysical
characteristics included in the equation (1)
belong to the materials of brake disc, linings
and elements for heat removal. For surfaces 1
—4, 6,7 (Fig. 2) boundary conditions of the 31
kind (combination of convective and radiant
heat exchange without internal heat sources)
are used:

Km[%rj =a-(T,-T,)+e-c-(T'=TH, (2)

where: A, — coefficient of heat
conductivity,

o — heat transfer coefficient between the
corresponding surface and air,

€ — degree of surface
(coefficient of emission),

o — Stefan-Boltzmann constant,

n — unit vector (normal to the boundary
of the study area).

Index «s» indicates that this value is
assigned to the outer surface. For the surfaces
5 and 8 (sliding contact zone of brake disc
with lining and element for heat removal
correspondingly) boundary conditions of the

4™ kind with surface heat source are used:

aT, oT
}\‘ml [anljs * q = }\‘mZ (arfl

where: q — specific heat flow which is
generated at sliding contact of brake disc with
lining (sign “+”) or which is removed by the
element for heat removal (sign “-”). Here and
further index “1” belongs to brake disc, index
“2” —to lining or element for heat removal.

blackness

1 m-R?-¢
qr,t) = w— s

[[ras” n,

where: m — braking mass,

n, — number of braking linings that are

involved in braking,

r — radius vector, that describes the
contact zone of disc with lining (element for
heat removal),

where X, y — current coordinates of the
point on the surface S,

w* — angular speed of disc rotation that
precedes braking (g > 0),

te[0;t ], t, =(V*=V,)/a* —
braking (time interval from the moment of the
beginning of braking until reaching the final
speed of movement by locomotive).

Here Vi — final speed of the locomotive
(a* > 0), V* — the speed of the locomotive that
precedes braking. Other surfaces (that do not

1(X,y)- (0% ~g-1),

time of
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shown at the Fig. 2) are considered to be
thermally insulated.

The most important parameter of
convective heart exchange between outward
surfaces of elements of friction brake with
environment is the coefficient of heat emission
that is included to the equation 2. The
peculiarity of this case is that forced
convection is caused not only by air flow that
blows longitudinally at the disc but also by
disc rotation [13]. Moreover as the analysis
shows these factors make approximately the
same impact on the process of forced
convection. Therefore the usage of speed of
airflow which incidents on brake disc
(considering the speed of oncoming wind and
the rotation of the disk) as the heat transfer
characteristics during the braking process
allows considering heat transfer as stages of
convective heat exchange which consistently
change each other: forced convection, joint
action of natural and forced convection,
natural convection [7].

In order to determine the coefficient of
heat emission o, depending on the speed of the
locomotive, the following criteria equations
are proposed:

V4 =0...15km/hour :

Nu = 0,4-(Re2 +Gr)"?,

V4 =10...35km/hour :

Nu =0,18-[(0,5-Re2 + Gr)-Pr]**5

V4 =30...57 km/hour :

Nu = 0,135-[(0,5-Re’ +Re> +Gr)-Pr]™*,
V4 =42...125 km/hour :

Nu =0,037-(ReX®+Re%*) - Pr®

€

Reynolds number which are caused by
the rotation of the brake disc (Re,) and by its
blowing of oncoming air flow (Re,):

2 2
C- \Y4
Re =4w_R=4.(_dj.R_

B

) “4)

\% R

K

where: v — kinematic viscosity of air,

V=V,+V, =(V*¥-a*t)+V, — current
speed of the air flow which incidents on the
brake disc,

Grashof, Prandtl and Nuselta numbers
for air:

Gr=8-|3~g~R3~(TS—Ta)/vz;Pr=cp-p/l,
Nu=2-a-R/A,

)

where: B — coefficient of volumetric
expansion of air,

A — coefticient of thermal conductivity of
air,

¢p — specific isobar heat capacity of air,

p — dynamic viscosity of air,

o — surface heat transfer coefficient of
brake disk.

For the first equation of the system 3
numbers of similarity Re, and Gr are
calculated in the following way:

Vg -R?

Re, R

; Gr=8-B-g-R’-1" (T, - T,)/Vv*.

x Va

For the other equations of the system 3
specified numbers of similarity are defined by
the expressions 4-5.

For modelling the work of recuperative
heat exchanger apparatus in the system of
active cooling of locomotive disc brake there
was used a mathematical model based on the
heat balance equation [8]:

F
Q=[k;-At; -dF, =k-At-F,
0

Q=Q, =Q,; +AQ,
Qi =W, -(t; —t}); Qs =W, -(t5 —t,),

(t;"—t,"") = (t;"-t,")
tlv_tzn
t1||_t2|

Bty =t —t; =(t; ~15) Z,

At =

’ (6)

8ty =ty —t, =(t; —ty) —--Z,
W,
| o= (=Wi/ Wy (F/ W)

Z= >
1—(W1 /W2)~e_(1_w‘ /Wy)-(k-F/Wy)

where: Q;, — amount of heat given by
hot (cooling liquid) and received by cold heat
carrier (ambient air) correspondingly,

AQ — heat loss to the environment,
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At — medium integral temperature
difference of heat carriers along the length of
the heat exchanger,

’ "

t, ,t; — temperatures of hot heat carrier

at the inlet and the outlet of the heat exchanger
correspondingly,

t, ,t, —temperatures of cold heat carrier

at the inlet and the outlet of the heat exchanger
correspondingly,

k — total (complete) heat transfer
coefficient of the heat exchanger,

F — effective area of heat exchange
surface,

Wi, — water equivalent for hot and cold
heat carriers correspondingly.

The system of equations 6 is constructed
for the case of cross-scheme of heat carriers
movement.

Effect of cooling on braking efficiency
was evaluated by experimental determination
of friction coefficient and temperature in the
friction interaction zone under different
operating conditions of the last one.

EXPERIMENTAL RESEARCH AND
VERIFICATION OF MATHEMATICAL
MODEL ADEQUACY

Experimental research of braking process
was performed using a laboratory full-scale
brake bench. The bench allows to accumulate

v { :
0,30 : :
0,25
0,20} : b
PV i O e S, o e
e EEER
0,15 ' '
0 10 20 tc

© —removal of ~50% of generated heat energy;
a —removal of ~25% of generated heat energy;
0 — cooling system does not function;

— —theory

kinetic energy, to record the frequency of
rotation and the duration of the drive work and
to register the following input parameters of
brake and drive as: braking moment, efforts of
braking traction, braking time, temperature of
friction surfaces.

The design of the bench provided the
item purpose of which is to remove heat from
the contact zone of disc and pad. It is a
container dimensions of which are caused by
the estimated amount of heat that is required to
take out from the work area. The container is
connected with the heat exchanger. The
cooling section of the locomotive 2TE116 (the
effective area of heat exchange ~ 52 m?) was
used as the heat exchanger. It was cooled by
means of an axial fan BOK-4,0 (with a
maximum productivity of 4500 m*/hour). The
maximum discharge of heat carrier (water)
was 0.9 m’/hour. The effort of pressing of
element for heat removal to friction disc (in
this case to the brake pulley with diameter of
200 mm) was controlled with model
dynamometer and was in the range 0.05...0.1
kN.

The results of this series of experiments
are presented at Fig. 3. Thus Figure 3 (a)
shows the nature of the change of the friction-
slip coefficient during the braking (t — time
during braking), and Fig. 3 (b) shows the
average temperatures of contacting friction
surfaces.

TK

500

400

300

Fig. 3. Friction coefficient (a) and average temperature (b) of frictional interacting surfaces during braking
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The initial rotational speed of the brake
pulley was equivalent of the linear speed of
movement of 60 km/hour. The value of the
linear deceleration during braking was 1 m/s’.
The experimental values shown on the graph
were obtained by averaging a series of parallel
measurements. The boundaries of confidence
intervals correspond to confidence probability
of 0.95. On the graphs shown in Figure 3 (b)
only halves of the symmetric confidence
intervals are built in order to improve the
perception of information. The values of heat
energy which is given out by the cooling
system (shown on the graphs) were evaluated
theoretically using mathematical models
considered above. Finite element method using
the software package Comsol Multiphysics®
was used for solving the differential equations
in partial derivatives of the form 1-2. The
estimated three-dimensional grid consists of
583247 tetrahedral. The outward surfaces 3
(Fig. 2) contains 48424 triangles, surfaces of
contact 5 and 6 contain 2924 and 2108
triangles correspondingly (the maximum size
of the element for surfaces 3, 4 and 6 does not
exceed 0.005 m).

CONCLUSIONS

1. There was proposed the system of
forced liquid-air cooling of working elements
of disc brake, the heat carrier is process water.
There is the element for heat removal in the
construction of the brake. It provides dose
removal of heat that generates in the contact
zone.

2. In the case of using as a heat carrier
technical water or «close to it on
thermophysical properties liquid with a
maximum operating temperature of 363 K
which is cooled by the atmosphere air with its
initial temperature of 298 K for abstraction of
100 kW of heat energy it is necessary the
following surface area of heat exchange:

direct flow scheme of heat -carriers

movement: 190...960 m2,

cross scheme of heat carrier movement:

100...420 m2.

3. It is shown theoretically that the
offset from 50 to 100 kW may be provided by
liquid-air lamellar heat exchanger with
dimensions: from 340x875x925 mm to
950x1325x1145 (effective surface area from
82 to 157 m2, the average coefficient of heat
transfer is from 38 to 45 W/(m2-K),) when
using a fan with productivity from 4750 to
14500 m3/hour and discharge of hot heat
carrier (water) from 1.02 to 1.34 m3/hour.
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OTBOJ TEIUIOTBI C 30HBI KOHTAKTA
PABOUHMX BJIEMEHTOB JIUCKOBOI'O TOPMO3A

FOpuii FO. Ocenun, Hzopv CocHos,
Oxcana Cepeuenko, HUpuna Berobopodosa

ArHOoTanusa. B paboTe mpencraBieHBl pe3yinbTaTHI
TEOPETUKO-3KCIIEPHMEHTAIBHOTO UCCIIE0BaHUs
BIMSHHUA Ha TPOLECC MEXaHUYECKOTO TOPMOXKEHHS
OTBOJIa YACTH TEIUIOBOM 3HEPIUHU, TEHEPUPYEMOI B 30HE
(D)PUKLIMOHHOTO KOHTAKTa, 3a CYET WCIIOJIb30BAHUS
CUCTEMBI IPUHY IUTEIBFHOTO OXJIAXI€HHs], TOCTPOSCHHOI
Ha 0a3e peKyNnepaTUBHOIO JKHIKOCTHO-BO3IYIIIHOTO

TEII000MEHHOTO afnmnapara. [TpuBeneno
MaTeMaTH4ecKoe OITMCAHME CHUCTEMBl OXJIaXKACHUS
JHUCKOBOIO  TOPMO3a, BBIIOJHEHAa IIPOBEpPKAa  €ro
aJIeKBaTHOCTH, a TaKxKe 3(hheKTUBHOCTH

UCIIOJNB30BAaHMS JTAHHOW CHCTEMBl OXJIAKICHUS Ha
OCHOBE CTEHAOBBIX AKCIHEPHUMEHTAIBHBIX HCIIBITAHUN.
[IpencraBnens peKOMeHJauu OTHOCHTEJIEHO
KOHCTPYKTUBHBIX IapaMeTPOB CHCTEMBI OXJIaKICHHUS,
HEOOXOAMMBIE JUIS €€ HCIOJIb30BaHUsl Ha IOJBIKHOM
COCTaBE JKEJIE3HBIX JAOPOT.

KnwoueBrie cloBa. JMICKOBBIIT  TOpPMO3,
koa(purmeHT TpeHus, 3Q(HEeKTUBHOCTH TOPMOKEHUS,
OXJI2XKJICHNE 30HbI (PPUKIIMOHHOTO KOHTAKTA.
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Summary: The research of the behavior of the
extremum of the quality criterion. A method for finding
the extremum of the criterion of efficiency for the
example of jigging. Made extreme synthesis and
simulation control system. The dynamics of extreme
systems and identify indicators of quality.
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INTRODUCTION

The most important and complex
processes concentrators are coal processing
different engine classes in jigs and flotation
machines, heavy media gravity separation and
hydrocyclones.

In accordance with technological scheme
of processing of coal are three levels of
management [14, 15]: lower level provides
management regime parameters most closely
correlated with the quality of enrichment
products (density separation bed height breed,
specific consumption of reagents, etc.),
medium — provides process control (separate
concentrator machine or group of machines of
the same type, for example, a few jigs), upper
— provides management of the complex
processes of coal preparation (all jigging,
flotation machine, separators and
hydrocyclones operating on a common
product.)

As you know, each level of the hierarchy
of control should be carried out by a given
criterion when extremalization general criterion.
This should be observed hierarchy of criteria:
lower levels of management must obey superiors.
As a criterion of control is advisable to choose a
criterion that could be quickly calculated on the
basis of information received from automatic
devices have a physical meaning, uniquely
determine the effectiveness of the factory and does
not contradict the generally accepted criteria [26].

MATERIALS AND METHODS

Synthesis of extremum search criterion
of efficiency is made by the method of
measuring the sign of the derivative [16, 24,
32].

RESULTS, DISCUSSION

In general, coal beneficiation process can
be represented as the transformation of raw
coal input stream to the output stream of
commodity products and wastes:

Y=L{X,V,Z},
SALO S A A O 2 AT (@), (1)

k max °

A"

k min
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where: X — vector input characteristics
of raw coal, V' — vector control actions, Z —
vector of disturbances, Y — vector output

characteristics of products, 4;(f), — ash
content,  Af(t), 4 . .47~ —  specified

minimum and maximum ash content, AJ (¢),—

current ash waste, A (r) — given ash waste, L

— omnepaTop npeodpazoBaHMUA.

For practical application given criterion
can be simplified by considering the amount of
output per unit of time. Then, given the
constancy of the list price and coal washability
curve  approximation of  second-order
polynomial [8, 25], we obtain a mathematical
expression control objectives as follows:

1(45) = sup M{Z Gi[am +ay, 4 +ay, (A,f )2}(

i=1 ?

<[ 2t - )}

)
where: G, — initial performance of i-th
class machine, a;,q,,a,,— approximating

polynomial coefficients of i-th class machines,
AL, A% — given the current (list price) ash
concentrate for the enrichment i-th engine
class, 47, — total ash content of coal

concentrate, 4 — rate discounts or surcharges
on the price of coal concentrate at a deviation
of ash coal concentrate from the list price.

This should be the following restrictions
on ash content and losses:

A/f;min < M{Alé (l‘)}S A/?Z*max b (3)
M{ad ()= 48, v, <V, (4)

AL —  allowable

kX max

where: A%

kX min >

minimum and maximum total ash content of

the concentrate, v, (7),v, —current and
allowable losses concentrate tailings
M {z v kiAl(cji}
Ay =—F (5)

nign

where: y;, — concentrate output of i-th

class machine.

Not hard to see that (2) for each class has
an extreme high-drifting in the vertical and
horizontal directions with changes in
productivity and coal washability. In the
absence of constraints (3), (4) the maximum of
(2) takes place at the maxima for each machine
class, ie particular criteria are additive to the
total.

In the case of restrictions on the ash
content, which usually has a more stringent
requirement of the form 4 <4% (4% —
given the total ash content of the concentrate),
the maximum of (2) takes place at the
optimum values ash content of each class of
machine, different from their extreme values
[27]. In this case, the problem of determining
the optimal values of ash content of each class
of machine can be reduced to a linear
programming problem.

Depending on the location of the
extremum of target function along the axis of
ash content of the concentrate can be used and
the  appropriate  management  strategy
separation process.

Consider the criterion (2) for the plant as
a whole. For this we represent (2) as a function
of ash content mixture of concentrates:

I(Afz) =sup M{Zn: Gy [aoz + alefZ +a,y (A,f2 )2 J X
i=1
-4z - a2 )]

(6)

where: Gy — total load on the section of

the factory, ags,a;z,apx — approximating

polynomial coefficients of total A -curve of
mix all engine classes.

Extremum-maximum criterion (6) drifts
in the horizontal direction, as when changing
raw coal washability and also change the
coefficients of the polynomial approximating
S -curve [7, 20]. And an upgrade washability

extremum shifted to higher ash content as f -

curve is approximated by a convex function.
The maximum of criterion (6) also drifts in the
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vertical direction when changing coal
washability and load the initial product.

For example, for coking coal of the
Donets Basin (factory "Sukhodilska") plot of
the optimality criterion on the ash content of
the concentrate mixture has an extreme-
maximum in the 4% =14%. The norm of ash

concentrate for this plant is 8.5%, so the work
in this mode is not acceptable. This is due to
the low value of the coefficient 4. In the case
of its increase extremum of the criterion is
shifted to lower ash content.

This indicates that the management of
the complex at the existing price system
should be implemented at the boundary
permissible region. Must take into account
constraints (3) due to the inability in many
cases provide an extremum of the objective
function at the average, difficult and very
difficult categories of coal washability.

If concentrates different engine classes
do not mix (for example, anthracite coal
concentration), the ash content of each class is
limited to a range of 4/ . +A4¢ Extremum

k min kmax *
efficiency criterion (2) takes place at extremes
of this criterion for each of the classes. Since
the implementation is carried out by grades of
anthracite, if restrictions on its ashes must
consider this limitation in concentration of
each class.

For practical applications, it is advisable
to the objective function of complex control
processes of coal preparation expressed
through the performance of each department to
concentrate:

I(A],G,)=sup M{Z G, - [1 - /I(A,fi AL )]} , (7

i=1

with constraints (3) and (4).

In view of the above criteria's property
management factory unprofitable to work with
M {Agz(t)}< A%, so it is advisable to use the
above limitation of the equal sign. This means
that the restrictions on the ash content is
almost always forced to work in the ash
stabilization modes. Then the maximum value
of sales equivalent to the maximum specified
output concentrate ash content, ie criterion

"concentrate output" is a special case of
performance criteria.

Thus, the automatic control system to
individual coal preparation process, in most
cases the ash content should provide
stabilization of the concentrate and it
sometimes optimization. Control system for
coal preparation processes should also
stabilize the ash mixture concentrates all
engine classes or to provide optimization of
the complex. At the heart of optimization
systems can be used stabilizing system, which
targets are set on the basis of objective
function extremalization.

So ash content and performance at coal
concentrate of local processes selected by
minimizing the cost of enrichment:

where: 1;;€e[R — total cost of coal
preparation UAH/h., CyelR — cost of coal
preparation class i, UAH/t (in general depends
on the output of concentrate), ngeZ — the
number of machine classes, mgeZ — the
number of corrective parameters rates (ash
content, moisture, sulfur, etc.), kyeZ — order
approximating polynomial [20], p,v,ieZ -
auxiliary parameters, p=I1,...,ky, v=1,...,my,
1=1,...,ng, Gi€ZZ — load the i-th class machine,
t/h, Ad*Kie]R — calculated ash content of i-th
engine class, %, apelR — coefficients of the
polynomials, W,;, W*,;elR —current and set
values of the parameter v-th (ash, moisture,
sulfur, etc.) of i-th engine class, A ek —
weighting parameter deviation of i-th class
machine (ash, moisture, sulfur, etc.) from
setpoint.

Criteria for quality control of coal
preparation for local processes must not
contradict the global criterion controls the coal
preparation plant (2.1) [14]. On the lower level
criteria used stabilization regime parameters.
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Perform synthesis system of extreme
control of the local coal jigging process.
Jigging efficiency to the greatest extent
determined by the height of bed H and its
coefficient of looseness R. Dependence of the
efficiency criterion / of the # and the R has
an extreme character [17, 29, 30]. A
significant portion of the useful components
lost waste at low altitude bed. Weediness of
the product of high-components increases at
high altitude bed, which leads to an increase in
the ash content of the concentrate.

Carried out in [31] analysis showed that
the most effective control is to change the
setpoint height of bed H :

G,=108-719H, +1192H, ®)
7, =30,7—182H, +276H?, 9)
G, =725-31L1H, +99.9H (10
Al =-7,62+235H,, —885H? (11)
where: G,,G,, — respectively

discharging device performance in the first and
second branch of the jigger, H,H, -

respectively bed height, y, — rock weediness.

Dependence of the efficiency criterion 7
of the height of the coal bed # was obtained
after substituting (8) - (9) and (10) - (11) (for

given values 7, =22% and 4 =63%),
respectively, in the equation:

I,=22+03G, —Ay;,

nn

I, =65-07G, —2,5A4%)2,

where: Ay, =y, —7,., M = 4] - 47
Performance criteria for the first and

second branch of the jigger respectively have
the form:

I, =3,09-1,58-10*H >,
I,=3,56-2,48-10°H, °.

(12)
(13)

As can be seen from the dependence of
the efficiency criterion from control for both
branches of the jigger is of an extreme nature
and has a positive extremum-maximum.

Thus, changes in the fractional composition
and ash content of raw coal has a significant
impact on output variables jigging process that
leads to the drift maximum efficiency criterion.

Perform synthesis system of extremum
search for the example of jigging [4, 5, 9]. The
transfer function of a control object (second
division) for the channel performance unloader
G,, — height of the bed H,, 1s[12,13]:

W (P) = Kexp(—pr)
Tp+1

where: K=22-10" transfer
coefficient m/kg, 7 =75 — time constant, sec,
7 =50 — transport delay, sec.

Fig. 1 is a functional diagram of ACS

jigging [33].

w(p)=

A 4

K exp(-p7)

Tp+1

\ 4
S
v

» DU [«

Fig. 1. Functional diagram of a process control system
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This schema contains two blocks of
differentiation BD, division unit DU, that
defines the derivative di/dH, and relay
element RE, which determines the sign of the
derivative [10,11,18]. Depending on the sign
of the derivative control device CD provides
movement of control object in the direction of
extreme. Derivative changes sign when
passing through an extremum, relay element
switches and a control device changes the sign
of the output signal to the other +m, which
ensures the system returns to the point of
extreme. Value of the derivative dI/dH is
determined from the expression:

A _dl dd (14)
dH dt dt
Fig. 2 shows a timing diagram

illustrating the operation of the extremal
system [19, 23, 28]. Let the initial state of the
system is determined by the point M, located

on the left of the extremum. In this case

dl/dH >0 and the signal +m is input to the
CD. H -value increases at a constant rate.
Quality Score 7 will rise first, and then after
the extremum point - decrease. Derivative
dl/dH before an extremum positive, derivative
is zero at the extremum point, and after the
extremum point becomes negative. The
derivative is negative to the point M,because
of the dead zone in the ER. When dI/dt=—-kc,
where 1/k=dl/dt, RE witches and changes
sign at input CD. Thereafter 7 decrease at a
constant rate and quality score 7 increase until
it enters the extremum point, etc. The system
established by oscillations with a period 7 .

Fig. 3 shows the implementation of
control systems in Simulink application [6].

The control device is implemented as a
function of Matlab (Fig. 4).

The simulation results of the extremal
system shown in Fig. 5-10.

Fig. 2. System operation

MATLAB
Function

MATLAB Fcn

Memory3 Transport

Delay

Dead Zone Sign

Scopef

Scopel

22*10n4

TEs+1

Transfer Fon Fen

du/dt

Derivative2

=

Scoped

Derivative1

Fig. 3. Simulation of the system in Simulink
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Fig. 4. Calculation of control action

Fig. 5. Changing performance unloader G,,

Fig. 6. Search extremum of the functional quality

91
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Fig. 7. Changing the value of the derivative dI / dt

Fig. 8. Changing the value of the derivative dH / dt

Fig. 9. Changing the value of the derivative dI /dH
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Fig. 10. Signal at the output relay element

Dynamics of systems characterized by
extreme parameters such as: search costs,
hunting period, the search area at the input and
output of the object, time to the point of
extreme [1, 3]. We define these parameters for
extreme system. Relay element is the perfect
three-point relay with dead zone 2 sec.

We assume that the 7 = f(#) has the form

of a parabola, then if origin of coordinates
moved to the extremum point, the nonlinear
part of the object is described by the equation:
I=—kH?*. (15)
Assume that A varies linearly in the
mode steady-state oscillation, i.e.:
H =+h,t, (16)
where: the sign "+" corresponds to the time
interval when dH/dt >0, and the sign "-" — the
time interval when dH /dt < 0. In this case:
I=—kk3t*. (17)
In the steady-state oscillation maximum
deviation (amplitude yaw) of the quality of the
extreme value 1is determined from the
expression (14) for t=T/2:

Al =~k k;T? /4. (18)

Define the derivative dI/dH , for this we
write the derivative of the quality time:

dl/dt = -2k k5t ,
and derivative dH/dr :
dH / dt = +k,.
Then:

dl/dt

dl | dH = = 42k k1.

Switching RE occurs when dI/dH = *c
and r=T7/2 if origin of coordinates moved to
the extremum point:

bk, T/2=c,

Which implies that:
T =c/kk,,

i.e. period depends on the hunting deadband relay
element, and is determined by parameters of CD
and extreme characteristics of the object.

The average deviation of the quality for the
period is called loss on the hunting D. It is
determined from the integral:

T/2

T
1 2T
D—?.([I(t)dt—?_([ k k2t dt =

—kk;T?

S (19)
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CONCLUSIONS

1. Studies of coal preparation in heavy
media gravity separation (class 13 mm) in jigs
(class 1-13 mm) and flotation machines (class
0-1 mm) lead to the following conclusions
[2,21,22]:

e dependence /(4;.) has a maximum,

which drifts
directions,

e to increase washability extremum
shifted to the right in the area of high ash
content,

e operation of the process at the
extremum of the functional quality within the
permissible ash is only possible for the light
category coal washability.

2. Therefore, in most cases, the optimal
mode of any coal beneficiation processes is the
stabilization mode maximum ash content of
the concentrate with constraints on the ash
content.

3. The results of calculations of quality
extremal system: amplitude of the hunting
Al =0.025, search costs — D=0,075. The
average value of the ash content of the
concentrate de =6,25%, standard deviation —

o, =015%.

in vertical and horizontal
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VITIPABJIEHUA ITPOIIECCOM OBOI'AILIEHU A

VTJIA B OTCAJIOYHOM MAIIIMHE

Anexceti [Tucomenckuit, Bumanuit Ynowun

A HHoOTau s UccnenoBano noBeJeHNe SKCTpEMyMa
KpuTepust KadectBa. [IpeanoxeHa METOAMKa MOMCKa
AKCTpeMyMa KpuTepus S(PQPEKTHBHOCTH Ha TpHMEpe
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Summary. The mathematical model that determines
influence of construction parameters on traction
qualities of conveyor on an air cushion with inclined
round channels is obtained and experimentally tested.
Using the obtained mathematical model, influence of
construction parameters on traction qualities of
conveyor on an air cushion with inclined round channels
is investigated.
Key words:
traction force

conveyor, air cushion, lift force,

INTRODUCTION

At the modern industrial enterprises the
main volume of loads transportation is carried
out by means of conveyor transport to which,
in particular, conveyors on an air cushion with
inclined round channels belong. Conveyors on
an air cushion with inclined round channels
represent one of perspective types of conveyor
transport. These conveyors can be used for
transportation of loads on  separate
technological operations in line production
(Fig. 1, a), for transportation of loads in
warehouses in the course of an order complete
set (Fig. 1, b), for transportation of loads
through hardening, heating, drying furnaces

Fig. 1. Characteristic examples of use of conveyors on
an air cushion with inclined round channels: 1 — air
receiver, 2 — nozzle, 3 — channel, 4 — container,
5 —guide
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and cooling cameras (Fig. 1, c¢), and also for
other transport and logistic operations which
are connected to transportation of piece loads.
Owing to absence of a traction organ, and also
the drive, conveyors on an air cushion with
inclined round channels in comparison with
traditional types of conveyors have a row of
advantages, somehow: simplicity  of
construction, the low level of noise, safety of
maintenance in an explosive environment,
possibility of combination of operations of
transportation and heat treatment of loads.
However, despite existence of these
advantages, conveyors on an air cushion with
inclined round channels have rather limited
application. This circumstance is connected to
small study of these conveyors, in particular,
their traction qualities.

MATERIALS AND METHODS

The simplest theory of the device, made
in the form of conveyors on an air cushion, in
which the bearing layer is formed by the
system of discrete air jets, was proposed by
Bobrov V. [1]. A contribution to the
development of theory of vehicles on the air
cushion was made by Bitukov V.,
Kolodezhnov V. [2, 3], Khanzhonkov V. [5,
6], Murzinov V. [9], Nechaev G. [10], Pang
M. [11], Sarsenova G. [13], Song R. [14],
Turushin V. [15-18] and other scientists. But
the questions that relate to the study of
influence of construction parameters on
traction qualities of conveyors on an air
cushion with inclined round channels were not
studied in the works of these authors.

The research results of aircrafts and ships
with support devices on an air cushion are
presented in work of Lu J., Huang G., Li S. [7,
8], Yun L., Bliault A. [19], Zalewski W. [20],
Zhou J., Guo J., Tang W., Zhang S. [21, 22].
In work of Dreszer K.A., Pawlowski T.,
Zagajski P. [4] the process of grain
transportation by means of screw conveyors is
studied. However, the results of this works
may not be used in the study of traction
qualities of conveyors on an air cushion.

The scientific work of Ztoto T. and
Nagorka A. [23] is devoted to research of the
pressure distribution of oil film in the variable

height gap between the valve plate and
cylinder block in the axial piston pump. But,
physical properties of air and oil are various
different. Thus, transferring obtained in this
work the results for the case of conveyors on
an air cushion with inclined round channels is
not possible.

AIM AND TASKS OF RESEARCH

The aim of our research is analysis of
influence of construction parameters on
traction qualities of conveyor on an air cushion
with inclined round channels. To achieve this
aim it is necessary to solve the following tasks:

— obtainment of mathematical model
that determines influence of construction
parameters on traction qualities of conveyor on
an air cushion with inclined round channels,

— experimental test of the obtained
mathematical model,

— study of the obtained mathematical
model.

RESULTS OF RESEARCH

For load that moves through the
conveyor on an air cushion with inclined
round channels (Fig. 2.), Newton's second law
is:

mi=F,+F +G+W, (1)

where: m — the load mass, a — the load
acceleration, Fy — the lift force, Fx — the

traction force, G — the load weight, W — the
motion resistance force.

Fig. 2. Calculation scheme of the conveyor on an air
cushion with inclined round channels
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Projecting this equation on the X-axis
directed along the trajectory of load, have:

ma=F, -W,
from which:
F.=W +ma. 2)

Due to the fact that the motion resistance
force is determined by the relation:

W=waG,

mass and weight are connected by the depend:

m=Glg,
and also that:
G= Fy ,

where: w — the motion resistance force
coefficient, g — the free fall acceleration, Eq.
2 can be written in the form:

F, =Fy(w+ﬁj. 3)
g

Accepting that the movement of load is
uniformly accelerated and that the initial
velocity of the load is equal to zero, we obtain:

a=—, “4)

where: L — the conveyor length, r — the time
of load transportation.

The time of load transportation can be
calculated by the formula:

=

L
V_as (5)

where: V, — the load average velocity.
Substituting Eq. 5 to Eq. 4, we will have:

)
a= . 6
i (6)
It is known that:
v, = zZs ’
3600

where: Z — the hour piece conveying
capacity, s — the step between loads. In the
case of transportation of loads with little
intervals it is possible to consider that s ~/.
Taking this into account, we get:

Zl
Vo =——. 7
‘3600 2

Substituting Eq. 7 to Eq. 6, finally we
obtain:

272
a= 2—16_ (8)
6,48-10° L
Because of the Eq.8, the Eq. 3 can be
written as:

272
P (R
6,48-10° Lg
or, having divided right and left parts of this
equation for F),:

242
i:W+Z—16. 9)
F, 6,48-10° Lg

The structure of expression, which is in
the left part of the Eq. 9, similar to well-known
expression of the dynamic factor of the car
and, taking into account aerodynamic nature
traction and lifting forces, may be called
aerodynamic factor of conveyor on air cushion
with inclined round channels:

4=z

Fy

(10)
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Unlike traction force, aerodynamic
factor, which represents the ratio traction force
to lift force, allows not only to quantify, but
also to compare traction qualities of conveyors
on air cushion with inclined round channels.

In view of the above we will have:

Z21?

- — (11)
6,48-10° Lg

A=w+

The Eq. 11 is an equation of traction
balance of conveyor on air cushion with
inclined round channels.

The traction force and lift force are
defined as follows:

F.=c.pyS, (12)

Fy :CyPOSa (13)

where: ¢, — the traction force coefficient,

c, — the lift force coefficient, p, — the air

X
pressure in the receiver, S — the area of the
load support surface. Substituting the Eq. 12
and the Eq. 13 in the Eq. 10,

A=5

Cy

(14)

Using the results of previously conducted

research [12, 16], the Eq. 14 can be
represented in the form:
2
GHH+h2 | H+n[ -
A= 1- l—e Hth || x
d? 0,5d

X

X

64(H +h) [I_H+h

d* 0,5d

2,2 -
(b+l_) h2 2s1ngo: n
Sb71

0,5d 2 >
= 2
x| 1—e H+h (b+l_) }; 2(:05(p+2 1—%x
Sl d
I Hih 054\
x(H +h)|1- T e Heh X
0,5d

2
X (é+21)2 hz/COS(p] , (15)
N

where: H — the depth of the cavity on
the side of the load support surface, # — the
thickness of an air cushion, d — the diameter
of channels, S| — the relative area of channels,
@ — the incline angle of channels, b — the load
width, / — the load length.

The Eq. 15 is the mathematical model
that determines influence of construction
parameters on traction qualities of conveyor on
an air cushion with inclined round channels.

For validation of the obtained
mathematical model an experiment was
conducted on test stand (Fig. 3-5).

Fig. 3. Test stand for research of conveyors on an air
cushion with inclined round channels

Fig. 4. Platform, which simulates the transported load
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Fig. 5. General view of the strain gauge

In the result of conducted experiment the
following empirical model was obtained:

A=-23947-10"°+78933-10 % h +
+39,6-10 % +227,0-10°d +
+1020,0-107°8, +655,3-10 °H +
+209,3-10 % h—1480,0-10 % hd —
~6720,0-107°AS, +3533,3-107°hH —
~17,5-10"%pd —58,8-10 % ¢S, +
+45,4-10%pH +716,0-107%4S, —
~262,0-10°dH -1656,0-10°°S,H

where: h — the thickness of an air
cushion in the range from 0.2 to 0.5 mm, @ —

the incline angle of channels in the range from
10 to 30 degrees, d — the diameter of channels

in the range from 2 to 4 mm, S, — the relative

area of channels in the range from 0.5 to 1.0
%, H — the depth of the cavity on the side of
the load support surface in the range from 0 to
I mm.

The results of the modelling and
experimental research of the aerodynamic
factor of conveyor on air cushion with inclined
round channels are presented in Fig. 6-8 (the
modelling results are shown as a dotted line,
the results of the experiment are shown a solid
line). As you can see, the differences between
the modelled and experimental values of the
aerodynamic factor do not exceed 11 %.

Fig. 6. The modelled and experimental values of the
aerodynamic factor when d=4 mm, S;= 1%, H=1
mm

Fig. 7. The modelled and experimental values of the

aerodynamic factor when 9 =30°, §;=1%, H =1 mm
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Fig. 8. The modelled and experimental values of

aerodynamic factor when ¢ =30°, d=4 mm, H =1 mm

The analysis of the graphs, which are
presented in Fig. 6-8, allows to conclude that
the traction qualities of conveyor on air
cushion with inclined round channels increase
with increasing incline angle of channels and
decrease with increasing diameter of channels
and relative square of channel.

CONCLUSIONS

1. In the first on the basis of
Newton's second law the mathematical model
that determines influence of construction
parameters on traction qualities of conveyor on
an air cushion with inclined round channels is
obtained. The mathematical model establishes
the functional relationship between incline
angle of channels, diameter of channels,
relative square of channels and aerodynamic
factor of conveyor on an air cushion with
inclined round channels.

2. The obtained mathematical model
adequately displays the data of the experiment.

The modelling results differ from the results of
the experiment for not more than 11 %.

3. The aerodynamic factor which is a
criterion for conveyor on an air cushion with
inclined round channels increases with
increasing incline angle of channels and
decreases with increasing diameter of channels
and relative square of channel.
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BJIMAHUE ITAPAMETPOB KOHCTPYKIIUN
HA TSAT'OBBIE KAYECTBA KOHBEMEPOB
HA BO3JIYIIHOM ITOJAYIIKE C HAKJIOHHbIMU
KPVYT'JIbIMU KAHAJIAMU

Maxcum [Iponun, Eecenuii Lllanpan

AHHOTaAUMA. Honyqua U DOKCIICPpUMEHTAJIBHO
IMpOBEpEHAa MaTeMaThu4eCKass MOJCJb, OIpEACIIAroIIas

BJIMSIHUC  [MApaMCTPOB  KOHCTPYKIIMM Ha  TATOBBLIC
KadycCTBa KOHBeﬁepOB Ha BOS}:[yHIHOﬁ Nnoaymke ¢
HaKJIOHHBIMH KpYTJIbIMU KaHaJIaMU. I/ICHOJ'II:ByH
MOJIYUCHHYTO MaTeMaTU4CCKYHO MOACIIb,

MPOaHATU3UPOBAHO BIMSHUE MApaMETPOB KOHCTPYKIUU
Ha TATOBBIE KAuecTBa KOHBEWEPOB Ha BO3AYLIHON
MOJYIIKE C HAKJIIOHHBIMH KPYTJIBIMU KaHAJIAMH.
KnoueBrie cnoBa: KOHBeWep, BO3AyLIHAs
MOJYIIKa, TOJbEMHAs CHJIA, TATOBAs CHJIa
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Summary: The purpose of the study is to develop a
computing method for the calculation of remoteness
coefficients for temporal assessment criteria of the
socio-economic systems development.

The methodological basis of the research is the methods
of graphics simulation, the methods of comparative
analysis, and the method of computer simulation.

The main study results are the following. It is shown
that if socio-economic systems functioning are under
the conditions of turbulent state, then the most preferred
assessment criteria of systems development is temporal
orders. The temporal order structure was described. The
existing procedure of integral developmental assessment
calculation, the use of which is limited by the known
values of the remoteness coefficients, was also
described. The system of graphic models was
developed. The conditions for obtaining the formulas
for the calculation of remoteness coefficients for the
temporal order with any number of elements, were
formulated on the basis of the graphic models
developed.

Key words: developmental criteria, temporal order,
integral assessment, remoteness coefficient.

INTRODUCTION

The present stage of civilization
development is characterized by a high degree
of turbulence in all areas of social and
technical-organizational systems [2]. In
addition, the turbulence in the technical
systems creation is observed when the
appearance of breakthrough technological

solutions can’t be embedded in the predicted
directions of their development [1, 4, 13].

At the same time, the systems
increasingly show signs of uniqueness and
focus on getting of some positive results
through the creation of a particular product
that exhibits unique properties [9]. Such
systems can be called project-oriented,
regardless of their origin and nature. Under the
project-oriented systems we mean the systems
whose products have value only for one-off
projects that use them for the development of
other systems. Such products become a base
for rapid innovations, which destroy
stereotypes in a particular area of activity and
open up new visions in development directions
[7].

Turbulence  significantly  increases
uncertainty about the correctness of system
motion in the chosen direction. Moreover, it
affects the correct choice of direction, which
requires constant adjustment when changing
the external environment of system
performance [14]. This leads to the emergence
of new developmental paradigms, one of
which is called informative-innovational [3].
Under these conditions, criteria choice
problems  become  significantly = more
complicated. They reflect the goal of system
activity and activity evaluation by these
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criteria [12]. World trends of late 20-30 years
show that the turbulence rise will still remain
for a long time [8].

PUBLICATIONS REVIEW

After the global recession happened in
the beginning of XXI century the criteria
construction methods based on the principle of
indicators rate of change tracking were
brought into the forefront as opposed to the
principle of indicators absolute values
achievement by a certain time [5, 25]. At the
same time it is possible to monitor the
maintenance of preliminary generated and
ordered sequence of selected indicators rates
of change [17]. These criteria define the
indicators temporal order which ensures the
development in chosen direction [22, 24].

Different rank correlation coefficients
[21] and normalized Hamming distance [6] are
used for the integral estimation of deviation
scope of the actual temporal order from the
normatively adjusted one. However, such
criteria are less informative. The main reason
is the negligible distance of an indicator in the
actual temporal order from its place in the
normative temporal order.

To eliminate this drawback, [15]
proposes a method of analysis which is based

on the registration of the remoteness
coefficient value that is preliminary
determined. Inherently these coefficients

reflect negative impact power for the reduction
of the integral estimation as far as index moves
off standard location. This method is used to
assess the economic security of the innovative
project-oriented  enterprises  [16].  The
versatility of this method is defined by the
semantic unboundedness of the indicators
used, and it allows applying the method to the
socio-economic systems development
estimation problem, though. Nowadays, this
method can only be applied to the temporal
order which is comprised of four parameters.
This is due to the fact that the remoteness
coefficients values are determined only for this
amount of parameters for the time being. In
practice, their number in the temporal order
can be significantly more [10].

PURPOSE AND RESEARCH PROBLEM
STATEMENT

The aim of this research was determined
by the practical demand for widening of the
application of the method described in [15].
This demand is formulated as a development
of temporal assessment criteria of the
sustainable development of any socio-
economic systems based on the temporal order
with any number of indicators. Moreover,
from the perspective of future users it is
needed to determine how many elements of
the temporal order are enough and why.

MAIN SECTION

In general terms temporal order criterion
can be represented as follows [23]:

W >h > >h > >hy, (1)

where: /1 is the topics change of certain
indicators,

N is the number of indicators of the
temporal order,

n is the index, which shows that the
temporal order is normative.

An actual temporal order may differ
from the normative one by the permutation of
its elements.

Possible amount of such permutations
D depends on the number of indicators N
and is calculated as factorial V :

Dy =1-2..(N-1)-N. @)

For example, for the temporal order of
four components the amount of such
combinations can be 24. Some of them may be
as follows:

hy >hy >hy >hy, 3)

or: hy >hy >h >hy. 4)
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With temporal order increasing for one
element D5=120, and with N =8, Dg=40320

already. The value of this indicator shows a
high information capacity of temporal order
criterion. In practice, this advantage is quite
difficult to be used in full.

To take account of the deviation of
temporal order actual structure from normative
structure the modernized Kendall’s coefficient
is usually used [19]:

Y

-——= 5
N(N -1) ©)

where: (is the number of inversions in

the actual temporal order relatively to a
normative one.

Depending on the problem that is under
study, the Kendall’s coefficient may have
different meanings. For example, in [20] it is
defined as the final assessment of effective
management, in [23] as a measure of
similarity, and in [15] as the coefficient of
economic security.

From the temporal order analysis (Eg. 3,
4) it can be seen that the first order describes
the worse development state as compared with
the second one. This is due to the fact that in
(Eg. 3) the element 4, is situated farther from

its normative position than in (Eg. 4). It is
situated on the first place in the normative
temporal order. Unfortunately, the (Eg. 5) does
not take this fact into account. Therefore, the
matrix method which allows taking into
account the remoteness coefficients values is
used for inversions calculation in [15]. It
consists of the following. Primarily it is
necessary to populate the actual temporal order
matrix by the growth rate values of its
indicators per definite period of time. In this
matrix the subject and the predicate are
normative temporal order. Horizontal rows are
populated to the left from the main diagonal.
The cells that are below than the diagonal
should contain the same values as ones that are
higher than the diagonal considering the
symmetry properties of the matrix. The
following rule is used when filling the matrix.
The cells are filled with 1 if indicator’s actual

growth rate in a row is lower than growth rate
in a column. Otherwise the cells are filled with
0. Fig. 1 shows a matrix for temporal orders
represented by the (Eg. 3) and (Eg. 4).

a b

Fig. 1. The examples of actual temporal order matrixes:
a — for actual order (Eg. 3), b — for actual order (Eg. 4)

After populating the matrix of actual
temporal indicators the matrix of remoteness
coefficients is populated. Fig. 2 shows a
matrix for four elements.

1 2 Jur Jr
1 0,75 1,35 1,5
7 0,75 0,65 1,2
i 1,35 0,65 0,55
; 15 12 | 055
F

Fig. 2. Remoteness coefficients values al-j for N =4

Then these matrixes’ cell values with the
same indexes are multiplied among
themselves, and the multiplication results are
substituted into the formula:

N N
ZZ(Qij'aij
K=1-=171 (©6)
NN -1)

As we can seen, the numerator of the
second component of this formula takes into
account not only the number of inversions, but
also the influence of elements remoteness in
the actual temporal order from their normative
positions.
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For today the (Eg. 6) is applicable for
N =4, since only for such value of the
elements of the temporal order the coefficients

a;: are known.

y

Let’s contemplate the problem of
determining of these coefficients for any N
value. We define the matrix (Fig. 2) as an
initial one. For the indexes I and j the
following sub-indexes are used to define an
initial matrix’s elements:

M is the middle element,

F'is the last element.

We assume that the increase in the
number of elements in a temporal order to N
shifts remoteness coefficient value of the
original matrix so that:

JM =JIN/2+1> IF=IN- (7)

On this basis, six elements of the initial
matrix are arranged in matrix cells N x N, as
shown in Fig. 3.

Fig. 3. The arrangement of elements from the initial
matrix for the matrix size N X N

Assume that in matrix N X N the values
a;; vary linearly between any two elements of

the basic matrix which are marked as ellipses
in Fig. 3. Then to find the values a;; for each

N x N matrix cell we mark out four triangular
areas above the main diagonal. These areas
intersect by cathetus (I and II, III and IV) and
by hypotenuse (II and III) (Fig. 3.). Areas

intersections determine the equality of the
elements values in neighboring areas on
conditions that their indexes coincide in the
system shown in Fig. 4.

Fig. 4. Equality condition for the elements in
neighboring areas

Such area selection fits the principle of
harmonization of different interaction of
separations [18].

A single system of local indexes, the
same for all four areas, was used when
determining matching conditions. It is
presented in Fig. 5.

Fig. 5. A system of local indexes for the examined area

Then, local indexes can be expressed
through the indexes of the main matrix for
each triangular area (Fig. 6).
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Fig. 6. The correspondence between local indexes and
main matrix indexes of for the selected areas

Let’s study are model given on Fig. 5. In
this model a;; values for every element can be

determined using the formula:
aj=ajj, ~Ur=DAj. @

where: A j is the step between elements

values in 7 -th row.

This formula provides line-by-line
calculations and filling the matrix, i.e. for
I =const,and j=var.

The model in Fig. 5 shows that the
number of elements in a row for different 7 is
not equal. It can be calculated as:

m;=(jr—Js)—(i=ig). ©)

Accordingly, the step between elements
values in i-th row will be calculated as:

ijq =,

) (jf_js)_(l‘_is)'

J (10)

In this formula, the components included
in the numerator depend on the i values.

Using analogical inference with (Eg. 8)
the first component can be calculated from the
following dependency:

7,] 1 7.]
where: A; = a f .f / ,
lf_ls

value determines the step between

(12)

A

1
elements values in j » column.

The second component is defined as:

ai . = —(iy —0)A;, (13)
v o]
where: A, =— At (14)
lf — 1
Aj¢value determines the increment

between elements a and ai it which

is, js
are parallel to the main diagonal.

Having analyzed the formulas (Eg. 8) -
(Eg. 14) we can see that all incoming
parameters are determined by the elements
values of the main matrix. They depend on
what triangular area is examined. Depending
on that, local indexes values (Fig. 6) and
appropriate elements of the main matrix are
chosen. The formulas received made the basis
of a computer program for the calculation of
remoteness coefficients for N =4-12, that was
designed in MS Excel development
framework. The scheme of stage analysis and
synthesis of complex objects was used in
calculation algorithm development [11].

The remoteness coefficients values for
N =4 (Fig. 2), the table of correspondence
between local indexes and main matrix
indexes (Fig. 6) and the number of temporal
order elements N were used as input data.
The programming algorithm provides the
automatically selection of borders of four
triangular areas and the validity check of the
arrangement of initial matrix elements in the
N x N matrix. Fig. 7 shows a sample of the
calculation of remoteness coefficients for
N =10.

It is obvious that the arrangement of
initial matrix elements (in bold) corresponds to
the planned arrangement (Fig. 3).
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Fig. 7. Remoteness coefficients values aij for N =10

J |23

jN—l j.'\f

Fig. 8. Cell indexes values for the elements an.

N =4-12

The processing of calculation results for
N =4-12 confirms that in all cases the

elements ap =0,75, ay ., =1,35, a j, =1,5
from the first row are situated in the cells with
the indexes 2, jp /241, J accordingly (Fig. 8).
1s obtained for the
=1,2,

A similar result

elements A, jr =1,5, Dirvesir

a =0,55 that are located in the Ilast

IFsJF
column of the matrixes (Fig. 9).

To answer the question about the rational
number of temporal order elements the number
of computer experiments was done. These
experiments used the actual temporal orders
where all alternate scrambling only belonged
to one of the four selected areas (Fig. 3). For
each of these cases and different N values,
the coefficient K was calculated using the
(Eg. 6). Fig. 10,a shows the calculation results.

Njr Njp

arrangement in the first matrixes rows for

Fig. 9. Cell indexes values for the elements ) Jpe

a arrangement in the last matrixes

Gresjr Qipap
columns for N =4-12
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As it can be seen, regardless of N the
smallest K value appears when permutations
take place in the areas II and III. And the
biggest K value is observed in the area IV.

The calculation of coefficient K
variation by areas with K increase showed
the following. With N increasing from N =8
to N =10, the K variation doesn’t exceed 5%
(Fig. 10,b). Therefore, further increasing of the
number of temporal order elements is not
reasonable.

Ne N
space | 4 6 8 10 | 12
ll 0,42]10,53|0,58]0,61)|0,63
i |0,44)0,55| 0,6 | 0,63 | 0,66
I 0,54]|0,63 | 0,67 |0,69| 0,71
IV 1060|068 073]|0,73|0,75
a
Ne N
space| 4-6 | 6-8 | 8-10| 10-12

Il 20,8 86 | 49 3,2

i {200/ 83 | 48 4,5

I 143 60 | 2,9 2,8

v |11,8| 68 | 0,0 2,7
b

Fig. 10. Coefficient K values (a) and its relative

percentage %% variation (b) for different areas and /N
values

CONCLUSIONS

1. Based on the assessment of the current
state of development processes, the presence
of high turbulence was established not only in
the social and technical-organizational
systems, but also in creating of technical
systems. It was proposed to define the last
mentioned  systems as  project-oriented,
because the unique product of these systems is
demanded only special projects, which are, in
their turn, used for the development of other
systems.

2. It was shown that such conditions
brought the methods of development test
construction into the foreground. These

methods are based on monitoring of the
change rates of certain indicators. At the same
time, the normative temporal order of their
succession should be pre-determined.

3. An insufficient adequacy of integral
criterion scores was specified. These scores
were calculated excluding the actual index
location compared with the normative order.
The technique that eliminates this drawback by
using remoteness coefficients, which values
are strictly defined, was found. However, this
technique is applicable only for the temporal
order which consists of four indicators.
Although in practice, a significantly great
number of indicators are used.

4. A calculation method for remoteness
coefficients for any number of indicators in the
temporal order was proposed. . It is based on
maintaining the order of remoteness
coefficients values, which are used in the
present method, in certain places. This was
achieved through the use of a special approach
to the selection of matrix elements, which has
the dimension of the temporal order, and the
introduction of a universal system of local
indexes for these areas.

5. The computer experiment that was
conducted shows the versatility of the method
developed. Furthermore, it was proved that
from a practical standpoint the temporal order
of eight indicators is a sufficient one. A further
increasing in the number of indicators may
change the value of the integral criterion of not
more than 2.5%.
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TEMIIOPAJIBHBIE KPUTEPMU OLIEHKU
PA3BUTHA ITPOEKTHO-OPUEHTHPOBAHHBIX
COLIMAJIBHO-O3KOHOMUWYECKUX U
TEXHUYECKUX CUCTEM

Banewmun Pau, Macayo Cynman

AHHOTaAUUA. IlokazaHo, 4dYTO B  YCIOBHAX
TypOyJEHTHOTO COCTOSTHHS (YHKIMOHUPOBAHUS
COLMATBHO-?KOHOMHIYECKHX CHCTEM Hanboee

NPEANOYTUTECIBHBIMU KPUTEPHUU OLCHKU HX Pa3BUTHA
SABJIAKOTCA TEMIICPAJILHBIC TMOPAAKH. Onwucana

CTPYKTypa TEMIEPAIbHOTO MOPSAAKA M CYIIECTBYIOMIAs
METOJIMKa pacdyeTa WHTErpaibHON OLIGHKH pa3BUTHUS,

IPUMEHEHHE  KOTOpPOH  OTpaHUYEHO  U3BECTHBIMU
3HAYEHHUSIMU K03 (h(puLMEeHTOB y/IaJeHHOCTH.
Pa3zpaGorana cuctema Trpaduueckux Mojenei, Ha
OCHOBaHMU  KOTOPHIX  C(OPMYJIMPOBAHBI  YCIOBHS

monydeHuss QopMmyn s pacdeTa Kod(h(UIMEHTOB
YIAIEHHOCTH JUISl TEMIIOPAILHOTO TOpSKa C JIOOBIM
KOJIMYECTBOM DJIEMEHTOB.
Knarwuespie cJoBa:
TEMIIOPAJBHBIA  MOPSIZIOK,
KOX(PHUIMEHT y1aTeHHOCTH

KpHUTEpUH
MHTETpaTbHAs

pasBuTHs,
OLICHKa,
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Summary. This article applies to application of
economic-mathematical modeling for eco-directional
control for industrial enterprises. Research was
conducted on the example of the engineering enterprise
"Luganskteplovoz" in part of ensuring efficient use of
water in industrial manufacturing and minimize the
negative impact of enterprise activities on the
environment. Mathematical model of finding the
economic optimum of contaminated water cleaning in
carrying out enterprise production activity was
constructed.

Key words: industrial enterprise, water supply of
manufacturing, unsustainable natural resource use,
environmental pollution, economic and environmental
damages, economic- mathematical modeling, eco-
directional control.

INTRODUCTION

Industrial enterprises need significant
water supply to function effectively. Water
consumption of domestic production is among
the highest in the world today, it is about 0.3
m3 per UAH of finished product. Actuality of
the theme caused by the deepening problem of
unsustainable natural resources use, leading to
environmental pollution and causes significant
economic and environmental damages. Major
number of Ukraine's industrial enterprises
were built in the USSR and most of them are

highly resource-intensive, with depreciation of
production equipment and obsolete or
ineffective filtration technologies emissions
and discharges [2, 6, 7, 11]. In such conditions
the entity striving to make a profit may be
followed by causing irreparable environmental
damage, exceeding the standards of resources
use, which is a violation of existing
environmental legislation. Therefore,
particularly important becomes the searching
the optimal level of cleaning pollution that is
formed during manufacturing  process.
Considerable attention should be paid to
ecological and economic impact assessment of
active industrial enterprises in order to regulate
manufacturing processes and organizational
measures to minimize their destructive effects.

OBJECT, SUBJECT
AND AIM OF RESEARCH

The object of the research is
manufacturing  processes on  industrial
enterprise. The subject is the influence of
manufacturing processes on the environment.
The main aim of the research is the
implementation of environmentally oriented
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enterprise management to minimize the
negative influence of its activities on the
environment and development of approaches
to the regulation of water use in the industrial
production.

RESULTS OF RESEARCH

Diversified economic complex
established in Ukraine requires the use of
many natural resources. One of the most
important natural resource that defines the
location of the productive forces is water, and
very often it is also the means of production.
Industrial enterprises need significant water
supply [20]. The main impact of water use on
water resources is conditioned by rotation-free
water intake and discharging pollutants into
water bodies. Therefore it is especially
important to research the influence of
manufacturing processes on water bodies in
order to maintain optimal water environmental
indicators and reduce ecological-economic
damage from the industry impact on the
environment. Industry represents 58% of the
total volume of contaminated wastewater. The
main sources of water pollution are enterprises
that are pulp and paper industry, chemical,
production of coke, petroleum, mining iron
ore, coal, metallurgy industries and
mechanical engineering. For example, Fig.1
shows how the volume of wastewater
discharging is distributed by branches of
economy Lugansk region [1].

Engineering enterprises' runoffs in the
Luhansk region have significant influence on
surface water bodies. The causes of pollution
of water resources are the lack of wastewater
treatment before its discharging into rivers or
sewage system. Wastewater etching and
plating plants polluted by petroleum products,
sulfates, chlorides, suspended solids, cyanide,
nitrogen compounds, salts of iron, copper,
zinc, nickel, chromium, molybdenum,
phosphorus, cadmium [1, 5, 8]. Heavy metals,
radionuclides and other solid waste aren't
disposed of or re-processed and thereby cause
harmful effects on the environment [5, 9].

1,4% 1% 0,7%

Fig. 1. The volume of wastewater discharging by
branches of industry Lugansk region:

coal industry,

chemical and petroleum industry,
power industry,

mechanical and metalwork industry,
metallurgy,

pulp and paper industry.

One of the industrial enterprises,
working in mechanical engineering and
provides wastewater discharges to the river
Lugan is public joint stock company
"Luganskteplovoz". Research was conducted
on this enterprise. "Luganskteplovoz" as the
enterprise with significant production volume,
according to the law of Ukraine "On
Environmental Protection" [10] and other legal
documents in the sphere of environment
should closely monitor the processes that
affect the environment. Department of
environmental protection is division dealing
with industrial area environmental monitoring
[12, 19].

Manufacturing processes of machine-
building enterprises are characterized by high
levels of environmental pollution. These
processes include: in-plant energy production
and other processes that involve combustion of
fuel, foundry production, metal working
structures and  components, welding
production, refinishing products. At the plant
in order to reduce concentration of pollutants
wastewater treatment plants and installation of
water treatment are set. They are used before
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discharging wastewater into water bodies. The
main type of industrial wastewater treatment
facilities is mechanical oil traps. Mechanical
cleaning allows to allocate 70-80% insoluble
impurities from industrial waste water.
Average values for each of the pollutants
in wastewater "Luganskteplovoz" and their
comparison with the approved standards
maximum permissible discharge (MPD) are

shown in Table. 1 [13]. Data table shows that
results of 11, 14 water outlets and rotating stop
valve water outlet exceed the maximum
permissible discharge of pollutants. This can
demonstrate that there is a need to establish
additional treatment facilities at some water
outlet or necessity manufacturing processes
redesign to reduce the concentration of
pollutants in the water.

Table 1. Comparison of actual discharges with the standards MPD

water outlet 4 water outlet 9 water outlet 11 water outlet 12

g/c;ggl MPD | excess gf;;gl MPD excess g/c;ggl MPD | excess gf;::l MPD | excess
suspended matter | 41,6 90 - 157,08 | 115,5 41,58 1144 924 220 820 1982,5 |-
mineralization 2641,6 | 5400 |- 8085 6930 1155 93184 63000 |30184 |36660 118959 |-
nitrogen 0,5 1,404 |- 1,8018 |1,8018 |- 20,28 16,38 |3,9 8,04 31,72 -
nitrity 0,195 0,54 |- 1,155 1,155 - 18,2 14,7 35 2 11,895 |-
nitrates 68,9 162 - 184,8 184,8 - 1560 1470 90 700 27755 |-
sulfates 67,3 1800 |- 2310 2310 - 26000 21000 |5000 10600 39650 -
chlorides 5,81 1260 |- 1617 1617 - 18200 14700 | 3500 7600 27755 -
oil 0,381 1,08 |- 7,67 1,386 6,284 15,6 12,6 3 6,03 23,79 -
phosphates 4,445 12,6 |- 9,24 9,24 - 104 84 20 40,2 158,6 -
iron 8,5 1,08 | 7,42 1,386 1,386 - 15,6 12,6 3 7 23,79 -
zinc 0,91 2,52 |- 5,36 4,62 0,74 51,87 42 9,87 22 79,3 -
copper 0,045 0,126 |- 0,1386 [0,1386 |- 1,716 1,386 [0,33 0,66 2,6169 |-
nickel 0,065 0,18 |- 02772 10,2772 |- 5,187 42 0,987 |1 3,965 -
aluminum 0,381 1,08 |- 1,57 1,385 0,185 13 10,5 2,5 4 15,86 -
chrome 0,0127 10,036 |- 0,05544 {0,05544 |- 8,32 6,72 1,6 0,4 1,586 -

water outlet
water outlet 13 water outlet 14 water outlet 15 rotating stop valve

g/c;ggl MPD | excess gf;;gl MPD excess g/c;ggl MPD | excess gf;::l MPD | excess
suspended matter | 1164,8 | 193 971,8 | 7426 1193,25 [6232,75 | 5621 3075 2546 870 633,25 [236,75
mineralization 11200 44580 | - 90522 76368 14154 64970 184500 |- 50750 37995 12755
nitrogen 57,6 154 422 470 9,46 460,54 |18,25 61,5 - 87,21 50,66 36,55
nitrity 1,6 1,93 |- 9,4 0,946 8,454 5,5 18,45 |- 6,3 17,731 |-
nitrates 128,6 1544 |- 940 954,6 - 1168 4305 - 1305 1139,9 | 165,15
sulfates 3215 3860 |- 25615 | 23865 1750 18250 61500 |- 14535 12665 1870
chlorides 2250,5 2701 |- 18800 16705,5 |2094,5 |129575 |[43050 |[86525 |10175 8865,5 | 1309
oil 8,7 2,316 6,384 80,37 14,32 66,05 57,305  [36,9 20,405 |8,721 7,6 1,121
phosphates 12,86 15,44 |- 94 95,46 - 73 246 - 58,14 50,66 7,48
iron 33,92 3,86 30,06 |14,1 14,32 - 10,95 36,9 - 29,07 12,665 | 16,405
zinc 7,94 7,72 10,22 51,7 47,73 3,97 40,15 123 - 44,95 25,33 19,62
copper 0,41 0,49 |- 1,974 2,005 - 1,314 4,428 |- 0,899 0,7852  [0,1138
nickel 0,256 0,31 - 2,82 2,864 - 1,387 4,674 |- 0,63 1,7731 |-
aluminum 1,8 2,162 |- 41,36 23,865 |17,495 29,2 61,5 - 6,96 6,08 0,88
chrome 0,11 0,131 |- 0,611 0,6205 |- 0,584 1,968 |- 0,522 0,456 0,066
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The enterprises economic performance
substantially depends on the value of the
damages to the environment [15 - 18].
Economic-mathematical models construction
provides an opportunity to give assessment of
industrial enterprise influence on both
economically and environmental indexes. The
enterprise's management will be able to
regulate the manufacturing processes in a way
that will be optimal economic development
level achieved with the lowest possible
influence on environment based on the
obtained results by model.

Suppose that there is one source that
empty one type of pollutant in the water body.

Introduce the notation:

D — production volume, (units),

S(D)— volume of polluted with D-
production volume, (mg/1),

Z(X)— the cost of cleaning X-volume of

pollution, where X takes values 0<X<S(D),
(conventional money units),

U(S-X) — costs formed by dumping (S-
X)- pollution volume (conventional money
units),

X — volume of pollution cleared, (mg/I or
mg/dm3).

The total volume of contaminated water

that enterprise forms may partially or
completely cleaned by treatment facilities.

The enterprise can't cleanse more
pollution than the total volume of

contaminated water S, which is shown as a
vertical line in Fig. 2. Hence, the obtained
restriction 0 <X < S (D).

S-X)

v

—

Fig. 2. The volume of treated water X in the total
discharges S

The legislation sets a certain level of
pollution, which may include waste water,
which does not lead to violations of
environmental and human health, it is call
maximum allowable concentration (MAC)
[14]. Let's put allowed level of pollution as
VMAC. The volume of contaminated
wastewater that needs mandatory clearing to
achieve MAC standards, marked as XMAC,
from this XMAC=S-VMAC. If D-production
volume in the enterprise is high, the
wastewater formation will grow. This would
increase pollution in wastewater discharges
and harmful substances possibly greater than
set level Vuac (Fig. 3).

Vmac E
Al :
A O A >
0 Xya  Xop ~ § X
(S-X) !

Fig. 3. Volume of pollutants that exceeds MAC level

In order to achieve MAC standards
mandatory minimum volume Xyac of
polluting substances should be cleaned. Also,
it is necessary to predict the additional volume
of clearance in the range of (Xmac, X, ). The

optimum level of cleaning X,, is within

Xmac< X

opt
<S(D). Value x,, reduces their

negative impact on the environment and the
cost of dumping pollutants into the pond U(S-
X). Fee for violating MAC can be increased by
5 times maximum according to Ukrainian
legislation (or gradually from 1 to 5) [3, 4]. If
at the enterprise there is no limits of emissions
and discharges of pollutants approved in the
prescribed manner, fee is charged as per
above-limit discharges [12].

Thus, for each production volume D
applies  follows dependency (Fig. 4).
Conventionally, it is possible to consider given
dependencies for fixed production volume D,
which further will be denoted in the
calculation as upper index.

opt
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»
|

costs, conventional money units.

Uopt
Zopt :
0 | | T
Xmac Xopt S .XTC X
Fig. 4. Graphic representation of economic-

mathematical model of achievement standards MAC
and economic optimum pollution

Increase X treated wastewater will reduce
the cost U=S-X of dumping pollutants into the
water bodies. Along with the reduction of
costs formed by dumping (S-X)-pollution
volume, there is an increase costs Z for
wastewater treatment.

Total costs are formed from costs of
cleaning and the cost of dumping pollutants,
note them as W°(X) and it can mathematically
expressed as:

WP(X) = Z°(X) + UP(S — X).

Minimum of function (Fig. 4)
corresponds to a point that results in the
condition:

ow
oxX

Mathematical model was built for
regulation the interaction of enterprises with
the environment, taking into account the
economic interests of the enterprise. This
model may be the basis for tracking the
achievement of the eco-management system
on an industrial enterprise.

The purpose of modeling is searching
optimal volume cleaning Xx,, at which the

minimum total cost W, related with pollution
and the costs of cleanup.

Value of X pollution cleaned is limited
technical capabilities of installed treatment
plants, mark it as Xrc.

By giving different values of production
volumes the proposed model can be used in
dynamics. For management of the enterprise it
will enable to determine the production
volume in which it receives economic profit
and has minimum possible negative influence
on the environment.

Calculations were made with the
understanding that the waste water can be
treated only of oil by oil trap, so pollution
means the oil content.

Legally allowed to dump oil into the
reservoir equal to 0.2008 tonnes per annum
[13]. If the volume of polluted more than the
allowed amount (equal 0.2008 MAC) than
environmental payments increases depending
on the excess, up to 5 times [4].

According to statistical data of enterprise
dependence between waste formation and
production volume was found. It's like
polynomial y = -6E-06x2 + 0.0037x + 0.1058.
Even with a minimum production volume a
certain volume of pollution will be formed.

Searching for the optimal level of
contaminated wastewater enterprise and
visualization of results software package
MATLAB [21] applied.

Approbation results of economic-
mathematical model for "Luganskteplovoza"
are shown in Fig. 5. Thus, the production of 40
units of output produced relatively few
pollutants. The company still has a reserve of
polluted because statutory limit is not
exceeded. In this case, economically this
volume of pollution dump to water bodies
without a clearance. The company pays a
regular tax rate, cost is about 1200 UAH (Fig.
5a).
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Fig. 5. The economic optimum cleaning pollutants in certain production volume:

a — the production of 40 units of output,

b — the production of 110 units of output,
¢ — the production of 168 units of output,
d — the production of 225 units of output

— costs of dumping pollutant (solid right),

— cost of cleaning (solid left),

—total cost (solid upper),

For typical in recent years production
volume of 110 units and existing treatment
plant capacity the optimum level of cleaning is
0.24 tons, 0.57 tons of pollution formed. In
this situation, enterprise pays a tax rate
increased 2-fold, the total cost is 4200 UAH.

— limit possible discharge (dotted external),

— technical cleaning capability (dotted internal),

% — searching optimal volume cleaning X opt

(Fig. 5b). Situation with increased production
volumes modeled. Optimum approaching to
the border treatment plants technological
cleaning capabilities (Fig. 5c). With an
increase in production to 225 units optimal
cleaning is 0.49 tpa, but the this optimum is
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out of reach because of treatment plants
technological cleaning capabilities limited
opportunities in 0.48 tons. Enterprise pays
ecological tax increased 3 times, total costs are
7500 UAH (Fig. 5d). It needs additional
installation or wupgrade existing treatment
facilities.

With production volume to 40 units of
output for enterprise it economically does not
cleaning the pollutants because of their MAC
standards allowable concentration (Fig. 6).
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Fig. 6. The dependence of the economically optimal
level of pollutants cleaning X and production volume D
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Fig. 7. Three-dimensional graphics costs for water use
of the enterprise depending on production volume and
cleansing of pollution

It can be used in planning environmental
protection measures at increasing production

capacity to identify the need for further
purification formed pollution.

In Fig. 7 surface, which characterizes the
change in costs on water use is shown.

From an environmental and economic
point of view optimal is such volume pollution
cleansing that allows pay for regular tax rate, it
is form the first chute surface. The cost of
treatment is higher than the cost of polluted,
making economically profitable to pay
increasing environmental tax (2nd and 3rd
chute surface) worsening state of the
environment than to install a powerful and
wastewater treatment system.

CONCLUSIONS

1. Economic-mathematical model
building and its program realization by means
of MATLAB had given simulation opportunity
of dependence of costs of wastewater
treatment and planning production volume,
taking into account the existing treatment
facilities technical capabilities, allowable
discharge of pollutants and environmental
taxes.

2. Results of research can be used for
strategic and operational ecologico-economic

management in order to exercise eco-
directional control at industrial enterprise.
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DKOHOMUKO-MATEMATUYECKOE
MOJIEJIMPOBAHME PAITMOHAJILHOI'O
BOJIOTIOJIE30BAHUS 1 MUHUMM3AITIH
HETATUBHOT'O BJIMSIHUS
MAIIMHOCTPOUTEJILHOT O TIPEJIITPUSITUS
HA OKPYKAIOIIYIO CPEJTY

Cynman Pamasanos, Anna Boponosa

AHHoOoTauus. B crarbe paccmarpuBaercsi NpUMEHEHUs
9KOHOMHKO-MaTEMaTHIECKOTO MOJZIETNPOBaHUS ULt
obecriedeHys SKOJIOIHYECKH HATPABIEHHOTO YIPaBICHUs IS
MPOMBILUIEHHBIX MpeAnpusTHid. McciienoBanne MpoBOANIIOCH
Ha npumepe MalIMHOCTPOUTEIBHOTO NpeIpHATHS
"JlyranckTemnoBo3" B dYacTH oOecrnedeHus 3PPEeKTHBHOrO
BOZIOMNOJB30BaHUs B cepe MPOMBIIIIEHHOTO MPOU3BOJCTBA U
MHHUMU3A0UN HETaTHBHOTO BIIMSIHUSL €r0 JIeATebHOCTH Ha
npupoaHyto cpexy. ITocTpoeHa 3KOHOMHKO-MaTeMaTHdecKas
MOZENb MOWCKA JKOHOMHMYECKOTO ONTUMyMa OYHUCTKH
3arpsisHEHUH  BOJAHBIX ~ PECYpCOB  IpPU  OCYIIECTBICHUH
MPOU3BOACTBEHHOH AESTENEHOCTH MPEANPHITHEM.
KnmoueBble cno0Ba: MPOMBILUICHHOE MpPEANpUITHE,
BOZ0OOECIIEUeHIE MPOU3BO/ICTBA, HEpaLNOHAIbHOE
MPUPOAONOIb30BaHUe, 3arpsA3HEHHe OKpysKarolleit cpeasl,
SKOHOMMYECKHE U 3KOJOTMYecKue YyOBITKHM, 3KOHOMHUKO-
MaTeMaTHIecKoe MOZENNpPOBaHHE, 9KOJIOTHYECKU
HAaIpaBJICHHOE yTIPaBJICHHE.
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Summary: The article deals with the problems of the
lack of uniformity in machine computer embroidery
terminology, as well as the existing classification of
types of embroidery stitches that are based on the basis
of specific software tools of embroidery editors. There
have been analyzed both their advantages and
disadvantages. There have been defined the basic types
of machine computer embroidery.

Key words: machine embroidery, stitches type,
classification.

INTRODUCTION

Currently, Ukraine has a small amount of
embroidery businesses compared with Western
Europe, North America and Asia, where the
industry is thriving in small and medium sized
businesses. However, the number of such
enterprises is rapidly spreading. Embroidery
extensively uses computer technology, Internet
technology for data transmission, which,
undoubtedly, is quite comfortable. But at the
same time, enterprises point out the
insufficient amount of information in this area.

The purpose of this article is overview
existing classifications of types stitches
embroidery.

Object of study — the process of
classification a type stitches machine computer
embroidery.

The subject of the study — the type of
embroidery stitches.

The majority of Ukrainian publications
that are devoted directly to the issues of
machine embroidery, are usually represented by
advertising publications and interviews of small
embroidery firms and distribution companies of
foreign corporations. Since 2010, the most
comprehensive source have been
documentation translations of foreign software
and materials from organizations web sites that
are engaged in machine embroidery. Auxiliary
barriers to information are related with the
desire of organizations to preserve trade secrets
of domestic production developments.

Nowadays there is a number of overseas
embroidery companies associations, there is
issued periodical literature and there work
special ~ schools, there are organized
international conference, as well as online
conferences on machine embroidery. Thus,
among the foreign periodicals there should be
noted Eurostitch magazine, Printwear, Stitch
& Print, Embroidery, Stitches magazine,
Designs in machine embroidery, Creative
machine embroidery magazine and others.
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OBJECTS AND PROBLEMS

Among the foreign authors, who are
covering embroidery machine issues, there are:
B. Geer, J. Lamb, B. Start, H. Hart Momsen,
D. Jones and others, whose articles are widely
published in  periodicals and online
publications. Thus, one of the pioneers in the
field of machine embroidery — Barry Start —
distinguishes in his works the following types
of stitches: step, cross, satin, stem, star [3].
The peculiarity of his classification is the
commitment to outdated machine embroidery
design, that is: hand position design of each
puncture ("a stitch is a stitch punching"), the
use of graphic tablets and perforation, which,
in our opinion, is a disadvantage.

In his research, «You can digitize» [11]
James M. Lamb is studying embroidery
programs design based on the opportunities and
software editor of computer embroidery Pulse
Signature (Tajima DG / ML). The author
suggests the description of stitches types used
in the editor (Fig. 1).

The peculiarity of his classification is
binding to the ways of setting up a certain
stitch type using specific software tools of
embroidery editor Pulse Signature (Talma DG
/ ML).

Fig. 1. Stitches types classification (J. Lamb)

V. Tikhomirov (LLC "SysTech", Russia)
in the description of embroidery editor GR3
[27] identifies the following types of stitches
as half-stitch, line, zigzag, tatami etc. The
classification of V. Tikhomirov is also based
on a software tool for building stitching used
in the GR3 editor.

D. Chernenko's work [3] divides
embroidery stitches (or stitches overfilling)
into three basic types: the line, glad’ and satin.
His classification is based on the completed
form of stitch fillings that convey the basic
elements of artistic composition — contours,
lines, spots (Fig. 2). With this approach, as
claimed by D. Chernenko [2, 3], there are
considered the geometric and visual properties
of stitch fillings, regargless of the program
editor and algorithms by which they were
created. However, in our opinion, this
classification has many disadvantages, which
will be touched upon further.

In the embroidery design program editor
"Urfinus" (LLC "Dzhussoft", Russia) [18]
types of stitches are classified as simple and
complex objects (Fig. 3). The peculiarity of
this classification is that instead of the stitch
type the authors use the term "object".
Classification is based on the capabilities of
the software editors "Urfinus".
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Fig. 2. Stitch fillings classification [3]: a — line, b —satin, ¢ — glad’

Fig. 3. Stitches types classification of “Urfinus” editor (LLC "Dzhussoft")

Since the task of the embroidery design
programming is the distribution of a given
pattern into separate filling areas, and different
areas tend to require different types of filling,
which differ in density and direction of filling,
in the picture of filling etc., then the object is a
piece of the program saved in a special format
(*.urf) as a set of nodal points that describe the
shape of the object, and list their properties
that define the method of object filling [18].

The disadvantage is the lack of classification
such term as type of stitch.

Among the domestic companies the
should be pointed out Ltd. "Epsima, NPP"
(Zhytomyr, Ukraine) [12], which classifies the
stitches on the principle that is based on the

manual traditional seams. During their
seminars on technological foundations of
machine  embroidery,  the  specialists

distinguish only two basic types of stitches
with modifications (Fig. 4).
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Fig. 4. Stitch types classification, based on the materials of Ltd. "Epsima, NPP"

a b

c d

Fig. 5. Stitch types classification (M. Belova): a — hand stitch, b — run stitch, ¢ — satin, d — tatami

In his article [1] M. Belova suggestss to
classify machine embroidery stitches as four
basic types (Fig. 5): manual stitch, run/walk
stitch, satin (possible titles: smooth surface,
column stitch, satin stitch, satin path, etc.) and
tatami (possible titles: filling, step, fill,
complex fill, ceeding stitch).

Famous in the west digitizer H. Hart
Momsen in his research [I5] suggest
classifying embroidery stitches (stitch objects)
into two types: simple and satin stitch (glad’).
Unlike M. Belova, H. Hart Momsen believes
that hand stitching is a simple stitch in which
all the stitches are defined according the
location and length by the programmer, not
governed by the software, so may not be
considered typical. Fill is also not considered

an independent stitch: it is seen as a
constellation of many straight stitches.

RESULTS AND DISCUSSION

Types stitches of machine embroidery.
Universal classification

As of today there is a lot of embroidery
software: Pe-design, Urfinus, Ces 2000, Eos3,
Embird Studio, Wilcom ES, Tajima DG / ML
by Pulse Ambassador and others [19, 23-25].
Thus, one of the most versatile machine
embroidery editors at present is considered
Wilcom ES (Head Office — Sydney, Australia).
The authors-developers of the program [7]
classify all machine stitches into two types:
outlines and fill (Fig. 6).
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Fig. 6. Stitch types classification of Wilcom ES editor

Traditionally, there believed to be only
three types of machine embroidery: a simple
stitch (Run), satin (glad’) and fill (Fill) [1].
Each of them should be studied separately
further.

Run (simple stitch, stitch, straight stitch,
running stitch; walk stitch) — number of single
stitches along the line. Needle punctures occur
in sequential order (Fig. 2a, 7). Almost each of
the reviewed classifications have this type of
stitch. Its properties are fully set out in the
given research [3].

Fig. 7. Simple stitch (Run)

If with a simple stitch almost everything
is simple, with the following types of
embroidery stitches there might occur some
complications. For example, satin (satin stitch,
column stitch, satin stitch, satin path, steal,

etc.) is considered by D. Chernenko [3] a tight
zigzag (Fig. 2b). S. Fedorov [7] notes that the
name "Satin" is derived from the name of a
particularly smooth fabric weave. Like fabric,
"Satin" stitches smoothly fill some element of
embroidery from one edge to another edge of
the form (fig. 8a). Zigzag stitches are similar
with "Satin", but unlike this one, every stitch is
done with an inclination towards the base (Fig.
8b).

Thus, we can conclude that satin and
zigzag are the different types of stitches for
embroidery picture, but similar in its
properties such as width, filling, density, angle
of the stitches etc. All considered classification
denote such type of stitch as "satin", except
"Epsima, NPP" (Fig. 4), wherein the satin is
determined a "glad’" instead. M. Belova [1]
believes that "satin" and "glad’™" are different
names of the same type. D. Chernenko [3]
(Fig. 2) considers "satin" and "glad’" different
types of embroidery stitches. If we carefully
analyze the picture of binding (Fig. 2c), it is
similar to the type of "zigzag" (Fig. 8b).
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Fig. 8. Basic embroidery stitches that fill the form of the object: a — satin; b — zigzag; ¢ — tatami

The same picture is the type of stitch
called "satin" (Fig. 5c¢) in classification by M.
Belova. Yet it should be noted that in the
research [3] "glad’" was selected as on of the
three types proposed by the author for the
experimental filling from (Fig. 9).
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Fig. 9. Glad’ by the classification of D. Chernenko [3]

If we compare Fig. 2¢ and Fig. 9, they
are completely different patterns. "Glad™" in
Figure 9 is similar to "tatami" (Fig. 8c), not
onlyby the picture, but also in their
characteristics. So "glad’" in the classification
by D. Chernenko stays uncertain.

The last type of traditional classification
— a "fill", is completely filled with stitches,
veiled form. This is quite successfully shown
in [7]. In this classification, the category of
"fill" contains satin, zigzag, tatami and others
(Fig. 6) in their characteristics.

CONCLUSIONS

1. So as you can see, the presented
classification types of embroidery stitches
there are not even two identical ones.

2. The analyzed classifications are
formed by the basis of specific embroidery
software editors tools, but today there is no
uniformity machine embroidery, uniform
classification of embroidery stitches types.

3. The most complete, in our opinion, is
the classification based on Wilcom ES editor.

4. This classification is based on the
completed type of stitch fillings that deliver
the basic artistic composition elements -
contours, lines and marks.

5. With such approach, there may be
considered geometrical and visual features of
completed stitch fillings.
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AHAJIN3 KIIACCUOUKALINN TUTIOB CTEXKOB
MAIIMHHOU BBINIMBKHU

Tanuna Penxa, Anamonuti Meiuko, Hnecca Jleiineka

AHHOTauus. B cratke paccMOTpPEHBI BOIPOCHI
npoOieM  OTCYTCTBHSL ~ €IUHOW  TEPMHHOJIOTHH
MalIMHHOM KOMIIBIOTEPHOM BBIIIMBKM HECMOTPSL Ha
BO3pOCIIMH MHTEpEC K H3TOM OTpaciad LIBEHHOU

MMPOMBIIIJICHHOCTH, a TAKKEC CyHICCTBYIOIIUC
KJ'IaCCI/Iq)I/IKaL[I/II/I THIIOB BBIINTUBAJIBHBIX CTCXKKOB,
KOTOPLIC OCHOBBIBAKOTCA Ha Oase KOHKPCETHBIX

MPOTrPaMMHBIX HWHCTPYMEHTOB PEJIaKTOPOB MAIIMHHOM
BEIIUBKU. B Xoye wmccienoBanus OBLIO yCTaHOBIICHO,
YTO OJIHUM M3 HauboJjee YHUBEPCAIBHBIX PEaKTOPOB
MAaIIMHHOW BBIIIMBKU HA CETOMHSIIHUN JIEHb TI0 TPaBy
sasigercs Wilcom ES. YcraHoBiaeHBI OCHOBHBIE THIIBI
MAaIIMHHON KOMITHIOTEPHOW BEHIITUBKH.

KniodeBbie clioBa: MallMHHAS KOMIBIOTEpHAs
BBILIIMBKA, TUIIBI CTEKKOB, KIIACCU(PHUKAITHSL.
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Summary. This article deals with the importance of
the staff turnover problem at the enterprise. The author
proposes to study this problem using clustering method
by the means Deductor analysis platform. The study
determines the cause and the dominant factors of
employee turnover, employee groups are distinguished
by professional, age, gender and other criteria, the
impact of specific reasons on resignation of these
groups of employees is considered. The results of these
studies enable the managerial staff of a company to
make the most appropriate adjustments to the personnel
policy in order to reduce employee turnover.

Key words: personnel, staff turnover, clustering,
cluster (segment), Kohonen maps, personnel policy, the
causes of employee turnover, factors associated with
staff turnover.

INTRODUCTION

The market is constantly changing.
Enterprises have to be dynamic and able to
adjust not only to the external changes, but
also to their speed. In this case, an
organization should be not a frozen system but
a mobile agency with one constant factor - the
updating and continuous development [3].
Modern type enterprise should focus on
process and personnel management. Human
Resource Management is a leader in enterprise
management system [10].

Staff is a major resource in many
companies [17]. Today, most of the leaders are
aware of the importance of personnel policy
issues. Appropriately selected labor collective,
the team of associates is able to deal with the
serious challenges the company faces.
Therefore, implementation of all HR
functions, such as organization, motivation,
planning and control is very important and up-
to-date.

Today the instability of economy is
directly manifested in the growth of the staff
yield stress rate at the enterprises of all types
and forms of ownership [6]. It can lead to the
loss of profit, resignation of skilled workers,
product quality deterioration, increase of
flawed products quantity and growing
absenteeism. In order to control resignation
and understand how to keep the best
employees, it is necessary to determine the
reasons why people leave the company.
Collection and analysis of employee
information is extremely important for
studying the reasons of resignation. The
problem of staff turnover as a part of its work
is quite acute now and has great practical value
to companies that are developing actively [7].
Since the staff is in constant motion due to
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hiring and firing of workers, much less
specific applied research and methodology is
aimed at managing staff turnover in the
company [14].

In the history of management human
evolution is viewed as a basic element of
production and management activities, it is
reflected in classical economic theory in the

works of E. Mayo, A. Maslow,
D. McGregor, F.Taylor, A. Faiola.
However, despite practical demand,

science has not developed a holistic concept
and technology of HR. In this regard finding
ways to assess and techniques to reduce yield
stress of staff remains an unsolved question
personnel management research. The novelty
of this study lies in the use of artificial
intelligence methods to solve the problems of
personnel management [11].

RESEARCH ANALYSIS
AND THE PURPOSE OF THE RESEARCH

The problem of personnel management is
considered in the works of such foreign and
Ukrainian scientists as G.V. Shchekina,
L.K. Averchenko, R. Daft, A.P. Egorshina,
N.N. Kabushkin, Al. Kibanova,
D. Krasowski, M.N. Magura, V. Svistunova,
L. Nikiforova, Y. Pustynnikova.

Foreign  managers identified the
following factors associated with staff
turnover: age and length of service, job
satisfaction, and work activity. Special studies
examining the dominant factors of job quitting
were conducted in the USA. Studies have
shown that the determining factor is
dissatisfaction with the nature of work,
working conditions and management, so to
prevent turnover it is necessary to take it into
account. The interdependence of staff turnover
rates and overall job satisfaction level is
confirmed by other studies. For example, West
German sociologists studied the relationship
between the amount of resignations and such
indicator as the overall incidence of staff. In
this case, the two parameters were compared
with the size of the companies surveyed. As a
result, there were two major findings common
for all industries: as the company increases in

size, turnover reduces and the incidence of
staff increases. Based on these findings, the
authors put forward a thesis that dissatisfaction
with work at small enterprises is manifested
mainly in the form of staff turnover, and in
larger ones - mainly in the form of skipping
work, using the poor health excuse.

To increase labor satisfaction of
employees companies in  industrialized
countries use a variety of programs, including
those aimed at improving in-house staff
mobility. For example, a program "Find work
on the phone" was developed in "Hanover"
(New York). It is designed to keep staff up to
date about the movement opportunities within
the firm. In the personnel department a mobile
sector is created, it finds the employees whose
skills and qualifications are not fully disclosed
and involved at their positions, identifies the
candidates for higher positions.

Western managers assign an important
role in reducing employee turnover to
newcomers’ adaptation, in which information
materials for new company workers take major
part.

According to Western experts, in Japan,
compared to the West, there are more
opportunities to meet the needs of workers at
an enterprise. The need of security in Japan is
satisfied to a greater extent than in the West,
due to the current practice of lifetime
employment. A Japanese company and its
traditionally formed relationships between
people provide a suitable environment for
satisfying social needs. This is facilitated with
a widespread practice of informal meetings
between the employees representing one and
the same or different levels of hierarchy after
the working day is over, during which various
work issues are discussed and often important
decisions are made. A Japanese company to a
greater extent than Western one meets people's
need to be respected, because it applies the
principle of promotion in the business
hierarchy depending on the length of service
[2].

However,  despite = the  practical
importance, science has not yet developed a
coherent concept and technology of managing
this process. In this regard, finding ways of
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assessment and methods of the staff turnover
reduction is still important.

The object of the research is
manufacturing  processes on  industrial
enterprise. The subject is the impact of
manufacturing processes on the environment.
The main purpose of the research is the
implementation of environmentally oriented
enterprise management to minimize the
negative influence of its activities on the
environment and development of approaches
to the regulation of water use in the industrial
production.

The aim of this work is to study the
processes of personnel management, human
resources policy of the company.

The object of analysis is a private
company, regional center of implementation
"Ahrotsentrnauka."

The subject of the study is the business
processes associated with managing staff.

RESULTS OF RESEARCH

As a system, human resource
management can achieve socio-economic
goals - meet the needs of both workers and the
manufacturing process, through
implementation of various HR functions.

The purpose of the HR process is to meet
the needs of the production process in the
required quantity of human resources, in
quality and timing set, life satisfaction, social
and psychological needs of employees. In this
sense, the goals of personnel management can
be viewed in socio- economic terms.

Mechanism  of implementing HR
processes lies in personnel management
strategy, for certain HR purposes it is
implemented more specifically through
personnel policy.

Optimization and stabilization of staffing
facilitates employees’ internal rotations,
providing job displacement employees with a
workplace within the company and external
that is firing employees who do not meet the
requirements  with  their qualities and
professional competence, that applies to an
employee in a particular job. Evaluation of
professional level and quality of functional

responsibilities of staff in  company
"Ahrotsentrnauka"  was  conducted in
accordance with procedures developed and
approved by periodic appraisals [15].
Conclusion on whether the knowledge, skills,
experience, business and personal
characteristics of candidates for positions
match corporate culture was brought to the
attention of company management and is
crucial when applying for a job at the
company.

Creating an effective system of employee
motivation means providing a direct and stable
interest of every employee in achieving
planned performance of personal and group
work, aiming at the point where actual results
exceed the planned ones. Basic component of
motivation and stimulation of the company's
employees is a financial remuneration
mechanism which provides interconnection
between payment and results. The basic
principle of remuneration is equal pay for
equal work, which means that employees
occupying the same complexity and value
positions (jobs) and showing the same
performance should have the same level of
salary [6].

Financial remuneration of staff consists
of a constant part, i.e. guaranteed wage which
serves as a base salary, and a variable part
which is a function of the employee’s,
department’s or the whole company’s
productivity. The base salary amount depends
on the category of office and official rate
established according to the employee’s
evaluation for the year. The variable part of
remuneration is paid as a bonus. For the
management of the company the amount of
reward is calculated based on the entire
company’s financial performance. Department
heads and staff support services remuneration
is calculated as a reward for the high level of
professionalism (no more than 100 % of the
salary). For managers and employees of major
divisions reward is paid for monthly economic
results of the unit (ranging from 1 to 5 % of
the profits earned during the month).

One of the important tasks of the
personnel policy of a company is to create and
support institutional order, strengthening of
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diligence, responsibility of employees for
performed duties. The most important
condition for achieving the strategic goals of
the company is the unconditional fulfillment of
duties by all employees, strict observance of
labor and production discipline, managers
being demanding to subordinates,
unconditional fulfillment of orders,
instructions and work tasks by subordinates.

Forming and strengthening the corporate
culture should be carried out through
enterprise-wide activities aimed at instilling in
employees a sense of community, a sense of
belonging to the company, loyalty and
reliability. Creating a positive image both
within the enterprise and beyond it promotes
cultivation and promotion of corporatism and
positive socio-psychological atmosphere at the
workplace.

HR policies can be assessed using
performance indicators of staff.

Personnel disposal coefficient K , is

determined by the ratio of the number of
employees dismissed for all reasons during
this period to the average number of workers
in the same period:

K, =L 100%.
P

s

In 2013, 3 people were dismissed in the
company "Ahrotsentrnauka", while only 45
people are listed. Disposal coefficient is
0.0667 or 6.7 %.

Staff  reception K, is

determined as the ratio between the number of
workers hired during the period and the
average number of workers during the same
period:

coefficient

K

pk

P
=—2£.100% .
P

In 2013, 3 people were hired. Staff
reception rate is 0.0667 or 6.67%.
Personnel stability coefficient K, should

be used when assessing the level of production

management at the enterprise as a whole and
in individual sections:

Kskzl—iJOO%,
P+P

n

where: P, is the number of workers laid

off from the company of their own accord and
in violation of labor discipline during the
reporting period,

P —is an average number of employees
at the enterprise during the previous reporting
period,

P — the number of newly admitted

employees during the current reporting period.

The company’s personnel stability
coefficient is 0.938 or 93.8 %. The level of
staff turnover 7K is estimated as the ratio
between the number of employees who quitted
the company due to the reasons connected
with yield strength ( in our case, due to
violation of labor discipline), and for reasons
not connected with operational requirements
P, , and the average number of employees P, :

TK =i-100%.

cc

To reduce staff turnover, it is necessary
to collect complete and timely information
about the reasons of employee’s leaving an
enterprise. A questionnaire is used to identify
the motives of resignation.

Prevention of actual employees’ layoffs
should be based not only on the analysis of
their resignation motives, but also on
information about potential fluidity of
motivation - readiness of employees to change
jobs. This approach is consistent with the
principles of advanced management. Knowing
the factors of employee’s readiness to quit his
position can help determine what caused his
dissatisfaction with the workplace and how to
reduce the degree of dissatisfaction, thereby
preventing dismissal.

Thus, the basis of HR is to elucidate the
process of staff turnover. Knowing these
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patterns makes it possible to determine the
most effective managerial impact.

Using the above equation, staff reception
rate was calculated. It equaled 6.67 %. Thus,
the stability coefficient shows a stable level of
organization as well as the stability of frames
does not exceed 90-95 %. Disadvantages of
personnel management at the enterprise lies in
imperfect system of employee retention. The
need for staff is not generated. This can cause
unnecessary position being created for which
the selection is held, while some other
employees are fired. The company bears
material losses, loss of professionals and loss
of image. The company has no staff adaptation
program either. As a result, new employees
feel as "aliens" in the company. Their
functions are often not clearly explained to
them on probation, they are not introduced into
the office. Therefore, according to experts,
their productivity is about 40 %, in contrast to
60-70 % by those who are engaged in
adaptation programs. Statistically, a higher
percentage of resignations from work occurs
between 2 and 5 months of work - this is due
to the lack of staff adaptation programs.

At the considered enterprise the staff
turnover rate does not significantly exceed
normal rate. However, the analysis of
company’s personnel showed that all
employees who have left the company did it
voluntarily. It is therefore necessary to
determine the cause and the dominant factors
of staff turnover, select a group of professional
workers, age, gender and other criteria, and to
study the impact of specific reasons on
dismissal of the employees of these groups.

This paper suggests using artificial
intelligence methods, namely clustering and
classification methods [4]. Data mining
computer technology and OLAP enable to
implement them in real time [17].

Clustering (or cluster analysis) is a
process of partitioning a set of objects into
groups called clusters [1]. Each group should
be comprised of "similar" objects, and the
objects of different groups should differ as
much as possible. In order to perform
clustering, Kohonen maps and a “Clustering”

tool of an analytics platform “Deductor” were
used [5].

A Kohonen self-organizing map is a
competitive neural network with unsupervised
learning, which performs the tasks of
visualization and clustering, it is one of the
versions of the Kohonen neural network. It is
used in solving the problems of modeling,
prediction, etc. A Kohonen map projects
multidimensional data in a lower dimensional
space (usually two-dimensional) and is usually
used for data visualization, so that one can
“see” the presence or absence of cluster
structure in data, the number of clusters, the
laws of the joint distribution of attributes,
relationships between variables. Kohonen
maps are neural networks, in which the
training process of neurons takes into account
the topology of the network and uses the
function that defines the influence of a neuron
on its neighbors.

Kohonen maps alone do not solve the
task of cluster analysis and identification of
dependencies. They only allow us to make
hypothesis about the cluster structure and the
number of clusters, the relationships between
the values of individual variables. It is
sometimes impossible to distinguish certain
actually present and statistically proved
dependencies using only Kohonen maps [5].
This is why this study carries out clustering
also using the “Clustering” tool of the
analytical platform “Deductor” [8].

Clustering with k-means and g-means
algorithm families is used for the same
problems as Kohonen maps, but in this case
the results cannot be visualized in the form of
a two-dimensional colored map.

The k-means algorithm is based on the
principle of in a certain sense optimal partition
of data in k clusters. The algorithm attempts to
group the data in clusters so that certain
function of algorithm reaches its extreme.

The analysis algorithm can be
represented with the following steps:

1. Object samples selection for analysis.

2. Defining a set of variables, which will
be evaluated by the objects in the sample. If
necessary normalization of variables is done.
3. Data modeling.
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4. Application of cluster analysis to
creating groups of similar objects (clusters).

5. Presentation of the analysis results.

As a result of data cluster analysis,
groups of resigned employees with various
resignation reasons were identified. The data
used in the analysis was obtained from a
private enterprise — regional integration center
“Agrocentrnauka” and all its regional offices.
The input data was comprised of dismissal
orders and decrees, employment records of
employees, timecard data, the set of
documents that one should present upon the
accceptance for employment.

The leaving workers were surveyed,
since it’s well known that the official
information (the reasons for resignation
specified in the dismissal order and the

employment record) does not always
correspond to the real state of affairs.
Interviewing  (surveying) the  leaving

employees allows to understand the real

sex.cod x|

reasons behind resignation and to identify
adverse trends in community life in time to
take corrective actions [4].

Questioning resigned employees
demonstrated that the main factors in the
decision to quit are:

1. Inadequacy of social and
psychological climate and social security,
interpersonal difficulties, conflicts.

2. Lack of career development,
opportunities for self-realization of an
employee.

3. Violation of labor regulations.

4. Inadequacy of material incentives, ofn
the actual reward for individual achievement
in the overall result.

After constructing a Kohonen map, four
types (segments) of resigned employees were
identified. The number of segments was
specified to the number of reasons for
dismissal (Fig. 1).
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Fig. 1. Segmentation of resigned employees
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Cluster number 0. Currently cluster got
26.3 % of the employees who left . These are
men and 28 years, with wages up to 2700
UAH. 58.4 % of employees in this cluster have
experience of 3 years, 69.7 % have as an
engineer. Reason for leaving 57.3 % of
employees are lower wages, 32.6% of
employees in this cluster freed due to lack of
opportunities.

Cluster number 1. During this cluster
gets the least number of employees (4.7 %).
Not married men over the age of 28 years ( 28-
33 years — 31.3 %, from 33 years 62.5 %),
experience of more than 4 years post appraiser
(68.8 %). Most employees in this cluster
resigned due to lack of prospects (62.5 %).

Cluster number 2 — the largest by
number of employees that it includes (28.9 %).
That married men over the age of 28 years,
with a long experience (over 4 years) and
wages (over 3400 UAH.) . Employees in this
cluster have different reasons for leaving:

44.9 % - lack of prospects ,

20.4% — a violation of labor regulations,
15.3 % — adverse psychological climate in the
team,

13.3 % — low wages ,

6.1 % — retirement.

Directors and department heads resigned
due to retirement and because of the lack of
prospects.

Cluster number 3 — a young woman to
28 years, with experience of 3 years and wages
to 2400 UAH. Most are employees of the
personnel department . 75 % of employees in
this cluster resigned because of low wages.

Cluster number 4. This cluster is
represented by unmarried women Accounting
and Human Resources Manager at the age of
28 years, with experience of more than 4 years
and salary 2400-3400 UAH. 50% of
employees in this cluster retired unfavorable
psychological climate in the team, 38.9 % — in
the absence of prospects.

Cluster number 5 — the married women
of the personnel department over 28 years.
70.3 % of women in this cluster have an
economist with salary 2400-2700 UAH. The
reason for their dismissal became unfavorable
psychological climate in the team 13.5 % from

staff salaries to 2400 UAH. Who left the
company due to retirement.

Cluster number 6 — a married women
accounting, 64.7 % of whom have worked for
over 7 years . Salary 2700-3400 UAH, 55.9 %
retired because of adverse psychological
climate in the team, 20.6 % — in the absence of
prospects.

Cluster number 7 — single young men
under 28 who have as an engineer (60.9 %)
and appraiser (39.1%). Men of this cluster
have salary 2700-3400 UAH. released, mainly
due to violation of labor regulations , due to
adverse psychological climate in the team
retired employees with wages over 3400 UAH.

The disadvantage of using Kohonen
maps is that by themselves, these neural
network task cluster analysis and identification
of dependencies do not resolve. They only
allow the hypothesis of the presence of cluster
structure and the number of clusters
dependencies between the values of certain
variables. Hypothesis should be checked and
confirmed by other means. For this purpose,
conducted clustering method k-means, which
confirmed the results. From the above analysis
we can draw conclusions about the reasons for
each dismissal.

The study produced the
results:

* The main reason for resignation in the
given company is the lack of prospects,
32.2% of employees leave for this
reason (Fig. 2).

* The smallest number of resignations
was made due to the violation of labor
regulations (15.5%) (Fig. 2).

* Adverse social climate in the team was
specified as the reason for resignation
by most women aged 28-33 with
working experience of 5 years, most of
which are employees of HR and
accounting, as well as single men with
experience of 2-3 years and wages of
about 2000-2500 UAH.

* Heads of departments and women
working in accounting with extensive
experience in the given company
resigned because of the lack .

following
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Fig.2. Clustering of resigned employees. Factor - "Cause dismissal"

* Violations of labor regulations is the
reason to quit for mid-level specialists.
*  Men and women aged 25-26 with little
experience and wages of about 2000
UAH. and employees aged 32-35 with
the experience of about 5 years, most
of which are married and have

children, were not satisfied with

their wages.

Recommendations to reduce  staff
turnover.

In order to increase the material interest
of employees, enter promotional allowances,
with the volume of work performed, bonuses
for length of service in the enterprise .

To eliminate violations of labor
regulations , regimes of work and rest in the
company administration to devise an action
plan to protect the interests of employee
strictly monitor compliance with the rights of
employees are required by law [11].

To eliminate unsatisfactory socio-
psychological climate and social security,
interpersonal difficulties and conflicts must
form a team of formal and informal rules ,
norms of behavior , attitudes and values, and
thereby achieve a  high level of
corporate culture.

To create the conditions for self and
career development of employees is necessary
to introduce a system of job evaluation and
personnel reserve.

One solution of the problem of
forecasting the reasons for employee dismissal

and the duration of his work is the use of
algorithms  that solve the  problem
of classification.

Classification problem is similar to the
task of clustering is its logical extension, but it
differs in that class of investigational data set
previously conditioned. To solve the problem
of  resigned employees  classification
depending on the reasons for their dismissal
and seniority in the company, the method of
decision trees is applied. In the simplest form a
decision tree is a way to represent rules in a
hierarchical, consistent structure [18].

The advantages of decision tree is fast
formation, generation of rules in an easy-to-
understand form in areas where expert
knowledge is difficult to formalize, the
classification model is intuitive, high
prediction accuracy compared to other
methods (statistics, neural networks), the
construction of nonparametric models.

However, decision trees have several
drawbacks: repetition of some parts in the
construction of decision tree, in some cases,
creating the rules of interpretation of a
complex, applicable to data sets with a large
number of possible outcomes.

Nowadays there are many algorithms
implementing decision trees: CART, C4.5,
CHAID, CN2, Newld, ITrule and others. But
the most widely spread and well-known ones
are CART and C4.5.

CART (Classification and Regression
Tree) is an algorithm of binary decision trees
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construction, a dichotomous classification
model. Each node in the tree partition has only
two offspring. As the name implies, the
algorithm  solves  the  problem  of
classification and regression.

C4.5 is an algorithm for constructing
decision trees, where the number of
descendants of the node is unlimited. This
algorithm doesn’t know how to work with
continuous target field, thus it only solves
classification tasks [20].

Current research paper used C4.5
algorithms to construct the decision tree.
Working with the algorithm requires
compliance with the following rules: each
entry of a data set must be associated with one
of the specified classes, an attribute of the data
set should be a labeled class, classes must be
discrete (each example should belong to one of
the classes), the number of classes should be
much less than the number of records in the
test dataset.

The drawback of the C4.5 algorithm is
that it runs slowly in large data sets. To
determine the reasons for dismissal and the
likely duration of work in the company two
decision trees are built. The first decision tree
is built to determine the value of a categorical
dependent variable "Reason for leaving".

In order to classify the data by means of
mathematical methods it is necessary to have a
formal description of the object. This
description is a database of employees who
resigned.

The source data is divided into two sets:
training and test. Training set is a set that
includes the data used for training (design)
model. This set contains input and output
(target) value examples. Original values are
assigned to verify the model. The test set also
contains the input and output values of
examples. Here, the initial values are used to
verify the model. The division into training
and test sets is carried out by dividing the
sample in a certain proportion. Training set is
95 % of the original data sets, while test set
is only 5 %.

The challenge is to transmit such
database attributes as "Sex", "Age", "Marital
status", "Department", "Education",

"Position", "Seniority in the company",
"Wages", "Number of children" to determine
what caused an employee to quit.

The normalization of the fields in the
decision tree is required. The range of numeric
values in the fields "Age", "Seniority in the
company" and "Wages" is divided into 4
intervals. The internal nodes of the tree
(gender, age, marital status, department,
position, seniority, wages) are attributes of the
above database. These attributes are called
forward or splitting attributes. Finite tree
nodes or leaves are class labels, which are the
values of the dependent categorical variable
"Reason for leaving".

Each branch of the tree which comes
from the internal node is marked as splitting
predicate. The latter can relate only to one
attribute splitting this node. A characteristic
feature of splitting predicate: each record uses
a unique path from the root tree node only to
one solution. The criterion is combined
information of attributes and predicates
splitting node.

The most important attribute is "Salary",
"Position" and "Age". These attributes make
the largest contribution to classification of the
source field "Reason for leaving". The degree
of dependence of the output fields on
"education", "number of children" and "family
status" is insignificant.

CONCLUSIONS

1. To improve the personnel maintenance
policy the current research paper examines the
main areas of personnel policy based on
interrelated management functions at strategic,
tactical and operational levels.

2. Implementation of effective personnel
policies in the current environment requires
effective use of human resources in planning,
organization, motivation and control of
personnel. This becomes possible by means of
modeling. A set of models described in the
master's work allows fully reflect the
managerial staff based on the main functions
of management.

3. Any mathematical model which
describes a particular object, phenomenon or
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process requires a certain numerical
parameters that characterize them. Since the
purpose of modeling is to search the best
values, then planning, organization, motivation
and control of personnel is implemented in the
enterprise system based on modeling the
management process which will allow and
provide further improvement of managerial
staff efficiency.

4. The intelligent analysis of staff
turnover was developed to study the problem
of staff turnover in the company and to find
the ways of reducing it. The system is
designed for strategic and tactical planning of
personnel policy and includes a database of
employees, a description of the required data
structures, staff turnover analysis methodology
using artificial intelligence methods and
software.

5. Intelligence system is used in analysis
of staff turnover at a company with minimum
time and financial investment to determine the
cause and the dominant factors of staff
turnover, to select a group of professional
workers by age, gender and other criteria, and
to study the impact of specific reasons on
dismissal of employees of these groups. This
will allow the managerial staff of a company
to make the most appropriate adjustments in
personnel policy for each of the selected
employee groups to reduce staff turnover.

6. This system of data analysis provides
information necessary for decision-making in
hiring, the results can be taken into account in
the design of incentive mechanisms to
stimulate and increase the interest and
satisfaction with work in order to improve the
system of remuneration.

7. It should be noted that the results
obtained using the proposed model are not
completely accurate because it does not take
into account the individual characteristics of
each employee. However, the results obtained
by this method can be used as an additional
method of decision-making.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Bessmertnyy  L.A., 2010.: Artificial
Intelligence, St. Petersburg: St. Petersburg
State University of Information Technologies,
132. (in Russian).

Demyn I. S., 2011.: Clustering as a tool for
data mining, New Information Technologies
in Education. Part 1, M: C-1 Publishing. (in

Russian).
Dibnis G.I.,, 2010.: The problem of
administration for industrial enterprises,

TEKA. Commission of Motorization and
energetics in agriculture -2010, Vol. 10, No.
10, 101-106.

[Digital resource] - /
www.basegroup.ru

[Digital resource]- /http://www.neuropro.ru/
memo32.shtml

[Digital resource] - /http://efsol.ru/articles/
staff- turnover.html

Nikiforov L., 2010.: Analyze turnover of
staff, and you will learn a lot about a
company, Recruitment business No. 2. (in
Russian).

Novikov D.A., 2007.: Control theory of
organizational systems, Moscow: Fizmatlit,
250. (in Russian).

Novikov D.A., 2008.: Mathematical model
for building and operating instructions,
Moscow: Publishing House of Physical and
Mathematical Literature, 184. (in Russian).
Paklin H. B., Oreshkov V.I., 2004.: Business
intelligence: from data to knowledge: studies.
Allowance, Peter, 355. (in Russian).
Plastinina N., 2011.: Employee turnover:
Causes and Consequences, WAY out of the
situation, Personnel. Employment Law for HR
manager, No. 4. (in Russian).

Pink D., 2014.: How Much Does Money
Motivate Us? http://www.npr.org/2014/04
/04/295368808/how-much-does-money-
motivate-us

Pink D., 2014.: To
http://www.danpink.com
Rykov A.S., 2009.: Models and methods of

http://

sell is Human,

system  analysis:  decision-making and
optimization, MISA, 206. (in Russian).
Ramazanov S.K., Vitkova T.O., 2012.:

Modern innovative technology - the main
resource efficient operation of economic
entities, Businessinform, Kharkov, No. 4, 81-
83. (in Russian).

Sieriebriak K.,
Technologies in

2012.: Information
Ukraine:problems  and



17.

18.

19.

20.

APPLICATION OF ARTIFICIAL INTELLIGENCE METHODS TO THE STUDY AND ANALYSIS 137

obstacles, TEKA. Commission of
Motorization and energetics in agriculture -
2012, Vol. 2, No. 3, 128-135.

Statute of company " Ahrotsentrnauka ',
2011.: (in Ukrainian).

Whistleblowers V., 2009.: Modern
approaches to the assessment of staff
turnover, Personnel Officer. Personnel

management, No. 6, 211-226.

Yehorshyn A.P., ZaitsevA.K., 2008.: Labour
Organization Staff. Handbook, Moscow, 74.
(in Russian).

Zubov D., Ulshin U., 2010.: Analogue
complexing algoritms usage in DATA
MINING. TEKA. Commission of

Motorization and energetics in agriculture -
2010, Vol. 10, No. 10, 81-90.

I[MPUMEHEHUE METO/IOB NICKYCCTBEHHOI'O
HWHTEJUIEKTA JJJII UCCJIEJJOBAHMA U
AHAJIM3A ITPMYMH TEKYYECTU KAJZIPOB HA
TMMPEATTPUATUAX

Hamanusa Pazanuyesa

AHHOTauus. B nmaHHOl crtaThe paccMaTpUBaeTCs
aKTyaJIbHOCTb  NPOOJEMBI TEKy4YeCTH KaJIpoB Ha
NPEANpUASTHN. ABTOp CTaThbd NpejajaraeT MccieqoBaTh
JAHHYI0 TPOOIIeMy METOIOM  KJacTepu3aliil  C
MOMOINBI0 aHanMuTHIecko mmatgopmel Deductor. B

XOZIe WCCIEIOBAaHWS OMPENCNAIOTCS MPUYMHBI U
JOMHHHpYIome  (akTopsl  TEKy4ecTH  KaJpoB,
BBIICIISIOTCS TpYIIIBI pabOTHUKOB ()

npodecCHOHANbHBIM, BO3pPAcTHBIM, IIOJIOBBIM U Jp.
KPHUTEPUSIM, PacCMaTpUBACTCs BIMSHHUE OIPEelIeHHBIX
NPUYMH Ha YBOJbHEHHWE pabOTHUKOB OSTHX TpYIIIL.
Pe3ynbpTaTsl NpPOBEJCHHBIX HCCIEOBAHMN ITO3BOJISIOT
PYKOBOACTBY  NpEANpHSATHS  BHECTH  Hambolee
enecoobpasHble KOPPEKTUBEI B KaJIPOBYIO MOJHUTHKY C
LETbI0 YMEHBIICHHS] TEKY4YeCTH KaJIpOB.

KnrmoueBble cilaoBa: NepcoHal, TEKy4ecTh KaJpoB,
KIactepm3anys, Kiactep (cermenr), kapra KoxoneHa,
KaZpoBas IIOJIMTHKA, NPUYMHBI TEKY4eCTH KaJpoB,
(haKTOpBI, CBA3aHHBIE C TEKY4ECTBIO KaJpOB.
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Summary. The paper presents the results of field
studies of the agricultural soil contamination resulting in
washout where the soil are contiguous to the waste
dump. To study the contamination of the soil contiguous
to the waste dump site, plant samples were taken. Based
on the findings, statistical data processing and checking
for uniformity and authenticity were carried out.

Soil and vegetation analyses for heavy metals content were
carried out.

Key worlds: waste dump, soil, toxic elements,
heavy metals

INTRODUCTION

Coal mining in Donbass has been carried
out for over 200 years.

Coal enterprises stand with the largest
industrial polluters in importance. Therewith,
colossal environmental damage is inflicted not
only directly in the process of coal mining, but
also many years after its termination [8].

One of the most important technical
processes that accompanies coal mining and
processing at the coal-preparation plants is the
transportation and storage of the waste rock
that comes from coal mines heaps and coal-
preparation plants. Currently Ukraine's coal
industry has about 1130 waste dumps. On the
balance sheet of coal mining and coal
preparation companies of Lugansk region,
there are about 537 waste dumps, covering the
area of more than 3100 hectares [12].

It is set that the size of the territory,
exposed to harmful-influence of waste banks,
10-15 times exceed the area of dumps. Under
every dump from 2 to 10 ha of fertile and
suitable ~ for  industrial and  housing
development earth is occupied. The sizes by
the affected of dumps zones hesitate within the
limits of a 500-1000 m. Accordingly, more
than 11 thousand hectares of soils are not
suitable for the economic use.

Stockpiling of the dumped rock that
operates the coal companies, has a range of
significant drawbacks. One of the most
significant is the unintelligent use of the space
under the dumps, which leads to the reduction
of agricultural land and, as a result of wind and
water erosion, to contamination of the abuttal.

Large harm is done by the development
to erosion on the slopes of dumps, because
overwhelming majority of them presented by
waste banks with pouring out of breed in form
of a cone.

The washed off breed is very toxic,
because oxidization of brazil stimulates the
poured out neutral breed becoming sulfur-acid
in course of time. Sulphuric acid derived as a
result of oxidization of brazil dissolves
different metals, and they migrate on adherent
territories. In course of time soil adherent to
the waste banks becomes not suitable for the
development of agriculture from solutions,



STUDY OF WASTE DUMPS IMPACT ON THE ADJACENT AREAS 139

getting to soil from dumps, that have high
concentrations of sulphuric acid, sulfates and
movable forms of heavy metals quite often.

The scientists found out that from 1
hectare of a waste dump surface are
windblown up to 10 tons of dust and more
than 35 tons of silt, a significant amount of
water-soluble salts, radionuclides and heavy
metals are water flown. Consequently, the
erosion processes lead to transportation of
heavy metals in a mobile form into the soil
[14, 16]. At a distance of 0.5 km along the
perimeter of the waste dumps, chernozem
completely loses its properties to a depth of
0,6 m, in the area of 5 km can be observed
such phenomena as accumulation of heavy
metals, loss of humus and soil degradation [9].

Considerable damage to the natural
environment brings spontaneous combustion
of the waste dumps. The main cause of
spontaneous combustion is coal oxidation
accompanied by release of a large amount of
heat which accumulates in the interstices of
soil and provides the ignition of combustible
materials. In some dumps, these processes are
so intense that the debris is heated to high
temperatures and burn, releasing substantial
amounts of hydrocarbons, soot, nitrogen
oxides, sulfur, carbon, etc. Even those waste
banks that seem extinct actually continue to
smoulder. Waste banks keep high inner
temperature, besides arsenic, mercury,
cyanides, sulphur and other harmful
substances and their compounds are
accumulated surplus. On the average, from one
smouldering dump an amount of 10 ton of
oxide of carbon, 1,5 tones of sulphureous
anhydride and far of admixtures of other gases.

Due to the fact, arrangement of
protection zones around the waste dumps
becomes necessary, which leads to the
extension of safety exclusion area [5]. Up to
86% of the waste dumps are exposed, 10% -
partially overgrown and only 4% have a
developed vegetation cover [11].

MATERIALS AND METHODS

Environmentally safe existence of all
natural components of the soil is one of the

main tasks of our time. Various aspects of the
ecological safety problem is the object of
attention of many researchers , among them
are: Abrosimov E.I , Averin G.V., Alekhin
Y.I, Baklanov V.I., Gavrilenko Y.M , Driban
V.O., Ermakov V.M., Zborschik M.P., Zubova
L.G., Zubov A.R., Kolesnik V.Y, Krasavin
A.P., Krenida Y.F., Maksimovich M.G,,
Motorina L.V., OsokinP.P., Panov B.S., Pop
Y .M., Prosvirnye Y.A., Rud'ko G.I. and others
[3, 6]. The work of scientists is dedicated to
different aspects of protection from water and
wind erosion on the surface of the waste
dumps by mine technical and biological
recultivation. These measures can reduce the
solid runoff, but have almost no effect on the
heavy metals ion sink, sulfate ions and
hydrogen ions sink.

The purpose was to study the effect of a
coal mine waste dump on the contiguous
agricultural crops area. To reach this goal the
following problems were set and solved:

- examine the condition of the waste
dump No. 3, Lisichansk,

- identify growth index of the crops
growing in the contiguous areas using the
quantitative estimation method,

- study the geochemical characteristics of
the contiguous soil (to determine soil acidity
and sulfate ions content),

- Perform the spectral analysis of soil and
plant samples for the presence of heavy metals
mobile forms.

RESULTS, DISCUSSION

The research work was carried out on the
waste dumps No. 3 Matrosskaya Mine,
Lisichanskugol OJSC, which in 2010 was
transformed from a conical (Fig. 1) into a flat
one by flushing and lowering its top (Fig. 2),
as well as its contiguous areas (the agricultural
fields of the state owned farm Lisichanskiy).

Up to 2009, the waste dump No. 3 has
been burning. In 2010, the waste heap was
merged with the waste dump No. 4, terraced
(Fig. 3), though, it wasn’t planted.
Consequently, the surface of the above waste
dump is constantly exposed to water and wind
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erosion, the rocks break and fall to the foot and
adjacent areas [4].

Fig. 1. Dump and adherent to him sowing to reforming

Fig. 2. Reformed waste dump and adherent to him
sowing

On a figure 4 the investigated dump
(kind from above) is presented.

Fig. 3. Incorporated and terraced waste dump

Fig. 4. Investigated dump (kind from above)

Observations showed that while melting
of snow or thundershowers the streams of
water from the surface of dump movelget on
the field and move along it, bringing products
the erosions deposited on the field as loops
breadthways up to 50 m (Fig. 5).

Fig. 5. The rock, washed out to the adjacent areas

For studying the dynamics pollution of
soils contamination neighborhood territory
works were performed in two stages. At the
first stage sampling of winter wheat was
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carried out in July, 2006. At the second stage
(July, 2012) were selected sunflower vegetable
samples. Tests were selected selectively, at
distance of 50, 100 and 150 m from the bottom
of a dump and at the same distance out of its
zones (control).

During the vegetation development the
samples were measured by the following
indicators:

- number of plants per 1 m?, units,

- plant height, cm,

- an amount of grains, units,

- weight of 1000 grains, g.

For further analysis and evaluation of the
data received, the data were checked for
uniformity and the statistical ratios were
calculated [6]. To check the data uniformity
the Student's t- test analysis method was
chosen [12].

According to the data received, tables
and diagrams were compiled. The diagrams
quantitatively illustrate how the washed-out
rock influences and changes the establishment
and the growth index of crops as exemplified
by the sunflowers and winter wheat in the zone
of influence of the waste dump (i.e. gray) and
control points (i.e. light-gray), (Fig. 6-13).

2 = N W & w & 9 ® ©

T.50m T.50m T.100m T.100 m T.150m T.150 m
(u.) (u.) (u.)

Fig. 6. Number of plants per 1 m?, units (sunflower)

The change of indexes number of plants
per 1m? of winter wheat and sunflower is
traced. The number of plants hesitates from 4
to 9 units (sunflower) and from 56 to 88 units
(winter wheat).
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Fig. 7. Number of plants per 1 m?, units (winter wheat)
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Fig. 8. Plants height, sm (sunflower)
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Fig. 9. Plants height, sm (winter wheat)

Proceeding from the presented charts, the
change of indexes of height the winter wheat
and sunflower is traced. The height of plants
hesitates from 313 to 1041 sm (sunflower) and
from 49 to 66 sm (winter wheat).
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Fig. 10. An amount of grains, units (sunflower)

14 |
14
1 -
10 11 -
8 -
8
p L
4 -
2 —
T.50m T.50m  T.100m T.100m  T.150m T.150m
(u) (u) (u)

Fig. 11. An amount of grains is in an ear, units (winter
wheat)

Indexes of amount of grains in an ear
hesitate in limits from 8 to 14 pieces (winter
wheat) and from 95 to 176 pieces (sunflower).
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Fig. 12. Weight of 1000 grains, g (sunflower)

Fig. 13. Weight of 1000 grains, g (winter wheat)

Proceeding from the presented charts
mass of 1000 grains are varied from 18 to 56 g
(sunflower) and from 36 to 57g (winter
wheat).

The charts show that the indicators
within the area of the rocks wash-out are
significantly lower than the ones outside the
waste dump influence zone, which indicates
the negative impact of the waste dump on the
establishment and growth rate of crops. Based
on the foregoing, it can be concluded that
vegetation within 150 m is exposed to
contamination, and the growth of crops
reduces significantly.

In the course of study the spectral
analysis of the soil and sunflower seeds was
carried out, as well as the chemical analysis of
the soil. To determine the pH, the
potentiometric method was used, to determine
the sulfate ions rate - the quantitative method
[14]. Trace element content in the soil and
plant samples was determined by approximate-
quantitative emission spectral analysis method
(Table 1).

Based on data from Table 1, pH changes
and different sulfate ion content can be
observed in comparison with the zonal steppe
soil.

Acidity ranges from 6.0 to 8 (i.e., from
acid to alkaline).

Sulphate content ranges from 0,004 to
0,31, indicating a significant increase of these
ions in comparison with their natural level in
steppe soil.
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Table 1. Soil test results (soil acidity and sulfate ions

content)
S ling 1 . Rates
ampling location pH SO42'
1 50m 6,0 | 0,012
from the waste dump foot
2| 50 m from the waste dump foot 7,4 | 0,019
(verification)
3 100 m 7,8 | 0,004
from the waste dump foot
4 (100 m from the waste dump foot 7,9 | 0,031
(verification)
5 150 m 8,0 | 0,013
from the waste dump foot
6 (150 m from the waste dump foot 8,0 | 0,007
(verification)

Thus, the data obtained shows that the
adjacent area is characterized by a high
content of sulphate ions. According to our data
the territory that is adjoint to the dump is
characterized by more intensive content of
sulfate-ions. There are, also, changes as
comparison with natural terms in content of
hydrions, i.e. from weak-acid to the neutral
reaction. It can be explained by the strongest
washing off of dump breed as a result of water
erosion on adjoint territory. There are also
changes in the content of hydrogen ions in
comparison with the natural conditions, i.e.
from the weak acid to neutral reaction. These
effects can be explained by a strong debris
washout in consequence of water erosion to
the adjacent area.
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At the junction of sulfuric acid migration
flows with natural soil, represented by
common chernozem with neutral or faintly
alkaline reaction of the environment, alkaline
barriers are formed. As a result of pH
increasing a number of elements are deposited
on the alkaline barrier forming a geochemical
anomaly (Fig. 14).

Fig. 14. Anomaly of type of [I; at the foot of waste bank
1 - acid solution,
2 - chernozem,
3 - alkaline barrier (D)

It is known that barriers for alkali (as in
this case, which protrude prairie soil)
deposited : Mg, Ca, Sr, Ba, Ra, Mn, Fe, Co,
Ni, Cu, Zn, Pb, Cd, Hg, Be, Al , Ga, Y, Tr,
Cr, P, As, U [1, 17, 18, 19]. The deposition of
the heavy metals lead to contamination of the
adjacent areas (Table 2).

Table 2. The results of spectral analysis of the soil adjacent to the waste dump

Content (thousandths %)
= - = g £ £ £
a
2| ck B, | Boz|Es |20 Z S23
S % T EE §  |Egg|lEET £ &g g8
/M ExE Eza|o358 235 z g o % o
S 0T S o E S L o S L E S o o - Q E
o n = _g — =5 — = _g v = — _g
Pb 2%107° 5 3 2 2 2 1,5
Cu 0,01 3 3 2 3 3 3
Mn 0,08 100 70 70 70 100 70
Ni 0,018 7 5 5 5 5 3
Cr 0,033 20 15 10 10 15 10
Bi N*107 0,3 0,2 0,2 0,2 0,2 0,2
Mo N*10™ 0,3 0,3 0,2 0,2 0,2 1,15
Li 0,004 3 3 3 3 3 3
Zn 0,004 15 15 10 10 20 15
Co 0,01 1,5 1,5 1 1 1,5 1
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Table 3. The results of the spectral analysis of sunflower seeds (ash), adjacent to the waste dump
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Content (thousandths %)

= % 8 g 5 o, S g g = S E g o
m E 3 & £ E 3 H § E 5 H §
E 2 es5 | Eg | ES | Ep E 3

=f | 23|82 85| 8% &3

S B S

1 2 3 4 5 6 7 8
Pb 2%107 0,1 0,1 0, 0,15 0,2 -
Cu 0,01 5 5 7 10 7 5
Mn 0,08 15 30 50 30 5 50
Ni 0,018 2 1 1 0,7 1 0,5
Cr 0,033 0,5 0,2 0,1 0,5 - -
Bi N*10° 0,5 0,5 0,3 0,3 0,3 0,5
Ba 0,047 10 10 - 10 - -
Mo N*10™ 0,3 0,1 0,3 0,2 0,15 0,1
Li 0,004 1 1 1 1 - -
Zn 0,004 7 5 10 20 30 5

Penetration of heavy metals into a plant
tissues in excess amount leads to the
malfunction of its organs and structures, and
the greater the excess of toxicants is, the
stronger the violation will be. As a result, plant
productivity reduces (Table 3).

As seen from the data received as part of
the study, build-up of polluting heavy metals
(Pb, Zn, Cr, Cu) in the mobile form can be
observed increased in the soil and seeds.

Based on the foregoing, it can be
concluded that the heavy metals found in the
adjacent soil are involved in the biological
cycle and, thus, may further be passed on
through the foodchain to man, causing a
variety of diseases [2].

CONCLUSIONS

1. The results of measurements near the
waste dump show that the survival index and
plants productivity decrease. The indicators in
the zone of rock washout are lower than the
ones outside the waste dump influence zone,
this goes to prove a significant contamination

of plants with the washout of rock from the
waste dump.

2. On adjoint to the waste banks
territories, polluted with heavy metals,
biogeochemical barriers appear, id est, by
virtue of biogenic migration, there is an
accumulation in the plants of chemical
elements in  anomalous  concentrations
substantially different from MPK (maximum
possible concentration).

3. Therefore, we can conclude that the
waste dumps are objects, causing significant
damage to the adjacent soil, since in the
process of burning, oxidation, and weathering,
the whole spectrum of components within the
dispersion halo is localized in the topsoil,
which at a later stage of hydrogenous
migration considerably impairs the vegetation
regime.

4. The research results reasonably likely
allow to assert that the soil contamination in
the studied area is associated with the waste
dumps. Therefore, continuous watch in the
waste heaps impact area is a great currently
important research and practice.



10.

11.

12.

13.

14.

STUDY OF WASTE DUMPS IMPACT ON THE ADJACENT AREAS 145

REFERENCES

Alekseenko
Geochemistry,
Russian).
Bolotskikh M.V., Oreshkin M.V., Shelikhov
P.V., Bragin V.M., 2004.: Peculiarities of
spreading of heavy metals, micro-and
radioactive elements in the soil of Donbass.
Monograph. Lugansk, 75. (in Ukrainian).

By G.L. Rudka, 2006.: Geological
environment resources and ecological safety of
the technogene geosystems. Monograph, Kiev,
Nichlava, 480. (in Ukrainian).

Conclusion of sanitation-epidemiology
examination. Luhansk regional sanitation-
epidemiology station, Luhansk, 2005. (in
Ukrainian).

Ed. Stolberg, 2000.: Urban ecology, Kiev,
Libra, 349. (in Ukrainian).

Gavrylenko Y.N., Ermakov V.N., Krenid
Y.F., Ulitskiy O.A., 2004.: Technogenic
impact of mining site closure in Ukraine,
Donetsk, Nord-Press Publishing, 632. (in
Ukrainian).

Gmurman V.E., 2006.: Guide to solving
problems in the theory of probability and
mathematical statistics: Study Guide. Benefit -

12" revised edition, M, Vysshee Obrazovanie,
476. (in Russian).

Kostritsa Y.P., 2001.: Matrosskaya Mine.
People. Events. Experience. Local History
essay, Lugansk, 139. (in Ukrainian).

Leonov P.A., Surnachev B.A., 1970.: Waste
dumps of coal mines, Moscow, Nedra, 215. (in
Russian).

Leonov P.A., Surnachev B.A., 1970.: Waste
dumps of coal mines, Moscow, Nedra, 112. (in
Russian).

Motorina L.V., Ovchinnikov V.A., 1975.:
Industry and soil reclamation. Moscow, Mysl,
130. (in Russian).

National Report on the Environmental State
in Ukraine in 2007. Available at
[http://www.menr.gov.ua/media/files/1 NacDo
povid 2007 280110.rar]. (in Ukrainian).
Shkolny E.P., 1999.: Methods of processing
and  analysis of  hydrometeorological
information. Shkolny E.P., Loyeva I.D.,
Goncharova L.D., Odesa, 600. (in Ukrainian).
Smirniy M.F., Zubova L.G., Zubov A.R.,
2006.: Ecological safety of coal mines waste
banks landscapes of Donbass: Monograph,

V.A., 2000.: Environmental
Moscow, Logos, 626. (in

Lugansk, Volodymyr Dahl East Ukrainian
National University, 232. (in Ukrainian).

15. Vilde A, Sevostjanovs G, Novak J., 2007.:
Theories of friction and their applicability to
soil. TEKA Commisson of Motorization and
Power Industry in Agriculture. VII, 250-260.

16. Zubov A.R., 2012.: Improvement of
ecological safety of the coal mines waste
dumps, Monograph. AR. Zubov, L.G.
Zubova, S.G. Vorobyev, A.A. Zubov, A.V.
Kharlamova, Lugansk, Volodymyr Dahl East
Ukrainian National University, 172. (in
Ukrainian).

17. Zubov O.R., .Zubova L.G, Korshurnikova
A.A., et al., 2010.: Study Guide. Optimization
of the ecological conditions of the man-made
landscapes of Donbass. Drafted, Lugansk,
Volodymyr Dahl East Ukrainian National
University, 48. (in Ukrainian).

18. Zubova L.G., 2008.: Waste dumps,
disposition and soil reclamation, Monograph.
Lugansk, Volodymyr Dahl East Ukrainian
National University, 80. (in Ukrainian).

19. Zubova L.G., 2010.: Optimization of waste
dump lands. A.R. Zubov, L.G. Zubova, S.G.
Vorobyev et al., Lugansk, Volodymyr Dahl
East Ukrainian National University, 208. (in
Ukrainian).

20. Zybova L., Makaryshyna Y., 2013.:
Research on water regime of the townsite
Sutogan mine  waste dump Nel. TEKA
Commisson of Motorization and energetics in
agriculture. Vol. 13 Ne3, 253-256.

UCCJIEJOBAHUE BO3JIEMCTBUS
TEPPUKOHOB HA TTPMJIET'AIOIINE
CEJIbCKOXO3AVMCTBEHHBIE 3EMJIN

Enena Casenvesa

AHHOTanus. V3inoxeHbl pe3ynbTaThl MOJEBBIX
WCCIIEJIOBAaHUN 3arpsi3HEHUS]  CEeNTbCKOXO3SCTBEHHBIX
MOYB, NPHUIIETAIOIMX K OTBaly, B pe3yJbTaTe CMbIBA
nopoabl.  Jns  mM3ydeHmst  3arpsi3HEHWS  TOYB
MIpUJIETaloNedl K OTBay TEPPUTOPUH OBUIN OTOOpaHBI
pacturensHble 00pasisl. [To pesynbraram mpousBeneHa
CTaTHCTHYECKass o0pabOTKa MAaHHBIX M TPOBEpKa Ha
OJHOPOJHOCTE W JOCTOBEPHOCTh.  OmpeneneHsl
KUCIIOTHOCTB M COJIep)KaHHe CyIb(aT-HOHOB B IOYBE.
[TponsBeneHsl aHanMu3bl MOYBHI M PACTHTEIBHOCTH Ha
CoZiepKaHHUe B HUX TAXKENBIX METaIOB.
KnwoueBrie cloBa: TEPPHKOH,
TOKCHUYHBIE DJIEMEHTBI, TSHKENbIE METaIUIBL.

MOYBEI,
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Summary. The method to reveal isolated features in
digital image connected with its recording device is
proposed. The algorithm of signal decomposition on the
basis of wavelet analysis is given, the identification
criteria of isolated features in the image structure are
singled out. The identification algorithm of a recording
device of digital images on the basis of the usage of
singled out isolated characteristic features has been
developed. Experimental research to estimate the
accuracy of identification of digital images recording
device has been done.

Key words: an image, spectral characteristics,
wavelet decomposition, isolated features.

INTRODUCTION

Research and development of
instrumental means to control multi-media
data, integrity authenticity both the data
themselves and the device identification for
media signal formation became very relevant
due to their usage as a proved basis in forensic
medical agencies and so on [16, 20]. It is
necessary to note that at present multi — media
data as evidence play a secondary role due to
the lack of necessary means for the analyses of
their authenticity, integrity and

correspondence with the device forming the
signal.

Identification of the formation media
signal source is one of the most important and
very solved- difficult tasks in the aspect of
authenticity media- data estimation. There are
several approaches to solve this problem. The
problem of the source identification has been
studied in works [9, 1, 2] for images groups
having been received from several cameras
under controlled conditions. In work [8] the
authors have offered the method to identify
separate imprints of image sensors on the basis
of additive noise (PRNU). Earlier K.
Kurosawa has offered a unique method of
video-camera identification with the help of
defective pixels in CCD sensors [14, 18, 19].
In work [21, 9] the identification of camera
source has been researched for two different
cameras using additional links (connections)
during charge transition for CMOS sensors.
The authors have shown that their method
reveals the camera-source with high accuracy
even for images taken in a wide light range.
There are some well-known works [10, 11, 13,
15] which deal with the division of sources
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forming the images into classes. However, it is
necessary to mention that none of the
described methods possess high enough
revealing accuracy to be used as a proved
base.

Thus, the aim of the work is the research
and the development of authenticity method
for the device forming digital images on the
basis of the analysis of apparatus noise
characteristic features.

METHODS OF RESEARCH

Recorded digital data of a digital image
is presented as a sequence of its amplitude
readings which are the result of interaction of
two components — the first one is a recorded
scene and the second component is apparatus
disturbances. If statistical characteristics of
these two components were approximately
equal it would be senselessly to set a task of
dividing signal and disturbances. However, it
is known that in a majority of important cases
frequency  responses of  signals and
disturbances are  separated. = Apparatus
disturbance power is localized mainly in a
high- frequency range in comparison with a
signal [8].

From the point of view of modern
conceptions digital images in any random
section represent themselves a set of different
self-similar formations both at the level of
outcome scene and at the level of disturbances.
It can be supposed that self-similar structures
characterizing the scene will be changeable
over a period of enough represented images
sample received from the same formation
image device [6]. At the same time, from
physical thoughts it is evident that formations
responsible for characteristic features of
formation images devices must possess more
stable characteristic features over a period of
enough great images sample received from one
formation images device.

The researches of graphical files show
the availability of a great number of high-
frequency bit structures of “special kind” the
number of which in different fragments of the
same file greatly differs from accidental one
[7]. Here, stable regularities in the distribution

of such structures by the same digital image
are watched. This fact is the evidence of the
existence of self-similar multi- fractional
images in the elements of graphical files.
These formations can be matched up the
statistical features which are the results of
hidden regularities in the device of a digital
image formation [6].

Let’s consider the algorithm of revealing
features in the image structure on the basis of
wavelet transformation.

Wavelet is a transformation which
arranges the signals by extended and shifted
wavelets . As wavelet  has a zero mean

value, so wavelet is an integral which:
—-b
Wf(a.b) = | f(r)Tw( jdr (1)

measures the change f in the range of point

b, the size of which is proportional to a.
While the scale a is striving for zero the
wavelet—coefficients characterize properties of
function f in the vicinity of a point b. If

function f by m times is differentiated by
[v=Lv+I] and p, (t) - is Tailor polynomial
in the vicinity of v, then:

(k)
p =3B @

The error of such an approximation
e, ()= f(@)— p,(t) satisfies the condition:

Vtelv-Lv+I].

v
ST sup

ue[v—I;v+[]

£

The order of differentiability f in the
vicinity of v determines upper bound of error
g,(t) at ¢ striving for v. Lipshits smoothness
makes more precise this upper bound

introducing non-integral index on the basis of
the following definition.
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In work [17,12] it is shown if wavelet
has n zero moments, that is:

[y =0,k=0n-1, (&)

and n derivatives, then for
f € L*(R) ,satisfying Lipshits
condition a,x <n at [a,b], A > 0 exists, that:

uniform

V(s,u) € R x[a,b|Wf (s,u)| < As“"* )

Inequality (5) 1is the condition of
asymptotic decreasing of |Wf (s,u)| ats > 0.
Thus, the  decreasing of  wavelet-
transformation amplitude depending on the
scale is connected with uniform and pointed

smoothness of Lipshits signal. Inequality (5)
can be rewrited:

10g2|Wf(s,u)| <log, A+ (a + %] log, s.(6)

Lipshits indexes can be arbitrarily
changed from point to point. To characterize
the smoothness f at point v is rather difficult

because f can have different types of features

presenting in the vicinity of point V. Zhaffar’s
theorem gives necessary and essential
condition to wavelet transformation to
estimate smoothness of Lipshits function f at

point v.
Let wavelet w have n zero moments

and n derivatives. If feL*(R) satisfies
Lipshits condition a <n at point v, then
A exists that:

V(s,u)e R" xR,

u-—v

WF (s,u)| < As““/{l+

]. (7)

That’s why when scale sis diminishing
the amplitudes of wavelet coefficients have

fast diminishing till zero in the range where
the signal is smooth.

Cone of influence of point v represents
clearer interpretation of the condition [17].

If wavelet 7 has a compact carrier equal

to [-C,C],
points (s, u),

then the majority of such
that
v, ) =s"y((t-u)/s), in the carrier, and

point v  contains

these points determine the cone of influence of
point v of a large — scale surface. As the

carrier w((t—u)/s) is equal to
[ — Cs,u+ Cs], then cone of influence V is
defined by the inequality:

|u—v|£Cs.

If u is in the cone of influence v, then
Wf(s,u)= <f,l//s,u> depends on value f in

the vicinity of V. As |u—v|/s£C, so the

conditions (5) and (7) can be written in the
form of:

W (s,u)| < As™™"?
Pl AsE g
what: is identical to uniform Lipshits
condition.
Let’s consider that function f in the

vicinity of point v has an isolated feature, if
|Wf (s,u)| doesn’t satisfy the condition (8) in
the vicinity of point V.

The results of work [17,3] are the
following, if |Wf (s,u)| hasn’t local maximums

in small scales then f is a locally smooth

function and the operation of singling out of
isolated features of function s can be built by

defining maximum values of function

|Wf (s,u)| in small scales. Here it is necessary

to take into account that while processing
discrete data the smallest scale is limited by
the step (pitch) of a discrete signal sample
which is used during calculations.

When a feature is singled out there is a
task to classify it.

Let’s build the operation of classification
of singled out features in a signal on the basis
of inequalty (6) by the following way:
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Denote O, (s,u) the line of maximums

converging to point u—v, at s—0. For
every such a point v determine slop angle
log, O, (s,u) as function log, s, at s > 0:

log, O, (s,u) =log, A+ (0{ +%)log2 s.09)

Let’s consider that we have a feature of
o atthe point u =v.

Here it is necessary to take into account
that the solution of the task to classify the
peculiar feature depends on the basic function
w properties. The set of features of a

graphical signal received by such a way
represents itself a pattern camera which can be
used for its modification.

Experimental estimation and the
analysis of the reaction of classification
standard procedures on the feature of data
presentation in the offered revealing
procedure, their dependence on characteristics
of processed signals presented in the form of
large-scale decomposition structures and
processed by means of wavelet analysis have
been carried out in this research [4,5].

While carrying out the research of the
revealing of additive noise characterized for a

number of digital cameras on the basis of a
considered algorithm singling out for revealing
isolated features of images has been done.
Typical graphical patterns and maps of
particular points which are characteristic to the
formation image device have resulted of this
performed research.

The cut off threshold of detailed
coefficient close to optimum and the efficient
decomposition depth equal to 4 has been
chosen for data wavelet processing.

Checking, testing of the algorithm search
for particular points in digital image which are
characteristic to the device of its formation has
been done on the basis of the following stages:

Receiving a great number of images
from the camera forming the sample for
design, construction of camera print.

The stage of camera print receiving on
the basis of a great number of images from the
identified camera of camera print. This stage
includes the revealing from the print of pattern
camera with the help of described filtration
algorithm and its averaging by all prints from
the sample premeditated for vector features
formation.

The stage of image identification by
camera pattern (Fig.).

Receiving image
for identification

I

Revealing of feature setin a
signal

!

Checking of characteristic
features correspondence to a
comparable camera in the

database
1

Probable estimation of
pattern belonging to identified
camera

Threshold >
probability

Pattern belongs to camera
with given probability

Fig. Algorithm of camera identification by formed print

Pattern doesn’t belong to
camera with given probability
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Table. Values of averaging correlation coefficients results of received camera patterns

Camera 1 2 3 4 5 6 7 8
1 0.1364 0.0003 00018 00004 0.0017 0.0020 0.0030 0.0023
2 0.0004 0.1889 0.0002 0.0007 0.0004 0.0009 0.0000 0.0003
3 0.0035 0.0000 0.1727 0.0025 0.0042 0.0024 0.0044 0.0022
4 00004 0.0000 0.0015 0.1423 0.0006 0.0001 0.0016 0.0009
5 0.0005 0.0001 0.0010 0.0001 0.2645 0.0012 0.0010 0.0008
6 0.0009 0.0001 0.0004 0.0001 0.0005 0.479 0.0000 0.0012
7 0.0046 0.0001 0.0031 0.0018 0.0027 0.0029 0.1238 0.0017
8 0.0031 0.0002 0.0023 0.0015 00017 0.0032 0.0025 0.2005

images (pictures) characteristic to the

RESULTS OF RESEARCH

Eight cameras model Nikon D5100 have
been used for experimental checking of
offered algorithm. 50 photos from each camera
have been done for receiving camera prints.
After singling out particular points the
relationship of a number of such coincided
points with a pattern received from the camera
has been compared. The results of averaging
correlation of received camera patterns are
given in table. The coefficients of images and
patterns received from the same camera are at
the columns and lines intersection with the
same indexes. Thus if the matrix with the help
of which the image and the map of non —
uniformity  coincides, the  coefficient
correlation value is 0.1 — 0.4 but at the
coefficient correlation for non — coincided
cameras it is 0.001 — 0.054.

As it has been stated while doing the
experimental research similar regularities of
coincided points the distribution in a pattern
camera are kept for all researched cameras.
Thus, on the basis of coincidences relationship
we can come to the probable conclusion that
researched photo belongs to a particular image
formation device.

CONCLUSIONS

1. Carried out research allowed us to
single out and identify formations in digital

formation signal device.

2. The estimation of device identification
authenticity on the basis of a proposed
algorithm is satisfactory but not sufficient for
the given algorithm usage as a part of a proved
base.

3. Due to it is necessary to consider the
ways to improve the proposed algorithm in
further researches.
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METO MAEHTUOUKALINN ATTIIAPATYPBI
3AIINCHU TUDPOBLIX ®OTOI'PAOUU

Huxonaii Cuoopos, Eecenuii Benosepog

Annortanusi. [lpenynoxkeH MeroJi BbISBICHUS B
udpoBoM n300pakeHNn M30JMPOBAHHBIX
0COOEHHOCTEH, CBA3aHHBIX C YCTPOWCTBOM €r0 3alCH.
[lpuBeneH aaropuT™M JACKOMIIO3WIMU CHTHAla Ha
OCHOBE  BCHBICT-aHAN3a, BBUICJICHBI  KPUTCPUH
UACHTU(QUKAIIMA W30JIMPOBAHHEIX OCOOCHHOCTEH B
CTPYKTYpe HU300paKCHUS. Paspaboran amroputm

nAeHTH(GUKAIMK  YCTPOMCTBA  3amucH  IU(POBBIX
n300pakeHUH Ha OCHOBE HCIIOJIBb30BAHMS BBIICICHHBIX
M30JIMPOBAHHBIX 0Cc0OEHHOCTEH. IIpoBeneno
9KCNEPUMEHTAIBHOE HCCIEJOBAaHUE OLEHKH TOYHOCTH
UIeHTU(GUKALMKA  YCTPOMCTBa  3amucH  IUQPOBBIX
n300paskeHM.

KnrodeBrle ciaoBa: u300paxeHHe, CIEKTPabHBIC
XapaKTEePUCTHKH, BEHBIIET-Pa3I0KEHNE,

N30JIMPOBAaHHBIC 0COOEHHOCTH.
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Summary. We considered the formulation of the
problem of constructing a mathematical model of the
deformation of the railway sleeper track structure with
the step change of stiffness on the elastic Winkler
foundation. The rail is represented as a beam of variable
cross-section. To determine the displacements and
angles of rotation of cross sections, we used Laplace
transform method of equation and delta at the joint. As a
result of simulation, we obtained the forms for moving
semi-infinite beams (stacked rails) laying on the elastic
foundation, which can be used for arbitrary values of
stiffness "C" of the elastic foundation. We also proposed
a simplified alternate variant of solution using the
method of "small" parameter in case if the stiffness
characteristics of two adjacent rail sections slightly
differ.

Key words: rolling stock, rail, linear stiffness,
deflection and rotation angle of the cross-section at the
joint, stiffness of the rail foundation, Winkler
foundation.

INTRODUCTION

An effective and long-term use of the
equipment and the infrastructure, transport
systems especially the railway transport. It can
significantly reduce the maintenance costs of
material flows moving through these systems
[13, 14, 18, 19]. One of the methods to reduce

costs is to prolong the term of the rail work
due to their constant permutation in the
process of deterioration from more loaded onto
less loaded routes [12, 17]. But in any case,
such a movement involves the necessity of
joining the rails of various grades, which leads
to a drastic change in stiffness of the rail linear
filament at the joint. This causes the
significant vertical dynamic forces and,
accordingly, decreases the velocity of railway
vehicles. To avoid this phenomenon it is
necessary to define the parameters of the
deformation of the rail at the joint stiffness and
the range of the rail foundation.

RESULTS OF RESEARCH

The aim of the study is to determine the
interaction between the wheels of railway
vehicles and the rail with graded stiffness
laying on the Winkler foundation.

To simplify the construction of the
model we consider only one rail consisting of
different types of rails and respectively
different linear stiffness. The load from wheels
of the railway vehicles is transferred to the
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rails and through ties to ballast which can be
represented as Winkler foundation.

To describe the behaviour of the rail as
the beam of variable linear stiffness, laying on
the Winkler foundation, it is possible to use
the differential equation that has the form [I,
7,10, 16]:

d*U*(x)
dx*

El, + C21+(C22—C21)_‘*(x—xk)]-U2(x)=

n+l

=Y RS(x—x,). (1)
i=0

The solution of the equation (1) with the
classical approach is based on the dissection of
the beam at the point x, (the point of
connection of two parts of the beam of
different stiffness) and subsequent calculating
of two semi-infinite beams laying on an elastic
foundation of the constant stiffness (Fig. 1).

Consequent joining is at the same section
x =x, . When joining two sections of beams, in

the the

displacements and rotation angles of beams at
the joint, should be observed, that is, the
fulfilment of conditions:

section  x,, compatibility of

U, (%) =Up(x,),

du 2
Lo ().

dUsp
o )=

To obtain the equation of bending of the
beam (rail) laying on the elastic foundation
(ballast) we use the equation of the initial
parameters for each side.

To solve the equation for each side of the
beam we wuse the method of integral
transformation of Laplace’s equation [3, 5, 10,
16]:

4

U+4a4U=i-5(x—x,-), 3)
dx, E\L
4
U | saty =L S(x; - x), 4)
X4 242

where: o* :%5_12’ K, — stiffness of the

2
elastic foundation (N/m?), £ — the coefficient
of the elasticity (N/m?), El, — stiffness of

sides 1 and 2 of the rail beam (N/m?), 5(x, —x)
— the delta function, defined at the point x;.
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Fig. 1. Scheme of variable section beams on the elastic foundation:
a — calculation scheme of the beam with a step change of the linear stifthess C,;, C,, on the elastic foundation;

b — calculation schemes of beams with the constant linear stiffness on the elastic foundation C,;, C,,
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If the coordinate system passes through a
cross-section at the point x, from two semi-
infinite beams (two rail sections of different
stiffness), only one beam, which has less EI
stiffness, can be viewed. This simplification is
possible because ultimately it is necessary to
know the movement of this side of the rail
(beam) to choose the diagram of the rail track
structure, which will provide the necessary
stiffness of the bed and smooth bending of
both sides of the beam, eliminate the
appearance of additional dynamic loads from
the wheel to the rail. According to fig. 1 that is
the side of the beam with the stiffness C,,.

Therefore, it is sufficient to consider only the
equation (4).

After using the direct Laplace’s equation
[16]:

F(x)= Te_S'U ®)dt . ®))
0

We obtain:
S*F(s)-U(0)S> —U'(0)S* =U"(0)S? — 4a* F(s) =

P
2;56 ‘. (6)

After some equations:

s? S?
F(s)=U(0)———+U'(0)———+
S* +4a* S* +4q*
S? 1 P _
+U"(0) +U"(0 +3 L™ (7)
sS4 +4a* )S4+4a4 gEl

To obtain the equation of the bending of
the beam U(x), laying on the elastic Winkler
foundation it is necessary to make the inverse
Laplace transformation by the formula:

U(x)= lim L : aTZ”F(s)ds : ®)

a—w® 272'[ a—ib

Then obtain:
U(x)=U(0)cos cox - choox +

+ U’(O)ZL[shax - cos o + chax - sin ax | +
a
U"(O)L2 shax -sin ax + )
20

1 .
+ U”’F[chaxosmax + shox - cos ax]+
o

1 Pi[cha(xi —x)-sina(x, —x)—]

" 40°E1 7| - sha(x; — x)-cosa(x; — x)

To simplify the function (9) we make the
following change:

chax-cosax = B,(x),

L chox -sinax + shox -cosax )= B,(x),
2
a

10
5 (shoox-sin ax) =B, (x), (19
2a
1 3 (chan -sin oox — shax - cos ax) = B, (x).
4o
Then it can be written as:
U(x)=0(0)- B,(x)+ U'(0)- By (x)+ U"(0)- By(x)+
#U(0)- By(x) 5 S RB ). (an
at that:
B,(x, —x) if x, > x,
B,(x,—x)= (12)

0 if x, <x.

Using the coupling between the shear
forces and moments at the point of connection
of beams (rails) of different stiffness, as well
as derivatives of the displacement of the beam
it allows determining the above-mentioned
moments and forces:

M(x)= EI"ZLZ(") — M(0)=—-EI-U"(0),
de (13)
O(x)= —ElddLgx) — 0(0)=—E1-U"(0).

Using the equation (13) the expression
for bending of the beam (11) can be
transformed to the form:

U(x)=U(0)- B,(x)+U"(0)- B, (x)+

+%{—M(O).B3(x)_Q(0)-B4(x)+Zi:PI-B4(xl.—x)}_ (14)

Arbitrary constants

u(0), U'(0), m(0), 0(0), in the equation
(14) can be determined from the boundary
conditions.

As stated above, if we cut the beam of
the variable stiffness at the point of connection
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of the semi-infinite stiffness C,, and C,,, i.e.,
at the cross section x=x, (Fig. 1), and laying

on the elastic foundation of the constant
stiffness, for calculating each of these beam it
is possible to use the equation (14). For that
the origin of coordinates should be placed at
the joint between the beams and put new
variables along the axes of beams x;and «x,,

which are connected with the initial (basic)
coordinate system by the following ratio:

(15)

X=X, =X Xy =X—Xp.

For the semi-infinite beam with the
lower stiffness C,, (Fig. 1), the equation (14)

takes the form:
Uzz(xz)=U(0)‘Bl(x2)+U(O)'Bz(x2)+

+EL[2{—M(0)-Bz(xz)—go).B4(x2)+;132234(x2 —xé)}. (16)

For the second semi-infinite beam (rail)
of the higher stiffness ¢, (Fig. 1), the

equation (14) takes the form:
Us(x2)=U(0)- B, (x,)+U'(0)- By, ) +

1 i

o] 0500} 8,0+ 1) 17
1 i

Arbitrary constants U(0), U'(0) for the

semi-infinite beam are determined from the
condition that is at large values of x, which
they are derived; movements should be zero

[15]. Where x » «, chax—)shax—)%e“".

Using the equation (10) after the
transformation we obtain the following:

Bi(x) —)% ¢™(cosax),

B,(x) —>L ™ (sinax +cosax),
4a

(18)

I

B3(x)—>ﬁe (sinex),

B,(x) —>L, ™ (sinax—cosax),
8ar

and ifx:(x—x’),

B, x—x’)—)g—l3 e“("’x')[sinoc(x —x’)—cosa(x—x’ )]
o

Using (18) the equation of the deflection
of the beam (14) we reduce to the form:

U(Hoo):%ew{{coswn{u(o)w(o)i i

EI

x[Q(_(Z) _Zﬁ (sinooci +cosa’ )]}Hinoocx

4’ T 4’

4o’ 207

Be_m Py i
x Y ———|cosox’ +sinax
i 4o

do)_mo)_

x{U’(O)i L

0. (19
2 EI >0 (9)

If the coefficients of the functions sinax
and cosax at (19) are zero, displacements
U(x — ) become zero.

To ensure this condition from the
equation (19) it is necessary to allocate and
make zero of two following equations:

{Q(O) —Z}Ze;?(sinax" +cosax’)} =0,
o

U'(0)+ U’(O)i + é X
) { 00) M)y re

4’ 2a° ~ 4o’

(cosaxi +sinax’ )} =0.
(20)

By solving the system of equations (20),
we obtain the expression for determining the
unknown initial parameters U(0) and U'(0) in

the general form:

1 | 00) MO0) P ;
U(O):EI-{%;)—A;(?LZ o coswc},

i

U(O)—l.{_Q(O)_M(O)_zE

CEl| 28 a

€2y

(cosaxi +sinox’ )}

Using the equation (21) and the data of
the scheme (Fig. 1) for the beam with a lower
linear stiffness C,, we obtain:
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Qo) _MO),

1 ' 20‘22 20‘222

(cosazzx; —sinazzx;)

20

For beams with a higher linear stiffness
C,, the equation will be of the form:

_d0) Mo,

i. 20‘231 2%1
El Pl i
HE = 2 cosa, X!

UZI(O) =

g0, vio)
L 20‘221 20,
EI le e

25

After making some changes, we obtain:

(23)

_l’];l(o)=

(coscxnxf —sina,,x| )

. 1 ; )
1 _ —0{2])(] 1
(o =3 e Cos &, X,
21
i 1 aﬂxl( . i)’
q,, = — COSO(ZIJC1 SN &, X,
21
(24)
i 1 )X i
Oy = 5 e COS 5, X,,
22

i 1 %zxg( i i)
g2 =—5€ “7|cosa,,x; —sina,,x; ).
2

We can simplify the expressions (22 and

23):

1 00) MO) 1
Uzz(O)_Elz |: 2az3z 20‘222 Zz:z Py (25)
Uéz(o):El]'|:2Q(§2)+1;4;O)+Z;EZZ'(”;2:|-

1 00) MO) 1
UZI(O)_Ell |: 2a23I 2a22I Z,:Z I ur (26)

—U;1(0)=1-[Q((Z)+A/I(O)+ZIBN '(pél}-

El |20 2a, 2

U,0)=— ,
22( ) E[2 +ZRZ efwszz Cosa%x"
| T 2, i 22)
o), M)
U (O)—L . 2a222 2a22
2357 EL P22 5%,

Here U, (0), U5 (0), U5 (0), U%(0) —
displacements and rotation angles as
derivatives of the from U, of both parts of the

beams (Fig. 1) at their joints.
Proceeding from the conditions of the
equality of displacements U(0) and rotation

angles U'(0), we can determine the initial
parameters 0(0) and M(0) in (22, 23) at the

joint of two semi-infinite beams.
From the conditions of compatibility in
the adopted coordinate systems:

{UZI(O) =Ux(0),

, , 27)
-Uy (0) =U,, (O)

After changing values U,,(0), U,,(0), and
also U4,(0), U5,(0) for expressions from (25,
26) and substituting in (27) we obtain:

Q(O)(%+ ! j—M(O)(L+ 12j=
aZl a22 aZl azz

n+l

s
:ZPI‘ZI -3, — ZPI‘ZZ -0

i=0 i=S+x

We made an additional replacement:

(L+ 13 J—G”,
0‘21 1225

1 1 1 1
&y Oy Oy  Op

G11 ‘Gzz _G122 =A, (29)

and solved the combined equations (28),
taking into account the substitutions (29)
relative to ©(0) and M(0) we get initial
parameters which are explicitly expressed by
concentrated forces P*' and P*
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1S Gyl - Gragtl) —
Q(O)_ A ZR G0 — G128
i=0
n+l ) )
- 'Zpizz (Gzzwéz -G8 )}
i=S+x 1 . (30)
M(O): X|: le(Glzgoél - Gllgél) -
i=0
n+l
- ZPzzz (Glzgﬁéz - Gng;z)}-
i=S+x

Substituting the initial parameters Q(0)
and M(0) from (30) to (25 and 26) and
performing some transformations we obtain:

1 G, G (G, G
Up0)=— D P| —p} | =2 +2 |1 g | T2 4 L |4
22() 2ELA {21 |: (ﬂzl(%; 0‘22] 5122(%; azijj| (€29)

G, G G, G
+Y P o 2+ A |+gl | 2+

27 {(pz{aé a; J qﬂ[azgz azzﬂ}
1 (G, 26,) (G, 2G
UEZ(O)I2EIA ZPI‘ZI €02{_2§+JJ—‘]21(_]§+JJ +
2 Ay Ay, Up Oy
2}322 _¢§{G_2§+2G12 _AJ_C]éz(G_lg"‘ZGII_AJ ]
Op Q) Uy Uy
1 G, G G, G
U (0= ISP i [ 2 G2 Al i | B2 B ||
2|() 2EIA {Zl |:¢’21(a23] a221 J ‘h](%gl az;J:|
—23?{¢;{Gf—G%J+q;[q§+cij},
Oy Oy Oy Oy
(32)

1 (G, 2G,) 2G
U§1(0)=2E1A ZFI’ZI —¢2{222—12]+q2(61§—“+A] +
| o) Oy Gy Oy

— {GzGJq {quj |
0!221 220 a221 05

we are making the

For simplicity,

replacement:
» 1| (G, G G, G
U =@’ | 2-—"2_Al|l-¢g' | 224+-L ,
21 50 |:(P 21[0[231 05221 J q 21(0[231 0[231 jj|

1 G, G G, G
Ul = |- | 212 _g' i+_11 .
212 2A|: » 21( o’ azzlj q 22[0(231 o’ H

; 1 G, G G, G
U,  =—|-0¢! £+712 +qg! 712+J A
2275 A{ (021(%; azi] ‘hl(az; az;j:|

1 G, G G, G
U;z,z ={—€02z[2§—1§— ]4'6] 22(1§+1;J:|
2A @y Ay Ay Ay

(35)
Also in the formulas (30):
i1 i i ;1 i i
QZFK(Gzz(Dzl_Glz(pzl); 22=Z(_G22¢’ =G zz)s
(36)

M;lzi(c;ugz);l_(;ll¢i21); Mizzzi(_GlzCZ’;z_Glﬂ’;z)

(37)
Substituting in (30) we obtained
simplified expressions from (36, 37)

designations for initial parameters U(0), U'(0),

0(0), M(0):

S n+l
0(0)=>"P"0 + > BP0,
=0 i=S+1
(38)
S n+l
M(O) = Z])ileél + ZBZZMéz-
i=0 i=S+1

Similarly, transforming (25 and 26),
using (33-37) we obtain:

S n+l
Uzl(o):L Z i21U£11+ ZBzzUélz >
EI[ i=0 , i=S+1 ’ 39
1 S . n+l ) ( )
22( ) ZPI‘MU;N + zplzzUézz
ElL |5 o
1 S ) n+l
Uél(o)__ ZPile;lll + ZPzzzUéllz >
EI] i=0 ' i=S+1 (40)
' 1 3 21y yri & 227 71i
Uzz(o)zﬁ ZPI U22,1+ ZPI Uzz,z .
2 Li=0 i=S+1
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Results of the transformation the
equations (38-40) allow to represent all the
initial parameters of two semi-infinite rigidly
coupled of different stiffness beams laying on
the elastic foundation via concentrated forces
P*', P?, acting from the railway vehicles.

From the condition of the compatibility
of displacements (27) the expression
U,,(0)=Ux(0), -U5 =Us, is hold and used in
further calculations.

Using the desired expression (16, 17) for
the displacement of two semi-infinite beams
which are rigidly connected and have different
stiffness in the unfolded state, with regard to
(38-40), we obtain:

1 S i 7
Uzl(xl):_EI {zpz'Zl[(Uzl,l 'Bl(xl)_Uzl,l 'Bz(xl)_
1

i=0
- M} -B3(x] )+ 03, -B4(x] ))]_‘7

(xl - 0)_ B, (xl - xli )_‘_(xl - xi)+
n+l

! %11322[((]212 - B, (x]) Uéi],]'BZ(xl)_
i=S+

- M5By )+ 0% Bl | (- 0) (4D

1 ) i 1
Uzz(xz):_EI {ZE)P;ZI[(Uzzl 'Bl(xz)_U221 'Bz(xz)—
2 U

—le B3 X JrQzl B4(x2 ] ‘ Xy —
n+l

¢ 3085 ) - U8 B ))—

_Mzz 33 X +Q22 B4 x2 ] ‘

st [l -st)

When passing from the local to the
global coordinate system in Heaviside record
step function making changes using the

(42)

expression X =X — X Xy =X — X and
regulations:
Lat 6<6,,
_‘ (xk - x) = ~ o~
0,at 0= 0,;
4
Lat 60, “43)
‘ (x’ - x) =
0,at 6=0'

Making the transfer of the equation (41,
42) to the global coordinate system x we are
taking to the account the expressions in [2]:

UZl(xl)zEL[l{ggﬂ[(UéLl'Bl(xk —x)—Ule 'Bz(xk _x)_
—Mg1’33(xk _x)+Q§i1 'B4 X _x )H_ Xe —x -
—B4(xi —xuf(xi - n+1 [(U’zl2 B, (x x)

~Upy 'Bz(xi —x)—Mgz-B3(x" _x)+g2i2'B4(xi _x))ui

(¥ =, (44)
U= A5 70 e Bl
Uy Bl )My B ) + 04y Byl )] |-
b S0t B - Bl )
My Bx—x )+ G- Byl )] |-(x—x,)-

(45)

o) s .

When transferring the force P along the
rail (beam) of the variable stiffness laying on
an elastic foundation (i.e., rolling the wheels of
the rolling stock), from semi-infinite beam
section with higher stiffness to the section with
less stiffness, after the load jump the
perturbation is damped with the increasing
distance from the considered cross section at
the point x, to the infinity.

According to these equations (43) and
(44) of the function B,(x).......B,(x), taking into

account that the fading should be of the
following form:

B(x) —>%e"“ (cosax),

B,(x) —>L e ™ (sinox —cosax),
4o

|
B3(x)—>47“2e (smooc),

B,(x) —>L3 e ™(sinox +cosax) or
8

—a(x—x;

3 [sma(x X, )+coson— xk]

B, (x —X; ) —>L e
8a
(46)

Using Krylov’s functions we obtain the
equation of the deformation parameters of the
beam with the damped oscillations, taking into
account [9]:
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U(x)=U(0)chax-cos aox +

+ U’(O)L[chax-sinooc+sh00c-cosooc]+
2a

+ U"(O)Lshzxx-sinwﬁ

2a°
+ U"’(O)%[chax~sinax—shax~cosax]+
a
+EL]’24%‘l3[cha(x—xl-)-sin alx—x,)-
—sha(x—xi)-cos a(x—x,.)]. (47)
And  taking into  account that

chax:%(eax +efw‘); shax:%(eax —efw“) it can be

presented to the form with the lower stiffness
for the semi-infinite beam:

Ulx)= %ew‘ {U(O)cosax + U’(0)2L (sinox + cosax) +
o

+ U”(O)L2 sinoo + U”'(O)L3 (sinox — cosax) +

20 4o
Pl [ . .
+——1e (SIH(Z)C'COS(Z)C»—COSODC'SIH(ZX»)—
EI 4 3 i i
P 124

—e ™ (cosax - sinax; +sinax - cosa, )]}+

1 ™ {U(0)cosax +U'(0)i (sin o — cosax) +
2 2a

+ U”(O)Z% sinoox + U”'(O)L (sin oo+ cosax) +
a

With large values of x, while damping of
amplitudes of displacements, expressions in
braces (with multiplier ¢*) can be ignored
because they are under common factors sinox
and cosax . This condition is taken into account
while obtaining the expression for U(0) and

U'(0).
The expression containing the factor ¢*,
defines functions B(x)...B,(x) and B,(x-x,)

factors with the initial parameters U(0)..U"(0)

and L

Il,2

Thus equations (44, 45) allow to define
displacements of the beam of the variable
stiffness, laying on the elastic foundation,
which varies accordingly to the stepped law
(Fig. 2). Also the data of the equation for a
semi-infinite beams ensure that the conditions
of compatibility of displacements (linear and
angular) at the point of junction, where the
abrupt change of their stiffness happens;
equations (47, 48) obtained  after
transformation of the explicitly contain only
external concentrated forces P, that act from

1

the side of railway vehicles.
The above expressions used for the

4a’ displacing of the semi-infinite beam laying on
B 1] e . the elastic foundation are valid for arbitrary
+———le (sinox - cosa; — cosanx -sinax; )+ . 3
El 4a values of stiffness C and the elastic
+e ™ (cosax - cosax; + cosax - cosa, )] } (48)  foundation.
yr P p? P%. P
Co1 C22
e —

Xk

—

U

Fig. 2. Scheme of the loading and the displacement of the beam of variable stiffness C,; and C,, on the elastic

foundation
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In case, if the magnitude of the beam
(rail) Ac is relatively small, it is convenient to
use the method of the small parameter [6 ,8,
11, 21], which allows to reduce the number of
computations in determining the displacements
of the beam on the elastic foundation. The
differential equation describing the stress-
strain state of the beam with the lower stiffness
while it’s spasmodic change, laying on the
elastic foundation is:

4r 2

£, L0 e e | (e ) =S hote—), (49

Cy —¢C
where: & =212

Cx
Series expansion U?*(x) by the small

parameter ¢ [6]
U (x)=UZ(x)+ eUE(x)+ U2 (x ).y (50)

By substituting the solution (50) into the
equation (49) we obtain:

d*u?
4

EL Y02 (0) = U2 (x) + 602 (x) + €202 (x) 4. +

valive [ (x| =030+ U2+

+02(x)+...]= Y Polx—x,). (51)

By grouping the terms of the equation
(51) by the degree ¢/, ; we obtain:

40
SO{EIZ ddlj" cng(x)+§135(x—xk )}r
X i=0
|y 40 2 -
+& {Elz 7 +oU; (x)+cz<J (x—xk)}+
o . 40 2
+& {EIZ dx42 czUz(x)+czﬂlf(x—xk)Ul (x)}+.......=0, (52)

The expression with ¢/ of different
forces becomes zero. As a result, we obtain a
system of differential equations:

d*U?

4

1
+4a’'Ug (x) = “EL PS(x—x,)=0,

+4a’U;} (x) =—4a* _"(x - X, )U(f (x),

X
d'U;

4

dx
d'U;

4
X

+4a'U? (x) = —4a* _"(x - X, )U12 (x),

(33)

where: «* for the beam side with the
lower stifthess:

4 _1 o
“TE (54)

The system of differential equations (53)
is solving sequentially, beginning with the first
equation of the system. The solution of the
previous equation is included into the right
side of the following equation, etc. [20].

Using expressions (44, 45) or (50) it is
possible to sum the interaction of railway
vehicles with the track structure, completed
with rails of different brands (i.e. different
linear stiffness), laying on the elastic
foundation [4, 22].

Besides the classical approach of
identifying the technical parameters of the
deformation of the track panels laying on the
elastic foundation with low values of the
abrupt change of the stiffness of the rail the
small parameter method can be used.

The purpose of this calculation (such an
approach) is confirmed (checking) by the
approach to the task solution of Winkler model
as quiet simple and in many cases provides a
good convergence with the practice.

It should be noted that the accuracy of
determining the parameters of the permanent
way, the method of calculations that was given
above, essentially depends on the type of ties,
which are the intermediate supports between
the rail and under-rail space (ballast layer).

According to this while calculating it is
necessary to make the definite assumption. For
example, assuming that the load on the rail
from the wheel of the rolling stock to the load
of the transmitted to the resilient space, it
means that the displacement of the boundary
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of the half-space can be determined by the
formula:

1-v P_j
272G, r

U, (x,,x,,0)= , (55)

where: v — Poisson's ratio, G, — the
modulus of stiffness of the half space, p/ —
the load on the elastic half space from the

track.

(56)

2 2 2
ro=x +x;,

where: r(x;,x,) — the distance between
the point of the application of the force p’/ and

the point of determining the displacement.

To improve the accuracy of the task
solution, we take into account the interaction
of the track support with the under-rail elastic
half-space boundary. In this case it is
necessary to move to a distributed load
2(&,%,). The displacement of the border the
border of the elastic half-space can be defined
by the following dependency:

gi(&.& )dé, dE,
271G, zj J n > 7

U3(x],x2,0): .

where: &,¢& — coordinates of different
points on the side with the distributed

load g{(&.4,), ¥ =(x, &) +(x, &), at that 5,
— (variable), the distance between different
points (&,&,) of the loaded side to the point,
which  displacement is determined by
(xla X2, X3 :0)-

Formulas from the given above
techniques allow to describe (but in practice)
simple types of rail connections with three-
dimensional space under-rail system. Despite
bearing the rail on the elastic foundation and
various analytical forms of description, the
general scheme of calculation remains
unchanged and allows determining the
displacement of the rail track from work of
concentrated forces p{ from the wheels of the

vehicle. That is the part of an overall dual
problem and requires taking into account the
vertical displacement of the wheels of the
railway vehicle and then maybe the solution of

the dual task: railway vehicles, the track and
the ballast.

CONCLUSIONS

1. We developed the generalized model
of the adjoin formulation for the track and the
elastic foundation with the load from the
wheels of the railway vehicles, which allows
to determine the stress-strain state in the
component parts of a complex system.

2. The generalized model can be used in
various designs of railway vehicles and
different types of elastic foundation (simulated
by Winkler foundation). We found the system
of algebraic equations composed for the
unknown forces of the wheel-rail interaction.

3. The result of the solution of the system
of the linear equations interaction forces of the
wheel-rail allow to make calculations of
stresses, strains and displacements of all
system components.

4. We developed a simplified model that
allows (while operating on the rail system
canvas of concentrated forces, on the rails) to
determine the stress, the strain and the
displacement of the rail (simulated infinite
beam) on Winkler foundation with varying
stiffness. It has two solutions. The first is
based on the "conjugation" of two semi-
infinite beams (rails) with a step change of
stiffness on the elastic foundation. Such a
solution of the task is "exact" and taking into
account different stiffness values of connected
rails. The basis of the second solution is the
method of the "small" parameter. The given
approach is effective when the stiffness
characteristics of two adjacent sections slightly
differ from one another.

5. To estimate the allowable using of
generalized Winkler foundation we obtained
analytical expressions of the displacements for
the same options which were obtained for the
elastic half-space.

6. The proposed generalized model of
Winkler foundation allows effective solving of
many important practical problems, including
the problem of the deformation of the rail with
the elastic half-space and choose its stiffness
characteristics to reduce the vertical dynamic
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component of force generated while transition
of the rail wheel with one stiffness on the rail
with the other stiffhess.

10.

11.
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MATEMATHUYECKA S MOJEJIb JE@OPMAIINI
PEJIbCOIIIIAJIBHOM PEIIETKU CO
CTYIIEHYATBIM U3MEHEHHMEM XXECTKOCTU
HA YIIPYT'OM BUHKJIEPOBOM OCHOBAHN
ITOCTOSIHHOM XXECTKOCTHU

Maxcum Croboosmuiok, Anna Huxumuna,
TI'puzcopuii Heuaes, Hamanva Paxoeckas

AHHOoTanus. PaccmMoTpeHa ©OCTaHOBKa 3aJayu
MOCTPOEHHUs MareMaTHYeckoil Mojenu aedopmanuu
peNIbCoIanbHOR pemeTKH co CTYTEHYATHIM
W3MEHEHHEM JKECTKOCTH Ha YIPYroM BHHKJIEPOBOM
OCHOBaHMU. PenbcoBas HUTh TPEJCTaBI€HA B BHJIE
0alkl TEepeMEHHOro cedyeHus. [l ompenesieHus
MepeMelIeHuit U YIJIOB MOBOPOTAa CEYEHWd B MecTe

CTHIKOBKHM  HCIIOJIb30BaH  METOJ  IPeoOpa3oBaHUS
ypaBHenus Jlamnaca u ¢pynkuus upaka. B pesynsrare
MO/JIETUPOBAHUS HOJTy4eHbI BBIPAKCHUS JuIst
nepeMenIeH s N0JTyOeCKOHEYHBIX Oanok
(COCTBIKOBaHHBIX PENbCOB), JISKAIIUX HA YIPYrom
OCHOBaHMHU, KOTOPbIE MOTYT OBITh HCHOJB30BAHBI JUIS
MIPOM3BOJIFHBIX 3HA4YeHWH KecTKocTH «C» ympyroro
ocHoBaHus. lIpennoxen Tak ke yNpOUICHHBI BapHaHT
pelleHus 3afad ¢ UCIOIb30BaHUEM MeToAa «Maioro»
mapaMerpa i1 ciydas, KOTZa  JKECTKOCTHBIC
XapaKTEPUCTHKN JBYX CMEXHBIX YYacTKOB peibca
OTIMYAIOTCS HE3HAYNTEIIBHO.

KnrodeBble cioBa: MOJABIKHOI cOCTaB, pelbC,
JMHEIHas JKeCTKOCTh, MHporué ¥ Yros IoBOpoOTa
CCUEHMSI B MECTE CTBIKA, JKECTKOCTh IOAPEIHCOBOTO
OCHOBaHMs, BUHKJIEPOBO OCHOBAaHHUE.
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Summary. The research results on revealing of
multi-fractal structures for vowel phonemes are given in
this paper. The possibility to “construct” vowel
phonemes from “atomic” phoneme structures by means
of affixes transformations is shown. Multi-fractal
conditions which allow designing voice individual
characteristics are considered in this paper.

Key words: self-similar structure, speech
fragments, voice recognition, “atomic” components of
phoneme fragments, phonemes, multi-fractal.

INTRODUCTION

The researches in the field of automatic
recognition of radio announcer’s voice during
the last ten years resulted in the creation of
rather efficient recognition systems. The
improvement and evolution of these systems
are going on [15, 17]. There are different
approaches to the practical realization of
recognition systems of an announcer’s voice.
However, till nowadays there is no precise
enough physical model influencing the voice
individual characteristics which are the main
acoustic parameters of speech formation.

Since Helmholtz times, the father of
speech formation acoustic theory, despite a
great number of researches the evolution of
speech formation physical concepts hasn’t
been essential.

The appearance of modern computer
systems for speech formation researches
allowed performing the practical task to
recognize speech and identify the voice.
However, there is no generally — recognized
physical concept of voice individual
characteristic formation.

One of the reasons of the concept lack is
a great variety of different parameters and
factors which are necessary to be considered
while researching the voice characteristics [1,
2, 3]. Setting a further developed task, on the
one hand allows creating the structural model
of speech fragments which gives a full rational
description of all main speech formation tasks.
On the other hand, this model enables to
increase sufficiently the research process of
different factors influencing the individual
characteristics of announcer’s voice.

Any systems and models in the field of
speech recognition [8, 18] must use a certain
“modes” in generalized sense to recognize
“atomic” speech components. Stored modes of
words, sentences, phonemes and so forth in the
form of sound fragments can be speech
components. Just the parameters of
mathematical models taking into consideration
the pre-history of the process of sound wave
alteration into audio file which are compared
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with some analogue mode-parameters can be
speech components too. It is senselessly even
to set a task of speech recognition without
“modes” in generalized sense solving the task
of recognition including modeling on the basis
of neuron nets.

The question is arising. Is it possible to
design modes which are the result of physical

objects describing the definite “atomic”
structure  with quite definite invariant
parameters?

The models of multi-fractal structure of
speech sounds and the description of voice
characteristics on the basis of these structures
have been developed. The results of this
development are presented in the paper.

SETTING A TASK FOR THE RESEARCH

Let’s consider the task of an announcer’s
voice recognition within the framework of the
context-independent speech with unlimited
language vocabulary and voluntary voice
characteristics. Designing the main physical
concept we shall consider the task at the level
of phonemic components of the Russian
language speech or the structures equivalent to
phonemic components. This research deals not
only with vowels of the Russian language —
[a], [1], [o], [u], and [je]. Vowel phonemes are
considered according to the provisions of
Moscow phonological school. As it will be
seen further this limitation is not important for
the analysis of basic voice individual
characteristics [5, 7, 14].

Let’s consider the speech fragment in the
form of sound wave chart — Figure 1 (here and
further programmed complex “Fraktal” is used
for charts and drawings design [10]).
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Fig. 1. Speech fragment

The chart view depends on individual
characteristics of voice, speech rate, and a
number of other factors. The conformity
between vowel phoneme of speech fragment
and temporary intervals of a sound wave by
means of listening to the fragments is set.

The criteria of developed model
conformity with objectively existing voice
characteristics are the basis of further research
and the results of the development. The
following research methodic is the basis of
methodical solution of this problem.

During the listening the fragments of
sound wave equivalent to vowels of the
Russian language sounds are purposefully
modified according to the developed physical
model (in time and frequency fields). After
modification these fragments are listened to by
a group of tested people with the aim to reveal
identity both phonemic sound of the first
fragment and modified one, and the voice
individual characteristics. The identification of
phoneme sounding and voice characteristics
before and after modification is determined in
the case of 95% of recognition by the group of
tested people. This methodic has definite
limitations and a certain share of subjectivism.
But nowadays man’s organs of hearing is
practically the only “standard device” which
can be used.

The researches have been done both with
separate pronounced vowel sounds and with
sounds within the framework of different texts
and voices characteristics.

The research results with a following set
task are given. This set task includes: to reveal
stable structures with definite parameters
which completely characterize the definite
phoneme, voice individual characteristics and
they are context independent.

MULTI-FRACTALS, VOWEL PHONEMS
AND INDIVIDUAL CHARACTERISTICS

Speech fragments in audio-data as a
discrete time row of sound wave amplitude are
considered in the researches. It is necessary to
reveal the self-similar structures in speech
fragment of time row on the basis of which it
is possible to form phonemes and voice
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characteristics. Self-similarity is considered as
self-similarity of multi-fractal structures in
accordance with Mandelbrot’s concept [9, 11,
12]. It is an approximate geometrical analogue,
visually watched sound wave fragments. The
fragment of sound wave of equivalent
phoneme [i] (a part of phoneme fragment) is
presented in Fig. 2.
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Fig. 2. Fragment of acoustic wave (phoneme [i])

At the bottom of Fig. 2 there is Furrier’s
spectrum of excreted phoneme fragment. The
spectrums of separately excreted definite
vowels have some geometrical similarity
between them. This approximate similarity is
watched while seeing visually; it doesn’t
depend on the voice characteristics and the
nature of phoneme pronunciation. A great
number of works dealing with the finding of
conformity between a spectrum and particular
vowel phoneme indicate at a definite degree of
interconnection. However an exact enough
scientific grounded model to reveal conformity
between vowel phonemes and spectrums
doesn’t exist.

Let’s examine the similarity of amplitude
fragments of sound wave phoneme [i] during
small time intervals (approximately 5-20 ms)
Fig.3.

Periodically  repeating  self-similar
structures are watched in the time field of
sound wave. (Fig.3). Fragment Furrier’s
spectrum during small time intervals is a little
bit different from the spectrum on fig. 2 due to
the position of local extremes in a frequency
field as well as due to the extremes amplitude.

The phoneme fragment in the field of
T=0.015-0.02 s. — fig. 4 singled out.
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Fig. 3. Fragment of acoustic wave (phoneme [i])
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The spectrum of given small fragment is
essentially different from the spectrums with
large time intervals for the phoneme [i]. It also
differs in frequency resolution due to the
shortage of time intervals. The task of
phoneme [i] “designing” from a small
“atomic” phoneme fragment by means of affix
transformations of widening and shortening is
considered. From fragment given on fig.4 the
acoustic fragment consisting of several tens
completely similar fragments different from
each other in an amplitude strain-grasp is
designed. Fig. 5

W]

Amplitude sound wave - A(T)

Amplitude A(T)

L 1 1 L L 1 |
oot 0.02 0.03 004 005 0.05 0.07
Time - T sec.

Range of Fourier Transform - S(F)

200F paz 1
180 -

T%WEV
ullly, Lo BT 0 L L W21 L
] 200 400 600 800 1000 1200 1400
p[mim] | prev-Fherty

mplitude S(F)

0t ||
454,

1600

<
am | alal

Fig. 5. Fragment of modified amplitude of sound wave
(phoneme [i])



MULTIFRACTAL APPROACH IN PATTERN RECOGNITIONOF AN ANNOUNCER’S VOICE 167

Listening to a modified fragment the
tested people have to identify clearly the
phoneme [i]. The voice characteristics and
time periods of “atomic” structure (from 5 till
15ms) varied during the experiment. The
length of designed phoneme sounding has
been changing in a wide range. Artificially
designed phoneme [i] is quite clearly identified
after transformations during the listening. Thus
individual characteristics of initial voice are
either absent or expressed very weakly.

Received results indirectly appear in
many researches. However these results are
only initial preconditions to design models of a
multi-fractal structure of speech sounds and
voice individual characteristics in this work.

Thus, fragments given above as research
results show that vowel [i] can be presented
(“designed”) on the basis of definite “atomic”
fragments of the same phoneme by means of a
number of affix strain-grasp transformations
by the “atomic” fragment amplitude.

Completely the same experiments for “a”
phoneme also show the possibility to design
this phoneme from “atomic” fragment with the
phoneme size from 5 till 15 ms. Vowel
phoneme of the Russian language — [o], [u],
[je], as researches show have also a multi-
fractal structure. These phonemes can be
designed from “atomic” fragments of every
phoneme.

At the same time it is necessary to note
that in a number of cases not only one atomic
structure is required to “design” the phoneme.
The results of such researches are not the
subject of this paper. They will be presented in
other publications.

THE DESIGNING OF VOWEL PHONEMES
WITH VOICE INDIVIDUAL
CHARACTERISTICS ON THE BASIS OF
MULTI-FRACTAL STRUCTURES

Properly from the second section the
Russian language vowel phoneme
characteristics can be studied and determined
by characteristics of “atomic” multi-fractal
components. However individual
characteristics of initial voice are disappeared
in the majority of voluntary variations of the

phoneme designing. The task to “design”
vowel phoneme from multi-fractal components

saving voice individual characteristics is
examined.
Voice individual -characteristics for

vowel phoneme studying the modification of
sound wave fragments both in a time field and
in a frequency one are investigated. Firstly,
today it is connected with famous neuro-
physical regularities of sound information
processing by a man [4, 6, 13].

As a result of these researches which are
given in section 2 it is necessary to note that
sounding  characteristics of  “designed”
phoneme depend on the sizes of “atomic”
structures as well as on the structural phoneme
geometry during visual examination in a time
field. This fact is obvious. But individual
characteristics of initial voice at such modeling
are completely absent. It is only possible to
identify man and woman’s voices.

Let’s examine the task of more complex
affix transformations of ‘“atomic” structures
which take into consideration a number of
important speech fragments.

Examine the phoneme fragment [i] on a
small time scales — Fig. 6
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Fig. 6. [i] Phoneme fragment

It is possible to design the phoneme [i]
from any chosen “atomic” phoneme fragment
within the interval of 5-15 ms on the basis of
multi-fractal model given in section 2.
However individual characteristics of initial
voice are disappearing. We shall “design”
atomic structure at time interval equivalent to
the frequency of primary tone for the
phoneme, Fig. 6. Here we shall examine two
basic “atomic” structures for a given phoneme.
One structure is with 0.019-0.024 wms time
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interval. Another one is with 0.031-0.036 wms
interval.

Phoneme [i] is designed from two
consecutive components on the basis of affix
strain-grasp  transformations.  The  first
phoneme part is on the basis of the first atomic
structure, the second part is on the basis of the
second atomic structure. The share of each
atomic structure in a designed phoneme is
proportionally to corresponding time intervals,

Fig.6. Received multi-fractal design is
presented in Fig. 7.
\i o Amplitude sound wave - A(T)

1 y . .

o 02

T

2 0

g— 02 L L L L A '

b 0.01 0.0z 0.03 0.04 05 0.08

Time - T sec.

Iy Range of Fourier Transform - S(F)

@ m T ' ' ' 1 '

o

'g ED 00 Way

£ 4 T=0

= T T

g L . . . .

£ 0 20 A0 BN B0 00 TE0 {400 a0
am/me| [|p/mm| | [eyFhegy a8l

Fig. 7. Phoneme [i] fragment designed of atomic
structures

Listening to “designed” phonemes tested
people must identify the characteristics of non-
modified voice. While perceiving there are
still some differences of voice characteristics
after modification.

Greater voice characteristics identity can
be achieved while listening. It is possible to
divide the phoneme into three or four basic
“atomic” structures. However in this case it is
more difficult to use the developed model in
practice.

Thus, given research results show that it
is possible to present vowel phonemes of the
Russian language in the form of multi-fractal
structures. Here the construction of vowel
phoneme on the basis of multi-fractal approach
permits to  design  voice individual
characteristics.

CONCLUSIONS

1. Experimental researches dealing with
frequency — time modification of vowel
phoneme of the Russian language have shown

obviously  vividly-expressed  multi-fractal
structure of vowel phonemes.

2. The multi-fractal structure of vowel
phonemes is revealed that it is possible to
“design” vowel phonemes from “atomic”
phoneme fragments by means of affix
transformations.

3. All these elements of voice model
make possible to design voice individual
characteristics on the basis of a multi-fractal
structure of the Russian language phonemes.
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MVYJIbTU®PAKTAJIBHBIN TTOJIXO/ B 3AJJAUAX
PACIIO3HABAHHA I'OJIOCA IMKTOPA

Buxmop Conosves, Ana benoseposa

AHHOoTanusi. B craree mnpuBemeHBI pe3yJBLTATHI
WCCIIEJIOBAaHUN TI0 BBISBICHHIO MYJIBTH(QPAKTATBHBIX
CTPYKTYp IUIsl TTIacHBIX (poHeM. [TokazaHa BO3MOKHOCTb
"KOHCTPYHpPOBaHUA" TIACHBIX (OHEM W3 "aTOMapHBIX"
CTPYKTYp ¢GoHeM myTeM ad(UHHBIX MPeoOpa3OBaHHU.
PaccmoTtpeHs! yCIIOBHS MYJIbTH(QPAKTAIEHOCTH,
KOTOpPbIE MO3BOJIAIOT MOJEIUPOBATH MHANBHIYaIbHBIC
XapaKTePUCTUKH T0JI0Ca.

KnroueBrie cnoBa: caMONOAOOHBIE CTPYKTYpHI,
(hparMeHTHI peun, pacro3HaBaHue roJioca,
“aromMapHble” coCTaBisiolIMe (QparMeHToB  (oHeMm,

(hoHEMBI, My TbTH(pAKTAIEL.
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Summary. The paper is devoted to the investigation
of the influence of multifunctional modifier in the form
of superplasticizer, shrinkage reducing admixture, CaO-
MgO-based expansive admixture, and the agent of
internal curing (pre-wetted lightweight aggregate as
partial replacement of normal weight aggregate) on the
properties of concrete mixtures and concrete exposed
during 21 days of hardening under hot-dry curing
environment. The combined addition of shrinkage-
reducing admixture with CaO-MgO-based expansive
agent has been found to be successful in producing
restrained expansion of concrete.

Key words. Expansive agent, Internal curing agent,
Shrinkage reducing admixture, Restrained shrinkage,
Restrained expansion

INTRODUCTION

The climatic conditions in the hot and
arid areas of the world are considered to be
very aggressive for concrete. The climatic
factors in these regions (Pakistan, Iraq, Saudi
Arabia etc) are typically manifested by large
fluctuations in the daily and seasonal
temperature and humidity. The temperature
can vary by as much as 30°C during a typical
summer day, and the relative humidity ranges
between 40 and 100 % over a period of 24 h

These sudden and continuous
variations in temperature and humidity
encountered in fresh concrete include:
increased water demand, increased rate of
slump loss, increased concrete temperature,
shortened setting times, and possible increased
plastic shrinkage. Issues encountered in
hardened concrete are: lower strength,
increased potential for uncontrolled cracking
due to autogenous and drying shrinkage, and
decreased durability [16, 18, 24, 29]. An
accelerated slump loss and shorter setting
times are, of course, undesirable because they
reduce the length of time during which fresh
concrete remains workable and can be handled
properly and thoroughly compacted at the
building site. In fact, the accelerated slump
loss constitutes one of the major problems of
hot weather concreting [29].

[1-3, 8].

RESEARCH ANALYSIS

The problems of Portland cement
concrete in the hot and arid areas of the world
has directed the attention of concrete
technologists to search for concrete admixtures
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to improve the quality of concrete to cope with
the aggressive exposure conditions [3, 25, 26].
There are some means that may be employed
in order to overcome the practical problems
associated with the accelerated slump loss,
and, in this respect, the possible use of
chemical and mineral admixtures. It is well
known, that the use of retarding admixtures,
by slowing down the rate of hydration, would
slow down the rate of slump loss and thereby
counteract the accelerating effect of
temperature.

It was found [29] that utilization of class
F fly ash for replacing part of Portland cement,
or part of the fine sand, can reduce the rate of
slump loss in prolonged mixed concrete. So, it
was concluded that under hot weather
conditions the combined use of class F fly ash
and retarders is to be recommended. On the
other hand, it must be realized, however, that
combined use of retarders and fly ash in
concrete under hot weather conditions
involves greater plastic shrinkage, and the
vulnerability of the concrete to plastic
shrinkage cracking is therefore increased.
Hence, when fly ash is used, extra care should
be taken in order to prevent such cracking by
protecting the fresh concrete from drying as
soon as possible after being placed and
finished [29].

Shrinkage is an unavoidable property of
concrete that can lead to cracking, thereby
limiting the serviceability of concrete
structures, though  shrinkage can be
minimized. The magnitude of the shrinkage
depends on the concrete composition,
especially the content and properties of the
cement, and the water/cementitious materials
ratio (w/cm), as well as the environmental
conditions [7]. Shrinkage cracking can be a
critical problem in concrete construction, for
example, for flat-slab structures such as
highway pavements, industrial slab-on-grade,
for parking garages, and bridge decks,
especially under hot weather conditions [9].

One way to reduce the shrinkage
cracking is to provide chemical admixtures
such as shrinkage-reduce admixtures (SRAs).
These admixtures are generally organic
polymers that reduce the surface tension of

water. When SRAs are dispersed or dissolved
in water used for concrete, the capillary
stresses within the pore structure of drying
concrete are lower, leading to a decrease in
shrinkage deformations [14, 15, 21, 28].

During setting, a reduction in the
maximum internal temperature and decreased
rate of heat evolution was observed due to the
presence of the SRA. This was attributed to a
possible retardation of the setting produced by
the incorporation of the SRA [9]. The
implications of this behavior are that lower
temperatures will occur in concretes with SRA
leading to lesser contraction (i.e. thermal
shrinkage) when the internal temperature
reaches equilibrium with the environment [23].

Shrinkage compensating cements and
expansion producing calcium sulfoaluminate
based admixtures were used to offset volume
changes from shrinkage and settlement in a
number of applications. The formation of
ettringite as the major source of expansion is
commonly used in modern concrete to
compensate the shrinkage [22]. In many
instances, however, shrinkage compensating
cements (types K, M and S) did not produce
the expansion necessary to maintain
dimensional stability. In hot, arid climates,
higher expansion levels than those provided by
shrinkage  compensating cements  were
required to offset the adverse effects of drying
shrinkage [27]. Besides, the reaction of
ettringite formation begins immediately as
soon as water has been added to the mix but it
takes at least 3 to 7 days to be completed.
Hence, since the formation of ettringite
requires a large amount of water, continuous
wet curing for about one week is required to
achieve the potential planned expansion. Any
deficiencies in the method of curing can
reduce the amount of initial expansion that is
needed to offset later drying shrinkage [31,
32].

Besides, the use of expansion potential
generated by the ettringite formation, another
important type of shrinkage-compensating
admixture takes wuse of the hydroxide
formation, e.g. Ca(OH), (Portlandite) and
Mg(OH); [10]. In order to be successfully used
as expansive agent, CaO and MgO must be
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cooked at higher temperatures than 1000°C
resulting in "dead burnt lime" or "dead burnt
periclase". The CaO based concrete achieves
the complete expansion in less than 3 days
whereas it continues for at least 7 days in the
case of sulpho-aluminate based concrete. So,
CaO based shrinkage-compensating concretes
require a shorter period of wet curing (about 2
days) in order to achieve the final planned
expansion. For this reason, their performances
in terms of expansion are less affected by
deficiencies of curing and there is a lower risk
of the presence of residual un-reacted CaO in
concrete which could cause later expansion
[11,32].

Furthermore, a synergistic effect in the
combined use of SRA and a CaO-based
expensive agent in terms of more effective
expansion in the absence of wet curing and
lower shrinkage was reported [11]. On the
other hand, the quick expansion induced by
CaO obliges to use a rapid hardening concrete
in order to better exploit the expansive
reaction. Actually, the use of high strength
cement class and superplasticizers to reduce
w/c can increase the restrained expansion at
the same CaO amount [32].

According to [31] as a result of
inadequate initial expansion the drying
shrinkage of Self Compacting Concrete (SCC)
exposed during 30 days in air environment
with a relative humidity of 65 % was €=-100
um/m. Besides, it's also due to the fact that the
expansion of concrete at an early age, usually
within 2-7 days, doesn't compensate the
shrinkage that occurs at a later period of
concrete hardening [19]. These problems can
be avoided by using dolomite as raw material
burnt at temperatures within 800-1200°C to
produce CaO- and MgO-based expansive
agent [19, 20, 33].

As for our mind, despite the type of
shrinkage-compensating admixture used, it is
necessary to mentioned that the expansion of
concrete is strongly influenced by the w/cm
ratio in concrete and the curing conditions.
Thus, a prerequisite for obtaining High-
Performance Concrete with compensated
shrinkage is to use a set of chemical and
mineral modifiers, including:

- high range water reducing admixture
(HRWRA) — to provide high strength of
concrete,

- shrinkage reducing admixture (SRA) —
to decrease the extent of long-term
deformation in concrete as well as the
maximum internal temperature and a rate of
heat evolution,

- expansive admixture based on calcium
and magnesium oxides obtained by calcination
of dolomite,

- agent of internal curing (pre-soaked
fine lightweight aggregate) — to reduce
autogenous shrinkage cracking and to provide
complete hydration of expansive admixture
(magnesium oxide) at a later period of
concrete hardening.

MATERIALS AND METHODS

Ordinary Portland cement CEM 142.5 N
(OPC) which conforms to (EN 197 CEM 1)
and class F fly ash (FA) were used as
cementitious  materials.  The  chemical
composition and physical properties of
cementitious materials are given in Table 1.

Table 1. Chemical composition and properties of the
materials used

Composition (%) OPC FA
Properties

SiO; 21.4 53.6
ALOs 5.8 21.8
FezO3 3.4 15.4
CaO 61.5 2.5
MgO 1.7 1.0
K,0+Na,O 0.7 2.8
SO; 2.5 0.35
Loss on ignition 1.2 2.6
Bulk density (kg-m™) | 1310 950
Fineness (m*kg™) 365 (Blaine) | 305 (Blaine)

Two types of chemical admixtures were
used in the study: a polypropylene glycol
based SRA (Mapecure SRA-25, Mapei) and
modified polycarboxylic ether superplasticizer
(HRWRA) (Melflux 5581 F, BASF).

Dolomite (CaMg(COs),) with the
chemical composition in oxide by weight
percent CaO 34.5 wt.%, MgO 19.6 wt.% and
loss on ignition 43.9 % used in this research to
obtain the expansive admixture based on
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calcium and magnesium oxides (calcination
temperature is 1150°C during 1.5 hour).
Besides, the expansive admixture Expancrete,
Mapei (on the base of CaO oxide) was used
for reference formulation of concrete mixture.

Crushed granite stone with a maximum
nominal size of 10 mm and a specific gravity
(dry) of 2.68. was used as aggregate with
composition (mass-related percentage of the
grain  mix): 0...0315mm - 8%,
0.315...1.25mm - 32%, 1.25..2.5mm -
10 %, 2.5...5.0 mm — 20 %, 5.0...10.0 mm —
30 %. The aggregate was washed and left to be
air dried to saturated surface dry condition
before being used.

Normal weight aggregate (NWA) was
replaced partly by the lightweight aggregate
(LWA) (rotary kiln expanded clay) with size
fractions of 2.5-5 mm and a specific gravity
(dry) of 1.25. The LWA was measured to have
24 h water absorption of 22.5 % by dry mass.

Proportioning  mixtures for internal
curing Internal curing (IC) of concrete is
achieved by using a pre-wetted fine
lightweight aggregate to provide the internal
curing water. To proportion the internally
cured mixtures a methodology is used that is
based on a procedure developed by Bentz and
Snyder [4-6], in which the amount of LWA is
calculated based on the chemical shrinkage
occurring in the sample. Equation 1 permits
the calculation of the amount of LWA based
on this theory [13]:

_ﬁ, (1)

where: M,,, (kg/m’) is the mass of

LWA (in a dry state) that needs to be pre-
wetted to provide water to fill in the voids
created by chemical shrinkage,

Cr (kg/m3) is the binder content of the
mixture, CS (mL of water per g of binder) is
the chemical shrinkage of the binder,

Omax (unitless) is the expected maximum
degree of hydration (0 to 1), S (unitless) is the
expected degree of saturation of the LWA and

was taken to be 1 in this study when the dry
LWA was soaked for 24 h,
and W,,, (kg of water / kg of dry LWA)

is the absorption capacity of the LWA (taken
here as the 24 h absorption value).

In two of the concrete mixture
formulations (C and D), corresponding to
w/cm of 0.32 and cementitious materials
(Portland cement + fly ash) content of 545
kg/m’, a portion of the normal weight
aggregate was replaced with pre-wetted LWA.
It is important to note that the volume of
aggregate (NWA and LWA) remains constant
at 61.4 %, since only a portion of the crushed
granite was replaced with an equal volume of
LWA. The replacement level for the LWA
mixtures corresponds to the amount of LWA
necessary to supply sufficient IC water to
eliminate self-desiccation according to Eq. (1),
with CS = 0.064 mL water/g binder and @, =
(w/cm)/0.36 = 0.89. The volume of concrete
occupied by the LWA corresponds to 11.2 %.

The proportions of the concrete mixtures
are summarized in Table 2. To determine the
effect of SRA on the properties of Self-
Compacting Concrete in fresh and hardened
state the concrete formulations with different
content of admixture (4 1is the basic
formulation) were prepared (A-0: 5.0, A-1:
5.5, A-2: 6.0, A-3: 6.5 I/m’). The properties of
concrete  mixtures and  concrete  are
summarized in Table 3. All the concrete
mixtures were mixed for 5 min in a laboratory
mixer.

Table 2. Mixture design and codes of the concretes

Code of the concrete

. 3

Material (kg/m”) A B C )
OPC 455 | 455 | 455 | 455
Normal weight 166 | 163 | 133 | 133
aggregate 0 0 5 5
Dry lightweight 0 0 138 | 138
aggregate
Fly ash 90 90 90 90

Ca0-MgO expanding 0 36 36 0

agent

CaO expanding agent 0 0 0 36

Dry superplasticizer 4.0 | 40 | 40 | 4.0
SRA (I/m?) 50 | 5.0 | 50 | 5.0

w/cm 032 | 0.32 ] 0.32 | 0.32
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Table 3. The properties of fresh concrete mixtures and hardened concrete

No Flowability Viscosity L-box, Compressive strength, MPa
B SF, mm Class Tso0, S Class H,/H, R, Rog R Roo
A-0 575 SF1 3.5 VS2/VF2 | 0.81 354 44.8 49.2 54.6
A-1 598 SF1 3.0 VS2/VF2 | 0.83 32.6 43.3 48.7 54.1
A-2 633 SF1 2.0 VS1/VF1 0.84 30.3 39.4 473 53.2
A-3 664 SF2 1.8 VS1/VF1 0.86 28.5 37.8 46.6 51.3

The LWA was oven dried, air cooled,
and then submerged in water for 24 h + 1 h
prior to mixing. The LWA was submerged in
the total volume of water that included the
mixing water needed for cement hydration and
the water that would be absorbed by the LWA
itself in 24 h.

The technological properties of SCC
were determined in accordance with the
European Guidelines for Self Compacting
Concrete [30] (Fig. 1).

100
-«

700

>
200

Abrams cone
1000x1000 mm

b

Fig. 1. Slump-flow test and Tsoy time (a) and passing
ability (L-box test) (b) measurements of SCC

Cubes 50x50x50 mm were used to
evaluate the compressive strength of concrete.

Tests are conducted at different test ages: 7-
28-56-90 days of age. All experiments were
performed on three specimen replicates. The
average values are used in the discussion of
the test results. All specimens remained in a
humidity chamber (90 % < RH < 95 %) until
the time of testing, at 28 days.

Restrained expansion and shrinkage of
Shrinkage-Compensating ~ Concrete ~ was
measured in accordance with ASTM C 878/C
878M-09. Molds for casting test specimens
when used in conjunction with the restraining
cage provide for forming prisms 50 mm square
with a gage length of 250 mm. Restraining
cage, consisting of a threaded low-carbon steel
rod (zinc-coated) with steel end plates held in
place by hex nuts as shown in Fig. 2.

Fig. 2. Mold with restraining cage

Concrete mixture was placed in the mold
in two approximately equal layers (the first
layer just covered the threaded restraining
rod), each layer was consolidated by rodding.
After consolidation was completed the
specimens were covered with a polyethylene
sheet to prevent loss of moisture at the surface
of the specimens.
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The specimens were removed from the
molds at the age of 10h. After the initial
comparator reading, the specimens were cured
in lime-saturated water at 20+£2°C until they
had reached an age of 7 days. Every day and at
the end of the curing period another
comparator readings were taken. Further,
samples were removed from water, put on
substrates for subsequent exposure to 28 days
in air at a relative humidity 45-55 % under
ambient temperature +25...+32°C (dry hot
conditions). Every 2 days and at the end of the
curing period comparator readings were taken.

RESULTS, DISCUSSION

The influence of SRA on the
technological properties of concrete mixtures
and compressive strength

It was determined that in accordance
with the FEuropean Guidelines for Self
Compacting Concrete [30] all tested concrete
formulations (A-0 — A-3) in terms of the
ability to flow through the reinforcement bars
without segregation or blocking (passing
ability: L-box test Hy/H;) can be assigned to
class PA2 (Table 3). The higher dosage of
shrinkage reducing admixture the higher was
the flowability of fresh mixtures (slump flow)
— classes SF1 (formulations A-0, A-1, A-2),
SF2 (A-3) and the lower was viscosity (Tso, S)
— classes VS2/VF2 (formulations A-0, A-1),
VSI1/VF1 (formulations A-2, A-3).

One important effect of the incorporation
of the SRA is the reduction in the early (7 day)
and design (28 day) compressive strength of
concrete. However the reduction in strength
can be compensated by the use of a lower
water/cementitious materials ratio, without
compromising the workability, because as
mentioned above SRA slightly improves the
technological properties of fresh concrete
mixtures. In more recent period of hardening
concrete  admixture influence on the
compressive strength is significantly reduced.

It should be noted that the mechanism of
SRA effect on concrete strength in literature
remains debatable. Several authors showed
that in contrast to the superplasticizers
shrinkage reducing admixtures as nonionic

polymer hardly adsorb on the surface of
cement hydration products. Reduction in
concrete strength is possible due to decreasing
the degree of hydration of the Portland cement
because SRA increases the surface area of
hydrated products and accordingly the amount
of physically bound water. As a result, there is
not enough free water available for cement
hydration in concretes with a low water-
cement ratio [14]. In this regard, by analogy
with the problem of cracking caused by
autogenous shrinkage in high-strength cement
concrete with a low w/cm ratio, the problem of
eliminating the retarding influence of SRA on
the degree of cement hydration may be
associated with the need for internal curing of
concrete.

The influence of SRA, expansive
admixture and internal curing agent on the
restrained expansion and shrinkage of
concrete

The results obtained can be observed in
Fig. 3. As expected, all concrete samples
revealed a tendency to expand during
hardening in water for seven days. The higher
values of restrained expansion observed for
samples with expansive admixture on the base
of burnt dolomite.

Shrinkage reducing admixture used in
formulation 4 provides concrete exposed in
dry, hot environment during 21 days with
negligible restrained shrinkage.

Fig. 3. The influence of SRA, expansive admixture and
internal curing agent on the length change behavior of a
shrinkage-compensating concrete
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The combined addition of shrinkage-
reducing admixture with a CaO-MgO-based
expansive agent (concrete formulation B) has
been found to be successful in producing
restrained expansion of laboratory specimens
immersed in water first seven days. However,
when the samples were then placed in a hot,
dry conditions the expansion of concrete
decreased sharply. Eventually after 28 days the
value of restrained shrinkage of concrete
reached € = -15 pm/m.

IC through the use of pre-wetted LWA
was also investigated using two of the
concretes (C and D). The agent of internal
curing provides the value of residual restrained
expansion of concrete samples placed in a hot,
dry conditions during 21 days € =+115 pm/m
and € =+60 um/m for formulations C and D
respectively. A higher absolute value of the
restrained expansion of concrete containing
Ca0O-MgO-based expansive agent (C)
compared with concrete with the addition of
Expancrete (Mapei) (D) is due, probably, the
presence of magnesium oxide, which
hydration occurs at a later period than calcium
oxide.

It should be noted also that if pre-wetted
agent of internal curing is added without
changing the w/cm, a slight strength
development is observed. The compressive
strength of the concrete at the age of 28 days
was 45.8 MPa (formulation B), 49.4 and 48.8
MPa (formulations C and D respectively).
While all of the cement with the w/cm > 0.42
should theoretically be able to fully hydrate,
there would be a some fraction of unhydrated
cement remaining in the system with w/cm of
0.32 to water limitations according to Powers’
Model [17]. So, internal curing with pre-
wetted LWA provides the higher degree of
hydration in cement systems with low value of
w/cm.

CONCLUSIONS

1. It was established that polypropylene
glycol SRA reduces the early (7 day) and
design (28 day) compressive strength of
concrete. However the reduction in strength
can be compensated by the use of a lower

water/cementitious materials ratio, without
compromising the workability, because SRA
slightly improves the technological properties
of fresh concrete mixtures.

2. Shrinkage reducing admixture
provides concrete exposed in dry, hot
environment during 21 days with negligible
restrained shrinkage.

3. The partial replacement of NWA with
equivalent volume amount of pre-wetted
porous aggregate (expanded clay sand)
reduces shrinkage of concrete without a
decrease in the strength properties of concrete
due to the presence of additional water in the
pores of LWA for more complete hydration of
cementitious materials.

4. The agent of internal curing provides
the value of residual restrained expansion of
concrete samples placed in a hot, dry
conditions during 21 days € =+115 um/m and
e =+60 um/m for formulations C and D
respectively. A higher absolute value of the
restrained expansion of concrete containing
Ca0O-MgO-based expansive agent compared
with concrete with the addition of Expancrete
(Mapei) is due, probably, the presence of
magnesium oxide, which hydration occurs at a
later period than calcium oxide.
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BJIMSIHUE PACILIUPSIIOIIETOCSI ATEHTA U
JIOBABKU, CHIKATOILEN YCAJIKY, B BETOHE
C KOMIIEHCUPOBAHHOM YCAJIKOH,
TBEPJIEIOLIEI'O B CYXUX XXAPKUX
YCJIOBUSIX

Huxonaii 3aiiuenxo, Aumonuna Hazaposa,
An-Mapwou Kocari

ArHoTtanuga. Pabora mocBfAmEeHa WCCIENOBAHNIO
BIMSHHUS TMONM(YHKIMOHAIBHOTO MOIU(HKATOpPa B
BUJIE CYIepIUIacTU(GUKATOPa, HA00aBKH, CHIDKAIOIIEH
yCajIKy, pacumpsitonieiics 100aBKM Ha OCHOBE OKCHJIOB
CaO-MgO u areHra BHYTpPEHHETO yxoja
(peiBapuTEIBHO BOJIOHACHIIICHHBIH MOPHUCTHIMA
3aIl0JIHUTE]Ih B KAYECTBE YACTUYHOM 3aMEHBI TUIOTHOTO
3aIlOJTHUTENSI) HA CBOMCTBAa OETOHHBIX cMecell U OeToHa,
TBEPJCIONIET0 B TeueHHe 21 CYTOK B JKapKHX, CYXHX
YCITOBHSIX OKpY>KaromIen CpeJIBL. OTMeueHo
MOJIOKUTEIBHOE BIMSHUE KOMOWHHMPOBaHHS J00ABKH,
CHIDKAIONICH YCaJKy W pACIIUPSIONIEr0 areHra Ha
ocHoBe okcuyioB Ca0O-MgO Ha a(dekrT cTecHeHHOTo
pacmupeHus 6eToHa.

KniwoueBrie cnoBa. Pacmupsomas ngo6aBka,
areHT BHYTPEHHETO yXOja, J00aBKa, CHIJKAOIIas
ycallky, CTeCHEHHasl ycaJIka, CTECHEHHOE PACIIMPCHUE
CTBHE.
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Modelling of electromagnetic processes in ferromagnetic
screens shorted winding asynchronous motor-fan
with two rotor package using program complex FEMM 3.4
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Summary. Defined active and inductive resistances
of the rotor winding through the simulation of
electromagnetic processes in ferromagnetic screens
shorted winding asynchronous motor-fan with two rotor
package using program complex FEMM 3.4.

Key words: asynchronous motor-fan, simulation of
electromagnetic processes, ferromagnetic screens.

INTRODUCTION

Locomotives operated on the possibility
of using the effective power of the diesel
engine for traction work is far from being full.
So existing diesel locomotives directly
transmitted to the wheels only (0.73-0.76)
efficient diesel power. The rest of the power
consumed by losses in electrical transmission,
the drive mechanisms and auxiliary diesel
engine cooling.

On diesel engines, cooling of diesel is
carried out by a relay method by means of
including and disconnecting of asynchronous
motor-fans (AMF).

This part of the standard freight
locomotive type 2TE116 capacity of 2200 kW
per section for passenger locomotives TEP150
capacity of 3100 kW. When the relay cooling
occur: temperature fluctuations coolants,
heavy starting conditions motor-fans, a

significant power consumption by fan drive to
operate a diesel locomotive at ambient
temperatures below +40°C and no nominal
operating conditions of diesel. For the increase
of economy of the system of cooling of diesel
it is expedient to apply the continuous
adjusting of frequency of rotation of fans [13,
14].

This is because the volume of air that is
supplied by a motor-fan for cooling diesel
depends on first power of the rotational speed
and the shaft power of the fan depends on the
third power of the speed.

General Electric Company in
locomotives with index 8 (B23-8, B30-8, C30-
8, B36-8, C36-8, etc.) replaces mechanical fan
drives on two DC motor power 44 kW, speed
of each run power semiconductor regulators
function of water temperature at the outlet of
the diesel engine. As a result, average
operating power consumption by fan drive
down 60%.

Company General Motors replaced in
locomotives SD series three one speed AMF
capacity of 29.6 kW diesel on two speed.
Application of two-speed AMF compared with
single-speed diesel locomotives series SD
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2940 kW capacity gives fuel savings of 7.6 to
12.5 thousand liters per year.

Consequently, the development and
introduction of more fuel-efficient locomotives
for cooling systems for diesel engine with
continuously adjustable electrically operated
fan is very timely.

On new diesel engines for diminishing of
expenses of energy on cooling of diesel the
managed is offered the change of voltage on
the winding of stator asynchronous motor-fan
with a two package rotor with ferromagnetic
screens in short-circuited winding of rotor. It
promotes pure resistance of winding of rotor
and provides good regulation descriptions.

An asynchronous motor-fan with a two
package rotor (Fig. 1) contains stator 1 with a
winding and stator core, connected with
foundation 2 by a hob 3, which carries the
supporting bearings 4. Shaft 5 connected with
a rotor by a butt-end shield 6.

A rotor is executed a two package with
two short-circuited winding for the increase of
pure resistance of winding of rotor. One
package of rotor is contained by bars 7 and 8§,
external rings 12 and internal rings 13. Rings
12 and 13 short-circuit short-circuited bars 7,
8. A rotor contains a wheel 9, on which blades
are fastened 10. There are butt-end

ferromagnetic screens 11 for rings 12 and 13.
Screens engulf rings.

Between ferromagnetic screens 14 there
is a circular vent slot 15. Internal
ferromagnetic screens 14 cool down through
openings 16 in foundation 2, through openings
17 in the lower package of stator 1, through
the slots of explorers of winding stator
between two packages of stator, through a
circular slot 15 between internal screens 14,
through openings 18 in a wheel 9. External
ferromagnetic screens 11 cool down from
blades 10.

Magnetic fields of dispersion of rings 12
and 13 winding of two package rotor induce
eddy currents in the ferromagnetic screens of
rings 11 and 14 and create additional losses in
screens 11 and 14, that increases equivalent
active resistance of rotor.

Ferromagnetic screens 11 cool down the
current of air of blades 10. Ferromagnetic
screens 14 cool down through vent openings
16, 17, 18 and circular slot 15. A thermal
stream, that goes from a rotor to stator 1 with
two by laminated packages, goes down, the
winding of cratopa does not overheat. Due to
it reliability of work of motor-fan rises in the
wide turn-down of sliding.

WA eiiyisesesds

N

Fig. 1. Construction of asynchronous motor-fan with the screened short-circuited rings in of rotor winding with a two

package rotor
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A two package rotor with two short-
circuited windings is needed for the additional
increase of active resistance of rotor winding
from additional internal short-circuited rings
13 with ferromagnetic screens 14 for motor-
fans with the number of poles more than 4.

Internal screens 14 can absent.

Voltage on stator diminish for adjusting
of rotation speed of motor-fan. Rotation speed
of motor-fan diminishes. Sliding of rotor is
increased. Frequency of current is increased in
the rotor winding. Frequency of eddy currents
is increased in ferromagnetic screens 11.
Additional losses are created in a rotor and
active resistance of rotor is increased. Stiffness
of mechanical characteristics is reduced.
Stable operation of the motor-fan is provided
in the range of variation of the slip from s=s,
to s=I.

Active and inductive resistances of rotor
winding must be defined for the calculation of
mechanical and regulation characteristics of
motor-fan.

The method of calculation of active and
inductive resistances of rotor winding is
developed taking into account losses in
ferromagnetic screens. Losses in
ferromagnetic screens determined by solving
the equations of the electromagnetic field in
ferromagnetic elements winding (in screens)
rotor.

Analytical methods for solving equations
of the electromagnetic field in ferromagnetic
elements of rotor windings differ generality
and clarity of the solutions obtained.
Particularly  deep  analytical = methods
developed for induction motors with solid
rotors [8, 20, 9, 16] and two-layer rotors [12,
11, 15, 17, 3].

The analytical methods of calculation of
the electromagnetic field in ferromagnetic
bodies are based on the row of assumptions: 1)
constancy of permeability of environment, 2)
assumption of a sudden manifestation of the
skin effect, 3) hyperbolic distributing of
permeability on the depth of array, 4) account
only by the tangential constituent of the
magnetic field. These methods give acceptable
integral characteristics of the field and

parameters of  massive  ferromagnetic
environment [2, 19].
Application  of numeral methods

considerably extends possibilities of research
of processes in ferromagnetic elements, allows
to take into account non-linearity of
environment a task the known dependence

B(H) [10].
To date, accurately enough
electromagnetic field calculation possible

using numerical methods, in particular, the
finite element method (FEM). To calculate the
two-dimensional fields of finite element
method known the following: licensed version
ELCUT [1] and the free version of FEMM 3.4

[4].

OBJECT OF RESEARCH

A research object is distributing of the
electromagnetic field in the ferromagnetic
screens of rotor for determination of active and
inductive resistances of rotor winding.

PURPOSE OF RESEARCH

The purpose of this study is modelling of
electromagnetic processes in ferromagnetic
screens shorted winding of rotor asynchronous
motor-fan with two package rotor using
FEMM 3.4 software. On results the calculation
of the magnetic field in a screen determine
active and reactive powers in a screen for
determination of active and inductive
resistances of the rotor winding.

RESULTS OF RESEARCH

For the calculation of descriptions of
motor-fan it is necessary to define active and
inductive resistances of rotor winding for one
package. A rotor will present as a polyphase
winding. The number of phases is equal to the
number of bars of rotor winding. The number
of pair of poles of rotor winding is equal to the
number of pair of poles of stator winding.

Active r, and inductive x, resistances of

rotor winding for one package are determined
[21]:
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where: r, and x, — active and inductive
resistances of bar 7 (Fig.
ordinary a way [6],
and x, -—

rs

1) determined

r active and inductive

rs

resistances of short-circuited ring 12 with a
screen 11,
z, —number of slots of rotor.

Will define active and inductive
resistances of area of short-circuited ring of
rotor winding between two bars with a
ferromagnetic screen taking into account the
skin effect by using complex software FEMM
3.4[1,4].

The geometrical
followings: height 7

sizes of screen
(on a co-ordinate y),
thickness » (on a co-ordinate z). Middle
diameter of ring D, , length /. of ring
(between two nearby bars of rotor, on a co-
ordinate x):

”

§ = (1)

On a (Fig. 2) calculation chart is resulted
for the real area of short-circuited ring with a
ferromagnetic screen between two bars of
rotor winding.

Fig. 2. Area of short-circuited ring with a
ferromagnetic screen between the bars of rotor:

1 — ferromagnetic screen, 2 — short-circuited ring of
rotor winding, 3 — laminated package of rotor, b, and

h, —width and height of ring, /

. — length of area of

ring between the bars of rotor winding, » — a thickness
of ferromagnetic screen

Calculation of the magnetic field in the
screen by the method of finite elements in
axisymmetric formulation of the problem.
(Fig. 3, a) shows the block diagram for the site
shorting ring with a ferromagnetic screen
between two bars of the rotor winding. The
basic equation for the calculation of the
magnetic field has the form [1, 6]:

o 1o, of L) ied .,
or\ru, or o0z \ ru, Oz yon

where: A — complex vectorial magnetic
potential,

¥, z — normal vectors on a radius and
on an axis,

Pr — specific active resistance,

#= Hr — vectors of permeability,
@ — angular frequency of the current,

J — external current density.

b
Fig. 3. Computational domain (a) and finite-element mesh (b)
to calculate the magnetic field of short-circuited ring with a
ferromagnetic screen

The
accepted:

1) the field in a screen is axisymmetric,

2) the external magnetic field of screen
absents,

followings  assumptions  are
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3) the currents of stator winding do not
influence on the field of ring with a
ferromagnetic screen,

4) the laminated core of rotor is
unsaturated, therefore permeability is equal to
endlessness,

5) material of screen is
characteristics u, = 1. = u,,

6) ignore the phenomenon of hysteresis
in a screen.

The followings scope terms are accepted:

1) on a border 1(Fig. 3, a) condition of
Dirichlet on a border-vectorial magnetic
potential is equal to the zero (4=0),

2) on a border 2 (Fig. 3, a) border
condition of Neyman — the normal derivative
of vectorial magnetic potential is equal to the

zero YA ¢ [14].
on

1zotropic

For the calculation of the magnetic field
the followings materials were chosen in
obedience to the (Fig. 3, a): a screen is steel of
St3, a ring is an aluminium alloy of AK12M4
with a current. The curve of dependence of H

(B) is synonymous and determined
dependence for steel of St3 [7]:
H = Bls.2+ (08368 ). (3)

Computational grid with triangular finite
elements of the first order is shown in (Fig. 3,
b). Calculations of the magnetic field carried
by a free version of the program FEMM 3.4.

On results the calculation of the
magnetic field in a screen determine complete
S, power by FEMM 3.4, selected in a screen.

Determine also active and reactive constituents
of current in a screen, which the power-factor
of screen i1s determined from, that allows to
expect active P, and reactive Q, powers in a

screen.
Currents in a short-circuited ring and
ferromagnetic screens are different, therefore
their active and inductive resistances at
determination of general resistance of ring
with a screen must be resulted to one current.
Calculation active resistance r,, of short-

circuited ring of rotor winding with a screen
for one package, determined on condition of

equality of active powers, selected in
resistance 7, from a current [/, in the

screened short-circuited ring and separately in
aring and in a ferromagnetic screen:

2
I -7

rs

=I}-r,+P, (4)
from where follows:

= s 5)

rs r 2
»

where: r — active resistance of area of
ring between nearby bars.

Calculation inductive resistance x, of
short-circuited ring of rotor winding with a

screen will get like (4) on equation:

Il‘z.xrs:IrZ'xr—i_Qs) (6)
xrs=x,+%, (7)

where: x, — inductive resistance of area

of ring between nearby bars.

In the absence of the inductive reactance
of the screen ring from external leakage flux is
determined [4]:

471,

=91-f-1.-107°"1 @
Xrse > f r g;z'[(hr+2bs)+(br+bs)] ()

Active resistance of area of ring from
[21]:

ch22, +cos2A, \sh2A, +sin22,)

.=, )u,( > —
sh™ 24, +sin” 24,

r ro’wr

> (9)

inductive resistance of area of short-circuited
ring from [21].

(ch24, +cos24, \sh2A, —sin24,)

Xy = rrz)ﬁ’r b (10)
sh*2, +sin® 22,
where: r,, — resistance of area of ring to

the direct current:

A (11)
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b
=2 12
S (12)
A, = 22 (13)
o,

where: A, — depth of penetration of

electromagnetic wave in the short-circuited
ring of rotor winding.

Using on the software FEMM 3.4 in a
table 1 and tabl2 2 active P, and reactive Q,

powers of ferromagnetic screen are expected
depending on frequency and value of current
I, in the screened short-circuited ring. The

sizes of screen are resulted on a (Fig. 4).

N

66,2 .
60
45
1 ) 40
— |k
2 P
><
3 J \ EI C\l‘
B o N :
I | N E—
\.—
o[
19
——»

Fig. 4. Construction of short-circuited ring of rotor
winding with a ferromagnetic screen for AMF by power
75 kW with the number of poles 8:

1 — ferromagnetic ring-screen from steel of St3,

2 — short-circuited ring,

3 — bar of rotor winding from an aluminium alloy,

4 — lamineted package of rotor from steel 2411

According to the results of theoretical
analysis of electromagnetic processes in AMF
with two package rotor simulation algorithm
developed motor-fan with two packet rotor for
steady-state modes. Determined according to:
speed »n or slip s, consumption current 7,

efficiency 7, power factor cosp on the value
of the phase voltage U, on the stator winding.

Parameters are calculated on a PC on the
developed program in a language C** that
uses the results presented in (Table 1) and
(Table 2).

Table 3 shows a comparison of
calculated and experimental data for the
motor-fan (nominal power of 75 kW) with the
number of poles 2p =8 on both the rotor and

the packet with one screen on every package.
When calculating the time of useful features
for changing the fan wheel takes the square of
the speed, which is slightly different from
reality at low speeds.

From (Table 3) follows:

1) for nominal operation mode AMF
error in determining consumption current does
not exceed 3.9% slip — 3.3% efficiency —
0.59%,

2) by adjusting with the highest accuracy
simulated sliding AMF — 10%.

Table 1. Results of calculation of active power P, on the area of ferromagnetic screen (W) between the bars of rotor

Current in a Frequency of current in a ring, Hz

ring, A 5 25 45 65 85 105

200 0.32 0.72 0.96 1.12 1.32 1.44
600 1.80 3.96 5.40 6.48 7.20 8.28
1000 4.00 9.00 12.00 14.00 16.00 18.00
1400 5.88 15.68 19.60 23.52 27.44 31.36
1800 6.48 22.68 29.16 35.64 42.12 45.36
2200 9.68 33.88 38.72 48.40 53.24 62.92
2600 6.76 40.56 54.08 60.84 74.36 81.12
3000 9.00 54.00 72.00 81.00 90.00 99.00
3400 11.56 69.36 80.92 92.48 104.04 115.60
3800 14.44 72.20 101.08 115.52 129.96 144.40
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Table 2. Results of calculation of reactive power O, on the area of ferromagnetic screen (VAr) between the bars of

rotor
Current in a Frequency of current in a ring, Hz
ring, A 5 25 45 65 85 105
200 0.32 0.72 0.96 1.12 1.32 1.44
600 2.16 3.96 5.40 6.48 7.20 8.28
1000 5.00 9.00 12.00 14.00 16.00 18.00
1400 9.80 13.72 19.60 23.52 27.44 31.36
1800 12.96 22.68 29.16 35.64 42.12 45.36
2200 19.36 29.04 38.72 48.40 53.24 62.92
2600 20.28 40.56 54.08 60.84 74.36 81.12
3000 27.00 54.00 63.00 81.00 90.00 99.00
3400 34.68 69.36 80.92 92.48 104.04 115.60
3800 43.32 86.64 101.08 115.52 129.96 144.40

Table 3. Comparative analysis of theoretical and experimental data AMF75-2P-8 at a frequency of 100 Hz* voltage

Vlc))?tzsgz, Phase current, /,, A Error, % Slip. s, % Error, % Efficiency, 7,,, % Error, %
U,,V
i Calculation | Experiment Calculation | Experiment Calculation | Experiment

230 173 180 -3.9 6.12 6.1 3.3 84.9 84.4 0.59
200 189 199 -5.0 9.29 9.8 -5.2 81.7 80.8 1.11
180 204 216 -5.6 14.1 15.7 -10.0 77.5 74.6 3.9
160 224 230 -2.6 23.0 25.3 -9.0 68.3 64.5 5.9
140 223 219 1.8 37.8 36.7 3.0 51.8 53.5 -3.2
120 193 194 -0.5 51.8 48.6 6.6 38.5 42.3 -8.9
100 158 159 -0.6 62.8 60.3 4.0 29.1 323 -9.8
80 120 122 -1.6 71.2 68.7 3.6 22.2 24.6 -9.6
64 98 100 -2.0 80.5 77.9 3.3 14.8 16.3 -9.4

* Note. At rated speed 1405 r / min useful power AMF 73.4 kW.

Increased accuracy in determining the
efficiency to 10% for large slides (at low
speeds) can be attributed to some mismatch of
real characteristics of the fan load torque
resistance of the estimated quadratic.

The results of calculation of the magnetic
field of the pictures in the ferromagnetic
screen shown in (Fig. 5-8), which show that
the magnetic field is concentrated mainly in
the ferromagnetic screen, so the assumption
holds no boundaries for its screen, namely in
the air and a shorting ring. The figures also
show that at higher sliding rotor, a more sharp
manifestation of the skin effect in a
ferromagnetic screen, and consequently an
increase in resistance of the screen while

reducing the speed by varying the voltage on
the stator winding.

Fig. 9 shows the calculated dependence
of consumption current 7, and the slip s of the

supply voltage U, at f, = 100 Hz for AMF

75 kW with different design of the rotor
winding of aluminum alloy AK12M4: one
package without ferromagnetic rotor screens,
one package rotor with ferromagnetic screens,
two package rotor without ferromagnetic
screens, a rotor with a locking ring screened in
each package two rotor windings.
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Fig. 5. Distribution power lines and the magnetic field in the ferromagnetic screen for motor-fan AMF75-2P-8 at a
supply voltage of 230 V, 100 Hz and the rotor slip 6.1% (frequency current in the ring 6.1 Hz, the current in the ring
1324 A)

Fig. 6. Distribution of field lines and the magnetic field in the ferromagnetic screen for motor-fan AMF75-2P-8 at a
supply voltage of 160 V, 100 Hz and rotor slip 23% (current frequency 23 Hz in the ring, the ring current 1888 A)

Fig. 7. Distribution of field lines and the magnetic field in the ferromagnetic screen for motor-fan AMF75-2P-8 at a
supply voltage of 100 V, 100 Hz and the rotor slip 62.8% (current frequency of 62.8 Hz in the ring, the ring current
1331 A)

Fig. 8. Distribution of field lines and the magnetic field in the ferromagnetic screen for motor-fan AMF75-2P-8 at a
supply voltage of 30 V, 100 Hz and rotor slip 93% (current frequency 93 Hz in the ring, the ring current is 245 A)
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Fig. 9. Dependencies consumption current /; (1-4) and the
slip s (1'-4") of AMF from the supply phase voltage Uph :
1, ' — one package without ferromagnetic rotor screens,

2, 2" — one package with ferromagnetic rotor screens,

3, 3' —two package rotor without ferromagnetic screens,

4, 4" — with a rotor end ring screened in each package two
rotor windings

Table 4 shows the calculated nominal
data compared variants.

From (Fig. 9) and (Table 4) that AMF
with one shielded locking ring in each winding
rotor has two batch most favorable control
characteristics s = f(U,,) , the maximum input

current /, exceeds the nominal 27%, but this

option is AMF in nominal mode has reduced
the efficiency values and cos¢.

187

Fig. 10 shows the dependence of the

active 7, resistances shielded

rings and the penetration depth of the
electromagnetic wave (current) A, from

sliding (speed control AMF voltage changes),
which were determined by the dependences
obtained in the (Eg. 5), (Eg. 7), (Eg. 9) with
algorithm simulation according to Annexes A
and program developed in C"".

inductive X,

Fig. 10. Dependencies relative parameters of the rotor slip
(speed control AMF voltage change):

>

. . — _
1 — active resistance 7., = %
7,

rsr

. . - _X
2 — inductive reactance X, =""%

s

X

rsr
3 — penetration depth of the electromagnetic wave shield
A

for the
nominal mode, determined at U, = 230 ¥ and

sliding s, = 0,061.

Rotor parameters r,,, x,,

Table 4. Comparative analysis of nominal modes AMF with different design of the rotor at a frequency of 100 Hz

and supply voltage 230 V
. Current, Slip, Efficiency, Power  factor, | Useful power,
Variant of AMF A s % . % cos@ , ru. P, kVA
One package of ferromagnetic rotor without
screens 160 2.47 88.0 0.773 75.1
One package rotor with ferromagnetic screens 161 3.28 87.3 0.772 75.1
Two packages rotor without ferromagnetic 171 4928 36.7 0732 750
screens
Rotor with a shleldeq lo.cklng ring in each 173 6.12 84.9 0.727 73.4
package two rotor winding
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CONCLUSIONS

1. As follows from (Fig. 10) in deep
regulation for large slides active and inductive
resistances shielded rotor rings increase 3
times, and the depth of the current flow A, in

the screen also significantly reduced due to the
influence of the skin effect in a ferromagnetic
screen.

2. Results shown in (Fig. 9), in the
(Table 4) and in (Fig. 10), make it appropriate
shielding rings rotor winding to improve the
control characteristics of the asynchronous
motor-fan when the voltage on the stator.

3. Comparative analysis of steady-state
performance with different AMF rotor design
identified (Fig. 9) that one package of motor-
fan designs without serial ferromagnetic
screens largely unregulated, i.e, significantly
increasing the slip from 20% to 55% when the
total voltage from 140 V to 120 V. The current
consumption is increased to 340 A, which is
unacceptable. Motor- fan with a shielded
locking ring in each winding rotor has two
package adjusting most favorable properties:
slip varies smoothly, the current exceeds the
maximum current at rated voltage of not more
than 27%.
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MOJIEJIMPOBAHUE JIEKTPOMATHUTHBIX
[IPOLIECCOB B ®EPPOMATHUTHbBIX PKPAHAX
KOPOTKO3AMKHYTOM OBMOTKHU
ACUHXPOHHOI'O MOTOP-BEHTUJISITOPA C
JIBYXITAKETHBIM POTOPOM C ITOMOILbIO
IMPOI'PAMMHOTI'O KOMIUIEKCA FEMM 3.4

Heopo 3axapuyx

AHHOTAULMSA. OrmnpeieneHsl aKTUBHOE u
WHIyKTUBHOE COIPOTHUBJICHHS OOMOTKH POTOpa IyTeM
MOJICTUPOBAHMSl  3JICKTPOMArHUTHBIX  IPOIIECCOB B
(heppoMarHuTHBIX JKpaHax KOPOTKO3aMKHYTOU
OOMOTKM  aCHHXPOHHOTO  MOTOP-BEHTHJIATOpPA  C
JIByXTIAKETHBIM POTOPOM C TOMOIIBIO MPOTPAMMHOTO
koMmiiekca FEMM 3 4.

KnwueBrnie CIOBa: AaCHHXPOHHBIH  MOTOp-
BEHTIJIATOP,  MOJCIMPOBAHUE  DJICKTPOMATHUTHBIX
MpOIeCcCOB, (heppOMArHUTHEIC SKPAHEL.
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database.

Impact Factor of the TEKA quarterly journal according to the Commission of
Motorization and Energetics in Agriculture is 1,35 (June 2014).
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The journal publishes the original research papers. The papers (min. 8 pages) should not exceed
12 pages including tables and figures. Acceptance of papers for publication is based on two independent
reviews commissioned by the Editor.

Authors are asked to transfer to the Publisher the copyright of their articles as well as written
permissions for reproduction of figures and tables from unpublished or copyrighted materials.

Articles should be submitted electronically to the Editor and fulfill the following formal requirements:

- Clear and grammatically correct script in English,

- Format of popular Windows text editors (A4 size, 12 points Times New Roman font, single

interline, left and right margin of 2,5 cm),

- Every page of the paper including the title page, text, references, tables and figures should be

numbered

- Sl units should be used

Please organize the script in the following order (without subtitles):

Title, Author(s) name (s), Affiliations, Full postal addresses, Corresponding author’s e-mail

Abstract (up to 200 words), Keywords (up to 5 words), Introduction, Materials and Methods,
Results, Discussion (a combined Results and Discussion section can also be appropriate), Conclusions
(numbered), References, Tables, Figures and their captions

Note that the following should be observed:

An informative and concise title; Abstract without any undefined abbreviations or unspecified
references; No nomenclature (all explanations placed in the text); References cited by the numbered
system (max 5 items in one place); Tables and figures (without frames) placed out of the text (after
References) and figures additionally prepared in the graphical file format jpg or cdr.

Make sure that the tables do not exceed the printed area of the page. Number them according to
their sequence in the text. References to all the tables must be in the text. Do not use vertical lines to
separate columns. Capitalize the word ‘table’ when used with a number, e.g. (Table1).

Number the figures according to their sequence in the text. Identify them at the bottom of line
drawings by their number and the name of the author. Special attention should be paid to the lettering of
figures — the size of lettering must be big enough to allow reduction (even 10 times). Begin the description
of figures with a capital letter and observe the following order, e.g. Time(s), Moisture (%, vol), (%, m°m™
or (%, gg™"), Thermal conductivity (W m™'K™).

Type the captions to all figures on a separate sheet at the end of the manuscript.

Give all the explanations in the figure caption. Drawn text in the figures should be kept to a
minimum. Capitalize and abbreviate figure’ when it is used with a number, e.g. (Fig. 1).

Colour figures will not be printed.

Make sure that the reference list contains about 30 items. It should be numbered serially and
arranged alphabetically by the name of the first author and then others, e.g.

7. Kasaja O., Azarevich G. and Bannel A.N. 2009. Econometric Analysis of Banking Financial
Results in Poland. Journal of Academy of Business and Economics (JABE), Vol. IV. Nr 1, 202-210.

References cited in the text should be given in parentheses and include a number e.g. [7].

Any item in the References list that is not in English, French or German should be marked, e.g. (in
Italian), (in Polish).

Leave ample space around equations. Subscripts and superscripts have to be clear. Equations
should be numbered serially on the right-hand side in parentheses. Capitalize and abbreviate ‘equation’
when it is used with a number, e.g. Eq. (1). Spell out when it begins a sentence. Symbols for physical
quantities in formulae and in the text must be in italics. Algebraic symbols are printed in upright type.

Acknowledgements will be printed after a written permission is sent (by the regular post, on paper)
from persons or heads of institutions mentioned by name.
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