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RESEARCH OF WATER- COAL FUEL PREPARATION
BY THE METHOD OF RATIONAL LOADING OF BALL MILL

Tatyana Bondar, Yuriy Syomin, Alina Syomina

Volodymyr Dahl East- Ukrainian National University, Lugansk, Ukraine

Summary: The methodology for experimental studies of highly concentrated water-coal suspensions
prepared with the necessary rheological characteristics in a ball mill by way of the rationalization of the
granulometric composition of coal fines is described.

Key words: water-coal fuel, the ball loading, experimental design, dynamic viscosity, sedimentation stability.

INTRODUCTION

Producing the artificial composite ecologically cleaner water-coal fuel (WCF) is
one of the trends of the search of alternative fuels to replace conventional oil and gas.
Preparation of WCF is a complex process associated with the requirements for it, such
as - a high concentration of coal up to 70% or more (by weight), relatively not a high
dynamic viscosity up to 1 Pa.sec at a shear velocity gradient from 10 to 16 sec™ and
sedimentation stability for 15 days and more [17, 8, , 21, 22]. These parameters are
achieved by adjusting the granulometric bimodal composition of coal and by the use of
surfactants.

ANALYSIS OF PUBLICATIONS, MATERIALS AND METHODS

The technological schemes developed by the firms "Snamprogetti" (technology
«Reocarby, Italy); «Fluidcarbon» (Sweden) [17]; Salzgitter Industriecbau GmbA
(technology "Denskoul" [8] "Karbogel"); "Coal," Young WCF (China) [25] have found
the most wide application in the world practice. All these technologies are aimed at
obtaining highly concentrated water-coal suspensions (65-75% solids) with ash content
of fuel to 2-5% of WCF [4].
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THE OBJECTIVE AND EXPERIMENTAL PROCEDURE

The investigations have shown, that at producing the water-coal fuel it is
necessary to achieve the maximum possible concentration of coal and ability of WCF
easily to be pumped through pipelines. Maximum package of WCF is achieved through
the adoption of bimodal distribution by size of particles, that is, the combined system
consisting of two discrete fractions by the size of the particles, the more coarse and fine
fractions. The lowest viscosity and the highest concentration is achieved when the ratio
“ more fine: more coarse fractions” makes 40:60 (in recalculation on an anhydrous
mixture).

In connection with the necessity to obtain bimodal distribution of fractions of
coal in the WCF, above mentioned technologies of WCF making have two- staged
process of coal grinding. This complicates the technology of WCF preparation,
increases its capital and operating costs. In addition, the loading technology and mode
of operation of mills at the WCF preparation is the " know-how ".

With the aim of reducing the cost on producing the WCF we will consider the
use of one-staged technology of preparation due to the rationalization of the ball loading
and operation mode of the mills. The main tasks are: selection of rotational speed of the
drum, determination of the size of the grinding bodies, determination of the grindability
impact and grain size of the source material, grain size of grinded product and
determination of the loading factor of drum of the mill. The correct solution of these
problems depends on the technological and economic efficiency of the mill operation.

RESULTS AND ANALYSIS

Research has shown that to obtain a highly concentrated coal-water suspension
with the desired rheology, sedimentation and thermal properties, the granulometric
composition of coal particles must be bimodal, including the particles of size 80 + 250
pm (coarse grinding) and coal particle size 0 <+ 40 um (fine milling) [15, 7].

When designing the experiment, the task was to load rationally the ball mill with
three standard sizes of balls, charcoal and water, adequately describing the process of
grinding.

The dynamic viscosity is chosen as the response function of the investigation.

The drum rotational speed, time of grinding and three diameters of balls are taken
as varied factors (see Table 1).

The analysis of factors affecting the rational loading of the ball mill has allowed
to identify five independent variables that determine this process, that is, the balls of
three diameters: 42, 52, 62 mm, the drum rotational speed and time of grinding.
Analysis of factors affecting the WCF preparation in ball mills had shown that the main
factors are the rotational speeds of the mill drum 7,,;,, #,,;s and n,,,; the granulometric
composition and mass of loaded balls d,;,, d,.is and d,,,,,; grinding time. All these factors
have a quantitative assessment, are measurable, manageable and compliant ones. Each
of them has its own local area to carry out the experiment.

If we pass from the values of the factors in the natural scale to a code one, then
independent variables Dy, D,, D3, n and t, varied in the experiment, will be as follows:
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Preparation of the WCF compositions was produced with using the plasticizing
additives manufactured in Ukraine, having the best characteristics of plasticizers
considered in the analysis, in the quantitative ratio of 1% on the dry weight of coal. [8,
4,12,21,22,16].

The ball mill MLK-300 with a rotary axis is selected for the experiment. It has
sizes D¥L=300%*190 mm. Volume of the mill V = 13dm”. Drive of the mill consists of a
electric motor with power 0.65 kWt and a control unit that allows to regulate the
rotational speed of the drum.

Source coal of Donetsk coal basin, the "DG" brand, rich, crushed in a hammer
crusher, PML-150, to a grain particle size of 0-3 mm. The mass of coal sample weight is
calculated as follows:

5

P =012-6, -V, (M)

where: V-volume mill, m;

0,, - bulk density of coal, it is taken on Handbook 0.8 t/m>.

0,12- filling factor of the mill by coal in an amount of 12% from the volume of
the mill.

Grinding is carried out wet under solid content 75% by weight with the use of a
plasticizer in an amount of 1% on the dry weight of coal.

Filling factor of the mill by balls ¢, = 0.4-0.5. Grinding time - from 20 to 60
minutes. The rotational speed of the mill drum, the granulometric composition of loaded
balls are determined by the analytical dependences, taking into account the effective
work at the boundary and a some reduced layer of balls [19, 20]:

maximum ball size for a given diameter of the drum is in the range, mm:

D D

18 24’ @

minimum size of the ball enough to destroy the most big pieces of coal is:

2
d, =dm3 5—,Sm. (3)
1.28 fcgp D

Where: § - ultimate compression strength, taking o= 300 kg/sm?,

¢ - Young's modulus, & = 300 000 kg/sm?,

¢ - coefficient taking into account the variability of Young's modulus, ¢ =1,

S - coefficient taking into account the fraction of energy that goes directly to the
grinding of the coal, in the fall of the ball at it, £ = 0,5,

D - the size of coal particles,

Pu - density of the ball, p,, = 0.00786 kg/sm’.

d, =28.d, @

or
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d,=id, )
where: d - the average size of a piece of source material, mm,

i- factor depending on the hardness of the material.

Rotational speed of the mill drum, rev / min

for the effective operation of the boundary layer of balls:

32
JDf ©

for the effective operation of the entire inner mass of the balls:

34.2
o
(7
for the effective operation of some reduced layer of balls:
37.2
n= —Df ,
' ®)

where: D - inner diameter of the drum, m,

- coefficient of friction of the ball on the armor, f= 0,466 [14].

Maximum information in the study about the rational loading of the mill by five
given components one can obtain using a full factorial experiment (FFE) of type 2K If
the number of factors k£ = 5, planning matrix provides for 32 tests.

To produce the WCF with necessary dynamic viscosity of 1 Pa.sec at a shear
velocity gradient from 10 to 16 sec™, the sedimentation stability for 15 days or more, we
hold full factorial experiment of type 2°, which provides for the planning matrix 32
tests.

The inspection of the homogeneity of variances, measured response functions at
each point of experience by the criterion of Cochran, is satisfied for correct processing
and use of the experimental results. When the experiment is carried out, the uniform
duplication with five parallel experiments at each point of the design matrix is chosen.
[1, 26]

We use the scales of measurement accuracy +. 5 g for weighing the balls.
Maximum loading of the mill is 30 kg, drum rotational speed 58, 63 and 68 rev/ min.
and grinding time of 20, 40 and 60 minutes. The resulting grinding are divided into 5
equal parts, water and plasticizer are added. The rotational speed is measured by speed
tachometer. Then the viscosity of the suspension is measured by viscometer "Polymer"
1-M, at a shear velocity of 8 sec.The order of the experiments is carried out in
accordance with the table of random variables.

The number of measurements in each experiment is reduced to five, holding a
total amount of 160 measurements and calculations. The mathematical model of the
process is built on the results of measurements.
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Table 1. Matrix with coded and natural values of factors

Ne The coefficients of the factor Natural numbers
o of experience levels
g g Xl X2 X3 X4 X5 Xl X2 X3 X4 X5
= = Dl D2 D3 Nimin tnin Dla D2a D35 Niin, timin,
< A mm | mm | mm | ob/min min
1 -1 -1 -1 -1 +1 8 8 8 58 60
2 +1 -1 -1 -1 -1 10 8 8 58 20
6} 3 SN 8 | 10 | 8 58 20
E- 4 +1 +1 -1 -1 +1 10 10 8 58 60
g 5 -1 -1 +1 -1 -1 8 8 10 58 20
‘g 6 +1 -1 +1 -1 +1 10 8 10 58 68
~ 7 -1 +1 +1 -1 +1 8 10 10 58 68
™ 8 +1 | +1 | +1 | -1 -1 10 | 10 | 10 58 20
.§ 9 -1 -1 -1 +1 -1 8 8 8 68 20
= 10 +1 | -1 [ -1 | 41 | +1 | 10 | 8 8 68 60
T: 11 -1 +1 -1 +1 -1 8 10 8 68 20
g 12 +1 +1 -1 +1 -1 10 10 8 68 20
3 13 SN 8 8 10 68 60
ia 14 +1 -1 +1 +1 -1 10 8 10 68 20
15 -1 +1 +1 +1 -1 8 10 10 68 20
16 +1 +1 +1 +1 +1 10 10 10 68 60
17 -2 0 0 0 0 7 9 9 63 40
18 +2 0 0 0 0 11 9 9 63 40
19 0 -2 0 0 0 9 7 9 63 40
«3 20 0 +2 0 0 0 9 11 9 63 40
'g 21 0 0 -2 0 0 9 9 7 63 40
= 22 0 0 +2 0 0 9 9 11 63 40
) 23 0 0 0 -2 0 9 9 9 53 40
24 0 0 0 +2 0 9 9 9 73 40
25 0 0 0 0 -2 9 9 9 63 40
26 0 0 0 0 +2 9 9 9 63 80
o 27 0 0 0 0 0 9 9 9 63 40
g‘f 28 0 0 0 0 0 9 9 9 63 40
s 29 0 0 0 0 0 9 9 9 63 40
3z 30 0 0 0 0 0 9 9 9 63 40
é 31 0 0 0 0 0 9 9 9 63 40
32 0 0 0 0 0 9 9 9 63 40

Table 2. The levels and variation intervals of factors listed in the table below

Factors Levels of variation
-1 0 +1
Loading weight of balls in the mill d;=42mm 8 9 10
Loading weight of balls in the mill 4,=52mm 8 9 10
Loading weight of balls in the mill 4,=62 mm 8 9 10
Drum rotational speed, n, rev / min 58 63 68
Grinding time, t, min. 20 40 60
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CONCLUSIONS

The basic factors, affecting the process under study and their calculation, are

shown. The laboratory equipment and instrumentation are described. In order to study
the process, the full factorial experiment such as 2° is selected, a matrix of its planning
in coded and natural values is constructed. The implementation of the experimental
investigations will improve the preparation of water-coal fuel with prescribed
rheological and sedimentation characteristics.
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HCCJEJOBAHHUE NPUTI'OTOBJIEHUSI BONJOYTI'OJIbHOI'O TOILIMBA
METOAOM PAIIMOHAJIBHOMU 3AT'PY3KH ITAPOBOU MEJIbHUILIbI

Tarbsana Bonaapse, IOpuii Cémun, Annna Cémuna

AHHOTaI M. IIpusenena METOIMKA 9KCIEPUMEHTAIBHBIX HCClIeI0BaHMi TIPUTOTOBIICHUS
BBICOKOKOHIIEHTPUPOBAHHBIX BOAOYTOJBHBIX CYCHEH3UIl ¢ HEOOXOIUMOI PEOJIOTNYECKOI XapaKTEPUCTHKOM B
LIapOBOI1 MEJIbHUILIE ITyTEM PAL[MOHAIN3ALUU IPAHCOCTAaBa MEITIOIIUX TEJl.

KioueBble cjoBa: BOJZOYTOJIbHO€ TOIUIMBO, IapoBas 3arpys3ka, I[UIAHUPOBAaHUE OKCIICPUMEHTA,
JUHaAMAYECKas BA3ZKOCTh, CCAUMCHTAITUOHHAA yCTOﬁ‘{HBOCTB.
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RESEARCH OF MOVEMENT OF THE ABRASIVE SOLID
PARTICLE IN SYSTEMS OF GIVING OF SAND OF LOCOMOTIVES

Viktor Bugaenko

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine.

Summary. Process of interaction of an abrasive solid particle with a transporting stream of air in devices of
giving of sand of locomotives is considered. The mathematical model of interaction of a particle of sand with
a transporting stream of air is made. In mathematical model difference of the form of a particle from the
spherical form is considered. The accepted law of distribution of speed of a stream of air on cross-section
section of the channel considers presence of an injected stream of air in the channel of giving of sand. The
force of aerodynamic resistance operating on a particle of sand, is defined with the account of wave resistance
which is shown at the big sizes of relative speed of a stream. The estimation of influence of wave resistance
on size of speed of movement of a particle of sand in air stream is executed.

Key words: transporting stream of air, particle of sand, speed of movement, compressibility of air.

INTRODUCTION

For realisation of traction effort of the locomotive it is necessary to provide
sufficient size of factor of coupling between a wheel of the locomotive and a rail.

The most widespread way of maintenance of necessary size of factor of coupling
of a wheel of the locomotive with a rail on railways is giving of quartz sand in area of
contact of a wheel of the locomotive with a rail. Pneumatic systems are the most
widespread systems of giving of sand in area of contact of a wheel of the locomotive
with a rail on railways presently. Sand giving in contact of a wheel to a rail occurs in the
form of a two-componental stream which consists of transporting air and sand particles.

For maintenance of factor of coupling of a wheel of the locomotive with a rail at
high level it is necessary to submit strictly certain quantity of sand to area of their
contact. The decision of this problem depends on effective work of system of giving of
sand.
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OBJECTS AND PROBLEMS

For increase of an overall performance of system of giving of sand it is necessary
to find out the mechanism of interaction of particles of sand and air stream.

At theoretical research of process of giving of sand in contact of a wheel to a rail
the method of research of movement of a separate particle of sand in air stream is used.
By the previous researches it is proved, that influence of firm particles on parametres of
a transporting stream of air and interaction of particles among themselves can be
neglected at volume concentration of particles no more than 3 % [1, 2, 3].

In systems of giving of sand existing on locomotives volume concentration of
sand in air does not exceed 0,04 % [4].

Their sizes, the form and parametres of a transporting stream of air are defining
factors which influence size and a direction of speed of particles of sand. At definition
of parametres of movement of particles force of aerodynamic resistance, force of
weight, the force caused by a gradient of speed of air (Safman force) have been
considered. Other forces of an aerodynamic origin, at the relation of specific weight of a
particle p,, to specific weight of air p p,/ p>> 1, it is possible to neglect [2, 5, 6, 7].

The behaviour of firm particles in air stream is influenced, also, by degree of
turbulence of a stream of air. This influence depends on the sizes of a particle. At the
sizes of particles 6> 0,1... 0,2 mm, in air stream on character of movement of a particle
it is possible to neglect influence of turbulent pulsations [5, 8, 9].

In systems of giving of sand of locomotives small particles of sand in the size 6
<0,2 mm are not used, in connection with difficulties of their delivery in contact of a
wheel to a rail [4]. At theoretical research of movement of particles of sand in systems
of giving of sand of locomotives, movement of particles in the size 5> 0,4 mm without
taking into account pulsations components of speed of a stream of air has been
considered. Movement of particles has been considered on an initial site of the channel
of giving of sand. The axis of the channel of giving of sand is located under a corner a
to a horizontal plane.

Movement was considered in the vertical plane which are passing through an axis
of the channel (the axis x is directed along a channel axis).

dt py
P = fux tmpgsina,
du (1)
PY
mp '7:_fAY —mpgCOSA — fops
3
where: m p = 7[5—pP — particle mass;
6

Pp — actual density of the material particle,

upy — projection velocity on the axis x,

fux — force projection of acrodynamic resistance on the axis X,

upy — particle velocity projection on the axis y,

fay— force projection of acrodynamic resistance on the axis y,

for — the force stipulated by transverse velocity gradient in the air flow,
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g — free fall acceleration.
The force of aerodynamic resistance with the particle motion is determined by
the expression [4]:

fA:W'§'5'|ﬁ_ﬁP|'(ﬁ_ﬁP)a @

where: y— the coefficient of aerodynamic resistance of a particle with the account of its
form;
p — density of air;
2
s = T — — the area of particle midsection;

i — flow velocity;
U, — particle velocity.

In a common case the coefficient of the aerodynamic resistance of the particle is
a unique function of Reynolds number Re:

Re=|ﬁ—ﬁp|~é, 3)
1%
where: v — kinematics air viscosity.

Sand particles have the suborbicular form . The factor of the form of particles of
sand matters k,=1,15... 1,20 [1, 3]. Factor of aerodynamic resistance of not spherical
particle, at value of factor of the form k,=1,15... 1,20 can be defined under formulas [1]:

Y= 436Re“, if 20 <Re < 800, 4)
=11, if  Re>800. 5)

Force projection of aecrodynamic resistance on the coordinate axis is determined

by the equations:

Sax = V/—S\/M Py +(u—upy ) (u—upy). (6)
Sfay =W§S w?py +(u—upy upy. (7)

On a firm particle, moving in a stream, cross-section force operates also. This
force can be caused rotation of a particle round an axis, perpendicular to a direction of
longitudinal speed (Magnus force), presence of a cross-section gradient of longitudinal
speed of a stream (Safman force) or joint action of these factors [5].

Conditions of input of a particle in a stream are that, that the effect of rotation of
a particle during the initial moment of time is absent. Cross-section moving of a particle
causes change of size of circulation of speed round a particle. Therefore the reasons for
occurrence of the established rotary movement of a particle, in the absence of
interaction with a channel wall, no.

Air stream in the target channel of system of giving of sand has a considerable
cross-section gradient of speed. In this case the size of cross-section force can be
defined under the formula Zhukovsky [10]
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where: I'(z) — velocity vector circulation along closed contour.
In each plane sphere section perpendicular to the axis z (the axis z is situated
perpendicular to the plane of axis x, y) the radius value r:

)

The circulation of velocity vector along the surface of each elementary part of the
sphere with thickness dz:

[du

F:4~r2(z) &

(10)

After integration of the expression (8) due to the expressions (9) and (10), we get
the equation for transverse force value acting on the particle, stipulated by velocity
gradient in the suspension flow:

2 du
for=%p8 == (u-upy). (1n

3 dy
In modern systems of giving of sand air with pressure 0,3...0,6 MPa is used. At
such values of pressure, speed of a stream of air on an exit from a nozzle exceeds value
of 300 m/s. The same value has speed of air concerning a sand particle during the initial
moment of its interaction with a current of air. At such sizes of speed of movement of a
stream of air concerning a particle of sand force of aerodynamic influence on it sharply
increases owing to occurrence of wave resistance which is caused by compressibility of
air. In this connection, at definition of parameters of movement of a particle, at its
interaction with air stream, it is necessary to consider compressibility of air [11, 12, 13].
In [13] there is an experimental dependence of factor of aerodynamic resistance
of a sphere { depending on Mah number, M. In a range of values 0,3 < M < L8

experimental dependence has been approximated by function:

¢ = (n (M —03) . cM-03) | A), (12)
where: n, b, ¢, A - approximation factors.
The chosen area of values of Mah number is caused by that at M <0,3 wave
phenomena are absent, and at used in systems of giving of sand sizes of pressure of air
of value M> 1,8 are impossible.

With the account of concrete values of factors of approximation function takes a
form:

- (4’7 4-(M —03)>% L—203(M-03) | 0’35). (13)
On fig. 1 the schedule of approximating function { = f (M) is resulted and
experimentally received values { are specified.
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Fig. 1. Dependence of factor of aerodynamic resistance ¢ from Mah number
(1 - the schedule of approximating function { = f (M), (2 - experimental values ()

For the account of influence of the form of a particle on factor of aerodynamic
resistance it is necessary to enter into the formula (13) the form of factor correction ;.
which is equal to result of division of size of factor of aecrodynamic resistance of a
particle of not spherical form on size of factor of acrodynamic resistance of a particle of
the spherical form:

7%
k=2 (14)
f ¢

For sand particles, at value of factor of the form k,=1,15... 1,20, ks =3,14. The
formula for definition of factor of aerodynamic resistance of particles of sand with the

account of their form and compressibility of air in the field of Re> 800 in a range of
values of Mah number 0,3 <M < 1,8 is given by:

w=314-(474. (M —03)264 . ~20301-03) L g35) 5
Taking into account speed of movement of a particle of sand, the size of Mah
number is defined from the formula [14]:
0,5

M= (u —upy )2 +(upy )2

(0P o P+ PSS

where: a, - speed of a sound in air which is defined on values of parameters of braking
of a transporting stream of air;
k - an equation exponent adiabatic process for air.

(16)
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Speed of transporting air on an initial site of the channel of giving of sand was
defined on laws for the flooded turbulent stream taking into account speed of an
injected stream of air uc¢ [15, 16]:

1,5
M. 1— |y|

03+014- % do/2+x-1g(p/2)
do
where: ug - speed of transporting air on an exit from a nozzle;

@ - a corner of disclosing of a stream of transporting air;

do - diameter of a nozzle;

x, y - coordinates of a particle of sand.

Taking into account resulted above dependences, the system of the equations for
calculation of parameters of movement of a particle of sand on an initial site of the
channel of giving of sand, taking into account compressibility of air and difference of
the form of a particle from spherical, is given by:

u= +uc, an

du,, 3 p 2 P .

T?zZy/ﬁ (ul,y) +(u—um,) ~(u—u,,x)+gsma, as)
P’ 18

W _ 3, P V(umu Vo —goosar 2L ().

d[ - 4pr§ (uPY) +(H uPX) ”PY gcosa+ﬂpP dy (u uPX) Sgny'

On fig. 2 the settlement scheme to mathematical model is shown.

e

Fig. 2. The settlement scheme to mathematical model of movement of a particle of sand
on an initial site of the channel of giving of sand of the locomotive
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On fig. 3 results of calculation of speed of movement of a particle of sand in the
size & = 0,815 mm executed with the account and without the account of compressibility
of air are resulted.

Upx, mfc
1
16 il

. [ —
: =

0

0 0,001 0,002 t,c

Fig. 3. Results of calculation of speed of a particle of sand in the size 6 = 0,815 mm
on an initial site of the channel of giving of sand (1 - with the account of compressibility of air,
2 - without the account of compressibility of air)

Calculations are executed at following sizes of initial data: speed on an exit from
a nozzle up = 313,3 km/s, the speed of a sound calculated on parametres of braking of
the transporting stream of air, ap = 343,1 m/s, speeds of an injected stream of air uc =
20 m/s.

Results of calculation show, that the account of compressibility of air allows to
increase accuracy of calculation of speed of a particle by 35 %.

CONCLUSIONS

The received results show, that at calculations of movement of particles of sand
in systems of giving of sand of locomotives at high speed of a stream of air, it is
necessary to consider compressibility of air.

REFERENCES

1. Shrajber A.A., Milyutin V. N, Jacenko W.P., 1980.: Gidromehanika of two-componental
streams with solid polydisperse substance. Kiev, Naukova dumka. - 250 s.

2. Sukomel A.S., 1977.: Heat exchange and hydraulic resistance at movement gazovzvesi in
pipes / A.S.Sukomel. F.F.Tsvetkov, R.V.Kerimov. — M.: Energia. - 192 s.



RESEARCH OF MOVEMENT OF THE ABRASIVE SOLID 19

3. Razumov L.M., 1979.: Pnevmo and hydrotransport in the chemical industry. (Processes and
devices of chemical and petrochemical technology.) M.: "Chemistry". - 248 s.

4. Kamenev N.N., 1968.: Effective use of sand for draught of trains / N.N.Kamenev// Scientific
trudy. Vsesouzn. n. -i. in-t g.d. transporta. M: Transport. Vyp. 366. - 86 s.

5. Mednikov E.P., 1980.: Turbulentnyj perenos i osazdenie aerozolej / E.P.Mednikov. - M:
Nauka. - 176 s.

6. Fuks N.A., 1955.: Mechanics of aerosols /N.A. Fuks. — M.: Izd-vo AN of the USSR. -
352s.

7. Shrajber A.A., Gavin L.B., Naumov V. A, Jacenko W.P., 1987.: Turbulentnyje techenije
gazowzvesi. Kiev, Naukova dumka. - 240 s.

8. Sou S., 1971.: Gidrodinamika of multiphase systems / S.Sou. — M.: Mir. - 536 s.

9. Saks S.E., 1970.: Opredelenije kriticheskoj skorosti vzvesenesushego potoka. - IFG., T 18 Ne
5,832 -837s.

10. Nigmatulin R. L., 1978.: Osnovy mechanici heterogennyh sred. — M.: Nauka. 336 s.

11. Fabricant N.J., 1964.: Aerodynamica /Fabricant N.J.. - M.:Nauka. - 814 c.

12. Povh L.L., 1969.: Technicheskaja hydromechanica / I.L.Povh. - L.:Mashinostroenie. — 520 s.

13. Deitch M. E., 1961.: Technicheskaja gazodinamika / M.E.Deitch. - M.-L.: Gosenergoizdat.-
671 s.

14. Bugaenko V.V., 2010.: Doslidzhennja efektivnosti dostavki abrasivnogo materiala v oblast
contacta kolesa locomotiva s relsom / V.V. Bugaenko //Visn. Shidnoukr. nat. un. im. V.
Dalja. - Lugansk, Ne 11 (153). T.2, 277 — 286 s.

15. Abramovich G. N., 1976.: Prikladnaja gazovaja dinamika /G. N. Abramovich. - M.:Nauka. -
888s.

16. Zalmanzon L.A., 1969.: Teoria elementov pnevmoniki / L.A.Zalmanzon. - M: Nauka. - 507 s.

WCCJEJOBAHME JIBUKEHUS ABPASUBHOM TBEPIOM YACTHUILbI
B CUCTEMAX ITIOJJAYMH IIECKA JIOKOMOTHUBOB

Buxrtop Byraenko

AHHOTanus. PaccMoTpeH mporece B3auMoJIeHCTBUS aOpa3uBHOW TBEPJOM YaCTHIBI C TPAHCIIOPTUPYIOLIUM
[OTOKOM BO3[yXa B YCTPOHCTBaX IOJaul Iecka JIOKOMOTHBOB. CocTaBlieHa MaTeMaTH4YecKas MOJeNb
B3aMMOJICHCTBHS YAaCTULBI IeCKa C TPAHCIOPTUPYIONIMM IIOTOKOM BO3myxa. B Maremarmdeckoidl Mopenu
YUYTEHO OTIMYME (POPMBI YacTHIBI OT cepuueckoil dopmsl. [IpHHATHIl 3aKOH pacHpenesieHUs CKOPOCTH
[OTOKA BO3/{yXa MO MONEPEYHOMY CCYCHHUIO KaHalla yYUTHIBACT HATHYHNE HHXCKTHPYEMOTO MOTOKA BO3AyXa B
KaHajle mojaun necka. Cmila a’poJMHAMHYECKOrO CONPOTHBIICHWS, NEHCTBYIONIash Ha YacTHIYy IIecKa,
omperneseHa ¢ ydYéTOM BOJIHOBOTO CONPOTHBIICHHS, KOTOPOE IPOSIBISETCS NpPH OOJIBIIMX BENIUYMHAX
OTHOCHTEIBHOW CKOPOCTH IIOTOKA. BBIMOJIHEHA OIICHKA BIMSHHUS BOJHOBOTO COIPOTHBIICHHS HA BEIHUUHY
CKOPOCTH JBM>KSHYIS YACTHIIEI IIECKA B IIOTOKE BO3/yXa.

KirioueBble cJI0Ba: TPAHCIOPTHPYIOLINIA TOTOK BO3/IyXa, YACTHIIA ITECKA, CKOPOCTb JIBU)KCHHUS, CXKHMAEMOCTh
BO3ZyXa.
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ANALYTICAL INVESTIGATION INTO VELOCITY CHANGE
OF THE TRANSPORTED MATERIAL IN A PIPELINE BEND

Michail Chaltsev, Leonid Vovk

Automobile Transport and Highway Engineering Institute
of Donetsk National Technical University

Summary. The mathematical model of aerodisperse flow movement in bend is offered. The solution of this
model is received under the conditions approached to the real ones. The experimental results are compared
according to the given model and some simplifying hypotheses.

Keywords: pneumatic conveying of solids, flow velocity, differential equations.

THE MATHEMATICAL MODEL FOR THE MOVEMENT
OF TRANSPORTED MATERIAL AT THE FLOW TURN

The main aim in the investigation of aerodisperse flow of solids is the
mathematical description of their regularities depending on the characteristics of the
particles and conditions of flow formation. Lack of knowledge about tension generation
mechanisms being the difficult function of particles velocity puts obstacles in the way
of working out of the adequate analytical description of regularities in pneumotransport
flows. Besides, the high heterogeneity in solid phase concentration is typical for high
velocities of pneumatic conveying of solids. All these problems worsen the
experimental and analytical investigations of pneumatic conveying processes.

Additional difficulties arise at the mathematical modelling of pneumatic
transportation in bend. This is due to the fact that centrifugal force influences the
transported material in the perpendicular direction at the flow turn. The centrifugal force
is many times more than the material weight [1]. The forces which cause hovering of
the particles during the horizontal movement are in many times less than the centrifugal
force. Therefore the overwhelming majority of fractions does not come back from an
external bend wall into the flow of transporting gas, but settles on it.

The present bend calculation methods are based on the empirical dependences
used for uniform flows [2, 3, 4, 5, 6]. Naturally, the calculations by these techniques
give considerable errors because of ignoring the difficult physical nature of two-
component flows transportation [7, 8]. Besides, in many scientific publications on this
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theme [4, 7, 9], the offer about the invariability of the cross-section area of deposited
solids was accepted. However, the last experimental investigations with a transparent
bend exposed the other structure of particles flow in a pipeline bend (fig. 1) [10, 8].

According to these sources the sliding speed of particles settled in the bend
gradually decreases, and the thickness of a layer increases on the exit from the bend.
This process is illustrated in fig. 1 and 2.

Reacceleration Length

Fig. 1. Aerodisperse flow in a bend [10] Fig. 2. The scheme of an aerodisperse flow in
a bend according to [8]

The purpose of the work is to create the mathematical theory for the calculation
of kinematic characteristics of the transported mass in a pipeline bend and to get
formulas for the solids speed u7 on an exit from a bend.

The given mathematical model of the solids movement at the flow turn is based
on the suggestion that the all material settles at the origin of a bend and changes the
speed during the movement. It allows passing the law of mass change along a motion
pass in a bend in the following form:

m(®)=mq +m (0), (1)

where: @ — the polar angle counted from the beginning of flow turn for a square-wave
bend; m, — mass of material at the origin of a bend 0<¢@ < g; my ((p) — the function

defined further and considered the change of material mass along a motion path.
It is necessary to consider that the friction force operates against the movement
of material:

T:f'Na (2)

where: N — constraint force; f— the coefficient of material friction against a bend wall.
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The scheme for the interaction of forces influencing material fractions in a bend
is presented further. Gravitation G, centrifugal force C, constraint force N and friction
force T belong to these forces (fig. 3).

="

y
Fig. 3. The calculated scheme of a bend

~
Ql

THE ANALYSIS OF FORCE INTERACTION
IN THE LAYER OF THE DEPOSITED PARTICLES

Let us project the vector equation of particles motion of the transported material
of variable mass on an axis of Euler’s coordinate system (fig. 3). We have:

%(mur) =-T —Gsing
)

2
mu—T:N—Gcostp,
R

We determine reaction N from the second equation of system (3) and substitute
in the first one. Further, taking into account the connection between a turning angle ¢
and velocity ur, we can reduce system (3) to the differential equation relative to
function ur (9):

di(muT) = —m(fouT +g£(fcos<p+sin(p)j . 4)

[ ur

For the correct solution of this equation it is necessary to define dependence (1)
and from physical reasons to determine function ny ((p) .

Let us assume that the area occupied with a material at movement along a bend,
occupies area D in bend longitudinal section represented in fig. 4.
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hmax
~~—

[

Fig. 4. The scheme of the deposited particles layer in a bend

Let us allow polar system of coordinates (p'p) with a pole O and a polar axis /.

In this system of coordinates the equation of an external rim of bend AmB looks like

p' =R, and the equation of internal border of area D — curve AnC — p' = R—aq,
2h
where: q=—" 5)
T

We find by means of double integral the area of domain 4nOA defined by current
value of an angle ¢. Then required area S(¢) of a domain AmnA4 will be equal:

2
(o) =%(3R—a(p) : 6)

Designating through p mass of a layer of the transported material, corresponding
to the fixed value S(¢), we will define the change of its mass at a motion along a bend —

function m (@) in formula (1):

i (9)=pS(9) = pac? (3R - ay). ™)

For parameter definition a in formula (8) we will consider that relative volume
Cy of a material in a bend, as well as concentration of a flow, is defined as the
proportion:

C =—maX)a (®)

where: V7 (hp,, ) — the volume occupied with a material at a motion in a bend of the
pipeline; V7 — volume of the whole bend representing a part of a toroidal cover.
If it is possible to define the connection V7 (4,,,.) equation (8) can be considered

as the equation for the definition 4

max » and consequently the parameter a.
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THE DETERMINATION OF THE MATERIAL VOLUME IN A BEND

Let us consider the fourth part of a toroidal cover and assume that the material at
transportation along a bend occupies a part of its volume ABCNA (fig. 5).

Fig. 5. To the determination of the deposited particles volume in a pipeline bend

Let us allow the Cartesian system of coordinates Oyy; where the section equation
tore in a plane x0y will register as:

x? +(y—(R—r))2 =r2.

Then the surface equation tore as surfaces of rotation round axis Ox, will be [11]:
2
X +(\/zz +y2 —(R—r)) =,

Let us designate through D a longitudinal projection of an investigated surface to
a plane y0z (it is represented in Fig. 4). Then the required volume will be:

)]

Vi) =2 || dydz [ dx
(D) 0
We pass in a plane y0z to polar coordinates (p’,¢) and use tabular integrals [12].

With their help find primitive function in internal integral and after some
transformations we will receive:
T

2( w2 (R— 3
VT(hmax):J.[w—i_% (rz_(r_aq))z) -
0

—(R—r)(r—a(p)m—(R—r)rzarcsin(r_a(pjjd(p..

r

)
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The first and the third items under integral in formula (9) are integrated
elementary, for integration of the fourth item we apply an integration method in parts,
and to the second — trigonometrical substitution. Collecting the received results, we will

receive definitively:
_ (R- r)r2 (nz N «f(4mn —a*rn? )3 N

VT(hmax) 4 6r2a

2 ) . 2r—am
+—(nr—\/4ran—an —(2r —am) arcsin( 3 )+ . (10)

a r

4

. 2r— 2r— 1
+r—(3n—6arcs1n( d aﬂ:)_ ! aanmn—aznz -(3r2 +2ra1t——a27c2)).
24a 2r r 2

Thus, taking into account this expression and the expression for a quarter of torus
volume with characteristics » and R [11]:

1 505
=—nr(R-r),
VT 2 ( )
it is possible to consider the transcendental equation (8) completely formed for the

definition of /max . It should be mentioned that the roots of this equation are to be
searched in limits 0< 4,,,< r as experimental data show.

THE ANALYSIS OF THE TRANSPORTED MATERIAL VELOCITY
IN A PIPELINE BEND

The problem of this subsection is to define the velocity of the material particles
for any value of a polar angle ¢ (Fig. 3). For this purpose we have a problem of Koshi:
differential equation (4) with the initial condition:

uT|(p=0 =Urg> (11

where: uzo — initial velocity of the transported flow particles on the entrance of a bend.

We substitute the law of mass change (1) considering dependence (7) in
differential equation (4) and reduce it to the nonlinear differential equation of Bernoulli
[13] of the following form:

%+P(w)ur=i9(@), (12)
where:
P(g)=f+ 6Mi6+R(; ;ci) (;P) = 0(9) = —gR(feosg +sing); M, = % .(13)
We find the solution of equation (12) in a standard way:
#(9) =17 =u(g)-e >+ 1), (14)
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where: P(o) =_[ (6R-3ag)¢

6My +(3R - ap) ¢

(15)

To find a primitive function in formula (15) it is necessary to determine
denominator roots of the subintegral function, i.e. to solve the equation:

(p3 +0¢1(p2 +bp+c=0,
where: a = —3Ra' = —3R5;b=0;c= —6M0a_1; Rs=R/a.
Discriminant expressions are calculated [14, 15]:

2 2 3
5 —3b:R_2,§:W:L3[R3+3@a}
9 a 54 a P

. =2 =3 . . .
and inequality R > is obtained. So, equation (16) has one real root and two
complex conjugate ones, evaluated using Cardano formulae (16):

a] .
=A+B——; = ——+iJ3——,
P1 3 P23 )

where:

3, My R3m0 mg
a- IR +3—"a+a,|6——+9—
p pa a

The subintegral expression in (15) is decomposed into a sum of simple fractions
and the method of undetermined coefficients is used. After integration we obtain the

function P(¢) in explicit form:

) 1 2F - 20+
P(‘P):_3(Dl”|(P—(P1|+—Eln(<P2+P<P+q)+—pzarctg(q)—p2n. (16)
2 2g-0,5p 2g-0,5p

Here:

2
P=—(A+B+2R5);q=(AJ2rBj —3(‘4%3);

CRi—e)er . (Ritp)oita . (2Ri-e)q

D=" 2
¢ tpet+gq P tpPtg

O + POy +q

Thus, we have the equation for the function u(¢) in (14):
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du 27p-2P(o)
de
solved elementary. After determining the integration constant from the starting

condition(11) we obtain the desired dependence of the velocity on the angle ¢ as
following:

=—2gR( fcosp+sing),

up (¢) = \/”%0 _ e2(P(0)*f(P*f’((P)) _2gR. e—z(fmzﬁ(w)) (), (17)

where:
2 f'(p—S{Dlnq)—(pl \+0,5E1n(<p2 + p(p)+ﬂamgﬂ

I 2 2}
‘[ Jcosp+sing)e 24=0.5p 24705P" 1o (18)
0

If we put in (17), (18) my =m; m; () =0, then expression (17) becomes:

ur (@) = \/u%oezf(p _ 4_;§Ii 1 ((1 —2f? )ef2f<p - (1 —2f? ) cos @ +3 fsin (p) . (19

that is identical to the formula, obtained in [9] for the constancy of the material mass in
the bend, located in vertical plane of «horizontal-vertical» type.

COMPARISON OF THE PRESSURE LOSS CALCULATION RESULTS
IN THE PIPELINE BEND USING DIFFERENT METHODS

APy, kIla

iy = 3.3 Kr/c

iy =17 kr/c

+ + + + + +—— u, M/c
10 15 20 25 30 35

Fig. 6. Graphs of the pressure loss dependence in the pipeline bend



28 Michail Chaltsev, Leonid Vovk

According to the given methods comparative calculations of the pressure loss in
the pipeline bend with the rotation of the pipe at an angle ¢ = 90°, bending radius R =
0,3 m, pipe diameter d = 0,05 m, located in the vertical plane with the material
consumption 0,8; 1,7 u 3,3 kg/s are carried out. The velocity of the bulk material uzy at
the outlet of the bend fot the case of uniform distribution of deposited particles is
detemined by formulae (17) and (18).

According to the calculation results we have graphs presented in fig. 6. Here the
solid line indicates the experimental graphs obtained on the experimental stand of the
Automobile and Highway Institute of the Donetsk State Technical University.

According to the graphs calculation accuracy by the method providing for the
mass change of particles layer along the bend greatly improves the calculation accuracy
on a simplified version.

CONCLUSIONS

1. It is shown that in the bend of the pneumotransport pipeline solids by
centrifugal force are deposited on the wall of the bend, forming a layer of transported
material, thickness of which is not constant, but changes along the bend according to the
law, depending on the particle size, density of carrying and transported medium,
bending radius.

2. A new analytical model of the bend, taking into account the variable height
of deposited particles layer is developed; a nonlinear differential equation of the layer
motion is composed; the law of the velocity change of the particle layer motion and the
change of its specific gravity along the bend is obtained.

3. A design procedure of the pressure loss in the pipeline bend, consistent with
the accepted analytical model is developed. The comparison of calculated and
experimental data shows that their divergence does not exceed 15 %.
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AHAJIMTHYECKOE UCCIIEJOBAHUE U3BMEHEHHUS CKOPOCTHU
TPAHCIIOPTUPYEMOI'O MATEPHAJIA B KOJIEHE TPYBOIIPOBOJA

Muxauna Yaasiues, Jleonun Bosk

AnHoTanuss. OOOCHOBBIBACTCS ¥ MPEJIATacTCs MAaTeMaTHYeCKash MOJENb ABHIKCHHS adpOAMCIEPCHOrO
MOTOKa B KolleHe TpyOompoBoja. [lonyueHO pelieHre STOW MOIENH MpPH YCIOBHUSIX, TMPHOIMKEHHBIX K
peaibHbiM. [IpUBeICHO cpaBHEHHE PE3yJIbTATOB, HOIYYEHHBIX SKCIEPHMEHTAIBHO, 110 JAHHON MOJEIHU U JUIs
HEKOTOPBIX YIPOIIAOIIHX THIIOTES.

KiioueBble cjI0Ba: IHEBMAaTHYECKOE TPAHCIIOPTHPOBAHHME CHITYYHMX MATEPUAIOB, CKOPOCTh IOTOKA,
muddepeHnnanbHple ypaBHEHHS
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MATERIAL CHOOSING FOR POLYMER PARTS PRODUCTION
BY MEANS OF MULTICOMPONENT MOLDING METHOD
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Summary. Main factors affecting the quality of the finished polymer product, produced by multicomponent
molding are analyzed in the article.

Keywords: multicomponent molding, viscosity, shrinkage, polymer.

INTRODUCTION

Waste of polymeric materials, on the one hand, is an environmental
contamination source, and on the other hand — cheap raw material for production of
application wide range products. The most expedient from the ecology and energy
conservation side is a polymeric waste recycling, that is the main environmental
problem nowadays. Therefore creation of conditions for expansion of a raw-material
base, reduction of raw material, fuel and energy resources losses, and also decrease of
environmental contamination level are the major principles of industrial policy in our
country [1].

Recycling method is most widespread, however on a way of its realization there
are serious difficulties. Even if a polymeric waste is carefully separated from other
garbage, they can't be overworked in polymeric recycling product with satisfactory
properties because of a singularity inherent in polymers — inability to mix up with one
another or, speaking strictly scientifically, their thermodynamic incompatibility. At
mixing of polymers even the close chemical nature (for example, polyethylene and
polypropylene) the two-phase disperse systems which properties are much worse, than
properties of initial components more often are formed. Therefore before processing of
a polymeric waste, for example packages, by fusion in granules, suitable for
manufacture by molding of new polymeric products, the most careful sorting of a waste
according to a chemical compound is necessary [15].

Molding methods were widely adopted in processes of new qualitative products
obtaining from secondary polymeric materials. To such methods we can refer extrusion,
co-extrusion, multicomponent molding etc. [2].
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OBJECTS AND PROBLEMS

The choice of materials admissible combination for manufacture of new
qualitative polymeric details by means of multicomponent molding method with usage
of secondary polymeric materials plays a main role for the environmental contamination
level reducing, and also for resource-saving and energy conservation. It is necessary to
take the careful analysis for determination of their compatibility, chemical stability and
wear resistance, and also maintenance possibility in environmental conditions and
correspondences to other special requirements. Viscosity of melts and value of
shrinkage should be relatives [11,17,20]. Various combinations of materials lead to
wide range of adhesion strength of a basic material with put on it other polymer. It is
possible to achieve adhesion from zero level to durability of a chemical bond when
materials interact at molecular level and create heavy-duty adhesion which is
characterized by long life in the conditions of aggressive chemical environment. As
multicomponent molding includes adhesion of various materials in one complex
product durability of materials adhesion plays a crucial role. To factors which
influences on durability of adhesion it is possible to put compatibility, temperature of
technological process, the area of contact surfaces, a texture, sequence of injections
performance and construction of details concern at their mechanical adhesion [14].

Co-injection or Sandwich Molding gives the chance to reduce production costs
owing to usage of cheaper secondary materials everywhere where there is no necessity
for exclusive usage of high-quality material, for example, as capacity filler [7]. Thus, as
base material it is possible to use secondary polymeric raw materials because in products
made according to sandwich-molding technology this material is not visible and
expensive materials are used only for creation of a thin decorative blanket.

By sandwich-molding technology it is possible to produce products of the difficult
form with application wide range — from electrical and consumer goods to various
special industries (table 1) [5,9].

Table 1. Examples of the products made by sandwich-molding technology

Automobile industry Other branches
Lock casing Tooth-brushes
Reflectors for headlights Tool handles
Ventilating grid Toys
Connectors for safety pillows Buttons of various devices
Door gaskets Accessories
The air duct dampfer Garden furniture
Colorfull scatterers of back stop signal lights | Remote control units cases for TV sets

Sandwich molding allows using a wide range of polymeric materials. Though the
majority of them are thermoplastics, there are some promising improvements thanks to
which thermosetting materials are used with the thermoplastic. As two materials here
are used, a property of melts and their compatibility has a great value. During material
selection process the most important criteria are: a difference in viscosity and adhesion
between surface and basic materials. As the basic material should penetrate in surface it
is desirable that viscosity of the surface material was lower, than at basic. Usage of a
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material with low viscosity as the basic leads to that the front of this material melt flow
is moved too quickly concerning surface that as a result is badly reflected in quality of a
product surface. An experimental research of sandwich molding has been connected to
check influence of viscosities ratio of the surface and basic materials on their space
distribution in a product [3,12,13].

As in a finished product both materials are allocated by layers, for achievement
of optimum characteristics of mold their reliable adhesion is necessary. In table 2 the
basic information for a considerable number of various materials combinations is
resulted [4,18,19]. It is necessary to mark that it can be used only for acquaintance. Real
functional characteristics should be defined by finished product field of application as
the final result depends on parameters of molding process. One more property of a
material which should be considered is shrinkage. There is a thumb rule which demands
that used materials had identical shrinkage at molding. It will allow to reduce pressure
in adjoining layers [5,6,16].

Table 2. Polymer materials adhesion
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At sandwich molding following material combinations for a sheath and the core
are possible:

« solid sheath — foam core,

* solid sheath — solid core

For walls in the thickness more than 4 mm are used the solid material in a
combination to a core made from a foam secondary polymer (figure 1). It allows to
avoid appearance of sections with shells that reduces internal pressure in a mold
product. The details made on this method unite in themselves favorable structural
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properties of details from the foam polymeric material with a low roughness of solid
details surface [8].

Foamed core Compact skin

Fig. 1. Solid material in a combination to a core made from a foam secondary polymer

For walls in the thickness less than 4 mm a sheath and core materials are solid. In
this case specific properties of a product are reached at the expense of raw materials
correct selection for sheath and core (figure 2).

Fig. 2. Solid material in a combination to a solid core from a secondary polymer

High quality of a detail surface at low durability of an external material can be
added with high strengthening properties of a core material [10].

For saving of resources as a core material it is necessary to use products of
secondary plastic processing. In a combination to a sheath from a raw material such
combination allows to receive products with high quality of a surface. Such approach
has received the greatest propagation in the autoindustry where as a core material for
brand new bumpers the overage processed plastic details of the cars are used.
Insignificant impairment of polymeric material properties after secondary processing
doesn't affect the general physical and mechanical properties of a completed product.
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CONCLUSIONS

One of the main factors affecting the quality of the finished product, produced by

multicomponent molding is the compatibility of polymers and the uniformity of the
melt (thickness variation) in the mold. Compatibility is determined by the chemical
nature of the material and can be improved through the introduction of additives or
adhesives.

The analysis of materials for qualitative plastic parts production by means of

multicomponent molding using raw materials as the core it is necessary to pay attention
to following five pacing factors:

10.

11.

12.

13.
14.

Adhesion of materials.

Polymers thickness.

Shrinkage of these materials.

Thermal extensions for both materials.
Polymer melts viscosity.

SNk W=
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BbIBOP MATEPHUAJIOB /IS TIPOU3BOACTBA NOJUMEPHBIX MATEPUAJIOB

METOJOM MHOI'OKOMIIOHEHTHOI'O JIMThA NOA JABJIEHUEM

Banepnii Iaquues, Enena Ilyrauesa, Anexceii Knabaeiiunk

AHHOTalIl/lﬂ. B cratse TIPOU3BECACH aHAJIA3 q)aKTOpOB, BIUAKOIINX HAa Ka4Y€CTBO T'OTOBOTO IOJIUMEPHOTO
U3CIHsA, BBITIOJITHCHHOI'O C UCITOJIB30BaAHUEM MHOTOKOMITOHECHTHOTI'O JINTHA IO JaBJICHUCM.

KiioueBble cJ10Ba: JIUTHE IO JaBJICHUEM, BA3KOCTH, yCaaKa, IIOJIMMED.
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COMPUTER SYSTEM NOTIFIES THE DRIVER ABOUT
THE FACT OF FALLING ASLEEP
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Summary. Considered the problem of falling asleep driver. Proposed a method of detecting the fact of falling
asleep, by finding and subsequent analysis of the face. Describes the basic principles of methods and
approaches to pattern recognition for the implementation of an integrated system of voice control with the
possibility of interactive communication, the function of preventing from falling asleep.

Key words: automobile, electronics, computer system, voice control, interactive communication, voice, speech
dictionary.

INTRODUCTION

New technologies every in part of everyday life and allow you to improve the
world, making life more compact and convenient Fortney. Taking the example of
existing vehicles should be noted that not every vehicle is fully uses modern technology
designed to enhance comfort and safety that does not require extra effort and attention.

Introduction to the vehicles computer system of interactive communication, as
well as an additional set of warning the driver from falling asleep, substantially reduce
the risk of accidents associated with the distraction of managing board of machine
functions and alerts the driver falling asleep [1, 2] .

Recognition of voice commands is an issue of advanced technologies. Despite
the fact that today's automotive industry reached the summit of progress, still very hard
to find a vehicle equipped with voice recognition and controls with the help of on-board
commands. Famous automobile concerns BMW, VOLVO, Mercedes striving to
improve driver comfort and safety on the roads, so the latest models of their designs
make it possible to control the on-board electronics using your voice ("turn on the radio,
turn on the next station, call number, etc.") [3, 4].
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OBJECTS AND PROBLEMS

The aim is to increase the degree of safety and ease of driving, as well as to
prevent falling asleep while driving the driver. Tasked with developing a system to get
rid of unnecessary manipulation of the driver, while watching his face, by analyzing the
eye area and to identify the fact of falling asleep. The absence of the various buttons,
and the need to push, substantially reduces the risk of danger to distract the driver while
driving.

On the basis of the developed computer system voice control features on-board
the vehicle [4], established control module driver falling asleep at the fact [5]. This
system can be integrated into a normal car, and still provide, as well as comfort while
driving, and safety (fig. 1). [7].

Fig. 1. Mounted in an upgraded computer front panel car

When it was creating software for the detection of the factor of sleep is necessary
to put implementation of machine vision (IMV). Complex devices that are part of the
system includes a specific set of technical tools. The main camera is, to capture the
image, and image processing unit or controller. Additional devices, but no less
important are the optics, which determines the boundaries of the camera, the light that
illuminates the object of observation, and the display is required to display the
information in real time and to configure the system[8-9].

Ability to perceive the external world in the form of images allows a certain
authenticity to recognize an infinite number of objects on the basis of acquaintance with
a finite number of them, but the objective nature of the basic property of the images
allows the fashion-modulated process of their recognition. As a reflection of objective
reality, the concept of image as objectively as reality itself, and therefore this concept
may be in itself the object of special study [10,11].

But as it turned out to make vision systems to work is no easy task, so it became
necessary to construct a mathematical model of camera and determine the values of all
parameters in the model, using OpenCV[12,13]. This model is very useful when you
need to perform measurements with a camera (fig. 2).
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Image plane ‘ Pinhole plane 4)(

Optical axis

Fig. 2. The schematic model of the camera

Perspective projection equation looks as so:
X
—Uu = f - —_ (1)
Z

Given the fact that usually the main optical axis, Skye does not pass through
"charge-coupled device" (CCD) - a matrix with the coordinates (0, 0):

—u:f-§+c. 2)

Here: ¢ - coordinate of the point of intersection of the main optical axis of the
CCD array[14]. Given the fact that because of technological manufacturing error matrix
pixels are slightly rectangular in shape, were obtained equations for X and Y
coordinates:
f =S8,J>

.fv Svf’
X

u= —+c
fuZ

Y
=f -=—+c, 3
v=f, ~ c 3)

where: §, and s - the coefficients of the pixel.

To them it was more convenient to work, shall show the perspective projection
equation in matrix form:

u =u-(l+k +7° +k,-r*),

=v-(l+k +7r> +k,-r"). 4)

corrected

v

corrected

Here: 1 - distance from the intersection of the main optical axis of the CCD to
the point of projection; k1, k2 - factors the radial distortion.
Introduce the function:

A=1+k -1’ +k,-r%). )
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Then the matrix equation perspective projection has the form:

1 A0 0
g=—+0 2 0]-M-Q ©6)
0 0 1

The orientation errors:
cos(f) sin(@) O
R_(0)=|—-sin(d) cos(@) O
0 0 1
1 0 0
R (y)=|0 cos(y) sin(y) |
0 -—sin(y) cos(y)
cos(p) 0 —sin(p)
R, (p)= 0 1 0 . 7
sin(p) 0 cos(p)

The resulting matrix of camera rotation around the desired coordinate system:

Now the camera model, taking into account the radial distortion and errors in the
installation looks as:

A 0 0
1
g=—-10 4 O|-M-R-(Q+T). )
0 0 1
We now turn to homogeneous coordinates:
Xi
u; | A 00 o T T L % (10)
Vi :E'OAO'M"’IO h o [y'Zi’
1 0 0 1 Bo Ty Ty L 1i

where: 7; — the relevant parts of the resulting matrix rotate the camera around the

desired reference system,;

ty t, t. - the components of displacement-ka measure of the required coordinate
system.

The model includes internal camera: f,, f, - focal length; ¢,, ¢, - the position of the
optical center and the external parameters: three Euler angles, the three components of
the vector transmission[15,16].

The definition of these parameters on OpenCV, ie to calibrate the camera. The
principle of calibration can be seen in the images of the chessboard. Knowing how to
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located the corners of the chessboard, numerically selected camera settings. OpenCV
has a set of built-in support for this model calibration. For convenience, the preparation
of such algorithms used Open Motion Planning Library, written in the platform
specifically to boost planning trajectories of mobile robots and manipulators [17,18].

During the experiment, part of which was a distinction between open and closed
eyes of the driver, the following results[19]. The camcorder was mounted on the
windshield of the vehicle (fig.3).

P

Fig. 3. The camera position

In order to be recognized driver's face during the night used the camera with
infrared vision LED. In identifying the recognition of sleep and driving, the system
issues a warning signal and begins to communicate with the driver. To prevent
subsequent sleep with the driver is a dialogue, a set of pre-recorded phrases that can be
changed at will[20].

Figure 4 (a, b), made two imaging taken with the camcorder.

473\
Fig. 4 a. The camera detect sleeping Fig. 4 b. The camera normal view
CONCLUSIONS

This system, which increases the degree of safety and ease of driving, preventing
sleep a driver while driving. The system software is implemented to detect the factor
sleep through the implementation of machine vision (IMV). A mathematical model of
the camcorder and the values of all parameters in the model, using OpenCV. For the
calculations used Open Motion Planning Library, written in a specialized platform boost
for planning the trajectories of mobile robots and manipulators.
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KOMIIBIOTEPHASA CUCTEMA NPEAYIIPEXIAIOIIAS BOOUTEJIA
O ®AKTE 3ACBIITAHUHU

Banepmii Isanuyes, Tatbsina Tepemenko, Hrops Mopo3os

AunHotanusi. PaccMoTpeHa mpoOiema 3aChIaHHS BOAWMTENS, HPEIOKCH METOX OOHAapyxXeHHs (akra
3achIaHus, MyTEM IMOKMCKa M IIOCIEAYIONIero aHanusa Jjmna. ONHMCaHbl OCHOBHBIC MPHHIMIBI METOIOB H
HOJXOJI0B K PAaclo3HaBaHUIO 0Opa30B Ul Pea3allMi KOMIUIEKCHOW CHCTEMbI IOJIOCOBOTO YHPABICHHUS C
BO3MOXXHOCTBIO HHTEPAKTHBHOTO O0IICHHS, QYHKIMEH MPEayHPEKACHHS OT 3aChIMaHus.

KiroueBble cJ10Ba: aBTOMOOWIB, SJICKTPOHHKA, KOMIIBIOTEPHAs CHCTEMa, TOJOCOBOE YIIPaBICHHE,
MHTEPAaKTUBHOE OOIIEHNE, FOJI0C, PEYCBOH CIIOBAPb.
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THE EXPERIMENT PLANNING AND TECHNOLOGICAL
PROCESS MODELLING OF THE DETAILS’ MANUFACTURING
BY HOT STAMPING

Irina Kirichenko, Nicolay Koshevoy, Viktoriya Sytnik

Volodymyr Dahl East Ukrainian National University, Lugansk,
National Aerospace University named after N.E.Zhukovskiy “KhAI”, Ukraine

Summary. The variable factors of technological process of detail manufacturing by hot stamping were
defined; the matrix of experiments’ planning was designed; the calculation of mathematical models of
steepest ascent was made and the optimal index of detail manufacturing were achieved, which correspond to
the requirements of technological process. The comparison of calculated and experimental data was also
made.

Key words: work material, stamp, heating temperature, heating time, experiment, planning matrix, factors,
mathematical model.

THE DEFINITION OF THE TASK

The search of optimal levels of parameters is one of the main tasks, which is
being decided while making new technical schemes while production or technological
processes control. Implementation of the optimization task, based on the theory of
experiment planning, just as any task of experimental research, starts from the definition
of the object of analysis, the aim of the research, studying of the essence of the
observable process, the analysis of the existing resources, the possibility of making the
experiment on the studied object in the needed diapason of changing factors. The
planning of the experiment helps to increase the labour productivity, the reliability of
the results, the minimization of the total number of experiments, simultaneous variation
of all variables, that define the process, and also the choice of strict strategy, that
permits to take reasonable decisions after each series of experiments .
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THE ANALYSIS OF THE LATEST RESEARCHES AND PUBLICATIONS

Under the data, given in the article [1, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22], there was made the experiment planning while manufacturing
the detail by hot stamping.

THE AIM OF THE WORK

To synthesize the mathematical model and to define the optimal indices of detail
manufacturing by hot stamping.

THE MAIN RESULTS OF THE RESEARCHES

To get the optimal parameters of the detail manufacturing (lifting screw) by hot
stamping there was made the experiment planning [2, 4, 13, 19, 20, 21].

The factors that define the process were examined:

X, — heating temperature of the work material °C;

X, — heating time work material, min;

X; — heating temperature of the stamp °C;

X,— nominal mass of the falling parts of the hammer, kg;

X;— the number of hits of the hammer;

Xs— air pressure of the hammer, MPa.

The chosen variable factors and their diapasons are:
X, =1000°C + 1200°C;

X,=5+22 min;

X;=150°C + 300°C.

The matrix of experiment planning to define thickness of the detail and the
results of the experiment are given in the tablel.

Table 1. The matrix of planning and the results of the experiment

— 2 2 2

Nel X | X2 | X5 hdct l;Ct hdet Ahdet Ah de A) ad Si det \%4

1] -1 -1 -1 10,15 10,20 10,17 0,02 0,0006 | 0,0002 | 0,0006 | 10,5338
2 1 -1 -1 11,00 10,98 10,99 -0,01 0,0001 | 0,0001 | 0,0001 10,7378
31 -1 1 -1 11,03 11,10 11,06 0,03 0,0012 | 0,0003 | 0,0012 | 10,8673
4 1 1 -1 11,01 10,95 10,98 -0,03 0,0009 | 0,0002 | 0,0009 | 11,0713
51 -1 -1 1 10,08 11,00 10,54 0,46 0,2116 | 0,0529 | 0,2116 | 10,5178
6 1 - 1 10,60 | 11,01 10,80 0,20 0,0424 | 0,0106 | 0,0424 | 10,7218
71 -1 1 1 11,02 10,96 10,99 -0,03 0,0009 | 0,0002 | 0,0009 | 10,8513
8 1 1 1 10,98 10,64 10,81 -0,17 | 0,0289 | 0,0072 | 0,0289 | 11,0553
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PROCESSING OF RESULTS OF THE EXPERIMENT

The following experimental and calculating data was put in the table 1 while
making the experiment:

hd < — thickness of the detail in first measuring, mm;

h(; o — thickness of the detail in second measuring, mm;

hdet — arithmetic mean of thicknesses of the details on results of the
experiments, mm;
Ahdct — difference between arithmetic mean of thicknesses of the details and

thickness of the detail in first measuring, mm;
n — the number of the parallel experiments, n = 2;

N _
Z (hdeti - hdeti)
2 =l ) ) ) . .
i 1 — dispersion of the arithmetic mean in each
n —_—
line of matrix;
N
S2
Z idet
S? y = lle — dispersion of repeatability;
2
S2 . Ah deti
ad — f — dispersion of adequacy;

where: f = N —(k +1) —is the number degree of freedom; f =4;

N — is the number of experiments;

k — is the number of factors;

F,.,—is Fisher’s criterion;

V — is the parameter of optimization, calculated according to the equation of
regression, mm.

Mathematical model for defining the thickness of the detail is presented as a
polynomial:

hyw =by +b,- X, +b,- X, +b,- X;;
where: bo ; b] ;b2 ;b3 — are coefficients of mathematical model;

X;, X5, X;—are factors.

After calculation of the coefficients the mathematical model becomes like this:
hy,, =10,7945+0,1020- X, +0,1668- X, —0,008- X, .

The tabulated value of the criterion of Cochran is 0,679. As far as the

experimental value of the criterion of Cochran (0,37) does not exceed the tabulated one
(0,679), the hypothesis about the uniformity of dispersions is true.
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The model is appropriate, because the experimental value of Fisher’s criterion
(6,4) does not exceed the tabulated one(6,8).

DECISION-MAKING AFTER MAKING THE MODEL

Synthesized linear model is appropriate and looks like polynomial of the first-
degree. Coefficients of polynomial are partial derivatives of the function of response on
appropriate variables. The signs of coefficients tell us about the character of the factors’
influence. Plus sign means that with the increase of value of the factor the optimization
parameters increase as well, and with the decrease the optimization parameters
decrease. As all the coefficients are significant, we pass to the movement on gradient to
reach the optimum area.

The conditions, the planning matrix, the results of the experiments series and the
calculation of steepest ascent are given in the table 2.

Table 2. Planning matrix, the results of the experiments series and
the calculation of steepest ascent

Levels Factors Response
X 1 X 2 X 3
Main 1050 10 225
Variability interval 150 5 75
Superior 1200 15 300
Inferior 900 5 150
bi 0,1020 0,1668 -0,008
b, x1, 15,3 0,8338 -0,6
Step for X;
Truncation 15 0,8 -0,6
9 1065 10,8 2244 10,83
10 1080 11,6 223,8 10,87
11 1095 12,4 2232 10,91
12 1110 13,2 222,6 10,94
13 1125 14 222 10,98
14 1140 14,8 2214 11,02
15 1155 15,6 220,8 11,05
16 1170 16,4 220,2 11,09
CONCLUSIONS

In the experiment Ne 14 we achieved the optimal indices of the detail
manufacturing, that correspond to the requirements of the technological process. When
the heating temperature of the work material is 1140°C , heating time of the work
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material is 14,8 mins and heating time of the stamp is 221,4°C , the thickness of the
detail is 11,02 mm and it is in the acceptable limit (11+ 11,02).

Experimental and calculation data is given in the table 3.

Table 3. Experimental and calculation data

Manufacturing Optimal indices
Boundary indices of the indices of the P
Parameters . . after the
technological process technological .
calculation
process
Heating temperature of the 1100...1200 1110 1140
work material, "C
Heatu_lg time of the work g 2 10 14.8
material, min
Heatmgo temperature of the 150.. 300 150 21.4
stamp, "C
Nominal mass of the falling
parts of the hammer, kg 1000 1000 1000
The number of hits of the 30 30 80
hammer per minute
Air pressure of the air-and-
steam hammer, MPa 0.6...0.8 0,65 0,65

10.
11.
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Summary. This article contains the description of the structure of software which is now under development
and will be used for planning cargo operations and maneuvering on the industrial rail transport. Data
representation in the program considered. The functional features of the program units are described.
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INTRODUCTION

One of the main country transport system’s elements is industrial enterprises’
transport where the bulk of traffic volume is born and redeemed. On the enterprise
wagons undergo significant transport and technological processing consisting of cargo,
maneuverable and technological operations. Therefore the question of optimal planning
of railway traffic complex stays actual for a long time. The important topic for
operational planning automation is the creation of program product (traffic controller’s
automated working station (WKS) which will allow to reduce operating costs and
increase the effectiveness of traffic controller’s work, as well as to fulfill rating,
planning and control over the executing of technological operations functions on the
enterprise[3,4,10].

Traditionally the daily schedule is used to solve the present day planning
problems. But building a daily schedule is a quite labor intensive process which requires
considerable efforts from the scheduler. It is possible to solve this problem with the help
of computerization, particularly by automation of building daily schedule. That’s why it
was decided to create programming tool set which will allow to fulfill building at a high
rate and to avoid mistakes during this process[1,2].
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OBJECTS AND PROBLEMS

The analysis of scientific achievements on this topic indicates, first of all, big
actuality of the considered task. Projects of traffic controller’s automated working
station (WKS) can be seen among foreign and Ukrainian specialists’ publications but
this research is notable for searching for methods of problem solving support for
development system[6,7,8,9,11,12].

Let us look at the development system’s structure. It consists of several separate
units that interact with each other, thus making the system work. Each unit is separated
from others thus change of separate system part do not affect its integrity and other units
work[14].

The program consists of separate units each of which carries out its part of work.
We allocated following units: database information processing unit; wagons and trains
revision unit; stations and cargo fronts’ revision unit, locomotive revision unit; logic of
program work unit; graphic display unit; program interface. On the fig. 1 we depicted
interaction between mentioned units, user and database.

&)

User
Program
interface Wagons and trains
revision unit
3
Database Database Stations and careo
information 1 cargo Logic of program
fronts revision unit

processing uniﬂ work unit

Locomotive
revision unit

Graphic
display unit

Fig. 1. Scheme of program units interaction

Database information processing unit (DB) is responsible for downloading and
presentation of the information from the database in the program. The database is a link
that connects components of the future WKS one element of which is developing in this
research system for building daily schedule. Database information processing unit must
maintain constant connection with a database and to control input and output
information in the real-time mode. It also has to provide updated information for
operative reflection of changes in the database in the system graphic interface. Any
changes in the logical structure of the daily schedule should also be stored immediately



50  Gennady Korop, Vitaly Parkhomenko, Stanislav Stepanchenko, Dmitry Morgachev, Nikita Sosnov

in the database with the purpose to use them with other elements of railway company
WKS. This approach will make it easy to combine daily schedule editor with any WKS
systems and will provide overall system stability.

Wagons and trains revision unit allows to edit, add and look through existing
trains and wagons. All the necessary information for the unit work about available
wagons and trains can be either downloaded from the database (with the help of
appropriate unit) or entered directly by the user. This unit interacts closely with the
database information processing unit as the data entered by the user must be operatively
saved to the database and be downloaded from it in the future. Information about the
train is given in such way:

T ={N,C, .t ,t, L}, L={L,,L,,...L.,}, )

a*bastwo

where: N — train number; C, — the wagons quantity; t, — time of the train arrival at the
connecting station; t,, — time of the train technological processing beginning; L — the list
of wagons in the train[10].

Stations and cargo fronts’ revision unit is responsible for presenting stations
and cargo fronts, downloaded from the database, in the program as well as for
possibility to edit and add new ones. Information about the cargo front is given in such
way:

F,={N.T,.C}, @)

where: N — cargo front number; T, — cargo front at the given front; C — maximal cargo
quantity at the given cargo front[6,15].

Locomeotive revision unit is responsible for editing the information about
available locomotives. Information on the locomotives is also stored in the database,
and can be downloaded and stored there at any time of the program work. Information
about locomotives may be presented in such way:

L, ={N,C,n,j}. 3)

where: N — locomotive number, C — the cost of one hour of locomotive work, n, —
locomotive power measured in the quantity of wagons it can move
simultaneously[5,13].

Logic of program work unit performs checks on the possibility of existence of
data entered to the program, protection against user’s errors and determines the
sequence of the program execution. Logic unit provides the control over the sequence of
user’s actions and performs checks on the validity of entered data which is related to the
technological operations. Operation concerning work logic unit has the following look:

Oi = {NfaTacaatbaDaclbL}acl = {Cl,Cz,...,CCa} > (4)

where: Ny — number of the cargo front where the operation is executed; T — cargo
operation type; C, — the quantity of wagons which take part in the operation; t, — the
time of the operation start; D — the operation duration; C; — the list of wagons which
take part in the operation; L — locomotive which maintains the given operation.
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Fig. 2. The main window of the program with the part of ready-built daily schedule
1 — graphical display of the individual transaction (display unit); 2 —visual message about
disarranged wagons (work logic unit); 3 — the list of enterprise cargo fronts (station revision unit);
4 — the bar which transfers date and time into screen coordinates (work logic unit); 5 — types of
transactions, acceptable for the station (database information processing unit)

Also internal logic of program unit checks locomotive occupancy and cargo front
employment at the moment of some transaction; allows the user to receive the
information about any wagon state at any moment of time; and also it displays
transactions after which there are crude wagons or a free locomotive.

Graphic display unit is responsible for displaying the results of interaction
between the user and the program, particularly in the form of daily schedule. It is used
for visualization of the work of all previous units and also it implements user’s graphic
interface (fig. 2).

Thus not only the effective program work is achieved but also, what is more
important, the possibility to expand the program for new needs which may appear
during the practical use arises.

CONCLUSIONS

The developed suite of tools is able to facilitate greatly the railway station
controller’s work by excluding from his work not only the necessity to measure and
draw graphic elements (with the risk to make a slight mistake in the detail which will
entails entirely wrong daily schedule), and also the need to follow the logical
transaction sequence and the order of data constantly. It will allow building a daily
schedule quicker, more efficiently and with fewer mistakes. The system will also allow
correcting mistakes without rebuilding of the daily schedule from the very beginning.

Structural system of work will allow easily expanding the system if it is required
and will supply with compatibility of the tool set with other systems of parallel
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allocation, for example, it will allow to combine the program with earlier developed
visualizer unit which allow to enhance facilities of the railway enterprise operator’s
WKS.

Also perspectives of the program enhancement include numerous possibilities to
automate the process of the building and clearing transactions of the logical plan such as
the priority of removal and feed of wagons to cargo fronts, the calculation unit for
maneuver operations etc.
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AuHoTanmusi: B cratbe mpeicTaBieHa CTPYKTypa pa3pabaTblBaeMOro MpOrpaMMHOIO KOMILIEKCAa JUIst
[UIAHAPOBAHUS. TPY30BOM M MaHEBPOBOIl pabOTe Ha IMPOMBIIIICHHOM KEIC3HOIOPOKHOM TPAHCIIOPTE.
OmmcaHs! GpyHKIMOHAIBHEIE 0COOEHHOCTH OJIOKOB POTrPaMMBI.

KiioueBble c10Ba: CyTOUHBIH ITaH-Tpad K, aBTOMATH3AIHS, JIOKOMOTHUB, TPY30BbIe ()POHTHI, BATOHOIIOTOK.



TEKA Kom. Mot. i Energ. Roln. — OL PAN, 2011, 11B, 54-63

MODEL FOR TRANSPORT FLOW OPTIMISATION
IN FLEXIBLE MANUFACTURING SYSTEM

Oleg Malakhov, Maryna Matvieieva, Sergey Stoyanchenko

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The articles describes a set of mathematical models to find the structure of transport flows in
flexible manufacturing systems. It is shown that the suggested models can significantly increase performance
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INTRODUCTION

The effectiveness of modern automated production systems (APS) is mostly
determined by the efficiency of the transport system. The functioning process of APS is
exposed to many influences that have a random nature. Furthermore, the degree of
mutual influence of various subsystems APS is very high. These causes make little use
to describe the functioning of the APS existing analytical methods [Krushevski, 1982,].
Unlike analytical models, simulation models allow to describe the work of APS more
adequately. The use of simulation models allows the development of methods for
assessing the impact assessment of the structure of transport flows on the effectiveness
of APS work under the influence of numerous random factors that are random in nature.
An increasing number of organizations are implementing Flexible Manufacturing
Systems (FMS) to achieve competitive advantage [Talavage, 1999].

ANALYSIS OF PUBLICATIONS

Problems streamlining traffic flows were considered in many papers [Krushevski,
1982, Valkov, 1978]. There are many paper suggested different analytical method for
defining optimal parameter of FMS. In [Solot, 2003] surveys the analytical methods that
have been developed for optimizing the design of flexible manufacturing systems. A
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rough-cut analysis tool that quickly determines a few potential cost-effective designs at
the initial design stage of FMS was presented in [Heungsoon, 2001]. The state-of-the-
art research on flexible manufacturing systems (FMS) design and planning was
described in [Kouvelis, 2001]. In [Vide, 1986] method for work flow optimization in an
FMS to decrease requirements of secondary resources based on using a combination of
static analysis and computer simulation, dynamic analysis have been developed. Set of
mathematical models for solving vehicle routing problem was suggested in [Toth,
2002]. Different multi-criterion approaches to FMS scheduling problems have been
described in [Gupta, 1991]. In [Pinot, 2007] was developed different solutions for jobs
scheduling problem in flexible manufacturing systems. Set of problem concerning the
operations aspect of FMS was reviwed in [Basneta, 1994]. In the process of operational
management of APS is necessary to solve the problem, significantly different from the
traditional, covered in papers [Lu, 2001, Qiao, 2002, Qiao, 2003]. The difference lies in
the fact that APS is allowed simultaneous processing of products of various kinds.
Problems for creating simulation models of FMS was discribed in [Felix, 2000,
Ozdena, 1988, Park, 2005].

THE GOAL OF RESEACH

In here we propose the methods of searching a rational structure of transport
flows APS.

In the basis of the developed method is a hybrid approach that combines
simulation and analytical modeling. The effectiveness of the proposed approach is
shown in the example of optimizing traffic flows in automated flexible assembly
system. Proposed in this paper, the method allows to consider the influence of random
factors on the functioning of the APS.

MAIN PART

Consider the functioning process of automated flexible assembly system (AFAS).
Such systems are often used in the assembly of various instruments (pressure gauges,
ammeters, etc.) [Heungsoon, 2001]. AFAS is a collection of units of main process
device, combined into a single non-synchronous transporter system. As the main
process device often use assembly centers (AC), built on the basis of industrial robots
(IR), control-measuring machines. Non-synchronous transporter operates independently
of the cycle of the major items of process device. Palettes (P), to which assembled
appliances are being attached, are transported with the help of this transporter.
Technological process of unit assembling starts with the installation of the unit case to
the free P. Then in accordance with the established technological assembly routes the P
is transported from one AC to another. Route of each P in the AFAS is defined by
assembly process installed on the device. When choosing the route of a few ACs that
can perform the requested operation, the AC which has the smallest load factor is
selected. P is suited to the selected AC, and loaded on it with help of IR. If the AC is
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busy, the P stays on the transporter. In this case every next P stops when approaches the
first, forming the line of P.

If the number of (P) caught in queue is more than the transporter can fit, then AC
before which this queue was formed, will be blocked by this queue. It can not be loaded
or unloaded until the clog is removed. As soon as the first P from a queue is loaded on
the AC, the line disappears or moves up to the next P on the AC.

The functioning process of the AFAS is characterized by the following
indicators: productivity, utilization level of basic technological equipment, loading
diagram non-synchronous transporter, the average queue length of each AC, the average
time P spends in each queue, the average time locked status of each AC, the matrix of
the intensity of the traffic flows between different AC.

The formation of P queues reduces productivity of AFAS and utilization level of
equipment. These numbers depend on many factors: the accidental loss of the
equipment operability and its recovery; potential rerouting of P due to the changed
situation in the operational process of the AFAS, the duration of technological
operations.

A rational strategy for traffic flows management is to minimize losses from
bursts of P’s and AC’s downtime. In order to search for a rational strategy of traffic
flows management, AFAS are encouraged to use the method that combines advantages
of analytical and simulation modeling. Analytical model of the functioning process of
the AFAS is formulated in terms of integer linear programming problem [Kuznecov,
1980, Katta, 1983, Gartner, 2007]. At the present time, we have effective methods and
standard software packages for computers developed for such tasks.

Simulation model of the AFAS (fig. 1) consists of software modules that
simulate the interaction of real equipment. Initial data for the simulation is the number
of AC (N), the nomenclature of K collected devices and technological processes of their
assembly, the duration of technological operations and their distribution among the AC,
the number of Ps, placement of the equipment along the non- synchronous transporter.
The developed model allows the monitor to observe the process of functioning of the
AFAS (P movement, the mechanism of P queues and blocking situations for each AC).
At the request of the researcher information that characterizes the functioning of the
AFAS in time is given in the form of tables, charts or diagrams.

One of the main indicators characterizing the operation of the AFAS, is a matrix
of traffic between the AC:

@, i, j=12..N, i#=j,

where: N - the number of AC in the AFAS.

Under a stream of P is the average number of P sent from the i-th AC on the j-th
unit time. Experiments with simulation model showed that at constant input data
streams @;j do not change. One of the main factors reducing productivity AFAS are the
formation of P queues and blocking AC. On length of stay in P queues is significantly
affected by the alignment along the AC non-synchronous transporter.

We introduce the variables x;; i,j=1,2..N, i#j. x;; is interpreted as the number of
intermediate AC between the i-th and j-th AC in the direction of motion of non-
synchronous transporter. These variables can take any integer values in the range from 0
to N-2.
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The optimality criterion of traffic flows in the AFAS is proposed to use the losses
associated with potential downtime P in the queues. In this case, the objective function

can be written as follows:
~N N
Zza’i,in,j (1)

i=1 j=1
To ensure the effective functioning of the AFAS is required to find such x;;,for
which the function (1) reaches a minimum . In this case, should be performed a number
of limitations:

1. P with the i-th AC routed to any of the (N-1) AC;

2. The j-th AC P comes with any of (N-/) machines;

3. If the direction of movement of the conveyor between the i-th and j-th AC
distribution relies L AC, then in the opposite direction (from the j-th AC to
the i-th) should be placed (N-L-2) AC.

These restrictions can be written as follows:

D X, =(WN-D, i=1..N, i+ j,
j=1
N
in,j =V -1, Jj=1..N, j=Ii.
=1
xl.’j—i—xj’[:(N—2), i=1..N, j=1..N,i=j.

To obtain the diagram we divide the last load transporter-making at a fixed
number of M cells and for each cell we define the ratio of its use:

z
7, =—.100, g=1..M, )
7, y
where: t; - the total time during which the g-th cell transporter was P; T - time
simulation of the AFAS.

The obtained values 7,, drawn on a graph is a diagram of the transporter loading
(fig. 2). This diagram has a characteristic sawtooth shape. On the chart we can identify a
number of specific fragments (fig. 2¢), each of which 7, increases with the number cell
q. The number of such fragments in the diagram load equal to the number of AC in the
AFAS. H; height of each peak is characterized by the total flow to the i-P to the AC, and
the value of 4; - the average time of the blocked state of the i-th AC.

Experiments conducted with a simulation model of AC, showed that
h;=h,=...=hy=h increases overall system performance. Such equality is achieved by
varying the distance between the loading positions of neighboring AC at constant values
OfH,'.

To achieve this equality, each fragment of the diagram is approximated by
straight lines. Then, using the least squares method we obtain the equations of these
lines. For a fixed length transporter obtain a system of N +/ equations. Solving this
system, we define a cell transporter, which should accommodate the loading position
for each AC, the mean time, they blocked the state was roughly equal.



58 Oleg Malakhov, Maryna Matvieieva, Sergey Stoyanchenko

Begin

A

Current model Def|p|t|on
time (t=0) position of
) K-th P

hanges are Can be

planned? advanced?
Spe(‘)cflftlﬁaetlon Advancement
of k-th P
system
Scheduling Advance the
new model time
developments t=t+dt
]
e
Number of P
K=0
Output of
K=K+1 results

Fig.1. Block diagram of algorithm of simulation model AFAS

Example. In accordance with the following procedure is required to determine
the placement of equipment in the AFAS assembly devices (fig. 3). In these production
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systems, the main technological equipment are AC that are based on highly functional
industrial robots (IR). In consideration of the AFAS includes 4 AC, each of which
carries four manufacturing operations. A total of AFAS runs 16 different manufacturing
operations. In a production system produced 3 types of devices. Technological
processes of assembly devices include 12 different types of manufacturing operations.
From industrial experience it is known that the duration of each manufacturing
operation can be regarded as a random variable distributed normally with mathematical
forward 3 seconds and standard deviation - 1.5 sec. Table 1 shows the technological
processes for assembly units.

ANy A o)
901 9
801 /| | a0
70° Approximating line /| 70

ﬁ/
60- y 604
50+ / 504
40- / T 404
30+ 301
20+ 204
< Al
5 10 15 20 5 12 16 20
a) according to equipment initial b) according to equipment ¢) loading diagram
arrangement; final arrangement ; fragment.
Fig.2. Variants of transporter loading diagram
Table 1. Technological processes of assembly device.

. Technological operations

Unit
1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 14

1 1 2 11 6 2 4 2 5 12 10 4 2 6 7

2 10 | 4 2 7 |11 ] 8 |10 |12 ] 9 3 6 3 - -

3 5 12 ] 4 |11 | 3 10 | 5 7 9 3 8 [ 12| 6 5

As for the assembly of devices of various types need 12 different types of
transactions, all the AC in the AFAS can be configured to perform 16 types of
manufacturing operations, the most common types of manufacturing operations are
duplicated on multiple AC. Table 2 shows the distribution of manufacturing operations
between the AC.
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Table 2. Distribution of manufacturing operations between the AC

AC Technological operations
1 1 2 11 6
2 4 2 3 7
3 10 8 4 5
4 2 9 5 12

Reverse branch of the transporter

] - ]

«—

Reverse branch of the transporter

| | ] L

== Losdng .[ll
D Assembling D position Palette(P)

[ \center % E

Fig. 3. Scheme of automated flexible assembly system (SSIA)

As a result of the experiments with simulation model AFAS we obtained matrix
of flows Ps between the ACs (table 3).

Table 3. Flows Ps between ACs in the AFAS

AC
1 2 3 4
1 54 21 65
2 78 0 66 174
AC 3 0 129 0 12
4 54 139 54 0

From the analysis of the matrix flows implies that the initial placement of ACs
along the transporter is not rational. The worst situation is dumping on a pair of ACs (i,
1), which corresponds to the maximum term function (1). In this example, this applies to
the AC Ne 3 and Ne 2, for which @;,=129. When moving from AC Ne 3 to AC Ne 2, P
can get into the two intermediate stages in AC Ne 4 and Ne 1.

We define rational arrangement of the equipment by minimizing adopted
restrictions on expression:

54x,, +21x, 5 +65x, , +78x,, +66x,; +174x, , +

129x; , +12x; , +54x,, +139x  +54x, ;.
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As a result of solving this problem by Gomory [Kuznecov, 1980], we obtain:
Xip =X =Xy, =X, =0,
Xig =Xp3 = X35, =Xy = L
X3 =X =Xy =X, =2,
These variables correspond to the following arrangement AC 1-2-4-3. Retesting
of simulation experiments yields the following matrix flows of the AC between P.
In our AFAS ACs are located only along the forward portion of the transporter
(see fig. 3). To obtain the loading diagram this branch of the transporter is divided into
20 cells. Originally loading position AC were located in the cells 5, 10, 15 and 20.
Under this option of AC arrangement the distance between the loading positions are the
same and equal to 5 cells each. Since before the first AC there is the reverse branch of
the transporter, then last, fourth AC can not be blocked by P queue. It is therefore

necessary to determine the distance of the first and second, second and third, third and
fourth AC. For this reason, counting should be carried out from the sixth cell (M = 12).

Table 4. P flows between AC in the AFAS

AC
1 2 3 4
1 0 119 72 48
2 0 0 174 112
AC 3 143 69 0 54
4 96 97 21 0

In our AFAS ACs are located only along the forward portion of the transporter
(see fig. 3). To obtain the loading diagram this branch of the transporter is divided into
20 cells. Originally loading position AC were located in the cells 5, 10, 15 and 20.
Under this option of AC arrangement the distance between the loading positions are the
same and equal to 5 cells each. Since before the first AC there is the reverse branch of
the transporter, then last, fourth AC can not be blocked by P queue. It is therefore
necessary to determine the distance of the first and second, second and third, third and
fourth AC. For this reason, counting should be carried out from the sixth cell (M = 12).

From the diagram loading transporter (fig. 2) follows that the AC Ne 1 was in a
blocked state in average 2 times longer than the AC Ne 2 and Ne 3, because #; two
times greater than 4, and /; .. Using the method of least squares, we obtain the
equations of the lines for the second, third and fourth fragments of diagram loading
transporter, and then presented as in the above method of system of linear equations:

8.79y, +65.1/2 = 0.3
3.75(y; —yv,)+23.5A2=0.4
32(3, —13)+26.32=Q

Ya =135

By solving this system of equations we received following results y, =7, y; = 11,
vy =15 (relative to the first cell, y, =12, y; =16, y,=20) h = 12,2.
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To reduce the blocked state of AC loading position should be placed in a cell Ne
5, 12, 16, 20. Simulation experiments with the developed model show that the
performance of the AFAS was increased by 12% under the new arrangement of the
loading position. The loading diagram of the transporter for this equipment arrangement
option is shown in fig. 2.b.

CONCLUSIONS

Problems of optimization transport flow in flexible manufacturing systems were
described. Mathematical model for defining arrangement of assembly center along the
transporter was developed. This model has effective solution method based on
mathematical programming. Suggested algorithm can significantly improve
performance of flexible assembly system. New kind of diagram for estimating of quality
management transport system in FMS has been suggested. Such diagrams can be used
for finding optimal strategy of transport system control. Numerical experiments were
conducted on a real flexible assembly system to compare the performances of suggested
models. The results show very good performance of developed models.
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MOJEJIb JJI1 ONTUMHU3ALIUU TPAHCIIOPTHBIX IOTOKOB
B I'MBKUX TPAHCIIOPTHBIX CUCTEMAX

Outer Masiaxos, Mapuna MatBeeBa, Cepreii CTosIHUeHKO

AHHoTauus. B crathe mpemiaraercs psja MaTeMaTHMYECKMX MOJAENEH A ONpeAeieHUs ONTHMalbHOM
CTPYKTYpPBI TPAHCIIOPTHBIX MOTOKOB B THOKHUX MPOM3BOJICTBEHHBIX CHCTeMax. [10Ka3aHo, 4TO HCIIOIb30BaHUE
pa3paboTaHHBIX MOJENel B pEAIbHBIX YCIOBUAX MOXET 3HAUUTEIBHO YBEJIMYHUTH IOKAa3aTeln
MIPOMU3BOJICTBEHHBIX cucTeM. dur. 3, Tabunui. 4. ucTOYHUKOB 20.

KiaioueBble cjoBa: ruOKHe IPOW3BOJACTBEHHBIC CHCTEMBI, TpPAHCIIOPTHBIC IIOTOKH, IAJETTHI,
METAIIOPEKYIINE CTAHKH, COOPOYHBIE LIEHTPBI, IPOMBIILIEHHBIE pOOOTHI, THOKUE COOPOUHBIE CHCTEMBI.
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TRANSACTIONAL ACTIVITIES OF CONTEMPORARY
ORGANIZATION

Vitaliy Mortikov

Volodymyr Dal East-Ukrainian National University, Lugansk, Ukraine

Summary. The essence of the transactional activities of an organization is considered. Author analyses the
role of implicit and explicit contracts, complete and incomplete agreements. The efficiency of transactional
activities of the organization strongly depends on the situation with contract enforcement.

Key words: transaction, agreement, contract enforcement, complete contract, incomplete contract, implicit
agreement.

INTRODUCTION

A transaction can be defined as a contract. Accordingly, the transactional
activity of the organization includes the preparation, conclusion, monitoring of various
contracts. Broadly speaking, transactional activities of the organization includes not
only the conclusion, monitoring of contracts with partners across, but also tracking the
various commitments to state.

Law as a discipline pays great attention to legal aspects of transactions and
transactional activities. Economists, starting with the famous work of Ronald Coase
[Coase 1960] focused on the study of transaction costs [Battigalli, Maggi, 2002];,
transactional sector of the economy [Chasanov, 2009]. However, it makes sense to pay
attention on the problem of transactional activity of a single organization. This activity
predetermines in many ways successes and failures of the organization.

Transactional activities of the organization is carried out in relation to
agreements with employees; clients; suppliers of material resources etc. These activities
can take place in the domestic markets of the country-based organization, or in the
foreign markets.

Transactional activities of the organization are as important as its
transformational activities, i.e activities connected with transformation of inputs into
finished product. Quality of the transformational activities of a company depends on the
quality of contracts which she concludes on the markets of finished goods and
production factors.
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RESEARCH OBJECT

All the units of the organization are involved in transactional activity one way or
another. Personnel division recruits staff, signs agreements with the recruited
personnel. The Marketing service studies changes in demand for the company's
products and prepares information on agreements with existing and potential customers.
Finance and Accounting services are engaged in the calculations of various indicators of
the company, which characterize implementation of the agreements. Legal department
prepares and concludes contracts.

Most of the staff of any organization is involved in transactional activity. First of
all, this applies to senior management, functional and line managers who constantly
monitor and evaluate the performance of their subordinates of their job duties, quality of
products and purchased inputs.

There are organizations for which the transactional activity is the main or even
sole area of work, they do this work for others. Those are various intermediaries. For
other organizations transactional activity is also important, but it accompanies a major,
transformational activity. Some organizations serve their transaction operations
themselves. Others apply to third party for doing these operations.

The scale of transactional activities of the organization depends on: the number
of markets on which it operates; complexity of contracts (volume of the responsibilities
which the organization exchanges in the course of each transaction); the number of
areas of responsibility that must be monitored.

Transactional nature of the organization is due to: a focus on those or other
markets; focus on particular areas of responsibility of the parties, the nature of
interactions with customers, suppliers and government agencies. Each organization
should prioritize its transactional activities. In one case this could be an analysis of
wages and benefits in certain segment of the labor market. In another case - monitoring
the quality of a particular product of a supplier.

No less important is the identification of key institutions and the factors
influencing the transactional activities of the organization. Among them: changes in the
standards of the factors of production, finished goods; the organization of markets,
changes in the level of market competition; macroeconomic ups and downs; activities of
chamber of commerce, advertising agencies, intermediary organizations; natural
disasters.

RESERCH RESULTS

Implicit and explicit agreements in the activity of organization. One aspect of
transactional activities of the modern organization is the definition of the relation
between explicit and implicit parts in the contracts it concludes. As is known, an
explicit agreement usually recorded on paper. Implicit contract may take the form of
an oral agreement. Implicit agreement can be considered as an adherence to some kind
of unwritten rules, norms [Baker , Gibbons , Murphy, 2002].

In what cases implicit contracts are suitable for the organization? It makes sense
to resort to the implicit agreements, where there are difficulties in concluding explicit
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agreements; or preparation, conclusion and monitoring of the latter are costly. In
addition, by the implicit agreement businesses fill legal voids that are formed in the
current legislation.

Implicit agreements are more flexible and less inertial than explicit agreements,
because they are concluded, in particular, in cases where it is necessary to quickly and
flexibly respond to changing market conditions.

Implicit agreements are usually practiced when it is not required to make
significant investments in specific assets from the organization and its contractor, i.e
investments in assets that can not be in case of failure of the transaction be refocused on
other tasks. It happens that the agreement provides for investment in specific assets
from one side only. In this case, mixed implicit-explicit version of the agreement of the
parties is possible. The party in whose favour the investment is implemented, can take
on liabilities denominated explicitly. A party who carries out such an investment - the
implicit obligations.

In most contracts exists an explicit part as well as an implicit part. Certain
provisions of the agreement can make explicit part, and others - an implicit part.

Share of an implicit component can vary depending on: a) the intentions of
contracting parties, the actual situation; b) the legislative framework in the field, c) the
operating environment of the parties. In an unstable environment an organization may
choose to increase the explicit part of their relationship and to reduce the implicit part.

One of the factors influencing the relationship between implicit and explicit
agreements can be an external shock. In a crisis situation in Ukraine barter transactions
(especially in engineering) became widespread many of which are wholly or partly
implicit.

In practice, transitions from contracts with a significant implicit component to
contracts with small implicit component and vice versa are possible. In other words,
in the course of their business relationship the parties may regulate the level of the
implicit part. For example, the strengthening of trust between them will be accompanied
by an increase in this part. A complication of the contractual relationship - can be
accompanied by an increase in explicit part. Initially, the lease of equipment owned by
the organization may stipulate in writing only the size of the monthly payment. But the
tenant is very carelessly handled the equipment and at the conclusion of an agreement
for a new term explicit part of the agreement is supplemented by new items, governing
the use of equipment.

The entry into an implicit agreement involves risk. It makes sense to resort to
implicit agreement in cases where confidence in the pursuit by the opposite party to the
agreement exists. For example, when it is unlikely that a customer refuses to buy the
product if the organization has already invested in the creation of capacities for its
production.

If the managers of organization are not inclined to take risks, then they will enter
into implicit agreement only in a situation of complete transparency and confidence in
counterparty. If managers are neutral or even risk-averse, they will be more likely to
practice implicit agreement.

Implicit agreement prevail in cases of long-term relationships with contractors
which organization knows well. In contrast, explicit agreement practiced in case of
short-term contacts with the organizations which reputation is in doubt.
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The next situation is possible. Initially, the agreement is implicit, based on good
knowledge of the organization of the counterparty. But then, the organization finds
opportunistic behaviour of the counterparty, and an implicit agreement change on an
explicit one. However, an implicit agreement may be beneficial to our organization,
because it allows to: a) to hide her opportunistic behaviour, and b) to close eyes to non
implementation or incomplete implementation of its obligations by the opposite side.

In general, other things being equal the conclusion of the implicit agreement puts
the organization at greater risk than the conclusion of the explicit one. And the higher
the proportion of implicit part in the rights and obligations of the organization, the
higher the risk it is subjected. In some cases, the high proportion of implicit component
in agreement is objective, and can not be avoided. In other cases, the organization
unreasonably comes to risk and uncertainty by entering into an implicit agreement
where it could easily be replaced by explicit one.

Widespread are implicit agreements in the modern marketing: a) between
wholesalers and retailers, retailers and customers, in the process of the organization of
trade networks, and b) on the market of the government agencies, c) in advertising, and
d) in the network marketing and in the organization of “sales pyramids". The objects of
such agreements may include: quality, durability of goods, delivery dates, quantities and
quality of after sales service, number of attracted clients.

Client is "taught" to use certain products of the company. An implicit agreement
is concluded between the respective company and its customers. Customer: "I buy your
products because I know your company and that she cares about a fair price and
quality." Company: "I hope for your loyalty to our products, so I will not fail you with
its quality and price." It should be noted that this kind of implicit agreement is
concluded largely with the help of explicit tools: a written assurances, the assurances in
advertising displays; free samples of products.

Virtually all transactions have implicit component when: a) the good is paid first,
and only then is consumed; b) uniquely determine the quality of consumption good is
not possible, then there exists information asymmetry between buyer and seller.

Modern organization: complete and incomplete agreements. As we know, one of
the characteristics of the agreement is the degree of completeness. According to the
common opinion incomplete contract is a contract with a minimum specification of the
rights, responsibilities of the parties. Incomplete contract differs from the complete
contract by the level of specifications in such aspects:

- the level of investment by each of the parties;

- the conditions of termination;

- conduct of the parties (industrial, labour etc.);

- payment arrangements;

- the rights of the parties;

- duties, responsibilities of the parties;

- description of changes in the environment (laws, rules, behaviour of
competitors, NGOs), which can lead to change of contractor’s positions.

It should be highlighted a few main reasons for concluding incomplete contracts.
Some aspects of the behaviour of environment, the behaviour of the contractants
themselves may be unforeseen, that is, these aspects can not be specified in the
agreement in advance. In the case where the means of labour, more or less unchanged,
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the worker performs the day-to-day standard functions, there are conditions for the
conclusion, renewal of a complete labour agreement. If the means of production and
labour results vary due to various unanticipated events occurring in the environment of
operation of the business, the more appropriate is incomplete contract.

Detailed specification of the agreement may be objectively impossible.
Excessively high transaction costs of drawing up and implementing the full agreement
may become the reason explaining the incompleteness of the contract.

The agreement may not be enough specified by mistake and deliberately. "Gaps"
in such an agreement make possible to interpret its provisions to a certain degree of
freedom and derive by organization benefit from this.

It is, above all, of the benefits due to lack of awareness of the counterparty of the
seller. The latter may deliberately withhold some information about the defects, the
possibility of failure in the operation of equipment sold. Informed party - the vendor
may not want to formulate in the contract that event B can occur in case of an event A
due to a reluctance to draw the attention of the buyer to this possibility.

Incomplete contract can also be used for future blackmail one party by another.
Implicit and explicit contracts may be incomplete. Specification of rights,
responsibilities in the agreement can be achieved on paper, but can - in the course of an
oral agreement.

The problem of implementation of contracts. Enforcement of contracts which
organization concludes is very important for her. The problem of contract enforcement
was particularly acute in Ukraine after collapse of the Soviet Union. Administrative
levers of the realization of contracts have not been replaced by new ones: the legislative,
economic instruments. A vacuum was created: the country has entered a market
economy almost exclusively with one real working mechanism of contracts
enforcement - implicit mechanism, which is based on personal connections of
contractors. But this mechanism was often glitched, evidence of that was the desire of
suppliers to insure themselves demanding full payment for products shipped.

The contract can not be realised when:

- in the course of the contract realization it becomes clear that the costs of its
implementation exceed the benefits. Such a situation may arise, for example, if legal,
technical, technological, financial difficulties appear on the way to contract realization;

- realization of the contract, as well as failure of this realization bring benefits to
its sides, but the failure is more economically attractive;

- the parties of the contract have the ability and desire not to implement the
contract and effective enforcement is expensive;

- enforcement is possible and paid off, but for the contractors it is not
advantageous for some reasons;

- one or both parties of the agreement are forced to conclude it by the law,
unwritten rules, norms;

- party / parties of the contract from the outset do not intend to perform the
contract, but voluntarily come to his conclusion, due to various reasons.

Quite often, the failure of various obligations of economic actors is a
consequence of external factors, such as financial and economic crisis. The action of a
third party can facilitate or hinder enforcement of agreements. Recipients of
externalities may resist or encourage the enforcement. Managers of the resort, near
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which is a farm for breeding pigs is situated, may prevent the conclusion and then
implementation of contracts for the supply of pork by the farm.

Sometimes it happens that if one party does not comply with a provision of a
contract, the other party does not raise his break, but begins to answer the same manner:
does not perform its obligations. Further developments may evolve under different
scenarios: a) a mutual escalation of non fulfillment of obligations ; b) the party which
initiates failure of commitment after observing the same reaction of the other side,
begins to treat its obligations responsibly.

In modern literature [ Bull 1987, Dixit 2003, Radygin, Entov 2003] attention
draws to the different instruments of contract enforcement: legal procedures,
accompanied by monetary losses by violators of agreement; informal arbitration, the
social sanctions in the form of loss of trust and reputation, etc. All the tools of
enforcement can be grouped into three types: economic, legal and social. At the same
time a clear division between different groups of instruments to ensure the contract
realization in most cases does not exist. Such tools as the deposit, bank guarantee,
insurance, etc. can be referred to both legal, and economic instruments.

Contract has the most effective enforcement if all instruments are at work.
However, in practice, the implementation of contract is based usually on one or several
efficient tools, which are supported by the less powerful ones. In particular, possible
options include:

- the basis of enforcement are legal instruments, but they are complemented by
€conomic ones;

- the basis of enforcement are the economic levers, which are supplemented by
legal instruments;

- execution of the contract is based on economic instruments, which are
complemented by social norms (reputation, trust);

- in the early stages of the contract implementation only legal instruments may be
used but then such instruments, as reputation, economic incentives, sanctions enter in
action.

Enforcement of agreements depends mostly on the interaction of legal and
economic instruments. For example, such legal means of ensuring the implementation
of contracts as mortgage securities, goods in turnover successfully complemented the
economic benefits derived from the agreement between the parties.

Several provisions that "overlap" each other may appear in the contract: one is a
prerequisite for another, "tied" to the fulfillment of other provisions. For example: a) the
employee must keep technological discipline; b) he must constantly worry about
raising his qualifications. But in order to keep discipline, specialist must constantly
improve his professional abilities .

If the implementation of one agreement is in danger, parallel agreement is
concluded, which strengthens enforcement of the first agreement. For example, in
contracts for supplying goods, works and services the weakest point is to get money
from the recipient of products and services. So a letter of credit agreement that
guarantees payment to the supplier is concluded along with the delivery contract.

To strengthen the implementation mechanism of the agreements some kind of
escalating liability for breach of its obligations can be used in relation to violator. Here
is a typical example of a Ukrainian company. The employee violates the discipline
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(come to work drunk, do not follow the instructions of supervisor) and he loses monthly
premium, and the day of the appearance in drunken form is considered as absence from
work. If this continues, the employee is fired by Art. 40, paragraph 7 of the Labour
Code of Ukraine [Labour Code of Ukraine 2010].

In general, the task of the modern organization, consists in determining the
strength of enforcement of its contracts and the development of economic instruments
that would: a) strengthen the legal and social mechanisms of the implementation of
these contracts; b) supplement the economic part of contract by the new provisions
(new awards, bonuses, allowances).

One tool for ensuring fulfillment of the contract is: a) the possession by one of
the contractors of specific assets, b) ownership of specific assets by both parties. The
organization "A" in some cases forced to comply with the terms of the contract with
organization “B” since the "B" has a monopoly on specific asset that of vital
importance to the "A". "B" is able to blackmail the "A" by threat to exit a contract.

Effective stimulus for implementation of the agreement is its short-term nature,
the need for their renewal for another term. If one party does not fulfil the conditions of
the leasing contract, the opposite party can not renew their relations to a new term. Of
particular importance is the term of the lease. Additional items can enter with its
renegotiation, for example, increasing penalties for the safety of movable and
immovable property. Or, alternatively, in order to encourage the contractor, the opposite
party introduces less stringent conditions of the lease. These instruments contribute to
enforcement of the contract.

The modern organization concludes simple contracts and complex contracts,
with the exchange of a considerable number of different powers, responsibilities. In a
complex contract some of its points, items can be implemented, and some - no, or not
completely. For example, the supplier fully implements agreement on the quality of the
delivered product, but does not adhere to the terms of the contract on delivery time and
provision of additional services. In other cases, products may not meet the specified
standards of quality, were made with violation of technology. However, the volume,
timing of delivery (an agreed schedule) of the contract is performed.

One practiced in the modern world agreement is an agreement governing the
cooperative behavior. In the saturated markets of this type of agreement is highly
relevant to organizations. When a few big companies controlling the market, agree on
quotas and prices, much depends on compliance with the agreements of each party.
What mechanisms will ensure compliance with these agreements? Implementation of
the agreement by the parties depends on the ratio of benefits / costs of compliance with
the agreement and the benefits / costs from its breach. Non-cooperative behavior of the
organization may be due to the fact that the net benefits of breach of an agreement
substantially exceed the net gain from its implementation.

One of the manifestation of the weak contract enforcement between buyers and
sellers is a discrepancy to the standards of products.

The problem of implementation of agreements exists not only in the interaction
of independent economic contractants, but also between the actors within the
organization, in the system of internal transactions. Any hierarchical structure is a
system of agreements, built on the directives of superiors to their subordinates, on co-
operation of workers. If the agreements are regulated by effective horizontal relations,
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there is no need for a strong "vertical". But failures in horizontal contacts within
organization require effective administrative arrangements.

Sometimes, if enforcement of agreement between independent economic agents
leads to problems, their union may occur within horizontally or vertically integrated
structures. But in some cases due to difficulties with enforcement it could be more
appropriate  the disintegration of the organization when its divisions receive
independent status.

In assessing the effectiveness of enforcement arrangements through the court one
must consider that such enforcement is associated not only with the direct costs and loss
of time by the organization of the claimant, but also with costs that are associated with
rupture of relations with a partner. With increasing degree of specificity of the asset -
the subject of the contract, this rupture can result in significant costs to find a new
contractant.

CONCLUSIONS

Each organization, one way or another, is involved in the construction and
periodic changes in its contractual relations. Owners and managers of firms adhere to
some rational considerations in these construction and changes.

To optimize transactional activities of the organization is to optimize its
agreements, in particular, on the following characteristics: the level of specification, the
ratio of explicit and implicit parts, the mechanism of implementation.

Optimization of transactional activity can involve: a change in its volume, change
the emphasis and resources devoted to different directions of this activity. In some cases
the organization may find it expedient to reduce the number of interactions with market
agents, in others the opposite - increase the amount of such interactions.

To optimize its transactional activities organization can move from internal
transactions within its boundaries to external transactions and vice versa. Here are
examples of such transitions:

- in order not to rent space (external transaction), the organization acquires the
corresponding property and its interaction associated with use of space assumes the
character of domestic transaction;

- the company sells a repair unit, and then works with it on contract basis;

- the organization comes to the need to move from using its own expertise in
computer technologies to work with relevant staff of specialized computer firms;

- to implement the project organization chooses not to use their own funds, but
instead concludes a contract with bank and receives a bank loan;

- at a certain stage of its development organization moves from the use of their
own guards to outside security service.

The basis of such transitions is a comprehensive economic analysis, which
each organization has to conduct on a regular basis.
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TPAHCAKIITAOHHAS JEATEJBbHOCTh COBPEMEHHOMN OPTAHU3AIIAN

Buranuii MopTukos

AnHotanus. PaccmarpuBaercst CyIIHOCTh  TPAaHCAKIMOHHON  JEATEJbHOCTH  OpraHu3aluu. ABTOp
aQHAJIM3HPYET POJIb SBHBIX U HMIUTUIUTHBIX KOHTPAKTOB, IOJHEIX U HENOJHBIX coryameHuil. D(pekTHBHOCT
TPAHCAKLMOHHOW JEATENbHOCTH OPraHU3allik HaXOIUTCS B CWIBHOM 3aBUCHMMOCTH OT CHTYallMd C
OCYIIECTBICHHEM

COTJIAIICHUMN.

KuioueBblie cioBa: TpaHCaKIus, COTJIALICHUEC, I/IH(bOpCMeHT KOHTpAaKTa, TIOJTHBIN KOHTPAKT, HETIOJTHBII
KOHTPAKT, UMIINIUIITUTHOE COTJIAILICHUE.
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INFLUENCE OF VEHICLES ON POLLUTION
OF ATMOSPHERIC AIR OF SEASIDE TOWNS

Anna Murovskaya, Zinaida Sapronova, Sergey Murovskiy

National academy of nature protection and resort building

Summary. The way the microclimatic features of the Crimean seaside towns influences the dispersion of
“weightless” admixture from vehicles has been analysed in the article. The received results of the calculation
of contaminants concentration along the different motorways have been estimated and calculated according to
the existed methods. The calculation results demonstrate imperfection of these methods application in the
conditions of the foothills and mountain relief, they don’t take into account the following climatic conditions:
reverse temperature inversion, atmospheric air temperature gradient, geomorphologic features of relief,
anthropogenic landscape and others. The aim of the present work was to improve the existing methods on
calculation of disperse of “weightless” admixture in the boundary layer of the atmosphere in the conditions of
the mountain relief by introduction of the additional coefficients.

Key words: vehicles, dispersion, “weightless” admixture, mountain relief, microclimate of territories.

INTRODUCTION

Quality of atmospheric air is one of the basic vital elements of the environment.
To provide a safe person’s activity and prevent harmful influence on the environment
it’s necessary to keep favorable state of atmospheric air, to renew and improve it.

The main source of the atmospheric pollution in modern towns and settlements is
motor transport — up to 85-90%. Pollution caused by vehicles is of linear — vector
character [Lukanin 2001].

The main pollution substances entering the atmospheric air and the wayside
territory are oxide of carbon (CO), dioxides of sulfur (SO,), nitrogen (NO,),
hydrocarbons (C,H,,), phenol (C¢HgO), formaldehyde (CH,0), petrol, technical oil, fuel
oil and others [Jakubovsky 1979].

In Ukraine for calculation of pollution caused by vehicles, the existing methods
are used. [Method of calculation of pollution 1985, 1995, 2000]. The calculation is done
according to the specific emissions, mileage and product of coefficients of a number of
factors.

According to the other two methods [1995, 2000], the calculation of the
atmospheric emission is done with the amount of emission and the fuel used with the
consideration of the type of movement, coefficients, technical state of the vehicle.
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In the EC countries the method used is close to the one described above, the
difference is in the classification of vehicles and the emission of pollutants into the
atmosphere.

The methods mentioned are aimed at calculation of the disposed quantify per
second, hour, month, they are used to calculate the amount of the money paid for
ecological services, but they don’t allow us to estimate the atmospheric air pollution.

The methods of calculation of concentration of harmful substances in the
atmospheric air have been worked out for 30 years (from 1970-s till 1990-s) and were
summarized in the method [Method of calculation 1987] where calculation of harmful
substances concentration have been given. While district planning and road construction
great attention was paid to the regulation of the atmospheric emissions in the
unfavorable meteorological conditions [Methodical pointing 1986]. However, all the
described methods don’t show the amount of “weightless” admixture on the territory
along the motorways in the conditions of foothills and mountain relief that is
characteristic of the most seaside towns in Ukraine.

The main aim of this work is improvement of the present method on calculation
of disperse of “weightless” admixture along motorways of different functions located in
various geomorphologic relief forms.

MATERIALS AND METHODS

To solve the set problem the territories of the following resort towns in the
Crimea have been chosen: Simferopol, Yalta, Feodosiya, since there are motorways in
them. On the selected territories, the model measuring of quantitative and qualitative
characteristics of transport streams on motorways has been done. Fig. 1 demonstrates
the results of the observation.
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Fig. 1. Quantitative characteristics of motor transport streams on the selected motorway
of cities: a) Simferopol, b) Yalta, c) Feodosiya
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Table 1. Annual mass of extras of pollutants for the selected highways of cities of Crimea

Mass of extras of pollutants, ton/year
City Year of supervision
2008 2009 2010
Simferopol 22850 24650 22774
Yalta 4199 4034 4367
Feodosiya 5214 5750 6928

The received results allow us to mark total pollution, but we can’t have the
concentration of emissions along the motorways that is thought to be more important.
Therefore, these data can’t be used for the estimation of the atmospheric air quality
along the motorways.

To solve that problem on estimation of the emission concentration along the
selected motorways, the authors used the methods existing in Ukraine [Method of
calculation of pollution 1995, Berland 1985].

RESULTS

Table 2 demonstrates the results of the atmospheric emission concentration
related to intensity of an average transport stream where the methods of model
measuring along the selected motorways in Simferopol were used [Method of
calculation of pollution 1995, Berland 1985].

Table 2. Dependence of n-LPC on CO on the side of a road of motorway route
from intensity of an average transport stream in Simferopol (2008 year)

n~LPC_CO, n-LPC CO,
Intensive n'LPC | calculation on calculation on
Types of motorways Motorway ’ CO, [Method of
car/hour . [Berland
measured | calculation 1985]
1995]
. . Kievskaya str. 3600 5,17 6,38 11,52
Motorway intercity
Sevastopolskaya str. | 3400 3,78 5,84 10,88
Pavlenko str. 2200 1,65 3,39 7,04
Kechkemetskaya str.| 2100 1,49 3,24 6,72
. . Vorovskogo str. 2100 2,51 3,68 6,72
Inside city motorways
Lugovaya str. 1150 2,09 1,77 3,68
Frunze str. 1300 3,35 1,91 4,16
Tolstogo str. 1200 2,78 1,85 3,84

According to tab. 2, we can say about the links between n'LPC and the
atmospheric emissions along the motorways.
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Fig. 2. Graphic dependence of the measured and calculation values
of n-LPC on CO from intensity of a average transport stream

The received mark differences are significant, therefore, to regulate the
atmospheric emission from vehicles it’s necessary to take into account the additional
characteristic: the wind speed, the amount of emission from the source, exchange
coefficient. Thus, the application of the existing mathematical models without taking
into consideration the meteorological conditions, the relief of the region can lead to
results of calculation distortion and doesn’t meet the demands as for the forecast
quality, especially in the conditions of the foothills and mountain relief.

While calculating the admixture concentration from a linear source q(x), the
authors used the modified formula of Lihtman [Bizova 1973], the formula takes into
account the missing parameters:

_ Q'e_; Ep
1= TG m

where: q(x) — concentration of admixture from a linear source;
Q — amount of the produced admixture;
R — dimensionless auxiliary parameter for the calculation of vertical dispersion;
p — dimensionless auxiliary parameter for the calculation of vertical dispersion;
U — middle in a layer from 0 to H the wind speed;
H — height of a source;
x — coordinate along the ax of x;
I'(1+p) — gamma-function.
It is assumed for a weightless admixture that a laying surface does not take an
admixture in and isn’t influenced by it.
A linear source is assumed to be long enough. For a linear source the followings
parameters are estimated:
OB

‘ug?’

e maximal value of concentration - g, = D

@)

where: B — basic parameter of vertical dispersion;
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H

e coordinate along the ax of x - X, = 4, —, 3)

where: A; — dimensionless parameter for the calculation of xg;

CH

e parameter for the calculation of vertical dispersion - R = ——, 4)

B
where: C — dimensionless parameter for the calculation of R.

While calculating it’s necessary to define the parameters of the source and
admixture, meteorological data and the type of laying surface. In order to use the
common results in the meteorological network, a number of classifications of the
ground layer stability is introduced. According to [Berland 1985], there are six classes
of stability of the ground atmospheric layer: n = 1, 2, 3 (corresponding to strong,
moderate and weak instability); n = 4 (corresponding to equally weight or indifferent
state); n = 5, 6 (corresponding to weak and moderate stability). Each class corresponds
to the certain of wind speed, insolation degree and the time of a day [Bizova 1972]. The
seventh, additional class is introduced in the work, it is used in the specific conditions
(calm and weak winds, anomalous types of the wind, temperature inversion, transitional
time of a day).

The value of the parameters forming part in the formulas 2 — 4, are used for the
plain territory, therefore, they are not used in the conditions of foothills and mountain
relief and additional coefficient for the mountainous conditions is needed.

The value of laying surface roughness z, influences the distribution of admixture
in the boundary layer of atmosphere. For the towns located in the foothills and mountain
relief z, = 80, 100, 120.

The value of the vertical dispersion parameter B*(the parameter of the authors)
for zy = 80, 100, 120 and n =4, 5, 6, 7, 8 at H < 25 m that is missing in [Bizova 1973]
has been estimated by the method of extrapolation of the existing information with
preliminary degree approximation (Fig. 3), that is B* = f (z,, n).

B* 00700 q N W]

00600 s

o * =09
¥= 1585 L
IEERRRERE 1 & =
_ 39

00400 v =1221x in 0 2= 100
1 ® =120

o —Degree(0=5)
pLz00 b —Degree(=0=0%)
1 —Degree(=0=00)
00200 T —Degree(z0=100)

—Degree(=0=120)
00100 “ EZZ*

0000

00500

|
I

I
|

)
I

*F::.

i} 1 2 3 4 5 i T 2

a
class of stahility, n

Fig. 3. Chart of degree approximation of dependence of B* from n and z,
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The given degree approximation formulas allows us to estimate the vertical
dispersion parameters B* at the different value of 7z, and give possibility to transit from
one class of stability to another one.

Vertical dispersion of admixture is influenced by the slope shape, the bottom
width, the sides exceeding height, azimuth of extension and the position of the sun
above horizon. With these factors having been taken into consideration, the authors set a
number of the coefficients taking into account the vertical dispersion parameter (R) and
the admixture parameter for the marked motorways of Simferopol (Tab. 3).

Table 3. Values of correction coefficient a* for the calculation of R,
taking into 44 and i [Murovskiy 2005]

Absolute exceeding of sides, 44, m
Angle of slope of sides of valley, i 15-30 I 30-50 I 50-80
a*
10-20 0,30 0,28 0,25
20-30 0,27 0,25 0,23
30-50 0,24 0,23 0,22
50-80 0,19 0,18 0,17

Tab. 4 demonstrates the estimation results of the parameters of the contamination
zone from motor transport streams on the marked motorways of Simferopol with the
consideration of the correction coefficients.

Table 4. Calculated parameters of “weightless” admixture dispersion in Simferopol

Parameter
B (B*) [zg,cm| R,m | xo, m |qo, mg/m3 A, %
Experiment Results - 80 20,0 | 120,0 16,2 -

Calculation according to [Bizova
1973]

Calculation with the consideration
of the correction coefficient

0,0030 | 80 | 266,7 | 266,7 9,8 35

0,0054 | 80 | 22,0 | 1370 19,2 18

The method approved by the authors was tested in the seaside towns of Yalta and
Feodosiya located in different geomorphological zones at the most unfavorable
meteorological conditions (calm). The results of the calculation were compared to data
of the experiments (Tab. 5).

The error of estimated data according to the method of the authors with the
consideration of the correction coefficients shown in Tab. 5 is withing the limits for the
forecast of pollution of the ground layer of the atmospheric air along the motorways
located in different geomorphological conditions.

The calculations give right to forecast pollution of the ground layer of the
atmospheric air along the motorways. While making up general plans of towns or while
reconstructing the existing motorways located in the conditions of the foothills and
mountainous relief it is necessary to do calculations of the pollution of the ground layer
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of the atmospheric air to provide safe, vital activity of a man in the specific zones
around the motorways.

Table 5. Comparison of the results of the calculation of CO concentration from vehicles
to the results of the experiments in Yalta and Feodosiya

Calculation
Transport :
. Results of with
Geomorphologic stream . Roughness .
Street . . . experiments correction | A, %
al location intensity, 3 , Zo .
qo, mg/m coefficient qo,
car/hour 3
mg/m
Yalta
K. Marksa str. street (canyon) 1522 10,30 80 14,17 27
Moscow str. —valley of the 1805 15,42 120 17,22 1
Kievskaya str.  |river
Sevastopol south slope of 2145 14,52 100 18,06 20
motorway mountain ridge
Feodosiya
Fed'ko str. — Gen.
Gorbacheva str. street (canyon) 977 6,98 80 8,51 18
Kuybysheva str.
_ Ukrainian sir. street (canyon) 1203 9,26 100 10,53 12
Kerch motorway |V21eY of the 1013 5,38 80 7,26 26
river
CONCLUSIONS

1. The use of the methods [Method of calculation 1995, Berland 1985, Bizova
1973] for the calculations of the parameters of “weightless” admixture dispersion in the
foothill and mountainous conditions leads to great mistakes.

2. Evaluation of the error of the calculated parameters of the pollution zone
with consideration of correction coefficients is within the limits of permissible error for
forecast of pollution of the ground layer of the atmospheric air.

3. The calculation results with the correction coefficients being used allow us
to explain the norm exceeding (“smog”) in the lower ground layer (h = 20 — 25 m) in
mountainous vallies inversion when reverse temperature inversion takes place.
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BO3JEVICTBUE MEPEJABWXHBIX HCTOYHUKOB HA 3ATPSI3HEHUE
ATMOC®EPHOI'O BO31YXA IPUMOPCKHX I'OPOJ10B

AnHa Mypogckas, 3unauna Canponosa, Cepreii MypoBckuii

AHoTtamusi. B paboTe mnpoBeneH aHanW3 BIMSHHS MHKPOKIMMATHYECKHX OCOOCHHOCTEIl Tepputopuit
HOPUMOPCKHUX ropooB KpbiMa Ha paccerBaHHE «HEBECOMOID» NPHMECH OT IIEPEABIKHBIX HCTOYHHUKOB
(aBTOoTpancmopra). IIpoBeneHa OIeHKAa MONYYEHHBIX PE3yJIHTATOB pacdeTa KOHIEHTPAIUH 3arps3HSIONINX
BELIECTB BJOJIb ABTOMAaruCTpaled pasiM4HOrO (YHKIMOHAJIBHOTO HA3HAYCHWs, PACCUYMTAHHBIX II0
JICHCTBYIOIMM METOAMKAM. Pe3ynbTaThl pacdeTa MOKa3bIBAIOT HECOBEPIICHCTBO IPUMEHEHMS JaHHBIX
METO/IUK B YCIOBHSX IPEATOPHOIO ¥ TOPHOTO penbeda, OHH HE YUHTHIBAIOT MHKPOKIMMATHIECKUE YCIOBUS:
o0paTHyI0  TEeMIIepaTypHYI0  HMHBEPCHIO,  TIpaJHeHT  TeMIepaTrypsl  aTMOCepHOro  BO3AyXa,
reomMop(oIoruueckue 0COOEHHOCTH penbeda, aHTPONoreHHsldt nanamapr u ap. Lensio maHHONW pabGoTHI
SIBUJIOCH YCOBEPIICHCTBOBAHHE CYIIECTBYIOIIEH METOJUKH [0 PAcUeTy PACCEHBAHUS «HEBECOMOID» IPHMECH B
HOTPaHUYHOM ClIoe aTMoc(epbl B YCIOBHAX MPEATOPHOTO U TOPHOTO pelbedpa IyTeM BBEICHUS
JIOTOJTHUTEIBHBIX KOI(POHIMEHTOB.

KiioueBble cj10Ba: aBTOTPAHCIIOPT, PAacCEHBAHKE, «HEBECOMas» IPHMeECh, TOPHBIH penbed), MHKpPOKIMMAT
TEeppUTOpPUIL.
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FORMALIZATION OF PROCESSES OF SEAPORT
COOPERATION NETWORK MANAGEMENT
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Summary. The smart control of the port communication network management presumes development and
introduction of new IT for communication control in real time, it is evident that the main problem is the
problem of development and implementation of the database for the network automation control. The article
outlines the basic aspects which need to be resolved in order to create and implement the mentioned database.

Key words: formalization of processes, cooperation network of sea port, smart control, database.

PROBLEM’S STATEMENT

The global territorial disunity of natural recourses, production forces and
consumers require the development of highly organized transportation technological
process (TTP). One of the major instruments for creation of such TTP is its
informational and logistical support. Marine TTP being one of the components of the
world TTP demands — for providing its own activity development and use of the single
information space.

ANALYS OF LAST RESEARCHING AND PUBLICATIONS

Nowadays it is important to receive not the giant information content but the
necessary und sufficient quantity of reliable information, handled and prepared in such a
way to make possible its on-line using for on-time decision making, adequate for
completing task. Therefore, the point is not to provide fast traffic of giant message
content but to ensure the on-time traffic of pre-handled (saved) information just in such
content, which is necessary for decision making of concrete person within his time
limits. Globalization, personalization and integration of infocomms define the common
target development of SIS [Doroshenko, Ilyin, Iskanderov 2009, Kulgin 1999,
Shybanov, Lychagin, Seregin 1990, Kruglov, DIi, Golunov 2001].
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GOAL OF RESEARCHING

The efficiency of MTTP greatly depends on quality of control of this process. For
efficiency enhancement of control of MTTP automatic control systems are being
created (ACS). Depending on range of activity they can implement the control both of
the whole area and its certain elements, in particular of the seaport.

MATERIALS AND RESULTS OF RESEARCHING

The modern seaport being the key element of TTP represents the large enterprise
on which territory there is the full complex of different services providing intermodal
transport. Under these circumstances the major logistical task is cooperativeness of
production and consumption modes (performances) with service performance of
transfer of vehicles, frontier and customs processing, storage, reprocessing and
distribution of goods. To resolve indicated task without having any relevant information
infrastructure is impossible. Therefore the most important direction of providing the
efficient functioning of seaport is reasonable control of cooperation network. It is also
necessary to take into account the particularities of marine, automotive, railway, river
and air transportation technological processes and their infocomms.

Nowadays in all infocomms different information, commutation, network and
telecommunication technologies are being used. This sharply complicates their using
and further improvement, which requires the system approach and acquisition of
knowledge in related fields: programming, informatics, logistics, large technical
systems and network technologies [Haykin 2006, INTERCARGO 2010,
INTERCARGO 2005, IMO 1996, IACS Common Rules for Bulk Carriers and for
Double Hull Oil Tankers 2004].

The main function of seaport cooperation network, as well as any other, is the
traffic of information from the message quarry to recipient. As the communication
channels wire lines (ground, underground cables, and underwater cables), fiber-optic
communication lines, on-air communication lines, radio channel, wireless network of
communication of various frequency bands, including satellite, are used. Automatic
control of such networks requires their technical, programming, information,
organization, linguistic compatibility.

To achieve the efficient functioning of the network, it means providing the
functions of transfer of messages with set-up parameters at least costs(material,
financial, human)in order to meet the communication service requirements of users
perfectly, it is necessary to complete a lot of application tasks, including the matters of
organization of the optimal path of message transfer, rational use of the resources
during operational processes, reconstruction and development of networks, providing
the quality of communication services. Completing these tasks is carried out by the
network control system by means of monitoring and observation the network
parameters, its resources and their change in accordance with set-up algorithms and
programs [IMO 2004, Lloyd's List 2007, Lloyd's List 2008, Lloyd's List 2010, The joint
Accident Investigation Commission of Estonia, Finland and Sweden 1997, Proceedings
of the International Ship and Offshore Structures Congress 1991].
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Network control system is understood to be the complex of technical and
program tools, aimed to provide the fulfilling of transport functions of network in the
best way.

Control system has its own internal architecture and consists of the range of
subsystems. In control system there can be marked two basic parts: decision-making
system and a system of execution of a decision. The first one figuratively speaking is a
brain of a system, its intellectual framework, which is implemented in the form of
operating system; the second one is locomotor tool, implemented in the form of
programming and technical tools of technical maintenance. In its turn, in the technical
maintenance there can be marked the subsystems of control, measuring and reserving,
calculations etc.

At the level of the organization control the analysis of a network condition and
generation of decision variants at the stages of on-line control and planning, including
expansion, reconstruction and increasing of network, redistribution of communication
channels and information flows etc is implemented. The tasks of technological control
are tasks of compilation and primary conversion of information about delayed
messages, condition of communication lines, channel s and tools, bringing and
realization of the control actions towards the communication tools. Completing
indicated tasks, except requirements concerning operativeness, reliability and
truthfulness, there are some tough requirements to the process of automatic control of
the network, taking into account such particularities of the network, as complicity, large
sizes, territorial distribution, and dynamics of the structure.

Nowadays in the different transport departments the various kinds and forms of
communication, as well as various telecommunication, commutation, network and
information technologies are being used.

Consequently, in the current context the all-round automation of cooperation
network control is the perspective and economic direction of its development, where the
knowledge intellectualization takes on more significance, that is why it is necessary to
formalize the processes which are the subsystems of the network.

The strategy of the smart control of the cooperation network presumes
development and introduction the new efficient information technologies, providing on-
line cycle circularity of organization and technological network control, essentially
increasing feasibility and concurrency of taking decisions.

The key element, providing the smart ACS by the network, is IS. Based on
achievements of researches in the area of engineering, programming and micro process
system knowledge, IS will greatly influence the opportunities of network control.
However nowadays there is a negative influence of the range of factors on the
development and implementation of IS and ACS. The main of them are:

— organization principles, hard and software of automatic control, using in the
systems of the seaport, are not unified, what threatens the breakdown of control cycles;

— the modern automation tools for cooperation network control are almost absent
or introduced with the insufficient capacity;

— application domain of network ACS as the sphere providing the functioning of
the port, requires for its description the development of the adequate methods and tools
of the knowledge intellectualization, as it possesses the certain characteristics.
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Seaport automatic control system

MAIN KINDS OF SUPPORT
Mathematical Information Programming Technical Organisation
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language normative
documents
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Knowledge databases of smart systems

Fig. 1. Main kinds of smart system
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The structure of TTP of the seaport should include in a smooth way the ACS of
the cooperation network, which includes the database, which must comprehend the
main subsystems of this ACS, including the various kinds of automation system support
(fig. 1) [Shigemi, Zhu 2003, Zhu, Shigemi 2003, Jankowski, Bogdaniuk 2007, Vesely,
Golberg, Roberts, Haasl 1981, IMO 2006].

Consequently one of the main problems of creature of the automatic control
system for the seaport network is the problem direct of the development and
constructing the databases for ACS. One of the approaches can be approximisation of
all the components of the system with polynoms and the consistent use of them for the
development of the control algorithm. However this approach cannot be called all
purpose, because the use of several polynoms increases the time of calculations and
influences the dynamic characteristics of the whole system in general and on the end
error of determination. Another approach can be the use of the mechanism of artificial
neural networks with the linear function of activation, flowchart of which is given
below.

At the entrance of the linear network is given the vector, components of which
are the dimensions, which characterize the subsystem:

W,;:{wl,wb...,wn}. (1)
Before entering the network the vector is rated:
_. W

T = e ©)
We

Therefore the network has the input layer, consisting of N neurons, which have to
implement weighted total of components of input vector and output layer, which
consists of one neuron, which forms the outlet of the system. Selector of the control
circuit is shown in the fig. 2.

v

Selector of the control
circuit
Chose of control circuit | Chose of control circuit

Control circuit of MS

Control circuit of IS

Control circuit of PS

Control circuit of TS

Control circuit of OS

[111
T

Fig. 2. Selector of the control circuit
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CONCLUSIONS

The creature of the smart database for cooperation network cannot be realized

without the appropriate tools. For such application domains there is no the proven
technology and the long-present complex of means of development. In this case appears
the necessity of search for such an approach, which would primarily provide the
opportunity of the reasonable network control and would realize the possibility of
generation of the true variant of decision based on the formalized control subsystems
and possibilities of system self-learning.
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OOPMAJIN3AIUSA ITPOHECCOB YIIPABJIEHUSA
KOPIIOPATUBHOM CEThIO MOPCKOI'O ITOPTA

I'puropuii Heuaes, I'anuna lapkyma, Kpucrtuna Xonapuna, Jlroamuia beiaxuna

AHHOTanus. MHTennekTyanu3anus IponeccoB yIPaBIeHNUsI MOPCKUM IIOPTOM 3aKIIIOYaeTCs B pa3paboTKe U
BHEJIPEHUH HOBBIX HMH()OPMAIOHHBIX TEXHOJOTHH, OOECIEUMBAIONINX YIpPaBICHHE BCEMH IPOIECCAMH B
peanbHOM MacmiTabe BpeMeHu. PaccMoTpeHa OcHOBHasi mpobnema — pa3paboTka U BHeApeHHe 0a3bl 3HAHHI
ULl aBTOMATH3AIMH CUCTEMBI YIPABICHHUs KOPIOPATHBHOH ceTbio mopTa. O003HaYeHbl OCHOBHBIC ACIEKTEI,
TpeOyIoIye PEIeHYs Ha IyTH CO3MaHUs U Peall3aliy TaKoif 0a3bl 3HAHUN.

KinroueBble ci10Ba: hopMann3aiiys mpoieccoB, KOPIOPaTHBHAs CETh MOPCKOTO TIOPTA, MHTEIUICKTYaln3alus
ympasieHus1, 6a3a 3HaHMI.
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THE METHOD OF BIOFUEL MIXTURES PRODUCTION
AND THE DETERMINATION OF THE PRODUCTION PLACE
IN LOGISTIC CHAIN OF THE CONSUMPTION

Grugoriy Nechaev, Maxim Luchko, Maxim Slobodyanyuk

Volodymyr Dahl East- Ukrainian National University, Lugansk, Ukraine

Summary. In this article is represented the method of biofuel mixtures production with using chemically pure
hydrocarbon components. The method of choice of possible biofuel production place in logistic chain is also
represented in it.

Key words: biofuel, component, consumption, motor car transport, production place.

INTRODUCTION

The problem of alternative environmentally pure motor-car fuel production is
very important in all the world and the developed countries pay great attention to the
solving of this problem.

Nowadays the motor car transport is the mass source of an environmental
pollution in most of countries, its part of pollution is from 50% up to 60% in total
amount of harmful dumps, and in big cities this amount rises more than 80% - 90% [1].

Nowadays there is no industrial production of biofuel in Ukraine, there is only its
handicraft production. The building of specialized plants for producing Ukrainian
biofuel is planned by the government. According to the Cabinet of Ministers order from
28.12. Ne576-r «About the affirming of the conception of governmental program of the
biofuel production development until the year 2020» the production of more than 520
thousand tonnes of biofuel every year has been planned in Ukraine since the year 2010.

The main aim of that document is «increasing of Ukrainian eco-power safety
level and decreasing of national economy depending on the import of oil-products,
providing the biofuel to agrarian sector of economy and transport », but the ways of its
production and economically profitable field of its production are not marked.
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RESEARCH OBJECT

The analysis of the biofuel using, as an alternative fuel for combustion engines,
and the determination of efficiency in its using is considered in [1]. This question
becomes more actual because of prompt rise in prices for power resources.

The problem of affordable fuel is acute throughout the world. Its cost is
determined not only by the expenses on raw materials, but also by the expenses on its
transportation to the place of consumption. The raw material potential, production and
using of fuel, mainly alternative environmentally clean motor-car fuel, should take place
as close as possible to each other.

Along with the introduction of secondary petroleum refining
processes (alkylation, isomerization, etc.) in order to improve the quality of motor
fuels, considerable attentionis paid tothe development of various additives
and supplements, giving the motor fuels such properties,
including environmental, which in principle can be achieved by technological
processes of production fuels.

At the same time such factors, as the necessity of oil resources economy and the
improvement of operating, and especially ecological properties of fuels, stipulate the
searches of new effective methods of production and using the substitutes of oil fuels
for cars.

The research purpose is a choice of method for the production of the motor—car
fuel mixtures and the analysis of a possible place of biofuel production in the logistic
chain of consumption.

The formulation of the task is to develop a new method of ecologically clean
motor-car fuel mixtures production with using chemically clean compound hydrocarbon
components and to determine the economically effective place of biofuel production in
logistic chain.

RESULTS OF EXPERMENTAL RESEARCH

The logical continuation of trends in production of complex fuels is getting the
fuel of plant origin (biofuel) with necessary physical and chemical properties for
combustion in an engine by selection and genetic changes of the raw material. Since the
use of methanol for producing biofuel complicates measures for accident prevention and
environmental protection, and its use causes raised wear of engine details, then the
alternative is to use more expensive alcohol as ethanol for production biofuels [8].

The production includes processes, beginning from rape seeds processing and
finishing by storaging the products. The main processes during production PEE are the
following: pressing, filtration, etherification, cleaning, distillation, conditioning
(optionally), quality analysis of the made products. Pressing is a process of making oil
from the rape seeds. It includes such sub processes: seeds purification, calibration,
frying. Filtration is a process of deleting or separation of different types of admixtures
from oil, which got in it during pressing. This process is of great value, because of
inseparated admixture the fuel will be with unsatisfactory physical and chemical
properties in the eventual result. Etherification - is a thermal process of glycerin
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deleting as a result of addition ethanol and catalyst to rape oil. Purification - is a process
of deleting catalyst and possible admixtures. Quality analysis of made product is a final
process. It includes verification and possibility of biofuel using [2].

Basic and responsible part of biofuel production process is etherification, for
which it is important to provide the necessary amount of ethane and catalyst, as well as
to provide the necessary temperature at which it passes, providing the excretion of
glycerin.

- C ) Ethanol 60 1. ) Catalyst 7 1.

Rape oil | -
400 litres

Mixing ethanol with

catalyst
y
Eterification
process
7
, L (min ]
Glycerin 100 kg.
Biodiesel
340 litres

Fig.1. Elements of biodiesel production

The features of biodiesel production consist of the following task. The biofuel is
made of rape oil by the schema shown on the Fig. 2.

At the estimation of basic indexes of biodiesel it is set, that the mixture of
biodiesel steams with air, unlike a diesel fuel, does not create explosive mixtures. It is
set that the warmth of biofuel combustion (34,3-41,7 MJI/t) is less, than diesel, and
temperature of inflammation of such essential oil in 1,5 time higher than diesel fuel.
Application of this type of fuel [3] practically does not provide the changing of power
and torque of engine. However, there is about 5-7% of fuel expenses increase that is
compensated by biofuel power reducing. The mechanical and thermal loading of engine
remains almost at the same level, and the temperature of exhaust gases goes down on 3-
10%.

Basic oil raw material for making biodiesel is traditionally technical rape.
Although there are other kinds of agricultural products, suitable for its production, for
example sunflower. Expedience of growing rape or other agricultural products as raw
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material for making biofuel for engines is stipulated by the level of expenses on its
production.

Rape seeds Catalyst Ethanol
I I
v v
Purification and drying Mixing methanol with
catalyst
=
.2 I
Pressing gBs ¢
v = > Eterification 1 Biofuel
. S urification
Milled seeds . Y . > P
Eterification 2 >

v

% Distillation

, ; v
Glycerin removing
Quality control
y
v
Package and sale
Sale

Fig.2. Full schema of biofuel production

Providing the economic efficiency of using biodiesel in Ukraine requires the
complex account of all direct expenses and facilities from realization by-products
during its production.

While building the plant for biofuel production in the logistic chain of
consumption the building place should be chosen so, that expenses on realization of
future transportations were minimum. The potential value of expenses in logistic chain
“raw-transportation-production-transportation-consumption” is defined as «vial». This
value takes into account the distance of the served sources (flows), and transport
meaningfulness and it can be expressed in such a way:

n
min Y g;-1; =V,
i=1 (1)
where: g; - is a transport meaningfulness (for example, amount of the transported
freight) of i-th source; 1; - is distance from this source to the economic-geographical
centre of production.

To find the coordinates of economic-geographical centre, which serves objects
(suppliers of raw material and users) with the least transport expenses, designate the
sources (flows) Py, P, ... P, with known coordinates, accordingly, X; and Y;; X, and Y,
... X, and Y, with known transport meaningfulness g;, g, ... g, and also unknown
centre P, located between the known points Py, P, .... P, with hypothetical coordinates
Xand Y.
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The coordinates of general economic-geographical centre let’s define as:

n m n m
zgpi'xpi+2g0j'xcj zgpi'Ypi+zgcj'ch
X o= =1 y o2 =1

DI DN-F PI-NEDIN -
i=1 j=1 i=1 j=1

; 2

where: X, and Y;;1=1....n;and X and Y j = 1...m- coordinates of conveyance and
collection points, g ... pn; & ... Eem - transport meaningfulness of conveyance and
collection points.

In this case collection points are agricultural enterprises, growing rape, sunflower
and other oil plants. The conveyance points are consumers of biofuel, for example,
filling stations or transport enterprises.

At the same time, in spite of certain advantages and seeming simplicity, for
industrial production of biofuel in Ukraine it is necessary to solve great number of
problems. Among them are: creation of areas for growing rape and sunflower,
improving the structure of agricultural lands, creating new technologies, providing the
assured markets of sale, creation state standards in the field of production and using the
alternative types of energy.

CONCLUSIONS

In connection with diminishing of oil supplies it is actual to use alternative types
of complex fuels for combustion engines, using of which all owes to save rare mineral
fuel and substantially to reduce the content of harmful substances in exhaust gases. For
attaining the value of physical and chemical properties of biofuel, which could respond
to the set standards of fuels and which would allow using biofuel in combustion engines
without the re-equipment of their fuel-pumping systems— it is possible, by the choice of
optimum correlation of component parts and modes of biofuel production processes.
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CIIOCOEB NOJYYEHWA BUOTOILIMBHBIX CMECEM X ONPEJEJEHUE
MECTA ITOHU3BOJICTBA B JIOTUCTUYECKOW ITEIIOYKE ITOTPEBJIEHUS

I'puropuii Heuaes, Makcum Jlyuko, Makcum C1000asiHIOK

Annorauus. IlpencraBieH crnoco0 MONMyYeHHS OMOTOIUIMBHBIX CMECEH C HCIOJNB30BAHHEM XHMHYECKU
YHUCTBIX YIJICBOJOPOIHBIX KOMIOHEHTOB. IIpeacTaBieHa MeTOIMKa BEIOOpA BO3MOXKHOIO MECTa IPOU3BOJICTBA
OHOTOIUIMBA B JIOTHCTUYECKOH 1IETOYKE

KuroueBble ciioBa: GHOTOHHPIBO, KOMIIOHEHT, aBTOTPAaHCIIOPT, IPOU3BOJACTBO, JIOTUCTUYICCKAsA LICIIOYKa
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Summary. In the article considered conditions and facilities of development of transport infrastructure in
eastern Ukraine and its interaction with the international transport corridors.

Key words: transport corridors, logistics, transportation technologies, transport, Lugansk region.

INTRODUCTION

The development of transport and logistics systems receives increasing
consideration with the development of international cooperation, more intensive
integration processes in the global economy and their globalization. At the same time
the intergovernmental, economic, cultural and other connections providing is agreed on
the desirability of creating an effective international transport infrastructure, which has
certain technical parameters and provides consistent application of transportation
technologies that can ensure the integration of national transport systems into the world
transport system [Nechaev 2009, Nechaev 2010, Burkinsky 2009, Slobodyanyuk 2010,
Primachev 2006].

RESEARCH

Up to 2010 year the Government of Ukraine had been repeatedly formulating
tasks, the solution of which had to provide the measures for reconstruction of transport
routes of the country, including them into the system of international transport corridors
(ITC).

Among the documents adopted by the Government [Nechaev 2010, Rabotnev
2010, Izotov 2010]:

The network of national roads and constructions, which formed the structure of
ITC and required some reconstruction and modernization was set by the program. It was
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indicated that there were three transport corridors (Ne 3, 5, 9) which passed through the
territory of Ukraine and the other four corridors of the Black Sea Economic
Commonwealth (BSEC), Europe — Asia; the Baltic Sea — the Black Sea; Eurasian.

7,2 billions of UAH were assigned for their construction and operation,
integration into the national network of international transport, which would allow to
bring 1200 km of operating roads into the system. The Program proposed the
construction of new and the reconstruction of existing roads, which coincided with the
direction of ITC Ne 3, 5, 9. The Program implementation would provide a radical
reconstruction of many road sections of the country and include them in the
international communication network. It was also proposed to continue the
reconstruction of national roads and to construct 270 km of new main roads. However
the appropriate organizations didn’t launch the implementation of the Program tasks.

As a result of many years systemic faults in governmental organs the weakening
of the transit potential is not the only factor in Ukraine's internal politics nowadays. Bad
quality of main roads, lack of necessary logistics services force shippers of neighboring
states to drive our country around.

The analysis of the transit potential of Ukraine has shown that it is the largest by
its volume of turnover in Europe. It is based in the Concept of the Government program
of transboundary cooperation development in 2011-2015 years, and approved by the
Cabinet of Ministers of Ukraine on 28.09.2010, 15:12.

According to the experts estimations, this potential is used only for 55-60%.
Incomes from transit and set of services connected with it are about 5-7% of GDP. For
comparison: in the Baltic countries this index reaches 30%. Ukraine doesn’t receive
about § 2,5 billions into the budget because of the unbalanced use of transit potential
annually.

It is also important to note that the transit cargoes following the reverse direction,
passing through the Lugansk region (Chervona Mogila — Sverdlovsk — Rovenky) and
then through Debaltsevo by the territory of Donetsk and Dnipropetrovsk regions in the
direction of European countries go on the most loaded section of Dnieper and Donetsk
railways, where the parameters of motion are 60-70 million t-km/km in one direction.
This affects the overall movement of railway transport negatively and does not permit to
increase the speed over 120 km/h, that confirms the necessity of urgent reconstruction
and development of main roads included in the international transport corridors within
the country [Nechaev 2005, Nechaev 2006, Nechaev 2010, Slobodyanyuk 2009].

Thus it is necessary to note that international roads in Ukraine are equipped, their
communication facilities are driven to European standards, it provides the optimal
characteristics of traffic flow. The direction of international roads coincides with the
main freight traffic, including the transit one, by the following areas: West Ukraine —
Kharkiv — Lugansk; Lvov-Kiev-Belarus; sea ports of Ukraine — Dnipropetrovsk —
Russia; the Caucasus; Moldova — Russia, etc. It is obvious that the Lugansk region
has only two sections of roads of this type. Their direction is — Debaltsevo — Lugansk
— Krasnodon — Izvarino; Debaltsevo — Antracit — Dovzhansky. These are M-03 and M-
04, which coincide with the roads of European routes E-50, E-40 (the total length is 182
km). And this is when the border infrastructure of the region consists of 12 international
and interstate border checkpoints.
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International transport corridors functioning happens due to the integration
connections of railway transport. And it isn’t accidental. Initiating the development
project of transport corridors since 1980th, in order to optimize traffic flows, the
European Commission has been paying special attention to ensuring the increasing
volume of transit cargoes between Europe and Southeast Asia. For this purpose use of
ports in Bulgaria, Romania and Ukraine will unload roads from the vehicles, especially
in Western Europe. But the common EU strategy is also directed for the purposes of
improving ecological standards and increasing proportion of the most ecological rail
and water transport [Nechaev 2005, Nechaev 2006, Nechaev 2007]. The analysis shows
that cargo transportation by vehicle is 44% of traffic volume in EU countries, by sea
transport — 41%, by rail transport — 8%, by inland water transport — 4%. Meanwhile in
Ukraine during the last years, the share of the rail transport is 50-55%, the sea — about
25%, the vehicle — 20-25%.

In some reasons Belarus has been successfully competing with Ukraine in cargo
transportation by rail transport. For example, according to the Ministry of Transport of
Belarus Republic, in 2008-2009 there were 992,3 thousands of transit trips of foreign
carriers done through the territory of Belarus. As for Ukraine, there was about one
million of trips of foreign carriers (export, import, transit).

Despite the fact that enterprises and organizations of the railway, running through
the Lugansk region, are not involved in organization of cargo-and-passenger flows
directly, following the direction of Europe — Asia — Europe, their role in the near future
can increase substantially because of the appearance of new, more optimal routes
branching ITC and the necessity to increase the occupancy and the intensity of transit
traffic.

For this purpose is initiated: the reconstruction of rail transport nodal point that
includes the stations "Dolzhanskaya", "Chervona Mogila; the changing of the
international railway crossing point status "Lantratovka" and renaming it from the
"passenger” into the "cargo-and-passenger"; the creation of the warehouse complex,
including the functions of intermodal freight terminals in the direction of Debaltsevo —
Lugansk — Kondrashevskaya. The State Administration of the Lugansk region before
the Government of Ukraine has been initiating the rail communication on the route
Lugansk — Millerovo and the construction of a new branch railway in the direction of
Svatovo — Starobelsk — Melovoe — Chertkovo. The implementation of only these
measures will increase the speed characteristics of railway stations, extend the volume
of transit traffic, that will certainly have positive impact on economic and other
indicators. Material and technical basis, personnel potential of Donetsk railway
enterprises and organizations located within the Lugansk region, confirm the reality of
the plans and the availability of technological projects aimed at better use of reserves to
increase cargo-and-passenger flows.

It is admitted that the Lugansk region — is the transit gate of Eastern Ukraine and
Lugansk, as a regional center and the city, located less than 45 km from the Russian
Federation border, almost at the crossroads of the main railway and highways, in fact is
the key, the use of which has been providing a positive trade balance volume between
the neighboring regions. For example, in the first quarter of 2010 foreign trade turnover
of the Rostov region with Ukraine had increased by 55% and had reached almost $ 400
million. Due to close interaction of border areas, the share of Ukraine in foreign trade
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turnover of the Southern Federal District of Russia has been growing steadily and now
comprises almost 30% [Nechaev 2003, Nechaev 2008, Nechaev 2010, Slobodyanyuk
2009].

The fact that the Lugansk region takes one of the first places in Ukraine in its
transit potential, defines the special importance of its territory and the necessity of
implementing this active transport policy here.

Foreign economic operations with goods the region performed with partners from
108 countries.

The largest volume of exports were done into the Russian Federation — 63,6%.

The integration of communication continues to develop increasingly, the
arrangements of business partnership in the territories of Russian-Ukrainian border
work positive as follows:

e The Public corporation "Luganskteplovoz" increases the activity of direct
contacts with the Novocherkassk Electric Locomotive Plant "NEVZ" on the main-line
locomotive 2ELS.

e The Ukrainian Mashine Building Holding Ltd Company has acquired
additional 50% of shares in Kamensk Engineering Plant, which produces material
mining equipment.

e The “NORD Group” Company in the city Matveev Kurgan of Rostov’s region
started the production and the maintenance of refrigeration equipment, transport air
conditioners.

e The Ukrainian company "Shahtostroymontazh" Co Ltd has acquired the
processing plant "Sholohovskaya", which did not work with the Public corporation
"Zaporizhstal" jointly.

By the year 2020, the growth of intra-regional cargo turnover will be increased
by more than 100%. After EU enlargement, more than half of existing European
transport corridors became the part of the network TEN-T. At present appeared the
necessity to restate the existing network of international transport corridors (ITC) again
and to define the priority projects for the coordination and concentration of the EU
financial resources, as well as the development of a new transport strategy for the
enlarged European Union. An important reason for this is the increasing number of
problem areas with insufficient capacity, poor quality of transport and logistics
infrastructure, weak interaction of different modes of transport and EU enlargement
including eastern states.

Investments of 600 billion euros are needed to complete and upgrade the
European networks in the enlarged EU.

Relying on the conceptual positions above, can be distinguished the most
relevant activities for each administrative-territorial formation of the Lugansk region to
develop cross-border partnership, including:

e simplification of procedures relating to State border crossing by citizens of
neighboring states;

e giving the legal position of law to authorities of cross-border cooperation,
established by local governments, that provides the formation of governments' budget,
the adoption of funds from public and private sources, performing other functions
according to the law;
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e harmonization of national legislation, for the purpose of establishing joint
productions on the territories of several states, providing the joint flow of goods and
simplifying the tax treatment;

e cqualization of transport costs connected with insufficient development of
transport and logistics infrastructure, undeveloped border checkpoints, overpriced fares
for interstate and transit traffic;

e approximation of laws in customs, tax, insurance, civil, immigration and other
fields.

The specificity of the Lugansk region is that it is closely connected with the
Donetsk and Kharkiv regions, and, as a part of Ukraine, it is situated between the
economic space of EU on the one hand, and on the other — its transport communications
around the perimeter of the eastern border are available, close to markets in Russia and
Asia. The neighborhood with the developed and fast-developing countries gives the
region huge benefits and creates many problems at the same time, associated with the
competitiveness of the local cross-border production, cross-border migration,
prevention of smuggling, protection of natural resources and environmental protection.
The Lugansk region can and should play an important role in the interaction of Western
Europe, Ukraine and Russia in entering the Central Asian space, in the direction of
China, Kazakhstan, India, and function as a transit economic bridge and as an active
participant of economic integration.

Thus, sustainable development of the transport system and the transport complex
of the region and its "linkage" with the system of international transport corridors,
passing through the territory of Ukraine, is becoming one of the main challenges in the
development of the region and East of Ukraine as a whole.

The ITC Europe-Asia is the key, unalternative international transport corridor,
which decides security issues and economic development of the Lugansk region. In its
framework the parts of Crete corridors Ne 5, 3 are used and further from Fastov by the
railway route ITC Ne 8. The given route using the roads in Ukraine has a system of road
transit traffic (to Volgograd, Makat, Chardzhou) in the directions: Krakovets — Lvov —
Rovne — Zhytomyr — Kiev — Poltava — Kharkov — Debaltsevo — Lugansk — Izvarino,
with turn-off to Donetsk and Lugansk. For border industrial and agricultural areas of the
region is important that the trunk ITC could be used by maximum for development of
their own territories, so that the export of transit services, ie the national product of
Ukraine, would be the most profitable for the regional community, through the
development of various transport and other related services.

For the analysis and implementation of all the works relating to cross-border
activities, accounting, construction and reconstruction of road and transport facilities,
their more efficient operation and safety, it is necessary to create the national-wide
structure — the Agency "Ukrgranitsa" with relevant offices in each region taking into
account the example of other countries.

CONCLUSIONS

The implementation of the tasks above in the sphere of cross-border activities
will allow the transport and logistics infrastructure of the Lugansk region to accept and
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handle the total transit cargo following from Europe to Ukraine and further to the East,
which according to optimistic forecasts, will amount 1 trillion UAH by 2015. This
implementation will provide jobs for thousands of citizens and increase income in the
budgets of different levels by 30-35%.
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ANALYSIS OF DESIGN AND CALCULATION OF PARAMETERS
OF NON-CONTACT DRIVE SINGLE-SUPPORT SYSTEM

Pavel Nosko, Aleksey Breshev, Pavel Fil, Vladimir Breshev

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary: The design variants of rotary motion non-contact drive single-support system are analyzed. A
design model and determination of bearing capacity, inflexibility and air consumption of single-support
system with aerostatic conical angular contact bearing are suggested. Calculation of parameters and
comparative analysis of single-support system aerostatic bearing in traditional design is being done and also
with up-to-date ring shape cage and labyrinth packing in outcome gas lubricant.

Key words: non-contact bearing, single-support system, backpressure, bearing capacity, inflexibility.

INTRODUCTION

We understand non-contact drive single-support system of rotation moment as
self-sufficient, in terms of stability, system with an aerostatic angular contact bearing.
The purpose of contact is to put the drive into the rotational movement of working
bodies, such as a diamond cutter or pumps impellers, compressors, etc., which are held
supporting by bearing systems [1].Non-contact rotation is made by dividing movable
and fixed parts of a drive with gas-lubricated gap, and electromagnetic forces transfer
rotating moment to the moving part (rotor).Aerostatic suspension single-support system
has minimal friction losses and other advantages, but sufficient bearing capacity and
stiffness level at low cost air consumption and the lowest feed pressure should be
reached.

Single-support system that is being considered has several features taking it
research and calculation beyond existing techniques because of short bearing length
ratio, bearing face incline relative to the rotation axis. The article objective is to
engineer design model and design procedure of single-support system to provide
rational choice of geometric parameters and to improve structure of aerostatic
suspension drive for maximal inflexibility and bearing capacity.
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CALCULATION OF KEY PARAMETERS OF SINGLE-SUPPORT SYSTEM

The typical example of single-support system is spindle assembly of mono-
crystal automatic plating machine — “Almaz-150 ASA” [2]. It’s 3D model spindle
assembly with inward cutting detachable circle (IBDC) 6 and mono crystal 7 fixed on
holder 8 [3] are shown on fig.1. Single-support system consists of aerostatic (gas-static)
angular contact bearing, strainer 3, direct drive magnetic system 4 for rotation moment
non-contact drive due to interaction with stator 5. Aerostatic bearing has movable
support 1 and stable support 2. Their conical bearing have contact angle « relative to the
axis that determines relation between radial and axial loads of gas lubricate. Contact
angle has to be minimum permissible for the systems with dominant radial load at the
same time secure with axial stability of single-support system.

The system under consideration is a single-support system. The movable support
1 is one piece part of wide ring shape having two conical bearing faces and non
drainage gas lubricant between them. It is divided in two equal parts that have contact
angle «a relative to the axis reacting axis loads.

Fig.1 Spindle assembly 3D model

The air is supplied via inlet to the annular space under pressure (0,4 — 0,63) MPa,
from annular space through feed-hole gets to the air gap, separating movable support 1
from stable support 2. Pressure distribution in air gap is a function of constructive
parameters, inlet and outlet gas pressure and place of movable support to stable one,
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which is determined by eccentricity. It occurs at load and leads to pressure difference in
air gap producing elevating power. If there is no mechanical contact, single-support
bearing is functional [4 — 7].

The so called rotor “levitation” of single-support system is provided with
continuous air input. Therefore permanence of its attitude position can be viewed as
stability of rotor motion in “rotor-bearing” dynamic system [8 — 16]. Bearing capacity
in radial and axial directions is determined by the system of interacted parameters such
as contact angle of reference plane ¢, its radius, feed pressure, diameter and a quantity
of feed-holes etc. Air pressure is distributed axial-symmetric in any ring cross-section
and its resultant equals zero in central (symmetrical) position of movable support. If
movable support floats to the bearing on eccentricity e under external load W,, ring
cross-section of a gap gets variable changing pressure in the gap. The pressure is
maximal in minimal gap pressure area and vice versa is minimal in maximal gap
pressure area [17 — 19].

Engineering process requirements determine running speed. For instance, it is
1000 — 1500 rpm for mono-crystal automatic plating machine, 20000...200000 rpm for
grinding pneumatic spindle [6]. Rotation frequency of given single-support system can
be changed from 0 rpm (when bearing runs as aerostatic suspension) to limit rotation
frequency, where gas lubricant flow gets turbulent (6500 to 70000 rpm).

Determining following parameters such as limit rotation frequency, natural and
cutoff frequency, required power and loss power, starting and stopping time, coefficient
of mechanical efficiency, axial and radial limit load, inflexibility and air consumption
give single-support system design. The gas-static bearing of single-support system is
specified by the last three parameters.

The existing methods of gas bearings calculation [6, 7, 17, 20 — 22] don’t work
for aerostatic bearing that have bearing length ratio to the diameter less than 0.5 (4
parameter) and conical bearing face with more than 20° angle c.

The most appropriate method in this case for single-support system design from
the mentioned above is the one suggested in [17]. Non conical gas-static bearings are
described there, however, we assume that all the parameters of angular contact bearing
correlate with parameters of radial one in the design model of single support system
(fig.2).

Given design model on fig.2 includes following changes:

- bearing faces with a contact angle relative to the axis turned horizontal (a = 0)

in point of mean radius R = (R, —Rypx )/ 25

- total length of aerostatic bearing L consists of two lengths conical parts and a
gap between those that is a space under pressure joining as a single bearing face;

- labyrinth packing rings are removed to fit the design method [17] most (see
fig.2 a).

According to design model the radius of the bearing is R = 175 mm, the length is
L =97 mm and the mean gap is C = 10...30 micrometer. Two lines of feed-holes with
diameter D, = 0.5 mm, quantity N = 22 in one pressure boost line and the distance
between lines /° = 40 mm help the air to get in the gap. Getting through each feed-hole
the air throttles twice in machining gap and feed-hole.
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Fig.2 Construction (a) and design model (b) of single-support system

Dislocation of movable support leads to air dynamic forces calculation that is
determined by confluent inflexibility matrix. If there is no rotation, there are only two

elements Erg and Ky — coefficients of radial and angular inflexibility. Last two
characterize bearing capacity and radial suspender inflexibility. We are to determine
dimensionless parameter = , machine pressure difference along air lubricated layer (p, -
p.) and in feed-hole (p, - p,). It depends on bearing design trait and gas feed property
[17,18]:

5 k+1

£ Pk
12,ua1(k+1)2( )Nnd Dd (1)
c? Ds ’

where: C — is a mean gap at zero eccentricity;

k —adiabatic index for two-atom gas and air is equal 1.4.

Counterpressure p; is a relation of feed-hole output pressure (p,) to feed

m=

pressure (py); pg is determined through outflow function:

2

where: ¢ — is a function that depends on bearing geometrical parameters (4 —
comparative boost lines separation — b = ["/L):
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A(l-b
Lt 3)
Air outflow speed via feed-holes is specified by pressure difference:
— k
_ L)T—l 4
Pq = (k+l ’ )

When the counterpressure gets higher air outflow speed becomes critical — sonic

speed. If p, <0.528, flow speed surmounts sonic speed with possible shock-wave

absorbing energy and dropping area pressure. Gas flow conditions via feed-holes are to
be undercritical to secure stable bearing run. Usually 0.528 < p, < 0.9 [6] is in

aerostatic bearings. If p, = latm, the counterpressure calculation on formula (2)
demands boost pressure to get lower.
To calculate inflexibility index we use unified formulas:

_ Sh( 1=
XE - C2 Kf _ % _ 0.757zv y shbﬂsh_( b)ﬂ+lochb,1 ) 5)
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(6)
where: U, — approximated outflow function with Prandtl formula: U, =0.5p; ;
_ibA shbA+chb -l
shi+0.5mU,, shbi. shb
Iy, 1, ) - stereotyped integrals
1
. lsh/l l—x 1 1 . chA (1-x)
llne.IO:IA—) dx , = dx.
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To calculate single-support system bearing capacity for linear problem we use:
_&
We =24y -ps We=245ps Kr &y Q)

where: 4, = 4R’ is global area scale;

e, :7{7 is relative eccentricity where its maximal value equals peak bearing

capacity and can reach maximal value 0.8.
Angular contact bearing with conical bearing faces under angle a to rotation axis
is used in single-support system, thus gas lubricant resultant action has the same angle.
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Then angular contact bearing capacity Weky is determined by radial component (along
axis 0Y):

Wek' =W, cosa. )]

Peak (maximal calculation at p, — 0) volume gas consumption Q via bearing at

normal terms:

2N p 2

0=—"3—m-3600. ©
2up,
Single-support system main parameters calculation results at gap variation and
undercritical mode of gas flow are given in table 1.

Table 1. Single support main parameters at mean gap modification

Air Single-support system bearing Angular

lubricated Feed : capacity limit Air ,
i | D | | At [ty g
i WEW’H CKD> N.m

10x10° 0.69 8192 2364 26716 24

15x10° 0.38 2524 728 6470 2.0

20x10° 0.29 1131 327 2468 2.1

25x10°6 0.25 600 173 1177 22

30x10° 0.22 335 97 611 2.3

As p;. =f (E az), reducing feed pressure p, (see table 1) and also increasing gap

outlet pressure p, we can obtain the counterpressure interval and avoid critical gas

flow through feed-holes. Increasing gap outlet pressure will rise boost pressure and
considerably increase bearing capacity or to reduce air consumption at invariant bearing
capacity. Hereby, we can improve single-support system features with 1<0.5.
Technically it is realized by air flows from the gap not into the atmosphere but in the
annular space where the pressure gets normal in all circle and it won’t get lower than
the atmosphere pressure level due to labyrinth packing (see fig. 2 a). Fig. 3 shows

counterpressure p; and gap outcome pressure p, relation.

1+;-7A(1_b)
2

The calculation was done for three bearings with different elongation A=L/D
(4=0.15025,0.5).
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Fig. 3 Counter pressure relation to p for different length bearings
a

Thereby due to labyrinth packing we get gap outlet pressure increase that helps to
avoid undercritical bearing behavior with bearing length reduce. According to
mentioned above we are going to calculate single-support system pressure outlet

variation.

Single-support system pressure outlet and mean gap variation calculation results
are given in table 2.

Table 2 Single-support system main parameters

Air . Single-§upp0n S}.’Stem Angular .
lubricated Pressure 1nl§t and bf.:armg capamty. limit load Air '
mean gap outlet quotient Radial Axial v N consumlé)tlon

Cm DPa/Ps, MPa direction direction yoNm | Q,m/h 5
Wiy N W,.., N p . Pix10

0.1/0.45 5524 1595 17616 " 1.6

10x10°° 0.1/0.55 6694 1932 21422 1.9
0.1/0.63 7568 2185 24236 2.2

0.143/0.45 2599 750 6007 1.7

15x10°° 0.2/0.55 2681 774 5672 1.5
0.24/0.63 2768 800 5613 1.4

0.19/0.45 1180 340 2225 1.7

20%x107° 0.245/0.55 1196 345 2158 1.6
0.28/0.63 1248 360 2111 1.6

0.21/0.45 621 179 1075 1.9

25x10°° 0.262/0.55 634 183 1069 1.9
0.304/0.63 640 185 1064 1.8

0.22/0.45 365 105 605 2.2

30x107° 0.271/0.55 373 108 608 2.1
0.313/0.63 376 109 606 2.1
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Analyzing table 2 data, we can see that applying labyrinth packing gap outlet
secures undercritical bearing behavior and improves technical characteristics. For
example, if there is no outlet pressure regulation, single-support system bearing capacity
obtains 2524 N with mean gap C = 15 um and air consumption 2 m*/h (see table 1), but
with (gutlet pressure regulation bearing capacity can obtain 2724 N with air consumption
1.3 m’/h.

CONCLUSIONS

Non-contact drive single-support mechanical system that is based on aerostatic
angular contact bearing with conical bearing faces is able to secure sufficient bearing
capacity, inflexibility and speed range condition for effective application on cutting
machine tool, pumps and compressors. It is characterized by minimal friction loss, high
vibration resistance and considerable speed range, it has regulating inflexibility. The
suggested here design procedure is based on design model conversion and allows to
research bearing systems parameters with diverse bearing faces contact angle. Single-
support system retrofit consists of placing labyrinth packings allowing to 10% raise
bearing capacity and 30% reduce process gas.
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AHAJIN3 KOHCTPYKIIAA U PACUET TAPAMETPOB
OJJTHOONOPHOM CUCTEMBI BECKOHTAKTHOI'O TIPUBO/JIA

INasea Hocko, Anekceii Bpemes, I1agea ®@uab, Baaguvup bpeues

Annotanus. [Ipoanann3npoBaHsl BapHAaHTI KOHCTPYKIMH OJHOOIIOPHOI CHCTEMBI OECKOHTAKTHOTO TIPUBOZA
BpalIaTeIbHOTO IBIKECHU. [IpeioxkeHa pacueTHas cxeMa 1 METOAMKA ONpe/ieeH s Hecylei crnocoOHoCTH,
JKECTKOCTH M PAacXo/ia BO3yXa OJHOOIIOPHOM CHCTEMBI ¢ KOHYCHBIM PaJHalbHO-YIIOPHBIM a9POCTaTHUECKUM
MOJIIMITHUKOM. BBINOJIHEH pacyér mnapamMeTpoB W CPaBHMUTENbHBIN aHAIM3 OJHOONOPHOW CUCTEMBI C
a’POCTATMYECKUM TOJIIUITHUKOM TPAJULIHOHHOW KOHCTPYKIMH, a TaKXe C MOJECPHU3UPOBAHHOW — C
KOJIBIICBOW KaMepoi M JAOMPUHTHBIM YIUIOTHEHHEM Ha BBIXOJIC Ta30BOM CMAa3KH.

KuaroueBble cii0oBa: OeCKOHTAKTHas ornopa, OJAHOONOpHasA CHUCTEMa, I[POTUBOJABICHUE, HECyIlas
CHOCO6HOCTB, KECTKOCTb.
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MATHEMATICAL MODELLING OF THE UNSTATIONARY
FRICTION INTERACTION OF THE WORKING ELEMENTS
OF THE LOCOMOTIVE DISK BRAKE

Yuriy Yu. Osenin, Igor 1. Sosnov

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The article considers the mathematical model which gives the possibility to predict the work of the
frictional elements of the locomotive disk brake the functioning base of which is ensured by joint use of both
materials which are situated independently on the brake pad and it exerts an integral influence on the friction
characteristics. A developed mathematical model permits to predict the work of the above frictional unit due
to the friction coefficient criteria.

Key words: friction coefficient, temperature, locomotive disk brake.

INTRODUCTION

Speed growth on the railway requires new demands to the frictional disk brake
connected with improvement of its technical and economical indexes concerning
stability of brake characteristics, reliability and value decrease. In the nearest future a
disk brake is to ensure high operational qualities under the conditions when its power
capacity attains 100 MJ (at present 40 MJ), working temperature — 1000° C (at present
600° C).

The solution of this task is realized due to complex approach, main components
of which are the improvement of the disk brake, development of effective algorithms of
its work, development of the working materials with high working qualities and creation
of favourable conditions for full realization of their frictional possibilities in the regime
of braking. In this case the last two tends are considered of some priority and great
attention is paid to them [1, 2].

At present, the development of new frictional materials does not bring some
positive results in a unique manner and they (the materials) require a sharp cost increase
of production. Such a position proved to be correct only with respect to the brake disk,
the working period of which is to be equal to the working period of the wheel set.

In this connection the perspective tend of the research is the ensurance of stable
braking characteristics of the railway rolling stock by means of creation of new integral
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frictional properties of the disk brake due to simultaneous use of both frictional
materials which produce some integral influence on the friction characteristics.

CALCULATION MODEL

The solution of the given task is attained by the solution of the heat problem
concerning frictional brake of the rolling stock taking into account the temperature
influence as a dominating factor which determines the friction unit behaviour on the
physical and mechanical properties of the materials which are applied in the
calculations.

The differential equality of heat conductivity (Fourier - Kirchhoff) in the
cylindrical system of coordinates without internal heat sources (calculated diagram is
given in the fig. 1) serves as the model basis of heat interaction of the working elements
of the frictional brake.

= HHHH LS

Fig. 1. Design model of the disk brake of rolling stock:
1 - brake disk 2, 3 - brake pads, which contain two frictional material with of the
different properties (marked ” ’ ” and “ >’ ” respectively)

This is achieved by the solution of the heat problem concerning the frictional
brake of the rolling stock taking into account the temperature influence as a dominating
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factor which determines the friction unit behaviour on the physical and mechanical
properties of the materials applied in the calculations.

The model gives the possibility to determine the temperature pattern of the
frictional and interacting brake surfaces (both local and mean integral) and also heat
flows which pass through marked surfaces in the process of braking. There considered
the case of application of the friction brake property — a disk brake the pad of which
hold two frictional materials with different properties, each of which is loaded
independently from each other. However the given model can be also used for a block
brake [3 — 5]:

T _ [0’T 10T 1 0°T 0°T
—= + + + , €))
or o’ ror 1?6z’
where: 8 = A / (c,-p) — coefficient of thermal diffusivity material, here A — heat
conduction coefficient, ¢, — isobar specific heat, p — density; © — current value of the
time when braking; T — absolute temperature (T = f(r,¢,z,7), ne ¢ — angle between the
radius vector r and axis X).

The diagram (Fig. 1.) adopted the following labels: R, Ry — radius of the brake
disc and wheel locomotive respectively; 6, 6, — thickness of brake pad and disc
respectively; V, — the speed of oncoming air flow; T, — the average temperature on the
distance from brake disc; V4 — current engine speed; o — angular velocity of brake disc;
€ — angular acceleration (deceleration) brake disc during braking.

Point of origin located at the geometric center of the brake disk.

Equation (1) supplemented by the following boundary conditions. For the side
and end surfaces of brake disc (excluding areas of its frictional contact with braking

plates) used the boundary conditions of 3rd sort (without internal heat sources):
iX(Z—Tj:az(T—Ta), z=138/2, 2)
/4

where: a, — coefficient of heat transfer between the end surfaces of the brake disk and
the ambient air;
On the side (cylindrical) surface of the brake disk:

x(%Tj =a,(T-T,), r =R, 3)

where: o, — coefficient of heat transfer between the lateral surface of the brake disk and
the ambient air;

For the surface area of sliding contact with the disc brake pads are used boundary
conditions of the 4th sort of surface heat source (for the case of non-ideal thermal
contact). This is because in the set the next time the basic principles that are based on
the research area of thermal tribocontact, the source of heat is considered the finest
continuous surface layers directly adjacent to the actual platform contact each of the
friction-interacting bodies and reproduce like a single system [6 - 8].
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T, 1
_kl(_azlj:aeTq_R_c(Tl_Tz)a
,z=18/2, 4)
A 8& =(l-0a,,) +L(T -T,)
2 oz er)qd R 12

C

where: q — specific heat flow generated during sliding contact with the brake disk plate;
R, — thermal resistance contact. During thermal contact resistance is understood value:
R, = AT/ q, where AT — average temperatures drop contacting surfaces;

o, — energy distribution coefficient of friction (0 < o, < 1) shows how much heat
energy is formed on the surface friction of the first body as a result of destruction of the
adhesive bonds in the actual contact area and deformation microirregularities roughness
of the interacting surfaces. On the surface of the second body is formed another portion

of heat energy equal to (1 — a.,) [9, 10]:
B \[7“1 “Cp1 Py
o = .
\/7“2 "Cp2 P2 +\/)\'1 “Cp1"P1
Here and below the index "1" refers to the corresponding value of brake disk, the
index "2" - to the brake linings. Moreover, for each of the friction materials that are in
interaction with the brake disk must use the corresponding system of equations (4).

Other (not marked in Figure 1.) Surfaces are insulated.
Specific heat flow generated during braking one type of friction material [4, 11]:

1 mRi ‘€
nkj_[r((p)ds n,

a

q(e,r,7) = r(p)(o*—¢-1),

where: m — mass brakes;
ny, — number of types of friction material used in pads;
n, — number of brake pads with a material that is involved in braking (at the design
scheme (Fig. 1). using two types of friction material);
r — radius vector describing the contact area of the disk pad S;
o" — angular velocity of the disc that precedes braking (& > 0);
1€[0;1,.], 1, =(V -V,)/a", — braking time (time interval from the start of braking to
achieve the ultimate engine speed).
Where V, — the final speed of the locomotive, a* — linear deceleration when braking (a"
> 0), V' — speed of the locomotive that precedes braking.

To determine the heat transfer coefficients, which are included in expressions (2)
and (3) are used, respectively, the following criterial equation [6, 12]:

Nu, = 0,135-[(0,5-Re2+Re? +Gr)-Pr] %2,
Nu, = 0,037-(ReX*+ReX*) - Pr'*3,

where: Re,,, Re, — Reynolds number, which are caused by rotation of the brake disk and
the blowing wind blowing, respectively:

)
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2 2
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where: v — kinematic viscosity of air;
V=V4+V, =(V*-a*t)+V,,— current speed of the airflow, which run on a disc
brake (a* > 0).
Hrashof, Prandtl and Nusselt numbers for air:
Gr=8-B-g-R*-(T-T,)/v*;
Pr=c, -u/A; Nu=2-a-R/A,
where § — coefficient of volumetric expansion of air;
A — thermal conductivity of air;
¢, — specific isobar heat capacity of air;
W — viscosity of air;
o — heat transfer coefficient of the surface of the brake disk, which is determined by the
system (5).

Value of thermal resistance contact, which is part of the system (4) serves for
finding the ratio of heat flow transmitted by contact with heat transfer surfaces
interacting combination of brake disk - overlay. Since it is the contact thermal resistance
caused by imperfect mechanical connection friction surfaces significantly affect the
relationship between transferred through a heat flow and temperature difference of the
interacting surfaces.

Its definition is as follows [8, 13]:

) 0,302
L:1,15.10*4 ©1t% Py Ei+Ey .L.K2 ,
R, oy/M+0,y/h | Q 2-E,-E, T,

K =1npu (o, +6,)>3-107,
30-100 )"

K? :(—J npu 1-107° < (6, +0,) <3-107,
G| +0,

_15-10°°

G +0,

K npu (6, +6,) <1107,

where: 6, — average height microirregularities performances in the area of contact
mating surfaces;

A1 — thermal conductivity of materials interacting surfaces;

P, — nominal contact pressure;

Q — tensile strength of more pliable material;

E;, — modulus of elasticity of contacting materials;;

T, — average contact temperature;

T\, — melting point of a fusible material;
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K — factor that determines the change of geometrical characteristics of contacting
surfaces.

Using the equation given above, the obtained mathematical model of temperature
field of brake disc surfaces:

0 . [6  JA+B 1200 o [PAR
2R /A +B-(n-2¢,) | JA +B 8

x(l—r*)J+%- S . ¥ Si“(zo‘ﬂ""o)-exp{zp-R\/g (r*—1)}< (6)

Rr k—w (o o) .
2R - ja *
xcos(2ocﬂ~®+§—P-Tm-(r —1)} ,

where: T" = (T -T,) / T,, — dimensionless temperature;

r=r/ R, 7 =2z/ 0, — dimensionless coordinates;

= ®-T, — dimensionless time; ® = @ — ’C*;

P= 0)~cp-p~82 / (4%), where ¢, i p — isobar specific heat and density of materials of brake
disk; A=a,6/(2A); B=o,R/A;

To calculate the friction coefficient in case of simultaneous use of two different
friction materials (according to that shown in Figure 1.) Considering temperature field
work surfaces interacting elements of disk brakes, received the following dependence
[14 - 18]:

X

2-v+1 2-v+1

0,84v-(v—1)-h% .k-N 2v .2 2v
v=D L)

1 2 2,3 3
f=———@—0))| (1 —1) f, P, +
3N-R,, n-RhO’S'HBO’S/V~b

where: f,, — molecular component of friction coefficient, which depends on the
tangential stresses at the interface of interacting surfaces of the brake disk pad;

N — normal strain clamping pads to brake disk;

HB — the smallest of the two values of hardness of the material of the contacting
surfaces;

Ry, — radius of curvature microirregularities a solid surface (average);

R, — average radius of the friction brake pad;

k — coefficient that depends on the geometrical and mechanical properties of surfaces
that are in friction interaction;

h — convergence of the contacting surfaces of the brake disc and pads;

b, v — parameters of the curve bearing surface;

To obtain total coefficient of friction disc brakes should be determined by the
formula (7) the coefficients for each material separately, and summarize the values
obtained. Physical and mechanical properties of materials that come in the above
equation is considered as a function of temperature.
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INPUT DATA AND RESULTS OF CALCULATION

Sample calculation depends disc brake friction coefficient on the relative velocity
of sliding friction of its elements, filled with using the above mathematical models,
shown in fig. 2.

Considered by frictional contact of metal surfaces in the following combinations:
steel brake disc - steel pad, steel brake disk - cast iron pad, steel brake disk - a metal and
cast iron pads.

f T L]
1 1
I 1
| 1
| 1
028 }--NOh - LS
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Fig. 2. Dependence of coefficient of friction disc brakes on the
relative velocity of sliding friction of its elements obtained
for these combinations of contacting materials:

1 - steel brake disk - cast iron pad,

2 - steel brake disk - a metal and cast iron pad;

3 - steel brake disc - steel pad

Calculations are based typical performance curve of the core surface (take from
the literature) as well as physical, mechanical and thermal properties of materials
considered in the functional dependence on temperature [19, 20]. Thus the average
values: v=2,b =4, h=12,5 um (maximum value), k = 0,8. Geometric dimensions of
brake linings and disc match these used traction rolling stock of railways. Maximum
value N = 15 kN. The molecular component of friction coefficient was considered
constant.

Fig. 3 shows the results of the calculation of the integral value of the coefficient
of friction disc brakes depending on surface temperature in the contact zone for
combinations of "iron-steel," "carbon-steel" and "iron and carbon-steel."
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Fig. 3. Estimated value of coefficient of friction disc brake as a function
surface temperature of the contact elements of his work, obtained by
using the mathematical model for the following combinations of friction:
1 - steel disc and pads of carbon; 2 - steel disc and pad with two working
materials: iron and carbon; 3 - steel disc and block with cast iron

CONCLUSIONS

Mathematical models, considered above, give the possibility to determine the
friction coefficient value of the frictional brake (especially a disk brake) of the rolling
stock which was attained as an integral value from the joint action of several frictional
materials with different properties and loading conditions which are placed
simultaneously on the disk brake pad (the given models differ from the existing ones in
this aspect). This is carried out due to the temperature influence, which is generated
while braking, on the major physical and mechanical properties of the materials which
are in the position of the frictional interaction. In this case the temperature value of the
brake system elements, motion speed of the locomotive and contrary air flow at the
moment before braking are used.

There obtained mathematical models which account all the main design (R, 9, 1y,
T2, @), technological (v, b, k, Ry, 012), material (HB, E, 5, QQ, Ty,,) and operational (f,, h,
P,) parameters of the rolling stock frictional brakes (especially disk brakes).

The analysis of the obtained results allow to make the following conclusion: the
application of simultaneous combination of two (as minimum) frictional materials
having different frictional properties, in the brake pad design gives the possibility to
obtain new integral properties of the disk brake as a whole. The combination of the
materials cast iron — coal has higher frictional properties than in the case of two pads of
cast-iron. This combination of the materials ensures higher friction coefficient values in
the beginning of the braking moment in the difference from the friction couple coal —
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coal (though further the given combination of the materials attains higher friction
coefficient values).

As a result it is possible to state, that the way of effectiveness increase of the

frictional brakes (especially disk brakes) by means of application of the materials which
are in operation becomes possible due to new integral characteristics which are
stipulated by their joint simultaneous application in the given brake pads.
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MATEMATHYECKOE MOJAEJIMPOBAHUE HECTAITMOHAPHOI'O
OPUKIMOHHOI'O B3AUMO/JEUCTBUA PABOYUX DJIEMEHTOB
JUCKOBOI'O TOPMO3A IOKOMOTHBA

1Opuii 0. Ocenun, Urops U. CocnoB

AnHoTanusi. B cratbe paccMOTpeHa MareMaTHuecKas MOJENb, KOTOpas MO3BOJISIET MPOTHO3UPOBATh paboTy
(DPUKLMOHHBIX 3JIEMEHTOB JIMCKOBOIO TOPMO3a JIOKOMOTHBA, OCHOBY (DYHKIHOHHPOBAHHS KOTOPOTO
o0ecreYnBaeT COBMECTHOE MCIOJIB30BaHUE JBYX MAaTEPHAJIOB, HE3aBUCHMO PACIIOJIOXKEHHBIX Ha TOPMO3HOI
HaKJIa/Ke, KOTOpble OKAa3bIBAIOT WHTETPAbHOE BIMAHHE HA XapaKTEPUCTHKU TpeHus. PaspaboranHas
MaTeMaTH4ecKass MOJENb MO03BOJISET MPOrHO3UPOBATh PabOTy YKa3aHHOTO BbIlIE (PPUKIMOHHOTO y3Ja I10
KPUTEPHUIO KO3 GHIIHEHTA TPESHHUSL.

KuioueBble c10Ba: K03 GUINEHT TPEHUs, TEMIIEPATypa, JUCKOBBIH TOPMO3 IOKOMOTHUBA.
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INFLUENCE OF WATER SATURATION OF CONCRETE
OF PIPES ON THEIR RESISTIBILITY

Vladimir Pilipenko

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The results of research of influence of unequal water saturation on performance characteristics of
modified concrete of special purpose are introduced in this article. There were defined the dependences of
concrete resistibility on the degree of saturation of liquids of different polarity, including water. It is shown
that one of the directions of achievement of project performance characteristics of concrete can be an active
physical chemical influence on the process of structure forming of cementing matrix of concrete and the
development of the ways of increase of homogeneity spreading of internal voltage in it.

Key words: modified concrete, water saturation, resistibility, coefficient of softening.

ACTUALITY OF RESEARCHES AND PROBLEM DEFINITION

Resistibility of concretes, including any other stone materials, is coming down at
water saturation. This happens in consequence of the fact that micro crack formation is
reduced at adsorption by hard body of polar liquid [Gagarin 1999]. The degree of
reduction of material’s resistibility depends on its physical mechanical properties and is
characterised by the coefficient of softening.

The important role play the other phenomena and factors in concretes besides
adsorption effect, complicating dependence of concrete resistibility on its degree of
water saturation [Alexeev, Ivanov, Modry, Shysl 1990, Komokhov, Latypov, Vaganov,
Latypova 1999]. In this connection the resistibility of water saturated concrete proves to
be even higher than the resistibility of dry concrete of the same composition under
certain conditions. That fact that it was not taken into consideration the whole possible
complex of conditions during the research of the resistibility of water saturated concrete
led to contradicting results. Thus, for instance, it was observed in experiments [Polak
1986] the increase of resistibility of concrete with the increase of its humidity, and in
experiments [Kladko 1983] — the decrease.
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PURPOSE AND OBJECT OF INVESTIGATION

The purpose of this work is in the investigation of the influence of irregular water
saturation on service characteristics of modified concrete of special purpose.

MATERIALS AND RESULTS OF INVESTIGATION

Having investigated the dependence of the resistibility of the samples of cement
sandish matrix drilled out of the concrete on the degree of its saturation by the liquids of
different polarity including the water, there were established the possible reasons of
getting contradicting results by carried experiments. The degree of saturation has been
varied from the zero to the maximal pore filling with the liquid (fig. 1).
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Fig. 1. Dependence of rupture resistance of cement sandish matrix
of concrete on degree of saturation by different liquids

As it can be seen on fig.1, all the curve lines have two extremum: minimum at
the humidity of the solution 2...4 % and maximum at the humidity of the solution
12...14 %. For the concretes under research the investigating relations are qualitatively
analogic. The analysis of the results of the experiments has shown that in first case the
humidity of the samples has been changing within the limits of ascending part of the
curve from minimum to maximum (see fig. 1), and in the second case it was on
descending part of the curve, after the maximum.

The presence of the extremum on the curve lines can be explained by the
different force of capillary squeeze of the sample. Thus, at the law saturation (within the
limits 0...3 %) the capillary squeeze of the samples is not considerable, the resistibility
is lowed because of manifestation of adsorption effect. At the increase of the degree of
saturation of the concrete is enlarged the quantity of the pores taking part in the
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capillary squeeze. The reinforcing effect of capillary forces compensates the adsorption
effect of the decrease of resistibility, and, in some cases, leads to the elevation of load-
carrying ability of the sample, exceeding it. With the further increase of the degree of
saturation, the large pores are filled with the liquid, and the capillary squeeze is
decreased (descending part of curve lines). At full saturation of the samples and their
research in the state when they are in the liquid, the capillary forces are equal to zero.
The decrease of resistibility of concrete in this case corresponds to the full adsorption
effect of resistibility decrease [Shchukina 1988, Vagner 1980]. It is important to note
that its index is growing only on the first part of the curved line that is at the increase of
saturation from the zero to some not large value which, apparently, is corresponding to
maximal hygroscopic moisture capacity or to the volume of micro pores. Filling by the
liquid of larger pores does not increase the achieved effect of adsorption decrease of
resistibility because it is enough water filling in micro pores for its full manifestation.

In carried out experiments it was revealed the influence of polarity of liquids.
The resistibility of the samples at its saturation by nonpolar benzol decreased on 10 %,
at saturation by water — on 40 %, and at saturation by more polar 0,5 % water solution
of CaCl, — on 50 %. Analogic results are obtained at the impregnation of cementing
matrix of concrete (Table 1).

Table 1. Bending resistance Ry,.,q and coefficients of softening C,,y
of cementing matrix of concrete in different media

Media Rbend’ MPa Csoft

Air 18,2 1,00

Toluene 17,6 0,97

Water 14,2 0,78

0,5 % water solution CaC¥, 12,6 0,69

The dependence of the coefficient of softening Cg. on the polarity of the liquid
proves that one of the main reasons of the decrease of concrete resistance at water
saturation is the adsorption effect of relief of micro crack formation.

The results of investigation introduced in [(Akhverdov 1981] showed that at full
water saturation the resistibility of concrete is coming down on 20...60 % in dependence
on its pore volume. A great meaning has the character of structure of the concrete at
this. With the decrease of the grain of large pores the value Cg, is increased. For the
samples moulded under the pressure 40 and 200 MPa, Cg;,. was equal accordingly 0,60
and 0,91. The author [Akhverdov 1981] recommends to restrict W/C in thin-walled
reinforced-concrete constructions working in the conditions of water saturation. In
particular, the value W/C in flow pipes should be so at which the pore volume of
cementing stone does not exceed 11%. The formation of fine-pored structure of the
concrete is provided by its hardening in humid medium and more over is better in water.
It was established by the experiments that the grain of macro pores with the rad more
than 1 mem in cementing matrix of concrete hardening in the air was about 40%, and
while hardening in the water it was only 10%.

The favourable conditions of structure formation of concrete of pipes in humid
medium provide more intensive growth of its resistibility than in the air. As the result,
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the resistibility of the concrete after its long-term operation in water-cut conditions
despite adsorption effect can turn to be higher than during the operation in air dry
conditions [Kaprielov, Batrakov, Sheinfeld 1999, Batrakov 1998].

It is necessary to mark that both in non-ramming and in water-pressure
constructions not the whole volume of the concrete is saturated with water. Its humidity
varies in wide limits [Dvorkin, Solomatov, Vyrovoi, Chudnovsky 1999, Kaprielov,
Sheinfeld, Silina 2000].

There is not enough data of investigation of the influence of humidity of concrete
on its resistibility directly in construction for the establishment of process regularities.
The obtained characteristic curves prove the decrease of concrete resistibility nearly 2
times with the increase of its humidity from 2 to 12%. In this case one of the respective
reasons of the decrease of resistibility should be the increased pore volume of concrete
in more water saturated samples. Because the density of the concrete in water-cut
constructions is ranged in rather wide limits, and it can be observed the direct
correlation relationship between water saturation and its pore volume, so the
dependence of resistibility of concrete on its humidity reflects also the influence of pore
volume on its resistibility in latent form. The dependence of resistibility of concretes on
its pore volume is enough vivid in general. As it is marked in the work [Alekseev,
Ivanov, Modry, Shysl 1990], nearly all famous formulas of resistibility of concrete
reflect in different way this dependence.

Thus, it should be taken into consideration that true dependence of resistibility of
concrete on its humidity can be obtained only on laboratory samples.

On the ground of the summary of the results of investigation is proposed the
linear dependence of resistibility of concrete under the compression and stretch from the
humidity:

W-W
Ry =RWO[I—T°} (1)
where: Ry u Ry, — the resistibility of concrete at humidity according to the weight
equal to W u W, accordingly;
a—empirical coefficient depending on the composition of concrete and its
structural characteristics.

The dependence (1) is true for the samples of concrete hardening in constant
humid conditions during of which the humidity W, had been established in the concrete.
It is supposed that in distinction from it the humidity W henceforth is established in
concrete for the relatively short term directly before the research of the samples so the
change of humidity practically does not manage to influence the kinetics of natural
strength generation of concrete.

Irregular distribution of humidity on the section of concrete element influences
its resistibility. [Sheinich, Popruga 2007, Troshchenko 2005]. The concrete removed
from the water during the first time has large additional internal stress caused, on one
side, by capillary squeeze of internal zone of section by external layer which gets
additional intensity of tension, on the other side, while drying-out of gel constituent,
fixed distribution of internal stress in crystal aggregation is disturbed. In such
transitional humid regime the resistibility of concrete is usually coming down because
of the deformation of the character of the work of different elements of the section.
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While stabilizing humid state of the concrete, the irregularity of stress in it is
flatten. In the work [Gusev 1989] are given the values of the duration of air keeping of
the samples of the concrete of different sizes removed from the water, after which
«internal stresses disappear». In reality the internal stresses in cementing matrix of the
concrete are always present, but the irregularity of their distribution is coming down
[Rudenko 2010, Punagin 2010, Pilipenko 2010].

In fulfilled experiments the relaxation of shrink stress is fixed with the help of
magneto-elastic stress gauges. The gauges have been put inside of the samples of fine-
aggregate concrete with the size 10 % 10 x40 cm at concrete pairing. In the samples of
modified concrete the gauges did not register considerable changes of stress. While
hardening the samples of usual concrete the gauges registered shrink deformations and
stresses (fig. 2). During the first 2...3 days when it was observed maximal intensity of
shrink deformations, the shrink stresses in internal zone of the samples were not
considerable because of the plasticity of the concrete. Further on the stresses have
grown violently and at the same time the deformations damped. On the 12"...16" day
the growth of stresses stopped and then started their slow reduction. At practically
stabilised deformation the shrink stresses have reduced on 30" ...40™ day to 30...40%
of achieved maximal values having left the trace in the structure of the concrete in the
way of ruptures of the most strained connections in crystal aggregation.
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Fig. 2. Change of shrink deformations and stresses in concrete hardening in the air

There did not appear any additional internal stresses in the samples of modified
concrete. After removal the samples from the water the indicator of the device
immediately started to move showing the growing compressive stress in internal zone of
the concrete. This stress, without any doubt, has capillary nature: being immersed in
water it disappeared and the indicator came back to zero.
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In the experiments the samples made of fine-aggregate concrete have been kept
within several months in the air and then they have been tested for the bend after
different terms of keeping the samples under water pressure (from 1 to 67 days).

If to ignore the acceleration of the growth of resistibility of the samples during
their water saturation, then analysing the results of the tests, it can be done the
conclusion of the tendency of modified concrete to restore temporary decreased
resistibility in the process of a long-term water saturation.

The degree of decrease of resistibility of the concrete during the first 24 hours of
its water saturation depends on the per cent of its loss of humidity during the preceding
period of hardening in the air. Under the action of shrink stresses developing during the
expulsion of bound water out of the concrete, the definite quantity of internal
connections is torn, and it is more, the higher shrink stresses are. [Shchukina 1988,
Kruglitskiy 1988].

There are two mutually contrary processes during the water saturation of the
concrete: the decrease of resistibility because of adsorption effect and increase of
resistibility thanks the decrease of irregularity of distribution of internal stresses caused
by shrinkage properties. Besides this, at a long-term water saturation are intensified the
processes of the growth of new-growths, partially compensating the relief of cementing
matrix. [Pilipenko 2011]. As the result is the achievement of resetting of resistibility of
water saturated concrete at a definite complex of conditions of the experiment.

At a periodic humification-torrefaction the resistibility of the concrete is
gradually coming down because of repetitive changes in distribution of internal stresses,
when each time is accompanied by the destruction of a definite number of connections.

There have been carried out the experiments of the influence of the change of the
media on the resistibility of concrete of pipes at the axial tension. The samples-cylinders
with the diameter 100 mm and the length 760 mm have been kept in the water during 3
months from the first day of production till the moment of the trial. The part of the
samples removed from the water from the testing machine and tore in the air within 30
minutes. The other part of twins-samples has been tested in rubber boots filled with
water. The results of the tests are introduced in table 2.

Table 2. Resistibility of concrete of water storage at strain

L Change of
Quantity of Resistibility of concrete, MPa, resistibility of
cement, during test at strain concrete,
kg / m® tested in the air,
in water in the air %

250 2,13 1,44 -32,39

300 2,25 2,06 — 8,44

350 2,57 2,90 + 12,84

The obtained results cannot be explained without taking into consideration the
influence of irregularity of distribution of internal stresses in the section of the sample.
The decrease of rupture stress at removing the samples out of the water into the air
cannot be on the account of the capillary squeeze of the sample in radial directions.
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Though the force from the squeeze multiplied by the coefficient of transformation is
composed with external force of tension, but more capillary force presses the sample
with end bays. The action of all-round capillary squeeze manifested in this case only in
the enlargement of irregularity of distribution of stresses in section of the sample.
Whereas the concrete of all the samples was fully saturated with water, the adsorption
decrease of its resistibility was equal. Breaking of the fixed distribution of internal
stresses because of the appearance of capillary forces at the removal of the concrete out
of the water led to the decrease of rupture stress.

The samples of cementing stone of water storage sustained in the air different
time. The maximal decrease of resistibility was observed after 24 hours of predrying.
During further keeping in the air the resistibility of the samples had been gradually
restored. The decrease of resistibility is explained by the appearance of shrink stresses,
and restoration — by their disappearance. Such explanation is only partially near to
reality and it demands the correction taking into account the influence of irregularity of
distribution of internal stresses in section of the sample.

With the aim to investigate the influence of humid regime on concrete have been
carried out the experiments on bars with the size 2 x3 x25 cm of modified cementing
sandish solution. The small thickness of the samples besides large filler had been
chosen with the purpose of achievement of quick distribution of humidity in section and
its stabilization. The experiments showed that both at drying water saturated samples
and and water saturation of dried samples i.e. during the first hours of change of humid
regime takes place the decrease of resistibility of usual cementing sandish solution.
Further storage in the same media (in first case is drying, in the second one is water
saturation) leads to the restoration of resistibility. During the test of the samples out of
modified cementing sandish solution was no considerable decrease of resistibility at the
change of humid regime.

With the enlargement of the thickness of the samples the time of stabilization of
their humidity is considerably coming down and at generally accepted sizes of section
of samples lasts many months. It is possible that according to this reason, as the result
of short investigations was marked only the decrease of resistibility at water saturation
of dried samples. On the other side, in experiments with modified concrete was not
observed adsorption effect of decrease of resistibility.

In fulfilled experiments had been manifested one of many sides of complex
aggregate of phenomena taking place in concrete at change of its humidity — the
increase of the coefficient of softening in the process of long water saturation and
stabilization of humidity in its section which, possibly, is real. Obviously the increase of
the coefficient of softening at long water saturation of modified concrete should be
taken into consideration in calculations, and in this connection the stock of reliability
will be increased somehow.

The results of investigations of dependence of resistibility of water saturated
modified concrete at squeeze on the speed of its load showed that at relatively low
speed of load the resistibility of water saturated samples is lower the speed of dried
samples as in the definite measure is manifested the effect of adsorption decrease of
resistibility. After exceeding some critical speed of load, the humidity does not manage
to penetrate into micro crack formation and adsorption effect disappears. At the same
time with the increase of speed an important meaning in water saturated concrete has
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the effect of dynamic acceptation of load of gel constituent. Thanks to this effect is
increased the limit of resistibility of concrete by the way that at the speed of load which
is more critical the resistibility of water saturated concrete turns to be higher than the
resistibility of dried concrete. The average speed of load in critical point is equal to
207 MP a/c, and the average speed of deformation 0,01 m/(m-c).

There have been carried the investigations of the influence of water saturation of
concrete on its resistibility at dynamic loads. There have been tested on squeeze the
prisms with the size 10x10x30cm out of the concrete of the class B 40 at
Omax = 14 MPa. The cubes with the size 10 x 10 x 10 cm out of the concrete of the same
composition have been tested for the static load. After a long storage of the samples in
the air, there was established the humidity 2,3 %. The separated groups of the samples
were then saturated with water up to higher values of humidity and were isolated by
PVC film. The results are introduced in table 3.

Table 3. Resistibility and hardness of concrete of different humidity

Humidity Static tests of blocks Dynamic tests of wedges — the
of concrete, R quantity of cycles up to
% Msl"l; Ciize destruction, mio.
2,3 57,2 1,00 More 6
33 52,7 091 3,72
4,3 50,0 0,86 2,09
5,8 40,6 0,70 0,80

Thus it was defined with the help of experiments that for the operation
conditions, the humidity of concrete should not exceed 4%, taking into consideration
the conditions of work for its endurance (2 mio of cycles of load).

In many experiments according to the definition of resistibility of concrete the
large-scale effect manifests vividly that in some cases cannot be discovered at all. The
nature of this effect is not finally clear. At present the most accepted is the static theory
of large-scale effect which essence is in increase of probability of transfer dangerous
defects of structure of material in section of the sample with the increase of its sizes.
The analysis of wide experimental material shows that besides of probable factor of
large-scale effect act simultaneously the others. They are sometimes determinant.

It was established by carried investigations of manifestation of large-scale effect
in concretes that the last one is caused not by the sizes of the sample but their function —
the degree of non-uniformity of the structure of concrete.

On the ground of mathematic processing of results of specially planned of
experiments was obtained empiric formula of large-scale coefficient for the samples of
modified concrete:

K, = ! 2)

5C2 [1\1/1—1,67}&

L
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where: C, — coefficient of variation of resistibility of concrete;
M =S/V —module of surface — dependence of surface of the sample to its
volume.

Developing this thought, it can be done the conclusion that the large-scale effect
is the consequence of non-uniformity of distribution of stresses in section. With increase
of non-uniformity, the resistibility of the material is coming down not depending on the
sizes of the sample. The sizes make indirect influence: with the increase of the sizes of
the sample in many cases the non-uniformity of stresses in section increases, and the
decrease of resistibility of concrete takes place, but it is not always. Thus, for example,
as the result of carried experiments it was established that the resistibility of modified
concrete at axial squeeze and strain does not depend on the sizes of cross section of the
sample on condition that in all samples the humidity is equal and is regularly distributed
in section. From this point of view the analysis of foreign literature is very interesting
[Smadi, Mohammad, Slate, Floyd 1989, Neely, Billy, Saucier, Kenneth 1990]. From the
published materials follows that the resistibility of the concrete drilled out of solid
monolith does not depend on the diameter of the kern. It can be explained only by equal
law of distribution of internal stresses in kerns of al sizes as it is predetermined by equal
conditions of structure formation and humidity distribution in all the volume of internal
zone of concrete monolith.

Thus, the results of carried out experiments allow to define the ways of decrease
of irregularity of distribution of internal stresses in cementing matrix of modified
concrete. The main way of decrease of irregularity of distribution of internal stresses is
likely to be the destruction of the most stressful connections at the early stages of
concrete hardening in order that instead of them there have been formed new
connections of the same material with initial stress coming close to average value for
the whole crystal aggregation. The destructions of the most stressful connections to
some degree is achieved at vibro impactive poly-roll of concrete mixture.

The increase of the resistibility of concrete in the result of physical modification
of concrete mixture should be partially referred for the removal of aggregations of
sediment water under the grains of huge filler. The increase of resistibility of concrete
as the result of vibro activation is explained by the increase of structural uniformity by
destruction of primary weak aggregations and on their place formation of fine-pored
structure of cementing matrix with regular distribution of internal stresses.

CONCLUSIONS

1. It was established that early loading of modified concrete leads to the increase
of its resistibility on 30 %. It is evidently also connected with the destruction of
overstrained connections and new connections formation with a low internal stress.

2.One of the directions of the achievement of project operating abilities of
concrete can be active physical chemical influence on the process of structure formation
of cementing matrix of concrete and the development of ways of the increase of
uniformity of distribution of internal stresses in it.
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BJIUSIHUE BOJOHACBIINEHUSI BETOHA TPYB HA UX NPOYHOCTH

Baagumup Iunaunenko

AnHOoTamMsi. B crarthe IpeJCTaBIEHBI  PE3YJNbTAThl  MCCIENOBAHMM  BIMSHHS ~ HEPaBHOMEPHOIO
BOJIOHACBIIICHNST HA OKCIUTyaTAllHOHHBIC XapaKTEPHCTHKH MOANU(HIMPOBAHHOTO OETOHA CHELHaIbHOrO
Ha3HA4YCHHS. YCTAHOBJICHBI 3aBHCHMOCTH IIPOYHOCTH OCETOHa OT CTENEHHM HACHIIIEHUS SKHIKOCTSIMH
pa3IMYHOM MOJIIPHOCTH, B TOM 4YHcle Boaol. Iloka3aHo, 4TO OJHMM M3 HANMpPaBIEHHH JOCTHKEHMS
MPOEKTHBIX JKCIUTyaTallMOHHBIX CBOMCTB OeTOHA MOXET ObITh aKTHBHOE (DU3MKO-XHMHYECKOE BO3IeHCTBHE
Ha MPOIeCC CTPYKTYpOOOpa3OBaHUs IIEMEHTHOH MaTpHIBI OeTOHa U pa3paboTKa CIOCOOOB MOBBINICHUS
OJJHOPOJHOCTH pacIpe/ie/IeHHs] BHYTPEHHUX HAMPSKEHHH B HEM.

KuoueBble c10Ba: MOIUGHUIIPOBAHHBII O€TOH, BOZOHACHIIEHHE, IPOYHOCTD, KOI(P(OUIHUEHT pa3MATIeHUS.
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STATIC CHARACTERISTICS OF VALVE — AMPLIFIERS FOR
PNEUMATIC DRIVES OF MECHANICAL SYSTEMS

Valentin Remen, Alexsandr Vylich, Michail Lordkipanidze

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The static characteristics of pneumatic valves - amplifiers of drives of mechanical systems with
the improved response curves are reviewed. The relations discharge coefficients p; and p,, rigidity of seals
and membranes Cyy, Cxe €y, and hydrodynamic force Pr are by practical consideration are retrieved. The
approximating model for determination of discharge coefficients p is obtained and its adequacy also is
determined.

Key words: valve-amplifiers, pneumatic drive, discharge coefficients.

INTRODUCTION

One way of the solution of increase of technical and economic efficiency of
mechanical systems is the development and research of new effective devices of
monitoring pneumatic drives, that can ensure essential positive effect.

The pneumatic drives with valves - amplifiers with different control and different
negative feedbacks find wide use in the mechanical systems as control elements from
the small moved masses and practically absence of friction forces, that provides high
dynamic properties [1].

Valve-amplifier with pneumatic control and pressure and position negative
feedback is the base element [2]. For providing high dynamic qualities it is necessary to
choose correctly the geometrical sizes of elements, define influence of energy
parameters on its work. From this point of view it would be useful to analyze the valve-
amplifier work on the basis of its mathematical model [3]. ). However, with
determination of some values, which are included in the system of equation certain
difficulties appeared, related to impossibility of analytical way determination of
calculation values. The discharge coefficients p; and p,, rigidity of seals and
membranes Cyy, Cxes €, and hydrodynamic force F,,=G,v cover to them. Therefore, in
this work the decision about e coefficients determination experimentally is accepted,
receipting their approximation dependence on the process parameters and using them in
mathematical model.
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The valve-amplifier with pressure negative feedback (fig.1) is considered in this
paper
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Fig.1 Valve - amplifier

This valve - amplifier is represented by the analogue pneumatic amplifier, in

which one
Peux = k Psx»
where: pg,- upstream pressure (chamber I'),

Psx - pressure of control (chamber A),

K - gain dependent on a ratio of the effective areas of a diaphragm 6, diaphragm
8 with rigid center 7, diameter of the valve.

For maintenance of high dynamic qualities it is necessary correctly to select the
geometrical sizes of its elements, to determine influencing on its activity of energy
parameters. With this purpose the operational analysis of the valve - amplifier is
conducted on the basis of its mathematical model. [3]. However, with determination of
some values logging in equations there were definite difficulties, bound with
impossibility of determination by an analytical way of their design values. The flow
coefficients p; and p,, rigidity of seals and diaphragms €y, Cies €k €y and value of a
hydrodynamic force Fra = G2v concern to them. The basic purpose of experimental
researches of pneumatic valves - amplifiers for mechanical systems of control fnd
regulation was:

e Determination of factors of a mathematical model, which one can not be
determined analytically or on the basis of a reference data.

e Determination of a degree of adequacy to a mathematical model to
experimental data.

RESEARCH OBJECT

For research of static characteristics of the valve — amplifier, determination of
flow coefficients p, viscous friction @ and hydrodynamic force w the special
experimental installation was designed.
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The outcomes of static tests are shown on fig. 2 -12.

The relation of output pressure pg.x and flow Qg from pressure of control pyqp
at different pressure of a feed py,r and different diameters of conditional passage d, is
adduced on fig.2 and fig.3.
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Fig. 2. Relation of delivery pressure from pressure of control
at different pressure of a feed

Experiments show (fig.2), the output pressure py.x linearly depends on pressure
of control py,, and practically does not depend on the geometrical sizes of valves -
amplifiers (diameter of conditional passage), i.e:

Peax = kp pynp>
where: k;- a pressure gain, in this case k, = 5.

Dead zone A in all measurement range and for all diameters of conditional passes
during tests did not exceed 0,01 MIIa, which is quite acceptableas the minimum value
of an analog signal of pressure is peer 0,02 MIla.
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Fig. 3. Relation of the output flow Q (1/c) from pressure of control py,, (at)
at different pressure of a feed p,,, and diameters of conditional passage dy

As seen from fig.3, at some pressure of control (pys, = 0,04 ... 0,05 Mna) the
output flow is not augmented, and remains by a constant at a further pressure buildup of
control. Up to this value relation of the output flow from pressure of control has linear
nature, i.€.

Q. = Kq Pynp,
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In a fig. 4 the relations of the output flow Qg (I/c) from a height of valve lift hy
(mm) are shown at different diameters of conditional passage dy and parameters of a gas
stream f.
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Fig. 4. Relation Qg = f (hy) at B <By,. and B >Py,

®s seen from the graphs fig.4 in a case B <Bkp the relation of the output flow to a
height of valve lift at miscellaneous dy has practically linear nature in an effective range
of heights of valve lift, i.e. hx > 0,1mm.

Flow coefficient p is a composite function dependent as on geometry of the
valve - amplifier, and from flow parameters of gas. Generally flow coefficient does not
depend from value of a valving slot type gasdynamical of process (supercritical and
subcritical flow), difference of pressure, flow regime etc. More often flow coefficient p
is on t published in [4-6],] or on computational relations [7, 8], obtained by results of
researches. However, these relations are applicable only to particular pneumatic
instrumentation, or for calculation of a flow coefficient p It is necessary to know other
hydraulic parameters (for example factors of local resistances &), which one are in turn
determined also by experimental way.

For experimental determination of a flow coefficient p the technique was
selected, that the volume flow is determined by experimental way, and the flow
coefficient p was calculated by a relation of the experimental flow to idealized,
computed on the formula of the Saint-Venant, i.e.:

o= e Mg
95 m;

It is possible to approximate and to use experimental values of the flow
depending on a difference of pressure, altitude of a slot and diameter of conditional
passage then in a mathematical model [3]. Such way of determination of a flow
coefficient is known and enough is simple, for its determination the presence of
pressure gauges, flowmeters and precise meter of a height of valve lift is necessary
only. The solution in the given activity about determination of flow coefficients p,
viscous friction a and hydrodynamic force y by practical consideration therefore was
accepted, and then obtaining of approximating relation.

The method and procedure of the experiments were as follows :
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The range of paramttres:

1. Diameters of conditional passages - dy = 2, 4, 6 mms.

2. Pressure of a feed (exuberant) - py,,; = 0.2, 0.3, 0.4, 0.5 MI1a.

3. Back pressure (exuberant) - py, = 0.1, 0.2, 0.3, 0.4 MITa.

4. Height of valve lift -hk = 0.1 ... 1.0 mms.

5. Pressure ratio - =0.1 ... 0.9.

Relations of a discharge coefficient p = f (hy) at different parameters of a gas
stream (B,) are shown in a fig. 5-6 and fig..7-8.
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Fig.. 5. p=f (h,) at B<p,, Fig. 6. p=f (h) at f>pxp
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Relations of a discharge coefficient p of flapper — nozzle from parameters of a
flow Py, and the altitudes of a slot hk are shown on fig. 9,10,11,12.

As seem from the fig. 5 -12 the discharge coefficient p does not depend on
diameter of conditional passage of valves - amplifiers, and depends on pressure of a
feed, and this relation has linear nature.
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In equations of motion includes values rigidity of diaphragms - ¢, and ¢, both
seals of the valve and saddle - ¢, both valve and diaphragm - ¢,,. These values in the
present activity were determined by an experimental way on known techniques of
determination of rigidity of any springs, loading their known efforts and determining in
the same time of thickness of seals and course of diaphragms. The experience were
conducted some times at load and unloading. The obtained experimental data allow to
consider(count) the law of change of rigidity linear (in the given range of variation of
parameters), and values ¢ - as constants.

Rigidity of seals ¢ 1 ¢y at load and unloading oscillated in limits:

Ce=9 ... 11 i/mmand ¢y, =3 ... 5 5/mm.
For calculation were selected the average value of these parameters:
Cwe= 10 B#/mm and ¢y, = 4 H/mm.

To rigidity of equivalent springs ¢, and c¢,, , cloning elastic properties of

diaphragms made from the same material, were peer each other and their average value
Cx = €y = 4 v/mm.
Equilibrium equation of the valve 5 (fig. 1.) has a kind:
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Dizs Fi+Myg+c,y+ M, +P;+c,x+p;s (Fy—Fj)
=Pa Fyq+ P+ P>
where: Py=7y; z5 1 Py =7y -z .

From this equation, knowing values of weights of the valve and diaphragm Mx
and Mm, effective areas F,, Fg and Fr, force P, and P, for definite value of valve lift
and diaphragm is possible to determine force Pr, which one is peer:

Po=p-F;+G,-v.

To determine value of hydrodynamic component force Pr it is possible by
different ways. For example, knowing value of the flow of drop G,, temperature T,
pressure p and the area F; is possible to determine flow rate of air in the valve 5 v and to
count up the hydrodynamic component P,, = G, v.

However, the same value can be determined on [9] Till these techniques:

Pa=vy-p-Fy,
where: y - coefficient of a hydrodynamic force.

Coecfficient y generally is not a constant and depends on a mode and flow pattern
of a liquid, coefficient of local resistances & geometrical parameters. So for example, in
[8] the formula for determination of a coefficient y is adduced:

w=1+(1-&)-16- 12 -h*/d?

But under this formula for calculation of a coefficient of a hydrodynamic force it
is necessary to determine by an experimental way a coefficient of local resistance &.
Therefore was selected a path of determination of a coefficient of a hydrodynamic force
p by a substitution in an equation experimental values of pressure, effective areas and
weights at different pressure of a feed.

The experiments have shown, what a coefficient of a hydrodynamic force y
depends on pressure of a feed and its mean values are peer:

For pressure of a feed pyyur = 0,3 Mma - y = 1,4,

Prwr = 0,6 Mma - y= 1,56.

In calculations the values for the valve in a closed position were adopted y =1 (
valve in a closed position ) and y = 1,48 (the valve in a open position).

Coefficients of viscous friction @ to were determined experimentally on [10]

Equation of motion of the valve and diaphragm [3] is possible to present as:

v, 1 a.v
—<¢-__|P +P, M, g—c,y+P,F;—pF, |-—%
dt Mk [ ke km 124 134 ml' 4 — P k] Mk
Do L Fimpyss (Fi—F)=Pj— Py —Py —ii, x— M, g]- %1V
dt Mm al'4 — Paoi A A A én él 1 i & I‘ . ’

(for constant speed v, and v,, and coefficient of a hydrodynamic force y = 1

(the valve is gone together with a diaphragm), knowing earlier definite values of rigidity
of diaphragms and seals, and also it’s effective areas, is possible to determine
coefficient of viscous friction o, and a,,.

The experiments have shown, that in the given pressure range at constant
rigidites of seals and diaphragms, for the data of geometrical parameters it is possible to
consider coefficients of viscous friction as constants and:

o, = 20Hc/m and a,, = 10Hc/m.
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All experimental values will be used in a non-linear mathematical model as
design values.

RESEARCHE RESULTS

With the purpose of reduction of number of experiments at preservation of
veracity of the obtained data the method of orthogonal planning [11] was applied.
Generally it is possible to dedicate following representative problems of planning of
experiment:

Determination of an extremum of a function in the field of its research.

Selection of eligible model for the description of object or determination of
parameters of a known functional connection.

Determination of adequacy to a mathematical model of composite process, at
which one realization of physical experiments is connected to definite handicappings.

At usage of a method of Box - Wilson [12,13] approximating functions are
represented as a power series and more often will use a polynomial of the second order:

F=C1)-x*>+C(2)-x+C(3)-x-y+C(4)- y+C(5)-y*+C(6)
where: W (1), W (2), W (3), W (4), W (5), W (6) - coefficients of an interpolation
polynomial;
X, y - varied factors.

The verifying calculations have shown necessity of usage of a matrix of planning
of the second order. The factors are a height of valve lift both nozzles hy and pressure
ratio on input and output f.

The designed valves - amplifiers have following ranges of change of parameters
subcritical - = 0.1-0.5, h = 0.1-0.7mm, supercritical mode f = 0.6-0.9, h = 0.1-0.5Mm.
Therefore for B< B, the index plane was selected -h = 0.4mm, B = 0.3, step of variation
on each parameter A = 0.2 and Ah = 0.3mm. For B> B, an index plane h = 0.3mm and
B =0.75 with a step A p =0.15 and Ah = 0.2mm and for a flapper — nozzle h=0.3,
p=0.3and A p=0.2, Ah =0.2mm.

After processing the experimental data obtained by the response function
equation in the form of second-degree polynomial has the form:

p=A+Bh+3Bp+Dh*+Ep’+Fph

1. Subcritical mode:

A =0,56256, B =3,5915, C = -1,1919, D =-3,1679, F =-1,0257

2. Supercritical mode:

A =0,33117, B =2,897, C =-1,8009, D = -2,6393, F = -1,0257

3. Flapper — nozzle:

A =0,17648, B = 3,9293, C =-1,3826, D = -4,1215, F =-1,3826.

To test the adequacy of the approximation obtained dependences of the
coefficients are assessing the significance of the regression equations. Let's consider,
that the coefficient is significant, if its absolute value is more than admissible error.
Such check of a significance of coefficients of an equation of a response function has
not allowed it to simplify. For check of adequacy of the obtained approximating
relations the criterion of the Fisher is used. The dissipation of experimental points
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concerning an equation of a response function is characterized by a residual dispersion
or dispersion of adequacy:

55
S244 = )
A
where: f - a difference between number of experience and number of factors of model,
which one are computed by results of these experience:
f=K-(n+1),
where: (n+ 1) - number of factors of model.
At determination of adequacy to approximating model f=5.

The dispersion of reproducibility §? is determined by a measuring error

(systematic and random errors). Estimated value of Fisher's exact test:

5%
Fé = 5
S:

compared with the table (at a given confidence level and the relevant degrees of
freedom) is exceeded the table value of the adequacy of the hypothesis is rejected. In
our case, the approximation model Fp = 1.8, and valued Fr = 2.1, which indicates the
adequacy of the equation obtained the response function.

On the fig. 13-15 the comparative relations of a discharge coefficient p are
shown from value of valve lift and backlash a flapper - nozzle for different parameters
of gasdynamic process .
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Fig. 13.  p= f(h) npu f>B,, Fig. 14.  p=f(h) mpu B <P,

As can be seen from the graphs, the approximation depending accurately describe
the processes taking place and these equations can be used in a mathematical model of
the pneumatic positioner mechanical systems for the calculation of static and dynamic
characteristics and of the numerical experiment.
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CONCLUSIONS

To determine the coefficients in the system of equations of the experimentally

determined static characteristics of the positioner. Empirically found dependence of
discharge coefficients p of construction-setting parameters positioners and gasdynamic
regimes. Are retrieved of  rigidity of diaphragms - ¢, i ¢, seals of the valve and
saddle ¢, valve and diaphragms - ¢,,., value hydrodynamic component of forces Pr
and coefficients of viscous friction o, and a.,,.

Obtained an approximation model to determine the discharge coefficient and p is

defined by its adequacy.

N —
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CTATUYECKHE XAPAKTEPUCTHKH KJAITAHOB - YCUJIUTEJIENA
INHEBMATHUYECKHUX ITPUBOJOB MEXAHUYECKUX CUCTEM

Banetun Pemenb, Anexkcanap Baabix, Muxauna Jlopaxkunannase

AHHOTAamUsl. PacCMOTpeHBI CTAaTHYECKHE XapPAaKTEPUCTHKH ITHEBMATHYECKHX  KIIANAHOB-YCHUIMTENCH
HPUBOJIOB MEXAHUYECKHX CHCTEM C YJIyYIICHHBIMH JAMHAMHYECKHMH XapakKTepucTHKaMH. OIBITHBIM yTeM
HaliZleHbl 3aBUCHMOCTH KOI()(QHUIMEHTOB pacxosa B OT KOHCTPYKTHUBHBIX [AaPaMETPOB IO3HIHOHEPOB H
ra30/{HHaAMHYECKUX PEKUMOB, TBEPJOCTH MEMOPaH - €, i €y , YIUIOTHEHHUII KiIallaHa H Cela- Cy , KJIallaHa 1
MEMOpaHi - Cyy., BEIMYNHY THAPOAUHAMUYECKON COCTaBIsOMEH ciiti Py 1 koedDHUIMEHTBI BI3KOTO TPEHHUs
oy i 0, . [TosydeHa anmpoKCHMaIMOHHAs MOJIENb ISl ONpe/eNieHus Ko GHIMeHTa pacxosa | i onpe/ielieHa
ee aJIeKBaTHOCTb.

KnioueBble cjioBa: KilalaH-yCHIIUTEIb, THEBMATHUECKUI IPUBOA, KO3 duImeHTs! pacxoaa.
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THE RESEARCH AREA IN TERMS OF POLY SUSTAINABILITY

Nataliia Riazantseva

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The region is considered as a complex system that consists of three interrelated components:
economic, social and environmental

Key words: Region, a system , a model, territorial integration, effective governance, economic, social and
environmental components, infrastructure.

INTRODUCTION

"Region" is the key concept of the regional economy and thus a fairly
meaningful. In economic terms the allocation of structural units "region" is considered
from the standpoint of the territorial division of labor. Integrative capabilities allow the
region to consider it as an economic region, the subject of federation or other political
subdivision within the country, as any territorial integration, including international
(transnational region).

PROBLEM DEFINITION

Awareness of the systemic nature of the category of "area" now can be
considered common. Methods of finding an effective management system, how it is
itself the result of management in a large extent determined by what is the model of
controlled system, the extent to which this model corresponds to the real system.[5]
Contemporary stage of development of the international community, along with
globalization is the active Going regionalization: some moving the center of decision-
making at regional and local level, the growing role of regions and their cooperation in
economic, social and cultural development.[3] It is significant regional experience in
Belgium, Germany, Great Britain, Austria and Spain.[8,7] Since the process of
regionalization region acts as a universal category, it seems, will have practical
significance of the regional modeling system without determining its particular species.
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In research there are different models of regional systems that will definitely
have something in common with each other, but at the same time isolated in a regional
system of different components [11].

There are several reasons, and not the last will be the fact that building a content
model of a creative process, and, therefore, suggests that diversity results. In terms of
system analysis the region is a complex dynamic poorly structured system. For a deeper
understanding of the relationships of structural elements (components), and
management processes that occur in the administrative and territorial units, will present
the region as a field component model.

SOLUTION

The main characteristics of the regional system are ecological, social and
economic components that can objectively be considered subsystems of the first level of
"region" (their constituents, according subsystems levels further in the hierarchy).
Subordination of subsystems is organized according to their targeted "contribution" in
the ecological and socio-economic situation of the region. [1,4,13]

The bases of the model are environmental and social components that make up
the resource potential of the region. Parts of the environmental components do not
require additional comments. [2,6]Say only that subcomponent "environmental
conditions" has dual subordination, not only because it is part of the environmental
components, but also is due to the impact on the environment of economic entities of
the region.

Poly sustainability model of the region represented by figure 1.The basis of
social components of the region is the population; its different characteristics comprise
two components of a lower level — the "demographic" and "human resources".
[10]Component "labor" reflecting popular participation in the economic subsystem, also
has dual subordination: acting as a resource for industrial components, it is changing
under its influence.[12] Characteristic for the region a special community of people
from certain ethnic composition, traditions and way of life is come by producing one
more component — “socio-cultural environment”. Since the quality of life of the region
has been defined by the social infrastructure (it is housing stock, objects of social
sphere, trade, utilities, transport), it is also highlighted by component next level[15]

Central to the model region gains the economic component that is the foundation
of life in the region. It contains two large blocks: production and finance. The
production component is considered as a set of business entities of various industries in
the region and economic ties between them, here is the production of real income of the
region (GNP, GDP, national income, GRP).[14]

Of course, finance permeates the entire structure of the regional system, but
following the principle of decomposition, the financial unit is included in the economic
components. It was made by the formal basis — finance objective is an economic
category, as an expression of areas of distribution relationships. Since the region has
been seen as yet universal category to pinpoint the financial component of the region is
difficult, in each case there will have its own set of elements. [9]
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Fig. 1. Poly component model region

CONCLUSIONS

Submitted field component model of the region reflects the same true level of
abstraction as the object of its research and modeling, and reaffirms the relationship
between clements of the system. By elemental analysis of the regional system shows
that each of these components is only conditionally can be separated from one another.
It explains as even by the simple and multifunctional "primary" elements that are
depending on the objectives of the research to various components and as
interconnectedness of components that interact with each other form a quality regional
socio-economic (territorial social) system.
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INFLUENCE OF HAULING FORCE ON FIRMNESS
OF PLURAL STATIONARY MOTIONS OF PASSENGER CAR MODEL
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Summary. The question of influence of hauling force which operates on front axle of passenger car is
considered in the article, on the plural of stationary motions of passenger car. It is set that the presence of
hauling force changes the diagram of firmness substantially (bifurcation plural).

Key words: car, course firmness of motion, bifurcation plural, trajectory phase, trajectory of motion.

INTRODUCTION

Character of dependence of lateral force as influences the function of slip corner
the most substantial rank on descriptions of course firmness of car [Volkov V.P.,
Kravchenko A.P., 2009, Podrigaylo M.A., Volkov V.P., Boboshko A.A. and others,
2008, Podrigaylo M.A., Volkov V.P., Stepanov V.Y. and others, 2006]. In-process by
descriptions course firmness the areas of firmness of plural of steady-states are
understood inplane the guided parameters. For the simplest bicycle model in the case of
droningly growing dependence of force of the lateral taking any changes of firmness of
steady-states, at the change of two guided parameters there are the systems, related to
appearance (disappearance) of pair of the special points. In the cases of general, answers
these points or branching of fold is the double special point, or branching of collection
is the triple special point [Arnold V.I., 1990]. Therefore interest presents determination
of areas inplane two guided parameters with the different amount of the stationary
modes — limit between them is a critical value (a bifurcation plural has the name)
[Arnold V.I., 1990, Poston T., Stewart 1., 1980].

The geometrical method of finding of the stationary modes [Pevsner J.M., 1947,
Pacejka. H.B., 1978, Verbitskii V.G., Lobas L.G., 1981], complemented the algorithm
of construction of bifurcation plural [Verbitskii V.G., 1995, Verbitskii V., Danilenko E.,
Nowak A., Sitarz M., 2007], is known, enables to conduct the previous analysis of
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amount of the stationary modes and define limit of firmness inplane the guided
parameters: longitudinal rate of movement, corner of turn of the guided module
[Verbitskii V., Danilenko E., Nowak A., Sitarz M., 2007, Lobas L.G.; Verbitskii V.G.,
Boruk 1.G., 2000]. From the review of that hauling forces which operate in the contact
of wheels with a road [Gillespie Thomas D., 1992, Kosenko A.V., 2010] were not taken
into account in these works, but realization of the simplified geometrical method of
construction of bifurcation plural at presence of longitudinal force on front wasp is done
impossible, the construction of bifurcation plural is in-process conducted on the basis of
numeral realization of analytical and geometrical method of lengthening after two
parameters [Shinohara Y., 1972, Troger H., Zeman K., 1984, Holodniok M., Klic A.,
Kubicek M., Marek M., 1991] both at the account of longitudinal force and at its
absence (the plane of the guided parameters is broken up on an area with the different
amount of the stationary modes; there is a change of firmness of stationary motions on
limit of areas). To the points of sharpening (cusps) of critical plural answers branching
of collection, and to the regular points is branching of fold [Arnold V.I., 1990, Poston
T., Stewart 1., 1980, Bruce J., Giblin P., 1988]. The sizes of areas, where proof steady-
states will be realized, give a quantitative estimation influence of hauling force on
descriptions of course firmness.

A purpose of the article is research of influence of hauling force which operates
on front wasp, on firmness of plural of stationary motions of passenger car.

RESULT OF RESEARCHES

For research the «bicycle» model of car is utillized with the fastened steering
management, equalizations of motion of which look like:
m(v + uw ) = X; cos(0) — Y; sin(0) — X ;
m(u + Vw) =Xy sin(0) + Y; cos(0) + Ys; M
Jw =a(Y] cos(0) + X; sin(6)) —bY>,
where: m — mass of car;
Y, Y, — lateral forces which arise up between a wheel and road;
X — force of resistance of car motion;
X — hauling force.
Forces of the lateral taking Y;, that included in the system of equalizations (1),
determined empiric (functions are from the corner of taking &), presented as droningly
growing dependence:

kisi > (2)

where: k; — coefficient of resistance to the lateral taking;
N; — vertical loading;
¢ —coefficient of rolling friction with a road.
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Monotonous approximation of forces of taking is not of principle limitation for
the select in-process numeral method of construction of identical curves and
Oidypkamiiinux plurals, and enables easily to define influence of longitudinal force (the
case of monotonous approximation in default of longitudinal force is well
investigational [Verbitskii V.G., 1995, Verbitskii V., Danilenko E., Nowak A., Sitarz
M., 2007, Lobas L.G.; Verbitskii V.G., Boruk I.G., 2000]).

Force of resistance of motion X, consists of force of resistance rolling and forces
of resistance of air environment [Tarasik V.P., 2006]:

X = mgf + ky,Fv2, (3)
where: f = f,(1+(0,0216v)*) - coefficient of resistance to rolling [19];

ky, — coefficient of windage;

F — frontal area of car.

At calculations which will be executed below, the next values of parameters are
accepted: ¢ = 0,8; m = 1325 kg; coefficients of resistance of taking: k; = 50 kN/rad, k, =
40 kN / rad; fy = 0,015; k,, = 0,3 Ns*/m* F = 1,8 m*; base | = 2,42 m; distance is from
front a landmark to the barycenter a = 1,2 m; distance is from back a landmark to the
barycenter b.

The analysis of equalizations which determine the plural of steady-states
specifies on possibility of direct decision of this system in relation to forces of taking,
that allows substantially to simplify procedure of construction of bifurcation plural.

Two last equalizations of the system (4) determine the plural of steady-states:
[b(vwmtg(@)— uwm+ X )—a(uwm—Xg )]cos(@) ]

X = ;
! b+a
N [~ vwmctg(6) - b(uwm — Xg ) —a(uwm — X¢ )]sin(G)_ )
! b+a ’
Y, - mova
b+a

Utillizing the method of continuation after two parameters [Verbitskii V.,
Danilenko E., Nowak A., Sitarz M., 2007, Holodniok M., Klic A., Kubicek M., Marek
M., 1991], will define the critical values of the guided parameters, that will build a
bifurcation plural (graph, which represents parameters which a divergence loss of
firmness of steady-states is at). On fig. 1 the got bifurcation plural which specifies on
the high-quality changes of bifurcation plural during realization of tractive force on
front wasp is resulted: area of the guided parameters 6 and v distributed on an area with
the different amount (presented numbers in circles) of the stationary modes of motion.
In areas with two stationary modes one mode will be proof, and second unsteady.
Accordingly in areas with four stationary modes — two proof and two unsteady.

Most dangerous from the point of view course firmness are arecas where the
stationary modes of motion absent, or there is one unsteady mode.

For the subsequent analysis of firmness of the stationary modes the method of
continuation is utillized after one parameter [Shinohara Y., 1972, Lobas L.G., Verbitskii
V.G, 1990].

As example an area is considered with four stationary modes of motion (see rice.
1) in the case when longitudinal constituent of speed C.M. car v =23 m/s.
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Fig. 1. Bifurcation plural

On fig. 2 dependence of angulator round vertical the landmark of car body ®
from the corner of turn of the guided wheels 0 is resulted. The points of turn on the
graph ( 1 — 4 on of fig. 2) answer the double stationary modes [Lobas L.G., Verbitskii
V.G., 1990, Holodniok M., Klic A., Kubicek M., Marek M., 1991] (divergence loss of
firmness) — bifurcation plurals which outline an area with four stationary modes at
speed coincide with interfaces 23 m/s (continuous line answers the graph to the proof
modes of motion, stroke — unsteady).
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For clarification of parameters of the got stationary modes will consider three
from them, that to in obedience to fig. 2 is proof. The modes have the followings
parameters:

u=-0,496 m/s; o;=0,065s"; 6;=0,0021 rad;
up=-1,092 m/s; o;=0,133s"; 0;=0,0037 rad;
U = -7,387 m/s, O = 0,319 S_l; GHI = -0,0108 rad.

For each of these modes will define the corners of taking of front and back axes
[Pevsner J.M., 1947]of, which can serve as the certain criterion of practical realization
of the proper withstand motions:

u+am —u-+bw
8 =0 LS, =—
v \%

The next values of corners of taking are got:

ModeI- §,=1,16"; §,=1,43".

Mode I - 6,=2,54"; §,=3,12°.

Mode III - 8, =16,83°; 8,=19,37".

Obviously, that realization of the third mode needs certain experimental
confirmations, that it is related to the large enough values of corners of taking. It should
be noted that in opposition to the cases turn of car to the right, for a case III, needs turn
of steering wheel. For the first two modes the trajectories of motion of centre-of-mass
car are numeral built (fig. 3).

Thus radiuses of trajectories of C.M. it is possible approximately to define after a
formula R =v/w: for the mode I — R; =354 m; for the mode I - Ry =173 m, IIl — Ry
= 72 m (radius of trajectory of point D of longitudinal ax which has a rate of
longitudinal movement v = 23m/s). Distance of this point is from C.M. determined
correlation L=vw/o: 1-L; =-7,6 m, II-Ly =-82m, Il - Ly =- 23,2 m, that
explains the numeral coinciding of radiuses of C.M. and points of D, or their
divergence, and the radius of CM is determined by R. = JR?+ 17 : Rer =353,9 m; Reyp

= 173,1 m, RCIII = 75,7 m.

The values of radiuses are resulted higher coincide with those which are got on
the basis of numeral integration. For finding out of influence of longitudinal force of X1
on fig. 3 the fragments of basic branches of bifurcation plurals are resulted for two
cases: hauling force of X; = 0; hauling force of X; = 0. Will notice that the second and
third equalizations of the system (1) were utilized in last case only, in what X; = 0.

Fig. 3 illustrates differences between the bifurcation plurals of frontpulling and
rearpulling cars. But it follows to notice that in this case influence of hauling force is
not taken into account on the size of coefficients of resistance of taking, that is why
have «unchangingy critical speed of rectilineal motion Vo2 = k* ky*l*gl(ki- ky); (v, =
28,1 m/s).

For additional research of bifurcation plurals and their verification it is necessary
to choose control parameters 0 and v, values of which are in near of border of
bifurcation plurals.
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Fig. 3. Comparison of bifurcation plurals

Will consider the graph X; # 0 (look on fig. 3), in quality an example elect speed
of car v = 12 m/s but value of corner of turn of the guided wheels 6 = 0,06 rad (it is
under a curve) and 6 = 0,07 rad (it is outside the graph which is examined).

For the select guided parameters numeral integration is build phase trajectories
narrow-mindedness of which specifies on realization of proof stationary motions; the
proof stationary modes are answered by the circular trajectories of centre-of-mass car
inplane road (fig. 4).

6-007

w.rad/s

——

06 0k 02 0 “umis 0 10 0 Xm

Fig. 4. Phase trajectories (a) and trajectories of motion of centre-of-mass
(b)atv=12m/sand X;#0

From fig. 4, a evidently, that at 6 = 0,06 advices have the proof mode of motion
with parameters (u = - 0,699; u = 0,397), this mode is answered by the circular
trajectory of C.M., which is resulted on rice. 4; at the value of 6 = 0,07 advices a phase
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trajectory is unlimited, it specifies or on absence of the proof modes, or on that
beginning of co-ordinates does not belong to the area of attracting of the proof mode
(from lines. 1 swims out in actual fact, that for the proper guided parameters steady-

states absent in general).
In case X, = 0 elect the guided parameters: v =12 m/s, 8 = 0,07 pan (it is under

the basic branch of bifurcation of curve); v = 12 m/s, 6 = 0,08 rad (it is outside of

bifurcation plural).
On fig. 5 a phase trajectory (a) and trajectory of centre-of-mass (a), which are

built for the case of v =12 m/s, 6 = 0,07 rad.
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Fig. 5. Phase trajectory (a) and trajectory of motion
of centre-of-mass (b) at v=12 m/s, 0 = 0,07 rad (X ;= 0)
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Fig. 6. Phase trajectory (a) and trajectory of motion of centre-of-mass (b) at
v=12m/s, 8 =0,08 rad (X, =0)
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From fig. 5, a evidently, that at the fixed guided parameters v = 12 m/s, 6 = 0,07
rad a car goes out on the proof circular mode (u = - 0,998 m/s; ® = 0,465 rad/s), inplane
road he is answered by the circular trajectory of CM (resulted on fig. 5, 06).

On fig. 6 a phase trajectory and trajectory of centre-of-mass, which are built for a
case is resulted v =12 m/s, 6 = 0,08 rad.

Fig. 6 specifies on realization of the proof mode (u = - 8,6800 m/s; ® = 0,6454
rad/s), although coming from bifurcation plurals (fig. 3), it would follow to expect the
unsteady mode. A similar situation can testify to the presence of additional (or
additional) branches of bifurcation plurals and in case X1 = 0.

These additional stationary modes do not have a practical value, because the
corners of taking on axes exceed 40 degrees (5, =0,7388, &, =0,7889).

CONCLUSIONS

Hauling force influences on descriptions of course firmness of passenger car —
changes the type of bifurcation plural (integral description of firmness of all to
pluralness of the stationary modes of motion). For the analysis of influence of hauling
force on descriptions of firmness additional research of phase portraits (task of
estimation of areas of attracting of the proof stationary modes) which would answer the
areas of plane of the guided parameters with the different amount of the stationary
modes is needed in large.
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BJIMSIHUE TSTOBOM CUJIbI HA YC;I‘OI‘/'I‘-II/IBOCTL MHO>XECTBA
CTAHUOHAPHBIX IBU)KEHUU MOJEJIN JTETKOBOI'O
ABTOMOBWJIsAA

Baagumup Caxuo, Anexcanap KpaBuenko,
Amnppeii Kocrenko, Biagumup Beponnxuii

AHHOTaNUsA. B craThe paccMOTPEH BONPOC BIMSHUS TSATOBOW CHIIbI, KOTOpash AEHCTBYET HA MEpeaHel ocu
JIETKOBOTO aBTOMOOWJIS, HA MHOXKECTBO CTallMOHAPHBIX ABIDKEHHI JIETKOBOIO aBTOMOOWIISL. YCTaHOBIICHO,
YTO HaJIM4YHe TATOBOM CHIIBI CYIIECTBEHHO H3MEHAET AMarpaMMmy ycroitumBocTu (OudypkamnuoHHOE
MHOXECTBO).

KiroueBble cj10Ba: aBTroMoGHIb, KypcoBas YCTOMYHMBOCTH JBHIKEHHS, MHOXECTBO OU(YpPKALHMOHHOE,
TpaekTopus (a3oBasi, TPACKTOPHS ABHKCHUS.
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CONTACT AREA INCREASE OF THE WORKING ELEMENTS
OF THE BLOCK BRAKE BY MEANS OF DESIGN METHODS

Oksana Sergiyenko

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. There offered the design of the block brake which is characterized by sectionalization of the
working material that ensures the increase of the heat removal total area and the level decrease of mechanical
and thermal deformations. The consequence of it is the temperature decrease of the contact area of the block
and rail and coefficient increase of block brake elements.

Key words: rolling stock, block brake, contact area.

INTRODUCTION

Nowadays the mechanical brake systems are widely used in the rolling stock and
are the irreplaceable means of the rolling stock braking [2, 14].

However, the use experience of frictional brake systems showed their
imperfection from the point of view of heat capacity [1, 6, 13] and it creates definite
problems in the result of overheating of the friction elements and it brings to the
decrease of the friction coefficient and the increase of the wear intensity. Thus, the heat
removal improvement and the temperature decrease of the block brake friction zone is
an actual technological problem.

OBJECTS AND PROBLEMS

According to molecular and mechanical ideas of friction of the solids [4, 5, 12]
external friction forces are determined as the sum of resistances relatively to the
displacement of the solids stipulated by atom-molecular interaction and deformation of
the surface layers by inculcation microunevennesses. Hence, the simple way of the
friction force rise of the elements is the contact area increase of the interacting elements

[8].
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The increase of the contact area of the block and a wheel of the rolling stock
allows to obtain additional advantages which are understandable from the point of view
of logic. It means the prolongation of service life of cast-iron blocks.

Practically, the increase of the contact area of a block and a wheel due to the size
increase of the block is problematic because the blocks are heated and deformed while
braking. As a result, the shape and a block outline are distorted and it is unevenly snug
against the wheel. Besides, while increasing the block length, the block rigidity is
decreased stipulated by the size “d” and it also has an influence on the homogeneity of
the block pressing to the wheel. As a result, the effect from the increase of the contact
area (the length of the block) does not bring the expectable result (fig. 1).

It is experimentally ascertained that the size of the blocks, particularly their
length (the width of the block is determined by the thickness of the tyre), where thermal
deformations are not told, is not to exceed 230 - 330 mm [11].

Fig. 1 offers the illustration of a new design of the brake block which gives the
possibility to increase the summable area of all the blocks. A main idea of the offered
principle consists in the sectionalization of the block working surface that has an
influence on the level decrease and nature of thermal and mechanical deformations and
it ensures both the contact area increase and it is snug against the wheel in comparison
with the prototype. In this case the bearing density of the block to the wheel is
determined only by the rigidity of the block arm stipulated by the size “d” which can be
raised by design methods.

Fig. 1. A new principle of the brake block design which ensures the increase
of the contact area with a wheel
1 — a rolling stock wheel; 2 — shoe; 3 — brake block; 4 — elastic elements
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Ordinary calculations show that under the conditions of conservation of the
rigidity level and absence of mechanical and thermal deformations it is possible to
increase summary length of the brake blocks up to 550 mm (in comparison with 380
mm of the series block).

Such a length increase of the brake blocks promotes to the increase of the total
contact area by 40 %. In this case the friction force is increased and wear intensity is
decreased.

This is confirmed by the calculations of the friction force and wear intensity
which are made on the basis of the friction theory formula [3, 5, 10, 12]. The
calculations are made for rigid non-saturated contact of a wheel and a block [8]:

AbVY=1)e" | MRRyw7o | 0A7B4R"Es> RIS 0,50, ER2 } 0

max

F = +
27RR., | v(v—1) 1— 42 b (Y
/5 > \I/5
2,47 (1 -y’ )4 s a2/5| 1—
f= 0 +B+0240,, pP N —F—| . )
pi/5A2/5E4/5 b E

Formulas (1) and (2) set the interconnection between the friction force F, friction
coefficient f and parameters which characterize the properties and conditions of the
brake block and wheel of the block brake.

Correspondingly, the wear intensity of the block was calculated in accordance
with the formula:

t
I = 0344 (1), % +0,5/3M 3)

The formula includes:
p, —hominal pressure;

7, —molecular shear strength;
R

R — curve radius of microroughness peak;
v, b — parameters of degree approximation of initial part of support curve;

max — Maximum height of microroughness;

k, — integration constant depending on v;
4, — contact contour area;
f — piezocoefficient of molecular bond;

P — contour pressure;
4 — Puasson coefficient;

E —modulus of elasticity;
A4 — complex criteria of roughness;
a,; — the coefficient of hysteresis losses.

& -relative rapprochement of contacting surfaces;

oy - stretching tension, resulting in destruction at single influence;
t =3+14 - index of the crooked fatigue;

k' - coefficient k' =5 - for fragile materials.
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Relative rapprochement ¢ of surfaces is determined as absolute rapprochement
of surfaces h in the ratio of the maximal height of microrougness:

“)

The calculations show that the friction force under the conditions of
sectionalization of the working surface of the friction block is increased by 2,2% while
simultaneous decrease of wear intensity by 3,7%.

The brake block design (fig. 2) was developed on the basis of the offered
principle and it is defended by the patent of Ukraine [9].

Fig. 2 A new brake block design
1 — shoe; 2 — brake block

The characteristic feature of a new brake block consists in sectionalization of its
working surface. Working sections 2 are installed on the shoe 1. A new brake block is
interchangeable with a serial sample.

The application of several sections of brake elements on one shoe allows to
obtain one more operation advantage. It is connected with the increase of total external
area of brake elements and it gives the possibility to improve heat removal from the
body of the brake block into environment.

CONCLUSIONS

1. One of the ways of improvement of the block brake characteristics is the
increase of the contact area of the block and the wheel and it is problematic because of
the blocks irregularity of heating and deformation while braking. As a result of it, the
shape and outline of the block are distorted and it has an influence on the contact area of
the block and rail.
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2. Sectionalization of the working surface of the brake block allows to increase
its contact area with a rail. In this case it is possible to increase friction force by 2,2%
while simultaneous decreasing wear intensity by 3,7%. Critical value has not been
obtained when thermal deformations begin to be told.

3. There offered a new design of the brake block of the block brake of the
railway vehicle which is characterized by sectionalization of the working surface. The
design of the brake block is defended by the patent of Ukraine as a helpful model.
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IOBBIIIEHHUE IIVIOIAJIA KOHTAKTA PABOYUX 3JIEMEHTOB
KOJOAOYHOI'O TOPMO3A KOHCTPYKYKTOPCKHUMU METOJAMUA

Oxcana Cepruesko

Annorauus. IIpennoxeHa HOBas KOHCTPYKLUS TOPMO3HOM KOJOAKH, KOTOpas XapaKTepU3yeTcs
CEKIIMOHMPOBaHHEM Pabovero Marepuana, 4yTo 00ECIeUnBaeT yBeJIMUYeHHe OOMIeH IUIONAaaN TEeII00TBOAA
CHIDKCHHE YPOBHS MEXaHHYECKHX M TepMmuueckux aedopmanuii. CIeACTBHEM JTOro SIBISETCS CHIDKEHHE
TeMIepaTypsl 00JIaCTH KOHTAaKTa KOJOIKH C PEIbCOM U IOBBICHHE KOX((UIMCHTa TPEHHS JJIEMEHTOB
KOJIO/IOYHOTO TOPMO3a.
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THE DISPERSIVE FIELD OF THE MARK,
WHICH APPLIED U-SHAPED RECORDING HEAD

Mykhaylo Smirny, Arkadiy Bikhdricker

Volodymir Dahl East-Ukrainian University, Lugansk, Ukraine

Summary. The methodology of determining the optimal location of fluxgate sensors for reading the
information on the magnetic carrier, record to which is carried out U-shaped recording head is offered.

Key words: wagon weights, fluxgate sensors, external magnetic field, magnetic mark, U-shaped recording
head.

INTRODUCTION

The railway transport of Ukraine is important to the livelihoods of the economy,
consisting of the provision of timely and high-quality passenger and cargo
transportation. Recently, there has been as increase of volumes of transportations, and
the growth of deficiency of a rolling stock, first of all freight carriage [Belov V., 2003].
For sustainable operation of the industry at the expense of improvement of quality
indicators of work of railway transport, the increase of traffic speed, use of reserves
acceleration of the turnover of railcars, minimization of unproductive idle runs railcars
and locomotives should create the required reserve weight measuring points [Kurlaev
A., 2003]. Such a possibility exists, taking into account the increased availability of
railway-owned highways means of information-measuring engineering [den Buurman
G., 2005].

Amenities such weight measuring points anchor wagon weights does not in all
cases justified economically because of the high cost of weights and high labor-
intensiveness of their installation[Sergeev A., 2000]. To solve this problem it is
suggested magnet metric weighing system railcars [Bikhdricker A., 2010], intended for
weighing of railcars in motion in the train with documentary registration of the weight
of each railcar. It can be easily installed on the routes of the railway stations and access
roads of open pits, mines, ports, and other industrial enterprises.
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RESEARCH OBJECT

For weighing it is proposed to use the method of magnetic recording on the
railroad track. It is known, that the intensity of the external magnetic field of a marking
depends on the impact of dynamic loads [Bikhdricker A., 2001], and the degree of
reduction of the strength of the magnetic field depends on the weight of the railcar. It is
expedient to apply the magnetic marks on the neck of the rail to determine the weight of
railcars.

The purpose of the article is the analysis of the mathematical model of the
dispersive field of the mark, which applied U-shaped recording head in the magnet
carrier and determine the best location for fluxgate sensors on magnetic fingerprint.

RESULTS AND THEIR ANALYSIS

Residual magnetization mark creates, the configuration of which we find in the
assumption that in this apply the same idealization, which were introduced in the
analysis of fields of permanent magnets[Smirny M., 1982]. Model of magnetic carrier
which has a thickness of 2d is depicted in fig. 1, where indicated y/d =y, x/d=X .

A

¥
[j®3 I P [j®3

]

b

Fig. 1. The magnetic field of the marking: a — model of magnetic carrier;
b — the distribution of residual magnetization
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The nature of the field in a plane ferromagnetic body when recording a U-shaped
head makes approximated the residual magnetization of the mark by using expressions
[Smirny M., 2009, Pavlukov V., 1977, Polivanov K., 1975]:

_ - Vi

M (x)=jM,,———; 1
r (x) ] rm ﬁz + (_f_l’_l)z > ( )
_ - in

M (x)=—jM,,———, 2

where: the M,,, is the amplitude of the residual magnetization;
p>0 is the coefficient, depending on the length of the magnetic marking.
Decomposition (2) and (3) in the Fourier integral has the form:

M (x)=iM,, % [ % PP cos(X + ) adw ; (3)
0

M (x)=—jM,, ETE Se P cos(X —Dadw . (4)
o2

After the solution of the boundary value problem for one of the harmonics (3)
and (4) which has a frequency w=Q=#0 ]\7[,9 =]Mer cos(x+3), where

M,.o :Mrmﬁe_ﬂQ is the amplitude of the magnetization [Bikhdricker A., 2007], the

magnetic potential is determined in the area of 3, caused by all of the harmonic
spectrum and then the components of the intensity of the external mark field are
determined [Chatskis L., 1973, Loufer M., 1973]:
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Bringing the integrals into the forms which are tabulated and considering the
relationship H = gradep[ Polivanov K., 1964], the expressions for horizontal and

vertical components of the intensity of the field from the magnet pole are derived
[Bikhdricker A., 2007]

M X+
H;—:ﬂ rm Ca _
y,,+1|:az_:0 G+p-1+4a)f +(x+1)
2y, e X+ N %
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24, e y+p+1+4a N (8)

+laz  (v+pB+1+4af +(x+1)

n-12 4, y+f+3+4a
c 5
M+l (7+p+3+4a) +(F+1)

+

« x—1
H—: rm (24 _
= Lgoc (F+pB-1+4a) +(x-1)
2u, & 4, x—1
-— + 9
%HEOC (F+p+1+4a) +(x-1) ©)

u-1g 4, x-1 .
ur+lg§oc ()7+ﬁ+3+4a)2+(>_c—l)}

_ M e v+ p-1+4a
H — rm a
g ﬁu {Eoc (F+p-1+4a) +(x-1)

r

2u. &, v+ p+1+4a
- L + 10
/ur+1aZ::OC (G +p+1+4a) +(x-1) (10)
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For a marking, caused by U-shaped recording head with the most appropriate
width of poles 24 = 4,6d [Smirny M., 1986], =2, The calculated curves H, and H,
depending on x at various y presented in fig. 2. Parameter / is calculated as the

optimal under fixed y and H, —max [Smirny M., 2009].
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Hx, A/n

S

Hy, A/n

Fig. 2. The magnetic field of the mark: a — horizontal components of the field intensity
H, of the mark; b — vertical components of the field strength H), of the mark

CONCLUSIONS

After the consideration of the curves we conclude that at x=0 there is the
maximum value of the horizontal component H,, and maximum values H, are within
the absolute values of the (2,2...2,6) X, that is, at a distance from the center of the mark,
approximately equal to the width 4 of the recording head pole.

Received the maximum values can be used as informative parameters using the
fluxgate sensors to control weight rail industrial vehicles.
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Annoranus. IlpeuiokeHa METOAMKA OHPEACHCHUS ONTUMATIBHOIO PACIONOXEHHS (eppO30HAOBBIX
JIATYUKOB ISl CYUTHIBAHUS HH()OPMAaIUK ¢ MATHUTHOTO HOCHUTEIS, 3alHCh HA KOTOPBI ocymecTsusercs I1-
00pa3HoIi roJIOBKOH 3aIHCH.
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WATCHING DRIVE

Yana Sokolova, Tatyana Tavanuk,
Dmitriy Greshnoy, Vladimir Sokolov

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The linear mathematical model is presented and transfer functions of the electrohydraulic
watching drive with throttle regulation are defined. The mathematical model is adapted on drives of the
equipment for processing by the pressure, constructed on the basis of standard modules.

Key words: electrohydraulic watching drive, linear mathematical model, throttle regulation.

INTRODUCTION

The modern equipment for processing of materials by pressure demands much of
characteristics of drives on accuracy of realization of the set laws of movement of a
target link that is reached by use of epy electrohydraulic watching drive (EHWD) [1].

The important stage in EHWD designing is the estimation of stability, quality of
regulation and correction of dynamic properties of a drive. Performance of the given
stage is connected with working out of mathematical model of the non-stationary
working processes proceeding in a drive. The mathematical models of dynamic
processes presented in the literature [2, 3], cannot be generalized on all class considered
EHWD. A number from them is focused on certain designs of devices of a drive, in
particular electrohydraulic amplifier (EHA). In the majority of model definition of
parameters which cannot be estimated from nameplate data of standard devices demand
or are revealed at a stage of preliminary designing.

At small deviations of parameters of system from static values use of linear
models for the mathematical description of non-stationary processes is admissible. It
allows to receive the analytical decisions, giving the chance to find out and present
prominent features of studied process for any combination of parameters of system.
Besides, analytical decisions are "standards" for an estimation of accuracy of analytical
decisions.

The work purpose is working out of linear mathematical model and definition of
transfer functions of an electrohydraulic watching drive with the throttle regulation,
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adapted on drives of the equipment for processing by the pressure, constructed on the
basis of standard modules, with use for an estimation of dynamic characteristics of
nameplate data of devices of a drive.
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Fig. 1. Settlement scheme EHWD (a) and target cascade EHA (b)

OBJECTS AND PROBLEMS

Let's allocate basic elements of the EHWD: a hydraulic engine (HE), the
electrohydraulic amplifier (EHA), the including electromechanical converter (EMC)
and the hydraulic booster (HB), the feedback gauge (FBQ), the electronic block (EB).
Further it is considered the settlement scheme of a drive presented on fig. 1.

In works [4, 5] typical nonlinear mathematical model of the EHWD with throttle
regulation which includes following equations and dependences is considered:

di .
Uoc=kocY: Uyc=kyc (U-Uoc); Ly, 7;/ + Ry, =Uy,;

2 dxy gy
Ydr? Yodt

/2 .
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here Y, V' - moving and speed of the piston; p,;, p, - pressure in hydrocylinder
cavities; m - the resulted weight of mobile parts; F;, F, - the effective areas; c - rigidity
of item loading; xr - factor of force of a viscous friction; Rcr - force of a dry friction; R -
loading; H - a piston course; E,, - the module of elasticity of a working liquid; Wy, Weo
- "dead" volumes of pressure head and drain highways; ko¢ - factor of FBG transfer; k,;
- factor of EHA transfer; constants of time 7.y, T;y which are defined on shift

frequencies ¥1>"2 on a phase on 45 and 90 hailstones:

1 1 2nv
T2y=—;T1y= - 12’
2nv, 2mv, (Zm/z)

where: py, pc- pressure of pump station and on plum; /4, - size of positive overlapping;

H3 _ factor of the expense of a crack of a valve; d3 - diameter of a valve; k, - factor of

completeness of use of perimeter of a valve; P density of a working liquid; U -
entrance (operating) pressure; Uyc - pressure on EB exit; kyc - factor of EB
strengthening; Ly - inductance of a winding of management; Ry - active resistance of the
electric chain.

Let's make the linearization of the received nonlinear mathematical model,
preliminary having excluded as a first approximation force of a dry friction and item
loading. Usually at drawing up of linear mathematical models of hydrodrives [6] the
assumption of equality of "dead" volumes of pressure head and drain highways is
accepted:

w_ =W =W
HO Wco o (1)

And the indissolubility equations register for average position of the piston, and
also equality of the effective areas of the hydrocylinder:
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h=kh=F @)

Last assumption is the most essential, however allows to simplify considerably
model for the account of following possibility to admit equality of expenses in EHA

lines:
0=0,=0 (3)

With the account of the above-stated, the equation of movement and balance of
expenses become

@,
dt )
W0+FH/2@=Q_FV; )
E, at
WO+FH/2dp2:Q+FV. ©
E, dt
By linear links are described FBG, EB and operating winding EHA:
UOL’ = kocy (7)

U)’C = kyc (U - UOC) . (8)

The linear accepts communication of displacement of HB valve with a current in
a management winding:

d*x .
T22y : + 1y =Ry y
dr2 dt )

We use the traditional approach [6,8] to linearization of the flow-transfer EHA
characteristics:

0= kax3 _ka(pl _pz)

) (10)
k. k
where: factors of transfers = ¢°, = <" in a general view are defined on expressions:
0 0
ka = aQ X3=X30 ka - aQ ¥3=X30 (1D
X | pi=pio P1=DPio
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0 0
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50> P10>Pao static values of variables.
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k
As a first approximation in calculations it is possible to put values ¢ and = <,

defined at % ~ 0,719 =0, 5 =0 for valve HB with zero overlapping [4]:

pl‘l .
ka = lLl37Zd3kn ’
VP (13)

k,. =0;
g (14)
Py =P~ Pe brought to EHA pressure.

For deviations of variables from static values it is had the following system of the
linear equations:

where:

(15)
AUoc = koc’Ay; (16)
AU, =k, (AU -AU, )
dAi, . . "
Ly dt +REAly = AU«V‘”
: (18)
TZZyLAQXS)—F TIyM—'— X, _kxiAiy;
dt dt 1
AQ = ko, Axy — ko, (Ap, = Ap, ) (20)
W,+FH /2 d(Ap)) =AQ - FAV;
E, dt 21
W, + FH /2 d(Ap,) _AQ + FAV:
E, 7 (22)
m% = (Ap, = Ap, )F — k; AV — AR;
23
d(Ay) = AV. -
dt

We subtract (23) of (22), we substitute result in (21) then system it is transformed
on Laplas [7] and it is led to a kind:
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AU, () = k, Ay(s);
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where: s — Laplas variable;
T,y - a constant of time of a winding of management:

Toy = Ly / R,.
E.p - the resulted module of elasticity of the hydrocylinder:
E = Eel
eh W .
I+—=°
FH
To system (26) there corresponds the block diagramme presented on fig. 2.
AU 1/R Kyi
® K - K
Fau,. ye Toys+1 13,52 4T1,5+1 Qx
F 1 1 Ay
< -
m gg-sa- Kop AR |ms+ K| 1 s
y
(F]
[K,.}
I oc |

Fig. 2. The Block diagramme

24

(25)

(26)

Let's transform the block diagramme for what we will enter factor of transfer EB:
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K,=K, /K,. 27)
And factor of strengthening EHA under the expense:
KQ[ = Kxi/K o (28)

K,
Value ~ < it is possible to establish on nameplate data EHA [5]:
Ky =0,/iy, (29)

where: Q,, i, - the nominal expense and rated current management EHA.
The transformed block diagramme is shown on fig. 3.

AR
AU T o __F |_ 1 1 Ay
— FH — -
= Toys+1 2yS°+T1ps+1 | = ZI-—E—S+ KQP ms + KT s
AU, . —
1F
Kol
OC|

Fig. 3. The Block diagramme

Let's receive transfer function of a drive on an operating signal, for what we will
transform the block diagramme (fig. 4) see, having excluded from consideration AR.

1/F Ay

AU Ksg Koi 1
T — mH_ ,  (Kepm HKr KopKr N

5 Toys +1 TZZySZ +Tys+1 ws + ( -t 2E,F s+—pm +1 S

AU,

Koc

Fig. 4. To definition of transfer function EHWD on an operating signal

Let's define a hydromechanical constant of time of the hydrocylinder:

T, = |- (30)
AE,F

And factor relative damping of the hydrocylinder:

1| Kym  HK,
S, =— + } 31
A I 2E F G

Y

In real drives [6]:

K,, K. [F*l. )
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Therefore it is definitively possible to offer the block diagramme of transfer of
the operating signal, resulted on fig. 5.

AU K5 ALy Ko AQ Y AV Ay
y TOyS +1 TZZySZ +Tyys + 1 T“ZSZ + ZTL"SHS +1 N
AU,
K,.}
Ofl

Fig. 5. The Block diagramme of transfer of an operating signal

According to the block diagramme it is established transfer function EHWD on
an operating signal:

K u
W, (s)= . , (33)

(T s NS+ T s + 1T + 2T, 8 s +1) +1

EHWD

K
Where: ™ - factor of transfer EHWD on an operating signal:

K :% ,
" K (34)

Dy - good quality EHWD (factor of strengthening of the opened system),
Dy, = KEBKQiKoc/F' (35)

For reception of transfer function EHWD on loading we will exclude from the
block diagramme presented on fig. 3, 4U and we will transform the scheme, as is shown
in fig. 6.

FH 1/F
AR ( s+1)K
—={\4E, Ky, Qp = mH N (Kme + HK, )S P KopKr +1
F 4EF° FZ " 2EF F?
KQi KaB
T7,s% +Tyys + 1 Toys + 1

Fig. 6. To definition of transfer function EHWD on loading

Let's designate a constant of time of a link of forestalling:

FH

T, =—-: 36
# AE,K,, 36)
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With the account (32-34) we transform the block diagramme to a kind it agree
fig. 7.

AR 1,’
K, F
™ (Tus+1) ———F?p

TZs? + 2Ty&ys + 1

KQ!’ Ky
TE s+ Tys+ 1| |Toys +1

Fig. 7. The Block diagramme of transfer of loading influence

Under the block diagramme it is found transfer function EHWD on loading
influence:

K o (T s+ 1)(T22ys2 +T,s +1)(T, s +1)

Wir(s)=— , (37)
— (T, s+ 1)(ijs2 +T,,5+ T;s* +2T,¢,, s +1)+1

EHWD

K
where: = ¥R - factor of transfer EHWD on loading influence:

K Op

. FZDEHWD (3 8)

The target size is defined generally by result of operating and loading influence
according to a superposition principle:

AY(5) =W, ()AU(5) = W, (DAR(s) )

CONCLUSIONS

Thus, the linear mathematical model is offered and transfer functions of the
electrohydraulic watching drive with throttle regulation are defined. The mathematical
model is adapted on drives of the equipment for processing by the pressure, constructed
on the basis of standard modules, and allows to make an estimation of stability, quality
of regulation and correction of dynamic properties of a drive with use of nameplate data
for drive devices.
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JIMHEWHOE MOJIEJTUPOBAHHUE DJIEKTPOTHIPABJIMYECKOTI'O
CJIEJISIIIET O IPUBOJA

SIna CokoJioBa, TaTbsina TaBaniok, Imutpuii I'pemrnoii, Baagumup CoxosoB

Annoranus. IlpencrapieHa jnHelHas MaTeMaTH4YecKas MOJENb U ONPEIECNCHbI HepeJaTOYHbIe (yHKIUU
9JIEKTPOTU/IPABIHYIECKOrO CIIEISIIErO IIPUBO/A C APOCCEIBHBIM PEryIMpOBaHueM. MaTeMaTiHyeckas MOACIb
aJanTHpOBaHa HAa IPUBOIBI 00OpyIOBaHMS [UII 0OpabOTKM JaBIEHHEM, IIOCTPOCHHBIE Ha OCHOBE
CTaH/APTHBIX MOJYJIEH.

KiroueBble c€j10Ba: SIEKTPOrUIPABIMYECKUN CIESIINNA TIPUBOX, JHMHEHHAs MaTeMaTHYecKas MOJEIb,
JIPOCCENIBHOE PEryJIMPOBAHUE.
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MATHEMATICAL MODEL TO MINIMIZE OPERATING COSTS
FOR INTERCITY PASSENGER TRAFFIC

Valeriy Starchenko, Vitaliy Pogidaev,
Anastasiya Kolyakina, Nataliya Ishchenko

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The given paper presents an elaborated mathematical model of making optimal scheduling of
passenger transport in long-distance communication. The model is based on the analysis of the distribution
laws of demand, taking into account the possible presence of heterogeneous passenger flows.

Keywords: passenger transport, passenger flow, the distribution law, forecasting, schedules.

INTRODUCTION

Current systems of traffic management are not optimal, rolling stock is used with
low efficiency. The reasons are the lack of validity of the routing and timetables, lack
of or inadequate traffic control operations, the discrepancy of passenger fleet to the
passenger flows etc. As a consequence a low level of passenger service remains.

In this paper we consider the task of organizing and planning for long-distance
passenger transportation - and the use of rational combination of possible resources to
meet the maximum transport work for better public services.

For any production of services the loss of two types may be possible:

- of unmet demand, in this case there is shortfall in profits;
- the excess of supply over demand, in this case there are losses from the
production of services not found in demand.

The presence of excess vehicles is not profitable, because it leads to "empty
carriage,”" and lack of vehicles also leads to losses due to shortfalls in revenue and the
rise of competitors in the market of services.

Governance is associated with adjusting the distribution of departure for the
distribution of transport demand. In this paper we study primarily the distribution of
demand and data processing is aimed at finding and forecasting parameters of the
distribution law according to which an optimal schedule of traffic is sought.



178 Valeriy Starchenko, Vitaliy Pogidaev, Anastasiya Kolyakina, Nataliya Ishchenko

MATHEMATICAL MODEL OF THE PROCESS

We introduce the following notations:
- let it be on the route, which is denoted by W , buses go forward with X st

in X/ and in the opposite direction from X/ to X st
T (t’ev — start time of buses on the route mapupyte W in the forward
(backward) direction;

- t/Wd(t’ev) — end time of buses on the route of W in the forward
(backward) direction. Where (thd — /), (15 =t ) eN;

TP ([ [ e 2, [ +nfwd—1tfn 1) - an

svst

ordered sequence of time intervals per 1 hour, where 7, = =f fn —¢f

T = ([ L L 2L O e~ L) - an

ordered sequence of time intervals per 1 hour, where n,,, =t7" —¢";

- mf}ff tiﬁ” 4 eT/ | where i - the serial number corresponding to t in

7/*?) — number of passengers who have tickets to each of the periods of
time in the forward direction;

- ’fﬁv (¢ eT"™, where i - the serial number corresponding to t in 7"")
- number of passengers who have tickets to each of the periods of time in
the opposite direction.

Statistical data to be processed - data on the sale of tickets for several years on
the route W. Data on the ticket was originally processed for each day separately, and the
algorithm processing is identical, so further in paragraphs 1-7, the algorithm is regarded
as an example of day.

1. Initial data processing

rev fwd rev

At the initial processing of data for each /"¢ (/") is found my (m = ). Data

processing algorithm in the forward and backward directions is smnlar, so the
algorithm of paragraphs 2-7 as an example of direct destinations. For simplicity, it is
written:

- instead 7™ - T';

- instead of mﬁ”j -m; (where i — the serial number corresponding to tin 7");

- instead of tide - t; (where i — the serial number corresponding to tin 77)

2. Reflection of the real length of time on the interval [0, 1] as a necessary
condition for the beta distribution

In the future, to obtain the theoretical distribution function of the data a beta
distribution will be used, for this it will need to use an ordered sequence of time
intervals 7", turned into a:

- x - an ordered sequence of number of segments belonging to the interval

[0,1];
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- X - an ordered sequence of numbers belonging to the interval [0, 1]
An ordered sequence of numerical segments x belonging to the interval [0, 1], is

computed as follows. Every ¢, €T — the length of time, that is tiz[tf,té], is
transformed into a sequence of x according to the formulas:

[ pwd i _yfwd
xl — 1 st u xl —__2 st (1)
1 (fwd _ fiwd 2 fwd _pfwd >
fn T bst fi st

and x; =[x],x}] that is computed #, € T, while any x, €[0,1].

An ordered sequence of numbers X, which belongs to the interval [0,1] is
computed as follows. From an ordered sequence of segments x an ordered sequence
of numbers is received x, where x is the middle of the segment x; :
X +x

X; > 2

3. Partitioning data on flows

When a general law of distribution is not unimodal, which means that it is
heterogeneous, the data are broken down into multiple threads, each of which is
unimodal.

Due to the fact that in most cases within days there are two maxima - so-called
clock "peak" - morning and evening, we consider the distribution of transport demand
during the day as a bimodal distribution law. In all other cases, the data must be split in
a similar way. Due to the fact that in most cases within days there are two maxima - so-
called clock "peak" - morning and evening, we consider the distribution of transport
demand during the day as a bimodal distribution law. In all other cases, the data must be
split in a similar way. All the calculations in the future will be for the two streams of the
distribution law. The result of decomposition is presented in table 1.

Table 1. Result of splitting into two streams of data

THE FIRST STREAM
t f =[t e 4) 4 =0+ 1-1,e 41
1 .1 Il
X x; =[x1,%;] x; =[x1,%5]
1, .1 1,
— _ X +x _ X +x
X X I U X S WY
2 2
m m m
THE SECOND STREAM
d wd
t t, =[t 41— 1,6/ 41 o |t = IR g =105
I N Mg
X x; =[x1,%] Xnpy = [, ™5™ ]
/ ! 7 fid 7 fid
_ _ X +x _ X +X
X xl :g xn ‘ :%
2 fud 2
m m; N fivd
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Each thread represents a unimodal distribution and data processing algorithm is
similar in different threads, so in paragraphs 4-7, an algorithm for data flow on the
example of the first stream is given.

4. Obtaining the empirical distribution function flow

To obtain the empirical distribution function we will use the data obtained after
the initial processing of statistical data. The algorithm to obtain the empirical

distribution function F :
4.1 You must obtain the empirical distribution of the flow that is to calculate for
each t; € T the probability p, :

m.

D, =—0t, 3
™ A3)
4.2 Empirical function flow distribution F is as follows:
F=p. B =F+p,,...[;=F_+p “)

5. The primary estimation of the parameters of beta distribution
The primary parameters of the beta distribution are calculated by the method of
moments:

MX?(1-MX) 1
oy =———>--MX and =ay(—=-1). 5
0 DX By =ao( =D ®)
To calculate ¢, and S to find mathematical mean Mx and variance Dx :
My =YX%p; and Dx=Y(5)" p; = (M)”. (©)

Once Mx and Dx would be found, «, and S, computed.
6. The theoretical distribution function of the flow
Algorithm to obtain the theoretical distribution function:
6.1 You must obtain the theoretical flow distribution that is to count theoretical
probability ( p; ) foreach ¢, €T :
ﬁ 1= [3 4 = 13 X
13 2 = 13 t = ﬁ X,
............... @)
131—1 = ﬁtH = [’)x,,l
ﬁ 1= ﬁ t = ﬁ X;
The theoretical probability calculated by the formula:

A [(a+p) o a-1 -1
Dap (a,p)=—""""""|x""(1-x)""dx, where [a,b] €[0,1] ®)
L(a)I'(B) {
D +Dy et D +p =1 )
6.2 The theoretical distribution function is calculated as follows:
Fi=p,Fy=F+py,...b;=F_ +p,. (10)
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7. The optimization of parameters and_ of theoretical distribution function of
the flow.
To optimize the parameters « and S the theoretical distribution function the

method of global search is applied. For this we introduce a new feature:

d(a.p)=|F~F e [S(F-F)? . (10

Such « and S must be found for a function d(e, f) to be minimal, that is to rate

the difference between the theoretical distribution function F of the flux and flow

empiric distribution function F to be the lowest.
The function d(e, ) is optimized by using the combined global search for the

conservation of information.

Prediction of beta distribution parameters
Using the algorithm described above in paragraphs 1-7, the parameters o and
p are calculated for all days (for which we have data on the ticket) for all flows in the

forward and reverse direction. After that you can predict the parameters of beta
distribution for the next period of time.

To align our series we apply a polynomial of the third degree [Kolyakina A.,
Pozhidaev V. 2009]:

Y =ag+ax+a,xt +azx’. (12)

The parameter estimates will be obtained using the method of least squares. As a
result, for each day of the next year we will get the theoretical values o and g for all
flows in the forward and reverse direction. Using these o and S, for each day

separately constructed the demand curve for passenger car traffic is constructed and
the timetable is made up.
The construction of passenger demand curve
In the forward and backward the way to build passenger demand curves is the
same, so we will consider a method for constructing the curve in the forward direction.
According to the formula of density f - distribution:

b ey v D@+ B) ey e
f(x)—B(a,ﬂ)x (1-x) _—r(a)r(/;)x (1-x)y, (13)
where: 0<x<1, >0, >0,

using the parameters obtained after the prediction of beta distribution for each flow -
a;, B; (1—number of flow) the demand curve is constructed. An example of the demand

curve is shown in Figure 1.

Upon receipt of the demand curves (the distribution parameters of each stream),
passenger traffic in the forward and reverse directions, the timetable of passenger
vehicles is made up.
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Fig. 1. The demand curve of passenger traffic on the route
"Lugansk - Sverdlovsk" forward

Scheduling of traffic

The algorithm to schedule the motion is identical for all days, so further d an
algorithm to schedule the movement of vehicles for one day is described. This
algorithm is implemented by the programmed way.

The passenger demand curve in the forward direction and OX the axis form a
figure, let’s note it as /. The passenger demand curve in the opposite direction and the
axis OX form a figure, let’s note it as F”.

The algorithm to schedule the motion:

1. In the forward direction:

the first bus always leaves atx; =0, the bus number will be av,, the bus,
which travels to x; , is chosen randomly from those buses that can travel at
this time from X*';

in order to determine the departure time of the next bus - x,, you need to
find a value of x} that area of the figure F, bounded by straight lines
x=x, and x=x}, multiplied by the number of passengers in the stream,
in which received figure is equal to the capacity of the bus av,. The

following cases are possible:
e if the area of the figure F', bounded by straight lines x=x, and

x= x;ﬁ“‘ , multiplied by the corresponding number of passengers is less
than or equal to the capacity of the bus av,, it means that the search for

the schedule in the forward direction is over, and the difference between
the capacity av, and the area — these are the losses of underutilization

of the bus;
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e if you find the desired value x}, but there is no bus that can travel at
this time, we are looking for x > x} , such that for any x € [x},x}) there
is no bus, and to have at least one bus that would go. Then x, =x5 and
av, is randomly selected of those buses that can go to x,;

e the area of the figure F', bounded by straight lines x =x} and x=x},

multiplied by the appropriate number of passengers —these are the losses
(the number of people who at that time were not provided with the
transportation services);

e if you find the desired value of x, and there are buses that can travel

at this time, then x, =x} and av, is chosen randomly.

- the search of the subsequent departure time of buses and determination of
their numbers is similar to the previous search - x,,av,, is calculated
using x;_j,avy_;.

2. In the opposite direction: the search for timetables of buses in the opposite direction
is similar to scheduling in the forward direction in the opposite direction up the
schedule using the figure F'.

3. Once time and number of the bus in either direction are found, one should randomly
determine to continue the search schedule in a given direction, or go to the search
schedule in the other direction (this is necessary for the rotation search).

When scheduling the random selection is used, therefore, when you use an
algorithm with the same demand curves different schedules are obtained. After selecting
the optimal schedule, the time of departure of transport is back transferred from
x €[0,1] into real time.

CONCLUSIONS

The application of this mathematical model allows minimizing costs in the
organization of passenger traffic. With the accumulation of statistical information, the
predicted passenger demand curves can be changed that allows to take trends in
demand for road transport into account , when scheduling the movement of vehicles.
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MATEMATHUYECKASI MOJEJb MUHUMU3ALIMU TPOU3BOACTBEHHBIX
3ATPAT JJIsA MEXAYTI'OPOJHUX NACCAKHPCKHUX IIEPEBO30OK

Banepuii Ctapuenxo, Buranuii Ilo:kunaes,
Anacracusa Koaskuna, Hatanssa MimeHko

AHHOTAIMSA. HpHBC,HCHa MaTeMaTU4YCCKasd MOACIb COCTABJICHHA OITHUMAJIbHBIX Fpa(i)I/IKOB JBHKCHUA
TMaCCa’KUPCKOro aBTOTPAHCIIOPTa B MEXKIYTOPOJTHEM COOOIICHNN. Mogens TIOCTPOCHA HA aHAJIN3€ 3aKOHOB
pacnpeneneHus crpoca, ¢ y4€ToM BO3MOKHOCTH HAJIMYNSA HEOTHOPOAHBIX ITACCAXKHUPOIIOTOKOB.

KuroueBblie ciioBa: TMaCCa)KUPCKUEC MEPEBO3KHU, MTACCAKMUPOIIOTOKH, 3aKOH pACHPEACICHUA, MPOTHO3UPOBAHUE,
pacrimcaHue NBUXKCHUS.
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MONITORING OF THE TECHNICAL STATE
OF THE RAILWAY TRAIN WITH THE PURPOSE
OF PASSENGERS’ SAFETY IMPROVEMENT UNDER
THE CONDITIONS OF TERRORIST ACTIONS

Iurii Statyvka, Galyna Osenina, Vladimir Orlov

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. There is grounded possibility of automatic management of the train in condition of actuating of
explosive or using of gas in passenger electrical train in the article. Block schematic diagram and principle of
function of device is developed. List of necessary functions are defined. Recommendations on arrangement in
the train suitable sensors are given. Algorithm and program of computer realization of devise operating is
proposed.

Key words: railway transport, passengers’ safety, safety sensors.

INTRODUCTION

It is well known, that terrorism takes one of the basic places among the problems
facing the humanity nowadays [4, 5, 10, 13, 14]. Terrorism penetrates into all the
spheres of human activity [8, 15, 16] including railway transport. It is proved by
numerous examples of terrorist actions on the railway (Moscow metro in 2010; railway
station in Spain in 2007; the section Moscow — St. Petersburg in 2008, etc.)

Monitoring of the train state is an actual problem because it creates the
conditions for prevention the act of terrorism or, as minimum, decreases negative
consequences.

The actuality of monitoring consists in the ability to disclose dangerous
technological situations not connected with terrorism such as running the wheels off the
rails, fire or non-adequate behaviour of the engine-driver because of physical or
psychological problems.
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OBJECTS AND PROBLEMS

Terrorism on railway can be shown in the following types: ill-intentioned
creation of the conditions for running the wheels off the rails; use of poisonous
substances; fire; explosion; harm to the engine-driver.

Monitoring is a systematic collection of information and its processing, which
can be used for improvement of making decisions, for informing the people or as a
means of retroactive connection with the purpose of the project realization, program
evaluation or politics making.

The train can conditionally be divided into such components: a running part,
saloon of carriages, platform of a railway carriage, engine-driver’s cabin [2]. Each of
these components is equipped by a sensor (detector). The monitoring sensor of the
running the wheels off the rails is mounted on the wheels (fig. 1)

In the carriage and platform there carried out the explosion check, presence of
toxic agents, fire and smoke check. For monitoring in the saloon-carriage and platform
there installed a sensor for recording fire, a sensor for recording explosion (fig. 2).
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sensor sensor sensor sensor
Fig. 1. Arrangement of the sensors that record the running the wheels off the rails

Additional monitoring of adequate behaviour of the driver is carried out in the
engine-driver’s cabin. It is executed with the help of comparison of current actions of
the driver with the standard that is kept in a special data bank.

Goo oeo |oeo[ |oeo|ooe [oeo[ |oeo|ooe |oeo[ loeo| oceo .09

® - fire sensor 0 - explosion sensor
O - sensor agents

Fig. 2. The placement diagram of the sensors in the train

The sensors and the systems of the rolling stock are functionally connected and
compose a device with the help of which it is possible to carry out monitoring the train
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as a whole and to execute necessary actions. In this case the following problems are
being solved: recording explosion in the saloon-carriage, recording the presence of toxic
agents, recording fire in the saloon-carriage, recording the running a wheel-set off the
rails, recording non-adequate behaviour of the engine-driver, automatic train control
according to special algorithm in dependence on the situation.
The device holds five groups of the sensors (fig. 3):
- sensors recording explosion 4;
- sensors recording the presence of toxic agents 3;
- sensors recording the running a wheel-set off the rails 10;
- sensors checking adequacy of the engine-driver’s actions 12;
- sensors recording fire 13.
The sensors 3, 4, 10, 12 and 13 are functionally connected with microprocessor
control block 5. The control block 5 is designed for information processing that comes
from the sensors and signal formation needed for automatic train control.

1
6
@/ 3
k 7
NS 12
8
10 5 —
13 °
2
oo 2
——| 4
14

Fig. 3. Block-diagram of the device

In its turn a microprocessor control block 5 has connection with the following
technical train systems: brake system 6, the system of door opening 7, emergency
signals 8, ventilation system 11, radio-station 9, fire-prevention system 14.

The actions of the monitoring depend on the results of the sensor indexes and are
determined on the basis of corresponding rules which are the base of the algorithm of
the device functioning. For the development of the program component of the
monitoring system the language of logic program Prolog [1, 6, 9, 11, 12] was chosen,
namely, SWI-Prolog [17].

A main cause for it is that basic functionality of Prolog program consists in
declarative component [1, 7, 11, 12], and programming consists in the formulation of
facts and rules which determine the desirable relations between inlet and outlet values
of the data.

Several combined formalisms [3] were analyzed with the purpose of getting
some knowledge of the problem. In the result a productive model was chosen which is
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suitable for formulation and gives the possibility to organize easy checking for non-
contradictoriness and completeness.

The diagram of the variants of the application was made in the beginning of
development (fig. 4).

The developed system is the program prototype for automatic train control under
the condition of the act of terrorism. This program has no graph interface and it has a
cantilever view because the given program is a prototype and requires further
development for its application in real conditions.

In dependence on the sensor indexes the program characterizes the situation by
means of one of the two regimes: extraordinary and emergency.

Extraordinary regime comes when there was running the wheel off the rails and it
requires urgent train stop. Emergent regime comes while recording toxic agents in the
saloon-carriage, fire or explosion, non-adequate behaviour of the engine-driver but the
running the wheel off the rail is not recorded. The actions in emergency regime foresee
the analysis of the surroundings for determination the favourable stop place.
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Fig. 4. Diagram of the variants of the application

In order to make any decisions the system determines the regime of the situation.
It decides to stop the train immediately or to find a favourable place for it. The next step
of the program is determination of further actions in dependence on the specific
combination of the sensor indexes.
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Its grounding is conducted after the decision has been taken. It is necessary in
order to rise some trust to the system decisions and to give the possibility to disclose the
defect of the “meditation” system.

Later on the given prototype can be applied for the program development taking
into account the factors that influence on the passengers’ safety of the railway trains.

CONCLUSIONS

In this paper there offered one of the possible problem solutions connected with
the passengers’ safety of the railway transport under the conditions of the act of
terrorism. It consists in monitoring the state of basic systems of the rolling stock
responsible for the passengers’ safety and taking decisions on its base in the automatic
regime.

For monitoring a special device is developed which records the running the
wheel off the rails, toxic agents, fire, explosion and non-adequate behaviour of the
engine-driver. The device ensures taking necessary actions according to the algorithm
which depends on the sensor information.

There developed an expert system using agents-sensors — the program prototype
for automatic train control. According to these requirements the given system gives the
substantiation to each decision in order to rise trust to the system decisions and to check
the search process with the purpose of disclosing possible defects of “meditation” on the
stage of the system adjust.
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MOHHUTOPHUHI' TEXHUYECKOI'O COCTOSIHUS TOE3JA KEJIE3HBIX 1OPOTI"
C HEJIBIO TOBBIINEHUA BE3OITACHOCTH MACCAKHUPOB B YCJIOBUSX
COBEPHIEHUS TEPPOPUCTHYECKOI'O AKTA

IOpnii CratbiBka, 'anuna Ocennna, Bnagumup OpJios

AunHotanusi. B crathe 0OOCHOBBIBAaeTCS BO3MOXXHOCTH aBTOMATH3HPOBAHHOTO YIPABICHHS MOC3A0M B
YCIIOBHSIX CpabaThIBaHWs B3PEIBHOTO YCTPOWCTBA WIIM MPUMEHEHHUS OTPABILIOIINX BEIIECTB B MACCAKUPCKOM
anexTponoessie. Pa3paborana  Giok-cxema M NPHMHUMI JAEHCTBUS ycTpoiictBa. OrmpesesieH NepedeHb
HeoOxoanMbIX (yHKImit. JlaHBl PEKOMEHIALNK 110 Pa3MEINCHHIO B MOE3/¢ COOTBETCTBYIOIIMX JaTYMKOB.
IpensyoxeH anropuT™ U IporpaMMa KOMIBIOTEPHOH peanu3anuy (yHKIHOHUPOBAHHS yCTPOICTBA.

KinioueBble €J10Ba: KeIC3HOJOPOKHBINA TPAHCIIOPT, 6E30MaCHOCTD MACCAKUPOB, TATYMKH GE30MaCHOCTH.
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COSTS SHARING ON CONTROL STATE
OF PIPELINE TRANSPORT SYSTEMS

Igor Tararychkin , Gregory Nechayev , Maxim Slobodyanyuk

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The principle of the selective approach to a task of distribution expenses on realization of the
control a technical condition linear elements pipeline transport systems is formulated. The level of expenses
on performance control operations should be connected to a role of separate elements system in transport
process.

Key words: system, pipeline, transport, control, expense.

INTRODUCTION

Pipeline transportation systems are intended for delivering liquid or gaseous
products to customers in various sectors of economical activity [5,8,10-13,16]. As the
damage or destruction of such objects can be related to environmental pollution and
cause an extensive material damage, so the control of their reliability and the technical
state is an actual problem [2-4,9,14,15].

ANALYSIS OF LAST RESEARCHING AND PUBLICATIONS

There are different approaches to the problem of costs sharing on controlling the
technical state of linear elements of transport systems. Thus the most effective is the
scheme under which the costs on the element state control are proportional to the extent
of risk related to its operation [1,6,7,18-21].

It means that the most important pipelines of the system should be controlled
more often than the pipelines, the role of which in the process of the system functioning
is insignificant .

In accordance with provisions of work [17], a measure of risk is a dimensionless
quantity, which is determined as:

JR=J(1-p)-D.
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It depends on the reliability of the pipeline p and the transit coefficient @, which
represents a share of the product generated by the source and passing through the
pipeline in unit time.

GOAL OF RESEARCHING
The purpose of the present job is the formulation principles of the selective
approach to a task distribution expenses on realization control of a technical condition
linear elements pipeline transport systems.
MATERIALS AND RESULRS OF RESEARCHING

If a part of the pipeline system consists of » line elements, in accordance with the
proposed approach the total unit costs on control of its state are determined as follows:

n
Oy =27, Li-D;j-yR; -
i=l1
where: 7 - the average costs on the state control of the pipe surface area in unit time;

l; and D; - the length and diameter of the i - pipeline system.
The share of unit costs for the i - element:

1D, R,
&= . (1)
> 1Dy -yR;

The value & characterizes the share of costs on the state control of the i -

element in the scale of the whole transport system. This scheme of costs should be
regarded as rational, if the share of costs on the state control of linear elements of the
transport system is distributed according to the dependence (1).

Different level of costs on the technical state control of pipelines system also
includes different volumes of control operations. In this case, the recommended level of
control depends on the value and determined in accordance with the data in the table. 1.

In general case the usage of four levels is provided. The consecutive transition
from the baseline level to the peak one should be accompanied by the control extension
over the volume, frequency, increasing reliability, etc.

Table 1. The recommended levels of technical state control
of transport systems pipelines

Level of technical Baseline Advanced Strengthened Peak
state control
Share of costs per less 0,125 0,125... 0,25 0,25...0,5 0,5...1,0
unit 19i
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Fig. 1. Calculation scheme of pipeline transport system

Determination of the recommended control level for all the pipelines of the
system can be performed having the information about their reliability, diameter, length
and values of transit coefficients.
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The initial data for calculation of such a system are given in the table 2. Here are

given the values 4 set by relation (1). The results of the calculations can be represented

in graphical form, by placing all the elements in order of decreasing values.

Table 2. Calculated characteristics of the pipeline system

Number of Length of Diameter of | Reliability of Transit The share of
element pipeline l;, m | pipeline D;, m| pipeline p; coefficient unit costs

i @; 9

1
1 70 0,325 0,992 1,0 0,364
2 25 0,159 0,980 0,08 0,028
3 25 0,159 0,980 0,08 0,028
4 40 0,159 0,985 0,08 0,039
5 60 0,273 0,990 0,68 0,242
6 40 0,159 0,985 0,08 0,039
7 25 0,168 0,991 0,08 0,020
8 20 0,168 0,991 0,1 0,018
9 40 0,219 0,984 0,5 0,140
10 20 0,159 0,989 0,2 0,027
11 20 0,159 0,989 0,2 0,027
12 25 0,159 0,986 0,1 0,027

i
0,364
0,242
1 59 4 6 2 3 10 11 12 7 8 Number of
pipeline i
Strengthened| Adwvanced Baseline

Fig. 2. Diagram of the costs sharing and recommended levels of state control

of pipelines transport system
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This kind of rank diagram is shown in pic. 2 and gives opportunity to estimate
the recommended ratio of costs on control of the technical state of various pipelines of
the system.

In accordance with the received data the group of pipelines with the strengthened
level of control includes one element (pipeline Ne 1), with the expanded level includes
two elements (pipelines Ne 5 and Ne 9). All other pipelines belong to the group with the
baseline control.

Thus, distribution of resources in accordance with the presented column diagram
allows to create a rational scheme of costs on the technical state control of the elements
of the analyzed transport system.

CONCLUSIONS

The rational scheme of costs sharing on the technical state control of the
transport system can be provided if the costs sharing on the state control of individual
pipelines is approximately proportional to their diameter, length and extent of risk
which is related to their functioning.
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PACHIPEJEJIEHHUE 3ATPAT HA KOHTPOJIb COCTOSIHUSA
TPYBOITPOBOJOB TPAHCIIOPTHBIX CUCTEM

Hrops Tapapbrukus, I'peropuii Heuaes, Makcum Ci1060asiHIOK

Annoranusi. CHopMyIHpoBaH NPUHIUI H30UPATENBHOTO TOAXO0A K PACHpEAeNICHUIO 3aTpaT Ha KOHTPOJb
TEXHUYECKOTO COCTOSHUS TUHEHHBIX JJIEMEHTOB TPYOOIPOBOIHBIX TPAHCIOPTHBIX CHCTEM. YPOBEHb 3aTpar
Ha BBINOJHCHHE KOHTPOJBHBIX ONEpanuii JOJDKEH OBITh IPOIOPLHOHANEH TOH PO, KOTOPYIO HIPaloT
OT/ICNIbHBIC DJIEMEHTBI CHCTEMBI B TPAHCIIOPTHOM ITpOLIECCe.

KiroueBble c10Ba: cHCTEMEI, TPyOOIIPOBOJ, TPAHCIOPT, KOHTPOIIb, 3aTPATHL.
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DIAGNOSTICS OF THE STATE OF BEARINGS KNOTS
A NONCOLLAPSIBLE METHOD
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Summary. This paper presents problems of the diagnostics of bearings a noncollapsible method.

Key words. Diagnostic, bearing knot, noncollapsible method, technical state, vibroacoustic, friction.

INTRODUCTION

Frictionless bearing sinews the revolved parts of mechanisms and machines. He
has the limited term of service, that, in same queue, influences on a capacity and
longevity of mechanism. Breakage of frictionless bearing entails the abrupt ends of
equipment, failures in work, high cost of repair.

The decision of problem of diagnostics of the state of bearings a noncollapsible
method will help to decide the task of prognostication of death of bearing knot and
timely conducting of repair.

It is presently suggested to examine all of period of service of bearings as five
stages [1] (fig. 1). We consider that on the first stage, general technical state of the new
bearing — «ideal».

On the first stage the set bearing works without the display of some defects.
There is earning extra the money of bearing on the second stage. On the third stage
appears and begins to develop some defect, there are shock vibroimpulses, growings on
a size. On the fourth stage shock impulses in bearing arrive at on the energy practically
a maximal value. On the fifth stage the area of development of defect is so great, that
bearing begins to “lose” the basic setting - to provide the rotation of billows with a
minimum friction, stage of expectation of failure [1, 5, 6, 7, 9].

The analysis of vibroacoustic of information allows operatively to find out a
developing disrepair, estimate the degree of its meaningfulness and undertake measures
to prevention of unplanned stop of production process. Practically all of the known
vibroacoustic methods of control are based on the analysis of either signal or his
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frequency descriptions. In most cases the vibration of bearing is registered a vibration
sensor, set on the corps of bearing which besides additionally collects signals from other
mechanical sources of vibration. During work of bearing in composition a mechanism
there is a signal with the large level of noise, therefore his sound description is
distributed in in relation to to the wide bar of frequencies, which noise and low-
frequency effects is laid on on.

The state of Earning extra Display defect Development Complete wear
bearing is of bearing of work of of bearing of bearing and
ideal bearing defect expectation of failure

Fig. 1. Flow-chart of the stages of work of bearing

Lately actively the methods of control of bearings develop rolling, based on an
analysis and comparison of narrow-band making spectrums. At the same time in works
of Yavlenskogo k.N., Yavlenskogo a.K. [3, 9, 10] is shown possibility of application of
continuous veivlet transformation for the analysis of vibration signals of frictionless
bearing.

The analysis of literary data [2, 3, 11, 12] showed that vibrodiagnosticians
expected most authenticity and most effect from introduction of diagnostics of
frictionless bearing on the spectrums of vibroacoustic signals. A spectrum is distributing
of power of initial temporal signal in a frequency area. It was before considered that
appearance of the obviously expressed narrow peaks on a spectrum in the area of
characteristic frequencies of one or another element of frictionless bearing, having not
only large amplitude but also substantial power, it is necessary to expect only in that
case, when a defect will develop to such degree, that his power will be
commensurability with power of the expressly diagnosed peaks on a spectrum. In other
words, a defect will be visible on a spectrum only then, when he will be developed
enough [1].

DESCRIPTION OF EXPERIMENT

Authors are conduct experimental research of work of frictionless bearing Ne310
(basic parameters of bearing GOST 8338-75 resulted in a table. 1).

For the record of sound of work interesting us workings elements the microphone
of the directed action (for basis of which the microphone of Philips SBC MD110 was
taken), which passed him on the personal computer, was used. Then findings were
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processed through the program MATLAB and appendix of “Spectrogram” written for it,
which allow to make the spectral analysis of record of sound of work of knot.

Table 1. Basic parameters of bearing Ne 310

Denotation | . | o | g . Marbles Mass, C,H CO,H | N
of bearing Dw Z kg

310 50 | 110 | 27 | 3,0 19,05 8 1,08 61800 36000 | 6,3

The new bearings, being in the ideal state were set in the probed knot. During all
of term of work of this bearing knot the record of his work and treatment of results was
systematic made.

The results of treatment of signals on the different stages of work of bearing are
shown out as the graphs (fig. 2-9). On an ax X time of record is represented, on an ax Y
frequency, and a color is show force of sound in certain moment of time on certain
frequency.

AP NEXHE SN

Fig. 2. The 1th stage. Spectral analysis of sound of work of bearing



200 Vladimir Vitrenko, Irina Kirichenko, Mikhail Kashura, Alexander Kashura

al . Nme + W

Fig. 3. The 1th stage. Spectral analysis of sound of work of billow
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Fig. 4. The 2th stage. Spectral analysis of sound of work of bearing
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Fig. 5. The 2th stage. Spectral analysis of sound of work of billow
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Fig. 6. The 3th stage. Spectral analysis of sound of work of bearing



202 Vladimir Vitrenko, Irina Kirichenko, Mikhail Kashura, Alexander Kashura

T B
SR - uw (Ko N

11,0867 socs

11,0290 ke

“00\Y 68

Fig. 7. The 3th stage. Spectral analysis of sound of work of billow
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Fig. 8. The 4th stage. Spectral analysis of sound of work of bearing
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Fig. 9. The 4th stage. Spectral analysis of sound of work of billow

1th stage — a difference between the spectral analysis of sound of work of billow
and bearing is not observed.

2th stage — a difference between the spectral analysis of sound of work of bearing
and billow shows up as a spectrum of yellow.

3th stage — a difference between the spectral analysis of sound of work of bearing
and billow shows up as a spectrum of yellow-red color.

4th stage — a difference between the spectral analysis of sound of work of bearing
and billow shows up as a spectrum of red color.

CONCLUSIONS

It was set as a result of analysis of the got data, that spectrum, responsible for the
state of bearing Ne 310, is in a frequency range from 10 to 11,5 kGc. Comparing the
results of signals it is possible to assert on the different stages of work of bearing, that
with worsening of the state of bearing (development of wear processes, defects) force of
sound is increased in the indicated spectrum.

For the probed bearing Ne 310 under reaching force of sound of 120 dB in a
frequency range from 10 to 11,5 kGe it is necessary to make his replacement.

Thus, the use of microphone of the directed action and considered method of the
signal processing is given by possibility to conduct monitoring of bearings knots a
noncollapsible method. The same chart of monitoring can allow to control any other
knots of different machines and mechanisms.
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STUDIES OF WINPLC7 V4 PROGRAMMING ENVIRONMENT
IN DEVELOPING ROBOTIC WORKCELL CONTROL SYSTEM

Olexsander Verkhovodov, Mihail Kovalenko

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary: The considered problem of using programmable logical controller VIPA series SYSTEM 100V in
developing robotic workcell control system on base of the industrial robot MP-9S with pneumatic drive.
Indication of number of cycles was displayed on text panel TD-03, setting up of which is performed by using
TDWizard software. The presented fragment of robotic workcell control program is performed using
LADDER language in WinPLC7 V4.42 programming environment.

Key words: logical controller, industrial robot, pneumatic drive, software, program, language.

INTRODUCTION

Due to the rapid development of microprocessor technology the programmable
controllers are used widely in various systems to regulate and control technological
processes. Using relatively cheap, reliable, compact microprocessing means, designed
for industrial environments significantly simplify the design process of control systems,
facilitate their maintenance, and improve efficiency of used automated equipment [5].

VIPA controllers have proved their work in many various industrial branches in
different countries. One of their main fields of applications is automotive industry,
control of conveyors and automated warehouses as well as control of food and beverage
production. There are several controller series manufactured by VIPA, which differ by
their features and designed to solve various complexity tasks [17].

Compact design and good price/performance ratio makes controllers System
100V series as especially suited for applications with the great number of I/O points.
However, compatibility with SIMATIC S7- 300 relative to set of instructions and
advanced communication capabilities allow to use them for enough complex tasks,
which require distributed control, including in combination with other VIPA controllers
and third parties controllers. The product family includes several models of controllers
with built-in I/O channels and with support of features in formation of interrupt signals,
fast counters and pulse outputs. Quantity of I/O channels can be increased through
expansion modules. This family includes modules distributed I/O for PROFIBUS and
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CANOpen networks. Processor modules and expansion modules are mounted directly
on 35 mm DIN-rail.

Series System 100V has modular design. This means that the user can select the
combination of modules which the best suits to certain task and modify it flexibly in
case of expanding or changing system requirements. All I/O modules and interface
modules are versatile that is they can be used with any CPU of this series. In this case, it
is possible to select the processor module with optimal performance for a particular
purpose [12].

Therefore creation of control system of robotic workcell based on PLC VIPA
SYSTEM 100V series is very urgent problem.

OBJECTS AND PROBLEMS

To investigate the possibilities of WinPLC7V4 software package during
development of control system of robotic workcell based on PLC VIPA- 115 6BL02 a
stand was designed, which simulates the operation of robotic workcell including the
load device, industrial robot with a pneumatic actuator MP-9S and an output trough,
figure 1.

Fig.1. The layout of the robotic workcell based on industrial robot MP-9S:
1 — troughed loading mechanism, 2 - the subject of handling,
3 - outlet trough; 4 - industrial robot MP-9S

The robot MP-9S uses normally closed valve-type distributing devices with
electric control. Every movement of executing unit of the robot the self-contained
electric valve, type P-EPR3-112 UKhL4, Pnom = 1MPa, Du= 1.6 mm, U = 24V. As an
executive drives the pneumatic cylinders are used with linear motion of double-acting
piston. Gripper has single acting pneumatic drive. Signals of finishing of predefined
movements come from the electromagnetic contacts (CEM). When designing control
programs it was adopted both as an time-based principle of control for all segments of
handling mechanism, the more so because it is cheaper and provides more reliable
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operation of given robotic workcell, and as path-based principle with using CEM
signals.

Informal description of the operation algorithm of the robotic workeell involves
following actions. Objects of handling come in oriented position by gravity along
loading device to the gripping area of manipulator. Manipulator located in the lower
position and turned to the gripping area must unclamp the gripper, move forward, clamp
the object, turn the arm to initial position, turn to unload position, move upward, move
the arm forward, move downward, unclamp the object of handling, turn the arm back,
clamp the gripper, move the arm forward to transfer the object of handling in output
trough, return the arm back and turn to the loading position. After that the cycle repeats.

To study the environment of WinPLC7 and opportunities of VIPA-115
16D1/16DO (CPU 115 6BL02) the activity diagram of movements of industrial robot
MP-9S has been developed which is shown at figure 2.

. _ Tacts
Mechanism | Motion —D—Addreaa1 213 456 7]8 9 [10[11]12]13]14

of the moving[Onward | Y1 | Q1.0
the hand  [Back Y2 | Q11

of the ascent [Upwards | Y5 | Q1.4

of the hand  {Downwards| Y6 | Q1.5 N N\\ NN
of the tumbling| To the right| Y3 | Q1.2 \\\\\\Q\ \\ \\\

ofthehand  [To theleft |Y4 | Q1.3 R
of the grip Jam Y7 1Q1.6

grasp Unclench |Y7 | Q16 &

Fig.2. Activity diagram of robotic workcell operation

A A

The control unit is shown in figure 3. The stand scheme includes buttons for
selecting operation mode, for manual control, additional relay units of galvanic
separation, performed on the interface relays RM84 with socket GZT80, equipped with
LED signal module M61R and PLC VIPA-115 6BL02. The controller is powered from
a standard power module VIPA 24VDC/2A (207-1BA00). The power supply for
electromagnets of pneumatic valves (+,-) is carried out through a developed power unit.

Inputs and outputs of the system are signals (in brackets the notations are given
used in synthesis), table 1.

In synthesis of control system it was used path- and time-based principle of
control. All movements of the robot arm are controlled according to the path-based
principle but gripper is controlled under time basis.
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Fig.3. Robotic workcell control unit on the basis of VIPA-115 6BL02 controller

Table 1. Input and output signals of control system

Inputs (control buttons)

Inputs (buttons for mode selection)

SBO0.0 (10.0) — manipulator “Forward”
(“Manual” mode)/
start (“Automatic” mode)

Cycle

SB8.0 (12.0) — “Manual” mode

SBO.1 (I0.1) — manipulator “To the right”
(“Manula” mode)/
Cycle stop (“Automatic” mode)

SB8.1 (I12.1) — “Automatic” mode

SB0.2 (10.2) — manipulator “Upward”

SB8.2 (12.2) — “Cycle” mode

SB0.3 (10.3) — manipulator “Clamp”

SB0.4 (10.4) — manipulator “Backward”

SB0.5 (I0.5) — manipulator “To the left”

SBO0.6 (10.6) — manipulator “Downward”

SB0.7 (10.7) — manipulator “Unclamp”

Outputs (electromagnets)

Inputs (sensors)

Y1 (Q1.0) — manipulator “Forward”

SQ1 (11.0) — manipulator is in front pos.

Y2 (Q1.1) — manipulator “Backward”

SQ2 (I1.1) — manipulator is in rear pos.

Y3 (Q1.2) — manipulator “To the right”

SQ3 (I1.2) — manipulator is on the right

Y4 (Q1.3) — manipulator “To the left”

SQ4 (11.3) — manipulator is on the left

Y5 (Q1.4) — manipulator “Upward”

SQ5 (11.4) — manipulator is in upper pos.

Y6 (Q1.5) — manipulator “Downward”

SQ6 (11.5) — manipulator is in lower pos.

Y6 (Q1.6) — manipulator “Unclamp”

In accordance with the cyclogram the program of robotic workcell has been
designed using LADDER language, the fragment of which in programming
environment WinPLC7 V4.42 (network 28... network 30 ) is shown in figure 4.
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TEL.DEXN1Z.7,

To set values of

LA N B
DVHMLELE U DI UIHLLLL DTl CurrentCyCIe
P e R LN :
Cglewal T "BuchlprMt : Wil
11 n MOVE 4 1
v N e o e oSS

To set value of predefined
number of cycles

Fig. 4. Program fragment in LADDER language for functioning TD 03

Two input signals are used for program operation in order to switch control
modes:

- input 12.0 — “Manual” mode: this mode involves 8 input signals more
10.0-10.7 (for each movement);

- input 12.1 — “Automatic” mode: this mode involves 2 input signals more:

1. 10.0 — Start — when it is activated the cycle of MP-9S starts

2. 10.1 - Stop — when it is activated the cycle of MP-9S stops.

Programming environment WinPLC7 V4 includes operators MOVE, which
allow to transfer numerical value (in hexadecimal format ) to defined block and its
memory area (e.g. record DB1.DBW46 indicates that the value will be transferred to
block DB1 and will be assigned to the memory area DBW46), that is necessary for text
display operation TD 03.
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Indication of the number of cycles was performed on the text panel TD- 03 setup
of which was made through TDWizard software. As a result of setting up the text panel
displayed the message “Zad CIKLOV:” and the value of the block DB1 — DBW46.
Record to this variable adjusted value of number of defined cycles was carried out by
using “move” element. Continuous update of displayed data has been performed by
activating the variable responsible for the pop-up message “TEKUSH CIKL:” - DBI-
DBW66, figure 5.

—

Zad CIKLOU ¢ 1@
TEKUSH CIKL: 2

Fig.5. Indication of robotic workcell operation on the text panel TD-03

Operator MOVE is used to transmit numerical values by DB1 block to text
display TD 03. In block DBI1, two messages were preprogrammed, with which
appropriate value for memory area (DBW46 and DBW66) will be linked. One message
having memory area DBW46, DBX12.6 at the start of the program shows the number of
programmed cycles (input value in MOVE element in hexadecimal format W#I6#A4,
i.e., 10). The second one (memory area DBW66, DBX12.7) displays the current cycle in
triggering sensor 11.3 by using counter into MOVE element the counter value CI is
transmitted, which shows the change in number of cycles on the text display. Once the
value of current and programmed value for specified number of cycles are coincide, the
cycle MP- 98 stops (comparison of values provides an element WinPLC - comparator).
By pressing Start button value the current cycle is reset to 0 and cycle counting begins
again. In manual mode cycle counting is not performed.

When configuring PLC by enabling command “PLC Mask” a window with a
virtual applied controller and extension units on the front panels is displayed, which
reflects the presence of signals at respective inputs and outputs, similarly to operation of
the real control system, which is very obvious and allows to quickly debug the control
program.

CONCLUSIONS

Application of the software system Win PLC7 V4 allowed synthesizing the
robotic workcell control system based on module Vipa-115 series CPU 115 6BL02,
with testing programs in real time and allowed to use "TDO03 Wizard" function for
visual observation of the robotic workcell operation as displaying the current cycle.

The software allows easily adjusting execution time of a movement and provides
synchronization of robotic workcell operation according to the limiting current
conditions of transition.

Applying the operator “MOVE” in development of control systems allows
quickly developing and debugging cyclic programs for real control systems.
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HNCJIEJOBAHUS CPEABI MIPOT'PAMMMPOBAHUSA WINPLC7 V4
IMTPU PABPABOTKE CUCTEM YIIPABJIEHUSA PTK

Auexcanap Bepxosonos, Muxaui KoBajenko

AnHoTanus. PaccMoTpeHa npo6ieMa HCIOIb30BaHUsI IPOrPAMMHUPYEMOT0 JTOTHIECKOTO KOHTPOJIIepa CepHu
VIPA SYSTEM 100V npu pazpadotke cucrems! ynpasienus PTK Ha 6a3e npomsinnienHoro po6ora MIT-9C
€ IIHEBMAaTHYECKUM MPUBOAOM. 3a/laHHOE KOJIMYECTBA LIMKIOB OTOOpakaeTcsi Ha TekcToBoil nanenu TD-03,
HAcTpOWKa KOTOPOH MHpPOU3BOJAHUTCS C MHOMOIIBIO mporpamMmmHoro obecmeueHus TDWizard.  IlpuBenen
¢parment nporpammel ynpasieHuss PTK Bemonnensiii Ha s3sike LADDER B cpene mporpaMMHpoBaHUS
WinPLC7 V4.42.

KiroueBble cia0Ba: JIOTHYECKHNA KOHTpPOJUIED, HpOMbIIHJ'IeHHBIfI p060T, ITHEBMATHYECKUN IIpUBOX,
IporpaMMHO€ OGeCl’Ie'-ICHI/Ie, nporpamma, A3bIK.
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IMPROVEMENT OF THE PREPARATION PROCESS OF
MULTICOMPONENT FODDER FOR SMALL CATTLE

Mohammad Alatoom

Postgraduate Student of Lugansk National Agrarian University, Lugansk, Ukraine

Summary. Existing constructions of fodder chopper-mixers for small cattle are considered. Appropriateness
of the design of a modular feed-preparing machine is proved.

Key words: Working body, module, technological effectiveness of the structure.

PROBLEM

At present, one can state with certainty that the basic direction of animal
husbandry in Jordan is sheep breeding. Dynamics of sheep population is the evidence of
this.

Table 1. Dynamics of sheep population in Jordan according to the data of Food
and Agriculture Organization of the United Nations (FAO)

Year 1985 1990 1995 2000 2005 2010

Number of 1 se7000 | 1121000 | 1556000 | 2181930 | 1833986 | 2331850
animals, head

As it can be seen from the data of FAO as of 2010, 2331850 head of sheep were
numbered in Jordan which on average made 0.4 sheep per one person. In addition,
farmers of Jordan raise goats; in 2010 their total livestock population made 881970
head. Due to this reason fodder preparation for feeding is a very burning task which
requires scientific researches.

Currently, fodder preparation process for feeding small cattle is not studied
thoroughly. Absence of diversity of alternatives of fodder chopper-mixers adapted to a
definite manufacturing environment indicates this. Therefore, it is necessary to work out
a science-based theory of design of such machines.

Analysis of recent researches and published works. The basic results of
theoretical and experimental researches of the efficiency of fodder chopper-mixers are
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given in the works of famous scientists: S.V. Melnikov, S.I. Nazarov, V.I. Perednya,
L.P. Kartashov and others [1-4]. The works of these scientists are directed at the
improvement of a working body which can chop several types of fodder and, at the
same time, effectively mix ground components. However, in practice, chopping of
concentrated fodder and roughage at the same time is not reasonable because fibrous
materials of roughage decrease the impact force of nonground grains upon chopper’s
working surfaces.

The aim of the research is to determine the ways for improvement of a
manufacturing process of fodder chopper-mixers for small cattle.

Results of the research. Effective sheep breeding is impossible without using
multicomponent fodder (fodder mixtures) in ration.

Composition of loose fodder mixtures for small cattle is the following: 20 — 40%
- straw, 12 - 26 — hay, 40 - 60 — silage, 7 - 17% — mixed fodder.

Composition of pelleted fodder mixtures for small cattle is the following: 35 -
50% — straw, 18 - 30 — grass meal, 20 - 40 — hay and grain fodder, 14 — 20% — mixed
fodder.

Each component of a fodder mixture must correspond to definite zootechnical
requirements which regulate: size of particles, number of admixtures, moisture and etc.
In most cases, for manufacture of multicomponent fodder mixtures it is necessary to
mix components which differ considerably by size features, see table 2.

Table 2. Degree of grinding of fodder for small cattle

Type of fodder Size of particles, mm
Hay, straw 20-30
Silage, haylage up to 50
Concentrated fodder 1-1.5
Tuberous roots 10-15

Taking into consideration the above-mentioned facts, we can say that increase of
the efficiency of a mixing process of fodder for small cattle can be achieved using a
mixing working body which can move effectively groups of particles of different size
from one position into another. Moreover, an effective mixer must provide a continuous
technological process with minimal energy and human resources expenses. It is also
very important to take into account the fact that a fodder mixture of high quality can be
obtained only from properly ground components.

The process of chopping and mixing of fodder mixture components for small
cattle is effective only at a definite rotational frequency of a working body of a
machine, see table 3.

Table 3. Rotational frequency of a working body of a feed-preparing machine, turn/min

Type of fodder Chopper Mixer
Hay, straw 650-800 18-250
Silage, haylage 700-1400 25-300
Concentrated fodder 980-1250 70-400
Tuberous roots 500-1000 275-350
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As it can be seen from table 3 the rotational frequency of a working body is
different for various fodder mixture components, though, despite such conditions,
attempts are made to create fodder chopper-mixers which can provide rational modes of
chopping and mixing during manufacture of multicomponent fodder mixtures.

It is necessary to make an analysis of the existing constructions of these
machines in order to define the most rational construction of a fodder chopper- mixer
for small cattle. The process of chopping and mixing is carried out simultaneously by a
single working body of chopper-mixers. At present, the fodder chopper-mixer ISK-3 is
very widespread (fig. 1).

Fig. 1. Fodder chopper-mixer ISK-3:
1 — toothed deck; 2 — blade rotor; 3 — unloading conveyor; 4 — frame; 5 — power-driven station;
6 — nozzle; 7 — countercut; / — inlet chamber; /I — chopping and mixing chamber;
11l — unloading chamber

The machine consists of a blade rotor 2; an inlet chamber /, a working chamber 7/
and an unloading chamber /I situated one above another; a bunker; an unloading
conveyor 3; a set of countercuts 7; toothed decks 1; an electric motor and a V-belt drive
equipped with a belt idler. Two nozzles 6 at an inlet and two of them at an unloading
chamber are provided for the injection of liquid additives into the work bulk. The inlet
and working chambers are connected by flip-up mounts. There are six openings in the
walls of a working chamber where sets of blade-countercuts and toothed decks are
installed.

Chopper’s blades, which are used as mixers, and hammers are situated on a
working body-rotor. A two-blade spinner is situated in the lower part of the rotor
situated in the unloading chamber.

A set of blade-countercuts is gathered at the shaft which is installed in a jointed
position on the basis mounted to the body of the working chamber by bolts. In case if
extraneous objects get into the chamber, a hinged spring mount of countercuts allow
them to deflect without a breakdown and let solid objects in.
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The productivity of the machine which works at mixing can reach 25 t/h, at
mixing with partial regrinding — up to 5 t/h, at chopping, for example, of straw — up to
3-4 t/h at the cutting length of up to 30 mm and 4-8 t/h at the cutting length of 50 mm.

The chopper-mixer provides mixing of silage, straw, edible roots and mixed
fodder with a degree of homogeneity — 80-90%; engine’s installed capacity is 39.2 kW;
rotor’s rotational frequency — 17 c-'; machine’s dimensions —1600x1090x1150 mm;
weight with an unloading conveyor — 2200 kg. The chopper-mixer is operated by one
worker.

Advantages of ISK-3:

- continuity of the process;

- simplicity of the construction;

- chopping and mixing is carried out simultaneously;

- protection against consequences in case if extraneous objects get into
the working zone;

- high homogeneity of mixture.

Disadvantages of ISK-3:

- high energy intensity of the process of fodder mixture preparation;

- pelleted fodder can’t be added to a fodder mixture without being
destructed;

- it doesn’t mix fodder with grass meal;

- it doesn’t chop concentrated fodder;

- the machine is stationary.

Fodder chopper-mixer-distributors are very widespread at present time. One of
the disadvantages of ISK-3 has been removed; chopper-mixer-distributors are mobile
machines. chopper-mixer-distributors are intended for preparation (loosening, partial
chopping and mixing) and distribution (depending upon the used ration) of components
(green bulk, silage, haylage, loose and pressed hay, liquid fodder additives) without a
device for self-loading of components using an electronic system of weighting of fodder
mixture components.

Working bodies of such machines are a twin-screw mixer with blades installed
on its augers (fig.2).

The distinctive feature of these machines is a vertical or horizontal position of
two augers of a higher pitch. It allows to obtain loose fodder mixture from several
components. Availability of adjustable countercuts permits to change a degree of
chopping of fodder mixture components. The productivity of such machines makes 12
t/h, bunker capacity — 12 m3, mixing time — 5-7 minutes; weight — up to 5300 kg; it is
unitized with a 1.4-2 ton-force class tractor [5, 6].

Advantages of fodder chopper-mixer-distributors:

- high productivity;

- considerable body space;

- the machine is mobile;

- mixing time — 5-7 minutes;

- availability of an electronic system of weighting of fodder mixture
components.
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Fig. 2. Working bodies of fodder chopper-mixer-distributors:
a — a vertical twin-screw one (ISRV-12);
b — a horizontal twin-screw one (RSK-12)

Disadvantages of fodder chopper-mixer-distributors:
- the machine is of a sampling action;
- high energy intensity and materials consumption;
- low quality of chopping of roughage, stem and succulent fodder;
- chopping of concentrated fodder is impossible;
- low efficiency during mixing of concentrated fodder with roughage and
succulent fodder.
It is possible to estimate technological effectiveness of the above-mentioned
constructions of chopper-mixers with the help of a coefficient of block structure.
Block coefficient Cb increases technological effectiveness of the

construction [1-4]:
Z Caut
Cb=
Ya o
where: Z Caut _ number of the independent systems of the construction, table 4;

z Ct . total number of systems of the construction (loading, chopping with
mixing, unloading).
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Table 4. Calculation of block coefficient for analyzed machines

Model of a machine

Total number of
systems of the
construction, pieces

Number of the
independent systems
of the construction,

Block coefficient

pieces
ISK-3 3 1 0.33
ISRV-12 3 2 0.66
RSK-12 3 2 0.66

On the basis of Table 4 we can make a conclusion that an effective fodder
chopper-mixer for small cattle must consist of several independent units (modules). It is
evident that the number of independent modules must correspond to the quantity of the
operations carried out by a chopper-mixer.

The analysis showed that equipping screw working bodies with blades doesn’t
provide the necessary degree of chopping of all the components of a fodder mixture for
feeding small cattle so one can suppose that a mixing working body of a fodder
chopper-mixer for small cattle and its chopping units must be an independent module.

CONCLUSIONS

1. Simultaneous chopping of concentrated fodder and roughage is not reasonable
because fibrous materials of roughage decrease grain’s impact force upon the working
surface of a chopper; that is why equipping screw working bodies with blades doesn’t
provide the necessary degree of chopping of all the components of a fodder mixture for
feeding small cattle.

2. An effective fodder chopper-mixer for small cattle must consist of several
independent units (modules); the number of independent modules must correspond to
the quantity of the operations carried out by a chopper- mixer.
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