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Summary. Legume seeds harvested by combine harvesters in 

the fall are characterized by a high moisture content. In this 

study, faba bean seeds were dried at low temperatures in a silo 

with a vertical air circulation system. Low temperature and long 

drying time of 90 hours minimized thermal stress in seeds. The 

objective of the study was to describe the drying process of faba 

kW electric heater. The results of the study have indicated that 

3·Mg-1·h-1 3·Mg-1·h-1, subject to the degree of 

with a ventilation cone facilitates the process of drying faba bean 

seeds. Faba bean seeds are dried most rapidly along the silo’s 

axis of symmetry, whereas the drying rate is lowest along the 

silo’s outer walls. Seeds are dried faster in the lower part of the 

silo, therefore, a two-phase drying process is recommended in 

should be removed upon the achievement of the optimal moisture 

content for storage. The remaining seeds should be dried in the 

second stage of the process.

Key words: silos, drying, storage, faba beans.

INTRODUCTION

New low-tannin faba bean varieties with a determi-

nate growth habit, containing a minimal amount of tannins 

of faba beans grown for fodder, in particular, if imports of 

that plays an important role in crop rotation schemes with 

a predominance of cereals. Legume seeds harvested by 

combine harvesters in the fall are characterized by a high 

moisture content. Intensive drying of faba bean seeds in 

roof dryers leads to thermal stress, which damages the 

embryo and causes seeds to develop microcracks [8, 9]. 

Roof dryers are not suitable for drying crop seeds. Several 

attempts have been made to dry faba bean seeds at low 

results of experiments where cereal seeds were dried in 

silos [2] prompted the current attempt to dry faba bean 

seeds in a silo with a vertical air circulation system. The 

objective of this study was to describe the drying process 

-

ject to the height of the seed layer inside the silo, were 

determined to evaluate the drying process.

was designed at the former Department of Process De-

The silo is a steel structure. The cylindrical section 

slant height of the cone is parallel to the slant height of the 

discharge tube. The cone is separated from the discharge 

tube by a distance of 0.7 m. Research results indicate that 

the designed ventilation system permits air movement 

throughout the entire bulk [2]. For the needs of this ex-



pumped air. Pressure was measured to the nearest Pa. In-

spection openings were used to collect samples from vari-

ous locations in the bulk. Total airstream pressure and static 

measurements were performed when seeds were added in 

content of non-usable impurities. Total seed weight was de-

moisture content were collected at various points along 

was determined by the drying method with the accuracy of 

air throughout the silo. The parameters of circulating air 

content were collected eight times, approximately every 

air were determined upon sample collection. 

The results of calculations revealed that the total area 

of vents in the ventilation cone is larger that cross-sectional 

area of the pipeline connecting the fan with the silo. There-

3·h-1. 
3·h-1 when the 

active and pressure was measured every time a new batch 

of seeds was added to the silo. The results of ventilation 

Fig. 1. 

W
2, 
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3·h-1 when the 

silo was full. This is a constant value at which faba been 

seeds were dried for 90 hours. The correlation between 

the amount of air pumped into the silo as the height of 

3·Mg-1·h-1. When the height of the seed layer in-

3·Mg-1·h-1, and the drying process was 

amount of air supplied to the silo as the thickness of the 

air supplied at any thickness of the seed layer (Figs. 2 and 

Fig. 2. 

the seed layer in the silo.

Fig. 3. Changes in the amount of air supplied to faba bean seeds 

in the silo.

Fig. 4. Temperature and relative moisture content of air as a func-

tion of drying time.

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

-

was very high because seeds were dried by air with the 

lowest moisture content. 

The initial moisture content of seeds in plane W2 was 

-



resistance due to seed segregation along the silo wall [2, 7]. 

changes in air moisture content were similar at all points. 

90 hours of drying, moisture content was determined at 

passing through the thickest seed layer is more moist than at 

-

tion curves indicate that seeds were dried most rapidly along 

the silo’s axis of symmetry. The seed bulk was characterized 

by the highest porosity along the axis of symmetry, which 

CONCLUSIONS

3·Mg-1·h-1 3·Mg-1·h-1, subject 

facilitates the process of drying faba bean seeds.

of symmetry, whereas the drying rate is lowest by the 

silo’s outer wall. 

therefore, a two-phase drying process is recommended 

part of the silo should be removed upon the achieve-

ment of the optimal moisture content for storage. The 

remaining seeds should be dried in the second stage 

of the process.
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Summary. The authors proposed a new version of lowering 

dimensionality in the application of the method of lines. The 

per the spatial coordinate by projection method, including the 

Key words: -

lasticity method, thick plates, structural mechanics.

INTRODUCTION

The authors proposed a new version of lowering di-

mensionality in the application of the method of lines. It is 

greatly expanding the capabilities of method of lines. The 

proposed generalized method of lines may be used for cal-

culating the plates of variable thickness, and also problems 

of dynamics. The basic idea of generalized method of lines 

spatial coordinate by projection method. The projection 

One of the most effective methods of solving multidi-

mensional problems of structural mechanics is the combi-

nation approach. In this approach a problem is solved in 

two stages:

or two coordinates; 

-

cally.

Traditionally in structural mechanics, lowering dimen-

in a separate research: theory of rods, plates and, shells. 

It lead to creation of various theories of plates and shells.

Currently, lowering dimensionality is performed using 

mathematical methods (for example, the theory of shells 

-

tions, lowering the dimension creates a combined method 

for solving problems of mathematical physics. Such meth-

ods include Vlasov-Kantorovich’s method. These combined 

methods are alternative, compared to the general numerical 

variation-difference method.

Mathematical methods of lowering dimensionality are 

associated with the geometrical characteristics of the con-

sidered objects. It greatly restricts the geometry of the prob-

lems, for which it is possible to use the combined methods. 

the accuracy and stability of numerical calculation. It also 

One of the known methods of lowering dimensionality 

-

used for the solution of static problems for plates and shells 

of constant thickness.

The authors proposed a new version of lowering di-

mensionality in the application of the method of lines. It is 

greatly expanding the capabilities of method of lines. The 

proposed generalized method of lines may be used for cal-

culating the plates of variable thickness, and also problems 

of dynamics. The basic idea of generalized method of lines 

spatial coordinate by projection method. The projection 
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In the case of thick plates with constant thickness for 

n lines 

-

ever, in order to reduce dimensionality, we do not use method 

-

y the unknown func-

tions f x y  is approximated in this manner:

 i
if x y f x y  

The constructed algorithm of lowering dimensionality 

formally resembles algebraic transformations of tensor cal-

culus. In this connection, the generalized method of lines 

essentially tensor symbols and relevant rules are used. For 

example, by repeated indexes is assumed summation. Re-

i y .

basis functions must satisfy the homogeneous boundary 

conditions per coordinate y . These basis functions do not 

-

natural boundary conditions. It should be noted that in the 

-

-

G  and B , which are recorded in an index form  

 

as: ij i jg , 
j

ij i

d
b

dy
. This is the scalar product 

of two functions:

 
0

h

i j i jy y dy

Conversion of components with derivative y  of the 

function n -type displacement and stresses-type functions 

is formed in different ways. This is the use of lowering 

dimension of a plane problem using the theory of elas-

The peculiarity of this functional basis is that this basis 

is not orthogonal, and thus there exist two types of index 

values, if  and 
if . These magnitudes are different by rules 

of conversion at transition on another basis. Contravariant 

magnitudes denoted by upper index and covariant mag-

ijg
magnitude is twice covariant metric tensor and the inverse 

matrix ij
ijg g  is twice contravariant metric tensor. 

Metric tensor provides a transition from covariant to con-

travariant components and vice versa:

 j
i ijf g f , i ij

jf g f

The scalar product in this case is the integral of mul-

tiplication functional factors. Therefore in mathematics 

covariant and contravariant function magnitudes have an 

-

of the basis elements:

 
0

h

i if x y f x y y f x y y dy ,

ways:

0 0

0

jh h
j

i i i

h
j j

i j ij

u x yu x y u x y
y y dy y dy

y y y

u x y y dy b u x

0
0 0

0

h hh
x x

i i x i x i

h
j

x n x x j i

j
x n x ji x

x y x y
y y dy x y y x y y dy

y y

x h h x x y y dy

x h h x b x

,
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value problem in index form.

problem of thermal stresses in a rod of rectangular cross-sec-

[0 ] [0 ] [0 ]y zx l y h z h .

Fig. 2. 

The problem of thermal stresses is considered within 

limits of an important partition of the theory of elasticity 

-

depends not only on three spatial coordinates but also on 

time coordinates. The corresponding problem in determining 

-

tions of non-stationary thermal conductivity. Components 

 

yx z

x T

y T

z T

qq qT
c Q

t x y z

T
q

x
T

q
y

T
q

z

where T T x y z xq , yq , zq  

q x y z
r

, 

the material, c T

conductivity. Q
heat sources.

to specify the initial and boundary conditions. The initial 

conditions are in the form:

t T(x, y, z) T
0
(x, y, z), 

where:

T
0
(x, y, z)

of the body at the initial time.

The boundary conditions of the problem will be set as 

conditions of convective heat transfer.

when 0 :x

 

when 0:x  

,,0,((,,(0, 000 tzyqTTtzyq xCxxCxTx  

when :x l  

,,,( tzy
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when: :x l ,

 

when :x l  
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l

x
l
xTx  

The temperatures and heat flows of exter-

c
from the side of relevant part of boundary surface of beam 

are marked as “ c ”:

when: 0 :y ,

 

coordinates. The corresponding problem in 

determining of the component of thermal 

-

stationary thermal conductivity. Components 

c Q

T T x y z

q q q

q x y z

c

Q
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tives 

the first order in the spatial and time coor-

c Q

T T x y z
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c

Q
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In the next numerical calculations, such 

form of boundary conditions allows to take 

0

X

,Y

,Z

*v

,
*u

.
*u

 

In the next numerical calculations, such form of bound-

ary conditions allows to take into account the relevant part 

T  and 

second order 0T .

Changing temperature of solid body in time practically 

-

 

To ensure unity of solution of the system 

a-

ry conditions. The initial conditions are in the 

0:x
,,0,( tzy

:x l
,,,( tzy

c

in partial derivatives of first order:

xyx xz X
x y z

,           

,Yyzyxy
           

,Z

,
*u
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ry conditions. The initial conditions are in the 

here 

temperature distribution 
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temperature distribution 
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The boundary conditions of the problem 
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where: *f f . 

-strain state 

in general are written by the analogy of work 

[7] ( -(  

For construction of the boundary condi-

9 -( c-

tions of all power factors that act on the 

boundary contour, on corresponding axis. In 

. yx0 , the magnitudes 

which act on area 0x  are shown. 

The first index —signifies the number of 

the axis which is perpendicular to the area. 

The second index shows the direction of dis-

placement or stress. 

 
Fig. 3. Modeling of the boundary conditions 

 

cc vu ,  — displacement of points of the exter-

nal environment, 

vu,  — horizontal and vertical displacement 

of points of object, 

xyxx qq ,  — external load on object, 

x , xy  — 

stresses along the contour inside the object, 

xyxx kk , — spring stiffness. 
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where: ,,(,(0,0 zylffzyff l . 

 



 

standard conditions of interaction of the ob-

ject with the external environment. 

-(

lowering dimension is performed by coordi-

nates ,y z . — reduction by y

functions are applied ({ yii , 

ni , where the following rules are tak-

en into account: 
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In the next step  we perform the reduction 
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The next step — the problem numerically on the geometry and initial-boundary condi-

-

solved using the method of Runge-Kutta-Merson. This prob-

lem is programmed by the Fortran programming language. 

Depending on the geometry and initial-boundary conditions; 

temperature, displacement and stress are determined at cer-

tain points of the construction.

CONCLUSIONS

-

of setting boundary function is solved and this allows the 

solution of problem of dynamics and thermoelasticity.

,
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Summary. The handling, storage, and transportation of fresh 

the raw material intended for both direct consumption and 

processing. The water losses resulting from too long storage 

of this study was the determination of water content impact on 

the selected mechanical properties of fresh cucumbers, analysis 

resistance in fresh fruits of the tested cucumber varieties to 

mechanical damages caused at the process of their puncturing 

Key words: soil-grown cucumbers, mechanical properties, punc-

ture force of peel and tissue, water content.

INTRODUCTION

pumpkin vegetables of Cucurbitales order. Their distin-

guished varieties are those for sowing in soil and those for 

The production of soil-grown cucumbers regularly 

increases due to their high popularity and a wide range 

form of fresh fruit, a great part of the total crop is used as 

a popular processing product used for the production of 

pickled and conserved cucumbers, gherkins, and pickles. 

Cucumber fruit intended for processing should have small 

seed chamber, appropriate chemical composition, sugar 

of voids, high yield in the production at industrial scale, 

cucumber fruit is of uniform shape and appropriate, regular 

-

ious both static and dynamic loads which are connected 

with the harvest, handling, trans-ship, transport, sorting 

cucumber fruit undergoes mechanical damages manifesting 

themselves with both external and internal disturbances of 

the commercial value of the raw material lower so they 

softening of the cucumber by damaging its peel, which is 

of the raw material. The process of cucumber softening 

favours the formation of next damages and the develop-

cucumbers are handled, stored, and transported affect the 

intended for direct consumption as well as for processing. 

parameters of the product and the mechanical properties 

of the raw material.

The investigation of mechanical properties is the basic 

measurement instrument of the texture and elasticity of 

the tested biological material [8]. It includes a series of 

mechanical tests where compressive, shearing, and tensile 

value of the used force, rate of the tested material forming, 

shape and size of the investigated sample as well as such 

factors as the plant variety, maturity/ripeness degree, raw 

density [2, 7, 9].



 

were investigated: Polan F  and 

The samples of the soil-grown cucumber were taken from 

three farms engaged in the production of vegetables in the 

-

(Cracow Plant Breeding and Seed Production 
“POLAN”) with their seat in Kraków (Raciborowice testing 

The water content measurement in fresh cucumbers was 

700

in the second stage of the drying up of the samples in the 
0 C with the use of scale incubator. The 

tests for the content of water were performed on the sam-

ples cut out in three places i.e. at the leaf stalk base, in the 

middle and in the bottom part of the cucumber fruit for two 

selected fruit fractions.

The investigation of the mechanical properties in the 

Roell machine for strength testing with the use of the punch 

in three places, i.e. at the leaf stalk base, in the middle and 

in the bottom part of the cucumber fruit. 

The tests were conducted on the whole fruits of soil-

measurement places. The measurement was conducted sepa-

measured. 

The average content of water in the fresh cucumber 

fruits of the investigated varieties was within the range of 

in the fruit of the Polan variety, the 2nd fraction size, and 

was featured by the lowest water content in the fruit. The 

lowest value was found at the fruit stalk base of the variety 

the tested varieties the highest content of water was found 

the investigation place, the differences in the average water 

-

The average water content levels in the fresh fruits of 

the investigated varieties of soil-grown cucumbers are pre-

Ta b l e  1 .  The average water content of the analyzed varieties 

of fresh cucumbers

Variety and fraction

Water content [%]

Fruit 
stalk

Fruit 
centre

Fruit 
end

-
age

Polan, 2nd fraction

Average 95.3 95.4 95.3 95.3

Average 95.1 95.0 95.0 95.0

Average 95.1 94.8 94.8 94.9

Average 94.5 94.6 94.3 94.4

94.9 94.8 94.8 94.8

The average sizes of the seed chamber surface areas and 

varieties of fresh cucumber fruits for two size fractions are 

presented in Table 2. On the basis of the obtained results it 

variety was characterized by the highest percentage share of 

zone was found out for the 2nd fraction of the Polan variety, 

-

mm2 2, 

2  mm2 for the Polan variety.

Ta b l e  2 .  

middle part of the investigated varieties of cucumber fresh fruits 

for the two size fractions.

Variety
Frac-
tion

Cucumber 
section 

surface area 
[mm2]

Seed chamber 
surface area 

Flesh surface 
area

[mm2] [%] [mm2] [%]

Polan 222.8

Polan 2nd

2nd

2nd

Genotype 44

Genotype 44 2nd

Genotype 54

Genotype 54 2nd



 

fresh cucumbers and their deformation L [mm] depends on 

the fruit size, variety, the place of puncturing and the water 

fruits of the investigated cucumber varieties in three places, 

i.e. at the leaf stalk base, in both the middle and the bottom 

part of the cucumber fruit is presented. 

Fig. 1 

the fresh fruits of the selected varieties of cucumbers with the 

to puncture the peel and flesh of cucumber was observed 

at the base of the leaf stalk, and the lowest one at the 

to puncture the peel and flesh were found out for the 

The obtained results of the resistance to puncture justify 

the fact that this genotype has been marked out by Polan 

company as the standard of the worst technology prop-

erties for pickling.

In Fig. 2 the lines of the puncture force trend for the 

fruits versus their deformation for three measuring places 

are presented. The differentiated average values of the 

-

cumbers versus their deformation for the analyzed varieties 

were observed. The curve of the relation of the peel and 

2 + bx + c.

On the basis of the obtained and presented results 

in the process of the puncturing with a punch at the base 

of the leaf stalk was found out. The determination coef-
2 2 

-

spectively. For the middle and the end part of the fresh 

fruits of selected cucumber varieties the observed relations 

-

mation were smaller and differentiated. The determination 

2  
2

2

2

The average deformation L [mm] values until the fresh 

cucumber fruits were punctured had been within the range 

fresh cucumber varieties versus their size fraction is pre-

Fruit leaf stalk base

Middle part of the fruit

End part of the fruit

Fig. 2. 

deformation L [mm] in three puncture places.



 

Ta b l e  3 .  

Variety and fraction Breaking stress [MPa]

Polan, 2nd fraction

89,8

Average – 1st fraction 66,1 1,45

Average – 2nd fraction 79,5 1,61

respectively. The highest energy needed to puncture the peel 

CONCLUSIONS

varieties was slightly differentiated and it was in the 

2. In the middle part of the cucumber fresh fruits of the 

tested varieties the highest percentage share of the seed 

fraction, and the lowest one for the Polan variety, the 

respectively.

MPa, respectively.
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Summary. Dill pickled cucumbers is the product obtained 
from fresh cucumbers with the addition of taste-aromatic 
seasonings poured with a water solution of table salt and 
subjected to lactic acid fermentation. There are many kinds 
of pickling technology, and many types of pickle brines. 

-
sessment of dill pickled cucumbers depending on the pickle 
brine chemical composition. On the basis of organoleptic 

tested dill pickled cucumbers was carried out depending on 
pickle brine chemical composition. 
Key words: dill pickled cucumbers, pickle brines, organoleptic 

assessment

INTRODUCTION

Dill pickled cucumbers are very popular in our country 

and they win over larger and larger group of connoisseurs and 

they have many pro-health properties, and that is why they 

are often recommended by dieticians as an item of a well-bal-

-

The endogenic strains of lactic acid bacteria, when present in 

a ready product, contribute to the formation of the character-

istic taste of ensilaged products [7]. Dill pickled cucumbers 

by both the cucumber variety and the components of the 

and their share in the ready pickle brine allow obtaining an 

optimum taste-smell effect. The important aspect is the use 

-

ments for drinking water and its hardness, which may be 

increased by adding calcium carbonate. The pickle brine is 

a water based solution of table salt enriched with natural 

taste-aromatic additives, the most common of which are dill 

and horseradish. They create a characteristic, strong aroma 

of dill pickled cucumbers [2].

Sodium chloride added to the brine enables an initial 

selection of microorganisms and faster growth of lactic acid 

mesophilic bacteria such as L. paracasei, L. casei, L. plan-
tarum, L. rhamnosus

-

nistic reactions to detrimental moulds or yeasts, The essen-

tial hazard arising during spontaneous fermentation process 

is the risk of infection by Geotrichum candidum or Picha 
manshurica 
due to the oxidation of organic acids enable the development 

Salt, as a component of pickle brine reduces the osmot-

ic pressure and by this the brine gets enriched in nutritional 

components and becomes an appropriate environment for 

processes proceed slowly, and that it is why the fermen-

tation in the anaerobic environment is a lengthy process 

[8]. Sensory assessment carried out by predisposed tasters, 

i.e. those without changes in the felt taste and disorders 

such as the so called taste daltonism manifesting itself 

as a lack of sense of taste and feeling no differences be-

tween the four basic tastes, in appropriate concentration 

is an important element while introducing the product to 

the market as well as during laboratory tests aimed at the 

improvement of technological processes. Changes in taste 

perception may be caused by too low content of zinc in the 

human organism, which can be often observed in people 
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Sensory assessment, apart from physical-chemical 

one, is a supplementary method of the assessment of 

on the reaction of the senses to the consumption of 

a product [9].

The tested material were the fruits of three varieties of 

soil-grown cucumbers (Polan F

F

The cucumbers of the selected varieties were pickled in 

large glass jars with the pickle brines of three different 

(Cracow Plant Breeding and Seed Production “POLAN”) 
as a standard of the variety non-predisposed to pickling 

was subjected to this process in one type of pickle brine 

the jars were stored in the room temperature, and after that 
0 

C. The chemical composition of pickle brines is presented 

The tests included the organoleptic assessment of the 

-

sistency, taste, and smell. The organoleptic assessment 

Ta b l e  1 .  Chemical composition of the pickle brines used for the pickling of the tested varieties of soil-grown cucumbers. 

A B C

Component 
Addition for 100 kg 
of cucumbers (%)

Component
Addition for 100 kg of 

cucumbers (%)
Component

Addition for 100 kg 
of cucumbers (%)

Water solution of 
NaCl

Water solution of 
NaCl

Water solution of 
NaCl

Fresh dill Fresh dill Fresh dill

0.2 0.2 0.2

Mustard

Mustard Mustard

Currant leaves
Oak tree leaves

0.02
Whole grain dark 
pepper

Ta b l e  2 .  Card of the assessment by score method for tested dill pickled cucumbers

Quality de-
terminant

Weightiness Scale of score points

5 points 4 points 3 points 2 points 1 point

Consistency
very hard, crispy, 
no void cavities 
inside

medium hard, no 
void cavities inside

soft, with small 
void cavities inside void cavities inside

very soft, large 
void cavities inside

Taste

very salty, very 
sour, typical for 
dill pickled cu-
cumbers

salty, sour
medium salty and 
sour

too salty and sour, 
too little-salty and 
too little

oversalted, too 
sour, no percep-
tible taste of salt 
non-sour

Smell 0.2

intense, aromatic, 
typical for dill 
pickled cucumbers 
with perceptible 
smell of herbs and 
other additives

medium percepti-
ble with medium 
aroma of additives 
and herbs

hardly perceptible 
with faint aroma of 
additives and herbs

slightly perceptible 
with no perceptible 
aroma of additives 
and herbs

not perceptible, 
musty

Colour

very good, full-
dark green colour-
ing, typical for dill 
pickled cucumbers

good, close to typi-
cal for dill pickled 
cucumbers, lighter 
spots along the 
whole length

with not numerous 
discolouration 
spots at the ends

with well visible 
large brown, dark 
brown or white 
spots at the ends

brown, dark brown 
or white indicating 
rooting

General 
appearance

0.2
very good, typical 
for dill pickled 
cucumbers

good, close to typi-
cal for dill pickled 
cucumbers

medium, minimal-
ly differing from 
typical for dill 
pickled cucumbers

minimal indica-
tions of rooting 
and getting 
mouldy

mouldy, spoiled



 

product being assessed on the basis on those values. The 

score assessment was based on the comparison of the 

form. The obtained data were multiplied by appropriate 

the University of Rzeszów, having appropriate sensory 

sensitivity. The organoleptic assessment of dill pickled 

cucumbers was carried out in the Laboratory of Organo-

To determine the possible usefulness for the processing 

of the analyzed varieties of cucumbers some photographs 

of the cross-sections of soil-grown cucumbers were taken 

during the pickling process. The pictures were taken in three 

places: at the leaf stalk base, in the central and in the end 

part of the cucumber fruit. The pictures were taken for two 

size fractions: I-fraction, i.e. small fruits, II-fraction. i.e. 

large fruits. The views of the surfaces of the cross-sections 

were obtained by the view scanning method by scanning 

slices cut off from the eatable part of the fruits of the an-

alysed varieties. 

-

-

ties of soil-grown cucumbers dill pickled in three pickle 

brines of different chemical composition. Irrespective of 

the cucumber variety and the brine chemical composition, 

the assigned tasters assessed the general appearance of dill 

pickled cucumbers as the highest (appraisal arithmetic mean 

The arithmetic mean values for the consistency, smell, and 

was given by the assessing persons to the general appearance 

 variety pickled in the 

 variety 

The organoleptic assessment of dill pickled cucumbers 

was conditioned by both the cucumber variety and the 

pickle brine chemical composition. The highest score, in 

 variety pickled in the brine 

cucumbers of the Polan F  variety pickled in the brine 

-

useless for the dill pickling process, this variety obtained 

-

tic assessment of the dill pickled cucumbers versus the 

variety and the chemical composition of pickle brine are 

The lowest score, irrespectively of the pickle brine 

va-

given to the Polan F  variety. On the basis of the results of 

the organoleptic assessment of dill pickled soil-grown cu-

cumber it can be stated that from among the tested varieties 

, 

while the least useful one is the Polan F . The results of the 

usefulness of the tested cucumber varieties for dill pickling 

are presented in Fig. 2.

Fig. 1. 

cucumbers as the function of variety and chemical composition 

of pickle brine.

Fig. 2. 

soil-grown cucumbers with regard to their usefulness for dill 

pickling.

Regardless of the variety of soil-grown cucumbers, the 

best score was given to the cucumbers subjected to pickling 

in the pickle brine C. The mean value for all the tested 

On the basis of the obtained results it was found out that, 

regarding chemical composition, the C brine is the most 

least suitable. The results of the assessment of pickle brines 

of three different chemical compositions with regard to 
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Fig. 3. Mean values of the assessment of brines of different 

chemical composition with regard to their usefulness for pickling 

cucumbers.

Fig. 4. Cross-sections of the tested varieties of dill pickled soil 

The examples of the views of the cross-sections of cu-

cross-sections of the tested pickled cucumber fruits, the larg-

est air spaces were found for the Polan F variety, which con-

CONCLUSIONS

-

cess of dill pickling of soil-grown cucumbers is condi-

tioned by both the variety and the chemical composition 

of the pickle brine.

2. From among the varieties of soil-grown cucumbers being 

for pickling, and the least useful was the Polan F . Regard-

less of the chemical composition of the brine used in the 

pickling process, the cucumbers of the varieties referred 

to above obtained the following organoleptic assessment 

that the pickle brines of the chemical composition C and 

varieties of soil-grown cucumber fruits.

 Food fermentation: 

role of microorganisms in food production and preser-

2. 

Initiated lactic 

acid fermentation of cucumbers from organic farm by 

application of selected starter cultures of lactic acid bac-

Franco W., Perez-Diaz I., Johanningsmeier S., Mc-

Feeters R., 2012: Characteristic of spoilage-associated 

-

Probiotyczne bak-

Stan wysycenia organizmu cyn-

7.  Commercial bacterial starter cultures 

for femented foods of the future. Int. J. Food Microbiol. 

8. 

2013:

-

9. Wrzodak A., Korzeniowski M., 2012: -

ryczna ogórków kwaszonych traktowanych fungicydami 

-

 

 

Streszczenie. -

-

nych, zalanych roztworem soli kuchennej i poddanych procesowi 

-

ogórki kwaszone, zalewy, ocena organolep-

tyczna.
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Summary. 

and air-entraining admixture on the frost resistance of concrete 

tested by the direct method and on the characteristics of air pores. 

porosity structure of concrete composites was tested by means 

of a device for automatic image analysis that uses the computer 

program Lucia Concrete. The analysis involved control concrete 

of air-entraining admixture. 

Key words: 

resistance.

INTRODUCION

Concrete durability is a set of designed properties that the 

material retains for the longest possible usage period of the 

engineering construction. The basic factor that determines 

the usefulness of concrete for a construction is its compres-

concrete durability in a construction besides its strength, like 

for example proper selection of ingredients and their appro-

microstructure and the structure of the aggregate-cement 

Concrete is a composite whose features can be shaped 

possible to obtain concretes with special properties, but to 

-

-

ti-icing agents. Vertical concrete elements exposed to weather 

conditions and anti-icing agents should be made with the 

saturated with water without anti-icing agents, exposed to 

surfaces of roads and bridges, exposed to high saturation 

with water and anti-icing with chemical agents should be 

-

cretes that belong to the above-mentioned exposure classes 

The content of air in road surface concretes presented in 

the Polish catalogue [8] depends on the maximal diameter of 

aggregate grains. The values are shown in Table 2. 

according to [20].

bubbles are distributed in the cement slurry and they break 

the continuity of capillaries, which leads to higher resistance 

of concrete to freeze-thaw cycles. When water in saturated 

-

concrete mixture becomes more workable. 

The admixture has a foaming effect and forms enclosed air 

of the air bubbles undergoes mineralization and becomes 

the phase of the hardened concrete. They break the capillary 



 

Ta b l e  1 .  

cement [kg/m3]
Maximal W/C ratio

Minimal strength class 
of concrete

freezing and thawing

Ta b l e  2 .  

Maximal diameter of 
aggregate grains [mm]

Without a plasticizing admixture With a plasticizing admixture

Minimal Minimal

Up to 8

can also have unwanted effects. It leads to higher porosity 

concrete can be raised after air-entraining if the cement 
3. If the [cement content is over 

3, 

mix after air-entraining. 

frost-thaw resistance of the concrete. What is important in 

air-entraining the concrete mix is the distribution of air pores 

distance between the spots where ice is formed and the near-

est void leads to higher hydraulic pressure. Small distances 

between pores are the effect of excessive air-entraining of 

the concrete mix, which leads to a large drop of compression 

strength. What determines the proper air-entraining of the 

concrete mix is the spacing factor L of pores in concrete. 

The factor determines the average largest distance from a 

nearest air pore. 

determine the porosity structure of hardened concrete. It is 

universally assumed that in order to obtain frost resistant 

and the content of micropores with the diameter smaller 

 are of little use because of air pores 

Concrete durability is also determined by proper moulding, 

maintenance and processing of the concrete composite [7, 9].

The research program aimed at determining the in-

characteristics of the concrete mix. The base concrete 

-

carboxylates.

Fig. 1. 

Ta b l e  3 .  Composition of the tested series of concretes

Ingredient [kg/m3]
Series of tested concretes

0-0 0-2 0-8

Cement

Water

Plasticizer

Fly ash - - - -

admixture
- 0.772 - 0.772



 

-

to the mass of cement. 

the amounts corresponding to the control series. 

concrete mixes and concretes. 

mix, consistency by the concrete slump method, compres-

sive strength after 28 days of curing, saturation, depth of 

The porosity structure of selected concrete series was tested 

by determining: the total amount of air in hardened concrete 

, and the 

distribution of air pores. The tests were done with cubical 

hours after they had been made, and then they were kept for 

The tested concrete mixes were mixed in a paddle 

concrete mixer for 70 seconds and then the following was 

determined: consistency by the concrete slump method in 

The result of the slump test for the control series con-

concrete mixes also grew together the air content. Concrete 

of the air-entraining admixture. 

-

ash mixes. The greatest difference in air content was noticed 

The compressive strength test was done after 28 days of 

curing the samples in laboratory conditions. The saturation 

The series 0-0 control concrete had the average com-

pressive strength f
cm

as a cement substitute resulted in the drop of compressive 

air-entraining admixture lowered the average values of com-

pressive strength. The greatest drop was noted in the series 

-

Figure 2 presents the comparison of average compres-

The average compressive strength of the concrete con-

lower in every tested sample. The largest strength drop 

-

with the increasing amount of the air-entraining admixture. 

Ta b l e  4 .  Concrete mix test results

Characteristics of 
concrete mixes

Series of tested concretes

0-0 0-2 0-5 0-8 1-0 1-2 1-5 1-8
Slump test [mm] 80 90 200

Consistency class S2 S2 S2

2.8

Ta b l e  5 .  

Characteristics of concretes
Series of tested concretes

0-0 0-2 0-5 0-8 1-0 1-2 1-5 1-8
Compressive strength f

cm
 [MPa]

Strength class

Depth of water penetration 
[mm]

70 82 98 90 90 80



 

Fig. 2. -

pressive strength

Fig. 3. -

ture on the compressive strength percentage of concretes with 

-

er strength of the tested concretes. The amount of the 

resulted in lowering the average compressive strength 

air-entraining admixture causes lowering the compressive 

ash concrete. The compressive strength dropped from 

in the series with the maximal amount of the air-entraining 

admixture. 

The water penetration test was done in accordance with 

-

Fig. 4. -

ture on the penetration depth by pressurized water in concretes 

-

crease in the depth of water penetration in concretes both 

with and without the air-entraining admixture. Similarly, the 

amount of the air-entraining admixture increased together 

with the depth of water penetration. 

-

od for determining the frost-thaw resistance of concretes. 

exposure classes must contain an air-entraining admixture. 

tested for frost resistance according to the 

The tested series of concrete underwent 

-

None of the tested series had any 

-

sive strength drop for the control concrete 

the control one 0-0 and the one with minimal amount of the 

air-entraining admixture 0-2 didn’t have frost resistance after 

The remaining series of tested concretes with the amount 

The air pores characteristics tests were done in ac-

cordance with the research procedure described in the 

automatic system for analysing the image of air pores in 

For all tested concrete series, the following parameters deter-

mining concrete structure were obtained: the total amount of 

classes of pores.

The obtained results are presented in Table 7. 

is recommended to obtain frost resistance of concrete. 

amount of the air-entraining admixture. 

Figure 7 presents cumulated air content in particular pore 

the air-entraining admixture.

Fly ash concretes had considerably higher cumulated 
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Ta b l e  6 .  

Characteristics of concretes
Series of tested concretes

0-0 0-2 0-5 0-8 1-0 1-2 1-5 1-8
Compressive strength drop af-

8.0

0 0 0 0 0 0 0 0

NO NO NO NO

Ta b l e  7 .  The results of tests concerning the characteristics of air pores

Characteristics of air pores
Series of tested concretes

0-0 0-2 0-5 0-8 1-0 1-2 1-5 1-8
8.9 7.9 20.8

Spacing factor L [mm]

Fig. 5. 

Fig. 6. -

pore class

Fig. 7. -
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Fig. 9. 
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pressure method tests of concrete mixes. Particularly large 

Figures 8 and 9 present histograms of the percentage 

distribution of air pores in all size classes. 

 obtained in the test 

, 

It is commonly assumed that in order to obtain frost 

0.20mm and the content of micro-pores with the diameter 

very high level of frost resistance.

In a direct frost resistance test, despite having obtained 

proper parameters in the porosity structure test, in the series 

CONCLUSIONS

The paper presents the results of research on the char-

acteristics of air pores, compressive strength, the depth of 

penetration by pressurized water, and frost resistance after 

-

training admixture. 

The research that was carried out has led to the following 

conclusions:

-

crete mix and it helps to increase air content,

improves its workability,

concrete without the admixture. It can lead to lowering 

the strength class of concrete by even 2 degrees,

-

creasing the depth of water penetration, which is rarely 

mentioned by the admixture manufacturers. Therefore, 

the composition of concrete must be corrected at the 

designing stage,

tool to estimate the frost resistance of concrete composites.
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Summary: Taking into account monthly average surface tem-

allows to imply their effective modeling and forecasting for sev-

eral years. Prediction errors are at the maximum in June and rise 

as the forecast period increases. Nevertheless, when forecast is 

-

lute error of total ozone measurements instrumentally based on 

Key words: variability of total ozone distribution over Poland, 

-

casting, statistical relationship, interaction of the troposphere 

and stratosphere.

INTRODUCTION

ozone, growth of all land plants, animals and microorgan-

isms, and affect human health as well. Therefore, improve-

of physical geography, meteorology and ecology.

-

bution of daily mean and monthly mean TOC have been 

researched by the means of global monitoring system. TOC 

values for different regions of the Planet which are not in 

the area of a pole night are measured by spectrophotometers 

and are presented in the Internet for free access. Possibilities 

of these tools and data processing procedures provide resolu-

-

ferent cities; the most accurate device in use here is Dobson 

This allows to study the process peculiarities in more detail. 

of TOC variability is of a great interest.

It has been established that changes of ozone depleting 

is one of the essential factors, causing TOC distribution 

changes in terrestrial atmosphere [2]. Such species of tech-

nogenic and natural origin are formed on ground surface 

and can be delivered by air streams to stratosphere, where 

mainly ozone is located. Within troposphere their transport 

is carried out by streams, which arise at various convection-

such substances to enter stratosphere are not yet known 

role here is played by advection of tropospheric air through 

tropopause breakdowns, which are located above subtropical 

jet streams. Nevertheless, this mechanism does not explain 

how exactly such substances, which have gotten to the lower 

-

ers, where ozone destruction occurs. 

process is carried out by planetary and gravity waves, which 

arise as a result of various interactions of atmosphere and the 

of cyclones and anticyclones, interaction of jet streams and 

and large-scale, such waves break at some distance from 

[8]. This results in turbulent rising air currents, which can 

transfer air to any heights in stratosphere.

played by exposure of the atmosphere to heat and water va-

a relation between surface temperature changes of some 

water areas and TOC over many world regions can exist. 

by many researchers [9]. This suggests a possibility of using 



 

surface temperature measurement results of some World 

ocean areas in the monitoring of TOC variations over the 

majority of the planet regions. 

the world oceans. This suggests a possibility of existence of 

such regions within it, whose surface temperature changes 

-

tic relationships on coinciding time periods between TOC 

changes in the majority of atmosphere and surface temper-

connections between these processes are weaker when the 

Observations of surface temperature changes for the 

the Internet. The data present the values of monthly mean 

anomalies calculated as an average of a segment, limited by 

-

bution variations over one or other world region the most, 

understood. It does not allow to use connections between 

the mentioned processes in modeling and forecasting TOC 

changes over such regions.

On this basis, the object of the research was monthly 

mean TOC distribution changes over Poland and monthly 

The subject of the research was elaboration of monthly 

mean TOC distribution changes monitoring with regard 

TOC distribution variations forecasting over Poland.

To attain these ends the following tasks were solved:

-

TOC variations over the majority of Poland’s regions.

models over the Poland’s territory.

One of the most universal mathematical modeling meth-

ods of stochastic processes is a multiple regression method 

considered as arguments, are connected with the studied 

process. Proving existence of stochastic connections be-

tween such natural process as TOC changes over Poland 

and other natural processes is really hard, in many cases 

statistical connection between them.

The application of factors, connected statistically with 

the studied process, as factors in multiple regression model, 

does not guarantee its practicality in the forecasting tasks. 

-

of studied process was accepted as admissible.

latter, with due regard to freedom degrees of correspond-

segments over the studied territory. 

inter-annual changes , corresponding to each atmosphere 

Linear multiple regression was used as a predictive 

model:

 txctxctxcct NN...220

here: 
 
c

i

tytYtz  for all the time 

periods t was minimal; 

ty

tY
txi  

t  of some process, which is 

ty .

time moments t coinciding with the studied processes. 

are results of satellite TOC monitoring for these years over 

Poland so their comparison can be made.

It was suggested that the number of model arguments 

N . Time 

series for each of them contained M  members ( NM 2

of ( N Ñ , which is a solution to vector-matrix 
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The mentioned solution would look like: 

 BAC

here: A  is an inverse matrix to A . Vector C  was 

identified for each considered Poland’s region. The fore-

yy. TOC values were calculated for each month and each 

Poland’s region. For each of them prediction accuracy 

was estimated.

-

variability data, time series were taken of monthly mean 

covers the whole Poland’s territory and some regions of 

regions are located in the area where a strong interaction 

the most contrastive pressure gradients are observed. Their 

interplay with jet streams makes the last ones vertically 

oscillate. This arises planetary and gravitation waves, trop-

opause breakdown and allows ozone depleting species enter 

the stratosphere.

When solving the second task for each month, the TOC 

atmosphere segments.

With the use of these models, TOC values were pre-

These forecasts, as well as the fact values of TOC over 

various regions of Poland in June 2009 are tabulated in 

Table 2.

Ta b l e  1 .  

in June

# latitude longitude # latitude longitude # latitude
(

longitude 
(

2 7

8

9

Fig. 1. 

changes above Poland in June

Ta b l e  2 .  Fact and forecasted TOC values over the Poland 

regions in June 2009

Fact o  o  o 20 o 22 o  o

oN
 oN
 oN
 oN

Outlook
oN
 oN
 oN
 oN

Forecast error
oN 2.7 2.9 8.9
 oN
 oN 0.2 -2.0 -0.9
 oN -2.0



 

-

A)

B)

C)

Pic. 2. 

is less than TOC measurement error, obtained on Dobson 

spectrophotometer. 

-

the TOC forecasts mistakes over Poland are fewer. 

CONCLUSIONS

-

TOC variations over Poland in coinciding time periods. 

-

ture of the distribution mechanism in the stratosphere 

of ozone depleting substances.

2. Prediction errors of TOC distribution changes over Po-

land are maximal in June and increase when forecast is 

made on greater time shifts. Nevertheless, when forecast 

exceed absolute error of total ozone measurements in-

strumentally based on the most exact of existing devices 

-

ing process.
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Abstract: The purpose of this study was to determine the ef-

fect of temperature and the content of extruded corn porridge 

-

trusion-cooking process was carried out using a single extru-

the viscosity of the suspensions was affected by the kind of 

of porridge in the mixture. The highest viscosity was found in 

Key words: extruded, extrusion-cooking, corn porridge, sus-

pensions, viscosity, food

INTRODUCTION

Current trends show an increase in consumption of con-

Nowadays the consumers attach more and more importance 

to healthy eating, which is a challenge for manufacturers of 

functional foods for direct consumption. Innovations used 

in food processing, i.e. extrusion-cooking, micronization, 

expanding and combining plant additives call for the re-

placement of popular snacks with a new type of healthy 

-

rials under high pressure and high temperature, which causes 

During processing the material is mixed, compacted, com-

technology is used in the food industry for the production of 

various types of food products such as snacks, instant cereal 

baby food, breakfast cereals, texturized vegetable protein, 

Corn grits is one of the most popular material used in the 

in appropriate conditions allows to obtain a new type of 

products different in relevant properties, texture, appearance 

-

ucts are derived from harder maize, which is caused by the 

and dishes are hypoallergenic and gluten-free. Due to the 

different composition of protein compared to other cereals, 

corn products are recommended for people suffering from 

The main raw material used in our experimental study 

corn extrudates were grounded in a laboratory mill type 

Moisture was determined by a drying chamber method, 

extrudates were studied.

consistency. The values   of dynamic viscosity were measured 

registered six-times.

Samples with hot distilled water and milk were prepared 

as follows: a weighed sample of the extrudate was mixed 

-

measurement was taken. The measurements carried out at 



 

Fig. 1. 

mounted “back-extrusion” snap 

Changes in viscosity of suspensions were measured using 

a back extrusion snap. During measurements were used: 

Resistance force was recorded during movement of the 

piston through the slurry in two measuring cycles: down and 

in shear strength, and the standard distance were recorded. 

The moisture content of the extruded corn porridge has 

a great importance during storage, for maintaining the sen-

Taking all these aspects into account we can say that our 

products were very safe, their moisture content was less 

Dynamic viscosity of water suspensions made   from the 

its percentage share. The increase of the extrudate in the 

suspension resulted in higher values. Viscosity of water 

resulted in the lowering of viscosity index, which varied 

Fig. 2. 

out that milky suspension was characterized by higher levels 

of dynamic viscosity compared to the water solutions. For 

example the viscosity of the milk suspension containing 

0C. 

decreased the viscosity value. The highest viscosity val-

Fig. 3. 

CONCLUSIONS

-

sion-cooking technology in the production of safe in-

stant corn porridge. The average moisture content of the 

2. Increased temperature decreased the dynamic viscosity 

of the suspensions. The highest dynamic viscosity was 

mixture resulted in the increasing of the dynamic vis-

cosity of the suspension.

 Wafers, pellet 

density, durability and moisture content.
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Summary. In the study an example was presented when the 
2, a commonly 

leads to wrong conclusions. It is an example of a logistic model. 

Theoretical considerations were applied to the model describing 

the germination of seeds which underwent laser biostimulation 

prior to sowing. Moreover, the origin of problems that appears 

in the described situation was explained.

Key words: 2, laser 

biostimulation prior to sowing.

INTRODUCTION

Describing processes by mathematical models is a prob-

lem of interest to a number of researchers in various areas of 

-

tion of its correctness based on empirical data. The measure 
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2 works perfectly in case of linear mod-

els and some nonlinear ones which are brought to linear 

models using the relevant transformations (i.e. nonlinear 

R2 determines which part of variability of the experimental 

2 

can be negative. In such a case the application of this coef-

The objective of the study was to demonstrate that the 
2 for some nonlinear models 

can take on negative values. This study describes such a case 

regarding a logistic model. Theoretical considerations were 

applied to the model describing the germination process of 

seeds that underwent laser biostimulation prior to sowing. 

determination is incorrect in this situation.

Sciences in Lublin the research was conducted aiming at the 

determination of the germination process of tomato seeds 

and the impact of the laser biostimulation of the sowable 

Promyk variety were used. In laser biostimulation the adjust-

able doses of energy method were used assuming the dose 

represented by 700 seeds sown on Petri plates with tissue 

were placed in an electrostatic furnace, ensuring temperature 

stabilisation with the accuracy to 0C. The seeds germinat-



 

seeds were counted. The seed was considered germinated 

if it formed a germ which was at least 2 mm long. During 

the experiment the constant moisture content of the tissue 

paper was maintained by dosing distilled water. 

The germination process of tomato seeds undergoing la-

ser biostimulation before sowing can be described by means 

of a mathematical model which is expressed by means of 

 ( 0(
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n
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Values p and t
0
 are determined on an experimental 

basis.

In a general case the logistic curve can be described by 

a formula with three parameters 

 

In a general case the logistic curve can be described by a formula with three parameters 
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Results and discussion

determination R2. The results for germinated seeds of Promyk 

variety tomatoes which underwent laser biostimulation with 
0
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of determination R2 for germinated seeds of Promyk variety 
0C.

SST

R2 -0,90

Similar results for germinated seeds of Promyk vari-

ety tomatoes which underwent laser biostimulation with 
0C, the control sample 

0C and the sam-
0C are present-

-

a situation it does not have any interpretation at all and 

source of the existing situation.
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logistic model is an example of a non-linear model for 

CONCLUSIONS

To sum up the considerations contained in the study, the 

following conclusions can be formulated:
2 is a very good measure 

linear models and some nonlinear 

but internal linear ones to empirical data.
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Summary. The paper presents pressure distributions for water and 
water emulsion in a variable-height gap of a hydrostatic thrust bearing 
with a rotating upper wall. On the basis of the Navier-Stokes 
equations and the continuity equation a formula is established for 
obtaining pressure in the gap. The paper also analyses the influence of 
geometrical parameters and exploitation conditions on the distribution 
of circumferential pressure around the smallest height of the gap.  
Key words: pressure distribution, variable-height gap, hydrostatic 
thrust bearing, water, water emulsion.  

 

 

INTRODUCTION  
 

The problem of gap flow concerns a number of 
hydraulic devices and machines in which contact parts are 
separated by liquid-filled gaps of very small height. For 
gap flow of working liquids the Reynolds number is small 
and the flow is laminar [13, 26].  

There are gaps of various shapes and dimensions. 
Since each gap in a hydraulic system is a source of loss 
[5, 6, 13, 21], it is important to examine phenomena that 
occur in them [14]. Losses are essentially dependent on 
the gap height: the greater the gap height the smaller the 
mechanical losses and the greater the volumetric losses 
[22].  

Hydrostatic bearings are applied in popular 
hydrostatic drive systems [3, 4, 10, 16, 18, 19, 20]. In the 
case of axial pumps with a flat swash plate, a front gap can 
be found between slipper and swash plate and between 
cylinder block and valve. The smallest gap height between 
the slipper and swash plate is much greater than that 
between the cylinder block and valve plate [2]. The 
working liquid used in a hydraulic system is of crucial 

the slipper and swash plate is much greater than that 
between the cylinder block and valve plate [2]. The 
working liquid used in a hydraulic system is of crucial 
importance, too. The liquid is responsible for transferring 
large forces and torques of the system’s elements. 
Selecting a working liquid has therefore economic and 
often environmental consequences.  

Over the centuries, the discipline of fluid mechanics, 
including broadly conceived hydraulics, was developed by 
a number of prominent scientists, such as Thales of 
Miletus, Aristotle, Ktesibios, Archimedes, Da Vinci, 
Stevin, Torricelli, Pascal, Boyle, Newton, Bernoulli, Euler, 
Armstrong or Bramah [27]. In 1795, Bramah designed, 

 

The liquids applied are not perfect. With the multitude 
of industrial applications, it is necessary to search for 
liquids meeting the requirements as closely as possible. 
Because of that, studies are conducted on the application 
of plant oils in hydraulic systems. New opportunities seem 

 

Fig. 1. Working liquids used in hydraulic drives  

 

The liquids applied are not perfect. With the multitude 

patented and constructed the first hydraulic water press 
[11]. It was however observed that water as working liquid 
caused corrosion of metal elements and at the beginning of 
the 20th century American scientists Harvey Williams and 
Reynolds Janney came up with the idea of using mineral 
oil instead of water. They were the first to construct a 
hydrostatic piston axial gear with a  swing swash plate 
[14]. This invention marks the beginning of the rapid 
development of oil hydraulics, which continues until 
today.  

In hydraulic systems various liquids are used as 
working agents (Fig. 1). At present the one most 
frequently used is mineral oil [7, 23]. In places under the 
risk of fire, such as mines, non-flammable liquids are 
used.   
 



 

 

To solve the system of equations (1- 4) analytically, it 
is necessary to adopt the following simplifying 
assumptions: 
 The gap is of micrometre high and is completely filled 

with incompressible liquid of constant viscosity; 

 

Fig. 2. Front gap of a hydrostatic thrust bearing [25] 

 

The base system of equations is [8, 15, 25]: 

A MODEL BASED ON THE NAVIER-STOKES 
EQUATIONS AND THE CONTINUITY EQUATION OF 

LIQUID PRESSURE DISTRIBUTION  
IN A FRONT GAP OF A HYDROSTATIC BEARING   

 

Pressure distribution in the front gap of a hydrostatic 
thrust bearing (Fig. 2) can be best described analytically 
by means of a system of equations consisting of the 
Navier-Stokes equation and the continuity equation 
represented in a cylindrical system of coordinates , ,  
[8, 15, 25]. A fluid element ABCDEFGH of 
dimensions  ,  is presented in Fig 3.  
 

 Surfaces are rigid; 
 Liquid flow is laminar, uniform, steady and 

isothermal;  
 Tangent stress is Newtonian;  
 Liquid particles directly adjacent to the rotating wall 

surface have the same velocity as the rotating wall;  
 Inertia is negligible.   

 

(5) 
 

 

 

 

 

 

(9) 

(10) 

liquids meeting the requirements as closely as possible. 
Because of that, studies are conducted on the application 
of plant oils in hydraulic systems. New opportunities seem 
to be offered by what is known as intelligent fluids, 
including electro-rheological and magneto-rheological 
fluids.  

Besides, in the recent years there has been a revival of 
interest in water. Its applicability as a working agent in 
hydraulic systems is expected to rise due to the fact that it 
is environment-friendly and much cheaper than the other 
liquids currently used [11, 12, 17]. Following intensive 
research on water hydraulics [12], many producers and 
suppliers offer parts for modern water systems.  
 

 

OBJECTIVES OF THE STUDY 

 

The present study aims to examine the influence of 
exploitation parameters and dimensions on pressure 
distributions in the area surrounding the smallest height of 
the front gap in a hydrostatic thrust bearing with water and 
with a water emulsion. The study assumes an analytic 
model of pressure distribution in a front gap of the 
hydrostatic thrust bearing with a rotating upper wall.   
 

 

 

The base system of equations is [8, 15, 25]: 
 

       

 

 

(1) 
 

 

 

 

 

(2) 
 

 

 

 
 

 

(3) 
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 To solve the system of equations (1- 4) analytically, it is necessary to adopt the 

,

,

,
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 Inertia is negligible.   

Fig. 3. A fluid element in a cylindrical coordinate system [1] 

 

Besides, if vr = vr( , ) and vz = 0, equations (1 - 4) 
become  

 

 

 

(5) 
 

 
(6) 
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(8) 

 

Equation (5) can be transformed and represented as:  
 

 

(9) 

 

To obtain the velocity vr, it is necessary to integrate 
equation (9) twice with respect to the variable . Then, the 
result is:  
 

 
(10) 

 

The integration constants  and  were obtained for the 
boundary conditions presented in Table 1. 
 
Table 1. Boundary conditions for computing the integration constants 

 and  
 

   vr 

 

 z = 0 vr = 0 

 z = h vr = 0 

 

Then, it follows: 

 
(11) 

  

(12) 

(13) 

(14) 

Boundary conditions for computing the integration constants  

   v  

  = 0  = 0 

  = h  = r 

(15) 

 

(16) 

(17) 

(18) 

  

 (12) 
 

and after substituting (11) and (12) into equation (10):  
 

 
(13) 

 

After integrating equation (6) twice with respect to the 
variable , the velocity v was obtained: 
 

 (14) 
 

The boundary conditions used for computing the 
integration constants  and  are presented in Table 2. 
 
Table 2. Boundary conditions for computing the integration constants 

 and  
 

   v  

 

 z = 0 v  = 0 

 z = h v  = r 

 

Hence: 

 
(15) 

  

 (16) 
 

and after substituting (15) and (16) into equation (14):  
 

 
(17) 

 

When (14) and (17) are substituted into (8):  
 

 
(18) 

 Integrating equation (18) with respect to the variable  in 
the interval from 0 to  and performing some 
transformations yields  
 

  
(19) 

 

To obtain a formula describing the pressure  in a front 
gap, it is necessary to integrate equation (19) twice with 
respect to the variable  . This leads to  
 

 
(20) 

 

The integration constants  and  were computed for the 
boundary conditions specified in Table 3. 
 
Table 3. Boundary conditions for computing integration constants  
and  
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 r = r1 p = p1 

 r = r2 p = 0 
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Table 4. Parameters of the working liquids  

Parameter Unit 
Liquid 

  

density kg/m3
 988,1 930 

kinematic 
viscosity  

mm2/s 0,548 68 

water contents % 100 41 

 

The following input data were assumed in the 
computational model:  
 Compression pressure  = 20 Mpa, 
 The smallest front gap height hmin = 0.6·10-6

 m in the 
hydrostatic thrust bearing, 

 Inclination angle of the upper wall with respect to the 
lower one  = 0.02º, 

 Angular velocity of the upper wall  = 150 rad/s, 
 Ratio of the external radius to the internal radius of 

the hydrostatic bearing  = 3. 
The height  of the front gap was obtained from the 

following formula [24]: 
 

 (24) 
 

where:    

 r – 
any radius within the plane of the point under 
consideration, 

  – current rotation angle, 

  – 

angle measured with respect to the horizontal axis, 
for this angle the height of the front gap is the 

  – 

angle measured with respect to the horizontal axis, 
for this angle the height of the front gap is the 
smallest (in the xy plane). 

 

In variable-height gaps there are two zones near the 
point of the smallest height: the confusor zone and the 
diffuser zone. In the confusor zone the gap height 
decreases along the gap and overpressure occurs. In the 
diffuser zone, on the other hand, the gap height increases 
along the gap and negative pressure occurs, which is partly 
limited by the cavitation phenomenon [9]. An example of 
pressure distribution for water and the radius r = 0.011 [m] 
near the smallest height point in a hydrostatic bearing is 
presented in Fig. 4.  
 

 

Hence: 

 

(21) 

  

 

(22) 

 

Substituting integration constants (21, 22) into equation 
(20) ultimately leads to  
 

 

(23) 

 

  

RESULTS OF SIMULATIONS OF PRESSURE 
DISTRIBUTION IN THE FRONT GAP OF A 
HYDROSTATIC BEARING – AN ANALYSIS  

 

Pressure was calculated in the front gap of a hydrostatic 
thrust bearing with water and with water emulsion 
AQUACENT LT 68. The basic physical parameters of these 
working liquids are presented in Table 4.  
 

 

Fig. 4. Circumferential pressure distribution of water near the 
smallest-height point at the radius r = 0.011 m 

 

A key parameter affecting the pressure of working 
liquids in a front gap is the kinematic viscosity factor. This 
can be seen very clearly in Fig. 5, where the values of the 
circumferential pressure in the hydrostatic bearing front 
gap are presented for water  mm2/s, 

 kg/m3) and for water emulsion AQUACENT LT 
 mm2/s,  kg/m3), i.e. for working liquids 

which differ significantly with respect to kinematic 
viscosity. It can be observed that the values of the 
circumferential pressure increase as the viscosity of the 
working liquid increases.  
 

.

.

.

,



 

 

Fig. 7 presents circumferential pressure of water 
(Fig. 7a) and water emulsion (Fig. 7b) in a front gap of the 
hydrostatic thrust bearing depending on the angle of the 
upper wall inclination. The pressure drops in the gap with 
increase in the angle . 

 

Fig. 5. Circumferential pressure distribution of water and water 
emulsion near the smallest-height point at the radius r = 0.011 m 

 

In the interest of readability, in the graphs presented 

 

In the interest of readability, in the graphs presented 
below different scales are used on the vertical axis for 
water and for water emulsion.  

Fig. 6 presents circumferential pressure of water 
(Fig. 6a) and of water emulsion (Fig. 6b) in a confusor-

water and for water emulsion.  
Fig. 6 presents circumferential pressure of water 

(Fig. 6a) and of water emulsion (Fig. 6b) in a confusor-
shaped gap of the hydrostatic bearing for various minimal 
gap heights. The overpressure peaks occurring in the gap 
are the greater, the smaller the gap is.  
 

Fig. 6. Circumferential pressure distributions at the radius 
r = 0.011 m in a front gap for various values of the smallest gap 

height  for a) water, b) water emulsion 
 

Fig. 7 presents circumferential pressure of water 

 

Fig. 8 presents circumferential pressure of water 
(Fig. 8a) in a front gap of the hydrostatic thrust bearing 
and of water emulsion (Fig. 8b) depending on the angular 
velocity of the bearing upper wall. Here the pressure 
increases with increase in the angular velocity of the upper 
wall.   
  

 
Fig. 7. Circumferential pressure distributions at the radius 

r = 0.011 m in a front gap for various values of the upper wall 
inclination angle for a) water, b) water emulsion 

 

Fig. 8 presents circumferential pressure of water 

Fig. 8. Circumferential pressure distributions at the radius 
r = 0.011 m in a front gap for various values of the angular velocity 

 of the upper wall for  a) water, b) water emulsion 
 

In the case of hydrostatic bearing with water as 



 

 
Fig. 9. Circumferential pressure distributions at the radius 
r = 0.011 m in a front gap for various values of the feeding 
pressure 1 of the hydrostatic bearing for a) water, b) water 

emulsion 
 

The value of the circumferential pressure depends 

 

The value of the circumferential pressure depends 
also to a large extent on the dimensions of the hydrostatic 
bearing. Fig. 10 presents the circumferential pressure of 
water (Fig. 10a) and of water emulsion (Fig. 10b) in a 
front gap depending on the ratio of the external radius to 
the internal radius of the bearing. More specifically, in this 
study the external radius  was assumed to be constant 
and only the internal radius   varied to alter the size of 
the feeding chamber. For water, as the radius of the 
feeding chamber increases (so that the ratio  
decreases), the pressure grows in the gap. For water 
emulsion the opposite occurs: the greater the ratio , 
the greater the value of the pressure in the gap.  
 

 

In the case of hydrostatic bearing with water as 
working liquid, the circumferential pressure in a front gap 
is significantly affected by the feeding pressure of the 
bearing. As the feeding pressure grows, the 
circumferential pressure grows, too (Fig. 9 a). For water 
emulsion, however, the influence of the feeding pressure is 
negligible (Fig. 9 b). 

Fig. 10. Circumferential pressure distributions at the radius 
r = 0.011 m in a front gap for various dimensions of the hydrostatic 

bearing for: a) water, b) water emulsion 
 

 

 

CONCLUSIONS  
 

The analyses presented above lead to the following 
conclusions:  

 The computational model adopted in the study is 
suitable for determining liquid pressure distribution in 
a front gap of a hydrostatic bearing with a rotating 
upper wall.  

suitable for determining liquid pressure distribution in 
a front gap of a hydrostatic bearing with a rotating 
upper wall.  

 In the confusor zone near the smallest-height point the 
circumferential pressure increases. Its value depends 
on the dimensions and exploitation parameters of the 
bearing.  

 The pressure is higher for water emulsion than for 
water due to higher viscosity of the former.   

 In the confusor zone of the front gap there is an 
additional relief of the bearing caused by pressure 
increase.  
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Summary. -

bile machinery. They are prone to mechanical damage and 

wear due to atmospheric conditions. The paper presents se-

lected issues related to the exploitation and repair of hydraulic 

cylinders. On the basis of practical experience, it offers an 

algorithm of actions to be undertaken in case of damage of 

a hydraulic cylinder.

Key words: hydraulic cylinder, exploitation, repair, seals, mobile 

hydraulics machinery. 

INTRODUCTION

-

vices depends on many factors, such as their technolog-

ical advancement, conditions and type of operation, age, 

-

ders, whose function is to transform the energy of pres-

performs a back-and-forth linear movement of a limited 

-

such as excavators, loaders, backhoe loaders, dump cars, 

extension arms, cranes, tractors, refuse collection trucks, 

in harsh and changeable working conditions. 

The aim of this paper is to offer some practical remarks 

concerning the exploitation of hydraulic cylinders with pis-

tons and to present an algorithm of actions related to the 

repair of hydraulic cylinders used in mobile machinery. 

the exploitation of hydraulic cylinders is the loss of tight-

worn or damaged seals do not protect the interior of the 

cylinder from being contaminated by dirt, which increases 

the risk of a breakdown. It is thus of crucial importance 

to use appropriate wiper seals, with a wiper ring being in 

direct contact with the piston rod in order to collect all 

dirt accumulating on it as well as to collect dirt from the 

In order to ensure that the cylinder is leakage-tight inside, 

it is necessary to apply appropriate piston and piston rod 

seals, depending on the cylinder type (unidirectional or 

-

ditions. The part which is especially prone to breakdowns 

is the piston rod, which is directly exposed to atmospheric 

factors, such as water, snow, changing temperature and to 

When a long break in the cylinder operation is planned, the 

piston rod should be protected from the above mentioned 

hydraulic cylinders are not suitable for transferring lateral 

strength parameters calculated with a certain safety margin. 

In some cases, however, it is advisable to check the piston 

rod against buckling, especially in the case of hydraulic 

cylinders with long strokes. The critical load level above 

which the piston rod undergoes buckling is obtained from 



 

Fig. 1. 

                                                              

where:

E
5 N/mm2

J
l
s

n -

imal force F that can be transferred by the piston rod is: 

                                                                 

Typical breakdowns of hydraulic cylinders are presented in Fig. 2Typical breakdowns of hydraulic cylinders are presented 

in Fig. 2. 

Damaged parts of hydraulic cylinders are those that have 

cracks, cavities, deformations, seizures, and may be corrod-

ed to various extent. Fig. 2. Possible types of breakdowns of hydraulic cylinders



 

-

inders. They include wiper seals, piston seals, piston rod 

The main purpose of using seals is to ensure leak tight-

ness inside the cylinder and to protect it from external dirt 

-

ness of seals affects the magnitude of friction loss between 

the piston and the cylinder barrel and between the piston 

rod and the gland. If the seals are inappropriately chosen or 

-

The most popular static seals are O-rings, with V-rings 

(chevron rings, including highly wear-resistant rubber-fabric 

wear rings and support rings. 

When selecting the right seals, one has to take into ac-

-

sides, the seal has to be suitable for the operating pressure 

Seals come in different cross-section and can be made of 

-

sides, seals can contain components made of other materials 

to enhance their performance and applicability conditions 

-

inders to keep the piston and piston rod precisely along the 

cylinder axis and to prevent contact between the metallic 

-

cylinders. The user of the cylinder, referred to as “customer”, 

notices a breakdown and commissions the repair to a spe-

cialised service. The servicing company accepts the com-

mission and undertakes repair as agreed with the customer. 

 

When the hydraulic cylinder is disassembled, its parts 

and seals have to be diagnosed. It is recommended that all 

measurements and tests should be performed twice, by two 

different service workers. On the basis of the test results, the 

technical condition of the hydraulic cylinder can be assessed 

on the basis of the following criteria:

Fig. 3. 



 

depends on economic and technological considerations.

damage, with such symptoms as seizing, deep corrosion, 

deep cracks, deformations, cavities, etc. are considered 

untypical designs, in which case the repair cost will be 

lower than the cost of producing a replacement cylinder. 

For instance, in the case of cast hydraulic cylinders with 

extensive damages, a solution preferred to producing 

a new cylinder on economic and technological grounds 

with low degree of damage (scratches, small traces of 

new ones. 

on the basis of technical and economic considerations. 

-

lic cylinder is diagnosed, they should be informed about 

the technical condition and recommendations concerning 

the repair. With the customer’s acceptance, the servicing 

company can undertake work. 

hydraulic cylinder is rinsed with a cleaning agent at a spe-

cial stand, with a container to collect the used agent. The 

cleaning agent is petroleum ether, which is sprayed with an 

airbrush. Then, the hydraulic cylinder is wiped with a soft, 

white cotton cloth. It is essential that the cloth must not leave 

moved to the place allocated for the repair. Then, depending 

on the diagnosis, the piston and/or piston rod can undergo 

grinding, chromium plating, and polishing. Similarly, the 

cylinder surface can be subject to chromium plating and 

honing. The next stage is making grooves for wear bands 

seals and wear bands have to be selected. 

are chosen, the hydraulic cylinder is to be reassembled from 

its parts. It is essential that no dirt or other contaminants get 

into the cylinder. The piston, piston rod, and cylinder have 

surfaces. Still, special care has to be taken not to damage the 

-

Fig. 4. 



 

rod-piston screw joint. Depending on the construction, 

co-axial joints. The piton has to be screwed on the piston 

rod and the joint is to be protected with a lock-nut. Then, 

the assembly, a pressure test should be performed with great 

care. Optionally, the external surface can be coated with 

paint to improve its appearance. 

Fig. 5. Pliers for mounting seals 

If the hydraulic cylinder passes the pressure test, the 

-

inder can be prepared for transport. It is necessary to provide 

a packaging that protects it from damage during transport. 

Together with a repaired hydraulic cylinder, the customer 

should also be provided with instructions for storing the 

hydraulic cylinder. 

When the customer does not intend to use the repaired 

hydraulic cylinder within a short period of time, it is advis-

oil and by covering the piston rod with a thick grease.

CONCLUSIONS

The algorithms of actions to be undertaken in case of 

hydraulic cylinder breakdowns and repairs is universal and 

can be applied for any hydraulic cylinder, including those 

If the operating temperature of the hydraulic cylinder is 

on other parts, especially rubber seals, has to be taken into 

account.

The parts that are worn or damaged should be repaired, 

if possible. If not, such parts must be replaced by new ones.

Whenever a hydraulic cylinder undergoes repair, all seals 

must be replaced by new ones. 

Rubber seals mounted in a hydraulic cylinder can work 

for years, whereas seals stored in inventories have to be 

used within a limited period of time, typically up to two 

years. otherwise rubber hardens and loses its sealing prop-

erties. 

With appropriate machines and practical experience at 

one’s disposal, it is possible to repair hydraulic cylinders 

without hiring a professional help. This is feasible, however, 

when the repair involves a minor issue, such as replacing 

seals. In the case of major overhauls and repairs, it is much 

more advisable to hire a specialised company. 
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Summary. In the course of data collection and processing, an 

essential role is played by computation processes which can be 

performed automatically. Moreover, these processes should nat-

urally allow for uncertainties. The article presents such a process 

enables the user to monitor the total production cost of elements 

which are made of natural granite stone. Inference mechanisms 

built into the system make it possible to retrieve the information 

necessary for a rational production management. The basis for 

estimation is an approach based on a probability distribution 

parameters of the production process. It has been shown how to 

carry out a simulation research in a range of situations where 

inference mechanisms are applied. 

Key words: production process, natural stone, granite, compu-

INTRODUCTION 

affecting the overall course of the process as well as the 

process, having an impact on the other stages of the process, 

or it is determined by them. It is not possible to determine 

causal links without the knowledge of proper complete 

high variability of process parameters burdened with ran-

domness, justify treating the process components as random 

variables and a probabilistic model as a natural way of 

representing them.

The necessity of taking uncertainty present in the pro-

system of knowledge representation, when it is needed to 

clearly encode an uncertainty factor and understanding issue 

in terms of nondeterministic cause-effect relations. These 

network capabilities can be employed in creating production 

process predictability.

The possibility of automation of data collection process, 

9] whereas the computation processes are performed auto-

matically basing on advanced cognitive modelling systems. 

The process stages and the states of objects used in specif-

ic processes are known within the accuracy of probability 

engineering, which needs to be embedded in the system, is 

the possibility of monitoring production costs. It is a mul-

tidimensional process, which refers to entire systems, their 

machine types. Production cost optimization forms the 

-

tire production cost estimation, based on the information 

obtained from database, allows comparing the technology of 

a particular production process to other production technolo-

gies. Computational procedures are based on a deterministic 

-

factor which is integrally related to production process. The 

essence of the offered approach is that each cost component 

and the factors which determine its size are represented by 

random variables. 

-

-

-



 

The aim of this study is to present a conceptualiza-

tion method of computation process realizing a problem 

example of estimation of the total cost of natural stone 

has been made during designing the model, according to 

which the process components are represented as random 

model. This environment has built-in inference mecha-

nisms allowing the model to operate as a prognostic and 

explanatory system. 

Natural stone machining process modelling is based on 

the analysis of the granite features which are important in 

terms of modelling, and the machining process elements 

-

-

erating-supervising time have been presented as variables 

-

bels correspond to the process component represented by 

can be continuous within a given range or they can be of 

a discrete type. Cause-effect relations are represented by 

distribution type and its values.

Nodes can be divided into certain groups representing 

-

ments have values and probability distributions assigned 

to them and basing on those, values of other variables are 

determined by arithmetic operations or logical operators.

-

tinguished in the network. Variables representing density, 

material density is an essential variable in natural stone 

machining process. It depends on the percentage of each 

mineral which the natural stone is composed of. The main 

minerals which granite consists of are: orthoclase, plagi-

cutting tool consumption cost and feed rate. In the model, 

density is represented by a discrete random variable, which 

can have three values: low, average and high. Low density 
3

m3

m3 3 up to 

2800 kg/m3. This interval contains most granite, including: 
3 3

m3. The high density category ranges from 2800 kg/m3 up 
3. This density group consists of the following 

3, New Impal Red 2820 kg/

m3 3. These intervals include almost 

all granite densities.

Thickness of the machined granite workpiece is another 

continuous variable which was considered in the model. The 

workpiece thickness is based on a client’s own taste, as well 

as on assembly and design capabilities. It was assumed that 

The variable length of the workpiece represents the 

sum of its side lengths. This variable is used to estimate 

the cycle time of machining the workpiece surface. It is 

-

is a discrete variable and it can take three different values: 

high, average and economic. The cutting disc feed rate is 

feed decreases labour consumption during the process of 

polishing.

The workpiece surface is a continuous-type variable and 

its values are found as the product of length and thickness 

variables. This variable can take values from the interval 

from 0,2 m2 2

The value of this variable impacts on intensity of cutting tool 

consumption. The machined surface, after polishing, must 

as by density of the workpiece. Its precise value is found 

using a logical formula. It was assumed that the values of 

the variable have normal distributions, an expected value 

of distribution corresponds to a particular rate and standard 

cycle time.

-

Water consumption in machining process is evaluated 

in the model as the product of unitary water consumption 

per minute related to the machining time. It was assumed 

that the variable of unitary water consumption per minute 

Other variables enable estimation of operation time 

and their costs. They are continuous variables which rep-

resent: unitary machining cycle time, workpiece machin-

ing time, cutting tool exchange time and worker’s work 

machining time is estimated on the basis of information 

represented by nodes: workpiece length, cutting disc feed 

rate. In this manner, we obtain probability distributions 

over a set of estimated possible machining time values. 

-

sumption increase.

Cutting tool exchange time is a variable whose val-

ues depend on the worker’s experience, abilities, manual 

and motor coordination skills. In the model, this time 



 

The last group of variables considered in the model, 

are the variables which represent costs. Costs represent 

-

clude: unitary cutting tool consumption cost, preservation 

and labour. The range of each variable was either assigned 

or evaluated, according to possible versions of the process 

and current prices.

representing the total cost of machining a single workpiece. 

The total cost is evaluated as the sum of values of three 

The node shows probability distribution over a set of cost 

values which can be reached during the machining process 

of natural stone.

above, and at the same time, the structure of a network al-

lowing for the estimation of a single workpiece machining 

-

ing machined pieces features, machining parameters, times 

variables in the network. Probability distributions over sets 

of the variables considered in the model are illustrated in 

a graphical form in the Fig. 2.

PRODUCTION COST

-

tion concerning machining process of natural granite stone 

elements has been carried out. Inference mechanisms, typ-

The standard mechanism of the network working (pre-

-

In the analyzed problem, it has been assumed that the 

the number of cycles is 27, and unitary water consumption 

results as probability distribution over a set of total cost 

The above calculations were repeated, assuming the 

low density of the workpiece, and the highest for the high 

in case of high density, the total cost can take values from 

-

Fig. 1. Network structure used for estimation of natural stone machining process cost



 

Fig. 2. Probability distributions over random variable values 

Fig. 3. 

Fig. 4. 



 

For the variable ‘workpiece thickness’ at the value of 

the knowledge of probability distribution allows for estimat-

ing the chance of getting a desired value of the total cost.

The diagnostic inference mechanism available in the 

network is useful in a situation when we want to determine 

Fig. 5. Points corresponding to constant total costs of machining 

process depending on thickness and length of the workpiece

The working scheme of the model shown above can be 

applied to estimation of other cost components. Information 

possible to obtain by simulation experiments is of a great 

practical importance and can be used in the natural stone 

element production management.

CONCLUSIONS

The procedure of estimating the total cost of natural 

-

work, is an example of a computation process which can be 

entirely automated by virtue of embedded inference mecha-

nisms. The convenience of input data which can be formed 

arbitrarily basing on available resources and predicted pro-

at the stage of design, planning, monitoring and analysis of 

production process with reference to natural stone elements 

Prognostic inference allows for analysing all possible 

-

ceptable solutions can be determined, accurate to probability 

distribution. For expected values of the terminal variable (in 

an accuracy of probability distribution, determination of 

component and variables describing features of the work-

piece, as well as machining process parameters.

Machine learning mechanisms which are available in 

as well as in determination of a priori probability distri-

butions.
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Summary. The paper presents an analytical calculation of the balance of 

oil flowing through the dynamically loaded main and crank bearing. 

(analytical distribution of oil pressure in the 

boundary conditions that characterize the working conditions in the 

bearings used in motors s-

the bearing are presen

signal, which allows for a dynamic comparative analysis carried out for 

the model bearings, the new ones as well as the ones with a particular 

classification of wear. 

Key words: hydrodynamic lubrication, cross slide bearing, Reynolds 

 

 

Physical values:  

h  -  thickness of the wedge [mm], 

 - relative bearing eccentricity [-], 

c - bearing clearance [mm], 

 - coefficient of dynamic oil viscosity [ sPa ], 

V - peripheral speed of crankshaft [m/s], 

e - eccentricity [mm], 

P(x,z) - oil pressure inside bearing [Pa], 

x,z – coordinat variables, Rx 2,0 ,
2

,
2

LL
z  [mm], 

L – the width of the pan [mm], 

0, ppw  - supply pressure ambient pressure [Pa], 

zp  - supply pressure [Pa], 

a - cord diameter [mm], 

Q - oil intensity passing through the crank bearing 

[dm3/min], 

Q1 ,Q2 - partial intensity[dm3/min], 

S0,Sgr - values for  Q1 ,Q2from experiment[dm3/min], 

Rx

xhh
2,0

0 min - the minimum thickness of oil wedge [mm], 

0ccdot  - clearance after getting proper association (at 

 [mm], 

grc  - critical value of clearance [mm], 

Dp - coefficent of dynamic passing [-], 

dp - experimenthal value of Dp determined as a parametr 

of the diagnostic signal 

 

Mathematical solutions 

(( bfaff b

a  -  

f  - suming operator, Kk , N, 

f

 

K

k
kK ff  - suming operator, Kk , N, 

f   - f, 
C1,C11,C1K   - 

boundary conditions 

 

 

2 

INTRODUCTION 

 

The parameters of diagnostic signals defining the course 

of change in the tightness of slide bearings are a very 

important factor in assessing the technical state of engines 

examined in this study on the example of farm tractors. It 

should be noted that in the lubrication subsystem the main 

slide bearings and the crank ones of the crankshaft determine 

the technical condition of the engine, and its ability to 

perform useful functions. Increased clearances in the bearings 

make the lubricant oil flow freely through the gaps between 

the pivots and the cups, which in turn is manifested by an 

increase in oil flow and pressure drop in the engine 

lubrication system. 

In diagnostic considerations, the evaluation of work 

behavior of a dynamically loaded slide bearing is based on the 

simplified model of a standard cross slide bearing and is 

based mostly on the minimum thickness of oil gap and the 

value of the maximum pressure and maximum temperature of 

the oil film. 

diagnostic tests, particularly in predicting the technical state 

of emergency crank system operation, application of a single-

parameter diagnostic signal based solely on the measurement 

of relative drop in oil pressure at selected points of the 

bearing, is not sufficient to assess the degree of bearing wear. 

(curvilinear regression model for the associated random 

v based on measurements of 

four parameters, where the measurement of the relative 

pressure drop and loss of lubricant in the bearings were 

considered as associated variables. The purpose of this study 

is to analyze the theoretical value of the diagnostic signal 

parameter described by an analytical balance of oil in the 

cross slide bearing. 

In diagnostic studies of changes in oil flow through the 

crankshaft bearing and at the constant supply pressure in 

cos

cL



 

 

pressure in the 

of contrast, the theoretical determination of the oil gap is 

s for a viscous 

substance. 

 

 

  

 

of dynamically loaded crank bearing 

is one of the most important tasks of the crank subsystem 

diagnostics in internal combustion engines. In this paper, 

theoretical considerations and the resulting mathematical 

calculations are shown on the basis of a cross slide bearing 

model, characterizing the operating parameters of crank 

bearing in S-

In the process of exploitation, the growing bearing clearance 

values cause an increase in the impact of oil flowing from the 

bearing, causing a decrease in tightness of the bearings. 

The balance of oil flowing through a dynamically loaded 

crank bearings can be determined analytically using a 

pressure distribution which is the solution of the Reynolds 

: 

 

 
x

h
V

z

Ph

zx

Ph

x
.  

 

oil 

viscosity ( const  the following simplified 

expressions for the functions describing the thickness of the 

wedge and the bearing wear  
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with the boundary conditions: 

 

 

with the boundary conditions: 
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for 0z  

where: 

p0 - the ambient pressure [Pa], 

pz - supply pressure [Pa], 

pw - oil pressure at the inlet to the placenta [Pa], 

a - cord diameter [mm], 

L - the width of the pan [mm]. 

, the analytical distribution in the 

written as follows: 
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cross slide bearing. 

In diagnostic studies of changes in oil flow through the 

crankshaft bearing and at the constant supply pressure in 

static conditions, the oil flow rate depends mainly on the size 

of : 

 

costLh , 

 

the gap value depends on oil bearing clearance (L t

relative bearing eccentricity (

use a simplified designation: 

 

cLt . 

 

Determination of this value in the experimental way is 

based on measurements of diagnostic parameters, the 

commonest of which are oil pressure or relative drop of oil 

,



 

 

 

 
Lc

a
L

2
,  

 

 
2

L
LL e .  

 

 

 

 

of the amount of oil flowing 

through bearing .e.  

function P (x, ressure in the 

crank bearing [9, The v g 

through the crank bearing can be represented as two partial 

streams 2,  where Q1 is part of the stream flow caused by 

the rotation of the crankshaft, while 2 is part of a stream of 

pressurized forced power 2. 

considerations, the dependencies representing the partial 

streams of flowing oil can be written as follows: 
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Due to - , oil streams 2 can be written as 

follows: 
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through the crank bearing can be written as the following 

relationship: 
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order o(  and used the following indications: 
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In the crank bearings of the engine type S-

(agricultural tractors C- , the maximum value of 

bearing clearance is characterized by accelerated wear of 

crank mechanism (the boundary condition of the bearing 

crank is 0.2 mm , which can be derived from the average 

dependence given by Koz

as   

 

 
0

2

h

C
C dot

gr ,  

 

using the classical formula Vogelpohl: 

 

 92.0 VCdot ,  

 

where: 

dotC  - clearance after getting proper association (at optimal 

operation a  

0h  - the minimum thickness of oil wedge, 

0S

min

, C
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2000 2 K
RK

CC K , 

 

gr
gr

Kgrgr K
RK

CC 22 , 

 

.

,2 0

0

gr

gr

ccfor

cccfor

ccfor

K

 

In diagnostic tests, the dynamic of determined signal 

changes should be as high as possible.  It is assumed that the 

determined change induced by an increase in consumption 

occurring in the crank subsystem is the relative increase in oil 

pressure drop, which is treated as a diagnostic signal. 

 

 

CONCLUSIONS 

 8 

 

 

CONCLUSIONS 

 

Knowledge of the dynamics of steam friction (pivot - 

 system, expressed by escalation of clearance 

between its elements, allows to determine the probability of 

reliable operation of the considered friction 

technical maintenance of the engine operation is necessary, 

provided the information is available on its properties.   

This information can be known only by the changes of 

bearing clearance and course changes in the dynamics of the 

diagnostic signal. 

The terms of co-operation of the functional subsystem 

crank pivot - cup decide on the reliable operation of the 

 7 

operation a  

0h  - the minimum thickness of oil wedge, 

V - the peripheral speed of crankshaft. 

 

In the boundary conditions of dynamically loaded crank 

, the diagnostic signal parameters 

describing the relative decline in the oil pressure inside the 

bearing and its flow through the bearing score significantly 

higher values than when working under optimal conditions, 

applied the model to assess the value of diagnostic signal 

parameters based on measurements of the relative pressure 

drop and oil flow d s 

an indicator of the dynamics, the following value describing 

oil flow through the bearing was accepted: 

 

 
0

0

S

SS
d

gr
p ,  

 

nalytical interpretation of the above relation, using the 

average value of clearance limit (at the speed of the shaft 

 min  

 

0,,2 CVCgr  

 

 9 

engine. The worsening conditions for cooperation of these 

subsystems as a result of processes of consumption lead to 

premature engine wear, and even more to significant increase 

in fuel and oil consumption and increased difficulty in 

starting. 

ming 

 has been noted 

that the effectiveness of the management of technical objects 

in many cases reduces the high operating expenses, which 

may even get higher than expenses associated with designing 

and manufacturing. The high operating expenses can be 

as conditions of their use and handling. For this purpose, the 

pursuit is necessary of rational, science-based exploitation of 

technical objects. 

 

 

 

 

  Wykorzystanie metod 

oceny stanu technicznego silników przy kwalifikowaniu 

-  

2.  Elementy ogólnej teorii 

 

 Cislikowski B., Pedryc N., 2009: Koncepcja nadzoru 

czasie rzeczywistym z wykorzystaniem magistrali 

-  

 Das S., Guha S.K., Chattopadhyay A.K., 2005: Linear 

stability analisis od hydrodynamic journal bearings under 

micropolar lubricatio -  

 Hebda M., Wachal A., 1980: Trybologia, WNT, 

Warszawa. 

  

masz – 

-  

7. Mienann G., 1980: Mashinenelemente. Springer Verlag, 

 

8. Niewczas A., 1991: Zastosowanie pomiarów 

silników spalinowych. Krajowa Konf. Naukowo – 

-  

9.  

spalinowych. WKiL, Warszawa. 

  

korbowego silników spalinowych. Silniki Spalinowe, 2, 

-  

 Krasowski P., 2006: 



 

 

-298. 

 Kurowski W., 1978: 

mechanicznych. DUM, Ossolineum. 

 Kyureghyan Kh., 2002: Theoretical calculation of size 

on an oil slit in a transverse sliping bering, Mathematical 

-  

 Kyureghyan Kh., Kornacki A., Piekarski W., 2006: 

 

 Kyureghyan Kh., Piekarski W., 2008: 

detetermining pressure distribution in crank bearing, 

– Maintenance and 

-  

 Piekarski W., 1993: 

S – -  

 Piekarski W. i inni., 1988: Dia

 

 Thum H.: 

 

 Thum H., 1985: -

lzlagern bei verschie-

 

 

 Thum H., 1985: -

lzlagern bei verschie-

-

-  

20. Vogelpohl G., 1969: -

 

 

 
 

 
Streszczenie

o 

zastosowanych w silnikach S- -

przedstawiono adekwatnie do 

o  

ne 

diagnostycznego. 

 





TEKA. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE – 2014, Vol. 14, No. 4, 71–80

The Development of New Technologies for Processing and Disposal  
of the Oil Containing Wastes Enterprises of Railway Infrastructure

Anna Leshchyns’ka, Yuliya Zelen’ko, Marina Bezovs’ka, Michael Sandowski

Dnipropetrovsk National University of Railway Transport Named after Academician V. Lazaryan 
Academician Lazaryan st., 2, Dniepropetrovsk, Ukraine, 49010 

e-mail: anna.leshchynskaya@gmail.com, j.zelenko@mail.ru

Received December 11.2014; accepted December 19.2014

Summary. In article traditional methods of utilization and re-

oils of separate brands are considered. In developing the scheme 

suggested, the process optimization, namely temperature, reagent 

amount, and time of its contact with oil was conducted. The new 

technologies with use of surface-active substances are offered.

Key words: 

surface-active substances, environmental safety, utilization.

INTRODUCTION

-

gies subject to demands on resource and energy conservation 

production development at the present stage.

The railway infrastructure is one of the largest con-

sumers of valuable material resources such as petroleum, 

because the environmental safety of the railways is one of 

To reduce the negative impact of railway transport in all 

parts of the biosphere during regular operation, the degree 

of its impact should be constantly monitored and regulated. 

into surface water reservoirs in the form of wastewater con-

taminated with oil products, salts of heavy metals, synthetic 

-

stances are emitted into the atmosphere from stationary sourc-

activity; railway facilities in Ukraine occupy approximately 

combustion during operation of diesel mainline and shunting 

rolling stock, refrigerated trains.

varies widely. Water pollution by industrial wastewaters 

creates a potential threat to public health, restricts the use 

of water reservoirs for household, drinking, cultural and 

The sources of wastes in railway transport are all its 

subdivisions. Major transport companies, which include, in 

particular, locomotive, railcar depots, railway stations, rail-

way machinery repair plants and bases supporting them, tend 

to form and accumulate processing wastes, oil-contaminated 

Ta b l e  1 .  Processing wastes of railway undertakings

Type of waste
Technological process that 

forms wastes

Waste 
volume per 

annum

Oil sludge
up to 200 
thous. t

Washing 
machinery 
sludge

Washing of bearings, bearing box-
es, four-wheel trucks and carriage 
bodies of rolling stock, various 
details before repair works

up to 2000 m3

sludge of galvanic sections
up to 20 t

Dry-cleaning 
machinery 
subsidence 

Work wear cleaning 3

Scavenge oils
Cleaning of bearing boxes be-
fore repair, scavenge oil change

Scavenge 
diesel oils

Scavenge diesel oils change 
during rolling stock mainte-
nance and repair

thous. T
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Type of waste
Technological process that 

forms wastes

Waste 
volume per 

annum

Contaminated 
soil

Cleaning of industrial sites, 
midpoint pump station, sleeper 
impregnation plant, railside 
territories of depots, plants etc. 

T

Cross-sleepers
Replacement of used 
cross-sleepers during repair 
works

pcs.

Fluorescent 
lamps

Replacement of defective lamps 
in administrative premises and 
workshops of the undertakings

thous. pcs.

Mechani-
cal-rubber 
wastes

Replacement of brake shoes 
during repair works, of battery 
jars and other rubber pieces

due to the general economic trend of decline in production, 

which in turn is a condition for reducing the volume of 

level of waste utilization not only in railway transport, but 

also in all industries in Ukraine.

Storage and disposal of waste in railway transport, as in 

leading to contamination of groundwater, soil and atmosphere.

The most effective approach to minimizing the negative 

environmental impact is to develop eco-protection technol-

ogies based on the monitoring data, which allows for taking 

into account the peculiarities of the objects.

waste (waste oils, cooling lubricants, contaminated soils, 

-

follows, for example, from the analysis of the dynamics of 

the formation of different types of waste that were formed 

at the undertakings of different railway departments.

In particular, the major contributors to the formation of 

such waste are the undertakings of locomotive department, 

waste at the undertakings of that department of the Prydni-

of the railway locomotive department it is scavenge oils that 

constitute the main group of waste; process sludge comes 

third after accumulator batteries.

of waste treatment, all processing waste for which the meth-

ods for recycling and rational use in the national economy 

are developed, are to be used as secondary raw material and 

Disposal of exhausted petroleum and oil-containing 

-

water. For instance, water pollution by petroleum products 

In most developed countries the relevant laws, envi-

ronmental standards and economic conditions regulate the 

collection and disposal of exhausted oils. Increased atten-

tion to meeting these laws is stipulated by large amounts of 

waste oils, high environmental risk they lead to and also the 

valuable properties of oils as hydrocarbon-containing raw 

-

vides the return them to production or consumption sector 

as secondary products or intermediates, which provides real 

year, in the coming years, according to experts’ forecasts, 

the steady amount growth in the collection of waste oils is 

expected. This is due to the improvement of the legal and 

economic mechanisms of managing the turnover of com-

modity and waste oils, the development of technologies for 

collecting and recycling the latter, strengthening the state 

and public control over the handling of hazardous wastes 

and other factors [7].

-

is irrevocably lost in the course of use due to evaporation, 

gradually contaminated by various metal, mineral and organ-

ic impurities, is thermally decomposed through interaction 

Fig. 1. 



 

oxygen, exposed to such environmental factors as pressure, 

completely changes its properties and turns into very thick, 

ooze-like black or dark-brown substance, thick mixture of 

-

ides, wear debris.

Regeneration of waste oils for railway companies is virtu-

ally non-existent, except for certain physical methods (settling 

-

tion as heating and boiler fuel directly at railway enterprises 

or transferred for further use or regeneration to other busi-

a well-known fact that with proper organization of process 

In the operation, physical and chemical properties of 

oils vary but experiments have shown that in the main the 

Products of physicochemical transformations of oils as well 

as harmful impurities, which get from outside and make the 

mass and by means of using special processing methods 

original properties of oils are recovered therefore they can 

-

the exhausted oils.

-

ical, chemical, physical and chemical, biological and com-

To physical belong such methods that provide for re-

moval of only mechanical impurities, i.e, dust, sand, metal 

particles, water, tarry, asphaltum-like substances and carbon 

blacks, as well as fuel, without affecting the chemical base 

-

tions recovery is carried out.

Fig. 2. Diagram of scavenge oil disposal/recycling technologies



 

the regeneration process. Mechanical impurities and water, 

hours depending on the heating temperature and the height 

of particle settling by gravity. The greater the particles’ sed-

oil. This is a centrifugation process when products, affected 

by centrifugal effort, are separated according to their density: 

the heaviest contaminating impurities are pushed to the walls 

of the container, forming an annular layer of sediments; the 

next annular layer is made up of water that is released, and 

Filtration is a process of separation of heterogeneous 

systems through porous walls that block some phases of 

these systems and let through others. These processes in-

sediment, such as separation of mechanical impurities or 

methods of regeneration, because it can be used directly in 

the operation, when the lubrication systems of engines and 

-

cy due to the fact that contaminant particulates as small as 

effect on the processes that lead to changes in the physical 

In addition to the above-mentioned methods, which 

refer to the list of physical ones, one should also note ther-

mal methods that allow for getting the heat, but constitute 

additional challenges due to the installation of expensive 

-

bustion products [8].

Physical and chemical methods include coagulation and 

adsorption. During the coagulation the particles of colloidal 

system coalesce and grow to form loose aggregates, thereby 

pitch, acidic compounds, ethers and other products of aging.

-

-

ulation process is successful (temperature, necessity and 

the intensity and time of contact of oil with an adsorbent 

-

od an adsorbent is fed into the oil with vigorous stirring of 

the used adsorbent is separated by sedimentation. The second 

the need for removal of waste adsorbents and sludge, which 

will no longer be recycled, but simply thrown away, which 

leads to contamination of the environment. In addition, some 

generally complicating the cleaning process.

Sulfuric acid, alkaline sodium silicate solutions are used 

more often than others, but there is a more effective method 

of chemical treatment , which provides for the use of differ-

ent selective solvents and their mixtures (phenol, propane, 

-

sidual oil that belonged to irreversibly lost ones.

The disadvantage of the use of sulfuric acid is the pres-

ence of residual acid and sulpha compounds that adversely 

affect the physical and chemical properties of oil and in-

a neutral reaction, alkaline agents should be added to the oil.

-

kaline treatment method is associated with the presence in 

agents. Therefore, for successful regeneration one should 

In practice, for better effect the combined methods best 

waste oils are applied.

-

In the operation, chemical engineering laboratories at 

each depot investigate oil on suitability for further use, com-

-

the results of laboratory analysis, the full replacement of oils 

in compressors is conducted.

The analysis of current technologies and schemes of 

regeneration of waste oils led to drawing the conclusion that 

the physical-and-chemical methods are the most promising 

In the operation, chemical engineering laboratories at 

each depot investigate oil on suitability for further use, com-

paring the results of analyzes with scrap indices (numeric 

results of laboratory analysis, the full replacement of oils 

in compressors is conducted.

The analysis of current technologies and schemes of 

regeneration of waste oils led to drawing the conclusion 

that the physical-and-chemical methods are the most prom-

ising, in particular the use of different types of advanced 



 

We conducted the laboratory studies to recover the 

properties of waste compressor oils with a wide range of 

-

ity of waste compressor oils for the purpose of forming and 

optimization, namely temperature, reagent amount, and time 

of its contact with oil was conducted.

proposed for railway usage.

indices of waste compressor oil and comparison of them 

given in Table 2.

Ta b l e  2 .  

cleared oil with rejection indicators

Physico-chemical 
properties

Rejection  
index

Rejected 
oil

Parameter 
value after 
cleaning

–1

Flash point in open 

mm2/s

0.72

Traces Traces 

to draw the conclusion that the use of this technology gives 

a positive result.

of the oil-contaminated waste at the Prydneprovska rail-

formed at the undertakings of various departments. If you 

-

In appearance processing waste represented by process 

sludge are brown mass, having crumby structure. Often 

process sludge refers to the third class of hazard and are 

moderately hazardous.

Oil sludge of the operating units of the railways are ac-

cumulated in wastewater of the undertakings after washing 

of cars, locomotives and their parts, that is why most of 

them are formed in the railcar and passenger car de-pots of 

the railways, as it is here where washing of the rolling stock 

during repair works is made.

One of the most common ways of disposing oil sludge 

sludges are limited combustible substances, for this reason 

their incineration can be performed only by using additional 

offered to incinerate them when mixed with solid fuel in the 

furnaces of stationary steam engines located in the territory 

of the depot. The ash that remains after burning is recom-

Fig. 3. Recovery scheme for waste compressor oil

Ta b l e  3 .  

No. Type of waste

Department or division

lo
co

m
o
ti

v
e

ca
r 
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ti

es
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 t
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w
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fr
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g
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t 

 
co

m
m

er
ci

al

p
as

se
n
g
er

T
o
ta

l

0,08 - - 0,08 -

2 Scavenge engine oils - 0,90

Oil sludge - - - - - - -

Oily rags - -

Wastewater residual 
oils

- - - - - - -

Oil-contaminated soil - -

 

Fig. 3. Recovery scheme for waste compressor oil 
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to purify atmospheric emissions; they do not allow the com-

plete recycling and disposal of oil sludge and do not ensure 

the environmental safety.

When choosing a technology of process sludge disposal, 

additional fuel to support the combustion process. Therefore, 

to account for these characteristics of the railway sludge, 

we offer to apply much cheaper mechanical methods. For 

example, to install in the depots decanters of different design 

depending on the overall composition of the sludge and com-

position of each of its major components: hydrocarbon-bear-

Decanters provide for oil product incineration in stand-

ard containers, the possibility of waste disposal directly at 

the place of their formation at a special site of any depot. 

-

pared to open burning, high explosive hazard rate as a result 

of combustion chamber blow-down.

the wastes of rolling stock washing, they do not need to 

be further diluted with water to reduce the percentage of 

mechanical impurities. It is recommended to use decanters 

with a screw that is covered with special protection, such 

as ceramics or tungsten carbide.

Such measures are caused by the presence in process 

sludges of so-called “hard” mechanical impurities (sand, 

-

-

ally, to prevent ingress of large mechanical impurities into 

decanter, it is advisable to in-stall strainer screens of various 

The effectiveness of the decanter depends on the pa-

rameters of raw materials, such as their homogeneity and 

run in continuous operation and eliminate the constant human 

control over the parameters of its operation; indeed, it takes 

-

rameter provides the necessary viscosity of the material and is 

of the device. Typically, this heating is carried out directly 

in the repository for the oil sludge (by heating intermediate 

oil sludge is heated while passing through them. 

processing using a centrifuge-decanter and heat exchanger.

Practical research shows that for optimum separation of 

type of reagent to be used in further processing.

ones are more suitable for inorganic substances. Due to the 

diversity of the structure and properties of sludges, the se-

with prior laboratory and industrial tests.

of oil sludge dehydration at the consumption rate of 2 kg 

per ton of dry residue.

Known are the results of studies into the opportunity of 

mechanical impurities from oil products. The content of oil 

Fig. 4. 
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To get rid of wasted mechanical impurities, several 

burning; gradual decomposition using biologically active 

sorbents at the specially prepared sites.

Under the conditions of the depot it would be reasonable 

to make gradual accumulation and exportation of wastes to 

The water that remains after oil sludge treatment is fed 

already mentioned above, for preparing solution of reagents 

and included in the production cycle of the enterprise as 

technical water or the discharged into water bodies. 

environment make metalworking shop of numerous compa-

nies, such as machine-building and rail companies (wagon, 

-

-

ed processes, extensive use of structural materials lead to 

the fact that metal cutting becomes impossible without the 

Coolants are a water emulsion of mineral oil stabilized 

by surfactants and various organic additives aimed at pre-

venting the premature emulsion aging. In the process of use, 

the coolant loses its technological properties and needs to 

During the use of coolants, they are prone to contami-

nation with:

the oxidized metal layer, sludge after pickling and prod-

ucts of metal wear during pickling and cold rolling;

as a result of separation;

-

age from the mechanical and hydraulic components and 

water that is very dangerous for the environment, since it 

-

ucts and heavy metals. In this regard, a complex of measures 

The spent coolant is subject to obligatory rendering safe 

-

tralizing the emulsions of the kind of coolant-containing 

sewage water can be divided into three main groups:

-

The use of common chemical and physicochemical methods 

leads to secondary contamination due to the formation of 

various wastes. Most methods of neutralization of cool-

-

problem of neutralization of coolants remains urgent.

Local cleaning the wastewater of various compositions, 

turnover and technical water supply in companies can be 

considered as the most appropriate ways to reduce the harm-

ful effects of contaminated sewage waters of metalworking 

-

-

be manufactured, and to set their MPC values in the water 

and neutralization of exhausted cooling lubricants, includ-

F, cocamidopropylbetain, oxyethylated monoalkylphenylic 

sediment loss, the possibility of using an acidic agent such 

-

zation of waste cooling lubricants developed and proposed 

for railway usage.

The use of the technology suggested provides the fol-

The oil and petroleum products obtained can be offered 

-

panies producing concrete constructions, asphalt.

Fig. 5. 

 

 
Fig. 5. Neutralization scheme for waste cooling lubricant 
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internal consumption or for the preparation of new cooling 

can be dropped into urban sewer network and even into the 

water basins.

The water after regeneration of the adsorbent can be 

used for washing a railway rolling stock.

The given technology can be applied in metalworking 

shops of railway enterprises, machine-building, metallurgi-

cal and other industries, where coolant-containing drainage 

is a part of wastewater complex generated. One of the most 

promising examples of using this technology for recycling 

-

tions of locomotive and wagon depots, as well as railway 

stations of complex neutralization.

CONCLUTIONS

-

2. The proposed scheme sludge processing using centri-

fuge-decanter and heat exchanger.

-

cants that proposed for introduction at local treatment 

plants and locomotive depots, as well as comprehensive 

utilization railway stations.

-

cants ensures a double effect: the environmental effect 

(owing to minimizing the amount of waste belonging 

to the IIIrd class of danger, and rational use of water 

water in the circulating system of water supply as well 
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Summary. The research results of the seed strength properties 

concerning three horse bean varieties are presented here. The 

were placed with their cotyledons parallel to the apparatus base 

and loaded with plate, slat or penetrator. The maximum force 

values and corresponding to them deformation values capable 

of transporting a seed to the destruction moment have been read 

off from the obtained force-deformation characteristics. In the 

course of investigations, it was found out that the hardness fea-

tures depended to a great extent on a given variety. It has been 

stated additionally that the increase of seeds moisture content 

causes a considerable decrease of their hardness.

Key words: horse bean, variety, strength properties.

INTRODUCTION

-

the domestic products which can replace soya bean having 

horse bean seeds is characterized by the high biological 

value and the wide usefulness for feeding. The interest in 

horse bean (Vicia faba SPP. minor
feeding has developed in Poland and other countries with 

The physical properties of seeds are to be known for 

design and improve of relevant machines and facilities for 

-

lications in the research work concerning horse bean seeds 

(Vicia faba L. var. minor
this subject have been carried out only by few researches 

of mechanical properties of (Vicia faba L. var. major
8]. Taking into consideration the fact that the knowledge 

of horse bean seeds hardness is indispensable in working 

out technological processes and preservation of machines 

necessary in their processing and allows to characterize the 

carry out the research work whose results aim at establishing 

the characteristics of horse bean seeds (Vicia faba L. var. 
minor
penetrators with different endings /in the shape of cylinder, 

cone, or semicircle/ has been used. Taking into account fact 

that in processing seed material into feed there is a wide use 

of a beater in which a working element differs in its shape 

from loading elements used in resistance measurements, 

it has been decided to carry out such investigations using 

shape to beater. The seed of loading plays an important role 

in all investigations concerning seed resistance that aim at 

while to carry out any investigations under such conditions 

The goal of this research work has been to determine 

hardness features of horse bean seeds having different mois-

to comparison of the values of seed resistance measured by 

three different methods.

The research work has been carried out on horse bean 
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the investigated hardness features, the input material was hu-

% % every ca 2 %, and then it was divided according 

to thickness. The seeds moisture contents were determined 

using the oven-drying method. Selected fraction of seeds with 

thickness from 7.0 to 8.0 mm was used for the compression 

The measurements of hardness features have been carried 

placed with their cotyledons parallel to the lower stationary 

plate, and then, they were loaded by means of a disc, cutting 

-

-1 according 

The loading force operated along the seed thickness. The 

measurements have been carried out to the seed destruction 

moment i. e. splitting, cutting, or puncturing of seed coat. 

-

tions were recorded. Then, the values of deformation forces 

for the seeds loaded with plate F
n
, slat F

c
 or penetrator F

p
 

were read from the obtained graphs together with the relative 

deformation values (e
n
, e

c
, e

p

 these forces. 

The deformation work for seeds loaded with plate (W
n

(W
c

W
p

Statistical analysis of the data was performed with Sta-

-

The investigation parameters have been made to depend 

on moisture content and the obtained relations have been 

-

tained by means of different methods of horse bean seed 

loading has been presented. The highest hardness value of 

seeds loaded by plate, slat and penetrator is characteristic of 

dry horse bean seed of Jasny variety. The lowest hardness 

value of seeds loaded by plate, slat and penetrator is char-

Ta b l e  1 .  Deformation force F values for horse bean seeds 

loaded by plate, slat and penetrator

Variety
Moisture 
content, 

plate loading slat loading
penetrator 

loading

Jasny

The greatest difference of force values occur in the case 

times higher than the minimum ones. Much smaller differ-

ences between the maximum and minimum forces were 

observed in case of seeds loaded with a plate.

The changes of the values of deformation forces depend-

The increase of seed moisture content causes a considerable 

decrease of their hardness.

Fig. 1. 

F
n

penetrator (F
p

F
c

Fig. 2. 

(F
n

F
p

F
c

Fig. 3. 

force for horse bean seed variety Jasny loaded by plate (F
n

penetrator (F
p

F
c

In Table 2 the relative deformation values corresponding 

to the deformation force values obtained by seed loaded with 

their hardness. 

 

 

 

Moisture 
relative deformation

loading slat loading 
penetrator 

-   22.9 

 -    

-    



 

plate, slat and penetrator have been presented. It has been 

stated that deformation values depend moisture content and 

horse bean variety. The highest deformation values in all 

loading cases have been obtained for horse bean seeds with 

% moisture content of Jasny variety. 

Ta b l e  2 .  Relative deformation e values for horse bean seeds 

loaded by plate, slat and penetrator

Variety
Moisture 
content, 

Min-max value  
of relative deformation e

plate  
loading

slat loading
penetrator 

loading

Jasny

For all the varieties, the increase of seed moisture content 

causes the increase of deformation values and the maxi-

values of the relative deformation were obtained for seeds 

loaded with the penetrator. The changes of the values of 

relative deformation depending on seed moisture content 

moisture content of seeds causes the increase in the relative 

deformation values.

Fig. 4. -

mation e e
n

slat (e
c

e
p

Fig. 5. -

mation e
plate (e

n
e

c
e

p

Fig. 6. -

mation e for horse bean seed variety Jasny loaded by plate (e
n

slat (e
c

e
p

by seed loaded with plate, slat and penetrator have been 

presented. It has been stated that the work of deformation 

values depend on moisture content of seeds and horse bean 

variety. The biggest differences between the minimum and 

maximum values of the deformation work were observed 

in case of the penetrometric test.

Ta b l e  3 .  Work of deformation W values for horse bean seeds 

loaded by plate, slat and penetrator

Variety
Moisture 
content, 

Min-max value  
of work of deformation W, J

plate  
loading

slat loading
penetrator 

loading

Jasny

The changes of the values of relative deformation de-

pending on the seed moisture content were shown in Fig. 7, 

8 and 9. In case of seeds loaded with plate and slat the value 

of deformation work gradually increases with the increase 

in moisture content of seeds and after reaching the maxi-

mum it slightly decreases. In case of the penetrometric test 

the increase in seed moisture causes the constant gradual 

decrease in work deformation value.

Fig. 7. 
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W
p

W
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Moisture 
value of work of deformation

loading slat loading 
penetrator 

-  -  -  0.007

 -  -0.292 -  

-  -  -  0.022

 



 

Fig. 8. 

by plate (W
n

W
p

W
c

Fig. 9. 

deformation for horse bean seed variety Jasny loaded by plate 

(W
n

W
p

W
c

The carried out analysis shows that using only one test in 

seed strength tests may not be enough. It is essential especially 

in case of the measurement of deformation work of loaded 

seeds. Different relationship between deformation work and 

seed moisture is observed depending on the test. In case of 

deformation strength and relative deformation, however, dif-

ferent scope and dynamics of the change with the increase in 

seed moisture depending on the used strength test was noticed.

CONCLUSIONS

The carried out investigations concerning hardness allow 

to formulate the following conclusions:

deformation depend on horse bean variety.

2. In the case of the all used tests the increase of seeds 

moisture content causes a considerable change of their 

strength properties.

decrease in the value of deformation strength. The de-

pendence between the deformation strength and seed 

of loading the seeds with the plate and penetrator and by 

-

crease in relative deformation value. The dependence 

between the relative deformation and seed moisture was 

in case of loading the seeds with the slat.

-

crease in seed moisture causes the gradual increase in 

deformation work and after reaching the maximum the 

decrease in its value. In case of the penetrometric test 

increase of seeds moisture content causes a considerable 

decrease of deformation force. The dependence between 

the deformation work and seed moisture was described 

penetrometric test.

dynamics of changes of seed resistance for mechanical 

loading. Thus, to describe fully the changes of seed re-

sistance for mechanical loading it is advisable to use the 

results obtained in different strength tests.
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Summary. This publication analyses the variability of loads 

in rural medium and low voltage distribution networks com-

pared to the variability of energy demand in the national power 

grid. Values of standard indicators used to characterise power 

demand, such as load factors and balancing factors, have been 

transformer stations.

Key words: power grid, distribution networks, load variability.

INTRODUCTION

One of the important problems of power system engi-

neering is to optimise the time curves of electrical loads, 

which practically boils down to balancing them and reduc-

ing peak power. This is why it is so important to correctly 

analyse power demand curves. In order to characterise their 

are used, whose examples can be found in the literature of 

these measures come from classical methods of analysing 

year, at various supply voltages, caused by individual con-

sumers, groups of consumers or all consumers in total. The 

total of loads of all consumers constitutes the load on the 

only analyses of the curves themselves that are important, 

but also their comparisons. 

This publication presents the results of a comparative 

the variability of energy demand in the national power grid. 

which has been described using standard indicators charac-

terising electrical power loads. 

This analysis is based on the results of power meas-

urements taken at the main supply stations on the medium 

voltage side and in MV/LV transformer-distribution stations 

stations. Figures on national grid loads were taken from 

Monthly reports on the operation of the National Power 
Grid and the Balancing Mechanism.

For the purpose of this comparative analysis, reduced 

load graphs were drawn, with mainly relative indicators used 

to characterise load curves. The reference value was either 

peak load P
s
 and indicators thus calculated are referred to 

as load factors m, or the average load P
sr
, with balancing 

factors l
balancing factors can be found, inter alia, in the collective 

graphically, usually as a calendar graph. The comparison 

of individual power values to the peak power produces the 

reduced graph of loads. These were the graphs plotted for 

-

tion is mainly driven by the rhythm and intensity of human 

when presenting the variability of power demand, averaged 

P
sr
 

were presented separately for different seasons, split into 



88 

present graphs of national grid loads in the form of averaged 

-

feature of these curves is the smooth, low load during the 

and type of day, and a general lack of an afternoon trough. 

Changes in the shape of load curves are mainly caused by 

the evening peak load materialises. In winter, the evening 

level of power demand, which is much greater in winter 

than in summer. 

Fig. 1. -

daily load and balancing factors were determined for the 

analysed systems. In particular, the following were calcu-

 

- average load factor

s

sr

P

P
=m  

- base load factor

P

oP
=

 

 

- base load factor

s

o
o P

P
m  

- balancing factor of the base load

oP
=

 

 

- balancing factor of the base load

sr

o
o P

P
=l  

where: Po, P
 

 

where: P
o
, P

sr
, P

s

power, respectively.

Mean values of these indicators for business days and 

values for a selected winter and summer week for exemplary 

transformer-distribution stations and the national grid are 

Fig. 2. 
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Fig. 3. -

Ta b l e  1 .  Mean values of daily load and balancing factors

Period
MV LV

m m
o

l
o

m m
o

l
o

m m
o

l
o

d
ay

spring 0,88 0,70 0,80 0,70

summer 0,87 0,78

autumn 0,77 0,29

winter 0,78 0,72

spring 0,72 0,20

summer 0,89

autumn 0,72

winter

average 0,87 0,72 0,82

The lowest values of the analysed indicators, and their 

greatest variabilities, characterise the curves of power de-

mand recorded on the low voltage of a MV/LV transformer 

-

mand. The m
o
 indicator is best suited for assessing the load 

-

sumers supplied at low voltage are observed in the spring, on 

by the value of m
o
 on medium voltage is, on average, one 

third lower than on the low voltage, and approx. one third 

greater than in the national grid. 

variability of loads in Poland and abroad is the average 

load factor m
schedules and predict the electrical capacity and energy 

for individual days of the week and individual months of 

the year. 

grids show, neither the season of the year nor the type of 

m indicator. The 

impact of the season is observable only for the low voltage 

grid, in which the mean value of m changed in the studied 

Fig. 4. Daily load and balancing factor values in a selected winter 

and summer week for the national power grid and for exemplary 
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Fig. 6. Monthly variability of the m indicator

CONCLUSIONS

Daily schedules of rural consumer loads recorded on the 

low and medium voltage are characterised by a low load 

during the morning peak, which is good for the national grid, 

but the evening peak load in rural areas coincides with the 

peak load on the entire power grid. 

-

gardless of the type of day and the season. The variability 

of rural consumer loads recorded at main supply stations is 

Characterising the variability of electrical power loads 

using indicators such as load and balancing factors makes 

the comparative analysis easier and can be used by distri-

consumers and modelling the demand for electrical power 

and energy.

2. -
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Summary. The study used various kinds of multiple regression 

-

mand for natural gas by rural consumers. The construction of 

forecasting models was performed in the workspace of STATIS-
TICA Data Miner
of forecast errors showed that all models applied in the study i.e. 

standard regression models, neural networks, regression trees, 

models based on the MARS, SVM and k-Nearest Neighbours 

networks turned out to be the most effective method.

Key words: short-term forecasts, multiple regression, data mining.

INTRODUCTION

For natural gas companies, like for other enterprises 

in the energy sector, the forecasting of demand for energy 

-

directly affects the energy security of consumers as well as 

forecasts of demand for natural gas are prepared for various 

time horizons. 

The short-term forecast of demand for gas includes 

hourly and daily forecasts for a maximum of seven days 

in advance. These activities facilitate the operational man-

agement of an enterprise, and, in particular, serve to plan 

daily purchases of gas. 

Medium-term forecasts are daily and monthly with 

a time horizon of between one week and a year. These are 

used for planning purchases of gas in longer periods, and 

for planning gas transmission operations. 

Long-term forecasts are annual predictions with the 

are used by gas companies in the long-term planning of 

gas purchases, and for planning the development of gas 

infrastructure.

Under the progressing liberalization of the natural gas 

market, short-term forecasts are becoming increasingly 

important. In recent years, an increasing number of studies 

of forecast. The short-term prediction of demand for nat-

ural gas uses both traditional methods and methods based 

Traditional forecasting methods can be divided into 

-

and means (ARIMAX, SARIMAX, recursive autoregression 

models RARX
been an increase in the number of published studies which 

-

forecast the daily consumption of natural gas. 

deal with long-term forecasts of the demand for gas. Pub-

The objective of this study was to use various types of 

regression models to predict the daily demand for natural 

gas by rural consumers, and to carry out comparisons in 

this area. 

The consumer demand for natural gas depends on a num-

ber of factors. For this reason, multiple regression models 

are very suitable for such forecasts. The regression function 

can be given not only in the form of a mathematical formula, 

but also as an algorithm. In the study, the construction of 

forecasting models was performed using standard linear 

regression models, but also using algorithms in the form of 



 

neural networks, regression trees, as well as applying MARS, 

SVM and k-Nearest Neighbours methods.

The construction of the models was carried out in the 

workspace of STATISTICA Data Miner, using data mining 

methodologies. Developing models was preceded by a cor-

effect on the daily usage of natural gas by rural consumers. 

The calculations and analyses were carried out on the 

basis of hourly measurements of gas usage by consumers 

from rural areas of southwestern Poland, who are supplied 

by a low-pressure network via a selected gas pressure re-

duction station. Data from the 2008–

the models was evaluated on the basis of values for ex-post 

forecast errors, using the following formula:

 
t

p
tt

G

GG

 
n

t t

p
tt

G

GG

n2

 
c

n

t

p
tt

G

GG

where: 

G
t
p

tG , 
G

c
n days of observation.

are obliged to make forecasts of daily gas consumption one 

The course of hourly and daily natural gas consumption 

by rural consumers within the study period is presented in 

Meteorological and time factors were considered among 

the factors affecting gas consumption. The meteorologi-

cal factors taken into account included: temperature (daily 

– – mean, 

–
direction (daily – –
values taken with delay to the day of analyzed gas con-

sumption. 

Time factors include the correlation between the values 

for daily gas consumption with the values of the variable 

It was found that the greatest effect on the value of daily 

gas consumption by rural consumers was exerted by this val-

ue delayed by one day, the mean temperature of the previous 

day, and the day of the week. In further statistical analyses, 

these values were adopted as the variables explaining the 

daily demand for natural gas. 

-

ing the daily demand for natural gas, a project was created 

in the graphic environment of Statistica 10 Data Miner (Fig. 

. 
permit drawing forecasts based on: Neural Networks (NN

Multivari-
ate Adaptive Regression Splines (MARS), Support Vector 
Machine (SVM k Nearest Neighbours (k-NN
standard Multiple Regression (MR

assumptions pertaining to sample size, explained and ex-

plaining variables, residuals of the model, although in data 

mining these assumptions are tested less restrictively than 

in traditional statistics. The other procedures used in this 

meeting any initial assumptions. 

-

been dynamically developing for several decades and it is 

of mapping very complex relationships.

are other advanced 

prediction tools of Data Mining. The tree is a graphical 

model created as a result of the recurrent division of a set 

of observations into n of disjoint subsets. In most general 

terms, the objective of the analysis with the applied CART 

of the if-so, 
objects. 

The MARS method can be regarded as an extension of 

regression trees and multiple regression. The Multivariate 
Adaptive Regression Splines algorithm utilises the method 

of the recurrent division of trait space in the nodes of basic 

functions to construct the regression model in the form of 

spline curves. The relationship between variables is mod-

generated on the basis of data. The SVM method is the next 

one implemented in the Statistica software, which serves to 

constructing non-linear decision borders, separating areas 

in the space of predictors, corresponding to different values 

of the dependent variable. 

K Nearest Neighbours is a method where instead of 

matching the model, similar objects are sought. The basis 

of the method is an intuitive conviction that similar objects 

will fall into the same class. The predictions of the k-NN 

method are determined on the basis of k objects from the 

training set which are most similar to the object for which 

the value of the dependent variable is determined.

Mean errors were calculated for the training set (Table 

of particular methods. The most accurate method turned out 

to be the neural networks, whereas the standard regression 

was the least accurate.



 

 

 

Fig. 1. 

Fig. 2. Daily natural gas consumption

Fig. 3. View of models constructed in the workspace of Data Miner  Data Miner 



 

Ta b l e  1 .  Forecast errors found for training set

Model
NN CART MARS SVM k NN MR

2 

Ta b l e  2 .  Forecast errors found for testing set

Model
NN CART MARS SVM k NN MR

2 

For the purpose of analyzing daily gas consumption 

forecasts, the distribution functions of relative errors w  

were determined and their courses for the testing set are 

the method used, the proportion of smallest errors is similar 

w
of occurrence for the studied models were seen when this 

proportion increased. In the k–NN model, the proportion of 

whereas for the NN
the NN model over the other models is also visible in the 

proportion of highest observed errors. They did not exceed 

Fig. 4.  forecast errors

CONCLUSIONS

The greatest effect on the value of daily gas consump-

tion by rural consumers was exerted by this value delayed 

by one day, mean temperature of the previous day, and the 

day of the week. 

forecasts posed by gas enterprises, the forecasts determined 

on the basis of multiple regression models, both standard 

and non-parametric i.e. NN, CART, MARS, SVM, and k–NN 

2 

2 

The analysis of forecast errors proved that the most 

effective methods are the neural networks, whereas the 

greatest errors in forecasts are generated in standard re-

gression.
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Summary. The purpose of this study was to evaluate the physical 

The research was carried out on three kinds of raw materials, i.e. 

wheat straw, maize stover and Sida stalks. It was found out that 

-

ing the studied parameters, i.e. length, mass, proper density and 

bulk density. The best results for the studied properties were 

Key words: 

INTRODUCTION 

and more expensive due to their depleting reserves. More 

and more attention has been paid to the problems of environ-

mental protection. These phenomena have been encouraging 

research into alternative energy sources, among others, bi-

omass. The greatest hopes are connected with the biomass 

of plant origin and this group includes the straw of cereals 

Virtually any type of straw from cereal, oilseed rape 

and buckwheat can be used for energy purposes. Due to 

their properties, the most often used straw is that of rye, 

wheat, rape and buckwheat. It is assumed that “straw” is 

ripe or dried plant stalks, having a high dry matter content 

crop production, horticulture, construction and energy. 

Despite the different applications of straw in agriculture 

it should be noted that there still remains a considerable 

potential of this material which has not found any rational 

use. Its use as an energy source has become the solution to 

-

To enhance plant biomass use for energy production, 

efforts have been made to improve its physical proper-

long-term storage, while increasing the concentration of 

mass and energy per unit volume makes the transport, 

storage and dispensing easier. These favourable charac-

teristics can be achieved by concentration of biomass in 

-

petitive with conventional ones [Komorowicz et al. 2009, 

-

sity and improving the milling properties of the raw material. 

screw and cylindrical ones. They can be used as separate 

devices or within an in-line process for the manufacture of 

compact fuel. Construction of the line is dependent on the 

volume of production, properties of the raw material used 

the production process may be more or less complicated, 

depending on the initial parameters of the processed mate-

The aim of this study was to evaluate the physical prop-

Wheat straw, maize stover and Sida stalks were used for 

materials was determined by the weight-drier method ac-



 

of moisture content in the raw materials was performed in 

 
o

o

m

mm
W

where: 

W
m

o

m

materials were pulverized using a chopper drum substation 

and universal hammer mill, powered by electric motors with 

used for the compaction process of the shredded plant ma-

characteristics were determined: diameter and length us-

-

ping them into the measuring cylinder with the volume of 
3

-

without fuel pellets and the cylinder’s volume, according 

 

 
V

mm OL

where: 
-3

 m
L

m
O

V 3

shredding. 

Photo. 2. 

Ta b l e  1 .  The technical and operational parameters of the 

Measure-
ment unit

Data

- JUNIOR

Diameter of pellets mm

mm

kg·h-1

kW

Maximum working pressure MPa

Oil tank capacity dm3

mm

kg

Photo 1. 



 

of all the tested materials. 

Fig. 1. 

-

-
-1

-1

-1

value of all the compacted materials. 

Fig. 2. 

maize stover. 

Fig. 3. 

pellets made from the tested materials. The lowest average 

-

-

-

ences occurred between the mass of wheat straw and Sida 

the type of plant raw materials used. The lowest proper 

kg.m-3

.m-3

Photo 3. 



 

found in the density of the pellets produced from wheat 

straw and Sida stalks. 

Fig. 5. -

terials 

The results of measurements of the average bulk density 

depending on the kind of raw materials used are shown in 

-
.m-3

.m-3

-

CONCLUSIONS

The results of research and statistical analysis allow for 

the following conclusions: 

characterized by favourable parameters of the studied 

properties, i.e. length, mass proper density and bulk 

density. 

-1

for the wheat straw, and the highest for the maize stover, 
-1

bulk density were found out for the pellets produced 
.m-3

.m-3 -

tively.
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Summary.  In the 

filtering in systems of reverse water supply in production of 

construction materials are considered. The scheme of experimental 

installation is provided for realization of pilot research of the 

given. The plan of three-

wastewaters is developed, researches are conducted and the regression 

spended 

materials is received. Dependences for calculation of the residual 

content of the suspended materials depending on initial concentration 

of impurities, the ratio of a useful and slime expense on the filter and 

the consumption of the processed fluid are established. It is 

established that in the production of construction materials the 

installation of reverse water supply systems with application of 

hydrodynamic filtering allows using effectively its advantages and 

providing more rational use of energy and natural resources. 

Key words: Productions of construction materials, industrial 

wastewaters, reverse water supply, hydrodynamic filtering, 

concentration, expense, residual concentration of impurity, refinement 

effectiveness  

 

 

INTRODUCTION 

 

Water in industrial production is essential for ensuring 

primary and secondary technological processes, as well as 

fire-fighting, domestic and drinking needs of enterprises. 

The  and  of technical water which is 

necessary in any production is defined by the scale and 

nature of its technological processes. Properties of utilized 

water,  cost of water supply systems and water disposals 

substantially define  and prime cost of products and 

also  conditions of the rational use of natural resources. 

Reserve for water resources saving at any production is 

the use of circulating water supply where much depends 

on the technology of wastewaters refinement. With the 

installation of recycling systems for industrial water 

supply there are additional reserves on consumption of 

fresh water and reduction of wastewaters into reservoirs. 

Industrial wastewaters refinement represents an important 

technological and methodical problem in developing 

effective ways for recycling refined water in industrial 

processes. 

Fluids’ refinement from various types of impurities 

that they contain is a widespread problem. It is constantly 

processes. 

Fluids’ refinement from various types of impurities 

that they contain is a widespread problem. It is constantly 

faced not only in communal services and on the domestic 

level but also in all the branches of industrial production 

processing and also the production of construction 

become soiled generally by mineral insoluble impurity.  

For the majority of PCM,  in the technological processes 

water is the main working medium. The use of polluted 

dumping in water objects or in reverse schemes with the 

R

at their outlet in reservoirs 

application causes broad use of various refinement 

methods and technologies. While choosing a method of 
impurities refinement not only their structure in 

have to satisfy waters refinement: when disposing in a 

reservoir, and at a reuse of the refined wastewaters in 

production - 

realization of actual technological processes.  

The current situation is characterized by increasing 

condition of the surrounding water medium, the developed 

level of understanding of environmental problems demand 

restriction of unjustified expenses of water resources and 

industrial wastes disposing in natural reservoirs. Despite 

the increased scientific and technical capabilities, the 

problem of water surface protection and in particular 

sanitary protection of water objects from impurity remains 

valid 

choice of optimized technological schemes of industrial 

water supply refinement is a complex challenge that is 

caused by a variety of the water impurities and great 

lity. The techno-

economic rating of the ways of water preparation has a 

great significance for the preparation of industrial water 

from industrial wastewaters or insuring conditions of the 



 

particles in a fluid flow near the filtering element. In this 

theory it  

represents the plate covered with regularly located holes 

 

In case of the standard refinement scheme of the 

polluted fluid flow it goes perpendicularly lane. 

Only those particles whose linear size is lesser that the size 

of filtering unit do not linger on it. Particles of the bigger 

size cumulate from the incident flux and gradually "clog" 

the polluted fluid its capacity decreases, drop of pressure 

on it increases and finally it becomes soiled and loses 

working capacity. 

pressure losses on it overrun allowable maximum 

provided by its desi

the clogged filter to an initial state by replacement or 

effective flushing which is defined by type of the filter and 

nature of the detained substances in it. Running time of the 

filter between two consecutive flashings is called a 

filtering cycle. 

backwash, replacement or regeneration. To increase 

contaminant capability 

necessary to increase its surface and volume considerably. 

Therefore such way of fluid refinement is far from perfect 

in terms of technical and economic indicators as for the 

without refinement.  

plane. Thus, hydrodynamic features of system are such 

that  through filter units together with fluid penetrate only 

those particles, which linear size in 3…10 times less than 

by a fluid flow. Ther

inclined baffle plates 47 … 70%. 

For IW wastewaters refinement from suspended 

materials hydrocyclone machines are used in which the 

centrifugal force effecting on particles with a higher 

density than that of water is used. They successfully 

replace settlers having a number of advantages: they 

occupy small space, have high extent of refinement up to 

operation can be completely automated. 

In most cases filtering is used for integrated 

wastewater treatment  of IW after all the preliminary  

treatment methods. It can be surface filtering through filter 

baffle plates or volume through grained loading. In case of 

additional reactant treatment of wastewaters, treatment of 

IW with coagulant and flocculant on the score 

of  suspended particles agglomeration and other alterations 

solid particles emission during filtering improves. 

Reduction of pressure drop on filtering element, increase 

of refinement precision of power fluid, its preservation 

from blinding and therefore self-regeneration support can 

be provided under conditions which will pass the particles 

through units of surface filtering element the size of which 

is much lesser than “in light” units size. These conditions 

are created on hydrodynamic filters. 

effective methods of fluid refinement from impurities. 

wastewaters in their use and discharge into water bodies 

gen  

 large number of various impurities in the IW 

industrial wastewaters is determined by numerous 

methods,  and technological scheme used while 

refining them. Ways of industrial wastewaters refinement 

of insoluble impurities are divided into three groups: 

mechanical refinement – separation of impurities while 

going through the passage media; physical refinement – 

separation of impurities when fluid stays in force fields; 

combined refinement – separation of impurities from fluid 

at a joint mechanical and physical refinement. Mechanical 

refinement of fluid is divided into the following types: 

surface, volume and mixed. The last type combines 

features of the two first types. Defecation and clarification 

of the polluted water in PCM is based on particles on 

sedimentation of impurities with a higher density than the 

density of water at its moving with low speed. Such water 

refinement is made in tank clarifications or settlers of 

various designs. Tank clarifications are constructed as one, 

two and multiple-stage ones and for keeping water long-

term. Effectiveness of clarification in ponds reaches 50 … 

ng winter period their operation is poorer . 

Ponds need to be cleaned regularly, they occupy a big 

surface area and pollute the environment. The 

effectiveness of horizontal settles refinement with the 

regulating perforated baffle plates reaches 39 … 49%, 

with the system of dispersed water abstraction surface - 

… 69%, and for settlers with thin layer elements from 

inclined baffle plates 47 … 70%. 

For IW wastewaters refinement from suspended 

materials hydrocyclone machines are used in which the 

economic rating of the ways of water preparation has a 

great significance for the preparation of industrial water 

from industrial wastewaters or insuring conditions of the 

disposal refinement wastewaters of reservoirs. Reverse 

systems of industrial water supply usually have  got 

economic advantage. 

The solution of this problem for PCM in many cases 

is connected with the organization of the closed water 

supply cycles. This task cannot be solved successfully 

without effective refinement of the circulating reverse 

water from impurities.  

 

 

 OF  

 

In PCM water is used both as the main and the 

secondary technological process. Conventionally, these 

waters can be divided into the following groups [8,9]. 

Technological waters are working medium in 

technological processes. These technological processes 

include:  water concentration of nonmetallic minerals, 

hydro-mining, hydro-transport, hydro-washing. These 

 

Cooling waters are formed during cooling the 

 machines and devices which are used in the 

main technological process. These waters generally have 

the so-called pollution "temperature". Therefore, they are 

called conditionally clean. They need only cooling and can 

be reused in processes.  

Washing and de-dusting waters are formed as a 

washing result of aggregates, machines and  and 

also for dust control on PCM. These waters are heavily 

polluted and need to be cleaned.  industrial engineering 



 

by a fluid flow. Ther

provide its continuous cleaning. The filtering systems with 

 

years without technical servicing and repair.  

The purpose of the work consists in studying the 

supply to increase its effectiveness in the way of energy 

and natural resource saving in the process of refinement 

industrial water from impurities.  

 

 

 

 

The theory of hydrodynamic refinement is based on 

consideration of the particle movement located in the 

nted as a 

sum of two movements: longitudinal and transverse. 

have maximum likelihood to get into an opening. The 

relatively to FF with the certain ratio of longitudinal and 

transverse velocity. If the angle of slope tangent to particle 

trajectory 
m

o

v

v
arctg is greater than the diagonal section 

of the unit in the longitudinal plane, the particle of 

pollution has an ability to pass in a unit space. Restriction 

of polluted particle detention in units is represented as the 

speed ratio: 

 

 
m

o

v

v

c

d

2
.  

 

Therefore, depending on the trajectory angle , 

dimension ratio of particle diameter d  and diameter of the 

unit opening c2 . the particle can pass in the space under 

 

 

 
Fig. 1.  Scheme of hydrodynamic filtering 

c – unit radius; m – the minimum distance between cells; d – particle 

diameter; vm– longitudinal flux velocity v0 – cross flux velocity;  

v – absolute velocity  of  particle balance center; l – erial 

thickness 

 

For engineering practice development calculation 

a set of assumptions was accepted, which not significantly 

change the nature of hydrodynamic filtering process  

 

– Fluid is incompressible, homogeneous and isothermal; 

– Particles are globule and homogeneous; 

 

– Fluid is incompressible, homogeneous and isothermal; 

– Particles are globule and homogeneous; 

– Thickness influence of walls and interaction of moving 

particles on velocity distribution isn't considered; 

– Inertia of particles in a longitudinal flux isn’t 

considered; 

–  

We will use the principle of superposition. We will 

consider a vector of absolute participle velocity v as a 

vector sum of flux velocities v0  through a large number of 

 vm

are insignificant it is possible to consider sizes of volume 

these speed components in a certain point of space we 

receive sizes of longitudinal and transverse velocities 

 For 

determination of the maximum particle diameter which 

case. Thee particle with diameter d and center of gravity in 

a point O  

For calculation we accept the following parameters: 

Q  – Q1 – part of 

supply which is refined; p  - pressure drop which is 

allowed from operation conditions  

We will determine the parameter of a cross flux: 

 

 
kF

Q
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where: 

2

2

2 mc

c
k , coefficient  of flow section, F –  
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velocity 0v  
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We determine the velocity of a longitudinal flux from 

the condition: 

 

 
2 QQQ ,  

 

where:  
Q2 –  flow rate of the impure  

L on 

: 
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Critical diameter of a particle after substitutions and 

transformations is defined in the following manner: 

 

 02
2

0

2

2 mcdh
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d
h
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The last formula can be solved in final coefficients with 

Cardano's method however it is much simpler to find its 

algorithms. Further calculations don't undergo changes. 

 

 

 

 

shown on pic.2 is developed for physical modeling of 

process of PCM wastewater refinement from impurities 

red 2 and 

– -

the hydrodynamic filter 9 where the flow is divided into 

two components: the cleared water which is flushed via 

the pipeline with a flowmeter 8 and the manometer 7 in 

consumption of the initial polluted water varies the degree 

of closing of the valve 

expense through the bypass line   

studies of refinement installation process of partial flow 

hydrodynamic filter which is intended for refinement of 

various fluids from insoluble impurity at supply of the 

bypassing the re

modeled on artificial wastewaters. Knowing  wastewaters 

impurity of  PCM, which comes to clean, water for 

selected tests of slime from slime pit which operate on 

PCM are applied. 

 

 

Thus, despite the preservations average longitudinal 

velocity constant along the filter length the local velocity 

height. The received velocity m  for necessary filtration 

degree 

it is impossible directly to determine 2Q  

 

the end of a longitudinal flux: 
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For realization of this condition diameters of conical 

part of the body: 
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Thus, at a given supply the certain geometrical 

longitudinal and cross flux on which specifies the fineness 

of filtration. 

If the velocity of a longitudinal flux is accepted by a 

constant gap section, it corresponds to the assumption of 

acceptability of such assumption can be proved only by 

existence of local flux resistance on an entrance to the 

with diameter of rather high longitudinal fluxes. 

the mode movement depends only on flux rate. Therefore, 

possible to provide the laminar flow movement. In case of 

a laminar flow in a ring crack of velocities in a gap are 

distributed under the parabolic law. We will determine gap 

: 

 

 2

DD
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In the end of the filter: 
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Therefore, velocity on height ring gap is distributed 

on dependence: 

 

 
mm

h

zhz
.2

.   

 

Thus, despite the preservations average longitudinal 

2Q



 

 
Fig. 2. Scheme of experimental installation 

 

The composition of production wastewaters of 

Sharkhinsk 

washing crushed stone is presented in T

increased image of impurities containing in wastewaters 

from crushed stone after washing has been received by a 

micro-

-

microns was accepted therefore the expected fineness of 

the detained firm mineral particles will make 15 … 20 

microns.  

 

Table 1. Fractional composition of slimes in the total 

remains 

Size of fraction, 

mm 

Total mass 

content, 

 

1,25…0,63  

0,63…0,315  

0,315…0,15  

0,15…0,08  

0,08…0,05  

0,05…0,01  

0,01…0,005  

0,005…0,002  

0,002…0,001  

  

 

  c a b c 
-photos of wastewaters impurities received from 

crushed stone washing: 

 

a b c 
-photos of wastewaters impurities received from 

 

For receiving artificial wastewater slime is previously 

dried up to the constant weight in a drying cabinet. Then 

slime is crushed for the purpose of receiving homogeneous 

parameters process research the kinetics of sedimentation 

of the suspended materials of artificial wastewaters is 

previously studied. For this purpose dependence graphic 

of optical density on weighed substances concentration are 

under construction. The graphic is under construction 

according to indications of optical density of the tests 

during this period large particles are drop out and they will 

centration of 

impurities. For its determination we use samples of the 

impure water on PCM slime tests with concentration 1 … 

through specially prepared paper filters are selected. 

Further filters are dried up in a drying cabinet. The actual 

concentration of polluted PCV of artificial wastewater is 

determined by a difference of mass of the dry filter before 

filtration and the dry filter with the suspended materials 

after filtration carried to the volume of the filtered test.  

Tests of artificial wastewaters are being prepared and 

their light transmittance on the photo-colorimeter is 

selected tests are diluted several times. On the received 

values the dependence graphic of optical density on the 

actual concentration of the suspended materials on which 

 

 

 

 

 

cess allowed allocating 

three major factors which influence on refinement 

effectiveness: initial concentration of the suspended 

materials; a consumption of in-taking wastewater which is 

regulated by a throttle on filter entrance; a ratio of a useful 

and slime expense on the filter which are provided with 

adjustment of a throttle on the bypass line. The method of 

rotatable design of experiment which allows receiving 

more exact mathematical description of a surface response 

in comparison with orthogonal central composite planning 

experiences in the center of the plan and a special size 

choice of a star shoulder a. The main characteristic of a 

matrix of rotatable design of three-factorial experiment is 

provided in table 2. 

 

a, –  before refinement; b – after slime st  

 –  

 

For receiving artificial wastewater slime is previously 

 

calculation of regression and the corresponding estimates 

of dispersion constants are defined: 

 

 
nBn 22
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02 NNn

nN
B ,  

 

N

,0 ,0

,

Number of factors  Value of factors at plan code values

Name of variation 
Designation 

Variation 

Initial conc. of 

suspended materials 
   

Consumption of in-

taking water, l/min 
   

Ratio of  useful and 

slime expense 
   



 

removal process of the suspended materials on the 

hydrodynamic filter and allows estimating influence of 

three considered factors on residual concentration of 

impurity, and also describes a surface response. For 

enter function of the following type: 

 

 
x

Yx
Z .  

 

-

tiveness  

From the analysis of the received results obtained 

and fractional composition of slimes can provide 

nt 

fractional composition of slimes in size of the total 

microns in size contains in tests of artificial wastewaters to 

- 

Therefore, in this range of the sizes of impurity particles 

units. 

Change of a ratio of a useful and slime expense on the 

filter in the range 2x   significantly influences on 

refinement effectiveness. With increase in the relation of a 

useful and slime expense on the filter the residual 

concentration almost depends less on the size of 

wastewaters supply on the filter and is defined by 

generally initial concentration of impurities. On the 

contrary at reduction of this residual concentration relation 

almost depends less from initial concentration of 

impurities but generally defined by the size of wastewaters 

supply on the filter. 

For finding the residual concentration in the refined 

dependence: 

 Z
xY . 

 

0, , , 0,2

 

development of modern technological graphics of reverse 

water supply of PCM are experimentally established. The 

residual concentration of the suspended materials received 

PCM and to reuse separated impurities. Installation in 

PCM the systems of reverse water supply with application 

t 

provide more rational use of energy and natural resources. 

 

 
0NN

N
C  ,  

 

where n - number of factors; N - total number of 

rotatable central composite design experiences; N0 - 

number of experiences in the plane center. 

For three-factorial experiment of a constant for 

coefficients calculation of regression and the 

corresponding estimates of dispersions; ,0A ; ,0 ; 

,  

ranges 

and points in vicinities which the plan of three-factorial 

experiment is determined: 

– initial concentration of the weighed substances, 

2 … 4 g/l. 

– supply of wastewater on the filter, 20 … 70 

l/min. 

– a ratio of a useful and slime expense on the 

filter, 1 … 2 K. 

The actual conditions for the accepted rotatable 

central composite design of experiment are presented in 

their variation. 

 

Number of factors  Value of factors at plan code values

Name of variation 
Designation 

Variation 

Initial conc. of 

suspended materials 
   

Consumption of in-

taking water, l/min 
   

Ratio of  useful and 

slime expense 
   

Ta b l e  2 .  

Number of factors
Number of factorial 
design experiences 

Number of experiences 
in star points

Number of experiences 
in plan centre

Total number of 
experiences

8 20

Ta b l e  3 .  

Number of factors n Value of factors at plan code values 

Name of variation factors 
Designation of 

variation factors 
Variation interval 0

Initial conc. of suspended materials

Consumption of in-taking water, l/min 70,2

Ratio of  useful and slime expense

rather accepted factors is received: 

 

22

2

2

2

,0,0,0

,0,0,0,0

,0,0,0,0

xxx

xxxx

xxxY

      

 

We will execute validity check of the received 

value of Fischer's criterion made ,pF . 

Tabular value of Fischer's criterion at confidence 

coefficient - F

FFP
 

actual values of factors which provide optimum conditions 

of wastewaters refinement from impurities. 

removal process of the suspended materials on the 

hydrodynamic filter and allows estimating influence of 

three considered factors on residual concentration of 

2x

.

:

.



 

c d 
Fig. 3. 

concentration of the suspended materials and from wastewater supply 

on the filter at various values of a useful and slime expense ratios on 

the filter: :  - 0,x ; b - ,x  ; c - ,x ; d- 0,2x  

  

development of modern technological graphics of reverse 

water supply of PCM are experimentally established. The 

residual concentration of the suspended materials received 

PCM and to reuse separated impurities. Installation in 

PCM the systems of reverse water supply with application 

t 

provide more rational use of energy and natural resources. 

 

 

CONCLUSIONS 

 

-

filters and hydro-

speeds of a flow fineness of the detained particles 

stages of mechanical water and wastewaters refinement, 

and it is sufficient for a number of reverse systems of the 

industrial enterprises for refinement of technological 

considered as a preliminary stage of mechanical 

refinement for firm mineral particles removal more than 

20 microns in size. 

The plan of three-factoria

wastewaters of PCM is developed, researches are 

process of the suspended materials removal is received. 

Dependences are established which help to calculate the 

residual content of the suspended material depending on 

initial concentration of impurity, a ratio of a useful and 

slime expense on the filter and a consumption of the 

experimental studies on the simulated composition of 

effectiveness which characterizes the removal process of 

suspended materials on the hydrodynamic filter is 

established and allows estimating influence of three 

considered factors on residual impurity concentration. 

refinement of PCM technological capabilities which 

allows using them effectively in systems of reverse water 

supply of such industry. 

 

 

 

 

 Sokolov L.I., 1997. Resursosberegayushchiye 

tekhnologii v sistemakh vodnogo khozyaystva 

hydrodynamic filters -

filters, at the identical sizes of units of grids which will be 

established in them. 

Fineness of the detained particles in the 

hydrodynamic filter is smaller than fineness of the 

particles detained in a hydro-clone at identical velocity of 

a flow. Thus it should be noted that micro-filters and 

hydro-clones at installation in working conditions have 

showed good technical and economic indicators. 

-filters 

shortcomings  - they do not demand flushing, and are 

deprived of hydro-clones shortcomings – they don't have 

increased mechanical wear. It provides high technical and 

wastewaters refinement. 

In practice of water conditioning and purification, 

wastewaters refinement it is necessary to delete particles 

therefore the expected fineness of the detained firm 

stages of mechanical water and wastewaters refinement, 

and it is sufficient for a number of reverse systems of the 
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Summary. There are given the investigation results of bitumen 

-

ing on temperature, time and the modifying agent amount, taking 

-

tions. The carried out research has shown the possibility to pro-

the conducted investigations basis there have been established 

the rational parameters of bituminous polymer binding agent 

production process thus allowing for the determination of the 

under domestic production conditions. 

Key words: -

minous polymer preparation process, binding agent properties. 

INTRODUCTION

polymers is one of the most effective ways to extend service 

life of the road-building materials produced on the organic 

The most effective and recognized are the styrene- 

Taking into consideration the fact that domestic paving 

properties of the paving bitumens used in Ukraine. Cationic 

-

texes used in Ukraine. On the basis of previous investigations 

research teams the effect was determined of the polymer 

of the binding agent physical-mechanical properties depend-

ing on the polymer amount. This research allowed to apply 

Fig. 1. South bridge across the Dnieper in Kiev

Recently one more type of polymer latex appeared in 

properties the preparation process rational parameters should 

be determined taking into account operating conditions. In 

-

eters on the paving bitumen properties. The experimental 

investigation was conducted to determine the following:

 preparation tem-

perature and time on its main characteristics;



 

bituminous polymer homogeneity.

To perform this work the sample preparation procedures 

were developed. The experiments were carrying out using 

chemical production, Ltd.”. The research was performed in 

Chemistry Department at the National Transport University. 

To determine the influence of the polymer latex 

-

cal-mechanical properties, during these investigations 

of the most common in Ukraine. The polymer latex was 

added to this bitumen to determine its amount and other 

process-dependent parameters which are relevant to pro-

duction of the bituminous polymer according to domestic 

 containing 

Such extended range of the modifying parameters is used 

also to determine their limit values under the operating con-

ditions.

Ta b l e  1 .  

Parameters description Unit

-
ments to petroleum 

paving bitumen 
Parameter 

value

Needle penetration 
mm

97

Softening temperature 

Stretchability (short-
cm

Properties change after 
heating:
  residual penetration
   softening temperature 
change 

°

2

Fragility temperature ° -22

Flash temperature °

- 90

To modify bitumen binding agent, a blade mixer instal-

Fig. 2. 

1  tripod, 2 3 4
5 6 7 8
in the oil thermostat, 9
10 11 
binder.

The tests on the output bitumen as well as bitumen mod-

Fig. 3. 

upon the preparation time at various polymer amounts

Fig. 4. 

upon the preparation time at various polymer amounts

 

 
 



 

On the basis of these results the conclusion can be made 

that to establish the bituminous polymer viscosity factor it 

and after this time period it is possible to determine its grade. 

While analyzing the bituminous polymer viscosity change 
°

to 200 °

°

°

at the temperature of 200 °

that while preparing the bituminous polymer at the temper-
°

°

Fig. 5. °

upon the preparation temperature at various polymer amounts

Decrease of the penetration value of the bituminous 
° °

is virtually the same, however it can also be assumed that 

under such conditions simultaneously with the binding agent 

modifying process the intensive processes of its deteriora-

tion occurs. It is important also to note that at the prepara-

tion temperature increase and especially at polymer amount 

to a more viscose state. This feature of the produced bitu-

minous polymer should be taken into consideration during 

preparation, placement and consolidation of polymer road 

concrete mix. 

The results of determination of the bituminous polymer 

softening temperature dependence upon the preparation tem-

similar to the penetration changeability. 

-
°

remained virtually constant at its further maturing in the 

of bituminous polymer bending agent preparation and cor-
°

°

° °

the bituminous polymer bending agent was prepared at the 
°

In case of the bituminous polymer bending agent preparation 

at the temperature reduction from 200 ° °

the softening temperature value respectively increased by 
° °

Fig. 7. 

upon the preparation temperature at various polymer amounts

°

-

mogeneous mixture, and the heat resistance slow increase 

at the preparation temperature of 200 °

deterioration processes do not develop.

To examine the possible bituminous polymer bending 

agent deterioration at too high temperatures, the bituminous 

polymer bending agent elasticity change in a range of the 

temperatures and preparation time periods was measured. 

The following results were obtained: 

The elasticity occurrence even at the small amount of pol-

bending agent elastic properties considerable enhancement.

Fig. 8. 

preparation temperature at various polymer amounts

Fig. 6. 

upon the preparation time at various polymer amounts



 

Similar increase of the elasticity factor was found at modi-

high at a smaller amount of the polymer. 

It is especially important to note that the elasticity value 

at the high temperatures of the bituminous polymer bending 

compared with the preparation at low temperatures. These 

binding agent deterioration resistance. 

Fig. 9. 

preparation time at various polymer amounts

The bituminous polymer bending agent important pa-

rameters which characterize its processability, usability in 

production conditions, and also determine the produced 

agent properties changes after heating and disintegration 

during storage. Therefore, in this work, investigations were 

very slight change of such properties at given modifying 

temperatures.

It may be seen that the bituminous polymer bending 

agent heat resistance factor change after heating at various 

polymer amounts and time of its modifying is very slight. 

° °

to the output bituminous polymer bending agent, which is 

°

Fig. 10. -

pendence upon the preparation time at various polymer amounts

°

the same, and at the temperature increase up to 200 °

°

Fig. 11. -

pendence upon the preparation temperature at various polymer 

amounts

Dependence of the bituminous polymer bending agent 

disintegration factor during storage (according to penetra-

and temperature showed its slight change during modifying 

Fig. 12. -

time at various polymer amounts

after modifying. Dependence of the bituminous polymer 

bending agent disintegration factor during storage (accord-

its preparation time showed slight change of this parameter 

bending agent homogeneity as well as the ability to be pro-

amount increase, the disintegration factor value increases 

too, although remaining within the allowable limits. 

difference depending on the preparation time varied from 
°

°

Such results are observed in the entire range of the bi-

tuminous polymer bending agent preparation temperature 

change.
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CONCLUSIONS

2. The bituminous polymer bending agent physical-mechan-

depending on the polymer amount and the preparation 

process parameters shows the possibility of its properties 

active regulation under the particular operating conditions. 
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term storage under the production conditions with the 

original properties retained.
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Summary. 

granules were produced from mixtures of maize starch, glyc-

the end part of the barrel. The research focused on the effect 

of the extruder screw speed, the plasticizing system and the 

of maize starch. During the measurements, the top values   of 

apparent viscosity were reported for the maize TPS containing 

Key words: viscosity, thermoplastic starch, extrusion, biocom-

posites.

INTRODUCTION

The recent decades have seen a growing application 

of plastics in all the areas of human activity. Today, it is 

-

of different types of plastic after their life cycle has a tre-

mendous impact on the natural environment, including 

chemical compounds used in plastics processing for the 

affect the human endocrine system and are ranked among 

cancer-causing substances. The U.S. companies represent-

the process of manufacturing packaging for food storage, 

and the U.S. government declared amendments to the rel-

evant law on food safety that are expected to eliminate any 

consumers until tests prove the non-carcinogenic effect of 

similar concerns. Therefore, the general public puts more 

and more attention to the growing problem of plastics and 

their recycling. 

In order to protect the environment, and above all, pro-

tect human health, developed countries undertake research 

into the manufacture of environmentally friendly poly-

mers. The primary focus is on natural materials, includ-

are obtained after mixing starch with a plasticizer (often 

a temperature lower than the decomposition temperature 

of the starch. Such starch is referred to as thermoplastic 

-

synthetic polymers. These materials can be an option in 

The aim of the study was to determine the viscosity of 

thermoplastic maize starch water solutions with an addition 

-

duction parameters.

The basic raw material used in the study was maize 

-

producer and ground pine bark. The basic characteristics 



 

Ta b l e  1 .  

and bark.

bark

Feature Determination results

Particle size [m] . . . .
.

.

[kg/m ]

From among a considerable group of auxiliary substanc-

of obtained material, the study used technical glycerol of 

ribbon. Through repeated trials, the effective mixing time 

Immediately before extrusion, the samples were mixed again 

the mixture.

TPS biocomposite granules were made by a single-screw 

-

-

feeder, a plasticizing system made up of the screw linked 

to the drive and housing, a preheating device and a cooling 

with a back extrusion chamber. The obtained extrudate was 

ground in a laboratory mill to the grain size below 0.8 mm. 

suspensions were prepared by continuous mixing. The vis-

cosity measurement of the suspensions was carried out after 

mm and a height of 20 mm with a conical bottom surface. 

-1. During the study, the resistance 

force of the suspension was recorded during the movement 

of the plunger in one bottom-up measurement cycle, which 

The use of the back extrusion chamber allowed the ex-

are crucial in determining the processing properties of ther-

of granules is intended to stabilize the shape and improve 

the performance of rigid forms of packaging. 

Fig. 1. 

speed on the apparent viscosity of maize starch solutions (ex-

solutions of thermoplastic maize starch upon the applied 

Photo 1. -



 

that the viscosity of the solution increased along with the 

increasing extruder screw speed and a higher addition of 

The highest viscosity values   were obtained for granu-

rpm-1

biopolymer matrix. 

Fig. 2. 

speed on the apparent viscosity of maize starch solutions (ex-

The solution of the granulated material obtained using 

-

strated lower apparent viscosity values   compared with the 

observed: viscosity increased along with the increasing ex-

-

ues   were obtained for granulated maize starch produced 
-1

-

biopolymer matrix.

Fig. 3. 

on the apparent viscosity of maize starch solutions (extruder 

During the examination of the solution of extrudates 

produced on the longer version of the plasticizing system, 

Ta b l e  2 .  -

tives used.
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P value
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80 y
80
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80 y
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2 0.00002
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y 2

80 y
80

2

y 2

bark

y 2

80 y
80

2

y 2 0.0000

y 2

80 y
80

2 0.00000002
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some problems emerged with maintaining the homogeneity 

of solutions which began to delaminate. Friction rose in the 

showing the results of measurements of the viscosity of 

solutions of biopolymers obtained by using the extruder 

differences reported between the means for these granules 

Fig. 4. 

on the apparent viscosity of maize starch solutions (extruder 

subjected to analysis were maize starch granules with the 

results of the apparent viscosity depending on the version 

of the plasticizing system used. The viscosity values   of the 

thermoplastic starch solutions with the addition of ground 

bark were lower than the viscosity of TPS solutions with 

Fig. 5. 

on the apparent viscosity of maize starch solutions (extruder 

-

uted to the dispersion of the apparent viscosity values, which 

was caused by resistance occurring during the study. TPS 

granule solutions containing ground bark obtained by using 

the thermoplastic starch extruded at the screw speed of 80 

rpm-1

The lowest viscosity values were demonstrated by the 

addition of ground bark in the whole range of extruder screw 

speeds.

Fig. 6. 

on the apparent viscosity of maize starch solutions (extruder 

CONCLUSIONS

-

tions of thermoplastic maize starch was determined by 

the rotational speed of the extruder used for the produc-

tion of the granulated matter. 

solutions of maize TPS with the addition of cellulose 

apparent viscosity values.
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Summary. 

-

plastic starch granules were produced from mixtures of potato 

-

end part of the cylinder. The research focused on the effect 

of the extruder screw speed and the volume and types of 

of thermoplastic starch. During the measurements, it was 

observed that the apparent viscosity of extruded potato starch 

in the extruder used for the production of TPS granules. The 

highest viscosity was reported for the solutions of potato TPS 

Key words: -

trusion, biocomposites.

INTRODUCTION

The development of procedures for the mass produc-

tion of biodegradable materials has recently been an area 

of extensive research, both academic and commercial. This 

is attributed to the growing scarcity of crude oil resources 

and to the fact that petroleum-based materials are non-bi-

can be divided into two main groups, depending on the 

source of raw materials for their production: the polymers 

produced by the traditional chemical synthesis of natural 

monomers and the polymers produced by microorganisms 

alternative replacing the polymers based on petroleum are 

materials produced with the use of starch and belonging to 

with synthetic polymers is an option. Such mixtures are not 

biodegradable, still, they reveal a lower carbon emission 

compared with the corresponding petroleum-based plastic 

and are less expensive to make [2].

Starch is the most important polysaccharide in plants 

serving as a reserve and accumulated in the form of grains. 

Particularly starch-rich are the grains of cereals, potato and 

manioc tubers, as well as maize cobs. Starch hydrolyses only 

in fact, it consists of two fractions: unbranched amylose and 

branched amylopectin [2]. The main advantages of starch 

are: biodegradability, broad availability, relatively low cost 

Pure and dried starch differs materially from synthetic 

-

has appeared on the market. The addition of plasticizers in 

the process of extrusion results in the lowering of the glass 

transition temperature of starch below its decomposition 

temperature and transforms it into thermoplastic starch 

Plasticizers are mostly substances of low molecular weight 

which can be easily embedded into the polymer matrix in or-

der to destroy the hydrogen inter and intra molecular bonds 

that occur in starch. This, in the end, leads to the improved 

strength and heat treatment conditions of starch-based ma-

physical properties of natural polymers, various types of 

The aim of the study was to examine the apparent viscosi-

ty of water suspensions of pulverized granules of potato ther-

the plasticizing system and to determine the impact of the type 



 

The main raw material used in the research was potato 

-

erol were used to prepare TPS raw material mixtures to 

prepared raw material was mixed by means of a laboratory 

whole mass of the sample. Directly before extrusion, the 

the mass before extrusion.

Potato starch granules with the addition of natural plant 

and moulded through a die with a single hole of a diameter 

-

tion of two types of a plasticizing system with the screw/

a temperature control system and the cooling of the end 

obtained granules were ground before tests in the laboratory 

-

-

-

tom surface. During the test, the head speed was set to 
-1, the measuring gap was 2 mm, and the total 

During the test, the value of the apparent viscosity co-

force of the suspension during the movement of the plunger 

in one bottom-up measurement cycle; the force was next 

-

-

rials caused higher viscosities of potato starch solutions and 

Fig. 1. 

extruder screw speed on the apparent viscosity of potato starch 

Fig. 2 illustrates the results of measurements of apparent 

-

Photo 1. 

back extrusion component to measure viscosity



 

changes in the viscosity of thermoplastic starch solutions. 

Fig. 2. 

extruder screw speed on the apparent viscosity of potato starch 

cooling conditions and with the application of the extended 

plasticizing system, which prevented the granules with the 

and the extruder screw speed on the apparent viscosity of 

-

TPS granules obtained with the extruder plasticizing system 

-

The highest apparent viscosity values were reported for TPS 

the higher screw speed during extrusion resulted in the lower 

Fig. 3. 

on the apparent viscosity of potato starch solutions (extruder 

-

rose; yet, the measured viscosity values were slightly lower. 

Such considerable differences in viscosity measurements 

were caused by problems occurring during the measurement. 

During the measurement, the solution began to delaminate, 

demonstrates an uneven internal structure of potato starch 

Ta b l e  1 .  

the additives used.
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y 2
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80 y
80

2+0.090x+7.207

y 2



 

starch matrix in the conditions of intense cooling and with 

the application of the extended plasticizing system.

Fig. 4. 

on the apparent viscosity of potato starch solutions (extruder 

The addition of ground bark to the potato TPS potato 

solutions than in the case of granules without this added 

content. The lowest viscosity was reported in TPS solutions 

apparent viscosity was obtained while testing granules with 

apparent viscosity of TPS solutions, as shown by the nega-

Fig. 5. 

screw speed on the apparent viscosity of potato starch solutions 

No explicit effect was observed of the applied screw 

speeds during extrusion; still, the lowest screw speed re-

sulted in the lowest viscosity of granulate solutions pro-

duced in the proposed conditions with the shorter version 

of the plasticizing system. The viscosity of solutions of 

-

ing system with the addition of ground bark changed only 

speed did not have a noteworthy effect on the value of 

apparent viscosity in this case. The results indicate only 

a loose bond between bark and potato starch in the granu-

lated structure, which translates into the low viscosity of 

Fig. 6. 

screw speed on the apparent viscosity of potato starch solutions 

CONCLUSIONS

by the rotational speed of the extruder used for the pro-

duction of the TPS granulated matter. 

apparent viscosity values.
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Summary. -

granules were produced from mixtures of wheat starch, glycerol 

cylinder. The research focused on the effect of the extruder screw 

rotation speed, the volume and the type of plasticizing system 

used and on the apparent viscosity of pulverized granules of 

wheat TPS. During measurements it was observed that higher 

apparent viscosity values   were recorded in those solutions of TPS 

that were produced with the extended version of the plasticizing 

Key words: -

trusion, biocomposites.

INTRODUCTION

The production of biodegradable and environmentally 

friendly materials has recently come into focus of research-

ers worldwide. Such a material is expected to replace petro-

leum-based polymers which are very durable, yet represent 

One of the main natural compounds extensively re-

searched for the use as a biodegradable material is starch. 

-

-

In order to be further processed as a biodegradable ma-

terial, natural starch must be transformed into thermoplastic 

is completely degraded by the use of plasticizers in a high 

thermoplastic starch has several disadvantages. They include 

-

these disadvantages, TPS is mixed with other polymers, thus 

yielding, in a simple, fast and inexpensive manner, mixtures 

with such properties that are generally not achievable when 

improve the processing and mechanical properties of TPS, it 

-

in an attempt to obtain completely biodegradable materials, 

numerous TPS mixtures have been developed with various 

polymers which undergo complete degradation in the natu-

a promising material for the production of packaging ma-

terials due to its reasonable cost, availability, renewability 

and biodegradability. Recently, its use has spread to many 

-

The properties of TPS are very much dependent on the 

its main two components: linear amylose and branched amy-

lopectin. The share of amylose chains in starch is determined 

genetically and generally the same within a particular plant 

species. In standard starch, the amylose content accounts for 

on the effect of amylose and amylopectin content on the 

TPS obtained from high-amylose starch has been proven 

to have better thermal and mechanical properties, still their 

-



 

-

selecting raw materials for the production of biodegrada-

ble plastics. It also allows the optimization of properties of 

TPS-based mixtures for the industrial application of TPS 

The aim of the study was to examine the apparent viscos-

ity of suspensions of pulverized granules of thermoplastic 

used as a plasticizer. 

-

The baro-thermal treatment was carried out on a mod-

with two kinds of plasticizing systems with the screw 

-

with a material feeder, a plasticizing system made up of 

the screw linked to the drive and housing, and a preheating 

device. To measure the temperature of the thermal and 

pressure treatment, thermocouples were used installed in 

the extruder cylinder; the results were displayed on the 

machine control panel. The screw speed during extrusion 

was monitored using a wireless electronic tachometer, 

The granules were ground using a laboratory mill to 

thermoplastic starch suspensions were prepared with 

-1. During the study, the 

resistance force of the suspension was recorded during 

the movement of the plunger in one bottom-up measure-

ment cycle, which was next converted into the apparent 

viscosity coefficient. The measurements were made us-

replications, the final result being the arithmetic mean 

of the measurements.

solutions of thermoplastic wheat starch upon the applied 

along with the increasing extruder screw speed and a higher 

maize starch.

Fig. 1. 

speed on the apparent viscosity of wheat starch solutions (ex-

resulted in an increase of apparent viscosity. The highest 

apparent viscosity values were reported for solutions with 

of the solution decreased. This may be an indication that 

their bond with the biopolymer matrix, which, in turn, had 

a negative bearing on the viscosity of the solution.

Fig. 2. 

speed on the apparent viscosity of wheat starch solutions (ex-

the value of apparent viscosity of the solutions of wheat 



 

thermoplastic starch. It was observed that with increasing 

extruder screw rotation speed, the viscosity of solutions rose, 

regardless of the plasticizing system used.

Fig. 3. 

on the apparent viscosity of wheat starch solutions (extruder 

-1 of the extruder screw. 

During tests, the TPS solutions delaminated, which tes-

some cases, there was more resistance between the plunger 

and and the walls of the machine, which could have led to 

The apparent viscosity of solutions of wheat starch gran-

ules produced on the shorter version of the plasticizing sys-

tem slightly increased along with the higher bark content in 

-1.

Fig. 4. 

on the apparent viscosity of wheat starch solutions (extruder 

Fig. 5. 

screw speed on the apparent viscosity of wheat starch solutions 
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No direct effect was noted of the screw speeds during 

extrusion on the value of the apparent viscosity of TPC 

Fig. 6. 

screw speed on the apparent viscosity of wheat starch solutions 

The use of the extended version of the plasticizing sys-

tem of the extruder for the production of wheat TPS granules 

with the addition of bark had an impact on the increase in the 

value of apparent viscosity. The highest apparent viscosity 

-

the rising extruder screw speed resulted in the increased 

viscosity of tested solutions.

CONCLUSIONS

plasticizing system displayed higher apparent viscosity 

values.

of TPS. 

solutions to the greatest extent.

a higher apparent viscosity value in the majority of ex-

amined solutions of TPS granules. 
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Summary. -

also carried out a survey among drivers involved in this kind of 

transport, in order to assess the knowledge of drivers about the 

Key words: perishable foodstuff, vehicle transport, legislation.

INTRODUCTION

Nowadays the demand is rapidly growing for food with 

-

nomenon is not only the driving force for the development 

transport of refrigerated foods. This progress has resulted 

in the possibility of provision of even very distant markets 

More and more often, the transport of food products 

has been using methods of preservation of these products 

involving the application of the cooling systems. This allows 

The advantage of the method of cooling is a complete 

stop or slowing down of microbial growth in both chilled 

and frozen foods. Furthermore, foods preserved by this 

method retain vitamins and organoleptic characteristics of 

compliance with the principles of transport conditions of 

perishable foodstuffs and the selection of proper means 

of transport. Special means of transport for perishable 

food items are:

Participation in road transport of perishable goods, as 

well as dangerous goods, has been systematically increasing, 

products depends mainly on micro-climatic conditions pre-

vailing in the cargo area. The main parameter is the temper-

ature, which depends on the product being transported. the 

variations of the temperature should be kept to the minimum 

During the loading, transport and unloading, the highest 

temperature of frozen and deep-frozen foods should not 

Type of food article transport 
temperature

Frozen or deep-frozen cream and fruit juice 
concentrates

-20oC

oC
oC

Frozen butter and other fats oC

Frozen offal, egg yolks, poultry and game oC

Frozen meat oC
oC

This temperature may increase, for example in the 

evaporator during the defrosting of the means of transport 

Furthermore, the highest temperature anywhere in cargo 

during loading, transport and unloading of non-frozen foods 

should not exceed the temperatures given in Table 2.



 

Ta b l e  2 .  

Type of food article
The required 

transport 
temperature

Poultry oC1)

oC
oC

direct human consumption
oC1)

Industrial milk oC1)

oC1)

2) +2oC

Prepared meat products oC

+7oC

Poultry and rabbits oC
1) 

2) 

3)  With the exception of products in the stabilized state by 
salting, smoking, drying or sterilization.

-

Moreover, the interior of transport should be clean in 

order not to lead to the development of mi-

with the principles of good transport, refrig-

eration compartment of the vehicle should 

be cooled to a temperature appropriate for 

a given food product.

Carriers must be informed (need to 

-

zen, deep-frozen and unfrozen food must be 

included as a component of the storage time. 

Therefore, the drivers carrying food should 

note that transportation of certain articles of 

food may be close to the optimum storage 

time and therefore often vehicles should be 

Suitable conditions for the transport 

of food and sanitary safety, as in force in 

of the “International Carriage of Perishable 

-

Means of transport intended for the car-

riage of perishable food products, which 

mounted in a visible location on the wall of 

the building isothermal for the passenger 

side. The table contains the marking class 

-

On the other hand the driver should have the original 

shown in Figure 2

Fig. 2. 

Fig. 1. 



 

has information about the performing centers (Competent 

periodic checks of insulated body in order to extend the 

For example, in the context of accreditation for the Pol-

-

fer for both the new means of refrigeration transport and 

(air-conditioned semi-trailers, refrigerated trailers, re-

cooling unit,

-

-

the air temperature inside the vehicle. Waveforms obtained 

from the temperature changes registration, depending on the 

type of product being transported, must be kept for at least one 

year.Monitoring and recording of temperature also applies to 

loading of goods, which should be chilled to the optimum stor-

regulations.

-

-

cerning the carriage of perishable foods.

The main aim of the study was to examine the drivers’ 

frozen and perishable food. The study was conducted among 

drivers transporting food in the Lublin region.

information about the respondents (age, years of work in 

-

partment of Technology Fundamentals. The survey included 

Please kindly complete a survey, which will be used 

to check the drivers’ knowledge about the knowledge 

-

ditions.

Ta b l e  3 .  

2.  The experience of work in the driver’s  

regular

casual

Ta b l e  4 .  Information on the used type of isothermal transport 

vehicle

Ta b l e  5 .  Information on time, temperature and kind of per-

ishable foodstuff

No I don’tknow

temperature during transport No I don’tknow

No I don’tknow

associated with loading and un- No I don’tknow

Ta b l e  6 .  Information on vehicle designation, necessary trans-

port documents and general rules of vehicle transport

transporting of food should be No I don’tknow

2.  Do you know what document is 
No I don’tknow

-
No I don’tknow

No I don’tknow

No I don’tknow

The survey was conducted in three service companies 

operating in the transport of food.

-

fession of driver from 2 to 22 years and have experience 

-

mation concerning the type of transport used is shown 



 

-

Twenty of all the tested drivers declared that they always 

have the information as to what kind of food is transported 

-

perature for the transport of food is. Similarly, the drivers 

are aware of the time limit, depending on the types of trans-

be properly marked for the transporting of food.

CONCLUSIONS

-

sumer. On his knowledge of the procedures followed for the 

conducted surveys have shown that the examined carriers 

deep-frozen and frozen food products.

-

-

tion, registration and cyclic temperature control in vehicles 

were met. The problem to which the attention was drawn 

by the driver was associated with increases in the time of 

-

tion may be a raise of the temperature in the vehicle.This 

situation is usually caused by the lack of assistance from 

another person (assistant driver, handling assistant at the 

due to self-unloading.

 

Fig. 3. Information about the vehicle kind used:  

A 

9% 
B 

13% 

C 

74% 

D 

4% 

Fig. 4. The experience (in years) of work in 

A 

4% B 

9% 
C 

9% 

D 

78% 

Fig. 3. 

-

Fig. 4. 

Fig. 5. 

Fig. 6.  
 

A 

38% 

B 

15% 

C 

46% 

 

A 

87% 

B 

4% 

C 

9% 

-

Modelowanie ryzyka w drogowym transporcie towarów 



 

-

8. -

niczych i grzewczych do nadwozi izotermicznych. w.: 

9.  Transport drogowy osób 

-

-

-

Rydzkowski W., Wojewódzka-Król K. 2005: Trans-

port. Wydawnictwo Naukowe PWN, Warszawa.

Steindel M., Schnotale J. 2008:

-

-

chowiak A., Tyczewski P. 2008: 

-
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Summary. 

a-

tions. The mathematical model was made for determining 

the time delay in operation of the hydraulic system for dy-

 

soil cleavage period and operation time delay of  dynamic 

her, from which it is possible in theory to 

establish the ability of the hydraulic system for dynamic  

oscilla raulic 

inside the working unit to prevent the transmission of vibra-

rformed 

of the damper’s means and the method of dynamic damping 

on which the hydraulic system was developed for dynamic 

built for the determination of operation time delay  of the 

eters have allowed  to construct the 

experimental model of hydraulic system for dynamic oscilla-

 

Key words: ydraulic 

system, time lag response, soil cleavage period. 

 

 

INTRODUCTION 

 

The construction often includes works that 

cannot be performed by conventional machines. 

In this case, using a special tech

ground operations can be consider as a solution. 

One of the disadvantages of this special tech-

nology is the transmission of vibrations from the 

working body to base machine, accompanied by 

the premature wearing down of the basic machine 

parts which do not participate in the ground de-

struction. 

To solve the above-mentioned problem  amor-

can be used to isolate vibra-

tions caused by the working body movement 

from the base machine. 

–

–

the vibration transmitted to 

chines with d

result of work, the vibr

to the machine and cause destruc

transmit

body

elements 

tions transmitted to the base machine. The main 

method of vibration damping is called 

of dynamic vi

based on

devices to change the

given object. The

based on putting out the force transmitted to the 

other method of reducing vibration, characterized 

by impos

linka

m

be achieved by the redistrib

can be used to isolate vibra-

tions caused by the working body movement 

from the base machine. 

not effective enough, there is demand for the 

construction of a new hydraulic system for dy-

namic oscillations  mathe-

matical model for the determination of  the main 

characteristics of the new system, namely: deter-

mining the time delay in the operation of the 

hydraulic system for dynamic oscillations 

, its evaluation, timeliness, triggering 

of  specified dynamic fluctuations. 

 

 

 

 

 dynamic analysis 

of the method and vibration cushioning devices  

the work aimed to develop: 

m

be achieved by the redistrib

direction of the i

fluctuations

by changing the system’s settings of the object

excitation by correcting the elastic

erties of the system. In this case, 

tacha

press harmonic mono

fluctu

range the second method is preferred. It is based on 

in

attaching 

the object

called 

elastic
a-

matical model was made for determining 

the time delay in operation of the hydraulic system for dy-

age period and operation time delay of  dynamic 

er, from which it is possible in theory to 

establish the ability of the hydraulic system for dynamic  

raulic 

inside the working unit to prevent the transmission of vibra-

formed 

of the damper’s means and the method of dynamic damping 

lic system was developed for dynamic 

built for the determination of operation time delay  of the 

ters have allowed  to construct the 

amic oscilla-

draulic 

– 

time delay in the operation of the hydraulic 

system for dynamic oscillations hing; 

–  hydraulic construction developed by the 

authors for extinguishing dynamic oscillations 

that arise inside the working part in order to 

make their transmission to the base machine 

impossible. 

 

 

 

In engineering it is often necessary to damp 

the vibration transmitted to the machine from its 

, it concerns ma-

chines with dy

result of work, the vibrations can be transmitted 

to the machine and cause destruction. To prevent 



 

system are also possible. In such cases we talk 

]. 

n-

fected by 

attached 

ble effects with 

 can be 

 

appropriate form of vibrations within the 

, respec-

achieve a local effect: a reduction of the object’s 

s-

tened. Often it may be associated even with the 

tion in the other 

sion, because it allows to conduct continuous 

h-

er as a function of excitation acting, and thus to 

result can be achieved 

sometimes by means of passive devices with 

nonlinear characteristics. 

Shock absorber is the device which converts 

mechanical energy into thermal and is used for 

vibration damping and shock absorption. It 

bumps acting on the casing (f b-

sorbers are used in conjunction with elastic ele-

ments: springs (of , pillows, etc. 

have become the 

most commonly used. In a hydraulic shock ab-

sorber the resistance force depends on the speed 

of rod movement. Oil is the working medium. 

The principle of operation of the shock absorber 

system are also possible. In such cases we talk 

r of friction [7, ]. 

n-

teraction fluctuations the object is affected by 

reactions that are passed to it from the attached 

bodies. For this reason, considerable effects with 

limited amplitudes of the masses adjusted can be 

of connected bodies, typical  

reduced m  

with an appropriate form of vibrations within the 

formed, respec-

]. 

achieve a local effect: a reduction of the object’s 

vibration in the s-

tened. Often it may be associated even with the 

deterioration of the object’s vibration in the other 

sion, because 

er as a function of excitation acting, and thus 

sometimes by

nonl

mechanical energy in

vibration damping

bum

sorbers are used in conjunction with elastic el

ments: springs

most commonly used. In 

sorber the resistance force depends on the speed 

of 

The principle of operation of the shock absorber 

vibration in the s-

tened. Often it may be associated even with the 

deterioration of the object’s vibration in the other 

less appropriate places. 

m-

the active ones, which have their own power 

sources. 

In the last case we are talking about the use of 

automatic control units that use elements driven 

by an electric, hydraulic or pneumatic system. 

Their combination of passive devices is success-

ful, an example of which is the shock absorber 

shown in Fig. 2. 

The utilization of the active elements expands 

the possibilities of dynamic vibration suppres-

sorber the resistance force depends on the speed 

of 

The principle of operation of the shock absorber 

is based on the recipr

piston shock absor

hol

verting mechan

tion damping devices are those which utilize the 

pos

tude.

contains an 

crease the resistance value of the 

through the channel and 

ing,

hy

signed based on hydraulic shock absor

dampers.

blan

teristics of systems

ticular, the transfer speed s

system performance, pressure fluctu

various points of the system (including hydra

transients

 
Fig. 1. The overall look of shock absorbing pas-

sive elements:  – , b – spring 

 
Fig. 2.  

draulic 

The construction often includes works that 

achines. 

ground operations can be consider as a solution. 

of this special tech-

transmission of vibrations from the 

panied by 

the basic machine 

ground de-

problem  amor-

to isolate vibra-

movement 

ot effective enough, there is demand for the 

for dy-

 mathe-

the main 

ics of the new system, namely: deter-

mining the time delay in the operation of the 

oscillations 

ness, triggering 

analysis 

and vibration cushioning devices  

chines with dy

result of work, the vibrations can be transmitted 

to the machine and cause destruction. To prevent 

transmitting the vibrations from the working 

body to the base machine the so-called springy 

elements are used, which try to put out the vibra-

tions transmitted to the base machine. The main 

method of vibration damping is called – a method 

of dynamic vi , , , ].  

The method of dynamic vibration damping is 

based on the application of additional protective 

devices to change the vibration properties in a 

given object. The work of the dynam

based on putting out the force transmitted to the 

ing differs from an-

other method of reducing vibration, characterized 

by imposition of the additional kinematic object 

linkages, such as fixing some of its points [2, ].  

Changing the vibrating condition of the base 

machine  can 

be achieved by the redistribution of vibrational 

direction of the increasing energy dissipation 

fluctuations , 20]. The former is implemented 

by changing the system’s settings of the object-

 

excitation by correcting the elastic-inertial prop-

erties of the system. In this case, the devices at-

tachable to the object  are called inertial dynamic 

p-

press harmonic mono or narrowband random 

fluctuations.  

During a vibration’s load of the wider frequency 

range the second method is preferred. It is based on 

increasing dissipative properties of the system by 

attaching additional specific damping elements to 

the object. Dyna

called vibration absorbers ]. The combined ways 

elastic-inertial and dissipative properties of the 



 

s-

tened. Often it may be associated even with the 

tion in the other 

m-

the active ones, which have their own power 

are talking about the use of 

ments driven 

ic system. 

is success-

, an example of which is the shock absorber 

active elements expands 

suppres-

sorber the resistance force depends on the speed 

of rod movement. Oil is the working medium. 

The principle of operation of the shock absorber 

is based on the reciprocating movement of the 

piston shock absorber, which through a small 

hole puts oil from one chamber to another, con-

verting mechanical energy into the heat energy. 

Today, the generally used solutions for vibra-

tion damping devices are those which utilize the 

p-

posed to friction ones, have the longer duration of 

 a small oscillation ampli-

tude. 

hows the design of the damper, which 

contains an adjusting screw. This allows to in-

crease the resistance value of the  

through the channel and thus control the damp-

ing, , ]. 

Nowadays, the most promising system  is the 

hydraulic vibration damping one, which is de-

signed based on hydraulic shock absorbers and 

dampers. 

In the design of hydraulic systems for 

blanking the oscillations the dynamic charac-

teristics of systems must be considered, in par-

ticular, the transfer speed signals and the total 

system performance, pressure fluctuations in 

various points of the system (including hydrau-

s

transients [ , ]. 

 
 

Fig. 3. ’s adjusting screw 

Movement of actuating mechanism always 

o the input 

signal. The identification of the delay’s amount 

ic, the 

total response time and the need to introduce 

appropriate units to compensate for the delay 

 control 

corresponding 

To perform the system’s calculations it is nec-

essary to know the basic system parameters, in-

cluding the size of pipelines, hydraulic and me-

chanical resistance properties of the working 

hydraulic 

Total delay time of the system’s response 

can be defined as a first approximation by the 

,
V V

hN

V V V

2

c

D
V L ,    

 

where:  

L – total length of pipelines, m, D – internal di-

ameter hydraulic of the pipeline, m
2
, calculated 

by the formula: 

 

hD Q W ,    

 

where:  

W –  in the hydraulic system at a 

prescribed pressure, m/s. 

 

V V

b bQ K P

hN

V S L

]. 

Total delay time of the system’s response 

can be defined as a first approximation by the 

formula: 

 

,d
h b

V V
t

Q Q
     

where:  

V – 

by increasing the pressure on the value of , m , 

V  – volume of fluid re  additional 

volumes in the system, m , Qb – leak in the sys-

tem for working pressure, m /s, Qh – the nominal 

flow rate in the system, m /s  

In this case Qh and V  are determined from the 

formula: 

 

h
h

h

N
Q

P
,    

 

where:  

Nh – hydraulic drive power, kW, Ph – nominal 

pressure of hydraulic system MPa. 

additional volume in the system V  

the total volume of fluid in the hydraulic system 

V, m . The total volume of fluid in the hydraulic 

system is calculated as follows: 

 

 c eV V V
 

 

 

where:  

Ve – the amount of hydraulic fluid that is 

e , m , Vc – the 

amount of hydraulic fluid that is in the pipeline 

hydraulic system 

 

 

prescribed pressure

 

system 

 

where

P 

the coefficient of leakage of li

where

j 
measurement of l/min

in the sys

where

 

depends on the operating pre

section inner diameter h

line

 Movement of actuating mechanism always 

comes with some delay in relation to the input 

signal. The identification of the delay’s amount 

allows to determine the system’s dynamic, the 

total response time and the need to introduce 

appropriate units to compensate for the delay 

calculation, de  control 

signal and set according to the corresponding 

pulses [8, , 9]. 

To perform the system’s calculations it is nec-

essary to know the basic system parameters, in-

cluding the size of pipelines, hydraulic and me-

chanical resistance properties of the working 

fluid and hydraulic machines as well as hydraulic 

]. 

Total delay time of the system’s response 

can be defined as a first approximation by the 

hN

where:

L
ameter hy

by the formula:

where

W
prescribed pressure

 

,



 
Total delay time of the system’s response 

can be defined as a first approximation by the 

,
V V

  

by increasing the pressure on the value of , m , 

ditional 

leak in the sys-

the nominal 

etermined from the 

hN
 

 

nominal 

fluid in the hydraulic system 

. The total volume of fluid in the hydraulic 

V V V  

 

the amount of hydraulic fluid that is 

 – the 

amount of hydraulic fluid that is in the pipeline 

 

V V      

system   

2

d
bh

h

V V
t

QQ
Q

.   

 

In the view of that: 

 

 b bQ K P ,   

 

where:  

P – operating pressure in the system, MPa, Kb – 

the coefficient of leakage of li uid, received from 

 

 

2
h

b
N

K j
P

,    

 

where:  

j – coefficient of the changes in the units of 

measurement of l/min in m /s and 0.278 matter. 

In this case, reduction in 

in the system while increasing pressure by the 

p is calculated as follows: 

 

V S L ,      

 

where:  

 – coefficient of decrease of the li uid, which 

depends on the operating pressure; S  – cross-

section inner diameter hydraulic of the pipe-

line, m
2
. 

 

short and rigid as possible; 

2. Volume losses should be lowered to a mini-

mum; 

 Pump capacity should be significant. 

In general, the performance of the dynamic 

oscillations uencher is determined for each par-

ticular system, provided that the signal can be 

transmitted with a specific delay, but perfor-

mance must be such as not to violate the stability 

of the  whole circuit ]. 

To achieve the stated conditions, we need to 

find out the time of soil cleavage, i.e. the time at 

which the dynamic ripper makes one complete 

cycle of the movement Tc [ ], which is inverse 

cutting the soil, and is given by: 

 

m

T
n

 s,   (  

 

0
m

n
n  s,   

 

where:  

0
wW

n
H

 s 

H – tting 

soil,  

m - loosening depth,  

Ww – speed of the working body. 

Let us etermine the dependence of the time of  

delay of triggeri ctuations 

of hydraulic parameters [2, ]. 

Suppose that a dynamic body is working in 

rocky soil at the depth of H , m, in which 

case the rate of dynamic body is 

blan

that the system performance satisfies oscillation 

device’s  triggering delay is lower

the

tem 

the supply 

reduction of
Moreover, S  is calculated as follows: 

 

2D
S .   

 

Finally, after 

simplified the delay triggering and performance 

will look like: 

 

d
h b

S L V
t

Q K P
.     

 

From the dependence it is obvious that to re-

duce the  time delay triggering it is necessary: 

 Working channels and pipelines should be as 

short and rigid as possible; 

2. Volume losses should be lowered to a mini-

mum; 

0

wW

age

the 

blan

2D
 

 

formance 

S L V
 

is obvious that to re-

sary: 

orking channels and pipelines should be as 

0

wW

Ww= 2 m/s. 

First of all determine the time of  soil cleav-

age: 

0,09
m

T
n

 s.   

 

Determine the relationship  between 

the tting forces: 

 

0
m

n
n  s,  

0

2
n  s.   

 
The initial data of the hydraulic system for 

blanking dynamic oscillations: N  , P  



 

active work, the oscillatory body rod 3 tries to 

reproduce vibrational motion in the housing 2. 

 the direction of the vibrational 

motion is directed, for example, left by move-

ment of fluid through the holes throttled 6 plung-

er 4, 8 rods blocking valve and plunger valve 11 

are moving blocking right. Thus blocking rods 8 

press the valve rods washer 7. Meanwhile, block-

ing plunger valve 11 presses the plunger 4, block-

ing throttling holes 6
flow through passage the holes 12, which extin-

guish the movement of the rod 3 left. Once the 

plunger 4 reaches the reed switch 14, the magnet-

ic field of the magnet constant step 5 shut reed 

1 

chine, during 

2.

them in the present calculation, we obtain the 

dependence of the delay in the operation of the 

hydraulic system dy ing oscillation 

 the hydraulic fluid supply system 

(Fig.  coefficient reduction of fluid 

(Fig. . 

ations 

were developed to improve the efficiency of dy-

of oscillations, which is based 

on the use of the above-mentioned system. 

The dynamic oscillations (Fig.  

works as follows 0]. 
Vibrations that are transmitted from the work-

ing body to the base machine are blanked with 

the help of dynamic fluctua  1
active work, the oscillatory body rod 3 tries to 

reproduce vibrational motion in the housing 2. 

 the direction of the vibrational 

switch 

signal ceases to be submitted normally 

contact 

ope

allowing the hydra

additional po

cavity osci

moval of reed switch 

co

tromagnetic switch distributor 

pos

pipe 

1 

chine, during 

sary: 

orking channels and pipelines should be as 

lowered to a mini-

dynamic 

uencher is determined for each par-

nal can be 

transmitted with a specific delay, but perfor-

late the stability 

ted conditions, we need to 

the time at 

which the dynamic ripper makes one complete 

is inverse 

(  

 

0
 

wW

tting 

the time of  

tuations 

 is working in 

m, in which 

 
The initial data of the hydraulic system for 

blanking dynamic oscillations: Nh , Ph 

Pa, P MPa, L m, W  

 

Let us carry out the calculation: 

 

hQ  m /s,   

 

D  mm,   

 
2

con.V  m ,  

 

V  m ,  

 
2

S  m
2
,   

 

2bK  kW/MPa
2
,   

 

dt  s.   

 

From the resulting example we can conclude 

that the system performance satisfies oscillation 

 condition of this dynamic 

device’s  triggering delay is lower  

the soil cleavage time. 

the parameters of hydraulic sys-

tem – namely 

the supply of hydraulic fluid in the system and 

reduction of fluid volume ratio, and substituting 

2
 

hydraulic system for 

, 

  

s,   

 

 

 

m ,  

 

m ,  

 

,   

 

kW/MPa ,   

 

 s.   

 

From the resulting example we can con-

clude that the system performance satisfies 

condition of 

which is based on the use of the above-

 
 

Fig. 4.  dependence  

during the operation of hydraulic blanking dy-

namic fluctuations on  hydraulic fluid supply. 

 

 

 
 
Fig. 5.  dependence  

during the operation of hydraulic blanking dy-

namic fluctuations on the fluid amount reduc-

tion coefficient 



 

tion, we obtain the 

operation of the 

ing oscillation 

supply system 

coefficient reduction of fluid 

ations 

developed to improve the efficiency of dy-

is based 

. 

(Fig.  

switch 14 (reed switch contacts open up 14
signal ceases to be submitted normally to open 

contact 23. This, in turn, relays switching delay 

open up exclusion 24. It will work for a while, 

allowing the hydraulic pump 15 to submit several 

additional por

cavity oscil 1-for-4 plunger re-

moval of reed switch 14
contact delay 24, the 25, 21 will control the elec-

tromagnetic switch distributor 18 in the far right 

posit

ations 1 end. 

guish the movement of the rod 3 left. Once the 

plunger 4 reaches the reed switch 14, the magnet-

ic field of the magnet constant step 5 shut reed 

contacts 14 (Fig. 7, b e-

tention relay 22, which shut normally open con-

tact 23  

is turned on , delay relay exclusion  24 

shuts contact 25, which starts the electromagnetic 

21 tog-

gles the distributor 18 y-

draulic pump 15 works through the variable ori-

fice with check valve 26, which regulates the 

supply of hydraulic fluid distributor 18 and pres-

sure line 19 takes an additional portion of the 

fluctuations 1
1 through 

the drain line 20 and distributor 18 to the tank of 

hydraulic fluid 16. When plunger 3 moves to the 

right by moving the working fluid through the 

throttling holes 6, 8, rods blocking valve and 

plunger valve 11  move left. Valve blocking 

2.

 

right by moving the working fluid through the 

throttling holes 6, 8, rods blocking valve and 

plunger valve 11  move left. Valve blocking 

plunger 11 presses  washer 10 and valve blocking 

rods  8 press plunger 4 blocking throttling hole 6. 

passage 9 , putting the movement of the rod 3 

right. Once the plunger 4 moves away from the 

reed switch 14 and the magnetic field of the 

magnet constant step 5 stops to influence the reed 

 

2. 

 

  works as follows ]. 

Vibrations that are transmitted from the 

working body to the base machine are 

reed switch 14, the magnetic field of the 

magnet constant step 5 shut reed contacts 14 

(Fig. 7, b
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CONCLUSIONS 

 

 ning 

devices for vibration in the hydraulic system, 

the mathematical model of the process of de-

termining the delay time of their operation is 

worked out, which allows to design these sys-

tems. 

2.  dependency graphs 

are built of: time delay operation dependence 

of the hydraulic system dynamic oscillations 

icients of reduction of fluid 

these parameters the system was designed for 

adjusting the hydraulic damping system dy-

namic oscillations. 

 was performed of hydraulic 

blanking of dynamic fluctuations with the 

ability to change the filling parameters. 

 The design provides adjustable vibration base 

machine for vibrations attachments. 
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S u m m a r y .  f-

tening processes occurring in the powder porous body during 

deformation at high temperatures has been conducted. Consti-

parameters and struc-

ture formation parameters that are characterizing dynamic 

softening processes during deformation. The linear depend-

ence of the axial stress logarithm and accumulated defor-

mation of hard phase as a function of the reciprocal of the 

temperature. The activation energy of dynamic softening at 

uniaxial compression estimated. It has shown that at low de-

formation temperatures the softening mechanism is dynamic 

recovery and polygonization while dynamic recrystallization 

is taking place at elevated temperatures. Porosity decreases the 

activation energy of dynamic softening. The dynamic soften-

ing mechanism in powder material was confirmed by metallo-

graphic analysis. 

K e y  w o r d s :  mathematical model, recovery, polygoni-

zation, recrystallization, activation energy. 

 

 

INTRODUCTION 
 

 wide variety of working conditions of ma-

 the development of materials 

with special properties that ensure high wear re-

, 2]. This problem may be solved by im-

plementation of new materials produced by a com-

bination of heat treatment and plastic forming pro-

cesses. The power and kinematic parameters of 

plastic deformation during hot and semi-hot de-

formation take an influence on structure of powder 

materials and changing of their operational proper-

ties. , investigation of the defor-

mation of powder materials is important for solv-

ing problem of interrelation of deformation param-

eters and structure formation has 

deeply studied for deformation of compact materi-

 It has shown clearly that temperature, 

strain rate and intensity of deformation take an in-

deeply studied for deformation of compact materi-

 It has shown clearly that temperature, 

strain rate and intensity of deformation take an in-

fluence on structure formation parameters that are 

determining the mechanism of softening process 

It has established theoretically and experimen-

tally that increment of material’s plasticity at small 

degrees of deformation and low temperatures is 

stipulated by dynamic recovery and polygoniza-

tion, while it is connected with the kinetics of dy-

namic recrystallization at increasing of the temper-

s-

ing of strain rate leads to growing resistance of 

deformation, decrease in plasticity due to intensifi-

cation of hardening processes [9]. Obviously, the 

same dynamic softening processes may be ob-

served into the solid phase of powder material 

g processes 

is under the influence of pore phase presented in 

powder materials. 

This paper is aimed in theoretical analysis of 

the kinetics of softening processes taking place in 

the powder material during plastic deformation at 

elevated temperatures and determination of de-

pendences between deformation and structure for-

mation parameters. 

 

 

 

 

Plastic forming at any conditions, on a basis 

of dislocation representations, may be character-

ized by changing of dislocation structure in hard 

phase of powder material, which causes the devel-

opment of two mutually balanced processes - hard-

ening and softening. The expression of changing 

k ,

k k exp( E / kT )

0k

E
T

( t ) const

0( 0 )



 

where: – is the accumulated deformation with 

taking into account the influence of porosity. 

The accumulated deformation of hard phase 

is determined by the following expression  

 

0

Wd ,                               

 

where: W  – is the rate of changing the accumulat-

ed deformation of powder material;  – is the pe-

riod of time. 

The rate of changing the accumulated de-

formation of powder material may be written in the 

following way  

 

2 2W e ,

e

32 ( 1 ) 2(1 ) ,

2 2e d

re2

e

 

2 21
W e ,
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where: ,  – are porosity functions; e  – is the 

volume changing rate;  – is the shape changing 

rate. 

Porosity functions may be calculated by ex-

pressions  

 

32 ( 1 )

3
, 

2(1 ) ,                

 

and assuming of ( and (  

 

2 2

0

1
e d

1
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The volume changing rate for uniaxial com-

pression may be written as: 

 

rz eee 2 ,                             

 

a shape changing rate may be determined us-

ing the formula: 

 

rz ee
3

2
,                      

 

:  
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a

changing rate has transformed to the formula: 

 

ze21e .                          

 

 spherical component of the stress tensor: 

 

,
3

1
p z                                    

 

the intensity of shear stress is determined by 

the formula: 

.
3

2
z                            

 

Loading surface of powder body with taking 

,c22

, ,a,c

a2

phase of powder material, which causes the devel-

opment of two mutually balanced processes - hard-

ening and softening. The expression of changing 

the dislocations’ density during plastic deformation 

may  

 

k ,k ,k ,k ,                              

 

where:  – is the dislocation density; k  – is the 

; –  is the strain rate;  –  is 

the coefficient that characterises the ability of hard 

phase to accumulate dislocations at particular 

strain rate. 

The first term on the right side of the e a-

phase hardening and 

increment of dislocation density per unit of time 

that is growing with the strain rate . The second 

term describes decreasing of strength through dec-

rementing of dislocation density due to thermally 

activated processes express

function: 

 

0k k exp( E / kT ) ,                  

 

where: 0k  – is the e-

pendent of temperature; E – is the activation ener-

gy of softening processes; T – is the absolute tem-

perature. 

 has a solution  at the 

constant strain rate ( t ) const( t )( t )t  and bounda-

ry conditions 0( 0 ) : 

 

0 exp k
k k

,           

 



 

 

Loading surface of powder body with taking 

into account pore formation process may be im-

plemented in the form of: 

 

,cap 222
                

 

where: , ,a,c   – are coefficients that are de-

pendent on the porosity  

on that describes di-

mensional changes during uniaxial compression 

has obtained in [7] on the basis of the plasticity law 

(  ile considering ( : 

 

z

2 2

2 2

1
r 1 3
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.
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The ion of axial stress under uniaxial 

compression looks like: 

 

.
6

a66c6

6

a3 22

z    

 

Therefore, changing of porosity and accu-

mulated deformation during forming operation 

may be calculated from the expressions: 

the condition const . 

The ultimate density of dislocations under 

the given conditions of deformation goes to the 

value of k  . The 

average dislocations’ density for maximum stress 

reached for this stage of deformation defined simi-

: 

kk ,                              

 

where: - is the ratio that is within 0 . 

The dependence of the maximum flow stress 

z  for the certain deformation stage from the dis-

location density k  may be assumed in the fol-

lowing way [8]: 

n
kz A ,                     

 

where: A  and n  - are constants. 

The expression (  the substitu-

tion of ( looks like: 

 

n

z k
A .                

 

( obtained: 
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It is possible to determine the axial stress 

and accumulated deformation from  

 . The right side of ( contains non-

linear functions of porosity, 

of differential equations’ system was performed 

numerically by the Newton-Raphson method. The 

function (  describes a decrementing change 

of dislocations' density    

asymptotically goes to the limiting value k  at 

 and . The value of k  depends 

on the deformation temperature and activation en-

ergy of thermally activated softening process ac-

the condition const . 

The ultimate density of dislocations under 

k

0

z

k

n
k

A n

n

n

z
0

nE
ln ln A .

k RT
        

 

Obviously, the maximum flow stress z  for 

certain forming stage is corresponding to the ac-

cumulated deformation k . Then, substituting the 

b-

tain: 

1
0k 1

1

k
ln

k
 

 

It has assumed from (
1

0 1)1/(kln  in case of balance be-

tween hardening and softening processes tends to a 

constant value for a certain flow stress. In this 

case, the rate of changing the dislocation density 

goes to zero. rom 

(  strain rate: 

 

k

1 1
ln 1 1 ln 1 1

9,0

3,2

E

E
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.                                

Then 

 

1 10
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ê

k
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It has accepted that the dislocation density of 

the hard phase before and after deformation are 

-  and 9,08,0 , 

means that the value of ( may be approxi-

mately determined as 3,210ln . 

The e ion ( was transformed to 

the form: 

RT

E
exp

k
3,2

k
3,2

0
.         

 

than, after taking the logarithm, obtained: 

 

RT

E

k
lnln
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connecting the main parameters of the deformation 

of the porous body flow stress, accumulated de-

performed for evaluation of the activation energy 

of dynamic softening processes at uniaxial com-

pression of copper-titanium powder material. Sam-

ples were prepared from charge consists of copper 

powder  PMS–  and titanium powder  –0 with 

-  – 920 ºC during 

hours into a synthesis gas atmosphere. Samples 

were deformed on the –

temper  ºC with 
-

 while recording of the indicator 

diagram. 

The accumulated deformation values were 

calculated using ( stress values - by 

( , dependences T1ln z  and 

T1ln  (Fig  have drawn. 

The obtained dependences are straight lines, 

 °C, in which there are 

gaps of functions due to deformation aging. 

Straight lines consist of two branches - low tem-

perature branch that is characterizing deformation 

process  –  ºC and high temperature 

branch for deformation process  –  ºC. 

Slopes of these functions define the activation en-

ergy of dynamic softening passing through a par-

ticular mechanism. The degree of deformation 

characterizes by the stage N . 
 

formation of hard phase, strain rate, temperature 

and structural characteristics of the powder materi-

al ( ,E,k,  which characterizes softening 

process during deformation at the elevated temper-

atures.  linear character of dependences of the 

accumulated deformation and corresponding stress 

from the reciprocal temperature follows from these 

with a slope of the i-

vation energy of dynamic softening process flow-

ing by one or another mechanism. 

 slope of the function T1fln  is 

RTE  and corresponding to ( . Conse-

 the slope of the function T1fln z  

is RTnE  according to ( Therefore, slopes 

of these functions different by the value n  are 

characterizing a maximum possible density of dis-

locations. 

 

 

 

 

Verification of the mathematical model has 

performed for evaluation of the activation energy 

of dynamic softening processes at uniaxial com-

pression of copper-titanium powder material. Sam-

T1

T1

N

 

The low-temperature branch possess the 

lowest  with values 

within 0.20-

-0.28 eV at  porosity, which is the result 

of dynamic recovery and polygonisation [9]. 

The activation energy at high temperatures 

  that indicates 

more intensive softening. The greatest increment 

of activation energy -  has observed at 

high temperatures during the third stage. In this 

case, the activation energy of softening comparable 

with the activation energy of self-diffusion of pure 

that softening during the third step carries out by 

dynamic recrystallization. 

It should be noted that the value of activa-

tion energy of softening process depends on the 

initial porosity of samples and takes higher values 

porosity  0 0

The presence of pores decelerates the dy-

namic softening that has confirmed by experi-

E   eV at 

0  E   eV at 0   high tem-

perature deformation when softening takes place 

by dynamic recrystallization. 

The existence of low-temperature and high-

temperature branches on dependences T1 , 

:
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Fig. 1. The dependences T1 – a, T1| –  b: 

0 0 N N

N

 
a 

0 0

E

0 E 0

T1

a 

 
b 

Fig. 2. Variation of activation energy during softening pro-

cess: a – is the low-temperature branch; b – is the high-

0 0

0 0

by dynamic recrystallization. 

The existence of low-temperature and high-

temperature branches on dependences T1ln z , 

that characterize softening mechanism has been 

verified by metallographic analysis. The character 

of structure changes in the powder material with 

  and   porosity depends upon the tem-

perature of deformation and observed at magnifica-

tion 
x

 (

their boundaries characterize the processes occur-

ring in the powder material during its deformation 

 experiments allowed to explain ob-

served phenomena, establish the beginning of dy-

namic recrystallization and follow the kinetics of 

its development. 

The starting structure after sintering of the 

powder material into a synthesis gas atmosphere at 

b 

Fig. 1. The dependences T1ln z – a, T1|ln| –  b  – 0   – 0    2 – N  – N    – N   

 

The low-temperature branch possess the 

b 

Fig. 2. Variation of activation energy during softening process: a – is the low-temperature branch; b – is the high-temperature branch; 

 – 0     – 0   . 

The presence of pores decelerates the dy-

E

0 E 0

T1

has been observed. It has connected with inhomoge-

neous development of static recrystallization during 

sintering due to inhomogeneous stress state formed at 

compaction of charge from copper and titanium 

powders into a closed matrix  

Shapes of deformed copper grains observed 

on the photo of metallographic section of sample 

deformed by compression to the degree of defor-

mation 0.69 at temperature 100 °C  and strain rate 
-

 (Fig. 

The dynamic 

recovery does not lead to rebuilding of structure, 

so distorted boundaries appeared as the conse-

vere deformation of hard phase. The 

refinement of grains has observed near titanium 

particles due to a local increase of internal stresses 

around the particles of alloying addition. 

Deformation at 400 °C leads to formation of 

complex-shaped , indi-

cates processes associated with the migration of 

grain boundaries and formation of new ones. New 

interfaces presented by coherent particles of pre-

cipitates have formed at 400 °C as the result of 

900 – 920 ºC is characterized by the presence of cop-

per grains, pores and titanium particles (Fig.  a

 considerable  of microstructure 

has been observed. It has connected with inhomoge-

neous development of static recrystallization during 

sintering due to inhomogeneous stress state formed at 



 

grain boundaries and formation of new ones. New 

interfaces presented by coherent particles of pre-

cipitates have formed at 400 °C as the result of 

decomposition of a supersaturated solid solution 

during deformation of the copper-titanium materi-

that promotes the primary recrystalliza-

nt of dynamic 

recrystallization inhibited due to blocking of grain 

boundaries by particles, thus preventing of their 

migration and resulting in assuming of serpentine 

shape (Fig. ,  

The microstructure of the sample after de-

formation at 600 ºC is characterized by the pres-

 copper grains formed as the re-
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d 

Fig. 3  

porosity; a – after sintering; after deforming to degree of de-

 

The recrystallized grains have a polygonal 

shape. Intragranular twins, appeared during dy-

namic recrystallization, have formed by separation 

of growing twins from double angle boundaries 

recrystallized grain growth. It 

ial structure is formed 

by the volume of sample. It allows to suggest a 

uniform and complete flow of dynamic recrystalli-

 ºC. 
Increase of titanium content up to 2 

powder material  porosity at low tempera-
ture deformation leads to growing of the stress and 
ultimate degree of deformation that is correspond-

d 

Fig. 3  

porosity; a – after sintering; after deforming to degree of de-

 s : b – t  = 100 ºC;  

Fig. 3  

porosity; a – after sintering; after deforming to degree of de-

 s- : b – t  = 100 ºC;  

c – t = 400 ºC; d – t = 600 ºC. 

porosity; a – after sintering; after deforming to degree of de-

 s- : b – t  = 100 ºC;  

c – t = 400 ºC; d – t = 600 ºC. 

 

 s : b – t  = 100 ºC;  

c – t = 400 ºC; d – t = 600 ºC. 

 

The recrystallized grains have a polygonal 

 
b 

 

Formation of finer grain size less than 2 
has been observed near titanium particles ,  

. igh values of stresses and deformations in 
these places promotes to beginning of dynamic re-
crystallization leading to formation of new grains. 

 intermediate phases, precipitated as a result 
of  are inhibiting growth of dy-
namically recrystallized grains [22]. , 
anisomerous structure near titanium particles pre-
served up to degree of , 
Further compaction to the degree of deformation 

-grained structure 

ing to changing the activation energy and, conse-
 the deformation mechanism. These pro-

cesses provide grain refinement during compres-
sion to various degrees 
Different barriers like grain boundaries and pores, 
twin boundaries and titanium particles are places 
of defects concentration in copper-titanium powder 
materials, where the most fine- grained structure 
has been observed , 
boundaries of copper and titanium particles during 
plastic deformation is a 
in the plastic and elastic properties of copper and 
titanium. 

 



 

 

 
a 

 
b 

Fig. 4. s-
sion at 100 °C and strain rate of 0.001 s- : a - 0.079 the degree of 
deformation; b - the degree  
 

Formation of finer grain size less than 2 
with the copper grain size 7.28 m by improving of 
completeness of the dynamic recrystallization. 

Deformation at 600 ºC follows by intensive 
decrease of copper grain size while increasing degree 
of deformation, which is typical for copper-titanium 

  tanium 
(Fig. ographic studies have shown that ani-
somerous structure observed at low deformation de-
grees  –  caused by inhomogeneous 
development of dynamic recrystallization. Formation 
of a homogeneous fine-grained structure due to in-
creasing of dynamic recrystallization rate have oc-
curred, while increasing of deformation degree to 

. 
 

 

 
a 

 
b 

Fig. 5 s-
sion at 400 °C at a strain rate of 0.001 s- : a - 
deformation; b - . 

 
The microstructures of samples 

 
The microstructures of samples 

 after compression is characterized by copper 
grains with serrated boundarie

 is less stable, grain bounda-
ries are extremely tortuous and include a large num-
ber of "tips." The reason of serration is local hetero-
geneity of deformation in the border volumes and the 

to 
local volumes on both sides of the original boundary 
that is stimulating migration of small areas to the vol-
ume with higher density of defects. Toothed shape of 
boundaries indicates the dynamic recrystallization 

tion of curvature of grain boundaries in 
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Fig. 6. m-
-  at a temperature and deformation 

degree 600 ºC 0.916: and - - . 
 

Obviously, the dynamic recovery does not 
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allow to complete internal release of stresses re-
moval and titanium particles are crushed because 
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Summary. The article presents the method and results 

of experimental research of deflection of one-layer 

and two-layer slabs influenced by short-term lateral 

load. The proposed method of calculation is based on 

defle -

The comparison is carried out of experimental and 

theoretical results of slabs deflection calculation. 

Key words: slab, deflection, steel fiber concrete. 
 

 

INTRODUCTION 

 

Layered constructions have been increasingly 

applied in building recently. When appropriate 

composition of separate layers is selected, multi-

layer constructions with perfect construction 

properties may be created [9]. Layers are mostly 

composed of heavy concrete and effective steel 

fiber concrete. Such constructive decisions have 

a widespread use in road and airfield pavements, 

logistics areas, heavy-weight industrial floors, 

etc.  

trends of reasonable usage of steel fiber concrete 

is its application in composite structures, as a 

rule, in combination with concrete or ferrocon-

crete, with distinct partition of functions of eve-

ry material. In particular, the steel fiber concrete 

that is rather thriftily applied along the construc-

tion outline, in a thin layer, provides high crack 

resistance of constructions, as well as its high 

durability due to high indices of tensile strength, 

frost resistance, corrosion resistance and high 

rates of other types of resistance of the steel fi-

ber concrete   solution 

provides necessary preconditions for significant 

reduction of strength and value of the primary 

concrete and reduction of the number of rein-

forcement rod. Thus, there are preconditions for 

obtaining high indices created while their cost 

drops. 

PU WORK 

 

The main purpose of proposed work is the 

comparison of proposed method of deflection 

calculation for layered slabs under lateral load 

with the results of experimental research.  

 

 

  

 

 to the set purpose of research, 

slabs of series were produced, two slabs for 

each series. The scope and outline of experi-

mental studies is set in Table ]. 

The total size of single-layer slabs amounts to 

800×800×  mm; the thickness of each layer of 

reinforced concrete (concrete and steel fiber 

-  mm.  

Series I (

fiber concrete.  

Series II ( -layer rein-

forced concrete slab with single-layer rein-

forcement Ø4 -I laid at the bottom of the slab 

 mm thick with 

 mm pitch  

Series III ( -layer con-

crete slab, the top layer of which is made of un-

reinforced heavy concrete and the below one – 

of the steel fiber concrete. 

 Series IV ( the studied samples rep-

resents slabs consisting of an upper layer of steel 

fiber concrete and a heavy concrete layer rein-

forced with metal reinforcement mesh Ø  -I 

 mm pitch.  

Slab concreting was carried out in two stages. 

st stage. 

Siliceous sand and gia …  mm 

used as binding material; water-to-cement ratio 



 

amounted to W/C  0,

grade were reinforced with binding wire mesh of 

-   mm pitch 

in two directions. Concrete protective layer was 

 mm. The surface is bush-hammered while the 

concrete is immature. 

 

grade were concreted and steel fiber concrete 

layer slabs of  grade were additionally con-

creted.  

Steel fiber concrete contained steel fiber with 

diameter df =  mm and length lf   mm; 

volume percent of reinforcement was f = 

Fine concrete without coarse aggregate was used 

as a concrete matrix; water-to-cement ratio 

  0,  

 
Table 1. Scope of experimental studies 

 

Series 
Slab 

grade 
Section 

Composi-

tion 

I 

-

 

 

–steel fi-

ber con-

crete -

2 

II 

-  

 

–reinforced 

concrete 

-2 

III 

-  

 

–concrete; 

2–steel fi-

ber con-

crete 
-2 

IV 

-  

 

–steel fi-

ber con-

crete; 

2–reinforced 

concrete 
-2 

 

 appearance of testing bench is 

showed in Fig. . 

The same calculation model was applied for 

both the one- and two-layer slabs exposed by 

lateral load: a slab is hinge-supported on four 

sides and influenced by evenly distributed load 

(Fig.  

 

 
 
Fig. 1.  

 

 
a 
 

 
b 

Fig. 2. Distribution of load (a and support (b  upon 

slab: 1  hinged support, 2  cylinder support 

 

evenly allocated on the slabs surface show no 

significant difference during the operation, as 

compared to evenly distributed load, that is why 

in further theoretical study of strength, crack re-

sistance, and deformation of studied slabs a de-

sign model was adopted for slabs supported by 



 

hinged bearings on four sides and influenced by 

evenly distributed load. The load was applied by 

degrees Pi=2,0 -minute timing at each 

stage to take readings from devices. The value of 

load was fixed by indices of model forcemeter of 

y-

draulic system consisting of a pumping station, 

jacks, and model forcemeter was calibrated using 

model forcemeter of Tokarev system.  

During the application of load in the center of 

the slab deflections and deformations over sup-

ports were recorded using time indicators with 

 mm scale  graduation  value.  

The load was applied by two hydraulic jacks 

 kN united by common oil circuit con-

nected to a common pump station.  

e-

chanical properties of used materials were de-

termined: those of heavy concrete, steel fiber 

concrete and reinforcement . 

 
Table 2. Physical and mechanical properties of con-

cretes and reinforcement 

 

Type of 

concrete or 

fitting 

 

Strength, 

MPa Tensile 

strength, 

MPa 

Starting elas-

ticity factor, 

MPa 
cube prism 

concrete     

Steel fiber 

concrete 

 

    

Rein- 

forcement 

-  

– –   

 

 to results of experimental studies 

with regard to nature of destruction [ ], all 

slabs collapsed according to normal sections. 

 

 

CTION 

 

i-

librium method, which may be represented – 

– by the sys-

tem of disks united along the lines of fracture 

with plastic hinges.  

  ], it is pos-

on the diagram (Fig.  

 

 
 

Fig. 3. Design diagram of slab deflection:  

1  cracking, 2  appearance of the plastic hinge 

 

Deflection values in the areas between fcr and 

fu are determined by interpolation. 

The general view of the formula f of slab de-

flection of slab supported on four sides and bear-

ing a cracks, may be obtained from the follow-

ing ratio: 

cr

cru

cr

cru

ff

ff

qq

qq
,                

where:  

qu and q r – load at destruction and crack for-

mation; 

fu and fcr – slab deflection at  the moment of de-

struction and crack formation correspondingly. 

It should look as follows: 

 

( cru

cru

cr
cr ff

qq

qq
ff .       

The value fcr is determined based on elastic 

system calculation according to load qcr, which 

in turn may be obtained by bending factor, when 

first crack appeared in a slab area with the high-

est tension. 

The deflections f at the moment of formation 

of plastic hinges may be determined as follows. 

Until the conditional yield point of reinforce-

ment achieved along all the lines of fracture, 

cracks are formed and significantly increased on a 



 

especially distorted that will mostly determine the 

maximum value of slab deflection. 

If insignificant curvature of slab areas ne-

glected bearing no cracks, but rigidity is high, 

the slab calculation model may be represented as 

stiff disks connected by yielding bracing with 

width u-

lated according to V.M. Murashov theory [7], 

though the coefficient  is taken as a one, as the 

reinforcements reaches instability the influence 

of stretched concrete between cracks disappears 

or becomes insignificant. This assumption sub-

stantially simplifies the calculation. 

For further simplification the angle fracture 

 
r

 is assumed as if con-

centrated along the lines of fracture. The calcu-

lated deflection surface prior to exhaustion of 

the bearing capacity turns out to be similar to the 

surface used in calculat

method for the calculation of works on possible 

movements. Though such likening is not accu-

rate, it allows determining the maximum deflec-

tion at a rather decent level. 

There is a calculation model of  slab 

presented on Fig.  and a diagram of angle rota-

fu. 

Owing to symmetry, the fracture diagram of 

value  for all plastic hinges is the same. 

Rigid discs of the slab will turn in relation to 

supports by angle:  

l

fu2

2
.                 

 

Mutual angle adjacent discs 

 

rl

fu22
 ,            

whereof: 

(22 xdE

fl
f

s

ym
u .               

where:  

r
 – curvature-multiplication of which by  

djacent 

discs  

( xdE

f

r s

ym
,                   (  

22
 – factor derived from geometrical consid-

erations, which is transition to the angle of rota-

tion of the disk relative to the support,  

For fiber reinforced structures (such as fiber 

fy and Es at the point of criti-

cal steel stress is replaced by the value fctf and 

elastic modulus Ef suitable to the material. For 

two-layer slabs the given geometric, strength, 

deformation properties of two materials are 

used.  

 -( e-

fine a final ratio for the calculation of current de-

flection of the slab supported by four sides in-

fluenced by evenly distributed load: 

 

( cr

cru

cr
cr f

rqq

qq
ff ,       

where:   

fcr – slab deflection at the moment of of for-

mation of the first cracks in stretched area of the 

element; 

qcr – load, when first cracks were created; 

qu – load corresponding to the limit of the slab 

bearing capacity; 

Thus, the calculated width of deformed area 

 remains unknown in the  (7

is not possible to calculate the value f.  
In order to solve such problem the following 

method of finding the desired value of deflection 

f may be proposed. First of all, a boundary value 

of the slab deflection is set according to the 

standards for that class of structures fu=[ f ] ap-

ply it in the  (7 f=fu=[ f ]. The (7 t-

result is applied to the  ( n-

ing the deflection at the time of formation of 

plastic hinges with regard to real-specified pa-

rame  (7

shows the value of current deflection by intro-

ducing the calculated value of width of de-

 

 



 

 
a 

 
b 

Fig. 4. Calculation diagram of  slab influenced 

by evenly distributed load:  

a – fracture diagram; b – diagram of disc rotation an-

gle rate 

 

the combine  (7

alerkina [2] supported 

on four sides, the deflection at the center of 

slabs:  

 

,0
hE

ql
f

i

 .                  

 

To determine the width of the deformed zone 

e-

search graphs deflections. Points are usually pre-

often – is 0,7...0,8 from destructive load. To find 

c-

count the specific slabs construction. 

Results of calculation of one- and two-layer 

ium method are shown 

in Fig. 7, 8. 

Considering complexity of mathematical cal-

culations for slab deflection due to analytical 

methods [ ] and unsatisfactory precision of re-

sults, a decision was made to do calculations on 

-  

bundled software [ 8].  

- is represented by the 

calculation of components and structures by fi-

nite element method [ ].  

The calculation model of a slab (Fig. is 

built out of tridimensional finite elements (type 

- The slab is separated into finite el-

ements according to plan. The sectional area of 

the slab is composed of . 

The load is applied in the form of concentrat-

ed forces. The distribution of load and supports 

is accepted as in Fig. 2. 

 

 
a 

 

 
b 

 
Fig. 5. Calculation model - : 

 general view; b – side view 

 

The - finite element is a universal tridi-

mensional eight-node isoparametric finite ele-

ment, designed for the calculation of tridimen-

sional constructions. There is a diagram repre-

sented in Fig  of finite element nodes 

has three degrees of variance U, V, W defined 

with regard to global coordinates X, Y, Z and are 

linear displacements according to axis, whose 

positive direction coincides with the direction of 

coordinate axis.  a result of modeling, there 

are , nodes and , elements 

 



 

 
Fig. 6. Diagram of - finite element  

 

The assumed calculation model makes it pos-

sible to change the rigidity of materials for both 

one-layer and two-layer slabs. 

The slab calculation was performed in linear 

position for loads corresponding to loading pitch-

es at testing. Non-linear physical-mechanical 

properties were taken into consideration by 

means of changing the elasticity modulus. 

Initial values of elasticity modulus for con-

crete and steel fiber concrete were assumed ac-

cording to [ ], that is Ec = 22,5·10  MPa, 
Ecf = ,8·10  MPa. 

In accordance with recommendations [ ] the 

nonlinear behavior of construction is recom-

mended to consider by means of introducing de-

creasing coefficients: 0,2 – in case of any cracks, 

or 0, – in case no cracks revealed. 

That is why during the calculations the de-

creasing coefficient was 0, before appearance of 

any cracks and 0,2 – after the first cracks ap-

peared. Reduction of slab rigidity as a result of 

crack was also considered by means of introduc-

ing zero rigidity elements in the tensile area with-

in height of the crack. The rigidity of slab sup-

ports was not reduced to avoid forcing through 

the slab thickness  

 a result of calculation of one-layer slabs in 

 bundled software, diagrams of deflection 

of the slab center f of the total pressure Ptot= Pi 

were obtained, which are presented in Fig. 7. 

 

 
 

b 
 

Fig. 7. Calculation results for deflection of one-layer 

slabs of series grade and slabs of series 

grade b  1  experimental; 2 – calculation by the 

thod; 3 – 

bundled software  

 

When calculating the two-layer slabs, relevant 

elasticity modulus of material was applied for 

each slab layer. The value of decreasing coeffi-

cients and zero elasticity elements were applied 

similar to the calculation of one-layer slabs. 

 a result of calculation of two-layer slabs by 

means of  bundled software, diagrams of 

deflection of the slab center f of the total pressure 

Ptot= Pi were obtained, which are presented in 

Fig. 8.  

 



 

 
 

 

b 
 

Fig. 8. Calculation results for deflection of two-layer 

slabs of series grade and slabs of series V 

grade b 1  experimental; 2  calculation by 

 3 – 

bundled software 

 

 

CONCLUSIONS 

 

stry is 

represented by the vigorous process of increas-

ing the strength of construction materials, par-

ticularly concrete and reinforcement, due to 

achievements in chemistry, there is a strengthen-

ors of buildings and con-

structions, in particular bearing construction ar-

rangements. Thus, systems making it possible to 

work in a multi-axial load state (shell structures, 

slabs, wall- u-

lar. There is an opportunity to significantly re-

duce the cost by reduction of cross-section oper-

ational overcuts at the expense of increased 

strength of materials. The new technologies 

make it possible to perform the most complex 

design elements made of any materials. Consid-

ering the current trends, it should be noted that 

the issue of performance reliability for buildings 

e-

ments, but the rigidity of elements and buildings 

in general. Therefore, the study of rigidity (most 

commonly the deflections

seems to be a topical issue.  

n-

swer to is the feasibility of using multi-layer 

slabs. From the point of view of rigidity (bend-

-layer slabs have an ad-

ss deflections, than 

the one-layer ones. Considering the higher level 

of crack resistance of tow-layer slabs, the use of 

two-layer slabs is absolutely justified.  

 

bundled software provides wide opportunities to 

deter -

layer and multi-layer slabs owing to computing 

obtained calculation 

results indicate a deficiency in accuracy, com-

pared to the experimental data. The fact is that 

compliance with regulatory guidelines, imple-

mented to consider nonlinear structure operation 

by introduction of decreasing coefficients, some-

times does not match the actual conditions of 

slab deformation. Furthermore, there are some 

doubts as to the correctness of defining the depth 

crack distribution along the slab height, which 

determines its actual rigidity. 

. The comparative analysis of experimental 

and theoretical diagrams of slab deflection evi-

dences good matching of results. Deviations at 

maximum loads were as follows: for one-layer 

slabs of  (  – for slabs of  

(  – for two-

(  – for slabs  –  

Such deviation in calculations may be explained 

by complexity of defining the real rigidity of 

slabs, i.e. the definition of deformation modulus 

and the height of crack creation to set the zero ri-

gidity elements. 
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Summary. The article presents the problems of obtaining the 

bottom minerals from the depth of water. The sectored way of 

working mine is suggested and schemes of movement of the 

bottom mining are proposed. The calculations are done of move-

ment trajectory of the carriage and length of the hose-cable of 

the mining machine, taking into account the turn inside and 

outside the sector.

Key words: deep-water minerals, sectored way, movement tra-

jectory, hose-cable, concretions.

INTRODUCTION

The geological investigations performed in the central 

areas of oceans during the last decades, allowed to made it 

possible to investigate the promising for industrial develop-

survey the deposits with overall density of concretions oc-
2

the industrial concentration of manganese, nickel, copper 

needed for the survey and experimental testing stages of 

works were developed: collection of concretions and lift 

to watercraft, pre-processing, storage and handling of the 

The conditions of concretions occurrence are complex 

-

of the survey, pilot-testing machines and machinery at the 

mountain reconnaissance complexes, that include the eleva-

tion system that interacts with base bottom module of col-

lection aggregate and fast moving gathering working parts.

The latter are connected to base unit hose cable which 

provides transportation of the extracted rock mass and en-

ergy supply to drive the carriage of the gathering working 

The research aimed at the grounding of the possibility of 

the technological scheme of clearing excavation by sector 

ways with any predetermined or regulated angle of disclo-

The carriage can maneuver at some distance from base 

module, the maximum radius depends on the length of 

hose-cable that is reeled from the coil. To determine the 

identify the area of sector and the length of the way travelled 

During the work of carriage with turn inside the sector 

contours on each operation cycle of the part of circle with 

width B

hose-cable is reeled to the length B 

sector; B L
m

maximum radius, passed by the carriage; L
0

base module of collecting aggregate. Needed parameters: 



 

K R
0

from which the carriage maneuver is possible; S
S* E -

age of the developed area; L
D
passed by the carriage.

 

 
Fig. 1. Calculated scheme of carriage motion trajectory with turns into a sector: 
I –not processed areas; II - IV – processed zones, from them II – in the first measure, 

III – on intermediate measures, IV – on the last measure; V –carriage motion trajectory 

 
Fig. 2. Calculation scheme of carriage motion trajectory with turns out of sector: 
I – not processed space; II –carriage motion trajectory; III – superfluous areas; IV – processed 

areas 



 

Full area of sector: 
 

(
2

* 2
mLS .    

 

Number of operation cycles of carriage: 
 

BLLK m(' 0 .    

 

Minimal radius of carriage turn: 
 

KBLR m0 .    

 

For the full turn of carriage inside the 

sector the following conditions are re  
 

rr c2c ,    

 

where: 
 

(arcsin 0c BRBr ,    

2(arcsin 0c2 BERBr .    

 

 BRR /
00  is used so that to sat-

isfy the condition ,  in this case 

'KK , where  safety factor. 

Note, that with 0'K  processing is not 

possible, and with 'K  only one operation 

cycle is processed. In the latter case, K is 

 , and 00 RR . 

In the first operation cycle the carriage is 

moved from position A0 to position A ; 

-cable is turned (rotat at the angle: 

 

B)(RBin 0arcsin .    

 

Center of carriage moves the way: 

 

inin )B/(RL 20 ,     

 

: 

 

inin  RB)(RS 2
0

2
0

2
.    

 

operation cycle the carriage 

rotates 180° from point iA  to nd the 

length of hose-cable increases by width of the 

carriage ; then the carriage moves from point 

 to point iA , in the result of which the 

hose-cable rotates at the angle: 

 

RB

B

R

B
h arcsinarcsin ,   

 

where: R – distance from the carriage to the 

point of mantling of hose-cable to base module 

of collecting aggregate. 

On each operation cycle the center of car-

riage passes the way: 

 

hh BRBL  2/(2 0 .    

 

The processed area makes up: 

 

hh  RBE(RBS 222

22
.   

 

he last step of the operation cycle after 

the processing of the land, the area of which is 

determined by  (   ( the hose-cable 

rotates at the angle: 

 

m
c

L

B
arcsin .    

 

hat the carriage passes the way: 

 

cmc ) B/(LL 2 .    

 

: 

 

êmmc  B)( LLS 22

2
.   

 

The total way and area (L S one calcu-

lates as sum of corresponding sizes of areas on 

the initial, all the intermediate ones and the fi-

nal operation cycle. 

The percentage of the processed area: 

 

*S/SE ,    



 

specific area: 

 

L/SD .     

 

With work of carriage with turn outside the 

contours of sector with angle on each opera-

tion cycle the carriage processes the part of the 

circle with width  (see Fig.  

part of the hose-

the carriage operation cycle is reeled from the 

coil placed on the base module of collecting 

carriage. 

When you save the similar to the above 

considered variant output data, you need to 

add to th

following: S   area, processed by the carriage 

outside the contours of the sectors (extra area

  percentage of extra area; L   extra way 

and   percentage of extra way. 

In this case the full area of sector, the num-

ber of operation cycles and minimal radius are 

accordingly determined with   (  

Useful area, processed with aggregate, 

 

(
2

2
0

2 RLS m .    

 

 

 

2

2
( BKS .    

 

Since processing of K operation cycles one 

needs to perform (K – of turns. The percent-

age of processed area in the sector is deter-

mined with expression  

The percentage of extra areas processed by 

the carriage : 

 

SS

S
E .    

 

The way passed by the carriage consists of 

segments of way with useful processing and 

ways passed for rotation. Useful way is calcu-

lated with the formula: 

 

](2/[ ...

2/(2/(

0

00

BKBR

BBRBRL
 

2(
2

0 KBRK .     

 

turn: 

 

2
(

B
KL .    

 

, passed by carriage : 

 

LL

L
EL ,    

 

specific area: 

 

LL

S
D .     

 

Mathematical model is done for collecting Mathematical model is done for collecting aggregate that 

processes with sector scheme the ore deposits with complex 

the following values are calculated; K, R
0
, S, S*, S , E, E , L, 

L , 
L
, D 

L
m

of concretions can obtain minerals with minimal losses by 

using as part of the collection aggregate of lightweight high-

speed carriage, that has to be characterized by coordinating 

connection with the base module.

CONCLUSIONS

concretions lying on the bottom surface with increased 
2

deposits are notably hard due to prominence of land-

forms and the presence of rocky exits.

-

nology of sewage treatment works, the organization of 

excavation works with the scheme with sedentary col-

concretions per year with their minimal losses by means 

of usage of coordinating connection between the pickup 

and base module with sector scheme.

sector method of concretions pickup are calculated.

:

:
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Summary. The study shows the comparison between k-means 
and EM methods of clustering and the rough set theory as far 

as determining the rate of mass accumulation of waste in rural 

areas is concerned. Performed comparative analyses reveal that 

k-means 
and EM

Key words: cluster analysis, households, waste, rough set theory.

INTRODUCTION

-

became owners of waste and as such took control over waste 

of waste management system has to encompass also the 

criteria of social acceptability and ecological effectiveness. 

The basis of rational waste management planning is the 

rate of waste accumulation, whose proper selection is the 

social and infrastructural factors. Determining the groups of 

elements that affect the change in the amount of generated 

waste is not enough, as it is not known how strong their 

a model that predicts the amount of generated waste and is 

the basis of management planning in a given area, a munici-

pality, should take into account a number of features, which 

alternative to apply methods using cluster analysis and the 

rough set theory.

Methods of cluster analysis are often used in objects 

and features clustering. This concept was introduced by 

-

k-means and EM
cluster analysis is an exploratory analysis of data, aiming 

at extracting objects from a large set in such a way that ele-

ments belonging to one group are as homogenous as possible 

within particular groups and as different as possible from 

objects belonging to other groups. Cluster analysis methods 

allow to identify structures present in a set, but they do not 

explain the mechanism of their creation.

k-means clustering algorithm was popularised 

-

randomly allocated to an established k number of clusters. 

Next, observations are transferred between the clusters in 

number of clusters is not known, it has to be determined 

by an expert or on the basis of the developed algorithms. 

Usually the number of clusters is selected with the use of 

v-fold cross validation algorithm. The idea of this method 

is to divide the whole sample into v subsets, and then, the 

same analysis is in turn performed on the observations of 

v-1 subsets, i.e. on the so-called training sample. Next, the 

results of the analysis are applied to the data of the training 



 

sample, which had not been so far used in the analysis, and 

the measure of predictive power is determined on its basis. 

The results of v repetitions are aggregated and give one 

assessment of the model’s stability, i.e. its ability to predict 

new observations. 

EM method cluster anal-

ysis, whose detailed description was presented by Witten 

and Frank [2000]. This algorithm calculates the probabil-

ity of cluster membership, with the assumption of one or 

many probability distributions. The aim of the algorithm 

is to maximise the general probability for a given division 

into clusters. The advantage of EM algorithm over k-means 

-

It is a relatively new mathematical method of data analysis. 

It is used as a tool for the synthesis of advanced and effec-

tive analyses methods and for the reduction of data sets 

in the process of discovering knowledge in databases. This 

process is usually both iterative and interactive (a lot of 

due to the fact that it is one of the fastest developing areas 

uncertain knowledge, to model decision-making systems 

Methodology of deduction that uses rough set theory refers 

-

-

tion of valued tolerance relation proves useful [Stefanowski 

to the rough set theory when examining data and to analyse 

action is aimed at selecting the most important conditional 

attributes which are necessary to make the right decision 

in individual decision-making subgroups [Renigier 2008]. 

Standard assumption of the rough set theory is based on the 

relation, which means that the objects will be indiscernible 

-

plication of valued tolerance relation to the rough set theory 

allows determination of the upper and lower approxima-

tion of a set with different levels of indiscernibility relation 

constitutes the level of indiscernibility relation. This range is 

a membership function derived from the assumptions of the 

attribute, and the closer the result to 0, the more discernible 

The rough set theory is a certain theory of knowledge 

describing uncertain, imprecise knowledge, for modelling 

approximation reasonings and decision making systems as 

The results of theoretical study within RST involve logics, 

-

mic problems connected with information systems [Nguyen 

a short time ago, rough set theory is used in a number of new 

-

macology, economics, banking, chemistry, sociology, acous-

tics, linguistics, general engineering, neuroengineering as 

well as in the diagnostics of machines, geography, land man-

-

-

The research was limited to two commonly used meth-

ods of cluster analysis, i.e. k-means and EM methods. In 

both the methods, calculations began with dividing objects 

into the training and test set, then input variables were stand-

ardised and the number of clusters established. V-fold cross 
validation was performed in order to establish an optimal 

module available in Statistica 10.0 program was used. It 

transferred objects between these clusters in such a way as 

to minimise variability within the clusters and maximise 

variability between the clusters. The following distances 

were set while performing analyses with k-means method:

-

tidimensional space:

  = Xi-Yi

2

i=1
 

distance – sum of differences measured along dimensions: 
dimensions:

  = Xi-Yi

i=1

 

 – 
-

sion:

 

dimension:  

  Xi-Yi  

the calculations using the rough set theory, whose detailed 

methodology was presented inter alia in the following stud-

In this method, municipalities selected for analysis were 

divided in a way analogous to the analysis of clusters into 

two subsets: the training set and the test set. Objects within 

the training set were presented in the form of a decision table 

where the features characterising the municipalities were 



 

described with condition attributes. The decision attribute 

of the rate of mass accumulation of waste in households, 

kg·(person· -1 was also established. Next, the matrix 

attributes:

 
n

j
jj pxRpxR ,(max,(

where:

R
j
 

x
p -

sidered decision rule,

where

  
k
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yxR jj

j
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where: 

R
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(x,y)

c
j
(x),c

j
(y)

k
a given attribute of the analysed object.

indicators of approximations within individual decisions 

sub-clusters were calculated:

 
(

(

(

(
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X

UPOS
c

where:

O_ X -

POS
c

a decision attribute.

 

(

(
(
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X

c

where:

O X -

-

author determined the rate of mass accumulation of waste. 

For this purpose the municipalities from the test set were 

checked to which of the decision rules selected above the 

analysed municipality has the highest level of membership.

mass accumulation of waste in households and its real value 

was estimated by determining the value of error:

 
n
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p
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n
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p
ii

d

dd
APE  
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p
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where:

d
i

-
-1’

d
i
p

-1.

-

indicator expressing the amount of waste produced per one 
.(person, -1

Voyvodeship and it was only slightly lower than the national 
.(person, -1

.(person, -1, while in the 

The comparative analysis of individual methods’ effec-

tiveness while determining the rate of waste accumulation 

randomly chosen rural municipalities and rural areas of ur-

The number of objects within the set was chosen in a way 

-

nicipalities chosen for the analysis were divided into two 

set comprising 20 objects.

Objects within the training set were presented in the form 

-

ising the municipalities were marked with symbols c
7
, 

and the rate of mass accumulation of waste in households, 

which is a decision attribute was marked with d symbol.

Ta b l e  1 .  

Municipality/ 
object number

Condition attributes Decision attribute

c2 c7 d

-

For the aforementioned attributes, domains were deter-

mined according to the following assumptions:

c
1

-2],

c
2

c
3

mean of the number of buildings from different periods 

c
4  

c
5

-

c
6

-

ricultural activity,



 

c
7

in taxes comprising national budget income personal 
-1],

d
-1].

The values of particular attributes were established on 

the basis of statistical data included in the Regional Data 

-

With the use of condition attributes (c
7

set was divided by Statistica 10.0 program into an optimal 

number of clusters on the basis of v-fold cross validation. Ob-

servations from the test set were assigned to different groups. 

Then, on the basis of the training set, mean values of the 

decision attribute (d -1

V
The results of achieved analyses are presented in Table 2. 

Ta b l e  2 .  Decision attribute’s variability for determined clusters

cl
u
st

er
: Clustering algorithm:

k-means
Manhattan Chebyshev

d V d V d V d V

2

97

attributed with decision algorithm values i.e. the rate of 

mass accumulation of waste from households, determined 

on the basis of the training set. The achieved values were 

compared with real data and the error level was established. 

The performed analyses show that the mean value of the 

rest for all methods of cluster analysis determined for the 
-1]. For the training set it 

-1] for the rough set 
-1] for k-means method, for 

In case of the training set observations, k-means method of 

clustering generated underestimated prognoses independent-

ly of the type of distance calculated between objects, contrary 

to EM 
for k-means and EM

set. The rough set theory was characterised by a much better 

With the purpose of a better presentation of the changes 

in differences generated for individual methods, empirical 

Fig. 1. 

-

accumulation of waste in households for the test set. Partici-

pation of error with the lowest value was similar to k-means 
-

tions. The advantage of rough set theory for such a small 

test was very much visible for bigger errors of the prognosis. 

k-means method it was around 

percentage of low value errors was characteristic of EM 

method of clustering. Low value errors accounted for almost 

CONCLUSIONS

The performed comparative analyses show that the av-

-1]. 
-1] 

-1] for k-means 

was calculated. In case of the training set observations, 

k-means method of clustering generated underestimated 

prognoses independently of the type of distance calculated 

between objects, contrary to EM method and the rough 

set theory. 

Ta b l e  3 .  Characteristic of the estimation error of the rate of mass accumulation of waste in households

Sample:
k-means

Rough set theory
Manhattan Chebyshev

training 0 0 0 0 - -

test 22 29 20 29



 

k-means and EM 

The performed analyses have proved that rough set the-

ory should be used for estimating the rate of mass accumu-

lation of waste from rural areas especially when the number 

of objects within the cluster is low.

-
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Summary. The variability in hourly demand for natural gas in 

rural households was analyzed at various time intervals. The 

results enabled the determination of typical daily courses of 

gas consumption by this group of consumers, separately for 

workdays and weekends, divided into two periods i.e. high and 

low gas demand. For the purpose of drawing typical curves of 

the loads of rural gas networks, the courses of gas consumption 

and based on the principal indicators describing the variability 

in gas consumption.

Key words: 

INTRODUCTION

Despite great efforts being made to open up the natural 

the area of natural gas sales to retail clients were spun off to 

-

alise natural gas prices for retail consumers, but according 

to experts it will happen within the next couple of years.

For business entities involved in sales of natural gas, this 

near perspective of the liberalisation of gas market means 

the increasing importance of developed forecasts of demand 

In the energy industry, the most demanding market in 

One of the ways to predict the demand in the electricity 

industry is to determine the demand for electricity on the 

analogy, this method can also be used to forecast the demand 

The aim of the presented study was to analyse the var-

iability of demand for natural gas in rural households at 

different time intervals for the purpose of determining the 

typical daily courses of gas consumption by this group of 

consumers. This study focused on the daily and weekly 

variability in gas consumption within the periods of high 

and low demand for this fuel. 

In this study, a statistical analysis of the consumption 

customer group of natural gas distribution companies, was 

usage, the courses of gas consumption were categorised with 

the use of variance analysis, cluster analysis, particularly 

the agglomeration and k-means methods, as well as using 

principal indicators describing gas consumption. 

Calculations were made on the basis of data of a gas 

company, pertaining to gas consumption by rural customers 

supplied via a low-pressure network from a selected grade 

I gas pressure reduction station located in the province of 

Lower Silesia. 

In the study area, the density of the natural gas distribu-
2, and the consumption 

3.

Individual consumers use natural gas for heating build-

ings, providing domestic hot water and cooking meals. The 

amount of consumption depends on a number of factors 



 

the mean daily demand for gas in a given month and the 

Fig. 1. The mean daily demand for natural gas in particular 

months of the year vis-à-vis mean monthly air temperature 

The variance analysis completed in this study showed 

that the values of average daily gas consumption by rural 

households over a month-long period did not differ signif-

icantly from one another from November to March, and 

separately later in the paper and are referred to as periods 

of high and low consumption of natural gas, respectively.

When a large number of consumers are supplied at the 

same time, certain regularities can be seen in the timing 

of gas consumption. These changes are illustrated in Fig. 

2 where the courses of demand for gas are presented in 

particular hours of July and December.

Fig. 2. The courses of demand for gas in particular hours of July 

and December

performed in order to identify the regularity in the courses 

of changes. For the purposes of the similarity analysis of 

gas consumption in particular days of the week, normalized 

Cluster analysis 
module in the Statistica software package, in particular the 

agglomeration and k-means methods.

containing information on the shape of the course were de-

termined according to the following formula [9]:

 

of the course were determined according to the following formula

,
2

j
dsrj

dsri
i

GG

GG
g  i = 1, 2, …, 24 

where:  

where: 

Gi, Gj th (jth

Gdsr

of high and low consumption alike, which permitted two 

characteristic days of the week i.e.: workday and weekend 

day, with respect to the daily variability of demand for gas 

Fig. 3. 

of gas consumption on particular days of week 

Sets of various indicators characterising the variability in 

loads are often used to classify the daily courses of demand 

the variability in demand for electricity are the medium and 

gas in the following way:

 
maxG

G
m sr , 

- base level of gas load

G

 
max

min

G

G
mo

where: 

levels of gas consumption, respectively.

The values of these indicators for daily and weekly pe-

low-consumption-period are characterized by greater uneven-

ness and lesser balanced than in the high-consumption period. 

The differences are so great that there was a need to develop 

standard daily load graphs separately for each of these periods.
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for a workday and a weekend day during the low-consump-

tion-period, and for a workday and a weekend day during the 

high-consumption-period, in the form of averaged courses, 

and corrected, at the same time. The reference value was the 

respective maximum hourly demand for gas in the low- or 

Fig. 4. -

sumption period

Fig. 5. -

sumption period

The studies demonstrated that gas consumption by rural 

households on weekend days is slightly higher than on 

much more uneven, with clearly marked peaks of consump-

tion in the midday hours.

CONCLUSIONS

The demand for gas in rural households shows periodic 

Considering the shapes of gas usage curves, four stand-

-

tion, i.e. for a workday and a weekend day, respectively 

for periods of high and low demand for gas. These curves 

can be used both for the purpose of operating gas distribu-

tion networks and in short-term forecasts of gas demand by 

the simplest, naive method to predict demand. 

2. Azadeh A., Asadzadeh S.M., Ghanbari A. 2010:

adaptive network-based fuzzy inference system for short-

term natural gas demand estimation: Uncertain and com-

and future outlook of natural gas consumption in the 

-

 

natural gas consumption by individual customers. Inter-

-

dracek J. 2008: 

Combination model for 

7. Chicco G. 2012: Overview and performance assess-

ment of the clustering methods for electrical load pattern 

8. Ferreira A.M.S., Cavalcante C.A., Fontes C.H., Ma-

rambio J. 2012: 

of electric energy distribution. Internacional Industrial 

9. Dudek G. 2004: Wybrane metody analizy szeregów 

Konferencji Naukowej Prognozowanie w elektroener-
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Góra S. 1975: -
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 Forecast-

-

 Comparison of static and 

adaptive models for short-term residential natural gas 

-

-

Smith P., Husejn S. 1997: Forecasting short term re-

-

 Soldo B. 2012: Forecasting natural gas consumption. 

Forecasting 

of daily natural gas consumption on regional basis in 

20. -

el of natural gas based on optimized genetic algorithm 

Streszczenie. 

-

dzielnie dla dni roboczych i weekendowych, w rozbiciu na dwa 

-

ziemnego.
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Summary. 

dynamic viscosity at positive temperatures in principle increases 
oC, it begins to 

in practice as a pure fuel without a package of viscosity-lowering 

biofuels, in particular at positive temperatures, are close to the 

viscosity of diesel fuel. Under such conditions one can safely 

in those with a state-of-the-art injection apparatus.

Key words: diesel , dynamic 

viscosity, shearing rate.

INTRODUCTION

viscosity. No obligatory norm has been introduced so far 

for determining dynamic viscosity. Kinematic viscosity is 

gravity forces. In order to determine kinematic viscosity 

-

of gravity forces is measured, under repeatable conditions 

and at known, strictly controlled temperature. The value of 

norm allows three groups of viscosimeters, so the methods of 

measurements may differ from the described above depend-

at the temperature of e.g. 20o

not so wide but was rather due to a measurement error or 

application of little precise methods. Therefore even a small 

mistake during measurement may cause a considerable scat-

error may be multiplied at dynamic viscosity determination 

In recent years a rapid development of injection appa-

ratus based on pump-injectors or common rail has been 

observed, where very high pressure occurs. In this situation 

under dynamic, not static conditions. It is the more impor-

dynamic, not kinematic viscosity should be determined most 

precisely. So far dynamic viscosity has not been determined 

separately, only obtained from kinematic viscosity. It was 

due to a lack of proper tools which were relatively expen-

-

cent years, particularly dynamic types, allowed for a most 

precise determination of dynamic viscosity. Moreover, for a 

of many rheological parameters on the behaviour of fuels 

or biofuels may be also tested.

The advantages of using rotational rheometers for vis-

cosity determination comprise: small volume of fuel sample 

measurements, possibility of testing both viscous and elastic 

properties, possible investigation of tixotropy and antitix-

otropy phenomena.

-

es lubrication properties, which is particularly important in 

the case of rotational injection pumps because in the pumps 

of this type the pump elements are lubricated with diesel 

oil. It may be the reason why one sometimes encounters 



 

properties are more important for the engine start up than 

between viscosity, temperature and shearing rate.

There is a serious problem concerning an excessive vis-

cosity of some biofuels, which in recent years has become 

one of the key issues. It is primarily connected with the use 

of injection apparatus, which supplies fuel to the engine at 

increase in this parameter may negatively affect the work 

of injection apparatus. The fact that biofuels would enter 

should adjust the injection systems also for the fuels with a 

of incomplete conversion to esters of oil obtained through 

monoacyloglycerols -

separation of ester from glycerine phase, since even trace 

amounts of glycerine phase left over lead to a considera-

research, viscosity of properly separated glycerine phase 

obtained after rapeseed oil methanolysis at 20oC is about 

-

It results from the data given above that at 20oC oil viscosity 

Measuring set with two coaxial cylinders was applied in 

the most precise devices for measuring dynamic viscosity of 

the measuring set with marked parameters which served to 

formulate the main relationships: for tangent force, oscillat-

Fig. 1. Measuring set with coaxial cylinders

H, tan-

r from the rotation axis 

spinning element R and inner diameter of cylinder sleeve 

R
2

describing the relationship for shearing force. If oscillating 

written as M=F·r. On the other hand for the set applied in 

the rheometer, i.e. measuring set with coaxial cylinders, the 

-

M. Considering the above 

mentioned assumptions the formula for dynamic viscosity 

 2r rF rH

 

2

2

2

2

R

R
,

 

2

2

2 RR

H
M

          

 

 

 

,

 
M

RRH 2

2

2
,

where:

M
H
r
R
R

2

The research aimed at determining the effect of tempera-

These biofuels were selected because of the current at-

These biofuel types were selected because, currently 

passed act on biocomponents and biofuels allows to use up 

R

R

1

2

R  r  

R  r+dr  
H



 

the obligatory relevant information for the buyer about the 

supplement. In accordance with the National Index Target, 

of biofuels and/or bio-components in relation to the total 

fuel consumption, calculating in energy terms. 

mean biocomponent share in the total balance of fuels con-

-

of dynamic viscosity within the temperature range from -20 
oC. The range of temperatures was assumed because 

due to the applied thermostatic bath it was impossible to low-

er the sample temperature below -20oC. On the other hand 
oC was considered 

unnecessary because it does not generally affect a change of 

dynamic viscosity. In the initial part of the test shearing rate 
-1]. 

The main device used at the measuring stand was Re-

for determining mechanical and rheological parameters of 

viscosity, surface tension, shearing forces, shearing rate, 

a temperature sensor and integrated system of time meas-

urement. In order to determine the effect of temperature on 

the above mentioned parameters, the rheometer used at the 

-

research using measuring system of the viscosimeter were 

-

control. The rheometer may be externally controlled by a 

computer which allows for creating and editing measuring 

programmes, which makes possible optional and multiple 

parameter setting and saving them without the necessity 

of deleting.

-

termining the effect of temperature on dynamic viscosity.

CONCLUSIONS

-
oC assumes the values from 

oC was 9[mPas]. When the temperature was 

decreasing its value was increasing and at -20oC reached 

o

oC. Dynamic viscosity of 
oC 

is considerably affected by the temperature. Therefore, for 

biofuels on the durability and reliability of the injection 

apparatus, not kinematic but dynamic viscosity should be 

considered. It is important because the changes of dynamic 

accompanying engine feeding with biofuels and biocompo-

nents. Currently conducted research focuses on introduction 

of a proper standard for determining dynamic viscosity of fu-

els and biofuels. There are standards for rotation rheometers 

by means of which dynamic viscosity and other parameters, 

including surface tension, shearing forces, shearing rate or 

shearing tension may be highly precisely determined, which 

will make possible a better analysis of rheological properties 

of fuels and biofuels.

2006: -

2.  The properties of 

Fig. 2. The researchers post was furbished with a reometer and 

tub thermostats



 

Fig. 3. 



 

Cisek J., Mruk A. 2012: -

-

ukowe Instytutu Pojazdów Politechniki Warszawskiej 

-

-

-

szanin paliw tradycyjnych i alternatywnych do zasilania 

7. Tys J. i in. 2003: Technologiczne i ekonomiczne uwarun-

-

8. 

9.   

-

-

-

Ciecze przezroczyste i nieprzezroczyste. Oznaczanie lep-

-

 Determining Rheological Properties of 

Fig. 4. 

Fig. 5. 
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Summary. The goal of this study was to determine the heat of 

raw material for the manufacture of ethanol biofuels of second 

generation. There determined the energy potential of waste wood 

biomass, which may be obtained for energy purposes from the 

Key words: biomass, ethanol, biofuels of II generation, heat of 

INTRODUCTION

in the second half of the twentieth century, brought about 

model of global economy was shaped, which is mainly based 

on oil and earth gas, with decreasing use of black coal. The 

energy industry has the biggest share in emission of green-

house gases into the atmosphere. In Poland the manufacture 

-

based on oil and coal causes excessive emissions of the so 

called greenhouse gases, mainly CO
2

in recent year more and more emphasis is put on efforts to 

published several documents, that order a gradual replace-

In Poland since 2007 it has been legal to manufacture fuels 

and introduce them into free circulation. Manufactured are 

-

anol, and they are introduced as biofuels and fuel additives. In 

energy value in relation to Diesel fuel and petrols. Simultane-

have been started on new generation biofuels, the so called 

second generation. One of the objectives of the new biofuels 

may be manufactured of forestry and agricultural biomasses, 

idea seems to be the use of forestry wood waste. 

and lignocellulose content are forests. For that reason it is 

today important to assess the energy potential of wood waste 

biomass. This is also of local importance, because at locations 

with large resources of cellulose biomass in future will be 

constructed manufacturing facilities of second generation 

biofuels for transport. The development of the above fuels will 

cause partial independence from oil supplies and generate new 

-



 

Fig. 1. 

 

 

Wood waste biomass displays the most favourable pa-

rameters in relation to volume among the types of biomass 

used for energy purposes. The cost of energy obtained from 

wood waste biomass is decisively lower as compared with 

traditional sources. If we adopt the cost of energy obtained 

of that value respectively, and from burning of black coal 

The share of particular components with wood waste 

worth noting is the difference when comparing wood of 

the cost of transport, effectiveness of wood burning process 

as well as mineral content of ash remained after burning.

Ta b l e  1 .  Percentage share of wood, green mass and bark with 

particular wood waste biomass species [2]

Wood waste 
biomass 

Deciduous trees

Conifers 70-80

relations between obtained energy and consumed energy 

we are able to determine the economic value of a particular 

related to use, forestation, transport and processing of these 

raw materials.

Wood waste biomass features in comparison with other 

traditional fuels two undoubted advantages: 

3

-

Wood waste biomass burns easily and is a valuable fuel, 

if dried properly. Wood dried outdoors in a natural way 

excessive content of humidity problems can occur with ig-

niting, that is its ignition time will be longer and it will be 

total humidity.

Fig. 2. 

 

-

elements and oxides, like: K
2
0, Na

2
O, P

2
O , CaO, MgO. 

The content of selected microelements is presented in Ta-

biomass includes: resins, tannins, waxes, fats, alkaloids 

and mineral salts [2]. 

ignites easily. Most part of volatile components are emit-



 

The goal of this study was to determine the heat of 

of potential raw material for the manufacture of ethanol 

biofuels of second generation. There will be determined 

the energy potential of waste wood biomass, which may be 

a long term waste wood management strategy. The wood 

biomass studied in order to determine energy parameters 

The goal of the study was the determination of ener-

gy potential of waste wood biomass, which is a potential 

raw material for the manufacture of ethanol biofuels of II 

generation of cellulose biomass obtained from wood in the 

-

mination of these parameters was the determination of heat 

of combustion when burning wood samples coming from 

-

collected without bark from top part of bolt or log. Then 

 

 

The study was performed in compliance with Polish 

The determination of heat of combustion in the calorim-

of the calorimeter presented below: 

a
cQ m

pal d
m

d w
c

w
t+m

s
c

s

where: 
a

c

sample,

m
pal

d

m
d

m
w

c
w

m
s

c
s

using the following relation:

 

 

pal

a
c

m

tK
Q

-

was referred to the analytical condition and calculated using 

the formula below:

 r
m

m
QQ

pal

OHa
c

a
w

2
,

where: 

weights related to fuel humidity and weight of water from 

after condensing, that is analytical humidity expressed in 

humidity kg/ wood kg. 

where: 

 2. display of heat of combustion, 

 7. electric switch, 
 8. thermometer,
 9. signalling diodes,

.

Fig. 3. 



 

which can be presented using the formula below :

 kgpaliwa

OkgH
Wh

m

m aa

pal

OH 22 9

-

 9( aaa
c

a
w WhrQQ

From the above relations results, that in order to deter-

of hydrogen and analytical humidity in the studied fuel. 

Fig. 4. 

gives more energy than oak wood is the fact, that it contains 

more volatile oils and resins, which considerably increase 

-

midity and processing form. Despite the fact, that wood 

transactions are settled almost exclusively in volume units 

of 700 kg/m3, but in totally dry condition its density falls 
3. 

For energy purposes it is best to use dry wood, how-

ever sometimes the waste wood biomass stored for energy 

already been dried, for example in periods with heavy rains 

or in winter can become moist and will feature a lower 

-

taking into consideration the already obtained test results, 

respectively were performed. The results of calculation 

Ta b l e  2 .  

wood species.

Type
of wood

humidity humidity humidity humidity 

Pine 

Oak 

Poplar

In compliance with statistical information made avail-

the percentage share of particular wood species in the 

whole waste wood biomass obtained yearly by the above 

management area was calculated the total calorific value 

for all species that constitute the forest stand of the above 

Ta b l e  3 .  

-

years [m3]
wood [MJ] [MWh]

2007

2008

2009

In total

Average yearly result 62 944 5995989766 5995989.77 1665552.7



 

below.

MWh over a period of six years, and expressed as average 

Ta b l e  4 .  

Type of obtained assortment from 
waste wood [m3]

Dead wood from standing trees 

Dead wood from lying trees

Dead wood from twigs 

Dead wood from stumps and roots

In total 

-

CONCLUSIONS

enterprise is able to deliver wood waste biomass for 

energy purposes in the form of different assortments 

such as: small dimensioned wood, rests from clearings, 

reasons, in order to prevent their depreciation in the 

forest. 

2. Forest wood waste biomass is a perfect raw material for 

the manufacture of ethanol biofuels of II generation, be-

with cellulose and lignocellulose content. 

that pine wood has higher energy value than oak wood, 

is because pine has more volatile oils and resins which 

-

: Rozklad dreva teplom 

2. -

 Glijer L., 1999 -

we wykorzystania drewna do celów grzewczych. Post. 

: Wykorzystanie surowca drzewnego 

-

7.

8. Janowicz L., 2006

9. : Szanse dla robinii w Polsce. Trybuna 

RDLP w Katowicach

, 1999: Regiony klimatyczne Polski. PWTN, 
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Summary. The aim of the study was to determine the impact 

distillation properties. The temperatures at the start of distillation 

camelina oil was characterized by higher distillation tempera-

tures for the same volume of fuel. The largest differences were 

In such a biofuel there may be more less volatile mono- and 

diglycerides or other chemicals which e.g. remain in the oil after 

frying. It must be said, though, these are not solid particles, as 

Key words: -

position, temperature distillation.

INTRODUCTION

-

biofuels may be produced and marketed legally in Poland as 

biofuels, whose total production capacity is estimated to 

hand, the annual national demand for diesel fuel is around 

Recently, there has been a great interest among individu-

als, including farmers, as well as companies and institutions 

producing biofuels for their own purposes. Under the law 

currently applicable in Poland, one may legally produce bi-

groups are farmers, who are allowed to produce raw material 

for the production of biofuels for their purposes, which sig-

-

is carried out properly, the resulting biofuel can be used as 

an additive in the form of a diesel bio-component or used 

-

rameters compared to the diesel fuel: higher cetane number, 

better lubricating properties, higher ignition temperature and 

One of the principal parameters used for assessing the 

-

gines is the fractional composition, which is the reason why 

this very subject was chosen for investigation by the authors 

of this paper. The aim of the research presented below was 

to determine and compare the fractional compositions of 

canola oil and the other derived from the same oil but used 

in the process of frying chips in a restaurant for a period of 

one week. When used in frying, the oil was heated to the 

rape-seed oil makes producers search for new alternative 

of pleasure is undemanding, compared with oilseed rape, 
th th

700dm3



 

-

order to determine the appropriate amount of reactants need-

developed by one of the co-authors, which makes it possible 

3 of oil, 

dm3

in a single step, with the temperature of the start of the process 
o

stages and the obtained degree of oil transition into methyl 

standards of biofuel for a high pressure engine, as regards 

fuel/biofuel operating properties is their fractional composi-

tion. Said parameter is determined on the basis of the temper-

atures of distillation. The temperature of fuel ignition in an 

engine largely depends on the temperature of the start of dis-

tillation and the amount of fuel vaporised in the initial stage 

of distillation. The higher content of lightweight fractions 

is, the better self-igniting properties are, which translates 

 

 
 

and one linoleic acid  
 

We break down big triglyceride molecule into three small molecules, from which by transesterification using methanol, two molecules of 

down the 

methanol molecule create glicerol. 

 

Oleic acid 
 

Unsaturated bonds 
 

Linoleic acid Methano

Potassium methoxide 

    Oleic acid methyl esther   Linoleic acid methyl esther 

Methanol Methanol Methanol 

Linoleic acid 

molecule of glycerine are received  

R  and R2 are acid radicals of oleic acid and linoleic acid, respectively 

Fig. 1. 



 

Vegetable oils have worse distillation properties, and thus 

In order to achieve proper starting and combustion prop-

the temperature at the start of distillation, the temperature 

-

distillation process. 

The research determining the fractional compositions 

-

-

sition of the fuels and biofuels with the method of normal 

Fig. 2. 

-

For comparison purposes, the table shows the results of the 

-

Table 2 summarizes the values of the most important 

from both of the canola oils, i.e. the temperatures at the start 

Ta b l e  1 .  Comparison of distillation temperatures for two 

stations and diesel fuel

distillation from pure oil from used oil
ON

0

202

20 222

270

279

287

70

80

90

Ta b l e  2 .  Characteristic distillation curve points for diesel 

fuel
Start of 

distillation 
[oC]

distillation 
[oC]

oC
distils 

oC
distils 

from pure oil
0 29

from used oil
0 27

0

ON

CONCLUSIONS

distillation properties. The initial stages of distillation and the 



200 

o oC. 

-

lation temperatures and at the end of the distillation process. 

270oC, whearas for biufuel derived from used oil the temper-

ature was 282o

oC, while 

-
o

produced from used cooking oil. In such biofuel, there may be 

more less volatile mono- and diglycerides or other chemicals 

which result from the lower level of oil-to-biofuel conversion 

and/or are an effect of residues from the process of frying 

chips. It must be said, though, these were not solid particles, 

service stations, it turned out that biofuels from camelina 

are characterized by slightly worse distillation properties. 

distillation temperature. Under the above-mentioned stand-

amount of biofuel.

 The properties of 

2. Cisek J., Mruk A. 2012: -

-

ukowe Instytutu Pojazdów Politechniki Warszawskiej 

-

 Jakóbiec J., Ambrozik A. 2009: Procesy starzenia 

-

 2006 -

szanin paliw tradycyjnych i alternatywnych do zasilania 

Tys J. i in. 2003: Technologiczne i ekonomiczne uwa-

runkowania produkcji biopaliwa z rzepaku. Instytut 

 2011: 

composition of fatty acids. Teka Komisji Motoryzacji 

7. : Utilization of used oils and fat for 

-

8. : Przetwarzanie biomasy na cele ener-

-

9. -

Wojtkowiak R. and others. 2009: Production Costs 

-

Wojtkowiak R. and others. 2007: Olej lniankowy jako 

 Wojtkowiak R. and others. 2007: Koszt produkcji pa-

-

paliwami rzepakowymi, Wydawnictwa Komunikacji 

 Biodiesel 2006 -
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Summary. -

mination and development of plants. The laboratory experiment 

was conducted to determine the effect of pre-sowing magnetic 

changes in the physicochemical properties of sugar beet seed-

favorable induction. In the rest of the experiment the results were 

compared with a control group, taking into account changes in 

the basic physical and chemical properties of beet seedlings. 

The observations carried out during the experiment focused on 

the growth of plants and determining the basic composition of 

micro- and macronutrients in the emerging plants.

Key words: 

heavy metals; sugar beet germination. 

INTRODUCTION

-

of sucrose and, after sugarcane, it is the second most impor-

tant source of sugar produced for consumption, accounting 

belongs to the Chenopodiaceae family. It originated from 

the basic raw material used for production of sugar in the 

a valuable forage crop or raw material for various branches 

Crop cultivation is indispensable for human existence, 

for production of food of both plant and animal origin. 

People must continuously increase food production due 

to the growing population. In order to provide sustenance 

be achieved by using two groups of technologies: those 

necessary for enhancing genotypes of cultivars as well as 

more effective and environmentally friendly cultivation 

systems. Until the eighteenth century crops were increased 

by expanding area designated for cultivation. Starting from 

-

ments became more and more important; these included 

theoretical basics of soil chemistry and agronomy, initiated 

production of superphosphate and import of nitrates from 

pesticide was tobacco extract, used from the early eight-

utilizes large amounts of chemical agents which adversely 

impact the environment and the condition of soil. Therefore 

various endeavours are initiated in order to reduce applica-

tion of chemical substances and restore biodiversity [20]. 

the disturbed natural environment it is necessary to look 

have seen a notable increase in the size of farming areas 

designated for cultivation of crops by means of ecologi-

cal or integrated methods; there is alsogrowing interest in 

of seeds [20].

During the last decade more and more research has 

focused on effects of pre-sowing electromagnetic radia-

cost-effective, and does not adversely impact the plants. 

-

pacting growth and development of plants, and ultimatelythe 

material it is possible to considerably improve its germina-

laser, or microwave radiation, ultrasounds or electric, mag-



202 

used to stimulate seeds before sowing. These methods are 

considered to be safe for the environment; hence they may 

for the latter. One of the factors which may prove useful for 

stimulating seed vigour and growth of plants is magnetic 

Numerous studies allow a conclusion that stimulation 

-

er crops without the use of additional mineral fertilizers 

as yield in selected cereals, pulses, root crops, vegetables and 

Ta b l e  1 .  

Plant

Wheat

Sugar snap peas

Flowering plants 

Potato 

Maize

-

and growth of sugar beet seedlings; additionally after the 

physicochemical properties of sugar beet seedlings were 

also investigated.

-

lected for the study. Seeds of each cultivar were divided 

stimulation was conducted by means of air core inductor 

One group, i.e. control seeds, was not subjected to 

stimulation. The laboratory experiment was carried out in 

the same time the seeds were watered with distilled water, 

recorded and the lengths of seedlings were compared during 

-

periment the results were entered into a summary table and, 

based on that, graphs were complied to show the effects of 

the control sample and the sprouts from seeds stimulated 

-

mine the contents of water, ash, and volatile substances; 

-

tify the contents of basic building elements;

-

centrations of selected micro and macro elements, with 

the use of microwave mineralization.

Fig. 1a. Multilayer air core inductor.

Fig. 1b. -

tribution.



 

Findings of the experiment allow a conclusion that 

-

days. The speed of germination in the seeds stimulated with 

Fig. 2. 

the speed of germination in the seeds of sugar beets during the 

Therefore, sprouts which emerged from seeds stimulated 

tests. Presented below, the results provide comparative data 

for the contents of microelements, macroelements, heavy 

metals, water and ash in the control sample and the sample 

fourth day of the experiment, when the most pronounced 

difference was observed between the number of seedlings 

in the control sample and the sprouts emerging from mag-

The results for all the cultivars, presented in the following 

Ta b l e  2 .  Number of shoots on the fourth day of the experiment 

Number of shoots [each]

Sugar beet  
cultivar no.

40 mT  
SD

Control sample 
– 0 mT

SD

13 - Milton 0.7 9

8 - Primadonna 2.9

23 - Schubert 22 0.8

25 - Alegra

14 - Agent 0.9

2 - Janosik 28

27 2.8

4 - Agnieszka 29

26 - Silvetta 2.9

27 - Tadeusz 2.8

metals in shoots of prestimulated plants in comparison to 

seedlings which had not been exposed to magnetic stimula-

tion. The graph shows decreased tendency for accumulating 

harmful metals following magnetic prestimulation of the 

sowing material, in particular for such elements as zinc, 

nickel and lead. On average thedifference in the overall 

a cultivar and the standard deviation between results for 

Fig. 3. 

cultivars.

-

tities of macroelements. The tendency is visible for each 

element and does not depend on the cultivar, which can 

measurements for various cultivars.

Fig. 4. Concentrations of selected macroelements-mean results 

for the investigated cultivars.

The tendency for shoots of plants prestimulated with al-

-

the measurements of total ash in incinerated plant material. 

-

to stimulation before sowing tended to accumulate greater 

 

Figure 2. -sowing stimulation with magnetic field on the speed of germination in the seeds of 
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Fig. 5. Results of analyses investigatingash content in the examined beet root seedlings.
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Fig. 6. 
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Fig. 7. 
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Fig. 8. Results of analyses investigating nitrogen content in the dry mass of seedlings.

Fig. 9. Results of analyses investigating carbon content in the dry mass of seedlings.

Fig. 10. Results of analyses investigating hydrogen content in the dry mass of seedlings.



 

-

son with the sample which had not been stimulated with 

-

atiles which were determined in thermogravimetric analyzer 

-

cant decrease in this parameter for sprouts emerging from 

Finally, the investigated parameters included the basic 

building elements impacting the stability of the plants’ tis-

sues and cells, i.e. carbon, hydrogen and nitrogen, which 

were examined by means of element determinator employ-

ing near infrared band to examine dry analytical sample 

content in dried samples of beet seedlings for each culti-

var show the content of this element increases as a result 

-

Carbon content in dry mass tends to decrease in cultivars 

before sowing and those planted without stimulation (Fig-

compounds of fruit tissue, tended to increase as a result of 

the applied prestimulation procedure in half of the cultivars 

-

DISCUSSION

Many available publications describe studies investing 

the physical factor involving pre-sowing magnetic stimu-

lation of seeds impacts the parameters of seedlings in the 

investigated plants.

-

capacity for germination, sugar content and overall yield in 

a slight decrease in the content of melassigenic substances. 

vigour of these seeds, chlorophyll content during vegetation 

in the roots. 

-

visible if seeds germinate in stressful conditions, such as low 

temperature and shortage of water. Pre-sowing stimulation 

of seeds improves sprouting capacity in sugarsnap peas, 

particularly if there is shortage of moisture in the soil. Such 

treatment seems to be more effective in these conditions than 

-

agation. The obtained results provided evidence for the fact 

-

no plants. On the other hand a combined use of magnetic 

was applied. Magnetic stimulation methods ensuring better 

oregano seedlings may potentially be useful for producers 

of planting material, particularly in organic farming where 

chemical agents are not allowed. 

kation accumulation in strawberry leaves. The experiment 

was carried out in a greenhouse. The plants were exposed 

-

in comparison with the control sample. The best fruit yield 

P and Sin strawberry leaves.

Masafumi Muraji et al. [27] investigated the impact of 

roots in maize. Maize seedlings were growing in darkness, 

Root growth rate in seedlings developing in the presence of 

the control group. The highest pace of growth was observed 

-

MTW affected growth and several biochemical param-

eters of treated plants depending on the number of passes 

of water. Irrigation water MTW resulted in increasing plant 

height, the amount of leaves and branches per plant and 

chlorophyll content compared to the control not irrigated 

water MTW.

The present study explicitly demonstrated the effects of 

pre-sowing stimulation applied to the planting material of 

-

of the examined seedlings to accumulate basic macro and 

micro elements; the results were also manifested in lower 

content of total ash. Importantly, the reduced accumulation 
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particular importance in a situation when seeds are planted in 

soil contaminated by industry, fertilizers or crop protection 

agents. The previously known methods of preventing heavy 

metals accumulation, such as liming or soil ionization are 

very expensive and may lead to changes in the structure, 

interfering with the soil structure and properties, prevents 

accumulation of heavy metals which are a major hazard for 

authors, the faster pace of seed germination following mag-

netic stimulation suggests another agritechnical advantage. 

The possibility to achieve faster germination rate allows for 

higher crops from such seeds.
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Summary. The paper presents computational models for ob-

taining oil leaks intensity in a variable height gap between the 

cylinder block and the valve plate in an axial piton pump. The 

computations are based on numerical methods and commercially 

-

parameters and dimensions of the pump. 

Key words: oil leaks, gap between the cylinder block and valve 

plate, piston pump.

INTRODUCTION

Piston pumps are applied in the drives of complex 

reliability. This provides an incentive for continuous de-

velopment towards improving exploitation parameters of 

The range of applications of piston pumps is wide and still 

The most important applications of hydraulic piston 

machines include:

-

-

The biggest manufacturers include such companies as 

In piston pumps energy losses occur at the mating sur-

faces: piston-cylinder, slipper-swash plate and cylinder 

block-valve plate. The latter forms the valve system, an 

important part of every hydraulic pump, which deserves 

special attention in examining the characteristics of hy-

draulic machines. 

Fig. 1. 

In real conditions, the gap between the cylinder block 

and the valve plate is of variable height due to differences 

When a pump is operating, oil leaks to the outside and 

of the pump and its other parameters.

The paper employs numerical methods and a computa-

tional model developed within the software package CFD 

Fluent for determining oil leaks intensity in the valve system 

of an axial piston pump.



 

cylinder block and valve plate, a numerical model was de-

disregarded. 

In the model developed, the valve plate was divided 

the inlet port, the upper transition zone and the lower 

transition zone. In all the four zones oil leaks occur to 

the inside and outside of the valve plate. In the transition 

zones, there are also leaks between the discharge and inlet 

zones.

In the transition zones, the oil leak intensity was obtained 

from the elementary product of the variable-height gap and 

 
n

i
isrrn

PQ
0

 

section area of the gap, 

, , n

sin cos cos sinh r tg r tg Rtg h

where:

P
n

r sri 

 0, ,
,

2

n
n

n i
i

h r h r
P l h r

where: 

h(r, 

angle under consideration;

0

n

n -

ezoidal rule, 

l
n

The gap height in a given interval was obtained from 
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x and the smallest gap height h ,

R

The computation model of the oil leak intensity was 

implemented in the programming language C++ with 

the use of the VCL library. The software so developed 

variable-height front gap in the valve system of different 

construction variants of a piston pump. The software also 

enables the user to set the accuracy of computations by 

prescribing the number n of interpolation intervals. Thanks 

to using the VCL library, it is possible to represent the 

results visually in the form of graphs and to save them 

-

-

tensity in the gap between the cylinder block and valve 

plate was developed on the basis of commercially availa-

ble software CFD Fluent. The stages of building the model 

of the variable-height gap in the CFD Fluent package are 

presented in Fig. 2.

The geometrical model of the variable-height gap was 

-

struction types of the valve plate: with positive overlap  

dimensions of the radius were applied r r
2 

r r -

m
, 

-

model of the variable-height gap. The grid consists of vol-

The last stage of constructing the numerical model 

of the variable-height gap in the valve system is to enter 

the numerical grid with the boundary condition regions 

to the programme Fluent, in which the values of oil 

pressure in the boundary regions are determined and 

simulations of oil pressure distribution are performed. 

On the basis of the so obtained pressure area on the 

inside and outside of the valve plate, the oil leak flow 

intensity is determined. 

Fig. 2. Stages of building the model of the variable-height gap in the CFD Fluent package 



 

cylinder block inclination for two constructional variants of 

the valve plate: the positive overlap variant and the relief 

groove variant. 

The following input data were assumed in the compu-

tational model:

p
t 

p
s 

p
o 

0 MPa,

x and the smallest 

gap height h ,

h m,

are r r
2 

r r

as a function of the discharge pressure p
t
.

Fig. 5. 

a function of the discharge pressure p
t
 obtained by means of 

the programme Q
P
 developed by the authors and CFD Fluent 

Q
F

grooves 

Increase in the discharge pressure causes linear increase 

-

block.

Fig. 3. 

Fig. 4. 

Wedge type and boundary condition region 

The computational models developed and described 

-

tensity in the gap between the cylinder block and valve plate 

in a hydraulic piston pump. The analysis was performed for 

variable dimensions and exploitation parameters such as the 

discharge pressure p
t

of the 



 

Fig. 6. -

means of the programme Q
P
 developed by the authors and CFD 

Fluent Q
F

relief grooves 

Increase in the angular velocity of the cylinder block 

-

of oil. 

Increase in the dynamic viscosity of oil causes decrease 

as a function of the angle  of the cylinder block inclination 

obtained by means of the programme developed by the au-

thors and by means of CFD Fluent. 

It can be observed that increase in the inclination angle 

from the two sources, i.e. the programme developed by the 

authors and from CFD Fluent, we went on to compare them. 

The comparison was made by calculating relative differenc-

from Q
P
 and from CFD Fluent Q

F
. The relative differences 

were calculated according to:

   

sents selected relative differences between the results obtained from the 

the results obtained from the two sources, i.e. the authors’ 

cylinder block inclination.

Fig. 7. 

of the programme Q
P
 developed by the authors and CFD Fluent 

Q
F

grooves 

Fig. 8. 

function of the angle  at which the cylinder block is inclined 

obtained by means of the programme Q
P
 developed by the authors 

and CFD Fluent Q
F

with relief grooves 



 

Ta b l e  1 .  Relative differences  between the values of total 

from CFD Fluent depending on the angle  of the cylinder block 

inclination for the two variants of the valve plate

Positive overlap Relief grooves

  
0

0,0 2

between the results obtained from the authors’ programme 

and from CFD Fluent increase with the increase in the angle 

of the cylinder block inclination. In the case of a positive 

the case of a valve with relief grooves the difference groes 

CONCLUSIONS

The study can be concluded by the following observa-

tions: 

-

variable parameters and dimensions of the pump. 

2. Increase in the cylinder block inclination angle and in the 

discharge pressure cause increase in the intensity of oil 

in the angular velocity of the cylinder block does not 

relief grooves than for a positive overlap valve plate.
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