
Commission of Motorization and Energetics in Agriculture Polish Academy of Sciences Branch 
in Lublin  

National University of Life and Environmental sciences of Ukraine in Kiev National Academy of Nature 

Protection and Resort Building in Simferopol Lviv National Agrarian University in Dublany Mykolayiv 

 

  

MOTROL 
COMMISSION OF MOTORIZATION AND ENERGETICS 

IN AGRICULTURE  

AN INTERNATIONAL JOURNAL 

ON OPERATION OF FARM AND 

AGRI-FOOD INDUSTRY MACHINERY 

Vol. 14, No 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LUBLIN  KIEV  SIMFEROPOL  MYKOLAYIV  LVIV   
 

2012 



Editor-in-Chief: Eugeniusz Krasowski Assistant Editor: Wojciech Tana  

Associate Editors  
1. Agricultural machinery: Valeriy Dubrovin, Kiev, Mariusz Szymanek, Lublin 

2. Machinery of agri-food industry: , Lublin 
3. Energetics: Ilia Nikolenko, Simferopol, Janusz Wojdalski, Warszawa 
4. Land management: Karol Noga Roman Kodaj  

5. Urban planning, architecture and geodesy:  

Editorial Board Andrzej Ambrozik, Kielce, Poland 

Dariusz Andrejko, Lublin, Poland  

Andrzej Bali  

Volodymyr Bulgakow, Kiev, Ukraine  

Zbigniew Burski, Lublin, Poland  

Karol Cupia , Cz stochowa, Poland  

Aleksandr Dashchenko, Odessa, Ukraine  

Kazimierz Dreszer, Lublin, Poland  

Valeriy Dubrowin, Kiev, Ukraine  

Valeriy Dyadychev, Lugansk, Ukraine  

Dariusz Dziki, Lublin, Poland  

Sergiey Fedorkin, Simferopol, Ukraine  

Jan Gli ski, Lublin, Poland  

Jerzy Grudzi ski, Lublin, Poland  

Bohdan Hevko, Ternopil, Ukraine  

Aleksandr Ho ubenko, Lugansk, Ukraine  

Marek Idzior, Pozna , Poland  

L.P.B.M. Jonssen, Groningen, Holland  

Stepan Kovalyshyn, Lviv, Ukraine  

 

El bieta Kusi ska, Lublin, Poland  

Janusz Laskowski, Lublin, Poland  

Niko aj Lubomirski, Symferopol, Ukraine  

 

Dmytro Melnychuk, Kiev, Ukraine  

Maksym Melnychuk, Kiev, Ukraine  

Jerzy Merkisz, Pozna , Poland  

Ryszard Michalski, Olsztyn, Poland  

Aleksandr Morozov, Simferopol, Ukraine 

Leszek Mo cicki, Lublin, Poland 

Janusz Mys owski, Szczecin, Poland  

ka, Lublin, Poland  

Ilia Nikolenko, Simferopol, Ukraine  

Pawe  Nosko, Lugansk, Ukraine  

Gennadij Oborski, Odessa, Ukraine  

Yurij Osenin, Lugansk, Ukraine  

Marian Panasiewicz, Lublin, Poland  

Sergiey Pastushenko, Mykolayiv, Ukraine  

Iwan Rohowski, Kiev, Ukraine  

 

Povilas A. Sirvydas, Kaunas, Lithuania  

Wo odymyr Snitynskiy, Lviv, Ukraine  

aw 

 

Ludvikas Spokas, Kaunas, Lithuania  

Jaros aw Stryczek, Wroc aw, Poland  

Aleksandr Sydorchuk, Kiev, Poland  

Viktor Tarasenko, Simferopol, Ukraine  

Giorgiy F. Tayanowski, Minsk, Bielarus  

Henryk Tylicki, Bydgoszcz, Poland Denis 

Viesturs, Ulbrok, Latvia  

Dmytro Voytiuk, Kiev, Ukraine  

Janusz Wojdalski, Warszawa, Poland  

Anatoliy Yakovenko, Odessa, Ukraine  

Oleg Zaitsev, Symferopol, Ukraine  

Tadeusz Z oto, Cz stochowa, Poland 

 

 

All the scienti c received positive evaluations by independent reviewers  

Linguistic consultant: Valeriy Dubrovin  

Typeset: Hanna Krasowska-Ko odziej, Robert Kry ski, Ivan Rohowski  

Cover design: Hanna Krasowska-Ko odziej  

 

Commission of Motorization and Energetics in Agriculture Wielkopolska Str. 62, 20-725 Lublin, Poland 

e-mail: eugeniusz.krasowski@up.lublin.pl ISSN 1730-8658  

Agriculture 
kraine In Kiev 

 
 

 
  

 
Edition 200+16 egz. Ark. Druku 



 
 
 

 
 

 
 

 

 
 

 
 
 

 
 
 

 
 

 



MOTROL, 2012, 14 - -8 
 

4 

TECHNICAL STANDARD FOR RAPESEED OILS AS A FUEL 
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Sammury. To assess effect of production process for standardized properties the samples were 
taken-off from the six referential decentralized and one industrial production plants for rapeseed 
oils. Their properties limited by technical standard for rapeseed oils as a fuel were determined in 
laboratory. Further the long-term investigation of oxidation stability change was started in storage 
trial of rapeseed oils with additive of 200, 400 and 600 ppm of antioxidant Baynox. The results 
have shown that critical points of that process of rapeseed oils acquisition are contamination by the 
ash-producing elements, i.e. phosphorus, magnesium, calcium and total pollution. Not only in hot 
pressing but also in the double-stage cold pressing of rapeseed it is necessary reduction of the ash-
producing elements through other technological operations as degumming, neutralization, 
bleaching. It is always necessary to provide security stage of filtration before distribution for 

antioxidation additive Baynox, when 200 ppm addition caused increasing of the oxidation stability 
of rapeseed oil grown at least 6 hours immediately after pressing from 8 hours to 9.05 hours and 
after 270 days it decreased to 6 hours. The monitoring brought the necessary knowledge for the 
process of the rapeseed oils acquisition optimization and their distribution for motor application. 
The monitoring also is a basis for establishing of necessary controlling of the rapeseed oils 
production quality. 

 

Key words: technical standard,  rapeseed oil, fuel. 

 

INTRODUCTION 
 

The number of decentral oil mills is 
increasing rapidly. The rapeseed oil can be also 
utilized as a fuel for modified diesel engines. 
For a reliable operation of adapted diesel 
engines, the rapeseed oil fuel has to fulfil 
special quality requirements, which are defined 
in the technical standard [1, 2, 3, 4]. It was the 
purpose of this work to investigate influences of 
the whole production process on rapeseed oil 
fuel properties. To survey the rapeseed oil 
quality, available on the market, oil samples 

were periodically taken from several oil mills 
and analysed. 
 

OBJECTS AND METHODS 
 

In order to determine and compare the 
quality of rapeseed oils, there were taken out the 
testing batches from six decentralized 
production units and one industrial oil plant (see 
Table 1). The subsequent analyses of testing 
samples have been carried out by the method 
enabling the comparison with specification of 
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combustion engines  Fuel from rapeseed 
 [5]. 

 

 

Table 1. Characteristics of test samples collection of rapeseed oils and scope of made analyses 

Performance  
in rapeseed 

oil 

Characteristics of oil 
pressing and treatment  

Sample 
number 

Analysis  
in 

laboratory 

Analysis 
in 

accredited 
laboratory  

190 kg.h-1 one-stage cold, 
filtration with manual 
cleaning and filter 
fabric 

1 

 
density (15 
oC) 
water 
content 
acidity 
number 
total 
content of 
impurities 
phosphorus 
content 
Mg+Ca 
content 
iodine 
value 
oxidation 
stability 

all 
parameters 
pursuant to 

6516 
without 
ability of 
ignition  

340 kg.h-1 one-stage cold, sheet 
automatic filter 

2 as the 
sample 1 

310 kg.h-1 two-stage cold, sheet 
automatic filter 

3 - 

410 kg.h-1 two-stage cold, sheet 
automatic filter 

4 - 

530 kg.h-1 two-stage cold, sheet 
automatic filter 

5 - 

530 kg.h-1 two-stage cold, 
whitening  
sheet automatic filters 

6 as the 
sample 1 

930 kg.h-1 hot, removal of mucus 
and neutralization, 
sheet automatic filter 

7 - 

11700 kg.h-1 

pressing 
and 
extraction 

degumming 8 water 
content 
acidity 
number 
P-content 
oxidat. 
stability 

- 

whitening 9 - 

refinement 10 - 

 
RESULTS AND DISCUSSION 

 
The measured characteristics have shown the 

great difference in quality of testing samples 
(see Fig. 1  8). In all manufacturing plants 
there was processed rapeseed, which fulfilled 
the qualitative purchase conditions. It helped as 
well to ensure in decisive extent the meeting of 
demands for water content, acidity number and 
oxidative stability in assessed oil plants. 
However, to the critical points in the process of 
rapeseed oil obtaining, belong the 
contamination by phosphorus, metals of second 

group (magnesium and calcium) and total 
content of contamination from rapeseed solid 
residues. The consequential detailed 
investigation of reasons of this state enabled to 
determine the factors, which caused this 
contamination. Therefore, it is possible to state 
as follows: 

 Behind the one-stage cold pressing of 
rapeseed, which decreased the level of 
contamination caused by phosphorus, 
magnesium and calcium under limit values of 
technical standard 
necessary to place the second safety degree of 
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 The two-stage cold pressing and also hot 
pressing, resp. industrial processing with 
extraction, is always connected with content of 
phosphorus and very often also magnesium and 
calcium in rapeseed oil over limit values. 
Therefore, it must always follow the removal of 
mucus, eventually neutralization or other 
operations, e.g. whitening or filtration through 
hydrophobic membranes, which however lead 

select them carefully. In respect to removal of 
mucus, besides of conventional procedures, it is 
possible to recommend so-called 

d 
the acid and water and thereby comes not only 
to high grade of phospholipide separation, but 
also to considerably lesser occurrence of water. 
It can be applied Total Degumming Process, 
which can be used not only for raw oils, but also 
for oils with mucus removed by water and it is 
based, in principle, on addition of acid and lye 

with consecutive separation. During this process 
the phospholipides are almost completely taken 
away. It is also possible to use the enzymatic 

x 
 

 Oxidation stability is other important 
indicator determining suitability of rapeseed oil 
utilization as a fuel from the storage point of 
view and with it related degradation. The 
continuous of rapeseed oils storage test with 
preparation Baynox 200, 400 a 600 ppm in PVC 
vessels with access of air and stored in unheated 
room illuminated only by daily light in the 
course of 420 days is shown on fig. 9.  

 Monitoring brought the essential evidences 
and knowledge for optimalization of rapeseed 
oils obtaining and their distribution as the motor 
fuels. It forms also the starting basis for creation 
of necessary quality assessment. Its 
implementation into practice represents 
necessary condition for maintenance of stable 
and high quality of motor fuel manufactured 
from the rapeseed oil. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Density of rapeseed oils test    Fig. 2. Water content in rapeseed oils  
samples    test samples 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 3. Acidity number of rapeseed oils   Fig. 4. Total content of impurities in test  
samples   rapeseed oils test samples  
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Fig. 5. P - content in rapeseed oils test          Fig. 6. Mg+Ca metal content  
samples    (II. group) in rapeseed oils test samples 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Oxidation stability of rapeseed oils  Fig. 8. Iodine value of rapeseed oils test  
test samples   samples  
 

4

4,5

5

5,5

6

6,5

7

7,5

8

8,5

9

9,5

10

10,5

11

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450

Days

O
x
id

a
ti

o
n

 s
ta

b
il

it
y
 1

1
0

o
C

 R
a
n

c
im

a
t 

(h
)

Oxidation stability of rapeseed oil without additives

200 ppm

400 ppm

600 ppm

min. 6h

 
 
Fig. 9. Relations among oxidation stability of rapeseed oils with 200, 400 and 600 mg.kg-1 
antioxidative additive Baynox, its quality correspond to the sample No. 2 taken in conformity 
with data in tab. 1 
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CONCLUSIONS 
 
To assess effect of production process for 
standardized properties the samples were taken-
off from the six referential decentralized and 
one industrial production plants for rapeseed 
oils. Their properties limited by technical 
standard for rapeseed oils as a fuel were 
determined in laboratory. Further the long-term 
investigation of oxidation stability change was 
started in storage trial of rapeseed oils with 
additive of 200, 400 and 600 ppm of antioxidant 
Baynox. The results have shown that critical 
points of that process of rapeseed oils 
acquisition are contamination by the ash-
producing elements, i.e. phosphorus, 
magnesium, calcium and total pollution. Not 
only in hot pressing but also in the double-stage 
cold pressing of rapeseed it is necessary 
reduction of the ash-producing elements through 
other technological operations as degumming, 
neutralization, bleaching. It had been proved the 
unambiguously positive effect of the 
antioxidation additive Baynox, when 200 ppm 
addition caused increasing of the oxidation 
stability of rapeseed oil grown at least 6 hours 
immediately after pressing from 8 hours to 9.05 
hours and not until after 270 days decreased 
under limit value 6 hours. With using of 
addition 400 ppm Baynox decreased oxidation 
stability under 6 hours not until after 390 days 
of storage. With addition 600 ppm Baynox the 
oxidation stability of rapeseed oil even after 510 
days of storage makes 6.5 hours. The 
monitoring brought the necessary knowledge for 
the process of the rapeseed oils acquisition 
optimization and their distribution for motor 
application. The monitoring also is a basis for 
establishing of necessary controlling of the 
rapeseed oils production quality. 

The work comprises partial results of the 
research project of the Ministry of Agriculture 
of the Czech Republic 0002703102  Part 5: 
Technological processes of sustainable 
production and utilization of bio-raw materials 
and energy carrier of new generation with 

respect to food security and global market with 
relevant products. 
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PRODUCTION ENTOMOLOGICAL 
PREPARATION OF TRICHOGRAMMA 
 

Summary. The biotechnological process of 
production entomological preparation of 
Trichogramma consists of operations which touch 
the owner of Trichogramma: preparation and 
infection of grain; moistening of grain and 
interfusion; load it in boxing; receipt of butterflies 
and eggs of corn moth; cleaning and storage of 
eggs of corn moth; utilization of wastes of 
production and operations, which execute at 
breeding of Trichogramma: dropping of eggs of 
corn moth in the bottles; infection it by 
Trichogramma; collection and cleaning of infected 
eggs; determination of high-quality indexes of 
preparation and his storage. Using a contemporary 
methods of determination of optimum 
construction technological parameters of 
calibrator will allow to promote the high-quality 
indexes of preparation of entomologist of 
Trichogramma. 
 
Key words: biotechnological process, 
entomological preparation of Trichogramma, egg 
of corn moth, pneumatic calibrator. 
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ALTERNATIVE FUEL-OILS 

 

Summary. The necessity of search of fuels, 
able to replace oil diesel is grounded. The ana-
logues of fuel-oil, which are made from fossil 
and renewable raw material, are analyzed. Their 
advantages and failings are considered. The es-
timation of technologies of their production and 
use is conducted. 
 
Key words: methoxymethane, synthetic fuel-
oil, E-diesel, gas is a diesel engine, blenderized 
fuels, vegetable butter, biotdiesel, methyl ether, 
blenderized fuels. 
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Summary. Anaerobic digestion (AD) is a promising option for the environmentally friendly 
recycling of agricultural by-products. However, overloading of the digester with sugar, starch or 
protein might cause inhibition of the anaerobic processes. The aim of the present project was to 
investigate the influence of sugar beet by products on biogas yield from a typical mixture of energy 
crops and animal manure.  
The investigated substrates have been: cattle slurry, maize, sorghum and grass silage, sugar beet 
pulp e (SBP) and sugar beet tail silage (SBT). The difference between untreated SBT to processed 
SBP. All substrates were digested in 1 l eudiometer-batch digesters at 37.5 28 to 38 days. 
The specific methane yield of mixtures and various substrates exanimated. The experiments showed 
that edition of sugar beet by product to energy crop and slurry mixture results in high methane yield 
even the achieved methane yield of the mixture was lower the expected. 

 

Key words: Anaerobic digestion, biogas, methane yield, by-products, sugar beet pulp, sugar beet 
tail, potato peel pulp, potato fruit water. 

 

1. INTRODUCTION 

 

Except of the present project, little work on AD 
and methane yield of by-products from the 
sugar and starch industry has been done [Hassan 
2003]. The low pH value and the high protein 
and sugar contents in these substrates may cause 
an acidification of the digester and therefore an 
inhibition of the methane production [9]. To 
avoid this danger in biogas plants, these by-
products need to be investigated in laboratory 
experiments and the development of important 
process parameters has to be recorded. The most 
important parameters to indicate a possible 
inhibition of the AD process are: pH, volatile 
fatty acids and ammonia concentration. Beside 
these process parameters, it is also important to 
have knowledge about the development of the 
biogas composition (methane, hydrogen 
sulphide and carbon dioxide) during the AD. 

 The objectives of the present project was to 
determine the suitable volume and the co-
fermentation effects of sugar beet by products 
within the mixture of other agricultural 
substrates and manure for biogas production. 
 

2. MATERIAL AND METHODS 

 

2.1. Substrates 
Sugar beet pulp (SBP) and sugar beet tail (SBT) 
were collected as silages from the AGRANA 
Zucker Ges.m.b.H. in Tulln, Austria. The 
proofed mixture of agricultural substrates 
consists of cattle slurry, maize and sorghum was 
collected on the Farms in Lower Austria. 
2.1.3. Inoculum 
Active sludge from a commercial biogas plant 
in Lower Austria (Table 1) was used as 
inoculum. The substrates of the biogas plant 
were vegetables, maize silage and sunflower 
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silage. The inoculum was collected from the last 
part of the horizontal fermenter into a 50 l 
heatable container. Before sampling the 

transport container was filled with argon to 
insure anaerobic conditions inside. 

 
Table 1: Parameters of the biogas plant from which the inoculum was taken 

Parameter  

Digester type Horizontal plug flow digester 
 
Digester 
 

1 mixing tank 193 m3 
4 horizontal plug flow digesters 160 m3 each 
1 vertical second stage digester 1885 m3 
1 storage tank (uncovered) 4825m3 

Digested substrates Energy crops, vegetables  
Temperature in the digester   

 hydraulic retention time 15 days h. digester + 55 days second stage 

Electrical output 330 kW 
Energy production 2 475.000 kWh a-1 

 
Table 2 shows the nutrient content of the 
inoculum. In the course of the AD experiment in 
the laboratory, the specific methane potential of 

the inoculum was measured as well. The 
inoculum showed a low specific methane 
potential of only 15 lN (kg VS) -1. 

 
Table 2: Nutrient content of inoculum 

Substrate 

XP XL XF XA XX N C GE C/N pH DM VS 

% 
DM 

% 
DM 

% 
DM 

% 
DM 

% 
DM 

% 
DM 

% 
DM 

MJ 
kg-1 
DM 

 
 

% 
FM 

% 
DM 

Inoculum 14.5 0.8 10.0 47.2 27.5 6.3 27.7 18.0 4.4 7.4 2.4 52.8 

XP = crude protein, XL = crude lipids, XF = crude fiber, XA = crude ash, XX = N-free extracts, N 
= nitrogen, C = carbon, GE = gross energy, DM = dry matter, FM = fresh matter, VS = volatile 
solids 
 
2.1.1. Determination of methane potential 
(Experiment A) 
The present study included 14 experimental 
variants. There of six variants were explored in 
mono digestion. Sugar by-products were 
analyzed as silage an as dried material. To 
determinate the co-fermentation effects of sugar 
by-products 6 mixtures with different content 
(30, 50 and 70% DM) of SBP and SBT were 
also digested. In the course of the experiment 
the fermentation process were detailed 
monitored to recognize any inhibitions or co-
fermentation effects of different variants. 
2.2. Anaerobic digestion experiments - 
Determination of the biochemical methane 
potential 
The biochemical methane potential of the by-
products was determined in 1 l eudiometer-
batch digesters 
carried out in accordance with VDI 4630 [xx] 

and DIN 38 414-8 [xx]. Prior to AD, samples of 
all substrates were analysed for pH, DM, VS, 
crude protein, crude lipids, crude fibre, crude 
ash, N-free extracts, nitrogen and carbon using 
standard analysing procedures according to 
VDLUFA Band II.I [xx] and VDLUFA Band III 
[xx]. The gross energy content was measured 
with a calorimeter. The substrates were digested 
together with 350 g inoculum. That means on 
average the DM ratio between substrate and 
inoculum was 1:3. The DM content in the 
digesters with SBP and SBT ranged from 3.8 to 
4.0%, the DM content in the digesters with PP, 
PPP and PFW from 3.0 to 3.1%. DM. 
 Each eudiometer consists of six digesters 
connected to equilibrium vessels, with a septum 
for gas extraction (Figure 1). The digesters were 
placed on magnetic stirrers in a tempered water 
bath. Specific methane yield from each substrate 
was measured in three replicates. During AD, 
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the digester content was mixed for 10 minutes 
every 30 minutes. Biogas was collected in gas-
collection tubes connected to the digesters. The 
amount of biogas produced was monitored 
every day. Biogas quality (methane, hydrogen 
sulphide and ammonia) was analysed six times 
during the experiments. Methane (CH4) 
concentration in the biogas was measured using 
a NDIR analyser ( -

accuracy of 
-3% of the measurement reading. Before 

each measurement, the analyser was calibrated 
with CH4 calibration gas containing 60% CH4 
and 40% CO2. NDIR readings were validated at 
regular intervals with gas chromatographic 
analysis. Hydrogen sulphide (H2S) and 
ammonia (NH3) concentration in the biogas 
were analysed with the NDIR analyser in 
combination with Dr  -
10% and 10-15% of the measurement reading, 
respectively). The biogas and methane 
production from the inoculum alone was also 
measured and subtracted from the biogas and 

methane production from the digesters 
containing the substrates and inoculum. The 
specific biogas and methane yields were 
calculated on the basis of norm conditions: 273 
K and 1013 mbar and are given in norm litre per 
kg of volatile solids (lN kg VS). In addition, the 
coefficient of energy efficiency of AD 
calculated for each substrate. This coefficient 
relates the produced methane energy to the 
gross energy of the substrate. 
 To control the quality and stability of the 
fermentation process, measurements of pH were 
done every second to third day and volatile fatty 
acids were measured twice during the 
experiment, at the beginning and at the end 
using gas chromatography. The fatty acid 
spectrum examined was C1-C6: acetic acid 
(HAC), propionic acid (PRO), iso butyric acid 
(i-BUT), butyric acid (n-BUT), iso valeric acid 
(i-VAL), valeric acid (n-VAL) and caproic acid 
(CAP). Figure 1: Eudiometer-batch digester 
system 
 

 

 
 
Figure 1: Eudiometer-batch digester system 
 
 
2.3. Statistical data analysis 
Statistical data analysis was carried out using 
the software package SPSS (version 12.0, SPSS 
Inc. 2006). In a first step, the descriptive 
statistics were done, determining means, 
standard deviations and frequency distributions 
of the data. Differences in the specific biogas 
and methane yields were tested with a pair wise 

comparison of regression parameters by the 
Tukey-HSD-Test and T-Test. The level of 
significance was set to 0.05. 
 

3. RESULTS AND DISCUSSION 

 

3.1. Volatile fatty acid concentrations and pH 
during anaerobic digestion 
The AD process of all substrates was carried out 
under optimal mesophilic conditions. The 
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average temperature was the pH 
values in the experiments ranged between 7.29 
and 7.85. Average pH values and concentrations 
of volatile fatty acids at the beginning and at the 
end of the AD are shown in Table 5 and 6. 
 For SBP and SBT, at the beginning of the 
experiment the pH was 7.29 and 7.85, 
respectively (Table 5). At the end of the 
experiment the pH for SBP and SBT was 7.34 
and 7.79, respectively. That means during the 
whole experiment, the pH was lower in the 
digesters with SBP compared to digesters with 
SBT. From the beginning to the end of the 
experiment, the concentrations of acetic, 
propionic and butyric acid decreased in the 
digesters with SBP from 969 to 96.7, 113 to 4.2 
and 8.8 to 0 mg l-1, respectively. For SBT the 
values decreased from 791 to 58.0, 114 to 4.7 
and 11.0 to 0 mg l-1, respectively. The high 
concentrations of acetic and propionic acid at 
the beginning of AD are typical for the batch 
digester experiments. The low concentrations of 
acetic and propionic acid at the end of AD is a 
sign that the AD was not inhibited and the 
substrates were almost completely digested. 
The pH was in all experimental variants in the 
range of 7.1 at the beginning of fermentation to 

7.7 to 8.2 at the end of fermentation. Thus, there 
was optimum pH environment for the bacteria 
in the fermenters in experiment from the 
perspective of the. The optimal environment for 
the bacteria to a pH is between 6.4 and 8.0 (VDI 
4630). If the pH is outside this range, there may 
be a worse gas yield and gas composition with a 
higher CO2 content (Koster 1989, Weiland 
2004). 
 According to Wellinger [1997], the AD runs 
optimal if the concentration of acetic, propionic 
and butyric acid is less than 1000, 200 and 50 
mg l-1, respectively and the value for HAC/PRO 
lies between 5 and 10. When the total 
concentration of volatile fatty acids exceeds 
3000 mg l-1 or the propionic acid concentration 
becomes higher than 300 mg l-1, an inhibition of 
the AD can take place. In the present 
experiments, except for PFW, the measured 
acetic acid concentrations were less than 1000 
mg l-1 (Fig 1.). 
 However, with SBT the total concentration of 
volatile fatty acids did not exceed 3000 mg l-1 
and with none of the substrates a propionic acid 
concentration higher than 300 mg l-1 was 
measured. This demonstrates that in the present 
experiments the AD should not be inhibited. 

 

 

 
Fig. 1.  Concentration of fatty acids in the fomenters to begin and to the end of digestion 

 
3.2. Composition of the produced biogas 
Table 3 displays the average composition 

of the biogas produced. 
Six times during the experiment the 

concentration of methane, hydrogen sulphide 
and ammonia were measured. 

The differences between the variants were 
not significant because the composition of the 
produced biogas varied during the experiments. 

In both experiments the concentrations of 
methane, hydrogen sulphide and ammonia 

increased during the first five days, then were 
more or less stable for the following 20 days 
and slightly decreased towards the end of the 
experiments. 

The present data are comparable with 
literature data [Hassan 2003, KTBL 2005]. 

With regard to the by-products of sugar 
beet processing, SBP had higher concentrations 
of methane, hydrogen sulphide and ammonia 
compared to SBT (Table 3). 
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Table 3: Concentration of methane (CH4), hydrogen sulphide (H2S) and ammonia (NH3) in 
the biogas  

 
As we can see the average methane 
concentration of grass and sorghum was higher 
then from the other substrates. The drying of 
sugar beet pulp silage reduced the methane 
content. It could be caused by the evaporation of 
fatty acids during drying process.  The Mixtures 
with SBP shown a little higher methane content 
in biogas compared to the mixtures with SBT.  
3.3. Specific biogas and methane yields as well 
as energetic efficiency of the investigated 
substrates 
3.3.1. Specific biogas and methane yield of by-
products of sugar beet processing (Experiment 
A) 
The specific biogas and methane yield of the 
sugar by-products: sugar beet pulp silage (SBP) 
and sugar beet tail silage (SBT) were measured 
over 30 days. The measurements were carried 
out until the specific methane yield per day was 
less than 1% of the cumulative specific methane 
yield. 
 The specific biogas and methane yields 
of SBP and SBT were significantly different 
(Table 9). With SBT the specific biogas and 
methane yields were higher. On average a 
specific methane yield of 481 lN (kg VS) -1 was 
measured for SBT, whereas for SBP the specific 
methane yield was 430 lN (kg VS) -1.  In the 

literature similar values were reported [Beck 
2001, Hassan 2003]. For sugar beet silage 
Hassan (2003) gave the methane yields between 
400 and 468 lN kg-1 VS. 
Table 4 also gives 
efficiency. For SBP on average 87.4% of the 
gross energy was converted to methane energy. 
The average value for SBT was 88.5%. SBT 
silage showed the highest methane yield of 480 
Nl CH 4 (kg VS) -1. The lowest methane yield 
was achieved from cattle manure. The standard 
deviation of the average methane yield for the 
SBP-silage, meadow and Sudan grass silage was 
significantly lower than of SBT silage and corn 
silage. This indicates a different homogeneity of 
the samples.  
In the literature we found, for SBP silage a 
specific methane production potential of 400 
NL CH4 
silage for a specific methane production 

 FM indicated (no 
indication TS) by Weiland (1997). The specific 
methane yield from cattle manure, maize and 
grass silage were also in the folding back from 
the fields of literature (Amon et al. 2003, 
Guidelines Biogas 2004). 
 

Variant 
CH4-Content H2S- Content NH3- Content 

% n  % n  % n  

cattle slurry 53,0 7 8,8 267 6 112 26 3 11 

maize 55,1 7 3,7 214 6 58 29 3 16 

sorghum 57,2 7 4 213 6 49 29 3 13 

grass 57,6 7 4,2 281 6 149 32 3 30 

pressed beet  
pulp silage 

50,9 7 7,1 321 6 74 37 3 11 

beet-tail silage 49,6 7 5 174 6 100 30 3 7 

Mix 1 30% 56,7 7 3,7 209 6 23 33 3 1 

Mix 1 50% 57,0 7 2,9 362 6 51 35 3 4 

Mix 1 70% 57,3 7 3,3 176 6 97 32 3 10 

Mix 2 30% 53,6 7 5,4 358 6 118 16 3 8 

Mix 2 50% 54,7 7 7 387 6 45 16 3 13 

Mix 2 70% 55,0 7 7,3 350 6 82 17 3 10 

pressed and dryed 
 beet pulp silage  

46,2 7 12,8 250 6 127 41 3 38 

dryed beet-tail  
silage  

54,2 7 5,1 355 6 99 31 3 20 
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Table 4: Specific biogas and methane yield  

Variante 

Biogas yield 
[Nl *(kg oTS)-1] 

Methane yield 
[Nl *(kg oTS)-1] 

Av n St.div Av n St.div 

cattle slurry 249 3 2,6 132 3 0,5 

maize 782 3 86,8 431 3 42,5 

sorghum 608 3 26,8 348 3 14,9 

grass 668 3 15,5 385 3 9 

pressed beet pulp silage 845 3 33,3 430 3 18,1 

beet-tail silage 970 3 68,7 481 3 32,4 

Mix 1 30% 372 3 27,1 211 3 16,1 

Mix 1 50% 405 3 15,5 231 3 8,1 

Mix 1 70% 517 3 9,2 296 3 16,1 

Mix 2 30% 668 3 24,0 358 3 10,2 

Mix 2 50% 707 3 23,3 387 3 14,3 

Mix 2 70% 812 3 50,0 447 3 24,9 

pressed and  dryed beet pulp silage  641 3 21,4 296 3 13,2 

dryed beet-tail silage  506 3 27,9 274 3 14,9 

 
The efficiency of methane digestion was 
calculated in accordance with the methane yield 
and the gross energy content in the biomass. It 
was 24% for cattle manure, 84% for maize, 64% 
for sudan grass, 73% in meadow grass, 85% for 
SBP silage and 89% for SBT silage. The 
efficiency of methane fermentation shows the 
energy recovery and fermentability of 
constituents of biomass in anaerobic 
fermentation process. The formula is described 
in chapter "Material and Methods. " 
To identify the optimal mixture ratio of SBP 
silage and SBT silage in the mixture of cow 
manure, corn silage, to see Sudan grass and 
grass silage, were digested separately and in the 
mixtures. The measured specific biogas and 
methane yields with the standard deviation of 
three replicates are shown in Table 4. As shown 
in table 4, the biogas and methane yield of the 
mixtures increased with increasing amount of 
sugar by-products in the mixture. 

Determination of co-fermentation effects 

To clarify the cofermentations effects caused by 
the addition of SBP and SBT silage to the 
mixtures of cattle manure, maize silage, Sudan 
grass and meadow grass the substrates were 
digested in the mixture were digested in the 
mixture and separately. Based on the 
determined specific methane yields of the 
individual separately digested components and 

their content in the mixtures the expected 
specific methane yields were calculated. 
Figure 2 shows the measured specific methane 
production potential of the mixtures 1 and 2 
with different proportions of sugar beet by-
products compared to the expected specific 
methane yield of these mixtures. As we can see 
in the fig 6 there was now co-fermentation 
effect achieved. The lower achieved as 
calculated specific methane yield of the 
mixtures with SBP silage could be possibly 
caused by reduced activity of cellulolytic 
bacteria, and thus lower recovery of nutrients 
from corn, Sudan grass and meadow grass 
silage. In animal nutrition we know that 
allowance of slightly soluble carbohydrates 
(sugars and starches) in ruminants may reduce 
the digestibility of other nutrients, particularly 
of protein and crude fiber. This decrease is 

According to (Kirchgessner 1992) primarily the 
cellulotic bacteria (cellulotische activity) coul 
be inhibited. This could explain the reduced 
actual methane yield of the mixtures with SPB 
silage. 
The mixtures of Group 2 with SBT silage 
showed only slight co-fermentations effects. 
The addition of 70% of the ZR-top silage, 
resulted maximal additional methane yield of  
6%. Optimal mixing ratios: 
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Fig. 2.  Measured und calculated methane yeild of agricultural substrates (determination of co- 

fermentation effects) 
 

4. CONCLUSIONS 

 

The fermentation of all variants was uniformly 
and stably without significant inhibition of 
methane fermentation. With increasing content 
of SBP silage in the mixture the specific 
methane production potential of the mixture 
increased. The addition of SBT silage (70% of 
DM fraction) to the mixture of energy crops and 
manure resulted in comparison to the mono-
digestion of the substrates  in a slightly higher 
methane yield as calculated. In other mixtures 
there was no co-fermentations effects achieved 
or they were even negative. For 
recommendations of the suitability of the ZR-
pulp silage as performance-enhancing additive 
for biogas production, it is reasonable to test the 
transferability of the present test results in 
continuous experiments at laboratory scale. 
Drying of sugar beet by-products: 
The effect of drying of sugar beet-pulp silage 
and silage on top of their methane potential was 
tested in the present experiment compared to the 
non getrocknenten ensiled biomass. The results 
indicate that the drying of pulp silage-ZR and 
ZR-top silage to reduce the methane production 
potential of 30 and 43% resulted. The drying 
process causes the steaming out of free volatile 
fatty acids, which were formed during the 

ensiling process and can thus reduce the 
methane production potential of biomass. 
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THAT THE MOMENTS OF RESISTANCE FORCES CHANGE 
UNDER LINEAR LAW 
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Summary. The paper deals with screw feeder's mathematical model that characterizes motion of 
dynamics, on the base of which optimization of the motion modes is carried out. Taking into 
account that the moments of resistance forces change under linear law at the optimal and not 
optimal modes of motion, the results for theoretical investigations of dynamics of startup are 
demonstrated. 

 

Key words: screw feeder, dynamic load, optimization, moment of resistance. 
 

1. INTRODUCTION 
 

Conveyors relate to the gears of 
continuous action with constant distributed load. 
Mode of operation of the electric motor in such 
gear is long. Essentially, calculating engine 
power, load   during startup and stop is rarely 
examined. Namely, startup and stop relate to 
transients that are characterized by unstable 
transportation and mixing of cargo, by higher 
specific energy consumption and by 
considerable dynamic loadings. This results in 
the decrease of operating cycle and leads to 
frequent breakages. That increases, in turn, 
expenses for repair.  

One of the requirements, which are set up 
to the electric drive of conveyors, is necessity to 
secure smoothness of transients, in particular 
restriction of accelerations and jerks, with the 
aim to eliminate blows and vibrations of the 
gear and decrease dynamic loads in the presence 
of elastic communications [11]. 

 
2. MATERIAL AND METHODS 

The works [0,2,7,8,9,16,17,19] are 
devoted to research the dynamics of  motions' 
modes of  mechanisms of conveyers and other 
machines. In the paper [11] the dynamics of 
driving mechanism with elastic-overload clutch 
during transients is under investigation. 

Scientific researches, which are noted in 
work [8], characterize the dynamics of high-
speed screw conveyor, considering variable 
speed of the array of bulk cargo in the working 
space of the trough. The paper describes the 
models, which allow to estimate the kinematic 
and dynamic parameters of screw conveyors, 
their power consumption; to set appropriate 
tasks for choosing the rational schemes of 
loading and startup operating modes of screw 
conveyors, and to develop a system of 
smoothing percussive loadings on their working 
parts. 

Character of change of optimizing 
criterion under condition that the number of 
boundary conditions increases; optimum motion 
modes of dynamic systems in the presence of 
dry friction, which allow to minimize the 
fluctuations, arising during transients; 
optimization of transitive modes of motions 
jack-lift, all these tasks are investigated 
accordingly in works [14,15,20].  

Thus, described works are about  the 
dynamics of motion of machines, about the 
criteria of optimization in general, but namely 
optimization of motion modes of screw 
conveyors and feeders are not been studied.   

Therefore the objective of this paper is to 
define an optimum motion mode of the screw 
conveyor, by one of the chosen criteria of 
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optimality, for the purpose of reduction the 
dynamic loads.  

 
 
 
 

3. RESULTS AND DISCUSSION 
 

Screw feeder is presented in the form of 
dynamic model that consists of four weights, 
connected by elastic elements (fig. 1) [13].

 
 
 

 
Fig 1. The dynamic model of screw feeder 

 
 

On the basis of the constructed dynamic 
13], 

differential equations of motion of screw feeder 
are written (1): 

0 0 0 0 1

1 1 0 0 1 1 1 2 1

2 2 1 1 2 2 2 3 2

3 3 2 2 3 3

;

;

;

,

I M C

I C C M

I C C M

I C M

 (1) 

where 0 1 2 3
, , ,I I I I - respectively inertia moments of 

links of drive mechanism and elements of screw 
shaft with the transported cargo. 

These moments erected to the turning 
axis of the screw; 

0 1 2 3
, , , - the generalized angular coordinates 

of turning movement of the concentrated 
weights respectively of drive mechanism and of 
screw shaft with cargo;  
M - the start-up torque on motor shaft, which is 

erected to the turning axis of the screw; 

1 2 3
, ,M M M - the moments of resistance forces from 

the moving cargo along sections of screw shaft;  

0 1 2
, ,C C C - respectively rigidity of links of drive 

mechanism and rigidities of screw shaft 
sections. Sections are presented by separate 
elements. These rigidities are erected to the 
turning axis of the screw. 

At the beginning of the work it is possible 
to note stages of gradual changes of moments of 
resisting forces on each section of the screw 
feeder in the process of movement the cargo. 

 

In the previous researches [8,17] for 
simplification of calculations has been made the 
assumption that the moments of resistance 
forces are presented as  constant values. In this 

research is considered the case, when  1 2 3, ,M M M  

change relative to rotation speed of screw shaft 
under the linear law:  

1

1 1 1 1

2

2 2 2 2

3

3 3 3 3

1
;

1
;

1
,

y

y

y

K
M M K

w

K
M M K

w

K
M M K

w

 (2) 

where 1 2 3 1,8K K K - the factors, that consider 

increase of the moments of resisting forces  at 
the beginning of motion in comparison with the 
established motion mode of the conveyor (it is 

set  experimentally); 1 2 3, ,M M M nominal 

values of resisting moments on each of sections; 

yw  steady-state  angular speed of screw shaft. 

From the equations of system (1) 

2 , 1 , 0 , their derivatives and the start-up 

torque of the engine, that is erected to the 
turning axis of the screw, are found:  

0 0 0 1 0 0 .M C I  (3) 

After some transformations final 
expression of the start-up torque, that depends 

on 3  and also on its derivatives, has been 

obtained. 
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where the following designations are accepted: 

2
3 3 2

1 2 1

1 1 1
1 1 ;

y

a
w C C C

 

32 2
3 2 32

1 1 2 1 2

1 1
1 1 ;

y

I
b I

C C C C C w
 

2 3 3 3 2 2

1 2

2 3 1 1 1 1

1 2 1 2 0 2 0 0

1
1 1 ;

11 1
; ; ; 1 ; .

y

H

y

c I
C C w

I I C C M K
d f k l m

C C C C C C C C w

 

In order to optimize modes of motion, it is 
necessary to have a quantitative estimation of 
feeder properties in the form of criterion or 
system of criteria. These criteria reflect the basic 
undesirable properties of machines and their 
mechanisms during all cycle; therefore they are 
represented in integral form [14]. There are 
many criteria of optimization. We should 

dynamic loads. 
To estimate motion mode of the conveyor 

at startup we have selected, as criterion, mean- 
square deviation of speeds of angular 
coordinates of the second and third masses 

 

1

1
2

231 231

1 0

1
t

f dt
t  (5) 

where t - time; t1 - finite moment of time of the 
finished motion cycle or influence; 

2

231 2 3f - a measure of motion or influence 

of mechanical system or its element. 

From the last equation of system (1), we 

find 2 and 2 : 

3 3 3

2 3 3 3 3

2 2

3 3 3

2 3 3 3

2 2

1
;

1
.

I

C

I

C

 (6) 

Then criterion for estimating the motion 

mode of the feeder will be as follows: 

 

3 3 3
2 3 3 3

2 2

2

2 3 3

231 2 3 3 3 32

2

1
;

11
.

I

C

f I
C

 (7) 

 
Euler-Puasson  equation [16] is 

minimum criterion condition (5): 
2 3

231 231 231 231

2 3

3 3 3 3

0.
f f f fd d d

dt dt dt  (8) 

 

As function 231f depends from 3 and 3 , 

thus equation (8) becomes:

   
2 3

231 231

2 3

3 3

0,
f fd d

dt dt
 

from which we obtain  

3 3 3 3 3 33
3 3 3 33 32 2

2 2

2 1 1 12
0.

V

I I
C C  (9) 

Equation (9) has a combination of 

derivatives from 3 , so first find the solutions of 

the characteristic equation. Given the fact that 

3

t
 and

3 3 1
p , the characteristic 

equation looks like:  
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2 4 2 6

32

2

2
4 63

2 2

2

2
0;

2
0, 0,

t t

t

p
C

I
that is why

C p

 (10) 

where  - the root of the characteristic 
equation. 

By defining the roots of the characteristic 

equation 1 2 3 4 5,6

3

0,
p

I
, we write 

the general solution of equation (9): 

5 62 3

3 1 2 3 4 5 6( ) ,t tt C C t C t C t C e C e  (11) 

 
where C1, C2, C3, C4, C5, C6 - constants of 
integration, which are determined from the 
boundary conditions of motion of the system. 

As equation (11) contains six unknowns, 
it requires for its solution six boundary 
conditions: 

3 3 3

3 3 3 1

0; 0; 0; 0;

; 0; 0; .y

when t

when t t  (12) 

The constants of integration were defined, 
taking into account the dependencies (11) and 
conditions (12). Basing on dependencies (2) and 
(11), given the constants of integration, optimal 

motion modes of other links have been found 
from system (1). They are presented as graphs 
in Figure 2. 

 
Input data for graphs of angular speed, angular 
acceleration and the motive moment at optimal 
start-up are as follows:

 2 2

0 1 2 3 1 2 3
4,14 , 0,632 ; 1,8;I  

1 2

3 1 0

1 2

3

11.1 ; 27 1, 8 0, 072 ; 54 1, 8 0, 072 ;

81 1, 8 0, 072 ; 1 ; 15517, 2 ; 29350, 7 .

[ ] [ ]

[ ]

M

M

t t

t
 

 
a)                                                                                b)

 
c) 

Fig. 2. The graphs of angular speed (a), angular acceleration (b) 3  and motive moment (c) 

at optimal start-up 
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In order to see the impact of the 
optimization on the mode of start-up, we 
demonstrate for comparison the graph of 

dynamics startup of screw feeder without 
optimization (Fig. 3) [13].

 

 
a) 

 
b) 

Fig. 3. Research results of the dynamics startup of screw feeder: the graph of angular speed (a), the 
graph of angular acceleration (b). 

 
Obtained results of researches show, that, 

in the case shown in Fig. 3a,  the maximum 
angular speed reaches  16 rad / s, that is 1.4 
times larger  than at the optimal mode (Fig. 2 a). 
Another difference between the graphs is that 
the nature of speed change is smooth during the 
optimal mode of motion, and during not optimal 
- oscillatory (amplitude of oscillation varies 
from -1.6 to 16 rad / s; especially sharply 
fluctuate the third and the fourth masses.) In 
both cases rated speed is reached during 1s.  

The graph of acceleration (Fig. 2, b) 
demonstrates visually that soon after the 
conveyor's start the shift of cargo is 
accompanied by the smooth growth of the 
acceleration to the maximum value of 20 rad/s2 
for 0.3s. Eventually acceleration decreases 
gradually. At the same time in Figure 3 is 
visible a pronounced oscillatory character of 
curve. The maximum value of acceleration 
reaches 446 rad/s2, and then decreases to -336 
rad/s2, and further the amplitude of oscillation 
gradually fades. Analysis of obtained results 
shows that during optimum mode of start-up 
maximum value of acceleration of the links in 
the 22.3 times less than the corresponding 

acceleration during not optimal mode, that leads  
to considerable  reduction of dynamic loads in 
the elements of construction. 

The start-up torque possesses the 
character, that is similar to the character of 
change of driving link , because initial 
value of the moment reaches 290 N*m (to 
overcome drag torque, which arises in the 
beginning of motion), and then the value of the 
moment smoothly decreases to nominal value 
(fig. 4).  

Analyzing these results, we see that due to 
optimization are reduced to minimum 
fluctuation of parts, and eventually 
action of dynamic loads practically disappears 
in the drive elements and screw conveyor shaft. 

 

4. CONCLUSION 

 

So, as a result of the researches the 
optimal mode of motion that provides smooth 
startup of conveyor is determined. The absence 
of oscillations indicates the decrease of dynamic 
loads on the driving mechanism that, in turn, 
increases the reliability of conveyor.  
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Fig. 1. Scheme of moving grain on the inclined 

tray vibrations feeder 
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Fig. 2. Plan of grain on the tray vibration 
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Fig. 3. Chart traffic on seed tray vibrations 
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Fig.4. Scheme plane hovers around point O 
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5. 

 
Fig. 5. Dependence points clear of the time 

spent on grain surfaces oscillating at 
different values of the radius of the crank 
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6. 

 
Fig. 6. Dependence points clear of the time 

spent on grain surfaces oscillating at different 
values of the angular velocity 
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7. 

-  
Fig. 7. Moving grain surface vibrations 

feeder 
 on the horizontal axis, depending on the 

angle of the conveyor (solid line is shown in 
the movement of grain, dashed - plane 

vibrations) 
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Fig. 8. Moving a layer of grain on surface 

that vibrates at different frequency shaft 
crank 
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Fig. 9. Moving grain layer, depending on the 

angle surface vibrates 
 



MOTROL, 2012, 14 - 47-55 

53 

  
 

 
 

10. 

 
Fig. 10. Dependence feed grain material 

from surface that vibrates angle and speed crank 
 

 
. 

 

 

 
11. 

 
Fig.11. Dependence of grain feeding speed crank 

surface that vibrates 
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Fig. 12. Dependence feed grain from the 

angle surface vibrates 
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ANALYSIS OF SUBMITTING TO GRAIN 
SHREDDING CAMS 

 

Summary. The paper type for reasonably-shipment 
crush device camera, analyzes neither the process 
of feeding grain to the mill low productivity and 
determined nor its main technological parameters. 
 
Key words: oscillating conveyor, vibrating con-
veyor, uniform feed grains, amplitude, frequency 
fluctuations, surface that vibrates, structural param-
eters, kinematical parameters.  
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THE CONVEYOR START-UP MODE 

OPTIMIZATION BY A DYNAMIC 
CRITERION TACKING INTO 

CONSIDERATION RESISTANCE FORCES 
 

Summary. The way of reducing oscillations of 
the belt bucket elevators elements, during the 
transients, has been resulted by optimizing the 
start-up mode of the drive mechanism for the 
kinematic criteria. On calculation the resistance 
forces at scooping the material have also been 
taken into consideration. 
 
Key words: dynamic model, mathematical 
model, bucket elevator, conveyor, optimization.
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Fig. 1. Harvester by CASE with stripper. 
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Fig. 2. Double-deck header for harvesting of 

grain-crops 
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Fig. 3. Functional model of differential harvest-

ing of grain-crops 
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ing control of header. 
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Fig. 5. Harvester with  equipment for operating control 
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TECHNOLOGICAL AND TECHNICAL 

PRINCIPLES FOR RISE OF HARVESTER 

EFFICIENCY 

 
Summary. There is analyzed the problem of 

rise of harvester efficiency . It is definite, the 

perspective way for rise of harvester efficiency 

is harvesting only top of stems with the corn for 

reduction of straw content. There are given the 
technological and technical principles for  this 
way realization 
 
Key words: harvester, differential method of 

harvesting, efficiency, harvester capacity, corn 

loss, cutting height. 
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PRACTICAL METHODS FOR EVALUAT-

ING PERFORMANCE AND NEED FOR DE-
VELOPMENT ROAD NETWORK. 

 

Summary. The paper offered examples of 
evidence-based assessment criteria for 
determining the components of the conditions of 
continuous, safe and convenient traffic, the 
quality control system and an example 
calculation of the possible resource to ensure its 
work on the basis of the developed methodology 
for evaluating the performance and development 
needs of the road network. 
 
Key words: practical methods for evaluating, 
development road network. 
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MAKING PARAMETERS VIBRATING 
HUSKED GRAIN 

 
Summary. The method and the results of calcu-
lation of parameters peeler considering rheology 
of grain and the speed of the drive disk. 

 
Key words: peeler vibration exposure, mathe-
matical model, optimization. 
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IMPROVED MATHEMATICAL MODEL 

MOVEMENT DYNAMICS 
 

Summary. Dynamic stresses, which arise in 
drive and traction element during operation of 
the conveyor have been investigated on the 
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its elastic and dissipative properties. The 
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DETERMINATION OF DEFORMATION OF 
POLYMERIC TAPE IN THE PROCESS OF 

PACKING 
 

Summary. An analysis is conducted and basic 
dependences which give an opportunity to set 
deformations of polymeric tape depending on 
tensions are expounded, and also to take into 
account them during planning of machines and 
equipment, which carries out the wrapper bale 
of silage. 
 
Key words: deformation, tension, polymeric 
tape, pressurizing of bale wrapper, creep. 
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STRUCTURALLY-TECHNOLOGICAL METHODS OF PROVIDING OF 
RELIABILITY OF AGRICULTURAL TECHNIQUE BY COMPUTER 

HOLOGRAPHY 
 

Sergey Karabiniosh 
 

National University of Life of and of Environmental Sciences of Ukraine 
Heroiv Oborony Str. 15, Kiev, 03041, Ukraine 

 
Summary. There are the aspects of providing reliability of elements of agricultural machines are 
considered structurally-technological methods during realization of control of their application 
computer holography in paper. Examples of holograms, which show on possibilities realization of 
non-destructive control holography are made. 

 
Key words: agricultural machines, computer holography, loading, selection, interference stripe, 
technological process. 

 
 

1. INTRODUCTION 

 

Modern agricultural machines and 
equipments of farms have a difficult complex of 
physical and mechanical properties. The parts of 
these machines exploit at considerable 
productive speeds and technological loading. 
They work in aggressive environments, have a 
considerable gradient of temperatures and other. 
Development of scitech decides the task of 
providing to reliability of agricultural machines 
by realization of structural, technological, 
operating, repair methods, and also backuping 
of the basic systems [6]. 

In modern terms the problem of providing 
of reliability of agricultural machines, their 
elements is settled by a search creation of new 
materials, elements of constructions, 
combination of methods of treatment, 
strengthening of working surfaces in such 
combinations, which was before acknowledged 
practically by impossible or even harmful [5, 8]. 

In the conditions of providing of high 
quality of making of parts, elements of 
constructions, their combination in interfaces is 
practically impossible without application of 
modern methods of non-destructive control [2, 
3, 4]. 

Every construction during all term of her 
exploitation must satisfy to all requirements of 

effective exploitation, and also terms of absence 
of destruction local or general, remaining 
deformations, damages of pin surfaces, origin of 
defects, damages and many other. The technical 
state of machine must satisfy effective external 
exploitation [9]. 
 

2. MATERIAL AND METHODS 

Going of parameters of the technical state 
of parts beyond the set limits, when a machine 
or her elements dissatisfy to the set norms 
determine as maximum and impermissible for 
practical environments [11]. For the estimation 
of possibility of reliable work of machine it is 
needed to control these descriptions, and 
especially value of sizes of possible parameters, 
them stochastic descriptions of distribution of 
parameters of the technical state and probability 
of faultless work [1, 11] 

Descriptions of materials, technical state 
of parts it is determined from one side by 
structural parameters, and from other, by 
mechanical properties.  

Physical and mechanical properties of 
working surfaces of materials of parts differ in 
comparatively the small values of dispersions of 
sizes, will give out loading, microstrain, long of 
loading, by the tensely-deformed state and there 
can be the dispersions presented in a narrow 
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enough interval at the possible state of working 
surfaces of parts [17, 18]. 
 

3. RESULTS AND DISCUSSION 
 
The results of experimental researches are 

characterized by stability of pictures of 
computer holograms [7, 10, 20]. In the 
conducted researches, for example element to 
the ploughshare of plough (Fig. 1) with 25 
multiple repeated, fixed computer holograms 
practically similar picture, that enabled to assert: 
this detail is made without present defects and 
can be effectively exploited during the certain 
period of time. 

After the condition of experience a detail 
(ploughshare) was made in accordance with the 
norms of technical documentation and in 
obedience to the working drawings. In the 
process of experimental researches of detail it 
was loaded in accordance with the worked out 
methods by a mechanical method (it is 
differentiated at first, then complex), by a 
compression with a rollup [12-14]. Such type of 
loading answers the operating terms of the use 
of ploughshares.  

 

.  
Fig. 1. Computer hologram to the 

ploughshare of plough, made in obedience to 
the norms of the working drawings 

 
On absence of damages and defects 

character of hologram, placing of the coloured 
stripes specifies is without visible anomalies. A 
presence on the hologram of scale enables to 
define the sizes of microstrain in every point of 
part and work out a mathematical model, which 
allows adequately the real data to describe the 
physical process of microstrain under an action 

certain after a form, kind and size of loading 
which would answer the real terms of 
exploitation of parts. 

On the other hand, investigated a 
ploughshare, in which the parameters of 
construction elements were set specially by such 
which do not answer the requirements of 
designer documentation (a sock or chisel is 

). Thus, the structural parameter 
of detail was wrong set beforehand. The got 
hologram is brought around to Fig. 2. 

 

 
 
Fig. 2. Computer hologram to the 

ploughshare of plough with a wrong 
construction element (the sock of detail is set 
despite structural norms) 

 
A ploughshare was also loaded with a 

mechanical method how and parts in first case. 
Holograms testified to the error of establishment 
of structural element a presence on them of 
indignations and anomalies.  

Analyzing the state of holograms, resulted 
on Fig. 1 and 2, it is possible to assert that in 
first case have correct connection of structural 
elements with correctly neat materials. As 
results of operating tests showed ploughshares, 
which were made on technology which answers 
the requirements of designer documentation 
have longevity on 10 - 12 %, and on occasion 
even to 17 - 19 % higher, than those which are 
made with violation of norms of constructing. It 
follows notices, that the second type of detail 
descriptions which answered the requirements 
of standards practically had it, and the presence 
of defects in the areas of connection was limited 
to technological control on making of parts. 
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Distribution of size of microstrains, and 
also size of dispersion of distribution of 
stochastic sizes it is resulted after total values 
from all selection from the array of data of all 
holograms at the mechanical loading 
(compression) on the example of ploughshares. 
The results of stochastic researches matter very 
much from the selection of structural elements 
or picked up thread parts and knots, as indexes 
of form of construction can change the values 
within the limits of one surface [16]. Largely on 
reliability of all construction or complete set of 
elements distribution of indexes of durability, 
value of coefficients of margin of safety 
influences [4, 15] and distribution of actual 
deformations of surfaces of parts is under the 
action of loading. The value of parameters of 
distribution of these sizes must be taken into 
account foremost at the choice of material. It is 
determined the terms of reliability, that the 
offensive of limit of the possible loading is 
arrived at by the proportional loading of 
construction. A maximum value to the 
parameter is the function of the set admittance 
on remaining deformation of construction and 
ordinary methods it is difficult determined.  

Substantial influence is on the origin of 
defects in constructions, especially welding, do 
the fields of initial tensions, related directly to 
the correct choice of material and type of 
construction, without the present concentrators 
of tensions and study at photographic [9, 19]  

The sizes of micro strains presented on a 
hologram confirm the rightness of version about 
the choice of material for the ploughshares of 

onditions 
of natural area of Ukraine have satisfactory 
reliability indexes and yield to the processes of 
strengthening and conditioning of sharpening. 
For the presented holograms mathematical 
models which allow to define the limits of 
possible exploitation of this type of parts are 
expected. 

Research of parts, made from different 
materials, for example: cast- - 18), 
aluminum - 9), polymers (polyethylene, 
polyamide), carbon, and also metal - polymer is 
reinforced, in accordance with the worked out 
methods, enabled to fix computer holograms 
which over are brought in text or in additions of 
dissertation work. In researches applied all types 
of loading.  

Thus computer holography allows 
applying the construction method of providing 
and providing of reliability of agricultural 
technique, which is used to agriculture of 
Ukraine. 

The technological processes of making 
and component of machines of the agricultural 
setting overhaul must with the least expenses of 
time and facilities to inflict the necessary level 
of quality and reliability of parts of agricultural 
machines. Providing of high reliability of 
technique indexes is possible only at complex 
combination of structural and technologically-
repair methods, especially, for machines and 
their elements which worked a reappearing 
resource. 

As known [5, 10] reliability indexes do 
not have direct direct connection with 
parameters which characterize implementation 
of technological operations of making of parts 
or proceeding in their capacity. The sizes of 
parameters of the technical state largely 
influence on operating reliability of machines: 
on firmness to the wear and fatigue, to influence 
of heterogeneous environments, temperature 
loading, moments, and others like that. Level of 
reliability of machine, which is mortgaged at 
constructing, determined largely by 
technological discipline at their making or 
proceeding in the capacity of component 
elements (of parts), whether repair of machine 
on the whole. The level of perfection of 
technology of making or repair determines the 
level of reliability of wares [8, 12, 13]. In the 
process of making of parts due to imperfection 
of technology or subzero productive discipline 
there are various defects in parts, control allows 
to avoid which after a productive process by 
means of different methods and methods. 

On the other hand, the technological 
process of making or proceeding in parts must 
be examined as a difficult dynamic system with 
multi-layered intercommunications. The system 
of determination of techno logicalness includes 
an only complex, which is based on 
combination actually of technological sequence 
of implementation of operations, equipment, 
rigging, instrument, and also methods and 
controls, organization of productive process, 
auxiliary and transporting facilities, 
environments, and others like that. All these 
components of the single system are in 
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permanent motion and change, that specifies on 
the stochastic of passing of process, his 
parameters carry probabilistic nature and are 
casual [10, 16]. From one side, a sequence and 
quality of implementation of technological 
operations, methods and modes of treatment, 
influence directly on wearproofness, corrosive 
firmness, durability, stability of physical find 
mechanical properties, and from other - 
objective and subjective factors also influence 
on quality of implementation of technological 
operations [16].  

On Fig. 3 a hologram over, which 
recreates and confirms the rightness of the 
chosen mode of treatment of pin of billow 
(sharpening and diamond pressing), is brought. 

 

. 
Fig. 3. Computer hologram of pin of 

billow to the machine-tool (rational mode of 
treatment of working surface). 

 
The technological systems are a 

characteristic to change the structure of the 
system of making of wares, enter additional 
elements in a productive process, such as: 
control operations, conduct laying out of 
implementation of difficult operations on the 
greater amount of transitions, to create more 
hard requirements to their realization, at the 
reasonable change of the modes, that directly 
influences on the level of reliability of 
agricultural machines both at making and at 
repair. 

Together with that, what perfect a 
construction of machine or her component 
elements, high-quality making or repair, was not 
it is impossible to provide without the proper 
control on all stages of their creation.   

Property of reliability  longevity is 
provided by stability of geometrical sizes of 
wares and them physical and mechanical 
parameters which are set under making or 
proceeding in parts. Without accordingly the 
adjusted control after the process of making or 
repair of technique it is impossible to create and 
make a reliable machine. The row of the 
conducted experimental researches allowed to 
set a complete fitness and necessity of 
realization of computer holography as one of 
optimal methods of non-destructive control after 
quality of making of parts or process of 
proceeding in threadbare.   

Thus took into account influence of 
operating terms on longevity of objects, 
stochastic of processes of both making and use. 
Results are got by fixing of computer hologram 
(Fig. 4) from the surface of detail show on 
considerable rejections in quality treatment. 

 

 
Fig. 4. Computer hologram of pin of 

billow to the machine-tool (unsatisfactory mode 
of treatment of working surface). 

 
For realization of the offered methodical 

recommendations the size of influence of 
rightness of choice of parameters of making of 
parts was certain at first, and then is influence of 
technological parameters on quality of 
proceeding in threadbare or such which lost the 
capacity of parts.  

The considerable anomaly of stripes on a 
computer hologram is brought around to pic. 5 
shows that this method at all advantages has 
considerable defects, does not enable to assert 
about quality surfaces at application of the 
chosen technology of treatment. In accordance 
with the plan of experimental researches works 
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were conducted from the exposure of rational 
method or method of proceeding in such 
agricultural machines which lost a capacity.  

 

 
Fig. 5. Computer hologram of billow 

picked up thread electro-pin welding on of 
ribbon from ste . 

 
Researchers conducted in accordance with 

the worked out methods of development of the 
optimal modes of making of parts of agricultural 

 repeated of parts for the 
exception of chance on the results of experiment 
[11. 14]. 

To that end investigated the technical state 
of working surfaces of parts picked up thread 
the most modern methods or methods of repair 
production. To such methods belong: electrical 
welding, gas-thermal and plasma surfacing, 
electro-pin baking a lot of metallic layer, 
electrolytic methods of causing of surface et all. 
One of most economic and ecologically 
expedient is the use of the electro-pin welding 
on of metallic layer.  

Due to simplicity and availability of 
equipment, materials perspective method of 
proceeding in parts it is possible to realize 
galvanic  practically in all links of 
repair production. It follows also to notice that 
providing of efficiency of galvanic processes at 
proceeding in parts and them wide distribution 
is possible mainly, only due to the correctly 
adjusted non-destructive checking system. In 
productive terms quality of galvanic  
is checked up by an external review and 
intention of sizes, for example: chroming 
surfaces. Such approach does not allow 
adequately estimating the level of quality of the 
picked up thread surfaces and provide reliability 

of machines which repair. Presence of latent sub 
superficial defects (Fig. 6), reduced by 
computer holography does not enable to use 
parts which can create a situation near to the 
emergency. 

On presented on Fig. 6 to the computer 
hologram an evidently latent defect is sub 
superficial stratification. At control an external 
review it was impossible to reduce this defect 
and a detail answered all requirements of 
normatively-technical documentation. 

One of the most effective methods of 
proceeding in the capacity of working surfaces 
of parts of agricultural production there is 
surfacing under the layer of gumboil and 
welding works under cover of rare gases, 
aquatic steam, under gas flame defense and 
many other. The picked up thread surfaces have 
high quality and provide reliable and of long 
duration exploitation with a remaining resource 
not less than 80% from new. 

 

 
Fig. 6. Computer holography of finger of 

reciprocator of internal combustion, picked up 
thread by chrome-plating 

 
About absence of defects of superficial 

layers of surfaced metals under cover of neutral 
gas of argon the brought testifies around to 
Fig. 9 computer hologram. For a detail is a 
representative it was used pin of billow of pert 
of giving mechanism beet-lifting to the combine 
of ( - , surfaced a wire (1,0 - ) 
and polished to the nominal size. The size of 
wear presented a 0,15 mm, and surface of pin 
small ovality. Surfacing works were conducted 
without previous treatment of detail with the 
purpose of leading out of tracks of wear for 
complication of terms of experience exposure of 
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additional non-destructive checking features by 
holographic methods. Possibilities of the 
computer program allow investigating the 
separately distinguished areas of surfaces of 
good of detail or surface of base element of 
machine by means of holograms.  

 

 
Fig. 7. Computer hologram of surface of 

detail, surfaced in the environment of argon 
 
Brought around to pic. 8 distribution of 

size of micro strain along the chosen line 
testifies to absence of internal damages in a 
surfaced layer, and the insignificant increase of 
size of micro strain specifies on the change of 
size of loading of detail during experience. 
There is also possibility to study the change of 
physical and mechanical properties of 
superficial layers of good along the chosen line, 
and which characterizes possible changes in the 
body of good during the test of him for the 
exposure of imperfect structures. 

 
Y, mm 

 
Fig. 8. Distribution of size of micro strain 

is along the line chosen on a hologram 

Examples are made brightly demonstrate 
possibilities of computer holography at non-
destructive control of parts of agricultural 
machines. It is necessary to mark; that in this 
work a two-bit/pl over of examples is brought 
from types of the conducted researches from 
providing of reliability of machines by means of 
computer holography.On Fig. 10 a hologram 
over of glass of bearing surfacing is brought by 
a wire ( -3 ) under the layer of 
gumboil of ( - ) and gnawed through by 
means of chisel with a hard-alloy plate.  

Simplicity of method of control allows 
him to realize on the enterprises of agricultural 
engineer, service enterppic.s, proof-of-concept 
stations. There are possibility creations of the 
portable systems, which can be based on motor-
car platforms and conduct works from control 
even in the field terms. Corresponding 
experimental researches were also conducted on 

 of university for the test of parts 
in the conditions of their direct exploitation. 

 

 
Fig. 10. Computer hologram of detail, the 

surface of which surfacing under the layer of 
gumboil 

 
4. CONCLUSIONS 

 
Thus computer holography, as a method 

of non-destructive control allows to realize the 
structural, technological and repair methods of 
providing of reliability of agricultural machines. 
It follows notices, that holographic methods 
enable to reduce the latent defects of parts of 
agricultural machines and create pre-conditions 
of choice of method of proceeding in a capacity 
and increase of reliability of machines, what the 
brought holograms over testify to. For providing 
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of high-quality study of the technical state of 
agricultural machines by means of holography it 
is necessary to create terms, when on a 
computer hologram contrasting interference 
stripes appeared highly. For today by the 
questions of control of agricultural machines, 
equipment and instruments failed to appear 
holographic and optical methods and, 
accordingly, researches of terms of 
photographic surfaces of parts and knots of 
machines were not conducted, including 
agricultural. 

The results of researches, analysis of these 
literary sources specify on absolute actuality in 
realization of such works and them practical 
value on business of increase of reliability of 
agricultural technique. 
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Summary. The paper is devoted to optimization technique of start-up mode of scraper conveyor. 
The criterion, which is selected to estimate the motion mode of the conveyor, is the root-mean-
square deviation of accelerations of conveyor chain and the masses  center of scrapers with chain 
and cargo. The optimum motion mode of system and the law of change of the driving moment, 
which leads dynamic loadings to minimum, is received. 
  
Key words: scraper conveyor, mathematical model, dynamic loadings, optimum motion mode, 
differential equation of motion. 

 
1. INTRODUCTION 

 
By the previous theoretical researches [8, 

9] we have defined that in the chain of the 
scraper conveyor arose oscillatory processes 
with considerable change of velocity and 
acceleration during start-up. Such processes 
have been caused by dynamic loadings in 
conveyor chain and drive elements. All these 
lead to the premature destruction and decreases 
reliability of conveyor work. 

In order to solve such problem it is 
necessary to minimize dynamic loadings by 
means of choosing optimum law of motion of 
the scraper conveyor during start-up. 

To optimize the traffic controls often use 
variational calculus, which gives the chance to 
obtain smooth operating functions. It allows to 
"soften" motion mode of system. 

 
2. MATERIAL AND METHODS 

 
Work [10] is devoted to research the 

optimization of motion modes of different 
mechanical systems. 

In paper [12] technique for solving 
optimization problems of motion of mechanical 
systems, using direct variation method, is 
described. The authors have minimized the root-
mean-square value of dynamic component of 
driving forces of the mechanical system. 

In work [11] the way for elimination the 
fluctuations of cargo during start-up of the crane 
crab is considered. As optimization criterion of 
the transitive mode is accepted quadratic 
difference of velocity of the crane crab and 
cargo. 

Works [7, 15, 16] deal with mathematical 
models construction and research of dynamic 
processes, which arise in conveyors with chain. 

Research [7] is devoted to mathematical 
model for definition loadings in driving 
mechanism and chain of the scraper conveyor 
with two-high-speed asynchronous electric 
motors on example of coal transportation. 

However investigation of optimization 
motion modes of scraper conveyors for 
transportation of agricultural cargoes practically 
weren't carried out. 

Therefore the research objective is the 
optimization start-up mode of the scraper 
conveyor for minimization of dynamic loadings 
which arise in chain and drive elements of the 
conveyor. 

 
3. RESULTS AND DISCUSSION 

 
Optimization of start-up process is carried 

out with use of four-mass dynamic model of the 
scraper conveyor (fig. 1). Non-working branch 
of the conveyor is not taken into account, 
because from the previous researches we have 
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established that its influence on motion 
character is insignificant. 

 

 
Fig. 1. Dynamic model of the scraper 

conveyor. 
 

Constructing mathematical model, we 
have made such assumptions: 

- all elements of the scraper conveyor are 
absolutely hard bodies, except elements of the 
transfer mechanism and chain, which have 
elastic properties. 

- body of driving mechanism of the 

sprocket and tension sprocket are fixed 
absolutely rigidly. 

The set of the differential equations, 
which describes dynamic processes in the 
scraper conveyor, is made on the basis of the 
accepted dynamic model with use of 
d'Alembert's principle and looks so: 

0 0 0 0 0 1

1 1 0 0 1 1

1 2

2 2 2 2

;

;

;

,

o

I M c

I c cR R x

mx c R x c x R F

I cR x R M

 (1) 

where  

0I  - the inertia moment of elements of the 

driving mechanism, which are erected to an axis 
of the power shaft; 

1 2,I I  - the inertia moments of driving 

shaft and tension shaft of the conveyor 
concerning own axes of rotation; 

0 1 2, ,  - angular coordinates of turn 

respectively of driving mechanism, driving 
sprocket and tension sprocket of the conveyor; 

x  - linear coordinate of masses  center of 
the working branch of the conveyor; 

m  - mass, which is concentrated on the 
working branch of the conveyor; 

0c  - stiffness coefficient of driving  

mechanism, which is erected to the turning axis 
of the power shaft;  

 - stiffness coefficient of the traction 
chain of the conveyor; 

R - radiuses of driving sprocket and 
tension sprocket; 

0M   - the start-up torque on motor shaft, 

which is erected to the turning axis of the power 
shaft; 

2M  - moment of resistance arising from 

scooping cargo by scrapers, which is erected to 
the turning axis of the tension shaft.  

F  - resistance force from the moving of 

the working branch of the conveyor. 
From the equations of system (1) we have 

found linear coordinate of the centre of masses 

of working branch x , angular 

coordinates of turn of driving mechanism 
0
, 

driving drum 
1
, and also the start-up torque 

0M , using angular coordinate 2   and its 

derivatives. Herewith the driving moment looks 
like: 

2 20 0 2
0 0 1 2 2 1 22

0

0 1 22
1 2 2 2 22

0

2

2
1 .

IV VIII

o

I c I
M mR I I I m mR I I

c c R

mI I IIm
I I M F R

c c cmR

 (2) 

Integral functionals are used as criteria to 
estimate the motion modes of machines. They 
depend on motion modes of mechanisms. 
Functionals display dynamics of machines 
taking into account constructed mathematical 
model [12]. As these criteria display undesirable 

properties of mechanisms, that's why they 
should be minimized. 

Estimation criterion of motion mode of 
the scraper conveyor during start-up is the root-
mean-square deviation of accelerations of chain 
during the moment of running on driving drum 
and the center of masses of scrapers with chain
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and cargo. Taking into account the equation of 
system (1), criterion looks like: 

1
1 2

12 12

1 0

1
;

t

I f dt
t

 (3) 

where 1t  - time of acceleration of the 

conveyor. 

2
2 2 2

2 212 1 2 2

1
,

IV VImI
f R x mR I

c
 (4) 

Euler-Puasson  equation [2] is minimum 
criterion condition (3) with subintegral 
expression (4):

2 3 4 5 6

12 12 12 12 12 12 12

2 3 4 5 6

2 2 2 2
2 2 2

0.
IV V VI

f f f f f f fd d d d d d

dt dt dt dt dt dt
 (5) 

As function 12f depends from 2 2,
IV VI

, thus 

equation (5) becomes:

  12 12 12 12

2 2 2
2

0
V

f f f f
, 

24 6
212 12 2

2 224 6 2

2 2

1
0.

IV VI

IV VI

f f mId d
mR I

dt dt c
(6) 

In order to simplify the solution are 
accepted such designations: 

2 2
2 2

1
,

mI
mR I a b

c
 

Having defined partial derivatives and 
time derivatives for the equation (6), we have 
obtained: 

2 2 22 2 0.
VIII X XII

 (7) 

We have defined the general solution of 
the equation (7). For this purpose we have found 
roots of the characteristic equation. Considering 

that  2

te , we have written down the equation 

(7) so: 

8 10 122 2 0.te  

where  - the root of the characteristic 
equation. 

As 0te , so 8 10 122 2 0.  
As a result of the executed calculations for 

the conveyor with 
parameters

2

276 ; 0,00171 ; 0,0535 ; 1,3 , 

we have found the roots of the characteristic 
equation: 

1 2 3 4 5 6 7 8

9

10

11

12

0,

27,21 27,21 ,

27,21 27,21 ,

27,21 27,21 ,

27,21 27,21 .

i

i

i

i

  (8) 

As we have eightfold-degenerate and 
complex roots of the characteristic equation (8) 
the solution of the differential equation (7) looks 
like:

2 3 4 5 6 7 27,21

2 1 2 3 4 5 6 7 8 9

27,21 27,21 27,21

10 11 12

( ) sin 27,21

cos 27,21 sin 27,21 cos 27,21

t

t t t

t C C t C t C t C t C t C t C t C e t

C e t C e t C e t
 (9) 

where 1 12,...,  - constants of integration, 

which are determined from the initial conditions 
of motion. 

For definition of these constants it is 
necessary to set twelve boundary conditions of 
motion:

 

2 22 2 2 2

2 2 21 2 2 2

0 0, 0, 0, 0, 0, 0;

, 0, 0, 0, 0, 0,

IV V

IV V VI

when t

when t t
 

where y   the settling velocity of turn of 

a tension shaft. 
Having defined integration constants, we 

have put them in expression (9) and have 
received the optimum law of motion of tension 
drum. 

By means of this mode, using the equation 
of system (1), optimum motion modes of 
driving mechanism and driving drum of the 

conveyor are obtained. Change of velocity and 
acceleration of these links has the same 
character, as in tension drum. 

Graphs of angular velocity (fig. 2), of 
angular acceleration (fig. 4) of tension shaft at 
optimum mode of the start-up and of the start-
up torque (fig. 6) are constructed, using such 
parameters of dynamic model: 

2 2

0 1 2 076 ; 0,7435 ; 0,00171 ; 7378 ;

6

2 11,3 10 ; 0,0535 ; 0,55 ; 1350 ; 1,5 ; 1 .o  
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To demonstrate influence of optimization 
of motion mode of the conveyor on character of 

for comparison the graphs of change of angular 

velocity and acceleration during nonoptimal 
(valid) motion mode. Graphs are constructed, 
using the same parameters of the dynamic 
model (fig. 3, 5). 

 
Fig. 2. The graph of change of angular velocity

2
. 

 

 
Fig. 3. The graph of change of angular velocities 0 1 2, , without optimization of start-up mode. 

 
Fig. 4. The graph of change of angular acceleration 2 . 

 
Fig. 5. The graph of change of angular accelerations 0 1 2, , without   optimization of start-up 

mode. 
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Fig. 6. The graph of change of the motive moment of a driving mechanism

0M . 

 
Analyzing the conducted researches and 

comparing optimum graphs of change of 
angular velocity and angular acceleration of the 
conveyors' links to graphs without optimization, 
it is possible to make conclusions that such 
mode of start-up has given the chance to 
minimize fluctuation in links of drive 
mechanism and flexible chain of the scraper 
conveyor, caused by dynamic loadings. During 
the valid motion mode of the conveyor the 
fluctuations of angular velocity were within 

acceleration had very intensive character (the 
maximum values changed from-250 to 
450 rad/s2). 

Hence, the obtained optimum mode of 
start-up provides smooth change of angular 
velocity and acceleration of the scraper 
conveyor  links, and also of the start-up torque 
on the shaft of the engine erected to the power 
shaft of the conveyor. 

 

4. CONCLUSIONS 

 

On the basis of the constructed 
mathematical model, the optimization of 
dynamics of conveyor motion on a start-up has 
been conducted. Criterion of optimization is the 
root-mean-square deviation of chain 
accelerations during the moment of running on 
driving drum and the masses  center of scrapers 
with chain and cargo. Putting into practice the 
offered technique of optimization of start-up 
mode of the scraper conveyor can be reduce 
action of dynamic loadings to minimum and, as 
consequence, raise productivity and reliability 
of work of the conveyor. 
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ALTERNATIVE FUEL-OILS 

 

Summary. The modern state of world fuel and 
energy complex is considered. The resources of 
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OPTIMIZATION OF VIBRATION GRAIN 

MIXES WITH DRY FRICTION 

 

Summary. The optimal oscillation regimes of 

discussed with the help of variation calculations 

during transitive processes. 
 
Key words: optimum behavior, oscillations, 
grain mass, dry friction, calculus of variations, 
transients. 



MOTROL, 2012, 14 - 148-157 

148 

.3 

 

 
 

 

 
 

 
  

 
 

-

-
 

 
 

 

 

 

 

 

-4 
 

 

-

 

 
-

 

 

 
 

-

, 
-

 



MOTROL, 2012, 14 - 148-157 

149 

 
 

 

 

  
 

 
 

 

- -
 

 

 
 

 

 
 

-

-

-

 

-

 
 

 
 

-

 
 

 
 

-

 

   

   
-

-   
 

 ., 
 

 Q  

 



MOTROL, 2012, 14 - 148-157 

150 

W   

  

 Qc  

, , 

 
 

- -

-

 

,    (1) 

  

 

  

. 
 

 

 
1   = 1,58; 2   = 1,8; 3   = 2,3. 

1. 
 

 

-

 

 



MOTROL, 2012, 14 - 148-157 

151 

-
-

 

- -

 > 1 [5, 6, 7]. 

 
 

 

 
                 

       

         
                    

       
 

 
 

 
 x1, 

x xi  - -  
 

  
 

 

-
-

. 

 



MOTROL, 2012, 14 - 148-157 

152 

 

 

-
- -

 

 

 

,  (2) 
q1, q2, q3, q4  - 

 

 
 

q  > q )

q  

Q : 

,  (3) 
T   

(q  > q )  

 

,   (4) 

  i-

 

 

 i-
  

 

S2
n: 

, (5) 

 

  

1 2 
. 

 
 

 

 

 



MOTROL, 2012, 14 - 148-157 

153 

(6) 

   ; 

,   

 

,   

 

 

,   (7) 

  

 

 
 

,   (8) 

 

  

 

,  (9) 

 

  

   

   

   

;   

 
 

 (10) 

 

 

,  (11) 

  

 

  

 

,    (12) 

 

  

 

  

 



MOTROL, 2012, 14 - 148-157 

154 

  

 

  

 

  

 

  

%. 

s - 

 
 

max)(),(,, 00 xTxKGAFEO    (13) 

 

min
)(),(),(

)(),(),(),(),(,)(),(,, 4100

xxNxK

xbxbxxxKxTxKGAF mcT
 (14) 

 

),(,, 000 uxGxFFAAO  

OE  - 

 ; 

 -  

- 

 

.)()(,)()(,, xbxbxbxb mmcciiii   (15) 

 

0F  - 

 
 

,)(),(,),(,,,, ,

2 BfVfVbMWaQF QVbjbjbljijO    (16) 

 

 Q  - 

-

,,Wa j  - 

j-
2),( bljibM  - 

 

j- )(, VfV Vbjbj  - 

j-

)(BfQ  - 

 

OA  - 

,)(,,,,,),(,, 0 xKnBlBCbfVhA pipipiiiiVibiO    (17) 

 

h  - 

)(, iVibi bfV  - 

i- pipiii BlBC ,,, 0  - 

 

pin  - 



MOTROL, 2012, 14 - 148-157 

155 

; )(xK  - 

-  

)(),( xTxKG  - 

j-

j-

)(xK   

)(),( xTxKG

)4(0F  )5(0A . 

)(),(),(),(),( 41 xbxbxxxK mcT  

- 

)(1 x  

)(4 x ; 

),(xbc  

)(xbm  

)(xK  

-  

)(),(),( xxNxK  - 

)(xN

)(x

-

)(xK ; 

),( uxG  - 

-

. 

0B

-  

jinjicjijibjiBN qqbQQQEB ,,,,,,,,,0    (18) 

 

E  - 

 

- BN QQQ ,, - 

bji - 

j-

njicji qq ,  - j-

ji - i-

. 
 

 
- V [8, 9]; 

- VQ  [10, 

11]; 
- 

 

iii ,1,  i  - 

iA

 
 

ii

i

Ci

i

i
Ag

tjgg XE
,

,,max   (19) 

i

igE  - ig -

i- i -

i

Ci tjgX ,,  

ig -

i -



MOTROL, 2012, 14 - 148-157 

156 

j- Ct -

 - 
 

 

1,,
i

Ci tjgX . 

 
 

r
TtAg

tjgrtjg WXW
Cii

i

Ci

i

Ci
,,

,,,,,     (20) 

 

Rr ,1  - ; rW  - 

.   
 

C

Cii

i

Ci

i

Ci

i

i tj
TtAg

tjgtjgjg XFI ,

,,

,,,,,    (21) 

 

i

i jgI ,  - 

ig - - i -

Ctj ,  - Ct -

 -

i

Ci tjgF ,,  - ig - -

j- Ct -

i -  

 
 

 
-

 

 
 

 

 

1.  2015"  .: 
  

2. 

 
  

3. 

   
4. 

 
  

5. 

  263  
6. -



MOTROL, 2012, 14 - 148-157 

157 

   
 197. 

7. 

  
.    

8. 
  40  

9. 

   
10. 

 
  2004.   

31. 
11. 

  
 // 

  
 121. 

12. 
 
 

 
13. 

 

  
14. 

 
  

  
15. 

 
  

16. 
  

  
17. 

  
18.  

-
-   

 17 20. 
19. 

  
 

20. 

   
21. 

  
 

 
 
FEATURES MODELING OF SEPARATION 

OF GRAIN ON THRESHING FLOOR 
MANAGEMENT 

 
 
Summary. In paper the system-design approach 
to management of system of machines for post 
harvest grain, model the separation of grain corn 
in current economy, determine the cause and 
effect relationship between the technological 
parts of the system. 

 

Key words: separetion, threshing floor, 
modeling, process. 
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OPTIMIZATION OF REGIME OF 
ACCELERATION OF ONE-MASS 

DYNAMIC SYSTEM WITH INTEGRAL 
LIMITATIONS 

 
Summary. In the given research the solution of 
problem of optimisation of regime of 
acceleration of one-mass dynamic system is 
resulted. Optimisation is carried out by means 
of variational calculus methods. For the account 
of limitations superimposed on regime of 
driving of system the Lagrangian multiplier 
method is used. The analysis of agency of 
magnitude of factor of Lagrange on parametres 
of driving of system is carried out. 
 
Key words: dynamic system, variational 
calculus, multiplier of Lagrange. 
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PATHS OF DEVELOPMENT 
OF BRANCH OF SWINE BREEDING 

AND RAISE COMPETITIVE 
STRENGTH OF ITS PRODUCTS 

 
Summary. The ways of development of indus-
try of the pig breeding are analysed and the row 
of basic principles the observance of which at 
planning provides the maximally effective pro-
duction of pork is certain. 
 
Key words: ig breeding, plant-breeding-
genetic centers, system of hybridization, mixed 
fodders, mechanizations and automation of pro-
duction processes.  



MOTROL, 2012, 14 - 176-183 

176 

62-50 
 

 
 

- -  
 

  
 

 
 

 

 
 

   
 

 

 

 

 [2]

maxuu

  
 

,II

;uu

max

max
    (1) 

maxu  - 

maxI  - 

 

 

 

 

 

 

3  

 
  

 
4

 

, 
5-8

 

-  



MOTROL, 2012, 14 - 176-183 

177 

9-14] (  

 
 

5]. 
 

 
 

 
- 

-
 

 
 

 
 

  
 

 
 

 

 [16]: 

,ux

;xx

2

21
    (2) 

1  
 

; u  

 

 

111 )( õxTx , 222 )( õxTx . 

: 

T
2

21

2

22

2

11

0

,dtu)kk1(xkxkI        (3) 

1k , 2k  - 

 
  

 

),A,A,x,x(uu 2121   (4) 

1A , 2A  - 

 

 1x  

2x  maxuu  

 
 

maxuu   

 maxuu  

 

],0[ Tt  

 
*

optu
 

optu  maxuu . 



MOTROL, 2012, 14 - 176-183 

178 

optu  
maxuu . 

 

2

optu *

optu

( )

-

1x

dt

d

)(1 T
1

)(2 T
2

-1
-1

1

 
-  

 

 

.uu,u

;uuu,u

;uu,u

u

minoptmin

maxoptminopt

maxoptmax

*

opt  (5) 

 

  
 

 

 

 

 

 
  

- . 
 

 
 

 
 



MOTROL, 2012, 14 - 176-183 

179 

 
 

  

-  
 

  
2

minmax /1 ñìuu

 

 

( 2

minmax /1,0 ñìuu  ). 

  
  

-  
 

-

-

 

-

  

: 

,yuy

;yy

;yy

1

2

2

21

10

   (6) 

  



MOTROL, 2012, 14 - 176-183 

180 

lm

gmm

1

21 )(
m2  

l  , 

g  ); 0y , 1y , 

2y   

( 20 x
g

l
y , 21 x

g

l
y , 22 x

g

l
y 2x  - 

u  - 

1m

WF
u , F  

, 
 ; W  

, m1 
 

-  
 

1

optu *

optu
(

)

-

2

020 xy
2

0

x2

dt

d

y0

0

2

dt

d

y1

y2

0y

1y

2y

-1

-1
-1

 
-

 
 

0, 1, 2  
  

-  0  - 

 

(
l

g
0 ). 

-  
 

 

 
 

  

  
- . 

 



MOTROL, 2012, 14 - 176-183 

181 

 
 

 
  

[17, 18]

 
 [19, 

20]. 
 

 

 

  
 

  -
 

 
 

 

 
 

 

 
 

 
 

 

1. 

22, 2007.  -36. 
2.  

 
 

 
3. 



MOTROL, 2012, 14 - 176-183 

182 

 2011.  
399. 

4. 

 Tom 12 B.  
2010.  Lublin.  C. 91 96. 

5. -

 
-   

6. 

 -109. 
7. 

  
  2011.  125. 

8. 

.  2009.  . 
 C. 94 107. 

9. 

.  2008.  .          
. 191 201. 

10. 

   2010.  12. 
11. Oviedo J.J.E., Boelen T., van 

Overschee P. Robust advanced PID control 
(RaPID): PID tuning based on engineering 
specifications // IEEE Control Systems 
Magazine. Feb. 2006. Vol. 26. Issue 1. P. 15-19. 

12. Li Y., Ang K.H., Chong G.C.Y. 
Patents, Software, and Hardware for PID 
control: an overview and analysis of the current 
art // IEEE Control Systems Magazine. Feb. 
2006.  P. 42-54. 

13. 
-

 
 2006.    11 18. 

14. 

  2006.  36. 
15.  

   

 2008.  .  
93. 

16.  

 
-

  
17. 

 -
 2010.  15. 

18. 

 
 Tom 13 B.  2011.  

Lublin.  C. 167 173. 
19. 

-
-

 
 

 
20. 

-
  

  .  
2006.  55. 
 
 



MOTROL, 2012, 14 - 176-183 

183 

IMPLEMENTATION OF OPTIMUM 
CONTROL BY DRIVING  

OF DYNAMIC SYSTEMS WITH USE 

PD - AND PID-REGULATIONS 

 
Summary. Recommendations concerning 
implementation of optimum control in form of 
feedback are resulted. For traffic control of 
dynamic systems it is offered to use 
quasioptimum governor with addition in form of 
nonlinear function of type "saturation". 

 
Key words: optimum control, quasioptimum 
governor, feedback. 
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LOGICALLY-PROBABILISTIC MODELS OF 
RELIABILITY OF DIFFICULT MACHINERY 

 
Summary. There are presented methods of 
forming of logically-probabilistic models of 
reliability of difficult structural systems in the 
article. The criteria of minimization of short 
cuts and minimum sections are offered for 
increase of reliability of facilities for preparation 
and distribution of forage. 
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SIMULATION OF BEHAVIOUR OF 
PLASTIC MATERIALS AT COMPLICATED 

LOADINGS 

 

Summary. Implementation conditions 
postbuckling stages of straining of plastic 
materials taking into account properties of 
loading system are investigated, management 
with which is carried out with use of planar 
specimens of special design. The analysis of 
received conditions allows to predict the 
material destruction moment in any point of 
softening branch at partial implementation 
postbuckling straining stages in working zone of 
specimen. Results of mathematical modelling 
are important for substantiation of specified 
calculation techniques of bearing and 
survivability estimation of designs taking into 
account initiation of destruction zones, in which 
the postbuckling stages implementation extent 
by destruction time depends on concrete loading 
conditions, properties of material and system 
geometry. 

 
Key words: technique, material, toughness, 
loading.
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SIMULATION OF MECHANICAL SYSTEM 
THE TEST MACHINERY  DEVICE FOR 

PULSING FEEDING INTO OF ENERGY IN 
SYSTEM  SAMPLE 

 
Summary. Numerical calculations of 
mechanical system behavior at pulsing feeding 
into of energy in the test specimen from plastic 
materials are carried out. Essential nonlinearity 
of pulse transfer process on the test specimen 
that specifies in possibility of jump transitions 
in material structural condition at minor 
alterations in entry conditions is revealed. 

 
Key words: simulation, mechanical system, the 
sample, dynamic nonequilibrium process, test 
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PLANNING OF LOGISTIC DELIVERY OF 

LOADS SYSTEM IN CONDITIONS OF 
AGRICULTURAL ENTERPRISES 

 
Summary. The article describes the creation of 
the logistics system in an agricultural enterprise. 
The paper proposes to organize the delivery of 
goods so that the achieved consistency for all 
players in the logistics system and that the total 
cost of development and management of 
material flow was minimal. 
 
Key words: logistics in agriculture, logistics 
process, material flow, logistics system. 
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