
Issue 3
2014

MECHANIZATION 
IN AGRICULTURE 

Year LX, ISSN 0861-9638, issue 3/2014, Sofia, Bulgaria

INTERNATIONAL SCIENTIFIC, SCIENTIFIC APPLIED 
AND INFORMATIONAL JOURNAL 

МЕЖДУНАРОДНО НАУЧНО, НАУЧНО ПРИЛОЖНО И 
ИНФОРМАЦИОННО СПИСАНИЕ

МЕЖДУНАРОДНЫЙ НАУЧНЫЙ, НАУЧНО ПРИЛОЖНЫЙ И ИНФОРМАЦИОННЫЙ ЖУРНАЛ

SCIETNTIFIC TECHNICAL UNION OF MECHANICAL ENGINEERING
BULGARIAN ASSOCIATION OF MECHANIZATION IN AGRICULTURE

МЕХАНИЗАЦИЯ НА 
ЗЕМЕДЕЛИЕТО



ИЗДАТЕЛИ 
 

НАУЧНО ТЕХНИЧЕСКИ 
СЪЮЗ ПО 

МАШИНОСТРОЕНЕ 
 

БЪЛГАРСКА 
АСОЦИАЦИЯ ПО 

МЕХАНИЗАЦИЯ НА 
ЗЕМЕДЕЛИЕТО 

 
 

 

PUBLISHERS 
 

SCIENTIFIC-TECHNICAL 
UNION OF MECHANICAL 

ENGINEERING 
 

BULGARIAN 
ASSOCIATION OF 
AGRICULTURAL 

MECHANIZATION 

 
ГОДИНА LX    БРОЙ 3 / 2014 ISSN 0861-9638 YEAR LX    ISSUE 3 / 2014 

 
РЕДАКЦИОННА КОЛЕГИЯ EDITORIAL BOARD 

Editor-in-chief: Prof. Dr. eng Miho Mihov 
Главен редактор: Проф. д-р инж. Михо Михов 

Главный редактор: Проф. д-р инж. Михо Михов 
Scientific editor: Prof. D.Sc. eng Hristo Beloev 

Научен редактор: Проф. дтн инж. Христо Белоев 
Научный редактор: Проф. дтн инж. Христо Белоев 

 
Акад. дтн Саяхат Нукешев – Казахстан 
Проф. д-р инж. Александър Токарев – Русия  
Акад. дтн Джемал Катзитадзе – Грузия 
Проф. д-р инж. Чеслав Вашкиевич – Полша 
Проф. инж. Зденко Ткач – Словакия 
Проф. дтн инж. Айрат Валиев – Русия 
Проф. дтн инж. Алексей Василев – Русия 
Доц. д-р инж. Ербол Саркинов – Казахстан 
Доц. д-р инж. Ян Шчепаняк – Полша 
Проф. дтн инж. Георги Тасев – България 
Доц. д-р инж. Неделчо Тасев  
Доц. д-р инж. Георги Капашиков 
Проф. дтн инж. Сава Мандражиев 
Доц. д-р инж. Красимира Георгиева 
Доц. д-р инж. Росен Иванов 
Доц. д-р инж. Пламен Кангалов 
Проф. д-р инж. Михаил Илиев 
Доц. д-р инж. Недялко Недялков 
 

Acad. D.Sc. eng. Sayaкhat Nukеshev - Kazakhstan 
Prof. Dr. Eng. Alexander Tokarev - Russia 
Acad. Djemal Katzitadze - Georgia 
Prof. Dr. Eng. Cheslav Vashkievich - Poland 
Prof. eng Zdenko Tkach - Slovakia 
Prof. D.Sc. eng. Ayrat Valiev - Russia 
Prof. D.Sc. eng. Alexey Vassilev – Russia 
Assoc. Prof. eng. Yerbol Sarkynov – Kazakhstan 
Assoc. Prof. Dr. Eng. Jan Szczepaniak – Poland  
Prof. D.Sc. eng. Georgi Tassev 
Assoc. prof. eng. Nedelcho Tassev  
Assoc. prof. eng. Georgi Kapashikov 
Assoc. prof. eng. Sava Mandraviev 
Assoc. prof. eng. Krassimira Georgieva 
Assoc. prof. eng. Rossen Ivanov 
Assoc. prof. eng. Plamen Kangalov 
Prof. Dr. Eng. Mihail Iliev 
Assoc. prof. eng. Nedyalko Nedyalkov 
 

The specialized magazine “Agricultural Mechanization” is the successor of the journals “Mechanized 
Agriculture” (1948-1957), “Mechanization and Electrification of the Agriculture” (1959-1980) and 
“Mechanization of the Agriculture” (1981-1991) 

 

Address of the Editorial board 
108 G. S. Rakovski str., floor 4, office 411 
1000 Sofia, Bulgaria 
Tel/fax +359 2 986 22 40, phone: +359 2 987 72 92 
www.mech-ing.com,  
www.agrimachinery.net/journal/ 
 

За рекламодатели и спонсори: 
Банкова сметка: 
IBAN: BG70 PRCB 9230 100779 0819,  
BIC: PRCBBGSF 
Получател: НТС по машиностроене 
ПРОКРЕДИТ БАНК: 

  

http://www.mech-ing.com/


MECHANIZATION 
IN AGRICULTURE 

INTERTAIONAL SCIETIFIC, SCIENTIFIC APPLIED AND INFORMATIONAL JOURNAL 
 

ISSN 0861 - 9638 YEAR LX, 3/2014, Sofia 
 

 
CONTENTS: 
 
 

 
 
 SELF-PROPELLED HARVESTER WITH AN ELECTRICAL TRACTION DRIVE IN COMPARISON TO THE 
HYDRAULIC TRACTION DRIVE  
Dipl.-Ing. Striller B., Dipl.-Ing. Lindner M., Dipl.-Ing. Wöbcke S., Prof. Dr.-Ing. habil. Herlitzius Th. ................................................... 3 
 
RESEARCH ON RELIABILITY OF PLOWS OPERATING IN MOUNTAINOUS CONDITIONS  
Katsitadze J.,, Ph. D., full professor; Kapanadze I., Ph. D., assistant professor; Kutelia G., MS; Bidzinashvili I., BS. ............................. 6 
 
PERFORMANCE ANALYSES OF WIND MACHINES OF DIFFERENT POWER CAPACITIES USED FOR FROST 
PROTECTION IN AN ORCHARD  
Ali VARDAR, Onur TAŞKIN ..................................................................................................................................................................... 9 
 
A RESEARCH ABOUT COEFFICIENT AND MOMENT OF FRICTION DURING INTERACTION OF DEPOSITED 
LAYERS OF IRON PARTS OF AGRICULTURAL AND TRANSPORTING MACHINERY EQUIPMENT  
Assoc. Prof. Mitko Nikolov, PhD .............................................................................................................................................................. 12 
 
ADAPTATION OF AN EXISTING SOLUTION FOR WORK  
IN NEW CONDITIONS – AN ANALYSIS OF THE METHODOLOGY  
Assoc. Prof. M.Sc. Angelov B. PhD., M.Sc. Mateev Sv., M.Sc. Entchev Str. .......................................................................................... 15 
 
КОНСТРУКЦИЯ НА ЩИПКА ЗА ЗАСАЖДАНЕ НА ПРИСАДЕНИ И ВКОРЕНЕНИ ЯБЪЛКОВИ ПОДЛОЖКИ  
Доц. д-р инж. Запрянов З., ас. инж. Запрянова Й. ................................................................................................................................. 18 



SELF-PROPELLED HARVESTER WITH AN ELECTRICAL TRACTION DRIVE IN 
COMPARISON TO THE HYDRAULIC TRACTION DRIVE 

Dipl.-Ing. Striller B., Dipl.-Ing. Lindner M., Dipl.-Ing. Wöbcke S., Prof. Dr.-Ing. habil. Herlitzius Th. 
Faculty of Mechanical Science and Engineering, Technische Universität Dresden, Dresden, Germany 

E-mail: benjamin.striller@tu-dresden.de 

Abstract: Sugar Beet Harvesters belong to self-propelled agricultural machinery for trimming, lifting, cleaning and collecting sugar 
beets. Like most harvesting machines such vehicles are equipped with hydrostatic traction drives to ensure a continuous variable speed 
adjustment for the harvesting process. These drives are state of the art but rather moderate in efficiency. For further enhancement of effi-
ciency the hydrostatic system was replaced by a diesel-electric traction drive. The two different systems were tested and compared in simula-
tion and field. As a result, improved driving performance at reduced fuel consumption could be achieved. 

Keywords: DIESEL-ELECTRIC, HYDROSTATIC, SELF-PROPELLED HARVESTER, SUGAR BEET HARVESTER, EFFICIENCY 

1. Introduction 
Nowadays modern agriculture utilizes self-propelled harvesters, 

such as combine harvesters for grain, forage harvesters, harvesters 
for beets and potatoes or sugar cane and cotton harvesters. This type 
of harvesting machines is characterized by high productivity in 
terms of tons per hour or hectares per hour. The vast majority of 
these self-propelled harvesters are equipped with hydrostatic drive 
technology, which allows comfortable and fast adjustment of vary-
ing ground speeds according to the different harvesting conditions, 
and which includes reverse operation and quick stop without the 
need of switching gears or hitting breaks. Other requirements on the 
propulsion system of self-propelled agricultural harvesting ma-
chines are fast response, high torque at low speeds, transport speeds 
from v = 20 kph up to 40 kph, high efficiency at all load conditions, 
and slip and traction control in terms of soil protection. 

So far, hydrostatic drive systems have met these requirements 
best, specifically in consideration of weight and cost. However, a 
major disadvantage of hydraulics is the moderate efficiency [1], 
especially in the part-load operational range. The spectrum of load 
cycles in the operation of self-propelled harvesters is characterized 
by a wide range of operating points which makes the optimization 
of a high overall efficiency fairly impossible. With regard to high 
installed engine capacities and rising fuel costs this is essential. 

Electric drives are characterized by a higher efficiency com-
pared to hydraulics and with a very slow decrease in efficiency 
towards the partial load range. Excellent controllability and dynam-
ic behaviour exceed the corresponding capabilities of mechanical or 
hydraulic drives. Additional advantage is the built-in current and 
voltage measurement, which delivers information about the drive 
torque at any time and with high accuracy. 

Analysts [2] expect that in future electrification of drive trains 
will be used in mobile agricultural machinery and implements with 
the purpose of efficiency increase and functional enhancements. 
Electrified traction drives of self-propelled harvesters are an im-
portant step in that direction. 

2. Initial Situation 
In a collaborative project Sensor-Technik Wiedemann GmbH, 
ROPA Fahrzeug- und Maschinenbau GmbH, and TU Dresden 
implemented a diesel-electric traction drive system in a self-
propelled sugar beet harvester (Fig. 1). This machine is character-
ized by a net weight of about 30 tons, which increases up to 60 tons 
when the hopper is completely filled with harvested beets. Harvest-
ing operation mainly takes place between autumn and winter, some-
times under very difficult ground conditions. As a result and in 
comparison to other self-propelled harvesting machines, the power 
requirements of the traction drive are high, ranging from 100 kW –
 300 kW with a very wide distribution of operating points. The 
annual harvesting area of a beet harvester is between 600 ha and 
1200 ha, equivalent to about 75 000 t of sugar beets. An average 
fuel consumption of 40 to 50 l/ha leads to a fuel cost of about one 
third of the total operating costs. 

 
Fig. 1 Beet harvester in field operation [3] 

3. Hydrostatic Drive Train 
The conventional, hydrostatic drive train of the self-propelled, 

three-axle beet harvester ROPA euro-Tiger V8-3 uses a variable 
displacement hydraulic pump (Fig. 2, position 9), which is mounted 
to the main transfer gear box (Fig. 2, position 8). This gear box is 
located behind the flywheel (Fig. 2, position 7) of the diesel engine 
and drives another twelve hydraulic pumps for functional compo-
nents with variable speed. 

The hydraulic power unit to drive the vehicle for traction is a 
variable displacement pump in swash plate design with a rated 
power of P = 343 kW. The hydraulic power is converted by two 
hydraulic motors in bent axis design, one with constant displace-
ment (Fig. 2, position 1) and the other with a variable displacement 
(Fig. 2, position 2). The beet harvester is all-wheel driven by a 
central gearbox (Fig. 2, position 3) with two gears where both the 
motors are directly mounted. The first gear enables vehicle speeds 
from 0 to 14 kph, the second from 0 to 20 kph, optional up to 
25 kph. 

Power is distributed by a cardan shaft to the front axle (Fig. 2, 
position 4) and the two rear axles (Fig. 2, position 5 and 6), respec-
tively. The front axle is designed as a portal axle with a central 
differential gear and planetary final drives. In the first and second 
rear axle differential gears and planetary gears as final drives are 
integrated like in the front axle. Furthermore the last axle is 
equipped with an axle load control. All wheels feature kingpin 
steering whereas, additionally, an articulated steering is implement-
ed between the front axle and the first rear axle [4]. 

4. Determination of Load Collectives 
For the changeover of the hydrostatic traction drive to the die-

sel-electric traction drive the current drive requirements on a con-
ventional machine were determined. During beet harvest 2010 a 
total of about 200 h of harvest and road operation were recorded on 
two machines. Using drive train pressure and flow volumes, drive 
performance and traction requirements could be calculated. Data 
were analysed, transformed into class frequency and residence time 
distributions, and thus load collectives could be formulated. It was 
found that the vehicle speed during harvest ranges from 6 to 8 kph. 
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Fig. 2 Conventional drive train [3]

5. Electric Drive Train 
For the electric drive the central drive concept of the hydraulic 

drive train was kept. The hydraulic pump was replaced by two 
generators with a rated power of P = 140 kW each at a speed of 
n = 3000 min-1 [5]. A gearbox was implemented, which is flanged 
to the former pump drive, shifting the input speed of the generators 
to a higher range to assure a favourable efficiency of the electrical 
machines.  
The hydraulic motors were substituted by two electric motors with a 
rated power of P = 140 kW respectively at a speed of 
n = 3000 min-1 [6]. Here as well a matching gear was mounted 
between the motors and the gearbox to run the motors at the desired 
speed. All the electrical machines are identically constructed, per-
manently excited synchronous machines cooled by isolating trans-
former oil. The overload capacity of the electric machines is 30 %. 
A brake chopper limits the maximum DC voltage in the DC link 
between the generators and electric motors working with a voltage 
level of 650 V. Additional energy storage in form of a battery or 
supercapacitor does not exist at the moment.  
Currently the mass ratio of electric to hydrostatic drive including 
the two matching gears is 3.3:1 without considering the cooling. 

6. Simulation and Field Tests 
In parallel to the integration of the electric drive system into a 

real machine, the conventional hydraulic and the alternative electric 
traction drive were simulated based on the load collectives deter-
mined. The simulated multi-body models represent the complete 
drive train including the diesel engine, the generators and the elec-
tric motors (electric drive train) or the pump and the hydraulic 
motors (hydraulic drive train), the mechanical central drive, and the 
contact between wheel and soil. 
The simulation provides comparative statements for the effective-
ness, efficiency, and fuel consumption of the electric and the hy-
draulic system. The increase in efficiency of the drive train ranges 
from 20 % up to 30 % in accordance with the simulation results; 
therefore the fuel consumption is reduced about 20 %. 

The first functional tests of the electrified machine were carried 
out during 2011 beet harvesting period. All driving functions for 
road and field operation were checked. Subsequently, in April 2012 
the electric and hydraulic harvesters were compared in field tests by 
tractive force measurements, carried out with a tractor-cultivator 
combination as braking vehicle (Fig. 3). 

 

Fig. 3 Test and braking vehicle during field test 

To record the full-load curve in the operating diagram the max-
imum vehicle speed was approached in the respective gear. The 
braking vehicle increased the load continuously until the vehicle 
speed fell according to the tractive output hyperbola. For the deter-
mination of working points within the operating diagram specific 
vehicle speeds were set gradually as shown in Fig. 4 with bright 
colours. While increasing the load of the braking vehicle, the har-
vester speed fell when reaching the full-load curve. During these 
tests the parameters tractive force, GPS-based vehicle speed, fuel 
consumption, and performance data in the drive train were record-
ed, i.e. flow rates, pressures, temperatures, as well as currents and 
voltages. These parameters were used to calculate input and output 
power and to create a characteristic diagram for efficiency. 

 

Fig. 4 Theoretical operating diagram 

МЕХАНИЗАЦИЯ НА ЗЕМЕДЕЛИЕТО, БРОЙ 3/2014

4



The comparison of the two tractive force diagrams (Fig. 5 and 
Fig. 6) shows in the first gear at low vehicle speed slightly higher 
maximum tractive forces for the machine with electric drive. In the 
upper speed range of the first gear higher vehicle speeds can be 
reached with the electric machine. It can be concluded that the 
electric drive train is as effective as the hydrostatic drive train; this 
means the performance limits of the machine with hydrostatic drive 
train can be realized and even surpassed by the machine with elec-
tric drive. 

 
Fig. 5 Total wheel force, efficiency of hydrostatic drive train 

 
Fig. 6 Total wheel force, efficiency of electric drive train 

The efficiency of the drive train is calculated as ratio of tractive 
power and diesel engine output for the traction drive. For v = 6 kph, 
which is a vehicle speed representative for the harvesting process, 
and a full loading cycle of the hopper, the efficiency is η = 70.5 % 
for the machine with electric and η = 46.4 % for the machine with 
hydrostatic drive. Due to the high share of time of this operational 
range a fuel saving between 10 and 20 % is possible. 

7. Cost-benefit Calculation 
Under the following conditions, a cost-benefit calculation was 

made: 

• general machine lifetime: 5 years 
• annual use: 1000 hectares or 650 operating hours (oh) 
• specific fuel costs: 1.30 EUR/l 
• assumed rate of interest: 6 % 

All quantities are shown in Table 1 and 2. It is found that the 
electrified system shows significantly higher investment costs com-
pared to the hydraulically driven machine. However, looking at the 
annual operating costs, the electric system is more economic. 

Based on the above mentioned general conditions, a payback 
period of approximately 3.6 years can be determined for the electric 
system compared to the hydraulic one. 

Table 1 Investment costs 

Investment costs Electric [EUR] Hydrostatic [EUR] 
Drives 32000 6400 
Wires/tubes 2500 590 
Safety equipment/pressure 
control valves 500 100 

Power electronics/valves Inclusive 150 
Investment costs, total 35000 7240 

Table 2 Operating costs 

Operating costs Electric [EUR] Hydrostatic [EUR] 
Oil change 250 100 
Fuel consumption/1000 ha 49095 60249 
Operating costs/year 49345 60349 

 

8. Conclusion and Outlook 
Based on the beet harvester ROPA euro-Tiger V8-3, which is 

conventionally hydrostatically driven, a machine was equipped with 
a diesel-electric traction drive. On the one side, both machines were 
compared in simulations with Matlab/Simulink using load collec-
tives for field and road operation determined in advance. On the 
other side, field tests were carried out. Due to the higher efficiency 
of the electric system superiority in terms of fuel consumption could 
be shown. Despite of the higher investment costs, the current design 
of the electric system has shown an economic benefit. Furthermore 
the ecological advantage of saving CO2 will become more important 
in future.  
During beet harvesting periods of 2012 and 2013 the electrically 
driven prototype machine has been successfully used in practice. 
Load peaks and their frequency during operation could be detected 
by determining load collectives. Identifying the maximum power 
requirement and its duty cycle enables the extension of the current 
serial system to a hybrid system using energy storage. If the storage 
covers the energy requirements of the load peaks, the diesel engine 
only has to ensure a basic power supply (phlegmatization); so the 
load for the engine is smoothed [6]. A smaller diesel engine can be 
chosen if the basic power is supplied at full engine load (rightsiz-
ing). 
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RESEARCH ON RELIABILITY OF PLOWS  OPERATING IN  MOUNTAINOUS 
CONDITIONS 

 
Katsitadze J., Academician of the Georgian Academy of  Agricultural Sciences, Ph. D., full professor; 

Kapanadze I., Ph. D. of Agricultural Engineering, assistant professor; 
Kutelia G., MS in Agricultural Engineering; 

Bidzinashvili I., BS in Agricultural Engineering. 
 

Agricultural University of Georgia, 
David Aghmashenebeli Alley 140, 0159, Tbilisi, Georgia. E-mail: chokhadari@yahoo.com 

 
Abstract: Characteristics of operational reliability of agricultural plows, operating in mountainous conditions were determined on the basis 
of theoretical and experimental studies. It is shown that these conditions adversely affect their workability, cause intense wear of working 
parts of plows, and lead to failures. For this purpose, special coefficient was introduced which takes into account the impact of mountainous 
conditions on reliability. 

A structural-logical scheme for reliability calculations was determined, and at the level of invention, a fundamentally new plow 
with variable widths was developed, allowing a better use of its operation in the mountainous conditions. 

 
KEYОВWORDS: RELIABILITY, PLOWS, FAILURE, STATE OF SERVICEABILITY, MODELING, RELIABILITY INDEX, LIFETIME, 
REDUNDANCY. 
 

Among complex operations of cultivation of crops, plowing 
of the soil is the most important and labor-consuming  operation 
which is carried out by plows. 

 Plows  work in severe soil and climatic conditions - their 
working parts are affected constantly by sign-variable dynamic 
loadings, humidity of the soil and the abrasive particles in it, 
difficult relief configuration and exposition. During work in 
mountain conditions to these factors are added the small featured 
plots, inclination, a sinuosity of the processed soil and complication 
of maneuvering of plows in connection with deterioration of 
traction indicators of tractors. The specified factors cause intensive 
wear of working parts, reduction of their durability and, as a result, 
both gradual, and sudden refusals. The latter cause idling   of plows, 
violation of agrotechnical terms оf plowings and reduction of a crop 
of agricultural production. Therefore, increase of reliability of 
agricultural plows is very important problem of world significance 
which solving  will give big economic effect. 

We developed the general technique for calculation of 
indicators of reliability of agricultural machinery /1,2/ and 
continued developing this technique achieving  our own method of 
calculation of reliability of plows which considers the specific  of 
work in mountain conditions and nature of connection of their 
elements in the structural and logical scheme (SLS). 

We entered special coefficient  K– which considers 
influence of mountain conditions on indicators of reliability of 
plows. 

)(
)(

HP
HPK =     . . . (1) 

Where – )(HP  - the probability of no-failure operation 
(PNFO) of plows during the work in mountain conditions. 

)(HP - (PNFO) in flat conditions. 
Our research /3,4/ showed that this coefficient fluctuates in 

limits 
80,074,0 −=K . 

Further, for calculation of reliability, we made the structural 
and logical scheme of plows which considers reservation by means 
of the additional case (fig. 1). 
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fig.1   The structural and logical scheme of a plow for calculation  

of reliability. 
 

Theoretical prerequisites and sequence of calculation of 
reliability of machines depending on a type of connection of 
elements are described in detail in our work /2/. Our calculations 
showed that the use of the reserve case increases the probability of 
no-failure operation of plows by 8-10 percent. 

Generally VBR of plows cand determine be by a formula: 
)()()( 21 tPtPKtP ⋅= . . . (2) 

)(1 tP - PNFO at sudden refusals; 

)(2 tP  - PNFO at gradual refusals. 
Our theoretical and experimental  studies [5,6] showed that 

in most cases )(1 tP - is described by the exponential law, and 

)(2 tP - by  normal distribution. Then (3) the equation will be: 

∫
∞ −

−−
−

=
t

Ttt

dteeKtP )3...(
2

)( 2

2

2
)(

σ
λ

πσ
 

σ -  average quadratic deviation of an indicator  
reliability; 

−

T - Mathematical Expectation  of time of non- failure work, 
h. 

t  - operating time of a plow, h. 
λ - failure rate, h-1. 
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For probabilistic and statistical modeling of the general 
characteristics of indicators of operational reliability of the plows, 
working in mountain conditions, field observations were made by 
the technique developed by us. For collecting  of the statistical  
materials in special journals   were fixed   the main indicators of 
operational reliability - time between failures, an operating time 
between refusals, a type and group of complexity of refusals, an idle 
time and restoration, dynamics of wear of working parts and others. 
Experimental  research was conducted in mountain areas of Racha-
Lechkhumi and Samtskhe-Javakheti regions of Georgia 
(Ambrolauri, Oni, Tsageri, Adigeni, Akhalkalaki and Akhaltsikhe 
areas). 

After mathematical processing of statistical data, the 
empirical frequency of refusals of plows and frequency (statistical 
probability, table.1) were determined. 

Table 1.  

Statistics of refusals of plows 
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10…14 12 53        0,33                
14…18 16 33 0,21              
18…22 20 23 0,14             
22…26 24 20 0,13                  
26…30 28 13 0,08             
30…34 32 10 0,06               
34…38 36 5 0,03             
38…42 40 3 0,02            

 
Number of intervals of refusals: 

K = 1 + 3,2 ∙ lg ∙ N . . . (4) 
where   N – is a quantity of   refusals for. N=160, weget 

K=8. 

Width of the interval 4=h  ha . . . (5)
 Further, general characteristics of the distribution of refusals 

were determined: 

- Average value 

∑
=

===
k

i
iihwH

1
3,19

  
ha . . . (6) 

- Dispersion 
D = ∑ (Hi − H�)k

i=1
2wi = 55  ha2 . . . (7) 

- Average deviation 
σ = √D = 7,45  ha . . . (8)

 - Variation coefficient 
V = σ

H�
= 0,39. . . (9) 

- Failure rate 
λ = 1

H�
= 0,05  ha-1 . . . (10) 

    Density of distribution of refusals (differential function of 
distribution)  was determined by  formula 

ƒ(H) = λe−λΗi = 0,05 ∙ e−0,05∙Ηi . . . (11) 
 
 
 
 
 
 
 

Results of calculations of this indicator are presented in 
table  2. 

Tab. 2 
Indicators of distribution of refusals of plows 
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10…14 12 53 0,33 0,083 0,027 
14…18 16 33 0,21 0,053 0,023 
18…22 20 23 0,14 0,035 0,018 
22…26 24 20 0,13 0,032 0,015 
26…30 28 13 0,08    0,200 0,012 
30…34 32 10 0,06 0,015 0,010 
34…38 36 5 0,03 0,008 0,008 
38…42 40 3 0,02 0,005 0,007 

 
The value of the variation coefficient  was assumed to be 

have exponentially. 
Integrated function of distribution of refusals of plows and 

probability of non-failure operation are [4] respectively equal: 
F(H) = 1 − e−0.05∙Ηi . . . (12) 

P(H) = 1 − F(H) = e−0.05∙Ηi . . . (13) 
 

These indicators were defined after mathematical 
processing of statistical data on refusals of the plows working in 
mountain conditions. 

Special attention was  paid to types of refusals of plows. 
Their analyses showed that the percentage was the following: 

Design refusals              -18%, 
Industrial   refusals       -37%, 
Operational   refusals   -45%. 
Integrated function of distribution and probability of no-

failure operation of plows were also defined. 
In fig. 2 . graphical Interprentation of the results of 

calculations are given.  
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 Fig. of 2 Schedules of probability of no-failure operation of plows 
1 Histograms, 2 Polygon, 3-Teoretical curve. 
 
Validation of the mathematical model using Kolmogorov 

criteria showed that the coincidence probability of theoretical and 
experimental results is 54,0)( =λp . 

Our further research was directed on the development of 
constructional actions for increase of reliability of plows taking into 
account reservation. At the level of the invention it was developed 
and made a plow with a variable width of capture. Existing similar 
designs have a shortcoming which comes from a difficult design of 
the mechanism of captyre width variation. Operators are compelled 
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to perform additional works manually that complicates a plow  
unitization with a tractor. 

At the level of the invention [6] we developed, made and 
tested an original plow with a variable width of capture which 
differs from others with simplicity of a design, convenience in 
operation and with increase in reliability. In additioni has a reserve 
element case of a plow (fig. 3). 

 
Fig. 3. Plogh with a variable width of capture. 

1-main beam. 2-front bar. 3-cross bar. 4-case of a plow. 5-hinged 
system. 6-additional beam. 7- hinge. 8- hydraulic cilinder. 9-yoke 
.10-lever. 11-levr. 12-truction. 13-mobile bar. 14-oval axis. 
 

The plow with a variable width of capture is aggregated 
with a tractor hinged system. For change of width of capture the 
operator directly in a cabin turns on the lever and oil with a high 
pressure moves in a hydraulic cylinder which rod moves a yoke and 
the lever. As a result of it, the additional beam together with the 
reserve case falls down and holds working position. At the same 
time by means of the lever the mobile bar moves on an oval axis 
that promotes increase in width of capture of a plow. 

The carried-out field tests showed working capacity and 
high reliability of the plow developed by us with a variable width of 
capture which qualitatively carried out soil plowing in the mountain 
regions of Georgia. 
 
Conclusions 
1 . The technique for calculation of indicators of reliability of plows 
taking into account mountain working conditions is developed. 
2 . The structural and logical scheme of a plow for calculation of 
reliability is made and probabilistic and statistical modeling of 
indicators of operational reliability is carried out. 
3 . At the level of the invention is developed and tested the plow 
with a variable width of capture which differs from  the similar  
plows by simplicity of a design and convenience in operation.      
          

Theoretical and experimental studies were financed by the 
grant project of  Agricultural University of Georgia, "Development 
of New Materials and Technologies for Increase of Reliability of 
machines". 
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PERFORMANCE ANALYSES OF WIND MACHINES OF DIFFERENT POWER 
CAPACITIES USED FOR FROST PROTECTION IN AN ORCHARD 
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Abstract: In this research, the efficiencies of two different wind machines which were set up for the frost protection in orchard have been 
investigated. Wind machines are located in 150 da lemon orchard in the south of Turkey. The land is belong to Yuregir district of Adana 
province.  Citrus production is one of the widely-held agricultural activities, and it has economic importance for this region. Frost damages 
occur from time to time on fruit trees due to the climatic conditions. It is a serious problem for fruit growers, and causes economic losses. 
Wind machines are used in the region for reducing this risk. Power capacities of the wind machines used in the lemon orchard were 130 and 
172 hp. Temperature and wind speed were measured at the different distances and heights in orchard for the determination of wind machine 
efficiency. As a result, it was determined that the moving air layer had prevented the trees from frost, and air temperature of the orchard 
increased between 0.83oC - 2.11oC. 

Keywords: WIND MACHINE, FROST PROTECTION, LEMON ORCHARD. 

 

1. Introduction 
The possibility of frost always exists at many regions where 

deciduous seasonal plants are grown.  For instance, the economical 
loss due to frost is more than the economical loss arising due to all 
other climatic reasons in USA.   Low cost measures shall be taken 
in order to decrease this loss. The cost of measures is closely related 
with the frequency of frost, production method and value of product 
(Snyder, 2001).  Keeping the cost of protection as low as possible is 
very important in respect of profit margin of the producer.  

Various methods are being employed in order protect the 
agricultural products against frost. The damages of loss may be 
prevented by implementing various methods in combination when 
required as well as employing a single method.  The important thing 
is the selection of correct and the most effective method, and 
implementing it in a correct manner. Generally there are two 
methods on this issue: Passive protection and active protection.  
Passive protection is taking the measures, prior to the night when 
frost will be observed, that will assist the protection of product 
against frost.  And active protection is to prevent the natural energy 
loss at the night when frost is observed through energy intense 
measures (heaters, water spray, wind machines etc). In this study, 
wind machines being one of the active protection measures have 
been addressed.  

As operation principle, wind machines perform heat transfer 
with forced convection. This operation is realized by the rotation of 
wind machine's rotor in horizontal axis and thus transmission of air 
mass to a specific distance. Wind machines, due to being able to 
rotate also in vertical axis, circulate the air as to scan an area of 360 
degrees and enable the wind movement.  

Wind machines also enable the perceivable heat flow density to 
increase downwards.    The protection amount to be applied against 
frost at the place of machine is proportional to the density of hot air 
layer. Wind machines, used for protection against frost, shall be 
operated when the temperature is over the critical frost temperature. 
However, the operation of wind machines is suggested in cases 
when the difference of temperature in between heights of 1.5m and 
10m are high (Snyder, 2001). There exists the automatic start-up 
option according to ambient temperature on majority of the wind 
machines. As an alternative to this, the machines may be operated 
manually by warning of the operators via their mobile phones when 
the temperature reaches critical levels. Some operators prefer 
manual start-up due to the non-operation of temperature sensor or 
high level of ambient wind.  At plants where wind speed sensor 
exists, it is suggested for the wind machines not to be operated 
when the wind speed reaches 20km/h (Fraser et al., 2008). 

Researches have been made at different countries in the world 
on the usage of wind machines. These researches attract attention to 
the effect of usage of wind machines on the orchards and vegetable 
gardens. Some examples regarding these studies have been 
provided below. 

Observations have been performed at an orange orchard in 
Uruguay with wind machines having an engine power of 11kW.  
When it had been compared with an orange orchard, which is close 
to the orchard where the wind machine had been installed and 
which did not have a protection against frost, positive temperature 
effects and lower fruit damage had been determined (Guarga et al., 
2000).  It had also been determined that a wind machine with an 
engine power of 55kW had a positive effect on the temperature 
level at an almond orchard in Iran (Yazdanpanah and Stigter, 2010).   
Wind machines used at pear orchard at North Oregon had been 
operated during the whole autumn, and it had been observed that 
they had a useful effect against frost (Bates and Lombard, 1978). 

There exist different methods for protecting the fruits against 
frost.  It is possible to heat up by the use of technologies operating 
with fuel oil in order to provide protection against frost by 
increasing the ambient temperature of orchards.   But wind 
machines show a good performance under conditions of frost. 
Besides, it minimizes the requirement for labor and is more 
economic than the heaters consuming fuel oil (Ballard, 1975). There 
had been increase in the interest for wind machines due to their 
energy saving feature and usability in all the seasons when 
compared with other methods of protection against frost (Evans, 
1999).   Moreover, it causes smoke or air pollution at a lower level 
compared to other technologies. 

The purpose of this study is to reveal the effects of wind 
machines used to provide solution against the danger of frost which 
is one of the significant climatic problems of fruit producers. Thus, 
it is being intended to enlighten the producers regarding the benefits 
of wind machines and to prevent product losses. 

2. Material and Method 
Wind machines, being addressed in the study, consist of seven 

main parts as being tower, staircase, bottom gear box, top gear box, 
wind rotor, thermic engine used for machine drive and locating 
platform. Wind machines comprises single wind rotor with two 
blades connected to each other on the same axis. The blades are 
connected with an incline of 1oC on vertical axis to the shaft of top 
gear box from the middle section.  The wind machines with a power 
of 130 and 172HP, addressed within the scope of research, have 
been indicated in Figure 1. 
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Fig.1: Wind machines with thermic engine of                         
130HP and 172HP 

A thermostat has been connected at 6m distance to the location 
of the wind machines on which temperature can be adjusted. When 
the ambient temperature decreases to the temperature set, the engine 
of thermostat is automatically operating.  Thus, monitoring of frost 
can be realized automatically by the thermostat.  Engines operating 
with LPG and diesel are being used in the operation of wind 
machines addressed within the scope of study (Figure 2).  

  

Figure 2: Engines operating with LPG and diesel 

The electric energy required for the thermostat order, which 
enables automatic operation, is being provided by an accumulator 
being charged by a solar cell (Figure 3).   

 

Figure 3: Solar cell provides electric energy 

Technical specifications of wind machines being addressed in 
the research have been indicated in Table 1, Table 2 and Table 3. 

Table 1: Technical specifications of tower 

 130 HP 172 HP 
Construction type Cylindrical Cylindrical 
Diameter 508 508 
Height 10400 10400 
Thickness of material 8 8 
Reduction ratio 2/1 2/1 
Revs per minute 5 5 

 

Table 2: Technical specifications of rotor 

 130 HP 172 HP 
Blade Material Rigid 

fiberglass 
Rigid 

fiberglass 
Number of blades 2 2 
Rotor diameter (mm) 5900 6100 
Width (mm) 245 245 
Revs per minute (min-1) 500 500 

Table 3: Technical specifications of thermic engines 

 130 HP 172 HP 
Fuel type LPG Diesel 
Power (HP) 130 172 
Engine speed (min-1) 2270 2270 

 

Implementation tests of wind machines had been performed on 
a lemon orchard of 150da at province of Adana and county of 
Yuregir. The over the row and between the row distance of trees 
was 7m.  Average tree height was 6m, and average crown width 
was 6.9m. The land had a triangular structure. 

Wind speed and temperature measurements had been performed 
at distances of 5m, 25m, 50m, 75m, 100m, 125 m on a straight line 
from the center of wind machines. These measurements had been 
performed at heights of 0m, 1m, 2m, 3m, 4m, 5m above the ground. 
Wind speed measurements had been determined by digital display 
propeller driven anemometer, temperature measurements had been 
determined by digital display thermometer, the altitude of the region 
had been determined by altitude meter and ambient pressure had 
been determined by barometer. The tests had been performed at arid 
and very cloudy weather when the wind speed was 0m/h.  

3. Results  

Wind machine’s rotor had been designed in a manner as to have 
an incline of 1o. When the rotor of wind machine rotates for once 
around its own axis, it provides wind movement by composing 
vacuum for once and pressure for once to each direction.  By the 
generated wind, the hot air at upper layer is being lowered to lower 
layers. This wind movement at plant level prevents the freezing of 
the plant. 

At the orchard where the research was held, the altitude had 
been measured as 19m and air pressure as 1006.4 hPa. The 
generated air rate at optimum cycle number of the blade (500 min-1) 
was 26.376 m3/min with wind machine having 130HP, and 30.240 
m3/min with wind machine having 172HP.   The measured 
temperature and wind speed values have been provided in Figure 4-
7. The data had been obtained at the position in which the machine 
had generated wind for three times.  
 

 
Fig 4. Wind Speed – Distance Relation in Wind Machine of 130HP 

Fig 5. Wind Speed – Distance Relation in Wind Machine of 172HP 
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Fig 6. Temperature Change – Distance Relation in Wind Machine of 
130HP 
 

Figure 7. Temperature Change – Distance Relation in Wind 
Machine of 172HP 

When the results of research are examined, it is being observed 
that the wind speed decreases as getting far from both wind 
machines of 130HP and 172HP, and thus the effectiveness of wind 
machine decreases.   It is being observed that as the height from the 
ground increases the value of wind speed also increases directly 
proportionally.     The reason of this is the structure of trees.  But, it 
had been observed that the wind machine generates an air flow even 
on the ground.  This air flow on the ground had been determined as 
0.20m/h by measurements made at a distance of 125m for both of 
the wind machines (Figure 4-5). 

No significant change had been observed in temperature 
changes as getting far from the wind machine.  Especially, the 
difference of temperature in between the ground and 5m height is 
more distinct. This difference is being preserved as getting far from 
the wind machines. While for the wind machine of 130HP the 
average of temperature difference depending on distance for 
measurements made at ground and heights of 1m, 2m, 3m, 4m, 5m 
had been determined as 0.82 oC, 0.87 oC, 1.13 oC, 1.37 oC, 1.58 oC, 
1.81 oC respectively, these values had been determined as 0.88 oC, 
0.93 oC, 1.03 oC, 1.25 oC, 1.73 oC, 2.11 oC for the wind machine of 
172HP.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Conculusion 
As the result of use of wind machines, being among the 

methods of protection against frost, the product losses may be 
prevented.  Within this scope, the use of wind machines especially 
during growing products with high economical value is suggested. 
As the result of tests made at the lemon orchard, addressed within 
the scope of this study, it had been determined that the wind 
machines show high performance against the danger of frost.  
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ИЗСЛЕДВАНЕ МОМЕНТА И КОЕФИЦИЕНТА НА ТРИЕНЕ ПРИ СРАБОТВА-
НЕ НА ВИБРОНАВАРЕНИ ПОКРИТИЯ ВЪРХУ СТОМАНЕНИ И ЧУГУНЕНИ 

ДЕТАЙЛИ ОТ АВТОТРАКТОРНАТА И ЗЕМЕДЕЛСКА ТЕХНИКА 
A RESEARCH ABOUT COEFFICIENT AND MOMENT OF FRICTION DURING INTERACTION OF DEPOSITED LAYERS OF 

IRON PARTS OF AGRICULTURAL AND TRANSPORTING MACHINERY EQUIPMENT 

Assoc. Prof. Mitko Nikolov, PhD, University of Ruse, Bulgaria, E-mail: mnikolov@uni-ruse.bg  

Abstract: The dynamics of moment and coefficient of friction change is established by experimental research of applied layers upon iron 
and steel parts through vibrating gas metal arc overlaying. It was established that such layers has a insignificant change of the moment of 
interaction within the period between 4-th and 14-th hour with rate of 5,5 to 6,5 Ncm which is a sign about transition into a period of estab-
lished wear regime within shorter time. 

Keywords: running-in, friction moment, coefficients of friction, iron and steel parts; agricultural machinery 

 

1. Въведение 
Сработването на триещите се повърхности се разглежда, 

като сложен неустановен процес на постепенно изменение на 
триботехническите характеристики и характеристиките на 
геометричните и физико-химичните свойства на повърхност-
ните слоеве при триене [1]. Една от основните триботехничес-
ки характеристики, която се променя съществено и по която 
може да се оцени процеса на сработване на триещи се повърх-
ности при изменение на външните условия, каквито са наваре-
ните възстановителни покрития е момента на триене.  

Целта на работата е да се установят триботехническите ха-
рактеристики - момент и коефициент на триене на триеща се 
двоица от вибродъгово наварени покрития в газови смеси вър-
ху стоманени и чугунени детайли и оловен бронз БО 30 при 
триене на плъзгане в смазочна среда. 

 
2. Изложение  
За физически модел на триещата се двоица “вал-лагер” е 

избрана двоицата “ролка-сектор” със съответни параметри на 
геометрично и физическо подобие определени въз основа на 
статистическо изследване на подлежащите за възстановяване 
износени детайли от автотракторната и земеделска техника [4]. 

За входен фактор на модела за изследване процеса на сра-
ботване и износване при триене на плъзгане беше приет съста-
ва на триещата се повърхност на възстановените чрез вибродъ-
гово наваряване стоманени и чугунени детайли от автотрак-
торната и земеделска техника [2]. На сравнително изследване 
бяха подложени три материала на триещата се повърхност на 
ролката стомана 45, закалена и вибронаварена с DUR500 и 
чугунена ENGJL200 вибронаварена с Св 08Г2С. 

Еталонните образци за изпитване са избрани от най-
разпространените материали за плъзгащи лагери в автотрак-
торната и земеделска техника стомана 45 и оловен бронз БО-
30. 

Възстановените образци се изработваха от Ст45 наварена с 
електроден тел DUR500 в газова смес от аргон и въглероден 
двуокис при състав 60 % Ar и 40 % СО2 [5] и сив чугун 
ENGJL200 наварен с електроден тел Св 08Г2С в газова смес 50 
% Ar и 50 % СО2, [3] с диаметър 1,6 mm, които са с висока 
твърдост на наварената повърхност без пукнатини при закаля-
ване с ТВЧ. Наваряването е извършено на уредба с безинерци-
онен осов вибродъгов апарат “ЕНТОН-60” с дюза за защитни 
газове при следния режим: работно електрично напрежение 20 
V, големина на електрическия ток 180 А, скорост на наваряване 
1,26 m/min, скорост на подаване на електродния тел 2,3 m/min, 
стъпка за наваряване 3 mm, излаз на електродния тел 15 mm, 
разход на защитната газова смес 15 l/min, честота на вибрации-
те 46,7 Hz. 

Eталонните и наварени образци се обработваха термично и 
механично. Закаляваха се при нагряване с ТВЧ и опускаха до 
твърдост 55±2 HRC (HV5 = 6100±400 MPa) и шлифоваха на окон-
чателен размер по специална методика, след изработването от 
тях на ролки за изпитване. Ролките имаха диаметър на триеща-
та се повърхност 50+0,02 mm, несъосност и неперпендикуляр-

ност не повече от 0,01 mm, ширина 12+0,05 mm, дебелина на 
навареното покритие е 0,5 mm по радиус с грапавост по Ra = 
0,28...0,32 µm за стоманените наварената с DUR500 и Ra = 
0,58...0,64 µm за чугунените наварени с Св 08Г2С с маса от 
160...170 g. 

Секторите за триещите се двоици са биметални от стомане-
на основа и нанесен върху нея антифрикционен слой от БО-30 
с твърдост HV5 = 490±50 MРa и дебелина 0,1…0,5 mm по радиу-
са. Дължината на триещата се повърхност на сектора е 20 mm, 
ширината 10+0,05, а площта на опорната повърхност е 2 сm2 и 
маса от 15...20 g. Преди разрязване на лагерните пръстените с 
централен ъгъл 46о, от които са изработени секторите, външна-
та повърхност се шлифова до диаметър 70+0,1 mm, а вътрешната 
повърхност на лагерните пръстени се престъргва до диаметър 
50+0,06 mm с грапавост по Ra = 2,0...2,8 µm. Хлабината на двои-
цата трябва да бъде 0,04...0,05 mm за да се получи равномерно 
сработване при нужния маслен клин. 

Като основен критерии за оценка на процеса на сработване 
и износване на триещите се при плъзгане повърхности беше 
приет момента на триене. В процеса на изследването са опре-
делени момента на триене в края на натоварването, момента на 
триене в края на сработване и момента на триене в края на 
изпитването. В качеството на спомагателен параметър за оцен-
ка на сработването и износването се използваше коефициента 
на триене, като са определени коефициентите на триене в края 
на натоварването и изпитването. 

Изследването е проведено на машина за триене и износване 
СМЦ-2, усъвършенствана с различни системи и устройства за 
осигуряване на условия за триене и износване близки до експ-
лоатационните. За точно измерване на триботехническите 
характеристики към машината е разработена специална малко 
обемна водоохлаждаема камера за триене и износване в усло-
вията на течно смазване с обем от 150 ml и системи за охлаж-
дане на камерата, поддържане на постоянна температура 40˚С, 
характерна за студено сработване на новоизработени и ремон-
тирани двигатели на автотракторната и земеделска техника, 
система за непрекъснато разбъркване на смазочната среда и 
магнитно почистване на продуктите от износването. Изпитва-
нето се извършва по схемата “ролка-сектор” при честота на 
въртене 540 min-1 осигуряваща относителна скорост на плъзга-
не 85 m/min. Натоварването на триещата се двоица се извърш-
ваше безстепенно със скорост 1 MPa/min, усилие на притискане 
на секторите към ролките 100 daN, което осигурява налягане 5 
МРа и триботехническа характеристика PV = 425 MPа.m/min. 
Тези стойности са избрани в съответствие с изискванията към 
допустимите стойности за плъзгащи лагери. 

Моментът на триене на изпитваната двоица непрекъснато 
се измерва и записва от система с индуктивен датчик, поставен 
между редуктора и шпиндела на машината. За преобразуване 
на сигнала от индукционния датчик за момента на триене е 
разработена специална платка, която определя диференциала 
от двете намотки на датчика. Отчитането и записването на 
изходящия от диференциалната платка сигнал за момент на 
триене се извършва с мултифункционалното устройство NI-
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USB 6210. За преобразуването на записаните данни в N.cm е 
създадена блок схема, по която се отчитат и визуализират за-
писваните данни, заложена в задвижващия софтуер NI-DAQmx 
и софтуерния продукт Lab View. По време на експериментал-
ните изследвания, устройството NI-USB 6210 се свързва към 
USB порт на преносим компютър, а данните от записа на про-
цеса на триене при плъзгане в реално време се съхраняват в 
*.xls документ и последващото им обработване се извършва с 
помощта на софтуерния продукт Microsoft Office Excel. Мо-
мента на триене непрекъснато се записва по време на изпитва-
нето и се визуализира на екрана на персонален компютър в 
цифров и в графичен вид. 

Резултатите от изследването са представени с графични за-
висимости (фиг.1...фиг.5), които показват динамиката на изме-
нение на момента и коефициента на триене в процеса на сра-
ботване и износване на триещите се повърхности. 

Сработването на триещи се повърхности се характеризира с 
големината на момента на триене в края на натоварването. 
Стойностите на този момент определят противозадирните 
способности на триещите се повърхности.  

От графиката на фиг.1 се вижда, че началното изменение на 
момента на триене в края на натоварването има стръмен харак-
тер в първите два часа от изпитването и при трите двоици, като 
това е по-ярко изразено при еталонната двойка Ст45-БО30. 
След което се наблюдава почти двукратно намаляване на голе-
мината на момента на триене спрямо началните стойности, 

което е условие за плавно протичане на процеса сработване и 
установено износване през останалото време на изпитване. 

Наварените покрития в газови смеси върху стоманени и чу-
гунени детайли имат по-малки моменти на триене в края на 
натоварването, което показва по-добро сработване с антифрик-

ционната сплав БО-30. Това намаление на момента е свързано с 
намаляване на коефициента на триене фиг. 3, а оттам по-висока 
противозадирна способност в началото на сработване и устано-
вено износване. Наварената чугунена ролка има почти двойно 
по нисък момент от еталонната, което се дължи на по-добрите 
антифрикционни свойства на чугуна.  

Важна триботехническа характеристика е изменението на 
момента на триене в процеса на активно сработване. Той пред-
ставлява разликата между момента в края на натоварването Мн 
и момента в края на изпитването Мк, отчетен след изтичане на 
необходимото време за изпитване на триещата се двоица. 
Влиянието на входните параметри върху изменение на момента 
на сработване е показано на (фиг.2). 

От получените резултати на фиг.2 се вижда, че характера на 
изменение на процеса на сработване е подобен при еталонната 
и изпитваните двоици. Активно изменение на момента на трие-
не при сработване протича през първите шест часа на изпитва-
нето, след което леко нараства за възстановителните покрития, 
което е свързано с процеса на сработване на ролката. Еталонна 
двоица Ст45-БО30 има по-голямо изменение на моменти на 
триене при сработване от възстановените двоици с наварено 
покритие върху стоманени и чугунени детайли, като сработва-
нето на еталонната двоица е по-продължително и протича до 10 
час на изпитването. 

Анализът на резултатите показва, че възстановените двоици 
преминават за по-кратко време в режим на установено износ-
ване, съдейки по незначителното изменение на момента на 
сработване от 4-ти до 14-ти час съответно между 5,5 до 6,5 Nсm. 
При еталонната двоица се забелязва, че след 10-ти час от изпит-
ването започва процес на установено износване.  

Моментът на триене в края на изпитването (фиг.3) намалява 
значително през първите 6 часа и за трите изпитвани двоици, 
след което понижението на момента се забавя. Момента на 
триене в края на изпитването за еталонната и наварената с 
DUR500 двоици имат почти еднакви стойности през цялото 
изпитване. Различават се значително само в стойностите на 
момента за първия час.  

Двоицата с навареното в газови смеси с Св 08Г2С покритие 
върху чугунената ролка има по-нисък момент на триене в края 
на изпитването в сравнение с останалите две двоици. Стойнос-
тите на момента за тази двоицата е по-нисък с около 10 Nсm 
през цялото изпитване спрямо другите две двоици. Това се 
дължи най-вероятно на наличието на графит в чугуна, които 
намалява силите на триене и подобрява сработването при трие-
не на плъзгане.  

Момента на триене в края на изпитването е по-малък от 
момента на триене в края на натоварването и за трите двоици, 
което дава информация за протеклия процес на сработване. 
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Фиг.2 Динамика на изменение на момента на сработване 
при триене на плъзгане на еталонната и възстановените 
двоици: 1-Ст45-БО30; 2-DUR500-БО30;3-ENGJL200-БО30. 
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Фиг.3 Динамика на изменение на момента на триене в края 
на изпитването при триене на плъзгане на еталонната и 
възстановените двоици: 1-Ст45-БО30; 2-DUR500-БО30;3-
ENGJL200-БО30. 
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Фиг.1 Динамика на изменение на момента на триене в края на 
натоварването при сработване на еталонната и възстанове-
ните двоици: 1-Ст45-БО30; 2-DUR500-БО30; 3-ENGJL200-
БО30. 
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Коефициента на триене може да се използва за количестве-
на оценка на триенето и сработването. Благоприятното влияние 
на възстановената чугунена ролка върху процеса на сработване 
се потвърждава и от резултатите, получени за коефициента на 
триене в края на натоварването (фиг.4) и в края на изпитването 
(фиг.5). В периода на активно сработване коефициентите на 
триене и за трите вида двоици намаляват интензивно през 
първите 4...6 часа, след което до края на изпитването запазват 
почти постоянни стойности. Коефициентите на триене като 
производни на съответните моменти са по-високи за еталонна-
та двоица.  

 
3. Заключение 
1. Вибродъгово наварените покрития в газови смеси върху 

стоманени и чугунени детайли преминават за по-кратко време 
в режим на установено износване, съдейки по незначителното 
изменение на момента на сработване от 4-ти до 14-ти час съот-
ветно между 5,5...6,5 Nсm. 

2. Двоицата с навареното в газови смеси с Св 08Г2С покри-
тие върху чугунената ролка има по-ниски моменти на триене в 
края на натоварването и изпитването в сравнение с останалите 
две двоици. 
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Фиг.5 Изменение на коефициента на триене в края на из-
питването при триене на плъзгане на еталонната и възс-
тановените двоици: 1-Ст45-БО30; 2-DUR500-БО30;3-
ENGJL200-БО30. 
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Фиг.4 Изменение на коефициента на триене в края на нато-
варването при триене на плъзгане на еталонната и възста-
новените двоици: 1-Ст45-БО30; 2-DUR500-БО30;3-
ENGJL200-БО30. 
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Abstract: The analysis of the problems to be solved in the engineering practice shows that the adaptation of an existing solution to work 
in new conditions is one of the most common design problems. For harvesting soybeans and other row crops in the country are widely used 
headers HPS produced by METAREM - AD Pavlikeni. They were created in connection with the introduction of technology for row 
harvesting of soybeans in our agricultural production, which is well known and widespread in the world practice. Through the analysis of 
the collaboration of TISEM - AD, Ruse and METAREM - AD on creating headers HPS, the contents of the engineering preparation for the 
production, is clarified. On this basis, a model (algorithm) to solve the engineering task of adapting an existing solution to work in new 
conditions is proposed. 

Keywords: DESIGN PRACTICE, HEADERS FOR HARVESTING SOY CROPS, DESIGN MODEL 

 

1. Introduction 
Using known methods for system design depending on the 

solved practical task is crucial for the convergence between theory 
and practice. The essential feature for the classification of methods 
for systems design in fundamental research that came out late last 
and early this century, is the level of innovation [6,7,8,9,10,11,12]. 
The systematization of methods for system design depending on the 
solved practical problem occurs rarely in scientific periodicals. The 
question for clarification and systematization of problems to be 
solved in the design process in terms of the companies has not 
found its common solution. Even a cursory analysis of this process 
shows that the design does not always begin from the "white sheet" 
and that in their practice design engineers solve problems of a 
varying scope and complexity. 

As a result of earlier conducted studies it was found that in 
companies were solved three basic problems – an adaptation of an 
existing (turnkey) solution to work in new conditions, an  
improvement of a turnkey solution, a combination with precast or 
creating a new solution. On this basis a generalized model for the 
design of technical systems is proposed, which is obtained by 
combining (superimposition) of models (algorithms) for solving the 
defined four main problems of design [4]. The analysis of the tasks 
to be solved in engineering practice shows that the task of adapting 
existing solution to work in new conditions is one of the most 
common design problems. At the same time, a research on the 
content of this problem is also extremely rare in scientific 
periodicals. 

For harvesting soy plantings and other row crops in Bulgaria 
headers HPS are widely used. They are manufactured by 
METAREM - AD Pavlikeni. They were designed in connection 
with the introduced technology for harvesting in rows of soy 
plantings agricultural production inland, which is well known and 
widespread in the world practice. Through the analysis of the 
collaboration of TISEM - AD, Ruse and METAREM - AD on 
designing headers HPS, the content of the engineering preparation 
for production, is clarified. On this basis, a model (algorithm) to 
solve the engineering problem of adapting an existing solution to 
work in new conditions is being proposed. 

2. Design preparation for manufacturing of 
headers HPS 

When harvesting soy crops using headers for cereals connected 
to self-propelled harvesters, huge losses of grain appeared. One way 
to reduce this is to use special headers. As a research result done by 
TISEM – AD, it has been found that in the world practice are used 
two types of headers for harvesting of soy crops - row type headers 
and headers for merged collection by a floating cutting apparatus. 
By research study it was found that row headers have a number of 

advantages over headers for merged collection. In addition to 
regular technology for harvesting soy plantings, in the conducted 
study in TISEM – AD, the structure and principles of the headers 
for row collection that are used most widely in the world practice, 
have been clarified. The study concludes with a recommendation 
that the engineering preparation of new production should focus on 
adapting of an available solution for operating in terms of Bulgarian 
agricultural production. 

The introduction of row technology for harvesting soy crops 
inland is associated with the beginning of the collaboration between 
TISEM - AD and METAREM - AD for preparation for the 
production of a row header, by which simultaneously are harvested 
six rows of soy plantings planted at a spacing of 70 cm. The 
collaboration began with systematization of the specific 
requirements to be met by the row header after its manufacturing 
and defining limitations to the design. In this connection and in 
accordance with the current national regulations, technical 
assignment has been compiled and approved. Based on the technical 
assignment and the chosen strategy - to adapt an existing solution to 
work in new conditions, a suitable prototype has been selected. For 
the prototype additional information was gathered and tests have 
been conducted in terms of Bulgarian agricultural production. On 
this basis, changes in the design of the prototype have been marked 
out, taken into account in the compilation of the adjusted technical 
proposal. 

 

 
Fig. 1 Row header for harvesting soybeans HPS 

 
The design continues with development of the technical 

proposal to the level of detailed design work and to the 
development of complete technical documentation. Despite of 
activities duplication and multiple returns to the technical proposal, 
requirements and limitations to the technical assignment, in this 
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later phase of the design three stages can be specified – a 
development of a preliminary (conceptual) design, a development 
of a detailed design and a development of a complete technical 
documentation. Founding the design on a prototype significantly 
facilitates the implementation of the stages of the later phase of the 
design. 

The preparation for mass production of the row header 
continues with production and testing of a specimen, design and 
manufacturing of technological equipment and production and 
testing of the zero series. Following the successful implementation 
of all stages of the cycle-preparation for production, the mass 
production of the family row headers for harvesting soy crops, has 
been reached by HPS METAREM - AD [2,3] (Fig. 1). 

3. A model (algorithm) for solving the engineering 
task of adapting existing (turnkey) solution to work in 
new conditions 

The analysis of the design cycle- preparation for the production 
of row headers for harvesting soy crops HPS is the basis of the 
proposed model (algorithm) for solving the engineering task - 

adapting of the existing solution, created earlier, to work in new 
conditions (Fig.2). The model is presented as a solved problem on 
the basis of previously created generalized model for designing of 
technical systems, obtained by combining (superimposition) of 
models (algorithms) to solve the four basic design problems. The 
generalized model itself is part of the developed models for the 
hierarchical comparison between the life cycle of the technical 
system, the technical preparation for production, engineering 
preparation of production, and design, resulting from earlier studies 
[1,5]. In a highlighted in dark in Fig. 2 are shown the steps forming 
the structure of the model (algorithm) to solve the engineering task 
of adapting an existing solution to work in new conditions. 

The design process starts with the clarification and definition of 
the problem (Fig.2). The implemented activities for this stage of the 
four engineering problems from practice can be unified, as the 
choice of a strategy for solving the task is performed at a later stage. 

 

 

 
Fig. 2 A model (algorithm) for solving the engineering problem of adapting of an existing (turnkey) solution to work in new conditions 
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Feasibility studies are crucial for the successful problem 
resolving. The main part of the activities at this stage can also be 
unified. Based on the feasibility studies it should be answered the 
following two questions: which are the requirements and limitations 
to the problem solution and which of the four alternative strategies 
will be used to solve the problem. Requirements and restrictions to 
the problem solution are classified in the technical assignment. As it 
became clear with the performed analysis, the technical assignment 
for developing of row headers for soy crops HPS was developed 
and approved according the currently valid national regulations. 

The main differences between the four defined design tasks are 
the optional activities for choosing or synthesis the technical 
proposal. The feasibility analysis, as a part of the cycle - preparation 
for the production of row headers for soybeans HPS, shows that the 
definition of the adjusted technical proposal for solving the 
engineering task - adapting the existing solution to work in new 
conditions, is preceded by choosing a suitable prototype and 
detailed output information for the selected prototype. Discovering 
the activities content for selecting or synthesis of a technical 
proposal, involved in solving other three design tasks can also be 
performed by an analysis of relevant tasks successfully solved by 
the engineering practice. 

The activities performed at the second design phase, could also 
be unified regardless to the design problem - the solution returns to 
the base model (Fig. 2). Using a prototype for solving the problem 
significantly relieves the steps implemented at the later design 
phase. By developing a conceptual design a transition from the first 
design phase (the functional phase) to the second design phase 
(object phase) is done. The technical proposal is developed to a 
level of a complete preliminary design. Within the next stage the 
preliminary design is in turn developed to a level of a detailed 
design. Based on the clarified interaction and mutual disposition 
among the executive organs during the preliminary (conceptual) 
design, the development of the detailed design is transferred to a 
parallel design of components from different hierarchical levels. 
The complete design is reached after multiple calculations for 
strength dimensioning and defining the structural and functional 
interfaces between the components. The design ends with the 
completion of the technical documentation. The components of the 
different levels are represented graphically applying tools of the 
engineering documentation. By the means of the technical 
documentation the next stages of the cycle - preparation of 
production are completed. 

4. Conclusion 
Through analyzing the collaboration between TISEM - AD and 

METAREM - AD on developing headers HPS the contents of the 
cycle - preparation for production has been clarified. Based on it a 
model (algorithm) for solving an engineering problem - adapting of 
an existing solution to work in new conditions is proposed. The 
model is presented as a solved problem based on the previously 
created generalized model for designing of technical systems, 
obtained by combining (superimposition) of the models 
(algorithms) to solve the four basic tasks of the engineering practice 
– an adaptation of existing (turnkey) solution to work in new 
conditions, an improvement of a turnkey solution, a combination 
with precast or creation of a new solution. 
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КОНСТРУКЦИЯ НА ЩИПКА ЗА ЗАСАЖДАНЕ НА ПРИСАДЕНИ И 
ВКОРЕНЕНИ ЯБЪЛКОВИ ПОДЛОЖКИ 

DESIGN OF PLANTING CLIP FOR GRAFTING APPLES ROOTSTOCKS 
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Abstract: The paper presents the design of planting clip for grafting apples rootstocks. The design of clip provides stable clip and 
minimum mechanical damages of grafts. 

Keywords: MECHANIZED PLANTING OF GRAFTING ROOTSTOCKS, DESIGN OF PLANTING CLIP.  

 

1. Увод 
 Важно изискване при засаждането  на присадени и 

вкоренени ябълкови подложки е избягването на механичния 
контакт между присадения калем и зоната на присаждане с 
твърди тела [2,3], което причинява счупване на калема или 
неговото разместване спрямо подложката. Това води до 
негодност на продукцията. Механичният контакт е възможен 
при захващане на присадените подложки от засаждащата 
щипка, транспортирането и до ботуша и при контакт на 
засадените подложки с щипките.  

Избягването на механичния контакт при захващане и 
транспортиране на присадената подложка от щипката на 
садачния апарат, изисква конструкция на щипката, 
позволяваща стабилно захващане на присадения резник извън 
зоните на калема и присаждане.  

 

2. Експериментален образец 
 
         За избягване на механичните повреди на присадените 
калеми е необходимо тяхното стабилно захващане от щипката 
да се извърши в зоната на центъра им на тежестта, точка О 
фиг.1.  

 
Фиг. 1. Място на захващане на подложката от щипката 

1. Засаждаща щипка; 2. Вкоренен и присаден резник; т. О – 
център на тежестта на присадената подложка. 

 
Широчината на захващащите челюсти bЗЧ се определя от 

условието центърът на тежестта на присадената и вкоренена 
подложка винаги да попада между челюстите за да се изпълни 
това изискване е необходимо: 

(1)  bЗЧ ≥2.DЦТ               

където DЦТ e доверителният интервал на разсейването на 
координата на центъра не тежестта на подложката. 

Стойността на DЦТ е опредена от предварителни 
изследвания: 

DЦТ= 8,1 cm 

При тази стойност на  доверителния интервал по 
формула 1 за широчината на щипката се получава: 

(2)  bЗ.Ч. ≥ 16,2            

Изработване на захващащите челюсти с такава 
широчина  е невързможно. Конструктивно е възможно щипката 
да се изработи с размер: 

            (3)  bЗ.Ч. = 9 cm                            

При този размер на захващащите челюсти няма да е 
възможно всички присадени и вкоренени подложки да бъдат 
захванати в зоната им на центъра на тежестта.  

 На базата на теоретичните изследвания  [1] е 
разработена конструкция на засаждащата щипка, която 
отговаря на физико-механичните параметри на присадените и 
вкоренени ябълкови подложки и осигурява стабилното им 
захващане и транспортиране.  

На фиг.2 е изобразена конструкцията на 
разработената захващаща щипка. Тя се състои от: 

1. Ограничител. 

2. Пружина. 

3. Лост с ролка. 

4. Стойка. 

5. Подвижна челюст. 

6. Неподвижна челюст. 

Неподвижната челюст – 6 е монтирана неподвижно 
кък стойката – 4, а подвижната челюст – 5- шарнирно. 
Затварянето на подвижната челюст се осъществявя от 
пружината – 2, а отварянето под въздействието на лоста с 
ролката – 3. Засаждащата щипка се монтира към садачния диск 
чрез отвора Ø 11. 

За разлика от другите засаждащи щипки в тази 
конструкция захващането на подложките се осъществява не от 
гумени щипки, а от еластична пластмасова лента, монтирана 
към подвижната и неподвижната част на захващащата щипка. 
Стабилността на захващане на присадените и вкоренени 
подложки се постига чрез еластичната деформация на 
пластмасовата лента при захващане на подложките от една 
страна и от друга чрез по-големия ъгъл на обхвата на 
подложката от лентата. Този ефект се постига когато 
присадената и вкоренена подложка се постави в 
пространството между лентите на двете челюсти на щипките и 
ограничителя (фиг.2), монтиран към неподвижната челюст на 
щипката. Допълнително обтягане на пластмасовата лента, а 
оттам и повишаване на стабилността на захващане се постига 
чрез разминаване на външния край на подвижната и 
неподвижна челюст на захващащата щипка. Това се постига 
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чрез изработване на двете челюсти на щипката с различна 
широчина (фиг. 2).  

Ограничителят –1 (фиг. 2) е монтиран неподвижно 
към неподвижната челюст на засаждащата щипка. Той 
осигурява: 

- еднакво позициониране на присадените и 
вкоренени ябълкови подложки спрямо засаждащата щипка, а от 
там и равномерност на засаждането.  

- ограничава захващането на присадените 
подложки, като им предпазва калемите от повреждане. 

          -    служи за опора на захванатите присадени 
подложки от еластичните пластмасови ленти. Пространството 
между тях (лентите и ограничителя) е с клиновидна форма, 
като по този начин лентите притискат подложките освен една 
към друга, а поради „ефекта на клина” и към ограничителя . По 
този начин се подобряват захващането и позиционирането на  

 

Фиг. 1 Конструкция на засаждащата щипка 

1. Ограничител; 2. Пружина; 3. Лост с ролка; 4. Стойка; 5. 
Подвижна челюст; 6. Неподвижна челюст. 

присадената подложка спрямо засаждащата щипка. 

Така разработените засаждащи щипки са монтирани на 
дисков садачен апарат, който е изпитан и е на работа в 
разсадника на фирма „Савел – Агро” – ООД, Пловдив. 
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