SCIENTIFIC, SCIENTIFIC APPLIED
ORMATIONAL JOURNAL

POJHO HAYYHO, HAYYHO MPUNOXHO A
H®OPMALMOHHO CMNMMCAHNE 3
, HAYYHO MPUNOXHbIA N UHOOPMALIMOHHBLIN XXYPHAT

INIB@EIANTIZATION
INPNGRICULTURE

MIEXANIRIBRVIILS l BN
SIAM 1 (1. T T O

. { .- ( A ’ I:.'n__. . ‘_::‘ "-' 5 o I
il'_ "i'l'i'!ht 4 ‘.,_ SR T ‘-“- \ .':; h

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

TNTIFIC TECHNICAL UNION OF MECHANICAL ENGINEERING
ARIAN ASSOCIATION OF MECHANIZATION IN AGRICULTURE



N3JATEJIN PUBLISHERS

HAYYHO TEXHUYECKH SCIENTIFIC-TECHNICAL
CbhIO3 10 UNION OF MECHANICAL
MAIIMHOCTPOEHE ENGINEERING
EBICAPCKA BULGARIAN
ASSOCIATION OF
ACOIIUALIMS IO
AGRICULTURAL
MEXAHUSALI HA MECHANIZATION
3EME/JEJIUETO

FOOUHA LX BPOWM 3/2014 ISSN 0861-9638 YEAR LX ISSUE 3/2014

PEJAKIIMOHHA KOJIEI'UA EDITORIAL BOARD

Editor-in-chief: Prof. Dr. eng Miho Mihov
I'naBen peaakrop: [Ipod. 1-p nrx. Muxo Muxos
I'naBubiii penaxkrop: [Ipod. 1-p nmxk. Muxo Muxos
Scientific editor: Prof. D.Sc. eng Hristo Beloev
Hayuen penakrop: [Ipod. antH nrx. Xpucro benoes
Hayunblii pegakrop: Ilpod. nra umx. Xpucto benoes

Axan. nta Casxar Hykemes — Kazaxcran Acad. D.Sc. eng. Sayakhat Nukeshev - Kazakhstan
[Ipod. n-p nmx. Anexcannbp Tokapes — Pycus Prof. Dr. Eng. Alexander Tokarev - Russia
Axan. ntH Ixxeman Katsutamze — ['py3us Acad. Djemal Katzitadze - Georgia

[Ipod. n-p nmx. Yecnas Bamkuesuu — [lomnmra Prof. Dr. Eng. Cheslav Vashkievich - Poland
[Tpod. umx. 3nenko Tkau — CrroBakus Prof. eng Zdenko Tkach - Slovakia

[Ipod. ntH unx. Alipat Banues — Pycus Prof. D.Sc. eng. Ayrat Valiev - Russia

[Tpod. at umx. Anekceit Bacunes — Pycus Prof. D.Sc. eng. Alexey Vassilev — Russia

Hou. a-p umx. Ep6on Capkunos — Kazaxcran Assoc. Prof. eng. Yerbol Sarkynov — Kazakhstan
Jort. a-p umk. Su [uenansk — [Tosrra Assoc. Prof. Dr. Eng. Jan Szczepaniak — Poland
IIpod. ntH unx. ['eopru TaceB — buarapus Prof. D.Sc. eng. Georgi Tassev

Jor. a-p k. Henemyo Taces Assoc. prof. eng. Nedelcho Tassev

Hou. a-p umxk. ['eopru Kanammkos Assoc. prof. eng. Georgi Kapashikov

[Tpod. ara umx. CaBa Manapaxues Assoc. prof. eng. Sava Mandraviev

Hou. a-p umxk. Kpacumupa ['eopruesa Assoc. prof. eng. Krassimira Georgieva

Hom. n-p urx. Pocen NBanos Assoc. prof. eng. Rossen Ivanov

Hou. a-p umxk. [lnamen Kanramnos Assoc. prof. eng. Plamen Kangalov

[Mpod. a-p wmxk. Muxani Unues Prof. Dr. Eng. Mihail lliev

Hou. a-p umx. Hensmko Hensimkon 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 3a pexi1amoaaTes M CIIOHCOPH:
108 G. S. Rakovski str., floor 4, office 411 bankoBa cmeTka:
1000 Sofia, Bulgaria IBAN: BG70 PRCB 9230 100779 0819,

Tel/fax +359 2 986 22 40, phone: +359 2 987 7292 BIC: PRCBBGSF
www.mech-ing.com, IMoayuarea: HTC no MamuHocTpoeHe

www.agrimachinery.net/journal/ ITPOKPEJINT bAHK:



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

MECHANIZATION
INAGRICULTURE

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. Wobcke S., Prof. Dr.-Ing. habil. Herlitzius Th. .......ccccccooniiiiieees 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. .....c.c..cccccceevvevenns 6

PERFORMANCE ANALYSES OF WIND MACHINES OF DIFFERENT POWER CAPACITIES USED FOR FROST

PROTECTION IN AN ORCHARD
All VARDAR, ONUE TASKIN L.ttt et e e bbb e bt bbbt b e bRt E e e E e R e e b e b s e ek er e s bt et e en e s beene s 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. IMITKO NTKOIOV, PRD ......oviiiiic ettt ettt et e s bt st e s b e s be e s bt e s st e e b e e e abeesb b e esbeesbeeebaesaeeeabesereesnbeesbbesabessnbesbeens 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. ENtChEY StI. .....ooiiirc e 15

KOHCTPYKLMUS HA LIUIIKA 3A 3ACA’KJAHE HA ITIPUCAJEHU 1 BKOPEHEHMU AABbJIKOBU IIOIOKKH
Jo11. 1-p mHxK. 3anpsiHOB 3., aC. HHIK. SAMPSTHOBA V. ...eiiiiiiiiiiiiiiiiiie ittt ettt e et e et s et e e be e b bt e sbnennbeeneeas 18



MEXAHW3ALINA HA 3EMELENIMETO, BPOW 3/2014

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. Wébcke S., Prof. Dr.-Ing. habil. Herlitzius Th.
Faculty of Mechanical Science and Engineering, Technische Universitat 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 75000t of sugar beets. An average
fuel consumption of 40 to 50 I/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 0to 14 kph, the second from 0to 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 [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 =140kW respectively at a speed of
n = 3000 min? [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.

Exemplary tractive force gear 1
250 : .
2001

150

100

Total wheel force By [kM]

501 1

0 : '
0

10 15
Vehicle speed v [kph]

F

g. 4 Theoretical operating diagram



MEXAHW3ALINA HA 3EMELENIMETO, BPOW 3/2014

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.

00 Efficiency n [%] - hydrostatic drive - gear 1

180F o
__ 160
Z 80
= 140- -
;_5
g 120 -y
< 100 < Boo
2 g0 -
_; 50
F 60r s
S 40
40- 1
20 LR
i i i i N
% 2 4 6 8 10 12 14 16 2
Vehicle speed v [kph|
Fig. 5 Total wheel force, efficiency of hydrostatic drive train
Efficienc; %] - electric drive - gear 1
200 . neyn [ I-el ; g : 100
180! o0
_160F -
z 80
; 140+ i
=0t 1R
2
£ 1000 1 Beo
g
= 80) 50
E 60f -
s 40
a0
20/ 30
% 2 4 2 4 1

6 8 10
Vehicle speed v [kph]
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 n=70.5 %
for the machine with electric and n = 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/I

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 500 100
control valves
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 CO, 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. ldentifying 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, Thilisi, 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.

KEYOBWORDS: 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 of 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.

_PH)
P(H)
Where — P(H) - the probability of no-failure operation

(PNFO) of plows during the work in mountain conditions.
P(H) - (PNFO) in flat conditions.

Our research /3,4/ showed that this coefficient fluctuates in

(1)

limits
K=0,74-0,80.
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:

P(t)=K-R®P,)...
P, (t) - PNFO at sudden refusals;

P, (t) - PNFO at gradual refusals.
Our theoretical and experimental studies [5,6] showed that
in most cases F’1 (t) - is described by the exponential law, and

Pz (t) - by normal distribution. Then (3) the equation will be:

0 (I—T_)2

jef 20% (it
t

p A
Pt) =K —— .(3)
o2

O - average quadratic deviation of an indicator
reliability;

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

t - operating time of a plow, h.
X - failure rate, h™,
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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
T g 2 — -
c£5%o |v8z |BE. |EE.
sfsd | g2 |Bgf | £8°
E5E" | 85T | E¢g gg
33 E - =
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+32-lg-N...(4)
where N - is a quantity of refusals for. N=160, weget
K=8.
Width of the interval h =4 ha ... (5)
Further, general characteristics of the distribution of refusals
were determined:

- Average value

_ k
H=> =wh =193 ha...(6)
i=1
- Dispersion
D=3k, (H; — M2w; = 55 ha®...(7)
- Average deviation
c=vVD=745 ha...(8)
- Variation coefficient
v=2
- Failure rate
A=2=005 ha’...(10)

=0,39...(9)

i

Density of distribution of refusals (differential function of

distribution) was determined by formula
f(H) = }\e_)‘Hi =0,05- e 005H; (11)

I~

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

Tab. 2
Indicators of distribution of refusals of plows
< g’; g _ S SN~ A
£3%o 5% |BE | Z. |SS8|SES
SEs |t | ESg| S | 2825 | 228
5TEc |52 ==y o 55 2| 5309
28 < S = EQ o gE|lBg2
R b= L= = Ooc~— | OTc e
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 005Hi  (12)
P(H) = 1 —F(H) = e 005Hi _ (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 .
calculations are given.

graphical Interprentation of the results of
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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 p(4) =0,54.

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 0.83°C - 2.11°C.

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 (YYazdanpanah 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 1°C 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 Rigid
fiberglass fiberglass

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

Table 3: Technical specifications of thermic engines

130 HP 172 HP
Fuel type LPG Diesel
Power (HP) 130 172
Engine speed (min™) 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. Awverage 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 Om, 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 1o0. 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™)
was 26.376 m®/min with wind machine having 130HP, and 30.240
m*/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.
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Fig 4. Wind Speed — Distance Relation in Wind Machine of 130HP
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Fig 5. Wind Speed — Distance Relation in Wind Machine of 172HP
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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 °C, 0.87 °C, 1.13 °C, 1.37 °C, 1.58 °C,
1.81 °C respectively, these values had been determined as 0.88 °C,
0.93 °C, 1.03 °C, 1.25 °C, 1.73 °C, 2.11 °C 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.

References

Ballard, J.K. 1975. The energy crisis and orchard frost
protection. Proc. Ore. Hort. Soc. 66: 73-76.

Bates, E.M., Lombard, P.B., 1978. Evaluation of
temperatureinversionsandwindmachine  on  frostprotection in
southern Oregon. Agric. Exp. Sta. Special Report 514, Oregon
StateUniversity.

Evans, R.G. 1999. FrostProtection in OrchardsandVineyards.
Washington StateUniversity.

Fraser, H.,Slingerland, K., Ker, K., Fisher, H., Brewster, R.
2008.  WindMachinesforMinimizingColdInjury.  Ministry  of
Agriculture, FoodandRural Affairs.

Guarga, R.,Scaglione, G., Supino, E., Mastrangelo, P., 2000.
Evaluation of the SIS, a newfrostprotectionmethodapplied in a
citrusorchard. In: International CitrusCongress, 9th, 2000, Orlando,
Florida, pp. 583-588.

Snyder, R.L., 2001. Principles of FrostProtection.
AtmosphericScience. University of California.

Yazdanpanah, H.,Stigter, CJ, 2010.
Selectiveinvertedsinkefficiencyforspringfrostprotection in
almondorchardsnorthwest  of Isfahan, Iran. Theor. Appl.

Climatol.,d0i:10.1007/s00704-010-0367-7.



MEXAHW3ALINA HA 3EMELENIMETO, BPOW 3/2014

N3CJIEABAHE MOMEHTA U KOE®OUIIUMEHTA HA TPUEHE I1PU CPABOTBA-
HE HA BUBPOHABAPEHU ITOKPUTHS BbPXY CTOMAHEHHN U YYT'YHEHH
JAETAUJIA OT ABTOTPAKTOPHATA U 3EMEJIEJICKA TEXHUKA

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. Bveeoenue

CpaboTBaHETO Ha TPHEIIUTE CE MOBBPXHOCTH CE Pas3IIIeKa,
KaTO CJIOXKEH HEYCTaHOBEH IPOIIEC HA IOCTEIIEHHO M3MCHEHHE Ha
TPUOOTEXHUYECKUTE XapaKTePUCTHKH U XapaKTEepUCTHKHTE Ha
TEOMETPUYHUTE U (PU3NKO-XMMHYHUTE CBOMCTBA Ha MOBBPXHOCT-
HUTe cioeBe npu TpueHe [1]. EnxHa ot ocHOBHHTE TpubOOTEeXHHYEC-
KU XapaKTePUCTHKHU, KOSTO CE MPOMEHS CBIIECTBEHO M IO KOSTO
MOJKE Jla ce OLIEHM Mpolieca Ha cpabOTBaHE HA TPHUEIIH Ce TIOBbPX-
HOCTH TIpU N3MEHEHNE Ha BBHHIIHHUTE yCIIOBHUS, KAKBUTO ca HaBape-
HUTE BH3CTAaHOBHUTEIHHU ITOKPUTHS € MOMEHTA Ha TPUCHE.

Ienta Ha paborara € 1a ce yCTaHOBAT TPHOOTEXHHUYECKHUTE Xa-
PaKTepUCTHKN - MOMEHT U KOe(HIMEHT Ha TPHEHe Ha TpHeIla ce
JIBOMIIA OT BUOPOABIOBO HABAPEHM MOKPHUTHS B ra30BU CMECH BbP-
Xy CTOMaHEHU M YyryHEHHU JeTailnu u ojoBeH O6pon3 BO 30 mpu
TPHEHE Ha IUTb3raHe B CMa304yHa Cpe/a.

2. H3noocenue

3a ¢usnueckn Mojen Ha TpHeIaTa ce JBOMIA ‘Baj-jarep” e
n30paHa JBOMLATA “POJKA-CEKTOP” ChC CHOTBETHH IapaMeTpu Ha
TEOMETPUYHO M (PU3NYECKO MOJ00HEe OINpelesieHH Bb3 OCHOBA Ha
CTaTHCTUYECKO H3CIEABAaHE Ha IOJUISKAIINTE 32 BB3CTAHOBSBAHE
M3HOCEHH JETAIIN OT aBTOTPAKTOPHATA M 3eME/eIICKa TeXHUKa [4].

3a BxozeH (akTop Ha Mozena 3a M3cieABaHe Ipolieca Ha cpa-
0oTBaHe M U3HOCBAHE IIPU TPHEHE Ha ILTh3raHe Oelle NMpHeT CheTa-
Ba Ha TpHUeIIaTa ce MOBBPXHOCT Ha BH3CTAHOBEHUTE UpPe3 BHOPOIb-
TOBO HaBapsBaHE CTOMAaHEHW M YYr'yYHEHHM IETalln OT aBTOTpakK-
TOpHATa U 3eMejencka TexHuka [2]. Ha cpaBHUTENHO M3CienBaHe
0s1xa MOAJTIOXKEHN TPH MaTepuana Ha TpHEIaTa ce MOBBPXHOCT Ha
ponkara cromana 45, 3akaneHa u BuOponaBapeHa ¢ DURS00 u
yyryHena ENGJL200 Bubponasapena ¢ CB 08I2C.

Etanonnure oOpasum 3a w3nuTBaHe ca W30paHM OT Hai-
pa3NpoCTpaHEHUTEe MaTepUaiy 3a IUTH3TAIIM JIarepH B aBTOTpPaK-
TOpHAaTa M 3eMeJielicka TeXHHKa croMaHa 45 u onoseH Opons BO-
30.

BrscranoBennte oOpasiu ce m3padborsaxa ot Ct45 HaBapeHa ¢
enexktponer ten DURS00 B rasoBa cmec OT aproH M BBIVIEPOACH
nByokuc npu cectaB 60 % Ar m 40 % CO, [5] u cuB uyryu
ENGIJL200 naBapesn c enexrpozet ten Cs 08I2C B rasosa cmec 50
% Ar u 50 % CO,, [3] ¢ muamersp 1,6 mm, KOUTO ca C BHCOKa
TBBPJIOCT Ha HaBapeHaTa IOBBPXHOCT 0e3 IMyKHATHHU IPH 3aKalsi-
Bane ¢ TBY. HaBapsBaneTo e u3BBpIIeHO Ha ypenda ¢ Oe3nHepnu-
oHeH ocoB BuOpoxbrop amapar “EHTOH-60" ¢ mro3a 3a 3amiuTHU
ra3oBe MpH CIETHHUS PEXUM: pabOTHO eJIeKTpUYHO Hampexenue 20
V, roneMuHa Ha enektpudeckus Tok 180 A, ckopocT Ha HaBapsiBaHe
1,26 m/min, cCKOpOCT Ha MOJaBaHe Ha eJIEKTPOIHMS Ted 2,3 m/min,
CTBIIKA 32 HaBapsBaHe 3 mm, W3/1a3 HA EJEKTPOAHUS Ten 15 mm,
pa3xon Ha 3aluTHaTa ra3osa cMec 15 1/min, yectoTta Ha BUOparmu-
te 46,7 Hz.

Etanonnure u HaBapeHu o6pas3uu ce 00paboTBaxa TEPMUIHO U
MEXaHUYHO. 3akaisiBaxa ce npu HarpssaHe ¢ TBU u omyckaxa 1o
tBBpaoct 5572 HRC (HV; = 6100%*°° MPa) u ummdosaxa Ha OKoH-
yaTelieH pa3Mep IO CIenualHa METOAUKa, cel n3paboTBaHETO OT
TSX Ha POJIKU 3a M3MUTBaHe. PoskuTe MMaxa quaMeTsp Ha TpHeIla-

Ta ce mobpxHocT 50°%% mm, HECHOCHOCT M HEMEPTEHIMKYJIAP-

Hoct He noeue oT 0,01 mm, mwupuna 12005 mm, nebeiMHa Ha

HaBapeHOTo mokputue ¢ 0,5 mm mo paguyc ¢ rpamaBocT 1mo Ra =
0,28...0,32 um 3a cromanenute HaBapeHata ¢ DURS500 u Ra
0,58...0,64 pum 3a gyrynenurte HaBapenu ¢ CB 08I2C ¢ maca ot
160...170 g.

CekTopHTe 32 TPHELIUTE CE JBOULM ca OMMETAaIHU OT CTOMaHe-
Ha OCHOBa M HaHECEH BbpXY Hesl aHTHU(puKIHoHeH cioil ot BO-30
¢ TBbpaocT HVs = 490**° MPa u nebemmna 0,1...0,5 mm mo pamuy-
ca. JIpipknHATa Ha TpUEIaTa ce MOBBPXHOCT Ha cekropa e 20 mm,
mmpunara 1079 a mromra Ha onopuara mosspxHOCT € 2 cm’ 1
maca ot 15...20 g. IIpenu paspsizBaHe Ha JarepHUTE NPBCTCHUTE C
[eHTpaJIeH br'hd 46°, OT KOUTO ca H3pabOTEHH CEKTOPHTE, BHHIITHA-
Ta OBBPXHOCT ce numdosa 10 auamersp 70'% mm, a Berpemmara
MOBBPXHOCT Ha JIar€PHHUTE NMPBCTEHU CE€ MPECTHPrBa 10 AUAMETHP
50""% mm ¢ rpamasocr mo Ra = 2,0...2,8 um. XmaGunara Ha JBOH-
nara Tpsiosa ga 6bvae 0,04...0,05 mm 3a ga ce mojaydu paBHOMEPHO
cpaboTBaHe MPYU HYXKHHUSI MACJIeH KIIMH.

Kato ocHOBEH KpuTepuu 3a OIEHKa Ha Ipoleca Ha cpaboTBaHe
U M3HOCBAaHE Ha TPHEIINTE CE MPH IUIb3TaHe MOBBPXHOCTH Oerre
IpueT MOMEHTa Ha TpHeHe. B mpomeca Ha W3cieaBaHeToO ca ompe-
JieTIeH MOMEHTa Ha TPHUEeHe B Kpasi Ha HaTOBapBaHETO, MOMEHTAa Ha
TpHEeHe B Kpas Ha cpabOTBaHe M MOMEHTa Ha TPHEHE B Kpas Ha
H3MHUTBaHETO. B KauecTBOTO Ha crioMaraTeNneH rmapamMeTsp 3a OleH-
Ka Ha cpabOTBaHETO W M3HOCBAHETO CE M3IMOJ3Balle KoeduuueHra
Ha TPUEHE, KaTo ca ONpe/eNeHH KOeUIMCHTUTE Ha TPUCHE B Kpasi
Ha HATOBApBAHETO U M3ITUTBAHETO.

H3cnenBaneTo e MpoBEIEHO HAa MAIlMHA 32 TPHEHE U N3HOCBAHE
CMII-2, ychBBpIICHCTBAHA € Pa3IMYHU CUCTEMM U yCTpoiicTBa 3a
OCHUT'YpsIBaHE Ha yCJIOBHS 332 TPHCHE W W3HOCBAaHE OJM3KU 10 EKCII-
JOaTallMOHHATE. 3a TOYHO H3MEpBaHe Ha TPHUOOTEXHUUECKUTE
XapaKTepUCTHKN KbM MalllMHATa € pa3paboTeHa CHelHantHa Majlko
o0eMHa BOJOOXJTaXIaeMa KamMepa 3a TPUeHE M W3HOCBAaHE B yCIIO-
BUSITA Ha TEYHO cMa3BaHe ¢ o6eM oT 150 ml u cucremu 3a oXiax-
JaHe Ha KaMepaTa, IOAIbp)KaHe Ha MOCTOsiHHA Temmeparypa 40°C,
XapaKTepHa 3a CTYJEHO cpaboTBaHE Ha HOBOM3PAOOTEHU M PEMOH-
THpPaHU JIBUTATEIM HA aBTOTPAKTOPHATa M 3EMEJENICKa TEXHUKa,
CHCTEMa 3a HEIPEeKbCHATO pa30bpKBaHE HAa CMa30yHATa cpena U
MarHUTHO NOYMCTBAaHE Ha MPOAYKTUTE OT M3HOCBaHETO. V3nuTBa-
HETO CE M3BBpIIBA IO CXeMara “poJIKa-CeKTop” IMpH 4yecToTa Ha
BbpTeHe 540 mint OCHUTypsIBallla OTHOCHUTENIHA CKOPOCT Ha IIb3ra-
He 85 m/min. HaroBapBaHeTo Ha TpHeIIaTa ce JBOHIA CE U3BBPII-
Baie 6e3cTeneHHo cbe ckopocT | MPa/min, ycunue Ha nputHckane
Ha cekTopute kbM poskute 100 daN, koeTo ocurypsiBa HamsraH€e 5
MPa u TpuboTexHHYECKa XapakrtepucTuka PV = 425 MPa.m/min.
Tesn croitHOCTH ca M30paHU B CHOTBETCTBHE C M3MCKBAHUATA KBM
JOIMYCTUMHUTE CTOHHOCTH 32 IUTH3TAIH JIaTepH.

MOMEHTBT Ha TpHEHE Ha M3NUTBAHATA JBOWIA HENPEKHCHATO
ce N3MepBa U 3alicBa OT CUCTEMAa C HHAYKTUBEH JATUYHK, IOCTAaBEH
MEXIy peoyKTopa U IIMUHIEeNA Ha MallnHaTa. 3a mpeoOpa3yBaHe
Ha CHTHala OT MHAYKIMOHHUS JaTdMK 32 MOMEHTa Ha TpHEHE e
pa3paboTeHa CrenyanHa IUIaTKa, KOATO ompenens xudepeHnuana
OT JBETE€ HAMOTKM Ha AaTuhka. OTYMTAHETO M 3alUCBAaHETO Ha
M3XOIIUS OT AnQepeHInaTHaTa IIaTKa CHTHAl 33 MOMEHT Ha
TPHEHE Ce W3BBPIIBA C MYITHQYHKIHOHATHOTO ycTpoicTBo NI-
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Que.1 Jlunamuxa Ha usmeHenue Ha MOMEHMA HA MpueHe 8 Kpas Ha
Hamosapeanemo npu cpabomeane Ha emaloHHAmMa U 8b3CMAHOGe-
nume osouyu: 1-Cm45-5030; 2-DUR500-5030; 3-ENGJL200-
F0O30.

USB 6210. 3a mpeoOpa3yBaHeTo Ha 3amucaHUTe AaHHU B N.cm e
ch3JajeHa OJIOK CXeMa, II0 KOSTO CE€ OTYMTAT M BU3YyalH3HpaT 3a-
MHCBaHUTE JaHHH, 3aJI0’KeHa B 3aBIkBaums copryep NI-DAQmMX
u codryepuus npoaykr Lab View. ITo Bpeme Ha eKCIepHMEHTAN-
HHUTe u3cnenBanus, ycrpoiictBoro NI-USB 6210 ce cBBp3Ba KbM
USB nopT Ha MpeHOCUM KOMITIOTHP, & JaHHUTE OT 3aIlica Ha Mpo-
Ieca Ha TpUEHE IPH IUTE3raHEe B PEalHO BPEME Ce ChXpaHsBaT B
* xls MOKyMEHT ¥ MoCIIeBaoTo UM 00paboTBaHe ce U3BHPIIBA C
moMornra Ha codryepHus nponaykr Microsoft Office Excel. Mo-
MEHTa Ha TPHEHE HEIPEKbCHATO CE 3alliCBa [0 BpeMe Ha W3MHUTBa-
HETO M CE BHM3yaJlM3upa Ha €KpaHa Ha NEPCOHAICH KOMIIOTBD B
uupoB U B rpaduyueH BU.

PesynTaTute OT M3ClIEBAHETO Ca NPEACTABEHH C IrpadU4HH 3a-
BucuMocTH (¢ur.l...¢pur.5), KouTo NOKa3BaT JUHAMHKATA HA H3MeE-
HEHHMEe Ha MOMEHTa M Koe(HI[MeHTa Ha TPHUECHE B Ipolieca Ha cpa-
0oTBaHE M M3HOCBAHE HA TPUCLIUTE CE IOBBPXHOCTH.

CpaboTBaHETO HA TPHEIH Ce MOBBPXHOCTH CE€ XapaKTepH3Mpa C
rojeMHHaTa Ha MOMEHTa Ha TPHUEHE B Kpas Ha HaTOBapBaHETO.
CrolHOCTHTE Ha TO3M MOMEHT OIPEeNSIT MPOTHBO3AIUPHUTE
CIOCOOHOCTH Ha TPUEIIHUTE CE MOBBPXHOCTH.

Ot rpadukara Ha ¢ur.l ce BmKAa, Ye HAYATHOTO H3MEHEHUE HA
MOMEHTA Ha TPHEHE B Kpasi Ha HATOBAapBAHETO MMa CTPBMEH Xapak-
Tep B IILPBUTE /IBA Yaca OT U3MUTBAHETO M IIPU TPUTE JBOMLH, KATO
TOBa € IO-SIpKO M3pa3eHo Ipu eraroHHaTa ABoiika Ct145-5030.
Cren xoeto ce HaOIroaBa MMOYTH ABYKPATHO HaMaJlsIBaHE Ha roJie-
MHMHAaTa HAa MOMEHTa Ha TpPHEHE CIPSIMO Ha4yaJHUTE CTOHHOCTH,
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Duz.2 ﬂuuamuxa HA U3MEHEeHUe Ha MOMeHmd Ha cpaﬁomeane

npu mpuene Ha Niv3eaHe HA eMAIOHHAMA U 6b3CMAHOSEHUMe
osouyu: 1-Cm45-5030; 2-DUR500-5030;3-ENGJIL200-5030.

KOETO € yCJIOBHE 3a IUIABHO NPOTHYAHE Ha Hpolieca cpaboTBaHE U
YCTaHOBEHO U3HOCBAHE IPE3 OCTAHAIOTO BPEME Ha U3MUTBAHE.
HaBapeHuTe NOKPHUTHS B Ta30BU CMECH BbPXY CTOMAHCHH U 4y-
T'YHCHH JICTAMIM MMaT IO-MaJKd MOMCHTH Ha TPHEHE B Kpas Ha
HaTOBapBaHETO, KOETO IOKa3Ba M0-J00po cpaboTBaHE C aHTU(PUK-

nnonHara ciiaB bO-30. ToBa HamaeHHe HAa MOMEHTA € CBBP3aHo C
HaMaJsiBaHEe Ha Koe(UIeHTa Ha TpreHe (ur. 3, a 0TTaM 1Mo-BUCOKa
MPOTHBO3a/IMPHA CIIOCOOHOCT B HAYAIOTO HA CPabOTBAaHE M YCTAHO-
BEHO M3HOcBaHe. HaBapeHaTa yyryHeHa poJika UMa MOYTH JBOHHO
M0 HUCBK MOMEHT OT €TaJOHHATa, KOETO Ce JBJDKU Ha Mo-1o0pute
aHTU(PUKIOHHY CBOICTBA Ha YyT'yHA.

Baxxna TpubOTEeXHMUYECKAa XapaKTEpUCTHKAa € W3MEHEHHETO Ha
MOMEHTa Ha TPHEHE B IIpolieca Ha akTUBHO cpaboTBaHe. Toil npen-
CTaBJIsBa pa3jMKaTa MEX1y MOMEHTA B Kpas Ha HaTOBapBaHETO MH
U MOMEHTa B Kpasi Ha M3IMTBaHETO MK, OTYETEeH ClIel H3THYaHe Ha
HEOOXOAMMOTO BpeMe 3a M3IMTBAaHE Ha TpHELaTa Ce IBOMIIA.
BiusHUETO Ha BXOZHMTE IapaMeTPU BbPXY U3MEHEHHE Ha MOMEHTA
Ha cpaboTBaHe e mokasaHo Ha (¢ur.2).

Ot nosrydeHuTe pe3yiaraTy Ha Gur.2 ce BIXK/a, e XapakTepa Ha
HM3MEHEeHUEe Ha Ipoleca Ha cpaboTBaHe € I000eH IpH eTallOHHATa
W M3NUTBAaHHUTE JBOMIYM. AKTHBHO H3MCHEHHE HA MOMEHTA Ha TpHe-
HE TIpH cpaboTBaHE MPOTHYA Npe3 IIbPBUTE IIECT Yaca Ha M3IUTBA-
HETO, clle]] KOeTO JIEKO HapacTBa 3a Bb3CTAHOBUTEIHUTE TIOKPHUTHS,
KOETO € CBBbP3aHO C Ipolieca Ha cpaboTBaHe Ha posikara. EtanoxHa
geonna Ct45-bO30 mMa mo-roisiMo M3MEHEHHE Ha MOMEHTH Ha
TpUEHE IIpu cpaboTBaHE OT BH3CTAHOBCHHUTE IBOULM C HAaBAPEHO
HNOKPUTHE BbPXY CTOMAaHEHU W YYT'YHEHHU JeTaiiM, KaTo cpaboTBa-
HETO Ha eTAJIOHHATA JABOMIIA € MO-TIPOABIDKUTENHO U IpoTHya 1o 10
4ac Ha U3MHUTBAHETO.

AHaNMM3bT Ha pe3yNITATUTE OKa3Ba, Y€ Bb3CTAHOBEHHUTE JBOHIIH
NPEeMHUHABAT 3a I10-KPAaTKO BPEME B PEKMM Ha YCTAaHOBEHO M3HOC-
BaHE, CBHJACHKM MO HE3HAYMTEIHOTO HM3MEHEHHE Ha MOMEHTa Ha
cpabotsane ot 4™ o 14™ wac crorBeTHO Mexay 5,5 10 6,5 Nem.
Ilpu eranonHara aBouna ce 3abensssa, e ciaex 10™ yac ot usnur-
BAHETO 3aI104Ba IIPOIIEC Ha yCTAHOBEHO N3HOCBAHE.
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@ue.3 Jlunamuka HA USMEHeHUe HA MOMEHMA HA MpueHe 8 Kpas
HA UBNUMBAHeMO Npu MpueHe Ha NAb32aHe HA eMAIOHHAMA U
ev3cmanosenume o0souyu: 1-Cm45-5030; 2-DUR500-5030;3-
ENGJL200-5030.

MoOMEHTBT Ha TpHEHE B Kpasi Ha H3IUTBaHeTO ((ur.3) HamansBa
3HAYUTENTHO Tpe3 MBbPBUTE 6 yaca W 3a TPUTE M3MUTBAHU JBOMIIM,
clie]] KOEeTO TNOHIKEHHETO Ha MOMEHTa ce 3abaBs. MoMeHTa Ha
TpUEHE B Kpas Ha M3MHTBAHETO 3a €TAJOHHATa M HaBapeHaTa C
DURS500 nBowii ¥Mar MOYTH €JHAKBH CTOWHOCTH IIpe3 ISIOTO
W3NUTBaHe. Pa3nmuyaBar ce 3HAYMTENHO caMO B CTOHHOCTHTE Ha
MOMEHTAa 3a ITbPBHS Yac.

JlBounara c HaBapeHOTO B ra3oBu cMecu ¢ CB 081 2C nmokpurue
BBpPXY UyI'YHEHATa pOJIKa MMa I0-HUCHK MOMEHT Ha TPHUEHE B Kpas
Ha M3MUTBAHETO B CpaBHEHME C OCTaHaiIuTe ABe gBounu. CroiHoC-
THTE Ha MOMEHTA 3a Ta3W JABOUIATa € MO-HUCBK ¢ okomo 10 Nem
Ipe3 LSIOTO M3MUTBAaHE CHPSMO APYTUTE 1BE ABOMIM. ToBa ce
JIBDKM Hali-BEpOATHO Ha HAIMYMETO HA TPadHT B UyryHa, KOHTO
HaMaJsiBa CHIINTE Ha TPHEHE U MoJ00psiBa cpabOTBAHETO MPHU TPHE-
HE Ha IUTb3raHe.

MomeHTa Ha TpHeHe B Kpas Ha W3IHTBAHETO € MO-MalbK OT
MOMEHTa Ha TPHUEHE B Kpasi Ha HaTOBAPBAHETO M 3a TPUTE JBOMIIH,
KOeTo JaBa MH(pOpMANHs 3a IPOTEKIUS MpoLiec Ha cpaboTBaHe.
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QDue.4 Hzmenenue na xoeuyuenma na mpuene 8 Kpas Ha HAMo-
8apeaHemo npu MpueHe Ha Nib32aHe HA eMalOHHAMA U 6b3CMA-
HOGeHume  08OUYU. 1-Cm45-5030;  2-DUR500-5030; 3-
ENGJL200-5030.

KoedunuenTa Ha TpreHe MoXe 1a ce M3II0I3BA 33 KOJIMIECTBE-
Ha OIIeHKA Ha TPHEHETO U cpaboTBaHeTo. baronpusaTHOTO BIMSIHUE
Ha BB3CTAHOBEHATa YyryHEHa poJIka BEPXY IIpolieca Ha cpaboTBaHe
ce TOTBBPXK/AaBa U OT Pe3yITaTHUTe, IMOIYISHN 3a KOe(HIHEeHTa Ha
TpHEHEe B Kpas Ha HaToBapBaHeTo (¢ur.4) u B Kpasi Ha U3MUTBAHETO
(¢ur.5). B mepruona Ha akTUBHO cpaboTBaHE KOE(UIMEHTHTE Ha
TpUEHE M 3a TPUTE BUJA [BOMIM HAMAJSIBAT HMHTEH3MBHO IIpe3
mepBUTe 4...6 yaca, cieq KOeTo 10 Kpas Ha M3MUTBAHETO 3ara3BaT
MOYTH TIOCTOSIHHU cToiHOCTH. Koeduumenture Ha Tpuene xaro
NIPOM3BOJHN Ha CHOTBETHHTE MOMEHTH Ca ITO-BHCOKH 33 €TaJOHHA-
Ta JIBOMIIA.
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Que.5 Hszmenenue na koeguyuenma na mpuene 6 Kpas Ha us-

NUMEAHEMo npu MmpueHe HA NIb32aHe HA eMAJOHHAMA U 6b3C-
manogenume  Osouyu: 1-Cm45-5030; 2-DUR500-5030;3-
ENGJL200-5030.

3. 3axniouenue

1. BubpoxbroBo HaBapeHHTE NMOKPUTHS B Ta30BU CMECH BBPXY
CTOMAaHEHH M YYTyHEHH JICTaliIM IPEeMHHABaT 3a MO-KPaTKO BpeMe
B PEXXHMM Ha YCTAaHOBEHO M3HOCBAHE, CHJACHKHU 10 HE3HAYMTEIHOTO
M3MEHeHne Ha MOMeHTa Ha cpabotBane oT 4™ mo 14™ gac cwoT-
BEeTHO Mexny 5,5...6,5 Nem.

2. Isonmnara ¢ HaBapeHOTO B ra3zoBu cMecu ¢ Cs 08I2C nokpu-
THE BbPXY YYTyHEHATa POJIKAa UMa IT0-HUCKH MOMEHTH Ha TPHEHE B
Kpasi Ha HaTOBAapBAHETO U M3MUTBAHETO B CPAaBHEHHE C OCTAHAIIUTE
JIBE TBOMIIH.
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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 -

S

Start of the

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.

design

Clarification and defining the
problem

7

Feasibility studies

7

Compilation of a technical
assignment

Choice of a prototype

v

Expansion of the output
infermation

v

Choice or
synthesis of a

technical
propos al

Algorithm CHS
{creation of a new
solution)

D efining of adjusted technical
proposal

Algorithm ITS

{improvement of a
turnkey solution)

________________________________________________________ i

Algoerithm CRE
{combining with
ready elements)

First phase of
design

~ Development of a conceptual
- -
design

v

Development of a detailed design

v

Completion of a technical
documentation

End of the
design

Second phase of
design

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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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. Yeoo

BaxxHO wW3MCKBaHE IIPU 3aCaXJAHETO  HAa TNPHCAJICHH U
BKOPEHEHHU SIOBIKOBH TOMIOKKH € HM305TBAHETO HAa MEXaHHUUHMS
KOHTaKT MEXAy NPHCAJCHUs KajleM M 30HaTa Ha MpHCAKAAHE C
TBBpAM Tena [2,3], KoeTo NpHYMHSABA CUyNBAHE HA KajeMa WU
HEroBOTO pa3MECTBaHE CHpPAMO MOJUIOKKaTa. ToBa BoauM 10
HETrOJHOCT Ha MPOAYKIMATAa. MEeXaHUYHUAT KOHTAaKT € Bb3MOXKEH
NpH 3axBalllaHE Ha MPHUCAAEHUTE MOATOXKKH OT 3acakialara
IMIUMKa, TPAHCTIIOPTHPAaHETO W A0 OOTyma W TpH KOHTakT Ha
3acaJeHUTE MOJI0XKKH C IIUITKUTE.

M30srBaHeT0 HAa MEXAaHUYHHS KOHTAKT Ipu 3axBalllaHE H
TpaHCIOPTUPAHE Ha MNpUucCaa€HaTa MNOMJIOXKKa OT IIUIIKaTa Ha
caJlavyHusA ariapar, HU3HUCKBa KOHCTPYKIIUA Ha IuIIKara,
IMO3BOJIsIBalla CTaOMITHO 3axBallaHE€ Ha NpUCAACHUSA PE3HUK U3BBH
30HUTC Ha KaJIEMa U pUcaxJaaHe.

2. Excnepumenmanen oopasey

3a u30sArBaHe Ha MEXaHWYHHUTE IOBPEJH HA IPUCAJCHHUTE
KaJIeMH € HeOOXOIMMO TAXHOTO CTaOWIIHO 3aXBalllaHEe OT LIMIIKAaTa
Jia ce W3BBPIIM B 30HaTa Ha LEHTHPa MM Ha Texecrra, Touka O
¢ur.1.
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@ue. 1. Msacmo na 3axeawjane Ha ROOIONCKAMA OM WUNKAMA

1. 3acasncoawa wunxa; 2. Bxopenen u npucaden pesnux; m. O —
YEeHMbD HA MedHcecmma Ha NPUCAOeHama NOON0HCKA.

Iupounnara Ha 3axBamaiure 4yeimrocTu D3y ce ompemens or
YCIOBHETO IICHTHPBT Ha TEXKECTTa Ha MpHUCAJCHAaTa W BKOPCHCHA
MO/JIOKKA BHHATH JIa TIOMaa MEeX/IY YEIIOCTHTE 3a /1a Ce M3MIBbIHU
TOBa U3UCKBAaHE € HEOOXOIMMO:

(1) b3y >2.Dyr

kbaeTo Dy € noBepuTenHMAT MHTepBal Ha pasceilBaHero Ha
KOOpJMHATA Ha LICHTHPA HE TEKECTTA Ha MOJUIOKKATA.

CroiiHoCcTTa Ha
M3CJIEIBAHMS:

Dyr e ompemeHa oT HOpeiBapUTENIHM

DL[T: 8,1cm

IIpy Tazu CTOMHOCT Ha [OBEPUTENIHUS HMHTEPBAl IO
¢dopmyna 1 3a mMpoYHHATA HA IUIIKATA CE OJIyYaBa:

(2) byy =162

W3paboTBaHe Ha 3axBallalllUTe 4YEIIOCTH C Takasa
HIMPOYUHA € HEBHP3MOXKHO. KOHCTPYKTHBHO € BE3MOXHO IIUIIKATa
Iia ce u3paboTu ¢ pasmep:

(3) bg_q_ =9cm

[Ipu TO3M pa3Mep Ha 3axBallAIIKUTE YEIIOCTU HAMA Ja €
BB3MOXHO BCHYKH NPHUCATICHU M BKOPEHEHH IOJUIOKKU fAa ObIaT
3aXBaHATH B 30HATa UM Ha LEHTHPA HA TEXKECTTA.

Ha 6asara wa Tteopermuynute wuscinensanus [1] e
pa3paboTeHa KOHCTPYKIHMS Ha 3acaxjaliarta MIWIKa, KOSTO
oTroBaps Ha (HU3UKO-MEXaHUYHHUTE MapaMeTpPH Ha MPUCAICHATE U
BKOPEHECHU SOBIKOBH MOJUIOKKA W OCHTYpsiBa CTaOMIHOTO UM
3axBalllaHe U TPAHCIIOPTHUPAHE.

Ha ¢ur.2 e wu30o0paseHa  KOHCTpPYKLUSTa
pa3paboTeHaTa 3axBaliaa mumnka. Ts ce CbCTOH OT:

Ha

1. Orpannuuren.

2. lpyxwuHa.

3. JlocT ¢ ponka.

4. Croiika.

5. IlogBmKHA YEITIOCT.
6. HemmoiBu>xHa 4eIIOCT.

Henoapuxnara yemocT — 6 € MOHTHpaHa HEMOABMKHO
KbK CTOWKaTa — 4, a MOJBI)KHATa YENIOCT — 5- IIApHUPHO.
3aTBapsSHETO Ha TMOABMKHATA UEIMIOCT C€ OCBIIECTBABS OT
npyXuHaTa — 2, a OTBapsSHETO IOJ BB3ACHCTBHETO Ha JoOCTa C
ponkata — 3. 3acaxJaniara MAIKa ce MOHTHPA KbM CaJadHuUs TUCK
upe3 orBopa D 11.

3a pa3nmmka OT JpYrHTe 3acaJalld IIUIKH B Ta3d
KOHCTPYKIIMS 3aXBaIllaHETO Ha ITOJUIOXKKHUTE CE OCBIIECTBSIBA HE OT
TYMCHH IIHUIKH, 3 OT €JacTHYHa IUIACTMACOBA JICHTa, MOHTHpPaHa
KbM IOJIBI)KHATA M HEMOJBIDKHATA 4acT Ha 3axBalllaIlaTa LIMIKA.
CraOunHocTTa Ha 3axBalllaHE Ha TNPUCAICHUTE M BKOPCHEHHU
HOJUIOKKM C€ IIOCTHra 4pe3 enacTuyHara Jedopmaius Ha
IUIacTMacoBara JICHTa IIPH 3axXBalllaHEe Ha IIOJUIOKKHTE OT eJHa
CTpaHa M OT Jpyra upe3 IIO-TOJeMusl BI'BJI Ha oOxBara Ha
HNOJJIOKKaTa OT JieHTata. To3uM egeKT ce IoCTHra KOoraro
nmpucajgeHata M BKOPEHEHa  IIOJUIOKKAa ce  IIOCTaBH B
HPOCTPAHCTBOTO MEKJy JICHTHTE Ha JJBETE YEJIOCTH Ha LIUIKUTE U
orpannuuntens (pur.2), MOHTHPAH KbM HEMOJBIIKHATA YEIIOCT Ha
munkara. JIOMbIHUTENHO OOTAraHe Ha IUIaCTMAacoBaTa JIEHTA, a
OTTaM ¥ IOBMIIABaHE HA CTAOWJIHOCTTA Ha 3aXBalllaHE CE€ MOCTHUTra
ype3 pa3MHMHAaBaHE Ha BBHIIHMS Kpaili Ha MOABWXXHATA W
HETIOJBIDKHA UENIOCT Ha 3axBallamara IIUIKa. ToBa ce IocThra
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4pe3 M3pabOTBaHe Ha [BETE YENIOCTH Ha IUMIKATa C Pa3iiMyHa
wupounHa (dur. 2).

Orpanuuutenar —1 (¢ur. 2) e MOHTHpPAH HEHOABHXKHO
KbM HEMOABWIKHATA 4YEMIOCT Ha 3acaxkjamara Iunka. Toi
OCUTypsiBa:

- €IHAKBO IIO3MIHOHMpPAaHE Ha IPHCAJCHUTE U
BKOPCHEHH SIOBJIKOBH ITOJIOKKH CIIPSIMO 3aca/allaTa IUIKa, a OT
TaM ¥ PaBHOMEPHOCT Ha 3aCaKAaHEeTo.

- OrpaHMYaBa 3axXBalllaHETO Ha MNPHUCAICHUTE
HOJUI0XKKH, KaTO UM IpeAna3Ba KaIeMHUTe OT HOBPEXKIaHE.

- CIY)XM 3a OIOpa Ha 3aXBaHATUTE IPHUCANCHU
HOJUIOKKH OT €NaCTHYHHTE IUIACTMACOBH JEHTH. IIpocTpaHCTBOTO
MEXIY TAX (JIGHTUTE W OTPaHHYHUTENI) € ¢ KIMHOBHAHA (opma,
KaTo 110 TO3W HAYMH JIEHTUTE HMPUTUCKAT MOJJIOKKHATE OCBEH eIHa
KBM JIpyTa, a opajy ,,ehexTa Ha KIMHA” ¥ KbM orpanuuureins . [1o
TO3M HAa4UH Ce I000PsBAT 3aXBaIlaHETO U IMO3HI[HOHNPAHETO Ha

| |
\ 100 !
1

QDue. 1 Koncmpyryus na 3acaxcoawjama wunka

1. Ozpanuuumen; 2. Ipyscuna; 3. Jlocm c ponka; 4. Cmoiixa, 5.
Toosuoicna uenrocm; 6. Henoosuosicna uentocm.

IpucajeHara noAjI0XKKa CrpsaMo 3acaxaaniaTa nuIka.

Taka pa3paboTeHHTEe 3acakialllM LIMMKH Ca MOHTHUPaHH Ha
JMCKOB CajJaueH amapaT, KOMTO € M3IMTaH W € Ha pabora B
pascaguuka Ha ¢pupma ,,Casen — Arpo” — OO/, [lnoBaus.

3. JIumepamypa

[1] 3ampsmosa ., 3. 3anpsmos., M3ciemsaHe Ha
KMHEMaTUYHHUTE IIapaMeTpy Ha MOWCKOB caJadeH amapar, Pyce,
Beirapus, Hayunu tpynose Ha Pycencku Yrusepcurer - 2013,
Tom 52, cepus 1.1, ctp 99-101.

[2] 3ampsmos 3., C. Tabakos, JI. AnrenoB, MexaHu3upaHO
3acakaHe Ha IPHUCATICHU U BKOPEHEHU SIOBIKOBU IOMIO0XKH,
Proceeding of the International conference “Research people and
actual task on multidisciplinary science”, Lozenec Bulgaria,
Volume 2, 2007, p. 76-78

[3] Maunpamxkues C., u ap., MexaHH3UpAHO 3acaxJaHE Ha
3penu pe3nnnu, CenckocTonaHcka TeXHHUKa, kH. 5, 1987, ctp. 57-
61.

Pazpabomxama e punancupana om HUI] na
Azpapen ynusepcumem — Ilnosoue.



	cover
	1.1.TITULNA
	1.2.contents
	MECHANIZATION
	IN AGRICULTURE
	CONTENTS:


	tqlo
	002_штрилер-б
	1. Introduction
	2. Initial Situation
	3. Hydrostatic Drive Train
	4. Determination of Load Collectives
	5. Electric Drive Train
	6. Simulation and Field Tests
	7. Cost-benefit Calculation
	8. Conclusion and Outlook

	003-кацитадзе
	Keyовwords: reliability, plows, failure, state of serviceability, modeling, reliability index, lifetime, Redundancy.

	005-vardar
	1. Introduction
	2. Material and Method

	007-Nikolov-am14
	1. Въведение
	3. Заключение
	4. Литература

	008-angelov-mateev-am14-1
	1. Introduction
	2. Design preparation for manufacturing of headers HPS

	009-z.zaprjanov
	1. Увод
	2. Експериментален образец





