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General Description of the Thesis

Topicality of the issue: Adjara is one of the distinguished
regions of Georgia with its diverse natural conditions, relief and
soil and. climatic: peculiarities. There are mountainous terrain,
angled, steep sloping lands and small contour plots, which are
characterized by sharply expressed curves. In addition, high
density and sun radiation is observed in most parts of the region.

The above mentioned factors are obviously negatively
affecting the reliability of mobile and small mechanized
machinery, imported from abroad, causing reduction of their
technical resources and employability. The productivity and
capacity is also reduced, the cost of fuel and lubricants increases,
technical manag and sustainability becomes more difficult,
loads while stopping or releasing the vehicle are increased and
according to the final calculations, resources of aggregates, nodes
and parts of the machinery are reduced.

The use of mobile techniques in the highlands is
characterized by low profitability, as the frequent maneuvering in
turnings causes fuel consumption and increases operational time,
as well as the downtime of the equipment,

One of the unresolved problems in the region is the lack of
staff, serving the equipment. According to the official data of the

Ministry of Agriculture of Georgia, by 2013, more than 72% of the

excellent specialists of the technical service industrial unit of the
agrarian sector left the field, in order to be involved in other
spheres of business. There are no technical service centers in the
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municipalities of Adjara Region, except fot the Meqanizatori LTD.
Due to the lack of specialists and the low qualifications of the
existing specialists, the owners have to serve their own private,
machinery. Therefore, the quality of service is low and the cost of
performed work is high. Thus, the performance of the machinery
is poor, when its readiness coefficient amounts to'40-45%. The
mentioned fact leads to a violation of agro-terms of agricultural
labourious works and a non-profitability of the whole agricultural
works. . bt

It is necessary to develop an agricultural service centers in
Adjara, which will fulfill all functions of technical services, which
will take into account the production-technical services in crop
production, in breeding and processing industry, together with
the marketing, technical exploitation, repair works, management,
quality assurance, organization of transportation, trainings and
retrainings of staff, technical supervision, etc.

We believe that it is necessary to develop and implement
the rational forms of agricultural technologies at a country, region
and rural level, which will enable us to utilize the foreign
agricultural machinery effectively and significantly increase
agricultural production. It is also necessary to develop a type of
device and resource saving innovative technology to restore
depreciated parts and give them the "second life".

Based on the above mentioned, determination of
quantitative indicators of operational reliability of agricultural
machinery operating in Adjara, resource saving innovative
technology development for restoration of the depreciated parts
and establishment of rational forms of technical services appears
to be a very important scientific problem, having a practical
character.
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The goal of the thesis. The goal of the thesis is to develop
technological and organizational measures for increasing the
reliability and resources of small mechanization agricultural
machinery in Adjara, substantiation of a new technological
process and equipment to restore the depreciated parts,
optimization of modes, calculation of technical and economic
indicators and development of rational forms of technical service
for Adjara Region.

The following tasks have been set up to accomplish the

goal of the thesis:

1. Influence of mountainous conditions of Adjara on
reliability and resource of small mechanization
agricultural machinery.

2. Analysis of existing studies, substantiation of a principally
new, resource and energy saving technology for
restoration of depreciated parts.

3. Analysis of constructive peculiarities of mini-techniques
and determining the units and complex indicators of their
operational reliability with respect to the work in Adjara
region.

4. Probabilistic statistical modeling of depreciation of the
parts of engine blocks, determination of the most common
(modal) depreciation and substantiation of the method of
restoration with the help of the electrosparking alloying.

5. Processing, preparation, testing of equipment needed for
restoration of depreciated ‘parts with the help of the
electrosparking alloying. i
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6. Research and optimisation of the strength, structure, wear
resistance and hardness of restored surface by means of
electrosparking alloying and processing the rational
technological process of recovery.

7. Technical and economical assessment of the process of
recovery of depreciated parts of agricultural machinery by
means of electrosparking alloying.

8. Organization of technical serviceg for small mechanical
machinery in Adjara Region.

Object of the research. The object of the research is small
mechanization agricultural machinery, working in Adjara, for
studying the rate of their performance reliability and the device,
processed by us, for restoring the depreciated parts by means of
electrosparking alloying, A

Scientific innovation of the research. General and private
methods are processed to calculate the unit of reliability of
agricultural machinery and calculate complex indicators, which
have been implemented with the help of the example of small
mechanization machinery, operating in Adjara Region, adequate
probabilistic statistical mathematical models of the mentioned
indicators have been obtained, principally innovative equipment
to restore the depreciated parts by means of electrosparking
alloying and increase their resources, have been designed,
produced and researched, physical and mechanical properties,
hardness, tightness, wear resistance of metal surface have been
researched using planning and similarity theories of experiments,
they have been optimized by the Box-Wilson experimental design
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method and optimal modes of recovery and resource saving
technology have been received, for the first time in Adjara,
organization of machinery services have been studied and their
rational forms are substantiated.

Approbation of the work. The main issues and research
outcomes of the dissertation thesis were presented to the enlarged
sitting of Agro Engineering Department of the Faculty of Agrarian
of Akaki Tsereteli State University (2018); Sixth International
Scientific-Practical Internet Conference, Akaki Tsereteli State
University, 2016; 1V International Scientific Congress “AGRI-
CULTURAL MACHINERY 2016", Varna, Bulgaria, 2016; V
International Scientific Congress “Maintenance and repair of
agricultural machines”, Varna, Bulgaria, 2017.

Publication. 6 scientific papers on the topic of the
dissertation have been published in Georgian and foreign top-
rated periodicals.

Scope and Structure of the thesis. The dissertation work is
presented in 174 printed pages and consists of 5 chapters, general
conclusions and 47 references. It includes 46 tables, 22 drawings
and 20 pictures.

Contents of the Thesis

Chapter One - “Conditions and Research Tasks” discusses
the natural and climatic conditions of Adjara Region, stationing of
lands according to individual municipalities, soils and
mechanization . capabilities, the use of small mechanization
rﬁachmery. Adjara region is one of the distinguished regions of
Georgia with diverse natural conditions, relief and soil-climatic
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peculiarities. There are mountainous terrain, angled, steep sloping
lands and small contour plots, which are characterized by sharply
expressed curves. In addition, high density and sun radiation is
observed in most parts of the region.

The above mentioned factors are obviously negatively
affecting the reliability of mobile and small mechanized
machinery, imported from abroad, causing reduction of their
technical resources and employability.

The abrasive particles of the envirShment and cultivating
agricultural crops, as well as the alternating dynamic loads, which
are caused by the curved terrain and small contour plots, have a
negative impact on an operational efficiency of the equipment.

Specific conditions characteristic to Adjara Region have a
significant effect on the efficiency of agricultural machinery. The
productivity and capacity is reduced, the cost of fuel and
lubricants increases, technical management and sustainability
becomes more difficult, loads while stopping or releasing the
vehicle are increased and according to the final calculations,
resources of aggregates, nodes and parts of the machinery are
reduced.

On the basis of the research analysis, which have been
carried out, as well as the existing scientific and research works,
carried out to improve the reliability indicators of small
mechanization machinery, the present paper substantiates the
type of foreign agricultural equipment that would be the most
efficient for Georgian conditions and which would enable us to
take measures to increase the reliability and predictability as well.

Analysis of modern methods of restoration of the parts of
agricultural machinery and the characteristics of their use for
small mechanization machinery have been conducted.
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Chapter two - "Methods of Theoretical and Experimental
Work", substantiates quantity of the research objects. The object
of the research was modern agricultural machinery of private
farms in Adjara Region, imported from abroad, operational
reliability indicators of which have not been studied yet in terms
of working in local conditions.

The objects of our research were mainly agricultural
tractors and technical means of small mechanization, as well as
agricultural machinery and tools, plates, milling cutters,
cultivators and seeders.

We have used the methods, developed by V. Mikhlin and J.
Katsitadze to select and justify the quantity of the machinery.

Based on the above mentioned method, the mean
arithmetic value of the research object, the average square
deviation of the indicator and variation coefficient have been
determined. For the purpose of obtaining statistical data, a special
log of agricultural machinery data was developed together with J.
Katsitadze. The log reflected all the data of the machinery, to be
studied: work on malfunction, type and reason of malfunction and
time, required to eliminate the malfunction, less reliable nodes
and other data.

The statistical information about the reliability of small
mechanization machinery was collected and the plan to examine
the reliability was selected. The statistical array of small
mechanization malfunctions is presented below. The following
plans were used by us in collecting statistical indicators of
exploitation reliability of agricultural machinery, existing in
Adjara:

The plan of reliability test was selected according to the
standard, which envisages five plans: NUN, NUT, NUr, NRT and
NRr. In the given plans, the Latin notions are defined as follows:

N - Number of machinery, tested for reliability;

T - Time for testing reliability;

1 - Number of malfunctions during the test on reliability;

U - Replacement of the failed machinery.

The correctness of filling out the log had been periodically
examined. Later, collected statistical materiah was processed using
special methods, according to the probabilistic ~statistical

modeling. The statistical analysis has given the following
statistical array.

200; 201; 204; 210; 230; 200; 300; 210; 310; 400; 300; 290; 220; 224;
210; 330; 400; 350; 360; 380; 400; 384; 390; 350; 360; 420; 500; 480j
470; 200; 300; 290; 240; 290; 240; 380; 400; 430; 460; 880; 480; 470',
480; 590; 550; 500; 580; 520; 600; 800; 890; 300; 280; 282; 288 200;
440; 460; 580; 600; 504; 720; 600; 570; 700; 800; 710; 200; 370+ 450;
500; 300; 480; 660; 700; 680; 690; 700; 900; 300: 400: 330; 360; 400‘
340; 500; 480; 488; 500; 600; 570; 600; 650; 700; 650; 700; 720; 800j
790; 800; 900; 600. - R

A variation array of malfunction is compiled for the
mathematical processing and probabilistic statistical modeling,
which differs from the statistical-one by its escalating order:

22;22;22; 22; 22; 22,1; 22,4; 23; 23; 23; 23; 24; 24,4 25; 26;
26; 30; 30,2; 30,8; 31; 31; 31; 32; 32; 32; 32; 32; 33; 35: 35;3737;
38; 38; 38; 39; 40; 40; 40,4; 41; 42; 42; 42; 42: 42; 42; 42; 45; 46; 47;
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48; 48; 49; 49; 50; 50; 50; 50; 50; 50,8; 52; 52; 52; 52; 52; 52,4; 54;
57; 58; 59; 59; 59; 60; 62; 62; 62; 62; 62; 62; 67; 67; 68; 70; 71; 72;
72;72; 72; 72; 73; 74; 74; 81; 82; 82; 82; 82; 90; 90; 92; .

After compiling a variation array, we can define the

empirical frequency of the malfunction work . and the relative
frequency, i.e. empirical probability by the following formula:

Where ¥ is the number of malfunctions, which equals to N =100,

Table 1 presents calculation results.

Empirical and relative frequencies of malfunction works of small

¥ mechanization machinery
) Table 1
The interval of Tofeerdl Empirical Relative
the work on & L frequency
malfunction - |  average frequency W,
22,32 27 27 0.27
32..42 37 20 0.20
42,52 47 18 018
00 57 14 0.14
62..72 67 10 0.10
.82 77 8 0.08
| 8.9 87 3 0.03
Total 100 1.00
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Determining the general characteristics of distribution of
malfunction work:

_ Arithmetic average:
A
H =Y Wh =27.027+37-020+47-0.18+57-0.14+
ol
~67.-0.10+77-0.08+87-0.03 =729+ 74 -846- 798+ 6,7 = 6,16+ 2.6 = 47
H.
Di ion:
= lsp‘e—rslon °
DY - 1YW, (2747027 +(37 - 47)°0.20+
o
AT AT DR (ST A7) 01+ (67 - 47) 0,10+
(77 =47 0.08+ (87 - 47) 0.03= 108+ 20+ 14 + 40+ 72 + 48 = 302
_ Average square deviation:
o =vD =302 =174y

_ Variation coefficient:

oDl gy
H 47
Then, the intensity of malfunctions of engine blocks will be:
O S T
H &7 H.

The density of distribution of probabe malfunctions i.e.
differential function of distribution according to the exponential
law will be:

P(H =A™ =210 0 8

Integral distribution function:
F(H)=1 g0
51




And the probability of work without malfunction will equal to: e

P(HY=1 F(H)=e™"'* 0a- ;
07
The mentioned formulas were used to calculate the reliability of ::'
engine blocks. i
03
Values of differential function of distribution of engine blocks 02
reliability L 7
Table 2 ‘ e
2 32 az 52 62 72 a8 a2
The Interva | Empiri | Relati | Distributio | Distribut
interval of | 1 cal ve ndensity | ion Pic. 1. Probability of engine blocks work without malfunction
the work |average | freque | frequ | o vi410° | density 1. Histogram, 2. Empirical curve, 3. Theoretical curve
on I ncy  |ency | (Empirical) | #X1410°
malfuncti m, W
a..bh
on " F T 3
22..32 27 27 0.27 1.72 1.82 10 -
'
3.4 37 20 | o020 130 14 oe 38
2.5 | 4 18 018 ) 102 1.06 o8- b1
52..62 57 14 | 014 066 | 078 | a7 RREE TS
6.72 | 67 | 10 Jow | o052 | o059 | o6 SRARENER
.8 | 77 | 8 Joos| o4 048 os AL ELEd
82..92 87 3 | 003 0.32 034 i/ AL REES BE Y
03 } H H | ' :
5 / ‘ ' | ! % )
0 N I (T T B
H i ' i 4
id o ¥ : ' | | i
ARNERERNENERY
2 ® 2 2-€ n.@ ©
52
53




Pic. 2. Graphs of integral function of engine block malfunction
distribution
1. Histogram 2. Empirical curve of distributio
3. Theoretical curve of distribution.

The operating reliability unit of small mechanization
machinery, working in mountainous conditions and the
theoretical basics and methodology for the study of complex
indicators have been processed.

Chapter three - Research of operational reliability
indicators of small mechanization agricultural machinery working
in Adjara. ‘The malfunctions of first, second and third difficulties,
quantity of malfunctions and time spent on a malfunction were
registered in the logs. On the basis of statistical material, the
number of intervals was determined by the Sturges formula:

K=1+32lc =1+32lc 50=7

Width of interval
_Xm —xm 900-200
h= —x - = 1004

Where, x,, =900H - the maximum work of motorized
cultivator on malfunction, H; and x,, = 200H - the minimum
work of motorized cultivator on malfunction, H;

The statistical array of the outcomes of the collected
material about the malfunctions of the motorized cultivators was
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compiled. After compiling variational series, we can determine the
empirical frequency of the work of cultivator on malfunction (m)

W_"’l
TN

Where, i is the quantity of malfunctions, which equals to
N =100

-
Table 3 presents calculation results

Empirical and relative frequencies of work of small
mechanization machinery on malfunction

Table 3
Beeciiio Interval Empirical Relative
S areal average frequency frequency
ah ! my W,

200-300 150 26 0,26
300-400 250 20 0,20
400-500 350 18 0,18
500-600 450 | 14 0,14
600-700 550 10 0,10
700-800 650 8 0,08
800-900 750 4 0,04
Total 100 1,0
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Chapter 4. Development of innovative resource saving
technology for restoration of the depreciated parts of small
mechanization machinery. Electrosparking method of restoration
of depreciable parts. Sparking discharging belongs to the non-
standard form of discharging, during which the anode material
breaks down and is taken to the cathode. This is explained by the
fact that the flow of electrons suddenly heats the surface to high
temperature (104°C’) while shooting the spark, as it reaches the
anode with the highest speed. At this time, the metal melts down
and moves into a liquid and gas form. The metal steam, which is
rapidly expanding, removes the surface of the anode from the
melted metal, which quickly penetrates into the atmosphere or
spreads over the cathode, so that it almost does not suffer from
corrosion. Each sparking impulse leads to the local erosion of the
surface of the part, which is used as anode, the surface of the
cathode (tool) also suffers from erosion, but with a lower degree.
Picture 2 shows the device for restoration of parts with
electrosparking alloying.
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Pic. 2. Device for restoration of parts with electrosparking alloying

Picture 3 represents the general view of the vibrator of the device.

Pic. 3. General view of the vibrator

The mentioned device is different from the similar device
Elitron-20 by almost four time more productivity and also,
increased coverage thickness.

If earlier, the coverage thickness of the device Elitron-20
amounted to 0.05 mm, our device will allow the coverage of the
depreciated part, which amounts to 0.15 mm.

The device consists of two nodes - impulse genera't‘c;r and
working body. The purpose of the vibrator is to cover the part
with a vibrating electrode. At the same time the part represents
the negative pole (cathode) and the part attached to the top of the
vibrator - anod. ' -

Standard TK and BK type sintered-hard alloys are used as
anodic material. In order to detect the degree of electrosparking
alloying and restored layer, the test samples were examined with
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65G, from which mainly the engine block cutter hands are made
and also, the depreciated natural cutter hands are restored. The
samples were brushed in advance, according to the relevant level
of cleanliness, fats are dissolved from them with acetone or
gasoline. This operation is necessary to ensure that the coated
layer is reliably attached to the main part, which is to be restored.

Examinations for optimal recovery modes were performed
by starting from the "clean" mode (by electronic power 0.8....15 a)
to "gross” mode (by electronic power 15......20 a), by varying the
mentioned modes.

We have conducted the metallographic analysis in order to
study the main metal, having thickness of the coated metal cover
and the transit zone of its cover and to research the mechanical
characteristics of the alloying surface.

Determination of the thickness of the alloying layer and
the structure of the transition zone was conducted by MUM - 8
microscope.

The samples were poisoned in 3 and 5% alcoholic solution
of nitric acid in order them to reveal the coated layer structure.

Determination of the hardness of the restored parts was
carried out by Vickers machine at the first stage. However, later,
we have used the micro hardness measuring device [IMT- 3 with a
load 50 P on the identifier in order to obtain more accurate
results.

Gripping strength of metal coating represents one of the
most important parameters of reliability of the restored parts and
high resource. Exactly for this reason, this research represents one
of the important parts of our theoretical and experimental study.

Olard Method was used for researching the gripping
strength of metal coating obtained by electrosparking alloying,
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which was confirmed by Professor ]. Katsitadze. Picture 4
represents the examination scheme of gripping strength.

Pic. 4
Examination scheme of gripping strength of metal coating
obtained by means of electrosparking alloying

In various technological modes, the test samples (1) were restored
by electrosparking alloying, which were placed in (2) bush and (3)
half bush.

The metal cover was broken off by means of (5) punch of
hydraulic pressure and gripping strength was calculated by the
following formula:

4
S = w(U? - d?)

Where ¢ is a gripping strength, mpa.
P - power of peeling off
D =28 mm - diameter of the test sample
d =12 mm - perforating diameter.
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The results received were registered in special logs. The
results were processed by means of modern mathematical methods
for processing the experimental outcomes.

Examination of the depreciation durability of the restored
parts were conducted in operational conditions by their periodical
mitrometer and mathematical processing of the results obtained.

Parts, having the form of rotational bodies, will be
restored and strengthened by the lathe-turning workshop. At this
time, vibrator is reinforced to the carriage of the workshop
together with the electrode. Between the part of the crack and
electrode, it is regulated by the transverse supply of carriage.
The initial insert restoration in ball and roller bearing and other
parts is conducted while coverage of the surface. Table 4 provides
electrosparking processing modes.

e 100

3 | Light <1 <50 <10 <10 | <5..50

Electrosparking processing modes
Table 4
Power in | Voltage at Surface
the the Conde | Cavit | downine
Ne Mode discharg | beginning nser. y |ss
e of the | capacit | depth o)
contour, | electrode | y,mf | ,km (e
A rupture, V
1 | Rough 10 100 100 100 3 54
2 | Averag | 1-10 50-100 | 10-100 | 10- 2.4
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Based on the analysis of the mentioned method, we can conclude
that the electrosparking processing can be considered as a rational
method for restoration of the agricultural machinery parts,
slightly  depreciated. For this purposg, principally new
construction, easy-to-use equipment shall be manufactured and
optimize the restoration process of the parts using it.

4.1 Examination of the hardness of the metal surface
restored by means of electrosparking alloying using the similarity
and dimensional methods

We have tried to use the similarity and dimensional
methods to examine the hardness of alloyed metal cover to
achieve its maximum value. : : X

The theoretical advantage of this theory is that it allows
studying simultaneous impact of several factors on optimization
parameters (in our case, hardness). For this purpose, we have
analyzed the factors affecting the hardness of the alloyed layer.
The outcomes of the analysis is provided in the table 4.1,
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Factors affecting the hardeness of the alloyed metal layer

Table 5
. ! Dimension
" Dimension .
Indicat . depicted by
# | Name of the factor in the
or St the symbols
o of magnitude
Speed of
1 electrosparking v m/wm oy
alloying
2 | Time of restoration T wm i
Amplitude of voltage
3|  impulses on the 7 a M3 'T*
condenser
4 | Welding coefficient K kg/a.wm ML'T!
5 | Short circuit power 3 a 3
6 Thickness of the b i 5
cover
7 Size of the part to be D - ;
restored
8 Density of 'anodic 5 kg/m? ML
material
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The functional connection between the micro hardness of the
alloyed metal cover and its factors has the following form:

H, - f(D.TpV K hy.T)

According to the similarity and dimensional methods [34],
this connection may be replaced by the connection between the
similarity criteria, which characterize the restoration process. The
quantity of the mentioned criteria is determined by using the
theorem according to which:

r=N-n

N

"

_ The number of values;
_ The number of key factors.

The latter shall be selected so that the determinant of the
value dimensions does not equal to zero. Based on these

D.3p

requirements, we choose and ¥as key factors.

The dimentions of the mentioned factors have the following form:
[3]=8"L'31°
[p]= MLZ3'T"
F1= M3
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Determinant of the dimentions equals to:

e

Le. key factors are correctly chosen, the number of similarity
criteria, charactéristic to the electrosparking alloying equals to:
N-9-4-3

The above criteria can be presented as follows:

5= I DER e
7 = KD* 3y
i
Xy, DI 3D pIrh
i e

@ for. and % are the quality indicators that are

Where
unknown.
In order the members to become indicators of quality

without dimensions, they shall be such that by changing them,

M LT

the combinations [¥1= it shall equal to zero in obtained

expressions, i.e.:
e O e A T B Y L S SR i

l1y=0
“T+a-3y+a=0
-2-g=h e

f=0
From which:

y= 1 §=0 6:..2‘ =0
By inserting degree indicators in 7, we obtain the similarity

criterion to be determined:
H

=
pV:

The criteria for determining similarity equal to:

5, =KD* NPp VS MO Yy LR IST Y =
M'LUYT" |

l+y, =0
Tig =0
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-1-6.=0
7 =30, +6,=0

We obtain the following:
n=-l B=l 8=l a=-

__ k3
L g
i.e. P ;

By similar calculations, we obtain the following:

A etk T
LT, ot T

The functional connection between the determining criteria and

criteria to be determined have the following form:
T A S N

11,_0{’ K3 h oy TF)
pv? *,\pl"yf'z)’KV:‘n,

The connection between them may be as follows:

98 C|/——K3 inf
pk L pkDy*
%
He ¥
pV} "'D J
B cﬁ(—." :
oy KV
1]‘, r/ T!' A Y

~C)| ] L
p¥ o

By converting to logarithms and addition of the mentioned

expressions we obtain the following:

)
= :)gC+AgC|+)gCZ+}gC,+AOg——K o
V pVy

h a v
Xhg—+ X ——+Xhg—
+ 1}\gD+ z}‘gKV_ l;g D
After taking antilogarithms:
s || l( @ \'c it ‘
o’ [plD' 'Al r\lJ
Where ,'1=\:(-(|-(,3.(,,
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The general form of the obtained criterial equation is the
theoretical basis for carrying out the deliberate experiments, in
order to establish those optimal factors, which provide obtaining
the alloyed metal cover, having a maximal hardness.

For obtaining the analysis of the criterial equation,
experiments were conducted using the electrosparking alloying
device. Restoration of the depreciated parts in various modes.
Hard alloy T15K6 was used as anode, micro hardness of the
obtained metal cover was measured by PMT 3 device. The
obtained results were processed by the least squares method. The
tables 4.2, 4.3, 4.4 and 4.5 provide results of our experimental
work.

Table 6
Attitude between Agrand Ag7,

H, =107 Mg 3 x10" Agm,

1700 8.02 19.9042 10 0.14 10.1461

1600 7.55 19.8780 20 0.28 10.4472

1400 6.60 19.8195 30 0.42 10.6233

Table 7
Attitude between Agz and Agm,
#| Hy | 710" | %en | pa0° | 50107 | g
1 | 15000 7.10 |19.8513 | 0.04 0.08 -5.031
2 | 15500 731 19.8639 | 0.06 0.12 510792
3 16000 | 755 |198779| 008 @ 016 | -5.1204
41650 | 778 |19.8910| 010 | 020 | -5.1301
5 | 16200 | 7.64 |198831| 012 | 024 | -51380
6 | 16100 | 759 |19.8802 | 0.14 | 028 | -5.1447
Table 8
Attitude between jg and 227,
# Hy z-10% g v Ty -10* Agm,
1 | 16300 7.69 19.8831 | 30 1.11 21.0453
2 | 16600 755 19.8780 | 40 1.48 21.1703
3 | 15600 7.36 11.8669 | 50 1.85 21.2672
4 | 15000 7.10 10.8513 | 60 222 21.3464
5 | 14500 6.84 10.8325 | 70 2.60 21.4150
6 | 14000 6.60 10.8195 | 80 296 21.4713

1300 6.14 19.7882 40 0.57 10.7539

11500 5.43 19.7848 50 0.70 10.8451

11000 5.19 19.7152 60 0.85 10.9294
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Attitude between Agz and Ag7,

Table 9

#| Hy | m-10® | [r r | wet? | B

1| 1650 | 7.7877 | 198914 | 3 18 | -62552
2 | 16550 | 7.8066 | 19.8925 | 6 36 | -6.5363
3 | 17000 | 8.0188 | 199011 | 9 54 | -6.7324
4 16200 | 76415 | 198832 | 12 72 | 68573
5| 14300 | 67453 | 19.8295 | 15 9 | -6.9542
6 | 14000 | 66037 |19.8198 | 18 108 | -5.0334

The mentioned results are presented in graphical form on Pic. 5.
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Pic. 5 Attitude between Agr -and g7, , Ag7,, Ag7, and Agm,

As a result of mathematical processing of experimental results we
received:

C-9.1-10°
€, =90810"

¢, =88:10"

C. =6:3:10"

et



v=12. X =-036, X,=-056, X,= 084

After inserting these values in the criterial equation, we obtain the
following:

3 ._‘z.-;'{ PRl ( o A0 ,¥.‘,,‘:z|
D) \Kkv'; D,

Hr 3 1
==6.9-10° o
v \pyT

The adequate examination of the obtained mathematical
model has shown that the calculation error does not exceed 3,5%.

Analysis of experimental data and obtained formula shows
that the most substantial influence on the hardness of the metal
surface obtained through the electrosparking alloying is the
strength of the current of a short circuit and the time of
restoration. Increasing the strength of the current up to 20 A
increases the hardness, then decreases. Also, covering time effects
on the hardness.

As the experiments have demonstrated, an intensive
transfer of anodic material on the cathode takes in the first minute
and therefore hardness increases. The maximum mimcro hardness

of the obtained metal surface Hy =170 Pa have been
obtained while having the following values of similarity criteria:

7 =0.14-10"
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7, = L1107

7y =54-10"

Chapter 5. Procession of rational forms of technical
services for the small mechanization maghinery, operating in
Adjara. Technical services form, acceptable and rationale for the
Adjara Region is discussed, based on the world ‘best practices
analysis, in this Chapter.

In the nearest transition period, it is necessary to introduce
a system of dealer service in Adjara, in which firm technical
service system will operate simultaneously. Having 80% of the
technical services and repairs of tractors in the developed
countries, particularly in the US, are carried out by independent
dealers, it is desirable that 90% of the mentioned works were
implemented by the dealers’ patronage in the first period in
Georgia. In the future, these works will be gradually distributed
among independent dealers. The specialized repairing workshops
can be used as factory-producers and the service centers, general
purpose workshops, etc. - as independent dealers.

The organizational structure of the dealer service for
Adjara conditions should be selected based on the rational use of
existing repairment-service industries. Developed countries offer
us a dealer service organization scheme in the agrafian field;
which is shown on Picture 6. et 1ash
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Pic. 6 The structural scheme of dealer service in agro-industrial
field

Small mechanization machinery service is one of the most
important problems for Adjara Region, as there is still no repair
workshop, which would provide technical services and repair
work of the equipment. An important problem is the
determination of the optimal deployment of the mentioned
enterprise.

To address this problem, the experience of developed
countries, also, the scientific understanding of the problem for
selecting the location of the service center, minimum
expenditures on agricultural equipment as service facility and
other factors, examined by A. Sterzhes, 1. Levitski, A. Achkurin
and J. Katsitadze, should be taken into consideration. We use J.
Katsitadze’s method in our study, which takes the mountainous
relief of Adjara, soil and climatic conditions and concentration
degree of the equipment and constructional peculiarities in
separate regions into consideration.
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For the implementation of these methods, Adjara regions -
Kobuleti, Khelvachauri, Keda, Shuakhevi and Khulo were selected
as trial sited, as well as the agricultural machinery existing in the
mentioned regions. The necessary material were taken using the
geograohical map of the region, as well as the data, provided by
the Ministry of Agriculture of Adjara and State Department of
Statistics. In particular, the total number of the agricultural
machinery of small mechanization in the region, according to
their brands, their total weight, distance betwegn the objects, also
the coordinates were determined.

In order to find the optimal location for the service centers
of the agricultural equipment on the basis of the example of the
Adjara Region, first of all, we developed a scheme, showing the
location of the service centers and distance between them and
only after that we determined the work necessary to perform the
transportation works of agricultural objects.

According to the scheme, we determined the following:
A =P8+ P8+ PSP S, = 191230 -
+372,6.65- 337,695+ 6162.65=7728 M

A =P8 =P S+ PS4 P8, =27 4304+

1 372,6-35 1 537,665 6162 83=106

A= P S +P 8+ P S+ P S, = 227465+

+3912:354537,6-30+6162-48=702 3y

A =P S H P, + PS4 P-8, ~ 2274954+
13912651 3726-301 616.2-48=693 yy

A~ B SiA RS+ PSP 8py = 2274113+
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1391,2:831372,6-48 1 537.6- 18 =857.2 M.

Where A is work spent on equipment transportation, MJ;
P - weight of equipment to be transported;
S - tranportation distance, km.

Pic. 7 Calculation scheme for substantiation of optimal

deployment of small mechanization machinery maintenance
industry in Adjara.
The studies have shown that Shuakhevi Region can be

considered as an optimal location for the technical service and
maintenance of small mechanization machinery in Adjara Region.
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Conclusions and Recommendations

The following conclusions and recommendations can be
made on the basis of the theoretical and experimental work,
conducted in the frameworks of the dissertation thesis:

1. The present paper substantiates the peculiarities of small
mechanization agricultural machinery work, operating in Adjara
mountainous region and their impact on a working capacity is
analyzed. .

2. Constructive peculiarities of small mechanization
machinery and their key defects in mountainous conditions are
discussed and the most deprecated parts that have a substantial
effect on operational reliability were established.

3. Theoretical basis for calculation of the reliability of mini-
techniques, increasing their number and restoration of the
depreciated deficit parts with the help of the innovative resource
saving technologies is processed on the example of mountainous
region of Adjara. o

On the basis of analysis of theoretical and experimental
works, it was established that the average work of engine blocks

on malfunction, operating in Adjara amounts to £ =47H, intensity

of malfunctions - 4=2410" g !, probability of working without
malfunctions - P(H)=0,54, preparedness coefficient — Kprep=0,8 and
coefficient of technical application- K:..=0,76 .

Adequate mathematical models are obtained, which allow us
to predict reliability indicators. o '

4. Distribution of the types of malfunctions is studied
according to the separate regions of Adjara. It was detected that
they are:

- Constructive - 30%;
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- Production - 26%;

- Exploitation - 44%.

The biggest share is exploitation malfunctions - 44 %, which
can be explained by the peculiarities of working of equipment and
low qualification of mechanical engineers.

5. Regularities of parts depreciation of small mechanization
machineries, operating in mountainous conditions in Adjara are
studied. Differential and integral functions of distribution of parts
depreciation of agricultural equipment are determined. Adequate
probabilistic statistical models are obtained and the most common
(modal) value of part depreciation is determined Mo=0,064 mm,
according to which, a rational method for restoration of
depreciated parts - electrosparking alloying is substantiated, the
relevant device is designed, manufactured and tested and the
mentioned device is compact and convenient for farmers.

6. Methodological grounds and separate original methods for
studying and optimization of important physical and mechanical
characteristics of the obtained metal cover, such as gripping
strength, hardness and wear resistance, are processed. Based on
the theoretical and experimental examinations, the optimal modes
of recovery are obtained.

7. Optimization of the recovery process is carried out by the
steep moving (Box-Wilson) method. Optimal modes are the
following:

~ Power =18 A
Voltage V=60 V
Time of electrosparking alloying T=4 min.
8. The parts, restored by means of electrosparking alloying,
were examined in operation in the mountainous regions of Adjara
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(Khulo, Shuakhevi) and it is substantiated that the wear resistance
of the parts, restored by means of the mentioned method,
increases by 1,5 ... 2,0, comparing with the new parts.

9. Calculation of technical and economic efficiency for the
restoration of the depreciated power shield of the engine block by
the electrosparking alloying, offered by us, is conducted and it is
substantiated that its usage in the case of N=500 part, provides
Eannual = GEL 6350 annual economic effect.

10. The forecast of small mechanization machinery is
calculated for the Adjara Region for the next 10 years by means of
the least-squares method.

11. The optimal location for the service centers for the small
mechanization machinery in Adjara Region and rational forms of
services are substantiated.

12. A business plan is designed, by means of which, the
farmers  would significantly increase the productivity of
agricultural products and earn profits.

13. We recommend technical service centers for the small
mechanization machinery to be established in Shuakhevi Region.
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