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The Impact of Mobile Energy Equipment (MEE)
Maneuverability on Their Operational Performance

Emzar Kilasonia

Doctor of Technical Sciences, Associate Professor, Akaki Tsereteli State University,
Kutaisi, Georgia.

Temur Leshkasheli

Doctor of Technical Sciences, Akaki Tsereteli State University, Kutaisi, Georgia.

Lukhum Tchelidze

Doctor of Technical Sciences, Akaki Tsereteli State University, Kutaisi, Georgia.

The efficiency of mobile agricultural energy tools is significantly influenced by the design of tractors and the
degree of their rational use.

The operational characteristics of tractors are determined by their construction. One such characteristic is
their agro-technical adaptability, which reflects the tractor’s ability to align with the technological
conditions of agricultural crop care and cultivation, as well as their classification, mobility, and
maneuverability. The key indicators of mobility include the tractor’s traction force and slippage, specific
pressure on the soil, road clearance, dimensions, and stability when working on slopes. It also includes the
size of protective zones during inter-row operations.

The transition from trailed soil-tilling implements to mounted implements (in the 1950s) was a positive
development in agricultural mechanization, improving the reliability and fuel efficiency of machinery.
Mounted plowing implements simultaneously perform multiple operations in a unified system, including
cutting and detaching soil, turning it over, loosening, and mixing it for pre-sowing preparation. Such
implements are used for deep loosening, cultivation, disking, rotary tilling, rolling, and more.

This scientific study presents the influence of the mobility of mobile energy tools (tractors) on certain
operational performance indicators.

Keywords: traction and adhesion properties, high mobility, rolling resistance, road clearance,
stress distribution curve, digging torque, longitudinal profile, bulldozer effect,
mounting system, hydraulic control system, tread pattern, saturation coefficient, and
more.

The mobility of Mobile Energy Equipment (MEE) refers to the ability to perform its
functions under road conditions and to carry out fieldwork in agricultural areas. It involves the
capacity to easily recover from situations that may arise during operation and to overcome
obstacles without interruption, whether under road conditions (e.g., vehicles) or during agricultural
operations (e.g., tractors and related machinery). Based on these characteristics, mobility can be
classified into profile mobility and support-traction mobility. These features have led to the
development of high-mobility vehicles and tractors (e.g., standard 4X2 and high-mobility 4X4,
4X6, etc., based on their drive-wheel configuration).

In high-mobility vehicles, all wheels receive torque generated by the engine. The type of
mobility is determined by the operational conditions. Mobility is an operational characteristic that
ensures the movement capability of mobile energy equipment under poor road conditions. To
enhance mobility, agricultural equipment needs high traction force, minimal road contact by
individual components, low specific pressure transmitted from wheels to the road, and other
factors.

The support-traction mobility of MEE is manifested in the ratio between relative traction and
rolling resistance. The higher this ratio, the greater the mobility. For general conclusions, we
examine wheel rolling not on loose soil but on solid ground. When a wheel interacts with such a
surface, vertical deformation occurs first, followed by longitudinal and lateral deformation.



Let us examine the support-traction properties of an aggregate as a precondition for mobility
in a single-vehicle aggregate with support wheels. Experiments confirm that the reaction point of
such a soil-tilling aggregate lies in the longitudinal-vertical plane passing through the aggregate's
center of gravity. Additionally, it should be within the working tool zone, i.e., between the
untreated field surface and the blade.

This involves complex processes that determine wheel size, hardness, soil properties, load
direction, and more. For instance, vertical load impacts the longitudinal rolling characteristics. One
of the most critical aspects is the nature of soil deformation. In this context, we can consider the
stress distribution curve between an undeformed wheel and deformed soil surface. The vertical
stress of leading and trailing wheels does not differ significantly. For simplicity, we analyze the
interaction of an undeformed wheel with a solid surface.

Fig.1. Forces acting on the suspension mechanism in the longitudinal plane .
1 - Tool; 2 - Main wheel; 3 - Upper link of the suspension system; 4 - Lower link of the suspension
system.

Let us assume that the weight of the suspended machine is P, and the reaction force is R, which is
applied in the area of the plow's penetration, will be expressed using the following formula:
R, = R+ G, ; At this time, the rolling resistance is small, and therefore the reaction Y passes

through the center of the support wheel and its distance from the ground surface h = 0; It is known
that R ., breaks down into two components - horizontal R, (This is the same as the resistance

force in the vertical R, + G and horizontal planes) and front force G . If we denote angle
between R, and R, with Q, then R, +G,, = RatgQ; Let's examine the relationship between

the soil reaction force Y,, and the parameters of the vehicle's suspension system; for this, let's

compose an equation of all forces and reaction moments of the suspension system relative to the
instantaneous center.
D M,, =0 therefore R, xm—ygl,, =0

Where R, *m is the moment of deepening; m — R reaction side during rotarion towards the

immediate center Q,, ; 1, — Y the side of the reaction with respect to the center of rotation; and
therefore



Y, = RpeZ X n%H

Soil Y; - The reaction to the supporting eye increases as it deepens R, XM and it decreases with

decreasing |, side; The larger this support, the less it affects the load. If 1, — o (During

parallel upper and lower pulls), y,, The value of the reaction with respect to the supporting beams
will be:

Yu =R, gQ £ R, tgp =R, (tgQxtgp)
Where ¢ _ is the total resistance coefficient of motion taking into account the longitudinal

slope angle. The angles of traction are relative to the horizontal. During parallel traction, the

permissible load can be regulated by their inclination relative to the horizon; for example, if the

tractions are inclined downward, then the inclination of the support wheels is greater than the force.
RxtgQ =G, +R,

which acts on the aggregate. Based on similar theories, hydraulic control systems for
suspension systems have been designed.
The presented theory allows us to control the bearing of the aggregate's wheels on the ground, the
diagram of which is given in Fig. 2.

6] : o300t
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Fig. 2. Soil stress diagram under the wheel

With the increase in soil deformation in the horizontal direction, the depth of soil cultivation
E'E" increases, especially the front fang of the wheel, which is known as the "bulldozer effect"; this
is particularly characteristic. It occurs on wet and plastic soils, which experience lateral bulging;
the higher the soil density, the less the bulging process occurs, while with the increase of force
acting on the wheel, the bulldozer effect increases. With an increase in wheel width, lateral bulging
decreases; it is also known that by reducing the pressure in the tire, the contact imprint increases,
while increasing its diameter leads to a reduction in rolling resistance f ;

Today, three structural types of tires are used:

1. With diagonal cord
2. With radial cord



3. With mixed diagonal-radial cord

The main dimensions of the tire are marked on the tire's side surface. These dimensions are
more often given in inches, and rarely in millimeters. Usually, two dimensions are indicated: the
outer diameter D of the tire profile and width B; sometimes a third dimension is also indicated,
namely the inner diameter of the tire, or the wheel hub diameter. For example, the designation 3284
means that the tire's outer diameter is 32 inches, while the profile width is 84 millimeters. The
designation 710 X 90 means that the tire's outer diameter equals 710 millimeters, while the profile
width is 90 millimeters.

The tractor's operation with mounted plows, which is controlled by a hydraulic mounting
system, is better with the help of a positive-force regulator, which adds traction force to the force
applied to the support wheel.

For cultivators used for shallow soil cultivation, their deviation during the use of the above-
mentioned regulators may be comparable to nominal processing. Therefore, during cultivation, it is
better to use the support wheels of the mounting mechanism in the support suspension and the
hydraulic amplifier of the grip force.
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Requirements !

Journal “agroNews” is an international (ISSN2346-8467) refereed, peer-reviewed periodical publi-
cation. Outcomes of recent researches are published in the journal. Fields: Agriculture, Humanities, Econo-
mics, Chemistry, Technology, Engineering, Biology and Consumers Services. It is published once a year.
Articles published in the journal are internationally recognized. The journal aims at contributing the develop-
ment of science and promoting scientists of different fields by immediate publication of their researches and
recent findings.

Articles will be submitted either in Georgian, Russian or in English (if desired, article can be publis-
hed in original language), summaries must be in two languages (Russian, English). Number of authors is li-
mited to five.

Length and Substance:

- Number of pages ranges between 3 and 10. (A4 ; 1,0 -spacing, fields: up 3 cm, down _ 2,5 cm, left_ 2,5
cm, right - 2 cm, paragraph _ 1 cm, without numbering pages) Please supply the files with figures, tab-
les, summary, bibliography and the body of article in Word format.

- Georgian version — Sylfaen, 11 pt;

- English and Russian versions — Times New Roman, 11 pt;

- Title 14 pt;

- After one line — Author (s) full name (s) 12pt ;

- After one line - Degree and place of work 12 pt;

- After two lines - Annotation 10 pt; (Number of words limited to 500);

- After one line — Body of the article;

- After one line — Bibliography at the end of the article; (author (s) surname (s) with initials — title - “pub-
lisher”; city; year; number of pages);

- After one line — Abstract are required to be in English, 50 % of Georgian or Russian articles. (title of the
article 14 pt; Bold; author’s (s') name and surname 12 pt; Bold; academic degree, title, affiliation, city,
country 12 pt; font 11 pt;);

- Itis recommended that you use JPEG or MBP formats to insert tables, figures.

- For mathematical formulas use Equation;

- Author (s) is responsible for the quality of the article.

- One author can submit no more than 3articles;

- The article will be peer-reviewed and published by editorial board.

Articles must be submitted both as paper version (one copy) and e-form.

Authors pay for the publication. Value of per page is 7 Gel. One copy of journal is included in the pri-
ce.
Money Transfer “Tibisi” (TBC) Kutaisi
GE63TB7524336080100002
For further information contact us: 4600, Kutaisi, Shervashidze 53. Akaki Tsereteli State Unversity. XIX .
Faculty of Agrarian Studies.
Chief editor: Lortqifanidze Roza
Tel.: 599 23 64 79; 577 28 28 54
Email: Roza.lortkipanidze@atsu.edu.ge;
Academic Secretary: Santeladze Natalia
Tel.: 574 84 82 82
E-mail: natalia.santeladze@ atsu.edu.ge
Attention I!!
E-version of paid check must be attached to the article:
E-mail: agronews2016@gmail.com

Beb cTpaHmma: jaa.com.ge
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K BHMMaHUI0 aBTOPOB.

Kyphaan «ArpoNews» 3To cepuiiHOe U3AaTENbCTBO, KOTOPBIN cTaHaapTHbIH HoMep (ISSN2346-8467)
peLeH3upHOe W peepHpHOE HU3AATEIbCTBO. OTOT KypHall Ie4aTaeT pe3ysbTaThl HCCIEJOBAaHHWHU I10
arpapHbIM, XMMHYECKHM, WHXXCHEPHBIM M TEXHOJIOTHYECKMM HAYYHBIM OTpacisiM. JTOT XKypHall H3aaércs
oIuH pa3 B roa. CTraThM NpeJCTaBICHHBIE B )KypHAJe MPEICTABISIOT — TPYJbl MEKAYHAPOJHOIO YPOBHSI.
Lenp >xypHama — cHocoOCTBOBaTh pa3BUTHIO HAyKH, OINEPATUBHOE H3IATENILCTBO  JIOCTHIKCHUH
CIEIMATNCTOB, a TaK XK€ MaTepuasbl M Pe3yNbTaTsl HccienoBannil. CTaTbl MPUHUMAIOTCA HAa TPY3MHCKOM,
AHIVIMIICCKOM, PYCCKOM fA3bIKax (TI0 YCMOTPEHHIO aBTOpa CTaTbU MEYAaTAIOTCA Ha OPUTHHAIBHOM SI3BIKE)
KonmuecTBo aBTOPOB HE JODKHO MPEBUIIATH MATH YETOBEK.

TpeGoBanus k 0)opMJIEHHIO HAYYHBIX CTATEI:

* OOBIOM CTaThU HE JOJDKHO OBITH MEHbIIE 3 cTpaHull U He Oombire 10 crpanun (Ha Oymare A4 ¢opmara,
rae ¢ uatepBaioM 1,15 mone ¢ Bepxy 3cm. cHu3y 2,5 cM., cineBa 2,5¢cM. cmpaBa 2cM. absar; 1 cm. 6e3
HyMepalu¥ CTPaHWHHII 1 IEPEHOCOB) C yUETOM YepTEeKeH, TabHLI, pe3toMe 1 JINTEPaTyphl.

*CTaThsl OJKHA OBITH BHIMOJHEHA TEKCTOBBIM pepakTopom Word.

* ]It TPY3UHCKOTO TeKCTa JJOJDKHO OBITh UCTIONb30BaH mpudr - Sylfaen ,11pt.

*J151st aHIIMICCKOTO U pycckoro Tekcta mpudt - Times New Roman ,11 pt.

* masBanue crathy, 14pt. Bold.

*C mpomycKoM OHOHN cTpOKH — uMst U pamius aBropa (aBropos). Bold.

*C mpOoITyCKOM OJTHON CTPOKH Hay9HBIE KauecTBa M MecTo paboTs 12pt.

*C mpoIrycKoM ABYX CTpOK — aHatomus cTatbu 10pt ( He Oombire 500 meyaTHBIX 3HAKOB)

* CHIpoIyCKOM OHOHN CTPOKH-COJEP)KaHNE CTaThH.

*C MPOIYyCKOM OIHOM CTPOKU — CIIACOK MCIIOJIb30BAHHOM JTUTEPATYPHI, (haMILTHS aBTOPOB, HA3BaHUSA Tpyla

( M3AaTETBCTBO, TOPO/I, TOJI, YUCIIO CTPAHULI, WIITFOCTPAIINN).

*C mpoIyCcKoM 0JHO# cTpokH, Pestome (Abstract) Ha aHTIMHCKOM SI3BIKE,YTO JOJHKHO COCTOBIIATH MOJOBUHY
CTaThU MPEICTABICHHON HAa TPY3MHCKOM M PYCCKOM si3bikax (HasBamue cratbu 14 pt Bold; ums u
¢damunus aBropa(os) 12 pt Bold; nayunas crenens, 3Banne, Mecto paboThI, rOpo, ctpana 12 pt, mpudt
Tekcta 12 pt);

* JInst uepTeskel 1 WILTIOCTPAINK B cTaThe JOJDKEH ObITh ucronk3oBad JPEG mwmu BMP — dopmar.

*MaremaTrueckue GopMyJIbl JOJDKHBI OBITH HCIIOIB30BaHbI Equation perakropom.

* ABTOp OTBETCTBEHEH 3a COJICP)KaHNEH KAUeCTBO CTAaThH.

*OTHIM aBTOPOM JIOJDKHO OBITH MPEACTABICHO He Ooiiee 3 CTaThy.

*CraThs AN TyONWKaUM JOJDKHA OBITH TpelncTaBiieHa Ha Oymare (OOWH SK3eMIDLIp) U B IHOOOM

JJIEKTPOHHOM BHJIE.

*BBIITyCK JKypHaJla OCYIIECTBISIETCS 3a CUET aBTOPOB.

* CTOMMOCTD OJHOIi cTPaHUIBI — 7 Japu. B 3Ty cTOMMOCTH BXOAUT OIMH IK3EMILISIP )KypHAJIa.
JleHe:kHBII mepeBo/ ocyliecTBiAsieTCsl Yepe3 Kyrancckuii puiauan TBC 6anka.
GE63TB7524336080100002

JononaurensHo obpamaiTech 10 ajapecy :

4600,Kytancu, Hleppammnze 53

I'naBublii penaxrop: Jloprkunannase Po3za

Ten.:599 23 64 79,577 28 28 54

E-mail: Roza.lortkipanidze@atsu.edu.ge;

Vuenntii Cexperaps: Cantesanze Haraaus
Ten:574 84 82 82

E-mail: natalia.santeladze@ atsu.edu.ge

Baumanwue: OnnadeHHas KBUTAHIMS OTIIPABIISIETCS BMECTE CO CTaThEN
E-mail:agronews 2016@gmail.com
web page: iaa.com.ge
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