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The work objective was identification of preseatestand trends of board computer usage in
tractors available in Polish and European marketitdmation of construction machines is widely
used in land management to improve the accuradipeoinarking works during geodetic control.
Investigation have included: automatic control @fitumonitoring — before and after starting up
engine, electronic system of automatic, damagenengpvitching off; fuel dosage control (engine
rotary speed), radar sensor, ventilation; gear bexgear change, gear programming, damage
diagnosis; lever — electronic steering system, dg@ndiagnosis, steering keys outside cab. To basic
tractor units equipped with electronic steeringdoed: engine, gear box, lever, live axle, power take
off, radar, air-conditioner, planning.

Keywords: tractor, board computer, automatic control in ttacs, optimization of
parameters.

YV cmammi pozensioaemovca suxopucmanua 60pmoeux Komn'iomepie y mMpaKmopax.
Aemomamuzayis Oy0igeIbHUX MAWUH WUPOKO BUKOPUCMOBYEMbCA 8 3eMIe6NOPAOKYEAHHI, WO
nioBUWYE MOYHICMb BUKOHAHHA PO3MIUYBAILHUX pOOIM npu 2eo0e3uuHomy kKoumponi. Mema
pobomu noafieana y GU3HAYEHHi CYYACHO20 CMAHY [ MeHOeHYiU BUKOPUCMAHHA OO0pmoeo2o
Komn'tomepa 'y mpakmopax, OOCMYNHUX HA NOIbCbKOMY Md €BPONEUCbKOMY  PUHKAX.
IIpoananizosano mpaxmopu nomysxcuicmio osucyna 6i0 60 0o 194 kBm xomnanin Case, Deutz,
Fahr, Fendt, New Holland, John Deere, Massey FeavgusLamborghini, Valmet, Renault.
Hocnioocenns sxnouanu agmomamuyte YnpagiiHua MOHIMOPUH2OM azpe2amy — 00 i NiC/iA 3anycKy
08UYHA, €NIeKMPOHHY CUCMEMY A8MOMAMUKU, NOUWKOONCEHHS BUMUKAHHA OBUSYHA, KOHMPOIb
o0osyeanns namusea (yacmoma o00epmanHs O6USYHA), PAOIOAOKAYIUHUL OAMYUK, SCHMUIAYIIO;
KOpOoOKY nepeday — 3MiHa nepeoad, npocpamy8anHs nepeoad, OlacHOCMUKA NOWKOONCEHb; 8ANCLIb
— eIeKMPOHHA CUCEMA PYIbOB020 YNPABIIHHA, 0iA2HOCIUKA NOWKOONCEHb, PYIbOSI K1AGiuli no3a
Kabinorw. [[o 0CHOBHUX MPAKMOPHUX a2pe2amis, OCHAWEHUX eJIeKMPOHHUM PYIbO8UM YAPAGNIHHAM,
Hanexcams 0sueyH (asmomamuire YnpagiiHHsa — nepesipKa 6CMAaH08IeH020 00IAOHAHHS, KOHMPOIb
003y6anHs naiusa), Kopobka nepeoau (3mina, npocpamyéanusi, OIACHOCMUKA NOUIKOONCEHD),
sadcine (ynpasninms, OIACHOCMUKA NOUWKOONCEHD), Hcuea 6ich (0a10KyeanHs oupepenyiaibnozo
mexanizmy, npueod x4 emuxannsleumuxanus, cucmema YnpasninHs Onsi ONOKY8AHHSA mMd
npusooa 4x4, enekmponHe YNpAGIiHHA NIOBICKOK NEPeoHbol 0CL), BUMUKAHHA  JICUBTEHHS
(emukannsleumuxanns,  pecymoeanns — 0bopomy,  OiACHOCMUKA — NOWKOOMNCEHb),  padapu
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(6umiprosanmns peanvHoi weuokocmi pyxy), KOHOUyionep, niamyeants (npoepamyeanns yHKyii
onoka, pobouux napamempis, HAOAHHs KOHCyabmayii). Tnwi cucmemu, wo 3Hax00amMvcsa 8 cmaoii
PO3poONIeHHs | K, K O4IKYyemMbCsl, 0Y0ymMb BNPOBAONCEH] HAUOIUNCUUM HACOM | MOJHCYMb Oymu
yikasumu 0isi NOTbCbKUX KOPUCTYBAUIE 3 MOUKU 30pPY De3neKu npayi: CUSHATbHUL NPUCMPIT PUSUKY
OanNaucy8anHs mpakmopa, SKull Mmodce O0ymu 000aHUll 00 He3ANeNHCHO20 PO30iy 00 BUMOR2
Kopucmysaua 00 mpakmopa abo € uYacmuHolo 060opmoeoi KoOMN'omepHOi cucmemu ma
eNeKMPOHHO20 OIIOKA, WO KOHMPOIIOE asmomamuyine Kpinienus (niosicky) incmpymenmis.

Knwuosi cnoea. mpaxmop,
MpaKkmopax, asmomamusayis napamempis.

Introduction. Since 1989 in Polish
market there have been offered modein
tractors, produced by Western companies,
equipped with electronic steering and control
systems [1,2]. These systems include
microprocessors for particular tractor unCi{

service or board computer (microprocessdr,
microcomputer) for steering and control o
several tractor units. Today, with the wide uge
of mechanization of works geodetic control i
combined with geodetic monitoring for work
of executive devices of earthmoving machines
at construction of formation. Geodetic monito
ring is providing installation and moving
executive devices of the construction machir]
in accordance with the specified design positio
In Polish agriculture only small percentage d
tractors is equipped with such systems.

According to the Institute of Technology
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bopmosuti  Komn’ romep,

asmMoMamuyHuLl KOHmpoJib 'y

information with significantly reduced number
of cables was especially important from the
point of view of application of electronics in

tractors.

Statistic in Figure 1 shows the share of
tractor registrations in Poland in 2015 by
brand, in percent. The american companies
New Holland and John Deere took the two
spots at the top of the table, while the Czech
brand Zetor was the third largest seller of
tractors, claiming 13.47 percent of the polish
market [4].

Statistic shows the share of the European
tractor market held by the largest tractor
brands in 2015. American brand John Deere

. holds the greatest share of the market,

followed by New Holland, Fendt and Massey
Ferguson. These four brands combine for more
than half the total sales of tractors in Europe.

and Life Sciences, Mazovian Research Centre While John Deere was the single brand with

in Kludzienko forecast — in the coming years
the sale of such tractors in Polish market will
be growing, mainly because of the increase
economic and ecological requirements and
work quality, comfort of driving and service
[3]. It is forcing the technical progress
improving tractor designs and adjusting them
to new requirements. More and more effectie
control systems are introduced to improve
agricultural tractor usage. Transmission of
signals between them (communication)
enables realization of complex agro technical
operations with quality (precision, accuracy
impossible to be reached by traditions
(mechanical) driving systems of tractors and
agricultural machinery.

Introduction of numerical techniques
allowing transmission of large number of

the largest share of sales in Europe, although
the Case New Holland group (which consists

pf of New Holland, Case IH and Steyr) was the

largest group in the market [5].

Computer control systems are going to
take over more and more functions, not only in
operating, but also in tractor diagnostics. The
computer shall not only detect the failure but it
shall inform the nearest authorized service to
prepare all necessary parts for repair including
term of repair the tractor. Further, it shall
forecast tractor's failure and informs the
operator-owner on time. All these tasks will be
simplified by geographical positioning system
(GPS) system, which locates the position of
the tractor on-line. It is assumed that in the
near future, tractor shall be operated by remote
control from the control center [6].
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New Holland
John Deere
Zetor
Deutz-Fahr
Kubota
Case IH
Claas

3.11%

Valtra

Massey Ferguson 3%

_ 1.85%

Steyr

McCormick 1.42%

16.68%

13.47%

8.89%

7.65%

Expand statistic

Fig. 1. Market share for brands of tractors in RAI2015 [4]

Research objective. The objective of
investigations was a trial of assessment
board computer usage possibility in tractor
The analysis was based on tractors produc
by Case, Deutz, Fahr, Fendt, New Hollanc
John Deere, Massey Ferguson, Lamborghif
Valmet, Renault companies, sold in the large
guantities in the Polish market.

Analysis. In tractors the systems of
engine, gearbox, hydraulic ram, rear-whef
steering etc. can be linked together by cabl
transmitting digital data [7]. Steering ang
control systems located in the maching
aggregated with tractor can co-operate wit

machines equipped with electronic systems
pf produced by different manufacturers. There
are growing possibilities of electronic steering
edof farm tractor functions in two new technical
I, solutions: system of tractor positioning in the
i, field and system of mutual telecommunication
st between tractor, machine and office [8].
Recently Companies have demonstrated new
tractors with hydrostatic drive and automating
bl steering system without cabs and drivers, but
bs in practice, those systems are not offered in
Polish market.

The companies existing in Polish market
equip their tractors with computer systems for

L

D.

S
h

board computer installed in tractor. Usage ¢
electronic system controlling interactions o
system including: driver, tractor, machine an

soil gives huge possibilities of improvement of
aggregate work results, among others by:

efficiency increase, fuel consumption
decrease. Electronic adjustment of machin
requires the compatibility of tractor computer
machine processor, cables and couplin
necessary for connection of computer wit
machine processor to be achieved. Those ur
have been already standardized, and that

pf measurement, registration, monitoring and
automatic control of working parameters. In
Poland there have been already distributed
systems of indicators informing of a tractor
malfunction and what is the remedy, as well as
diagnostic systems applied in repair shops,
bs simple  electronic  control  devices (e.g.

, electronic limiter of rotation number, limiter of

Js TUZ-[three point suspension system] upper
h position), microprocessor systems for several
itsparameters control in particular sets of tractor
is(e.qg. lift, gear box or engine), complex systems

why the tractor may be aggregated wit

n for automatic control of tractor-agricultural

30
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machine aggregates with board compute
usage with modular structure (with possibility
of adding of modules and enlarging by that th
range of control) together with steering
elements (electric valves, sensors) installed
tractor units and interconnected by a sign
transmission bus.

Electronic units in tractor. Electronic
units in tractor include: tractor’'s units driving
system (engine, gear box, lift, chassis etc
information, regulation, control (process
control, information about switched units
tractor drives, fixed working parameters, ged

change, switching in and out of front shaft

drive etc.); diagnostics allowing system self
control, analysis and signaling of damages a
places of their appearance; manageme
(collection of work results e.g. work time,
cultivated area, harvested yield, consumg
materials, costs, undertaking of decision
about changes of work
aggregate tractor-machine function connectg

regimes etc.);

rs account disturbances factors, maximal
accuracy of machinery positioning is situated
in the range from 3 to 5 meters. For improve-
ment of accuracy positioning, correction
signals are utilized. John Deere Company has
its own StarFire correction network and makes
accessible free of charge correction signal
SF1, which makes possible to evaluate certain
placement with accuracy of 30 centimeters.
For signal SF2 with 10 centimeters accuracy
of placement, customers have to pay for this
service. But by providing private reference
station RTK, it is possible to obtain 1 to 2
centimeters of accuracy. Receiver iTC makes
it possible to receive all tree signals SF1, SF2 |
nd RTK. Definition iTC means, that each
nt standard John Deere receiver is equipped in
“Terrain Compensation Module”, which
vd makes possible to work on slopes. There are
s three different guidance systems for driving
agricultural machines in the field: Parallel
nd tracking, Universal AutoTrac and AutoTrac.

e
)
in
Al

N

1

among others with transmission of data from Paralel Tracking is the simplest system for

machine sensors to board computer at tract
and control of aggregate work parameter
satellite system of fixing the machine positio
on field (satellite navigation); telecommunij

or machinery guiding in the field. System

5; operation consists in determination of the first

n passage and then introduction of machine
working width value. This system enables the

cation system between tractor board computer field works to be done without markers, when

and stationary computer at the office.
Analysis of existing solutions has
shown, that electronic steering systems shoy
have modular structure with mains joining
particular modules in one unit, forming
integrated (not fully) automatic system o
electronic aggregate steering with usage
board computer, as it has been applied e.g.
Lamborghini 165 Racing computer (se
Fig. 2). At present the steering is done b

comparison of values of different tractor

working parameters (e.g. real wheel slippag
value, adjustment driving force to optima
value and other parameters and the

visibility is poor and at night.
Universal AutoTrack is equipped with

|d fully automatic machine driving. It consists of

an antenna and a screen. Additional element

contains a special steering mechanism
f installed in a steering column and a special
of card which activates automatic guiding of the
inmachine. AutoTrac system is dedicated to the
new farm machinery developed by John Deere
and requires the installation of special modules
to the hydraulic steering unit to provide
parallel driving called AutoTrac Ready.

All systems described above are equipped

ir with the same type of screen GS4, the same

)

y

e

optimization), as the optimization criterion
there is often used the efficiency maximizatio
or fuel consumption minimization.

The main factor deciding of the workin
quality of automatic systems applied in far
machinery driving units is the quality of sign
provided by a head unit [9]. Taking int

receiver StarFire iTC and they can recognize
all offered correction signals SF1, SF2, SF3
and RTK. They differ only by the elements
installed in a certain model of machinery and
certain types of activated options. A selection
of accuracy depending on different type of
field work is characterized in table 1.
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Fig. 2. Lamborghini 165 Racing tractor equippedwiibard computer (electronic control device):
a — control panel shoving e.g. witch units are wagk gear change, in/of front axis drive,
differential mechanism locking, WOM (PTO), work pareters of engine gear box — oll
pressure in engine, box, oil temperature, coolihgdfetc. and faults; b — multifunction
steering lever — gear change, adjustment of engm&y velocity, lifting link control;

C — engine rotary velocity programmer; d — steedagsole for front and back WOM (PTO),
in/of 4x4 drive, differential mechanism blockingB& system; e — lifting link steering panel —
up/down, locking, transport, control of up/down epe adjustment of work parameters
(power, position, slippage), alarm, steering keysving; f — radar sensor of driving velocity;
g — data monitor — shows e.g. tractor velocity, ieagand WOM (PTO) rotary velocity,
slippage, tool working depth, working width, culited area, work period, efficiency etc.;
h — camera with monitor for machine watching fraactor back. Source: own elaboration

Table 1
Accuracy selection depending on different typeBeddl work [10]

AutoTrac option Optimal to: Correction signal Acaay
AutoTracSF1 Tillage SF1 +/-33cm

Fertilization (free of charge) +/-16,5cm

Spraying +/-11cm
AutoTracSF2 Planting/sowing +/-10cm

Spraying/fertilization SF2 +/-5cm

Harvesting (subscription) +/-3,5cm
AutoTrac RTK Planting

Deep tillage RTK +/-2cm

Repeatable intertillage (single activation) Repeatable

TPl Company offers parallel navigatio

system called TOPCO SYSTEM 110 which i

dedicated to provide all agriculture fiel

operations requiring parallel driving as it is
shown in Fig. 3,a. Color screen enables field
work to be done during a day and at night as
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well. Consol system 110 with a screen allow
selection of tree different ways of work
straight AB, two types of curves or movemer
along a circle. It is also possible to provide
automatic reversing. On a screen of cons
we can find the following information: driving

N

s passes, number of accessible satellites,
deflection from the driving pass. System is

t equipped in 3 USB connectors type 12 pin

n DTMO06-12S Deutsch and two types of GPS

e, antennas: AGE-1 and AGE-2 with frequency
measurement of 20 Hz.

speed, area of cultivated field, number ¢

f

Fig. 3. Positioning system made by TPI Company:[11]
a— TOPCON System 110; b — TOPCON System 150

Recent solution developed by thi
company is a precision system of automat
steering called TOPCON System 150
2 centimeters accuracy — it is shown
Fig. 3,b. In this solution the newest technolo
of precise positioning of Japanese corporati
TOPCON is applied.

At present the most popular system
applied in tractors available in Polish mark
are included in the first four groups mentione
above. They will be especially analyze
because of their widest usage. They direc
concern the tractor, but not the extern
systems connected with electronic steering
agricultural machines, satellite navigation, cg

operating computers installed in the office.

Electronic linking of tractor units (assemblies
enables creation of work control system almo
in an optimal way. To achieve this goal, th
units should be arranged in the way enablir
measurement of characteristic parameters to
done and they should be equipped with contr
devices as well. The very essential elements
electronic systems are indicators an

ol (oil

significantly depends on quality and reliability

c (stability) of sensors and gauges. In a lot of
f cases just only placement of sensors or gauges
has caused particular technical problems,
y connected e.g. with space they are to be
n located, structural limitations of tractor’s
construction,  tractor  units, measuring
instruments size and reliability (stability):
t technical quality and measurement precision
(e.g. fuel consumption gauge, sensor on shafts
working in oil etc.).

y Engine electronic systemsEngines are

| equipped with electronic injection system to

pf control and steer the engine work by proper

- fuel dosage that allows reduction of both — fuel
consumption and harmful chemical
compounds emission to the environment — to

st be achieved. It is automatically done, without

al

-

any operator invention. Realization of such
g steering standard requires installation of about
be20 sensors in the engine to measure its work
pressure in engine, gearbox, oil
of temperature, cooling liquid, etc.). Modern
tractors are equipped with electronic

instruments for measurement of functional acceleration systems with manual control. An
parameters, being the input data for contrpl operator adjusts the engine rotary speed by the
systems. Quality of control and steering use of switches buttons, and through the
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control unit. Such an engine revolutior
adjustment allows you to save and switch g

the minimal or maximal revolutions, temporal

keeping of preset revolutions and to return, k
pressing push-return button, to acceleratic
control by means of the accelerator pedal.

Additionally, tractors are equipped with
electronic units with automatic adjustment g
gearbox ratios according to tractor speed a
wheel slip. Switching of gear is done by signa
transmission (by key push) to microprocessqg
which completes calculations and switchg

speed in relation to rear axle should range
n from 1 to 5 %. It causes tensions in driving
unit between front and rear axle, reducing the
y transferred power. For reduction of power
n looses in driving unit the special electronic
sensors are used allowing switching on or off
by clutch of front axle hydraulic drive in the
f moment of tension appearance. In standard-
nd equipped tractors an operator must often
Al switch on and off gear drive and lock
r, differential mechanism manually by lever as
s well as to lock differential mechanism. Usage

adequate pair of gear-wheels with hydraulic of front axle drive and differential mechanism

steering. Some tractors of SAME company a
equipped with  MULTISPEED gear boxes
where engine output power is controlled b
electronic steering system, sending adequd
data to the central unit. Depending on engir
power the steering system sets up the prof
work mode — SOFT (economical) or HARD
(maximal possibilities). If steering systen
discovers errors (damaged coil of electron
control valve, locked key, lack of enging
power) it signals them by code. Usage of ge
box MULTISPEED (switches MULTISPEED)
enables constant power flux transferred fro
engine to gear box and tractor wheels, allowir]
for efficiency increase, operation timg
shortening, and by the same — fuel and co{
reduction. Selection of adequate mode of ge
work, range, speed, drive direction is done K
keys without pushing the accelerator (under loac

In case of automatic gears, steered K
AUTOMATIC-POWER-SHIFT system e.g. in
DEUTZ-FAHR company tractors (Agrotron
160, 175, 200) it is not only possible to sele
gear work mode ECO (economical) o
POWER (maximum of possibilities), range o
speeds (gear group), particular gear, dri
direction but also to programme gear box i
such way, that gear can be directly switched
can be reduced — e.g. gear in upper range
speeds above which system does not char

the gear.
In Polish market a share of tractors wit
four-wheel drive is growing. In typical

solution invariable position in front axle drive
is used, and difference of wheel peripher:

re locking is necessary during work in bad
adherence conditions, during field works, with
y high wheels turn, work on slopes, driving on
tedamaged ground or road surface. For that
e reason, tractors are optionally equipped with
erfront drive and electro-hydraulic interlocking
of differential mechanism switched on by
pressing the keys. However, an operator has
c still often had to connect and disconnect front
drive and locks. To avoid the above
ar inconvenience, the tractor may be equipped
with electronic steering system e.g. SBA
m System Control in tractor of LAMBORGHINI
g (e.g. 165, 190 Racing), where automatic
control of two  functions  appears
5ts simultaneously. Four-wheel drive is typically
ar switched on during field works and
y automatically switched off when tractor speed
1). equals 15 km/h. Differential mechanism is
Dy usually locked, lock is released when
asymmetric braking up appears, speed exceeds
15 km/h, wheel turn exceeds 200 angle at
speed lower than 10 km/h or turning has angle
greater than 50 at speed exceeding 10 km/h.
Given ranges of speeds and angles are
connected with calculated hysteresis curve and
N when the next locking condition of differential
pr mechanism occurs, locking appears when
oftractor speed is lower then 2 km/h or turn
geangle is smallest than 3o0. Thanks to that
tractor does not loose its controllability during
work on heavy soils. When necessity of
turning with angle exceeding 200 appears,
then automatic unlocking of differential
mechanism occurs and possibilities of tractor

N

3
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handling are increased. When SBA system k¢
is switched off, direct drive on four wheels an
differential locking is manually started by
electro-hydraulic lever and even the tractor

equipped with steering unit SBA, it does nd
meet any control function. When SBA is
switched on, the system launches power

front axle and it locks differential mechanism

according to tractor speed and turn the angle
front wheels irrespective of the position of th
lever for electro-hydraulic unit steering. Whet
SBA is switched off the locking and front
drive mechanisms are switched on accordir
to lever position, so one must be careful durin
e.g. system switching off with high speed
when lever is in position of front drive
switching on.

In modern tractors lift is adjusted by
electronic unit from steering panel. Electroni
steering unit is standard version or it i
included to the system together with electron

steering of acceleration (engine revolutions

and gear box. In this case the tractor

equipped with multi-functional steering lever
Lift switches are also included in the syster
which, in dependence of work mode, contro
electro-hydraulic valves of lifting system on
basis of information transmitted from senso
System consist of: steering unit, steering pan
electro hydraulic valves, hydraulic pump
power and position indicators, radar or whes
circular speed indicators, keys fo
lifting/lowering on wing for steering outside
cab. System allows for lift steering in aspect (
power, position and slippage. Steering unit
working in different modes: locking, transport
stopping, steering of smooth acceleratiol
slowing down, lifting/lowering, alarm, testing
(used only in repair workshops). Each of thre
functions (power, position, slippage) can b
chosen as main or auxiliary one, or not chost
at all. Computer controls the work paramete
according to the above selection. The syste
gives diagnosis of steering unit damage
(memory error, programming, electric)
sensors (damage, disconnection), cables (m
damage, disconnection), electric valves coi

e

by locate damage and eventually try to
1 maintenance — when sensor is disconnected,
steering valve, cables are wrong connected,
s there is a lack of power, cable is broken; in
t other cases, one should ask service for help.
Besides the above mentioned units’
to tractors are equipped with electronic steering
units: PTO in/off, indicating its starting up,
of automatically disconnecting PTO when engine
stops, switching over of revolutions between
540, 750, 100, 1400 in normal or economical
mode (in dependence of what is available at
1g tractor), informing on digital screen about
g PTO rotary speed calculated on electronic unit
, on basis of engine revolutions and indicating
system damages. Companies also equip some
of their tractor models with automatic damage
engine switching off system. For example, in
CASE tractors (7200 type) digital control
system is checking oil pressure in engine, oil
temperature in gear box, oil pressure in gear
box as well as cooling fluid temperature. If
one of the mentioned parameters is not proper,
than digital control unit shuts electricity intake
to electromagnetic valve at injection pump and
fuel in flow to the engine is stopped. System
has locking unit switching off electronic
control as well as indicators and acoustic
signals connected with engine state in aspect
of mentioned parameters. Moreover, for
measurement of real driving speed radar
sensors are used, what allows on precision
determination of percentage value of wheel
slippage in any work conditions. Percentage
value of slippage is presented graphically on
digital display in form of bar chart. Keeping
up of recommended slippage allows for
improving work efficiency, precision of
dosage of e.g. chemical means, seed sowing
and by the same results in reduction of costs
en and environment protection.
S As regards other electronic systems there
m are used systems for front axle spring stiffness
s control, electronic adjustment of cab air-
conditioner or in lever — electronic control of
hinthe  tool during transport automatically
s lifting/lowering mounted tool for tractor

a)

-

N

o Y0

N—r

(7]

e

(short-circuit, disconnection). It is easy tc

) stabilization within driving on a road. Other
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electronic control units automatically chec

the tractor units (sets, drives) work. The staTe Although automatic
of controlled units is illustrated by the contro

lights and bar charts. System is checking at
displaying information about such paramete
as: switched gear, driving speed, whe{
slippage, engine rotary speed, PTO rota
speed, moto-hours number, service perio
working width, efficiency per hour, cultivated
surface, work time and others.

Among electronic systems of automati
steering used at present in tractors there
also system advising driver in selection of th
best steering solution. Such systems are r
only measuring and monitoring parameters
tractor work, but are also assessing parame
values, for which the best technical an
economic indicators are reached according
chosen criteria and with tractor loading
(engine, driving wunits). Next they are
indicating to driver, which operation should b
done for tractor changing over from preser
parameters to optimal ones. For that reasc
electronic system is calculating criterion
indicator value for sequence of teste
parameters and calculates it optimal valu
according to the program. After that system
informing driver about calculation results in
form adequate for direct usage. Driver i
undertaking decision. Such decision aidin
systems are offered among others by su
Western companies as: Datatronic, Un
Control, Spartronic or Hessel.

Solutions under development. Other
systems being under development an
expected to be implemented in near future a

e

[«

operation often done and quite dangerous.
linking makes this
operation easier, but it requires precise tractor
nd access to the machine or tool. Such access in
s case of limited area of tractor handling is
p| difficult and  time-consuming.  These
'y disadvantages are eliminated by electronic
d, device, enabling measurement of the distance
between tool and tractor and by calculation of
tractor turn angle by board computer,
C necessary for proper access to the tool,
reallowing for the automatic mounting.
e Further possibility is idea of computer
ot design with step-less adjustment of drive of all
bf wheels in which mechanical system is
tersubstituted by hydrostatic drive. Electronic
d adjustment controls the hydraulic unit utilized
to to drive moment division according to load on
) both tractor axles. In that way step-less change
was reached between front and rear axles.
D Next step will be implementation of
It step-less tractor speed adjustment with usage
n, of hydrostatic driving (hydraulic), next by
elimination of cab and operator receiving of
d fully automated tractor with remote starting up
e and control. But at present and in near future
s in Polish agriculture the most important will
be tractors equipped with electronic systems.
5 Conclusions.On basis of above analysis
0 units (sections) with electronic steering were
ch chosen as having a possibility of wider use in
- tractors on Polish market at present and in near
future as follows: 1 — engine (automatic
control — installed equipment test, fuel dosage
d control); 2 — gear box (change, programming,
nd damage diagnosis); 3 — lever (control, damage

which can be interesting for Polish users i

diagnosis); 4 live axle (differential

aspect of work safety are: signaling device ¢of mechanism locking, in/off 4x4 drive, control
tractor balance risk (aggregate), which can Ibe system for locking + 4x4 drive, electronic
independent section added on user requirementcontrol of front axle suspension); 5 — power
to tractor or being a part of board computer take off (in/off, revolution adjustment, damage

system and electronic unit controllin

automatic mounting (suspension) of tools.

Linking of tools and machines with tractor i

Refer

diagnosis); 6 — radar (measurement of real
driving speed); 7 — planning (programming of
unit functions, working parameters, advising).

ences

1. Kamnski J. R. Wyposznie ciagnikow w komputery poktadoweTechnika Rolnicza

2001. no 5/2001. P. 26-27.

30ipauk HaykoBux npans YKp/AY3T, 2019 ,Bun. 186
70



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

2. Kamnski J. R. Komputery poktadowe w maszynach rolnibzyPrzeghd Techniki
Rolniczej i Lenej. 2002. no 7/2002. P. 2-6.

3. Kamiaski J. R. Ocena ekonomiczno-praktyczna stosowamigkorzystania komputerow
poktadowych w cignikach rolniczych. Problems of construction angleiation of machinery and
agricultural equipment: Proceeding of X Internasibgymposium of prof. Czestaw Kanafojski, 18-
19 September 2006. Warsaw : Polytechnic, 2006149

4. Percentage of Polish tractor market held by dsan 2015. Statista. The Statistics Portal.
URL: https://lwww.statista.com/statistics/643824toa-brands-market-share-poland (last accessed:
10.09.2019).

5. Proportion of tractor sales in Europe by bran@015. Statista. The Statistics Portal. URL:
https://www.statista.com/statistics/643620/europteactor-market-by-brand (last accessed:
10.09.2019).

6. Filipovic D., KoSutt S., Gospodaéi Z., Pliestt S., Grbavac V. Constructional
Characteristics of the Agricultural Tractors at Beginning of the 21st Century. Strojarstvo. 2008.
Ne 50 (5).P. 277-285.

7. Jaklihski L. Mechanika uktadu pojazd — teren w teoriaidBniach. Warsaw : Polytechnic,
2006. 171 p.

8. Skrobacki A., Ekielski A. Pojazdy iggniki rolnicze. Warsaw : WigJutra, 2006. 248 p.

9. Dreszer K. Globalny system pozycjonowania izlmasci wprowadzenia go w polskim
rolnictwie. InZynieria Rolnicza2005. no 10. P. 57-63.

10. John Deere, Precision AG Technology. URL: httws/w.deere.com/en/technology-
products/precision-ag-technology/#/apply (last ased: 12.09.2019).

11. TPI. Zaufanie stabilnésdoSwiadzeinie. RTK. URL: https://www.tpi.com.plipk (last
accessed: 12.09.2019).

Kaminski Jan Radek, PhD (Eng.), Senior Researcbdate, Faculty of Chemistry, Warsaw UniversityLd&
Sciences. E-mail: jan_kaminski@sggw.pl.

Viselga Gintas, D. Sc., Associate Professor, Vieardof Faculty of Mechanics, Department of Mechalrand
Material Engineering, Vilnius Gediminas Technicalitersity. E-mail: gintas.viselga@vgtu.lt.

Ugnenko Evgeniya, D. Sc. (Tech.), Professor, HgaDépartment of Researches and Designing commiummsat
geodesy and land management, Ukrainian state witivef railway transport. E-mail: ugnenko.ievge@gmail.com.
Jasinskas Algirdas, PhD of Technological scieneesfessor, Chief researcher, Institute of Agria@tiEngineering
and Safety, Vytautas Magnus University. E-mailiralgs.jasinskas@asu.lt.

Tetsman Ina, D. Sc., Associate Professor, Vice-dé@aculty of Mechanics, Department of Mechniaad Materials
Engineering, Vilnius Gediminas Technical UniversiBymail: ina.tetsman@vgtu.lt.

Tymchenko Olha, PhD (Tech), Associate Professopaltenent of Researches and Designing communications
geodesy and land management, Ukrainian state sitivef railway transport. Tel. 19-56. E-mail: o&86@gmail.com.

Kawmincki Panek, kaHza. TeXH. HayK, CTapIIUi HAyKOBUI CHIBpOOITHUK XiMiyHOTO (haKynbpTeTy Bapmascbkoro
yHIBEpCUTETY Hayk mpo xuttsa. E-mail: jan_kaminski@sggw.pl.

Bicenra I'inTac, 1-p HayK, JOIEHT, 3aCTYITHUK JIeKaHa MEXaHIgHOTO (PaKyIbTeTy, Kadeapa MamMHOOY TyBaHHS Ta
Marepiaiis, BinsHrocekuit TexHiunuii yaisepcutet iM. Ieniminaca. E-mail: gintas.viselga@vgtu.lt.

Yruenko €BreHis bopuciBHa, 1-p TeXH. HayK, mpodecop, 3aBimyBad kageapy BUITYKYBaHb Ta MPOCKTYBAHHS IIUISXiB
CIIOJIyYCHHS, Te0e3il Ta 3eMIIEYCTPOI0 YKPATHCHKOTO AEPKABHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TPAHCIIOPTY.
E-mail: ugnenko.ievgenia@gmail.com.

Scinckac Anripnac, KaHj. TeXH. HayK, Ipodecop, ToJIOBHUH HAyKOBHUH ciBpoOiTHUK [HCTUTYTY
CLITbCHKOTOCTIOAAPCHKOT TeXHIKU Ta Oe3neku, YHiBepeuteT BiroBra Marnyca. E-mail: algirdas.jasinskas@asu.It.
Tercman [Ha, I-p HayK, IOLEHT, 3aCTYNHUK JeKaHa MEXaHIYHOro (GaKyIbTeTy, Kadeapa MalmHOOy yBaHHS Ta
Mmarepiaii, BiibHIOCEKHIT TeXHIUHHI yHIBepcuTeT iM. ['eniminaca. E-mail: ina.tetsman@vgtu.lt.

Tumuenko Onbra MukonaiBHa, KaH[. TEXH. HAyK, TOLUCHT KadeapH BUIIYKYBaHb Ta MPOCKTYBAHHS LUISXIiB
CIIONYYCHHS, Te0e3il Ta 3eMIICYCTPOI0 Y KPATHCHKOTO ACP)KABHOTO YHIBEPCHTETY 3ai3HUYHOTO TPAHCIIOPTY.
E-mail: oleka55@gmail.com.

Crartio npuitasaTo 10.09.201%.

30ipauk HaykoBux npans YKp/AY3T, 2019 ,Bun. 186
71



