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DYNAMIC MODEL OF THE TURN OF A HIGHLY MANEUVERABLE
TRACTOR

Shermukhamedov A.A., Shadiyev S.R.
Committee on Automobile Roads (Tashkent, Uzbekistan)

Annotation: This in the article high maneuverable universal cutter tractor turn process
Matlab in Simulink modeled of the results experiment results with comparison
analysis The tractor is at a minimum radius turn todays on the day current from
issues one become is considered. Offer being done in the example back bridge
hydraulic differential turn mechanism with equipped and in place with a
minimum radius turn can tractor hydraulic parameters change This is
determined . article , top maneuverable tractors for turn in the process
hydraulic parameters determination and them theoretical in terms of to justify
aimed at is , this in the field effective technician solutions working to go out
help gives.

Key Words: Tractor, transmission, steering, pressure.

JUHAMMHNYECKAS MOIEJIb IIOBOPOTA
BBICOKOMAHEBPEHHOI'O TPAKTOPA

IlepmyxamenoB A.A., lllagues C.P.
Komuter mo ABToMoOmIbHBIM qoporam (TamkeHTt, Y30eKucTaH)

AHHoOTanmusi: B craree paccMarpuBaeTcs IPOLECC IOBOPOTA BBICOKOMAHEBPEHHOIO
YHUBEPCAJIBHOTO TpaKTOpa-pa3pe3unka, CMOJeNupoBaHHbIH B Matlab B
Simulink Ha OcHOBe pe3yJIbTaTOB HKCIEPUMEHTA U CPABHUTEIILHOTO aHATIN3A.
TpakTop HaxoAWTCs Ha MUHUMAJIbHOM pajadyce I0BOpOTa, 4YTO Ha
CerOJHAIIHUN JIeHb sBIsETCS aKTyalbHOW mpobsemoit. Ilpemnaraercs
npuMep TUApaBiIndeckoro updepeHaibHOro MeXaHu3Ma I[OBOpPOTa
3aJlHETO MOCTa C YCTAaHOBJIEHHBIM W YCTAaHOBJIEHHBIM Ha MECTE C
MUHUMAaJIbHBIM PaJdyCcOM IOBOPOTAa TPAKTOPOM, C IOMOIIBIO KOTOPOIO
MOKHO M3MEHHUTH THAPABINYECKUE NTapaMeTpsl. B craThe paccMaTpuBaroTcs
BBICOKOMAHEBPEHHBIE TPAKTOPHI ISl MOBOPOTA B IIPOLIECCE OINPEACICHUS
THJIPABIMYECKUX [apaMeTpoB M HMX TEOPETHYECKOro OOOCHOBaHMS,
HAIpaBJIEHHOTO Ha TO, YTOOBl MOMOYb B pa3paboTke 3P(PEKTUBHBIX
TEXHUUYECKUX PELICHUH.

KiroueBbie TpakTop, TpaHCMHCCHS, PYJIEBOE YIIPaBICHHE, JABJICHNUE.

ciaoBa:

Currently Due to the increase in traffic on streets and roads and the measures developed for
the efficient use of cultivated areas, the space for movement and maneuvering of vehicles in cotton
fields or in general cultivated areas on roads is becoming increasingly limited. Under such
conditions, it is advisable to use tractors with a minimum turning radius, standard dimensions,
short base, minimum width, wheel tracks and high maneuverability in cotton fields.

Main part. the research process, a number of new designs have been developed at QXKTM
MChJ, based on the results of research and development. Equipped with a high-clearance front
axle with a functional turning mechanism at QXKTM MChJ and standing in place turn Work was
carried out to create universal-type tractors that could handle [5,6] (Figure 1) .
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Figure 1. Standing in place turn scheme .

To turn the tractor on the spot, especially against the background of plowing, additional
traction is required. For additional traction, it is necessary to activate the rear axle during turning.
To ensure that the tractor turns on the spot, the rear wheels must rotate in different directions
relative to each other, which creates additional traction in the direction of rotation. For this
purpose, the tractor is equipped with a hydraulic differential turning mechanism (HDTM) [7,8]
(Fig. 2) .

To turn the tractor with a small radius or around the center of the rear axle, the tie rods are
separated from each other by hydraulic cylinders and the levers turn in opposite directions, the
front right and left steered wheels turn in different directions, the HDTM is turned on (with or
without braking the rear wheels), and the rear wheels begin to rotate in different directions.

A hydrodynamic transmission is a system that provides the transmission of mechanical
energy from a driving engine to a driven mechanism.

The hydrodynamic transmission works as follows:

The mechanical energy delivered to the pump via the motor shaft is converted into hydraulic
energy in the pump, which is then transmitted to the hydraulic motor, where it is converted back
into mechanical energy. Hydraulic motor planetary to the reducer energy Planetary reducer and
energy to MTA transmission and leader on wheels transmits (Figure 3).

3 4 56 7

—

Figure 2. Hydraulic differential turn mechanism :
1st and 3rd gear wheel; 2nd — cardan shaft; 4 — stupitsa ; 5 — vodilo ; 6 - satellites ; 7 —
satellites axle ; 8 — hydraulic motor ; 9 — gold-plated mechanism ; 10-crown gear ; 11-sun
gear
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Figure 3. Kinematic diagram of the hydrodynamics

The flow rate of the working fluid passing through the Zolotnik distributor is expressed as
follows:

0, = kox \/pn—pcn—zprsignx’ (1)

where k; = ;mdzkp\/%— flow capacity through the slot of the sprue; py— pressure coming from

the pump to the distributor; p.,— return pressure; pr— pressure in the hydraulic motor; d,— diameter
of the sprue; k,— coefficient of completeness of use of the perimeter of the sprue; u— fluid
consumption coefficient; p— density of the working fluid.
1,x >0,
sign(x) = { 0,x=0,
-1,x <0.
(1) The right-hand side of the expression x, = 0, pr, = 0is underlined ,p., We can replace
this expression with constant values of and as follows.py
Q¢ = Koxx — KopPy- (2)
The flow balance equation, taking into account the compressibility of the working fluid in
the pipe between the hydraulic distributor and the hydraulic motor and in the hydraulic motor
cavities, is as follows:

%ip ddptH + kl‘lep.MpH Qt qu dl: (3)
where V— is the volume of the pipes between the hydraulic distributor and the hydraulic motor;
B,,—is the bulk compressibility modulus; g, is the volume of the hydraulic motor; a—is the angle
of rotation of the hydraulic motor shaft.

The tractor is turned while the transmission is disengaged. The torque required to change the
direction of travel is generated by the hydraulic motor. as gives .
Hydraulic motor of the governor movement foIIowing equation with is expressed as :

]k dt2 + klshq MM + MTr (4 )
here J,— the total number of working elements connected to the rotor of the hydraulic motor and
moments of inertia; k;spq— coefficient of friction in the hydraulic motor; My— torque of the

hydraulic motor shaft; Mt— moments on the hydraulic motor shaft under the influence of external
loads.
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The given moments of inertia of the hydraulic motor rotor and the working bodies connected

to it are determined as follows:
2 2
Jk =]gm + (]pl +]gr) (%) + (]pz +]gr) (%) (5)

where /4,,— the moment of inertia of the rotor of the hydromotor; /,,;— the moment of inertia of
the first stage of the reducer (transmits the movement to the right leading wheel); /,,,— the moment
of inertia of the first stage of the reducer (transmits the movement to the left leading wheel) (Figure
1); ] 4.~ the moment of inertia of the wheel; w,,- the angular velocity of the wheel; wg,,- the angular
velocity of the hydromotor shaft.

The moments of inertia of the hydraulic motor rotor and the working bodies connected to it
are given in Table 1.

Table 1
The given moments of inertia of the hydraulic motor rotor and the working bodies
connected to it

Mechanisms Jgm Jp1 Jgr z]"
Inertia moments 0.0058 0.045 131.42 131.47

Machine - tractor aggregate (MTA) in place of turning Matlab in the program Simulink
models working out, it’s based on MTA in place twisting (Figure 4), ICH different rotations in the
number elbow on the shaft driller torque and corner speed (Figure 5), in the hydraulic motor
pressure change (Figure 6) and Pump in the process transfers number (Figure 7) determined.

Figures 8-10 show the engine speeds of 800, 1000, 1200, 1500, 1800 and 1960 rpm. in the
number on the hydro motor pressure change graphs cited.

+—0

Group 7 Gidromotor2
Qn Qn
Signal 1 ndv  nN nN
an
uQz Nasos2 \—b an p . . >
p2
nN
simout

Figure 4. Tractor machine aggregate (MTA) in place torsion Simulink model
] Ko

[ 00—ty
7 .."‘I
S
3

-
o
S

ndve —_—

Figure 5. Interior combustion engine different rotations in the number elbow on the
shaft screwdriver torque and corner speed Simulink model of detection
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(Group 1
’ Qn Qn

Signal 1 ndv nN nN
an
uQ2 Nasos2 \—P an p o . >
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— — simout
Tizimdagi bosim2

Figure 6. Hydraulic motor pressure Simulink model of change

30 >

g

wdv pi

A 4

(229/227)"(231/229)* (232/231)*(z33/232) >

Figure 7. Pump in the process transfers Simulink model of the number .
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Figure 8. Engine speed at 800 and 1000 rpm in the number on the hydro motor
pressure change graph

Vaqt,s

mapomotop 1200 obopot
5,000 rTMMAPOMOTOP 1500 OBOPOT

4,000 4,000
3,000

2,000

Bosim MPa
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05 1 15 2 25 3 35 4 a5 5
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Figure 9. Engine speed at 1200 and 1500 rpm in the number on the hydro motor

pressure change graph
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JomoTop 1800 obop
Muapomotap 1800 oBopar agpomotop 1960 oBopoTtaa

/-«\_/J‘
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vaars Vaqt,s

Figure 10. Engine speed at 1800 and 1960 rpm in the number on the hydro motor
pressure change graph

Comparative analysis of theoretical and experimental research results. Production
issued mathematical model and calculation style based on determined results experiment in
research taken results with to compare demand will reach.

Quoted results graphs in appearance that was for them following parameters with is
evaluated.

The difference between the experimental and theoretical results of the start-up times is used
in the comparative analysis of transition processes and is defined as follows [ 1,2,3 ]:

Atie, = 22 100% (6)
itv
where t7,,,— is the start-up time in the experimental result, seconds ; t];,— is the start-up time in the
theoretical result, seconds .
Jump The difference in times in the process:
e

to.:
Atyjy, = =2+ 100% 7)
to’jv
to:j»— the transition time in the experimental result, seconds ; ¢y ;,— the transition time in the

theoretical result, seconds .

Relative pressure differences [1,2,3] :

A e
Aps = ﬁ -100% (8)

where A pfis the relative pressure difference in the experimental result, MPa; Apgis the relative
pressure difference in the theoretical result, MPa.

HDTM 's theoretical and experiment results analysis. When the HDTM is started without
any units at a crankshaft speed of 800 rpm (Figure 11), its start-up time is theoretically ( tj},) 1.9
seconds, and in experimental research (t{;, ) 2 seconds, deviation(At;;,,) 5%, the transition time is
theoretically calculated ( tg;,)0.6 seconds, in experimental studies ( t;;,,)0.61 seconds,
deviationAt,;, 2 %. The maximum increase in pressure in the HDTM above the nominal was
(Apf) 3.8 MPa in theoretical calculations, (Ap7) 3.85 MPa in experimental studies, deviation
(Apys) 2 %, when the number of crankshaft revolutions was 1000 times per minute (Fig. 11)

tiry, =1.9 seconds and tf,, =1.8 seconds, Aty,, =5 %, t;;, =0.48 seconds and tg.;, =0.5

itv itv

seconds, Aty =4 %, Apy =4.5 MPaand Apf =4.65 MPa, Ap; =3 %.
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Figure 11. Tractor elbow Shaft rotations 800 and 1000 rpm of the HDTM in the issue
pressure change graphs.

- experiment - theoretical

engine crankshaft revolutions is 1200 times per minute ( Figure 12) : tj;, =1.9 seconds and
ti, = 2.0 seconds , Aty,, =5%, t;, = 0.6 seconds and t;;,, = 0.7 seconds,At,;, = 14 %,
Apy =4.5 MPaand Apf =4.7 5 MPa,Ap; = It was 5 %. When the number of crankshaft rotations
is 1500 times per minute ( Figure 12) : 1.7 seconds and tj;,, =1.9 seconds tf,, =, 11 % At, =,
0.5 t5, = seconds and 0.6 t;.;, = seconds ,Atyj, = 16 %, Apy =4.1 MPa and 4.15 Apf =MPa
Apy = It was 2 %.

When the engine crankshaft speed is 1800 rpm ( Figure 13) : t;;,, =1.7 seconds At,j, =and
ti, = 1.9 seconds , Aty,, =10 % tg;, =, 0.5 seconds and tg.;, = 0.55 seconds , 9 %, Apy =4,

itv o'jv
86 MPa and Apf =4, 6 5 MPa,Ap; = It was 5 %. When the number of crankshaft revolutions is

1,960 times per minute ( Figure 13) : 1.7 t}},, =seconds and t;,, = 1.8 seconds , At;,,, =5 %,
to;; = 0.5 seconds and ¢;.;,, = 0.56 seconds ,At,j, = 10 %, Apf =4, 8 MPa and Apf =4, 8 5

o'jv o'jv

MPa,Aps = It was 2 %.

Gidromotor 1200 oborotda
rMAPOMOTOP 1500 OBOPOT

n
. A\ O
=l JAVA AA R
F\/\A/V\J V. G NAN
. ‘

J’ —— 1-eksperiment |
< I PR p—

/ 2-eksperiment s "

F-eksperiment 2 |

J
4

Bosim MPa
= T

0 05 1 1,5 2 2,5 3 35 4 45
Vagt,s

Figure 12. Tractor elbow Shaft rotations 1200 and 1500 rpm of the HDTM in the issue
pressure change graphs.

, - experiment - theoretical
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Figure 13. Tractor elbow crankshaft rotations 1800 and 1960 rpm of the HDTM in the
issue pressure change graphs.

, - experiment - theoretical
Table 2
Theoretical and experiment of the results comparison schedule
Engine different
rotations number 800 rpm 1000 rpm | 1200 rpm 1500 rpm | 1800 rpm 1960 rpm
Startup time , seconds
Theoretical 1.9 1.9 1.9 1.7 1.7 1.7
Experiment 2 1.8 2 1.9 1.9 1.8
Deviation, % 5 5 5 11 10 5
Transition time , seconds
Theoretical 0.6 0.48 0.6 0.5 0.5 0.5
Experiment 0.61 0.5 0.7 0.6 0.55 0.56
Deviation, % 2 7 14 11 9 10
HDTM pressure change, MPa
Theoretical 38 4.5 45 4.1 4.86 4.8
Experiment 3.85 4.65 4.75 415 4.65 4.85
Deviation, % 2 4 6 23 4.4 2.1

Conclusion. Offer being done tractor experiment and theoretical results of the engine
different rotations number of revolutions (800,1000,1200,1500,1800,1960 rpm ) increased .
Results analysis the tractor standing in place turn done increasing mechanism of HDTM startup
time from 1.7 seconds to 2 seconds, , deviation 11 % up to , transition time from 0.48 seconds to
0.61 seconds , deviation 14 % until , pressure relief adjustment 3.8 M P a from 4.86 MPa until ,
deviation Up to 6 % change These results showed taken theoretical results experimental to the
information close is , theoretically model adequacy shows .
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