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THEORY OF MOTION CONTROLLABILITY OF A WHEEL MACHINE-TRACTOR AGGREGATE

There is an obtained analytical expression to de-
termine the controllability indicator for the machine-
tractor aggregate, which conditions its required value

-, and considers the interrelation both with force and
constructive paramelers of the machine-tractor aggre-
gate, and with the conditions of its motion.

The controllability of the machine-tractor aggregate
may be considered sufficient, if the actual (calculated
by the formula (8)) and required (calculated by the
formula (20)) values of the controllability indicator
for the aggregate meet the condition, defined by the
equation (21).
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Meta. OTpMaTH aHATITHYHO HOBi 3a/@XKHOCTI, IO BH-
IHHATH NMOKa3HUK KCPDI!ZIHOCTi Pyxy KONTICHOrO MauIMHHO-
TPaKTOPHOIO arperary, sKkuii BpaxoBye 30BHIWIHI CHIH,
SOHCTPYKTHBHI i KiHeMaTH1Hi lapameTpH arperaty np io-
7O pyci B Tpancnoprromy peskuvi. Metoan. Metoam Teops
TpakTopa i aBTOMOOLNA, TeOpeTHHHOI MeXaHik, Teopil
CTIAKDCTI PYXY, @ TAKOK METOIM HHCENLHIX PO3PAXYHKIB Ha
EOM. PesyabTath. Po3poGiieHo HOBY Teopiio KepoBaHOCTI
PYX¥ KOJICHOTO MalllMHHO-TPaKTOPHOIO arperaty npu ioro
BCUPAMOIIHIHOMY PYCi 10 TMOBEpXHi TPYHTY, Haxuuie
113 5)70M 10 ropu3onTy. CKAaieno auaritidiui sapase 115
ss3HAYEHHs 1iHCHOrO MOKa3HWKa KepOBAHOCTI arperary, 1o
SKT04aI0Th CHIIOBI | KOHCTPYKTHBHI lapaMeTpu MallMHHO-
TPaxTOPHOTO arperary, fKi BI/TMBAIOTHL HA LCH N0KA3HUK B
DO3I0BKHO-BEPTHKAIIGHIN ITOMHI. AHalliTHuHi Bipasu or-
PEMaHO 118 TPAHCHIOPTHOTO PEKHMY pyXy arperaty. Bnepue
2HATTHIHO PO3MIAHYTO YMOBH, 33 AKX MOJKYTh BHHUKHYTH
nOnepedHi KOB3aHHA KEPOBAHNX KOMTiC arperaryouoro Tpak-
TOpa B FOpH3OHTanbHil nioumni. Hacamkineus sunmucano
aHATITHYHI BUPA3H /1 BU3HAYCHHS HeoOXiAHOro MokasHu-
X3 KepOBAHOCTi MAlMHHO-TPAKTOPHOIO arperaty B TOpH-
SOHTAIbHIHN TUIONINHI, 10 BHKIIOYAIOTh MOKIHBICTB GiuHOrO
E0B3aHHA arperary npH MoBOPOTI HOTO kKepOBaHUX KoJlic Ha
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nesHuit kyT. Bucnosku. B pesynbrari nposenenux na EOM
PO3paxyHKiB BCTaHOBIIEHO, 10 3a HeMpaAMOTiHjiiHoro pyxy
N0 NOBEPXHi IPYHTY, HAXMICHIH 10 TOPH3OHTY Mid KyTOM
12 °, xonicuuii mMamyuHHO-TPakTOpHMii arperar Gyae xepo-
BAHUM TMIE TONI, SKIO BENMUMHA KyTiB MOBOPOTY Ke-
POBAHUX KOMIC {i0r0 arperatyiQuoro TpakTopa He mepe-
Buwmte 9 °. Tlpu poSouomy pyci mamoro arperary no
noxuiii ninAHui fioro KeposamicTh 30epiracTbcs 3a ymo-
BH, SKILO KyT IIOBOPOTY KEPOBAaHMX KOJic TpakTOpa He
nepeeuutye 11 °. 3’4c0Bano, WO KePOBaHICTL KOTCHOTO
MAaIIMHHO-TPAKTOPHOTO arperaty BU3HAYA€ThCA AilCHUM /,
i HeoOXiHHM /, MOKA3HWKAMH KepOBAHOCT, SKi BPaXOBy-
10Tk BEJTHMHHH BEPTHKATLHOrO HABAHTAKEHHS HA KepOBA-
HUX KOJEecaX eHepreTH4Horo 3acody, MOKIMBICTb IXHBOTO
TOBOPOTY B FOPHIOHTAILHIH MIIOMIMHI, @ TAKOK Bi/BENCHHA
pH BIIXMIEHHI MAIIMHHO-TPAKTOPHOIO arperarty Bin mpsi-
MOHIHHOTO HanpaMy npH Horo pyci no noBepxHi, Ha-
XHeHil i KyToM 0 FOpH30HTY.

Kaouosi ciioBa: Konicuuii TpakTop, MaumnHuii arperar,
CI0BA CXeMa, TIOKA3HUK KEPOBAHOCTI, PIBHAHHA PiBHOBAIK.
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Leas. TlonyunTs aHAIMTHYECKH HOBBIE 3aBHCHMOCTH, ONI-
perensiomHMe Nokasatestb yNpagIAeMOCTH IBIKEHHA Korec-
HOIO MAIIHHHO-TPAKTOPHOTO Arperara, y4HTHIBAOMINIA BHCII-
HHE CHJIbI, KOHCTPYKTHBHBIC 1 KHHEMATHYECKHE NapaMeTphl
arperata MpH ero JABKEHMH B TPAHCTIOPTHOM PEKHME.
Metoabl. MeToIbl TCOPHH TPakTopa M aBTOMOOHIS, Teo-
peTHYecKoli MEXaHHKH, TEOPHH YCTONYHBOCTH JBIKEHHS, a
TaKKe METO/Ibl YHCIIEHHBIX pacyeTos Ha DBM. Pesynnrarbl.
PaspaGorana HOBas TEOPHs YNPABIAEMOCTH NBWKEHHA KO-
JIECHOMO MaLIMHHO-TPAKTOPHONO arperata NpH Cro Henps-
MOJTMHEHHOM NBIDKEHHH TIO TIOBEPXHOCTH TOMBBI, HAKIO-
HEHHOI TIOZI YIIOM K TOpH30HTY. COCTaBIeHbI AHANHTHYEC-
KWe BHIDAXKEHNS 15 ONpeNeieHHA AeHCTBUTENLHOMO MoKa-
3aTells YNpaBiseMOCTH arperara, BKJIIOYAIOUIAE CHIIOBBIE
M KOHCTPYKTHBHBIE MapaMeTphl MAUIHHHO-TPAKTOPHOIO ar-
\
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péra'ra, KOTOpBIE BAMAIOT Ha 3TOT NMOKA3aTeNs B POAONBHO-
BEPTHKANBHON NIIOCKOCTH. AHANHTHHECKHE BLIPAKEHAR 11O~
JydeHE! 4 TPAHCTIOPTHOTO PEXHMA ABHKCHHS arperara.
Brepsble aHAMMTHYECKH PACCMOTPEHbI YCHOBHA, NPH KO-
TOPBIX MOTYT BO3HMKHYTb TIONEPEUHBIE CKONBKEHMA YI-
PABIAEMBIX KONEC arperaTMpyiolmero TPAKTOpa B FOPU3OH-
TanbHoM MIOCKOCTH. B MTOTE BHITHCAHBI aHATHTHYECKMe
BEIPAKEHUA AN OTIpEASeHHs TpebyeMoro nokasatesna yn-
PaBIIAEMOCTH MALIMHHO-TPAKTOPHOIO rperara 8 ropH3oH-
TANBHOH [UTOCKOCTH, UCKIHOYANOIIHE BOIMOKHOCTE GoxoBOro
CKOJIBXKCHHA arperara npH N0BOpOTE €50 YNpaeNIAeMbIX KO-
nec Ha onpeneneHHk yron. Beigoabl. B pesynrtate npo-
BelleHHBIX Ha OBM pacueToB YCTAHOBNEHO, YTO TPH He-
“PﬂMOHHHCﬁHOM JIBIDKEHUU N0 MOBEPXHOCTH [IOUBLY, HAK-
DOREHRON K TOPU3CHTY MO YoM 12 °, KoNeCHBIH MAIIMHHO-
TPAKTOPHBIH arperar GyleT ympawiseM TOIBKO TOT4a,
KOTAA BENMHHE! YIIOB MOBOPOTA YIIPABASEMBIX KONEC €ro
ATperaTHpyIONIeTo TpakTopa He nipebyicaT 9 °. [Ipy paGouem
IBWKEHHR TAHHOIO Arperata No HAKIOHROMY YUacTKy €ro
YNPaBIAEMOCTh COXPAHACTCA MPH YCNOBHH, €CI YIoJI Mo~
BOPOTA YIPABIAEMBIX KONEC TPAKTOPa He Npedbimaet 11 °.
VCTaHORSEHO, YTO YHPABMACMOCTD KORGCHOTO MAMMHHO-
TPAaKTOPHOFO arperara ONpeAenseTca NeHCTBUTEABHBIM Ay
U TpeGyeMbIM A, NOKa3aTeNAMH YNPaBIACMOCTH, KOTODbIS
YUUTBIBAIOT BEMHWHHB BEPTHKANLHON Harpy3KH Ha ynpas-
JISEMBIX KOJIECAX SHEPTeTHYCCKOTO CPelCcTsa, BOSMOKHOCTD
UX TIOBOPOTA B NOPH3OHTANbHOM TLIOCKOCTH, 3 TAKke YBOX
NPH OTK/IOHEHWH MALMHHO-TPAKTOPHOTO arperara oT MpAMo-
NHHeitROro HanpasleRHA MPU €0 ABHXEHHH IO NOBEpX-
BOCTH, HAKTOHEHHOH NOX YIIOM K TOPU30HTY.

Kniouesbie €10Ba; KONECHEIH TPAKTOP, MALUMHHLII arperar,
CHJIOBAS CXeMa, TOKA3aTeNk YMPABIACMOCTH, YPAaBHEHHA
PABHORECHA.
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Aim. To obtain analytically new dependencies, determining the indicator of motion controllability of a wheel
machine-tractor aggregate, taking into consideration external forces, constructive and kinematic parameters
of the aggregate while the latter moves in the transport mode. Methods. The methods of tractor and vehicle
theories, theoretical mechanics, the theory of dynamic stability, and methods of numeric computer calculations.
Results. A new theory of motion controllability of a wheel machine-tractor aggregate during its non-linear mo-
tion along the surface of the soil at an angle to the horizontal was elaborated. The analytic expressions for the
determination of the actual indicator of aggregate controllability, including force and constructive parameters
of a machine-tractor aggregate, affecting this indicator in the longitudinal-vertical plane were made. The ana-
Ivtic expressions were obtained for the transport mode of the aggregate movement. The conditions, in which
cross slips of the directive wheels of the tractor with implements in the longitudinal plane were analytically
considered for the first time. The analytic expressions for the determination of the required indicator of the
controllability of the machine-tractor aggregate in the longitudinal plane, excluding any possibility of a cross
slip of the aggregate while turning its directive wheels at a certain angle, were defined. Conclusions. Computer
calculations demonstrated that during the non-linear movement along the surface of the soil at an angle of 12°
10 the horizontal the wheel machine-tractor aggregate will be controllable only if the wheel turning angles for
the tractor with implements do not exceed 9°. In case of the working motion of this aggregate along the slope,
its controllability is preserved on condition that the turning angle of directive wheels does not exceed 11°. It
was established that the controllability of the wheel machine-tractor aggregate is determined by the actual
and required A, indicators of controllability, which take into consideration the values of the vertical load on the
directive wheels of the power source, the possibility of their turn in the longitudinal plane, and the pull during
the deviation from rectilinear motion when it moves along the surface at an angle to the horizontal.

Keywords: wheel tractor, machine aggregate, power scheme, controllability indicator, equilibrium equations.
DOI: 10.15407/agrisp3.02.003

INTRODUCTION

The controllability of the motion of machine-tractor
aggregates, based on wheel power sources, is one of
the main indicators of their performance. Recent ana-
Iytic considerations of this issue have yielded several
wariants of solving this complicated technical task.
However. in the prevailing majority of cases, the con-
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trollability of the two-dimensional motion of wheel
machine-tractor aggregates is estimated using the in-
dicator 4, used to determine the limits of vertical load
on its front steer wheels, if they have a sufficiently
stable contact with the soil surface and ensure the re-
quired motion controllability. Here there is a depen-
dence, with which the vertical load on the directive
wheels of the tractor with implements should have the
\
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value, equa at least 0.2 from its operating weight, i.e.
2,202,

It is absolutely obvious that this estimation indica-
tor takes into consideration the state of the conditional
equilibrium of the machine-tractor aggregate during its
motion in the longitudinal-vertical plane only. In con-
ditions of actual exploitation a modern machine-trac-
tor aggregate can both move on the slopes at an angle
@ > 12° and have rather sufficient stability in the di-
ametral plane. One should also consider a significantly
increased translational velocity of modern machine-
tractor aggregates, and the fact that it requires the di-
rective wheel turns at the angles of £ and the presence
of angles & of the pull of its tires.

On the other hand, while estimating the equilibrium
conditions of the machine-tractor aggregate in the lon-
gitudinal-vertical plane without any consideration of
parameters a, £, and &, then theoretically, the condition
4,2 0.2 may be quite achievable by mere re-distribu-
tion of weight, i.e. by ballasting (putting on some bal-
last weight) on its front directive wheels. However, in
actual exploitation conditions (with angles o, £, and ),
this condition may seem unachievable, due to which
some machine-tractor aggregate may prove to be actu-
ally uncontrollable.

Since the angle parameters o, £, and § have a con-
siderable effect on motion parameters and the control-
lability indicator for the wheel machine-tractor ag-
gregate, there is a need for determining the analytic
dependence, reflecting the degree of the impact of these
parameters.

The study of the controllability of the motion of a
wheel tractor while implementing different agricultural
machines is dedicated many publications with detailed
analysis of its equilibrium conditions in the longitudi-
nal-vertical plane [1-3].

The works [4-8] suggest the abovementioned indica-
tor 4, as a criterion of controllability, but the equations
of the motion of the machine-tractor aggregate along
the slope in the longitudinal-vertical plane, consid-
ered therein, do not take into account the turns of steer
wheels of the tractor with implements or the angles of
the pull of the tires of its steer wheels.

The dynamics of the motion of machine-tractor ag-
gregates with the consideration of angles o and £ was
studied by many researchers [6-9]. The equations ob-
tained did not consider the impact of the re-distribution
of forces, acting on the front and back axles of a wheel
tractor in the longitudinal-vertical plane. The study of

4

the two-dimensional motion of machine-tractor aggre-
gates along the slope is dedicated the works [9-12],
but they do not consider the criteria of motion stability,
similar to the criterion 2, or any other criteria.

The aim of the current work is to obtain analytically
new dependencies, determining the indicator of motion
controllability of a wheel machine-tractor aggregate,
taking into consideration external forces, constructive
and kinematic parameters of the aggregate while the
fatter moves in the transport mode.

MATERIALS AND METHODS

The theoretical studies were conducted using the
methods of tractor and vehicle theories, theoretical me-
chanics, the theory of dynamic stability, and methods
of numeric computer calculations.

RESULTS AND DISCUSSION

To have theoretical studies, at first we shall use the
equation for the determination of the controllability in-
dicator for the machine-tractor aggregate 4, in the fol-
lowing form:

N,
=g =02, 1)
where N, — vertical load on the directive wheels of a
tractor; G, - operating force of the weight of the tractor.

However, in some circumstances the condition (1)
may turn out to be insufficient to provide for satisfac-
tory controllability of machine-tractor aggregates. It is
especially relevant in case of their non-linear motion
along the surface at some angle to the horizontal. Here
the non-linearity of the aggregate motion results from
the reaction of the tractor with implements on the steer-
ing impact — the turning angle of its steer wheels 8.

Let us have analytic consideration of the transport
motion of the plowing machine-tractor aggregate in
the combination of a wheel tractor with implements,
class 1.4, and the three-furrow plough, assembled at the
back of it (in the upright position). Let us elaborate the
equivalent scheme in the longitudinal-vertical plane,
using the known methods of the theory of tractor and
vehicle. According to this scheme, the machine-tractor
aggregate has its transport non-linear motion upwards
along the surface of the soil at the angle a (Fig. 1) to
the horizontal. To simplify the analytic research in the
first approximation, let us think that the contacts, which
the steer wheels of the tractor with implements have
with the soil, occur in points A and B. To compose the
required equations of equilibrium of the considered
mechanic system in the longitudinal-vertical plane, let

AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No.2 2016





image3.jpeg
THEORY OF MOTION CONTROLLABILITY OF A WHEEL MACHINE-TRACTOR AGGREGATE

Fig. 1. The scheme of the forces, acting on the wheel machine-tractor aggregate during its transport motion upwards

us choose the flat Cartesian coordinate system x4y with
the origin of coordinates in the point A of the contact of
back wheels of the tractor and the soil. The X-axis Ax
will be directed along-track of the aggregate, and the Y-
axis Ay — upwards, ie. perpendicularly to the direction
of the aggregate motion. Therefore, the axis Ax is also
at the angle of o to the horizontal.

The mentioned motion of the aggregate occurs only
under the impact of the moving force of the back wheels
of the tractor F,, applied in the point 4. The drive
mechanism of the tractor front axle is switched off, and
the floating resistance force Py, applied in the point B,
acts on its steer wheels. The force of the tractor weight
. is applied in the center of the tractor weights (point
C with coordinates a,, /,). In addition, normal reactions
of the soil to the steer wheels of the tractor are shifted
some distance off the points of its wheel tires contact-
ing the soil: by a. from the point 4 the reaction N
is shifted along-track of the aggregate, and by a, from
the point B the reaction N, is also shifted in the direc-
tion of the motion (Fig. 1).

The impact of the plough on the wheel tractor is rep-
resented by the force of the weight of the ploughing
device G,,, concentrated in the point M with the coor-
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dinates b,, and /1, and shifted from the axis Ay by the
angle of 0. It is noteworthy that the construction of the
power source (a wheel tractor) envisages the ballast-
ing of its front axle with the force of the weight G,,
concentrated in the point D with the coordinates (L +
+d) and A, (Fig. 1).

Only two forces from the ones, affecting the men-
tioned machine-tractor aggregate, are unknown: nor-
mal reactions on the front N, and back N; axles of the
tractor. Finding them requires the elaboration of a sys-
tem, consisting of two equations of aggregate equilib-
rium in the form of equal-zero sum of projections of all
the forces on the axle 4y and the sum of the moments of
all the forces regarding the point 4, namely:

(G, + G, + G,)cosa— N, ~ N, =0,
G(acosa — hsina) - G, (b,cosa + h,sina) + ?)
+ G,[(L + d)cosa - hsina)] - N,a, - N(L +a,) =0,

where L — longitudinal hasi_s of the tractor; a,a,—ac-
tion baselines of reactions Ny and N,.
Let us introduce the following legend:
K, = G(acosa - hsina),
K, = G,(b,cosa + h,sina), 3)
Gyl(L + d)cosa — hysina).

K.

\
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Fig. 2. The scheme of forces, affecting the front "equivalent”
wheel of the tractor in case of the turning angle £ in the hori-
zontal plane during the transport motion of the ploughing
machine-tractor aggregate

Then after the value substitution (3) in the system of
equations (2) it gets the form:

(G, + Gy + G,)cosa~Np - N, =0, }

K- Kt Koo Naa—Ny(L+ )= 0. @

The system of equations (4) yields the value of the
reaction Ny:

K -X,+ K& —a(G + G, + G,)cosa_

N,= T a—a %)
s
It is known from the theory of tractor [1] that
a,=fiR;,
a,=fiR, ©

where f; — coefficient of floating resistance; R; R, —
radii of floating for front and back wheels of the tractor.

Taking into consideration (6), the equation (5) trans-
forms into the equation of the following kind:

K - K, + K, ~fR(G, + G, + G, )cosa.
L-J{R.-R)

Taking into consideration (1) and (7), the equation
for the determination of the controllability indicator 1,
has the following final form:

K -K, + K~ fR(G, + G, + G,)cosa.
GIL-f(R.— R)]

It follows from the equation (8) that the fulfillment of
the condition (1) depends on many factors. The latter

are both force (G,, G, G,) and constructive {a,, b, d, 1,
P, B, L, R, Ry) parameters of the machine-tractor ag-

N,=

)]

A= @®)

6

gregate, and the conditions of its motion (angle &, co-
efficient £;). However, all of them affect the indicator
Agonly in the longitudinal-vertical plane. At the same
time, during the non-linear motion of the machine-
tractor aggregate at a certain value of the reaction Nj
(and thus, of the indicator 4,) there may be such un-
loading of the steer wheels of the tractor, which will
condition their cross slip in the horizontal plane. Both
the controllability and total stability of the aggregate
motion will decrease as a result. In some conditions
the machine-tractor aggregate may become uncon-
trolled at all.

Let us present the front wheels of the tractor as one
“equivalent” wheel [10-12], located in the plane, pass-
ing through the longitudinal axle of the tractor sym-
metry, for our following theoretical analysis (Fig. 2).

It has already been stated that the front axle of the
tractor, on the side of the tractor frame, is affected by
the moving force F,. It follows from the equilibrium
equation, written in the form of equal-zero sum of pro-
Jjections of all the forces on the axle 4x (Fig. 1), that by
the module this force will equal:

Fy=(G,+ G, + G )sina + fn,. )

Tt should be also noted that in the horizontal plane
the projection of the force Py, applied in the point B,
is shifted from the longitudinal axle of the symmetry
of the front “equivalent” wheel at the angle of the tire
pull . In this case it is determined by the following
equation:

Py = fily: 10
Taking this fact into consideration, we use {9) and
(10) to obtain the value of the force F,:

F,=(G + G, +Gsina + N, . an

In case of a steering impact — the directive wheel
turning angle § - the longitudinal constituent Fopof the
force F, pushes the “equivalent” wheel along-track,
and the cross constituent F, along with the inertial
force of the front axle P, tries to dislocate it to the side
(Fig. 2).

The impact of all the side forces from the soil on the
«equivalent» wheel results in the reaction of friction
F,. As follows from the scheme of forces, presented in
Fig. 2, the condition of this wheel motion without any
cross slip is expressed by the following inequality:

F, 2 Fu5— Pgsind + Pcosd . (12)

The friction reaction?, depends on the friction coef-
ficient for the "equivalent" wheel and the soil £, and the
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value of the vertical load on the directive wheels of the
tractor Ng. Thus, its value will equal:

F=fNs- a3

It also follows from the analysis of the data for the
force scheme (Fig. 2) that the force F ;3 will equal:

Fu=Fising. (14)

The inertial force of the front axle of the tractor will
be defined by the expression:

NV

P=gpy Qas)
where V- the velocity of the transposition of the point
B (Fig. 2), which, with a sufficient degree of accuracy,
may be deemed to be equal the velocity of the motion
of the machine-tractor aggregate; g — free-falling accel-
eration; R, — turn radius of the front axle of the tractor.
According to [13], its value will equal:

- L _.
BB 6)
After putting (16) in (15), we have:
. N,V ’sin(8 + 8)
p=S an

Taking into consideration (11), (13), (14), and (17),
the equation (12) gets the following form:

(G, + G, + G,)sinasing + fiN,sinf — fN,siné
N> j7s +

. N,Vsing§ +3) ]
Lg

()]

Working with the inequality (18) regarding Nj,
we obtain the following value, in case of which this
“equivalent” wheel moves without any cross slip:

gL(G, + G, + G,)sinasing
> Lglf, ~/(sinf — sind)] — V'sin(B + d)cosd

N, (19)

Having divided both parts of the inequality (19) by
the force of the tractor weight G, we will actually ob-
1ain the value A,

N, gL(G, + G, + G,)sinasing
i=—2 .
© G {Lglf,A(sing - sind)] - Psin(f+ S)cosd} G,
Thus, the equation (8) presents the actual value of

the aggregate controllability A, and the dependence
{20) defines its required value 1,. Here the satisfactory
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AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.2 2016

025 / ,
< 020 — "
2
sz ost ! 2 N
g3 2 )
E8 o010 | ™
EE
EE
£ 005 ¢
-
5 5 ; . . . .
a
~<
3 03}
S
g3 % 2
gg 02 , \
E§ 1 1
2 oaf
]
s 10 15 20 25 30
Wheel turning angle 5, deg
b

Fig. 3. The dependences of the actual A, (curves 1) and re-
quired A, (curves 2) values of the controllability of the trans-
port machine-tractor aggregate on the wheel turning angles £
of the directive tractor wheels with the angle a of the stopes
of the road surface & = 0 ° (a); « = 12 ° (b) and the velocity
of the translational movement: 2, - ¥ = 3.5 m/s; 2, - ¥ =
=5.0m/s2, - V=70m/s

controllability of the motion of the machine-tractor ag-
gregate will occur only in case of compliance with the
following condition:

0< s> A 1)

Let us consider how conditions (1) and (21) are ful-
filled for the machine-tractor aggregate under study,
moving in the transport mode. Here numerous com-
puter calculations are made with the following values
of its initial constructive and kinematic parameters:
G,=40kN; G, =0; L =245m; a,=0.82 m; /=09
m;G,=45kN;5,=22m; 4, =1.25m; R,=0.73 m;
R=046m;d=0.7m; hy=1.0m; £;=0.12; §=0...30%
§=0.00-8 V=3...Tm/s.

The results of numerous computer calculations in the
composed program were used to compose the charts,
where the dependences of controllability indicators for
the machine-tractor are presented (Fig. 3).

The calculations demonstrated that in some cases
this machine-tractor aggregate will be controllable
even with its non-linear motion along the road with-

A
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Fig. 4. The dependencies of the actual &, (curve 1) and re-
quired A (curves 2) values of the controllability indicators
for the machine-tractor aggregate on the value of the ballast-
ing on the front axle of the wheel tractor and the velocity of
its movement: ¢ =12°%5=10%2 -V =35m/s;2,-V =
=50m/s;2,-V=70m/s

out any slope (¢ = 0) in the longitudinal-vertical
plane.

Thus, with the velocity of the translational movement
of ¥'=3.5 m/s and less, the controllability of the ma-
chine-tractor aggregate will be preserved in the whole
range of the change in the turning angle b of the direc-
tive tractor wheels (curve 2y, Fig. 3, a), as the condition
(21) is fulfilled. At the same time, while moving with
the velocity of 5 m/s (18 km/h), the machine-tractor
aggregate will be controllable only if the value of the
angle b does not exceed 16 °(curve 2., Fig. 3, a). When
the machine-tractor aggregate is moving with the ve-
locity of 7 m/s (25.2 km/h), the condition (21) will not
be violated, and the controllability will be preserved, if
the value of the wheel turning angle b of the directive
tractor wheels changes in the range of 0...11 ° (curve
2,,Fig. 3, a).

In many countries the normative operation documents
for tractors stipulate that the tractor in the composition
of any machine-tractor aggregate should be able to
have stable movement along the slopes of at least o =
= 12°. In case of the ploughing aggregate under study,
the condition (1) for its linear movement is not fulfilled,
as the actual value of the indicator &, = 0.11 (curve 1,
Fig. 3, &) is lower than its normative value. However,
the final conclusion on the controllability or uncontrol-
lability of the machine-tractor aggregate may be drawn
only after checking the condition (21). The calculations
using the dependence (20) demonstrate that with the
value of the directive wheel turning angle & not exceed-
ing 8" and the velocity of its movement ¥ £ 3.5 m/s the
condition (21) is fulfilled (curve 2, Fig. 3, b) and thus

this machine-tractor aggregate is controllable. Its con-
trollability will be preserved at the velocity of 7 m/s,
but in this case the wheel turning angle b should not
exceed §° (curve 2, Fig. 3, b).

One of the suggested ways to solve this technical
problem is the ballasting of the front axle of the wheel
tractor. The results of computer catculations were used
to build graphic dependences of the values of the con-
trollability indicators for the machine-tractor aggregate
on the value of ballasting on the front axle of the tractor
(Fig. 4). It was determined that the increase in the value
of the parameter G, leads to the increase in the load &,
on the directive wheels of the power source along with
the indicator A, (curve 1, Fig, 4). The calculations dem-
onstrated simultaneous increase in the required value
of the controllability indicator, i.e. .. But it is differ-
ent for different velocities of the aggregate motion. The
analysis of the data in Fig. 4 also demonstrates that at
a=12°5b=10°and ¥ = 3.5 m/s the condition (21)
may be fulfilled with the value of the ballast of
G, > 1 kN. Here the weight of the ballast will equal
G,=1.020 kg,

If the aggregate moves with the velocity of 5 m/s, the
equality of the actual A, (curve 1, Fig. 4) and required
X, (curve 2) indicators of the controllability will take
place at the value of the ballast of 3 kN (the balast
weight will equal G, = 3.060 kg).

At the same time the condition (21) for the control-
lable (and thus stable) motion of the wheel machine-
tractor aggregate under study with the velocity of 7 m/s
(25.2 km/h) will be possible for the ballasting of the
front axle of the tractor of G, = 33 kN (bailast weight
will equal G, = 3.364 kg). It is quite evident that it is
practically unrealistic to place such a ballast weight on
the front axle of a wheel tractor of 1.4 drawbar cat-
egory.

Therefore, the application of ballasts on the front axle
of the directive wheels on any wheel power source may
solve the problem of controllability of non-linear mo-
tion of the machine-tractor aggregate only for a specific
range of velocities.

CONCLUSIONS

The analysis of the controllability of the machine-
tractor aggregate should involve the indicator, taking
into consideration both the value of the vertical load
on the directive wheels of the power source and the
possibility of their turning and the pull in case of the
machine-tractor aggregate diverting from its linear mo-
tion and its transposition at an angle to the horizontal.
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