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Abstract. The reduction of power consumption in the ploughing operations can be achieved by
way of improving the grip properties of the implement-carrying tractors, which is facilitated by
setting up ploughing units for operation on the ‘push-pull’ principle. The aim of the current
research is to substantiate the set-up and parameters of the ploughing unit with a front-mounted
plough basing on the theoretical investigation of the stability of its motion in the horizontal plane.
The methods of research include obtaining the amplitude- and phase-frequency response
characteristics of the dynamic system in order to analyse the stability of its motion under the
action of external statistically random perturbations. Also, the methods of software development
and PC-based numerical computation are applied. The results of the study prove that the increase
of the ploughing unit’s travel speed results in the considerable rise of the gain of the amplitude
of'the tractor’s heading angle oscillation in response to the oscillation of the angular displacement
of the front-mounted plough in the horizontal plane. The phase-frequency response displays the
same behaviour, changing substantially together with the unit’s travel speed. Raising the
coefficient of resistanceto tyre dlip of the tractor’s rear wheels from 100 to 130 kPa and the front
wheels from 140 to 175 kPa results in a minor decrease of the amplitude of oscillation of the
tractor’s heading angle ¢. The ploughing unit has the best response to the input effect, i.e. the
oscillation of the front-mounted plough’s angular displacement fp, when it operates using the
1+5 combination. The increase of the number of front-mounted plough bodies from 1 to 3 results
in the substantial growth of the tractor’s heading angle oscillation amplitude. Taking into account
the way, in which the ploughing unit as a dynamic system responds to the input perturbance, the
increase of itstravel speed can berestricted not by the condition of its motion stability, but solely
by the agrotechnical requirements applied to such a process operation as ploughing. The
ploughing unit’s motion stability substantially improves in case of higher air pressure in the tyres
on the tractor’s front and rear wheels. This effect is especially pronounced in the perturbance
oscillation frequency range (0...1.5 s) that covers the main part of its dispersion.
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INTRODUCTION

Ploughing as the main operation in the process of soil preparation requires
considerable inputs of power, which stipul ates the active search for ways to reduce them
(Macmillan, 2002; Gil-Sierra et a., 2007; Mircea & Nicolae, 2014; Bulgakov et .,
2015; Nadykto et a., 2015). One of the steps towards thisaim is the improvement of the
combine tractor’s grip properties by increasing its weight as part of the ploughing unit
(hitched weight).

The numerous theoretical and experimental studies have shown that the needed
increase of weight can be achieved, when setting up the ploughing tractor-implement
unit, by combining ploughs with the tractor on the ‘push-pull’ principle. It has been
found in the theoretical studies that the vertical component of the front-mounted
plough’s tractive resistance increasesthe weight acting on the front wheels, which means
that the hitched weight of the tractor also increases. That results in the certain decrease
of its wheel dlipping as well as the reduction of the specific fuel consumption of the
overall ploughing unit (Kopiks & Viesturs, 2010; Li et a., 2015; Xu et a., 2015;
Bulgakov et a., 2016).

At the same time, the incorrect attachment of the front-mounted plough to the
power unit can result in the situation, when instead of additionally loading the tractor’s
front wheels they will be partially released from load, leading to the inevitable loss of
controllability and stability of the motion of the whole ploughing tractor-implement unit.
It has been established by the theoretical studies (Kasymov & Zolotarev, 1988) that such
anegative effect can be avoided, in case of atractor with anominal tractive effort rating
of 30-32 kN, by using the front-mounted plough with two bodies and the rear-mounted
plough with three bodies (‘2+3” set-up). In this pattern, the tractor’s right wheels roll in
the furrow, the front-mounted plough is attached to the tractor in the horizontal plane
and the carrier whedl of the ploughing implement is placed outside the furrow.

The ploughing tractor-implement unit under investigation operating on the ‘push-
pull’ principle comprises a Class 3 combine tractor, a front-mounted two-body plough
and arear-mounted three-body plough (Fig. 1).

Figure 1. Tractor-implement unit operating on the ‘push-pull’ principle.
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From among the possible aternatives for attaching the front-mounted ploughing
implement to the wheeled combine tractor, the following two are taken into
consideration: rigid and articulated attachment. For the analytical investigation we have
chosen the second of the mentioned options. The preference for such a design solution
can be explained by the fact that it allows the front-mounted ploughing implement to
deflect aside in case of encountering a mechanical obstruction and thus prevent its
damage. At the same time, in order to ensure the stable motion of the front-mounted
implement, the instantaneous centre of turn of the combine tractor’s front mounting
mechanism shall be situated forward of the ploughing implement suspension axis
(Bulgakov et a., 2016).

In this study, the physical object of investigation is a ploughing unit operating on
the ‘push-pull’ principle with a front-mounted plough. Despite the fact that the motion
of the combine tractor is performed with its right side wheels in the furrow, the
articulated attachment of the ploughing implement at the front can cause stability
problems not only with regard to its motion in the horizontal plane, but also to the
ploughing tractor-implement unit overall (Larson et a., 1976; Molari et a., 2012;
Kyurchev, 2014).

The paper is aimed at assessing the effect that the design and process parameters
and the mode of operation of a ploughing tractor-implement unit operating on the ‘push-
pull” principle have on the stability of itsmotion just in case of the articul ated attachment
of the front-mounted plough to the combine tractor.

MATERIALSAND METHODS

The first step is the development of a mathematical model of functioning of the
ploughing tractor-implement unit as a dynamic system, which will describe its response
(reaction of the tractor’s heading angle) to the input perturbing action. In the ploughing
tractor-implement unit under consideration the said input is produced by the front-
mounted plough, which deflects from the unit’s line of travel through a certain angle,
when it moves performing the work process of ploughing (Bulgakov et a., 2016).

For this purpose, at first an equivalent schematic model of the considered tractor-
implement unit has to be developed. It is to be noted that the analytical mathematical
model of aploughing tractor-implement unit operating on the ‘push-pull’ principle, even
if its linear version is assumed, will be represented by a system of rather complicated
differentia equations. For that reason, the following assumptions are made in order to
simplify the generation of differential equations of mation for such atractor-implement
unit:

1) Thefield surfaceis horizonta, the ploughing unit has no fore-and-aft trim.

2) The redistribution of the vertical load between the sides of the combine tractor
duetoitstilt caused by the motion of its right wheelsin the furrow isignored.

3) The variation of the longitudina components of the tractive resistance of the
ploughing unit’s front- and rear-mounted ploughs does not have any essential effect on
itstrandationa velacity, therefore, it is assumed constant.

4) The tyre dip angles of the combine tractor wheels situated on the same
geometrical axis as well as the lateral forces applied to them are assumed sufficiently
small.
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5) It is supposed that the angular displacements of the combine tractor’s steerable
wheels are small enough to regard them as equal to each other.

Also, it is necessary to specify at the beginning the conditions of attachment of the
front-mounted plough to the combine tractor. It is assumed that the front-mounted
plough has an articul ated connection to the tractor following the schematic model shown
in Fig. 2. In this case, the ‘Centre of Resistance’ of the front-mounted ploughing
implement is at point 7, at which its tractive resistance force Ry, is &l so concentrated.
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Figure 2. Schematic model of attachment of front-mounted plough to combine tractor:
1 — tractor’s front axle; 2 — tractor’s front mounting mechanism.

Taking into consideration the above-mentioned allowances, it is assumed that the
ploughing tractor-implement unit performs uniform trandational motion in the fixed
plane X;0.Y: of thefield surface at avelocity of V,. The combine tractor’s centre of mass
(point S;) isassigned therole of the origin for the moving frame of reference XOY. With
respect to this frame, the power unit together with the ploughs mounted at its front and
rear performs independent motionsin the form of the translational displacement X, and
the course turning through an angle of ¢.

The next step is to modd the externa forces acting on the ploughing tractor-
implement unit under consideration in the horizontal plane. Apart from the already
mentioned front-mounted plough resistance force Ry, deflected from the tractor’s fore-
and-aft axis S¢Yr through an angle of ,,, the following forces aso act:

—  The moving force Fy of the combine tractor’s rear wheels applied at point B and

making with its longitudinal symmetry axis adip angle of §5;

—  The moving force F, of the power unit’s front wheels applied at point 4 and
deflected from the front running gear’s direction of travel through a slip angle of §;

—  Thelateral forces Pz, and Py applied at points 4 and B respectively;

—  The rear-mounted plough resistance force R, deflected from the tractor’s
centreline through an angle of ,.
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Taking into account the above-stated considerations, the equivalent schematic
model can be set up as shown in Fig. 3.

A J

0]

1

Figure 3. Equivalent schematic model of motion of ploughing tractor-implement unit
operating on the ‘push-pull’ principle in the horizontal plane: Sr— mass centre of the combibe
tractor; L — distance between Sr and A; ar — distance between Sy and B; am — distance between B
and hitching point.

In order to generate the differential equations of motion of the dynamic system
under consideration, the original equations in the form of the Lagrange equations of the
second kind are used in accordance with the assumed generalized coordinates
X5, and ¢. Theresult is asfollows:

d o1, o,
droX;  oXg
d oT, o,
———=0,,
dt 0p Op

where T —combine tractor’s kinetic energy; QXST’ 0, —generalized forces on the

= QXST )
)

respective generalized coordinates X, and ¢.
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After determining the required values for the system (1), performing the necessary
transformations and reductions, the analytical mathematical model of motion of a
ploughing tractor-implement unit operating on the ‘push-pull® principle in the horizontal
plane becomes represented by the following system of two nonlinear differentia
equations:

Ail'XSr+’412'XSr+A P+ Ay o= frat fip Byt fis B } @

Ay @+ Ay -9+ A+ A24'Xsr = fa @+ o Bot fo Byt S
where

An= My, 12a8) — Np h< k h;

f
Ay = (ky+ kg —F,—F,)-V. % foe) = O
Ay =[ka=F)(L = ar) = (kg=Fp)-arl- Vg% fy=nbok b
Aam el fa= (L —a) ke
Ay = J,; foour = Ny -be -k, -he(L = a,+ Y,);
Ay =[ea=F)-(L = ar ) + (kg —Fy) @21V frey = Npobk,-he(L — 3, = Y,);
A= = s Vo f22(C): 0;
Ao = b fy= —n,-b.-k -h-(a,+a,);
f = K f24_ n,-b -k, -h-X,

The following designations have been assigned in the system of differential equations
(2): @ —angle of turn of the combine tractor’s steerable wheels, rad; Ma— mass of the
unit, kg; ka, ks — coefficients of resistance to tyre slip of the combine tractor’s front and
rear wheelsrespectively, kN rad; J, — tractor-implement unit’s moment of inertia about
the vertical axis that passes through the point S, , Nm s n,, nz— number of bodies in

the front- and rear-mounted ploughs respectively; bx—width of plough body, m;
k, — coefficient of specific resistance of the ploughing unit, kN m?; h— ploughing
depth, m; X,, Y, — coordinates of the front-mounted plough’s centre of resistance, m;
L, ar, av — design parameters, m (Fig. 3).

One of the perturbations for the straight-line motion of the ploughing tractor-
implement unit is the front-mounted plough’s angular displacement 3,,. Response of the
dynamic system to the said perturbation is assumed to be represented by the change of
the combine tractor’s heading angle ¢.

In order to simplify the solution of the differential equation system (2) with the use
of a PC, the Laplace transformations are used, which imply changing from the origina

function to its respective transforms by introducing the special operator p = %. That

enables switching from the complex system of differentia equations to a relatively
simple system of algebraic equations.

In this particular case, after performing the described transformations, the
differential equation system (2), i.e. the analytica mathematical model of the ploughing
tractor-implement unit operating on the ‘push-pull’ principle, in the operator format will
appear asfollows:

1522



Ky 'Xsr (p)"'Kzz '(/7(p) = F21'0‘(p)+F22ﬂp (p)"'an'ﬂz (p)+F24'l(p),
where Ki1 = Ay p® + Az s Kip = A1z p + Axg; K31 = Az p;
Kyp = Apy " D% + Az " p + Azsi Fiu = fi1; Fio = fiz Fi3 = fizi Fia = 0, F1 = f5q
Foy = f22; Faz = f23; Fa2a = fo4; 1(p) — unit step transform of the input parameter.

The following parameters act as the input variables in the system of equations (3):

—  control input in the form of the combine tractor steerable wheel’s turn angle (a);

- angular displacement j,, of front-mounted plough in the horizontal plane;

— angular displacement g, of rear-mounted plough in the horizontal plane;

- turn-around moment R,,,, - X,,, represented by factor f;, inthe differential equation

system (2).

The following are the output parameters of functioning of the dynamic system
under consideration, i.e. the discussed tractor-implement unit:

- transverse offset X, of the combine tractor’s centre of mass;
—  combine tractor’s heading angle ¢.

For the analytical investigation of the dynamic system under consideration, i.e. the
studied tractor-implement unit operating on the ‘push-pull’ principle, when it performs
the work process of ploughing, the most important issue is the system’s behaviour in the
presence (or absence) of variation of the angular displacement (,,) of the front-mounted
plough in the horizontal plane.

Therefore, in order to analyse the variation of the mentioned angular displacement
(Bp), itisnecessary to generate the corresponding transfer function. In order to generate
the mentioned transfer function, use will be made of the polynomia known from the
automatic control theory, which inits most general form appears as follows:

W(p):Fm-p:‘+Fm_l-pn”:l+...+Fl-p+F0 @
C,-p+C_,-p +..+C,-p+C,

where Fr, C,, — factors of the numerator and denominator of the transfer function defined

by the kinematic and design parameters of automatic control system under study; mand

n— indexes of the equations.

Later, when using the expression (4), the coefficients F, and C, will be derived
from the analytical mathematical model of the ploughing tractor-implement unit under
examination.

In order to assess the stability of motion of the ploughing tractor-implement unit
operating on the ‘push-pull’ principle, the transfer function W, (p) can be used, which
represents the ratio between the front-mounted plough’s angular displacement g, and
the combine tractor’s heading angle ¢. Expressly:

D
W, ( p) = % (®)
where Dg,, — determinant that defines the angular displacement 3, of the front-mounted
plough in the horizontal plane; D — general determinant of the system of equations (3).

Kll'Xsr (p)+ Klz-(o(p)= Fll'a(p)+ Flz'ﬁp (p)+ﬂ3-ﬂz(p)+ﬂ4-l(p),} 3

1523



The components of the expression (5) have to be found. The determinants are
obtained in the form of 2x2 matrices, which appear as follows:

K, F
D,, = o Ao ()
Ky Iy
_ K, Ky, @)
Ky Ky

The elements of the determinants (6) and (7) are constituents of the system of
equations (3). In this context, the determinant Dg,, defined by the expression (6) is
obtained by replacing the column of the coefficients K12 and Kz, related to the output
variable ¢ with the column of the coefficients F1» and F2, related to the input variable
Bp —angular displacement of the front-mounted plough in the horizontal plane. The
determinant D defined by the expression (7) is composed of the coefficients in the left-
hand side of the system of equations (3).

After expanding the determinants (6) and (7) and substituting their values into (5),
the final representation of the transfer function [Wj, (p)] is obtained:

F-p+FE

w = )
1 (P) p(Cz-p2+Cl'p+C(,) (8)

where F=fo-A, F=14,—f, 4, Cz =All Ay C=4,-4,+4,-4,;
C =4,"4,+4,-4,—A4;-A,; p—differentiation operator.

The next step is to determine the perturbations in the form of a unit step function.
For this purposeg, it is necessary to form its transfer function Wi (p), and, in order to
achieve that, again, the initia expression (4) will be used. In the discussed case the
transfer function Wi (p) is a representation of the sudden and instantaneous change of
the turn-around moment created by the front-mounted plough’s resistance force Ry. The
analysis will be based on the conditions of the said turn-around moment’s effect on the
combine tractor’s heading angle ¢. The transfer function in this case appears asfollows:

D

W.(p)=—5" 9)
where
D, = ° (10
KZl 1:24

And the determinant D that appearsin the expression (9) is the determinant defined
by the expression (7). After expanding the determinant (10), applying and expanding the
determinant (7) and substituting their values into (9), the fina representation of the
transfer function Wi (p) of the following form is obtained:

___ E-ptF
"i(p)= C,-p*+Cp+C,

Meanwhile, itisto be noted that the automatic control theory statesthat the dynamic
system responds to the input action in the form of a unit step function as a smple
amplifying circuit. Since p = i@ = 0 in this case, then the final result is the transfer
function of perturbations W (p) of the following appearance:

(11)
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F!
W (p)= ak (12)

where FJ =1, - 4,; C, =4, A, + 4, - A;— A 4,

Meanwhile, F, is the solution of the determinant Dw, which was defined by the
expression (10). The next phaseisthe determining of the respective amplitude-frequency
response and phase-frequency response characteristics. If in (8) the value i-w
(where i = V-1 and w — frequency of the perturbing action) is substituted for the

differentiation operator p, then it becomes possible to obtain expressions for the real and
imaginary frequency responses of the dynamic system under consideration. That is:

M-M, +N-N,
U(w)=——"~——+L=R:
( ) M12+N12 ¢ (13)
M,-N—-M-N,
V(w)leTNfl:Im’ (14)
where M=F —-F, -0’ +F, &' —...; N=F-0-F, -0 +F,-0’ —....;
M, =C,-C,-&*+C, - &' —...; Ny=C,-0—C;- & +C,-& — ...

The coefficients of the real and imaginary components of the transfer function M,
N and M1, N; are presented in their general form. The specific values of these coefficients
are determined after expanding the transfer functions (8) and (12).

In the case of the ploughing tractor-implement unit under study, the mentioned
coefficients for the transfer function (8) are as follows M= F,—F, %
N=Fio—- Fso® M= C,— Crwn? Ni1=Ci-o— Cs o> For the transfer function (12)
the coefficients have the following values: M = Fo; N=0; M1 = Co; N1 = 0. Hence, the
imaginary part of the frequency response (12) is equal to null.

At the sametime, thevaluesF,, F1, F3, Co, C1, C2 and Cs represent in thisexpression
the combination of the coefficients appearing in the transfer function (8) and found from
the system of equations (3).

Thus, the desired amplitude-frequency response characteristic can be found from

the following expression:
1

A(@)=|U () +V (o) |- (15)

Applying the expression (15) with the use of the standard computer programmes
on a PC, the computation of the amplitude-frequency response characteristics of the
ploughing tractor-implement unit under consideration has been performed.

The phase-frequency response characteristic can be estimated using the methods
described in (Klujev, 1986). It should be noted that this analytical study analyses the
response of the dynamic system, i.e. the ploughing tractor-implement unit, to the
perturbing actions. In accordance with the automatic control theory, the most desirable
amplitude-frequency response in the case under consideration is the smallest possible
response. On the other hand, the phase shift or €l se phase-frequency response hasto have
as high a value as possible. Ideally, the phase-frequency response characteristic has to
go toinfinity.
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RESULTSAND DISCUSSION

The assessed indices of the motion stability of the dynamic system under
consideration, i.e. the ploughing tractor-implement unit, are the characteristics of its
amplitude- and phase-frequency response to the external perturbing action (amplitude of
oscillation of the angle §3,,) obtained from the numerical calculations carried out by us
with the use of a PC.

The analysis of the derived amplitude-frequency response characteristics shows
that the increase of the velocity V, of the working motion of the ploughing tractor-
implement unit is followed by a significant rise of the factor of the power unit heading
angle ¢ oscillation amplitude gain under the effect of the oscillation of the angular
displacement g, of the front-mounted ploughing implement in the horizontal plane,
which is undesirable. Moreover, this rise becomes more intensive at V, =2.0m s?

(Fig. 4).

A
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Figure 4. Amplitude- (AFR) — a) and phase- (PFR) — b) frequency response of dynamic system
to oscillation of angular displacement S, of front-mounted plough at different velocities V, of
working motion of ploughing tractor-implement unit: 1) 1.5ms?; 2) 20ms?; 3) 25 ms™.

The same intensity of change in relation to the velocity V, of the ploughing unit’s
working motion is also observed in the phase-frequency response characteristics of the
dynamic system. Only at V,=25ms? they are completely different from those
obtained for the velocity ratings up to 2.0 m s (Fig. 4).

On the other hand, this difference is observed only within a very limited range of
frequencies of the perturbing action: 1...3 s. Moreover, when a follow-up dynamic
system (the dynamic system under consideration falls exactly into that category of
systems) respondsto aperturbation, it ismoreimportant how it respondsto the amplitude
of the input action rather than to its phase. Analysing the obtained amplitude-frequency
response characteristics from that point of view, it can be concluded that the undesirable
increase of the amplitude of the combine tractor’s heading angle ¢ takes place in the
same range of perturbation frequencies: 1..3 s. The following analysis will show,
whether the growth of the amplitude-frequency response is substantial or not.

The process velocity of the working motion of up-to-date ploughing tractor-
implement units reaches 2.0...2.5 m s, It can be seen from the diagrams in Fig. 4 that,
when V, increases from 2.0 to 2.5 ms?, the amplitude-frequency response of the
ploughing unit to the perturbing action rises maximum by mere 5% a o =1.5s™.
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Generally, such ariseisinsignificant, therefore, the increase of the travel speed V, of the
ploughing unit under consideration may be restricted not by the requirements of its
motion stability, but solely by the agrotechnical requirements applied to such a process
operation as ploughing.

The following issue to be analysed is how the amplitude-frequency response and
phase-frequency response of the dynamic system depend on the air pressure in the
combine tractor’s tyres. The calculations show that the increase of this parameter in the
power unit’s rear running gear from 100 to 130 kPa, in the front running gear — from 140
to 175 kPa results in the reduction of its heading angle (¢) oscillation amplitude. The
effect is especially pronounced in a perturbation frequency range of 0...1.5 s (Fig. 5).
According to the data obtained by us earlier, this is exactly the range of frequencies
(0.5...1.5s?), where the major part of the ploughs’ angular displacement oscillation
dispersion is concentrated.

The reached result is explained by the fact that the increase of the air pressure in
the tyresresultsin the higher values of their slip resistance coefficients. That means that
the tyres on the running wheels become stiffer and more resistant to the action of lateral
forces.

The mentioned range of  (i.e. 0...1.5 s) features also the desirable behaviour of
the phase-frequency response in case of increasing the parameters psa and pss. Moreover,
when thetyreair pressure is maximum, the dynamic system under consideration changes
from aminimum-phase element into a nonminimum-phase element, which followsfrom
the appearance of its phase-frequency response characteristic (Curve 2, Fig. 5). The
causes of such aresult need a separate investigation.

1.0 0
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- L 0 1 2 3 4 5 6
) Control activn frequency @, s b) Control action frequency 5
a Yy @,

Figure 5. Amplitude- (AFR) — @) and phase- (PFR) — b) frequency response of dynamic system
to oscillation of angular displacement of front-mounted plough at different pressuresin front (pss)
and rear (psa) Wheel tyres of tractor: 1) pss =100 kPa; psa = 140 kPa; 2) pss = 115 kPg;
psa = 155 kPg; 3) pss = 130 kPg; psa = 175 kPa.

All the analysis above is concerned with the stability of motion of a ploughing
tractor-implement unit under the condition of combining a front-mounted plough with
two bodies (n, = 2). A logical question arises, how the dynamic system’s response to the
perturbing action will changein caseof np=1and n,= 3.

The analysis of the mathematical modelling data shows that the ploughing tractor-
implement unit has the best response to the input effect, i.e. the oscillation of the front-
mounted plough’s angular displacement f3,,, when the combination pattern is ‘1+5°. The
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worst amplitude-frequency response is observed, when implementing the tractor-
implement unit that operates with the use of the pattern ‘3+3°. The increase of the
number of front-mounted ploughing implement bodies from 1 to 3 results in the
significant growth of the amplitude of oscillation of the combine tractor’s heading
angle ¢. Thus, at afrequency of @ = 1.5 s the perturbing action gain shows undesirable
growth, increasing almost seven-fold (Curves 1 and 3, Fig. 6).
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2) Control action frequency @, s b) Control action frequency o, s

Figure 6. Amplitude- (AFR) — @) and phase- (PFR) — b) frequency response of dynamic system
to oscillation of angular displacement of front-mounted plough at different combination patterns
of plough bodies in front-mounted and rear-mounted ploughing implements: 1) ‘1+5°; 2) ‘2+4°;
3) ‘3+3°.

At the same time, in case of the ploughing unit that operates on the pattern ‘2+4°,
the gain of the dynamic system responding to the input perturbation within the whole
range of its oscillation does not exceed unity (Curve 2, Fig. 6), which can be quite
acceptable.

The phase-frequency response characteristics closest to the desirable ones have
been found in the case of the ploughing tractor-implement unit that operates using the
pattern ‘3+3°. But, firstly, that takes place only in a relatively narrow range of
frequencies: 1.2...2.8s®. Secondly, the said range of frequencies contains an
insignificant fraction of the dispersion of such a perturbing action as the plough’s angular
displacement in the horizontal plane. Overal, that indicates unequivocally the
inexpediency of implementing a ploughing unit that operates on the pattern ‘3+3°.

CONCLUSIONS

When the vel ocity of motion of a ploughing unit, in which the instantaneous centre
of turn of the tractor’s front mounting mechanism is offset forward, increases, the
amplitude frequency response of the dynamic system to the perturbing action
represented by the front-mounted plough’s angular displacement in the horizontal plane
deteriorates, but the phase frequency response, contrarily, improves. However, since the
undesirable change of the amplitude frequency response, in terms of quantity, is
inessential, then the increase of the travel speed of the ploughing tractor-implement unit
under consideration can be restricted not by the condition of its motion stability, but
solely by the agrotechnical requirements to the performance of such a process operation
as ploughing.
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The stability of motion of the ploughing tractor-implement unit substantially
improves, when the air pressure in the tyres on the combine tractor’s front and rear
running gear is made higher. Thiseffect is especialy pronounced in the perturbing action
oscillation frequency range (0...1.5 s ) that covers the main part of its dispersion.

The increase of the number of bodies in the front-mounted plough from 1 to 3
causes the substantial growth of the amplitude of the combine tractor heading angle
oscillation. That said, the implementation of a ploughing unit set up on the pattern ‘2+4’
results in the dynamic system that responds to the input perturbing action within the
whole range of its oscillation at a gain not exceeding 1, which istotally acceptable.
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