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Abstract

Small agricultural machines integrated with the moto block often deviate from the
intended direction during operation, depending on the operating conditions due to which the
movement of the unit becomes unstable, the characteristics of the machine change, the tillage
technology is disturbed, the machine becomes difficult to control and the productivity
decreases.

The article is based on theoretical research that makes it possible to determine a moto
block depending on the speed limit (V) of the aggregate agricultural machine mass-geometric
and mechanical parameters according to which the exact nominal stability of the movement of
the unit is defined.
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Introduction

At present, in the agricultural production of the Republic of Armenia, motoblocks are
widely used for cultivating small plots of land and small agricultural cars,that are used
effectively in the processing of slopes. Therefore, the problem arises to ensure the stable and
safe operation of these machines with high operating rates.

Theoretical studies were obtained from the calculation that allows you to determine a
tillerblock with an aggregated village. The maximum speed of the car (V;;) depends on the

mass-geometric and mechanical parameters, according to which the exact nominal stability of
the movement of the unit is defined.

In this regard, the movement of the unit becomes unstable, the characteristics of the
movement of the machine deteriorate: longitudinal, transverse and stability of the stroke, the
technology of land cultivation is disrupted, machine control becomes difficult and labor
productivity decreases [1,2].

For a car aggregated with a tillerblock, its lateral fluctuations are more dangerous from
a dynamic point of view especially when working on slopes.

In order to ensure the stability of the car's movement, we will study the problem by
following techniques [1,3,5]:

- arigid one is attached to the tillerblock, there are no gaps,

- there are no lateral oscillations in the vertical plane,

- the movement of the attachment point of the machine with the tillerblock is assumed
to be rectilinear,
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- elastic properties of the soil are not taken into account.

Let's imagine a small-sized machine aggregated with a tillerblock as a mechanical
volatile system, the design scheme of which is shown in Fig.1. The village machine oscillates
with respect to the longitudinal axis of the unit around the point C. The initial deviation of the
longitudinal axis from the specified direction of movement is o angle.

Let's denote the transverse and longitudinal components of the force affecting the
coupling point, respectively Pypx and Pypy,, the force of resistance to the movement of the
machine Rcx:

The center of gravity of the car (Om) performs a complex movement with a speed and

aratio of V , due to the vibrations of the car, a-angular velocity [1,2,3,4,6].
The speed of movement in accordance with the center of gravity (Oy) of the car is
determined by the following expression:

Vo=1"a (1)

The velocity of the point Oy is equal to: ~ Vyy=V+Vy, with the longitudinal axis forms
an angle Y= a + «,.

Fig. 1 Fluctuation calculation scheme of the tillage
car around the connection point C

Sy . v Vg
Considering that a and @ angles are small, we can recognize that oy = Tﬂ and Y= =

7 + a,
or taking into account (1) we can write:

LI‘Z%I-I-Oai:

The force of the transverse resistance of the Earth on the machine can be determined in the

following expression:
_ Ky la

Ry:Ryc-x-i-Rya— v +K.y'ﬂf (2)

where -K, is the coefficient of coupling resistance of the machine. We give the force Ry to counteract
the Earth with the following amounts
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Ry, =Rys+ Ry,

Ry - is identified with the elastic restoring force at the free oscillation of the mass on the
spring and is determined by the following formula: R, = K, - a:

Here K, is the coefficient of coupling resistance, similar to the coefficient of spring stiffness,
and a is the linear displacement of the mass.

R, the total is directed against the velocity V and is determined by the following expression’

R.:Ky—m-
ya Vv

Let 's make an expression from the center of gravity of the movement to point C.

(I; +m-a*)-a=—Ry-l, (3)
where I is the moment of inertia of the machine with respect to the center of gravity (Ow),
(Iz + ma?) is the moment of inertia with respect to the point C.

Putting the value of Ry in (3) we get:

5 K,la
(I, +ma®)-a=— T-I—Kya -1,
or
Kyl® Kyl
v(iz+ma?) prmaz @0 (4)

The last equation (4) has the character of an oscillatory motion, which depends on the ratio of
the characteristic coefficients of the equation

2 Kyl* Kyl
K=+ V(iz+ma?) K+ Iz+ma? 0 Q)

The roots of the characteristic equation will be

K.12 KZ.1% Kl
_ ¥ _
Kl 2 — =z i 2 . 2 2 2 (6)
' 2V(Iz+maZ) AV (Iz+ma“) Iz+ma

If |K|coefficient is equal to zero, then the machine will make harmonious
vibrations in accordance with the following law

a;=A-sin(f -t + a,).

This is possible in cases where either Ky = 0, or V=co
Consider the following three typical motion events

Kyil?
K=K, =——2" _
1 2 2v(iz+ma?)

_ L Ryl
V_z (Iz+ma?) (1)
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Hence (4) the solution of the equation will be:

t Ky1?
2 Viiz+ma?)

a;=(C, + C5)exp [— 8

According to the last expression of any initial conditions, t — oo, @; — 0

Subsequently, the off-balance village car will return to its original position at any value of the
initial deviation angle a.

The roots of the typical equation K; l1 K5 are negative real numbers not equal to each other. In
this case (4) the general solution of equation will be

a;=CiexpK; t + CrexpK,t 9)

Therefore, t — o9, @; — 0, when the oscillations are extinguished and the village machine that
has left the equilibrium state returns to its original position, then faster than in the previous case, since
(€4 + C,t) the manufacturer slows down the movement. The characteristic roots of the equation are
complex numbers

; ; 2 ; KLt
Ki=u+iv, K, =u—iv, where' y = — — 2t _ KyL ¥
2v(iz+ma?)’ Iz4ma?  4V2(Iz+ma?)?

Therefore (4) the general solution of the equation will have the following form
a;_exp(Cy cosut + C; sinvt),
or
a; = Aexp ut(vt + ay), when (t =0, a = a,)

Since u < 0, the amplitude of the oscillations A - exp ut when t — oo tends to zero, and the
oscillations will be extinguished.

Thus, a tillerblock with aggregation of each village. the movement of the machine at a certain
speed after reaching, depending on the initial deviation of the anchor, can receive floating fluctuations,
which are characterized in accordance with the maximum repayment rate.

KyL
(Iz+ma?)

V, < 05L (10)

It is necessary to strive to ensure that the tillerblock is aggregated with the tillage and the
estimated speed of the machine will be higher than the maximum permitted speed corresponding to its
operating conditions.

Results and analysis

Analysis of the expression obtained (10) shows that an increase in the speed limit contributes to
an increase in the length of the clutch (L) and the coefficient K, as well as a decrease in the inertia of
the agricultural machine, therefore, it is necessary to strive for the center of gravity of the agricultural
machine as close as possible to the attachment point.

A tillerblock with an aggregated agricultural machine to assess the influence of mass-geometric
parameters on the limiting speed of the machine, graphical suspensions are constructed
Vip = F(I,m,a,K,) (Fig. 2).
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During the calculations, the average values of the tested parameters were selected as the
average values
The analysis of graphical dependencies shows that a tillerblock with an aggregated agricultural
machine the maximum speed of the car is most intensively affected by the distance between the center
of gravity and the trailer of the agricultural machine. This distance is from 0.2 to 0.7 m, it is
possible to increase the speed limit by more than six times, up to 3.2 km / h. The coefficient
of clutch resistance of the agricultural machine Ky also significantly affects the cost of the
speed limit. When the Ky value is doubled, the speed limit will increase from 1.24 km/h to
1.9.7 km/h.
Analyzing the obtained data, it turns out that the parameters of the oscillating motion of the
village car are less sensitive to the change of its mass. The increase in the weight of the agricultural
machine leads to a decrease in the limit speed of the unit in a small range, in particular from 1.67 km /

h to 1.33 km/h.
V. kmv/h

.0 Vep=F(L) /

Vep =F(Ky)
2.0 "4_—-,_—?"

T ———
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Fig. 2 A tillerblock with an aggregated agricultural machine, the dependence of the
maximum speed of the car on its mass-geometric and mechanical parameters

The distance from the point of attachment of the agricultural machine also has a certain effect
on the value of the speed limit. Its extension from 0.1 m to 0.35 m leads to a reduction of the limit
speed from 1.6 km / h to 1.05 km/h.

Conclusion

1. A small agricultural machines aggregated with a tillerblock often deviate from a given
direction during operation, which causes the movement of the unit to become unstable, the
quality of the movement of the machine deteriorates, the technology of tillage is
disrupted, it is difficult to control the machine and labor productivity decreases,
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. A tillerblock aggregated with an agricultural machines, using the formula for
determining the maximum speed of the car (V;) (10), makes possible more accurately

assess the stability of the movement of the unit,

. The theory of the resulting calculation allows us to obtain the best condition for the
stability of the direction of the machine in accordance with these operating conditions
by adjusting the structural and kinematic parameters of this mechanical system.
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unsneLNnub <6S uarsausudnrduo enLreue
urvusunsu<ut UsLsLu3bh curduut uu3nhrunNih@3nhuLe

UW.N. Snutwwybkwjw
Lwywuypwbh wqquht wgpwpuwght hwdwuwnpwi

Ununpinyh htin wgpbguwmwynpwsd thnpppswith gyninuinunbuwywu dbpbuwubpp
woluwwnwuph dwdwuwy, 2whwgnpdwywiu wwyjdwuubphg Ywujws, hwwfu otinynwd Gu
wnwownnywd ninnnyentuhg, npny wwjdwuwynpwsd wgpbgwwnh owndnwip nwnunwd k
wulywyniu, Juwwnwunw £ dGpGuwih 2wpddwt hwnwuhoubpp, fuwfungnid hnnh dywydwu
wbfuuninghwu, ndjwpwund £ dbpGuwh  Ywnwywpnudp, ujwgnd  woluwwnwuph
wnuwnpnnwywunteyniun:

<nnywdnid inbuwlwu hbGwnwgnunigyniuttipny unwgyb) £ hwodwpyh nbunyeniu,
npp  huwpwynpnipiniu £ wwihu npnatiine dninnpinyp htivn wgpbquunwydnpywd gynin.
dbpbuwih uwhdwuwht wpwgnpniup (V) Ywiujwsd quugudw-tpypwswhwlywt U
dafuwupjwywt wwpwdbwpbphg, npnd bW wnwyb] 62gphn qguwhwwnb wagpbiquunp
ownddwl Ywyntunipyniup:

Pwbwp pwnbp. dnnnpny, dbpbuw, wgpbqww, uwhdwuwiht, wpwgnienL,
Ywynwunteniu:
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YCTOMYUBOCTH JIBUKEHUSA ATPETATUPYEMOM C
MOTOBJIOKOM MAJIOTABAPUTHOM KOPUEBAJILHON MAIIIMHBI

A.Il. Tonanersin
Hayuonanvnwiii acpapnuiii ynugepcumem Apmenuu

ManorabapuTHble CEIbCKOXO3SMCTBEHHBIC MAIIMHBI, arperaTUPyeMble ¢ MOTOOJIOKOM,
BO BpeMsi paboThl, B 3aBUCHMOCTH OT YCJIOBHIl 3KCIUTyaTallid, 4YacTO OTKJIOHSIOTCS OT
3aJJaHHOTI'0 HAIIPaBJICHUS, B CBS3M C YEM JIBUKEHHUE arperara CTAHOBUTCA HEYyCTOMYUBBIM,
YXYALIAETCsl KayeCTBO [BIKEHUS MAIIMHbI, HApyIIaeTCsd TEXHOJOTusi 00pabOTKU IOYBHI,
3aTPYIHSIETCS YIIPABICHUE MAIIWHOW, CHHUKAETCS MPOU3BOAUTEIBLHOCTD TPYAQ.

B crarbe nmpenacraBieHa TeopUst  pacueTa, OCHOBAHHAs HA TEOPETUUYECKUX
HCCIIEOBAHUAX, MMO3BOJIAIOIIAS ONPEACIIUTD NPEACIBHYI0 CKOPOCTh CEIbCKOXO035MCTBEHHON
MAaIIMHBI, arperaTupyeMoii ¢ MoTo010KoM (V,,) B 3aBUCHMOCTH OT MAacCO-TEOMETPUUYECKHX 1
MEXaHUYECKUX MapaMeTpoB, C IOMOIIBI0 KOTOPBIX MOXHO Oojieeé TOYHO OLEHUTh
YCTOMYMBOCTb JIBUKEHHUS arperara.

Knrwouegvie cnosa: MoToOJI0K, MallIMHA, arperar, peaeibHas CKOPOCTh, YCTOMYUBOCTD.
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