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Summary. The investigation concerning the identification of the effectiveness of reducing the oscillations
of the sprayer boom developed by independent pendulum suspension is carried out in this paper. In order to
achieve this goal, the field microrelief, which creates kinematic perturbation of the rod oscillations is simulated.
Dynamic model of rod mass oscillations on this suspension is also constructed, numerical solutions for a given
sprayer operation mode are obtained, and numerical results are analyzed.

Key words: oscillations, rod, sprayer, dynamic model, independent suspension, vertical displacement,
angular displacement, field irregularities.

https://doi.org/10.33108/visnyk_tntu2022.01.005 Received 03.01.2022

Statement of the problem. While performing the technological process of spraying
crops, one of the important factors in the quality of boom sprayer operation is the uniformity of
application of the working preparation on the plant surface. The key role here is played by the
sprayer boom when it is hung on a specially designed suspension, which should dampen the
oscillations that occur during the movement of the sprayer field irregularities. Only in the case
of the most stabilized bar operation, you can clearly and relatively accurately calculate the cost
of the working preparation for the treated area. Therefore, there is a need to develop and analyze
the work of new designs of sprayer boom suspensions in order to identify the effect of maximum
stabilization of the boom to improve the quality of the process.

Analysis of available researches and publications. The problem of improving the
quality of spraying crops in the literature sources is very important [1, 2], but there are few
investigations where specific investigations of identifying the effectiveness of different types
of suspensions for sprayers are carried out.

First of all, to model the operation of the sprayer boom, its kinematic perturbation, you
need a model which realistically reproduce the agricultural field. Moreover, this model should
be as simple as possible, in order not to complicate the dynamic model of oscillations of the rod
mass on the suspension.

It is clear that field inequalities are random, as field preparation and technology of
growing different crops form this agricultural background [3, 4]. But in order to identify the
ability of the suspension to dampen vibrations, we can consider partial cases where the
inequalities are regular, described by some harmonic function [5]. These assumptions are
confirmed by other researchers of similar processes [6].

According to the analysis of a number of literature sources, particularly the works of
Vikovich I. A., who studied the influence of field irregularities taking into account the elastic
properties of soil, fluid fluctuations in the tank and other factors on the laws of kinematic
perturbation of the rod in the trailed sprayer and proved that such perturbations can be
represented in the form of simple harmonic laws [7].
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Therefore we will consider that the sprayer moves with constant linear speed V, and

during time t passes the distance X=V_t, and its wheels carry move in the vertical plane
according to the law

z1=12 -sinﬁ
Sy (1)

or let us rewrite (1) in the following way
z=12,-sinat, 2)

where Z, is half the height of the field inequality;
a, is the length of the wavelength of the field inequality;

@ is frequency characteristic of perturbation (circular frequency), o = —";
a
p

Here the period of coercive force is T, = 27, frequency is f, = Zﬁ

w T

In order to reduce the cumbersomeness of the material, let us assume that the sprayer
wheels move synchronously with field irregularities, and the resulting angular oscillations in
the transverse-vertical plane are described by harmonic function in the following form

y(t)=y,-cosat, (3)

where ¥/, is angular movement of the sprayer frame.

On the basis of the specified dependences we describe field irregularities on which the
rod sprayer move.

The objective of the paper is to carry out analysis of the ability to dampen the
vibrations of the rod by the developed suspension structure during the given typical mode of
trailed sprayer operation.

Presentation of the main material. There are many patent designs of the sprayer boom
suspensions by both domestic and foreign researchers. Among Ukrainian scientists, the theoretical
foundations of the suspension and oscillations of the sprayer booms are thoroughly covered in the
papers by Vikovych I. A., Diveieva B. M., Dmytrychenko M. F., Dorosh I. R. [7-9]. But there is a
need for theoretical investigation of new developed suspens ions, which should meet the
requirements for the level of rod stabilization.

A new design of the sprayer boom suspension which belongs to the four-link lever
suspensions is proposed [10].

Let us consider the functionality of such suspension, Fig. 1.

Depending on the biological development of plants that are subjected to chemical
protection, the hitch 5 is installed at a given height above the treatment surface. This installation
operation is performed by vertically moving and fixing the suspension crossbar of the rod 2 on
the frame of the rod 1. Then, while performing the technological process, the boom sprayer
moves with field irregularities that disturb the oscillations of the hitch, in particular boom 5.
Kinematic perturbation is transmitted from the sprayer chassis to the boom frame 1, where the
crossbar and to the hitch 5. Kinematic perturbation is transmitted from the chassis of the sprayer
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to the frame of the rod 1, where the crossbar of the suspension rod 2 is fixed, and then through
hinged pendulums 3, 4 and to the hitch rod 5. In order to minimize oscillations of the hitch rod
5 each of the pendulums 3, 4 for their free movement limitation is connected to independent
links 6, 7 with elastic-damping elements (PDE), which absorb the load from the movement of
the pendulums 3, 4 and dampen their free oscillations.

d a

Figure 1. Functional diagrams of the independent suspension:
a — static equilibrium; b — operation of the suspension in case of transverse angular oscillations of the rod;
¢ — the same in the case of vertical oscillations; d — operation of the suspension during kinematic perturbation
of the hitch rod vibrations: 1 — rod frame; 2 — crossbar of the bar suspension; 3, 4 — pendulums;
5 — hinged rod; 6, 7 — independent sections with elastic-damping elements

Execution of spring-loaded sections 6, 7 in the form of two independent elastic-damping
elements makes it possible for the suspension of the sprayer boom to be independent. This
approach in this suspension structure allows to perceive different types of oscillations of the hitch
5. For example, due to kinematic perturbation there are angular oscillations of the hitch 5 (relative
to the longitudinal axis of the unit), then such oscillations are perceived only by one pendulum 3
and are extinguished by independent link 6 with elastic-damping elements, or alternately with
pendulum 4 and its independent link 7 with elastic-damping elements. In case of oscillations of
the hitch rod 5 in the vertical plane, such suspension perceive and dampen the oscillations of both
pendulums 3, 4 with their independent links 6, 7 with elastic-damping elements.

In the case of kinematic vibration perturbation, when, for example, one wheel of the
sprayer hits the obstacle, the frame of the rod 1 deviates at angle o from the horizontal position
together with the fixed crossbar of the suspension rod 2, respectively, this action is transmitted
through pendulums 3, 4 to the hitch 5 which is in relative equilibrium, and due to the possibility
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of different deviations of the pendulums 3, 4, and for independent sections 6, 7 with elastic-
damping elements, this is their different deformation and force interaction, such an action of
the frame of the rod 1 is leveled, i.e. almost completely «absorbed» by independent elastic-
damping elements.

It follows that with any kind of oscillations of the hitch rod in the transverse vertical
plane, the developed structure of the sprayer boom suspension is able to dampen them,
minimizing the negative impact on the design of the hitch rod. This effect will provide high
vibration protection of the sprayer boom and as a result— it will improve the quality of
application of the working preparation on the plant surface, increase the durability of the
elements of the hitch and its suspension.

Kinematic connections between the sections of such a suspension are described in
paper [11], and the application of chemically modified composite materials in the elements of
movable joints that increase the life of such kinematic pairs is shown in investigations [12].

Therefore, based on the accepted laws of sprayer motion, causing kinematic perturbation
of the mass of the rod, which is fixed to its suspension, we represent the differential equations
of motion of the rod mass in order to determine the ability of the suspension to dampen such
oscillations.

We assume that the mass of the rod, which is mounted on the suspension make vertical
and angular oscillations in the transverse-vertical plane. Differential equations of its motion are
as follows:

az?sin(wt)’ —2az_z, sin(wt)-
m,Z, +2¢ (zthsin(a)t){ psinfot) o7 sin(a) } +

— bz, sin(wt)+az,” + bz, + f

{z‘h +wzp[23in(%t]2 —1ﬂx (4)
(3azf)sin(a)t)2—6azpzhsin(a)t)—J /

— 2bz,sin(wt)+ 3az? + 2bz, + f |

d(g, -y, cos(at))x

1,3, +2cd| (ad?y’ cos(wt)’ —2ad’y ¢, cos(wt)+ad’p’ — | |+
X
—bdy, cos(et)+bdg, + f

6a[2 sin (%} —1]d2wpgoh -~ (5)

+24d - d(gbh toy, sin(wt) —3a(sin(a)t)2 —1)d i +3ad’p] + =0,
2

; Zb(ZSin(%tJ —1}1 v, +2bdp, + 1

here: M, is the weight of the bar;
|, is the moment of inertia of the rod in the transverse-vertical plane;

Z, is vertical movement of the rod;
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@, is angular movement of the rod in the transverse-vertical plane;

C is stiffness coefficient of elastic elements of PDE;

4 is coefficient of viscous resistance of PDE;

d is the distance from the center of gravity of the concentrated mass of the rod on the
suspension to the hinge of its suspension;

a, b, f are coefficients of the polynomial agreement function in the form

A, =azd +hzl + fz,, (6)

where — movement in PDE from the actual movement of the rod.

The obtained systems of equations describe the oscillations of the suspension, taking
into account the nonlinear relationship between the movement of the mass of the rod and the
deformation of the PDE.

The analytical solution of equations (4), (5) is too cumbersome and difficult to apply in
practice, so we perform this procedure numerically using Mathcad software package.

Before proceeding with the solution, it is necessary to determine the coefficients of the
matching function (6), taking into account the geometric and kinematic parameters of the
suspension in question. Accordingly, we get: a=75,99; b=-8,37; f =1,21.

Then (6) is as follows

A, =75997° -837z; +1,21z, .

Initial parameters for calculation are:
m, =353kg; |,=92358 kgm? V,=12 km/h (3,33 m/s); ¢=24000 N/m;

Ns
1 =1200 ~ d=0525 m; parameters of field inequalities: a,=166 m, z, =0,05 m;

initial conditions: at t=0, Zy, =0, Z,, =0, ¢,,=0, ¢,,=0.
Let's present the main results of the solution. The vertical displacements of the mass of
the rod mounted on the suspension are shown in Fig. 2.
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Figure 2. Vertical movement of the rod mass during the sprayer movement
solid line — the curve of movement of the sprayer by field irregularities;
dashed line — the relative movement of the mass of the rod relative to the object of processing
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Then, let us consider the angular oscillations of the rod. The maximum angular
displacements of the sprayer frame in the numerical implementation of the mathematical model
are set to 3% (0.052 rad). If we consider that the rod is absolutely rigid and is 24 m long, and is
fixed to the suspension rigidly, then for the edge of such beam the linear displacement is
0.612 m, which is quite large, and is unacceptable neither at performance of technological
process, nor from the point of view of durability at disturbance of dynamic loadings, etc.

Thus the angular movement of the rod mass on the hitch is as follows, Fig. 3.

G (1)

Angle movement, rad
£
z

t

Time, s

Figure 3. Angular movement of the rod mass on the suspension
solid line — the angular displacement of the rod mass; dotted line — angular displacements
of the sprayer frame caused by field irregularities

It should be noted that the laws of sprayer motion on field obstacles are modeled in such
a way as to verify the working capacity of the suspension in a fairly rigid operating mode.

Conclusions. Analysis (Fig. 2) shows that for this mode of sprayer movement in the
first second of the movement on obstacles the relative movement of the rod mass on the
suspension does not exceed 0.022 m, then such movement is within 0.018 m, which is quite
acceptable for vertical oscillations pouring the working preparation on the treatment surface.

The graphic image (Fig. 3) shows that the sprayer frame disturbs the maximum angular
oscillations of 0.052 rad with frequency of 1 Hz, and the rod mass on the hitch deviates by the
angle of 0.015 rad during the first 5 s movement of the sprayer field irregularities, and then this
amplitude decreases up to 0.011 rad. This means that there is a 3.5-fold and then 4.7-fold
absorption of angular oscillations by the suspension. Taking the maximum angular
displacement of the rod, for its extreme point, the linear displacement will be 0.175 m, and
then — 0.129 m. In addition, there is another important aspect — the oscillation frequency of the
fundamental harmonic of the rod is reduced by 5 times and is 0.2 Hz.

Thus, after analyses of the working capacity of the developed suspension of the sprayer
boom, its high efficiency, which will significantly improves the quality of the sprayer as a whole
is revealed.
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AOCTIIZKEHHSI POBOTO3JATHOCTI IIABICKH POBOYOI'O
OPTAHY ®YHKIHIOHAJIBHO-TPAHCIIOPTYIOYOI MAILIMHAN

Annpii baoiii; Bikrop Ayain; Mapis ba6iii; boraan JleBuubkui

Teproninbcokull HayioHaIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pe3tome. Ilpu supowyganui npakmuyno 0y0b-aKoi CilbCbK020CNno0apcbKoi Kyibmypu 8Ax*CKo 00itimucs
6e3 i ximiuHo20 3axucmy, 8HeceHHs pioKux 0oopus mowo. Hosi mexnonozii gumazaromos yacmiuiux ma mouHiuux
ooznaoie. Tobmo icnye npobiema 3a0e3nedenHss MEXHOIO2IMHO20 NPOYecy BUPOWYBAHHS  KYIAbMYD
BUCOKOMEXHONIOTYHUMU MAWUHAMY, pOOOYI OpeaHu AKux Oyau 6 HaOUHUMU 8 eKchiyamayii ma 3abe3neyyeanu
BIOHOCHO mMoOYHe 003V6anHs pobouux npenapamis. Axujo cxkasamu npo XiMIYHUL 3aXUCM POCIUH, A MAKOIC
niOHCUGNIeHHA PIOKUMU KOMIAEKCHUMYU 00OpUBAMU, MO HAUNOWUPEHIWUMY MAWUHAMY, AK] 3a0e3neyyioms 0any
mexHono2iuny onepayito, € wimanzosi obnpuckyeaui. Tym mounicme 0o03yéanus pobouoeo npenapamy ma
HAOTHICG POOOMU MAWUHY 3HAYHOIO MIPOIO 3ANedCumb 6i0 WmaHeu, AKA 6UKOHAHA Y 6u2iAdi Hecyuo2o
Memanegozo kapxacy ma QYHKYionanbHo2o mpyoonpogoody, oe MOHmMYIOmMbCa poshuntoioui npucmpoi. Kpiv moeo,
6Cs1 Ysi KOHCMPYKYis 3aKPINAEHA HA CReylaibHill niogicyi, sika NOGUHHA CMAOGINiZyeamu wmaney y eunaoky
BUHUKHEHHS PI3HO20 POOY MEXAHIUHUX KOIUBAHb NPU PYC 0ONPUCKYBAUA NOTbOBUMYU HEPIGHOCAMU.

Tomy 6 pobomi O00CHiOHCeHo HO8Y KOHCMPYKYil0 NIOGICKU WMAHeU OONPUCKY8AUd, SKA NOBUHHA
3abe3neuumu 3HaAYHy cmadiiizayiro wmauey i mum camum nioguumuy AKicms HanecerwHs pobouozo npenapamy
HA NOGEPXHI POCIUH MA, 3HUSUBWU AMIAIMYOU KOAUBAHHA WMAHSU, 3MEHWUMU OUHAMIYHI CUIU Ha
Memanokapkacu i mum camum 30insuumu it HaoiiHicme ma pecypc pobomu.

Jna peanizayii nocmasneHoi memu GUKOHAHO AHAI3 IMepamypHux odxicepes, 0e Ha OCHOI OMPUMAHUX
pe3yavmamie nodyo08ano Mooens, AKa 00360JA€ 3 HANAEHCHOIO MOUHICIIO 8I0MEOPpUMU Pebed NOBEPXHI NOJA,
AKUM PYXA€MbCsl 0ONPUCKYBAY, Ma CMEOPIOE KineMamuyne 30yPents, o 6UKIUKAE KOIUBAHHS KAPKACY WMAH2U.
Ompumani 3aned’cHocmi 66e0€HO 6 3a2aNbHY OUHAMIUHY MOOEIb, WO ONUCYE BEPMUKANbHI MA KYMOGI KONUGAHHS
Macu wimaneu, wo Hasiuana Ha KOHCMPYKYIlo NioGicKu, Axa pospobrena cnisasmopamu. Ilicis uucenvrozo
PO38 3Ky Di6HsIHb OUHAMIYHOL MOOeNl KOJIUBAHb WMAHSU OMPUMAHO 2PAQIUHI 3aNeHCHOCMI 1T KIHeMAmuyHUxX
napamempis ma 6UKOHAHO ix ananiz. Pezyiomamu 6Ka3yioms HA 8UCOKY eQeKmUHICMb po3poOIeHOT KOHCMPYKYIL
niosicku wmaueu, 0e cnocmepicaemscs il sucoxa cmabinizayis. Pieenv amnaimyo xoausaws 3HAX00umvcs 6
Medncax GIOXueHb, Npu AKUX PO3RUTIOIOYT OP2AHU WMAH2Y He NOPYWYIOMb AZPOMEXHIUHI HOpMU 8UIUSY POOOH020
npenapamy Ha N08epxHi POCIUH.

Kniwouosi cnosea: xonusamms, wmauea, oONpUcKy8ay, OUHAMIYHA MOOENb, HEe3aNeNCHA NIOBIcKda,
8epMUKAIbHE NePeMIleHH s, Kymoge nepemiujeHHs, Noab0o8i HepiGHOCHII.
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