THEORY, DESIGN, TESTING Vol 91 (1) 2024 Tractors and Agricultural Machinery

DOI: https://doi.org/10.17816/0321-4443-611160 .
Original Study Article ol
updates

Justification of range limits of root spray angle
of an adaptive spraying device
Sergey A. Rodimtsev', Ilya A. Dembovsky?

! Oryol State University named after I.S. Turgenev, Oryol, Russian Federation;
2 Oryol State Agrarian University named after N.V. Parakhin, Oryol, Russian Federation

ABSTRACT

BACKGROUND: Oscillations of the sprayer field boom in the transverse-vertical plane causes a decrease in the quality
of the technological operation. This is especially true in relation to the operation of small-sized single-support barrow-type
sprayers. One of the possible solutions to compensate the effect of transverse oscillations of the boom on the quality of spraying
is the use of adaptive sprayers with a variable root angle of the spray jet, responding to the position taken by the sprayer
in relation to the surface being treated.

AIM: Justification of the necessary limits for changing the spray angles of an adaptive sprayer for a single-support spraying
device. The novelty of the research lies in the fact that insufficient attention is paid to the implementation of technologies using
means of small-scale mechanization, unlike industrial agricultural machinery.

METHODS: A prototype of a single-support boom motor sprayer was used as the study object. The field experiment was
carried out at the experimental area of the Oryol State Agrarian University. Data acquisition on the deviation of the sprayer
from the vertical axis was carried out using a specially developed angle gauge. A spreadsheet processor in the Microsoft Excel
environment was used to perform mathematical processing of the decrypted experimental data. The study of the obtained
analytical dependencies was carried out in the environment of the Mathcad 14.0 mathematical calculation system.

RESULTS: It has been experimentally found that the maximum deviations of the sprayer from the vertical can be up to 30°
during operation. At the same time, the average amplitude of the transverse operating oscillations of the boom of a single-
support barrow-type boom sprayer ranges from +11° to -18°. The amplitude of the transverse oscillations of a single-support
sprayer depends on the operator’s skills and the unit motion velocity. Balancing the sprayer is important due to the moment
of force caused by the weight of the one-sided field boom. A formula for calculation of the spray width of one sprayer, taking
into account the geometric parameters of a single-support sprayer, as well as its inclination angle in the transverse-vertical
plane, has been derived. An analytical relationship that makes it possible to calculate the required limits of the root angle
of the spray jet of an adaptive sprayer, taking into account the installation distance of the sprayer relative to the vertical plane
passing through the support point of the sprayer, has been obtained. The values of the root spray angles for the deflectors
of adaptive sprayers, with the sprayer oscillations amplitude from -18° to +11° in the transverse-vertical plane, were found.
CONCLUSIONS: The practical value of the study lies in the potential of using the formula to determine the range limits of root
spray angles when designing and developing adaptive sprayers.
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C.A. Pogumues!, N.A. [leMboBcKuir2

1 OpnoBcKuit rocyaapcTaenHbiit yHusepeuteT uM. W.C. Typrenesa, Open, Poccuiickas QOeaepauns;
2 OpnoBCKuiA rocyaapCTBEHHbIN arpapHbii yuusepeutet uM. H.B. Mapaxuna, Open, Poccuitckas Qenepaums

AHHOTALMA

06ocHoBaHue. KonebaHus nonesoii LWTaHM ONpbICKUBaTENSs B NOMNEPEYHO-BEPTUKANIBHOM MAOCKOCTU BNIEKYT CHUMEHME Ka-
YecTBa TEXHONIOTMYECKONM omepaumm. YkasaHHoe 006CTosTeNnbCcTBO 0Co0beHHO aKTyanbHO B OTHOLLEHWe paboTbl Manorabaput-
HbIX OJHOOMOPHBIX OMpbICKMBaTeNel TayeuHoro TMna. OQHO M3 BO3MOMHBIX PELLEHUN KOMMEHCALMW BIMSHUS NOMepeyYHbIX
KonebaHuii LUTaHM Ha Ka4yecTBO OMPbLICKMBAHUA — MPUMEHEHUE afaNTUBHBIX PacrblMTENei C U3MEHSEMBIM KOPHEBLIM
yrnoM dakena pacnbiia, pearupytolMx Ha NoNOXeHUe, 3aHUMaeMoe PacnbiiMTeNeM Mo OTHOLEHUO K obpabaTtbiBaemoit
MOBEPXHOCTW.

Lienb pabotbl — o06ocHOBaHMe HEOBX0AMMBIX MPEeLENoB U3MEHEHUs YrI0B pacnblna afAanTUBHOMO pacrnbiUTeNs ANs 04HO-
OMOPHOro onpbIckuBaTens. HoBKU3Ha MCCNe0BaHNSA 3aKIIOYAETCA B TOM, YTO B OT/IMYME OT NMPOM3BOLCTBEHHOW CENTbCKOXO-
3AWCTBEHHON TEXHWUKU, BOMPOCAM peann3aumn TEXHONOMMIA C NPUMEHEHWEM CPEACTB Manoil MexaHW3auuu yaenseTca Hepo-
CTaTOYHO BHUMaHWSA.

Martepuanbl u MeToapl. B KayecTBe 06beKTa MccnesoBaHNs UCMONb30BANCA MaKeTHbI 06paseL, 0HOOMOPHOTO LUTAHIOBO-
ro MotoonpeickuBartens. [lonesoii 3KCNepUMeHT NPOBOAMNICA Ha OMbITHBIX yyacTKax Opnosckoro MAY. Peructpaums aaHHbIX
M0 OTKJIOHEHMIO OMPbICKUBATENA OT BEPTMKANIbHOW OCW BbIMOJIHAMACh C MOMOLLBIO CrieLuManbHo pa3paboTaHHoro yraomepa.
MatemaTnyeckas 06paboTka AeLmdpoBaHHbIX OMbITHBIX AaHHBIX BbINOMHANACH TabNMYHBIM NpoLeccopoM B cpeae Microsoft
Excel. UccnepoBanve nonlydeHHbIX aHaIMTUYECKWX 3aBUCMMOCTEN NPOBOAMNOCH B CPEAE CUCTEMbI MaTEMATUYECKUX PacyeToB
Mathcad 14,0.

Pe3synbTathl. JKCnepuMeHTasbHO YCTaHOBIIEHO, YTO B NpoLiecce paboTbl MakcMManbHOe OTKIIOHeHWe OMpbICKMBaTENs OT Bep-
TUKanM MOXKeT cocTaBnsaTb Ao 30°. Mpu 3TOM, cpefHAs aMNaMTyAa NonepeyHbIX pabounx KonebaHuit WTaHr1 0fLHOOMOPHOMO
LUTAHrOBOr0 OMPbICKUBATENS Ta4eyHOro Tuna coctasnseT oT +11° go -18°. AMnnuTyaa nonepeyHbIx KonebaHWi 04HOOMOpPHO-
ro OnpbICKMBaTENs 3aBUCUT OT NOArOTOBNEHHOCTW OMepaTopa 1 CKOpOCTY NepesBUKeHUs arperaTa. BaxHoe 3HaueHue umeet
DanaHcMpoBKa OMpbLICKMBATENS, C Y4ETOM MOMEHTa CWJ1, BbI3BAaHHOIO BECOM O[HOCTOPOHHEN MOMEBOW WTaHrW. BoiBeaeHa
dopMyna oS BBIYUCIIEHUSA LUMPWHBI PAchblEHNs OAHUM PachbIIUTENEM, YUUTLIBAIOLLAS FrEOMETPUYECKME NapaMeTpbl 0HO-
OMOPHOr0 OMPbICKMBATENS, @ TaKKe Yroyl ero HakfoHa B NONEepeyHo-BepTUKanbHoOM mnockocTu. flonyyeHa aHanuTUYecKas
3aBMCMMOCTb, N03BONAOLLAS paccunTaTh TpebyeMble Npefenbl KOPHEBOTO yriia (akena pacrbiia afanTUBHOMO pacnblMTens,
C YYeTOM PacCTOSHUS MOHTaXa PacrblUTeNs, OTHOCUTENIbHO BEPTUKA/bHOW NIOCKOCTH, NPOXOAALLEN Yepe3 TOUKY OMopbl
onpbIckuBatens. HangeHbl 3Ha4eHUs KOpPHEBbIX YIIOB pacnbiia Ans AedneKTopoB afAanTMBHBIX pacnbiIUTeNel, Npyu aMnm-
Tyne KonebaHui onpeickuBatens ot -18°a0 +11° B nonepeyHo-BepTUKaNbHOM NAOCKOCTU.

3akniovenue. [pakTnyeckas LEHHOCTb UCCNEA0BAHMS 3aKIIOYAETCA B BO3MOXHOCTM MCMOMb30BaHUs (OpMynbl Ans onpe-
AeNeHns NpefenoB U3MEHEHUS KOPHEBBIX YITI0B pacrbiia Npy NPOEKTMPOBaHWM U pa3paboTKe afanTUBHBIX pacnbluTenen
onpbICKMBaTeNeN.

KnioueBble cnoBa: MaﬂoraﬁapMTHblVl OnpbICKMBAaTENb; pacnbliATeNb; Yroal pacnblia; nonesad LUTAHra; nonepedyHble
KonebaHus; Ka4yeCTBO BHECEHUS.
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BACKGROUND

Single-support small-sized barrow-type boom
sprayers are commonly utilized in several processes,
including plant selection, primary seed production,
gardening, park farming, and other practices on individual
plots. Equipment from Wintersteiger (Austria), Euro
Pulve (France), and Walkover International (England) and
a sprayer produced by GSKB (Zernoochistka) Voronezh
(Russia) are among the most renowned models offered
by manufacturers. Single-support sprayers offer several
advantages over single-axle two-wheeled designs:
they consume less metal, are more maneuverable,
do not require track reconfiguration, and can be easily
moved along narrow paths when switching row spacing.
However, they are less stable in the transverse—vertical
plane, requiring constant monitoring of the horizontal
position of the boom and placing excessive stress
on the operator.

Even slight vibrations of the boom can lead to
deterioration in the spraying quality. With an increase
in the spray height, evaporation and drift of the working
fluid particles also increase. The low height of the
nozzles ensures the absence of overlap zones and
prevents exceeding the application rate of the active
substance. Consequently, conditions are created
for insufficient inhibition of weed development [1],
acceleration of resistance (addiction) of pests [2, 3]
to pesticide products, and a decrease in its toxicological
effect on pathogens [4] in the “under-application” zone.
An increase in the concentration of the active substance
can cause burns on plant leaves [5]. For the environment,
one of the main risk factors is the drift of small drops
and the flow of large drops from the treated surface.
During spraying, the proportion of small droplets
with a low rate of gravitational settling (<80 microns)
has been found as 1%-2% [6] and 5%-6% [7]. Generally,
losses of herbicides during drift can range from 20%
to 90%, and damage to crops that are not subject to this
processing has been detected at distances of up to 20 km
from the spraying sites [8].

The uniform application of protective measures
should be ensured, regardless of elastic vibrations of
the boom, resonance phenomena, or current changes
in the microrelief. The issue of compensating for boom
deflection in trailed, mounted, and self-propelled
sprayers has been systematically addressed for many
years. Various technical and technological solutions are
available, including applying spring—lever suspensions
for replicating field topography [9], applying vibration
dampers to minimize vibrations of the field boom [10],
combining different cross-sections of the distributing
rod to suppress vibrations [11], employing a fan
nozzle with a variable spray angle in conjunction with
pulse-width modulation technology [12], and adjusting
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the merging of flows from adjacent nozzles based

on the magnitude of the boom oscillations [13]. In recent

years, small-scale mechanization methods have
been used in conjunction with modern technologies.

Therefore, issues concerning the theoretical justification

for the functioning conditions, design parameters, and

technological operating modes of these mechanization
methods should be incorporated into new engineering
projects.

The results of studies conducted earlier by the
authors of this article [14, 15] suggest that the use of
sprayers spray nozzle that respond adaptively to their
position in relation to the treated surface is a universal
solution to the problem of compensating for deviations
of the boom of a small-sized sprayer in the transverse—
vertical plane. In this case, there is no need to equip
the sprayer with complex and bulky lever-copying
devices, and the overlap pattern of the processed strips
is maintained by changing the geometry of the spray
patterns of individual nozzles [16—19].

According to the existing prerequisites, the aims and
objectives of this study can be formulated as follows.

The study aimed to determine the limits of change
in the root spray angles of the adaptive sprayer
of a barrow-type single-support boom sprayer.

Research objectives:

1. Assess the amplitude of operational vibrations
of the boom in the transverse-vertical plane
for a single-support sprayer.

2. Analyze the influence of the transverse deflection
of the sprayer on the width of the processed strip
from the spray nozzle.

3. Determine the dependence of the required spray
pattern angle of the adaptive sprayer on the
inclination angle of the single-support sprayer
in the transverse—-vertical plane.

MATERIALS AND METHODS

To address problem 1, a prototype of a single-support
boom motor sprayer (Fig. 1a), previously developed by
us [20], was utilized as the subject of study. The field
experiment was conducted at the experimental sites
of the Oryol State Agrarian University. The experiments
were replicated three times, with a measurement error
not exceeding 5%. Data on the sprayer deviation from the
vertical axis were recorded using a specially designed
inclinometer (Fig. 1b), which comprised a measuring
scale firmly mounted on the sprayer frame and a hinged
indicator arrow equipped with a balance weight [21].
The current readings of the inclinometer were recorded
using a self-powered car recorder. Subsequent
mathematical processing of the decrypted experimental
data was conducted using a spreadsheet processor
in Microsoft Excel.
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Theoretical substantiation of the influence of
sprayer boom vibrations on the distribution parameters
of the working fluid was conducted using widely
accepted engineering calculation methods. The
analytical dependencies derived were analyzed using
the mathematical calculation software Mathcad 14.0
(Russian version).

RESULTS AND DISCUSSION

According to the results of an experiment evaluating
the operational vibrations of a single-support sprayer with
a right-handed boom in the transverse-vertical plane,
the following is established. The maximum deviation
angles of the sprayer from the vertical can range from
+17° (left-side slope, in the direction of travel) to -30°
(right-side slope, in the direction of travel). In this case,
the arithmetic mean value of the transverse vibration
angle is —-3(+0.4)°. Peak deviation values are relatively
uncommon and are mainly influenced by the operator’s
competence and the speed of the sprayer movement.
The average values of the maximum inclination angles
range from +11° to —18°. These values are crucial when
selecting the operating modes of adaptive sprayers,
which can be employed to regulate the spray pattern
geometry.

In addition, analysis of the transverse vibration
diagram (Fig. 2) indicates the presence of right-sided
asymmetry. This asymmetry is likely caused by a slight
shift in the center of gravity of the prototype sprayer,
resulting from the imbalance of the moment of force
from the weight of the one-sided field boom. One
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possible solution to rectify this design flaw is equipping
the sprayer with a tracking balancing mechanism [22].
Such a device can adjust the balance of the sprayer
by positioning the tank spatially, depending on the
amount of working fluid in it.

To determine the theoretical width of the spray
pattern with one sprayer, we describe the geometric
parameters of the sprayer with the diagram presented
in Fig. 3.

Considering the possibility of the sprayer deflection
only in the plane of the drawing, the frame OA, with
height 4, undergoes transverse movements by an angle a
relative to the hinge O. A horizontal boom 4B of length /
is installed perpendicular to the frame OA and is rigidly
connected to it.

The spray pattern is an isosceles triangle CBD with
a constant angle P at vertex B. The bisector BM, drawn
to the base of the triangle CBD, is strictly perpendicular
to the horizontal boom 4B and represents the height p
of the triangle CBD. Here, the base CD, equal to b, is
the line of contact of the spray pattern with the surface
being treated.

As illustrated in Fig. 3, a change in the sprayer
position angle a results in a corresponding deviation
of the CBD spray pattern from its original position.
Moreover, the length of the spray pattern contact line with
the surface being treated also changes (C.D; = b,).

We examine the influence of the lateral deviations
of a single-support motorized sprayer on the working
width of a field sprayer positioned at a distance / from
the symmetry axis of the sprayer passing through its
support point O.

Fig. 1. A prototype of a single-support boom motor sprayer (a) and a device for measuring values of horizontal inclinations of a field
boom (b).
Puc. 1. OnbiTHbIV 06paseL; 0AHOONOPHOMO LUTAHrOBOMO MOTOONPbICKMUBATENS (@) M YCTPOMCTBO A1 U3MEPEHMS BENIMUMHBI FOPU3OHTASTbHBIX

OTK/IOHEeHWIA NoNeBoi WTaHru (b).
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Fig. 2. A distribution histogram of oscillation values of the boom
of the single-support sprayer in transverse-vertical plane.

Puc. 2. TuctorpamMma pacnpefieneHus 3Ha4eHuii BENMUMHBI Kone-
DaHWW LWTaHrM OLHOOMOPHOrO OMpbLICKMBATENI B MOMEPEYHO-
BEPTUKA/bHOM MOCKOCTH.

According to the cosine theorem, the square of any side
of a triangle equals the sum of the squares of the other
two sides, minus twice the product of these sides and
the cosine of the angle between them. Hence,

b, =ld’ +¢* = 2dc-cosp, (1)

where b, d and c represent the sides of the scalene
triangle C;B;D;, formed by the spray pattern and the
surface being processed when the sprayer frame is
deflected at a certain angle o.

To determine sides d and c of the triangle C,B,D,
we divide the triangle into two right triangles, C,B,M,
and M;D,D; with leg p, = B;M,.

According to the equations for the relationship
between the sides and angles of the right triangle
C,B;M,, we present the following:

=, @
siny
where v is the angle at the triangle base.

The triangle C;D.D; is formed by the displacement
of the CBD triangle due to the frame rotation by an
angle a. Then, angle y can be defined as the difference
between angle a and one of the angles of the equilateral
triangle CBD, at its base. Hence, we obtain the following:

y=90°—%—0c. 3)

By connecting points B and B, with the support
point O, we define p; as the difference in the heights of
the triangles CBD and C,B.D; relative to the support
surface.
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Fig. 3. An analytical model of variation of spray jet operation width
of sprayer injectors at boom oscillations in transverse-lateral plane.
Puc. 3. CxeMa K pacyeTy M3MeHeHMs LWMPUHbI 3axBaTa (akena
pacribina GopCyHOK ONpbICKMBATENS, NP KONEGAHUAX LUTAHTU B M0-
nepeyHo-BePTUKANbHOM MOCKOCTY.

The angle t between straight line OB, and the
supporting surface is determined by the function:

grzﬁ (4)
/
therefore, if
OB=0B, =\h*+1*, (5)
than

p=p=(h=NW+F sin(z-a)), @

hence, taking into account (4)
p— {(h —h+ 1 ) : sin(arctgllZ — aﬂ

sin(90° - E - aj
2

To calculate the side c of the triangle C;B,D, we use
the already known vertex angle B, and helght i

D

) cos(ﬁ—aj )
2

{( i), Sm(arctgl_aj] ®

sm(90° j

d:
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After simple transformations, Eq. (1), for calculating the spray width according to the geometric parameters of a
single-support sprayer and the angle of transverse inclination of the frame, can finally be presented in the following

form:
p—(h—\/h2 +lz)-sin(arctg?—aﬂx
i 2 2
b= 1 1 1 1 ¥
X + -2 -cosf
sin(90°—B—aj COS(B—OLJ sin(90°—B—oc) cos(B—ocj
2 2 2 2
A graphical representation of Eq. (9) is illustrated hence,
in Fig. 4 with the values p =0,5m; =09 m; /=1m; b
B = 110°. As indicated, when the sprayer boom is in a [p = arcsin BOD' (1)

horizontal position, the width b of the spray pattern is
~1.43 m. However, when the sprayer is tilted by an angle
a ranging from -15° to +20° in the transverse—vertical
plane, the width b varies from 2.60 m to 0.46 m, which
is an increase of more than 1.8 to 3.1 times.

When determining the necessary limits for changing
the root spray angle p of the sprayer, we proceed
from the premise of maintaining a constant operating
width b;. The transverse deviations of the horizontal
projection of the sprayer when the boom is tilted in the
transverse—vertical plane are insignificant and are thus
not considered in the calculations. Additionally, the
vertical position of the sprayer axis is assumed to be
stable (owing to the effect of a vertical stabilization
device).

According to the theorem of sines, we obtain the
following (Fig. 3):

BD _ b, (10)
sin90° sinB’
b;m

3 bi=f(o)
1 \
0.5+

Attt g, deg
-15 -10 -5 0 5 10 15 20

Fig. 4. Dependence of width of operation lane for one sprayer
on sprayer inclination in transverse-vertical plane.

Puc. 4. 3aBucuMOCTb LWMPUHBI Noockl 06paboTKK OAHUM pacibl-
JUTENEM OT OTKJIOHEHUS ONPLICKMBATENSA B NOMepeyHo-BepTUKalb-
HOM MNI0CKOCTM.
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From the Pythagorean theorem, the square of half
the length of the hypotenuse BD is equal to the sum of
the squares of the legs p and b,/2:

b 2
BD=|p’ +(—°j : (12)
2
By substituting Eq. (12) into Eq. (11), we obtain
B = arcsin by , (13)

b 2
2|, |p*+| 2
P (2)

According to the diagram in Fig. 3, the current value
of p will change in accordance with Eqg. (6). Thus,

r—arctgﬁ
[, (14)
165 4 B, deg
155
143
135
125

115

95

: a, deg
215 -0 -5 0 5 10 15 20

Fig. 5. Dependence of demanded values of spray angle of an
adaptive sprayer on inclination angle of the single-support sprayer
in transverse-vertical plane.

Puc. 5. 3aBucuMocTb 3HaueHuit Tpebyemoro yrna pacnbina agan-
TMBHOTO PacrbIIUTENSA OT YII1a HAKJIOHa 0HOOMOPHOIO ONpbICKMBA-
TeNisl B NONepeyHo-BePTUKANbHOI MNOCKOCTH.
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The final expression for the influence of the angle a of the position of a single-support sprayer on the required
spray angle B, considering the distance / of the sprayer projection relative to the vertical axis passing through the

sprayer support point, is as follows:

by

B =2arcsin

2 \/{P_((h—m).sin[arctg};_ajﬂz +(b2°j2

For the numerical values provided in Eg. (15) and the
given value of b, as 1,43 m, a graphical representation
of the dependence B = f{a) is presented in Fig. 5.
With a strictly vertical position of the sprayer (a = 0°;
the horizontal position of the field boom), the root spray
angle B = 110° allows for a processing strip with a design
width of 1.43 m. When the sprayer is tilted to the left,
to the value a = -15°, the distance from the spray nozzle
to the surface being treated increases and, consequently,
the width of the processing strip increases (Fig. 3).
As illustrated in the graph in Fig. 5, to maintain the same
working width 5, the required spray angle B, should be
equal to 89°. Therefore, the sprayer inclination angle o
of 20° determines the opening of the spray pattern angle
to B = 164°.

Equation (15) can be employed to compute the
necessary limits for altering the spray angle of one
sprayer, considering established average values of
boom vibrations in the transverse-vertical plane.
Thus, according to previously obtained experimental
values of the boom oscillation angles and the reduction
of the maximum operating values to average values, we
obtain o = +11° to -18°. For the given limits of boom
oscillations in the transverse—vertical plane, changes
in the spray angle with the adaptive sprayer should be
B = 86°-135° at a distance / of 1 m.

In a deflector sprayer, the spray pattern angle
is shaped into a flat cone by the cone angle
of the restrictive collars located at the deflector
periphery [17]. Consequently, the angles of the taper,
formed by the outer sides of each reflective deflector,
are determined by the calculated spray angles of a given
adaptive sprayer deflector. Considering the distance
of each sprayer from the symmetry plane of the sprayer
passing through the support point, the numerical values
of these angles are determined using Eq. (15) and are
summarized in Table 1.

CONCLUSIONS

This study establishes that the maximum limits of
lateral vibrations of a barrow-type single-support boom
sprayer range from +17° (left-hand slope, in the direction
of travel) to -30° (right-side slope, in the direction of
travel). However, the average amplitude of operating
vibrations ranges from +11° to -18°. An equation
is derived for calculating the spray width of one
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Table 1. Values of root spray angles [ for deflectors of adaptive
sprayers at values of o = -18°...+11°

Tabnuua 1. 3HaueHns KOpHEBbIX YrI0B [ pacnbiia ans Aedek-
TOPOB aflanTMBHbIX pacnblIUTeNen, Npu 3HaueHusx o = -18°—+11°

Limits for changing
the angles of the spray
pattern, deg.

Distance of the adaptive
sprayer installation point
from the axis of the sprayer

support, m min nom max
0,5 99 110 123
10 8 10 135
15 76 110 149
20 67 nm - 164
2,5 60 110 179

spray nozzle according to the geometric parameters
of a single-support sprayer and its angle of inclination
in the transverse—vertical plane. One possible
solution to the issue of compensating for the quality
of the working fluid distribution during transverse
vibrations of the sprayer boom is the utilization of spray
nozzles with a spray geometry that adapts to the position
occupied by the sprayer relative to the surface being
processed. An analytical relationship for calculating
the required limits for the root spray angle of the adaptive
sprayer is derived. The limits are calculated according
to the distance | of the sprayer projection relative to the
vertical axis passing through the sprayer support point.
The root spray angles for the deflectors of adaptive
spray nozzles are determined within the limits of sprayer
oscillations, ranging from -18° to +11° in the transverse—
vertical plane.
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