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THE PROGNOSTIC SIMULATION OF A MOMENTARY DOSE OF LI

QUID APPLIED BY

FIELD SPRAYER WITHOUT AN AUTOMATIC PRESSURE CONTROL

Summary

The article presents the results of prognostic &atian which refers to the momentary dose of ligajplied by the field

sprayer without the automatic pressure control. Taga registered at frequency of 1 Hz, related® $peed, the direction
of movement and the position coordinates of thaysrduring the process of desiccation of the wirdpe were used in
the simulation. Based on the results, it was fothat during application of chemical protection tteeent using a field

sprayer without automatic pressure control it iplematic to maintain a constant operating speed #re direction of

movement, and as a consequence- entails the cavefamly 25% of the field surface.
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SYMULACJA PROGNOSTYCZNA CHWILOWEJ DAWKI CIECZY APLI

KOWANEJ

PRZEZ OPRYSKIWACZ POLOWY BEZ UKLADU AUTOMATYCZNEJ
REGULACJI ClI SNIENIA

Streszczenie

W artykule przedstawiono wyniki symulacji prognostyej dotyczcej chwilowej dawki cieczy aplikowanej przez opirysk
wacz polowy bez automatycznej regulagin@nia. W symulacji wykorzystano zarejestrowangegtatliwascig 1 Hz dane
dotyczce prdkasci, kierunku ruchu oraz wspokd@nych potéenia opryskiwacza podczas desykacji rzepaku ozimégo
podstawie uzyskanych danych stwierdzaeopodczas wykonywania zabiegu ochrony chemiczwgkarzystaniem opry-
skiwacza bez automatycznej regulacfn@nia, utrzymanie statej pdkasci roboczej oraz kierunku ruchu jest problema-
tyczne, a rezultatem tego jest pokrycie jedynie p6%ierzchni pola zatmry ilosciq cieczy.

Stowa kluczoweopryskiwacz polowyrodki ochrony rglin, oprysk, dawka chwilowa

1. Introduction

In the vast majority of farms, pest managemenieis
formed with usage of pressure tractor sprayers.tidfisn
these machines are mounted or trailed, withoutraated
spray control systems. One of the requirementsigli h
quality spraying is to cover the surface (of theldior
plant) with an even layer of chemical agent witbr by
nearly the same diameter [1]. The uniformity spmgyis
particularly important in the application of chealE at
high concentration, because otherwise it may céoca
destruction of crops or the ineffectiveness ofttresnt [2].

Before proceeding to the work and performancelaritp
protection treatments sprayer should be properjysted.
The working adjustment is the responsibility of theer,
whose main task is to calibrate the working unitsh®
sprayer in order to ensure uniformity of the spngy[3].
The place of starting the treatment should be s=len
such way, as to minimize the risk of leaving ungpch
strips and those sprayed twice. It pertains pdetituto the
bends, which often results in local applicationaof over-
dose as well as the lower than recommended dosgsiaf
protection products. To maintain a constant doskgofd
during spraying, a constant operating speed urthe®fen-
erator should be kept, and its changes correctedsing
only the hand throttle and constantly checking sheayer
operating parameters [4]. It should be noted thathé
speed is doubled, to preserve the condition oftemmslos-
age, the pressure must be increased four timég.[5,
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New constructions of sprayers are equipped wighott-
board computers that increase the so-called eabgi
safety. On-board computers used in the field spgagtay
the controlling-navigation role, in relation to theorking
process. Such systems help in reducing operatertass
and simultaneously to control the regulating vallgsad-
justing the dose depending on the actual speekeofmiov-
ing generator [7]. According to estimates, almaoaif lex-
ploited sprayers in Poland are older than 10 y&drs.oth-
ers, but more recent, were already outdated attithe
when they were manufactured and do not meet thie bas
requirements of modern agriculture [4]. The literatsug-
gests that the movement of the generator duringyspy
has a large impact on the dose and quality of pied
plant protection product. Deflection of the spragoim in
the horizontal plane due to the variable movemémgenm-
erator resulted in inadequate dose of fluid [81®,11, 12].

According to [13] during performance of plant ot
tion treatment with using modern field sprayer eged
with a control dose of liquid based on the actymdes of
the generator, a momentary dose applied by fietdysp
during the turning of the generator was variable] #he
dose of spray compatible with the assumptions,etbbdss
than half the surface of the field, i.e. 47,6%.

2. The aim of the study

The aim of this study was to assess the overdlliaahi-
vidual impact of changes in speed and directioomof/e-
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ment on the value of the momentary dose of sprgjiexp
by the field sprayer without the automatic presszostrol
(classic). The momentary dose for each sprayerdeses-
mined based on a prognostic simulation. The sinmrat
used, registered a frequency of 1 Hz, data reggrsiieed,
the direction of movement and the position coordigaof
the sprayer during the process of desiccation efvimter
rape.

3. Materials and methods

The field study was conducted in the West Pomarani
voivodeship in the county Choszczno, the municipali
Choszczno in locality Kotki (53° 07' 46,5" N 15%7'3
42,8" E). The experiment was performed on 7.081201r-
ing the process of desiccation of the winter rapthe area
of 3,2 ha. On the mentioned plantations during agwthe
technological paths in spacing of 20 m were esthb.
For tests farm tractor John Deere 6620 aggregaitbdtie
mounted field sprayer with a working width of 20 and
with 40 nozzles was used. The operator performhmy t
spraying procedure had the appropriate licenses thad
sprayer had a current attestation.

For monitoring of sprayer’s route recorder comsisbf
microcontroller, GPS, electronic compass, and stieed

travelled by the symmetry center of sprayer in €san
coordinates system,

O calculations of nozzle's coordinates at time t,

O calculations of nozzle's coordinates at time t+dt,

O calculation of the distances travelled by the negzt
time dt,

O calculations of liquid dose applied by the nozzighe
time dt, with results given as the percentage efdbse on
which the sprayer was adjusted.

The results of the obtained calculations of the mom
tary dose were sorted into 12 compartments. Takitg
account the guidelines for the stationary reseafcpray-
ers it was assumed that the dose is considerediatteif is
contained in the range of 95-105% of the adjustndeste.
Other distribution compartment refers to the ineotr
doses. In the range from 55 to 155% of the adjgstiose it
was assumed the width of the compartments 10%pand
additional compartments containing the resultsidatshe
mentioned range. For the calculations Excel 20l@eap
sheet was used, and to illustrate them Statisid® 2

4. Results

Based on the calculations of the geographicaldipates

software was used. The measuring elements werg¢etbca Of the route traveled by the center of symmetrthefsprayer

on the sprayer boom and overlap the longitudinas ax
symmetry of the machine aggregate. Accuracy ofpibe-
tion measurement was 0,3 m, the speed of 0,1 and the
direction of movement 0,1 degrees. Registrationdata
was made on the SD card.

The data obtained were used for the calculatiothef
momentary dose of liquid applied by individual spgra
while working passes of sprayer. For each spragparate
calculations were carried out.

The calculation algorithm consisted of the follogvsteps:
O calculations of geographical coordinates of theteou
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at the coordinates in the Cartesian system, theagasroute
of the sprayer on the field was determined (FigThe route
contains 3691 points for which the parameters efsgrayer
work were collected. Because of the presence dgfoles on
the field, some active crossings or their partsvearried out
using selected sections of the spray. Based oriLkig:an be
concluded, that some of the technology paths, whiehe

established before the sowing were not linear, thadhavi-

gation through them resulted in frequent changethefdi-

rection of the movement. Moreover, the distanceveen the
adjacent tracks was not the same.
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Fig. 1.The route of the sprayer during the process oftdasibn of the winter rape
Rys. 1. Trasa przejazdu opryskiwacza podczas wylkang zabiegu desykacji rzepaku ozimego
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Fig. 2. The areal distribution of the momentaryetosf spray made based on the data related tp#selsind the direction
of the movement of the sprayer

Rys. 2. Rozkiad powierzchniowy chwilowych daweysior wykonany na podstawie danych degygeh pedkosci i kie-
runku ruchu opryskiwacza
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Fig. 3. A histogram of momentary dose of spray ter@a@n the basis of the speed and the directidheofprayer's move-
ment

Rys. 3. Histogram chwilowej dawki oprysku wykonaaypodstawie analizy pdkasci i kierunku ruchu opryskiwacza po-
lowego

The results regarding momentary dose of spray estiargest differences in the amount of the applieddpct
mated based on changes in speed of movement éietle were recorded in places in which the change ofdihec-
sprayer and changes of the direction of movemsishown tion of the movement and speed of the sprayer waed
in Fig. 2. This chart was prepared on the basi$5df 330 by the obstacles.
results of calculations of momentary doses. Oretidosed The Fig. 3 shows a histogram of momentary dose of
illustration it was observed that the momentaryedo§ spray calculated on the basis of the data on tkedspand
spray is variable over the entire surface of tlddfiand the direction of movement of the sprayer. The lsrgeim-
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ber of momentary doses (43 957) belonged to rarteeln
85-95% of the regulatory dose, constituting 29@Phe re-
sults for the entire field, and in the case of eafay a dose of
55% occurred 976 observations (0,6%). It was oleseawrela-
tively large number of results, i.e. 6556, relatioga dose
greater than 155%, which is 4.3% of the total esttah doses.
Only 25,0% (37 of 898) of the momentary doses were
corded in the range of 95-105%.

Fig. 4 shows the areal distribution of the momenta
dose of spray applied by the field sprayer estithdtesed
on data on the direction of movement of agricultgean-
erator. An independent variable, which describesvdlue
of the momentary dose of liquid, was in this cdsevalue

of the angle by which the generator had changediitiee-
tion of movement. In the presented analysis it assumed,
that the speed of the movement of the field sprayethe
whole route was the same, and the value of the dingke
axis of symmetry of the sprayer in this case wa3%d®f
nominal value. On the enclosed illustration a gdityreof
points can be observed, for which the value of dese
ceeded 155% of the nominal dose, as well as casgkich
the momentary dose did not exceed 55% of the ndmina
dose. These are mainly places where the operatdex)
the obstacles such as ponds and trees. The chahges
direction of movements also occurred during drivihg
generator along a pre-defined technological path.
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Fig. 4. Areal distribution of the momentary doséspray applied by field sprayer, created on theidaf the analysis of

the direction of the movement

Rys. 4. Rozklad powierzchniowy chwilowych dawelgsiqor aplikowanych przez opryskiwacz polowy wykomangodsta-

wie analizy kierunku jazdy
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Fig. 5. The histogram of the momentary dose ofyspraated

38,4%

6,5%

3,4% 2,0% 139%

SST<

w =
(.Iﬂ =]
= &
= =
w

L

Quantity of dose [%]

STT-STT
SET-STT
SET-SET
SST-SPT

Source: Own testsZrédio: Opracowanie wlasne

on the basis of the direction of the muat

Rys. 5. Histogram chwilowej dawki oprysku wykonaayodstawie analizy kierunku jazdy
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Fig. 5 contains a histogram of the momentary dufse
spray determined based on the change of the direct
the movement of the field sprayer. The largest nemds

rain. Changes of the speed of the movements weae al
recorded in a straight line. On the enclosed ilatiins,
you can see the position in which the momentarye difs

momentary doses (58 159) belonged to the range5ef 9spray alternately belonged to the ranges of 85-86#0695-

105%, which represents 38.4% of the results forethiire
field, and in the case of range for a dose<d@#5%, 1113
observations occurred (0,7%). A relatively largenber of
results were observed, i.e. 5929, relating to s dpeater
than 155%, which is 3,9% of the total estimatededo§or
other results, it should be noted that the valu¢hef mo-
mentary dose was diversified, and in the range5et B5%
of the value of the dose, 106274 (70,2%) of meaguri
points were found.

Fig. 6 presents the values of the momentary ddse
spray determined on the basis of data regardingpbed of
the sprayer's movement. Operator before startimgpto-
cedure had planned the speed of 1,52'nBased on the
monitoring of the operating parameters of the spritywas
found, that the speed of moving of the generatos vaxi-
able, and its scope was in the range 0,5-2,5 nirappro-
priate speed during the spraying had a negativedmpn
the 49,3% of the results of the value of the momgndose
of spray. Most unevenly speed occurred in the gladeere
the operator avoided the obstacles resulting frbenter-

1800

105%, what indicates on the numerous changes daddhie
cultural generator’'s speed of movement After fimghthe
procedure operator said, that he was not able totaia
the speed of movement of the agricultural generatdhe
same level at all times of spraying.

The histogram presented in Fig. 7 shows the Higion
of momentary dose of spray determined based oretjis-
tration the speed of movement of the field spraitewas
found that more than half of the measuring poibt {%)
were characterized by a proper dose of the plasteption
product, it means that the procedure was carrigcabthe
appropriate speed. Too high speed during treatroent
curred in 39,9% of measuring points, what resuitethe
reduction in dose. Most cases of reduced doses37.6%
was observed in the range of 85-95% of the nondoak.
Too low speed of generator was found in 346 measeme
points (9,4%), in which the doses of spray amourtted
mainly 105-115%, 115-125%, and more than 155% ef th
nominal dose.
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Fig. 6. Areal distribution of the momentary doséspray made based on the monitoring of the spé#tedield sprayer
Rys. 6. Rozktad powierzchniowy chwilowych dawelsior wykonany na podstawie monitoringgdosci jazdy opryski-

wacza polowego
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Fig. 7. The histogram of the momentary dose ofyspraated on the basis of the monitoring of theedpef the field sprayer
Rys. 7. Histogram chwilowej dawki oprysku wykonaamyodstawie monitoringu pakasci jazdy opryskiwacza polowego
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To sum up it should be underlined, that carrietisbud-
ies were made on the basis of the operating paeaset
the field sprayer without an automatic pressurgrobnOn  [1]
the Polish market, this type of sprayers appearmast
farms. Lack of control of operating parameters bé t (2]
sprayer during spraying, especially during chanigethe
direction of movement (eg. over obstacles) ancctranges 3]
in speed, causes the operator is not aware of amnlose, or
abatement of the dose of the spray. In a conversatith [4]
the operator it was stated, that during applicabbmlant
protection products, maintaining a constant speetithe  [5]
direction of movement is onerous, and in some cases
mainly relating to avoidance the obstacles, isewan pos- [6]
sible.

(71

5. Conclusions
. _ _ (8]
On the basis of the studies of the process of @a&m
protection of plants carried out by a trained opmrasing
the sprayer without automatic pressure controlesystthe
following conclusions were enunciated:
1. The appropriate dose of the spray, which diffeosn
the regulatory value for no more than 5%, occugsly in
about 25% of the measuring points.

2. Improper dose of spray which resulted from non-
rectilinear movement of the generator was founahout
62% of measurement points, and due to inadequatxsp
about 50% points.

3. Working passes at the wrong speed and durings tur
should be strictly avoided, as the momentary do$éguid
may differ significantly and even exceed the maatufiers'
recommendations of pesticides.

4. There is an urgent need to develop a systennatiing
system designed to improve the awareness amongtoper
about the causes of changes in parameters of wotteo
field sprayer during chemical plant protection tre@nts.

(9]
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