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Abstract: Centrifugal spreader machine is a farm implement commonly used for spreading seed and fertilizer. However, the
quality of the resulting spread pattern in the field can be poor, Therefore, the study aims to test a modulating disc (A,) and
control disc (A,) and find the effect of change on the machine performance using different of forward speeds, disc speed, urea
fertilizer and barley seeds. Results showed that use of the disc A, reduces the coefficient of variation (CV%). The machine
reached its best performance when using A, with the forward speed of 12 km / h and the speed of the disc 450 rpm by 5.5 and

7.6 for spreading the barley and urea, respectively.
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1. Introduction

A centrifugal spraying machine is an agricultural
tool commonly used to spread seeds, lime, fertilizers,
sand, thaw, efc. In more countries, more than 90% of
fertilizers are distributed using rotary disc distributors.
The popularity of turntable dispensers lies in their
relatively low cost and relatively high accuracy. Besides,
it allows a large working width and easy maintenance.
However, the quality of the resulting field spread
diagram may be poor. Excessive application variation
is undesirable as it adversely affects crop or pasture
yields and may increase leaching losses. If a zone can
be observed in crops, the variation of the overlap is
likely to exceed 40% and the yield loss will be 20% or
more. It is now generally accepted that the spatial
variation coefficient (CV) should not exceed 15% for
nitrogen fertilizers. For other fertilizer types, a CV of
at most 25% is acceptable [lan and Grafton (2016)].
Large dose fluctuations are avoided by using overlapping
patterns. In theory, 100% uniform coverage can be
achieved if you drive exactly in an adjacent lane. This
leads to large differences in dispersion models

depending on the properties of the particles (e.g.
coefficient of friction, shape) [Hofstee (1995)] as well
as prevailing weather conditions (e.g. humidity). At
working widths of 36 m and more, the dispersion
models are less and less uniform [Grafton ez al. (2015)].

Many new machines use double discs which rotate
in opposite directions. This improves uniformity and can
increase the spreading distance. Many parameters
affect the performance of the rotary table fertilizer
spreader, such as B. geometry (size and shape of the
disc, landing site of the material, shape and size of the
feed gates, shape, door length and direction), the speed
of the turntable. JiMan et al. (2018) found that when
using four blades, the coefficient of variation (CV) was
11-13% less than that of three points and that the CV
at 500 rpm of the blade speed was 9-12% lower than
the 400 and 600 rpm. The paper analyzes the movement
of idealized homogeneous spherical fertilizer particles
along with the right pallet, which is attached to a flat
rotating disc. The movement of particles along the dawn
is described by the hyperbolic cosine function, which is
the solution of the usual inhomogeneous second-order

*Author for correspondence

Received June 05, 2020  Revised August 17, 2020

Accepted September 07, 2020



1800 Assad Yousif Khudher et al.

differential equation with constant coefficients. A
solution of this kind is an approximation of the actual
movement of fertilizer particles along the radial blade,
which is attached to a horizontal disc that rotates at a
constant angular velocity. However, it can be very useful
to optimize the design of centrifugal spreaders
[Tomantschger et al. (2018), Vera et al. (2018)].
Differently shaped blades on the uniformity of the
fertilizer distribution in the single rotating disc transmitter
were used with different flow rates. The combinations
used in the study were the straight vane in combination
with the forward curved 5', the forward curved 10', the
backward curved 5 and the backward-curved 10 scoops
"10, scoops" study die showed that the combination of
the differently shaped blades on the spinning disc had a
significant influence on the uniformity of the fertilizer
distribution [Yildiran and Mazhar (2012)]. A
mathematical model of the movement of fertilizer
particles on the spinning disc and in the air has been
created. The Langevin stochastic differential equation
was used to describe the random disturbances affecting
the fertilizer particles moving on the disc spreader.
Modeling the spread of mineral fertilizers with tablet
dispensers can be used to improve existing dispensers
and to design new ones [Przystupa et al. (2016)]. A
method has been suggested that uses the control of the
position of drops of compost particles on a rotating disk
to improve symmetry in the dispersion model. The
results showed that a dispersion model with an
acceptable CV of less than 15% could still be found,
even if the distribution was obtained from a primitive
flat disc with straight radial ribs. A dual-use
agrochemical disc applicator for crops was developed
and tested for uniformity of the granular fertilizer
distribution model / uniformity of liquid chemicals of
droplet size when spraying agrochemicals. The results
for NPK granular chemicals showed that at low (50 kg
/ ha) and high (150 kg / ha) application rates at a disc
speed of 550 rpm, the distribution pattern was shifted
to the left, while the medium distribution pattern (100
kg / ha) application rates were good [Abubakar and
Ahmad (2012)]. The discs used in rotary fertilizer
spreaders are flat or conical. Unlike flat discs, conical
discs project fertilizer with an upward component of
speed and increase the distribution distance. The
influence of the angle of the cone and the speed of
rotation of the disc on the uniformity of the distribution
was studied with different flow rates using triple

superphosphate. The uniformity of the distribution
deteriorated with the increase in the angle of the disc
cone (flat disc 0°, 10° and 20°) and improved with the
increase in the diameter of the disc (405, 540 and 810
min') with all the diameters of the openings (30-50
mm) [Yildiran (2020)]. There are a number of tray test
methods used worldwide to assess the spreading
accuracy of fertilizer spreaders that are used to
calculate all differences in the spreading model,
including ISO (i), ISO (ii), ASAE S341.2, European
Standard, Accu-Spread in Australia and Spread-Brand
in New Zealand. The results showed that there were
significant deviations in the certifiable peak width, which
were calculated with the different methods. The
arrangement of the shells £ 5 m from the spread line
had the greatest influence on the calculated final width
[Lawrence ef al. (2006)]. The bowl spacing of 1.0 m
showed a strong correlation with the gaps of 0.5 m,
while maintaining the normal distribution pattern of the
spread fertilizer, albeit in a slightly lower definition
[Wilson and Grafton (2019)]. Replacing right-angled
disc blades with arcuate blades can reduce the
coefficient of friction between the particles and the
surface of the blades, thereby improving the distribution
coefficient and the projection width. The objective of
the study is therefore to test a new prose disc (A,)
compared to a conventional disc (A,) and to determine
the influence of the change on the distribution coefficient
using different soil speeds, fertilizers made from urea
and barley seeds.

Disc A1 control design

Disc A2 New design

Fig.1: Disk A and disc A,
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Table 1: Physical properties of urea and barley.

Bulk Mean Moisture
Particles density diameter content
(kg/m®) | of grain (mm) (b.w) (%)
Barley 948 2.5+0.21 4.6:0.4
Urea 986 233408 dry

2. Materials and Methods

* Disc of spreader: The machine discs were
manufactured by modulating the wings from straight to
curved by a diameter of 3 cm, as they obtained an
increase in dimensions as shown in Fig. 1A, compared
to the straight wing (Fig. 1A).

* Broadcast spreader: CASE lil JX75T double
disk spreader was used in test, hopper capacity 300 kg
(volume 0.4 m?), mixer of materials inside the hopper
and adjustable orifice for the flow rate using mechanical
control (not an electronic or electricity).

* Particles: Urea fertilizer (granulated) and barley
seeds, Physical properties of Particles are described in
Table 1.

* Application rate: Application rate of barley is
170 kg/ha in most fields if the drilling sowing machine
is used. If the broadcast spreader is used, agriculture is
preferred at an application rate not exceeding 20%.
The current study adopted 200 kg/ha and 200 kg/ha
urea.

* Experimental plan: Two test were conducted,
the first with urea fertilizer and the second with barley
seeds. Each test was performed by the following

Fig. 2: Broadcast spreader and collecting trays

method 2A x 2R x 38 x 3r, where A: (A, disc and A,
disc), R: (450 and 540) rpm of disc speed, S: (4.10, 7.5
and 12) km/h of broadcast forward speed and r:
Repeaters.

* Forward speed and swath width: The spreader
hopper fell out particles and starting move by choosing
a Forward speed of broadcast (gear and engine speed),
then the gate opened to spread on ground and find the
work width (Fig. 2), This was repeated with the three
forward speeds and for both barley and urea.

* Flow rate or feed rate: Flow rate determined
by each forward speed. The mathematical equation
proposed by the ASAE (2004) to determine the
application rate, can be used to determine the flow rate,
as follows.

_ RxSxW
Q= R (1)

where,

Q, flow rate of particles from hopper, gm/sec
R, application rate, gm/ha

S, forward speed, m/sec

W, swath width, m

K, constant, 10* m?

* Collecting trays: Twenty collecting trays
(Fig. 2) were put in a line on the ground for collecting
broadcasted particles to construct broadcasting pattern
of each broadcaster, performing broadcasting
experiments and determining uniformity pattern specify
the factors affecting on it. According to ASAE (2004),
trays were put symmetrically in a row with equal
distances to the longitudinal center line of the tractor.
The distance between all trays was equal, except for
the middle one which was bigger for making tractor
wheels movement possible. Broadcasting started 30 m
before trays row and continued to 40 m after trays row
to put the tractor and the broadcaster in stable state
[Alireza and Sheikhdavoodi (2012)].

 For calculated the uniformity of broadcasting:
coefficient of variation-the statistical index was used
c
CV:E 2)
where,
CV= coefficient of variation(%)

o = standard division of overlapped spread pattern
{Z(xi-x)*/(N-1)} 12
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Table 1: Summary of pattern urea fertilizer data.

Disc Disc speed Broadcast speed CV% Swath width Bout width Field capacity
type RPM (km/h) Avg. (m) (m) (ha/h)
4.10 27.7+80.2 f 21.5+0.1b 184+0.1 7.32
405 7.5 27.740.2f 21+0.1b 17+£0.01 13.28
12 26t1.1e 19+0.1¢ 1440.1 16.83
Al 410 283:01f | 2250.1a 18£0.05 732
540 7.5 27.7+1.2f 22.54¢0.1a 18+0.05 14.06
12 26.3+0.1¢e 22+0.1b 17+£0.01 20.44
4.10 23.7¢1.2d 22+0.1b 19+0.05 7.73
450 7.5 21.8403 ¢ 21.5+¢0.1b 18+0.05 14.06
12 20.5+1.0a 20+£0.1¢ 16+0.05 19.24
A2 410 24:0.1d 235:0.1a 20£0.06 .14
540 7.5 21.4+0.3b 23+0.1a 19+0.01 14.84
12 21+0.8b 22.54¢0.1a 18+0.05 21.64
Al, A2: Spread disc types; CV%: Coefficient of variance of seed distribution for transverse line, similar letters,
no significant difference between difference means and different letters, there is significant difference between
difference means. The letters in columns about swath width, bout width and field capacity are showed affecting to
disc speed and forward speed on it. The letters appear in the table columns for the data displaying the swath width,
bout width and the field capacity, affecting the speed of the disc and the forward speed on it only.

p = mean of overlapped spread pattern,

X =Xxi/N , is arithmetic mean

xi, is accumulated sample weight for each collector
N, number of collector locations used.

* Bout width and overlapped: Bout width was
detected after choose a overlapped.

* Broadcast Capacity: Field capacity of broadcast
spreader was calculated by the following expression:

c->¥ 3)
where,

C, field capacity of spreader, ha/h

S, ground speed, km/h

W, Bout width, m

K, constant, 10

* Field experiments condition: Ambient
temperature (37°C), Ambient humidity ratio (18+0.3%),
Wind speed (5.1£2.2 km/h), Ground slope (0.0%).

* Measurements and statistical analysis:

| Bout width |

Swath width

Collected particles sample being weighed on electronic
scales, temperature and relative humidity of ambient
air were measured by using mini thermo-anemometer
and humidity device (+£0.3%, +£1CO deg.).

The coefficient of variation (CV%) were analyzed
to express particle distribution across the transverse
line, the swath width, bout width and field capacity of
the spreader according to the completely random design
(CRD) and the preference between the means was
detected by the Dunkin test.

3. Results and Discussion

The overlapped pattern was chosen at 20% of the
swath width of the scattered urea fertilizer and 15% of
swath width of barley. The coefficient of variation
(CV%), widely used to characterize the quality of
distribution uniformity in overlapped pattern. The results
in Tables 1 and 2 show the coefficient of variation in

4.1 1.5 12
Forward speed km\h

=g

% 30 - g % OF
H_H A1,450

8 25 - e (% OF

=

E 30 - e Al 540

g OV of

= 15 A AZ 450

Q

T 10

o)

B S

:F]

3

Fig. 3: Bout width and swath width with spread pattern

Fig. 4: Revaluation between forward speed and CV (%)
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Table 2: Summary of barley seeds data.
Disc Disc speed Broadcast speed CV% Swath width Bout width Field capacity
type RPM (km/h) Avg. (m) (m) (ha/h)
4.10 2740.1f 16+0.1d 14+£0.2 7.32
405 7.5 26.8+0.2f 15+0.1¢ 13+0.02 13.28
12 25.3£1.3¢ 14+0.15f 1240.1 16.83
Al 410 27.6512F 17008 ¢ 15£001 732
540 7.5 27+1.2f 17+£0.05¢c 15+0.05 14.06
12 25.6t1.1e 15+0.02 13+0.01 2044
4.10 22.2+1.2d 17+0.06 ¢ 15+0.05 7.73
450 7.5 20.6x1.1b 16.5+0.01 ¢ 14+0.03 14.06
12 18.6+1.2a 15+0.01 e 13+0.05 19.24
A2 4.10 22.540.1d 19+0.01 a 17+0.05 8.14
540 7.5 21£13¢ 18+0.06 b 16+:0.01 14.84
12 19.71.1c¢ 16+0.05d 14+£0.02 21.64
Al, A2: Spread disc types; CV%: Coefficient of variance of seed distribution for transverse line, similar letters,
no significant difference between difference means and different letters, there is significant difference between
difference means. The letters in columns about swath width, bout width and field capacity are showed affecting to
disc speed and forward speed on it. The letters appear in the table columns for the data displaying the swath width,
bout width and the field capacity, affecting the speed of the disc and the forward speed on it only.

the cross-distribution pattern at this percentage of the
overlapped pattern when using two types of discs A,
A, with different disc speed and forward speed.

ANOVA results for urea fertilizer and barley data
indicated that there are significant differences (p <0.005)
in the coefficient of variation due to the type of disc, as
the coefficient of variation decreased due to the use of
disc A, while there was no significant effect of the
disc type on swath width, bout width and field capacity.
We note the superiority of treatment A, with urea where
the lowest coefficients of difference were 20.5 %
compared to A, (26.3%) (Table 1) and the superiority
of treatment A, with barley where the lowest
coefficients of difference were 18.6% compared to A,
(25.3%) (Table 2). However, according to Dan

[
=
]

Bout width (m)
[
an

[
[oadd
1

=
L]

41 5 12
Forward speed km\h

Fig.5: Revaluation between forward speed and bout width
(urea)

Bloomer (2020) these results are acceptable if the
device is used to grow barley, but it is considered poor
in the case of nitrogen fertilizers such as urea. Fertilizer
recommendations which states that 15-20% CV is a
poor ratio compared to 10-15% CV, which is good, using
a higher interference rate may improve the results. On
the other hand, we find that the forward speed affected
the coefficient of difference, swath width and field
capacity below the level of significance (p < 0.005)
(Tables 1 & 2).

Figs. 4,5,7 and 8 showed the revaluation between
forward speed and CV, bout width. The CV value
improves as it decreases as the forward speed of the
machine increases, while the width decreases, meaning
it deteriorates as the forward speed increases. Figs. 6
and 9 show the increase in field capacity when
increasing the forward speed. Tables 1 and 2 show

25 - bt FC Of
= A1.405
E E:D - o T of
- 41,540
£ 15 - FCof
g : A2 405
B 10 - sl FC Of
- " A2,540
2 °
[

0

4.1 7.5 12
Forward speed km\h

Fig. 6: Revaluation between forward speed and FC (urea)
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that the field capacity improves when using the A, disc
and the forward speed is 12 km/hour despite the
decrease in swath width and bout width by increasing
the forward speed and increasing the speed of the disc.

From Tables 1 and 2 we find that the speed of the
disc did not affect the CV and the field capacity under

H--_-ﬁ Al 450
i C'55 OF

Ly
!

25
.\.“. A1540
20 2 e OV oF
B A2 450
il O3 OF A2,
540

=t
=

Coefficient of variation OW%
W n

41 ¥.5 12

Forwad speed km\h
Fig. 7: Revaluation between forward speed and CV (Barley)
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Fig. 8: Revaluation between forward speed and B.w. (Barley)
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Fig. 10: Compare spray pattern of urea at optimum spray
condition by Al disc and A2 disc

the level of significance (< 0.05) while we note the
presence of an effect on swath width and bout width.
This result is inconsistent with results of Jiman ez al.
(2018) and Yildiran and Mazhar (2020), Perhaps the
reason is since their studies were carried out at a speed
higher than 540 rpm and did not take into account the
effect of the forward speed on the width. We notes
that the CV decreases as the bout width increases.

Figs. 10 and 11 show a comparison between the
ideal performance of disc A, and disc A, at forward
speed 12 km/h by drawing the distribution pattern
between bout width and application rate. We notice
from these figures an improved distribution when using
disc A, compared to disk A,. Likewise, performance
improved when using disc A, for barley seed scattering,
as it recorded 18.6% of CV compared to urea scattering
20.5 of CV, note that Table 1 compared to the data of
Table 2 and from Fig. 1 against Fig. 2.

el === 1R 1V 3-

Barley

200 -

e A 2RIV 3-
Barley

Application rate kgfha

-10 -5 0 5 10
Distance m

Fig. 11: Compare spray pattern of Barley at optimum spray
condition by Al disc and A2 disc
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4. Conclusions

* The use of disc A, reduces the coefficient of
variation (CV%). The machine reached its best
performance when using the forward speed of 12 km/
h and the speed of the disc 450 rpm where the CV%
decreased by 5.5 and 7.6 of A, disc of barley and urea,
respectively.

* The forward speed of the machine has a greater
effect than the speed of the disc on the CV.

* The coefficient of variation decreases when the
swath width and bout width decreases.

* There is an inverse relationship between the
forward speed and the CV, swath width and bout width,
while the relationship is direct with the field capacity.

* There is an effect of the disc speed of 450-540
rpm on the swath and bout width and no effect on the
CV.

» The distribution of scattered particles can be
improved by developing a scattering disc and taking
advantage of high forward speeds rather than focusing
on increasing the swath width.
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