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Implementation of Aerial Application System
for Application Uniformity
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Abstract The aim of this study was to prevent the decrease in crop output by disease and insect pests and excessive
spraying of agricultural pesticides by application uniformity. A 3m height and 15km/h speed is difficult to maintain
with an unmanned helicopter for aerial application, which has been affected by the controlling habits and methods
or environmental factors, such as changes in the wind. Therefore, in this study, an aerial application system was
design to be attached to an unmanned helicopter, which can allow a controlled application width and spray rate
automatically and verified experimentally using Rmax of MS-AVIATION. The size of agricultural land was 50 m2
and nine water sensitive cards were arranged at 1.25m intervals in 5 rows with each row having a 10m interval from
the position of 5m. The unmanned helicopter was flying at speeds ranging from 7.2km/h to 17.6km/h and heights
ranging from 2.32m to 3.47m. The proposed aerial application system allowed application uniformity by making a
valid spraying area of 7.5 m2 with 46423 particles distributed on average.

Keywords : Aerial application, Application uniformity, Control system, Crop dusting, Unmanned helicopter
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Fig. 2. Change of spraying rate against flight speed
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Table 1. Specification of wide flat nozzle
type pressure | discharge rate| particle size | spray angle
XR11002 1~4bar 0.79/min Fine 110 °
Table 2. Specification of diaphragm pump
tpy maximum discharge rate power' weight
pressure consumption
Diaphragm 100PSI 5L/min 54W 1.15kg
Table 3. Specification of servomotor
type operation start torque speed weight
voltage
PS-050 48V~12V 65.33kg/em 0.29s/60deg 280g

599

=2 BA ZH A9 S Ay Slske] 7)E AElE
o] g3o] AE AeS Wasloirh. B e oS 9
3ol 55cm * 7.5em 719 A 63E o]-&-8o]

1.5m FA 0= 7.5m ol vjx|3}L, 3m ool A B
AA &) Fig. 45 3m 2o A Al WA 2
I HolE.

=

=

-3m -1.5m om

-3m -1.5m om
1 1 1 1 1 1
T T T

1.025% 3.45% 2.53% 3.38% 1.59% 0.77%
3345 11555 8418 14555 5112 2641

Fig. 4. Spraying pattern when applicate 3m height
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Table 4. Diaphragm pump performance test result

without beaker weight average
Voltage

v L(g) -R(g) spray rate
N\ L(@) R( (mls)
6 93.91 91.74 2.17 18.565
7 110.34 108.19 2.15 21.853
8 129.1 126.89 221 25.599
9 144.46 142.19 221 28.665
10 161.18 158.73 245 31.991
11 178.07 176.14 1.93 35421
12 194.1 192.11 1.99 38.621

Table 4+= tfolojxe] Hx Alm HAES A¥E H

o=t

A% Az} 9%

0= L=
S R e N S
Aol A 102 FF AT A o 2g JE| Ao]E 1ol
ah= Ae A W, o) 24 ¢
62 Hla S
Zagh Ay o,

=2,
2 %
K
—
>
=}
off
R
=2,
(o)
>~
|
i
Hl
_O|L
Sl
do
:oél

1039047328

__arsasass0s
_wrEaes2ssess

wiomise

s e

7304095059
__wssts0sss22
__asasrenasss
——ars509910448
=satisa7912

DCEE MO HYW)

1 u 2 5 13 15 1 7 5 ) 20
Bl S (km/h)

Fig. 6. Application rate against flight speed

Table 5. DC pump voltage against flight speed

flight speed spray rate voltage
(km/h) (mi/s) 4%
11 18.33333 5.90991
12 20 6.407973
13 21.66667 6.906036
14 23.33333 7.404098
15 25 7.902161
16 26.66667 8.400223
17 28.33333 8.898286
18 30 9.396348
19 31.66667 9.894411
20 33.33333 10.39247
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(a) spraying rate and pattern in 2.5m height
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(b) spraying rate and pattern in 3m height
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(a) spraying rate and pattern in 3.5m height

Fig. 7. Test result of valid spraying area
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Table 6. Measurement result of angle change

height Angle( *)
(m) L R
25 75° ~9° 75° ~9°
3.0 457 ~15° 457 ~ 15
35 75° ~9° 75° ~9°
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Fig. 8. Control block diagram
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Fig. 10. Spray rate and patterns in each section
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