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Abstract

Purpose: While an unmanned helicopter has been extensively used for spraying chemicals on agricultural crops, its low
utilization (two months per year from July to August) has recently become an issue. This study aimed to increase the
utilization of the unmanned helicopter. The centrifugal rice seeder, a mounting device for rice seeding for unmanned
helicopter was developed and assessed its performance. Methods: The concept of the centrifugal spraying device was to
obtain design criteria for centrifugal distribution. Four types of blade shapes namely straight, curved, straight wing and
curved wing were developed and used. The rotational speed of the blades was tested at 1,000, 1,200 and 1,400 rpm. Results:
The blade shapes, rotational blade speed and angle of trajectory were theoretically analyzed and results were validated with
a series of laboratory experiments. Conclusions: The curved wing blades provided the distribution uniformity (DU) at
1,200rpm of rotational speed and 60 degree of seed drop point. The spray uniformity of 4.2% was also achieved.
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where, v = Angular velocity( o)
v = Linear velocity(m/s)
g = Acceleration gravity(m/s?)
h = Flight altitude(3 m)
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Figure 1. Analysis of the particle speed at the moment of throwing
by spinner blade.

z = Traveling distance of particle(4.8 m)

r = Distance from center to drop position
(Dx1/2x2/3)

D = Diameter of spinner(0.15 m)

w=uv/r (3)

V= T, ()

*. Rotational speed : 1,200 rpm

Lp, M AZRAl AW R OFE

QA AT A%

YA ] ARkl oll= oA, YA, 554 5ol itk
W RS AT 4 QLo St Aasfjopnt o

P27} 7FsshAIRE 327 Yol 53t A2 & fleliAle 23
o] EZ K3 A Yof= “iﬂ—‘év‘f— qI5o] Sl eta
2006). Y44 AEAFR] o= FARE BIAAIA E A %i‘?ié;
= 27| 2 AR = 3 JEWH&‘ (spinner type) ¥} 5 8
ZAl(spout type)©] 2tHLee and Choi 2009). F-¢137]-&
TR ] Plsto] sk Al e 27} Thersta 7}
7l Ale] R GAIA(mIY A o= gt 9

rlo

fo o o>
m>~

AU} 3| - 20 A YL IR (KPS-24, Fe]o}A)H,
Korea) & o]-&3}o] Q15 LB 9] AU 9 ~ 14 V7R

ZBPH A g E] 9] 3145 3] 74 = A|(EE-1N, KONEX,
Japan) 2 S5}tk B Al A E 19 29 E 19 22
AFOFO] AFHLILIE 2] O 22 A| AT QA4 AL 7] of] AR E]=
Blade 9] $-+= AA1%, AF 0] lek Z1e]ar HshA] ==
FA1517] $1all E@7iE ket 247

A=A

[
ol o

49} o] 4552 Asir: 7
shg A ARk

BN
i)
_O|L
2
[
ot o
S0
1o
iy
rlo
L
1



Kang et al. Investigation of Centrifugal Rice Seeder for Unmanned Helicopter
Journal of Biosystems Engineering ¢ Vol. 37, No. 6, 2012 « www.jbeng.org

Spinner plate

Figure 2. Spinner driving device.

‘ Opening device ‘

Figure 4. Rice seeder testing device.

Table 1. Specification of the spinner driving device

Diameter Blade
Motor of blad  numbers
(9, m) (ea.)
Power Input Rotational
required (W) voltage (V) speed (rpm) 0.15 2,3, 4
10 DC 12 1,000~1,800

Figure 5. Apparatus for the measurement of seeds drop position.
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Figure 3. Blades shape.
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Figure 6. Application characteristics test equipment by downwash
of main rotor.

Table 2. Specifications of application characteristics test equipment

Dimension Rotor diameter Rotor RPM  Motor Power
(HxWxL, m) (m) (rpm) (kW)
3.40%1.00%2.00 3.1 900 7.5
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Figure 7. Allocation of collection pan matrix in test.
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Figure 9. Wind affects the external test.

Table 3. Specification of the wind affects the external test
equipment

: Motor
Except rotor Rotor Wind speed
(HXWxL, m) diameter (m)  (m/sec)  Hower
(kW)
3.05 x 2.94 x 303 0~10 Maximum
2.00 ’ (Regulating type) 1,800
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Figure 10. Seed metering position’s spraying degree of uniformity.
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Spinner shape type’s spraying degree of uniformity.

339



Kang et al. Investigation of Centrifugal Rice Seeder for Unmanned Helicopter
Journal of Biosystems Engineering ¢ Vol. 37, No. 6, 2012 « www.jbeng.org

‘ =4—= 1000RPM =M~ 1,200RPM =d— 1.400RPM

‘ —4— 1000RPM == 1L200RPM == 1,400RPM
1000

20.0

80.0

7\
700 R B \
7 \ 00 47h\ \
R N

J/ i T 400 \
/ ¥ 300
CV=26(1.000RPM) 200 CV=28(1,000RPM) \\

i
=)
=)

w
=}
=)

Distribution(g)

Distribution(g)

w
=
=1

200

I CV=20(1,200RPM) \ CV=22(1.200RPM)
10.0 CV=21(1,400RPM) 100 CV=24{1,A00RPM) \
0.0 0o -

50 45 40 35 30, 25 20 15 10 05 00 05 50 45 40 35 30 25 20 15 10 05 00 -05

Distance(m) Distance(m)
(a) Linea rtype (2 Blades) (b) Linear Wing type (2 Blades)
| —*— 1000rPM__ ~®= 1200RPM  —4— 1.400RPM ‘ —+= 1.000rpv__ ~®= 1 500rPM TH 1.400RPM

80.0

BO.O

700 70.0

60.0 /

600

wn
o
o

50.0
= -
< 400 22400
=] <
E \ /i
= -
B 300 S 300
= o 2 /
B Z 20.0
8 200 2 20
CV=16(1,000RPM) =} y CV=9(1,000RPM) \.
100 CV=17(1,200RPM) 10.0 . CV=4(1,200RFPM) - |
CV=29(1,400RPM) ‘ CV=9(1,400RPM)
v

=4
o

0.0
50 45 40 35 30 25 20 15 10 05 00 -05 50 45 40 35 30 25 20 15 10 05 00 -05
Distance(m) Distance(m)

(c) Curved type (2 Blades) (d) Curved Wing type (2 Blades)
Figure 12. Spinner RPM type’s degree of uniformity.

‘ —t=0m/s =Hl=2m/s =—t=3m/s -I-4rn/s‘ Rgf nxl -E“§
. = e 2 ATE YAZEA0) 58 Beldy] Rakg ul Ao
%’ // // '7&/L k\v\ A& 7NEst7] flete] 8= 3l o, YA Al A E
3 / 4 / / ~_ | \\ Aksto] Ao m]2)= 2 Q1AHE?] Blade 2 #7774
3 Sl o % B LEe] 3124 L Ao 912 S st Eah
N o) 4212 21%10] 715 9 vl g7l 48 Fueloick
S T IN 20 A3 aoksiy theat gtk
600 500 400 300 200 100 0 -100 -200
Distance(cm)
Figure 13. Outside wind speed sowing degree of uniformity. (1) #7822 E 7eo}7| $3te] Blade /=
Y 2 PR S 2

L. FHE JYENAY o} sl ) 8)u4 9 Ey H+Hx1buxu

Sl vl 946&% FARA F42 FAE 23t 1Y Apeyg B3Rk
133} 7r0] 3 m/so] A CV7:ﬂ—r7}29% o|ako @ ATt (2) Blade 342 BA8 Ant Aol e A o] 2]
L7} g5 op, B4 el ISk Aoz ek M REH945T, WA ol 297 e Sston)
F43m/s oI T2 M HEAI0) BT B2 321 o 84 249k FUHA 1,200
A0z wersigic rpmolA] AL ROl 7 94t 202 37}l dnk

340



Kang et al. Investigation of Centrifugal Rice Seeder for Unmanned Helicopter
Journal of Biosystems Engineering ¢ Vol. 37, No. 6, 2012 « www.jbeng.org

(3) Al@4ax 344713 Blade 271, A 935t
-60°0]|14] 1,200 rpm ©. 2 ZHE S} A0 AF3
O|AI4 4.2% 2 71 =& 7 o 2 FriE|gich

(4) F& A F AT} E20]3 m/so|Ao] B Abx F =7}
223] A35}=] 0] 3 m/so|A} visto] & P
oo Aoz pers ol

TN 3
B AT S EATH FY S YU HYYI7|% A7)
SEARR (25 PJ006660) 2] 4| 21e] ©J3) o] o2l 1)

References

Chung, C.],, S. 0. Chung, Y. C. Chang, Y. S. Choi and ]. S. Choe.
1997. A study on development of a pneumatic
granular applicator for paddy field (I)-Granular dis-
charge rate, diffuser and optimal application conditions-
Journal of the Korean Society of Agricultural Machinery
22(2):127-136. (In Korean).

Fulton, J. P, S. A. Shearer, G. Chabra and S. F. Higgins.
2001. Performance assessment and model devel-
opment of a variable rate, spinner-disk fertilizer ap-
plicator. Transaction of the ASAE 44(5):1017-1018.

Kang, T. G. 2011 Development of Agricultural Utilization
Technology for Unmanned Helicopter Experiment

and Research Report. Rural Development Administration
(RDA), Suwon. (In Korean)

Kang, T. G, C. S. Lee. 2010. Development of Aerial
Application System Attachable to Unmanned Helicopter
(I). Journal of Biosystems Eng. 35(4):215-223. (In
Korean)

Koo, Y.Mand T.S. Soek. 2006b. Aerial application using a
small RF controled helicopter (V) -Tail rotor system-.
Journal of Biosystems Engineering. 32(4):230-236. (In
Korean)

Lee, C. K, Y. Choi. 2009. Development of a Rapeseed
Seeder Attached to Tractors. Journal of Biosystems
Eng. 34(3):147-154

Lee, C, S., 1985, Optomum Design of Centrifugal Broadcaster.
Sung Kyun Kwan University, Suwon. (In Korea)

Ryu, K. H,, Y. J. Kim, S. I. Choi and ]. Y. Rhee. 2006.
Development of variable rate granule applicator for
environment-friendly precision agriculture (I)-con-
cept design of variable rate pneumatic granule
applicator and manufacture of prototype-. Journal of
Biosystems Engineering 31(4):305-314. (In Korean)

Soek, T.S., Y. M. Koo, C. S. Lee, S. K. Shin, T. G. Kang and S.
H. Kim. 2006. Aerial application using a small RF
controlled helicopter (II) -development of power
unit- Journal of Biosystems Eng. 31(2):102-107. (In
Korean)

341



