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Aerial Application using a Small RF Controlled Helicopter (1)
— Status and Cost Analysis —

Y. M. Koo C.,S Lee T.S. Soek

Abstract

S. K. Shin

T. G, Kang S. H. Kim T, Y. Choi

Present chemical application system using a power sprayer has been a labor intensive, ineffective and shirking task in
farming. Therefore, a small RF controlled (unmanned) helicopter was suggested to replace the conventional spray system.
The aerial application using the unmanned helicopter has been already utilized in Japan, where total area applied up to

704,000 ha in 2005.

In this article, the status and cost analysis on the unmanned agricultural helicopter were studied. The aerial application
using the agricultural helicopter helps precise and timely spraying and reduces labor intensity and pollution. The field
capacity of the helicopter was found to be 60-70 ha a day. The break even point was estimated near the operating area
of 750 ha annum. The development of an agricultural helicopter was necessary for taking advantages of both technique

and economy.
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2. FAFFU(VAV) & g

UAV(Unmanned Aerial Vehicle)®] 7+ 1.E(Altitude),
AF-A|7HEndurance), ©]F%53(Take-off load) 52 7|2
E BREE, 34 AEEE FALHUFEHE FF5% 50-100
kg, I 150 m o]y 2] AF %K Light UAV), 3]H9] 3]
0]&&7]9) VTOL(Vertical Take-Off Landing) UAV, A7
¥ 300 m ©]u] VR(Visible Range) 9% UAVE EF3
T AHASTS 5, 1999).

Table 1 Developed unmanned helicopters (VTOL-UAV) in Japan

AA2) Light VTOL-UAV AAFEIARE 14705 35 o] #)
AAtollA] 467 o) Fe] Ro] AAE 1L gtk Fuje) T
37 AL F7 A=IFSFATLAAN UAV Ale=E
o] FojA 1 gl o} TR v ke wet BERRE o
Bl AMEHE Bl 5 AFE YISkt (Lee and
Lee, 2000). 5= 3-10 m o], 2 W82 100-200 m ©]
Y2 AtEE 5887])= 1990958 33 53
AT40)A4 ARCH-20/50S 7 5202 2{A|ofKomov)
9} TF S 1997 A7HA] 513 (Daewoo H.ILid, 1997)
A =% S99 b ot} MR E 1%, S o
BA BEE Y8l 23S AEsioY Fa7Ee At
4 7E7tE FEEth

maitole] UAVZE 7F gatd Al gielx VTOL-
UAVE Fg07 &8sty ole 28 & & 1, uixg
Q1 o] ofrlate] Rmax2A A&, 43 ¥ F5HAI7HA 3
£39E Y37t 3tk VIOL-UAVSY AR 4E9]
Fuji, Kawada, Kuboda, Yamaha 2 Yanmar 5°| 13, ==,
A, =Y, ZEA Add, QAEFoIME A At
Zoll Atk 371 AR L FE7)ES e SHx 53
o] BRI ZH Uzt S Bole WE 1 71eY §
N ARSEE A 4 287es AR Fdafof
g Zlog A7) & 1o gEeA AFEo Agoht

Company Total length | Width Height |Dead weight| Rotor dia. | Pay load | Power | Flight time | Running crafts
(model) (mm) (mm) (mm) (kg) (mm) (kg) (PS) (min) (No)
Yamaha

1281
o 3650 720 1080 58 3115 30 21 60
Ujimiya 1700 600 800 242 1960 10 5.0 30 -

Heracles
Yanmar
YH300 2960 700 1150 58 3380 30 21 45 377

TSK
GS-62 1840 640 910 - 2040 - - - -
Kuboda
KG=200 2970 650 1070 54 3250 25 19 30 4
Kobe
KG-65 1830 - 650 16 2200 11 4.0 - -
Mineya 2300 420 700 13 2010 10 5 - -
Aero-focus62
Mugen
MC-275 3785 700 1130 59 3240 - 22 40 7
Fuji
RPI2 4400 1300 1800 330 4800 - 83.5 - 18
Kawada
Robo Copter300 7370 1990 - 794 8180 - 168 - -

Source : (E7F Q2 AEE, 1999; Sekiguchi, 2004)
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Fig. 1 Trends of total applied areas using aerial application and

unmanned helicopter in Japan, and the total paddy field area as
well.
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AR FQl FFHA7]E0] o= AE3lEo] opfst
SoA AR 1,900TH(2005'3 717t EEEO A3, okt
s 20041 183th) 20054 161t]e] At L thA| 71ES
st ok 1 a FEA, A 2 sERgle] o]8st
e B o AE, F3t Ald B FSAEEAA A
2992 w7k 9t Horio, 2004; Minetomo, 2004). -
R 20039 (FFETFo] G opkebdET ()Y
Rmax 5§ FAI S 2Usha WAl Fofsto] &
Z w AAlE AEEAY, B 543 ARgAelxE 71
2F 58 Aeaka ok ARG GEHle] 2005'd EA 15
o) 7|AE e feH, AV FE, A 4

08 fe7)E 2ol el Wao) §e A
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(Koo and Womac, 2000).
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Table 2 Expansion of aerial applied area to various crops in Japan
using the unmanned helicopter, Yamaha Rmax (1,000 ha)

Year 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Rice 244 | 308 | 352 | 410 | 476 | 503
Barley 7 w0 | 15 | 8 | 32 | 3
Bean 15 | 24 | 28 | 2% [ 30 | 29
Upland crop 0.4 0.6 03 0.5 0.5 0.6
Fruits 0.1 | 005 | 004 | 003 | 002 | 002
Non crop field | 1.0 1.5 21 3.0 35 42
Yamaha total | 268 | 343 | 396 | 469 | 542 | 568
Total in Japan | 338 | 398 | 452 | 563 | 663 | 704
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Table 3 The effective field capacity and consignment charge for various sprayers

Spraying methods I:;Z “Zf F1e1;11 ;g:;city izle:;:ll;;g CharggiE /1L1aJapan Dome:;;:h :harge
Power sprayer 2-3 34 8 12,000 105,000
Long range sprayer 4-6 30-35 8 12,000 33,000
Aerial application 10-15 150-200 4 8,000 25,000
Unmanned helicopter 2-3 50-80 8 10,000-15,000 60,000-75,000

Source

: Business data of Yamaha and Moosung Aviation (2003-2005)

Table 4 Operating condition and characteristic of the aerial application using a unmanned helicopter, based on the Yamaha Rmax

Crews

For normal operation : needs 3 men

(operator 1, chemical handler 1, safety guard 1)
Minimum No. of operators : 2 men

(operator 1, safety guard 1)

Field capacity

2-3 ha/ flight batch, Operating hours 8 hours, 70 ha/ day

Spray speed, altitude, swath

20-25 km/hr, 3-5 m, 7.5 m

Spray capacity

10 ha/hr (praying 54 min, refuel / loading 6 min)

Spray rate, nozzle flow rate

24 L/batch, 80 L/10 ha (mix rate 1:10), 480 L/ day
1.3 L/min with 4 nozzles

Chemical rate

Fungicide 3 L/10 ha ('), Insecticide 8 L/10 ha ("JEF=P

Maximum range

350 m (depend on visibility)

Wind condition below 5 m/sec

Characteristics

- should complete operator training course before operation
- possible to take off from narrow farm roads

* transport using a cargo pickup truck

- possible to spray near residents and other farms
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Table 5 Cost analyses and their comparison of aerial application using the unmanned helicopter and manual application using power sprayer,

based on the operating area of 1,000 ha annum

Costs Aerial application using Yamaha Rmax Conventional spraying using Paru ACS-70
Puz%‘f;o%r)“’e 180,000 3,000
C(?jg:;;y 70-80 ha/day 23 ha/day
No. of machines | 5%
for 1,000ha
Utilization hours . P
annum 15 daysx8 hrsx1 machine=120 hrs 30 daysx8 hrsx15 machines=3600 hrs
Depreciation 18,000 4,500
. Insurance 7,500 -
Fixed cost -
annum Preventive 3.000 )
(W1,000) maintenance ?
Overhaul
every Syrs 4000 )
Lab 4,500 45,000
oo ’ (3,000%15 machines)
Variable cost Fuel 1,100 1,000
annum Lubricati -
(W1,000) ubrication
Support 4,500
Management 6,000 4,000
T"ta(l\;‘l’sgognum 45,300 61,000
Sale (W1,000) 60,000-75,000 105,000
[unit cost] [20 W/pyung] [105,000 W/ha]
(V;Oggo) 14,700 44,000
Annual( I;\?;}al.la)cost/ha 45,300 61,000

* Number of operating machines, corresponding equivalent working area.
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Fig. 2 Break even point of the aerial application using the unmanned
helicopter.
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Fig. 3 Comparison of the aerial application using an unmanned
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