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SUMMARY

Development of a Self- propelled Multipurpose Sprayer on Paddy Field

This study was carried out to develop a self-propelled
multipurpose sprayer on paddy field which is capable of pest
control, weeding, and fertilizer application. The study involved
eight major sections associated with its purpose: (1) the
development of a comprehensive pest control system, (2) the
design of the wheel of multipurpose sprayer for paddy field, (3)
the development of spraying device, (4) the design of power
driving system for sprayer, (5) the design and construction of a
boom, (6) the design of a pneumatic granular applicator with the
design of PT Os for boom sprayer and granular applicator, (7) the
development of a control system for wuniform liquid chemical
spraying, and (8) the development of a control system for
balancing the boom. In addition, the performance of the developed
multipurpose sprayer was tested and verified with respect to eight

subsections in this study.

T he results of this study are summarized as follows;

1. Current pesticide applicators and pest control systems in Korea
were analyzed in reference to types of pesticides, and numbers

of applications with various diseases, insects, weeds. Based on
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the analysis, a comprehensive pest control system using a
self- propelled multipurpose sprayer in paddy field was

suggested in the study.

T he proper wheel size of a self- propelled boom sprayer was
designed so that the minimum damage of plants and the stable
traveling can be secured in paddy field. The study showed
that the diameter and width of wheel were 70 100 cm and 5

15 cm, respectively.

Spraying characteristics of various boom nozzles were tested,
and the optimum nozzle arrangement on a boom for uniform
spraying was determined as a basic tool to develop a prototype
of boom sprayer. Flat fan nozzle and swirl type nozzle turned

out to be proper for pest control on paddy stems.

Power requirements for boom spraying and granular spraying
were analyzed. In addition, the power drive line of the
self- propelled multipurpose sprayer was analyzed, and the
results of the analysis were used as design parameters

required for developing a self- propelled multipurpose sprayer.

Based on the suggested design parameters, a prototype of a

boom sprayer for paddy field was constructed and tested in the

study. T he spraying characteristics of the boom sprayer were
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compared with those of the power sprayer by analyzing the
spray deposits on water sensitive cards. The results of the
comparative tests showed that the boom sprayer was the
superior to the power sprayer in terms of the uniformity of

coverage rate and droplet density.

A pneumatic granular applicator was developed as an
attachment to the multipurpose boom sprayer. T hrough
uniformity simulations of granular application for various
diffusers, the diffuser having only deflectors without granule
dividing guides was selected for better distribution pattern.
T he diffuser spacing of 1m for fertilizer and 0.8m for pesticide
at the boom height of over 0.8m was acceptable for uniform
application. M etering devices were used in the granular
applicator to discharge granules into the diffusers, and the
discharge characteristics were analyzed with respect to the
groove opening and the roller speed. For three diffusers
arranged on the boom, the result of performance test showed

that the width of application was 3m at the CV of 21%.

A control system for uniform liquid chemicals spraying was
developed and tested in the study. The control system was
designed for spraying liquid chemicals independently to the
forward speed of boom sprayer. T he controlled amount of

liquid chemical was 54 5.7 L/84m2 (average 666.67 L/ha) at
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the low pressure range of 1.4 3.87 kg/cm2 and at the forward

speed ranges of 0.64 0.696 km/hr and 1.04 1.131 km/hr.

Rolling of the boom due to local unevenness and softness in
paddy field caused an undesirable vertical movement of the
boom. A control system and an algorithm were developed for
balancing the boom. The frequency of the movement was in
the low frequency range of 0.1 0.3 Hz, and the associated
slope of the boom was about £+ 9 degree. T he results of field
tests showed that the control system can balance the boom
within +* 4 degree with respect to the reference level of the

boom.
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Table 2- 1. Pesticide applicators and

particle sizes

() ()

150 440 220

30 100 40

: 40 140 70
0.5 50 4

0.5 200 50

250 1500 850




2-2 , 2-3
Table 2-2. The kind of the applicators by pesticide
formulations
SS ,
Table 2-3. The working capacity of various pesticide
applicators
(kg/ ) | Imim (a/hr)
3 4 0.9 1 2.5
4 5 1.9 1 3.3
5 - 1 3.3
5 10 3.0 3 7.0
7 10 5.0 3 9.0
15 20.2 5 40
- 1.0(kg) 1 20
- 3.0(kg) 1 50
2 3 45 15 -
- 20 50(kg) 10 2500 4000




20m

30 kg/

1980

PTO

20



10¢ /min , 10 20¢ /min

30¢ /min , 5PS



Table 2- 4. The types and its performance of mist and dust blower

(m)

(1)

(rpm)
6500 8000 10 10 15
6500 8000 40 10 15
100 115

(1)




150m 300

(2)

(3)

- 10 -

1200



(4)

(1)
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2-5

2-5 2
3

Table 2-5. Capacity of the pesticiede control

100m

(sec) (sec) (sec) (sec) (min)

200 260 - 60 100 |660 1080| 18 28
2 160 170 | 10 15 | 60 100 |660 1080| 28 37
3 150 160 | 10 15 | 60 100 - 16 18

160 200 | 60 100 - - 4 5

140 160 |120 180|100 150|660 1080| 33 44
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120m

200m

600
1:1000 1200

200
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(3)
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T able 2- 6. Kinds of weed and its growing

out per unit area

)

5 10 5 30
- 5-6
13 10
(g/ ) 753 59
( ) 851 295
5 20 -25 6 5 -15
T able 2-7. Weed control system
8-15 (
1.0- 2.5 )
5-7 ( 1.0 15-20 ( 2.5-35

(2)

- 21 -




80g

20- 26

- 22 -

)

60g,

10 -

15



(7 - 8 )

( ) 6 -7

Table 2-8. Damage by blight and harmful insects classified by the
occurrence time

+ ( +
6 - 7
| | ( | |
) )
,
+
! - ° ' ( ) + (
+ ( ) |
( )+
8 + +
( , )
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2-9

T able 2-9. T he information of the pesticides

10a
20- 30 4 21 2
7- 20 4 7
7- 15 3 3 3
' 7-15 |3 7 5
10- 30 4 7 5
20 4 21 4
10- 15 4 5 3
7- 1505 15 4
4 7 5
60g/ 1
1 21 3
80g/ 1
7- 15 4 7 5
15- 20 4 21 2
7- 8 4 3 6
120 [120¢ 21 5
100 100¢ 14 5
91 1408 2
(7 ) 150 [150¢ 14
1 500
10
5 1 10¢




10a

- 4 14 5
- 4 3 6
- 3 2

(7 ) 3 14
(7 ) 4 14 3
(7 ) 4 15 4

5g/

10- 18 3 15 4
7-8 4 3 6
7-8 4 7 3
7-8 3 21 3
3 14 5
3 14 5
- 4 21 4
150 150¢ 7 5
(7 ) 150 150¢ 15 3
120 120¢ 21 4

120 120¢ 23
5-7 90 90¢ 7 4
10- 18 90 90¢ 15 4
7-8 150 150¢ 15 3
(7-8 ) 200 150¢ 30 3
(7-8 ) 150 150¢ 14 4
150 150¢ 30 3
- 140 140¢ 23 3

25 -




10a

! 409 |80¢ 23
5 120g |120¢ 28
120g |120¢ 21
120g |120¢ 21
(7 ) 759 1500 21
, 140g |140¢
150g [150¢ 21
143g |100¢ 21
100g [100¢ 14
0.5g/
10 18 90g |90¢ 3
7-8 150g [150¢ 15
7-8 150g [150¢ 15
(7-8 ) 150g [150¢ 14
10- 18 90g |90¢ 7
(7-8 ) 150g |150¢ 21
(7 ) 140g |140¢ 21

26 -
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Table 2- 10. Characteristics of pesticide formulation

5340 634
(10a )

"93
1830 633
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7 6 - 7 - 8
7 8

Fig. 2- 1. Pest control system for rice production with transplanting
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Fig 2-2. Pest control system for rice production
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65 80cm 75cm

90%

90%

T able 3-1. Maximum length of rice plant according to species

Species length of

plants(cm)
oh- dae 77
dae- sung 66
oh- bong 64
jin-mee 74
seo- ahn 80
lipum 79
jang- ahn 75
chung- myung 71
hw a- sung 82
hw a- jin 81
seo- hae 77
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20%

X 1x 2% 3+

75%x0.9%x0.9%x0.8 + (15 20) (3-1)
63 69(cm)
= 90%
= 90%
= 80%
= 15 20cm
64 69cm
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b 21 3 1
, 2, 3
3-2
4 6 2cm
SR-2 30° , 3cm,
2
5 6 ,
15cm

T able 3-2. Experiment condition

Experiment 1 | Experiment 2 | Experiment 3
Date 7. 21 8. 3 8. 18
) Silty clay ) )

Soil texture Silty loam Silty loam

loam
M oisture

43 40 41
Content(%)
Cone Index( [/ ) 59 =+ 0.6 59 + 1.3 6.4 £ 1.5
Rice variety il- pum il- pum il- pum
Plant length( ) 40 78 100
Leafs per plant 9 14 22

M High- Clearance Boom

Sprayer 4 ( )

- 33 -



3-3

T able 3-3. Specification of self propelled boom sprayer used in

Experiment

M achine name

M co. boom sprayer

Size, 3015 x 1750 x 1890
W heel Base, 1200

Axle Base, 1350

Ground clearance, 650

W eight, 556

Rated Output, /rpm 6.6 / 1800

Driving mechanism 4W D

Turning mechanism

Front wheel steer

T ransmission

Forward 6, Backward 2

Traveling speed, /h 1.0 - 9.0
Tire size, 900 x 95
Min. turning radius, m 2.8

strain

- 34 -
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strain gage 1.25kg

strain 10ton
556kg ,
1ton
5
0 ,
(3-2)
| -
S(%) = °| % 100
0
, 10 = Bx , =
10m
5m . 5m
40%
90%

40 90%

1x 10-6

(3-2)



100k g

1.5

T able 3-4. Weight distribution of boom sprayer on wheels due

to tank water weight(added driver weight of 70kg)

weight distribution
front
rear wheel(kg)| total(kg)
i w heel(kg)
fluid volume
o(l) 208 104 626
200(1) 212 201 826
400(1) 217 296 1026
3-5
15cm , 3-1 15 20cm

15 20cm

, 300k g
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T able 3-5. Experimental result of boom sprayer wheel sinkage

- straight traveling

field 1 field 2 field 3
sinkage depth(cm) 16 £ 15 14 £+ 2.1 16 £+ 1.6
track width(cm) 10 £ 0.9 10 £ 0.6 10 £+ 1.1
slip(%) 13 20 22
10cm
9.5cm

T able 3-6. Sinkage depth and width of wheel in left turning

Field 1 Field 2

Field 3

left right left right

left right

sinkage
depth(cm)

16 + 22114 + 15/15 + 22/12 + 22

15+ 18|13 + 18

track width(cm) |10 + 14/8 + 13|10+ 12 8 + 08

9+ 11/9+ 06
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Fig. 3- 1. Soil resistance of experiment field measured
by cone penetrometer
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90m 4 5
2
3-7 , 1
60 80%
Table 3-7. Amount of damaged and recovered rice plants (unit : plant)
Field 1 Field 2 Field 3

slightly injured - O

slightly injured - 19

slightly injured - 8

Turning 1|serious injured - 29| serious injured - 47| serious injured - 85
buried - 6 buried - 26 buried - 30
T otal
35 92 123
damaged
Recovered 27 (77%) 62 (67%) 85 (69%)
slightly injured - O |slightly injured - 22|slightly injured - 13
Turning 2|serious injured - 26| serious injured - 36| serious injured - 93
buried - 15 buried - 20 buried - 23
T otal
41 78 129
damaged
Recovered 33 (80%) 49 (62%) 83 (64%)
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T able 3-8. Ratio of damaged plants varing the field size

ratio of damaged
0,
Field Siz plants(%) total ratio(%)
(mx m) slight | serious | buried
100 x 30 0.06 0.12 0.07 0.25
100 x 40 0.07 0.14 0.07 0.28
100 x 50 0.07 0.14 0.08 0.29
3-8
30cm,
15cm (3-3)
+
( ) X ( /0. 15) (3-3)
( 10.3) x {( - ( ))/0.15)}
= 24
= 7.2m
3
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15 20cm
70cm
. 20°
70cm 100cm 20cm
1im
70 100cm
30cm
30cm

10% ,
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10 13cm
5cm

15cm

M obility

(Ch)

loam)

clearance

, 5cm
5 15cm
T urnage(1984) mobility
parameter 3-9
(Clay
30%

T able 3-9. Parameter values to estimate mobility.

Cone index(kPa) 500

W heel vertical load(kN) 2.943
W heel diameter extent(cm) 70 100
W heel width extent(cm) 5 15
Tire deflection(cm) 1

Tire height(cm) 10

- 43 -



M obility 2 8

M obility

0 20% , 10, 15, 20%
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Fig. 3- 3. Variation of mobility according to wheel size

10 20%



3-10

T able 3-10. Reasonable extent of wheel dimension according to tractive
efficiency, coefficient of traction, coefficient of rolling resistance

(unit : cm)

w heel
dia. 70 75 80 85 90 95 100

w heel width

8

9

10

11

12

13

14

15
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T P-8001-VS
DG-110015-V S
T P-8001-EVS

T X-SS3

200

200

64

Standard Flat Spray Tip (
Drift Guard Flat Spray Tip (
Even Flat Spray Tip (

Hollow Cone Spray Tip(

50
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T able 4-1. Spray droplet and its effect on coverage
(Bode and Butler,1981)

Coverage
Area Volume No. of Relative to
Droplet - ; Droplet/cm2 1000
_ Type of Relative to Relative to Droplet/cm
Diameter
() Droplet al0 a 10 Droplet
Droplet Droplet o
10 £ /ha application rate
5 1/4 1/8 1524647 200
10 1 1 190581 100
Dry fog
20 4 8 23822 50
Wet fog
50 _ _ 25 125 1525 20
Misty rain
100 _ _ 100 1000 191 10
Light rain
150 225 3375 56 6.7
Heavy
200 rain 400 8000 24 5
500 2500 125000 15 2
1000 10000 1000000 0.2 1

(Droplet & Particle Sizer Series 2600c, MALVERN)

4-2, 4-3, 4-4, 4-5

Dv.l1, Dv.5, Dv.9. Relative span
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Table 4- 2 Droplet diameter at cumulative % of Volume and Relative Span at standard flat nozzle

Horizontal distance from spray outlet, cm

20 40 60

Pressur . . .

R .1 Dv.5 Dv.9 Relative Dv.l Dv.5 Dv.9 Relativ Dv.1 Dv.5 Dv.9 Relativ
Span S S

KPa p e Span e Span
197 68.8 1325 255.1 1.4 741 160 260.7 1.2 90 180 276.7 1.0
2955 57.8 117.2 261.2 1.7 62.5 138.2 2328 1.2 72.4 160.7 277.8 1.3
394 53 107.7 246.3 1.8 57 128.8 2234 1.3 64.5 148.3 261.6 1.3
492.5 51.1 105.7 241.2 1.8 54.6 120.9 2155 1.3 60.3 144.2 257.6 1.4
591 48.2 101 228 1.8 51.9 1159 207.8 1.3 59.7 129.1 230.1 1.3
689.5 454 973 227 1.9 52.2 109.1 182.7 1.2 56.1 123.2 201.9 1.2

Table 4- 3 Droplet diameter at cumulative % of Valume and Relative Span at even flat nozzle

Horizontal distance from spray outlet, cm

20 40 60

Pressur . . .

R v.l Dv.5 Dv.9 Relativ Dv.1 Dv.5 Dv.9 Relativ Dv.l Dv.5 Dv.9 Relativ
e Span S S

KPa p e Span e Span
197 62.6 1164 229 14 66.1 152.3 2629 1.3 74.4 1654 278.4 1.2
2955 54.6 104.9 2182 1.6 59.8 137 2422 1.3 65.9 1428 251 1.3
394 51 99.6 216.1 1.7 55,9 126.4 2265 1.3 60.9 134 240.5 1.3
4925 47.8 945 2137 1.8 52.2 119.1 197.7 1.2 58.6 126.9 229.9 1.3
591 45,1 91.7 2164 1.9 50.3 113 2096 1.4 55.8 122.8 220.9 1.3
6895 424 88.8 2152 1.9 48.1 106.1 197.3 1.4 53.4 120.2 199.2 1.2




Table 4- 4 Droplet diameter at cumulative % of Valume and Relative Span at drift guard nozzle

Horizontal distance from spray outlet, cm

20 40 60
Pressur . . .
R v.l Dv.5 Dv.9 Relative Dv.1 Dv.5 Dv.9 Relativ Dv.1 Dv.5 Dv.9 Relativ
S
KPa pan e Span e Span
197 78.3 163.2 3375 1.6 83.6 1954 3057 1.1 94.6 236.3 383.1 1.2
2955 65.7 1429 315.2 1.7 712 1742 3026 1.3 83.9 199.2 293.6 1.1
394 61.2 138.2 316.4 1.8 67.6 160.3 2942 1.4 74.1 186.9 2755 1.1
4925 58.8 1345 311.8 1.9 63.2 153.1 2859 15 64.8 1645 260 1.2
591 56 132.1 305.9 1.9 63.3 151.7 2816 1.4 63.9 159.4 254.3 1.2
689.5 55.1 126.8 283.5 1.8 61.1 146.9 2793 15 61.9 149.5 247.3 1.2

Table 4-5 Droplet diameter at cumulative % of Volume and Relative Span at hollow cone nozzle

Horizontal distance from spray outlet, cm

20 40 60
Pressur Relati Relati Relati
Dv.l Dv.5 Dv.9 Dv.l Dv.5 Dv.9 Dv.l Dv.5 Dv.9
e ve ve ve
kPa Span Span Span
197 65.9 130.1 200.2 1.0 69.1 170.2 2669 1.2 65.6 199.3 299.7 1.2
2955 59.4 104.8 173.2 1.1 55.3 140.6 235.9 1.3 458 1252 249.2 1.6
394 46.4 99.1 1622 1.2 48.6 122.1 2074 1.3 399 1017 2281 1.9
4925 454 87.2 1457 1.2 47.8 116.4 178.3 1.1 34.3 83.9 2094 2.1
591 40.1 81.6 137.7 1.2 47.1 110.3 165.3 1.1 32.7 81.6 201.3 2.1
689.5 39.1 781 1324 1.2 47.2 103 1585 1.1 30.3 73.8 1904 2.2
788 33.7 75.8 129.1 1.3 44,1 97.7 155.6 1.1 29.8 74.1 179 2.0

) ) , Dv.5

100 200



60cm

230 (VMD)

20cm

(1)

150cm x 120cm

light

20 2

stop w atch

span
100 180
) 20cm
90
20cm
80 160 ,
60cm
(spray pattern)
4-1

(pitch)  3.25

20

(100 )

127

165

sun



controel box

— Alrroom

e — pressure
| i rage I
©)

e ]

p—

= i
Pressure [

ft,-j’_ nozzle

— horizontal

patternator

-"-l |_"\E

|

Fig. 4-1 Experimental device for horizontal spray patternator

(2)
4- 6 5
T able 4- 6 Pressure level for horizontal spray pattern
Nozzle type Tip No. Pressure, kPa
Standard
Elat TP-8001-VS| 196.2 | 245.3 | 294.3 | 392.4 | 490.5
T P-8001- EV
Even Flat s 147.2 | 196.2 | 245.3 | 294.3 | 3434
_ DG-110015-
Drift Guard VS 196.2 | 245.3 | 294.3 | 392.4 | 490.5
Hollow Cone| T X-SS3 294.3 | 490.5 | 588.6 | 686.7 | 784.8
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4cm

6.5cm

20 , 40 , 60
1 , 2
(1)
4-2
180cmx 120cm 150cmx 10cm 16
10°
5cm,
16 ,
(2)
4-7 3
Table 4-7 Pressure level for vertical spray pattern
Nozzle type Tip No. Pressure, kPa
Standard Flat | TP-8001-VS 196.2 294.3 490.5
T P-8001- EV
Even Flat s 147.2 245.3 441.5
_ DG-110015-V
Drift Guard S 196.2 294.3 490.5
Hollow Cone TX-SS3 294.3 490.5 686.7

- 52 -




4- 4, 4-5,
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20cm, 40cm, 60cm

4- 6



(1)

S praying Dhstano

Fig. 4-3 Spray pattern for standard flat nozzle at three spraying
distance (left : horizontal, right: vertical)



(2)

Wiier YVolimd od 'l

3 Vodnene {71

Fig.

Spraying Distanes 1 20em

Spraying [Rstance ; 60em

Dasismare Crian mosils dais (om

4-4 Spray pattern
distance (left

Wier YVolimd (of'hm

for even flat nozzle at
horizontal, right: vertical)

three spraying



(3)

wier YVolimd (of'am

Wiier YVolimd od 'l

Fig.

S pragying Distanes ¢ 2om

Spraying Dis

Spraying DHstanes ot Spraying DHstanes : Giom

Wiier YVolimd od 'l

4-5 Spray pattern for drift guard nozzle at three spraying
distance (left: horizontal, right: vertical)



wier YVolimd (of'am

Wier YVolimd (of 'l

Fig.

(4)

Wier YVolimd od 'l

Wiier YVolimd od 'l

Spraying Distanes : Glem

T

Wiier YVolimd od 'l

4- 6 Spray pattern for hollow cone nozzle at three spraying
distance (left: horizontal, right: vertical)
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80°

4- 8,

4- 10)
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4- 9, 4- 10)

294.3kPa
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40cm

C.V

4-7 294.3kPa, 40cm

0%, 20%, 50%
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Fig. 4- 7 Improvement of C.V by nozzle spacing overlap effect



Fig. 4-8 Variations of C.V according
nozzle

4-8

- 61 -

to spray height

in each



(Pressure Effect)

Hi gt 4 Haight © 4kea

Fig. 4-9 Variations of C.V according to spraying pressure at

each nozzle



4-9

80°

T able 4-8 Nozzle spacing and overlap rate for C.V =15%

110°

Nozzle Spacing,cm (overlap rate,%)

Nozzle Tio No pressure heiah
| .
Type p kPa spray height, cm
20 40 60
197 20 26 (50 100) | 26 46 (43 150) | 38 59 (56 133)
Standard Elat| TPsoo1vs 295.5 26 33 (60 100) | 33 52 (50 140) | 33 72 (27 180)
492.5 33 39 (67 100) | 33 59 (33 140) | 46 78 (33 129)
197 33 39 (67 100) | 52 59 (78 100) | 38 85 (38 200)
. 295.5 39 (100) 59 72 (46 78) |52 98 (20 125)
Drift Guard [DG110015VS
492.5 33 59 (33 140) | 46 91 (29 157) | 39 111 (6 200)
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(Azimi, 1983)

4- 8

4-9

C.V

15%

C.V

15%

C.V

15%

ha

10%

200¢

Table 4-9 The effective nozzle spacing and spray height of
each nozzle

Nozzle Tio No spray pressure, | nozzle spacing | spray height
| .
Type P angle kPa cm cm
197 40 40 60
Standard
T P8001V S 80° 295.5 50 40 60
Flat
492.5 65 40 60
197 55 40 60
DG110015V
Drift Guard s 110° 295.5 70 40 60
492.5 96 40 60
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5-1

T able 5-1 T he specifications of the roller pump

Roller pump , Hypro co. USA

Type
Series 7560 (8-roller pump) : counter- clockw ise

M ax. flow rate| 22GPM (83.279l1/min)

M ax. pressure 300PSI(20.675bar =2067kPa)

Max. rpm 1000

4 300kPa 600kPa

350rpm

0.3 0.9ps(0.22 0.66kW)

0.7kW 1
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Table 5-2 Flow rate and required power of the tested pump in the
condition of optimum operation

Roller (350rpm)

Pressue
kPa flow rate pow er eff.
¢ /min ps %
98.1 - - -
117.7 25.4 0.31 20.1
147.2 24.3 0.33 24.3
166.8 - - -
196.2 23.1 0.37 27.8
245.3 21.1 0.41 28.6
294.3 20.6 0.45 30.4
343.4 194 0.52 29.2
392.4 195 0.53 32.7
441.5 17.9 0.61 29.4
490.5 17.9 0.64 31.1
539.6 15.9 0.72 26.9
588.6 154 0.84 24.5
2
5-6
BSA-410 ,
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Fig. 5-6 Power driving system of the multipurpose
boom sprayer

BSA-410 3
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Table 5-4 The specifications of the engine and wheel of the tested
machine BS- 410

BSA- 410
GH280- GS- M
4
(cc) 274
(PS/rpm) 6.6/1800
(PS/rpm) 9.5/2000
6
4
6 2
L H
1 1.3 (3.3)
Km/h 2 2.1 (5.6)
o 3 3.2 (8.5)
R 2.4 (6.7)
( )
( . ) AGS 3.00- 28( kgf/cm2)
36B20L
(¢ ) 400

BSA-410
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ON- OFF

Vv 2
U_
U_
4
PTO .3
(5 ) Vv 2
4. (
)
Vv 2 (
)
Vv 2 6
) PTO
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Figure 6-1. Plumbing diagram of boom sprayer

(Hollow cone nozzle, Spraying

system co. T X-SS3) ,
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(Flat fan nozzle, Spraying system co. 11001V S)
300rpm )
500k Pa, 300k Pa

6- 2 , 6-1

T able 6- 1. Specification of roller pump used for the boom sprayer.

Type Roller pump (8-roller pump) :counter- clockwise

Max. flow rate 22GPM (83.2791/min)

Max. pressure 300PSI(20.675bar =20675kPa)

Max. rpm 1000
7O T - -
\ ,
sob ! Q {600
\ Power (350rpm) \, Power (250rpm )
3 .
- 20 N e S00
- &

& % .

5 401 . ) {400

= ¥ .

e ) -

o 3t : L S I 1300

(F'.j-ﬁmr:nl.'}j "y ]E;E'glaicnl:f : W,
- AR 250rpm ) rpra) £
=20 20 oot T * 200
S -
500 10F o 4100
i — Pressure (250rpm ) ST Pressure (350rpm)
= e i PTG
- 0 : iy ; i
5 10 16 20 25 30
Flow Rate{LPM)
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6-3 . 9.8m , ,

45cm 30cm

Dry Boom

Fig. 6- 3. Schematic of setup of experimental boom sprayer with
nozzles extended underneath crop canopy

60cm 90cm (Hose

Drop)
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6- 4

Fig. 6- 4. boom structure
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deflector
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1)



. (Goering et al., 1972; Pitt et al., 1982).

-2

g- C-z-V h’+ 2 ( 7-1)

= horizontal direction, m

= vertical direction displacement, m

= 0.5:Cp-9,-A/m

= acceleration of gravity, m/ s

= prcjected frontal area of particle, m?

= mass of particle, kg

= mass density o air, kg/m?®
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Drag coefficient(CD) (Eisner, 1930).

Cp = 26.38- N, “®*+0.49 for N ,>1 ( 7-2)
o .v _.d
N, = 2" 7-3
e “a ( )
, N, = diemnsionless Reynold's number
v, = velocity of particle( m/s= V h2+ 2%
d, = effective diameter of particle(m)
N, = dynamic viscosityof air(N- s/m?
( 7-1) 0

( 7-4)

= X X X ( 7- 4)
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grinding

1 ( 7-5)
- _Q-W-v_
9= 710,000 - n
q = (kg/ sec)
Q = ha (kg/ha) ( 7-5)
W = (m)
v = (m/ sec)
n = (integer)
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: 40kg/ha

. 400kg/ha

0.5-0.7m/s

0.7m/sec, 8m, 8

. 2.45 g/(sec,diffusor)

. 24.5 g/(sec,diffusor)

( 7-1)
,Q ( 7-6)
( 7-6) 1 (1.59cm2),
0.89g/cm 3, 0.8g/cm3, 0.88g/cm3),

0.7 0.9 ,

- 78 -

(8),

0.3cm



Q = f«l+%h-n-%+ 17§ ( 7- 6)
where, Q = granular discharge rate(g/ sec, roller)

f = cross sectional area of a groove(cmz)

I = groove opening(0.3- 1.9cm)

N = granular bulk density(g/cm?)

h = number of groove(integer)

n = rotor speed(rps)

& = granular filling ratio to the theoretical filling(decimal)

8 = discharge rate when the groove opening is 0.3m

0.9
2.45 gl/(sec,diffusor), 245 g/(sec
Jdiffusor)
( 7-2)

( 7-2)

0.5rps 3.5rps
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Fig. 7-1. Grooved roller

Fol ler speed to discharge needed chemical auantity(rps)

E ﬁ\ ——

» 8 .\\\ —=—Mixed

it} - fertilizer

E B \ —i—Urea

B b

: N

= ‘\\\

w4 ““i::a

E %

B 3 —

:E 5 ::‘EH“::*~=::qt—_::‘:::

&£ — -
0 A oo e + B o1 o

0 0.2 0.4 0.6 0.8 i 1.2 [.4 1.6 1.8 2

Groove opening(mn)

Fig. 7- 2. Roller speed to discharge needed chemical quantity(rps)
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3mm-19mm 2mm , 0.5rps- 3.5rps

0.5rps
W = 2-h-tanQ
, W ( 7-7)
h ( )
Q (deg)
W 2n
e n %1’ %2’ ...... , %n
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tan

tan

tan”

tan

50

9 =

it 9 =

Qi+ O+ Q3 =

Q1+ Qo+t + 9, =
Q) =

( 7-8)
(
0 20 50°
10cm

" (Wi 2n)

“HWi2n + tanQ,)

Ywi2n + tan(9Q.+ Q)

THWi2n + tan(QuF -+ Q. 1))

%
Q79

7-3)

- 82 -

7- 8)

, h

Q(6 n)

50 120cm

tangent



Application Width according to the Application Height
and Diffusor Angle

a0

50 dea
30 —
300 et t-deg
270 et il
= - ] 40 deg
IS ._____d--" __,..-'—"'"J-Fr‘- _'_,_.'-'—"'-'_-
E 210 e — 'H—WEJ
= 180 gt T — |
= I P ] 30 deg
5 150 e -
E 120 il B R, ; . —125 deg
ﬁ B0 [ =] 1 | 1 —Podeg
. e | .—r—"—"_'_-_r_-_'_'_
&0 . o T
50 zamas
0

0 & B0 0 BO B0 06 L0 180 130 1400 1§09 le0
Apofcation Height(om)

Fig. 7- 3. The change of distribution width as to the change of
distribution angle and height

(Coefficient of Variation, CV)

cVv ( ),

) ,
(CV)

(O) ( 7-9, ( 7-10)
_ S

CV (%) = —Y_—><100 ( 7-9)

. S

Y
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Wo
O(%) = -+ x100 ( 7-10)

Excel 7.0 , 0< (%) < 100

CY variation simulation from the change of the
distribution height and angle

20 25 a0 a5 40 45 &0 EG B0
Spraying angle({des)

7- 4. ( ) cv

3 5 . (a) cylinder
(b) cylinder plate
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00

(a)

plate
(c), (d) (b)

20cm,

(e)

6cm

13 38cm
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random

(b)

80° , 10

7-5



(a) (b)

(c) (d)

(e)

Fig. 7-5. Diffusor types used in the experiment.
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T able 7-3. The factors and levels of the experiment

E act Diffusor Distribution Al locity (m/sec)
actor ir velocity(m/s
angle(deg) height(cm) y
12- 16, 30- 32(for
fertilizer)
Range 60 100 60 100
12- 16, 26- 28(for
granule)
Step 20 20 -
Level 3 3 2
Replication 2 2 2
Notified material : DongBu 21- 17- 17(Fertilizer),
Samkong lvi(Pesticide)
5cm
() [NF411] . 7cm
PV C 2 6.5cm
PV C
20cm
MS Excel 7.0 (04Y)
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NF411

760 940
sand coating 1400
0.9 1.5mm, 0.3 0.5mm
5 10mm, 1.2 2.0mm

0.64
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Table 7-4. Material properties and calculated terminal velocities for
agrochemical
Maximum | Estimated | T erminal
Brand Diameter density velocity
(mm) (kg/my3) (m/s)
Fertilizer NamHae,21-17-17 5.00 1870 14.1788
DongBu,21- 17- 17 5.00 1780 13.8272
Namhae,17- 21- 17 5.00 1870 14.1788
Namhae,Urea 5.00 1530 12.8013
GyungKi,Urea 5.00 1580 13.0128
Pesticide |Pododaejang 2.00 2240 9.4196
M annyang 1.19 1920 6.3065
W hochiw ang 1.19 1990 6.4324
Pumhana 2.00 1967 8.7963
Handle 2.00 1913 8.6680
Solnet 2.00 2729 10.4484
Nonanmae 2.00 2202 9.3351
Ivi 2.00 1759 8.2921
Stomp 1.19 2101 6.6277
Orija 2.00 2871 10.7297
3cm
14.2m/s ,
= X X X
= % - (0.03)? - (14.2) - 8-2 = 0.1606m°/ sec = 9.64m>/ min
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Digtribuwtion patterns of C.DLE diffusors at 12-16p/=. 26-Z8m/s air
velocities and B0cm height (SanKong Ivi. Pesticide)

a r ——C. 12-160/5
—=—C, 25280 /s
—— 0, | 2-15a/2
—«— D, 26280/

-a—E, 1 2=1En/s
—e—E. 26-2Bn/s

Dstribution portion(%)

@

=60 =40 =20 0 20 40 B0

Distance from center of diffuzoricm)

Fig. 7-6. An example showing distribution patterns of diffuser c, d, and e types.

( 7-7, 7- 8). CV  15%

Cvs< 15

im,

im, 0.8m

- 01 -




Diffisor Anzle effect for BiSDde) CO80dza] DO10MMed) diffusors at 30-3ha's eir velocity ed
Alcn bejeht (DaneBu 21-17-17, Bertilizer)

==

1200 -+
==

.0 -

8.0

6.0

LR

Coaff icient of Yariation{¥)

a0 r

0.0

0.a 0.0 ann 600 B.D 1030 120.0 1400 180.0 1800 200.0
Diffuser Seacinglond

Fig. 7-7. Angle effect on CV variations by diffuser spacing.

Beigat and &ir velocity effect for B diffusar at 12-16afs.
I-30s alr welocities and 80cm. 100co heightsDoagBu 21-17-17, Bertilizer)

60.0
—=- Blen, 12-16ws g
- 100n, 12-150/s .
W0 ] t0en 3030w 7
—— 100en, 30-120/s /f ¢

&
=

=

i

]

/K
O 2

Coefficient of Yariation(X)
=]
=

10.0

0.0

0 20 il &0 ) 100 120 140 160 140 2
Diffusor Seacinglcn)

Fig. 7- 8. Height and air velocity effect for the diffuser type of e.



Table 7-5. Combinations of application factors in CV< 15(%) for tested

granular agrochemicals( Diffuser spacings(m), application
heights(m) at each air velocity)
Air velocity
) . 12 16m/s 26 28m/s 30 32m/s
Diffuser type
B 0.26, 0.60
C 0.26, 0.60 0.26, 0.60
Pesticide D 0.26, 0.60 0.26, 0.60
0.52, 0.60
E 0.52, 0.60
0.78, 0.80
B 0.26, 0.60 0.26, 0.60
0.39, 0.60
C 0.46, 0.80 0.52, 0.80
0.52, 1.00
Fertilizer 0.46, 0.60
D 0.52, 0.80 0.65, 0.80
0.65, 1.00
1.00, 0.80
E 0.65, 0.80
1.17, 1.00
3.
7-9
3.0rps
( 7-10).
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Yanation of the discharge rate by the axle speed
{Groove opening : 3mm, DongBu 21=17=17)

20,0
18.0 i
16.0
14.0
12.0
0.0
8.0
6.0
4.0

Discharge rate{g/10sec)

0.0
0.5 1.0 I8 2.0 2.3 3.0 3.5
Asle speed(rps)

Fig. 7

9. An example showing the increasing of discharge rates.

Felationship between groove opening and discharge rate at each axle speed
(DongBu 21=17=17, Fertilizer)

4500 .
ps

oo r —— .5 P
a0 | ~a—1.0 "ﬁ"/ o

—l—'_'_'_..
—— 1.5 P
mo | |——20 -~ i el

o | ——25 x"’/
mo | : ,,:/"/

1500

Discharge rate{g/ i0sec)

1mo

S0

0o

Groove opaningimm)

Fig. 7- 10. Relationship between groove opening and discharge rate
(DongBu 21-17-17).



0.5-0.7m/s . 0.7m/s

13mm-15mm 2 rps

9Imm- 11mm 0.25rps

4

. (NF-411)
=8 PVC

. flexible pipe

. LG 8

. Y
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Figure 7-12. Feature of applicator attached in
transplanter



(PTO)

( 1750rpm )

( 3 inch ),

( 250rpm )

( 21 inch )

PTO

PTO

PTO
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8-1. PTO

PTO (rps)
(cm) | (rps) C ) as e

6 2.17 1.546 | 0.258
4.50 3.206 | 0.534

1.75 1:3 | 1/10 1.247 | 0.208

17 1:2.375

3.75 2:1 2.672 | 0.445

Lo 1.42 1.012 | 0.169
3.27 2.330 | 0.388

8 1
8 1
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(uniform pesticide

application)

-
=
=]

Maximum Economic
Yield Response

Percent Yield Response (%)
th
(=1

- 3

Units of Pesticide input (L)

Figure 9- 1. Economic yield response to pesticide input
(Alley, 1991)
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Speed Sensor ! — %
Rotational Speed = EE‘ Fleon ot Sigral

of Wheel s Ficw of Fluid

Input : Speed |

. o Feed Back
l [ I o
Selection [ rﬁ"- Contraller ‘
1 .'.' "I
Output : [ |
Electrical Value = et
Sarva Mobar Pressure Sensor; |
Cantrol Pressure ‘ Pressure in Tube

Mozzle

."/"_’Eﬁtlcide-'
L Tank — FPump .

Fig. 9-1. Schematic diagram of the boom sprayer for uniform spraying
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on/ off

(Speed Sensor)

13 20%
1 0.64 0.696 km/hr
1.04 1.131 km/hr
(PS40-20 , Autonics)
Input
rotational speed Dot
/ x\* s I: Proidrolt requency
1 g\ sensor
Main Shaft -\\R
A\

Deteciting
distance

=20 mm

Fig. 9- 2. Detecting rotational speed of the main power shaft

9-3
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Vs =+12V

10k Rt=E6.81k
10k S8k
Fin e —Ct=d.0M&F
: LM331 I
470 F Vout
&
Tl
Rs=1k-0.5k

J_ J_ s Ri=100k

Fig. 9- 3. Electric circuit of F-V converter for the proximity

sensor

Rs

Vo= F

in R

S

R
X —1 XRXC,x0. 209 (9- 1)

(Pressure sensor)

(VPR- A3-5K-4C, Valcom)

non- corrosive

type

DC 24V
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(Servo Motor)
12v AC
1:150

9-4, 9-5

DC Motor

Pressure
control vaive
Fig. 9-4. Servo motor Figure 9-5. Feature
connected the pressure of motor and pressure
control valve control valve

(Controller Board)
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RELAY
12V 0.34

{GND

RELAY
12V 0.34A

Fig. 9- 6. Electric circuit of the main controller

5. (Pump)

7560 Series Roller pump 9-7
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GFM

—+— [ psi
= 50 psi
100 psi
150 psi
—=— 200 psi
—=— 250 psl
—— 300 psl

f-ﬁ-ﬂ- . _'_
D i i i |

400 540 BOO 800 1000
Pump speed (RPM)
Figure 9-7. Characteristic of roller pump

(Nozzle)

flat type

T eedJet 11001V S( 110° )

9-8

2 4 bar

0.5

L/min

£ 03
0.2
0,1

0

Capacity

0.4 "j’//
[ i A ]

2 25 3 35
Liguid pressure ¢ bar )

£

Figure 9- 8. Characteristic curve of the nozzle
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(Gauge)

9-9

30cm 13
4.2m . 20m

84 mz

Figure 9- 9. Spraying amount measurement at each nozzle

(9-2)
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Q= kvP+ ¢ (Q

450

=mL, P =psi, k= mL -\/ —1.—, c =mL)
psi

(9-2)

13

400
as0 |
Jo0 |
250
200
180
100

Capacity { mi/min

i

0

4, 472138055

53.41 24

(9-3)

B ATT2255Th E.3245ER32 B.92820323
Pressure tfpg )

Fig. 9- 10. Pressure- Capacity curve

R2 = 0.997
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Q=53. 4VP+ 24 (9-3)

2.
6 2
1 2
1 2
1
T able 9- 1. Output voltage for each power step
Power step Speed (km/hr) Output (V)
1 step 0.8 1.2
2 step 1.3 2
3 step 2.4 3.2
13 20% . 1
0.64 0.696 km/hr 2 1.04
1.131 km/hr
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Voltage { ¥V )

40 50 bb

Pressure ( psi )

20 30

Figure 9-11. Pressure- Voltage curve

voltage divider 0.5
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10

1 Active

10-1

10- 2

Fig. 10- 1. Established structure of boom
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) 10°

10-1

Fig. 10- 2. M odified structure of boom

10- 3

10- 6

- 10°

156cm(x 78cm)
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Fig. 10- 3. M odified boom structure maintaining
horizon

Fig. 10- 4. Front view of modified boom
(actuator push the boom)
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Fig. 10-5. Front view of modified boom
(actuator pull up the boom)

T able 10- 1. Boom tip height and angle with varying actuator length

A ctuator length Boom tip height
Boom angle (° )
(cm) (cm)
30 163 10
37.5 85 0
45 7 - 10
, AID PC Lab card, ,
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PC Lab A/D

10-7
a a
EC EC
H = Stick length x cosa
(10-1)
(
10- 2
(10-1) a

(10- 1)

. 10- 8.

T able 10- 2. Characteristic of rotary potentiometer

M odel
Resistance
Resolution
Linearity

input Voltage

Rotation angle

CPP- 45
1kQ
o
+ 0.5%
5, 12 V
350°

- 114 -
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2000 |
m
5
% | 1500
:
E | 1000
L
m i 1 i L L

50 =30 0 30 BO 90 120 180 180
angle [dearee]

Fig. 10- 6. Performance of rotary
potentiometer

Fig. 10-7. Side view of boom tip behavior
measurement system

1.1 km/h 1.7 km/h
10- 8
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10-9

Fig 10-8. A system of
measurement

5V

2.6V, = 10°
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boom

R <

tip behavior

PMP-S10T

+ 10°

2.1V, 2.9V

10- 10

OO



3.5

= =2 *
= -
% .
= -
E i -
S~ -
® 2.5 »
-
‘ -
-
2
-2 —10 0 10 20

angle [desree]

Fig. 10- 9. Output characteristic of angle
sensor

N ™
:& — g
47\  §
% |
SO

Fig. 10-10. Angle sensor
attached in the middle of
boom
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(DC 12V)

( ) 10- 3

10- 11

T able 10- 3. Characteristic of power cylinder

M odel No. LPA 010M 1.5(V)
Rated power (kg) 10
Stroke (mm) 150
Speed (mm/s) 50
Power supply (V) DC 12v
Current in rated load (A) 1.7
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10-12
5V
A/D

)
(dead band)

Fig. 10-11. Power
cylinder

PC Lab
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PC Lab



{ Stat )

v
Angle sensor

¥

PC Lah card
/ AD cnnvert
I'JEI < 20
Mo
DB < 20
Feed Back
Nn
Yies
£

PC Lab card [Computer signal]

r

Relay

¥
Fowet cylinder

¥
boam

o )

Fig. 10- 12. Flow chart of boom height control

system

10- 13

DC 12V
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+ 12V

Fig. 10- 13. Power cylinder drive relay

10-12 A/D

(H) (10-1)

10- 14, 10- 15
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1.1km/hr 0.1 Hz 0.3 Hz (

)

10- 16,

1.1km/hr

0.3H

boom tip helght [cm]

z

90

80
70 |
B0

\ ANVARY
VRNAY \_/

50

30
20
10

, 30 80cm
10- 17 1.7km/hr
0.1 Hz 0.3 Hz (
, 25 60cm

0.1Hz

25cm 80cm

N\ .

/o

"‘\/

time [sec]

Fig. 10- 14. Boom tip behavior at boom sprayer speed 1.1km/hr
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bhoom tip height [cm]

boom tip height [em]

=0

40

30 r

25

20

o m o O
; :

B0
i

%
a0 r

el r
1%

10 r

0 1 2 3 a K B T B
time [sec]

w

10

Fig. 10- 15. Boom tip behavior at boom sprayer speed
1.1km/hr

A
Ill"'»u \/ ; H'. /

St

0 1 2 3 il K & T B
time [secl

Fig. 10- 16. Boom tip behavior at boom sprayer speed

1.7km/hr
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a

50
£ w0 ;\/’\E‘ / \L/.r/ \Jff\/ Tt \J’”\
E \ i
Eat \x 3
E 20 t

10 F

0

0 1 2 3 4 5 5 7

time [smc]

Fig. 10-17. Boom tip behavior at boom sprayer speed
1.7km/hr

10- 18, 10-19

0.417V /sec,

-0.372 V/sec
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o D [
=
™
5
7] 5 | — Rotary Potentiometer
— angle sensor
‘I I5 1 1 1 i ]
9] 1 2 3 4 )
time [sec]

Fig. 10- 18. Response of power cylinder (push)

L]

—2b F
=
s
-
=
[T
2 —— Rotary Potentiometer
— angle sensor
t ..5 L 1 1 'l ']
0 1 2 3 4 5
time [sec]

Fig. 10- 19. Response of power cylinder (pull)

10- 20 0.1Hz, +  130(
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signal

30ms

10- 21 0.2H 2z, +  130(
0.3
10- 22 0.3H 2z, +  130(
0.1sec
0.1Hz 0.3HzZ
1200 &
oo b
800 ¢
s00 b
Fi Ta o
Sin wave
200 — anghe sensor
0 [l i [l ]
0 2 ! E g 10
time [=2c]

Fig. 10- 20. Control performance of boom with sin_wave
(sampling time 30ms, 0.1HZz)
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1200 r = 1

1000 F
200
é 60D
aon L —sin wave
— angle serysor
200 F
|3 i i i i i i i i i
(W] 1 £ 3 4 B G T a g 140
time [sec]

Fig. 10- 21. Control performance of boom with sin_wave
(sampling time 30ms, 0.2H2Zz)

1200 ¢
1000 ¢
800
|
5 800 f
o
400 |
— Sin_wawve
ann | —— angle sensor
0 . . i i . . i )
0 1 2 3 i) ] & T a 4 10
time [secl

Fig. 10- 22. Control performance of boom with sin_wave
(sampling time 30ms, 0.3HZz)

- 127 -



11

(1)

60cm, 90cm,

1.1km/hr, 1.7km/hr

(2)

25cm
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— —

Fig. 11- 1. Arrangement of sensitive paper in row crop spraying test

11-2

Fig. 11- 2. Coverage rate test and sensitive paper arrangement of
boom sprayer
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(Spraying System Co., 11001V S)

11-3
| N [ |
[l j | : :, i
REREREEE
Fig. 11- 3. Overall spraying with the boom sprayer
1.12km/hr, 1.7km/hr
: 30cm, 45cm
, M
11-1

- 130 -



Table 11-1 Experimental conditions in overall spraying.

A B
300kPa 20000k Pa
3
30cm, 45cm 30cm
1.12km/hr, 1.7km/hr 1.1km/hr, 1.7km/hr
(Spraying System Co. ( )
11001V S)
11-2

11-4
(WSP, Water Sensitive Paper, 76mmx 26mm)
11-4

4m 3 4m 4
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2, 3 ) 1,234

T able 11- 2. Experimental condition of coverage rate test with a
pow er sprayer

A B
8 29 9 1
(100x 30) (100x 30)
29 29
( ) 0.8m/s(SW) 1.0m/s(SE)
(R.H.) 40 52

o and  EL L

F1e e ol nyuy -
1 1o 0 0 0 |
® @ © © A ",

M \\ gdrAEFad g

o T =

1
L]

2 i

Fig. 11-4. Arrangement of the sensitive paper in the coverage rate test
with a power sprayer
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(Coverage rate)

(droplets rate)

V ariation)

0.0309mm

RGB

= (1cm2) x 100 (%)

(droplets/cm?2)

(C.V :Coefficient

C.V (%) = —%—x 100

<]

.1 0.0379mm,

7.4mm, 7.4mm
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(400 ),
(200 )

11-1

11-5

11-5 (a)

(b)
(a)
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(200 400

(b)

),



- (c)  (d)

. (¢) , (d)
. (@) (b) (c) (d)

- (a),(b),(c),(d)

(a) A (b A () B (d) B

Fig. 11-5 Coverage characteristic in the overall spraying
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11-3

Table. 11- 3. Optimum droplet density according to spray type

number of droplets per cm?2 spray type
20 30 insecticides
20 30 herbicides pre-emergence
contact herbicides
30 40
post- emergence
50 70 fungicide

*CIBA-GEIGY Co. Technical information

11-3

11-4 A 5%
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T able. 11- 4. Coverage rate distribution in overall spraying

) % %

0-5 42 6% 6%
5-10 439 58% 64%
10-15 110 15% 78%
15-20 54 7% 85%
20-25 40 5% 91%
25-30 28 4% 949
30-35 5 1% 95%
35-40 4 1% 96%
40-45 4 1% 96%
45-50 3 0% 96%
50-55 4 1% 97%
55-60 7 1% 98%
60-65 3 0% 98%

13 2% 100%

11- 4 11- 6 A
5% 25% 90%
5 10% 64%
11- 6
5 10%
A B

11-7 11-8, 11-9, 11-10, 11-11, 11- 12

- 137 -



1}

a0 & ED = &l Ell=

Fig. 11- 6. Histogram according to coverage rate with overall spraying
type A

108

a8

SI2EFHIBREBERES

AU E (droplateson’)

Fig. 11-7. Histogram of droplet density(nozzle distance : 45cm,
spraying speed : 1.1km/hr) with overall spraying type A
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A3 {z)

TP © (dropleteden’)

EEEEHfEESEERBEERGE

Fig. 11-8. Histogram of droplet density(nozzle distance

45cm,

spraying speed : 1.7km/hr) with overall spraying type A

]

MH z
& % # 8 8

H o# &

U (droplets/en’)

R * B BEE|SE S EERRERESENEREE

Fig. 11-9. Histogram of droplet density(nozzle distance

30cm,

spraying speed : 1.1km/hr) with overall spraying type A
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183

168 |

L4z |

125 F

108 |

L5

a |

2%

0%

- SSEEANSARESSERE

YA T (droplptalent

Fig. 11-10. Histogram of droplet density(nozzle distance : 30cm,
spraying speed : 1.1km/hr) with overall spraying type A

20k

A

15% |

RE F
Ml-IIIIIII.I

S"TRESEBEEESEEZESEREREERERERES
AN & (dropleta o)

Fig. 11-11. Histogram of droplet density(nozzle distance : 30cm,
spraying speed : 1.1km/hr) with overall spraying type B
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=

R 9 B B B B

g 8§ 8 2 BB A 83 % 8 %
1218 ¢ {qropletasos’)
Fig. 11-12. Histogram of droplet density(nozzle distance 30cm,
spraying speed

11-7, 8, 9, 10

11-11, 12
11-3

: 1.7km/hr) with overall spraying type B

box
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11- 5, 11- 6, 11-7

T able 11- 5. Coverage rate in the overall spraying on August 3
(nozzle distance : 45cm, spraying speed : 1.1km/hr)

1 2 3
19 | 5.9 5 10.4 1 10.6 7.5 112.5| 12
38.120.6 | 10.7 10.2118.6 | 10 20.4| 8.2 |10.9
12.7/ 5.6 | 2.5 18 984 48.3
19.5|22.7| 3.3 20 39.4 18.7 57.94 16.9 | 5.1

T able 11- 6. Coverage rate in the overall spraying on August 18
(nozzle distance : 45cm, spraying speed : 1.1km/hr)

1 2 3
48 | 0.5 | 0.4 51|27 |15 16| 15|13
147 4.2 | 5.3 7.7 |11 04 28.7| 84 | 3
139, 8 | 29 466| 2.7 | 1.2 05|09 25
3.8 19 28 105/ 0.2 | 0.5 1118 | 0.2
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Table 11-7. Coverage rate in the overall spraying on September 22

(nozzle distance : 45cm, spraying speed : 1.1km/hr)

1 2 3
102/ 07| © 1.2 0801 24 39|38
08 02| 0 21| 0 |01 1523 | 1
06 0 | 0 6.8 | 0.3 | 1.1 0.3 96 | 3.2
1.9 | 0.8 | 0.9 0.7 | 0.6 | 05 0.1 0.1]0.1
11-5
11-6 :

: 8 3
11-7
, (C.V.) 11-8
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T able 11- 8. Coverage rate and C.V. classified by occurrence time.

8/3 8/18 9/22
( . %) 26.7 4.2 1.6
(%) 99 141 160
11-7 11-9
1.1km/hr, 45cm, 30cm
11- 10 11-11 1.7km/hr,

45cm, 30cm

Table 11- 9. Coverage rate of standard flat spray tip on September
22 (nozzle distance : 30cm, spraying speed : 1.1km/hr)

1 2 3
124 7.2 | 3.9 293 22 [19.1 02,01, O
51|55 |57 44 129 |19 17.1| 74 | 4.9
10.2| 6.6 | 3.2 45119 | 26 22 14|15
27|24 )03 16.2| 16 |12.4 13.2| 51 | 4.6
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Table 11-10. Coverage rate of standard flat spray tip on September

22 (nozzle distance : 45cm, spraying speed : 1.7km/hr)

1 2 3
02| O 0 46 | 1.1 | 0.8 03|05 0
0 0 0 14|01 01 090101
53|14 |06 0 0 0 09|01 0.2
01| 0 |03 57 122 |14 24 104 04

Table 11- 11. Coverage rate of standard flat spray tip on September

22 (nozzle distance :

30cm, spraying speed : 1.7km/hr)

2 3
1.7 | 55| 35 12.31 9.6 | 3.5 1221 19 | 04
8 |36 | 26 16| O 0 29|16 | 0.6
6.5 |11.2| 3.7 114|145 | 2.2 18.7| 3.5 | 2.7
46 | 46 | 2.7 82 | 2 1.6 19.7 /125 8.3
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7.115
-I-I| [ !
[
™ 5,563
=" -
i —+— foch
5
ww 2| =— 3cm
r
= 4 |
Z2
—
1,631 T
]
0.574
Ij 1 1 ]
0 0.5 1 1.5 & Z.B

2 (k'hr)

Fig. 11-13. Coverage rate according to nozzle distance and
spraying speed of the boom sprayer

11- 13

11-12

Table 11- 12. C.V. according to nozzle distance and spraying speed(%)

30cm 45cm
1.1km/hr 101.2 159.7
1.7km/hr 91.6 174
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11- 5, 11- 6, 11- 7, 11- 9, 11- 10, 11- 11

90 120
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30cm

15cm

11- 14
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Fig. 11- 14 Covering appearance in row crop spraying with a boom
sprayer
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11- 13 11- 14

Table 11- 13. Coverage rate in row crop spraying with a boom sprayer
on September 15 (nozzle distance : 60cm, spraying speed : 1.1km/hr)

1 2 3
0 p424 0.6 0 1.8 | 140 0 15
0 [37.6/ 5.1 0.1 /114|126 03|41
05| 05|08 0 9 @ 0.1 |18.1 35.9
0 |16.6| 0.3 15| 9 |165 1.2 ] 9.6 ‘ 19.8 ‘

Table 11- 14. Coverage rate in row crop spraying with a boom sprayer
on September 15 (nozzle distance : 60cm, spraying speed : 1.7km/hr)

1 2 3
0 0 |41 0 0 |12.2 0 0 |05
0 0 |16.8 0 0 |04 0 13|18
0 0 |03 0 0 |19 0 0175
0 0 | 65 0 0 0 0 05] 0
11- 13 11- 14
, 1,2 ,3 4
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11- 13 1.1km/hr

11- 14 1.7km/hr

Table 11- 15. Mean of coverage rate and C.V. according to spraying speed

1.2km/hr 1.7km/hr
( , %) 14.5 1.5
(%) 164 283
11- 15
11- 16 11-17 60cm 90cm
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Table 11- 16 Coverage rate in row crop spraying with a boom sprayer
( 9722, nozzle distance : 60cm, spraying speed : 1.1km/hr)

1 2 3
0.7 |17.3|21.1 14 1251419 0 20.1@
0.3 1.9 0 |72 |72 0 11| 1.2
0.2 3.8 19 |12.4 0 | 0202
0.3 | 20 0 6.8 0.5 | 38,5 %

Table 11- 17 Coverage rate in row crop spraying with a boom sprayer
( 9722, nozzle distance : 90cm, spraying speed : 1.1km/hr)

1 2 3
0 110.633.7 0 | 2.6 |33.2 1 1194 4.9
0 41 0.5 0.1 % 34.4 05|94 31
01,0301 01| 2 1.2 2.8 | 34 .
0 28 m 0.1 104 58 1.2 1423 7.1
11- 18

Table 11- 18. Mean coverage rate and C.V. according to nozzle distance

60cm 90cm

C.V. 147 181

(. %) 20.5 14.4
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11- 15

(a) (b) (c)

Fig. 11- 15 Coverage appearance with the power sprayer

11- 15 (a) A 2 3
, (b))  (c) B 1 3 4
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11- 15 (b)

11- 19,

11- 20

Table 11-19 Coverage rate in coverage test A with the power sprayer

(units : %)
1 2 3
1 8 28 | 1.8 1 34 18 7.5 1 1.3 0 0
2 % 35.2119.1 2 1252253 | 6.6 2 1348|315 4.6
3 [15.3] 95 104 3 116.7(9.12 | 1.7 3 |286 | 1.8 | 25
4 |11 |06 0 4 (301 79 | 3.6 4 1.8 0 0

Table 11-20. Coverage rate in coverage test B with the power sprayer
(units : %)

1 2 3

2 |171) 16 | 3.8 2 0 0 0 2 0 0 0

4 45 | 52 | 13 4 0 15 | 1.8 4 194 7.7 | 3.7
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11-19 , 11-20 1,2 ,3

1,2 ,3 1, 2,3, 4
3
A 11- 19 1,2 ,3
B 11- 20
11- 16 11- 17
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- 10

1 0,00

1 8000

4 000

0,008

1 20,006

4 a0

0%

1 20,08

1005

] & it} L] o1l ] n B 4 & H 8 m ?Ek
M mEE. 1l

Fig. 11- 16. Histogram in coverage test A with power sprayer

i L] - L L] #—— 0.0

(|
[
[
i

t
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it )
L3

.00

30,008

50008

o

.8

200

w0008

LI = ]

Fig. 11- 17. Histogram in coverage test B with power sprayer
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11- 16 11- 17

10%
cV A 127, B 200
2
: ( )
, 8
calibration
3
3 1 11- 21
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11- 21

: ( 1 g)
1 2
1 2 3 1 2 3
25.67 24.0 25.4 12mm 24.3 22.7 23.9
26.84 26.4 26.1 14mm 27.3 27.0 26.9
30.4 29.0 31.6 16mm 30.0 28.9 30.8
22-23m/s
20 254, 267.2,
249.2g 3
calibration 0.80m, 1.00m
11-18 CcvV 21%
3m
Distribution pattemn fa'ﬁa row prototype applicator
008 v A%
N 007 | / "y
> / 006 [/ /'/
-?E o~ \’_ il _.-“"Hﬂ"' \ Y \lq- —
o 0.04 "
E
m 003
0,02
0.01
-200 -1k0 =100 k0 0 RO 100 160 200

distance from the machine center{cm2

Fig. 11- 18. Distribution pattern of the prototype application

- 158 -




20m
10m
20m
2 11-22 , 11-23
T able 11- 22. Result of the experiment | ( mL )
0.64 - 0.696 (km/hr) 1.04 - 1.131 (km/hr)
1 2 3 1 2 3

1 365 365 345 335 340 320
2 360 350 350 335 330 310
3 365 365 340 340 340 310
4 360 370 340 340 350 320
5 375 360 355 355 340 315
6 365 360 350 340 345 320
7 370 370 350 345 346 315
8 367 365 350 345 345 320
9 360 365 345 346 350 320
10 372 350 350 347 345 318
11 375 350 345 346 346 317
12 375 360 350 348 348 320
13 375 355 340 345 345 318
(ml) 4784 4685 4510 4467 4470 4123
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T able 11- 23. Result of the experiment Il ( mL )

0.64 - 0.696 ( km/hr ) 1.04 - 1.131 ( km/hr )
1 2 3 1 2 3
1 430 420 425 440 420 420
2 420 410 415 430 410 420
3 425 410 420 435 410 430
4 427 415 422 435 415 430
5 432 420 437 450 405 450
6 430 415 437 440 405 435
7 430 420 430 445 425 445
8 435 425 435 445 420 435
9 430 410 425 445 420 440
10 435 430 427 445 420 440
11 435 425 430 440 415 445
12 434 420 430 440 420 450
13 430 417 425 435 410 440
(ml) 5593 5437 5558 5725 5395 5680
1
2
20m
2 1
5529.33 mL/84m2 2 5600
mL/84m?2 . 1 658.25 L/ha, 2
666.67 L/ha .1
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relay

relay

psi 55 psi

1.04 1.131 km/hr

- 161 -

1.126%

0.64

20 psi

relay

0.696 km/hr

55 psi

20



0.64 0.696 km/hr 1.04 1.131 km/hr

5.4 5.7 L/84 ( 666.67 L/ha )
analog
relay
2.
11- 19
11- 20, 11-21
1.1km/hr, 1.7km/hr
11- 20 -3.74° 11- 21
0.152° 0 +
3.5° , + 4°
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angle sensor [degree]

angle [degres]

s ow on Ll ime 5 o5 |
e ¥ |
L0 1 2 3 4 5 EVL,{" g8 9 b
_‘l'| -
_.E |
_8 -
=10
time [sec]
Fig. 11- 19. Angle of boom without control
12
10
8
& —— hotizontal signal
Fi = ang'e sensor
i
a

0] 1 iy 3 4 5 -] 7 g q 10
bime [sec]

Fig. 11- 20. Performance of control system in field
(boom sprayer speed = 1.1km/hr)
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angle [degree)

i — honizontal signal
& —angle sensor

0 2 4 <] g 10 12 14 153 18 20
time [secl

Fig. 11- 21. Performance of control system in field
(boom sprayer speed = 1.7km/hr)

I+

4°
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63 69cm

75cm

, 70 100cm

5 15cm

70 75cm, 80cm, 85 90cm, 95 100cm

11 15cm, 10 15cm, 9 15cm, 8 15cm

200l, 40m
10m,
17 34

16l
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1m

rps
0.25rps

CvVv

0.8m

21-17- 17

21%
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0.8m 0.8m

0.7m/s ,
13mm-15mm 2

9Omm-11lmm

3m

20



psi 55 psi
1.04 1.131 km/hr

L/84 ( 666.67 L/ha )

analog

0.1HzZ

+ 9°

0.3Hz
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0.64

relay

0.696 km/hr

5.4

5.7
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