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3 Metering Device
BOVEEY/ L 96.85 %
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2.66, 4.93, 2.89 8.81 g/m2 (%cv of deposit
rate Coefficient of Variation)

Urea, DAP, MgO KCl 173.28, 155.52, 205.88 147.9
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ABSTRACT

This study aims to develop the multi-fertilizer applicator for oil palm plantation to
achieve site-specific application method. The prototype was installed with 2 distributing
mechanisms include centrifugal disc and pneumatic system to provide 4 primary fertilizers
simultaneously. The Potassium chloride (KCl) was distributed by pneumatic mechanism,
the other 3 fertilizers include Urea, Di-ammonium phosphate (DAP) and Kieserite (MgO),
were distributed by centrifugal disc. The applicator compose of 2 majors components
were metering unit and distributing unit, the metering unit was driven by ground wheel to
control application rate consists in traveling distance and distributing unit was driven by
PTO (Power take-off) shaft of tractor to operate blower for pneumatic system and to spin
3 centrifugal discs with constant rotation speed. The transmission of metering unit through
ground wheel could cut-off when travel in the head land and the amount of application
rate could adjust by vary size of feed gate above the fluted roller, to verify proper
application rate for each specific requirement of each oil palm plantation. The field test
was established to evaluate the performance of this prototype in actual oil palm
plantation of KMITL Chumphon campus. The field test aimed to verify performance
indexes of machinery, includes actual field capacity of 55.15 rai/hr, field efficiency of
96.8%, when operated at forward speed of 5.84 km/hr. The quality of distribution pattern
was defined by deposit rate (g/m2) and uniformity index (Coefficient of variation; %cv).
The result shown that deposit rate for Urea, DAP, MgO and KCl of 2.66, 4.93, 2.89, and

8.81 g/m2respectively and %cv for Urea, DAP, MgO and KCI of 173.28, 155.52, 205.88 and
147.9 respectively.

Keywords multi-fertilizer applicator, attach to tractor, oil palm
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Hofstee et al, (1999)
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2. (Deep placement)
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4.
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Hofstee et al., (1999)
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70 |/
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Scheufler et al, (1999)
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(Metering device)

(Auger type)

(Scheufler et al., 1999)

(Reciprocating plate type)

(Scheufler et al, 1999)

18



19

2723 (Feed wheel)
2.14 (Scheufler et al, 1999)
2724 (Star wheel type)

Star wheel feed

2.15 (Scheufler et al., 1999)

2.8 (Hopper)
Hopper

(2538)
( 2.16)

@ (funnel flow)

( 216 ) (mass flow)
( 216 ) ( 216 ) 2
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2.10 (Pneumatic Conveyor)
(Uniform Suspension)
Dilute Phase Dense Phase
Dilute Phase
Lean Phase ( 2.20)
INCREASING S NN [ 2 DECREASING
SOLIDS AIR
FLOW RATE VELOCITY
FULLY SUSPENDED
r» * ‘ *'*" * A ‘
MOVING BED
[
IR DRSSV SIS PS t
HXED BED
2.20 (Srivastava, 1993)
(Pressure drop)
Dense Phase Dilute Phase
( / ) 15

Dilute Phase
Dilute Phase ( 2.21)
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2.21 (Srivastava, 1993)
Pressure drop blower
Dilute Phase Pressure drop
Ap = ApL+ APa + APs+ APg+ Apb+ APC 2.1
2.22

(Srivastava, 1993)

Ap . Pressure drop (Pa)
Pi

Pressure Loss (Pa)



Apa = Pressure drop (Pa)

Aps = Pressure drop (Pa)
Apg = Pressure drop (Pa)

Apb = Pressure drop (Pa)

Apc = Pressure drop (Pa)

2.8 Fitting loss coefficient for turbulent flow (Noyes, 1972)

Fitting Geometry K
Entrance Sharp 0.5
Well-rounded 0.05
Contraction sharp (D2D1- 0.5) 0.38
90° elbow Miler 13
Short radius 0.9
Long radius 0.6
K= Fitting loss

29 Pressure drop for pneumatic conveying accessories (Noyes et al, 1985)

Accessory Pressure drop (kPa)
Blower suction 0.7
Inlet filter 0.7
Inlet filter and muffler 14
Outlet muffler 14
Discharge cyclone 0.7
Bin vent 14
In-line filter 14
2.11 {
(2548)
4
1,500
( 2.23) RL
6.5 cm 150°

18 15



(CU %) 59.14 %

Metering device

2.23

(2549)

2900
2,24)
(Urea DAP

)
13.1% CU Mg+Bo= -33.3%)

() 6
2.24

25

( , 2548)
(
9 30°
8 KCI 6 Mg+Bo 4-5
(CU Urea= 21.5%,CU DAP= 17.5%, CU KCI= -

2

()
( , 2549)



(2551)
1600
150
2900
45
Urea
15
86% 18
Metering
2.25
Ishola et al, (2011)
Solid work
GPS
)
kals 3.27 kw
2.26

2

6.5
Blower 5
8
5 30 ( 2.25)
22%
DAP, KCL Mg+Bo
, 86% 18 94% 18
( , 2551)
GPS
(
( 2.26) 2.13
11.7 kgls 1.2

VRT AWD (Ishola et al, 2011)
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(2549)
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Ishola et al. (2011)

CU %

Urea

18
15

59.14 %

DAP

8 KCl

Mg+Bo

4-5

6

(CU Urea= 21.5%,

CU DAP= 17.5%,
CU KCU -13.1%

CU Mg+Bo= -33.3%

Urea

KCL, Mg

86%
18

22%
15

+Bo

86%
18

18

DAP,

94%

2

Metering device

Metering

GPS
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3.2
4 1 )
321
( 3.1)
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1
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D
2)
3
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D
3.2.24
D
2)
3)
[0),6
4)

31

( 3.2 )
2.7
250 ml
2 FR-H Series
250 ml
( 32 )
2
3

29
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331 Metering Device

Metering Device
Metering Device
1-11
(Metering Device) 50, 60, 70, 80, 90, 100, 110 120
3311
1) inverter IPM AS4-315
2) 4 : :

3

3312
1 Hopper
2 E ¢ o 1
3) Inverter 50

30 3

4)
5 ' ' 34 Inverter 50-120

3.4 Metering Device

3.3.2

3321
1
2) 3 4.25 kg/min, 9.19 kg/min

3l



19,31 kg/min ( 3.5)
3)
4)
5)
6)

3.3.22

20

D
40, 50, 60, 70, 80, 90
2)
)
3)

3.1)
50, 70 90
3.2)
50, 70 90
3.3)
50, 70 90
3.4)
50, 70 90

3

( 32x24x 10cm)

60 ky UWE
3 :
2 FR-H Series
1
5 100
3
( ) 30,
100 37
( ) (
3 50, 70 90 38
2 ( 3.8)
70 ( )
80 ( )
90 ( )
100 ( )

35



T
LU
LD

3.8 ( )

3.3.3

62, 124 '

&z d‘ ¥ o 1Y ¥ - = & 1 ¥ o £ ¢ v 14
wnanstluenarsnanulidmsunisidnuienis@nwivindy ldeugnlviiluldussloyisunisen

Lidnsdllag vedu BnnsinudlidauUaaiion wazdeadnddsivesenaisnnassinisunluly



3331
1 ( 3.9
2) 60 kg UWE
3) 2 FR-H Series
4) Pitot Tube testo 512
5)
6) ( 32 x 24 x 10 cm)
7)
8)
9) Inverter IPM AS4-315 RSY-65
3.3.3.2
2
1
62, 124 Inverter 10 Hz
50 Hz ( 3.10)
2)
Inverter
30 Hz 5 10 Hz
(Metering Device) 10, 15 20 kg/min (
3)
50 Hz
(Metering Device)
25 kg/min 25 kg/min
4) (
25.3 kg/min
(Metering Device) 100 rpm
Inverter 50 Hz 5 30 Hz 3

3.11)

8 cm



] nuu-nmln:w P

&z d‘ ¥ o 1Y ¥ - =2 & 1 ¥ o £ L83 14
wnanstluenarsnanulidmsunisidnuienis@nwivindy ldeugnlviiluldussloyisunisen

Lidnsdllag vedu BnnsinudlidauUaaiion wazdeadnddsivesenaisnnassinisunluly



3.4
341

342

3

31

Urea
DAP
KCl

MgO

D

2)

1
2)
3
4)

50%, 25%

25%

100%
1.5141
1.05
2.8

0.7

15.6

22

Multi-Fertilizer

Metering Device

Metering Device

A?

31

D /1))

50%
0.757
0.525
14
0.35

50%, 25%

9x9

25%

36

, 2553)

25%
0.378
0.263
0.7
0.175



37

3.4.3

1 KL
2 Urea
3 MgO
4 DAP
5
6 1:5
7
8 Air Lock
9 (Metering Device)
10 DAP
11 Urea
12 MgO
13

3431 Multi-Fertilizer

3.12 Multi-fertilizer
3.4.3.2 (Metering Device)
3.2
(Metering)

1-11



Urea
DAP
KCl
MgO

3.2
100%
13.53
9.38
25.025
6.25
3.13
3.4.3.3
( 3.14)
3.3
Urea
DAP
KCl

MgO

(Hopper)

50%
6.76
4.69
12,51
3.12

(Hopper)

30
27
28
28

35

25%
6.76
4.69
1251
3.12

(Metering Device)

0.56
0.5
0.52
0.52

38

350

3.3 34

/ = tanO



3.4

Urea
DAP
KCl
MgO

3.5

Urea 1.5141
DAP 1.05
KCl 2.8
MgO 0.7

3.6 /

Urea
DAP
KCl
MgO

kg/ 3
733
998.62
1165.7
1389.88

kg/m3

733

998.62
1165.7
1389.88

1 (Kg)
83.5
57.5
154
38.5

333.5

3.14

Vo= P
2.065 X 10-3
1.051 x 1CT3
2.402 x 10-3
0.504X 10-3

2 (Kg)

41.75
28.75

7

19.25
166.75

(Hopper)

39

kg/ 3

1533.68
2077.86
2229.97
2621.28

(%)
34
18
40

3 (Kg)
41.75
28.75

77
19.25
166.75



3434

3.7

Urea 133.09
DAP 132.33
MgO 126.46

3.4.35

40

(Centrifugal Disc)

2 3.7
15.6
3.15
91V hr.P Xh
vhr( /) B ) Thald h( )
20.73 31.89 0.362 5.82
20.74 31.96 0.290 5.05
2121 33.94 0.243 3.44
(sec)

()

(Pneumatic Conveying)
(2549)
30°
3.16
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Paynant

3436
540 rpm

, Air Lock 2

( 3.17)
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3.5

351

35.1.1
D
2)
3.5.1.2
D

2)
3)

3.5.2

3.5.2.1
D
2)
3
3.5.2.2
1

2)

3

4)

4.1)

4.2)

Multi-fertilizer

540

540

D

Multi-fertilizer

2)

Digicom DT-235T

3

4

5 km/hr

540

5 km/hr



4.3)

20 70 )
4.4) (
4.5)
Rotary airlock ( /

353

Application rate (kg/ )
3531
D
2) Multi-Fertilizer

)
35.3.2
1)
2) (
3
4)

5

70 )
6)

7) (



3.54
(Field  capacity)

(Field efficiency) (Deposit rate, g/m)
' (Coefficient of Uniformity, % cv of deposit rate)
(Distribution
pattern)
354.1
1
2) Multi-Fertilizer

3)
3542
1)
2) ( )

3 2 (
4) (
5)

70 )

6) ( ),

7) 66



1.5x3 15.6x6 . 1 3
6 3 (1-3) 3 (4-6) 3.18 3.19
50
8)

)
2‘/?;_'- > QNS
Paynant
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4.1
1 { -
4.1 4.2
4.1
30
2
4.2
4.1
0 n &
------ 8, 7o o\ k7
Urea 30 26
DAP 27 25
KCl 28
MgO 28 22
4.2
kg/m3
Urea 733
DAP 998.62
KCl 1165.7
M80 1389.88

0.56
0.5
0.52
0.52

kg/m3
1533.68
2077.86
2229.97
2621.28

46

Urea

0.48
0.47

0.39

mm

3.48
3.23
341
3.49



47

4.2 Multi-Fertilizer
421 Metering Device
Metering Device
90 + 10 Urea
13.53 kg/min 7cm 12-14 kg/min ( 4.1)
DAP , 9.38 kg/min 3cm 9-
9.5 kg/min ( 4.2) MgO ; 6.25 kg/min 2.cm
6-7 kg/min ( 4.3) KCl 25.025 kg/min
8 cm 23-28 kg/min ( 4.4)
4.3
45.000 —* “*53 rpm
—*—60 rpm
40.000
—4— 72 rpm
35000 @ QW% S N\ Ve, g /NN NN Y ... 81 rpm
—* *“91 rpm
— *101 rpm
111 rpm
— 121 rpm

4.1 Urea



-10.000

- »—53 rpm
“*50 rpm
—T2rpm
«——81 rpm

91rpm

—~ 10Lrpm

- 1pm

g 121 rpm

50.0

—* 72 rpm

a — 8lmpm

)
bs‘f' % WQ‘\
Paynant

“ @ ol pm
— to: rpm
m  rpm

— =121 pm

4.3 MgO
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4.3

Metering Device 90 + 10 rpm

Urea
DAP

MgO
KCl

4.2.2

90°
n

(kg/min)

13.53
9.38
6.25

25.025

Urea

(cm)

9.19 kg/min

Urea

(

(kg/min)
12-14
9-9.5

6-7

23-28

133
45 )

"m*m63 rpm

pm

—>—T72mpm

e 31 rpm

“*4 91 rpm

101 rpm
ill pm

—

KCl

(cm)

70°

Tyler (1970)

49



9.19 kg/min
( 45 )
70°
6.8
0.4
70°
( 4.7)
Urea
) Urea
9.19 kg/min

DAP

MgO

Urea

7.4

4.6)

Urea

70°

50°

4.5

50

50°
8.3
19.31 kg/min
7.2
19.31 kg/min
6.8
0.4
90°
9.19 kg/min

Urea



4.6

4.7

423
4231

22.02

24131 5366.81 Pa

4.4

34 1100 Pa

4.2.3.2

DAP

MgO

103.52

4.6

70°

70°

48 |/

16

30

950 Pa

9.19 k8/min

9.19 kg/min

4.5

6.5 43

ol



2
4233
8 cm
kg/min ( 4.8)
3.2) 25 kg/min
4234
KO-
158.13 g/m2
6-9
( 4.8)
4.4
(Hz)
rpm
10 597
15 896
20 1191
25 1489
30 1782
35 2077
40 2370
45 2659

50 2946

52

15 10 Hz
4.7
28 kg/min
100 rpm 25.3
KCL 25 kg/min (
40 Hz 2373 rpm
6.3-9.3
43-7.2
4.5 4.6
) (Pa)
22.02 241.31
32.1 510.21
42.4 896.31
52.7 1387.22
63.04 1989.82
73.42 2694.47
83.46 3479.09
93.66 4386.44
103.52 5366.88



(Hz)
10
15
20
25
30

40

50

(Hz)
10
15
20
25
30

40
45
50

4.5

4.6

rpm
597

896

1191
1490
1783
2077
2368
2657
2944

rpm
597
896
1191
1490
1783
2077
2368
2657
2944

62 cm
34.47
89.63
169.61
267.51
384.72
533.65
703.26
863.22
1110.25

62 cm
13.78
67.56
140.65

222.01

339.22

459.19
626.04
768.07
963.88

124 cm
34.47

96.52

179.26
289.57
417.82
570.88
744.63
936.30
1150.04

124 cm
20.68
68.94
137.89

227.52

330.94

455.05

598,46
755.66
926.65

Pa

34.47
81.35
172.36
275.79
428.85
594.32
772.21
983.19
1198.30

Pa

16.54
89.63
162.71
257.86
372.31
501.93
645.34
808.06
992.84

62 cm
85
13.58
18.44
23.28
27.86
32.74
37.26
41.7
46.3

62 cm
6.34
11.98
16.82
21.3
26.40
30.88
35.30
39.20
43.92

124 cm
8.78
14
191
24.04
29.12
33.6
33.8
43.42
48.08

124 cm
6.62
11.82
16.58
21.46
25.94
30.26
34.68
39.18
43.06

53

m/s

6.34
13
18.76
24.18
29.26
34.5
39.46
44.32
49.2

m/s

8.64

13.48
18.12
22.72
27.50
31.64
35.84
40.36
44.60



4.7 2
30 Hz 1786 rpm
10 kg/min 15 kg/min
3.413 3.413
4.502 4.502
7.914 7.914
25 Hz 1490 rpm
10 kg/min 15 kg/min
3.354 2.719
1.282 0.90
4.636 3.619
20 Hz 1190 rpm
10 kg/min 15 kg/min
0.295 0.198
0.166 0.137
0.461 0.336
15 Hz 895 rpm
10 kg/min 15 kg/min
0 0
0 0
0 0
10 Hz 587 rpm
10 kg/min 15 kg/min
0 0
0 0
0 0

20 kg/min
6.435
1.759
8.194

20 kg/min
0.726
0.388
1114

20 kg/min
0.180
0.122
0.303

20 kg/min
0
0
0

20 kg/min
0
0
0

o4



4.8 {

8 cm/90 rpm
8 cm/100 rpm
9 cm/90 rpm
9 ¢cm/100 rpm
10 cm/90 rpm
10 cm/110 rpm

4.3
43.1

D
2)
3)
838.5 rpm
32

4.3.2

1
1960 rpm
540

kg/min
kg/min) - 3 —
25 9.600 14.038 23.638
28 10.503 14.798 25.301
28 10.141 14.144 24.286
30 11.933 15.934 27.868
30 11.665 15.567 27.232
35 14.490 18.458 32.948
M u lti-fe rtilizer
Landini L 8860 80
840 rpm Urea, DAP, MgO
41
23 /
2
5.75 km/hr
rpm

270



5 km/hr

5

4.9

55 km/hr

( 4.10)
PTO 540
1 1 Gear Box 2700 rpm
( ) 2250 rpm
3000 rpm
( ) 1687.5 rpm
( ) 1436.4 rpm

838.5 rpm

4.9

54.5 rpm

(4 ) 101.2 rpm
53.8 rpm
102.9 rpm
97.8 rpm

39.5 rpm

4.10



2)
4.9
4.9
10
()
23.96 24
23.61 23.55
4.3.3
4.10
6.05 ( 4.9)
5.84 km/hr ( 4.9)
10.77 10.15 kg/rai
4.10
g
- A

. (e o] pl

11
Urea 7 101
DAP 3 101
MgO 2 101
Kd 8 101

4.65
6.05

- g~
(Q@\l

)

22283

21981

22157

22034

of

0.16
2

)

(rpm) (km/hr)
45 101.2 5.50
6.28 101 5.84

( )

40.8 25.04

Application rate (kg/ )

Urea, DAP MgO 10.05,
( )
£
€ T o T 9
5 o 2B f
2 <
32.09 40.56 32.07 255
30.70 39,77 3180 24.8
3190 42.20 3190 257
30.20 39.00 29.80 25.34
30.70 44.10 34.30 24.65
29.87 59.00 R 25.00
3121 41.34 32.10 23.97
30.07 4051 3187 25.36



4.10
( )
a °7 o
c° '(3 C* S
D c
b D 8
@ p- a
o
<? <
23.59 70 50 40.8
Urea
23.53 70 50 40.8
235 70 50 40.8
DAP
23.59 70 50 40.8
23.75 70 50 40.8
MgO
23.33 70 50 40.8
23.47 70 50 40.8
Kd
235 70 50 40.8
434
( 410 )
96.85 % ( o 87)
Urea, DAP, MgO KCI 2.66, 4.93, 2.89

6.057, 6.72, 6.46 1744 ¢ 2
(% cv of deposit rate

205.88 147.9

(Distribution pattern)

Urea
105 ( 4.11)
8.3 ( 45 )
13.3 ( 1.3) DAP MgO
6.75 ( 4.12 4.13)
7.2 7.4
13) KCl

10.5 2.25-5.63

4.10
( )
Q
g
i ?-‘ E
©
ug L
a
Q
<
56
100
42
55
50
5
5
30
49
150
55.15 /

88l g 2

Coefficient of Variation)
Urea, DAP, MgO

KCl

4.6

58

173.28, 155.52,

50°

70°

4.7)
6.8

1.125-4.125
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( 4.14)
16.2 6-9 4.7-7.2
( 4.8) 18.6 6.3-9.3 ( 1.3)

aa
5l
iy

-"n:umul-llm i
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R T
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Multi-Fertilizer
55.15 / 96.85 %
DAP, MgO KCl 2.66, 4.93, 2.89 881 §| 2
(%cv of deposit rate Coefficient of Variation)
Urea, DAP, MgO KCl 173.28, 155.52, 205.88
5.2
521
5211
5.2.1.2 3000
5 3
5.2.1.3 KCl

DAP MgO

6l

Urea,

147.9

Urea,
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