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automatic target for banana stalk
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Abstract: [Objective] In order to solve the problems that the fertilization mode of banana orchard in South
China does not meet the agronomic requirements, the fertilization efficiency and the automation level of
fertilization machinery are low, a precision fertilization device with automatic target for banana stalk was
designed. [ Method] According to the fertilization process and agronomic requirement of banana orchard, the
control principle of the device and the installation location of key components were determined, and the time lag
model related to fertilization was established. Through the innovative design of the fluted fertilizer distributer,
the mathematical models of single cycle and periodic fertilization amount were established, and the motion

characteristics of fertilizer were verified by EDEM simulation. In order to meet the fertilizer requirements of
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banana at different growth stages, the response surface methodology was used to optimize the parameters of

fertilizer discharging mechanism. The variation coefficient of fertilization amount, variation coefficient of

fertilization length and offset distance from the center of banana stalk were used as the evaluation indexes. Field

test was performed using the combination of optimization parameters to further verify the performance of the

precision fertilization device. [Result] The optimal parameters were determined as follows: The rotational

speed of fertilizer-distributer shaft was 85 r/min, and the initial length of inner core of fluted roller was 6 mm.

The field test showed that the variation coefficients of fertilization amount and fertilization length were both

below 4%, and the highest average offset distance from the center of banana stalk was 7.4 cm, meeting the

agronomic requirements. [ Conclusion] The working performance of the device can meet the requirements of

banana fertilization. This study can provide references for the design of the precision fertilization device for

banana orchard.

Key words: banana; target; fertilization device; fertilizer discharging mechanism; EDEM simulation
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a: Overall structure of fertilizer discharging mechanism
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b: Connection structure of fluted roller
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1: The shaft of fertilizer distributer; 2: Sprocket; 3: Inner core of fluted roller; 4: Fertilizer blocking brush; 5: Outer core supporting plate; 6: Outer core of
fluted roller; 7: Flange of outer core; 8: Flange of electric cylinder; 9: Electric cylinder; 10: Simicircle gasket; 11: Fertilizer discharging tube; 12: The casing of

fertilizer distributer; 13: Inner core retainer

B3 HEHtastarEE

Fig. 3 Structural diagram of fertilizer discharging mechanism
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R is the radius of fluted roller, cm; r is the radius of the auxiliary circle
Oy, cm; « is the center angle radian between the two tooth ridges of fluted
roller; ¢ is the center angle radian of the auxiliary circle O, corresponding to
a; fi is the top area of the groove section of fluted roller, cm?; f is the
bottom area of the groove section of fluted roller, cm’
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Fig. 4 Section view of fluted roller
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D is the diameter of banana stalk, cm; Ly, is the distance from ultrasonic
sensor to the center of the banana stalk, cm; Ly, is the horizontal distance
between the ultrasonic sensor and the outlet of the fertilizer distributer, cm;
L is the moving distance of the test platform during the ultrasonic sensor
detection period, cm; L, is the horizontal distance between the ultrasonic
sensor and the stalk center when the signal disappears, cm; @ is the beam
angle of the ultrasonic sensor, (°); v is the working speed of the test
platform, cm/s
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Fig. 7 Schematic diagram of target detection
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Table 1 Setting of global variable parameters
, HIAEL BIUIREE/Pa W/ WERM WHEERE IEERK
i H H 1% /mm ) , o o
. Poisson Shear (kg'm™) Recovery Static friction Kinetic friction
Item Diameter . . . . .
ratio modulus Density  coefficient coefficient coefficient
NERHBIRL 3.37 0.25 1.0x10 1330
Fertilizer
HEE &% 0.43 1.3x10° 1240
Fertilizer distributer
JE RO BEAH R 0.11 0.30 0.10
Fertilizer-fertilizer
MR —HE L 8% 0.41 0.32 0.18
Fertilizer-fertilizer distributer
JEAHRURL 5201 3t T 0.30 1.26 1.27

Fertilizer-ground model
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Table 2 List of test factors and levels

[% % Factor
RE5E N ARHTIR A 2L AR S SN T i Elp Y 22| HEL A
K TAEKE/mm TAEKE/mm S /s /(r'min™")
Level Initial effective working Maximum effective working Movement cycle Rotational speed of
length of inner core length of inner core of outer core fertilizer-distributer shaft
() B © (D)
-1 5 30 2 50
0 10 40 3 75
1 15 50 4 100
x3 KB HRMER
Table 3 Test plan and results
) e /g
Test No. 4 B ¢ b Fertilization amount
1 0 -1 0 1 167.04
2 -1 0 -1 0 98.98
3 1 0 -1 0 123.65
4 0 1 1 0 270.04
5 -1 1 0 0 185.34
6 0 0 -1 1 140.93
7 0 1 0 -1 144.92
8 0 0 1 -1 159.70
9 0 0 0 0 107.13
10 0 1 -1 0 136.28
11 1 0 1 0 24521
12 -1 -1 0 0 112.70
13 1 1 0 0 221.92
14 1 0 0 1 234.64
15 0 0 1 1 280.96
16 1 0 0 -1 132.81
17 0 0 -1 -1 80.37
18 0 -1 0 -1 93.45
19 1 -1 0 0 151.00
20 -1 0 0 1 187.33
21 0 -1 1 0 175.50
22 0 -1 -1 0 87.55
23 -1 0 0 -1 106.87
24 -1 0 1 0 198.03
25 0 1 0 1 257.22

FE 53399 10 A1 40 mm, e AMEAE S HBTA 4 5,
HEAE 535 9 100 r/min B, f KHEIE SN 280.96 g.
HRIEEAE 80.37~280.96 g X [A]4R4L, 1§ & 5 b At
EAR LR, B ROUE T 0 ATk HL 1 KA L

423 waZiiy 2454 KiRg R Design
Expert B AT Z K B1H 7 207 22 50 W, WIA9R 4
BRI HERE & 5 22 o0 i 2 ARFEER 4 w0, MEAe A
OHIIRA R TAEKEE (4)- Ml 8 5 KA R AR
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Table 4 Variance analysis of fertilizer discharge
77 ZERIR P75 H %175 F »
Variation source Sum of squares Degree of freedom Mean square
18 Model 86473.33 14 6176.67 10161.27 <0.0001
A 4032.60 1 4032.60 6634.06 <0.000 1
B 15299.59 1 15299.59 25169.46 <0.0001
C 36485.04 1 36485.04 60021.77 <0.0001
D 25208.33 1 25208.33 41470.40 <0.000 1
AB 0.74 1 0.74 1.22 0.2958
AC 126.68 1 126.68 208.39 <0.0001
AD 114.17 1 114.17 187.82 <0.000 1
BC 524.64 1 524.64 863.09 <0.0001
BD 374.62 1 374.62 616.28 <0.0001
CD 921.12 1 921.12 1515.34 <0.000 1
A 2523.14 1 2523.14 4150.83 <0.0001
B 2618.56 1 2618.56 4307.81 <0.0001
c 2496.20 1 2496.20 4106.52 <0.0001
D’ 2271.47 1 2271.47 3736.81 <0.0001
Rz 6.08 10 0.61
Residual
SARZE 9.41 24
Total error

KE (B). FEE AN H 3 1 (C) A HE AR 4l 4% ik
(D) R B R R B R 3 (P<0.001); B[Rl R AL
HA AC.AD.BC.BD.CD. A*. B*. C*. D* W4 &3
(P<0.001), AB AN3E o ik 5 B v HE AL & A8 B 3%
) AB T, 194 RE & — IR [l AL Ay .

Y =107.13+18.33A +35.71B+55.14C+
45.83D+5.63AC+5.34AD+11.45BC+

9.68BD +15.17CD +29.89A+
30.45B% +29.73C% +28.36D°. (10)

424 rapw@ar NEWR S HTEREE NS
UAA B TAE K R KA 8 TAE K R = R A
THEIR R AR 0, BRI 50 PR 25 1 HE I g
NG A8 A0 08 30 JE A [ T 98 v K A
X 3 ANAS[F KT 0 HE RE il 2 o 5 A A0 A5 H% 3
W) A2 B AT S5 SR B T 43 5 50 r/min B E T
TovE R B K e &, 100 r/min 3538 T LE e
ANHERE R, PR3 BEHEAC A % 58 75 v/min, 7EAS[F] 1)
FEECANERE B E R, X RE S PSP 2 TAE K
JE R B K AT R AR K BE = R & 347 i 7 i T8 9 A
3D M R 5 R 2R AL IEL 9, TT LW R HE HE Al
¥R 75 v/min B, 7EAS [FHEAE B R RS P95 A)
G A KK R I B A HAE . R

Pttt AR 32 B it AR AE M3 FE A 0.25~0.30 m/s, MIITE
HEAE o0 2 s B, e I & AT ik 2] 80~160 g Sz LA
b, HEAEKE A 50~60 cm, FTE FRARAE K 72 HE
REJE W14 3 s B, it AR & A8 2] 100~200 g & UL L,
it AR K FE A 75~90 em, T2 3 7 1 75 HEAE
PN 4 s B, H AR ATk #] 200~300 g K LA, Jiti e
K E N 100~120 cm, HFHFEMLE .

425 HRZEIAMERKMA ANEIRETIHES
A, ke FEE R AKYHEAL S 100 g, ji
REKE 60 cm; 7 #5242 85 1 85 Bt AL & 200 g, Jii e
KJZ 90 cm; HEME LS 300 g, M LK JE
120 cm. Xt AR & (V) #E47 BARRAL, PRA T RE

5<A<15
30 < B<50
2<C<4 (11)
50<D <100
Y=(1,Y2,Y3)

T LA S, 1530 1) B FE TUNAR AL 2
W% 5 fron. B2 5 ml %0, HoA6 ) I i oy
82.5~86.0 r/min, N SR i L F53 ~ 85 r/min;
FEEE NPT A S TAEK A 5.0~6.6 mm, N SEFR
1B ARFE RS N S PIIEA S TAF K E N 6 mm.
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Tt /g
Fertilization amount
A /g
Fertilization amount

FE S R 5 /mm
FEAE IR K B /mm
Maximum length of inner core of fluted roller

Maximum length of inner core of fluted roller

5 7 9
HEE BT /mm
Initial length of inner core of fluted roller

11 13

9
R PRI IE K B /mm

Initial length of inner core of fluted roller

it A /g
Fertilization amount

%S Py i KK B /mm

Maximum length of inner core of fluted roller

11
HEE IR 15 /mm

Initial length of inner core of fluted roller

11 13 15 5 7 9 13

al.a2 1 a3 23 BUAHENERE ] 2. 3 4 s ST 3D B b1, b2 A1 b3 20 5 9 HEIE A ] 2. 3.4 s NI & (g) & miZk &l

al, a2 and a3: 3D maps of response surfaces under the fertilization cycle of 2,3,4 s, respectively; bl, b2 and b3: Contour maps of fertilization amount (g)

under the fertilization cycle of 2,3,4 s, respectively

&9

BRADTR AN LEKESHERBNTEKEX M EMNRZEIER

Fig. 9 Interactive effect of initial length and maximum length of inner core on fertilization amount

*5 RESBIMUER

Table 5 Results of parameter optimization

75 HEE R /g
A B C D e
No. Fertilization amount
1 5.7 38.6 2 82.5 100
2 5.0 48.7 3 86.0 200
3 6.6 50.0 4 854 300

5 HiERLE
RIe At
ke 5 A £ H B0 SRS v it A e B nT AT M,
Tt — B IR0 B0 v A M, H R o it
Bk &’ 10a frox, 72021 41 H 10 HAE
T AR AW R Bt e 4 Tl B b gt A7 [R) R o 1l
EHEERMAT HESE, DT HFERELSR
1, BREE DN 2 ms WEG AERE A T = R E PR AR A
PR3 &) A2 77 1R R kL . IR0 29 R KRS, AR
TR AR, I H BN T4
5.2 RWHEE

TS ot 3¢ B 5 e 1 7 IS A A5 i R A

5.1

b: AL e

b: Fertilization process

a: W&
a: Experiment platform
E 10 MHERE
Fig. 10 Field experiment
SR, BIHERES: 4 85 r/min, FEARHIAAH 2L
TAEKEEN 6 mm, J8E Wl 301 & /i 2l 2o
0.3 m/s. XML EAITEACKC R 3 FEALA G (100g.
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42 B

60 cm, 200 g. 90 cm, 300 g. 120 cm) 43 HBEAT 5 I
it AR RS, B RIS X 3 R A R, i SRR IR
XA £ D Vi N i W N U e SRV o - 4 R
Hh, R 25 Hp O i B PR 25 2 8 S B it T 1 TR 25 23 A o
O EARZE PO AE AR TT R RS B o 3
56 I SR FH ek v PR Jo s 0 g 1 A AL S0 ) vt S
&, BIFE it 8 A0 sk NEAE b i JERL BT & my, 7E 58 %
1A HERE AR RE VRV J5 5 75 28 LR JE A8 AN HEIE 2%
HH e A R IR IR AR T &, DS EN my, WEE 1A
HEAE FE 9 6 1t Ay —my, TR T D AR} R
FrEEFE S, A — A HEE A A R . Kk
RAE, W mamy, 135 2 AL R A 6 L &
yﬂ my—ms3~ ;I%‘ 3 /l\ﬂFEEJ% /EH %%EE%% mM3—Myo
H TR Se i FR 4n ] 106 B o
53 REERSHHN

Xof FH ] 1256 10 5% R B804t 1#EAT 20 M, 23 0l it BT

JIE it JIE e 5 ARV 25 O (i B2 B 5 - 4 AR
R RBL ERWE 6 Fias. HFE 6 A, AL &5 i
BB B AR S R AEB /N T 4%, R it A 2% L 1) T
PR R e M e 5 o it I S 55t P G B 35 v T 1
18, X T AMERHE RS 5 5 45/ R, 784
FERCAT LI BT, Ab TG AE R 5 (1 BRI SR 8 AE
BHER H R, (HX L6 IR i 2 R RESET 1 M
H, R ZETE Fo 5 Bl 2 N o B2 PP D B8 B 2 1
YA EN 7.4 cm, FFES2hrfEER .,

HI ¢ 7 AT, 240 AL & 5350 9 100 200, 300 g
B, 7 it A 5 B O i AL R 1) A X R 2 R
1.4% 3.1% H1 2.5%, FH ] 50 it A & 5 2R i IE &
AR XT R ZE 40 3R 5.1%- 3.9% A1 2.8%, HITE fL¥F
()% 25 YU B 22 Y U5 W AS IF 7 18 110 78 e s A it
e B I ] FEPE RIS E YRR, T REECT /N B VA it
RS L — L b A T A b e AR

*6 HENEHESER"

Table 6 Data and results of field experiment

51 Group 1 #1512 Group 2 #1513 Group 3
RZE L (EELITN FE TN
e i AR . Jita J e o JfE e o
e r/ T (R m o " (N " T (B om
% /cm H, % /cm B cm
No. of test e - Offset distance e - Offset distance e - Offset distance

Fertilization Fertilization
from the center

Fertilization Fertilization

Fertilization Fertilization
from the center from the center

amount length amount length amount length
of banana stalk of banana stalk of banana stalk
1 104.9 62.3 6.8 207.9 96.3 7.8 310.6 129.3 6.9
2 103.2 64.6 7.9 203.2 97.6 6.8 308.6 125.7 6.5
3 106.1 61.5 7.6 210.6 94.7 6.7 308.2 131.9 7.6
4 107.6 65.7 7.1 209.4 97.5 7.5 302.9 126.2 7.9
5 103.9 67.8 7.6 208.8 100.3 7.5 312.8 123.4 7.0
ifH 105.1 64.3 7.4 207.9 97.2 7.2 308.6 1273 7.1
Average
A5 RHU% 1.49 3.54 5.33 1.22 1.88 5.94 1.06 2.33 7.01
Coefficient of
variation

1) 2051 1~389 22 7636188 4 ) 100, 20042300 g, 2 #3682 4 451 5 60,9042120 cm
1)The theoretical fertilization amount of group 1 — 3 were 100, 200 and 300 g, and the theoretical fertilization lengths were 60, 90 and 120 cm,

respectively
=7 MREILRIEESH
Table 7 Comparison and error analysis of fertilization amount
it /g Fertilization amount W% Z2/% Error
4l ik it bR G 5 S brit L & g5 7 L &
Group ) . Field Fertilization amount between Fertilization amount between
Theory Simulation . . . .
experiment theory and field experiment theory and simulation
1 100 98.6 105.1 5.1 1.4
2 200 193.7 207.9 39 3.1
3 300 292.4 308.6 2.8 2.5
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6 it

1) B0 4 g L DXAR e it A A AN i A2 AR 22
3R, it HE R AR DA Tt AE AL H 20 A6 2 2 AR 45 1]
A, Bt T M AT R A - — L, T
LA AR EE E SRS, AR S IR 25 A LA K
AE T REAN TR A YT I B 75 SR PR RS e A 2R L 0
R E 1O AL HEAT IR R Hs s
B 5E 1 SRS R RE A 2 DR A, SR o 8 T
WITERE T HEEH U R 0 TAE 28 HOIE R
85 r/min, 5 N GHIIEA R A 6 mm.

2) RS H G 1 H )56 2R W - it AT B AN
Jit AR JEE PR AR 5 2R A E0 /N T 4%, Ut B RS T it LS 2
BROUREE 5 B EE TP B2 B 1Y 1 24 AR A v
7.4 cm, i AL KPR EER, U BRSO
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