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a. TEHL

Ll

b. ZitRE R
b. Structure diagram

LIERHE  2.4FEd 3AE 43REE SIHASR e AMMEE
THAEE 8ET 9L 107 SCAE LRI £
2AFEEE  BAREHREEE 148 15 =SB 163
1.Fertilizer box  2.Fertilizer discharger 3.Air pump 4.Air inlet pipe
5.Trencher 6.Air flow diversion pipe 7.Air outlet pipe 8.Float 9.Hollow
rigid pipe  10.Mounting brackets 11.Laser distance measuring sensor
12.Fertilizer discharge pipe 13.Air flow change feedback device 14.Frame
15.Three-point suspension mechanism 16.Control box

B 1 KA ABAAXAIYN 2 BN A LM TR
Fig.1 Whole machine and structure diagram of airflow fertilizer
application monitoring system for rice direct seeding
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HRYEE 1b g, HEAESS TAER, AR AHEE 2%
Hetb G /R E DB PR NHER A, Aol il < iE
NS TREE, FERENESESRaREER, <R
SRRNE A, MR SR ANE A B W E AR T BE AR
WHN, BELEEATE L FNRRSREERES S
RO, HARODESHSEEERSRENRIEE, %
ReE R AAEE . S0 T OB R
PN A SRR s 2R T TE BT g ) HE AR
EE g ERN, @ EREENRREESER, T
A O N IR T 1) BIES), O IR AL R s 3|
FrAL B )G, SEER TR, T S I A A
1)1 25 M R T R

1.3 EERASH
JK e B A LA 2 T R 4 SR S 8
R PR RBURAIRIEIE 75 2o
x1 SRNEEENRGRASH
Table 1 Technical parameters of airflow fertilizer application
monitoring system

24 Parameters {f Values
YEAL# EF Operating speed/(m's™) 0.5~1.5
ML Fertilizer application amount/(kg-hm™) 150~900
AR Fertilization depth/mm 40~60
it A M 0 e it 2R =90
Fertilizer application monitoring accuracy/% -
Ze B AR AURAE Y 600~800

Range of device operating air pressure values/Pa

2 SRNFeRBIEN ARGt
2.1 SRS REERT
2.1.1 RASREELEMAL TR

S E B K 2 Fis, B 2a Nasiins K,
Bl 2b AFIME; FEAFEEE T #R0. HAR DA
HA O, Sl PV B -E NS I E 1k
P, R S A S I ) 3 N it A 1 P
s A aAmEd R EEE AR O, BR O
S5RmAN R EAERE. TSRS, IERHERH
HepegsHe 5, WS mEER FimdN, 55mE
BT REIR G, A AR RHRIORL R A I R 2 ) (X E AR
FA R MHERE DR, o] LA 4B 1k AR 8 HE AR i A2 A
DI %E

a. 4 fR A
a.Structure diagram

b. FHHE
b. Cutaway view

LR 2350 3HIED 48510

1. Pipe shell 2. Air inlet 3. Fertilizer discharge 4. Air outlet

A D NRRAREEALE, mm: d AR REERONE, mm:
R RE TE T I NAR, mm.

Note: D is the inner diameter of the air distribution duct, mm; d, is the inner
diameter of the air inlet of the air distribution duct, mm; d, is the inner diameter
of the air outlet of the air distribution duct, mm.

B2 AR REEEHTEEAINE
Fig.2 Structure schematic and cutaway view of the air flow
diversion pipe
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2.1.2 RASAE EEMBEAT

A I A U I A 2 A% O
Z—, FEAEWMEM, B— 2R AR S IR0 R
G AT, AP s g 5 R SR
I A R PR R A A IR R B 7 i P S
I3 2E Jim 18 SO A S T ke AT s DR L TR S
T2 = R 0 FD O B4 s e S I E 3 - A M 21
B 2 ml g, Sz S RUIR S 45 S50 SR T 1E
Wz D, #EONE 4, HWROWRE 4, KOS E
& Pyo

Jiti s B Rt A SE R O, i )
@agnw
10 4
X 0, At IERE E L E 2, kg/si QO NEABUEIES,
keg/hm?s ¥ ONHLEAEEEE , m/s; L NHLEAELIE %, m;
o NTR LRI MR, kg/m®s o NIERHERREG N
Nt e B AR ATHL

Hl (D mH, SIREE MR D RO 2

p= | 29T 2)
SnpoN x10°

MR ZER, KR MAE RN 150~900 kg/hm?,
O WHUE KN E 900 kg/hm®, HLEAENVEEE 7V B
1.5m/s, Jita I 2% B 1 1 b i 98 AR 4 ok RS e A
L=2.6 m, FURLAERLE FH B2 0 A ROROIR 2 A R, 48
I HHEAN B p Jy 845 kg/m®, ERHEFS 23 0 B 0.3,
WA HIBEIEATE N A 5. B ERSERANK (2 7/ D
=18.8 mm, F[EF] 18.8 mm NI i i b B ER I B
&, SEbRoN TR E R TAEE S, ERS BN
RE—EIRE, EI20%, FIENE D=22.6 mm. 4
MEENE D ik 24, 28 F132 mm —=/MH, Jeh@id
TRIG A 2 M BB I 24

AR IRAEERHER DM DY@ PV Bk
TRz, o PV BUE NARHERE, % WA 6.
8 A1 10 mm, AFFFIEHNEN 8 mm FIFE, KIS
TEE R O AR d IS D AR & T N 8 mm.
2.2 SRTURGEERIT
2.2.1 AARBRMEMEKELMEL TERE

AR E S E WA 3 i, FEARE
GRS R O ORI AL R . R
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OREE R Fimdid PV SRR REENHA N
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FEIR AR S FRIM B, HRR T REEHS
C1 SO0 AR R, T2 O A 0 T I AL B R R
B A Gl ER e e [ PR R A '
AR G R

0= poN QP

WO B AL %Ay
Laser distance
measuring sensor

iy ik
Hollow rigid tube

H\iﬂ
-~ Float
SRA R
~ Mounting bracket

\=

B3 AR EELHTER
Fig.3 Structure schematic of the air flow change feedback device

2.2.2 ARTAEATE B AL

AIAR S s B R A e I A 2 A A 0
2z —, HhETFREH GRS %S E NN R,
TR S DL A E 4 R .

E: GNFETIIES, Ny FeRiF 5250008 2 M BEE S, N; Fi, B, -,
F RS TRITER 7T, N

Note: G is the gravity of the float, N; Fris the friction force between the float and
the hollow tube, N; Fy, F,, -+, F, are the force of the air flow on the float, N.

B4 FF2hath
Fig.4 Force analysis diagram of the float
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KPR R4, m.
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RRUETEFEZ OIS N E B3, v, N e
2G
npd;

R RE B R F, P HIKCPARIE 42 d; 4 0.006 m,
FEREAN 0.7 g B G=0.007 N, “SAR[1% %I
p=1.29 kg, KSEARARX (5) ~ (6) wfF: Tk
FE V,<<9.8 m/s I}, V% TEZS OB A (R FRFR L, PR
Vi>9.8 m/s i, V& FIEZSOE WL ETHZE).

2.3 RGSHIRERE

Rz E Y, [AERMENSMAEE, DUEESR
I3 U PN RN S RS P R/ e 2 1 M R AR
AEERW, K@i, WEHFoimSEEm
BURFR . R EFEE DV AR ML-601 SR
CRUEJEHE: 0~800 kPa, IJZ: 600 W) 5 7777,
Z DR A S 1 HT-1891 307 % 13k CK5FE: 0.01 kPa,
HAE: —34~34kPa, ) ; FILEAF M TM-856 Kl
B CREE: 0.01 m/s, BFE: 0.3~45m/s) ; PV HEE,

DN o A ) i i B A R A R T S
(7 E S Y A e el R A K e TR W ASWAK (= 4
FEAFRMNESFAREER R OMSTRESE, @
T S 7 R S D SRR Ml Py, R BUE
JIEIEREA 200~1 300 Pa, #5100 Pas 450 H <0
G U E YRR A B R R R RN, L
Rl 5 Fros. HAREE R HBIEER, SIRBMRR
B BN AL R, SRR AR R 5 E R T AT
O B T i, BT USRS ST L 1V, <<9.8 mJs,
FRAM TP EAEERE, SHI 10% KN s,
s e s PR OASRRCPEERER AR L, TS
AIRE JMENNT 1000 Pa, J5 Szl il 5606y, #fE
e =18

v, > (6)

it Airflow inside the duct
T4yt Airflow at the air outlet

e ST ST

Average air velocity/(m-s™)
SR ey

Rt
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K JIE Air pressure value/Pa

B 5 AR AEEAAE AR EEAAE
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Fig.5 Change of average airflow velocity inside the airflow
manifold and at the outlet with the airflow pressure value
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3.1 {AELSH
.11 AFHEREHMKE

R B AERHBURL (52 ma, SR TSR 7 2
TS B TR A T IE R URL i J2 SR A, i ANSYS
Fluent 2020R1 1 Rocky 4.4 1 ELAREHEAT HH 5L, 0t i%HE
Ot AT A . 1, O REUARH O () A 3 2 H kAT
B, R AL % F A A AR SRR AR P UROCIR R AR, A

HRAZR I AIAE 1.5~4 mm WTELBIR T 90%, BRAEIR K
T 0.9, HERIBT N 845 kg/m®, HEE N1 635 kg/m’. 1)
FHC SRR B i3k 2 foRPe,

*2 MEERSHRER

Table 2 Simulation model parameter setting table

Ui H Items 24 Parameters {8 Values
/(g mm™) 1.635
RO AT .
Granular fertilizer kit 0.25
B G/Pa 1x10’
# % /(g-mm”) 7.81
ok IR 04
Pipeline
BB /Pa 1x10°
, X UEES 0.11
TR M -0
Granular fertilizer- FpEE S R HL 0.3
Granular fertilizer N "
B e RN R 0.1
o s W R 0.41
WOk ‘
Granular fertilizer- Hr IR R AL 0.32
Pipeline e "
P R R A 0.18

5 AR AE AR MR, A IR
AN RS W IE H AR 1) Bh RE AR IS . RA Rocky
BAE M. R NN 28 mm R MREE, %
¥ STL B 5 N Rocky K AFr, TESIMAMEE Fug N\
FAR BT RN T, FORLAH R SR R 2 T I E,
W BRI AR RGN 25 gfs, AR AN 0.5 s, Bk
YIEEE R 1.5 m/s, ORI ShBMG AR e, L1
BN 0.5 s, & 0.005 s (A7 —E

5 A BRI S ST , B E R OR 7E
EAESRAE T N HEIEERT Bl Be ARG Bl . KA Fluent
4F0 Rocky BAFRE &1L, AL AN 28 mm 1R
WMAMEE, ok IGS BALF N ANSYS #fF, FHiT
SRS, AR Mg, 2 JE S Fluent # A
HATmARTHE, WERSHE A, RARHTR, 4
R BRSO NEAND, HIE /A 800 Pa, it
HERSFRESUT L RIS ERRAEA CAS XHFA
Rocky HH AT BSHOTHT BT, R R RHR A G 1 B 5
F-Hp R —FE, S ERERY 0.5 s, & 0.005s
TRAE— B
3.1.2  JeAtRAL s i R AL RoAT

I RERY, ERESMEMN, JERERIZ )
WG, AR N 2.334 m/s, MESTMER TR
BRI FE AR =, B TR IS 3.476 mis. BT A kL
FIFRE v, nnl st st (7) BT

YD)

X Vo NP RORL T B, m/s; m, N5 i NBORL Y
JiE, kgs VNS i NRRLHBERE, m/s; n 9 NERHTRL
AR
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Fig.6 Change curve of the average velocity of particles with time
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Note: The value after the title of each small figure indicates the inner diameter of
the airflow diversion pipelines.

B7 FRABRLRSAEEAN G URREZH
Fig.7 Airflow velocity cloud map in airflow diversion ducts with
different internal diameters
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Note: The value after the title of each small figure indicates the inner diameter of
the airflow diversion pipelines.

B8 FRABRUASATENGENZH
Fig.8 Pressure cloud map in airflow diversion ducts with different
internal diameters
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HENERS
Fertilizer
discharge

HENE I
_Fertilizer = .
discharge pipe = = U I

g . Airflow
diversion pipe

R
Airflow change
feedback device

b AERE

b. Specific device

a. EFEHL

a. Experimental prototype
B9 AKX MK E KR
Fig.9 Test of airflow fertilizer application monitoring device

3.2.3 RBER 5547
D AR T
MRYET B LG R0, AR 28 mm 2 I iE
GEMS IR A SR, WO AR N 28 mm A TE
HEAT BB TR . 42 18 3.2.2 T TR iR 7 vEHEAT R,
SIS IRE E R SR Py EE 500~1 000 Pa, #
JE°N 100 Pa, FRAIRIGE T 50 WK, F5F IR E SRR 1)
R EGHATSE T, FRER (10) T H 3 E ik
HER R, WRIG 45 R an & 10 fis . 45 3R B, SUEAEAE 600~
800 Pa YulH PN, Z3EE MHERIRIYIE 80%LL L, HSE
f Py KT 800 Pa iy, vHERGRIMILIIE M) NS, 2
RHTAEE P RSER R R FERE LR,
FRIRARA S s B PRI, R HER R R 4.
100
80

HERf 2% Accuracy/%
o~
=]

1 1 1 1
900 600 700 800 900 1000
SR Air pressure value/Pa

B 10 B REA AR E T L
Fig.10 Change curve of monitoring accuracy with air pressure
value

2) HARL

NTHEEEZANSRNRMMA S, ERR R
BN D A OREE Py AR TR . HRPEHT
AT, SREENE DL 24, 28 Al 32 mm, #S
HAJEH Py $EHL 600~800 Pa. % F& 31|25 & 11 e I3 AN
A, 75t B 28 ) 0 P 0 IR RO R R A —FE
HERVBOR B ISR 25z AR RN, s i
FEAEER ¥, KRBT iR KRR ER 2
K, HATHEAERE B AL E R v, EEL 10~30 g/s. EHA
Box-Behnken i 5 [ 1856 3 1+ 77728, 556 R & A K~F-
£ 3 fiR.

DLES B I AR B R C, NI iR AR, IRIERIER
FVE bR SRS T &R, I 17 4, FARKES

50 o R REHERWME 4 Pin, BEREA
Design-Expert #CfF, 38 i 34715 3 [ YA AR 5L A 5 2545 5
e, Wk s s

#3 HBRERF

Table 3 Table of experimental factors

Wiz SEME ot 3
JK3F Levels  Inner diameter Air pressure values Fertilization rate
D/mm P,/Pa Va/(g: s'l)
-1 24 600 10
0 28 700 20
1 32 800 30

x4 HWHRES
Table 4 Experimental protocol and results

ﬁf D/mm Py/Pa Vil(gs') Alarrilii %ﬁﬁfem
1 28 600 10 82
2 28 800 10 90
3 28 700 20 96
4 28 700 20 94
5 24 700 10 72
6 32 700 10 84
7 32 800 20 80
8 28 600 30 86
9 32 700 30 86
10 32 600 20 74
11 28 800 30 92
12 24 600 20 64
13 28 700 20 100
14 24 700 30 78
15 24 800 20 80
16 28 700 20 90
17 28 700 20 94
x5 HERNH
Table 5 Analysis of results
ey Iﬁ%ﬂ H ¥175 Fii P
Souce umof - Degree of  Mean Fvalue  Pvalue
squares  freedom square
274 Model 1374.67 9 1374.67 1449  0.0010
D 112.50 1 112.50 10.67 0.0137
P, 162.00 1 162.00 15.37 0.005 7
Vs 24.50 1 24.50 2.32 0.1712
DP, 25.00 1 25.00 2.37 0.1675
DV, 4.00 1 4.00 0.38 0.5574
PV, 1.00 1 1.00 0.095 0.767 1
D’ 813.52 1 813.52 77.16 <0.000 1
P/ 172.56 1 172.56 16.36 0.004 9
Vv, 3.41 1 3.41 0.32 0.5873
%7 Residual 73.80 7 10.54
PN Lack of fit  21.00 3 7.00 0.53 0.6853
4l % Pure error  52.80 4 13.20

ST Total 1448.47 16
VE: P<0.01 (AR , 0.01<P<0.05 (&) .
Note: P<0.01 (extremely significant), 0.01=<P<0.05 (significant).

MR C, 5S8R EKTE Gy xr x3) Z IR EH
C,=94.80+3.75x,+4.50x,+1.75x5—2.50x1x,—1.00x x5~
0.50x,03—13.90x,°—6.40x,°—0.90x3> (11
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6] U5 75 FE e o2 28 R*=0.949 0, Ut BF 0] 9 05 R #L& JiF
B, B P<0.01, BA ARG B AR A
T P>0.05, PEHARIIAE 2, ANEEHADFEREK
FAELE U

(R PIR R AE T e R I ma i 11 fos, HE
11 AT, BEE SR AR HT R, 3 SRR R B
Je b K5 RN AR R, LR R SR N2
TiEM R R R KSR IR AR E

HERfi 2R Accuracy/%
HERfI 2K Accuracy/%

a. fAD,P,,20)

4 HiERLE

HH (8] AR, 25 R R HLE AR LI 22500 3 B Fe e 1k,
RIS AR — s B, S8 UE A it A 3 2E M ) 2R
BRERE, T 2022 4 8 HIEMHERET AV RS 2 i
HEATHEARLE, W 12, MO TERT RS i, R
Bl 2234 3 B IE s S, R 3 17 e A
B, FEEREE TS TR, RRSmEE
1% 28 mm, SJEAE 700 Pa, PLACJitifEIE 2R 20 g/s. R4
W, FHEARE E AR AN ZE, B E, e
FLERTHEEE N 1.0 m/s, 257 %% B il IE 2 7 s h i,
SHRIGHEAT Z R E R . WG S5 B 6 Fis, 3 1T HEAEL:
BB FI KT 90.0%, HEIE 96.7%, HE TIER
SEPELF, A E R RSN

B/ 12wk
Fig.12 Field experiment

b. AD,700,V,)

A 11 MEEER T EREEAFRG A

Fig.11 Influence of two factors on the accuracy of blockage alarm

SEORME, MR N, BT DR AR AR (A
WL, BEEEE ARG R, W62 IS K S 8D
R kash, LR AR R/, H B ZE A R R
KRR R, it DA 8 18 AR AE T T B, Bl
e IR R 3G K, HER 2R 1A AR /DN 0 it A
RSG5 BB, g8 b, 454 AR K
N H A S L, EE N AR 28 mm, “JEAH 700 Pa, DL
Jti T 20 o/s N B R TAESH.

oo

c. 28,1

o MIEHR
Table 6 Test results

it AEAT 9 5 R TA Y ThR A K N
Fertilizer row Number of
Number of tests Accuracy/%
No. successful alarms
1 30 29 96.7
I 30 27 90.0
il 30 28 933
5 & i

D Wit 7 —FokREE YL SR RS RS,
T H AR I e T OB S I A E AR
AR R B R S5 SH,  FRE i S 80 i R E R
LA I T (S SURAE R/ 1000 Pas

2) SRR RS R S O A T BT, 6
ARSI R Y R R S IR SRS A T A
id, PiEGRFHMS OISR 800 Pa i, AEEHEHL
ISR =2 39.7%, HFITF Ukt EsE FE R A .

3) SR T, K FH Box-Behnken M5 [ iR 56 i
EBM TAESHONRR M ETENE 28 mm, HROR
JEAH 700 Pa, DAK AR 20 g/s. % FHEAL TAES 0t
A7 H AR S, 285 SRR 0 4R IS DV R 138 90.0% LA I,
FHBEEREML, RHDEERREN, 12K
it AU 2 % i A R R R
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Design and experiments of the airflow type fertilizer application monitoring
system for rice direct seeders

Zeng Shan', Wei Silong, Liao Mingming', Zeng Li*, Chen Haibo®*
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China,
2. Experimental Basis and Practical Training Center, South China Agricultural University, Guangzhou 510642, China)

Abstract: Rice fertilizer application is often disturbed by the moisture or mud and water in the field, particularly, in the rainy
and humid southern region of China. The complicated working environment can result in fertilizer clogging or leakage in the
fertilizer application machinery. The photoelectric and capacitive sensors are often developed to monitor the fertilizer
application blockage at present. However, the traditional sensors are susceptible to fertilizer dust during operation, resulting in
reduced sensitivity and even monitoring failure, which cannot meet the actual production needs. In this study, an airflow
anti-clogging and monitoring system was proposed for fertilizer application in the rice direct seeding machine. The agronomic
requirements were combined with the fertilizer application in the direct seeding of southern rice. The smoothness of the
fertilizer application pipeline was effectively improved to prevent fertilizer clogging. Once the fertilizer clogging occurred, the
alarm alerts were run in the system simultaneously. Firstly, the working principle of the fertilizer application system was
determined to design the key components, such as the airflow diversion duct and the airflow change feedback device. At the
same time, the structural parameters were optimized for the key components of devices. A parameter calibration test was
carried out to determine the air pressure value (P)) of less than 1 000 Pa at the inlet of the airflow diversion duct. Secondly, a
coupled simulation was carried out using Fluent and Rocky software. An experiment was then conducted to calculate the
motion state of fertilizer particles with or without applied airflow in the airflow diversion duct of the key component. The test
results showed that the velocity of fertilizer granules increased significantly under the action of airflow. The kinetic energy of
the fertilizer granules increased by about 39.7%, compared with no airflow. It infers that the airflow effectively improved the
smoothness of the fertilizer application pipeline. Finally, the prototype test was performed on the blockage monitoring and
alarm performance of the device. The air pressure pre-test demonstrated that the air pressure of the air inlet should be taken as
600-800 Pa in the static test of the prototype. A combination of inlet air pressure, pipe inner diameter, and device fertilization
rate was then tested to determine the optimal operating parameters of the device. The test protocol was designed by the
Box-Behnken response surface method. After that, the regression model and the variation of the response surface were used to
determine the inner diameter of the airflow diversion pipe of 28 mm, the air pressure value of 700 Pa at the air inlet, and the
fertilizer application rate of 20 g/s, as the better working parameters of the device. The optimal combination of parameters was
selected for the test in the field trials. Consequently, the accuracy of alarm monitoring was above 90.0%, and the highest
accuracy was 96.7%. The better performance of the device was achieved in the stability, which fully met the requirement of
clogging monitoring accuracy of the rice fertilizer device. The finding can provide an important reference for fertilizer
application in the anti-blocking and blockage monitoring for rice production.

Keywords: design; experiment; rice direct seeder; fertilizer application monitoring; Fluent-Rocky coupling



