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Design and Verification of Test Bed for Testing Parameters of
Wind Assisted Fertilization in Paddy Field
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Abstract; In view of the field experiment of deep fertilization in paddy field affected by various factors
such as short planting season and unstable operation performance, the traditional indoor soil tank could
not carry out the experiment of deep fertilization in paddy field by air delivery, a test bench was designed
independently to detect the parameters of deep fertilization and fertilizer discharge in paddy field by air
delivery. The test bed was mainly composed of the mechanical part, the control part, the fertilization by
wind and the software part. The automatic control technology, multi-sensor technology and hydraulic
transmission technology were adopted comprehensively to simulate the working conditions of paddy fields,
realize the real-time collection and display of wind pressure, wind speed and other parameters during the
process of wind feeding and discharging fertilizer, and flexibly control the speed and turn off frequency of
the fertilizer discharging wheel. The performance verification test showed that the traveling speed of the
test bed can be adjusted within 0 ~ 1. 62 m/s with an error of 1. 5% . The fan provides air velocity of 0 ~
30 m/s to meet the demand of air feeding and discharging fertilizer. The maximum coefficient of variation
was 5. 79% , which met the requirements of fertilization. Based on the test-bed, the results showed that
the influencing factors of fertilizer uniformity, fertilizer amount variation coefficient were as follows:
fertilizer wheel speed, trolley forward speed, wind speed. The test-bed can test the parameters of the side
deep fertilizer in the laboratory environment. The research and development cycle of key components of
side deep fertilization in paddy field was shortened. This study laid a foundation for the realization of
intelligent control of side deep fertilization in paddy field.

Key words: soil tank test bench; pneumatic side deep fertilization; fertilizer parameters; uniformity of

fertilization ; fertilization stability
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Fig. 6 PXI data acquisition and motion control system
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discharge pipe of test bed

E 13 AERIERE RS
Fig. 13
LR Tk 2. Pk 4

Trolley drive system

HIJ £3 25 14 R o B2 I e 24 i ok J3E Al 1% 3 2 s il
o, VARSI LU 491 W T JRE AT S5 B 3 E ) A A 4
il o HJESEPR G FRe e Pl Listr AR 8, XA
FHXH T Bl PR B 4 52 Pz A B N B 5 R g
Ao RGN B FAT R IR ZETE 1.5% LU, 1%
i K5 HE WA 52 B K B v gl g BB B e R A
A o
4.3 BEHREEMRRIEARE

MR NY/T 1993—2006 i AL AL A 57 B 2F f £
ARBTE ) , it A X 56 15 e AE e 4 BE 56 ik 1L 46 Oy
A, A I G AT BE , 2 B AL ) A
JRGI Tl FES 26 5 AN ] 1 JIE 5 5% sk T R AE A9 72 AR AL
e

13 7 it A 25 B 14 HE A 1 BB i 0 — S (]

PN, HIERE 25 HE S IE R o AR o o AR B R R T
R AE e B HE AL RE A 2 o 100 Aot M AT A 2 i ME R 114
ARZ o 230 I %€ HENE 9K 3h o AL 5 33 0 10,20 .30,
40.50,60,70 .80 r/min ¥ 5L T 1 H AL 1 A5 1 22 172
S Z B0 B UG 2 )T ming B HEAE 0 AR AR
5o B G R 3 A HENE B Ik AT AR St
ZERANFE 1 PR .
®1 AEHRREETHEES S
Tab.1 Fertilization stability at different rows of

fertilizer wheel speed

HER 5556 3/ (romin ~ ') Jiti 2 4 (B g SR %
10 200. 40 5.43
20 297. 30 5.79
30 425. 66 3.32
40 530. 45 2.53
50 635.98 4.25
60 730. 50 1.63
70 833.27 0.90
80 931.48 1.28

IR 45 R SR W HENE % e 100 i AT A2 1 it e
KA 5 2 HOE Wi 2, U5 15 2 R L 58 e 3 o
S I (R, AR S R y, BRI D7 R

y, = 10. 497x +100. 77 (3)
y, =0.000 3x* —0.094x +6. 625 2 (4)

=0 (3) AT LUA Y, BE A e 3 i 39 o, i I £t 2
2L R B R A = R
A AR MM AR . X2 B T AR S HE A 2% HRIE
Uk B3 RS FR , P 3 2 e ARG R AE 4 ik 3l 2 i AE
2 o HEAE 22 S &R B KO 5. 79% il 2 (it JE
BIUB BT f5E PP AN B AR B ) R Y it JIE A k8 S &R
BUNT 7. 8% By 2K, K H -4 K 10 & it 1T 3¢ &
AE R 47 o

5

HRAE NY/T 1993—2006 ( Jiti JIEE HL 4 57 3 2F fr 46
ARHBIE) iz FH I 50 13 11 A0 2 A i 7 3 6 K B A%
Jit A 1 6 - e T 4 S M AT A . ds TR R
TRy 43 I A5 HE NS 5 % o | & A R AL
DR A BV L o R UK IE 58 e % 21 45 i 56 o0 T
A5 52 M DR 2R 5 i A S ) (B B it A B S0 PR AR R R A
ZIRE R,

5.1 KA *E

TR b S ETE AL 3 /N 1 L E G HE AR B 5 R
U H R AR M S50 =, PRE IR E 25°C il T R
ST AR B KA AR DA it N & P 22 B AL, LAk,
HAEN3 ~5mm, AE R 1500 kg/m’, 4 7/K% 18.8%



192 & A Bl B ¥ i

Tt JE 23 23 P 3 O B 2, (B 5 4 LA
T 1% I8 A7 B2 AT, O 8 T 0 g S R
F i JES 2, JIES AR AN SR PR Rt 5 5, o M it T - 4 3k
T, I HAT & 45 A 7 1) 45 100 mm < JEE S 0
37, AR ¥ A /N B iy HEREURL I PR o Tt IE 2492
P e A 2 R A o 22 O S R RO E o

BRI FF 9 m Y M I 3 B 2 B R BE 100 mm
KB B IERHICAR 28 s T M 2 B TR T %
F4 REARHAURE , M) P G 28 9 1 e L 90 5 XUBIL &% e e
T4 44 DKL B S A O o 0 e 0 R 2l 2
PR 5 DR R R A 5212 Bl 7 1) SR AR UL BRI £
00 N2 Az g, 1K 5 WA 14 R .

Bl 14 K W XGRS I 5 &
Fig. 14  Test bed of paddy field fertilization by air

5.2 AWERES
5.2.1 MR

SR U V= B e | S T O BN 174
RE B I PR XU R 1 3] 4% R 2R kit A 2 it T
=AM, B0 56 15 3 & B R By S AR Y [
Hp HERE 56 5% 3R 20 ~ 60 r/min, 5 R HE 0.5 ~
1.6 m/s, B IE 45 N XU 20 ~ 38 m/s, 7R LAl B JF
JEIEAC S . A Rk 2 s,

1z ] Matlab ¢4 % b i i 56 %5 48 #4172 o0 4k
P [B1H 23 B, 15 3

y,=0.9427 +0.018 9x, —0. 816 5x, — 0. 003 9,
(5)

Jite RS et 247 (L ] O A R AR 5 SR 3 3 i

HRAE = (5) BH 5 72, Rl AT Matlab #5144 22 il HE
B4 55 o | & 4 B U 3 ) it A 2 {8 52 W g )
i, aniEl 15 fros .

XML R 27 m/s B, il S S 34 (i Bt 5 HE AR
AL IR B K MM XG N, BE B & 42 A0k R 0 98/
3. HEAC A5 2 — Ja A HEE & o 2 (i, 4 &
TR R e (A B A HE T R s B B
s T) P e A 4, vt A 289 AR L B, 24
HE 56 % AN AR B, BT B () PR HE S 4 BE R AN AR
Bl & & 45 R B B 3G, HEE R — N B
B TR 980/, T % 21 B Y JERE 2t A 1 98 /) , DA TG i A

2020 4
2 RARBEHTESRBRER
Tab.2 Test design and test results
Ht%  S&EmidE KWL iR MRS

e HHEx/  EEx/ x5/ B MR R
(r'min~") (m:s™") (m-s") ¥,/8 ¥,/ %
1 30 0.7 23 0.76 5.30
2 50 0.7 23 1.30 4.61
3 30 1.3 23 0.40 7.33
4 50 1.3 23 0.67 6.50
5 30 0.7 32 0.74 5.53
6 50 0.7 32 1.28 3.48
7 30 1.3 32 0.42 8.28
8 50 1.3 32 0. 66 6.10
9 20 1.0 27 0.35 8. 46
10 60 1.0 27 1.07 5.32
11 40 0.5 27 1.41 3.90
12 40 1.6 27 0.46 6.90
13 40 1.0 20 0.71 5.90
14 40 1.0 38 0. 66 5.33
15 40 1.0 27 0.67 5.45
16 40 1.0 27 0. 69 5.45
17 40 1.0 27 0.67 5.10
18 40 1.0 27 0.70 4.75
19 40 1.0 27 0.72 4.91
20 40 1.0 27 0.71 5.26
21 40 1.0 27 0.68 4.46
22 40 1.0 27 0.71 4.74
23 40 1.0 27 0.70 4.55

F3 EEREHERDRER@MIEPRLY
Tab.3 Regression coefficient of regression model

of fertilization uniformity

M REE AR B HE I U1 2 5 A X 1]

Bo 0.942 7 [0.3864,1.499 1]
B 0.0189 [0.0124,0.0255]
B> -0.8165 [ -1.0448,-0.5881]
Bs -0.0039 [ -0.0193,0.0115]
R?>=0.9019 F=34.1046 p <0.0000 §?=0.0143
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Fig.15 Corresponding surface of average fertilization amount
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Fig. 16  Response surface of variation coefficient

of fertilization uniformity
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