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Design and Experiment of Key Components of Side Deep
Fertilization Device for Paddy Field
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Abstract : Rice is one of the major food crops in China,and fertilization is an important operation links in
the process of rice production, the traditional way of fertilizing rice is sprinkling the granular fertilizer on
the soil surface by mechanical or manpower. This method has the problems of unreasonable fertilization,
such as many operation steps, uncertain fertilization amount and uneven distribution, which directly
affects the rice yield. The side deep fertilization technology for paddy field is mechanically transplanting
granular fertilizer ( base fertilizer and tillering fertilizer) quantitatively to the rice’ s side position with a
certain depth, which can reduce nitrogen fertilizer amount by 20% ~ 30% and availably decrease
pollution of freshwater resources compared with the traditional fertilization operation. It is a cultivation
technique with high output, stable yield and low cost. As a core carrier for application of side depth
fertilization technology, the side-depth fertilization device for paddy field has such problems as low
uniform fertilization, poor stability of the device and blockage of fertilizer transmission pipelines. In view
of the above problems, combined with the agronomic characteristics of side deep fertilization in the paddy
field, the key components ( fertilizer feeder and pneumatic conveying system ) of the side-depth
fertilization device for paddy field were designed and analyzed. Through kinematics and dynamics
analyses, it was concluded that the bigger the rotation speed of the fertilizer wheel was, the better the
uniformity of fertilizer application was. It was calculated that the theoretical limit value of the rotation
speed of fertilizer wheel in the corner of the fertilizer wrap was 150 r/min, and a pneumatic conveying
system suitable for transporting granular fertilizer was designed. The quadratic regression orthogonal
rotation combined design was used for the experiment, and the rotation speed of the fertilizer wheel, the

forward speed of the device and the wind speed of the fan were taken as the influential factors. The
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fertilization average and coefficient of variation of fertilization uniformity were measured and analyzed for

fertilization device through performance detection of JPS — 12 type discharging seed test bench. Through

the analysis of variance and response surface analysis by Design-Expert software, the mathematical model

between influencing factors and response indexes was obtained, and the mathematical model was

optimized and validated. The results showed that the coefficient of variation of fertilization uniformity was
28.25% under the condition that the rotation speed of the fertilizer wheel was 21.96 r/min, the

advancing speed of implement was 0. 93 m/s and the wind speed of fan was 22. 93 m/s, which could meet

2

the minimum fertilization rate of 150 kg/hm” at the side deep fertilization of paddy field in cold region in

Heilongjiang Province. The research provided a reference for the research and development of the side

depth fertilization device for paddy field.
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Fig. 1  Structure diagram of deep side fertilizing

device in paddy fields
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Fig. 12 Structure diagrams of pneumatic conveying system
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RNEEREN FERI S B R% R R
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JKFE A 8 it JES 2% G 5 U AL & DA
FNAT A L Sy ) AR B AR S 0.7 ~
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0. 84 hm’/h, ¥t 5 KRAE ML R% 0. 84 hm’/h PRy T4
FE A X R0 3 i JIE e JIES i 450 kg/hm® 3850, AT 1
7K A0 7t 1L 25 5 ) A BB 26 % W oy 378 kg/h
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TR
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Ve i R 5 T R A VR L LG ol T K R HE
B AIRE S BR8N IR AR L w/ B
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Bk S o TR AN
v' =Ko, (19)

A o, —— ORI AE A IF BUEE , m/s
K— R (— el 1.5 ~2.5, 5RAT

LRI IKESTENR/S CREP S

K 328 I R A D) O JES 7 i A 1N 0 A
By, Ak 0 0 A1) 8 2y 38 98 A6 23 Bl 2 1 K, 4
TR A A 451 5 AR ATURL A 1Y) 2 8 A4, 3 I A 5
o 0% D R BRI TORENIE A0 25 B4 T T 2 AR A BE
2 i % A PR AIG T URL I 1Y DT R R I, 2 7 R
URLAE DO B 22 BH ZE 45 % 9 1) el , 52 i) A2 JE A 1E
R N, T B L UL
18 5 A o R U R B o e R R R, S A 3
TEHEEE v, O 8.27 m/s, | T 7K F A 3 it T 2 ¢ e
FHABORL L %5 B2 A, X% i JIE 47 30 SR A o 1Y 9 22
AR ML A A O P AR v S e R AR Y
5 R S DA R it A 2R A BB A R AR, TR Ut i
R HERE ALK 2 (19) 7
SWMHEE o' 16.54 m/s,

s W Q 150N

/4

Qzub
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130 (20) 15 Hyfr s KU Q BEISE R 263 m™/h,
DR Ay i 2% 22 G0 AN 1 3E G A7 A — 5 U KU, — R
BN 10% 2 A5 i i PR O SR RUBIL i % R
Q' A JE 290 m*/h,

AR 4R A 36 DAV R AR R e AR R, AR S
AF 5 19 7K A0 8 it A 2 8 e FH AR W ol 12 V. T
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_ |40’
d= 3 600w’ (21)

7 FEAM 4% i JES 2 DXL a6 i ES AR f A0 X
I R LA o L A B R REA KU
R XD Q) Fi s O of AR d, 8 A TR
BN A s i F 1 KU A9 — 3 o B AR S, 3 XU E
HTAEA 6 L =10, i b SRR LR 5, W
BN Q, Ak TN vy EAR dy AT R
Ay SRS BURLAE IR & 5 i A e B A 26 X

(20)

N Qs KRN o) EARN d BB TE AU A,
FRBER R M d, >d, >d,, AP ERNETREY
AL T FLAR G, B dy g 70 mm i3 4 2% 5
B PR A R X E LR Q' =604, =
60 A, Al 1,0 >0f, H o) =o' I, i (21) w43 d, =
32. 15 mm, N PRIERE S 1F & f 2% IERL, 25K o) >0,
PN I e £ 9 4200 32 mm [ bR E AN 22 B BRI ORL RS
D) 5 A A A A TC 1) =l A AR AR O 32 mm, N AR
d, H 24 mm,

SRy R A ) R R G BRI L AR
28 B3 P BN b =l A T it TR R AR
N HE A B S R R RS OR, 2 AR S
TR NE F BT 25 T8 18— € 7, DT PR JIE 2 JIE 11 T8
SR, FEEE R AN 12 R o A PR UE SR R HEAE B
BF, R AL B A I 1) 38 2ok — 38 4 E A IR AE, Bt ik
JEE a Jy 24 mm, b 2y 30 mm Y45 BERYURAE M o K
21°, MR BE b Ry 16.5 mm  MEFRKE ¢ o4 16,5 mm , #E
REJF s 128 mm !> "% 5
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JEE RUBIL XU 174 335 HBC{ 91 L 3 sk — WO AC e % 4
G 43 BT 52 e DR 2R 0 ) 5t S 48 A0 1 1 it JES 2
(E A AE B S PR A28 S BB Z M G &R
4.1 BB 5H=E

I O AR G RO R A HE A P R S g = I
[B] 2 2017 4 7 F A EE R 25°C , BT R B 35%
TR R A BRI VLA R AR X i IE & FHIE , ok
%2 ~5mm, %5 1.33 x10° kg/m’ , F /K%K 17. 8% ,
H R IRIEff 32.2°,

HAE NY/T 1003—2006 ( Jiti JIEE B4 S5 35 2F Hr £
ARFLAEY it A A M 2 Sy i 54, AN 25 A
BLTH 2 32, B K A it T 26 AN [] 1R K 46 5%
T A [ B 1) P HE IE St 0% 78 Ak R 5 it A 34 &9 M)
€N A, WY HLE AT HE TS 10 4% 100 mm K JE %
BLAFE AT 30 BEiBE RS, 43 AR T AR A /N B
F14) L A PR o G T o ot TS AR e it IS 88 5
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BRERBV N

V:%XIOO% (24)

Ao X, —— D00 it N AR P B 2 705 4[] B ) g HE
HE AU IE 7 S5 S5 0 i JE 8 59 Pk B
FER AR /NBE N TE A ORLIE I & L g
m— 52 YCHL
T I 2 oy R AE WA A L K R it AT
BEE A JPS — 12 R HEFP M fig A K 5 5 4L Ak,
B 13 s o gt f 3 il A/ B BE Sy 100 mm
S 4000 mm f A RHIS AR 45 00CE fE AR R
FH Tt HE 347 5 1 0 o oS R it S 25 R R 1Y UKL
JIES, ) TG 5 R 45 4 i IRUATL e i, X430 S JXUATL
HE T R, SR 5 3 2 8 45 JPS — 12 AU HE R 5 &
HL Sy B AR A0 A AR 458 T A% 26 (CBORL IS W B2 4% ) A+
Xof < KR AR it S 25 5 2 1 3 By, AR 4RL /K TR A R it
IS 2B Ei T 0 R

& 13 7J<Eﬂm Eﬁﬂﬁ%%ﬁﬁ?’\l*
Fig. 13 Test bed of adjustable blades deep-side

fertilizing device
LK BB AR R B 2. JPS — 12 TR HERP 4 K iR 0 &
3. UKL AE W 4k 2%

4.2 RBWERSHIF
4.2.1 e e

Tt HE A 7 P 00 A W, ST o 6 HE AR 285, HE AR T
HE%’E?%F 1/4 W45 1R o HL 5 RSP AR R 42

59 43 W)k 10,20 .30 40,50 .60 70 .80 r/min it jiti

HE%E 10 s PN HE &5 B9 80K IE BT &, A S WK,

A (22) ~ (24) 15t AR AR PR HEAE & 918y, Fiie
NEFRRE TR S5 R A v, o IS RNE 1 iR,

v FH} Design-Expert 24451 3% 1 50 25 5L 61707

F M, 3¢ BH HEAE 58 55 3 6] it B Fa 1 it FES e 24 M

A B A e A8 S R A BT B LA 1 B HE

0 Bt A2 ) e S R 2k it RS £ (L A it TS AR P AR

S F B0 B1H J7 FE530 h
y, =16.88 + 1. T4x, (25)
y, =8.48 —0.27x, +2.25 x10 > (26)

x1 TEHRREETHEERE %R
Tab.1 Measurement of fertilization stability at

different rows of fertilizer wheel speed

HEAE 46 5% 8 Jit FES S A it A o it FE S AR 5
%,/ (remin ") B y, /g FEy, /%
10 33.73 6.07
20 49. 40 4.46
30 71.24 2.18
40 87.77 0.74
50 105. 44 1.03
60 121. 58 0.90
70 139.22 1.53
80 154. 87 1.07

i (25) ((26) Al fE— 2 JE A, SR AR S
b B /N 0 e IS A A e it T i 24 L, 5 0 o A

ﬁFHEi’BH"J%E?ﬁ%M,@ﬁﬁEE%E PEAR 5 R H 2 Bl
A I ME 56 e 3 g R AT 1T 484 o Ay ok 38 di /) it A = Sy
150 kg/hm” [ 4 25 B0k, {838 3 B WL AT 38 3
1 m/s, MIHEAC 255 8 16. 15 v/ min , Jifi AE A3 52 122
SRR N 4.71% 3 & NY/T 1003—2006  jitg AE AL
BT 2 PP AN R B ) it I R PR e R UM T
7. 8% (LK, T WY 2 it N 2k 1 it AT A MR AT o
4.2.2 JACH AT

10 3 3 BT A B T UL X S ]
2 W 1 S 2 ) P i I e L R G P 2 5 7 S AR
R LI, 15 30 2% PR 3R G LAY A2 09 B - IS 4 e
b 20 ~80 r/min, Ji#EH EF~ 0.7 ~ 1.3 m/s, X ALK
A 20 ~32 m/s 78RR A bR T UK OIE A é F 2R
BB AT B, X R g AN 2% 2 Fis o

x2 HABEERHKD

Tab.2 Coding of experimental factors

HE
ity HEAL 48 5% 1 I U 3 8 RHLRA
xl/(r-minfl) xz/(m-s’]) x3/(m-s’])
1. 682 80 1.3 32
1 68 1.2 30
0 50 1.0 26
-1 32 0.8 22
-1.682 20 0.7 20

WA U IE 5S4 4 WV E AT 23 LIRS0, 4
SIS 9% 6 4% /N B 7 B0 TORE A 9 B A R ol
3(22) ~ (24) FF 51 M 34 57 HE G B 6t 34 (8L v, o1 it
WA SRy, MR T R SR 3,

(1) G I 3257 14 1 5 4 £

5 X KR 40 A 4 5 0 e
(i v, JT2AHT IR 4 FFR. 4 AT, |
w0 AT ORI IS 04 1 ) 4% B W i
REL 3495 A R 34 (L, B0 1 07
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Tab.3 Schemes and results of experiment

HE PERESE A
s X,/ %,/ X/ /e v/ %
(remin™") (m-s™") (m-s™")
1 32 0.8 22 0. 80 20.91
2 68 0.8 22 1.61 18. 38
3 32 1.2 22 0.57 28.92
4 68 1.2 22 1.08 25.77
5 32 0.8 30 0.77 21.99
6 68 0.8 30 1.59 13.96
7 32 1.2 30 0.56 33.08
8 68 1.2 30 1. 10 23.72
9 20 1.0 26 0.37 33.83
10 80 1.0 26 1. 46 21.24
11 50 0.7 26 1. 40 15.62
12 50 1.3 26 0. 82 27.48
13 50 1.0 20 1.03 23.36
14 50 1.0 32 0.98 21.41
15 50 1.0 26 0.99 21.77
16 50 1.0 26 1.01 21.80
17 50 1.0 26 1.01 20. 34
18 50 1.0 26 1.03 19.01
19 50 1.0 26 0.99 19. 56
20 50 1.0 26 1. 00 21.02
21 50 1.0 26 0.99 17.83
22 50 1.0 26 1.00 19.01
23 50 1.0 26 1.02 17. 88
x4 HERHAEEREHEAESWN

Tab.4 Variance analysis on mean value of fertilization

of fertilization uniformity

1l S A e | T R X i A 4 0 e it HE
(B o) 7 g 1T P, AN AT 14 BT o

SMEU
!\) [38)

I

ALY

%
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30 \b
4080720 W@&‘i@@

P L4 it I 8 2 A it S 5 40 40 19 0 B 2% i i T
Fig. 14  Two-factor response surface for average

fertilization amount of fertilization uniformity

o 14 n] g, 2 RCHLKGE AL T F K P (v =
26 m/'s) i}, Tt HE 249 2 P i S k249 L Bt 2 I AE 56 5 i

B R4 O, 3 T o R ) 39 R ek o R AIE B
e — 1 o O A R I DA L, >4 R A

B2 96, 2 e ) g 6 0
VCHCH I MR 5388 G 24 5 5t 24 A 1
K 5 24T 1 — O L B ) A HE T 2
Bt S i (L B 25 S E P 00K, 7 5904 B 4
4 A 7 /0 B 6 I 45 B 24 08
4 TR 2 00 M 24 A 584 025 W £ 00k 2 ol
SRV < W S A 56 5 KUBL XL e
(2) M0 20 P s 5 R 3K
S 3 X B 0 43 6 0 0 A e R
Y TS S R, hES WAL .
Xy AT RIS 0L 45 75 51 4% B 2 0 1 0 2
SRS SR By, 19 07
vy, =26.359 -0.914x, +23.476x, -

AR CEHM HBE ¥y F p
A 2.00 9 0.22 1039.29 <0.000 1"
X 1.49 1 1.49 6952.18  <0.0001™
%, 0.43 1 0.43 2023.84  <0.0001™
x 1.28x107° 1 1.28x107° 5.9 0.0296"
X%, 0. 040 1 0. 040 187.32 <0.0001™
%)% 3.55x107* 1 3.55x107*  1.66 0.2205
% X3 4.10x107* 1 4.10x107* 1.92 0.1897
x 0.016 1 0.016 73.24 <0.0001*
P 0.023 1 0.023 106. 31 <0.0001*
x3 7.21x1077 1 7.21x1077 3.37x107? 0.954 6
%% 2.79%x107° 13 2.14x10°*

K% 1.15x107° 5 2.30x107* 112 0.4208
A% 1Le4x107° 8 2.05x107*
S 2.01 2

e RRREE (P <0.01);

Tl

* g #F(0.01<P<0.05),

y, =0.978 +0. 050 7x, —=2.27x, =2.71 x10°

0.022 3x,x, -9.88 x 10~
FR AR [ET ) 75 72 (27 ), #I ) Design-Expert {422

i +1. 19«

(27)

2.80 x 10 *x,x, +8.01 x 10 ] (28)
x5 HIERHAGTERRHFESN
Tab.5 Variance analysis of coefficient of
variation of fertilize uniformity
BRI AR BBE B F p

o 522.09 9 58.01 26.68  <0.000 1
X, 149. 89 1 149. 89 68. 94 <0.0001 "
X, 239.49 1 239. 49 110. 15 <0.0001 "
X3 0.90 1 0.90 0.41 0.5314
EEN 0.11 1 0.11 0. 051 0.824 4
X% 14. 34 1 14. 34 6. 60 0.0234"
Xy %5 2.49 1 2.49 1.15 0.3037
x% 103. 87 1 103. 87 47.78 <0.0001 "
x% 3.09 1 3.09 1.42 0.2542
x§ 8.61 1 8.61 3.96 0.068 0
B2 28.26 13 2.17
KMz 9.72 5 1.94 0. 84 0.5578
ali k2% 18. 54 8 2.32
S Al 550. 35 22
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Fig. 15 Two-factor response surface of coefficient

of variation of fertilization uniformity
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4.2.3 ML SR

A 3k o X 6 B 0 i HE I A A S D
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Ji L 4 it AL A5k £ 9 5 S TR R 150 ~ 930 kg/hm” it
HE ¥ 2] A8 S & B Bhy, B ORF NY/T

1003—2006 ( jiti AL HL A S5 it 1A £ AR BEIE) o HEE 1Y)
40% o PRI, 75 X 22 AT 4 it A Ry 150 kg/hm” i
425 TR b 2 B0 A7 D0 A SR A, 45 21 RH B A it FE £
SIS R R HAR RN

20 r/min<x, <80 r/min
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HRE A5 29 9ok £, F) - Design-Expert 44 % [a] 15
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Fig. 16  Analysis plot of parameter optimization
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Tab.6 Measured value of evaluation indices under

optimal condition

WiH it JES 2 5 P i S it A ¥4 5 4 AR S
Yft/ g ZH/ %
e fE 0.43 29.27
AL (e 0.45 28.25
AHXT R 2/ % 4.44 3.61

SRUR N e A TR S PSS R SRS L R U
PRAB AR R 22 B s I 7E 4. 44% DAY, B UE 25 1 548
PG RFEA — B IR IEAE W] 52 W T R Y, U AR
DAL S BORA W 1 15 AT AT 1, 2% i A 2B A ) i A
PEREW AR ZBR
5 Hig

(1) #dEr 7 W0RL AL 32 3l =7 F 8l g 2 B 3 ik
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X HEAE A% 78 I8 Bir B 1) 3 2l 2 3 A A HEIE 6 HEAE B B
(4 80 32 3 A, A5 1 T e B S B R A ) T 4R
Jiti M 14 23 P, SR AT 70 RE A0 Ay P R JIE e % T ) e R B
WAE N 150 v/min, ARGE UKL 19 5 2% 25 1F, it T
T B A ORI AE A9 R R R G .
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