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Design and Experiment of Electric Control Double Row
Deep Fertilizing Weeder in Paddy Field

WANG Jinfeng GAO Guanbao YAN Dongwei WANG Jinwu WENG Wuxiong CHEN Bowen
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Aiming at the issues of fertilization and weeding operations in paddy field during the tillering
stage, there are many problems in the operation, serious environmental pollution and uneven nutrition
distribution. A kind of rice planting that can be completed synchronously in combination with the
agronomic characteristics of deep fertilization and weeding at the tillering stage was designed. According
to the D’ Alembert’ s principle, the dynamics analysis of the start-up acceleration stage of the implement
was carried out, and the mathematical model of the driving torque required for the active weeding wheel
was established. The theoretical value of the maximum driving torque required for the active weeding
wheel was 59.05 N-+m, and the control system for the deep fertilization device was completed. And
walking control system design was implemented. The quadratic orthogonal rotation combination design was
adopted. The tool forward speed and the blade opening diameter were the influencing factors. The
average fertilization amount and the variation coefficient of fertilization uniformity were used as the
response indicators. The JPS —12 seed metering instrument was used to test the test rig. A bench test was
performed on the row fertilizer performance of the deep fertilization device. The variance analysis and
response surface analysis of the test data were performed by using Design-Expert software. The

mathematical model between the influencing factors and the response indicators was obtained. The
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mathematical model was optimized and the optimization results showed that at a forward speed of 0. 40 m/s

and a blade opening diameter of 16 mm, the average fertilization amount of fertilization was 0. 20 g, and

the minimum value of fertility uniformity was 21. 7% . Field performance tests were carried out on the

implements. When the blade opening diameter was 16 mm, the implement advance speed was 0. 40 m/s,

and the given fertilizer amount was 67.5 kg/hm’, the fertilizer amount deviation was controlled within

3.54% , and the implements were used for weeding at different forward speeds. All of them were greater

than 78. 5% , which met the agronomic requirements for deep tillering and inter-row weeding in paddy

field.

Key words: paddy field; inter-row weeding; side deep fertilization; working implement; electromotion
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Fig. 1  Structure diagram of electric double row deep fertilizing weeder in paddy field
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Fig.3 Force analysis of passive weeding wheel
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of deep fertilizer device
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YR T3 79. 50 N mo fly g AT, BT 26 B L S HL S
AR i) 3 e L5 T LR RS Sl o I = gl R R e
T 5e K I IR T RT3 3 7 LAY 20K

FEL YL ) 20 R R R A P Bl BIL B R T R TR
SOREA — % W SEATRE J1, Aa b 1 T AL T 78 6D
60 V/20 A-h {8 L it o # HL Y AR O

uc
T=— 1
5 (19)

A C—— I, A

P—— L B LB T 5, W

U— B L IR,V

{5 (19) FFFE AT 7 s 30 BLAE AT 3038 T AR
P B T A 2.4, 0 A2 L S B A
A AR

4 BEAR

2% NY/T 1003—2006 ( jiti ME L5 57 &2t PF fr £

v

ARHIEY 32 AR B0 % T 15 40 BF 19 9 % V4 it A 4%
Tt L e B S 5 M EA TR ST . 5 e B
6 B S TS0 O 0 T 0 R it 2
L P i 0 R D 26, R4 B 4 T BT L L SR
WEAT UK AE 2SR LA R, 40 T 15 B 5 0 R 52 4
5315t I 4 50 1t O 4 £t A 249 5 78 S5 2R
ZIRME S,
4.1 RBHNEHE

TR0 76 A% b A b Tk 2 HE bk Bl 52 36 % R AT, I
ISA R RIAR 2 ~5 mm, 55 1.35 x 10° kg/m’ , &
IK#19. 4% | [ IRPK I fA 35. 8%, & A AE 46. 4% L),
- BORLIR R 2

A% NY/T 1003—2006 ¢ it I AL B 5 5t 3 4 4%
ARBLIEY | Ha AR 5 e W0 52 o e 25 i B, R 2 i
SEIE | 437 R 28 R ] 1 1R A% T AR ]
1) DA HIE A 4 110 7l 078 5 0t S 459 50 00 5 o 30 745 ik
Wy VML EL T 7 4 0. 1 m K J8F 12 55 468 4y R A F
30 BB 35, 43 BISCHE Y 7E 45 /1N B 1 14 R 26 50RO
PR FLT R e S 0 S 59 50 1 i S 4 3
D 8 S A5 o 2 A 5 2 O

i 2 X g

x == (20)

A X0 i M A8 R P o 282 72 4 A ] B[] P
HE PR RURE A0 SR I S i AT 2 2
P I 278 B3/ BP9 v AR 2R 1Y) T

e
m— 0 7 R
M EPREZE o A
(21)
V=2 x100% (22)
X

IS B i e TR e R A
AN JPS — 12 RUHERR M BB A X 50 &5 4180, an &) 10
JER o B B TRt A e B T A
AINBEREE 0.1 m, S By 4 m (9 AEDRHISCAR 417 i
TIPS — 12 BUHEFP MR A A B8 & 1L %4, T
Jiti 27 53 00 oS4 R i IS k€ BT i I R R
KL, SR 5 R P R 2 5 1] R it IS 2 MR K 22 B )
By FF AR A RN, 8 5 R JPS — 12 AR R
I A A 2l AL AR B A 3R A ] A%k  (IE R i B
A ) ARG T R it B 2B B R 1 5 By, AR AU IR it A ke
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F4p g 25 K 0T R AL BR # AL I 5 AR 53

Bl 10 P A 2 U £ 2
Fig. 10 Test bench of deep fertilizing device
LORM S E 2. 42348 3. JPS — 12 BUHEFP ML RE AL I K30 &
4. A A
4.2 HEERS5HN
4.2.1 JiAEAEE
Jit N R 5 PR 00 S ) ey, A R Bl TR 28, ELIE
T IERAE A 174 i 1R iE . i KPR
MR IO E2A 5 14 15 .16 17 18 .19 20 mm K
TR B 10 s AHE PR A BORL Y i, 42 5 1K,
o130 (20) ~ (22) 355 it AL A3 5 P 7 AT 2 X {6y, A
AL RS E PR 5 R Ay, o IR E R UNEK 1 .
x1 AERFOEETHHEEIREEERE
Tab.1 Fertilization stability under different opening

diameters of fertilizer regulation mechanism

MORJF O AR M AR E AT I RN AR S AR e R R

x,/mm ¥./8 ¥,/ Y%
14 4.85 9.98
15 7.10 6. 49
16 10. 15 4.43
17 14.35 3.49
18 28.76 3.29
19 49.54 2.98
20 78.98 3.44

W] Design-Expert 8 4xf 2= 1 85 R Jk-47T5 2251

B, W I 1B AR 0k it A S 7 P i IES < 4% {1 0 it JIES

FROEMEZE R RBUNE R 2%, A P H B

M) ot JES A P e A 49 R it S 2 M 78 R R AU
8] 5 75 72 53 301l

y, =2.92x - 87.53x, +661. 05 (23)

y, =0.36x] —13. 12x, +123. 40 (24)

i (23) . (24) W0, M0 O 0 BEARLE —E

0 I RS I TR B AR RGO e T AR E it

IS B YA 32 7 3 O it A e P AR S R B0 )

Shy AL W RS it I 24 O A5 A2 NY/T 1003—2006 ( Jit

JEHUAR 5T 552 7 H e A B ) vt I AR M7 S R AL

INTT. 8% HYHER LR HER E Ry 0.5 m/s , SR A i

/Nt B 45 kg/hm?® i B JF T E 42K 15, 74 mm,

it I e 5 S S R BN 6. 08% , 3 B 3% it A 25
it NE 5 PR A

4.2.2 e
T 3 R R it IS 2 it A 1k B AT A, B
5 W) it A 18 5 P it S 2 R i T 349 50 M A S R K
(1) 3 PR 2R A A i R A O AR, A9 B4
o R E N BUETLE . E EA R 15 ~19 mm,
FIHFHEE R 0.4 ~0.6 m/s, 76 I BEAL 12k ] Z IR IEAS
e 4 A A TR0 AT, 00 PR B s 2k 2 R

x2 REEERFD
Tab.2 Factors coding

SN
i i I HE AR I R S
%,/ mm 0,/ (mes™)
1.414 19.0 0. 60
1 18.5 0.55
0 17.0 0.50
-1 15.5 0.45
-1.414 15.0 0.40

MR R A e 5% 4 45 et 16 k%, 20 ik
BT AE 25 /N Be N 1 UKL JR R OF AR B &,
(20) ~ (22) P50 E £ 2 P G E B 24 {5y, A iE
MEX AL Ry, o KB TT R GERILE 3,

x3 HRBRARSER

Tab.3 Trial protocols and results

o jE S S PERETE bR

x,/mm xz/(m-s’]) ¥3/8 ¥,/ %
1 15.5 0.45 0.17 28.12
2 18.5 0.45 0. 36 12.72
3 15.5 0.55 0.13 38.43
4 18.5 0.55 0.33 16. 82
5 15.0 0.50 0.14 37.95
6 19.0 0.50 0.41 12.23
7 17.0 0.40 0.25 17.09
8 17.0 0. 60 0.19 29.73
9 17.0 0.50 0.21 28.93
10 17.0 0. 50 0.21 28.23
11 17.0 0.50 0.20 30. 31
12 17.0 0.50 0.20 30.43
13 17.0 0.50 0.21 29.33
14 17.0 0. 50 0.21 29.58
15 17.0 0. 50 0.21 26. 88
16 17.0 0.50 0.21 28.47

4.2.2.1  Jtn YA PR IE 5 A
3 e 0 6 Ktk 1) g B i A Xy g P e A A 2
H 20k 4 R, HE4H,x v, 21,
xy xR RO DA 75 3 45 DR 2R o it A 4 5)
PENE L B ME v, B R T7
y; = —0.509x, —2.753x, +0. 053x,x, +
0.016 2x; +1.569x +4.706 (25)
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Tab.4 Variance analysis on mean value of fertilization

of fertilization uniformity

AR CEHM AW ¥5or F p
A 0.088 5 0.018 1626.40 <0.000 1
% 0. 076 1 0.076  7013.90 <0.000 1
%, 3.14 x10°? 1 3.14x107% 289.03 <0.0001
%)%, 1.1I0x107™* 1 1.10x10"* 10.16  0.0097
«f 8.42x107° 1 8.42x107° 775.34 <0.0001
X 4.73x10°% 1 4.73x10°* 43.55 <0.0001
k2% 1.09x10"* 10 1.09x10°°

KT 1.47x107° 3 4.90x10°°  0.37  0.7806
iR 9.39x10™° 7  1.34x10°°

B 0.088 15

AR [ )9 75 72 (25) , M Design-Expert {22
] Pk S A R T R A it A g 0 P it A
P B L B TR, A0 1L TR

—

- P
= 040 p —
2 035 e
18 0301 =
e s % ,
= = 4
®
5’
%
= 18.01
iy 04T = 1639 ikl
(m.g., 043155 e
) 15.59 “\'Y‘\ 3%
PELLL 2% PR 2R 0T G A 2 50 P e A Sk 25 1 S Wi ) T
Fig. 11  Response surface of all factors to mean value of

fertilization of fertilization uniformity

HY L L1 AJ AT, 20 R — o i i A X A
Jiti A e 359 (8 B I R 10 AR A A B K 2
IV EAR B it AR 20 e i A R 3 B A AT
T T SE 1 1 R I O/ o R ES 2 S L 9 Y v R TR
FELAR /N i HEE 5, i e o 1 AR R, R
B R, ) Z /N . R AR A FARKOE
A it A 2 B Ao B i) P A I S Al HL AR D,
Wi o I R 3 K, R VR 3 R BURCAR A i I
R B /L, B it RS 4 4 it A e (00N O 5 g
Jit FEL 57 3 2 i A e 49 ) 8 B PR R Ry i g R R
M R JF 1 AR AL T KT B bl I 25 B AL ) P
HE 1 I8 Ok R LA 2 B A 0 R A B R, R
Vi B B BSOS B oA A I R A L s /0, Bt T 34 5
Jite JES 5 ALk /)N, L B 5 v it R g 0 4 i A e ¥
DE S oL il R K
4.2.2.2 GBS AR R R

3 Ao X 3R FRHE 1Y 23 BT i A X A MR S R AR
JrZEAMMES PR, BES T« v, xx,
xy R AR T | D 15 2 45 DR 25 o it A 2 40
AR5 R By, WSy AR

y, =35.725x, +908. 303x, — 15. 682x,x, —

1.011x> - 584. 0564 —460. 993 (26)

RS HIERHARTESRUFTESN
Tab.S Variance analysis of fertilization uniformity

variation coefficient

AREW FHM AWmE ¥y F p
A 911. 31 5 182.26  162.27  <0.000 1
x 673. 14 1 673.14  599.33  <0.000 1
%, 130. 30 1 130.30  116.01  <0.000 1
X, X, 9. 64 1 9. 64 8.58 0.0150
x 32.70 1 32.70 29.12 0.0003
x5 65.52 1 65.52 58.34  <0.0001
5k 2% 11.23 10 1.12
25 1) 50 1. 66 3 0.55 0. 40 0.7553
gl 2% 9.58 7 1.37
S 922. 54 15

AR 11U 75 78 (26) , F ] Design-Expert ({2
] ek R S A R T A it S % 5 R S AR
A 17 H T, AR AT 12 R

<15

W
3

18.01
0.53
se. 7.20
Hiig 050 e
e 047 1639 . =54&l
Mo 0431550 jeyE? &

P12 2% PR o0l it AT X 50 4 7 S 28 50y ol 7 ol T
Fig. 12 Response surface of all factors to the variation

coefficient of fertillization uniformity
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A B IR 45 43, 5 e E R URE T v, BE 3 i 2E 180 1 3%
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WY 2%, it A 25 50 PR AT b P 582 i JES 89 2 P 8 e 2R
By BN Z g BT 1 E AR S T D EARAL
TR K HERE B, S g s, T RSOk
RN S 4 S X S B (E B R A
E R BE 3 O, G A 4 50 1 [ A 2 B 2 AR, e I 3
M it A 4% 53 1 A S5 AR S0 T IR AR O i
4.3 SHMRUK

AR A 25K T it S e vt I S 3R 1 [ A
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F4p g 25 K 0T R AL BR # AL I 5 AR 55

45 ~ 90 kg/hm” , jf IS 34 27 78 53 2 B 48 NY/T
1003—2006 ( jifi I AL A 5 £ 3 i £ AR HLIE ) b L
9 40% LAY, HoB /NG o DRI X 32 it AE e A
UG AL B 67. 5 kg/hm® 15 5L R 9 4% 0U4E Ml 2 Bk
AT RAG SR e, 45 S0 RH L F it JE X &) P78 5 R B,
LY R BN
I5 mm<x, <19 mm
0.4 m/s<x,<0.6 m/s
(27)
0.13 g<y,(x,,x,)=<0.27 g
0<y,(x,,x,) <40%
HRAE 24 B BB Design-Expert 4 £ %1
[\ )3 77 72 (25) L (26) FEATO0 ALK M , 45 2 £ 7 AE 1
SIVERG AL X F AR {E 0 0. 20 g 1§ B0 T 52 Wi it AL
B o v 5 R & S8 G W E 13 IR 15 X
S, 30 JBUHG rh e AE 2 2] 1R S R R AR S A
YE g de i, B - JF 0 B AR O 16 mm, Fif i 4 BE Oy
0. 40 m/s , JH i e HE 249 2 4 i AE & 249 {6 0. 20 g, it
MBSV S R BN 21. 7%

0.60
~ 055 )ﬁm RE:0.130 g

0.50 i iE = 4{H:0.270 g

/(m+s

s
5

=
&
)

= 045)

[iB:

0‘40 1 1 L 1 L
15.00 1557 16.14 1671 1729 17.86 1843 19.00
B FF I H4%/mm

K13 fefl Xk
Fig. 13 Optimized area

5 HiEHRE

5.1 RIE&HE

Sk g5 HL L B B RVE O R BB T 2017 4FE 6 H
1S AR B e VA8 e 1 958 11 B nk BT & a6 TP
A7 1t JES s 2 R I R 380 2, K e AR R WL B A7
TR R it S ] 25 A, R b2 sl N TR R, ik
PGS 10 d $E47, KRG SR e 3 16, K#H R
U BREE 0. 12 m, 4786 0. 30 m, 1§ 5529 0. 26 m, I %
JRREZ)0.05 m, Jg LIREL 0. 17 m, Je Fif it 2y
20 B/m’, Z B 3252 DK A (P 2 Bk 5 29 0. 12 m,
WRFBRELZ 0.19 m) &, H /0w B4, H
] 3 56 G 151 14 R
5.2 HREERERE

i NS & e 25 O K 5 i, 45 8 i R &= N
67.5 kg/hm” | 3£ HL 5 B 2.4 m x 30 m (56 T8 X 3 4F
Shy it A 2 2 D00 1 3 36 FE e, 3 6 i 0 A A 9 I

P14 K FHHL SIOBUFT TR A B A AL i 3
Fig. 14  Field experiment of electric control double

row deep fertilizing weeder in paddy fields

BT FRE, RO EHA RN 16 mm, HLH L
0.40 m/s ()38 BE ATV, 1 30 45 o5 Fr 4t IE 46 N
Tl A5 Ak I o, 30 it A o s 22
10 000( W, - W,)
! -F

y = ‘SF x100% (28)
Ky —HtiE w2, %

W, ——1aU 55 1y AE AR P9 IR T i, kg

W, — 155 J5 A48 P F AR IR BB i ke

S——Jiti A A oMb 1 A, m®

F Y5 58 Tt I &, kg/hm”

W R mE 6 ra, 45 €& N
67.5 kg/hm’ i F JF 1 B 42 16 mm , #L B Fi 3 5
0.4 m/s I, it JIE & s 22 45 I TR 3. 54% LA, B it A
e e A R AR o

®6 ERERENESRITE

Tab.6 Statistical result for measuring fertilization

deviation
L BRI/ SRR AR R 25
e (kgrhm ™) (kgehm ™) %
1 67.5 65. 11 3.54
2 67.5 68. 15 0.96
3 67.5 69.78 3.38
4 67.5 66. 62 1.30
5 67.5 68. 53 1.53

5.3 BREXRRR

B RiF a2 T 32 2 2 0 K T BILBRRR 5 80CR 1 2L
PER, DABILE. T2 3 B2 O i 0 R 2R B R R D A 48
PREEAT HL N 2GR, 73 A EHCS B 2.4 m x 30 m (1)
I DX I DA AN [R) iy 5k JEE T Bk o 3 00 5 K 6 P
B, 9K Je AE A [ i a2 3 5 A X 56 FH B AT R e A S
AT mox 1 ome DI 038 I, 3 5 BR B 35 B 2
{Ho
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Y:MXIOO% (29)
Q,
Fat Y—F’%E% %
— IR 3 X R, B
O — BRI X R, R
IS5 R R 7 B, /K B A 3l XU T AE B
FOHLER HR AN T T8, 5% , bR AR B, WAL
RT ARMHEETHNRERESR
Tab.7 Weeding rate of implements at different

forward speeds

HLEATHE A/ (m-s ") 0.40 0.45 0.50 0.55 0.60
Bk R E/ % 78.5 78.9 80.2 79.3 78.7

(1) AR 05 B DLR Dt 3L, 060 9 2l Bk B 4 3 3l B

HR ML HEAT B T2 o3 B, ST T S BR A BT
R Bl R R T A5 B T Bl BR AR T e KB B
TR AE D 59. 05 N - m, 58 B Gt FE 25 B 4 1 &

SR ER S RGBT .
(2) %Pt E %< B R AT & A, 6 R
UCIE AT e A it , 1 B PR A o 58 5 5 0 5 JF

1 ELAR 43 500 0 7 A 347 3 A it S 5 349 16 e A 339 50
A S R B R A Ak 2 SR 2 B AR P i
BER 0.40 m/s, M HEAZ K 16 mm 1 & 1F T,
Jit JE 1 5 P i A i 94 R 0. 20 g, it NI ¥ 57 1 728 7
ABIMEN 21.7%

(3) XFAIL LR A7 HH B) M B K 56, 24 25 5 it E
K 67.5 kg/hm’ , it - FF 1 E 42 16 mm, L 5L A 3 5
Ji£0.40 m/s B}, it 8 5 i 25 55 W 7E 3. 54% LA 5 AN
) i 2 B B FR I AN NTF 78, 5% HLEL I K
T o3 BE N G AN AT ) B B R 228K
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