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1 #MRIERE
1.1 BHEWMESTIERE

DA% A AR % i I 2 8 5 8y R A L PILR X
W eI R EHEAR 28 A IR T YA B
LA (B 1) o H T AR i B ALK sl 1% 3
WHERE SRR . TAER LA BATA T, Se R
ALK G JE S BK S B, 25 — SHENE 25 I A8 Th i
NEAEHBURL B 55— HEAL g8 % 2 S s HE  JF N
FIRACAE b, Bl KLIR A SR R S
M3 R T2 R T ORISR, 7E TR IE 45 A R ST A
B, 3 2o i I AR k2 5 T HE R AR AR A R,
FH 26 G0 HE R 28K AT S0k HE 2 TF 8 2%, 5 R
i (8 AT SR A R 48 S 450 10V 206 e, DTG S Bt
VEMV o 2 AR AR Al H XUk 2K R % it
IS 25 " 0 A oMb B 1 5 AR AL o 9 s A [ 3 5
TR o) g R A 2 0 HE R e, IRk RO R
Jite A2 5 1) B AR SN2 1 R .

1. JFi5 %% Furrow opener; 2. B HEHEAL % Spiral fertilizer apparatus;

3. 5 IL4E Fertilizer delivery pipe; 4. #E4%42 Connecting frame; 5. {2t
& Fertilizer mixing pipe; 6. IE4f Fertilizer box; 7. B4 & HEE #% Dou-
ble-gear fertilizer apparatus ; 8. 3<% Gas distribution pipe ;9. fa] Il H
#L Servo motor; 10. FEHLZE 1 Main frame 1; 11. I8 33 HL ML Gear mo-
tor; 12. FHLLE 2 Main frame 2.

1 REXKBMUREREESEHREE

Fig.1 Structure sketch of wind-driven side

deep fertilization device used for rice

1.2 WRHBERR IR

B R ENEALHEAL 2 SV RIS, A1 B0
MU ZEEACHL B HEAL 11 72 5) 3 285X — M £, it —Ff
PIGCHRENE &% , A5 & 2 i, XU 6 HEAE 5 32 2
PRUE it AC B9 257 S0 1 e 0K T 2 25, T MR e R JE 2% 32
TEB 1 HERE O OR S Ve 134 7€, S v AERLFI AR

D)X e HEAL 25 Z 80 o XA A8 HRAC 8 -5
L FIE A T 42 22 i, 12 o) e S AL R FES S 0 PRk i S
PSP G A o TR BB - BORLIL AR et A

F1 REXKBURELEEETZERARASHY
Table I Main technical parameters of wind-driven side-

deep fertilization device used for rice

i H Items 28 Parameters

BRAF (K X 58X Machine si
BLELR AT (RS ) /mm Machine size 2 500X 2 595X 2 330

(Iength X width X height )

Y52 i /mm Working width 1800
{E47#5/mm Interpolated line spacing 300
VLA 7%% Number of lines of work 6
1)““75?75@5[’;??:’?E/mm Sid-deep fertilization 240360
row spacing

TAE S /(m/s) Working speed 0~1.6

KB AHLL AR /W Drive motor power 600

Jifi IR /mm Fertilization depth

HEAE 5/ (kg/hm?) Fertilizer discharge
w4

0~100
200~560

A Hli el Axonometric drawing; B : #1145 #4 1€ Section drawing;
1. 7354 Gas distribution pipe; 2. TR AL Fertilizer mixing pipe; 3.
LA Gear fertilizer box; 4. f£ 8l 15 4 Transmission gear; 5. 12 %
Bl Spiral drive shaft; 6. $2 g L4 Spiral fertilizer box; 7. I e HEAL #5%
Spiral fertilizer apparatus; 8. il 7k JA Bearing seat ; 9. f% 875 & Trans-
mission pulley ; 10. XU # HEAL 2§ Double-gear fertilizer apparatus.

B2 WHRSR MR E
Fig.2 Structure sketch of two-stage
fertilizer apparatus

N 3 7R BB DX, SR Fh S sl F ML s % sl ik
R Bl WU e HEE 25 1463 18] 16 2 2l , UL IERE ey
R R) 0 2 B SR ol A S A B JEUEE T, XL
TR A8 HENE 25 A9 HENE o 7 7 22 HL 39 2], 7 AR BR 1) 4%
5T AT 0 HERE T 2% B GE , $1 fe JXLk =K A I T
e B A HENEPEBE .

B3 MiERHERMNEEREE
Fig.3 Structure sketch of double-gear

fertilizer apparatus



278 LRI I NI <3 4

944 %

52 W) LA 6 HE AT 218 it JES 2 11 G S 2 B0 1
A BB R ) AR U T FRE U RS R DL R U
B TRI B . LI e HERE 25 ) U 5 14 4 S B SCik
[ 14 ] G T A1 e =CHERE 5 0 4 2500, B o Uk e
HEFE 25 56 1 Bk 2=10, UK 48 HEAE 2545 E K 1 £
a=20", W) 1 R 5 HENE 5 04 43 B2 B B A% d=60
mm, K, 5 2 SUA 5 HEAE 28 B m=6 , P& & 14 i
FRE =1, e 5EE /=50 mm,

B SCHR [ 10 1] 1, XA %8 HERE 5 96 5 56 18] 1 1]
B AE 5 mm B, PR AE R A0 3o 345 CHERE M R
o T RILH R L X H bR IR & R 200~560
kg/hm? W FEAEE0 R Al o BE TR AR PRI FE TR
T 25 2B S8 HEAE 285 A HEAE 35 2 510,
AL U A HEAE AR B 5% 3R 23.42~44.8 r/min.

2)IRTEHENE &5 80 . R BEHEAL AR 45 Hh /R B
PN & 4 BT, FLt RO A5 m] LAY A 3B B, 28 1 B
BOR ORLAE R Az 55 R e el 1 P 0 e AT A R
55 2 B B R 9K Bl H AL Sl MR A SR S Ak A 2% £
AR B BK Ok AT S a5 3
B B A R IE R i HERE 25 HE 1 5 ik R P iRz 2
Y HEE 2 7
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B4 BiEHIESR SN RERE
Fig.4 Structure sketch of the spiral fertilizer apparatus

AR5 HENE 45 59 T AR i B 20 Al LUK B, 52
W CE H AL 75 B ik A PR BE ) 2 80 3 A AR B R
BRI AR T P R TR KRS H At IE = S 200~
560 kg/hm* AT BRI S5 1150, 15 2R e AR BE |
WA E A RE

OB e i BLAS . ARG BRI ALK B PR K
VLR it XA 25K DL B L iy R i IR
BhEAR . IBWLAEY TAESENR S 1 800 mm, i AT HE
300 mm, BEIE T 6 47 AL AR b Ay Uik 27K A
WIEIEAL . Z5E KT R il X i A 22K BOE HE
JIE & 2 13.33~37.33 kg/667 m?, ffi B AL B9 TAERCR
k0.6 hm?/h, W] H #7ifa IE 2% Q 4 117~333 kg/h,

HEE A ELAR TR

2.5 Q
D=KX |—— (1)
¢yC

K (D) KR RHEU R RRE R 8L, K=0.063 25y
S NER R B, y=1.344 g/cm®; @ K HERHBUR L5
FE, 0=0.9; C HIRBEMIf 7%, C=0.46.

UL EEIE AR AKX (DR 1S, D=16.62~
25.09 mm , BUEE 5 BRE Al B A2 R 4%y 17~26 mm.,

QURERIIR R o B e HE AT 25 5 R 5 it A 1L
HERE B ) & S 50, X6 T it AR ML A HE IR P RE A E 2
oA TEARIE AR e B AR M S O T L R R
RN 2 BEL s FURLAE A}, S SO0 AT A4 16 5018 5 J
Z R e R RS i . A] 2 (2) TS IR HE AR 2%
LY

P=K,D (2)

3 (2) K O AT RHIURE It slke i R 40, IRt
AKFBH I K B R 08~1.0, fARHA I K=<
08, P ASZHEIZEE , mm ; D AIEERE A%, mm.

AR S T A SR e HE T 2% A 2 LKV [N I
IS F K BUEE /N T 0.8, 15 2% & 3 it AL HLZEF T 7K
HAE M IR PRk U B 1 22 ABIFSE LA K =0.8 471
B o DRI, SR b R B Y BRI RO 13.6~20.8
mm , B Ji5 A 14~20 mm.,

OB IE it e 3 B E Il N 75 e 3 2 52 i s S AL
HIENE P BB i) S BE 2 8, 44 vo R e Al 10 7 i, MR R T
s 26 N RL SRR e N AILHR JE 12 m  [w) bsf AT R
UKL A2 850 1 38 JOR 25 3 BUILRHE 78 R B0 5 BE
)N BRI HE AT 5 1 HE L B R ARG, IR AN 3 1l X
H AR HEAL fE , PR 75 5 2 A 7 i O T e HE A 2%
it MRS A PR o AR R UL T AL F) B ) R )0 g 22 [] Y
KER MR HRNE A5 14 Joe KA B3R A =
mw*R<mg

2, (3)
Y7760

(3 H o S ORI TR 5, g5 R 2 1R e HF Tl
4% mmin,,,, S R HEHEAE #8 5 KH% 3, r/min; w S 1R
EHENE 28 MR E  rad /s

B2 (3) AL T AL 5 ] 45

ngnnm:@/gz%/g((KKogl) (4)
VR T R

30K,,/28 .
pa="00E g
A
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K (4)~(5)H: A ZYRZR G Rtk 25, A=28,
D Ay RTEHERE Hh AR, s 0 A SR TE HE AL 25 B K 5%
H,r/min; 2 2 R BEHEAE A8 S PR FE 3, r/min. B IR iE
HERE 4 1548 D=17~26 mm XA (5) v, n] 75 42iE
HERE A 1) fe K2t 3k 21475 v/ min,

I SCE 245 21 HEAE 3 f KA 8, A 3R A5 HEE il
A EE SR S (6) #EAT TR, H 45 & K R
XA HARHEIE I, 153 SR HE AL 25 1 e (R

Q
15mygSC[(D+20)" — & |

K (6) D AR BEHFAL IS , mm; o R IR TEHE
AEAERPNAE , mm ;2 A IR TEHEAR A S BRES 3, r/min; P&
BEE FIE A A B2 G, mim s A A BEURE Bl A1 5 b A A 1)
Bt , mm; @ iy NERHIURE 3 70 32 555 o S 0K 25
g/em’s C IR AR R 2. B VL R i H bRk
JE £ 200~560 kg/hm* XA (6) H, AT IR fEHEAL 47
F FRe AR5 8 4 106.32 r/min. %7 -, B HEHEAD 83 19 5%
T A 106.32~214.75 r/min, BUE J5 5 Fl o 110~
210 r/min,

1.3 TRHEEF R

DWrkbRetE S50 & . os LR 3 S 500+
Jiti A ML G S R 1 i A B, Ol I B B LT
1 LRI A R AT e A5 7R 1Y) gt Sy B A S 2 AR o
AHIGE L FE RIS w1 A = R A REAE AR B,
5 7R , R ELHEE I A v 2 AR USRS 98
JE& i AL AR IR SRR ORI B o |
SRR S, M o, AT LA (7)) ~(9) A5 3],

ol

n

(6)

&R AR AL R T BTEFn R R

Fig.5 Measurement of the size, mass,

&5

and volume of granular fertilizers

_¢
Sy=7 (7)
o=vVLWT (8)

_m
=" (9)

K ()~ () - JEFURLAL B S5 2 AR, mm;
WO BARIE AL SE , mm; L2 BURLALRHS , mm; S, J2& i

R BROE BE 5 T 2 JORE AL RHE , mm s 2 UKL IE
B T, g5 0 FE TR AERHN 2, g/ cm®; v & R0k
BHAR, em®, BI04 R AT A5, ORI R BRIE
B R 0.95. % % H 4 2.7 mm ., 92 BR % Ol 1.344
g/em’,

2T ESHAE . Bl S PR AL B9 S5 5850
R 2.71 mm, KL, ORLIC R £ B AL 18 Ry B
78 9 2.71 mm B BRAAR AERLBURE A2 BE EE S 20 000
KiL/s, FURLIE B R V% AP0 AR 13 0 1.5 m/s, PREHEAL
D7 BRI B 1] 4 10 s, B R HR AL 75 2 42 3 Ik
AR 5 R 80, B0 R 30 s, D HAR SR 1 25 K R 1.0 <
107% s, 5B 0.01 s i3 5 FEHE , 4% Al B84 Hertz-
Mindlin JC# g4 il A 84, LR i T A8 1) 4 6E R T Y
J& ABS i , HERCHE FIALAE SEHL B 9 44 RE R T B 2
304 ARG, 2 SCHk[16-17 15052 HEIE 28 5 I R 2
B NR 2R

®2 BHERENERAERAESH

Table 2 Simulation parameters of the granular fertilizer

and double-gear fertilizer apparatus

2 e HEMERES S A e
28 . . .
Fertiliz— Fertilizer wheel Fertilizer
Parameters . .
er and box delivery pipe
Y/ P, .
SIOVBLE/Pa 1107 7X 101 1.3% 107
Shear modulus
JAFS L Poisson’ s ratio 0.233 0.300 0.430
% i /(kg/m®) Density 1344 7800 1135
AR S 2 0 (5
e 0.480 0.414 0.481
Coefficient of restitution
K % (5508
BN R (SRR 0.352 0.493 0.457
Coefficient of static friction
7 ] e
AR R (L) 0.189 0.100 0.200

Coefficient of rolling friction

3) Wil O SR RE O EL S . AHRAC RS E
PEAS S5 R A (A (10)) B PFNHa bR, DA ELAR e RN
WERRE Ay it DR R A T EL R . A ST MR HRAT #5075
FAR, HAZ A S Hn 3R 2 7R ZEHENE 171 b 75 n i
g 00 8 0 AE o i P T AR A S R B
ST FR RN 6 FT 7

— 1 M
Q*MJZ; Q;‘

Sle-a)
STl M1

V:ix 100%
Q

(10)

K O0) VI HRIE AR RE VAL 7 R, B SCRFR
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AR G MO IR YR, ABETE N 3 U5 Qg MU Q=>4
B HE R A2 10 T 1, @3S S HEAR BRI 22 5 Q, 0 Bk M=
IR IHEIL L . a=yde
N — (11)
/;(Q,—Q,)
S:N’ r—1
V:ixmo%
Q

1. iB4 Fertilizer box; 2. OB ALK} Fertilizer; 3. HEALMR ekl Fertil-
izer screw shaft;4. i Wil #% Flow detector.

El6 SZAEHIIER T ERE
Fig.6 Simulation model of the spiral fertilizer apparatus
BRI 1 P 7 ZT I 4 %
i g B 9 A+ £6.160 r/min , S0 8 52 9 R
{838 LAY Hh ) {18 mm, B #2831 [l Hh 18,20, 22,
24,26 mm 3 54> ELAR AT, T W IE Al ) 7 3 A AR B
FLHSQH{J?ET»M\A AR EL 3K, IHEE R
VAR S R BON PO 1 b, B IBO s 0 A i o
{kﬁﬁﬁﬁm&a@o
4) BT O S A A O O . RS IR
HENC il fe U0 19 205 280, DAHRIE R E A2 5 R A (A
2 (10)) A PFHrHa b , 6 BOIRBEHENE 25 (19 H A2 IR B
He 3 AT = A 3R —7KF Box-Behnken {j HLi5 , 1
TR L[] B PR 3R B (AN R 3 T

*x3 RBEEEREFR
Table 3 Table of test factors

H Code B2, /mm ki 2,/ (r/min) B 2./ mm
T Diameter Rotational speed Pitch
—1 18 110 14

0 22 160 17
1 26 210 20

1.4 PR

Dikm bt 54 s . S PHR AR A E
AR AR AR EAET TECR 617 (7).

2)IREPEMFEdR . B NY /T 1003—2006
it AR AT 5 2 AN B AR BRI Y AT, DUHEAE — Bopk:
A SRR HEE AR E A S R A HEIE ) S A
ZBONVEM R bR o HENE — Bk AR F RSO
W

D) A MO IR R, AT 3 U QM

55U (AT HE AR B O (E, g N W AE ML TAEFT
BTG ] 647 5 QN n IR IG 2 ¢ 47 HEAE £ A1

f8,g; SN NATHERE I AOPRE 22 5 Q. NATHEAE &= /)
S, g VOMHERR— B AR 5 R 50, %

1. 750 W KL Gasoline blower ; 2. 43 KU Air distribution pipe ;
3. S LR 7 28 8 J7 I % Dual motor crawler power chassis ; 4. Bk
A HEAE AR Double-gear fertilizer apparatus; 5. JR B4 Fertilizer mixing
pipe; 6. i I Fertilizer delivery pipe; 7. #2JEHE N 2% Spiral fertilizer
apparatus; 8. JF {4 #§ Furrow opener.
E7 RmeEyREE
Fig.7 Test prototype

HRAC AR RE PR S A2 R R HRAE — Bk A 5 R 8K
EFAFWAR

Q=>a,
j=1
=130
IiM; i
M — (12)
/;(Q[*Q,-)
S=lT M
S
V==—=x100%
Q;

3 (12) s M ORI B, A58 R 31K 5 S R HE
I AR BT 22 5 Q,, SR 8 1 RS ATk 6 U A B 1Y
8,25 QM n I g0 I HEAL & AY 3, s QW N
F1565 & YR 6 T e HE B S (1) T, @5 Nt S AL T
B ARG N 6475 VR HEIE R B PEAR S R 8, Yo
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HEAE R 230 S AR RO A X0 -

1 XM
Qj,k:M[:EIQi,j,k
N
QkZZQj.Iz
=1
__1 L
QL (13)
L _
Z(Qk*QkY
§=— |i=1
L—1
V=21 100%
&

A (13)Hr: MO A, AR 31 QAR
1Bt NATHERE S -3 {E A, g L o B4 T IR B8R
ARWETREERATREARL > R 5 B 5 Qo AR jATHE kBt n IR
IR 2 HEE B, g QWA IR A
A1 565 R B & HEIE & A (8, g5 N W IEHL TAEAT 4L,
AW R 6475 S AHENE EAREZS ; Qo NAT L BHEAE
WA, g5 VAHEIE Y SR 5 28, Y0

3R ik o AT HEAE —Ek | HERC AR R kXt
FE IR IR, S PR HENE 35 BT HE IR R TR K
AE DA% [ 2 22 B EHERE O, 9 DA 22 B 47 59 5 TR Ik
BAENASHRIC 1~6 5 (K18) . th TIRERE 5 R
WARHT B ARG 22, Ok ak BN 25 1 T 1%
B PRI, R A B e i 5 3 T Dl 100~180 r/min, LA
20 r/min ke SR e AT P GOHENE #5158 1 XD
SHEE R A A 1A e . MR AR, B ek R
MRS 3h 24 75 R KL T A — Bt 8] 5 A
SRS AL, [ F AT, AR IR0 R 3 Uk, i
SR 30 s,

8 HERE—EiERASE MR

Fig.8 Fertilizer discharge consistency and

fertilizer discharge stability test
HERC X 5 1 it A 2 AR IS — 2 K N
A T 0L, S HER ST R AE ALY HEIE 2 207 L 3K 5h
XUHL ML 23 g i % 1) i B AT 3 2= 20 20 m ([
9) . M NY/T 1003—2006 it A HL BT B D74 32
ARBEAL) , LAAR 2 T I A ol B K S LR A A7

A 2o 0 DX HE AL B AT, A5 BT FH S 488 A R A ol
JE 1.6 m/s, BT §E W 5% A 1), 108 i BOL .
BUZEE 1.2 m/so ARUGRE 1] AT 1738 22 m, I 28 H
Forh 15 m IR ) Bevg MR M REAS R I 20 73 O 5
Be, B3 m oy 1B, AR o0 B OR RS A, I 17 4
SRR

9 HEREH S M

Fig.9 Fertilizer discharge uniformity test

2 ZERESH

2.1 ErEHEEERRHEIE R E AT

1) Wi B 5C B SRR RE O HAL IR 45 8 . ke 4
7 HERLRS 2 PR S AR RO AR B i 4 o, 24
BERiE i B4R 26 mm B, HEAE AR E P S A ROk F
B RARL, Ba W IR AR RS E M 22 o HC U DR AT AE 2
It 5 R G o AR ) R, R A P ) O AL A
W2 fdUBURLAE R 2 18] UKL KL B I A BE 2 [R] Y
Wi 2 2, S EEFILRE MR

x4 EEHERNHEE AR 2T
Table 4 Effect of spiral shaft diameter on

performance of fertilizer discharge

FYGR R BHEE R Q /g
A 7 Fai 0
E]% D/mm Total fertilizer discharge - E"%ﬁ"// %
Diameter Coefficient
0~10s 10~20s 20~30's

18 73.01 74.98 71.14 2.63

20 74.05 77.72 73.14 3.23

22 80.67 80.27 76.20 3.68

24 86.66 79.16 80.65 4.83

26 89.86 88.33 82.08 5.68

BT il MR P ) O A B K B il 1)
TR A by B Y1 61 19 o (B 160 r/min, AR E N
A 78 Bl A A D 22 o, S8 Bl ) 2 R UL 23 )
S 1416 18,20 mm 4 AR o5, 38 e SR e il 1) e
WO ELAR S AT 4 A5 R, AR EE 3K,
DAHERE RS M A8 S5 R BON P F8 A, S 00 it )
IR PO S M & Qo Fh 3R 5 AN, HENE AR 2
PR AR S 2R B A B PR B T R, Y MR HE T R 1Y)
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944 %

B2 BE S 20 mm B, 35 BI85 R, U W1tk i HE IS AR
Pede 22 o T REJE PR A MR HENE 2% 10 SRS G, 32
JEHIEL 78 2 Hea )y , 2 1 T R PRI
F5 B2 Eh AR BE X HE AR M B A 22N
Table 5 Influence of spiral shaft pitch on

performance of fertilizer discharge

U BRI A Qg

il =\ Y, 0
l%ﬁﬁf/mm Total fertilizer discharge -~ #”%ﬂ‘ vI%
Pitch Coefficient
0~10s 10~20's 20~30's
14 70.33 70.83 74.83 3.42
16 78.32 73.78 80.74 4.55
18 84.70 84.42 77.15 5.22
20 99.27 98.27 86.15 7.72

W e it e kM T O 00 T S M e 1 AR
A R BB Y AR H B4 22 mm, B8 35 0 SR BU(E
T FE Y TP )R 18 i, BRTGEHIAE 25 19 % 9 1 6 4
T EAE, 20510 110,130,150,170,190, 210 r/min, %
S SR E i P AR R IS AT 6 ZH 05 PR, Rl ik
B AL 3K, LIRS AR E P78 S RECH P 46 b, 42
B o W A S PR 6 S HERE Qo
N 6 iR, 28R fg i % 3 170 v/ min B, HEAE
o AR S R B /)N, A B2 E HE N 25 A9 HEAL £ e
PRI o ARNETE E PR S 2R BB A R e Al 2 s 15
1T 2 U8/ N P R, G Dt PR MR et e TR/ I TR I
HoF A2 BT IF AN R AE PN RE 1Y) S ) BEHE T LA B )
O 18 A HAE L 130N, S SO e o ks AL
FFE sk /) | Uk A} T v S Bk e AT — B E
THEACEE E PR 22 . AH B, A8 e b e 3ok RO, JURLIE
o527 W TE AN AP B AET PN RE 1Y) S ) BEHE T A B )
O J1 55 J1 W38 BAE T 7K, JURE IS SR T 1 oy
Ay SR, S EHENE AR PR AR 2%
F6  BRBEHARLHE X HEAB M BE RO 22 T
Table 6 Effect of spiral shaft speed on the fertilizer

discharge performance

YR IR R Qg

34 n/(r/min)

Rotational Total fertilizer discharge Qﬁjg‘%ﬁ"ﬁ%
speed <105 10—20s z0g05  ocreent
110 71.18 74.33 81.76 7.17
130 75.23 75.64 83.94 6.28
150 85.64 84.74 77.18 5.63
170 79.73 86.31 80.95 4.25
190 83.87 82.65 91.01 5.26
210 98.27 98.33 86.18 7.42

2) BB S S B & T HAK IR AR . kA
RBEHRAL 7 B e R & S8 K 3R T HA R A

Design-Expert 13 H1, 4700 0 [ 4387, 5 25208 PR AR
S RBOT 2R (R 8).

R7T BERMXESHESRRAREER
Table 7 Protocol and results of key parameter combina-

tion of spiral shaft experiment

g By /mm %EJ‘Z/Kr/min) i,/ SRR
Test number  Diameter Rotational n'lm V/.%
speed Pitch  Coefficient
1 22 160 17 2.8
2 18 210 17 7.5
3 22 210 20 6.3
4 26 160 20 7.3
5 18 110 17 3.5
6 22 160 17 2.6
7 22 160 17 2.9
8 22 160 17 2.8
9 22 110 14 3.6
10 26 160 14 5.7
11 18 160 20 5.9
12 22 160 17 3.1
13 18 160 14 5.4
14 22 210 14 3.7
15 22 110 20 3.2
16 26 210 17 7.0
17 26 110 17 7.7

i 5 22 45 2R (3R 8) al 1, B AL 2R 4 22 P=>0.05,
PRANITAR 5 35 5 R P<C0.01, [l A AR B b 35, %%
A HA = R R S 25 R W] R] U9 7 R e R AR
R*=0.989, Gi B [l )4 U5 RS B R . =R XT
7 S R BRCRE e K/ N B IR Sy R e R JIE A e | AR
AR PR | FL e il A A MR R | B HEAE il
LA 5 I o 1 58 A R e HE A B8 5 7
(19 32 B AE FH T HE B AR E PR 3, S BR A I 5 T
ACT5 345 R 5 HENE AR e PR AR e R A 1Rl el
N
y=2.84+40.675x, + 0.813x, + 0.538x; — 1.18x, 2, +

0.75a,25 4 2.732% + 0.8552% + 0.50525

A PR DR 2R A T X S R A8 S R 555 i)
K110 JroR , 4 B8 i g e 3 >4 160 r/min B, HENE A2 E
P AR S 2R 5 i R B T 4 K B AR I SE e
PR A s 202 i IR Ry 17 mm I, HEAE e e v AR
FEUE E ARG NI O, 2 0 S FEEG
MR TE R B AR A 22 mm B HEAR AR OE M AR S R AR
PTG DA, B T S A I e s RS R

F FH Design-Expert i AL B | AR 45 15 B 565 45
B AN RS E A2 S R B /N A Ak B AR, $5000 45

(14)



o511

TREIM 25 KGR AORFEMITRIEAL S B B i

283

RS REBERRBAESN

Table 8 Variance analysis of coefficient of stability variation

il I e ¥y Fif P
Source Sum of squares Degree of freedom Mean square F value P value
T 3.65 1 3.65 31.12 0.000 5
T, 5.28 1 5.28 45.09 0.000 2
T, 2.31 1 2.31 19.73 0.002 2
T, 5.52 1 5.52 47.15 0.000 1
Rk 0.302 5 1 0.302 5 3.34 0.110 5
TTy 2.25 1 2.25 19.21 0.002 3
RN 31.38 1 31.38 267.92 <20.000 1
.° 3.08 1 3.08 26.28 0.000 9
7 1.07 1 1.07 9.17 0.016 4
A4 Model 56.70 8 7.09 60.51 <£0.000 1
5% 2% Residuals 0.937 0 8 0.117 1
KAl 2 Mislit 0.805 0 4 0.2012 6.10 0.0539
4lii% 2% Pure error 0.1320 4 0.0330
JVFT Total 57.64 16

L P<<0.01,# 3%, P<<0.05, 3% . Note:P<<0.01 represents highly significant, P<<0.05 represents significant.

e S B B L2 A R Tl 4% 21.292 mm, #7538
>k 134.07 r/min, 8285 >4 16.437 mm , A HEALFE 2 28

- T+
(=]
€ g T =
282N g
S s S iy
s
228 N
A Ba R
HE =
=i
o

A:x;=17 mm

SERBCN2.5% . SEEREBUE A ER H AN 21 mm),
FEH A 140 r/min, B85/ 17 mm.

¢variation of

fertilizer stability

%ﬁ%@%%ﬁ%

HERE
Coefficient 0

170
150 g

5 130 \$
Xk Q
14 110 kﬁ@%&e

+/ 1
iy, "t

;B:ar=22 mm

E10 WMERZEERTHE R RN
Fig.10 Effect of interaction of two factors on fertilizer dischargeperformance

22 MEHRERENREEBILL
IR AR A8 it S AL R FH PR 5 HENE 2, 34
0 HE T i AR e HE A 2% 0 HENE 5t 45 A R0 R R 4R
il , Sk ke G 7 55 G HERE 5 Ak B0 AL E AR L B 4%
DL SR T R S ST AN i A I, T B R T HENE 2%
B SR — 2 LU AR 00 1A A R T 2 R 85 e HR T % 14
HENE 2 A0 55, o PR AE MLRE 9% 1E % T4E . 7 EDEM
Sy HA B RN 11 TR, S50 R T SC . il
T AR A HE A 2 R SR e HE AL 5 254 7 e TR A5
B AT, AT A5 N B HE IE 2% A9 % S O 23.42~
44.8 r/min, $2JiE HENE 25 1Y %% 35 5] 2 Box-Behnken

TR B A 5% 7 140 r/min. {5 BRI, B0 56 5%
6 Bl 25.30,35.40 .45 r/min $t 54~ 34 5 18iE
B 3 R 140 v/min, PR M2 BORLEA 56 HE AR 7% 55 18LjiE
HERL SR A 3 L A 540, 4300 R 1:5.6 . 1:4.7 . 1:4,
1:3.5.1:3.1, & & HA S UG 73 3317 25 SO iy 1
KB, A EDEM #5443 46 0 25 10 sk HE
JERL 3 2, £ FLR 56 245 3 XA [R)4% 3l HE T A 157 i
HERE 55 HEE B 26 AT 20 A, DA e AR
Btk
12 AN [EAL 3 H T i HERE SR, an il 12A i
IR BB LRI B S HEIE SR HE 0 R — B
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1 ORI KL Fertilizer; 2. AUA 5 HENE 2% Double gear-fertilizer appa-
ratus; 3. ¥ 25 B 4H Gear ware fertilizer box; 4. i i 4% Fertilizer de-
livery pipe; 5. $2Jig AL 4 Spiral fertilizer box; 6. #i & Wil 1 Flow de-
tector; 7. M2 iE HE JE #§ Spiral fertilizer apparatus; 8. Ji & Wi I #5% 2
Flow monitor 2.

E 11 fEatt i EiE&E
Fig.11 Simulation model used for

optimization of transmission ratio
HH o 2 1k BRI HE A v, SRR HR AL & 22 B —
B HRESE A HE Y, PRI TE SR HEHE g Ak 2 ) BT 2%
HETE M LAl S L4, R B L 1: 5.6 A
12B 7R, 4% 8l Lol i ik, HEAL A 2 HL33 50, et f%
B 1045 245 Bl HEA ORI, B2 A AE % 1) HE AL 2

20

—
[

10F

Jit /g Mass

0 2 4 [§) 8 10
I )/s Time

SR XU A8 HEHE 23 8018, A RE L2 IFHE 1 phy Xk 4
HEHE 25 HE A HE R, 78 82058 HEHE 25 A9 HEARHA h 2 i
BEAC A AR, SR it HE %, &1 12C B, i

A: Wi 4% Fertilizer break strips; B: IF # Normal fertilizer discharg-
ing; C: #EFH Fertilizer composting.
B 12 AREfEstE THHBERR
Fig.12 Fertilizer discharge situation at different
transmission ratios

AR W AT 85 O B 0 1 4k M 0 Kl L 27
FE AR M ARUST it 2, A I&T 13A 7R , 24 1% 3l L/
I, WERBE HIE I 25 Ak ) HE R 5 4 7 0~2 g 8, Td ] 4R
i@ it S PR, U A HE M 25 HE Y B R K i
BB R HEAE Ak AR HE T — B IERE, 7 5
BUAC AT 2R BUGE 5 215 8l LU, HERE B i £ 22
BRI B, T DR A U e HEAL e s 94 i R TR
JREHERL AS-HE H B B R, FEAS I Ak A o 2 B, Ui
TE ZGAEAEARAL L T ACRDERI S . L8t Al
I BREHRAT SR AE AL RE 1~3 g sl , Ui B 2 HENE
e lE AR R SE HA 5
1201
100

80

(g

fFiiE/g Mass

40

20

0 2 4 6 8 10
i H)/s Time

A JEREBERUE I Fertilizer accumulation situation;; B: SHEAE i & Total fertilizer discharge mass.
13 AEMEEIEIERBERER BHIERE

Fig.13 Fertilizer accumulation situation and total fertilizer discharge mass at different transmission ratios

R 55 R IR IS 85 9 A0 8 2 Ao W ke , 22 11
HOR RS Bl L 45 o 220 S HERE 53 1 13B s, Y
L8l 1:5.6 B, AR 6 M /N oAb A% 20 L HE
B AL BB AR B B AN, BT IR I 4% L MEiE
FEH A F NG L8 bR 1:3.5F 1: 3.1 0, HE

A S ARG, 56 P I I R e R NS 25 Ak ™ A 1 e
HERIR o AR Bl He i HRAE S i -5 ik ) 3 8 12
PEIEFR |, O 75 53 B A [ 4% 3l B R HERE 28R 2R
Origin AR 4f 45 1% 2l LE T HEAE & B I 1] 42 fh R R AT
LRPERLE 00T, UL RN 9 PR
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Table 9 Linear fitting results at different
transmission ratios
&gt PR HXFRER
Drive ratio Function Correlation coefficient
1:5.6 y=—28.668+9.633x 0.985
1:4.7 y=—35.930+12.267x 0.988
1:4.0 y=—39.486+13.476x 0.987
1:3.5 y=—40.322+13.963x 0.989
1:3.1 y=-—39.785+14.1x 0.992

M1 2% O AT, B 15 s HL 3l oK, LA BB R?
A, d B A% Bl L A HE AR SR B G P RSOy
BEaT 0, 445 20 He T 14 W, 78 25 I k4 4k A
HEFUI G, DA I Ay s 7 B HE I 25 Ak H B0
e BB G2 it AR ML A £ 3 L /N T 1 45 45 Bl /S
F L4 B RG2S 2 K6 0 2 A5 02 HE AR 2% HE AT
FA R A AR B E AR RIS . L,
i it AR ML A% HE AE 1 RE PR 9 HE IR 2% 19 % B e
M 1:4, W RP=0.987, i3 B Ul & 72 B &5 4, HEE
PERELS .

-o- I HEHEAL &% — S Spiral fertilizer drainer consistency

& PHERE 2% —3 Mk Two-stage fertilizer drainer consistency

o WZHEHEAE 8452 % 1 Stability of spiral fertilizer drainer
o PHEAR 2 E PE Stability of two-stage fertilizer drainer

>
— B R RHU %
Coefficient of variation of consistency
— N W R 1Y N 0O
R kAR 5 R %

Stability coefficient of variation

140 180

#538/(r/min)

Rotational speed

14

120

160

—
=S
(=]

23 HHRIELER

FENLIR GG 45 FE AP 14 frs , L T4A AT LE
Jit AL 2 "B ) MR I A 2 L 7 R AT % 1% HE AR — 2K
PE e YRR S 2R RO R B 7 0 3 n S ek 2> PR
T, BT EEHE A 25 , 795 2 HE A 2 1 HEAE — Bk AR
S B FRE AR S R BT B 2.79 . 1.53 F 43 Ko
P HE AR 2 5 P 48 SR 1] 148 W 0, B2 HE R 2% A5
BEHEAR 500 P 24 (B AR A5 N 216.18~429.66 g,
G HENE 25 1 BHRE B 191 S8 A2 1k L A 232.66~
462.66 g, Hor P GHEAE 25 04 HE L fE w5 R HEAE
o HR R AT e i T T2 iR 2, S EUA A
HERE 2% 5 32 BRHEAC K T BIS HERE 5, 268 347 AYHEAE
it 5O A A 22 R, T RE SR R R R AP AR B A ER
FECHEIE & & AR AR AL . Y 8E Al % 3 100 r/min
i, W HE A HE T 2 51 AR S ZR B KR 28.00 %05
P GHEAE A5 HERE 35 50 M AR 53 R A0 KR 23.54 %6, 4
FOBE B HE AT 245w T 4.46 11405 . 7ETRCE Y H bR
BRI, PIHERE 25 1) 4 048 bR 24 L IS E HE AL #4547,
U BH T R HE I #45 0 HERE 1 il O T I e HEIE #5% , OF .
Ph_E P FR AR I NY /T1003—2006 ZE3K .

- AR 4 )

Spiral fertilizer drainer uniformity

o PIgL AL g3 501k

Uniformity of the two-stage fertilizer drainer

w
B oA 5 80 %

Coefficient of variation of uniformity

180

140

100 120 160

#£33/(r/min)

Rotational speed

BNESARBHEBIREER

Fig.14 Static(A) and dynamic(B) test results of the prototype

3 W #

T X KRR A it IS AL A 5 0K L LA B2 s it A AL
HERE S 231 R S LA IR e SE B O FL Y
K AHETHSE 5 B b ARSI AS & ik
AIEA) T — Bl mT S e RRATL P 5l FH 1 IR ORI R
Til A 26 ., 3 53 A A9 5t A AL 45 ) 2 0kt HE FE 1 i
AR5 i LAE o RIS SR e HIR AL 2 HIEAC B8 A, K B

W E HE FIE 28 A% L AR I R A s ot P S ) R AR
REA H 2, 38 Ao BRI T A B R R i B
B R 17~26 mm S8R5 R 14~20 mm 3% 53
il 110~210 r/min. 2 BCCHERE M B8 (5 B 56 %
B < HE AU AR e A8 S 28 0t A% B R A0 3 3 1 o o
Bl i TR 30 T RN T AU/ N P8 R 5 e i e £
SR A e B 21 mm, 55548 140 1/min,
BREE R 17 mm, IGEHEIR RS RECH 2.5%0 1 R AR e
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PRV R . AL s R T 14 s, FEIBE AL RHR b
AHEFRI G AL B e/ T 1 4B, AE7ERE BT 25 AL
BHEFEA RIS o X0 FEHED 25 F 82 E HE AL 25 14
st 1:4mt, HENCEZE HI9%),

FEDLIR G 22 B < W2 HEAE 25 HEME — 8ot 5 R
B HEAE AR E PR AR S R A HEIE R A AR S R A
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17.42%6 5 P GHERE #5728 5 R BG4 531k 5.09 %6~
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JIE 28 B HERE 5 530 HERE — 80Pk HERR R AR 5 &R
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Design and experiment of wind-delivered rice side-deep
fertilization device

XU Hongmei, ZHAO Yabing, LI Zhongxin, MENG Junshi, ZHANG Yinpei,ZHANG Guozhong

College of Engineering, Huazhong Agricultural University/Key Laboratory of Agricultural Equipment
in Mid-Lower Reaches of the Yangtze River ,Ministry of Agriculture and Rural Affairs,
Wuhan 430070, China

Abstract A wind-delivered rice side-deep fertilization device was designed by integrating the advan-
tages of a double-gear fertilizer feeder and a spiral fertilizer feeder to solve the problems of poor perfor-
mance of fertilizer discharge caused by the clogging of fertilizer outlets at the end of fertilizer feeder in pad-
dy field environments. The fertilization device for rice was overall designed and the parameters of the fertil-
ization device were determined through theoretical calculations. Discrete element simulation analyses of key
components were conducted with EDEM software based on the experimental results of material characteris-
tic parameters. Experiments of single factor and Box Behnken response surface were performed to deter-
mine the optimal parameters using the coefficient of variation of fertilizer stability as the evaluation index,
the diameter, pitch, and speed of the spiral axis as experimental factors. The optimal transmission ratio of
the two-stage fertilizer feeder was determined by comparing its impact on the quality of fertilizer discharge.
The effectiveness of the design was validated through comparative analysis of prototype tests between the
two-stage fertilizer feeder and the single-stage spiral fertilizer feeder. The results showed that the optimal
combination of parameter for the spiral axis was a diameter of 21 mm, a rotation speed of 140 r/min, and a
pitch of 17 mm, with the coefficient of variation for discharge stability of fertilizer of 2.5%. The fertilizer
was discharged continuously and evenly when the transmission ratio of the double-gear fertilizer feeder and
the spiral fertilizer feeder was 1:4. The results of testing the prototype showed that the coefficient of varia-
tion of the consistency, stability, and uniformity of the two-stage fertilizer feeder was improved compared
to that of the spiral fertilizer feeder. It will provide a theoretical foundation and reference for the technology
and equipment of rice side-deep fertilization, and valuable insights for the future studies in this field.

Keywords rice; fertilization device; side-deep fertilization; two-stage fertilizer feeder; discrete ele-

ment
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