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1 2SS TIERE

1.1 BikgE

AR SR BRI A BN (B D EE R R
i, HEFP RS, MLZE. RIS, EHEEE . P
B P MRt S H k. TAER, BEHEMLH
Hap L5 AT, AEAR A AR RN, i HE A 28 HE
JE & FIRE R AR, TEE B A E R L) %
HORZN) TR RN BRAS, FRR IR LR S
e ANBHZE L3, B AT S 4 A SO AL e,
T TR O SE SR AR ML ARV, A 4 ) 24 o AR 408 1
FIRE R IR R, 255 HLEAE L B 25 (5 2 UK sh HERR HE R
FMLIE ), S0 T AR e B A AR b

W4 HEAE 3
Fertilizer discharging

Fertilizer box '\/r
|
Coriifijgér;:\iinal i Seed box
T pEEE
HHIE S -~ = Distribution device

PFhe
Seed feeding device
IBEICEREN
Speed radar
FRE
Seeding guide pipe
JFE 2% Ditcher

Fertilizer discharging ==
; pipe
e s

Rotary tillage g
device
PR RE S
Ditch opening _

device

B 1 b E A BAEREE

Fig.1 Overall structure diagram of rapeseed direct seeding

machine

1.2 HIERRLEM S TIRRIE

IR RS ERENHE RS (K 20) £
AR JEERTITTOC. EHl&m. 554, HIESE.
Mk FIE L HEA L.

Forb O E B S S v R AL 4% h g i 5
HIML. R, JREBERIK . B A A K. b,
R JEM SR (B 2b) o HRIEVRERY, F B 3 8O
AL e s, JE AR M IE IR RUBUR T s 2, REAE
I NERORLLE 5 77 A0 L R AERE I A IR 2ol g )i
BENBG O AL AR B0 I B e 5l S Ay S
WS EHE 4 2 0 OB B R R s B — e W
FERLBORLAE B R AERE A B A IEH A T
MARRE T HEH 58 CHERE VR, 9 i) 8 S ) e B 4%
L, IR E S, o, B AR S HE
BN R, 8 A 1 0 fs 5 A R P T I AR SIS )

R EFFILHZ L

LABAE 2 BB R FIIF R 3420 43 4.5 4L 5.4 L 8 6. M &L 7.4169
& 8L O 10 IR AR R 11Ol 12 stk 13, B a% 140K I8
1. Fertilizer box 2. Fertilizer adjustment switch 3. Control terminal 4. Signal line
5. Fertilizer discharging pipe 6. Speed radar 7. Encoder 8. Motor 9. Base 10.
Base bearing 11. Centrifugal cavity disc 12. Chamber bearing 13. Upper cover
14. Pressure reducing filter screen

B2 HeZashrER
Fig.2 Structural diagram of fertilizer discharging system
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ER, SGr=E . e, ACEHAE 5 5 80HERE fk i
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B = 3 m R A S 1 TAE AT A e A, o A
SIRE. HEAR 4 N FE, H I REAHERE TR
i1 851 45 £ 5 ) BEURL R HE At A5CR o d Ik o A HEAE 2R TAE
AR, #E s O, SHIED. SRR . HEE D, B
T RGE KBS
2.1 BLES

B A EE AR SIEM . R . &)
NEHET . BT BSR4 R, & 3 Fis.

Flow direction of
fertilizer particles

LHERE 0 2 50 AR by 3 R AR T 4. 20 ARAHETD 5.B7 A E#AR 1. sEpBe 1. 5y
MEEL L SIIEEL IV. HFIEE

1. Fertilizer inlet 2. Uniformly fertilized leaves 3. Fertilizer Retaining cone
4. Uniform fertilizer cone 5. Anti gravity flow baffle I. Fertilizer filling section
II. Fertilizer separation section III. Fertilizer uniform section IV. Fertilizer
discharging section

B3 BupEHgHcER
Fig.3 Schematic diagram of centrifugal cavity disc structure
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K g, RIFEAE O ERMERLR &, g/ss v SR ERENLET
BEEPE, m/s; B ABEREHIETE, m: O AR ZE KL
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FRNEAENMEIS,  JERHROR MEAE S 7% 2 HEAE 22
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REEAE, fEEJIVEAH FREAE O B AR AERHEUR 2 B A HE
JEH KR A

{qo =1000Cop; g(Do—kd;)*F(a, ;)

2
CIOZQW

Flarg)) = { tlar’latg% , tanatang, < 1 3
Xl g0 AHEIEIRR, gfs; C, ARBEREL p NIRIEE,
kg/m’s Dy WEEOER, mm: kK NEH: 4 NIERHE
WM B, mm; o IR D BT/, (0); o N E
g NEE I, m/s.
Bl (1) ~ 3) FHHIEOERE N
VBQ :
Do =36 000G, vaF@op|
MR HE VL R TR o 56 1 DX I SR ML B 47 S B A ol 22
K, BEIBNUEERE N 3~12 km/h, VEMVIETE N 2.3 m,
Jii A A 225~600 kg/hm?, 50 A 4535 A 11 AERHBURL 7
BN 43.1~460.0 g/s, HURKAE 460.0 g/s. AHF 5T LA
LR R G CRMHT BT AR, 4
Fe R B TRk () 25 N 1435 kg/m®, BEHLIEEL 50 i
RERMRIRL, 0 RO & 3 3 = 4l RS2 3.646 mmx
3.536 mmx3.286 mm, i & 15 JERHEURL 1) &5 20K AR N
3.486 mm, BRIEZEAN 0.96. i L ALK EURL fr ik E R,
B k=10, AERMBURIZ A E AN 3.5 mm, AAR (4) it
HASBEIE O EARR KT 69.6 mm. 254 % EEOHES
Hefh 22 Ge B PR 25 A0 R s 3R A0 1 A28 70 mm.
2,12 flesm
S B T RR 28 5 P 2 i e 50 L TR 2 501 1 AR AR
4K REARLEURL T WA, 4 e AR A B 1, BT
o P 2 SR B T S IR A T . DAEERE O ESPE R AAN x
B IE 7 ), rpeL Al E R Dy Bl E 7 1A O LA AR AR R
Oxy, ZSIREHERBRE M 4 Fos o
P 4 AT, ERHRORE FR A TR T00 s v 4 TR T I A7
TESCGHPRLE, BT (0 50 BEARE TH RELE AT 3 (DU i B 2%
HIrER

kd, 4

OABL: Y =aX
X=C,(0—-sind)+D

ABE: 1( ) (5)
Y =C,(1—cosH)

X X, V) NIEREBRLAL B ARSR, mm; C) JAkFRAR
B UL 42, mm.

A NERERIURL 24 5] 43 5, A DR MERERIDRL 7 A HE S T
959 43 JEPHRY, G ARALE HE TR T00 s A B R T B AR AN AR

B (70, —90), KRAR (5), BIAI5 2| HE R4 4k AN
OAE% : Y =151X

ABE%:{ X=33.36(0 — sinf) + 0.7

Y =33.36(1 —cos6) 2

D NEGEFEZN X 0710 PR, mm: ONIEREBURIEESE 7T, N; omg NI
BEBURLEL J), Ny Fy ARTESCHEE 0, Ny gONHEIEIS, (0): r NERRROK
B2, mm; L AT ERER B K, mm.

Note: xOy is the original coordinate system; XOY is the rotation angle o rear
coordinate system; A4 is the intersection point between the steepest descent line
and the y-axis; B is the intersection point between the steepest descent line and
the anti gravity baffle; C is the outermost point of the anti flow baffle; D is the
translation amount of the steepest descent line along the X-axis direction, mm; f
is the friction force of fertilizer particles, N; mg is the gravity of fertilizer
particles, N; F)y is the support force of inclined plane, N; § is the elevation angle
of fertilizer discharging, (°); » is the maximum radius of bus, mm; /, is the
projection length of anti gravity baffle, mm.

B4 Hetrmii

Fig.4 Busbar of uniform fertilizer cone surface
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uHsinatana — y(Htana+
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P = Po€Xp

L
H(d,sinatana + Hsina) / , (9

0<@<%,o<a<g

(9 mIEN, WG K 7T po 5 AR L2 B
PR MG IR [ RIRBOCRIG K. ERBURL 5 55O 1
B RRWE . R RIS EE R ECN 02857, MR EHEAEE
P RCR, i B0 s B AR T e 700, R BEDRHURE
BRI d, v 26 mm, FEAEEE H N 25 mm.

SINERE R R

Uniform fertilizer blade slope

%f—

HEFR R

Cone slope

a. A IEHi ik B b e
a. Structure diagram of uniform
fertilizer conveying section

W p NIERHBURIEEE /1, MPas  d, NEREBURLRETRRE % 5, mm: d, N
BUBRLEF R R 8, mm; HOAFRAERE, mm; F, NACEUBORCEF B 2%
VAR /1, Ny F, ANERHBURLEEBOA RN /1, Ni F,, NACEUBRIEE T
RMIERJ1, N; F, BB ERTER J1, Ny p JIAERBOR 5 250
BB REG y ASINEH A, () [ BRI B TR AR 4G Ak
K, mm; dI BT B, mm.

Note: p is the pressure of the fertilizer particles group, MPa; d, is the width of the
top of the fertilizer particles group, mm; d, is the bottom width of the fertilizer
particles group, mm,; H is the height of fertilization, mm; F,, is the normal force
on the left surface of the micro segment of the fertilizer particles group, N; F,, is
the normal force on the right surface of the fertilizer particles group segment, N;
F,, is the normal surface force under the fertilizer particles group, N; F,, is the
surface normal force on the micro segment of the fertilizer group, N; u Friction
coefficient between fertilizer particles and centrifugal chamber disc; y The
inclination angle of uniformly fertilized leaves, (°); /, is the arc length between
the differential segment of the fertilizer group and the starting point of
fertilization, mm; d/ is the length of micro segment of fertilizer group, mm.

B S5 JettBAsstx oAt
Fig.5 Force analysis of fertilizer particles group
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b. Stress of fertilizer particles group in
uniform fertilizer conveying section
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B EREE R B A u. HEIRMA . BEELE x
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600 kg/hm* (4R ZER . [Ktk, g HEAE 2% 44 19 7 N
30~120 r/min.

¥
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Note: Fis the frictional force between the centrifugal cavity disc plate and the
microelement, N; F, is the centrifugal force of the fertilizer group, N; F) is the
support force of the centrifugal cavity disc on the fertilizer particles group, N.

B 6 HeAe o s B ACHA L ) 5 AT
Fig.6 Force analysis of fertilizer particles at the position of
fertilizer discharging port
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A e NIERUBRLZ B E], s
W5 e B R E RS, ARG A BADRHRURLAE B B
JiFRIRIEE R 0, ffa (12) A3

szw(r+l)sin,8,/% (13)

ARE N Ao HE H BRI, HEAE 28 HEAE O R~
;KT BERHE S5 KW B R AKF 7 R R sl &, §i4r
T[] P 0 i i HE S REDRHRSORE 2 A Ikt o BB, w Ry
120 r/min, ¥ _ERFAFARANL (13) 145 S, 4 24.3 mm.

DA AR AT AR H R AR OR R B HE Y, HEAR D
JRST I35 A2 i R LR S5 i R . S5 A LR
WAL ZESR, HE D B S R B N

(%)ZESS(%) o 14>
MRNHEIE O B AE D=70 mm, HHEEHED RSN

248 mm, ZREHEHLS 5 FILEER T M LR0RL
HEH SR, #E HEIE D EAR d,=25 mm.

e S ERHBURAE R RS ZNEE RS, mm; S, ANERMSURAN A A0 R, mm;
d, AR AR, mm.

Note: S, is the lateral movement distance of the fertilizer particles, mm; S, is the
longitudinal movement distance of the fertilizer particles, mm; d, is the diameter
of the fertilizer discharging port, mm.

B 7 AR O AR B AT
Fig.7 Analysis of fertilizer particle movement at the
discharge port
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Note: d, is the height of the driving layer fertilizer, mm; d, is the effective
disturbance height, mm; d; is the forced layer height, mm.
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Fig.8 Force analysis of particles at fertilizer inlet
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NEBHRTRL T
Fertilizer pellet plant

AEF Fertilizer box

HliZ kL
Bonded particles

|3 Top cover

B
Centrifugal chamber disc

JiCHE Base

B9 Heety AR

Fig.9 Simulation model of fertilizer discharging

%=1 HHBZFE EDEM fHESH

Table 1 EDEM simulation parameters of discharging process
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S N XS
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RN R 0.28
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Fig.10 Fertilizer discharging process
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Fig.12 Discrete element simulation test results of fertilizer discharging process
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Fig.13 Performance test device of fertilizer apparatus
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Fig.14 Test results of influence of rotating speed on fertilizer
discharging performance
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Note: C is the coefficient of variation for the consistency of displacement in each row. 1-8 represents the number of fertilizer outlets in each row of the fertilizer feeder.
The values in each circle represent the actual fertilizer discharging quality of each row, g.
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Fig.16 Test results of fertilizer discharging performance of tilted state fertilizer discharging
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Fig.17 Comparison test results of fertilizer discharging
performance
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Fig.18 Field test
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Table 2 Field results of fertilizer discharging

X HENE T

FATHEAEE Fertilizer discharging of each row /g

SR HRIEE KT AR X R 2

o J:Ea':lilgr;gs&:e & Rotational speed of Ferﬁl;iﬂz}gir];%ite / Co 1% Conl% Average Relative error between actual
P (k P fertilizer discharging/ s | 2 3 4 5 6 7 8 nize Bnlze and theoretical fertilizer
m-h™) S (g'min ) ) .
(r'min ) discharging/%
169 174 159 164 144 157 153 157 6.72 4.84
4.1 40 1135.76 180 165 179 167 156 157 156 167 6.60 4.63 4.54
171 184 171 168 166 168 165 192 631 441
156 163 178 161 162 154 157 172 5.78 4.07
6.1 60 1714.35 166 167 175 170 173 156 158 183 597 391 3.81
172 163 182 179 169 172 167 192 6.06 3.76
163 161 160 164 181 178 176 169 5.56 3.74
8.1 80 2349.00 163 163 179 178 182 167 172 180 5.11 3.64 3.10
175 175 191 183 179 164 184 189 546 3.48
175 166 183 182 168 180 167 183 4.82 2.09
10.1 100 2900.94 178 164 175 168 183 168 167 177 436 2.13 1.80
160 171 179 171 167 164 162 178 4.73 2.18
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Fig.19 Growth situation
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Design and experiment of a centrifugal cavity disc extrusion type
high-speed precision fertilizer apparatus for rapeseed

XU Chunbao , DONG Wanjing , LI Haopeng , YU Qiuli , ZHANG Chihai , DING Youchun™

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in Mid-
lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Precision fertilization is one of the key technologies to control non-point source pollution in agriculture. Fertilizer
reduction and efficiency technology can greatly contribute to green and sustainable agriculture in the rice-oil rotation region in
the mid-lower reaches of the Yangtze River. Among them, fertilizer apparatus s have been focused mainly on the performance
and optimization of structural devices. It is relatively lacking in the high speed and precision of fertilizer apparatus for rapeseed
in real time. It is a high demand to optimize the precision fertilizer discharging for the reference value. The performance of
fertilizer apparatus can depend directly on the accuracy of working components, in terms of uniformity and rational
fertilization. However, the existing fertilizer apparatus cannot fully meet the range of direct seeding rapeseed of high-speed
machines, due to the jam, low stability and distribution, as well as the serious crushing of particle fertilizer. In this study, an
extrusion fertilizer apparatus for rapeseed was designed with a centrifugal cavity disc with high speed and precision. According
to the agronomic requirements of high-speed direct seeding, the movement analysis of fertilizer particles was combined to
determine the key parameters, such as fertilizer inlet, centrifugal cavity disc, fertilizer outlet, and power system. The discrete
element software (EDEM) was used to establish the simulation model of fertilizer discharging. A systematic investigation was
implemented to clarify the influence of the speed of the fertilizer apparatus on the torque of the centrifugal cavity disc, the
average load, and the crushing rate of fertilizer particles. The results showed that the torque of the centrifugal cavity disc
increased, whereas, the average load of fertilizer particles in the cavity disk decreased gradually, and the crushing rate increased
below 0.80%, with the increase of the speed of fertilizer apparatus. The performance test showed that the speed of the fertilizer
ejector was 30-120 r/min, and the displacement was 15.0-58.1 g/s, fully meeting the demand of high-speed direct seeding when
the maximum fertilization amount was 600 kg/hm®. The coefficient of variation was less than 8.58% for the consistent
displacement in each row of fertilizer discharging, less than 6.45% for the stability of the displacement in the same industry,
and the crushing rate was less than 0.89%; Specifically, the coefficient of variation was below 8.72% for the displacement
consistency of each row shall under normal field operation with 0°~5° inclination. The comparative test showed that compared
with the spiral perturbation, the fertilizer discharging with a centrifugal cavity disc was suitable for high-speed operation, where
the crushing rate was reduced by 63.82%. There was no fertilizer jam when discharging fertilizer at high speed and large
displacement. The field test showed that when the operation speed was in the range of 4.1-10.1 km/h, the coefficient of
variation was not more than 6.72% for the consistent discharge in each row of the fertilizer ejector, while the coefficient of
variation for the stability of the same row during fertilizer discharging was not more than 4.84%, and the relative error between
actual and theoretical fertilizer discharging was less than 4.54%. The fertilizer discharging shared a wide range of displacement,
smooth and stable operation, in order to effectively avoid the fertilizer sticking and the crushing rate in the process of fertilizer
discharging. The fertilizer apparatus also fully met the demand for the high-speed direct seeding and precision fertilizer
discharging of rapeseed.

Keywords: agricultural machinery; design; rapeseed; precision fertilizer apparatus; fertilizer particles; fertilizer discharging
performance


http://www.tcsae.org

	0 引　言
	1 总体结构与工作原理
	1.1 总体结构
	1.2 排肥器结构与工作原理

	2 排肥器关键结构设计
	2.1 离心腔盘
	2.1.1 进肥口设计
	2.1.2 匀肥锥面

	2.2 肥料颗粒运动分析
	2.3 排肥口
	2.4 动力系统设计

	3 排肥过程离散元仿真分析
	3.1 仿真模型构建
	3.2 排肥过程仿真分析
	3.3 肥料颗粒受力、破损与转矩分析

	4 田间试验
	4.1 排肥性能试验
	4.1.1 试验条件及方法
	4.1.2 结果分析

	4.2 排肥性能对比试验
	4.3 田间试验

	5 结　论
	参考文献

