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Design and Experiment of Centrifugal Ejection-type Device
for Placement of Starter Fertilizer in Planting Holes

Yan Xiaoli'®  Shi Haijie' Zhao Xinyu' Li Zeyu' Liu Zhengdao'? Huang Yuxiang'~
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Scientific Research Base for Conservation Tillage Mechanization ( Yellow River Basin) ,

Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract; Aiming to address issues such as poor hill-forming performance and unstable fertilizer
application rates in high-speed operations, a centrifugal swing-type corn hill-drop fertilization method was
proposed, and a corresponding hill-drop fertilization device was designed. The main factors affecting the
hill-forming performance of the device were analyzed, and the influence patterns of the rotational speed of
the fertilizer discharge scoop and the fertilizer application rate per hill on hill-forming performance were
determined. Single-factor experiments were conducted by using the discrete element simulation method,
with the rotational speed of the fertilizer discharge scoop, scoop head angle, shape and size of the
deflector plate, and fertilizer application rate per hill as test factors, and the initial velocity of the
fertilizer, initial length of the fertilizer cluster, and long axis of the fertilizer hill diameter as evaluation
indicators. The results determined that the scoop head angle should be 120°, and the deflector plate
shape should be sinusoidal. Bench tests showed that when the planter operating speed ranged from 3 km/h
to 12 km/h, the long axis of the fertilizer hill diameter ranged from 20. 8 mm to 23. 6 mm, indicating good
hill-forming performance. A control algorithm for synchronizing corn sowing and hill-drop fertilization was
designed, with the STM32F103C8T6 as the core, completing the hardware and software design of the

control system. This system detected, calculated, and controlled the relative position of seeds and
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fertilizers in real time, ensuring precise matching. Field experiments demonstrated that at operating

speeds of 1.5 km/h to 9.0 km/h and fertilizer application rates of 3 g/plant to 6 g/plant, the average

long axis of the fertilizer hill diameter ranged from 49. 7 mm to 102. 3 mm, with a coefficient of variation

of 0.58% to 4.39% ,

and the average spacing between seeds and fertilizers ranged from 35.7 mm to

42.3 mm, meeting the operational requirements for precise corn hill-drop fertilization.

Key words: corn; hole application fertilization device; centrifugal ejection; discrete element method

simulation ; fertilizer and seed application synchronization

0 3

il A 2 A A v 7 R B T B, AR
FEIE BN R Y FRE KGR UL R 4
SR AT g 3, 77 A b Ll ) D R A 0 4
AR 57t 1 AR T A S B A2 s R AR T B X
BB L 107 BB, T 03 55 4 3 RO 2R AR
DA R 101t A 2 R N A R I
Y OE =1 NP 7191 1}, L5 2 N {5/ S

) T K N L BOREIE S 3, K G 25 3 Rl 4% 1
R 7 AT T J8 T A BF S, L v A 6 o 4 T A
R A 326 S M A 2 A0 AR T S
AT 432 2 Bl — S 5 T T S AL B0 J 0 1 B o ——
TR RO , 3 Ao 42 4 AT S 5 45 B ool i, SRR
b T R 3% o A £ 45 Y R i ] A R e
A Y I S 00 IR L R o R e A o
) B AR T HLAG , 2493 2 B BEL B 7 = 52 BT R B
(] B £ 5 — S i T ] A X AR 4 9 S e BRI ——
SE AR WL 3 5 ] % LR AR ool o B AR
B, IR A S 2 TR0 55 58 E R, T
Sz PR 55 P A0 i R A B 23 A B SO A
@A ROk 106 Wi 1) L1 3 LEr BE T EURAIE (oA I i b
T IUIE 55 5 A B 5 2R T R e A ol R R A
7T FES I 5%, SR P L 42 9K 5 A A 2 S 4 9
5 1] I AE 5 #8845 20 O 4 A AR O L =K/ it e
HERE &% , 1) T BATE FL 45 #4952 A B 52 2t 5 15 4 1)
TR I 5 0 I T8 252 R4 P kT A X G A 2
0 g A% A sz AR A B 6 . RIS R
3 s [ I A S ML S BB AR R B 3 T 43
P 3ok 5 AU K 5 A7 o RV 3/ T, el T [
TF& HLR A2 20120 /1N, B KL 52 1P /0N, e e
I3 IS 32 3 5008, 3 P A ol ok B — JBEAE 6 km/h L)
P, Y00 M o R 8 R B e A A R AR X
P G A B R

I B X BT K S A s 5 4 it
A AR RS O 2 4 i B, 2 o 0 L i
I HEFE 7535, 380 ek e T 8 5 1) I A0 3 S A £ 2R
AE P T e B0 R RE R P RE L AR SO
M FAE T BT A AR e S O vk, W G

il

B A 45 R R A 2, DA e e T e AR
TF R BORHERE , O F KB E /O e B B e 2%

1 ZHMFITIERE
P FEL S e G o it 2 22 o ot A R

RE 5 MRS HERE &7 DR HERD &7 T AR L IEA
PR R HE (BRI AE A5 4R, 5 8T 1 s

1 2 3 4 5 6 7 8

P10 FH S o G o it 2B 45 g [

Fig. 1  Structure drawing of precision hole application
device for seed and fertilizer with centrifugal fertilizer
spreading type
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Fig.3  Analysis of fertilizer cluster movement status
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Fig.5 Force analysis diagram of fertilizer cluster
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B DA R AT D R o O W R e XA L 2R 1T R
HEVERE , 156 26 15 € D8 B /UM IE 1 6 g, HEAE A 5% 58
1 r/min,

R G| B A A K OGBS 8, 1 e e
Ty £ R 2R 3 B 51 B R R #E AT R LE
TR E F R R G , BE— 20 U oR B L 8 2 ek B
FIIE 5% o8 K 3 Ff it £ 98 500 B, BAUIE 52 il 4 &
Boe b Rilse N, Ho e 73003 .6.9 1215,
b 33 B 30,40 .50 .60 .70, DL 5E 51 B 1Y B i
HHESE g8

AN T 51 BEE AR HEAE P4 BE 52w 40 & 3 ff 7,
TERG N 1 r/min, B L& 6 ¢ I, M 451 i BB
RHEARSE 2 HE I B, ELUE AR s B2 A ith
2 I R LI 30 25/ 5 T 2 R R I o A I, R
2.07 m/s; U1l 2K 75 0] 33 B ok, 4 0. 305 m/s,
i iR K P 8 BN, O 0.228 m/'s53 B ZE R T
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Tab.3 Simulation results of diversion sections with
different shapes

=g 11Ty £ B iyl e
HENE FH Bt /s 1.18 £0.049 0.69 +0.029 0.87 +0.014
JKEEEE/(mes ') 0.305+0.003 0.234 £0.017 0.228 +0.001
A/ (mes™')  2.08 £0.007 2.07 £0.003 2. 14 £0.002

R TRUR R AT O T = b . TR
AT 1 9 B e SIS R 1 A P RE R e A 2k 4 P

/N E LR BOE AR B 51 B, fE % 4R 1 v/ min () T
VEZ A T HERE FI B S5 S, R 0. 75 s, JIE Rk 18 P 8 3 e
1,4 2.03 m/s, K- 3 BE e I, R 0. 156 m/s; F R
B AR B R FOB R 51 B HENE FH AR T 0.8 s,
HERE % E R RN T 2.0 m/s, KPR T
0.2 m/s, K B E 517 BE ek BN 1E 5% oR 8, He il 46
SRR

x, =bt

{ (9)

¥y, = csint
X ——HRIE AT, s
x4 TREHSIREHELER

Tab.4 Simulation results of diversion sections

with different functions

R 7 PR B 1E 52 R 1 R 2
HEE I /s 0.81 £0.060 0.75 +0.025 0.82 +0.072
JKEFEEE/(m-s™")  0.203£0.003 0.156 +0.033 0.201 +0. 007
WA/ (mes™' ) 1.96£0.004  2.03£0.007 1.96 +0. 005

AN il 4 2R B0 HERE 4 B 52 e 4an 1] 11 B 7R £
¢ =3 BHFNE I 5 (0. 76 s ) e =12 B et (0.85 s) ;
NEALE R FETE ¢ =9 B/ (1.94 m/s) ¢ =15 B 5
K(2.12 m/s) , 5 Je 5 Tk 35 NE RT3 B Bl 3R
Be BIHER SN, ¢ =3 W /N (0. 161 m/s) ,¢ =15
B A (0. 424 m/s) o ZR I b e B 3R 65 v A
KV BB BAR I HE ¢ =6,
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Simulation test results under different coefficients

Fig. 11
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Fig. 12 Control algorithm model of simultaneous

hole fertilization for corn seeding
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Fig. 13 Schematic of synchronous control system

for planting and fertilization
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Fig. 14  Software flowchart of control system
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Fig. 16  Distribution of fertilizers at different times

engraved on fertilizer outlet
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Tab.5 Results of bench test

EMP R/ JEIEREK/  ISARREN, dEERK R K
(km-h™") s s LH/% KB 1L/mm
3 0.028 3 0. 300 9.43 23.6
6 0.0133 0. 150 8. 89 22.2
9 0.008 3 0. 100 8.33 20. 8
12 0.006 7 0.075 8.93 22.3

6.0.7.5.9.0 km/h) , & & & 4t H bx F JE 8] #5 H
30 ~50 mm, S P {E S 40 mm, LUK AR KK
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BRI BE AL L 30 A7 e OB (E . A E T ER
FEFNI B PR bR AR AL L 0UR 28 B g6 FE R
Jiti A 25 SR 1 17 R o

(0) FCHEIE R
[&17  F ] 5 e K ot AE R
Fig. 17  Field experiment process and effect of

hole fertilization
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Tab.6 Influence of different fertilizer application

rates on fertilizer discharge performance

- A KA O i

it JIE £/
(b TR, ERFR OTHHE/ BRR OAK
8 mm B/ % mm /% /%
3 59.3 1.59 40.7 5.05 95.56
4 65.0 3.77 46.0 1.78 93.33
5 72.3 1.72 39.0 7.55 94. 44
6 80.6 0.58 41.3 11.91 96. 67

F7T  AEMELE 3 HE L 14 BE B9 % T
Tab.7 Influence of different homework speeds on

fertilizer discharge performance

s eSS RN il AE 1]
Ckm-h ) FEE, ERAR OCPBHME/ BRR GK
mm 8/ % mm /% /%
1.5 49.7 2.51 35.7 9.25 93.33
3.0 63.6 3.92 42.0 12.75 94. 44
4.5 73.3 1.70 38.7 6.45 97.78
6.0 80.6 0.58 41.3 11.91 96. 67
7.5 91.3 2.87 42.0 11. 66 95.56
9.0 102.3 4.39 42.3 14.22 92.22
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